DOCUMENT RESUME . .

ED 166 062 ‘ : . ; : SE 026 717
TITLE =~ . Principles and ProcedurES for Evaluatlhg the Tox1c1ty
‘ of Household Substances. Révised.
INSTITUTION National Academy of Sciences - National Research
T . ~/ Council, Washington, D.C. Assembly of Life
' Sciences.
SPONS AGENCY Consumer Product Safety Comm1551on, Hashlngton,'D_C..
C. ' Naval Research Lab., Washington, B.C. :
PUB DATE 77 - °
CONTRACT CPSC-C-75-0018; N-00014~75-C-0718
NOTE ‘ 139p.; Not avallable in hard copy due to copyright
) réstrictions

AVAILABLE FROM Printing and PUbllShlng Offlce, National Academy of
’ ~Sciences, 2101 Constitution Ave., N.W., Washington,
D.C. 20418 (Order No. ISBN-0-309-0264u4-~-X; $7.00)

EDRS PRICE MF-$0.83 Plus Postage. HC Not Available from EDRS.
DESCRIPTORS *Biochemistry; *Chemistry; *Laboratory Technigues;
*Pathology; *Phy51ology' Pollution; Postsecondary
- Fducation; Science Educatlon. Technical Reports
IDENTIFIERS *Toxicology .

[ 4
i

ABSTRACT = * - w o e

' . This report was prepared for use by the professional
toxicologist. It contains chapters on 1ngestlon exposure, dermal and
dye toxicity tests, inhalation exposure; chronic ‘toxicity and
carcinogenicity tests, mutagenicity tests,  reproduction and
teratogenicity tests, and behavioral toxicity tests. In addition,
reqgulations under the Federal Hazardous Substances Act are discussed.
Information is also given on animal husbandry, and lists are
presenteéd of tests for monitoring f6x1c effects, organs used to
obtain-  relative organ welghts, and tlssues used for hlstopathology-»
(BB) . , .

-

/

***********************************************************************

* Reproductlons supplled by EDRS are the best that can be made *

* from the original document. *
***********************************************************************

EKC

wll Toxt Provided by ERIC




- ;o

Principles and A |
'Procedures for
+ Evaluating the .

- Toxicity of

- Household
Substances

]

&Y
- 4. *
. A Report Prepared by the” }
COMMITTEE FOR THE REVISION OF
NAS PUBLICATION 1138, o
Principles and Procedures for Evaluating the
Toxicity of Household Substances *

&5

v

Under the Auspices of the

COMMITTEE ON TOXICOLOGY - _
Assembly of Life Sciences : -
National Research Council :

s

NATIONAL ACADEMY\‘OF SCIENCES

WASHINGTON. D.C. 1977

A S

hY




!

O

ERIC

Aruitoxt provided by Eic:

NOTJCE: The project that is the subjégt of this report was approved by the Governing
Boarfl of the Natjonal Résearch Council, whose members arc drawn from the Councils
of the National Atademy of Sciences, the National Academy of Engineering, and
the lhstitute of Medicine. The members of the Committee responsibleTor the rgport
warc}ch()scn for their special competences and with regard for appropriate bal-
ance! o .

This report has been reviewed by a group other than_the authors aceording to
procedures approved by a Report Review Committce consisting of members of the
National Academy of Sciences, the National Academy of Engincering, and the In-
stitute of Medicine. '

. H
Prepared under Contract No. CPSC-C-75-0018, U.S: Consumer Product Safety
Commission, and Contract No. N00014-75-C-0718, Office of Naval Research, with

_ the National Academy of Sciences, Advisory Center on Toxicology.

~ Contract Monitors .

Dr. Robert \M Hehir, Consumer Product Safety Commission, Bethesda, Md.
20207 i -

Dr. Robert K. Jennings, Office of Naval Rescarch, Department of the Navy, Ar- - ™~
lington, Va. 22217 ' '

Libﬁ(‘ongrms Catalog Card Number-77-99199
International Standard Book Number 0-309-02644-X
L

Available from: = -

Printing and Publishing Office

National Academy of Sciences ‘
2101 Constitution Avenue, N.W.
Washington, D.C. 20418

Printed in the United States of America



O

ERIC

Aruitoxt provided by Eic:

COMMITTEE TO REVISE NAS PUBLICATION 1138,
Principles ahd Procedures for Evaiwating the
Toxicity of Household Substancex

Y

ROBERT G. TARDIFF, Environmental Protection Agency, Chazrman

* JOSEPH F. BORZELLECA, Medlcal Collcgc of Virginia, Virginia Common-

wealth University  »

JOHN DOULL, University of Kansas Mcdncal Center

EDWARD J. FAIRCHILD, Natiodal Institute for Occupational Safety and
Health ,

t/. GARY FLAMM, National Cancer Institute 3
AYMOND D. HARBISON, Vanderbilt University School of Medicine

VICTOR G. LATIES, Umversnly of Rochester School of Medicine and Den-
tistry _

MARSHALL STEINBERG, Department of the Army (presently with Tracor
Jitco, Inc.) -

Sylcommittee on Ingestion

— MARSHALL STEINBERG, Department of the Army, Chairman

GEORGE J. LEVINSKAS, Monsanto Company
FREDERICK SPERLING, Howard University

Y
I
{
!

Subcommittee on Chronic Toxicity

JOHN DOULL, University of Kansas Medical Center, Chairman

MORENO L. KEPLINGER, Industrial Bio-Test Laboratories

TED A. LOOM]S, University of Washington School of Medicine

IAN C. MUNRO, Department of National Health and Welfare, Canada

NORBERT P. PAGE; National Institute for Occupallonal Safety and
Hcallh

Subcommittee on Dermal and Eye Toxicity ' .

JOSEPH F. BORZEL-LE\‘CA. Medical College of Virginia, Virginia Common-
wealth University, Chairrman

JOHN F. GRIFFITH, The Procter and Gamble Company, Vice-Chairman

W. RICHARD GREEN, The Johns Hopkins Hospital ’

HOWARD I. MAIBACH, University of California School of Medicine

iii



O

ERIC

Aruitoxt provided by Eic:

Subcommittee on Inhalation Toxicity ’

EDWARD . FAIRCHILD. National Institute for Occupitional Safety and
Health, Chairman ‘ :

WILLIAM M. BUSEY, Experimental Pathology Laboratories

). WESLEY CLAYTON., IR.. University of Arizona

J. DOUGLAS MacEWEN, University of California, Irvine

THEODORE R. TORKEISON, The Dow Chemical Company

A\
Subcommittee on Mutagenesis

W GARY FLAMM, National Cancer Institute, Chairman
DAVID 1. BRUSICK, Litton Bionetics Research Laboratories
JOHN W. DRAKE, University of Tllinois

SIDNEY GREEN, Food and Drug Administration

,

)
’

Subcommitt@ on Reproduction and Teratogenesis

RAYMOND D. HARBISON, Vanderbilt University School of Medicine,
Chdirman : . ,

KUNDAN S. KHERA, Department of National Health and Welfare, Cana-
da .

PAUL L. WRIGHT, Monsanto Company

-

Subcommittee on Behavioral Toxicology

VICTOR G. LATIES, University of Rochester School of Medicine and Den-

- tistry, Chairman ‘

PETER B. pEWS. Harvard Medical School

DONALD L. McMILEAN. University of North Carolina School of Medicine,
Chapel Hill ) ‘

STATA E. NORTON, University of Kansas Medical Center

Staff Officer: IACK AL WINSTEAD



O

ERIC

Aruitoxt provided by Eic:

t9

!

INTRODUCTION

Bibliography, 8
References, 8

INGESTION EXPOSURE

Acute Ingestion, 10

Subchronic Ingestion, 17

Evaluation of the Aspiration Hazards of Liquids, 18
References, 21 -

DERMAL AND EYE TOXICITY TESTS

Acute Dermal Toxicity. 23

Percutaneous Penetration, 26

Skin Irritation, 28

Phototoxicity, 34

Changes in Pigmentation, 35

Chloracne, 35

Delayed-Type Contact Sensitization, 36

Contact Urticaria, 40

Eye Irritation, 41

Mucosal Irritation and Corrosion of the
Upper Alimenitary Tract, S5 -

References, 53

7 . Fag



. K 6
4 INHALATION EXPOSURE L ()d)
. Exposyre Chambeys, 61 n ‘

Acute Inhalation Exposures, 69
Chronic Exposure Studies. 70
References, 72

5 CHRONIC TOXICITY /CARCINOGENICITY TESTS 74
Design of Test. 76

. Test Procedure, 79

Evaluation, 80
- References, 84

6 MUTAGENICETY T'ESTS ( : ‘ , 86

' Test Objectives, 87 .,
Detection of Mutagens; 87 ' .
Evolution of Test Systems and Criteria, 88
. Principles of Mutagen Testing, 89
Test Procedures, 90 . ( -

’ References, 96 .
A

7 REPRODUCTION AND TERATOGENICITY TESTS 99

Teratology. 103 . ' . '
Reproduction, 105 : .
References, 10 ‘

8 BEHAVIORAL FOXICITY TESTS , 111
“Broad-Scale Detection, 1173
. Confirmation of Implications Resulting from :
' ' Chronic Studies, 114
Summary. 115
Rettrences, 116

APPENDIXES |

~ .

A REGULATIONS UNDER THE FEDERAL HAZARDOUS
SUBSTANCES ACT , . 419
B ANIMAL HUSBANDRY 125

’ : ~ . ~
\‘ C HEMATOLOGICAL AND CLINICAL BIOCH: . MISTMY STUDIES 129

, ©. D rarnorocy . 130

vi

(69

ERIC

Aruitoxt provided by Eic:



" Ptinciples and
« = Procedures for .
Evaluating the
Toxicity of
Household
Substances

/"
~
ey
'




O

ERIC

Aruitoxt provided by Eic:

~

Introduction - '

In 1964 the Committee on Toxicology of the National Academy of Sci-.

- ences-National Research Council published Principles and Procedures for

Ervaluating the Toxicity of Household Substances for use by the Food and-
Drug Administration in fulfilling its responsibilitics under the Federal

Hazardous Substances Act gl"llSA). Primgrily the document covered acute

toxicity from ingestion, aspiration, percutancous absorption, ocular and

dermal contact, and inhalation. The Consumer Product Safety Commission

has since been'made responsible. for the FHSA and other acts. Recognizing

the substantial mcthod(?loglml advancements in toxicology and of expansion

of concern from acute to chronic intoxication, the Commission in 1976 re-

quegged that the National Academy of Sciences review and amplify lhmr

carlifr publication.

This report was prépared explicitly for use by the profcwondl toxicologist
engaged in cither of two roles. It should assist the administrator in developing
and recommending strategies for testing compounds and products (mixtures)
for the purpose of rendering hazard/safety assessments for human expdsure.
To this end, the toxicologist will review critically and-evaluate the adequacy,
accuracy. and validity of the investigations and will coordinate and interpret
the significance of the overall experimental toxicity profile. The report also
should assist the toxicological investigator faced with the translation of
‘guidelines into prolocoT\md operational manuals for the various subspecialty
arcas of toxicology. Through the application of experience and professional

| .
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gxperimentalist will implement the many-faceted aspects of
g7 j;x synthesize a unified and comprenensivé approach, and
},nlorm.mon tointerpret its significance.
The report focuses on assessment ol the toxicity of chemicals used in the
houschold. However., the principles and procedures deseribed herein are
cqually applicable g testing chemicals used-outside the home, such as pes-
ticides, industrial compounds, food additives, and environfental pollutants.
The important aspeet is the development of design strategies to address
properly whatever problems are at issue. The potential routes of human ex=
posure and intoxication, as well as the anticipated magnitude of exposure.
must be accurately determined or closely approximated before a design
strategy is sclected. The exferimentad routes of administration are determined
by the projected exposure routes of the product during use. Similarly, the,
degree of exposure (dose level and duration) that could be anticipated in-,
Nuences the selection of dosage levels and durations of exposure in the overall
design of predictor studies. Chapters 2.3, 4, and S deseribe the nicthodologics
for administration of chemicals via various routes. Chapters 2 and 5 deal with
the oral route. the former i acute (including aspiration) and subuhro!m
studies and the latter in lifetime investigations. Chapter 3 focuses on dermal
. and ocular applications, Chapter 4 describes the complexities of inhalation
CXPOSULCS, .

Selection of {est protocols and experimental conditions is inflaenced also
by physical andchemical characteristics of thie product, such as solubility.
viapor pressure, density, and reactivity. For instance, certain hydrocarbons
arc more likely to pose an aspiration hazard after ingestion: consequently,
il such ingestion is suspeceted, there should be investigations to evaluate that
pssible hazard. When the stpucturce of « compound under cyaluation is similar
to that of an agent whose toyicity Jas been characterized previously, inves-
tigators may suspect that theirToxic properties and potency are also similar.
Design modifications may then be aimed with greater specificity at more
narrowly defined toXe end points.

~  When lcsling houschold products, the toxicologist is faced with evaluation

ol new age Se thxicity is undefined. In most instances. the development
of the toXicity profife is a stepwise process requiring continual judgmental
intervention to insure the development of significant and interpretable data.
Generally, the process requires the selection of the animal model(s). the ex- |
ceution of the various phases representing different degrees of exposure, and
the evaluation of some specialized end po;mx such-as reproductive anoma-
lics. . .

Although cconomic and statistical considerations often dictate the sclccti()n
of i rodent model such as the mousc or the rat, the mode] sclected must give

judgment, the

- ,
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Introduction

have often accurately predicted human toxicoses from therapeutic agents
and environmental materials; however, in previous strategics several species
have been used to increase thé probability of accurate prediction. In such
circumstances, the toxicologist must decide cmme.\Ily which sets of data
arc to be used in the final hazard analysis. Generally, such decisions have been
made on the basis of the “*most sensitive species tested.”™ o

An additional parameter in the sclection of predictor spccws is qpcc:os-
specific or comparative metabolism (toxicokinetics and blotmnsformatlon)
Frequently, organic compounds have been classed as “ultimate™ or *proxi-
mal” toxicants {i.c., those directly responsible for, toxic amfestauons) and
as “distant” toxins (i.c., those ruquurlng y transformation u;‘::m toa more active
xpu.u.s) I'n both situations, enzymic mechanisms are also present within the
organism to detoxify or inactivite the toxic molecules, The most extensive

- review of metabolic Profiles- both activation dnd dLl%XlLdllOﬂ»whd\ been

.

compiled by Williams. 2 - : .
There are many diverse metabolic pathways in mammalian orgamsms
Some pathwaygare specics- and even strain-dependent, while others appear
universdl for the same compounds. Some pathways within a speciesarc ac-
tivated sequentially as the concentration of smbstrate is increased in 0L, a

“factor that impacts substantially on dosageselectishas wellas oninterpre- -

tation of data from different dose levels. For those chemicals requnrmg
metabolic activation for toxic manifestations and for those requiring inacti-
vation for detoxication, development of metabolic information on laboratory

animals in vive and in man, at least.in titro, should significantly affect the

choice of more reliable animal models and may reduce the overall cost of the
cvaluation by du.rusmg the number of spu.lu Equally important, such '
investigations generate data uscful in the selection of exposure parametefs
by determining biological dVduIdblllTy and half-life, predilection for target
sites, and potency for accumulation, storage, and redistribution. ’ .
After selecting the animal models, the investigator can address the gen-’
cration of the umuly profile for the products to be ICstcd Toxicity profiles -
identify the organs and organ systems whose integrity, cither genctic, bio-
chemical or morphologic, has been compromised to the extent that normal
functions are impaired or the organism’s ability to respond to stigauli has been
damaged. Structuring these studies with several logically epaceﬁoeuge levels
is essential for several reayons: to confirm the observed cifects by demon-
strating increased intensity of physiological alterations with increasing dose
levels: to deseribe lesions and their severity (reversibility vs. irreversibility):
to generate data about the genesis of lesions from biochemical to histo-
pathological ind gross pathological; to demonstrate differentiak sensitivity
of organs, thereby identifying the most sensitive target organ(s): to genegate
data on graduated effects, the slope of which can be analyzed to predict toxic

. .

- ke



O

ERIC

Aruitoxt provided by Eic:

H
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effects at lower doses; and to produce data from which to estimate thresh-
olds. . . :

Because of the complexities of toxicological studies, an aperational defi-
nition of “no observed effect ™ is necessary. Such a *no effect level ™ is impacted
upon by differential sensitivity. varying species and strains, sensitivity and
specificity of analytical methods in physiology and biochemistry, alternate
metibolic profiles. cte.!? '

" The core investigations by which toxicity is defined include acute. sub-
chronic. any chronic toxicity tests as outlined in Chapters 2.3, and 5. Prior
to initiation of in civo testing, some investigators conduct preliminary toxicity
studies in citros using cither mammalian or nonmammalian cells, i citro
toxicity testing can serve as a presereen to compare inherent toxicity among
compounds and mixtures by using relatively simple indices such as ecll sur-
vival. Recently developed in vitro systems have been suceessfully used to assess
mutagenic activity. Some investigators have concluded that demonstration
of mutagenicactivity in such assays is sufficient evidence for the carcinoge-
nicity of a test agent, since several chemical carcinogens in pivo are also
mutagens in vitro. Additional experimentation is required before in vitro
assays can reliably replace in vivo tests of mutagenicity and oncogcnicily in
the hazard evaluation. On the other hand, these in citro assays can be helpful
i developing prioritics among large numbers of compounds and prodyets
to be tested in cico and in suggesting more specialized toxicity studick i
Cito., '

Acute toxicity studies are deseribed in detail in Chapters 2.3, and 45Such
studies can be an end in themselves when performed 1o assess hazard from
single or multiple closely spaced doses. Often these tnvestigations s2rve as
range linders for the longer exposure studies by producing data concerning
lethal levels and signs of intoxication. Reliable parameters such as the 1150
canbe used to compare and determine relative acute hazards. The slopz of
the dose-response curve yields anindex of the margin of safety.

The design of subchronic, or 90-day, studics is described in Chanter 2.
Using dose-response mode. multiple-exposure investigations are pe:formed
toidentify pathologic lesions at the biochemical and histological 2vels with
some measurements of the physiological status of eritical organs. Signs of
toxicity are carcfully monitored during the exposure phasc. All histopatho-
logic Tesions. with the exception of tumors, can usually be delineated in
ciarclully designed and exccuted subchronic studies. The scope of experi-
mentation can be expanded to include information on repair of da mage by
observing groups of subjects during a “recovery” phase. Data from the sub-
chronte study are usually required for the planning and design of the chronic
studies, '

Lifetime, or chronic, studies, as deseribed in Chapter 5. are highly coniplex

15
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but most uscful in the definition of minimum-effect levels and essential in
detecting the oncogenic properties of chemicals. Since the basic design of such
tests prevents the discrimination between carcinogens acting by either the
“one-stage” or “two-stage” 27 mechanisms, the evaluation of hazard from
positive findings must of necessity be somewhat conservative until clarifying
data are generated: A flexible designcan produce data on the characteristics
and severity of pathologic lesions, as well as on the rate of pathogewesis. A
full spectrum of physiological and pathological changes and end points at
the subcellular, cellular, organ, and whole-body levels can be assessed. The
results from this sequence of experiments are translated by the toxicologist
into a comprehensive profite of toxicity of the test agent.

Transmissable genetic damage is one of the more far-rcaching toxic
manifestations. as the adverse effects may be the legacy of future generations.
Suspicion that a compeund or product may be a mutagen can be obtained
from=structurc-activity considerations, from data demonstrating localization
of the agent in the gametes, or from observed activity within in vitro systems.
The application of invitro test systems, as compared to in vivo testing, is
practical because of decreased cost and time. However, to assess hazard, in
vivo assays suchas the heritable translocation test are stilbrequired for con-
firmation.of effects and tor development of dose-response data that can be
sextrapolated to humans. The assay systems for detecting heritable genetic
damage are described in Chapter 6, along with a logic for assessing mutagenic
hazard by progression from simpler to more complex test systems.

Irrevérsible toxic manifestations of grave consequence are associated with
adverse effects to the reproductive system and to the offspring. Reproductive
anomalies range from sterility to derangements irlfthc production of mother’s
milk. The adverse influences may occur at any time within the reproductive
cvele of the organism. Toxic effects to the offspring range from mortality to
morbidity as subtle as decreased body weight at birth. In perspective,
weakening of the oftspring in early life may lead to Jater physiological defi-
ciencies. Pronounced reproductive anomalies arc teratic of morphological
defects observed in offspring at birth. These are usually related to a toxic
intervention during organogenesis. Such morphological defects are oft
crippling. Of late. teratology has expanded to include not only morphological
alterations but also biochemical, immunological, and behavioral deficits.
However. the test procedures involved in these investigations are only in the
cxperimental stages. Tests to assess reproductive toxicity. including birth
defects, are described in Chapter 7. These tests are often the outgrowths of
the subchronic toxicity studies.

Subchronic and chronic toxicity studies prescribe the observation of lab-
oratory animals for signs of “unusual™ behavior. At times, high'doses of
certain compounds can directly affect locomotor functions at peripheral sites.

frd
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However, theTigents that dircetly affect the central nervous system (CNS)
require definition and study to determine their relevanee in the overall toxigity
profile. Most important is the determination of whether the behavioral
modifications oceur at dose levels below those producing other functional
organic damage.

Behavioral observations in the subchronic and chronic studies are relatively
crude and nonquantitative. Consequently, subtle changes in behavior may
go unnoticed. Chapter 8 describes and ‘defines o rescarch strategy and
methadology for the study of agents suspected of having influence on the CNS
to the extent that alterations in cither general or operant behavior are man-
ifest. The selection of compounds for these investigations, as well as other
highly specific experiments, must be judicious to insure maximum use of
resources with maximum return of information. When selecting compounds
for detailed evaluation of behavioral effects, the following propertics should
be considered: lipid solubility, distribution to and residence time in the CNS,
and obscrved gross effeets in previous studics. Generally, behavioral studies,
i used, will follow chronic investigations in the development of the toxicity
profile for a given agent.

This document describes, in rclatively abbreviated form, the state of the
artin the various phases of toxicity testing. Because the inclusion of a complete
treatise on all phases of toxicological assessments is virtually impossible and
impractical, the reader is directed to several reference sources for additional
information.

In the arcas of basic precepts and concepts in toxicology, the texts of Ca- )
sarett and Doull ® Loonis 'O Bovd,} and DuBois and Geiling® should be
consulted for comprehensive treatment of the subjeet. From these texts, in-
sight can be gained into the coneepts of dose-response, seleetion of animal
models, conditions of experimentation, and interpretation and extrapolation
of data. Paget' deals more specifically with development and application
of methodology within various frameworks of safety evaluation. Disciplines
within toxicology have also received comprehensive and independent treat-
ment: the National Cancer Institute has promulgated guidelines?? for car-
cinogenesis testing: the Canadian Health and Welfaret has developed a
scholarly document dealing with carcinogenesis, mutagenesis, and terato-
genesis: the proceedings™ of o sympostum jointly sponsored by the Society
of Toxicology and the Association of Official Analytical Chemists addresses
in detail safety evaluations and toxicity testing: Mello,'"! Weiss and Laties,2?
and Xintaras e al.>5 deseribe the complexities of behavioral toxicology: a
report of the National Academy of Sciences' delineates approaches and
techniques for the assessment of the inhalation toxicity of combustion
products: Piotrowski'® and Williams2* develop the application of metabolic
studies to toxicity testing; and Salsburg!” displays insight into design and
interpretation of chronic toxicity testing.
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This report emphasizes houschold products and the evaluation of their
safety. Other publications have dealt effectively with the safety evaluation
of chemicals in other categories and for other uses: drugs,'2¢ cosmetics,' food
additives. ! "# environmental chemicals,'? and pesticides.?! All of these doe-
uments share in the fundamental concepts of toxicity testing despite modi-
fications in design to address specific classes of agents and unique uses.
Conscquently, these references are useful resources.

The extrapolation-of data from high to Tow doses and from laboratory
animals to humans is the souree of constant conedrn and attention and is in
a state of dynamic development. Documents related to this subject have been
cataloged into a bibliography by the Society of Toxicology.!”

Some periodicals that address highly specialized arcas of growth in toxi-
cology and safety evaluations, and various journals that contain papers on
the toxicity and development of test procedures, are listed in the Bibliography
at the end of this chapter.

. Toxicity testing and safety evaluation have speeific rcqunrgmcnl\ for staff,

uulmus, and program. Staff, by virtue of their training and experience, must
Have demonstrated multidisciplinary expertise. The toxicologist should also
be characterized by sound judgment, not only in design and conduct of these
studies, but particularly in interpretation and application of findings to safety
evaluation. A well-qualified support staff is essential to insure proper exe-
cution of experimentation,

Toxicity studies should be vonducted in appropriately constructed and
controtled factlities so that results and their interpretation age not compro-
mised nor their reliability threatened. The acereditation of various compo-
nents within the toxicology laboratory will assure the most effective envi-
ronment and the highest-guality results. The American Association for the
Accreditation of Laboratory Animal Carcis highly regarded for its acered-
itation of animal facilities and progragas of animal care. Clinical laboratorics
L‘H].«,ll.\\) receive acereditation via YJIer the Center for Discase - Control or
proféssional organizations. The facilities should be maintained inaccordanee
with regulatory statutes such as the Animal Welfare Act and the Clinical
I aboratory Improvement Act. In addition, the facilities should be designed.
constructed, and maintained to insure minimum effect on the outside envi-
ronment. Control of sewage effluents, air emissions, and solid waste® is ¢s-
sential to minimize the release of potentially hazardous and unaesthetic
materials into the environment.

In toxicology programs, staff and factlities should be carefully selected
so that the highest-quality studies and most reliable data can be produced.
The most critical factors affecting toxicology programs are quality assurance,
standard operating procedures, occupational safety and health, and uac-
countability. In the near future, federal and professional guidelines will codify

2
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uniformity and minimum quality r'cquircmcnls for nonclinical laborato-
rics. ’

The selectionof laboratories on the basis of ‘ilp‘lblllllh\ has been confusing
at times. The Toxicology Lahoratory Surrey;' published by the Society of
Toxicology, has cataloged the laboratorics lhal engage in toxicity studics and
listed their capabilities. The cost of various phases of the safety LleUdllOI‘l
has been described by Gehring er al 3

The performance of toxicity tests with ample safety margins or rn.lallvn.ly

Jow risks does not assure absolute safety and does not negate the need for

monitoring the health of exposed humans. Thereis a remote possibility that
the biological models have erroncously predicted toxic potency. In addition,
unanticipated hgh exposures resulting from accidents or abuse are a tangible
threat and cause for concern. Conscquently, prospective epidemiological
surveillance of the target species, humans, is often essential with the intro-
ducuon of 4 new chemical or product into the houschold.
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ACUTE INGESTION

The 1.D50 may be defined as the dose that is lethal to 50 percent of a group
of treated animals. 1t is, the most frequently determined index of toxicity.
Federal legislation dealdg with toxicity uses the acute LD5O0 as an index of
toxicity. especially the acute oral LDS0. Acute is defined cither as a single
dose or exposure, or fractions of a dose, when given over a short period. Oral
dosage is administered by gavage. There are provisions for such determina-
tions in a variety of federal regulations. Legislation enacted by the Congress
has resulted in the Registry of Toxic Effeets of Chemical Substances (for-
merly the Toxic Substances List). This document is directed specifically to
the provision of guidélines that are responsive to the requirement of the
Hazdrdous SubStances Act. The most conspicuous value in the list is the
1.D50. The hazard data are incorporated into the labeling of packaging and
even influence the type of package and the mode of transportation to be used
when shipping a product.

The concept of the 1.DS0. the median lethal dose. was developed by Tre-

svan?’as a graphic index of toxicity. He defined it as that unit dose per unit

animal weight that would kill one-half of an “indefinitely large™ group of
animals using rigorously defined quantal data. Lower numerical values in-
dicated greater toxicity than did higher ones. Only death and survival were

“noted: nonlethal effects, regardless of severity. were not considered. The intent

10
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was not to measure pharmacological effects. Trevan showed also that the same

 biological relations and mathematical principles applied to the evaluation

of defined nonlethal pharmacological effects. When a sequence of doses was
plotted agaiﬁsl the corresponding percent response of groups receiving those
dosc levels, a sigmoid eutve was obtained that was synimetrical if the dose
progressions were logarithmic. The 50 percent or median point could readily
be extrapolated and the standard'deviation and slope calculated.

The slope shows the ratio between dose increment and response increment.
Slopes from other experiments involving different compounds or animal
species can be compared. A flat dose-mortality curve suggests a potential for
cumulative toxicity and thus the need for a longer testing period. The steep-
ness of the slope has been used to indicate safety when the potential dosage
to be applied or the amount that might be accidentaliy ingested is considered.
Withimspecies or strains, divergent stopes of similarly acting substances in-
dicate differences in mechanism or site of 21‘Cli(£9‘ Parallel slopes may indicate
similarity of action. -

All commonly used graphic methods assume that the responses of the
“indefinitely Nrge™ group will be normally distributed. Elaborate statistical
methods for fitting the best line to values were developed by Bliss® and others.
These methods became extremely useful in biological assays that required
accurate comparison of one compound or sample with another. The graphic
method also permits extrapolation to other dose-response levels.

Quantal data divide a test population into two groups, responders and
nonresponders. It is necessary to define rigorously the test limits. Death or
survival are more casily defined than are nonlethal responses in which gra-
dations of response must be considered. The all-or-none principle, the quantal
response, applies to each parameter being measured during an ED50, the
median effective dose. .

. Pharmacological effects, including median values, should not be extrap-
olated to other species, strains, sexes, or animals whose state of health differs
from test animals. Strictly speaking, any value obtained applies only to the
species, strain, sex, age, and state of health of the animals under test #1629
However, the purpose of the measurement is to evaluate potential toxicity.
to humans. Therefore, one uses the values as an estimate of acute toxicity to
humans. Wide variations of LDS0 among mammalian species can have
particular significance. They may indicate a problem in estimating potential
toxicity in man. The medidn effective dose does not apply ¥ a populace or
the inhabitants of a region.

The 1.DSO has forensic value, and its estimation is necessary for compliance
with legislation. It is important in characterizing industrial and accidental
hazards that may have a fatal outcome Nt may be calculated by any of a
number of graphic and nongraphic methods. These numerical data can be

i
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caleulated with data-processing cquipment. Various microprocessors and
a range of computers can facilitate data reduction and the generation of the.
desired caleulations. The numerical values obtained by any of the diverse
methods and with limited numbers of animals coriform closely 1o cach other.
Grading systems of toxicity, such as those of Gosselin ef al.'? or of Hodge
and Sterner,' are based on such values, and slope is disregarded. Some
mcthods,'02¢-*¥ using only a few animals per dose level, provide a good
nongraphic estimate of the median dose, but do not provide a medsurement
of the slope of the dose-response curve. A large portion of toxicological data
is.expressed in terms of “range-finding” doscs.

