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ix compounds (benzene, cadmium, formaldehyde , phosphorus, phosgene,
oxides of nitrogen) were chosen as models for analysis by a matrix format.
Each matrix was supported by a review article. Panel members selected
predictive endpoints from acute and aubchronic data taken from the
literature. The panel also recommended short—term tests relevant to the
endpoints for each compound . Position papers were developed for:
pharmacokinetics; behavioral toxicity; in vitro testing; reproductive
assessment testing and a concept for toxicological testing . Bibliographies
were prepared for the matrix reviews, each position paper , and one for
the overall study. ~

~ Based on the analyses of the matr ices, the position papers and their
collective experience, the panel developed recommendations for short—term
tests for a minimal toxicology screening program and pointed out gaps
wherein additional research was required . F
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EXECUTIVE SU)O(ARY

The objective of this study was to identify a battery of such tests
that will determine the potential toxic nature of a chemical in the most
e f f i c i en t  and cost effec t ive manner using currently available
techniques. A pane l of ten toxicology experts was assembled , and a
contractor team provided management support and selected scientific
l i terature  review and analysis .

In order to focus on specific endpoints or effects encountered in
acute or subchronic animal studies and to select those endpoints which
migh t be predictive of chronic lesions , the panel recommended a
literature review be carried out on specific chemical compounds. Six
compounds were selected : benzene , cadmium , phosphor us , formaldehyde ,
phosgene and oxides of nitrogen. Subsequently, the l i terature was
searched for thirteen categories of effects as reported for each compound.

In order to reduce the data obtained on individual compounds to a
• manageable form, a matrix was devised . Each matrix contained

representative endpoints in the thirteen categories as reported in acute ,• subchronic and chronic studies. Each matrix was accompanied by a
literature review, limited to data on endpoints, animal species and doses

• administered .

The panel members not only selected predictive endpoints where
possible but indicated their choices of short—term in vivo or in vitro
tests which might be employed in screening tests. rsummary orendpoints
and recommended tests was compiled which then served as one basis for the
panePs final recommendations.

The second major basis for decisions of the panel was a series of
• position papers which are incorporated in the final report of this

study. Position papers were prepared on the following subjects:
• Pharmacokinetice , In Vitro Testing, Behavioral Toxicity Testing ,

Reproduction Assessment Testing , and a Concept for Toxicological Testing.

• As a result of evaluation of six compounds with respect to predictive
endpoints and short—term tests , review and evaluation of five position
papers , and by their collec tive judgements, the panel of experts made a
series of recommendations for a minimal toxicology screening program
encompassing short—term in vivo and in vitro tests. The recommendations
made are summarized as f~Tlows:

1. Perform complete hematological work—up

2. Carry out bone marrow smears (differential)

3. Conduct a modified one—generation mouse reproduction study

4. Carry out selec ted short—term in vitro tests (cytotoxicity,
mutagenic i ty ,  carcinogenicity)

1
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5. Perform infectivity test (hypersusceptibility)

6. Conduct standard central nervous system observational evaluation .

7. Perform simple motor and sensory function tests and behavioral
assessment tests

• 8. Perform heart and vascular system organ function tests

9. Carry out general and specific biochemical analyses

10. Determine organ/body (or brain) weight ratios and conduc t
standard his tological examinations

11. Perform simple skin and eye irritation tests

12. Conduct , at early stage., pharmacokinetic studies and induction
of cytochrome P450

13. Determine physical and chemical properties of each compo9nd
inc luding oil/wa ter part it ion coefficien ts and stabili ty in
aqueous media at pH 4.0, 7.0, and 10.0.

I
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1 1 Statement of the Problem

1

:

0 INTRODUCTION 

. . .Governmental and private organizations face a formidable task in
assessing the potential toxicity and evaluating the safety of a number of
chemicals. The number of new chemicals being developed , in addition to
numerous existing chemicals, far exceeds present capabilities and budgets
available for toxicity testing.

This study was predicated on the basis of comparison and evaluation ,
by a team of experts, of conventional toxicity tests with a substituted
battery of short—term tests. The requirement is to develop a battery of
screening tests that would be predictive of long—term toxicological
effects of a chemical compound . The battery would consist of a series of
simple, rapid, reliable and sensitive tests. Maximum benefit from a
battery of tests would be achieved if the screening tests yield parallel
information provided by conventional tests. Ideally a battery of
short—term tests would yield results providing insight into all currently
recognized elements of toxic responses or endpoints. An initial model of
a battery of tests may of necessity include simple in vivo tests , simple
behavioral toxicology tests , and modified or simple~~easurement of the
physical—chemical properties of a compound . The ultimate battery of
tests might be ideally reduced to accepted in vitro tests.