© Many important factors that are the real determinants of acute toxicity
are not evaluated by the LDSO and its slope. But many of these factors can
be observed and evaluated during the course of an 1.D30 determination. Site
and mechanism of action. carly or delayed death, and recovery rate may be
better indices of toxicity and, eventually, of hazard. Morbidity and/or
pathogenesis may have more toxicological significanee than mortaiity. Often
the mortality potential is far less than the morbidity potential #325 The LDS0
also frequently serves as the basis for determining the doses to be used in
subchronic and chronic studies. '

TEST PREPARATION

Acute Oral LDSO - As previously indicated, there are two general methods
of G.‘s‘limnling an LD50: nongraphic methods, which do not assume normally
distributed responses, and graphic methods, which do. The monographic
method s exemplified by Thompson's Moving Average Method 2 for which
Weil** has developed tables for rapidgand conyenient calculation, including
the standard deviation Sigmoid curves or probit regressions exemplify the
griaphic method. All methods require that the test animals be randomly as-
signed to groups, that the fog of the dose be used in the caleulation. and that
logarithmically separated progression of doses be used. Frequentiy, doses
pragress by 0.1 logs (multiples of 1.26) or 0.3 logs (multiples of 2)_and four -
or more dose levels are used. Weil's tables for Thompson’s Moving Average
Method require four dose levels with equal logarrithmic intervals between them
and equal numbers of animals in cach group. The tables permit the use of as
few as 2imd as many as 10 animals per dose level. A numerical vidlue for the
L.DSO can be obtained even when all animals survive at the two lower dose
levels and all dic at the two higher ones.

A commonly used graphic technique is the Litchficld-Wilcoxon Method
of using probits.'” The probits, in turn, can be converted to pereent effect,
derived from the relation of the arca under the normal curve to the standard
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deviation. 1! Log dose and perednt effeet may be plotted directly, and a
best-fitting regression line by inspection may be drawn. The LDS0, LD16,
and LLD84 arc rcad dircetly from the regression and fitted into an equation.
then the slope is caleulated. From nomograms one can extrapdfate the ho-
mogeneity of the data and obtain factors for the caleulation of the fiducial
limits of the median dose and the slope. Neither dose intervals nor animal
numbers are required to be cqual. Four dose levels should be used. At least
one should be more than the 50 pereent effect Tevel and one below. One level
should be at cither the 0 or 100 pereent fevel.

The graphic and nongraphic methods cach have advantages and disad-
vantages. The method of choice should be based on the information needed
and the conditions of the test. .

Animal Daia - The test animals should be characterized as 1o speetes, strain,
and physiological and moi phological characteristics. There is no standardized
amimal that is suitable for all tests, Laboratories and breeders should. collect
and periodically review control data on their animals. 1t is extremely im-
portant that the test animals be randomly seleeted for the dose-level
groups.

In acute studies, untreated controls are generally not necessary. The
dosc-response during the determination of an LDSO mav be an internal
control. If either unusual or oil vehicles or special dosing teehniques are used,
then two control groups — one reeciving the vehicle and one with naive ani-

“mals  should alse be used. The vehicle controls should receive the Targest

volume of vehicle used when administering the test compound. Animals
should be fasted before gavaging. Mice should be fasted for about 4 b, rats
and rabbits overnight, and dogs for 24 h. LDS0 values may differ by a factor
of 2 when gavaged doses are administered to nonfasted animals. >

Hyvgiene and ambicnee are of prime importange. Appendix B contains
details of laboratory animal care and maintenance Nhe impact of housing
ardsamimal care on test results cannot be overemphasized.

Age. Weight, and Sex  The responses of different age-groups are functions
of organ maturation and regression, as well as enzyme activity development
and scarcity. Dosce responses differ acerding to the age and weight of the test
animal "™ Young rodents do not have tneir full complement of mixed-function
Ilcpuki‘c-nxiduli\fc enzvmes, but do have ¢ complement of genjugating en-
7ymes. The reverse is true for humans. ! Older animals ten@to obesity with
eonscquent modifications of distribution and storage of chemicals. Older
animals also have age-associated degeneration of the liver and kidney and
both degencration and regression of other organs and tissues. Patterns and
rates of metabolism vary with age, strain, :lnd\:pccic.\ They also vary with

()
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sex and among pregnant females. Estrus may modify female responses;
pregnancy may cause drastic changes in responses. If females are to be used,
they should be nulliparous and nonpregnant,

For LD50 determinations, rats weighing from 200 to 250 g and mice
weighing from 20 to 30 g are often used. Pregnant animals should not be used
because of the changes in sensitivity and bioch&‘rslry of the dams. Immature
animals (21-35 days) mayybe used when attempting to estimate hazards to
young htimans who are ofgn at greatest risk in regard to accidents involving
household substagices. Hpfvever, these studics should be performed in addition
to, rather than jh lig?OTY studies o mature animals. A varicty of reasons
prompt this approgeh, not the least of which is to permit comparison of effects
with other cordgdunds with as little variability as possible.

Species and Strains of Animals  Rats and mice of various strains are most
commonly used for 1.D50 determinations. The principal advantage in using
these antmals is their rdlative uniformity and availability. In addition, many
data have been accumulated on these species. However, the results obtained
with them may not be uniformly reliable in predicting humdf responses and
may show responses quite different from those of other specios.

With some compounds, strain differcnces may be important. The differing
responses of various specics or strains to the acute effects of toxicants may
be duc to differences in absorption, distribution, exceetion, and metabolism.
With all species, the test animals should be acclimatized to the environment
prior to dosing. Excessive coprophagy can be prevented by housing rodents
in suspension cages instead of with bedding. The number of animals housed
in individual cages should be uniform. Crowding of animals alters the
measured LDSO. Ideally each animal should be individually caged, but this
is often not possible within the resources available to test facilities.

Preparation of Test Material ~ Differences in the preparation of the test
materials are probably responsible for many of the variations in' LDS50 values
found in the literature for a given substance. This is in part due to the vehicles
used to dissolve, suspend, or dilute the material. This is particularly true of
otl-soluble materials. Preferably, liquid test materials should be given undi-
luted. When dilution is necessary, water is the diludht of choice if the test
material is soluble and stable in water. Corn or cottonseed otls, which are used
to dilute oil-soluble materials, may alter the absorption of the test substance.
The oils may also cause catharsis. Solvents with known toxic properties should
be avoided. With microsyringes, most liquids can be administered undiluted
in sufficiently small volufhe to permit an accurate LDSO determination.
Whenever possible the actual product should be tested: oo -

It may be advisable to grind a solid in a ball mill or mortar before at-

)
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tempting to put it in solytion. or \Uiptn\lon Where simple suspensions are
not feasible, ft may be necessary to use suspending agents such as carboxy-
methyleellulose or guar gum. Oil-soluble solids are often cnmpsuldlgd when
dosing dogs, monkeys, and cats.

¢

TEST PROCEDURE

Route of Administration T hL oral Toute is most commonly used in ddcr-
minations of mgg}an lethal dose. The dose is administered via soft rubber or
polyglhylgm tubing or a large ball-tip needle. The maximum volume of liquid
thatcan be given depends on the animal's size. With rats this is usually in the
neighborhood of 4 or § ml although as much as 10 to 12 m! has been given.
Great variability in concéntration of test materials should be avoided. For
materials that are insaluble in agueous solution and that must be administered
in oily vehicles, .510 2.0 mlis generally the upper limit because of the laxative
effeet. The deterination of the L.DJO of insoluble solids poses difficult,
practical problems Wcause of the Iarg\*r:ounl of material that may have’
1o be administered. The values may be diffieult to interpret becaude they may
be the result of graphic extrapolation rather than specific measurements. An
adequate estimate of hazard is obtained for most purposes if animals survive
single orat dosages of Sor 10 g/kg.

Observation Period  The time at which deaths oecur or signs appear or
subside may be important, particularly if there is any tendeney for deaths
to be dL]d)’Cd It is characteristic of such compounds as alkylating agents that
death may occur as late as the second week of observation or, 1IN S0MCE CasCs,
\ later. A 14-day observation period is sufficient for most compounds. Animads
- demonstrating signs at the end of 14 days should be held until they cither
recover or die. Durittion of observation should not be fixed: rather, it is de-
termined by.the toxic reactions, rate of onset. and length of recovery period.
The return of food consumption and /or budy wclghls to control levels are
excellent indicators of recovery. When these are not achieved, the attainment
of a plateau may be a signat to terminate the test.

Recording of Signs  Observations should be recorded systematically as they

are made. Separate records should be maintained for each animal. They may

reveal more than one mechanism at a given dose level #* Signs of intoxication

may differ at different dosages. The onset and duration of signs of toxicity

may suggest whether a pharmacologie action or organic damage has occurred.

While Atcckshccts arc helpful for many of the standard types of symptoms,
¢

recordefl observations must not be restricted to options provided in the”
i . o Y
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checksheets. Physical examinations during ; acute toxicity tests should include,
but are not limited to, obscrvations of signs in skin andd fur. eyes. and mugous
membranes; genitourinary, gastrointestinal, respiratory>ardiovascular, and
antonomic and central nervous systems: and somatomotdr activities. De-
pending on clinical signs. investigators obscrving dogs and other 1; arge animals
shoutd use hem; ttology and climical chemistry tests for hepatotosicity and
nephrotoxicity. Particular attention should be directed to observations lor
the presence of tremors, convulsions, salivation, diarrhea. lethargy. sleep.
coma, food consumption. and body weight changes. espeeially il survivil
exceeds Tday. Time todeathiand rate of recovery are very important taxicity
parameters Delayed death may mdicate significant patential for cumulative
cffects. These observations will provide useful information regarding the
biochemical and pharmucological effects of the compound. Organ dimage
may be present without functional disturbances:” functional disturbances
may be present without tissue tpury that is detectable by standard histo-
pathological techniques.

Werght Change of Anintals A severe toxie effect n 1y sometimes be dis-
covered by comparing the weights of treated animals with controls, Surviv ing.
animals should be weighed @ least once during as well as at the ¢nd of o
Pd-day period. A record of food and water intake should be’maintained.
Sl;lr\‘zllion mlluences pharmacological responses s well asthe weight and
water content of severad organs.

Necrapsies Nccrg’psim of somc of the surviving aninuls, as well as of those
lh ttdic shorthy after dosing. may provide vitluable clues to the type of toxic
¢flect produced by the test compound. Therefore, they should be a pagt of
the general procedure. Gross pi 1llmlopu il che lngu of the mlulmal tract and
of such organs as hver kidneys, and s \ 1dence
of gross pathology, determintion of‘ the hi\loputhnlog) of the invohved
stractures should be consdered

i S

Frafuarion  Tdeally, 1o assess potentiat health hazards to humans, toxiciy
studies would be conducted only in those species of ianimials whose metabolism
ot the compound is similar to humans. Because compuarative metibolisn iy
unknown for many materials, and because studies in humans are re wrely fea-
sible, rodents make good initial test subjects. While extrapolation of the results
to hymans may not always bAY alid, the correlation is reasonably good for

Uy toxic to rodents guur ity are highly toxic
to Humans. Relatively innocuous substances in one species are often quite
hitrmless to the other. Relative sensitivity of various species is often more
relevant for subchronic and chrome toxicity studies. Acute toxicity testing,

R4
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if necessary. can be conducted in several species. A similar degree of toxicity
in several species indicates that toxicity to humans probably would be com-
parable. Marked variation in the responses of different species calls for the
assumption that man is at least as sensitive as the most sensitive specices
studjed.

4

SUBCHRONIC INGESTION

Subchronic studies are designed to determine the adverse effects of regularly
repeated exposures over periods ranging from a few days to 6 months. Usually
the study parameters are well defined. The exposure levels are normally lower
than those found in acute studics. Death is usually not the end point, and the
routes of exposure normally include the anticipated route of exposure for man.
The intent is to define a fevel that produces “no vbserved effects™ and a higher
level that produces any adverse effect. :

The evaluation procedures are gencrally more extensive and detailed than
those used 1o support acute studies. These procedures,may include neuro-
logical. behavioral, physiological. biochemical. h\;illai"u)logicall, and urine
analyses, as well s food intake, body weight. and clinical obscrvations.
Postmortem studies. including gross and mhicroscopic’ pathology. organ
weights, and organ/body weight ratios are performed.

Quantitative measurements are made serially for most of these observa-
tions. All quantitative data should be examined by statistical comparison of
treated and control animals. Definition of central tendency and test-popu-
lation variabitity arc analyzed whencever possible.

Studics may be conducted with cither immature or mature animals. The,
human population at risk should guide selection. Care should be taken to
determine if a higher dose acting on a specific site produces a different effect
from that produced by a lower dose. as different dosagls may affect different
target organs and different target sites. Test materials may be given either
by gavage or added to the diet or water. Acceptability to the animals of test
diets should be considered when selecting the method of dosing. paired feeding
studies may be required to demonstrate whether reduced food intake at high
dose levels is a function of rejection of dict or toxic manifestation. Water
consumption may be measured if indicated by test conditions.

If the test substance is 1o be added to the dict. the concentration may be
expressed in parts of toxicant, by weight, per million partscof diet (ppm).
Because the amount of food ingested in relation to body weight varies with
age. a fixed concentration in the dict yields a decréasing dosage as the animal
matures. When a more constant dosage is desired, the concentration of the
toxicant in the food may be adjusted as the amount of food consumption
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changes so thit a constant milligram per kilogram of body weight dosage is

approximated. As the animals mature, the need for adjustment of the toxicant
concentration in the diet disappears.

It is again preferable to gelect species whose metabolism of a toxicant is

@;umans. More specific information regarding

the principles for the design of target-organ system studies is found in the

National Academy of Sciences publicutioni Principles for Eualu‘a(ing‘

Chemicals in the Environmeny.20 ,
The same production lot of a toxicant should be used for the entire sub-
chronic sl'udy'. If this is not possible, cach batch of l\ﬁ"c test mulc'rizil'mqsl be
chemically characterized. Qualitative and quantitative physicochemical
methods (mass, infrared, or ultraviolet spectroscopy, cic.) may be uged 1o
monitor the contaminant and measure its stability. If the substan
ministered in drinking water, water consumption must be measurdd.
Other factors, such as bioavailability, may influence test résulth and ulti-
mate interpretation of data; however, it is not always practical to consider
them. : _ o .
Subacute studies require the use of a control group drawn from the same
animal population as the test groups. Controls should be treated identically
to test animals in all respects. Ideally, the only unique difference between test

“and control animals should be the presenceor absence of the stresses produced

by the test substance.

EVALUATION OF THE ASPIRATION HAZARDS OF LIQUIDS .~

Aspiration is the inspiratory sucking into the lungs of a liquid or forciga body.

An.aspiration hazard exists when a substance can enter the lungs, whereas
aspiration toxicity involves the type and extent of damage that is produced
in the lungs. As in other toxicologic events, physical and/or pharmacologic
effects may be observed. A physical effect may be characterized by local
damage caused by irritants or corrosives and pharmacologic cffects by sys-
lemic respiratory depressants.

The accidental aspiration of liquids from the mouth occurs in just a few
seconds. During this brief time, the liquid-flows from the back of the mouth
through the glottis and into the respiratory tract. The volume of liquid aspi-
rated is self-limiting in-a conscious individual. As soon as the liquid enters
the lung, normal physiological reflexes oppose further entry of liquid. These
responses arc a momentary reflex cessation of breathing and the more aclive,
expulsive mechanisnijof coughing.

Some potentially hazardous liquids, commonly found in the home, can
readily be aspirated if ingested. Liquids such as benzene, toluene, xylene, and

‘
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petroleum distillates are listed as special hazards in the Federal H(%ous
Substances Act Regulations [16 Code of Federal Regulationd (CFR)
1500.14].7 Aspiration of these liquids can produce chemical pneumonitis,
pneumonia, and pulmonary edema. The Regulations require certain cau-
tionary statements on the labels of those consumer products that contain 10
percent ' w/w of these substances [16 CFR 1500.14(b)(3)] and that have
viscosities below 100 Saybolt Universal Seconds (Sus) at 38°C (I00° F)[16
CFR 1500.83(a)(13)]. »

Many liquids have a low degree of toxicity when administered orally but
are hazardous if aspirated. For kerosene, the ratio of the oral LD50 to the
intratracheal LD50 is 140 to | in the rat. This gives some idea of the relative
magnitude of toxicity by. these routes.!? The volume of 3 single swallow in
a child in the age-group at highest risk (1 to 5 yr) is approximately | tea-
spoonful.!” Arena! suggested that aspiration of as little as 0.5 teaspoonful
(2.5 ml) of kerdsene could produce death in a young child. The aspiration of
I ml of kerosene dlrcctly into'the lungs of a child can produce severe chemical
pneumonitis.® '

The percentage of a mouthful of liquid that is aspirated either during
drinking or emesis has not been determined. Rat data have shown that the
amount of a petroleum distillate that can be aspirated is inversely proportional
to its viscosity. {

The viscosity of a liquid determines the probability of its being aspirated.
Animal experiments have shown that aspirated petroleum distillates, and
products that contain them, having viscosities below 100 sus at 38°C produce
the greatest increases in lung weight and mortality. These substances gen-
erally produce aspiration LD50’s of approximately | ml/kg. Because distil-
lates and products containing petroleum distillates have higher viscosities,
they produce less lung edema and mortality in 24 h, while exhlbmng aspi-
ration LD50’s of 2 to 3 ml/kg.22

Using radiolabeled petroleum distillates, investigators have demonstrated
in rats that approximately 70 percent of an oral dose (I ml/kg) is aspirated
when a petroleum distillate with a viscosity of 30 sus at 38°C is administered.
When the viscosity is increased to 363 sus at 38°C, approximately 40 percent
of the same dose is aspirated.

Volume is also a determinant. About 70 percent of a | ml/kg dose (30 sus
at 38°C) can be aspirated in contrast to approximately 3 percent of a 0.1
ml/kg dose of the same oil.2!-22 This clearly indicates that the amount of liquid.
that enters:the lung is determined by the dose and its viscosity.

Rat data have also confirmed the aspiration hazards of high-viscosity oils
(above 100 sus at 38°C). Investigators have observed a delayed (14 days
postaspiration) inflammatory, lipoid pneumonia response in the lungs.??

Surface tension (which is the measure of the spreading tendency of a liquid)
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might also be expected to influence the pulmonary distribution of an aspirated
liquid. Surface tension of petroleum distillates varies only slightly in contrast
to their wide range of viscosities. Therefore, surface tension is not an im-
portant factor in the range of aspiration toxicity of various petroleum distil-
lates. However, it may significant for aspirable substances other than pe-
troleum distillates.

TEST PROCEDURE - . ' ;

Approximately 25 percent of a petroleum distillate dose (1 mg/kg) enters
the lungs when it is instilled in the trachea as compared to 70 pereent when
applied by the method described by Gerarde!2 and modified by Osterberg
et al 2! The modified method relies on the production of increased lung weight.
and/or lung/body weight ratio, higher mortality ratio, and altered physical
appearance of the lungs. A combination of these factors is used as a basis for )
predicting potential aspiration hazard. The dose volumes used reflect acci-
dental ingestion Jevels of children, based on a 10-kg child.

Although test methods described below focus on petroleum distillates, they
are also applicable to other liquids.

In the modified method albino rats of either sex, weighing from 200 to 300
g. are used. The rats are anesthetized with cthyl ether to the point of slow
diaphragmatic breathing, which may be rapidly followed by apnea. The
anesthetized rat is placed ina supine position at an approximate 120° angle
to the table top, with its head elevated. lts mouth is held open by a hemogtat
inscrted between the jaws. The tongue is pulled forward and held with forceps.
This prevents the swallowing reflex. Doses of 0.25,0.5, or 1.0 ml/kg are de-
livered into the rear portion of the mouth near the tracheal orifice. The nostrils
are held closed by the investigator's fingers, thereby forcing the rat to breathe
through its mouth. The rat is maintained in that position until cither the
characteristic sounds of one or two aspirations (slurps) are heard and the
investigator judges that the test material has entered thé trachea or the rat
shows signs of regaining consciousness. The nostrils and tonguc are then re-
lcased, and the rat is returned to a holding cage. If the investigator believes
that the rat has not aspirated the dose, that animal is climinated from the

“test.

Control groups of rats receive distilled walter in place of an oil. Following
aspiration all rats arc observed for 24 h and given free access to food and
water. The lungs of those rats that die arc immediately removed and weighted.
Animals showing signs of rigor mortis are not used due to postmortem
changes. Twenty-four-hour survivors are exsanguinated following ether
anesthesia. Their lungs are also quickly removed. Only lungs that show no
external signs of overt murine pneumonia or of trauma are used.
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The lungs are gently blotted on disposable tissues or gauze sponges. Lung
weights are obtained to the nearest centigram (0.01 g). Analyses of lung
weight and lung/body weight tatios and mortality data can be compared with
the control group using standard statistical tests. Surgical excision techniques
must be standardized to avoid surgically induced variations in lung/body

_weight ratios.

. EVALUATION

Products are considered to be hazardous if they produce either statistically
significant increases in lung/body weight ratios with visible lung congestion
in surviving rats, more than a 25 percent increase in lung weight, or a statis-
tically significant mortality ratio in the test group.
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3

This chapter is concerned with several types of tests commonly used to as-
sess acute hazards of chemicals to skin and eyes. In addition, types of hazards
for which there are presently no standard tests are mcluded in order to address
a perceived need for such tests.

For sevetal years much attention has been given to lmprovmg the repro-
ducibility and reliability of some of these tests through standardization of
technique and interpretation. Relatively little attention has been directed to
the toxicological principles upon which the tests are based. Therefore, this
chapter places more emphasis on these principles. Doing so has led to some
suggestions for departures from or alternatives to present, familiar procedures
‘that have recognized deficiencies. The fundamental guideline has been that,

, to predict hazard to humans, a test result must be gauged against standards
for which human response or experience is known.

Whether or not a new test is nceded or changes in an existing test are in
order, standardization of any procedure should involve extensive interlabo-
ratory validation and a program for uniform training of persons who will

' perforfn and interpret it. .

ACUTE DERM;\L TOXICITY

A test for acute dermal toxicity should evaluate the potential for systemlc
toxic effects of chemicals expected to come in contact with the skin. In practice

23
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24 EVALUATING THE TOXICITY OF HOUSEHOLD SUBSTANCES

this is done by determining the medlan lethal dose (LLD50) of a smglc dgrmal
exposurd to the 'animal species under test. As that LD50 is used in hazard
evaluation of household substances, the test conditions should be related to
anticipated human exposure. : , )
“Dermal toxicity is one of the three categories of toxicity defined by route
of exposurc in the Federal Hazardous Substances Act (FHSA). This act
further defines a “highly toxic™ substance in this category as one that ** pro-
ducgs death within fourteen days in half or more than half of a group of ten
or .more rabbits-tested in a dosage of two hundred milligrams or less per®
kilogram of body weight, when administered by continuous contact with the
bare skin for lwcnly four hours or less” [16 CFR 1500.3(b)(6)(i)(C); sce

Appendix A}. An alternative definition for “*highly toxic™ and one for *“texic""

by the dermal route appear in more conventional toxicological terms in lhc
FHSA Regulations [1500.3(c)(1)(ii)(C) and (2)(iii)]. A description of a test
method that spccmcs the use of rabbits appears in the same document
(1500.40; see Appendix A). These statdtory definitions place constraints on
the conduct of acute dermal toxicity tests performed. in dccordanCC wfth
present regulations. Nevertheless, in the following discussion, attention will
be given, where appropriate, to principles and proccdurcs that are desirable

alternatives to lhosc prescnlly specified. . .
, - 5
TEST PREPARATION R .
The dermal toxicity test in\ rabbhsvspcc'i fied in the FHSA Regulations is de-
“scribed by Draize er al.'® They suggest using, in addition to rabbits, such
dmmal species as the mouse, rat, guinca pig, or dog. The monkey, cat, goat, |
'and swine have also been used 0 The adult albino rabbit has bgen the prc-
ferred species for such reasons as size, ease of handling, and restraint, and
because its skin i Is the most permeable of aH specics studied. However, the
rabbit appears to be almost exquisitely scnsmve}:o dermal insult, and elicited
reactions may not be valid for humans. The skin of swine and the guinea pig
have permeability characteristics more fike those of humans. The albino rat
is somewhat less reactive than the rabbit and more reactive than the guinea
pig or humans. The rat should be a preferred specncs becausc it is the one most
" used for L.DSO studics by other routes of exposure and- for other types of
loxncologlcal studies.2!-52 Also, there are more sources supplying high- quallty,
discasc-free.rats than of like quality rabbits in the United Statés.

The' followmg weight rangesare suggested: male rats, 200 to 300 g; female
rats, 180 to 250 g; rabbits (=malc or female), 2.3 to-3.5 kg (cf. 1500.3 and -
1500.40 for specific requirerients); male guinea pigs, 350 to 4%0 g; and female
guinea pigs, 400 to 425 g. Shortly before testing, fur from the trunk of healthy,
previously unused animals should be clipped so that no less than 10 pcrcqnl

'
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of the body surface arca is available for application of material. Care should
be taken to avoid abrading the skin, which could alter its permeability. The
present FHSA Regulations calls for making epidermal abrasions every 2 or
3cem longitudinally over the arca of exposure on “approximately one-half
of the animals.” In testing of houschold products it would be more appropriate
to conduct tests on normal, intact skin. Reasons for this are given in the section
on skin irritancy testing. However, if i dermal 1.D50 for abraded skin is de-
sired, the skin of test animals should be abraded.

TEST PROCEDURE

The material to be evaluated should usually be tested in its commercial form

‘unless this form is unlikely to come in contact with the human skin. With

solids, it may be desirable to moisten the skin and the test material with saline.
Fincly divided solids can be applied uniformly to gauze, which is then placed
against the skin. For some applications it may be appropriate or necessary
to use a vehicle. If such is the case, any cffect of the vehicle on the penetration
of the test compound should be established. %0

The maximum quantity of a liquid test substance to be applied is 2 ml/kg:
for a solid or semisolid test substance, the maximum is 2 g/kg of body weight.
The dose should be applicd uniformly over.not less than 10 percent of the body
surface area, but not more than 30 percent. At least three doses should be
tested to permit adequate assessment of dose-response relationships. Animals
should be restrained during application ofthe material.

The test dose must remain in contact with the skin throughout the exposure -
period. In some procedures, e.g., for liquids, this is done by applying the dose
inside an impermeable cuff made of rubber dam or plastic film. Such devices
occlude the skin, thereby enhancing penetration and potential toxicity of the
test material. For this reason routine use of occlusive dressings is not rec-
ommended unless anticipated hnmian exposure-warrants it. Liquid or solid
doscs can be held in contact with the skin with a porous gauze dressing.

A 4-h exposure is recommended unless continuous skin contact is antici-
pated in humans. Weil er al.%¢ found that the rat 4-h dermal LD50% and the
rabbit 24-h derm:tl L.DSO’s tend to rank materials in the same order.

During a 4-h exposure, animals’can be prevented from ingesting the tést
material by immobilizing them. During exposures as long as 24-h, immo-
bilization of rabbits or guinea pigs may impose undesirable stress. Restrainers
that permit animals to move about their cages, plus some form of screen or
other device to cover the applied material, may be uscful in such cases. Rats,
having far greater agility, require more restraint than rabbits. When animals
are tested with volatile substances having appreciable toxicity, it is also im-
portant to prevent inhalation exposure.20 -

. .

f.!_')
N



. (Y
26 EVALUATING THE TOXICITY OF HOUSEHOLD SUBSTANCES

- The number of animals per dosage group depends on the level of statistical

confidence desired. Ten animals per dose is recommended in most cases. For

~ materials of anticipated low toxicity, an initial range-finding dose of 2g/kg

“of body weight applied to five or more animals may be sufficient to demon-
‘strate a lack of appreciable dermal toxicity. .

At the end of the exposure period, any residual material is gently removed
with a gauze compress, the cxposed area examined, and any lesions noted (see
section below on skin irritation). Animals are then returned to their individual
cages with ad libitum access to feed and water. For 14 days the animals
should be examined at least daily for signs of systemic toxicity and localized
dermal reactions.

The method of calculating the acute dermal LD50 is the same as that de-
scribed in Chapter 2 for the acute oral LD50 for animals: .

All animals that succumb or are moribund are necropsied. At the end of
the t4-day observation period, all survivors are subjected to a thorough ex-

=~ amination, including examination f the cxposed area of skin. They are then
sacrificed and necropsied. The degree of skin irritation, signs of intoxication,
changes in body weight, mortality, and gross pathological findings as a
function of dose and time are noted. R

—

EVALUATION

The acute dermal LD50, as well as the acute oral LD50, are convenient for
estimating toxic hazard. Although there is always risk in extrapolation from
animals to humans, it is usually safe to presume that substances with lower
~dermal LD50's in animals will be potentially more toxic to humans than those -
with higher ¥D50’s. On the other hand, predictions of dermal versus oral
toxicity in humans are more difficult, especially if the dermal and oral
measurements are made in different animal species. Therefore, there is an
important advantage in having both tests done with the same species, ¢.g.,
the rat. .

PERCUTANEOUS PENETRATION

Percutaneous penetration refers to lhc'transfer\of a chemical from the skin’s
“surface into the body, including entering the epidermis and the dermis, and
systemic absorption. Various methods measure different.aspects. The kinetics
of percutancous penctration comprise at least [0 steps, not all of which can
readily be quantitated.** The extent of a chemical's penetration of human
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skin must be determined to ensure prudent extrapolations from acute and
chronic toxicological data that have been generated in animal assays.

The two animals whose percutaneous penetration is closest to humans are
the monkey and the domestic swine.24468.69 Unfortunately, correlation data
are available for only a few compounds. Data exist for only one anatomical
site—the forearm. Animals can be reused when the chemical is no longer
detectable. .

Percutaneous penetration is dose-related; however, it is not necessarily
linear and depends on the compound and the vehicle. The dose should be
determined in relation to probable human cxposuré. Most published exper-
imental human data are for doses of 4 ug/cm?. If practical, the anatomical
site dosed should be relevant to the eventual human exposure. The number
of animals must be determined on the basis of the information that will be
required. The variation in percutaneous penetration is large. In groups of three

. tosix animals, a standard deviation of 30 percent can be expected. ok,

Vchicle sclection is important. Volatile solvents such as acetone have been ¢
widely used because they evaporate rapidly, leaving the test chemical in place.
Most percutaneous penetration studies are single exposures. It is convenient
'to express application quantitiés in micrograms/square centimeter, Multiple
dosing may not necessarily produce more penetration than one dose. One or
more standard compounds should be.included. in the test series to facilitate
comparison with the known animal arid human toxicological data.

Most percutaneous penetration studies performed in animals quantitate
a chemical or a radioactive tracer appearing in the urine, feces, bile, and
sometimes in the expired air. The skin may hold chemicals for long periods;
therefore, collection of biological fluid {/ill usually last for a minimum of 5
days. The method of quantitation may be chemical, a radioactivity mea-
surement, a radioimmunoassay, or other. It is customary to express the
amount of absorption in terms of the dose applied. It is mandatory to.ascertain
whether the chemical would in fact be excreted and not stored in the body.
A parenteral control is obtained, usually by intravenous dosing of a similar
tracer dose of the chemical chosen in relationship to the amount that might
penetrate. If 50 percent of the dose was accounted for in the urine on the basis
of the intravenous control, the penetration from the skin would be assumged
to be at least twice that measured in the urine.

Considerable information is available from human testing, which can
usually be performed rapidly and safely once the appropriate animal toxi-
cology has been completed. There is some correlation between invitro data
obtained with human skin and in vivo data from human testing,'3-92 but the
relationship must be better understood before in vitro tests can be used for
routine screening of chemicals.
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SKIN IRRITATION

A reliable test for skin irritation should provide a means for differentiating
among substances that will produce different degrees of irritation or corrosion
of the skin. In this context, irritation is the local inflammatory response of
normal living skin to direct injury by single, repeated, or prolonged contact.
with a chemical agent without the involvement of an immunologic mecha-
nism. The macroscopic manifestations are erythema and edema. Corrosion
is direet chemical action on normal living skin that results in its dmntcgrauon
and irreversible alteration at the site of contact. Its important manifestations
are ulceration, necrosis, and, with time, the formation of scar lxssuc Itis
especially important to be able to distinguish between materials that will
produce minor or inconscquential degrees of skin irritation from materials -
that can-produce substantial irritant or corrosive lnjury as a result of cus-

tomary or accidental exposure. )

The voluminous literature on primary irritation test methods lacks con-
sensus on the animal model or procedure most likely to give accurate and
dependable results. Test procedures for human subjects arc as numerous as
those for' dmmals suggesting that the problem docs not lie solely in selection
of the test specics. The most standardized animal procedure is that of Draize
et al.'* as it is adopted for houschold products in 16 CFR 1500.41 (see Ap-
pendix A). This is a 24-h, semiocclusive patch test of a full- -strength product
on both intact and abraded skin of albino rabbits: A modification with ex-
posure time shortened to 4 h and the detailed evaluation of corrosive effects

has been proposed.®® This proposal, with the requirement for testing abraded
skin deleted, has been adopted by the Department of Transportation for
identifying corrosive substances (49 CFR 173.240; sec Appendix A).

The effects on skin of various fopms of products concern manufacturers,
consumers, and regulatory bodies. They should be considered in any safety.
assessment of houschold substances. There may be skin irritation hazards
during the use of products in undiluted. diluted, or mixed form. Dlscuwon’.P
here, however, must be limited to the testing of undiluted materials as they,
arc obtained in their original packages. It is not feasible to discuss in proper
balance the testing of all customary forms of products to which one might
be exposed. Furthermore, the discussion will be limited to tests involving single
exposure with the recognition that they will not reveal cumulative effects that

- could result from recurrent exposures under realistic conditions of use, If

cumulative effects are of concern, they can be evaluated by other tech-
niques. !5 193438424761
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. . & - ' N
TEST, PREPARATION: ANIMAL TESTING ‘

Most of the conventional laboratory animals and some of the more exotic .
species and domestic breeds have been tried in skin irritancy testing. None
provide perfect models for human skin. The albino guinca pig and albino
rabbit, though commonly used, Jack the human repertoire of responses to skin
irritants. They show only degrees of erythema and edema. Both species, but
especially the rabbit, react more strongly than humans to mild-to-moderate
irritafts. In fact, some materials that appear unsafe when tested on rabbits
may be nonirritating to human skin.>'¢! The response of guinea pig skin is
more like that of human skin over a wide range of materials. In additjon, the
guinea pig’s requircment for space and caging is more cconomical. For these
reasons the guinea pig is preferable to the rabbit.2%% Young adult guinea
pigs of the albino Hartley strain arc suitable. The New Zealand white is most
often specified if a test on rabbits is deSired. '

TEST PROCEDURE: ANIMAL TESTING

The usual [;:)ccdurc is to'place 0.5 g of the test substance on the skin under
a gauze pad or other inert.:semiabsorbent material. Liquids and semisolids
.can be applied directly, but solids, powders, and the like should be moistened
with solvent. A 50 percent slurry or solution is conivenient. Various sizes of
patch have been preseribed,!”35 ranging from less than | to 4 in.2 This de-
termincs the dose per unit area of skin that affects the amount of response.
As most existing data have been obtained using the Draize procedure, 0.5
gona l-in.?2 pad (i.e., 0.5 g/in.2); the same size patch is desirable for inter-
Iuborulory comparability. Scveral patch matcerials can be used effectively,
including 2-ply or 12-ply gauze, nonwoven cotton fabric, or cellulose pads.
The matceriat selected should be inert to the test material. It should also be /-
capable of containing a hqund or moist material without completely dbsorbmg //
itand fht{eby reducing contact with the skin.
To prcparc “animals, the fur should be clipped from their backs taking care-
not to scrape the skin. Two patchigs canbeapplied toa gtﬂnca pig. one {o. enhu
side of the midline of the back. Four patches can be placed on a rabbit. The
patches are held in place with narrow strips ()f‘ldhwvc tapc. A poroustype
of tape is preferred to minimize occlusion. "
After the desired numbcer of patehes is applicd. the animal should be loosely .
wrapped with a semiocclusive covering such as rubberized cloth or stockinette.
This sccures the patches and prevents their removal by the animal. The
&'plzu:Lant of collars on animals, may also prevent them from removing the
patches. For a short dpphudllon pcrlod, an alternative is to restrain the ani-
v‘--l mals,
Each material should be dpphgd to test sites on six separate animals, By

¥
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using two sites on cach guinea pig, it is possiblc to test two materials on cach

canimal. :

fn any*grbup of materials 1o be tested, it is desirable to include a comparison
standard of known human skin irritancy. The composition and propertics of
this material should be similar to the test substance, if possible. The most
uscful controls arc those that can be compared to human responsc.

The Draize procedure and that described in 16 CFR 1500.41 (sec Appendix
A) call for an C(Iilill number of skin sites to be abraded before application of
the test material, This may be appropriate for testing drugs and cosmetics
intended for use on discased or damaged skin, but it provides no relevant in-
formation on other types of products. The skin of laboratory animals s uspally

* morc reactive than human skin. Abraded skin imposes an additional degree
. of exaggeration that is difficult to interpret. In addition, abrasion techniques

arc difficult to standardize. Nixon et al.5' have shown that classifications
ofirritancy based only on intact skin arce not usually different from thos¢ using
abraded skin. Therefore; the use of abraded skin is not recommended.

[t has been recommended that the 24-h patch test of Draize be shortened
to 4 h when testing houschold substances®® and materials transported imter-
state (49 CFR 173.240; sec Appendix A). Exposures to household substances:
arc usually of short duration. This modification precludes exaggerated ex-
posure of animal skin that is more reactive than human skin. The Committee
recommends a 4-h application of tgpatch test. However, there may be types
of products for which either longer or shorter patch tests would gpproximate
usc exposures more realistically. For example, it might be satisfactory to use
a shorter application time for materials that will evaporate and be less likely
to remain on the skin. Nonvolatile residues from compositions that are pre-
dominantly volatile may be tested by first allowing a few minutes for cvap-
oration before applying or cavering the patch. At the end of the 4-h period,
the patches should be removed and the skin sitegently cleansed with water.
To remove some substances, it may be necessary to use a nonifritating solvent
ofher than water. If there is any doubt about irritancy_, control sites should
be tested with empty or water-moistened patches and then cleancd with the
desired sdlvent to establish a bascline response. For materials that are very
difficult or impossible to remdve from the skin, it may be necessary to read
peripheral arcas or take skin sections for histological examination.

EVALUATION: ANIMAL TESTING

After removal of the test materials, 30 to 60 min should lapsc before the patch
sites are read to allow sufficient time for pressure and hydration effects to
subside. Additional readings should be made 24 and 72 h after the patch
application. On the other hand, persistent effects such as corrosion are better
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 Severe edetna (raised more than 1 mm and c\undmg
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determined at 7 days. In some cases, it may be uscful to retain animals for .
2'wk after application. Because such delayed readings usually only confirm
. . o
effects seen-at 7 days, their value should be measured against the cost of
maintaining the animals.
Responses after 4, 24, and 72 h are conveniently qcorcd by using the dual,
crythema-edema scale of Draize ¢f al.'®

I-'rylhéma and Eschar Formation

No ery thema b
Very slight erythema (h.mly pereeptible)

Well-defined ery thema

Maoderate to severe erythemg o .

Severe ery thema (beet rudnus) to slight eschar tmm.ltmn (mJHHC\ in depth)
Total p()sslblt uythund seOTe

o)

Edema Formgtion

No edema,” : o : : .
Very !*{hltdmm(bmly perceptible) : : :
Slight Ldemd (edges of area well defined by definite raising)

cyond area of exposure) \

BB W=D

Total possible edema score

It is customary 1o add the erythema and edema pcores at each grading,
thaugh this gives cqual weight to the separate pargmeters and may not be
entirely approprmtc for some-types of reactions. Different types of materials
may produce maximum irritant responses at differet-#imes. As the practice

- of averaging scores taken at various times (e.g.. 4, 24, and 72 h) tends to ob-

scure peak responses, it would be better to base the irritancy evaluation on
only the highest mean score for the test group at either 4, 24, or 72 h. -

Persistent-or delayed cffects, such as those seen at 7 or 14 days, should not
be graded by the irritation scale used for acute re¥ponses; they should be
evaluated for presence and extent of ulceration necrosis or_scarring.

It is lcmplmg to assign Catcgorlcs of irritancy to ranges of scores or irri-
tation md;ccs as this would seem to simplify prédictive evaluations. Unfor-
tunately. absolute'scores are subject to considerable inter- andintralaboratory
variation.®” Though such variation might be reduced by more standardized
training in test techniques, the evaluation of test scores relative to comparison
standapds with which there is human experience is a more reliable approaoh
The irritation score obtained with the test substance is compared with that
of a known nonirritant or irritant with similar chemical and physical prop-
erties and rated accordingly. Comparison standards may also be used in
pr_c!dicling degrees of corrosiveness.
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TEST PREPARATION: HUMAN TESTING

When appropriate, e.g., following a screening test in animals and with proper
attention to cthics, tests on human volunteers are preferred to animal tests
if it is important to avoid the uncertainties of interspecies extrapolation.
[Tuman subjects should be of consenting age and may be of cither sex. It has
not been shown that one race is m()rycsponsivc to irritants than another,
though slight inflammatory reactions dre morg casily detected on light skin. 3
Tests for skin irritancy with human subjccls‘lnuy be performed if responses
are generally limited to superficial inflammatory effects and do not injure
the subject. Materials of unknown or unfamiliar composition should be tested
first on animal skin to establish the conditions under which they can safely
be applicd to humans. If a substance could be a strong sensitizer or be u niquely
damaging to human skin. trial exposures of short duration or with diluted
material should be made. These precautions should ensure testing of sub-
stances without causing severe responses. Before any test involving experi-
mental exposures of humans, fully informed consent of the subjects should
be obtained.

TEST PROCEDURE: HUMAN TESTING

[tis desirable to use more human than animal subjects in patch testing be-
causc of the greater range of individual variability among human volunteers.
Ten subjects is a‘satisfactory number in an acute test.

The FHSA defines an irritant by the response it produces on normal living
tissue. Therefore, the use of abraded skin is not recommended. Also, pig-
mentary changes within abrasions will sometimes leave undesirable marks
on the skin.

The procedure is similar to that used with animals. Patches may be applied
to the intrascapular area of the back or tathe dorsal surface of the upper arms.
Because 8 to 10 patches can be applied to each subject, | or more patches for

~comparison standards can be applied simultancously. In place of the wrapping

around the bodies of animals, a large picce of porous adhesive tape can be
used 1o hold patches on human subjects. Care should be taken to vary sys-
tematically the order that patches are placed on a test group of subjects, be-
cause some patch locations receive more pressure than others and have better
contact. This pressure could be caused by clothing. leaning against chair
backs, and so forth. Skin reactivity can also differ from ong region of the body
to another.

A si'nglc exposure of 4 h is suggested. though it may be necessary (and
sufficient) to use shorter exposures with strong irritants or very volatile ma-
terials. Subjects should be instrueted to remove patches immediately if they

L~
Lwla
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cause pain or unusual discomfort. During continued exposure, pain may di-
minish while damage is increasing. In such a case the patch site should be
cxamined as soon as possible after the patch is removed. ‘

At the end of the exposure period, patches should be removed and the skin
cleansed with water or a nonirrite:  solvent to remove residual material.

P

EVALUATION: HUMAN TESTING

The responses at czlcﬁ‘]pzllch site should be evaluated 30 min to 1 hafter re-
moval 8f the patch to allow time for pressure’and hydration cffects to subside
and ugu“in 24 h after the patch was removed. Each patch site should also be
examined 3 to 4 days after application to determineif any delayed or per-
sistent reactions are present.

There are many scales for scoring human skin responses. Some of them
rate separately such visible responses as redness and swelling.-Other scales
integrate redness and swelling and may also include such phenomena as pa-
pule formation and vesiculation. The points on any scale arc arbitrary. The
adding of scparate scale points or averaging scores involves quantitative as-
sumptions about data that arc primarily judgmental. Nevertheless. it is a
common and convenient practice to calculate means or indexes from scores .
obtained in this way.

The dual Draize scales for rédness and swelling can be used for grading
human skin responses. They are casy to learn, but have no provision for scoring
papular. vesicular, or bullous reactions or reactions that spread beyond the
site of application. For this reason, many investigators prefer an integrated
scale such as the following one, which is based on the scale of Marzulli and

“Maibach:4?

() = ho response e,

1/2 or + = questionable or taint, indistinct ery thema

1 = well-detined erythema

2 = erythema with slight-to-moderate edema

3 = vesicules (small blisters) or p.’fpulcx (small circumseribed elevations)
4 = bullous (large blister), spreading, or other severe reaction

s

Scores assigned from this scale may be averaged for all subjects and
compared with the average score produced by standards of known irritancy.
If the average score for the test material differs markedly from that for the
standard (c.g., 1.0), it is advisable to retest it against another standard. This
will permit a more precise prediction of its potential irritancy.

S~
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)

PHOTOTOXICITY

A phototoxic response refers to irritation (not immunologically mediated)
that depends on light exposure for its presence. This does not refer to irritation
oceurring without ultraviolet light, nor to that which is only aggravated by
light. The latter is a secondary response and is an additive irritant effect. The
purpose of testing is to determine whether a chemical has phototoxic potential.
The phototoxic chemical studied most thcnxlvcly is bergapten (5-methox-
ypsoralen). for which the hairless mouse, the rabbit, and humans have similar,
particularly strong reactions. The guinea pig and swine show less response:
the squirrel, monkey. and hamster are refractory to bergapten.

TEST PROCEDURE

Animals are exposed by applying the chemical in a solvent. It is important
10 be aware of the possibility that solvents may react with the chemical or
otherwise absorb energy on exposure to ultraviolet light, thereby altering the
test situation significantly. Dosing should be on a microgram- or milli-
gram-per-squarc-centimeter basis, simplifying the extrapolation to dosing
in humans. The skin site can be conveniently demarcated with a marking pen.
The chenical can be delivered to the skin with a micropipette. Following
application, the animals are exposed to ultraviolet light from a high-output
source. Most responses to phototoxic chemicals are elicited by high-intensity.
ultraviolet light above 310 nm. This simplifies testing, as it is possible to filter
out shorter, erythema-producing wavelengths. For compounds that clicit
responses befow 310 nm. a different testing \y’stcm is mandated.*® .

T Itis customary to administer one high dose. No situation has yet been found
in which a compound has been negative at a high dose and positive at a low
dosc. If the high dose is positive, the least cfﬂ.uuvu dosc 1s then determined.
Each ammal may be used as his own control. € o@lrols include negative (the
vehicle), positive (2 known relevant phototoxic chemical such as bergapten).

and unirradiated, chemical-treated sites. Experience suggests that most”

chemicals that are phototoxic by cutancous exposure will produce toxicity
in most anmimals if given in a sufficient dose. Small groups. from 4 to 10 ani-
mals, are sufficient for this testing. l
The phototoxic response is usually elicited quickly. For maximum effect
the site should be irradiated within 30 min to 2 h after the chemical appli-
cation. Grading is performed 12 to 24 h later. The parameter most generally
measured s a visible and palpable dermatitis, consisting of erythema. indu-
ration, and at times frank necrosis. The Draize system is the reference scale
presently available. The combination scales, including erythema and edema,
z
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arc convenient alternates. Both systems are fully described in the section on
irritation. The phototoxic response is dramatic; there are few easier tests (0
read. Certain chemicals and solvents irritate the skin. When this occurs, at-
tempts should be made to decrease the effective tissue dose so that the irri-
taney is not seen in the site not exposed to light. Standard statistical tests for
significance may be used to evaluate the resulting data.

Occasionally, extrapolation to humans of results obtained from animal
phototoxicity tests may be questionable. In such cases, tests with humans may
be necessary if the basic systemic toxicologic data are available. The exper-
tmental procedure resembles that used with animals; however, because human
skin is less permcable than that of most small laboratory animals, it is usually
necessary to make the skin more permeable by removing most of the stratum
corntum with repeated cellophane tape stripping. A stripped skin site control
is also used. The dose should be administered in one small appligation.

CHANGES IN PIGMENTATION

Pigmentation may either decrease (hypopigmentation) or increase (hyper-
pigmentation). The greatest concern is depigmentation. Many, if not most,
cases of chemically induced leukoderma mimic vitiligo and are often mis-
diagnosed as such. It may be necessary to determine the proclivity of some
houschold substances to produce depigmentation in humans. The greatest
amount of cxperimental data.has been obtained with the pigmented guinea
pig. There is reasonable correlation of effectiveness between those chemicals
known to produce depigmentation in the guinea pig and those producing it
in humans. Mcthods for testing chemicals for their tendency to produce
depigmentation have been published *-2 >33

CHLORACNE

Chloracne may result from exposure to any of severalindustrial chlorocar-
bons. The eruption produced may be severe and last for months to years:
therefore. it is important to identify those household substances containing
chlorohydrocarbons that may produce chloracne in humans. The clinical
features are most consistent, helping to establish the syndrome as a unigue
form of acne. The adult albino rabbit, which has been systematically studied,
develops chloracne from exposure to those chemicals known to produce
chloracne in man. Methods to evaluate chemicals™ proclivity to produce
chloracne have deen described. ! -2#.29-89
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DELAYED-TYPE CONTACT SENSITIZATION |

Delayed-type allergic contact sensitization refers ‘to an immunologically
mediated cutaneous reaction to a chemical. With few exceptions, contact
sensitization develops as a result of one or more contacts with a chemical that
initiates the sensitization process. The latent sensitized condition generally
develops no sooner than 1 to 2 wk after the effective exposure. Subsequent
exposure of phe skin of the sensitized individual to a sufficient coneentration
of the sensitizer or related substance (cross-sensitizer) can elicit a more intense
response than previously. This response may take hours or even days to de-
velop, hence it is “delayed.” Responses may be characterized by pruritis,
crythema, edema or induration, papules, vesicles, bullac, or combinations
of these. Reactions generally subside over a period of days if there is no further
contact with the sensitizer, but the state of sensitization may be perma-
nent.

A test should demonstrate a strong potential for sensitization by a chemical
or product. It should detect materials that are capable of jnducing either a
substantia] incidence or degree of sensitizetion responses among mdnvndualx
exposed durlng use or acerdental misuse.

TEST PREPARATION: ANIMAL TESTING

Laboratory animal species are generally much less responsive to contaet
sensitizers than humans. The guinea pig is the most responsive, particularly”
the albino varieties. The strain of guinea pig selected should be readily capable
of sensitization by a (common) allergen such as chlorodinitrobenzene. Ani-
mals from I to 3 moof age are preferred, as they are more sensitizable than
very young or older animals. There is no appreciable difference in the pro-
clivity of male and female guinea pigs to develop sensitization, but pregnant
females shotild be avoided. Animals are generally not reused; however, sen-
sttized animals may be useful in tests for cross-sensitizers or other sources
of o given sensitizer.

Animals should be quarantined for a minimum of 1 wk to ensure that they
arc free of infection. Hair should be removed from their backs, sides, and
flanks by clipping. shaving. or depilation,

/
TEST PROCEDURE: ANIMAL TESTING
The guinea pig standard tests wre derived from observations of Landsteiner
and Jacobs. ¥ The most generally used technique is that of Draize er al.'® In
one version, approximately 10 healthy voung adult albino guinea pigs arc
sclected. An area of skin between the shoulder blades is exposed first by

IA’ o
1o
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- clipping and then shaving. A 0.1 percent solution or suspension of the test
material in saline is injected intradermally into the shaved skin. Injections
of 0.1 mlare repeated thrice weekly for a total of nine, keeping the injections
within a 3 to 4 em? field. Two wecks later the animals are challenged with
0.05 mlof the test solution injected into a fresh site. The animal is considered

“sensitized if the challenge reaction is noticeably ;,rcalur than the reactions

to the inducing injections.

~In some cases, it is preferable to gwc an cquivaldnt amount in four in-
tradermal injections at one time, using a dose several times greater than that
producing minimal pereeptible irritation. This dose is determined in a pre-
liminary dose range-finding-study. [f after one challenge (performed as above)

. the animals are not sensitized, the intradermal injections and challenge are

repeated Cin essence a doubled-up Draize procedure.

“In practice, all variants of the Draize procedure require thay the final

challenge be of minimal or no irritancy in the control animals. Asirritation
produces a heightened (nonimmunologic) responsiveness; it is important not
to misinterpret such false positive reactions. To help avoid this, one can use
an unrclated nonsensitizing chemical of similarirritancy to the test chemical
as a negative control, Even with the use of controls, intradermal injection
procedures can produce localized irritation reactions at injection sites that

 may be misinterpreted by inexperienced investigators as sensitization.

An alternate technique takes advantage of the ability of guinca pig skin
to tolerate rather high concentrations of topically applied chemicals without
cxcessive irritation. Groups of 15 to 20 animals are patch-tested with the
substancce for 6 to 24 honce weekly for 3 wk. The patches must have an oc-
clusive backing to enhance penetration of the test substance. Following a rest
period of | or 2wk the animals are rechallenged with o high, but nonmargi-
nally irritating concentration of the test solution and the vehicle on separate
sites. Using the topical routé, substances may be detected that are not de-
marcated by the intradermal method. "¢

Another means of enhancing the sensitivity of the gumc L pig is by using
I'reund’s adjuvant, cither mixed with the putative allergen or injected sepa-
rately (split-adjuvant technigues).

Extensive data document the value of combining topical, intradermal, and
I'reund’s adjuvant exposures. '’ A row ol three injections is made on cach side
of the midline. These injections are:

e 0.1 mlof adjuvant (without the test agent)

e (.1 mlof test agent without the adjuvant

e 0.1 mlof test agent (approximately S pereent) cmul\mui in complete
adjuvant

One week Tater thetopical application is made after prclrculmC{n for 24
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h with 10 percent sodium lauryl sulfate in petrolatum, which enhances pen-
etration and scnsitization by provoking a mild inflammatory reaction.
Challenge is made with a 25 percent concentration or the highest subirritating ,
concentration, - :
When sensitization testingis performed with a dilution of the material,
It is best to employ a vehicle permitting solubilization. The. vehicle should-...

“allow release of the chemicai and should not react with it. Common vehicles

include water, cthanol, acetone, propylenc glycol, vegetable oils, petrolatum,

" and various preparations of surfactants and emulsifiers. Experience usually

indicates the'one type of vehicle that is more convenient to use with a given

- class of compound.

The quantity of fest material is usually expressed as a given volume (usually

. standardized for a given technique) and concentration. The concentration

should exceed that projected for human exposure. Although excessively high
doses could induce tolerance rather than sensitization, there is a greater risk.
of failing to deteet a sensitizer by using too low a concentration. Within
practical limits, there is a greater likelihood of obtaining sensitization by
increasing the number of doses (intradermal or topical). 7

.

[iV/\LU/\TION: ANIMAL TESTING

Because cutancous responses are visible, they can be readily evaluated by a
trained obscrver. An arbitrary scale of 0 to 4+ or any other system may be
used, provided that the investigator accurately describes what is secn. Basi-
cally, the degree of erythema and the amount of induration or edema palpated
should be recorded. Vesiculation and necrosis, which may also occur, should
be noted accordingly.

The delayed reactions of contact sensitization are best evaluated by making
sequential observations of test sites on the skin. The first should be made 24
h after injection or removal of a patch to allow primary irritation to subside.
A seeond reading should be made 24 or 48 h later.

Reactions to the test substance at challenge that are stronger than reactions
Lo negative controls or to those seen during induction should be suspected as
results of sensitization. Responses that are marginaily more intense than
control response or that oceur in very few animals should bé confirmed by
a scecond challenge after | or 2 wk. Rechallenge after a longer delay can be
unreliable, as sensitization in guinea pigs is short-lived compared to that in
humans. Whether or not a rechallenge is performed, a judgment confirming
the presence gmertsence of sensitization should be made and recorded for cach -
animal. Mean scores or indices, which are customarily calculated for cach
cxperimental group, arc useful only for showing relative intensity of re-
sponsc,
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TAvo or more uncqunvocally posmvc responses in a group of 10 to 20 animals
shotld be considered significant, A negative, equwocal or single response
probably assures that a substance is not a strong sensitizer, though this is best

confirmed by further testing with human subjegts.

v ’ ’ ~

5

TEST PREPARATION: HUMAN TESTING

( ! . . " - .“., o .
There has becn considerable experience with human senditization assays, most
of which were derived from the animal assays described above. In the majority

“of these, the test substance is applied topically under an occlusive bandage.

Occlusion of the skin greatly cnhances penetration and makes the test more
sensitive.

TEST PROCEDURE: HUMANFESTING

There afe basic procedures with uscful varmuons The figst is the repeated
insult tedhnique of Draize'” and Shelanski and Shelanski.* The test material
‘(usually 0.5 g or 0.5 ml) is applicd under.occlusive patches to the dorsal skin
of the upper arm or the interscapular area of the back in repeated doses for
a total of 9 to 15 applications. The concentration used shoyld exceed the ex-
posure anticipated during use unless this would produce ¢ cessive irritation.
The patches are applicd on alternate days and removed after 24 h. Some in-
vestigators prefer a 48-h application. It is usually feasible to test four or more

‘materials simultancously, though in so doing one must be aware of the pos-

sibility of cross-reactivity between similar materials. After this initial serics
of induction patches, no more patches are applied for 10 to 20 days to allow

_ timg for ldtcnt sensitization to develop. Subjects are then challenged with

the test material for 24 to 48 h. Responses arc evaluated 3 and 5 days after
the patches are applied. ’
.The sccond procedure is the maximization test,>? which Wscd on the
premise that most chemicals have some sensitization potentiaf for humans.
This can best be determined if the eprdermal barrier to percutaneous pene-
tration is breached. This is usually accomplished by substantially irritating,
the skin with sodium lauryl sulfate before and one or two times during the
series of applications of the-test substance. Five sequential patches are applied
to volar surface of the forcarm, cach for 48 h with 24 h between. There is then

a 10-day waiting period, followed.by further irritation of the skin with sodium

lauryl sulfate, after which a challenge patch is applied.

More subjects are nceded than in guinea pig tests because of greater range

of immunologic responsiveness among humans and the lower concentrations
of materials that may be required. Draize!” originally specified that 200

“subjects should be used. This is reasonable in seeking weak sensitizers in

’
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cosmetics and topical drugs, but is probably not necessary for detecting
modcrate-to-strong sensitizers encountered in exposures 0 other types of
houschold products. Prudence dictates that materials showing possible weak
sensitization in guinea pigs should be tested on only a few human volunteers
atatime. If no human response is found, the numerical base can be expanded.
“The maximization procedure has been standardized at 25 subjects; 50 to 100
subjects are commonly tested in the repeated insult test. '

EVALUATION: HUMAN TESTING

Human skin manifests a greater variety of visible responses (e.g., erythema,
cdema, induration. papules. vesicles, bullae) than guinca pig skin. Conse-
quently, grading scales are more complex. Any scale that can be adequately
described can be used. All reactions should. Be noted during the induction
phase of the test and at two intervals after the challenge, e.g.. 2 and 4
days. '

Scensitization should be distinguished from primary irritation, as both may
oceur simultancously. The length of a reaction is important to note. Irritant
responses often begin to disappear within a-day or-two once the contdctant
is removed. Sensitization responses, which may develop more slowly and
persist longer, tend to be characterized by induration, papules, or vesiculation.
Any suspected sensitization response should be confirmed by a rechallenge
test 2wk to 2 mo after the initial challenge and after carlier reactions have
subsided. Although this type of testing appears deceptively simple, both ex-
perience and judgment are required to perform it adequately ** The inex-
perienced investigator would benefit by working with an experieneed inves-
tigator before initiating trials.

CONTACT URTICARIA

Skin responses to chemical contactants, if immunologicaliy mediated, are
usualldelayed-type hypersensitivity. However. the wheal and flare of urti-
caria can oceur directly from skin contact with some chemicals. This is im-
portant not only in terms of the local response: With percutancous ubs()rplion.ﬂ,/
the response may become generalized. In more sensitive individuals or after
large antigen exposure, angioedema. asthma, and anaphylactoid reactions
can occur.'Nonimmunological contact urticarial reactions may also occur.
The limited testing for contact urticariogenicity suggests that expérienced
investigators should be able to detect it during conventional tests for de-
layed-type contact hypersensitivity. When a urticarial response is suspected.
special techniques can be employed to determine whether it is immunological
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s . . .
or nontmmunological and whether the substance has an important potential

for producing the effect. The immediate sensitivity test is performed on intact
or scratched skin using a control such as citraconic anhydride.?” The guinea
pig is an animal of choice: human testing has been performed. ™3

EYE IRRITATION

Test procedures to assess the surface toxicity of liguids, solids, and acrosols
1o ocular tissues of-laboratory animals should show the potential for sub-
stantial human cye injury. There are several reported procedures, but that
of Draize et al '3 is the basis not only of the method specified in the FHSA
Regulations (16 CFR 1500.42: see Appendix A), but also of several other
accepted methods. The evaluation of gases in ey¢ irritation reguires special
techniques, as exposures may be sustained. The Draize rabbit eye irritation
test™ has been widely criticized for its poor reproducibility and its inaccurate
reflection or prediction of human experience.!! Yet there is no practical test
generally available that is less empirical or more reliable. Therefore, in the
following discussion, emphasis will be placed on ways to improve the Draize
test by means that are feasible for most modern toxicology laboratories.

-

TEST PREPARATION

Selection of Animal Model  Historically, eyes from albino rabbits have been
used i most test procedures, apparently because theyarelarge and have no

“pigmentation. In addition, the tractable nature of the animal facilitates

handling and examination. However, the rabbit eye differs in several ana-
tomical and physiological respects from the human eye. The structure of the
cornea is thinner, the nictitating membrane is well developed (third eyelid),
the fur surrounding the eye and on the lids is thick, the blink reflex is not well
developed, and irritation causes tearing.

Limited comparative data from controlled exposures of humans and rabbits
show responses of the rabbit eye to be muuh more severe and long-lasting
injury.* Other nonprimate laboratory \pu,l&,s such as rats, guinca pigs, dogs,
and cats are cither less satisfactory than rabbits or have not been thoroughly
cvuluul‘cd 7\mon5 nonhuman primates, rhesus monkeys have been used the
most. >3 but cynomolgus and squirrel monkeys are also suitable. The po-
tential use of monkey species as human models seems obvious: their eyes are
structurally and functionally similar to humans. Unfortunately, the limited
avallability, cost, and hdizards in the handling of monkeys prevent their ex-
tensive use. Therefore, the albino rabbit is the species of choice, with the
monkey (especially the rhesus) as the preferred second species when confir-
matory data arce necessary.

.,
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Ocular resporises of rabbits are not known to be sex- or age-dependent, but
healthy, sexually mature animals of cither sex less than 2 yrold are recom-
mended. Albino rabbits are preferred to pigmented strains to facilitate ob-
serving iris changes. When using monkeys, sexually immature animals are
preferred. ‘

Ina given test, odly once eye of cach animal should be used, and the animal
should not be subjected to extrancous test procedures or stresses. The con-
tralateral eye may be used for another test after the first eye has returned to
normal. ' :

Eyes to be tested should be free of defeets or injury.and should not stain
with fluorescein. This can be best determined by gross examination on the
day before the start of a test. Animals should be housed in clean cages that
are free of particulate bedding material or gher extraneous substances that
could irritate the cyes.

TEST PROCEDURE

The Dose and Dose-Response Considerations  Most houschold products
should be tested in the form contained in their original package. When ocular
contact with the packaged form is unlikely, the product should be tested in
the form most likely to contacet the eye. .