1.2 Approach to the Problem

An overall approach to the problem of attempting to develop a bat tery
of toxicity screening tests was predetermined in the RFQ (DAMD
17—77—Q—7452). More specifically, the Department of the Army ’s Medical
Research and Development Command wished to ut i l ize the services of a
review team or panel consisting of experts in toxicology and related
fields. Duties of the expert panel would include evaluation of
toxicological test methods , both conventional and those known as
short—term tests (both in vitro and in vivo). The outcome of panel
deliberations would be ~~cominendations T~~~the composition of a
comprehensive battery of short—term tests to serve as a screening system
in lieu of conventional chronic studies with test animals. The role of
the contractor would be management of the contract, assistance to the
Pane l after its selection on the basis of contractor recommendations and
Army concurrence, and literature search and retrieval. An initial
meeting between sponsor and contractor representatives resulted in H
selection of the panel as shown in Figure 1. The’ contractor management - ‘ 1

team structure and its principal staff  members are shown in Figure 2.

Discussions during the first panel meeting were wide—ranging,
essentially expressing individual viewpoints on the merits , or lack
thereof, of short—term in vitro and in vivo toxicological tests. A
consensus finally emerg~~, namely, t1~~t the literature searching should
be predicated on toxic endpoints normally recorded in the course of
conventional toxic substances testing in animals. A list of such
endpoints was developed by the panel to be used as a preliminary guide
for literature searching. It is noted for the record that restrictions
imposed on the approach to the problem included exclusion of mutagenesis
tests 2.!~ 

se and tests relating to aquatic systems.

9
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Figure 1. Toxicology Review Panel Members
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During the second pane l meeting (30 November. 1 and 2 December 1977),
various memberq expressed dissatisfaction with the results of the initial
approach outlined above. It ~‘as recognized by all concerned that the
toxicology literature was too volum i nous , in  view of dollar and time
constraint s, t o  e x p l o i t  it on the endpoint basis. The Panel, after
considerable discussion , finally reco~~ended that a matrix ana lysis
should be considered . The general concept of a matrix analysis was based
on identif ying specifi c end~~ ints or lesions resulting from toxic testing
(acute , subchronic. chronic) and correlation of less—than— 90—day results
with long—term (two—year ’) data . A critical aspect of such analyses is
that retrospective data could be obtained only on studies of a specific
compound . Species of animal and dose regimens employed would then be the
pr inc ipal variables .

Having achieved a consensus that a matrix analysis approach should be
pursued , discussion by the pane l members turned to selection of
compounds. The Paiw l was then asked to develop a candidate list of
chemical agents from which this selection could be made. The following
list is the result of the panel’s deliberation on compound selection
(principal organ system affected is indicated in  parentheses).

1. Chlor inated h~drocarbon s (liver)
2. Halogenated hydrocarbons (liver’)

DDT, Dieldrin
3. Aromatic amines (urinary bladder)

B eta—n ap hth y l am in e
4. Senzene (bone marrow 1
5. Azo dyes
6. Thiourea — ethyl thiourea (thyroid ’)
7. Mercury—meth yl mercury (kidney, reproduction , behavior ’)
8. Cadmium (testes, kidney. musculo—sk eletal)
9. Paraqua t (lung)
10. Irritant gases (lung ’)

N O .,,0~ , Phosgene
11. 2 .4 , 5 T  r r ep r odu c tion )
12. Formaldehyde (lung , skin ’)
13. Nitrilotria cetate (teratogenesis’)
14. Carbon tetrachloride
15. Arsenic
16. Triorthoc resvlphosphate

Selection of compounds was based on availability of Criteria
Documents and the extent of data base available. The six compounds
selec ted for preparation of detailed matrices ~~re:

1. Benzene
2.  Cadmium
3. Phosphorus
4. Formaldehyde
5. Phosgene
6. Oxides of Nitrogen

$
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It was also decided that each matrix would be suppor ted by a review
article containing a descrip tion of the experimental data with reference
to animal spec ies , dosage, duration of treatment, etc., as they related
to the endpoints shown in the matr ix .  Literature ci tat ions employed in
the review ar ticle for a specific compound were keyed by number in the
corresponding matrix. A complete list of references used in compilation
of each matrix was attached to the correspond ing review ar t icle .  Each
Toxicology Review Panel member was provided wi th the matrices of all six
compounds along with the review articles and literature references. The
members were requested to identify predictive endpoints in the matrices
and recomend short—term in vitro and in vivo tests that would y ield
information parallel  to t1~ t of the lo~~—term animal tests.