With few exceptions' cye test methods have called for the instillation of
0.1 gor 0.1 mlof a material into the eye of the test animal., Although these
quantities may be splashed around the cye, the amount of matemal that ac-
tually contacts ocular tissue in most accidents is probably considerably less.
Indeed. the contrast between the severe effects in animal cye tests and the
rarity of eye injuries in accidental human cxposures to some classes
products may be as much a dose-response as 2 species-response phenomenon.
Because the amount contacting the eye may be as important as the compo-
sition in determining the ocular response. there seems to be no basis for using
asingle arbitrary dose in pn eye test. Rather, two or more different doses
would generate more information and permit the determination of dose-
response characteristics of a material. The size of the doses and the difference
between them should be determined partly by the physical characterisfics
of The test material. They should fall within the range of probable human
exposure. ' «

The measurement of the dose will depend on the physical form of the
substance to be tested. Liguids and pastes can be delivered from a micropi-
pette or syringe. Finely divided solids should be weighed to determine the
amount equal to that contained in a specified volume when the material is
lightly compacted. Other solids should be pulverized and then measured as
above. Acrosol products should be delivered as a short. precisely timed burst
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at a distance approximating that of a self-inflicted cye exposure. For each
dosc form, the actual dose weight should be determined by weighing the same
or an cqual volume of the material. Suggested doses are 0.1 and 0.05 ml,
though other volumes may be desirable when the range of humdn exposure
is known or can be estimated.

The desired dose should be applied to the eye in a manner that reflects the

- probable route of accidental exposure. Whereas the instillation into the Jower

conjunctival cul-de-sac, as is customary with the Draize procedure. may be

-apprepriate for drugs and cosmetics intended for use in and around the eye,

the accidental exposure to other consumer products-more often involves a
- speck, droplet, or'spray on the lids or the bulbar surface. Furthermore, though
the loose-fitting lower lid of the rabbit eye facilitates its uscas a chamber to
receive instilled materials, this technique is practically impossible to use with
the-monkey. In addition, it does not represent typical human exposure, as it
tends to retain materials within the lids and in contact with the eye. For

uniformity of technique, the lids should be drawn back and the material in-

stilled directly onto the cornea. Great care should be taken to ensure that the
entire dose is instilled onto the cornea. One of the greatest potential sources
of experimental variation is incomplete dosage caused by movement by the
animal or the technician. The lids should be kept open momentarily to ensure
contact of the substance with the cornea, then gently released. Forced blinking
or other manipulation that might cause trauma should be avoided. Self-
trauma by the animals immediately after instillation should be prevented,
as this will complicate evaluation of any toxic effect.

A single dose is administered 1o one eye of each animal in a test group.
From three to six eyes have been specified in standard tests. Fewer eyes per
dose should be needed when testing {wo or more dose levels than if a single
fevel is used. A minimum of four animals may be used per dose level unless
a smaller number will provide unequivocal evidence of severe irritation or
corrosion. If there are large intragroup variations in response or inconsistent
results between groups. an effort should be made to determine the cause (e.g.,
dosing error, reading error) and the test should be repeated.

Irrigation  Epidemiological evidence suggests that most eye accident victims
rinse their eyes with water within 1 min of the exposure.®? Certainly most
physicians recommend prompt irrigation for accidental exposures to chemical
substances with the rationale that the chemical on the surface is diluted and
irrigated away. Nevertheless, experimental animal studies using the FHSA
method ™7 indicate that irrigation may decrease the amount of irritation
caused by a chemical but is not likely to change an apparent irritant to a
nonirritant. With some chemicals (1+percent sodium hydroxide), irrigation
markedly diminishes the toxic effects. With S percent sulfuric acid, irrigation
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exacerbates the reaction.® The variability of irrigation techniques and the
arbitrary nature of any onc regimen further complicate a complex test without
providing much uscful information. For these reasons, irrigation is not a
recommended requirement for any test for the inhcrc#Lirril:lncy of a sub-
stance. Information on the €ffect of irrigation should be obtained with sep-
arate experimental groups. Such an investigation could be useful in deter-
mining appropriate first aid measures for use with materials that are corrosive
or severely irritating, .

Controls and Comparison Standards Interlaboratory and temporal vari-
ability in rabbit cyc testing®” makes it difficul( 1o determine the aceuracy of
any given result. Assuming that the factors that cause variability consistently
affectall observations in a single test, it should be possible to compensate for
them. This is done by testing control materials of established ocular irritancy
and by rating unknown substances with respect to them. If the human re-
sponse of the control materialis known animal response can be extrapolated
to potential human response. In such cases, the more ncarly alike the test
matertal and control are inirritancy, the more confidence can be placed in
extrapolation. /

There are several criteria for the selection of an ideal control substance:

{ .

¢ Data on human experience should be available.

® [ts composition should be known and its identity verifiable.

e lts physical and chemical properties should resemble those of the ma-
terial to be evaluated. ’
" e Itshould be readifyrobtainable in stable or reproducible condition.

e It should have similar dose-response characicristics to the test materi-
al

Obsercation Period 11 healing of the cornya and conjunctiva follow chemical
mjury, it is usually completed within 14 days. Nevertheless. a significant
proportion of animals can show healing with clearing of the cornea after 14
days. Therefore, observation for 21 days is essential in any test for toxicity.
Observations within the first 24 h may be of some value, but are not essential
for most materials. If undertaken they should minimize manipulation of the
evg and should not involve irrigation. Often the cornca may still be clear at
I h but may later manifest severe changes. The recommended times for ob-
servations are 1, 3,7, 14, and 21 days, though slight deviations from this
schedule should not seriously alfect results. '
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) .
STRUCTURE TO BE EVALUATED AND TOXIC EFFECTS RE 28

Cornea “The cornea is an important structure to evaluate. Itis sensitive to

' _chemicals: it 1s susceptible beeause of its prominence; and if damaged its

strueture often leads to impairment of vision. The extent of corneal damage
is dependent.on the nature of the material tested and the degree of exposure.
Some chemieals may only damdge the corneal epithelium or its superficial
Iu,\KS. Deteetion of only superficial epithelial damage may be very difficult
without the use of the slit lamp or fluorescein staining. With only external
observation and the use of some magnification. the cornea appears to “lack
luster.” With the slit lamp. a mild degree of edema of the epithelium can.

usually be seen. Superficial epithelial damage is best deteeted by staining with

fluorescein. Where the superficial layers have been damaged, there is ad-
sorption of fluoreseein. This can be seen readily with or without a slit
lamp. . _
More severe damage maty cause the corneal epithelium to become detached -
and portions of it to roll up or become elumped on the corneal surface after
I h. When the epithelium is detached. the cornea may be still elear after |
h and there is usually no fluorescein staining. The absence of the corneal
epithelium may be deteeted only with the slit lamp.

Superficial corneal epithelial damage'in a small area usually clears after
I to 3 days. When the entire corneal epithelium s denuded. héaling is usually
complete by 3to 7 days. Before healing is complete. edema (thickening of

-, the cornea) may oceur. Subtle edema may only be ;1ppurcm'by the slit lamp.

Epithelialization takes place peripherally in a centripetal fashion. The ad-

»vaneed edge of epithclium may have a slightly clevated appearance and is
often edematous after frrigation, As the epithelium grows, it may have some

melanin pignent, particularly in monkeys. This type of pigmentation is simply
asign of healing and docs not necessarily indicate severity of damage.

With more severe reaction, the corneal stroma, in addition to the epithe-
liwin, is damaged. This usually results in edema of the cornea. The outeome
dlpends on the intensity and extent of damage. Some lesions will elear: others
mui\};dcvclop scarrings: and still others may lead to perforation of the cor-,
neas: , '

in general, acid compounds eause surfage coagulation and are less likely
to induce deeper tissue damage. Basic compounds have a greater predilection
to diffuse and to penetrate into the tissues, thereby producing deep tissue

-danige.

Iriv Damage to theiris is difficult to deteet. When there is direet chemical

damage to the iris. the cornea becomes edematous. This obscures the details
of the iris. When there is less severe damage to the cornea and conjunetiva,
the iris may show some changes that, in part, may be due to neural reflexes.
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In the albino rabbit these changes include vascular congestion, which gives
the iris a reddish appearance as compared with its normal light-pink color.
With more marked response 1K iris may become edematous with thickening
and loss of the rugal pattern. INs vessels may leak-and: give rise to inflam-
matory cells and increased amounts of protein in the aqueous humor,

These changes in the aqueous humor can be détected only with a slit lamp.,
The inflammatory cells can be observed directly and the protein noted by the
Tyndall effect. In eyes with severe damage, the iris may give rise Lo intraocular
bleeding. R

Conjunctiva and Nictitating Membranes  The conjunctiva is a ldosely ar-
ranged connective tissue that has an abundance of blood and lymph vessels,
Itis covered by nonkeratinized epithelium that is susceptible to only minimal
damage compared to that deseribed fbove for the cornea. When severely
damaged, the vessels dilate, leak serum, and may even bleed. The vascular
changes are responsible for the redness and swelling that follow chemical
injury. Proteinaceous material from the serum and inflammatory cells form
the ensuing exudate. Fluorescein is generally adsorbed by the conjunctiva
following injury or total loss of the conjunctival epithclium and may be helpful
in cvaluating the cffects after | to 3 days. Fluorescein is of less value in as-
sessing severe damage.Extreme edema is observed with more severely toxic
substances and with some that are not so toxic, In rabbits, for example, silver
nitrate is particularly prone to inducing prominent conjunctival edema that
is disproportionate 1o corneal damage. K

More severe damage to the conjunctiva may be accompanied by scarring
with distortion and folding of the conjunctiva. These folds, may cover a portion
of the corneal periphery. The nictitating membrane of rabbits is frequehitly
damaged by chemical exposures, and, like the conjunctiva, it may become
injeeted and edematous. Necrosis and scarring may be observed following -
more severe damage. Swelling of the conjunctiva may be so intense as to make
evaluation of the cornea very difficult. Generally, when this occurs severe
corncal damage can be obscrved onee the edema has subsided.

At7, 14, and 21 days after exposure to substances with lesser degrees of
toxicity, there may be small superficial corneal opacities at the limbus after
irrigation. By slit lamp these areas appear slightly edematous. These opacitics
are caused by mild neutrophilic infiltration within the corneal epithelium that
is associated with similar infiltratesan the stroma and epithelium of the
conjunctiva in the same mcridiun.%l\,mild conjunctivitis may often be
overlooked if histopathologic examination is not conducted, '

When antye with extreme, obviously purulent exudate at 7, 14, or 21 days
is encountered, the animal should be handled carefully. One should avoid
contact with the purulent exudate. If contact is made, one's hands should be
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washed before the next animal is touched. An obviously infected animal -
should be treated with an appropriate antibiotic by intramuscular injection.
When care is not taken, the infection can be transmitted to other animals.

Lids  The lid may become swollen following chemical injury. This causes
the lids to become very tight, making evaluation of the eye difficult. With
severe damage to the lids, the cilia (lashes) and hair of the lid may be lost.
At ld4and 21 days the lid margin may be distorted with nicking as the result
of scarring. With severe damage, as with 5 percent and 10 percent sodium
hydroxide, the lids become severely scarred and fused together at 14 and 21
days. Perforation of the cornea is often assocfated with severe lid damage,
although it may be masked by the fused lids. -

SCORING OF LESI_ONS: DRAIZE PROCEDURE

By scoring of lesions one attempts to quantitate the area and degree of damage
to the lids, conjunctiva, cornea, and interior of the eye. Lower numbers are
given. for smaller arcas and intensity of damage; higher numbers are given
to larger areas.and greater intensitics of damage. All methods require that
the person examining the eyes and grading the lesions have considerable
experience. Examinations shotld not be rushgd, so that the lesions are not
overlogked. The past standard method used {br'scoring ocular lesions was
developed by Draize et al.'® This method sho#ld be used in conjunction with
bright illumination and some form of magnification. ,

The Draize methed-has the advantage of being relatively easy to conduct
and-requires little in the way of $§pecial equipment. The key to success with
this mcthod is the knowledge and experience of the examiner. There is now
a considerable backlog of information using this method, though interlabo-

- ratory variation has been a problem. This is most likely due to different in-

terpretatiof’ of lesions by diffcrent examiners.

Cornea ~ Since damage to the cornca may lead to visual ifnpairmcm, iis
given special consideration. Corncal damage is determined by the presence
of Jugalized -or diffuse opacification. Whether the iris details can be segn

N thrugh the damaged arca of the cornea is a factor considered in the quan-

titation of the corncal damage. Scattered or diffuse opacities that are only
slight and allow for visualization of iris details are given a | rating. If the iris
details are slightly obscured by casily discernible translucent areas of the’
cornea, a 2 rating is given. Opalescent areas of the cornea obscuring details
of the iris and making the pupil barely discernible are given a 3rating. If the
iris is invisible through an opaque area of cornea, it is given a 4 rating.

The arca of corneal damage is also quantitated. The scorinﬁor percentages
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- of corneal surfm.c LXhlbIllng any intensity OpdClly are: < 25 percent = 1; > 25
percent but < 50 percent = 2; > 50 percent but < 75 percent = 3; dnd > 175
percent = 4. -

While not considered in the orlglml Draize scoring scheme, superficial
and deep pannus (vascularization of the cornea) are noteworthy changes.
Vascularization, which is part of the healing process, usually indicates that
significant tissue necrosis has taken place. It can be rated by the intensity of
associated opacification and by the arca it affects, as above. »

Iris  Evaluation of the iris is onc of the most difficult aspects of the Draize
“method. If the cornea is relatively clear one can, with magnification, see the
iris folds and note swelling, but these subtle changes are difficult to detect

* by this method,

The two more readily observed features of the iris are injection (color) and
the pupillary light reflex. Congestion (redness) of the iris can be detected in
the albino rabbit, but is not usually apparent in- lhc monkey or pigmented

“rabbit.

With more marked corneal changes, the iris and even the pupllldry light
reflex may not be diseernible. [t is not clear how the iris is rated under these
circumstanees. If the iris cannot be adequately examined because of corneal
changes, a maximal reading should probably be given, as histopathologic
studies indicate iris damage in such cases.

The iris-is rated 1 if any or all of the following are present everd if pupillary
light reflex is intact or only slightly impaired: more prominent iris folds,
congestion, swelling, deep circumcorneal injection.

Itisrated 2 ifany orall of the followmg arc observed: loss of pupillary re-
action tg llght hemorrhage in the mlcrlor of the eye, or obvious destruction
of the i iris

Conjunctita  Evaluation of the conjunctiva invglves the quantitation of
dscul‘lr congestion and hcmorrhagc (redness), edema (chemosis), and dis-
Lhdl’EC (cxuddlc)

Redness mting ] d ﬁmu. but mild injcction that. c‘luscs a slight redness;

2 if injection’is mdre se, giving a more crimson-red appearance, and
_if individual vessels are’ fot easily dlsccrmbk 3—if the conjunctiva has a
diffuse, beefy-red appearance.

Chemosis rating: |- -slight swelling above normal; 2—r0bv10us swelling
with -partial eversion of lids: 3 --swelling with lids about half closed: 4—
swelling with lids from about half closed to complgtely closed.

Exudate rating: [—any amount of discharge different from ‘normal:
2 ~discharge with moistening of the lids and adjacent hairs; 3-5-discharge

. i
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with moistening of the lids and hairs for a considerable area around the
eye.

Toralling Scores Thecomplclc Draize grading scheme involves weighting
of the corneal cvaluation by multiplying opacity and arca scores, then
multiplying that product by 5. The iris score and the sum of the three con-

. Junctival scores are weighted by factors of 5 and 2, respectively. The weighted
scores can then be combined to give a maximum possible total of 110. There
may be utility in this for some applications, but one should, be aware that
_valuable information can be overlooked if too much cmphasls is placed on
d"ﬁlnglc number.

SCORING OF LESIONS: SLIT LAMP TE(.IHNVIQU[:.

The slit lamp used to observe ocular damage can accurately detect subtle
lesions, but requires experience and carcful judgment. It also requires that
. asceond person hold the animal and coordinate with the biomicroscopist to
cXpose various areas in succession.
The slit lamp projects a narrow beam of variable hlbh intensity hght and
has a binocular microscope that allows observation of the eye under magni-
fication. Also the slit beam of light cnables quantitation of the thickness of
. the cornea attributable to edema. Morcover, one can more clearly sce theiris
details and examine the aqueous humor in the anterior chamber for the
presence.of inflammatory cells and protein, both of which are signs of iri-
tis.
The detection of changes in aqueous humor in lhc form of cellular reaction
. and presence of protein (aqucous flare or Tyndall effect) may be difficult,
especially in eyes with more severely damaged corneas. Once the cornea
becomes moderately thickened, it may not be possible to see these features.
Vascular congestion of the iris and pupillary light reflex changes are more
“#asily detected, even in eyes with moderate corneal thickening.
A scoring system for slit lamp observation also takes into account both the
- arcd and intensity of damage. This system emphasizes corneal edema and
+ is determined by corneal thickness. The examiner must have a firm mental
picturc of the normal cornea and must repeatedly compare damaged,
thickened arcas with normal arcas of the same eye or with the normal control
- eye. .

Cornea  Evaluation of the corncal damage ;évolvcs the determination of
the presence of edema, fluorescein staining and subseguent scarring, vascu-
larization, and perforation.

The intensity of corneal damage is rated 1 if there is only epithelial cdema
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with or without slight stromal edema; 2, if the thickness has mcreased to 1.5
times the normal; 3, if the thickness has increased to 2 times the normal; and
4, when the cornea is entirely opaque and the thickness can not be deter-
amined. A

Rating of the area of corncal involvement is the same as in the Draize
method. .

Fluorescein staining of the cornea may have a punctate or confluent pat-
tern. The percentage of corneal surface wilh punctate or confluent staiming
and the rating scores are: < 25 percent = [; > 25 percent but < 50 percent
= 2; > 50 percent-but-< 75 percent = 3; dnd >- ?Srpereent—-—4‘—"~

«Ar¢as of corneal vascularization, scarring, and pigment migration or
persistent corneal edema are rated on the basis of area involvement in the
same manner as described above for fluorescein staining and edema. Scars

can occur at any point in the cornea. Vascularization and pigment migration
occur first, and perhaps only, at the periphery of the cornea. Therefore, rating,
of vascularization and pigment migration is based on the area of circumfer-
ence involved: < 25 percent = 1; > 25 percent but < 50 percent = 2; > 50
percent but <75 percent = 3; and > 75 percent’= 4,

Corneal perforation is given a rating of 4. The total maximal score is 20,
and the individual total score is the sum of ratings for area and intensity of
corncal edema, fluorescein staining, vascularization, scarring or pigment.
migration, and perforation. '

Iris  Iritis is quantitated by examination of the aqucous humor noting iris s
- hyperemia and the status of the pupillary light reflex. Cells'in the anterior’
chamber are rated 1, 2, or 3 on the basis of whether there are a few, a mod-
crate number, or many, rcs‘pcclivcly Aquecous flare (Tyndall effect) isgsim-
ilarly rated in the three intensities. Iris hyperemia is quanulalcd into slight
> (1), moderate (2), and marked (3) categories.
A slugglsh pupillary light reflex is rated 1, and arrabsent reﬂgx is rated
2. The total maximal score possible is 11, and an individual score is the sum
of the ratings for anterior chamber cells, flare, iris hyperemia, and evaluation
of the pupillary light reflex.

Conjunctiva  Lids and conjunctival damage are quantitated by giving a
slight (1), moderate (2), and marked (3) rating for hypermia, chemosis,
fluorescein staining, ulceration, and scarring. The total maximal §c0rc is 15.
An individual score is the sum of all the ratings.

Totalling Scores * The total maximal slit lamp score is 46. The total indi-
vidual score of any one reading is the sum of all the ratings for the cornea, ,
iris, lid, and conjunctiva. Although slit lamp examination presents somewhat
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more Hifficulty for screening large numbers of materials, its use would seem
to be indicated when evaluation of minimal dose effects is required. A slit lamp
technique could also be employed in resolvipg questionable results by other
techniques (e.g. Draize scoring).

Use ofFluorescem Sodlum fluorescein is a fluorescent dye that is helpfui
n detecting defects in the surface epitheliim of the cornea and conjunctiva.

With damage of the superficial layers of the epithelium, the dye is réadily

taken up by the remaining deeper layers and will fluoresce when light is cast
on the area. With total loss of the corneal epithelium, fluorescéin uptake on

short contact with the dye is infonsistent at 1 day, but any significant lesions
that might be missed or rated lower by the Draize method will be more clearly
delincated. In most instances, lesions at 3, 7, 14, and 21 days are detected by
gross observation without the use of fluorescein.

Fluorescein dye is available in two forms that are suitable for ocular testing.
Sterile ophthalmologic solutions containing 0.25 percent to 1.0 percent sodium
fluorescein are available commercnally Two drops of the solution are placed

“onto the cornea, then the animal is gently released. After 1 to 2 min, the

fluorescein is lrngated out of the eye with 2 to 5 ml of saline or water. Suffi-
cient irrigation js necessary to eliminate-all excessive dye. The eye is then
examined. by the, Draize method of by the slit Iamp technique. Damaged areas
adsorb the fluorescein dye and fluoresce in response to bright light. A co-
balt-blue filter over the light source emphasizes the area of fluorescein
staining, but is not essential in most instances. One must éxert.caution not
to touch the eye with the dropper in order to prevent contamination of the
dropper, the fluorescein solution, or the animals to be exammed subsequently.
New solutions should be used each day. -

Fluorescein is also commercially available in individual, hermetically sealed
paper strips. The fluorescein-containing end of a strip is moistered with two
or three drops of water or saline, then gently applied to the conjunctiva so that
some fluorescein drains onto the eye. A separate strip is used for each animal.
The animal is released, the excess of fluorescein is irrigated away, and the
eye is examined as above. The fluorcscein paper strips have the advantage
of reducing the chance of contamination. ‘

EVALUATION

Use of Optical Aids for Evaluation Any method to evaluate ocular damage
should employ some means of magnification and good illumination. With
the Draize technique, an operating lens loop is sufficient. The opumal in-
strument for both magnification and illumination is the slit lamp.

P,
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Histopathological Examination. This is an important aspect in any study :
where the quantitation of chemical ddmagc is attempted. It is perhaps less
vital in instances where obviously severe damage has occurred. Lesions that
persist after exposure, at 21 days, however, may cause unwarranted higher -
ratings. The nature of. huah lesions becomes impartant. For example, the
migration of pigment onto the cornea simply may represqnt the passive mi-
gration occurring as the result of the normal healing process of the corneal
epithelium; however, other lesions may be scars and shou,i be appropriatély
noted. Histopathological study may Also disclose scrious lesions of the con-
Jjunctiva and nictitating membrane’ that were not apparent or appreciated -
by examination with the Draize method or slit lamp technique. .
[t is desirable-for an expert u'@crccmng substances to have knowlcdgé of ...
the hlblOpdlhOlOglCdl alterations that account for such lesions Green et af .24
illustrate the clinical and hnlopdllmlogual features of various lcsmm i1
haand af 1, 3,7.14, and 21 days in rabbits and monkeys. Their reporl dlso
outlines techniques that maximize the chances of obtaining the CIInILJ“y
observed lesions in hlslolognml section, . | « AR
. o d

Photography  Photographic documentation is an important aspect ofoculdr

-toxicity studies. While it is not essential in all scrics, any single laboratory

involved with testing should build a reference library of photographs that is
sufficient for teaching personnel to read ocular lesions. Such photographs

can also be r&.vu.wud when there is interlaboratory variation in readings for
specific sybstances. This double check on the examiner serves as a basis for
mrn.clwfg erfors of judgment and technique. Phologrdphs should be taken -
with equipment of sufficient quality to allow conlrolln.dxcxpowrus that will
give close-up images in sharp focus, filling most of the caméra field.

Reversibility ()/'I'j'/'e(.!v Whether or not toxic effects are reversible dcpcnds
on the nature, extent. and intensity of damage. As noted above, most lesions,
if reversible, will heal or clear within 21 days. Surface or epithelial ddmdgc
is likely to heal with no residual-abnormality. When large-areas of epithelium
are lost. healing takes longer. The Lpllhcllum that slides in from the periphery
is very thin at first and may be associated with some ‘edema. As the epithelium
completely covers the denuded area, it regains lls\normdl ‘thickness and the
edema disappears. Deep penetration by substances that induce stromal ne-
crosis-is more likely to be followed by scarring and vascularization. Once
necrosis of the stroma of the cornea or conjunctiva occurs. then scarring takes
pMLL

In some instances. especially afteri ll'l'lédll()ﬂ persistentarcas of peripheral
corncal cdema may be obscrved in an otherwise clear cornea. This may be
duc to residual inflammatory cells in the area of the cdema or an gssociated
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. arca of residual conjunctivitis in the same merldlan Persumably {hls con-

junctivitis and peripheral corneal edema clear with llmc

( lassification ofRecpomes The numerical scores for ocular responscs as
described above assist precise record-keeping and reporting. However,
uncertainties about their quantitative significance and the differences among
them make it desirable to have a more descriptive way of evaluating ocular

responses. Furthermore, it is necessary to attach'significance to persistence .

and reversibility of responses. The temporal aspect of injury as 1tm1ght affect
vision has the grcalcsmmphcallon for human safety. ~

Although the present FHSA cye test (16:CFR.1500.42; sce Appendnx A)
does not include persistence of response as an evaluative criterion, the need.
“for this is recognized. Methods have been suggested for factoring persjs{énce
-of cffects into the irritancy assessment;330 however, their limited obsefvation

periods (from 3 to 7 days) are not long enough to establish the reversibility

of some effects. By obscrving Iesions for 3 wk, a-more meaningful scale of

severity canbe developed. The followmg descriptive scale?® is suggcslcd for

. lhns purposc.

In‘m_n.wquential or Complete Lack of Irritation—Exposure of the eye to

‘A material under the specified conditions causes no significant ocular changes.

No staining with fluorescein can be observed. Any changes that occur clear
within 24 h and are no greater than lhoxe. causcd by isotonic saline undcr lhc
same conditions. B

Moderate Irrlltzli()r1~—l"xposurc of the cye to the material under the

specificd-conditions causcs minor, superficial, and transient changes of the

cornea, iris. or conjunctiva as dclcrmmcd by external or slit lamp'éxamination

with fluorescein staining. The appearance at the 24-h or subsequent grading

of any of the following changes is sufficient to characterize a response as

moderate irritation: opacity of the cornea (other than a slight dulling of the

normal luster), hyperemia of the iris. or swelling ol‘lhc conjunctiva. Any
changes that arc seen clear within 7 days.

Substantial Irritation —Exposure. of the. cyc to the. material under the
specified conditions causes significant injury 1o the cye, such as loss of the
corncal epithelium, corncal opacity, iritis (other than a slight injection),
conjunctivitis, pannus, or bullae. The cffects clear within 21 days.

Secere Irritation or Corrosion - Exposure of the eye to the material under
the specified conditions results in the same types of injury as in the previous
category and in significant necrosis or other injuries that adversely affect the
visual process. Injuries persist for 21 days or more.

Classification should be based on the most severe response seen in‘a group
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'uf test dmmdls rather than on the average rcsponse If, howcver one animal
" reacts with disproportionate severity so that the response seems spurious, lhc

test should be repeated on at least four more eyes. If the | response is not rcn
produced, a judgment can be made about whether it is appropriate to disre- -

gard it. Responses that are diminished in severity or persistence at the lowest ;

test dose indicate that a material is Iéss hazardous than one that produces -
slight or no change in response at’a reduced dose. It follows that the smallest

.amount of a substance that will produce a substantial response may provide

a-useful index of its comparative |rr|tdncy This scheme is still limited by the

:fact that it classifies responsés in the test specnes only. These must*theg be*

extrapolated to probable human responses; as; there is no appropfiate cx-;,

: perimental procedure for dcvclopmg human ocular irritation data throughout #
.vthc response scale. Extrdpoldmons must be bascd on what is known about

“ human experience, most of whlch is from accidental ocular exposures. This
calls for the dcvclopment of animal response information on control materials

of known irritant or corrosive o(ential‘for humans. One or more. control
& p

materials are tested simultancously vulh the material being evaluated. The
responses are then compared. To ensure optimum reliability of these com-

~ parisons, the comr,ols and test substances should have similar properties, 50
*that ocular responses will also be similar. Thus, one yvould not use sulfuric

acid as a control in testing an alkaline material nor a watcr solublc control

in testing a hydrophoblc material. : £ y

HUMAN TESTING

~ PR
T,

The prcdictabiﬁl”y\pfanimal eye test procedures is uncertain largely dh{;‘lo
the dearth of reliable human dose- response data. Ethical considerations-imit
experiments with normal human cyes to those with transient and superficial
toxic effects. This precludes a human testing to identify substances that might
cause substantial or permanent changes in the eye, though it does not nec-
essarily rule out the study of lesser ocular responses to dclermme‘hrcsholds

‘) \and differences among species.' Even then, such studies should be conducted

‘a

n"w O

A

only under the most scrupulous-ethical standards and with fully lnformed
consent of the subjects. .

Advantage should be taken of any accidentn' - * eye splashes d?f
chemicals to establish some bases for comparisc g mal data. These-
accidental eye splashes should be carefully recordc: ~orted in a manner
as similar as possible to that used for the experimental procedure. Thorough

characterization of the material involved should be included in the report.
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MUCOSAL IRRITATlON AND CORROSION OF THE UPPER
Of particular importance is, the abiity to detect materials that, if ingested,
can produce corrosive injury to the mucosal surfaces af the oral cavity,

. pharymx, esophagus, and stomach. Severe corrosive injury to these tissues

can be fétal or can result in strictures or olhcr permanent disabling i mjurles
Strong alkalis are likely to'injure the csophagus and strong acids to injure
the stomach and'duodenum. Ejther may injure the tongue and pharyrnix.$4:

A provisional test method’ is used by the Consumer Product Safety

" Commission,”-% but its rcliablllly has not been established. In fact, there is

* thore research isrequired before an animal model is sclccted and a reliable’

-no standardized procedure for pre@:cung corrosive potential to the alimentary

tract, lhough several techniques have been described. Materials haveé been
administered by intraoral, intraesophageal, and intragastric gavage?.16.39.49.70
and by timéd application to specific tissues of solutions or impregnated
tampons.©-26.35.36 Rats, rabbits, cats, dogs, and swine have been:tested, but
a preferred animal mode] has not B‘een identified.*! The experts agree that

procedure i$ established.0 :

The need for a special test for esophageal corroswnly has becn questioned60
on the. grounds that the customary battery of acute tests for oral toxicity, skin
irritation, and eye irritation, when combined with information on chemical

severe irritant or corrosive hazard on mgestmn in the absence of empirical
data.-Indeed, the need for such an animal test might also bc questioned on
™%, .

: humdnc grounds.

b gx‘\
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This chapter addresses that part of the Federal Hazardous Substances Act
Regulations that define toxic subs. .nces as inhalation hazards [16 CFR
1500.3(b)(5) and (b)(6)(i)(B)' sce Appendix A]. Hazardous airborne sub-
stafices are those that occur in concentrations that could foresceably be en-
countered by humansﬁlrmg use. However, the methodologies discussed herg
should be able to asdess potential toxicity caused by accidental inhalation of
high concentrations. as well as low concentrations likely to be encountered
over a long period. Thus. careful consideration has been given tp inhalation
tests and techniques that could serve as guidelines not only for assessment

>

of acute inhalation toxicity, but also for subchronic and chronic toxicity. .

Assessment of chronic toxicity has assumed greater importance with the in-
creased recognition of chronic toxic response.

~ This chapter will serve as a guideline for the conduct of inhalation toxicity
assessment and be of assistance in determining-procedures to be used in
complying with the Regulations. It is not, however, meant to be an all-in-
*clusive listing of methodologies used for total assessment of the inhalation
‘hazard of pou.ntmlly toxic substances. nor. does it address inhalation toxi-

cology in its’ cnllrcty (Jrcalu detail of u.slmg mclhods can bc found inthe .~

,.,“'blilcgarurc SRR S0 :
Taéh "oh)gs}gd i h?{;? stdtcd in a vuricly of potcntiully toxic

it own and unknown, can produce injury
FPiratory tract is particularly vulnerable
yAess protected than most body systems.
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Morcover, it can be subjected to insult, not only when a toxicant enters the
body through the respiratory tissue, but also, in some instances, when a tox-
icant leaves the body via the respiratory tract after having gained entry by
a different route. Conseguently, injuries to lung and other body tissuc resulting
from inhaled toxic substances can have numerous ramifications, depending
on the degree of toxitity of the substance, concentration and diration ofcx-
posurc, and existence of an immediate or Jytent cffect. The anatomy##t
physiology of the respiratory tract have great influence on the toxicity” of
inhaled vapors, gases, and particularly inhaled particles.

EXPOSURE CHAMBERS

l( is important to distinguish between acrosols and vapors or gases. Thg term

ce .mroxol usually refers to solid or liquid pdrmul 1tes but not gasces or vaporx
that arise from ?llvlqunl surfaces. But because gases and vapors may become

adsorbed on paticulate niaterial, they may also be included with acrosols.

In many houschold products, mixtures of solids. liquids, ai.nd VAPOrs Or gases -

may be present.

Gases can be metered from pressurized evlinders through calibrated flow
meters fitted with differential pressure gauges to avold the influence of
pressurce on flow. The gas flow is then mixed with the diluting stream of air
or other gasat the same pressure: 1tis then led into the'exposure chamber.
Mectering pumps are also used in the flow metering of gases or vapors from
liquid surfaces. Vapors can be generated from certain liguids (b.p. 30°C-

_70°C) by metering the liquid onto a mildly heated durface, diluting the vapor

with air. and then leading the mixture to the animal expogure chamber.
Chamber coneentrations should be determined. Thermal degradation at the
site of vaporization should be avoided. -

To prepare hiquid and solid acrosols, the parent material should be broken
up into partictes of respirable diameter (< 5 gm). This Rgrmits the particle
to navigatce the tortuous pass: Lpes of the respiratory trec: md impact on the
alveolar surfaces. The W rlghl dust feed mechanism, the Lovelace acrosol
particle separator (for nmnodl.\pur.\u acrosols), the Vaponephrin nebulizer
Higuids), and the Laskin aromizer can be used for this purpose. 1921

Casarctt and Doull™ have classificd particulate materinds; discussed their
behavior, and described the environmental factors that gofern their char-
acteristios. Acrodynanue particle size is the maost important property of an
derosol with regard toits puicn!i;nl pulmonary deposition and toxic action.
In general, the smaller the particle diameter, the deeper its pencetration into
the respiratory tract. The mass of the particle is also important toxicologically,
because toxie effects are consistently aelated to the mass of the inhaled par-

&

; :
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ticles and the number of particles per unit volume of inspired air. Thus, the
- pagticle diameter.and density govern acrodynamic behavior in the airstreams;
' © 'mass determines the dosage and consequently, the nmgmludu of the toxic
©oeffect.
<~ Other factors to bg tonsidered arc hygroscopicity, particle shape (e.g., fi-
brous), the total charge on the particle, dnd the density of the charge. In the -
»°, - “humid environment of the respiratory tree! a hygroscopic particle will grow
‘ ¢ in size, thereby changing the deposition site.and possibly the toxic effect.
; Wth used a3 1nlcnde houschold products in acrosol form are polydis-
perse, i.¢., lhn.y havea wide r: inge of particle sizes. Conscquently, these size
fractions arc deposited at different sites in the rn.splmlory tree. Though the
umbcrs vary, particles between S and 30 um in dianteter impact bu.‘lusu,
‘ofmcrlml forces in the rmsoph‘lryngwl zone; particles’ from 1 to 5 umindi-
¥ deposit by sedimentation onld the lrdx.huobronchml region; and
§ u.lu Il umin dldleCr flow mto,h_ ¢ alveolar gcgldn B(;causc of this,
] Olydlspn.rsk. aerosol lrom a housé’hq p;oducke g+ material sprayed -
Py ﬁd'hdvc égffménl toxic cffeets, depending
von the nnpacl 7one as Affuul@ by the anu;*e size mass distribution.
~ Within.the (gxposurm{fmmbur #he test agent-is influenced by humidity,
A -, surface Lhmdclcnslm{lmmg matcn(gl) temperature, and flow rate through
s t‘hc systém In mhd];momexpésu_;c chambers, these factors should be stabi-
s T Jm.d For Ldeplc wheh several groups of ahimals are exposed to the same
- product, the opcratmé varidthled should be consistent among the chambers
used. Thc"'éhambcr lgmpcrﬁ&l‘re and humidity should be controlled and
monitored. s )
. - #The nominal concentration of gas, vapor, or aerosol within the chamber
_~tan be computed from the@mount delivered from the generator and the air
; f_.ffowmg into the chamber. Flow rate and chamber size should be such that
e the uptake curve is sufficiently steep to reach the desired concentration
promptly Concentrations tested should not be so great as to reduce appre-
_ctably the available oxygen or to approach the léwer explosive limit of
= flammable systems. Silver2© has shown the pattern of chamber uptake of a
gas in a dynamic exposure chamber. Analyses can be used to show this'uptake
pattern and demonstrate the maintenance concentration. chcral analytical
techniques are in use for Lhdmbcr analyses, These include impactors for
particulate aerosols, wet chemmical méthods. Colorlmclry gas-liquid chro-
matography, atomic- -absorption. spectroscopy, infrared spectrophotometry,
light-scattering particle counters, and other - ~umental methods. Itis
technologically important that the nominal ang analytical concentrations
be close, because this indicates good control over loss of the test agent. If this
principle is observed, analyses during the cxposure period nccd not be fre-
quent, thus resulting in a cost-effective operation.

>
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Houschold products. especially po_lyn?cric ones, may be subjected to heat
and undergo thermal degradation. The fumes generated by this heating could
be irritating and possibly toxic. Standard methodology for evaluation of
pyrolysis/combustion products 1s not yet available; however, the National
Academy of Sciences has published guidelines.!?

The complexity of toxicologic evaluation is compounded in the case of
inhalation exposures, not only because of cquipment requirements, but also
because of qun.su ns of actual concentration inhaled and amount retained.
The dosage dcp&.nd\ on several factors, including physical and chemical

. properties of the agent. target tissuc and kinetics of penctration. disposition,

normal and/or impaired clearance mechanism, metabolic conversion, and
the number of entry routes. c.g.. skin and/or ingestion. Dosage and the
amount entering the internal milicu of the body is difficult to determine for
inhalation cxposurcsgul is why inhalation toxicologists refer to exposure
in licu of dose. Expo is defined-in terms of concentration (¢ (1),
and. sometimes. both (¢1).!° ‘

There are mapy types of inhalation exposure chambers,”® but gcm.m\
purpose units are sufficient for the exposures discussed in this chapter,

Inhalation systems are basically categorized into two types: static or dy-
namic. The static system introduces the test agent into the chamber as a batch,
followed by, mixing: the dynamic system has a continuous airflow and in-
troduction of the test agent. Static systems have limitations, primarily the
loss of exposure agent with consequent decrease in concentration. Also, the
volume of the chamber poses a timitation because of uxy&,n.n depletion and,
carbon dioxide and heat buildup.”

Thu\cxpoxun. technique generally ased today. and most Approprmlc to this
chapter, uses dynamic systems in which both ghe atrflow-and introduction
of the test agent(s) arc continwous. The agent i¥dhitroduced into the chamber
until the concentriation becomes constant and perfect mixing occurs. Then,
the theoretical concentration can be caleutated. The dynamices of such systems
have been described and verified 20 but many factors, such a~ flow variability.
animal uptake. and adsorption to chamber walls and/or animals, contribute
to a difference between theoretical and actual concentration in the exposure
unit. Thus. there is néed to measure the actual concentration by sampling
and anglysis. Otherwise, characterization of exposure concentration and
dosc-response relationship is questionable.

When exposing small numbers of animals, particularly in pilot tests and/or
[.CS0 studies with rodents. exposure systems typically consist of a closed
container with facilities for . .ind contaminant supply and exhaust. A simple
version is the eylindrical b tery jar (or all‘glass chamber). which is small
cnough to be operated in a tume hood. A minimum size of 30 to 40 liters ¢an
accommodate 6 to 10 rats, depending upon age. Such units are described in.
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FIGURE | Schemittic diagram of inhalation exposure unit. (A) Vapor gcnéri}ior rotameter;
(B) nonreactive tubing: (C) mixing flask; (D) diluting air J_"qmmclcr; (E) glasycylinder; (F)

- wooden clamping bar; (G) wing nut; (H) ghuss ‘cyl}n’d?r supfori: (1) wooden frame; (J) com-

pressed air inlet; (K) chamber exhaust autlet; (1.) door; (M) vapor gencrator. Adapted from
Leach.!! .

A
h

detail elsewhere. 718 These are depicted in Figures 1 and 2. Because of the

himitation imposed by chamber size, it may be difficult to adhere to the rec-

ommended practice of containing the animals in individua) compartments
within the exposure chambers.

A sctond small system, which lends itself to greater adaptability and utility
in Single and some repeated testing, was designed by Laskin and Drew!0.(sce
Figure 3). The chamber is a cylinder, 14 in. in diameter and 2 ft long, with

domes at cither end. 1t is supported by a plywood-metal frame. Standard

rubber O-rings scrve as gaskets between the cylinder and the domes. Plastie
fittings arc cemented to the domes and act as intake and exhaust ports. The
lower dome is permanently mounted, while the upper dome is removable to

provide aceess for animal cages. This system is comparatively inexpensive
and can be replaced if contaminated or affected by test agents.

“Rochester™ or “New York University™ inhalation chambers (Figures

4 and 5), or modifications thercof, arc generally regarded as the systems of
choice for repeated exposures.”'2 These are used in a great number of inha-

lation facilitics. The bodics of the chambers are made of stainless steel with -

¢ .

~3
C

e
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FIGURE 2 Schematie diagram of .composite inhalation glass exposure umt. (A) Reducing
valye on compressed air inlet; (B) potassium dichromate-sulfuric acid cleaning solution: (C)
glass wool filter ssstem; (D) dessicant; (1) rotameter for dilution air: (F) rotameter for con-

taminant pickup; (Gcontaminant source: (H) contaminant (agent-air) bleed-off: (D rotameter .

to monitor contaminant supply: (J) mixing tube: (K) exposure hine: (L) exhaust line: (M)
sampling tube conneeted to vacuum source: (N) thermometer

windows and arc available in various sizes. The toxicant IQ supplied into the
clean airstream at the top of the chumber. Both anifaliwastes and air are

removed at the bottom of the p¥ramid, the air going up the sidearmof a Y

fitting at the bottom of the chamber. A valve and/or trap in the bottom
maintains the static pressure of the system, as well as preventing sewer gas,
vermin, cte., from entering the chamber.

Design and/or operation of inhalation'systems demand good engincering
principles. The airflow through the chambers varies from 10 to 60 air changes
per hour, the lower limit being a function of heat gemoval and maintenance

" of oxygen/carbon dioxide balance for a total animal volume usually not
greater than S percent of the total chamber volume. Dynamic chambers have |

air-cxchange rates that ar€ exponential. A flow-through of air equal to the
volume of a chamber ddes not even approach a complete air exchange.'®

i

o _
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FIGURE 3 Schematic diagram of plastic exposure chamber.

1
Airflow is monitored with venturi and/or orifice meters.? Accurate con-
struction, calibration. and placement of such devices are important factars.
Intake air should be filtered with absolute filters and/or charcoal filters before
introduction into the chamber withThe Yest agent. It is particularly important
lo assure that the airborne agent is removed from the air prior to exhausting
itinto the atmosphere. Filter systems must be selected judiciously. Scrubbers
or charcoal absorbers.should be used in the exhaust process. Filters, elec-
trostatic precipitators, cyclones, or a combination of these will remove par-
ticulates from air leaving the chamber. The importance of these factors éan
be readily appreciated if the substance being tested happens to be a suspected
carcinogen. The selection of exhaust air-cleaning systems should be based
on the pollutant in question. The effluent air should be monitored to check
on the ¢fficiency of the air-cleaning process. Detailed studies of such con-
stderations should be consulted.”* 4
Temperature and humidity should be monitored-by remote probes with
either continuous recording devices or visull display.®'3 Static pressure within
- the chamber should be measured with a Magnchelic gauge in order to
maintain a slightly negative pressure. Whenever possible, fail-safe devices
shoild be built into the generation system to prevent accidental overexpo-
surc.22 This precautionary measpre could save the experiment in the event
of a power failure, as the test agent would not otherwise be stopped during
loss ofuirﬂow’lhrough the chamber. ’ ‘ ‘
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FIGURE 4 Schcmulic diagram of the “Rochester™ exposure chamber.
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FIGURE S Schematie diagram of the " New York University” exposure chamber.
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In several situations it is desirable to expose only the head or the nose of
the test animals; for example, when skin aad/or ingestion could complicate
interpretation of the effects of the test agens. Good toxicological evaluation
demands innovative techniques.’ i

v

ACUTE INHALATION EXPOSURES

Single, high-concentration, inhalation exposures are used to determingthe
approximate toxicity level of a chemical compound or mixture for compar-.
ative purposes. Broad classification levels are defined in 16 CFR 1500.3 (see
Appendix A). The nature of the toxic effect, if any, should also be determined
through this process. The concentrations to be used in chronic repeated in-
halation exposure tests can be established. These procedures are also appll-
cable to brief and intermittent human exposures.

The most informative and useful technique for determining the acute toxic
¢ffects of inhalation exposure is the one used to determine the LC50 value
for rats. An.LC50 value is that atmospheric concentration statistically esti-
mated to Kill 50 percent of the animals exposed for a fixed tfme within a
specified-postexposure period. Title 21 of the Code of Federal Regulations
defines the expostre period as 1 h and the observation period as 14 days.

Using the contaminant-generation t chniques and chambers described
carlier, rats weighing between 200 and 300 g are exposed in groups of 6 to
10 animals cach to several measured aifconcentrations and observed for 14
days. The statistical confidence limits will vary with the number of animals.
When it is determined that at least three groups have 14-day mortality rates
between 16 percent and 85 percent, the [.C50 value and its 95 percent con-
fidence limits can be calculated using the method of Litchfield and Wilcox-
on'* or Miller and Tdinter.'®

Preliminary range-finding tests can be conducted using two or three ani-
mals in cach group. Exposures should begin with a relatively high concen-
tration (e.g.. 10.000 ppr). If 100 percent mortality is achieved within 1 h,
succeeding test concentrations should be reduced by a factor of 10 until no
deaths occur during the specified period. At this point a judgment can be made
coneerning the concentrations to be used in the L.C50 study based on severity
or lack of toxic signs observed in the range-finding tests.

Although death is the measured end point for the LCS0 determination
obsgrv‘mon of toxic signs should be made: Anﬁ*ruordcd The types owobscr-
vations and records to be made are describadin previous chapters. Animals
exposed, via the inhalation route should be observed for at least 2 h postex-
P UTE- ﬂ)r signs of irritation of eyes. nose, and lung tissue. Gross changes in
‘aﬁlmtory th diaphragmatic breathing or gasping. and frothing or bleeding
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from lhn. nares are some signs of irritation of lung tissue. Other evidence of
discomfoti nay be pawing at the eyes or nose. In addition to these observa-
tions, records should include time of death and gross pathological changes
noted at necropsy.

CHRONIC EXPOSURE STUDIES

Repeated inhalation exposures are conducted with products whose intended
use will be frequent and for cxtended periods. For purposcs of these guidelincs,
the number of repeated exposures to be conducted dcpcnd‘ on the purposes’
of the experiment and the use of the product (c.g., 2 days up to a lifetime).
The terms s\ubchronlc or chronic have been used'to describe these studies.

TEST DESIGN ;. |
The numbt.r ofdnlmdlx to be used in cach group should be dLlcrmlncd by -
length of ‘the experiment and the observations. measurements, and interim
sacrificesto be made during the cxposure pcrlods At ]east one rodent and
‘orie nonrodent species should be used for all repeated & cxposurc §tudies. The
Aburalory ratis the rodent of choice, and, depending on the avaijlable chamber -
size and configuration, cither the: nonhuman primate or lhé dog is the non-
rodent’species of choice. L
The minimum number ofdmmdls for the various periods of study arc shown
in Table 1. In studies longer than | yr. the initial weight of\t}\c rats should
range from 50 to 75 g {weanlings). Shorter studies should begln with rats
weighing from 100 to 150 g. The number of nonrodents in cach experimental
and control group should provide at least four males and four females for
pathological evaluation at the end of the study. Dogs should be between 4 and
6 mo of age: nonhuman primates should be young adults.

"TABLE | Minimum No. of Animals to Be Uséd in Different Exposure

Periods’
Rats * '\'nnmd&n[\
c L e e N
ﬂ?('m“p”‘ ’ - ndays HO-TRO duays - PRI dabs \II 1 Aposure Pumd\
No I \xposure Male Temale  Male  Female afe Iicmulv Female
| Control ;. .
tiltered air 10 16 20 20 S0 S0 4 4
A | fow level 1o 140 1()} 20 S50 - 50 4 4
= m Intermediate x
: level 10 th 20 21 Sir 50 4 4
v High level 10 10 20 20) S0 S0 4 4

- ek oo A . - oL [
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bé determined by the mlcndcd use of the product For cxampfc thc_ Bie
use of some products is once a ddy far avery short duration (mmu‘tc \; wif]
others, such as paint vapors, thé exposure may be for hours. Therefore, (He-
daily duration of exposure of animals:in a GCCédlCd -exposure study‘should
approximate the exposure conditions of the product user. Simulation of actual
usc conditions is not always 1dvnscd as an initial st,cp, as controlled studies
at an cffect level can’sometimes give information [hdl will more clearly de-
llm.au. the desired levels for repeated exposures over tong periods.
Thc following observations should be made and*tecorded during the ex-
posure: '

e Clinical signs. Each animal should e observed twice daily for signs
of toxicity. '

o Body weights. The body weights of the rats should be recorded ir{itially,
weekly during the first 13 wk, and monthly thereafter. Body weights of the
nonrodents should be recorded initially and monthly throughout the
study.

o Hematology and clinical biochemistry studies. Hematology - and
clinical studies should be conducted prior to and periodically throughout the
exposure in the nonrodent spcc%;For practicakreasons, clinical biochemistry
studies may be limited to times of Sacrifice and the end of the exposure period
for the rats. The types of measurements should be determined, if possible,
from prior knowledge of the toxicity of the product, such assigns that were
manifested during preliminary short-term toxicity tests. Certain measure-
ments serve.as an index of the hcalth status of ge laboratory animals (see
Appendix C for suggested list). The importance of quality control cannot be
overemphasized. It is imperative that clinical laboratories participate in a
quality-control program. !

Q

PATE l()l_‘QG Y STUDIES

Gross Pathology and Tissue Fixation Each animal that dies, as well as all
survivors, should be necropsied and all gross lesions noted. A careful exam-
ination of all gggans should be madc by trained technicians who are supervised
by competent animal pathologists. After sclegt organs are removed at nec
ropsy and weighed, the ratios of organ to terminal body weight may be cal-
culated (see Appendix D for suggésted list). The major organs and tissues
should be removed at necropsy and fixed in 10 percent neutral buffered for-
malin (scc‘_v/\ppqndix D for suggested list). The lung should be removed in
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_should B¢ used for perfusion.
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‘

toto and perfused |nlmlr(1uhclllly wuh an amount of lO pefcent nelffra,l
buffered formalin that is cqual to approximately 75 percent offthe total usg
capacity (Tr.C) for that specics. A mdxnmum pressurc of 25 ¢m of waf’cr

[

/li“l(;ﬁtlllll)/()gl' Microscopic slides of the tissues should be prnpcli‘rLd and

evaluated from all animals in the control and high-level groups. Scctions from .

all lobes ofhe lung should be examined. In the low- and intermediate- cx—
posure groups, histopathological examination shou)d be made of at least lhc

nasal cavity, lungs. trachea, peribronchial lymph nodes, liver, kidneys, gonads,
and all Emssly obscrved lesions. Any others that showed injury in the high-
cxposure group should also be ex ll)]lnLd for the low and lnlerthllC
£groups. ‘ ‘

“Statistical Analysis  Appropriate statistical tests should be applied to the

body weight, organ weight, and organ/body weight ratios.

SPECIAL | ,,\noR.&(r()R)' TECHNIQUES
1

There are many special laboratory techniques available for cvaluating the
lmiu’lv of inhaled houschold products. These include intratracheal admin-
istration, pulmonary clearance studies of the rate of removal of particles from
the respiratory tract, alveolar macrophage studies to assess the responsc to
irritant mwaterials,** body plethysmographic studics to determine sensory

~respopse,! ll?ﬂ pulmonary flow-resistance studies,® While it may be desirable
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to use these echniques in some situations, they generally require special
cquipment and experience and are not recommended for routine dpleL 1-

tion. . sty

3.
i 2 ~

CARCINOGENICITY STUDIES

W ben planning a carcinogenicity experiment by the |nhAl ttion route, refer
to Chapter S for. c‘(pcrlmt_n[ design. ‘
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" The ideal chromié toxicity test in animals should reliably prchcl all of lhc
. potential health hazards that mlght be associated with a long:term, low-level
exposure of man to a toxic agent. Although negative findings in such tests
are frequently used to establish safety (or safe exposure levels), the prlmary
goal of the chronic toxicity test, like thatofall-toxncny testsgn animals, is to
identify and characterize toxicity. Since i Its-purpose is to detect i injury’in g}
target organs and systéms. its protocols may differ appreciably from those
for tests dcsngncd to detect specific toxiaeffetts, suth as carcinogenesis or
tcfatogcnqens Mi-h!)ugh information aboul*the carcinogenic potential of a
toxic agent may Bt: obtained from a well-designed chronic study, these tests
provide more mformahon than a simple carcmogcncsns bioassay. Similarly,
the use ofcombmcd protocols to.obtain information about the teratogenic,
- rcproducuve behavioral, and other cffccls of an agent as-a dividend of these
-~ tests may impose levels and duration constraints that destroy theorlgjnal '
purpose of the chronic tesi. . s . .
. In addition to detecting the chromc toXic effccls ofa chemical, such studies
' should also identify the exposure lcvels that produce ihe injury, as well-as those
that produce no observéd effects. Chromc toxicity tests should provide,
therefore, data on both the dosc-effect and dose- -response characteristics of
~ the Lhcmlcal under study. The classical approach to the study of chronic-
o toxicity has usually involved studlcs in two or more species of animals that
» are ckposed by the routes and in the-concentrations most appropriate for the
. %  thxic dgcnl for perlods ranging from several months to scvcral yeags..Such
- . 74 ' , o "
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studies.are, cxpcng gnd time- consummg, but lhere is presently no substitute -
technique thag | is ad€fuate for assessing long- term human health hazards.
The dcgrec'ofconﬁdt‘nce with which such hazards may be estimated depends
on the quality of the toxicological data therefore, copsiderable care must be
taken in the design, execution, and interpretation of such studies.
It is axiomatic that chronictoxicity studies are performed only after tésts
for acute and subchronic toxicity have been conducted. Usually the specific A
tests for toxicity, such as organ toxicity tédts, will also have been completed -, " L
befdre the chromc toxicity study is initiatgd. These subchronic studies are,
in fact, quité likely to have ideatified most §f the major types of toxicity that 1~
will be encoiintered in the chfonic toxicity sludy except for carcinogenicity
- and curmulative toxic effects. Acute and subﬁhﬁ)mc téxicity studies cannot
fbe substiguted for the chronic togicity s\m%‘ as the acute and chronic toxic
sdiffer. In addition, short\erm studies may fail to predict
toxic effects thatfare related to the aging process. However these studies are
. of critical ifiportaage for the proper planningof the chronic study. The ob-
JCC[IVC of the chronic study is not to confirm positive ﬁndlngs from the sub-
chronic studies. It should provide dosage information on the toxicity shown
_in the short-tegm studies so that toxicity can be avoided, i.c., to establish a
- no-obscrved-effect dosage. - ) o ,'
Another major objective of the chronic test is to evaluate the potential
lumorigeﬁiéﬂay of the test @mpound. The only conclusive data that implieates’ :
a compound as a lumorlgemc agent are obtained in the in vivo chronic test™,
In the near futurenddluonal work may support an increased confldence in ,
the value of short in vitro tests for carcinpgenicity (cf. the iri vitro Ames-type , s
¥ test using microsomal €nzyme metabolic syslcms) at least when negative ‘
test results are obtained.

~

A compound ust have considerable econontic 1mporlance or at Ieasl be .
of academig igerest if it reaches the stage where it is considered for chronic %, Y
studies. Onc®%he decision.has been made to undertake a chronic toxicity -

study, every effort must be made l%ensure that the test will produce data that
are valid. relevint, and applicablt to thé experimental of chmcafsntualnon ‘
and that all of the avatlable information has been extracted from the sludy ) v
To dccomphsh these aims, proff'ssnonal judgment must be exercised -
" throughout the sludy paruculﬁrly in the critical areas of dose-les tion, U
" clinical evaluation of the lcsl animals, and ifiterpretatiqn of the-resylis’ The g
clements of good labora tory pracuc)e\wropen record-keeping, data verdfication, » //
» protocol adher8nce, and Jusllflcallon of deviations from proloco&should be
r‘gploycd throughout such tests. .
Nosingle sct of toxicity tests prolocols will be adc_quatc/m ey ry experﬁt\em ¥
The recommendations in the subsequenl sections of s report are minima
gundchncs for the m)xwologlcal cvaluauon of a chemrc

L . -

» . '
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T T AGENT AND |TS PREPARATION - o . o

Houschold substances are comprised of a wide varicty-of liquid, solid, and-
aerosol products. In evaluating the safety of these s‘ﬂbslanccs, careful attentjon °.,.
.must be given to-the physical form of the test f@Bterial. Specialized facilities
_lare required for jhe safety evaluation of gases and acrosols (sce Chapter 4)-
_ In certain inst‘snccs, dgrmalf'toxicityﬁ;_(csts may be required (see €hap-
terd). R g M
~ The purity and cliemicaltico g&(ﬁj ﬁ’.. the test substance should'be rig-
orously cvz%ng‘amé;prio’ry"lo und m,ﬁf’ toxicity tests. As much informations
as gossibw;ilg_bc_(\)“ﬁfgincd on.{ (’:’__ch,cmical nature of ingredients of mix-
tures, including¥fieir stability, the natére of.chemical impurities, the chemical
#  form of the vehiclé or diluent, and the physical properties of the test substance )
‘at- room lcmpcmturg‘,fb Sistin the intcrprctali(')n'o,f the results of toxicity
studies, only.one lot of, ¥ substance should be used in toxicity tests;
however, data shéuld be"avaffable on interlot variation. € ..
Liquids may be administered by gavageé or admixed in thg drinking water,
if they are soluble  'he most co'nycﬁ”icnl melhodwzofadminisl'rﬁ'jon inf:hrdnjg T
. loxicity testing is via the diel:"Bbth}iqyiﬁs and finely ground’solids may be .5
incorporated imt® animal rations. The'stability of thetest substance in the | e
tiet must be determined.Hs ‘"logicily may be altered by interaction with di-
etiry constitfents, or prir.dipal toxic dgénts may be lost due to their vapor®
pressure. : . :

A e - ) N ' - " . M
A ] . e R . ,@
A ) o

) DIET . : - . "‘ ‘ ’ A
O ‘ . - -\ A
The dlcld'c}l to lhq,ul_c,sl} animals should mecet «H of their nutrition3 require- .
ments'® apd promote longevity. It should be free of toxic impurities that cSuld™——
. influenc the o&comc of the toxicity test. Batches of the dict should be an-
alyzed for pesticides (chlorinated hydrocarbons, etc.), mycolj,x\i_rﬁ(aﬂatdxins,,
ochratoxins, etc.), a i~ dustrial contaminants such as PCB’s, leadNusd e
mercuryg - . A 5 @
Commercially available dicts of recognized quality are suitable for
toxicity studies, but dccasionally, when the nutricnt comp‘osilion’f'rr
alteration to achieve nutritional balance among test groups, scmipuritﬁ'é iets
= may beé used.'>!* Fresh feed should be provided as often’as neceary, but
at least weekly. Rodents should be fed ad libjtum. Nonrodents‘may be given ~ *
. © fresh feed gy Periddically, the diet should be analyzed for nutrient content, -
as major a¥erations in-diet composition may affect the nature of toxic re-

spogses A0 g - e
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Q #is restricted to TS, mice,’or hamsters. Certain §Ei%iy of these speties ha}e H

, Ty 20 . - /lv '» .

- ph.\rchodynamnc studies will aid considgrably in the selection of test. speucs

- Chronic Toxicr ty/C "drcinogenic}'t y. Tests

'mlhcscspcclcsﬂ*‘” T R Coy,

a2 . Y

SELECTION OF SPECIES AND STRAIN o

The species of animals used in (.hrom(. loxnutil wmg will dcpcnd toa Llrge

degree, on ‘the test objectives. Metaboly ,and pWs:ologlc.alksomldcmuoﬁs

mus} be lnc.ludcd in the sclcc.uon proces$ If the metabolism 8f the testcom-

poufid is knowh ¥ man, the metabolism of the species selected should respond } _;""
similarly. For example, the rat or mouse are &f lipnited gftue for sludymg the . '
neurotoxicity of mclhylmcrpury compounds, because rodenlvunhkc humans,

- -rapidly- metabolize these compounds to a.less toxic inopganic f(&rm 17 Cats
“and nonhuman prlmalcs metabolize these (.ompounah stmilarly to humans.
o Theyare, therefore, more appropriatc fest spcms 7.1 THe use ofdogs cats,
‘md nonhuman prtmatt:s is sometimes lndlcuted whcn studymg the netirotoxic
propgrlu.s ofc.hemlcals as ncur‘ologu.dl testing proccdurcs are well &stabhshed'

s

« Incarcinogenicity assays, because of the large number o?amm S nccded
and the rnqunrcmunt to conduct studics for most of,the animals® Ilrv (.hokz

bcc.orﬁg widely: qu.cptéd as test animals f (.aruﬂ{)gwcny bioassay bcc.ausc
xa great deal 18 known about their’spontancous- lumﬁr incidence, sensitivit
o tumor lnduc.llon availabjlity. gcncu(. Sldbllllyg hardmcss and longevi

When thcn. i little mtornmuon on the mcmbohsxp or tox1cnty ofth A
- substance in- humdns the results of subchronic toxicity, metabolic, and

In gencral, the species and strain showing tfit gredtest scnsél'{lvny in subchrbmc
" studies should be wlu.tc@ for Lhronlﬂ(;?lClly studie$: provided that it &csﬁ
not react atypically to'the cqppound duc to mct%‘hg pu.ulmn(.w,s,

L ' ”“Mr« ;
NUMBER OF ANIMALS :

In-chronic toxicity tests involving rodents, p;lrl@urly,in cancer bioassay *"‘\\‘
procedures, it has become accepted practice to. use 50 animals of each sex per ’
dosc level. Fewer animals per group may be used if the number of dose levels e
is increased, but Loomis'? has reccommended a minimum of 20 rodents of cach
sex per group. Range-finding and subchrogic studies will provide guidance
in the number of animals needed in the chrbnic toxicity test.* The number IR
will also deggend on lhc degree of statistical confidence desired in the togicity

s

\Jpprdlsal hen usmg dogs. chts, or nonhuman pri , cach group should c

consist of a minimum of four animals of each sex. 1f it Wanticipated that in-
terim sacrifices are required, additional animals will be-needed. Care must
be taken to ensure proper randomization and dmnbuuon of Illlcrmalcs in

\iolh u)nlrol and experimental groups ’&
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CONFROL ANIMALS

e R
3

"Ehdc.‘q'ualily of data obtained from the test apd the statistical ‘cvulyalionaof
“¥¥he Tesults rely heavily on having adequate control'data from concurrent .