The approach to final development of a matrix for a specific compound
• was to combine panelists ’ suggestions and reconsuendations in a “master”

m a t r i x .  The master matrix for each compound would contain all identified
predictive endpoints and suggested short—term tests. The master matrices
would then be evaluated during the remaining two panel meetings. A
position would finally be established , by the panel of experts , for each
compound with respec t to recozmnendations for development of a battery of
short—term tes ts .

Another aspect to the approach strategy of this study was compilation
and documentation of U.S. regulatory agency publi8hed guidelines for
testing of toxic substancs. In addition , information relative to
industrial organizations ’ guidelines was to be considered . A list of
regulatory guidelines, coupled with a list of endpoints normally observed
during conventional animal toxic testing was believed to suffice as
background information in panel deliberation . Accordingly , each matrix
package described above was accompanied by the compilation of
guidelines. References cited in each published guideline were annotated
and keyed by number to the guidelines. A hard copy of each literature
citation was obtained for reference to experimental details , when desired
by panel members. The list of regulatory agency guidelines and samples
of industrial protocols and related literature references appear in
Section 7.0 of this report.

1.3 Back~~~~~~

In a letter to Science (1), interest in and concern for alternatives V
to performing expensive chronic studies in determining toxicity of
chemical compounds were expressed . In that letter the authors proposed
what is now the essence of this contract effort , namely, development of a
battery of predictive toxicity screening tests. The economics of
substituting a battery of simple tests for conventional protocols was
predicted to yield a ten—fold reduction in cost and a five—fold reduction
in testing time (1). Other individuals and organizations have been
equally concerned with the same monumental problems involved with testing
toxicity of chemicals. Pertinent items in this regard are summarized in
the following paragraphs.

$
ii
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Stich and co—authors reviewed the s ta tus  of short—term bioassay. for
chemical carcinogens in 1975 (2). They recommended a pre— scre ening
program for carcinogens and mutagens which consi sts of the following
tests: 1) Ames Salmonella — strains susceptible to frameshift mutations
and base—pair substitutions, plus 5—9 or other activation mixtures for
precarcinogens and premutagens; 2) Drosophila ~~~~~~~~~~~ 

- Recessive
mutant test; 3) an in vitro cell transformation assay — morphological and
neoplastic transformation of rodent or human cells as endpoints; and 4)

• DNA damage and DNA—repair synthesis — cultured human cells (normal cells
plus cells from high cancer risk persons), plus oxidative/reductive
ac t iva t ion  mixtures .

In a review of method s of toxicological evaluation in 1976, De Serves
(3) commented on the value of newly developing short—term tests for

• correlation between carcinogenic and mutagenic activity of environmental
chemicals. He was specificall y referring to studies conducted jointly by
U.S. and Japanese scientists , which indicated the good correlations
obtained using microbial assay systems , and to other validation tests
on—going in 1976 (4). De Serves noted a number of pitfalls associated
with employment of short—term assays but believed they should be used to

• e s tabl ish pr ior i t i es  for test ing in higher animals.

One view on the subject of short—term screening tests for carcinogens
was provided by Bridges in 1976 (5). In essence , Bridges opts for the
employment of short—term tests with a high predictive value for
carcinogenic screening of environmental pollutants. He warns that a
battery of tests must be employed for first—tier screening to avoid false
negatives which occur with any one test. Bridges also pointed out that
the lack of sensitivity of mammalian tests for carcinogens or mutagens
impedes validation of microbial screening systems . This is due to
“false” positives of microbial tests based on inadequate animal
exper iments.

The current experimentation with microbial and other short—term
screening tests is not limited to governmental agencies and research
institutes. In a staff report by Kolata in Science in 1976, she
discussed industry ’s adoption of “quick” tests (6). Motivated by costs ,
time , and the Toxic Substances Control Act , major chemical companies are
apparently turning to microbial (Ames) and other test systems , according
to Kolata. She also noted that results from industrial sources will
inevi tably enhance the da ta base required for va l ida t ion and correl at ion
of “quick” test results with conventiona l mammalian tests.