B controls that were obtained from the sarge source. Although historical controf -, *

g data may be a valuable source for informatich on the incidencKof neoplastic =~
e ms,'%discase patterns, or other peculiarities of.thgs speci i
. dath are not considered,adequate asontrol data'in toxicity tesf

"The coftrol group should contain at least as many afimalg of ¢ :
" cach of the test groups. Some authors'2 recommend that it contaj y .
«  many. Except for treatment with the test substance, the céntrol animaiStare - -
- . treated identically to the test animals. All measurements should be conguc.ted L
on both.thg treated animals and $n' the conitrols. All lesions or ol,h‘ér.f)'iie- e

nomena occurring in the control animals must be carefully ndtcd, as‘spdn- '
lancous discase processes muﬁ influence the toxicity of the tast substance.
In any type of tgxicity study, the treated groups should not inadvertentl
exposc the control groups, labora tory wo‘rkcrs',‘or animal caretakers to toxic
levels 9f the test agent. Such laboratory safety considerations are particularly
-important in chronic toxicity testing. There may.also b?é need, for “positive”
controls in order to establish the susceptibility of the test species ar'strajn to
the specific toxic effects of the tgst agent. Such “positive’"controls may be
essontial in detecting borderline effects and minimal enhancement of normal
pathological or age-related conditions. . S
¥ DOSE SELECTION : A Ty
A Ly . : . ENE S e
Doses, for chronic toxicity tests may be selected on the basis of r"c_su.k%g of "
agpbehronic studics: however, such an apprdach is someWhat empirical. It is
~ noglncommon in chronic toxicity tests to find that the top dose gjgup suffers .. ,
"ncxpe_cted toxicity during the first year of the study: This is pagifeularly true  »

f*- the s't‘udy bf such corhpounds as the halogcn‘élcd aromatics and some of

the alkyl metallics that have sidw rates 8T elimination and tend 1o accumulate

in the fissues. For t reason, {t may be helpful to undertake pharmacodyn-

amic studies, inclu@%z‘r;a};evs‘ofabsorplion, metabolism, and excretion. These

-may assist in esta‘bliéh!i'ng the behavior of the test substiance in the hody
Studies of this nature will provide information on the degree to whict the te<
substance may éccumu'”at\é in-varidus body compartments and rrofude o
uqcipeql;:d/toxicily. Particular zy& lion should be given to evidense of \* L
dosc-dependent detoxification, since me bolic overloading mgy be pr(duccd -
at high dgse levels. Such information is neeessary\n the interptetation'of the
toxicity data. T - s :
, In chronicoxici
../ isusually an.objeive. To accomplish this a inifnum of three dose levels

: .. A -%..——4
Y

x .
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is rcquir“c'd, The upper dose level shoiJ!dI-p‘rgd’ucc some signs oflox_icify but

" should not greatly alter normal physiological function. The lowest dose level’

~within dose groups. Follownﬂ'gl

~ when their, rud \ s2
'_grogps_ Bsual 4 j‘udgmcnl in dose selection or a conqnﬁ'ﬂbm

TEST PROCEDURE

would not be cxpected to produce evidence of toxicity. When selecting ap-

. propriate doses, consideration also should be given to the anticipated level

of human exposure and the margin of safety that might be used to evaluate
the results of the chronic toxnuly test. ‘ !

I)URATION OF STUDY

A basic principle in chronic loxncnty testing is that the test animals be exposed
to the test substance for a large portion of their life span. This approach,
though desirable, 15'often not attainable in practlce particularly if tests are
conducted itlong lived species. o

In cancer biogssays with rodents, it is gcncrally agrecd that, the experiment
%hould tart with weanlings dnd gonunuc for aminimum of 2 yr. When cx-
pO\urc of pregnant women, m jssible, it should commence in utero and.
continue with the Fyigenerat uﬂ;;lbr lifetime. In this approach, groups of_:
weanlings are. cxpoxcd untif { ,‘éach sexual maturity. They are then bred
jamng the offspring arc exposed to their

arcnts! die f,or their entire llfcqpan 63 In practice, it may be nece sary 1o
gl(.rlfl(.(. t cmammg ‘animals in the higher-dosage-level groupy priof o
the end.of W€ study to ensure an adequate number of animals fot the pa-

+, ‘thplogy studies. Although the point at which the survivors in any gfoyp are
 sacrificed depends on the initial size of the group and mortality rates, most

chronic-toxigity- tcgl protocols rccommcnd sacrifice of the remaining animals
;Ecnl Excessive mortality in all gf the: -

_ pfﬁrodcm 5pc€ucx such asdops or nonhﬁnﬁnpﬁhatcs
llfctlmc prO\ e
nated after. 1 10 2- yr Jerminating ponrodcm studies after 1 or 2 yT. mctly

an cmplrlcal process )Carefully €gnducted pharmacodynamlc studies wxll

assist in establishing when to lerlv te the study, since data on steady-state
chariacteristics of blood levels may ¢ obtained. Trealmcm that is continued
for a \ubsldnlm!pfnod dflcr the attainment of steady state without any no-

R

not feasible. Mast studies in these species are termi- n

&

ticeable Lhdnﬂloxw effects will usually prowdc morcased assurance for

the selection ¢ rifice times. ‘ ' g
. » _ K '
i,

ROUTE t)F '\DMINIST%TION :

"

. In chronic toxicity tests, the-route of .1dmumn of Jhe test sub\l‘mu.

in“humans. If that
iking water, or

should be similar to the antic¢ipated route of2 istrati
ﬁ)oulc is oral, the test materidlmay be added te the die

D
e
24
-
-
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it may be administered by gavage. An advantage of gavage is that dose levels
may be quantitated readily. This may be important in defining a-no-ob-» «
- served-effeet level for a substance having a stecp dose-response or in instances’
& where a tight dosgrange is used. Gavage also provides increased control ovcrlv"fjr'
the handling of haza rdobds substances.2® Because it is a tedious technique,
many investigators prefer the diet, which is the most convenient means of .
administration. ‘Thé;ig;’gl‘t material must be uniformly distributed in the diet”
and the particles of 8olids must be sufficiently small so that the animals will -
not reject them by sclection. ‘ . .
In rodent studies, the diet may be administceed ggwo.ways: first, by ad-
dition of th¢ compound as a fraction of the iotal di®; or second. by adding
a sufﬁcicnt‘vﬁu;mtity of the chemical to the diet to achieve predetermined dose
fevels (in milligrams /kilograms body wei ht/day), In the latter case, the
dictary concentration mus ¢ adjusted wickly or biweekly to maintain a ;
S constant dosc level, sinee food consumption per unit of body weight decreases
~ as the animal gets older. If the concentration were held constant:from weaning
: © o matwyity, the actual dose reecived would be rcducﬁ‘d"%y approximately 2.5
times over the dosing pcri;.)d. This may have profound effects on the severity-
of the toxic response and miay, undet sofe circumstanges, be mistaken for -
tolerance. S s ‘ A g
Indog studics, administration in the dict is an acceptable route: g wever,
eebsule admiristration may™be necessagy for unpalatable compounds. The
"problcms encoundered in admisist tio%in the drinking water-are similar
o .,‘to]ta%c;cngqumcr‘cd in dict udmm%wtion’. An added factor. solubility of
-+, e test substance, must be cansidered. . ‘. : _ \,

¢\;V\|UAT|0N \% ' ﬁ? o

EY

.

e [ SR ’ -, .
- BODY WEIGHT AND FOOD,CONSUMPTION ‘ ' W

B .

. R . p .
Testwith most ¢odent specics (rats. mice, hzim‘.‘g?prs) are usually started .s'(:on
+ . after the animalsiare weaned. For the first 3 1o 6 mo af the study, the animals
grow rapidly. Body weights and growth are importuﬁt measurements of yd- ¢
" verse ¢ffects. The weights arc'usually measured weekly during this growth
pegiod and monthly thereafter. The frequency should be increased when there
W w:x;gt. numbkrs of wumors or an apparengdgterioration in t_hc;}nimz;lv
' health. Ideallf Jweights should be recorded foritgividual animals. The same
‘cxgm‘imlion! dnd procedures shquld be used for A1l test animals, including
h 4 contfols. Larder ghimals éuch aw monkeys usually are weifhed
weckly throughout their lifetimes as ap ind€x of growth. o
, ‘ Mecasurement of food VGis;ﬂmp_tio_n. while of limifed valu&in monitoring .

.o SN T -
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a study, nevertheless is uscful in dcu.rmmmg the dose administered \ﬁcd R /
and the cffects on food consumption. An alternative to gontinuous mea- - / i
surement is to measure,a representative mmplmg of cach lcs{%roup for 1 wk
cach month.

Food c¢fficiency and /or food utilization can be calculated from lhc amount ‘
of intake and growth rate. e

"MORTALITY AND [{E/\(.'TI(.)?NS \

’ %’iubilily, general physical condijtion, and adverse bepavioral charizes of vvery

nimal should be checked once cach morning dnd late afternoon for 7 days
cach week. Animals in poor health with llfc threatening conditions should
be isplated. Those whose conditidn‘makes sirrvival fof ‘another 24 h unlikely
should be immediately sacrificed and nccropsncd R"lp:d necropsy, mgaruc—
ularly desirable in thd'later stages of the stuay 1}2 ‘that llssucs can be‘s wed N )
for hlslologncal anmmdh R

.

s
-

IN/\TII()NS [

CLINICAL AN'@E.ABORATORY EXg\

/\sluu. clinical obscrv‘mons,ca‘ alérf mvcstlgdlor 1o the early onscl%
an infectious discase or dcgcnc‘. Health duc to theltest compbund As

) g.dch animal in a chromc sl d FEEDT cnls a grcd& h’rve@mbnt in timg and \\
’ y pc to disease, l

c\l The cost q}ellmcul ex~ \/ :
: an the Cdelndllons rcduc animal losses, e .
a wee by com-, i
to an cxamination for ab-’ .
nose, and ears, both urine and
: ecked for dlscolo;allon and 0n9|slcncy The ammals slj;ould
. dlso bc palpatcd or body 4§se9 and obscrvcﬁ;forn&lrok)glcal con ons o

'ons such as clcqrocurdlograﬁls clc en-
t afd othetagpliehal- ) )
respiratory tc res-
(mlrtlcularly in. lrihalallon studies), and neuﬁoglcaj ‘ ’

function? are usuaty condugted anly on large laboratbry animals.
*Clinical chemistry tests should be JudlCloucly selected. They maybe based  * ~ * . 4

» on mxut’y signs that were manifested durlng preliminary br short-term

loxncny tests, or upon the type of compound being studicd. g)?xamplc
certain organophosphate and carbamate compounds inhibit ch mcslcmse/ T

In a study with these types.of compounds the activity of cholinesterasg i ln Tt

plasma, n.rvlhﬁ?éylcx, and br‘umshould be measured as an index of cffccls ‘ v
. L j ” . ) .‘ ' |
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1, EVALUATING THE TOXICITY OF HOUSEHOLD SUBSTANCES
9 1) } )
- ARE! ;“. e . " . . . oy
batlery.of possibl ‘tasts, including organ function tests, heffatology
R T ' ﬁ;ﬁmemofwariohs blood chemicals.>* Routing urinalysss are
e g o e LS Wi e i .
- 1) ool elines. |
O /ﬁ" Mafiy of These tests are now automated and can be performed using mi-

:‘ o . crosamples. The sampling procedures should #t impair the animal’s health.
- The clinical chemistry determinations shouldgge applicable to humans and
. be-madc as rfecessary or indicated by the health 8titus of the animals.A'_r_jéid‘

sargg]ing-is impractical and excessively costly. PRDE
Irgan function tests are most commonly performed on liver and kidneys;
the organs most often affected in chronic toxicity tests. All technical personnel ‘
involved in conducting these studies should be properly frained and experi- ¥
enced in the techniques. The procedures, data verification, and analysis of
results should meet the requirements of good laboratory practice. The tests
« of organ function can be made on larger animals, but are mot usually rec-
. ommended for rodents, Phese tests include those for liver function (with BSP),
- ),,1/ kidney function (with psP) and thyroid function (with serum iodi‘nlé, PBI'T,,
!AQ and T4).'The selection of these tests should be left lo_ﬁ'_h_cf‘;discrcﬁbﬁpf the

Ny

b investigative teams, - EAR

e
N " I

v

PATHOLOGY EXAMINATIONS . —

All animals —-including those moribund or dying during the study, as well
as those at terminal sacrifice-—should be carcfully necropsicd. Selected organs -
should be closly examined by trained technicians under the supervision of
competent animal Mfthologists, Certain major organs.may Wigh;d asan

indicdtion of effects-of the compound.® ™~

- ; e . N -

© . o The organs and supporting structures should b " eServatives for
hislqlqgaicgl preparatiogg The large number of tissil 3. kD) from every
animal“of all tegt ro;% ag desived by USNCIZO croffifiidy overwhelming
pathology worKIM®d. | br ms’er al."Suggest that pixlholg’g:\[«c_xz}(minalion ol

54

I8 different tissues is.d4ghple. . .
Asa minimum routif procedure, gl major tissucs and grosg:lesio

. high-dose and control animats shouldbe cxamined microscopicallygBrossly
i altered tissues from animalsyin other groups should also be included for mi--

croscopic examination. Based on the results, inves ng_%an decide whether . /
c groups. . AN

‘to examine the remaining tissués from the low-dg
. Interim sacrifices :l}c\{ us¢ in the study of pathdgénesis or toxic rea . ‘
B They ndy also yigld valhable clues as to the %éans that should be m{(b\e\;,
B thoroughly exa mini‘a or to the specific clinical chemistry forgan function tests
4 that shoulq begmmdiicted. Extra animals shopfd be included for this purpoiceds s
' toassure that Me mumber 6f animals avgittble at tht end of the sfudy is sta- -
- tistically sufficient for nssc.ssing cargffiogenic effects. e R0e
A ; o
- _'“ -
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EVALUATION OF;.p’g;;\TA
J"' ’

" The principles involved in the design and interpretation of chronic toxicity
studies are cojcerned with the detection of a chemical's influence on any
function that is associated with the development, maturation, and aging of
the test animal. The quality of the data base will determine the interpretation
of the results. The principles of géod experimental toxicological practice must
be incorporated in the protocol. These are:

e The incorporation of concurrent negative controls. It is not acceptable
.10 rely on data from control animals used in prior studies. The controls should
be treated identically to the test anim wnh the exception of omission of
the test chemical. ‘ =t

e A minimum of at feast three dose levels should bc used. The hlghcsl of
these should approximate the maximal tolerated dose. During the experiment,
the doses should be adjusted to take into account changes in the weight of the
animals. Since it ig-desirable to estimate a *“‘maximal-no-observed-effect”
dose and since extrapolation outside the parameters of the experiment is likely
to be accompanicd by severe inaccuracies, the lowest dose used should bear
some relation to the dnllClpdlCd level of exposure to the compound.

e The chemical involved in the test should be specifically identified in-
cluding all mcasurablc impurities so that approximately 100 percent of the
compound is. accounted for. In the case of chemically stable forms of test

_compounds, gﬁ is desirable to conduct the entire chronic test from, a single
batch of the ikst- chemical }%f
' ¢ blngquhc chronletoany test is £rcqucnlly designed to evaluate the tu-
morigenjc p(‘cnlmj of the test compound, the investigator should avord se-
¥ lecting species that “normally have a high incidence of tumors unless this
condition g of spccnfnc value (y the study. The metabolism of the species sc-
) lcclcd})r hromc tésts should pe ag similar as‘{posmble to humans for the test
go poundgl‘he bcncfm of organ function tests at specificd intervals during
hﬂ)nlc 18 s qucstlonﬁblc Such tests are generally.unable to-detect
ilcly theninimal toxicity in such organs as the liver or kidneyz Extra
d be added 16 C’l(}h group. They can besacrificed for complet
\ hnlopalhologncal examination. This would ensure complete diag-
tercurrent illness or unanticipated toxicity. Repeated expert oly
ysical examination of the animals, plus periodic body wcighl
mc‘lsurtme N, ire essential. All animals (including those that may explre
during lhcstudy) should be thoroughly autopsied. AH gmssly observed lesidns,

B 13

o logclher wnh.,examplcxof the associated organs, should be exa minet’ ‘histe- -

logical | animals that.started the test: should be cl!:arly accfunted for

, wclgl ?Cp¢ 7 [ N o . ot
: : . o
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The most valid results of a chronic toxicity test are obtained when a
dosc-response relationship for any form of ObbCl’VCd 1 v can be established i
from the data. Thc posmvc identification of ink gent is obtainable  {
in.some cascs i | anJllflCd ncgdlﬁm fWer isgever p055|blc, Thc es- 2
tablishment.g j

;"a <5 percent probablhty}hat the figure is in error is
}nly way to decrease the probabhjty of error is to increas:
the number of aninyals in cach test group. The number required to attain ths
very high level ofconﬁdcncc could easily become economically prohibiti ¢.
Investigators.sf uld.be aware of the limitations dSSOCldlCd with the various
statistigal proce ﬂrcs that can be used.

‘A guarantee/that a given chemical will not produce unlowaﬂi cff;:cls when
cxposure.is over virtually a lifetime is unattainable. It is then necessary to
establish some reasonable Ievel of risk. An acceptable level depends on the
type of toxicity, the reversibility or irreversibility of its effeets, the economic

factors ;1s's‘ociu?i with the compound's use, and most,important on the .

number of subjects that could be exposed and the patterns ofcxposurc (extent,
type. ete.). When toxicity is irreversible and the compound could be ayailable
to the entire human race, the establishment of an acceptable leve) of.risk
versus benefit is a complcx and difficult task and bccomcs a matter for a

collective sociopolitical judgment. ,
\

3
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7% " Genetic disease in humans shares with infectious disease the dual charac-
teristics of iransmission from one individual to another and frequent cryptic

- transmission in the carrier state. It differs fundamentally, however, not only’
in patterns of transmission and underlying disease mechanism, but also in -

that it cannot be cured and it is camulative in the event of increased mutation

" rates or decreased selection pressures. 3 e , ‘
- The severirﬁ?eﬁctic-disease ranges from the subclinical to the lethal.
As much as Y0 percent of clinically recognized human disease appears to’
* exhibit a strong genetic component.4® However, this may be only a fraction
. of the total human genetic disease burden. Studies of lower organisms indicate
- that.the typical deleterious mutation is only mildly debilitating, evengwhep '
» homozygous. Whilg such mutations in humans would escape clinical detecs~ -
o _ti?n,;»thcy would nevertheless contribute to the average background of l“
¢4 Bgilihy e.g., by, increasing susceptibilityo nongenetic, diséase. The total
mutation rate in*higher animals is believed 40 be on The rder of-one new
deleterious mutation per diploid individual.2f to which must be'added those
mutafions persisting from previous generations. . l C :
There is no known way of estimating the Contribution bf mutagenic
chemicals to genetic disease in hurRans. However, legitimate cgngern that
certain chemicals may threaten the igtegrity of the human genoffi¢:and thus
» the health of futdire generations, is ppedica ed both on sound theoretical
reasoning and on inescapable implications derived-frong a large body of ex-
perimental data. . : ;
In addition to-sexdally transmissible germ cell mutations, body cell
mutations are also of concern. A striking correlation existshetween-chemical
mutagenicity and carcinogenicity, which, taken together with large geo-
. P e
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' Wowever, direct methods for-assessing mutagenicity in humans do no; Xxist,

Mli’la'géniciij) T;ctv ’ . ' % 98.'/'

graphwatVarmtlons in cancer incidence, strongly indicates that cnvnronmcmal

facts aFé related to the cause of most human cancer.?! In addition, there have’

been recent hints that other types of human discase (such as arterlosc]eros:s)
.are traceable to 1nd1v1dual aberrant cells. They may, Ihcrcforc havc grlgl-
nated by mutation.’ i

Fundamental aspects of mutagencsis have been d;:scrlbcd by» k’e 1y
A ach and Kilbey,* Auerbach,? and Drake and Baltz. ”Gchera&ﬂnscus-
sions of genetic toxicology are also available.!4.21-3940 There is afséa com-
puterized blbhogmphlca1 service that can supply information about many
specific agents.*

3
e pnmary quccuvc of mujagen testing is to determine whether a chemical
§ the potential to cause sexually transmissible genetic damage in humans.

* nor should humans ever be deliberately employed as a mutagen test m.
Atiimal model sysﬁms both mammalian and nonmammalian, logelher “Wth

susccpllbllny R R ¥
The sccondvob)ccuve ()Tﬁ\utagcn testing is to estimate quanutauvcl)mhc
h¥man. response tp chemjca,ls alrcady identifigd as mutaghps: Many com-
pounds including chengigdfis already in widespread use and tho e me
plication is proposed, prod¥ce substantial bencfits, Decjsions conccrmng lﬁcnr
use must therefore be
risks must be quantified.

* :,“l{

systcms that, when propcrlyglcsngned d cx&led can producc slatnstncall§

4 significant posmvc rcsults implicating an agent as a potcntml mutdgen:in

humans.. - . @ .
" In lhe rcco"\mndcd lcsts (IlSlCd in Tab{c | and dcscnbcd’bclow) lhrcc

e

“microbial systems have ;hcreforc been hed as dpproxlmam)ns 1o human‘ o

‘on risk /benefit comparisons; for which the genetic f

K3
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TABLE | Recommendgd Tests for Detecting Mutagens

P

1 - . . S
Class of Damage - In Vivo Mammalian
Detected ' Tests Ancillary Tests
! Chromosome Heritable translocations test Drf)sophila test
. mutations Cytogenetic tests )In vitro mammalian
. cytogenetic tests
Dominant lethal test
Point mutations Specific tocus test Drosophila recessive [ethal test

Salmonella reversion test
In vitro mammalian specific
locus tests

Primary DNA Unscheduled DNA synthesis In vitro mamrgalian unsched-
damage uled DNA synthesis

’ Bacterial repair tests

Yeast mitotic recombination

2 tests

positive result in any of the four in vivo mammalian mutational tests should
be considered as potentially mutagenic in humans unless there are compelling
reasons 1o believe the contrary. o v

Since detection of some mutagens in the only available in vivo mammalian
_point mutation test requires large numbers of animals, its applicability is
limited. An acceptable alternative is a positive result in any two of the three
ancillary point mutation tests and evidence that the compound or-its active
mectabolite reaches the germinal tissuc.

While not sufficient to identify potential mutagenicity in humans, a single
positive result obtained outside in pivo mammalian mutation tests should be
regarded as an indication of a need for further investigation.

Although nonmutagenicity in humans cannot be proved, negative results
in at least three of the five tests for chromosome mutation and in at least two
of the four tests for point mutation constitute scientific evidence for qod-
crate confidence of nonmutagenicity. ‘

EVOLUTION OF TEST SYSTEMS AND CRITERIA

Because mutagen testing is a young science, frequent technological im-
provements are to be expected. Certain lests, which appeared very promising
only a few-years ago, have already been superceded. The poiential user should
therefore be aware of the continuing advances in methodology *

* Consult the Environmental Mutagenesis Branch. National Institute of Environmental Health
Sciences, P. O. Box 12233, Rescarch Triangte Park, NC 27709.
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,gcs Smu. Lhdn;,&.s in bolh muldgun testing procudures and

operational definitions 0f human mutagens may occur more rapidly than will®

revisions of this document, this chapter should be révised at lcast biarinually
and should, where appropriate, be updated by published supplements.*

PRINCIPLES OF MUTAGEN TESTING ‘

Mutagen tests must fulfill certain requirements if they are to provide infor-
mation suitable for the protection of humans. No single cxtant test meets cach
of these requirements; therefore, a combln‘mon of tests must usu‘llly be
employed, as exemplificd above.

The full spectrum of molecular classes of fnutation rust be dctcclablc
These include the foss or-gain of entire chromosomes; mutations arising from
cliromosome breaks (or equivalent events); namely deletions, dupllCdllons
and rearringements; and point mutations. The last consist of chromosome.
mutations that are small enough to affect only a single gene, of additions or .
deletions of ome or a few base pairs, and of base.pair substitutions. Critefia
for reliably detectingall types of point mutations are notably lacking in lhc
in vivo mammalian test systems.

Many nonmutagenic chemicals. become mutagenic as a result of metabolic
processing. Conversely, some n}uldgcns may be so efficiently inactivated
through metabolic action that they become innocuous. Thus, an under-
standing of the corporeal pharmacology of environmental chemicals is crucial
to mutagen testing. A suitable capacity for metabolic activation must be in-
corporated into any test system other than the intact animal. Two methods
are currently available. The first involves the direct incorporation of enzy-
matically competent mammalian tissue extracis into microbial tests (in-
cluding cultured. mammalian cells). The second involves administering the
agent to an animal and then obtaining animal extracts (such as urine or blood)
for subsequent analysis in‘a microbial test. Metabolic activation systems are
also under continual development. Improvements are to be expected on a
regular basis for a number of years.

The pharmacological importance of such factors as routes of administration
shou!d not be underestimated. For example, some intestinal erganisms con-
tribute to the mutagenic activation of certain chemicals; therefore, it is im-

- portant that the routes of exposure be appropriate.

Finally, test systems must display both sensitivity, dclcclmg as broad a
spectrum of chemical classes as possible, and accuracy, including repro-
ducibility. -

* To determine whether supplements are available, consult the Advisory Center on Toxicology.
National Academy of Sciences, Washington, DC 20418.
Y S
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TEST DEPLOYMENT : i - *

The fundamental criteria for dcf"mng human mutag#ﬂclly or nonmutage-

. hicity are described above. Additipnal criterid may be required when deciding

- how and when to test chemucals. These inclide currcnt and/or ghticipated
patterns of use¢ and human cxpOsurc stage of produpl dcvc;lopmenl number
of substagees to be lcslcd available testing resources, relevant legislation,
and rqgulalory status. The available test systems can often be considered as
bu1ld1ng blocks to be assembled aCcording to specific needs.

Smgk: organisms can sometimes be used to detect both point and chro-
mosomal mutations. Where possible, tests should be performed simulta-

_ neously on the same population, not only to decrease effort and expense, but,

G ”

L 2

morc importantly, to build a comparative data base with great, potential
use.. . L .

If the chemicals to be tested are structurally related to known mulagens
the battery of tests selected should include those capable of detecting that
class of mutagens. - .

» When more chemicals are to be screcncd than can be put’through a de-

finitive battery of tests, a prescreen or tier approach may be used.®16 A
prescreen can rapidly identify substances that are genetically active and
should therefore either be withdrawn from further development or be assigned
; high priority for definitive testing. Microbial systems are the most suitable
for screens of this type except for certairi classes of mutagens such as metals.

Unscheduled DNA synthesis may also be an appropriate prescreen system.

TEST PROCEDURES
CHROMOSOME MUTATIONS

Heritable Translocation Test In contrast to the other in vivo tests for
chromosomal mutations, the heritable-{ranslocation test measurés heritable
damage. In this procedure parental males are treated and their male progeny
collected. The progeny are mated to determine serhisterility and sterility.
Semisterile or sterile animals are analyzed cytogenetically to confirm the
apparent translocation hetcro7ygosnly A dmadvanlagc is the requirement
for a relatively large number of animals to diagnose efficiently any significant
differences between treated and control pepulations. Generoso ef al.'” and
Léonard?* discuss the lcchmquc and its utility for routine screening of
chemical mutagens. .

\

In Vieo Cyvtogenetics Tests  The recognition that mutagenicity should be

investigated in treated animals to assess human hazard has led to the devel-
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opmemnt of various mammalian tests. Some of lhc most useful cmploy both

* somatic and gcrmmal cells in the rat or mouse. Thc bone marrow has been

the tissue of choice for somatic cells, and the testes for germinal cells. There
B diversity of opinion as to the significance of chromosome breaks and gaps
(see section below on in vitro cytogenetic tests). Cohen and Hirschhorn!!
provide a good overview of procedures. for cylogcnclic studies in animals.
Legatorer. al.23 discuss a sldusucal approach to cvaluaung results utilizing
somatic cells. ' f

Human \lxmphocytes can be examined after exposure to a substance _

through normal usc or accident. These cells can be cultured, induced to divide,
and examined for chrémosomal abnormalities. Lubs and Samuelson?? de-
scribed the variability associated with this procedure. Additionally, one should

discount gaps as heritable mutagenic cv(énls per se, although they may be
- totalled to provide an overall picture af the effects produced by a mutagenic,

substance.

Dominant Lethal Test The dominant lethal test in mice and rats has been
the most widely used mutagenicity procedure employing intact animals.

Objcctlons to lhls Mbdy are its relative insensitivity to certain known mutagens |

and the nonheritable nature of the end point. The most reliable indicator of .
dominant lethality is a statistically significant increase in the nimber of carly
embryonic deaths (dead implantations) when females are mated to muta:
gen-treated males. In certain instances, the genetic factors causing dominant
lethality are chromosomal aberrations and translocations produced in sperm,
which preclude development of a fertilized cgg much beyond the implantation
stage. There is a high correlation between substances producing dominant’
lethality and those producing translocation heterozygosity. Green and

- Springer® discuss some pharmacological factors that should be considered
" when performing the dominant lethal test. Green e al.'® propose a more

refincd approach to dominant lethal testing.
Drosophila }‘(st * Drosophila melanogaster can be used to detect both nu-
mericai and structural chromosomal mutations. Some of the advantages of

using Drosophila for this purpose are case of rearing large numbers, short”

- generation time, and well characterized genomes. Also, Drmoph:la can
metabolically activate promutagens in a manner similar to animals.*

The three major methods for detecting chromosomidl mutations in Dro-
sophila arc the dominant Iethal, heritable translocation, and X Y chromo-
some loss tests. There is a decided disadvantage, however, in performing the
"dominant Icthal assay in Drosophila. Since the unhatched egg is the obscrved
end point, it is not usually feasible to distinguish between effects produced

+
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. I3 . . \ U
' . by sperm toxicity or sperm inactivation and those produced by mutant sperm.

The X-Y chromosome Joss and heritable translocation tests are more relevant
because they detect heritable genetic damage, the main objective of muta-
genicity testing. Abrahamson and Lewis! provide an excellent description
of these Drosophila tests. :

A .
-~ In Vitro Mammalian Cytogenetic Tests Numerous types of cultured

mammalian cells have been employed to investigate chemical induction of
cytogenetic abnormalities such as gaps, breaks, deletions, and. rearrange-
ments. Human lymphocytes can be withdrawn from “unexposed” individuals,
induced to grow, subsequently exposed to chemical mutagens, and observed
for chromosomal abnormalities,When employing established mammalian
cell lines, it should be remembered that specific methods vary among cell lines.
Also, it has been reported that PMS0-mediated drug metabolizing enzyme
systems in established cell lines differ from that of the liver infAhe intact an-
imal.* Since recent reviewsiin this area are unavailable, a practicing cyto-

geneticist should be consulted. For a general description of methodology, see .

_ Dolimipio et al.,'> Green et al.,'"* and Mporhead et al .28

There has been some controversy regarding the heritability of chromosomal
breaks and gaps, particularly whether such effects reliably reveal genetic
damage. Since they are generally not fransmitted to daughter cells, these
cffects are considered to be less relevant than are rearrangements. Advocates
of in vitro cytogenetics state that recarrangements that-are not observed in
combination with breaks and gaps are usually attributable to faulty tech-
niques, insufficient exposure times, or inadequate sample sizes. The technique
1s doubtlessly uscful as a screen for potential mutagens, although it cannot
yield definitive information regarding heritability of the observed aberrations.
The relationships between gene and chromosomal mutations in the same cell
linc have been insufficiently investigated. The development of information
of this type could establish the quantitative and qualitative rclationships
among these effects and could lead eventually to a better risk assessment.

POINT MUTATIONS

Specific Locus Test The specific locus test in mice, as developed by Rus-
sell,*? detects specific gene mutations induced in the germ ¢ells of mice ex-

/poscd to a mutagen. Male mice of a wild-type strain are treated with the test

compound, then mated to females that are homozygous for a number of re-
cessive genes, causing visible changes in phenotypes. Norpal offspring are
wild type: mutants arc phenotypically different and easily identified. The
primary disadvantage when evaluating chemical mutagens is the requirement
for a large number of animals per dose level and the length of performance
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time compared to other procedures. However, if mutants are obtained, their
‘genotypes can be confirmed through breeding studies: In this respect, the
speeific locus test is similar tothe heritable translocation test, which uses a
combination of animal breeding and cytogenetic analysis to confirm the
presumptive genetic end point. Of concern is that the specific type of muta-
genic event induced cannot be wcll determined. Small deletions cannot be
distinguished from point mutations, even through breeding tests. This, in turn,
reduces fidence that true point mutations are detectcd. Thus, the
mouse-specific locus test would only be used following extensive preliminary
studies with a scries of other assays. Its primary finction would be the esti-

~ mation of germ cell risk related to exposure of a mammal to a mutagenic’
fubstance. The procedures for measuring specific locus mutations in mice
‘have been discussed by Cattenach.® ‘ -
Drosophila Recessive Lethal Test  Drosophila melanogaster, extensively
used in genetic studies. appears well suited to the evaluation of chemicals for
mutageni¢ activity. The X-linked recessive lethal test is one of the most red™s
‘liable. 1t s capable of measuring mutagenic effeets only a few times the
spontancous background. A farge number of genes arc screened in'this assay,
which contributes to its sensitivity and reproducibility. The test is relatively
rapid (involving only two gencrations), and mutation induction is easily de-
tected as a lack of certain male progeny in the second generation. Specific

» proccdures for evaluating chemicals with Drosophila, including the X-linked -
recessive lethal test, have been deseribed by Abrahamson and Lchis\'

Salmonella Reversion Test A reverse mutation system, using auxotrophic
mutants of Salmonella typhimurium blocked at various steps in histidine
(his) biosynthesis, appears to hdve great utility in screening for chemicals
with mutagenic potential. The mutant strains revert tg prototrophy by single
base pair substitutions (e.g., strain TA-1535) or by base pair insertions and
delctions (c.g., strains TA-1537 and TA-1538). The original set of tester
strains has undergone several modifications, which, in generil, increase their
sensitivity to mutagens, The modifications are deletion of the excision repair
system, mutation that promotes the penetration of chemicals into the cells,
and incorporation of mutability-promoting R-factors into TA-1538 and
TA-1535, resulting in strains TA-98 and TA-100, respectively. These two
new strains are effective in detecting at least some mutagens not detected with
the three original strains.

For gencral mutagen sereening, the test substanee and cells from a specific
tester strain are incorporated into a soft overlay agar and plated on a selective,
bottom-agar base. The assay can sereen for the production of mutagenic

" metabolites by incorporating a microsome activation system into the overlay
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Jjust prior lo’faling on the selective agar base. Discassion of initro dctivation:

systems is included in the general protedures given by Ames et al.* Although
most substances can be tested using this procedure, the bacterial assay isvery
flexible. It can be used to evaluate many types of substances. including liquids,

solids, gases, and also highly toxic substances. The test is rapid, economical,

and sensitive, permitting large numbers of chemicals to be sereened. The
availgbility of a large data base for this procedure,2-2" containing results from

. . . ——
tests on many classes of chemicals, is extremely valuable when evaluating

previously untested substances. 4

P
3 .

N .
In Vitro Mammalian Specific Locus Tests Several mammalian celd lines,

with karyotypic stability, high plating cfﬁcicncyaind short generation times
have been employed to detect the induction ghgpecific locus mutation.9-3%35
Thesc assays offer the advantage over micro%d insect mutation systems
that the target cells are mammalian. Two of the most frequently used sélective
systems involve salvage pathways for purings (mutants defective in hypo-
xanthinc-guanine phosphoribosy! transferase [HGPRT]) and pyrimidine

" (mutants defective in thymidine kinase [TK]). )
Thic most extensively validated assay employing cultured mammalian cells -

appears 1o be the mouse lymphoma line L5178Y (TK+/-). This line is het-
erozygous at the TK locus and will detect forward mutation from TK+ /'~ to
TK—~/~ (thymidinc-kinase-deficient cells). An advantage of the L5178Y test
1s that iljs a forward mutation assay and lacks the potential problems of
chemical specificity inherent in all reverse mutation systems. The TK—/—
mutant cells are identifi¥d by cloning treated populations of TK+/— cells in
soft-cloning agar, which contains the thymidine analog S-bromodeoxyuridine
(BUdR). This pyrimidine is toxic to cells having a functional llhvmidinc kinase
(TK+/=), but not to thymidinc-kinase-defective Tk—/— cells. The result
1$ that TK~/— cells form clones in the BUdR-supplemented cloning medium.
Although the methodology and preliminary validation of this assay have been
completed, the test cannot be considered a routine procedure as can the
Salmonella or Drosophila tests. In vitro microsomal activation systems cdn

be included with this test to enhance its utility. Detailed procedures Tor this .

assay have been described by Clive and Spector.'0, .

PRIMARY DNA DAMAGE

DNA repair tests do not measure mutation per se. but rather damage o DNA
induced by chemical trcatment of the indicator cells. Microbial test systems
measure this type of damage as ccll killing. Both in vivo and in ritro mam-
malian test systems measure the damage to DNA. ettherdirectly or indirectly
as it is being repaired. ~ . R

R]
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In, Vivo Unscheduled DNA Synthesis. Unscheduled DNA synthesis has
recently been detected in-germy cells of exposgd mice. In this assay, the animals
are exposed to the mutagen and 3H-thymidine. Measurement of radioactive.
uptake jn meiotic and postmeiotic gdrm cglls indicates mutagen-DNA inter-
-action/ A complete discussion of the rationale and methodology for this

* procedure has been published by Sega.*

.hi&"Vl‘lro Mampnialian Unscheduled DNA Synthesis An assay employing-*
human diploid wi-38 .cells measures unscheduled DNA synthesis (UDS).
FoIlowmg growth in normal medium, the wi-38 cells are blocked in the G

\ phase of the cell cycle by a combination of amino acid depletion and hy-

\

~

‘i

“dfoxyurea tieatment. The blocked cells are then exposed to the test substance’
and 3H- thymldme After treatment, the amount of*H-thymidine that is in-

4 cdrporated into the nonreplicating DNA is measured By au oradiography or

by exfraction and scintillation counting of the DNA. The amount of UDS is.
assumed to be directly related to the extent of-"damaged DNA producedeby

" chemical treatment. Procedures for this type of assay have been described

by Stich ef al.37 Although DNA repair is a _nonmutagenic end point, there
appears to be g good correlation between the ablhly ofa chemlcal to induce
both-effects 38,

Bac;erial Repair Test A microbial test system employing bacterial indicator
cells has been used extensively. The strains usually employed are E. coli
W3110 (polA+) and P3478 (polA-). The latter is deficient in DNA poly-
merase and unable to carry out excision repair of damaged DNA.22 The repair
test consists of exposing polA+ and polA— cells to a given concentration of
the test material, then measuring the cells that are killed as a result of the

. ! exposyre. If the substances damage DNA, the pol4— strain will exhibit en-

hanced sensitivity to the material compared to the pold+ strain. If there is
no cell killing or the damage is not related to DNA, sensitivity to the substance
will be similar for both bacterial strains. The assay can'be COnducled as a plate
or a suspension test.36.

mitotic gene cagversion (MGC) can easily be detected in appropriately con-
steucted diploid¥strains of the \yeast Saccharomyqes cerevisige. Many
chemicals have been screened for genetic activity in strains Dy (MCO) Ds
(Mco), and D4 (MGC) of yeast.4?

MCO is detected by-the production of homozygosnty'm dlplmd str - that
are heterozygous at one or.more loci. The MCO events in Dy and Ds are
identified by the accumulation of a red or pink pigment that is produced when
certain ude-2 alleles become homozygous.” MGC is detected by the ability
of cells to form coloni€s on unsupplemented selective medium. 42

Yeast Mitotic Recombination l€nts MllOllC crossing over (MCO) and

-

» -~O~_:
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Although ncnhcr MCO or MGC represent mutagenic end points, chemiculs

that are mutaguﬂc in yeast also produce some type of mitotic recombination,
often at concentrations lower than lhoxc rcqunrcd to produce mutagenic cf-
fects. \

Mecthods for the adaptation ofiin vitro microsome activation sysluns to

yeast assays\have been reported by Brusick and Andrews.’

-mi
da
to
ch
an

tai

The yeast strains. D, Dy, and Dy offer certain features not found in olhcr
icrobial assays: They gre diploid' cukaryotic strains; they detect genetic
mage ofa nature not.identificd in bacteria assays but which may be relevant
dlplOld cells prollfcmllng In an environment containing gcncllcally active
cmicals; and they dppctlr“lo’fespbnd to both mutagenic (base substitution
d frameshift classes) and lestogcmc chromosom¢ breaking agents. De-
iled procedures for the use of these yeast strains havo-been provided by

Zimmermann.* .
4 ’ . , s
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. The objective of teratogenicity testing is the identification of agents acting

}“  during embryonic development to produce or alter the incidence of congenital

malformations and during the*fetal period to produce functjonal changes in
the offspring. Teratogenicity from chemical agents and physical forces is a
very real hazard-to humans. No single animal test will provide aisurances
of safety. Because of the many factors involved in chemical-induced terato-
genesis, extrapolation of the dose-response relationship from animals to hu-
mans is difficult and arbitrary. Chemical-induced teratogenesis is dose-re-
lated, butBeyond that, little i$ really understood concerning the minimal dose
of most chemicals that can produce teratogenesis in humans or the extent of
the variability in human responses. At present, if any chemical is teratogenic
in any animal species at a dosagx: below apparent maternal toxicity, then the .
possible hazard of teratogenicity in humans must be fully considered before
the chemical is rclcased for public use. Thus, teratogenicity testing in animals
can only be regarded as an indication of probability th¥#t the test substance
will or will net act similarly in bumans. Animal testing may also enable
identification of teratogens, which are unlikely to be identified by available
epidemiological tcchmqucs ‘
Tests to evaluate relevant deve¢lopmenta) changes in morphology and
functions during perinatal development are desirable. Procedures for rec-
ognition of functional deviations in a fetus or neonate are available and ref-
erenced, but are'not recommended for routine testing unless there is a reason
to suspect functional impairment. Teratogenic assessment is presently limited

N g9
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to external, gro% vnsccml and skeletal examinations. Microscopic exami-
nation of viscera can make the screening procedures more effective.

Overall reproductive cfficicncy can be evaluated through mulugcncrauon
studies. A multigeneration reproduction study provides information on fcr-
tility and pregnancy in parent and-subsequent generations. The effects of a
potentially toxic substance could be determined by.the reproduttive pcrfor-
mange through successive ggnurallons

To design suitable protocols for wa‘fualm&, a substance’s potential n.ffccls

-on reproduction, one should consider the various aspects of leralogumcny

screening. Screening methods should be improved whenever possible. New
methods should be soundly based on new or unapplied interdisciplinary
knowledge. .

The protocols described in this chapter are ummplu Tutmg protocols
should be individualized, based on physical. chemical. and pharmacological
propertics of the substance to be tested. - :

ROUTES OF EXPOSURE

Exposure could occur by inhalation, contact with skin or mucosa, and/or
ingestion. The major route of entry during normal use should be investigated.
[f two or more routes are cqually significant, a combination of routes simu-
lating human exposure conditions should be tested. Departure from this
concept oceurs only whefmgchnical or other reasons make it nonfeasible.
Because inhalation is D principal route for aerosols and vapors, terato-
genicity testing should be conducted in inhalation chambers? Operation of

" the chambers, generation and characterization of aerosols and vapors,

monitoring of chamber concentrations of test agents, sampling for homoge-
ncous and reproducible distribution of the test materials, regulation of air
flow rates, cte., have been described in Chapter 4. For teratogenicity studics,
the exposure period is 6 h/day and extends throughout organogenesis. Control
animals arc maintained under similar experimental conditions. During ex-
posure, the animals are normally unrestrained and individually caged. Position
of cages are periodically rotated to cqualize any dlffLanLL in ¢xposure,
temperature, and humidity.

When the pereutancous route is chosen, the test agent is applied daily on
shaved areas bn.lwu.n the shoulders and along the back (25 em?/rat; 200
cm?/rabbit). The’ dosages arc expressed as milligrams per kilogram of body
weight per day. Applications’ are made evenly over the shaved arca by a
method duslgm.d to deli®er precise dosages. When solubility is a limiting

_factor, the fotal area for topical application may be varied. or ¢lse several

applications at the same site may be useful to obtain the desired dose levels,
Whether the treated skin is rinsed at a particular time after application or
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B .
';Jeft unrinsed between daily applications will depend on the mode of human

usage of the test material. Ingestion from licking is prevented by covering
g)ic treated skin with a plastic guard or, if needed, by using rcstmmmg de-
vgccs ' During the period of cutancous applications, the skin is carefully”
cmm,mcd every day, and hair growth is controlled by repeated clippings.
;‘fexposure toa glven substance is via the digestive tract, it should be dosed

* orally. The test substance may be administered by intragastric or intracso-

phageal intubation or by mixing in the diet or drinking water. These three
methods might produce slightly different fetal or maternal responses. Se-
lection, therefore, will be based on the best simulation of the human ekposure
route, Daily food and water consumption records will be required so that
dosage can be calculated and paiatability of the mixture of test material and
food or water can be assured. The dosages will be expressed as mllllgmms
per kilogram of body weight per day

DOSE LEVEL, VEHICLE, ANIMAL MODEL, AND ANIMAL ENVIRONMENTS

A substance might produce different effects than those produced by its in-
dividual chemical components. When possible, products are tested without
changing their ingredients. 1f a vehiclo is administered with the test substance.
the control animals are given an equivalent amount of the vehicle. The vehicles
used are nontoxic and should not appreciably change the bivavailability and
pharmacokinetics of the test agent or alter the physiology and visceral his-
tology of the test animals. 1f the test substance is administered without a.
vehicle added, controls will be sham-treated.

At least three dose levels should be selected in a geometric progression.
The highest test dose should be the maximum tolerated dose that generally
produces about 1 percent lethality. The lowest dose should produce no sig-
nificant fetal effects. The middle dose is useful for cvaluating dose- effect
relationship of the observed effects. To estimate accurately the three dosages,
a preliminary study at several dosage levels during organogenesis is highly
desirable. 1t may also alert the investigator to the type of effects that might
be expected.

At least two species should be used. Although mouse, rat, and rabbit have
been selected most frequently, testing is not restricted to these species (see
Table 1). (

Fetal development is influcnced by maternal environments (nutrition,
housing, temperature, light, humidity, and overcrowding), genotype of the
mother and the fetus, and interaction of these factors. Every effort should
be made to keep environmental factors under controlled conditions. 101

-
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A TABLE| Reprodustive Events of Mammls, i days

" Estrus Cycle Primitive ~~ Duration of Length of
Species Gl Mattity’  Recurence Implantation  Steak* Organogenesis Gestation
s 054 i S50 60 00 16K
Mous: 180 4050 4550 W 1860 00210
Rat 4603 4050 5,54, BS 90170 210200
Rabbi 60400 st 70 65 1000 31320
Guinea pi b4 3000 60 100 V10350 65 68,0
Fig 200.0:210 196230 100120 110 110340 11001160
Sheep 150,000 163 100 130 1443510 4201500
G 2100450 140 130140 130 140260 580710
Dog MBI I8 BRMO 0 e SIM00
Rhesismonkey 16420 uowo 90 80 0030 164/-168.0

Bompiled from Boyer,3 Christie,4 Gruneberg,8 Nicholas.l2 UFAW,” Witschi,lg and others. Day on which evidence of mating i observed i

defined as day 0 of gestation.
bRanges depend on species, nutrition, and other factors
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FETAL EVALUATION

To distméuish between a minor variation and a malformation is d¥fficult. The
ratg of spontaneous malformations and range in each strain must be deter-
mined in each laboratory using the same study procedure a?n the testing
situation. This is best done, not only by the routine study of control animals
in cach test, but also by keeping cumulative records of variations observed
in all untreated and treated control animals studied by comparablp methods.
After treatment with a test agent, not only defects that are t‘radltlonally
recognized as malformations (cleft palate, renal agenesis, club foot, etc.),
but also any exceptional, less frequent variations, jf the berceﬁtage exceeds
the range observed in control animals, should usually be regarded as induced
malformations.

There is no universally acceptabie definition for major or 1‘{11nor malfor-
mations. Not all malformations can be extrapolated from laboratory animal
studies to humans. Malformations should be ranked according to the degree
of deviation from normal and relative significance.

Because developmental derangements may affect biochemistry or functions
such as behavior, of fspring from the multigeneration study should be observed
until sexual maturity {or clinical signs and malfunctions. Experience with
such animals is insuffigient to warrant recommendations for biochemical or
functional tests. Howgver, a review of tests for studying variables in postnatal
behavioral development has been published. It can be used as a guide for
postnatal function testing.’ ;

[

TERATOLOGY

TEST PROCEDURE

This procedure is designed to determine the effects of substances on embry-
onic and fetal viability and development. The substances are administered
to gravid females upon implantation, then continued through or§anogenesis.
Species with their periods of organogencsis are listed in Table I.

A

MATERIAL AND METHODS

Virgin females .may be mated naturally by placing them with males. Vaginal
smears are taken ang females arc considered to have mated if spermatozoa
and/or a vaginal Plug is observed. Day 6n which evidence of mating is ob-

e
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served is defined as day 0 of gestation. Estrous synchronization and artificial

insemination may be used.’:1017 Each experiment consists of three treated

groups and one control group. Positive control groups will be used as necessary

to demonstrate a teratogenic response in the test species. The highest dosage

level is the maximum tolerated dosage: The two lower dosages are determined

by geometrie progression. Twenty mated females are assigned to-cach group:

, assignments to groups are made in such a way as to most nc‘lrly t)(.IUAll7L the
day 0 mean group body wughts :

\

s . s

k.

“EVALUATION ' ' . B Y
|

" Maternal Body weights are measured daily during the lrmlmnnl period
and on the day priorto expected delivery. Obscrvallon fépcllnlc‘ll signs are
made daily. Dams showing signs of abortion or prcm iture delivery will be
sacrificed an the day such evidence is observed. Reproducuv; systems and
fetuses will be examined for possible dbnorm‘lhms These animals will not
. beincluded in the final tabulation of difa, bul’ wall be analyzed separately.
Gross necropsy is performed on all animals, lncludmg those that die spon-
ldncously or moribund animals that are killed. AJll dams surviving until the
day prior to normal delivery are’sacrificed. A lhdrou.gh postmortem exami-
nation is performed, with particular dtlcnuop p‘nd to the site of adminis-
tration. If gross changes are obsnrvcd histological examination may be
~  conducted. : ~ .y '
In these poxtmortcm Lx<1m|n‘1110ns\ several observations should be made
Cand recorded. While examining the uterus, obsérvc and record the number
of live fetusey, fetus dying late in gcxt‘mon (resorbing fetys), and deciduomata
(early rcsorpuon) In the ovaries. note the fumbet of corpora lutea per ovary.
All fetusey are tagged individually for identification and then weighed. All
[ - fetuses sho{‘ld be examined cxlcrnqill) for defects. External sex determination
' is made when possible. '

. . ¢
Rodents  After alcohal fixation, gross dissection and examination of viscera
are performed on approximately 50 percent of the fetuses of each sex from
cach litter. Skeletons are examined for anomalies and ossification variations
after alizarin-red-staining® or other suitable techniques. The remaining fetuses
are preserved in Bouin's fluid and examined undefa dissecting microscope
for neural and visceral defects by serial sectioning? or gross dissection.”-!3
N ,

*Nonrodents ~ All fetuges are sacrificed. Their sex is determined and internal
abnormalities are examined by gross dissection. Skeletal development is
evaluated by alizarin-red-staining or by other suitable techniques.

The dead fetuses are weighed and developmental abnormalities are eval-
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uated if autolysis has not advanced. These data are evaluated separately from

that of live fetuses.

REPORT

Data should be compiled in tables presenting maternal mortality, maternal
body weights, corpora lutea, total implants, deciduoma, fetuses dying late
in gestation, live fetuses (number of male and female), fetal weight, and in-
cidence and description of malformation: ’ ’

Pregnancy rate =

Implantation efficiency =

i‘etal viability =

number pregnant X 1

— - 100;
numbeg seminated

number total implants '
X 100; and

number corpora Ilutxgu

number live fetuses

> 100.
numbsr total implants 0

STATISTICAL EVALUATION OF DATA

Control and test groups are compared statistically. Anomalies maybe com--
pared by chi-square methods'? or the binomial expansion method. Maternal
body weight gains and weight of fetuses may be compared to control by F-test

and student’s f-test.!® When variances differ significantly from control,
student’s ¢-test may be appropriately modified (2'), and Cochran’s approxi- 3
mation may be used. Fetal survival and incidence of abnormalities per litter
may be compared by a nonparametric, rank-order method.'* Other statistical
methods may be substituted where appropriate.

REPRODUCTION

TEST PROCEDURE

The objective of this experiment is to determine the effect on general repro-
ductive performance of treatment commencing at implantation and con-
tinuing through the weaning of Fs, litters. The preceding teratological study
may be included as part of this study.

This experiment is represented schematically in Figure 1. This protocol
offers the advantages of predifferentiation exposure of the F parental animals
without the addi_liona] time and costs incurred in-a classical two-geperation

.

0
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f FO' Generation

K}

Mate .
3} [ - N . .-
. Initiate treatment by day of implantation
Treatment continues until the Fia
, litters are weaned- ’
Discard ~ F, Generation
Fo parental animals ‘ ’ Continue treatment untii
and excess F, 5 weanlings sexually mature; mate to
produce Foq litters
Discard ——
.Lan‘weanlings *
K A {
Mate to produce Fop litters
Pathology on Fy :
-parental generation .
& v

- Pathology on F,}, <-— ' .

Y’ v .

" weanlings’

FIGURE 1 ‘Schcmatic diagram of experiment to determine the effect on general reproductive
pcrl'o[mancc of treatment commencing at implantation and continuing through the weaning
of Fyy litters. N ' .

study. If required, pups may be selected from the Fap litters to produce an
F; generation.

MATERIALS AND METHODS

The experiments consist of three treatment groups and a control group. Each
group consists of 20 sexually mature virgin females mated to a minimum of
10 sexually' mature males. The highest dosage is the maximum tolerated
desage. The two lower dose levelgare selected by geometric progression. Test
maberials are administered orally by gavage, mixed in food, or in drinking
water (see Chapter 5). Treatment of Fg parentalfgnimals may be initiated: .
either on the day of implantation or at the time of airing. At weaning of the
Fy, litters, at least 10 males and 20 females are randomly selected frony each *
group to become the F, parental generation. Selection of both males and
females from the same litter should be avoided.

v
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EVALUATION '

Body weights and weight gains should be recorded as follows:

e F, parental females: days 1, 4, 12, 21, and 28 following parturition.

e F, parental males: weekly.from selection until paired for mating.

e [, parental females: weekly from selection until paired for mating and
on days 1, 4, 12, 21, and 28 following parturition of both F,, and Fj, lit-
ters.

e Fy,, Fy,, Fy litters: a3 litters on days 1, 4, and 12 postparturition and
individually at weaning on day 21. { ' . ,

MATING PROCEDURES AND RECORDS

)

. When the F, parental animals reach sexua) maturity (Table 1), each male

is randomly mated with two females from the same group. Successful mating
is determined by the presenge of a copulation plug or blood in the vagina. If
a female does not exhibit aﬁ\lition.al evidence of copulation at the end of a
subsequent estrous cycle, she is retfirned to her originial cage. At the end of
two estrous cycles, all males within the same group are rotated and exposed

- todifferent females in the same group. No more than three males should be

paired with any female during a given breeding cycle. The number of observed
copulations, the number of estrous cycles required to obtain a mating, and
the number of resulting pregnancies should be recorded. These data are used
to calculate mating and fertility indices. The F), litters are weaned at 21 days
postpartum, then sacrificed. After an approximately 15-day rest period, the
females are mated again. The above procedure is répeated to obtain the Fy,,
litters. - '
The following indices should be calculatéd;

number of copulations*
- X 100

Mating index = - -
& number of estrus cycles required

number of pregnancies
Fecundity index = pregn - X 100
number of copulations

number of males iﬁ;prqgnating females

[}

X100

number of males expo’sed to fertile nonpregnant females
, -
Femalo f t‘ir'\t’{'\;d number of females corReiving <100 *
‘emale fertility index = -
y c number of females expased to fertile males

R _ . number of parturitions
lhcidence of parturition = —— X 100
number of pregnancics ‘

§

* Only one copulation counted per estrus cycle. The rat estrus cycie is 5 days.
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PROGENY PROCEDURES AND RECORDS

Allpups (F 4, Fa,, and Fa) are examined for physical abnormalities at birth.

¢ numbers of viable, stillborn, and cannibalized members of cach litter
arc recorded. Obscrvations for clinical signs are made daily. The numbers
of survivors on days 1, 4, 12, and 21 postparturition are recorded. On the
fourth day of lactation, litters with more thar 10 pups may be reduced to that
number by sacrificing randomly selected individuals. A final examination .
for physical abnormalitics is made. Individual body weights are recorded at
weaning on lactation day 21, The following survival indices will be calcu-
lated: ' °

) ) ) number of viable pups born
[ive birth index e e X 100
tot8 number of pups born

number of pups viable at lactation day 1
- L— X 100

it

24-h suevival indey

number of viable pups born

number of pupssviable at luctation day 4

1

4-day survival index X 100

number of viable pups born

‘number of pups viable at lactation day 12

)

1 2-day survival index X 100

number of pups ratained at lactation day 4

number of pups viable at lactation day 21

n

21-day survival index

—~ - - X 100
number of pups retained at lactation day 4

GROSS EXAMINATIONS AND HISTOPATHOLOGY

After the second litter has been weaned (following approximately 33 wk of
testing for the rat), 10 male and 10 female F, parentat animals from cach
group are sacrificed and gross pathological observations are made. Abdominal
organs. endocrine glands and gonads. and any other orgagls that appear ab-
normal are weighed; organ-to-brain and orgzm—lo—bodyﬁcight ratios are
calculated. A complete set of tissues. including central and peripheral nervous
tissue, thoraci¢ and abdominal viscera, and mammary glands. is removed and
fixed. Tissues from 5 males and 5 females from both the control and the
high-test group are microscopically examined. If histological changes are
noted, the target organs of the next-lower-dosage-group animals are also
examined. Throughout gross and microscopic examination. particular at-
tention should be paid to the reproductive organs.

Postmortem animals are examined in the same manner. but organ weights
are not recorded.

A gross internal examination is made of any pup, Fy,, Fs,. or Fay, appearing
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abnormal. In additior, 10 male and 10 female pups, randomly. selected from
the Fyy litters of each test group and the control group, are sacrificed at
weaning and subjected to a complete gross examination. Tissues are obtained
and preserved as for the F, parental animals. Histopathological examinations
are conducted upon the weanlings of the control and highest-dosage group.
If abnormalities are noted, the target organs of the next-lower-dosage-group
animals are also examined.

REPORT

Data are compiled into tables presenting parental body weight, parental organ
weight, food consumption (test compound intake), parental mortality, du-
ration of gestation, reproductive data and indices, survival data and indices,
progeny body weight, male/female ratio, and histopathological findings.

N

STATISTICAL EVALUATION DATA

i

Control and test groups are &Med by statistical methods. Anomalies may
be compared by either the chi-square methogd!S or the binomial expansion
method. Parental body weight gains and weiﬁfl of progeny may be compared
by F-test and student’s t-test.!S When variances differ appreciably from
control, student’s t-test may be appropriately modified (¢”), and Cochran’s
approximation may be used. Survival indices and reproductive indices may
be compared by a nonparametric rank order method.'* Other statistical
methods may be substituted where appropriate. .
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The nmany diffetent animal and human behaviors vary widely in their sus-
ccpublllty to toxic influences. But because the ficld of “behavioral toxjcology”

is so young, there has not yet becn sufficient systematic cxpcrlmcntaflcm to
determine which behaviors are most sensitive 1o specific foxic agents. To
dctermmc that a chemical is free of behavioral effects at any given level of
exposure, a great deal of experimentation with many. different kinds of be-
havior is necessary. The fact that onc behavioral test shows naeffect of a

potentially toxic agent docv not guarantec that other behaviors will nol be

affected.?®

‘When dealing with a chemical suspcucd of producmg behavioral toxicity,
one can start from two possible positions. In one, althaugh acute and chronic
toxicity studies have indicated that a patentially toxic agent is safe in many

‘respects at normal‘exposuré levels, an assessment of pdssible behavipral effects

i$ also desirable. Perhaps, for ¢xample, the chemical structurg of the com-
pound resembles that of an agent known to have beh,‘mor‘ll effects. The
question then is: What proccdurcs are'appropriate for dclcclmg behavioral
cffects of chemicals when traditional-toxicitytesting has given no hint that
such effects exist? It seems sensible to turn to rather broad-scale measures
that are known te be sensitive to a wide variety of chemicals. Twosuch pro-
cedures are recommended. One is concerned mainly with activity patterns
and the other withloperant behavior. (These may also be indicated if a be-

havioral assessmenf is to take place concurrently with chronic toxicity tests.)” )

In the second sit \Atlon signs of behavioral toxicity appgar durmg othgr

L | , ,
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\lnxicnlogicul work. For example, a slight ataxia may be seen in animals being
" tested for the carcinogenic p()lcn{[iaﬂ of an agent or some signs of defective
viston or hearing maysbe obscrved. Quantitative confifmation or refutation
for a particular finding can be provided by procedures that specifically
measure the fuaction in question.
Screening for Behavioral toxicity does not differ in principle from screcning
* - for other types ()\f toxicity. Methods should be sensitive, quantitative. and
reproducible. Other things being cqual. a method that is casy to use and in-
exfensive is préferred to one that is complex and cxpensive, especially when
thefe s prcss%: to test numerous and varied commercial products. However,
. thg complex ndture of behavior may sometimes preclude the use of sn‘mpic
“techniques. More sophisticated methods may be required to discévcr small
and difficult-to-measure changes |
. Asinother forms of toxicological testing, the probable route of eXposure
of humans should be reproduced as nearly ag possible when studving labo-
ratory animals. Other chapters of this repog? particular®those on Inhalation
Exposure and Ingestion, shoutd be consulted in this regard. Acute studics
should begin with several doses that are high ¢nough 1o produce obvious cf-
fects and then progress to a graded series of smaller doses. Problems of tol-
crance should be addressed in any of these studies. The resulting acute
dose-cffect curve can be used to determine appropriate doses for chronic
exposure. At least three levels should be used in chronic studics, the minimum’
cffective dose found to affect behavior in acute behavioral studies and two
fower doses, with the lowest dose expected to have no observed effects and
the intermediate dose at the geometric mean (of. Chapter 5).
The procedures deseribed below can be used with both rats and mice, two
“species widely selected for toxicology testing. Behavioral testing methods have
been developed for both species. In addition. much is known about the
pharmacological sensitivity of these behavioral prepariations. Because the
procedures can casily be initiated any time after weaning, the age of the an-
tmaks tested can-be selected 1o correspond to the most sensitive age in humans,
cither observed or indicated by acute and chronic toxipity datae Behavioral
studies on animals before weaning are_possible but require Special tech-
nigues. A species not closely related to rats and mice should alyo be teseed
mamportant ¥ases 1o maximize the possibility of detecting behavioral tox-
1ty

/ N

AN

BROAD-SCALE DETICTION

Two generalprocedures are rcmmmcndc(ﬁor detecting behavioral toxicity,
neither of which is unusually demanding i terms of special rooms, spectal
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skill in hdndlln?dnlmdl\ or prolonged training of mvungatorx The first
concerns the circadian rhythm of motor activity and ingestive behavior. The

second cxamines operant behavior for changes produced by a substance. With

both proccdurcs, adequate l‘LpLillIOn of experiments, the gstablishment of
dose-response relationships, and concurrent controls are esstntial. Concurrent
testing of agents with known cffects (positive controls) ds in the interpre-
tation of results. t9.26 -

CIRCADIAN CYCLE OF ACTIVITY

Many animals display tlear-cut changes in activity patterns through the day.
Prolonged measurement of activity over many daily cycles has long been used
in biological studics. 123437383943 The circadian cycle-of activity is repro-

“ducible in laboratory animals. Changes in the pattern of this activity arc a

sensitive indicator of behavioral toxicity.*3 4
Residential mazes have recently bun cployed to mwsun group acnvny

L N

of rats over relatively long periods.*2 Carefully placed photocells and light- -

emitting diodes record both amount and location of the activity of groups of

four rats over several days. Cumulative hourly cqunts arc usually recorded -

and nocturnal and diurnal activity separately examined. Food and witer
intake are also recorded. Behavioral hyper- or hypoactivity after cxposure

. to toxic agents may be detected in this'way! ‘So also might short-term oscil -
~ lations in activity, such as feeding-related cycles of rat activity during the

nocturnal period, even though total circadian activity remains unaltered. 3
Published data demonstrate thc»ubili‘y of circadian measurements to detect
cffects of low doses of compounds that cause hypcruclivily (c.g., amphct-
amine'). as well as cffects of exposure to carbon ll]()n()deL X-irrudiation, !
or heavy metals such as inorganic lead.'®

Other types of refdential cages have been deseribed.” 7™ but there is no
evidence that cage design is a significant factor in the sensitivity of circadian
activity to substances causing behavioral toxicity. Activity sensors, which
can be added to any cage, record circadian activity of both large and small
animals.

OPERANT BEHAVIOR

Behavioral toxicity may also appear as altered performance of learned re-
sponses. Operant behavior is defined as behavior that is maintained by its own
consequences. The operant behavior frequently studied in behavioral toxi-
cology is maintaibed by pn.usuly defined schedules of reinforcement. (De-
scriptions of the me prmuplc‘s of operant behavior are readily available,
with adequate aceounts appearing in most undergraduate texts on experi-

x
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mental psychology.) Generally, with these procedures an animal works in
an apparatus containing some sort of lever or key that closes a switch and a
device to deliver reinforcers such as food or water. Operations of the switch
are called responses. The circuitry is grfénged so that occasional responses
deliver the reinforcer. The responsc paté#fns depeid on the schédule design,’
i.c., the precise way in which responses are allowed o produce the reinforcer.
Various patterns of schedule-controlled response have proved sensitive and -

. informative in drug studics. The extensive literature in behavioral pharma-

cology can now serve as‘the source of relevant techniques for the giudy of toxic
substances. 4.15.21,48.49,53 o o

Behavioral toxicity in mice can be detected by a relatively simple and in-
expensive method.>* The mouse interrupis a beam of light to a photocell. This
causes a dipper to deliver small quantitics of milk according to a schedule.
Two schedules that have been studied extensively are the fixed ratio (FR) and
fixed interval (F1) schedules. Both may be used together so that data are
collected on two distinct types of. operant behavior during the same daily
experimental session. For example, milk may be delivered alternately after
30 responses (an FR schedule) or at the first responsc after 300 s have elapsed
FIschedule). Each schedule is associated with a distirictive external stimulus.
Such schedules Iead to characteristic patterns of response that arc best dis- °
played on a specially designed cumulative recorder. Evidence of behavioral
toxicity is scen as boththe pattern and the number of responses change. 10
There are a number of schedules used to study the toxic effects of chemi-
cals.!:9:27.29.5253 There is also a very large amount of litergture on their use
in pharmacology 2% ;

Preliminary training of the mice'involves a partia] food deprivation and
a training sequence. Several sessions are n'ccdcd,lbul, once trained, a mouse
may be tested in daily sessions for a year or more. The performance remains
consistent from day to day, permitting assessment of acute, subchronic, or
chronic toxicity, as well as the degree and rate of the reversibility of ef-
feets. ' .

Schedule-controlled responses can also be studied in other species. Mon-
keys., dogs, cats, rats, mice, pigeons, and others generally show similar patterns
of response when the response is programmed to have consequences on a
particular schedule 6.22.23.51

CONFIRMATION OF IMPLICATIONS RESULTING FROM
CHRONIC STUDIES s

Behavioral or neurological effects suggested during other toxicological studics
may be confirmed and quantificd through further behavioral work. Because

12,
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possible lcads[cannot be anticipated, the following examples are only illus-
trative. The detection of any behavioral deficit may well' mean that other
behavioral changes wnll be discovered, if approprlatc techniques. are ap-
plied.

Reported ataxia or weakness may be further studlcd by measuring the
ability of a rat to remain on a rotating rod?4*0 or on a narrow, moving
treadmill.!> Tremors may be studied by putting rats ona dlsplaccmcm scnsmg
device.!255 Hypo- or hyperreflexia shows as a decreasc or increase in the
auditory startle response.':2041 In studics mvolvmg antenatal or neonatal
exposure, toxicity may be manifested cither as abnormal reflexes or as reflexes
that appear at abnormal times in the animal’s development. ! 14045

Operant congitioning procedures can be used to study, specific behavioral
functions. For example, it is possible to measure how well animals can space
responses in time,42 discriminate the amount of behavior just emitted, 2533
or acquire complex behavior sequences.>#” One may anticipate the abuse
potential of a substance by determining whether an animal will work for
self-administration.* Suspected changes in visual, auditory, somesthetic, and
proprioceptive sensory function may be assessed either by using reflex

-methods such as auditory startle (sce above) or by.training an animal to re-

spond on the basis of particular sensory input. An introduction to much of
this work has been provided by Stebbins*® and Evans.® Many of these pro-
cedures can provide interesting and important dctail on precise behaviagral
deficits. But they may be too technically difficult and expensive to be usdful
for the routine screening of toxic chemicals, despite the important role tey
play in basic rescarch in behavioral toxicology. Therefore, only when infor-
mation is nceded about very important substances is the use of some of these
techniques warranted. Further developmental work should produce methods:
that will soon allow us to test toxic agents more expeditiously.

SUMMARY

_ Two general procedures have been recommended for use in the initial search

for toxic behavioral effects of chemicals. One studies the circadian cycle of
activity, the other operant behavior. They are belicved to be sensitive,
quantitatively reliable, and relatively easy to perform. These features are
important where several doses of a compound, and perhaps several different
groups of animals varying in age, scx, strain, or species; may be needed for
an adequate cvaluation. In addition, both procedures are suitable for the
evaluation of the onsct rate of an cffect during cxposure and the rate and
completeness of recovery when exposure ccascs, both extremely important
features of behavioral toxicity. ‘
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'

Only relatively simple methods have been recommended for routine use.
More elaborate and specific procedures should prove uscful in elucidating
the nature of any behavioral foxicity. Additional techniques, drawn from
neurophysiology, néurocytology, and ncuroéhcmistry. would be required to

‘explore fully the mechanisms of action of toxic chemicals. From a practical

standpoint, the existence of behavioral toxicity at'a particular exposure level
is important in its own right, Whatever the mechanisms of action. Behavioral,
toxicity may result from effects on a wide varicty of organs and tissues. It is
by no means an unequivocal indication of direct CNS toxicity.

Bchavioral toxicology is still in an carly stage of devclopment, with sys-
tematic cxperimental studies appcaring only recently.!7.18.19.52.53.56.57 Ng
testing methods have been adequately validated through extensive use. A
thorough reassessment of suggested procedures will be needed as more data
become available. '
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APPENDIX 'ngulations
A, under the

_Federal Hazardous
‘Substances Act’

Chapter 11, Title 16
Code of Federal Regulations

§1500.3 Definitions

(b)(4)(i) “Hazardous substance” means: (A) Any substance or mixtiire
of substances which is toxic, corrosive, an irritant, a strong sensitizer, flam-
mable or combustible, or generates pressure through decompositidn.'heat, '
or other means, if such substance or mixture of substances may cause sub-
stantial personal injury or substantial illness during or as a proximate result
of any customary or reasonable foreseeable handling or use, includingrea-
sonably foreseeable ingestian by children. .

(5) “Toxic™ shall apply to any substance (other than a radioactive sub-
stance) which has the capacity to produce personal injury or illgéss to man
through ingestion, inhalation, or absorption through any body surface.

(6)(i) “Highly toxic™ means any substance which falls within any of ‘the
following categories: > 7

(A) Produces death within 14 days in half or rfiore than half of a group
of 10 or more laboratory white rats each weighing between 200 and 300
grams, at a single dose of 50 milligrams or less per kilogram of body weight,
when orally administered; or _ .

(B) Produces death within 14 days in half or more than half of a group
of 10 or more laboratory white rats each weighing between 200 and 300
grams, when inhaled continuously for a period of | hour or less at an atmo-
spheric concentration of 200 parts per million by volume or less of gas or vapor
or 2 milfigrams per liter by volume or less of mist or dust, provided such
cohcentration is likely to be encountered by man when the substance is used
in any reasonably foresecable manner; or . :
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~~ " (C) Produces death within 14.days in half or more than half of a group
. of 10 or méresrabbits tested in a dosage of 200 milligrams or less per kilogram
of body weight, when administered by continudus contact with the bare skin
for 24 hoursorless. ", ' _ .
(i) If the.Cemmission finds that available data on human experience with
- any substance indicate results differgnt from those obtained on animals in
" the-dosages and concentrations specified in paragraph (b)(6)(i) of this s;ction','
‘the human data shall take precedence. o ’
. (7) “Corrosive” means any substance which in contact with living tissue
. will cause destruction of tissue by chemica) action, but shall not.refer tbaction
on inanimate surfaces. . ' E : C
(8) “lrritant™ means any substance not corrosive within the meaning of *
section 2(i) of the act [restated in paragraph (bX(7) of thiggection] which-on
immediate, prolonged, or repeated contact with normal li g tissue will in-
duce a local inflammatory reaction. - o .
- +{9) “Strong sensitizer” means a substance which will cause on normal
living tissuc through an allergic or phetodynamic process a hypersensitivity
which becomes evident on reapplication of the same substance-and which is
designated as such by the Commigsion. Before designating any substdnce as
astrong sensitiZer, the Commissjon, upon consideration of the frequency of
occurrence and severity, of the reaction, shall igd that the substance has a
significant potcntial"for-éauéing hypersensi;jvy‘t;}ﬂ- - ) . .
eyl
§1500.41  Method of tésting toxlc;;m))‘.‘c_tvi{

P )1;-
\

hﬂjs

The method of tésting the toxic substances eferred toin §15003 (c)(1)-
(i)(C) and (2)(iii) is as follows: . T N

(a) Acute dermal toxicity (single exposure). In the acute exposures, the

agent is held in contact with the skin by meansofa sleeve for periods varying

up to 24 hours. The sleeve, made of rubber dam or other impervious material,

is so constructed that the ends are reinforced with additional strips and should

fitsnugly around the trunk of the animal. The ends of the sleeve are tucked,

permitting the central portion to “balloon” and furnish a reservoir for the

dosc. The reservoir must have sufficient capacity to contain the dose without

pressurc. In the following table dre given the dimensions of sleeves and the

approximate body surface exposed to the test substance. The sleeves may vary «~

in size to accommodate smaller or larger subjects. In the testing of unctuous

#%  materials that adhere readily to tHe skin, mesh wire screen may be employed -

instcad of the slecve. The screen is padded and raised approximately 2 cen-
timeters from lhééxpﬁosed skin. In the case of dry powder prepardtions, the
skin and substance are moistened with physiological saline prior to exposure.
Thesleeve or screen is.then slipped over the gauze that holds the dose applied

.

AL
4

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

Appendix A o BRFS

to the skin. In the case of finely divided powders, the measured dose is evenly
distributed on cotton Bauze which is then secured tq the arca of exposure.’

Dimensions pf Sleevesfor Acute Dermal Toxicity Test (Test Animal Rabbits)

Measurements in Cenum;ers Range of Weight  Average Area A{vemge Per-

Diameter Over-all} of Animals of Exposure centage of Total
at Ends Length (grams) (cm?) Body Surface
7.0 12.5 2,500-3,500 240 10.7

(b)- Preparation of test animals. The animals arc prepared by clipping
the skin of the trunk free of hair. Approximately one-half of the animals are
further prepared by making epidermal abrasions cvery 2 or 3 centimeters
longitudinally over the arca of cxposure. The abrasions are sufficiently deep
to penetrate the stratumcorneum (horny layer'of the cpidermis) but not to
disturb the derma; that is, not to obtain bleeding.

(c) Procedures for testing. The sleeve is slipped onto the animal which
is then placed in a comfortable but immobilized position in a multiple animal
holder. Selccted doses of liquids and solutions are introduced under the sleeve.
If there is slight leakage from the sleeve, which may occur during the first
few hoursof exposure, it is collected and reapplied. Dosage levels are adjusted

in subscquent exposures (if necessary) to enable a calculation-of a dose that, .

would be fatal to 50 perceng of the animals. This can be determined from
mortality ratios obtained at various doses employed. At the end of 24 hours
the sleeves or screens are removed, the volume of unabsorbed material (if any)
is measured, and the skin reactions are noted. The subjects are cleaned by
thorough wiping, obscrved for gross symptoms of poisoning, and then observed
for 2 weeks. - - o

§1 500.4 | Methods of testing primary irritant substances

~ Primary irritation to the skin is measured by a patch-test technique on the:
abraded and intact skin of the albino rabbit, clipped free of hair. A minimum
of six subjects-arc used in abraded and intact skin tests. Introduce under a
square‘patch, such as surgical gauze measuring 1 inch by I inch and two single

Jayers-thick, 0.5 milliliter (inelhe case of liquids) or 0.5 grams (in the case of

solids and semisolids) of the test substance. Dissolve solidsin an appropriate
solvefit and apply the solution as for liquids. The animals are immobilized -
with patches secured in place by adhesive tape. The entire trunk of the animal
is then wrapped with an impervious material, such as rubberized cloth, for

‘the 24-hour period of exposure. This matcrial aids in maintaining the test *
N . .

.« 7 ¢
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patches in position and retards the evaporation of volatile substances. After
24 hours of exposuré, the patches are removed and the resulting reactions
are evaluated on the basis of the designated values in the following table:

‘Skin Reaction - ’ .. : Value!

Erythema and eschar formation:
No erythema ' s 0
Very slight erythema (barely perceptible) 1.
Well-defined erythema _ o : o2
Moderate to severe erythema "3
Severe erythema (beet redness) to slight eschar formation (injuries in depth) 4
Edema formation:
No edema .. .
Very slight edema (barely perceptible) )
Slight edema (edges of area well defined by definite raising)
Moderate edema (raised appr'oxin}ately 1 millimeter)
Severe edema (raised more than 1 millimeter and extending beyond

the Mxposure)_

lThe ‘“value” recorded for each reading is the average value of the six or more aninals
' subject to the test. ) '

: .(‘/ Readings are again made at the end of a total of 72 hours (48 hours after the™
first reading). An equal number of exposures are made on areas of skin that
have been previously abraded. The abrasions are minor incisions through the
stratum corneum, but not sufficiently deep to disturb the derma or to produce

‘bleeding. Evaluate the reactions of the abraded skin at 24 hours and 72 hours,
as described in this paragraph. Add the values for erythema and eschar for-
mation at 24 hours and at 72 hours for intact skin to the values on abraded
skin at 24 hours and at 72 hours (four values). Similarly, add the values for
edema formation at 24 hours and at 72 hours for intact and abraded skin (four
values). The total of the eight values is divided byour to give the primary
irritation score. Example: .
Skin Reaction ‘ Expasure Time (hours) - Exposure Unit (value) T
Erythema and eschar. formation:
Intact skin 24 2
Do . ' 72 I
Abtaded skin 24 . 3
Do 72 2
Subtotal 8
Fdema formation: '
Intact skin 24 Sy ] 0
Do .mn !
Abraded skin 24 1
Do ) 72 2
( . Subtotal 4
- Total \ : 12

Thus, the primary irritation score is 12 + 4 =3
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1500.42 Test for eye irritants
§ Qr ey

(a)(1) Six albino rabbits are used for each test.substance. Animal facilities

“for such procedures shall be so designed and maintained as to exclude sawdust,

wood chips, or other extraneous materials that might produce eye irritation.

Both eyes of each animal in the test groups shall be examined before testing,
and only those animals without eye defects or irzitation shall be used.” The
animal is held firmly but gently until quiet. TheAest material is placed in one
eye of each animal by gently pulling the low€r lid away from the eyeball to
forma‘cup into which the test substancets dropped The lids are then gently
held together forone second and the animal is released. The other eye, re-
maining untreated, serves as a control. For testing liquids, 0.1 milliliter is used.

For solids or pastes, 100 milligrams of the test substance is used, except that
for substances in flake, granule, powder, or other particulate form the amount
that has a volume ©f 0.1 milliliter (after compacting as much as possible
without crushing or altering the individual particles, such as by tapping the
measurmg container) shall be used whenever this volume weighs less than
100 milligrams. In such a case, the weight of the 0.1 milliliter test dose should
be recorded. The eyes are not washed following instillation of test material

_except as noted below.

{2) The cyes arc examined and the grade of ocular reaction is recorded
at 24,48, and 72 hours. Reading of reactions is facilitated by use of a binoc-
ular loupe, hand slit- lamp, or other expert means. After the recording of
obscrvations at 24 hours, any or all eyes may be further examined after
applying fluoresccin. For this optional test, one drop of fluorescein sodium
ophthalmic solution U.S.P. or equivalent is dropped directly on the cornea.
After flushing out the excess fluorescein with sodium chloride solution U.S.P.
or cquivalent, injured areas of the cornea appear yellow: this is best visualized
in a darkened room under ultraviolet illumination. Any or all eyes may be
washed with sodium chloride solution U.S.P. or equivalent after the 24 hour
reading. ;

(b)(1) An animal shall be considered as exhibiting a positive reaction if
the test substance produces at any of the readings ulceration of the cornea
(other than a fine stippling), or opacity of the cornea (other than a slight
dulling of the normal tuster). or inflammation of the iris (other than a slight
deepening ofthe folds (or rugdc) or a slight circumcorneal injection of the
blood vessels), or if such substance produces in the conjunctivae (excluding .
the cornea and iris) an obvious swelling with partial eversion of the lids or
a diffuse crimson-red with individual vessels not casily discernible.

(2) The test shall be considered positive if four or more of the animals in
the test group exhibit a positive reaction. 1f only onc animal exhibits a positive
reaction, the test shall be regarded as negative. 1f two or threc animals exhibit
a positive reaction, the test is repeated using a different group of six animals.

‘e v
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The second test shallbe considered positive if three or more of the animals
exhibit a positive reaction. If only one or two animals in the second test exhibit
a positive rcabclian’. the test shall be repeated with a different group of six
animals. Should a third test be needed, the substance will be regarded as an
irritant if any animal exhibits a positive response. . :

(¢} To assist testing laboratories and other interested persons in inter-
pretingd the results obtained when a substance is tested in accordance with
the method described in paragraph (a) of this section, an-"“llustrated Guide
for Grading Eye Irritation by Hazardous Substances” will be sold by the
Superintendent of Documents, U.S. Government Printing Office, Wash-
ington, D.C. 20402. The guide will contain color platesdepicting responsgs.
()l‘vzlrying\ﬁnlcnsil} to specific test solutions. The grade of response and thie
substance used to produce the response will be indicated.

(38 FR 27012, Sept. 27.1973: 38 FR 30105, Nov. 1, 1973)

RF.PRINTET,) FROM FEDERAL REGISTER. 41 (188): 42501
SEPTEMBER 27. 1976 :

§! 737240 Corrosive material: definition.

(a) For the purpose of this su‘bchuplcr, a corrosive material is a liquid or
solid that causes visible destruetion or irreversible alterations in human skin
tissuc at the site of contact. or in the'casé of leakage from its packaging, a
liquid that has a severe corrosion rate on steel. ‘

(1Y A material is considered to be dcsl%ﬁgtivc or to cause irreversible al-
teration in human skin tissue if when testedton the intact skin of the albino
rabbit by the technique deseribed in Appendix A to thispart, the structure
of the tissue at the sige of contact s destroyed or changed irreversibly after
an exposure period of 4 hours or less.

(2) A liquid is considered to have a severe corrosion rate if its corrosion
rate exceeds 0.250 inch per year (1PY) on steel (SAE 1020) at a test témper-
aturc of 130°F. An acceptable test is described in NACE Standard TM-01-
69. . '

- (b) If human expericnee or other data indicate that the hazard of a ma-
terial is greater or less than indicated by the results of the tests specified in
paragraph (a) of this scction. the Department may revise its classification
or make the material subject to the requirements of Parts 170-189 of this
subchapter. ' :

[Amdt. 173-61, 37 FR 3947, Mar. 23,1972 as amended by Amdt. 173-74,
38 FR 20839, Aug. 3. 1973: Amdt. 173-94. 41 FR 16074, Apr. 15, 1976]
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APPENDIX | Anlmal
B Husbandry

i

Animal quality. It serves no useful purpose eitherto purchase a low-quality
microbially undefined-animal for & high-sccurity barrier operation or to place

-germfree dniimals in conventional, nonbarricr facilitics. The nature and risks

of the experiment dictate the quality of the animal and environmental con-
trols. Purchased animals must be properly transported and quarantmed upon

“arrival to dssurc continued high qualjty.
‘ Operational and extrancous factors can have dramflic cffccls on the -
successful complcuon of a chronic test, as Well as on the interpretation and’

usefulness of the results. Contaminants in the dict, bedding, water, or air ¢
introduce varmblcs or modificrs to chronic toxicity. Other factors, such as

_intercurrent infections, augolysis, and cannibalism, can'reduce the effective
n thx: Mudy, howcver thesc-are largcly preven\ablc by .

the routine prdcuc &
clinical obscrvation. .

P .
e N M

Facilities. Good physical design and maintenance of the animal Facilitics arc

required in osder ta meet the high standards of animal care; and the chemical

~ and biological hazard control required for chronit toxicity Studies. Even the

best animals placed in poorly designed and mdlntalncd facilitics will soon
succumb to their surroundings. :

The conslrucuon or modification of dmmdl.fdcmucs to be used for long-
term sludncs should provide practical but éffective barriers to the inadvertent
lntroduct*lon of infectious diseases or contaminants into the facility or between

. animal rooms. As a minimum, the design should inelude a unidirectional flow
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of equipment, supplics, air.-and pursonm.l This 1s usu.llly referred to as, the

“clein-dirty (return) corridor™ concept. The doors to animal rooms should
be* Iomu.d at opposite L“mjs of cach room. All materials arce sterilized: per-
sonnel are fully covered in‘sterilized garments; and entrances aré restricted
to clean corridor ynd exits to the dirty corridor. Such a strict flow of materials
and thonnd through a corridor from whichgceess to other rooms is im-
pussible greatly reduces the potential for introduction of discase o the facility
or the rapid spread of a discase from one room to part or all of the facility.
Where such a corridor arrangement is not possible. the movement of clean
and dirty cquipment and materials should be scheduled to avoid back-flow
to cleancr arcas. Animal rooms must be protected to n.duc.c possible con-
tamination between rooms. \

A committee of the National Academy of Sciences! has recently estab-

lished a-new classification for barrict systems based on methods and extent

of contamination control. Classification consists of maximum, high, moderate,
or minimal security and-conventional systems. Minimal sccurity conventional
systems are not considered aceeptable for m.unl.umng rodents for long pe-
riods.

The animal facilitics s‘}muld be separated from the remainder of the lab-
oratdrics with access restricted to essential personnel. A special quarantine
arca. elfectively separated from the ‘testing arca. should be provided for
holding animals procured from outside the animal facility.

Small rooms are recommended for chronic toxicity testing so that a sepa-
rate room can be used for each species and test agent. This allows for better
prevention and casier containmie of a disease outbreak. It also prevents
inadvertent exposure of animals to low levels of other chemicals, which could
resultif several chemicals were on test in the same room. This arrangement
also reduces the possibility of accidental mixyp in the test groups of treatment .
administrations and the introduction of discased animals into a room in which
studics are under way. The increased cost incurred by using these small rooms
is considered a warranted expensc. When large rooms must be used. a rea-
sonable compromisc is the use of cages with sohd sndcs and bottoms and
covered by filter tops.

All air entering and leaving the animal facilities should be adequatcely
filtered with 10 to 15 fresh-air c.h.mgcs per hour. Provisions for the automatic
control and recording of temperature and humidity in each room should be -
provided along with a monitoring system to alert the attendants to any de-
viations from the acceptable range.

-

Equipment/Supplies. To complcment an adequately designed- facility.

cquipment and supplies should be of suitable construction or u)mpoxmon and

capable of effective santtization. _
Numcrous studics have been lost due to unforeseen failures in mechanical

1
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equipment (especially the air- Londiliohing system) or to.food supply problems
caused by labor disputes, mill shortages, etc. Rotated, reserve backup suppligs
should be maintained to ensure conunucd food supplies\ Air-conditioning
failures can be due 1o such malfunctions as compressor failure or interruption
of electricity. Access to an emergency generator or parallel air-copdttioning
system should be an integral part of any facility contingency plan.

Several commercially available rack /caging systems are capable of proper
sanitization. Plastic or stainless steel cages with solid sides and bottoms
covered with nonwoven polyester fiber filters constitute an effective enclosure
and provide for relatively LfﬁCICnl discase control and chemical containment_
measures. However, the gains from the additional environmental control may
be partially offset by ctevated cage humidity and ammonia levelsay, aghich might
have the detrimental effects of respiratory disorders and hepatlc enzyme
induction. Wire mesh cages may be required for certain studies such as those
of inhalation. During the quarantine period and short-term tox;cny studies,
animals may be caged together according to weight-space spccnflcanons

-recommended by the National Academy of Sciences. Howevér, for the sub- °
wonic and chronic studies, animals should be distributed from the outset

of the studies as if thgy were in the upper weight range. This will obviate the -
need for later redistribution to keep them within the. wclght space %pccaﬁ-
cations. : ’

Although mycotoxin-free ground corncob may be used for bcddlng,

- heat-treated hardwood chips are more desirable. Softwoed chips or creosoted

wood should not be used. The bedding should be sterilized. When open wire .
mesh cages are used, an absorbent material should be placcd under the cagca
to collect and hold waste matter. -

Feeders dcslgncd 1o prevent soiling, bridging, and sc.ltlcrmg of the feed
are acceptable when pellet-type rations are used. Although no feeder is
completely satisfaetory for meal feed, a hopper-type feeder that is firmly
attached to the cage appears to cause the fewest problems. However, this type
of feeder may still require daily **bumping” to dislodge bridged meal. An open,
unfixed feed cup should not be used, nor. should the feed be placed directly
onto the cage floor. |

Water systems Qhould provide an adequate continuous supply of fresh,

pathogen-free water. When an-automatic watering system is used, the valve
end should be positioned so that accidental flooding of the cage is avoided.

Operammv The key to a successful animal care operation is a well- trained .
and motivated carétaker staff interested in and concerned with the healthi”
of the individual animals and their role in quality research. As.in design
considerations, operations shauld strive to prevent entrance of extraneous
factors at all levels of containment, from facility to animal room to individual
eage.
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Lack of or improper quarantine with inadvertent introduction of discase
toa facility can jeopardize chronic studies that- may have been under way for
many months. Strict procedures in this regard are essential, Newly arrived
animals should be taken, in their unopened shipping containers, directly to
the quarintine area. Those unsuitable because of size, health, or other criteria
should be immediately discarded: remaining animals should be quarantined
and closely monitored tor a minimum of 7 days. A small, rindomly selected
number of animals from cach shipment should be sacrificed and examincd
for parasites and enteric pathogens. When an epizootic disease is found among
the animals, the entire shipment from which they came should be discarded.
Professional judgment must be exercised to determine whether minor losses
shHould be attributed to the stress of shipment or to normal attrition of young
animals, ‘ )

Access to the animal facilities should be restricted toessential personnel.
Both professional and technical personnel should receive training in animal
care and personal hygiene. Those with discase conditions that could affect
the animals® health should not be permitted in the animal rooms.

Attention should also be given to supplies entering the facility or animal
rooms to prevent introduction of disease. The measures used should‘yonform
to the disease prevention plan, c.g., barrier or conventional operation, etc.
The sterilizing of food and bedding, as well as the showgring of personnel,™
while warranted in barrier and clean/dirty corridor facilities, may not be
practical for many conventional operations. )

Early detection of impending problems, as well as the documenqtation of
perturbations that might bé used in data interpretation, can be accomplished
by monitoring the environment. The physical environment (temperature,
humidity, airflow, etc.), should be monitored for deviations from aceeptable
range. while supplies (food. bedding. and water) Should be monitored for
proper composition and presence of biological and chemical contaminants.
Animals and their discharges can be monitored for microorganisms and
parasites.

Whenever individual animal data are to be routinely recorded, cach animal
should be murked at the outset of the study with a standard method of iden-

v

tification, such as car notching. toe clipping, or tagging. -

‘REFERENCE

b Navonal Academy of Sciences-National Rescitreh Council. Institute of Laboratory Animal )
Resources 1972 Gude for the Care and Use of Laboratory Animals, rev ed Washington,
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Suggested list of tests for monitoring toxic effects and the health status of

animals: .
Hematology . Clinical Chemistry
Total erythocyte counts Blood urea nitrogen
Total lcukocyte counts SGPT
Hematocrit SGOT ~
Hemoglobin Alkaline phosphatase

Ditferential leukocyte counts

A
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Suggested list of organs used to obtain relative organ weights:

Brain
Lungs
Liver

Suggested list of tissues for histopathology:

Brain o

Thyroids 4

Heart

Kidneys

Small intestine

Large intestine

Bone

s Péripheral nerve
' Skin
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Heart
Kidneys
Spleen

Pituitary
Trachea

Lung (in toto)
Spleen
Pancreas
Gonads
Prostate

Eye

Nasal cavity

)
L
-

Adrenals
Gonads

ok

N :
Salivary gland ¥

Peribronchial lymph node

Liver
Stomach

Mesenteric lymph ngde

Bonce marrow
Skeletal muscle
Uterus

Gross abnormalities
Urinary bladder

.