• In a study performed for the Environmental Protection Agency in 1974,
Woodard surveyed toxicological test methods employed by nine chemical

• companies ( 7 ) .  At that time, none of the nine companies were using any
but conventional test protocols. Even though short—term microbial and
other in vitro tests are still in a transitional stage that stage may be
shorteT~lived than heretofore anticipated .

An example of the intensity of effort expanded in the past two to
three years to evaluate and validate short—term tests is reflected in a
publication from the Imperial Chemical Industries Ltd., Cheshire , UX.
Purchase and co—workers (1976) tested 58 carcinogens and 62

14
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non—carcinogens , all organics , Using a battery of six tests (8). They
evaluated ten short—term tests , empirically, and eliminated four tests
but did not depreciate those four for other uses.

Overall results of these tests demonstrated the value of the Ames and
cell transformation assay tests. Both tests detected a wide range of
carcinogens with a low level of “false positive.”, according to the
authors (8). Deficiencies of short—term tests were discussed and
Purchase et al. also recommended that pre—screening include definitive
study of molecular structure and physical—chemical properties of new
compounds. (A detailed review of the current status of short—term tests
for carcinogens and mutagens is given in a feature art icle in Chemical
and Engineering News (9).)

The U.S. regulatory agencies responsible for implementation of laws
relating to toxic substances, plus the National Cancer Institute (Nd )

• and the Nationa l Inst i tu te  of Environmental Heal th  Science among others ,
are all pursuing validation studies on shor t—term tests .  Studies such as
those of NCI were encouraged in a report of the Subcoimnittee on
Environmental Carcinogenesis of the National Cancer Advisory Board (10).
The subcommittee expressly stated :

“This subcommittee is enthusiastic about the possible future use of
in vitro tests as part of a screening system for potental carcinogens and

~~
‘lieves that their further development and validation deserve high

priority .”

The report also expressed the opinion of the board that short—term in
vitro tests do not provide an adequate basis for characterizing an agenT”
as carcinogenic for humans or animals.

Steuer and Ting (1977) reviewed methods being developed for
monitoring in vitro carcinogenesis. They pointed out that cell
transformatT n in vitro is meaningless if it cannot be equated with
neoplastic tran Formation (11). The authors concluded that rapid ,
sensitive , quantifiable in vitro assays predictive of tumorigenicity
would provide valuable means of carcinogenic screening of new chemical
compounds.

For a somewhat different view of short—term toxicity tests for
carcinogenicity, a 1977 art icle by Grasso and Grant (12) should be
consulted . These authors classified short—term tests for carcinogenicity
(srrc) as follows : ( 1) those which lead to the development of tumors as
an endpoint , and (2) those in which assessment is based on a biological
effect that does not involve tumor production. After a review of both
types of STTCs and microbial test ing systems , the authors concluded :
“none of the tests mentioned provide clear evidence of carcinogenic
activity.” They also predic ted that use of STTCs will lie only in
indicating priorities for performing conventional animal testing .
McNamara ’s 1977 article on long—term versus short—term toxicity tests
calls for a combination of animal studies of only 90 days duration or
less , except for cer tain suspec t carc inogens , and selected in vitro tests
(13). —
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Finally, one should refer to a published comparison of the value of
short—term tests in a practical situation. In late 1977, the Office of
Technology Assessment (OTA ) at the request of Congress (Senate Coimnittee
on Human Resource.) completed and published a study on the assessement of
saccharin as a carcinogen (14). The report indicates the following
purposes for conducting the battery of short—term tests: 1) to
demonstrate to Congress the nature of the tests , 2) to demonstra te the
speed with which they can be conducted (3 months), and 3) to illustrate
their usefulness in making regulatory decisions. OTA also hoped that use
of the short—term tests would help to clarify uncertainties regarding the
carcinogenici ty of saccharin. The OTA study also involved critical
analysis of earlier animal testing of saccharin ingestion (in high doses)
by rats which led to bladder cancer. Three of the short—term tests t
clearly showed saccharin to be mutagenic. On the other hand , if only
Drosophila, yeast and the Ames test had been used , the mutagenicity of
saccharin would have gone unnoticed.

The above review of current interest in and problems with short—term
in vitro and in vivo testp as substitutes for chronic animal studies is

~~t intended to b~~~xhau’ yive . The Panel of Toxicological Expert, had to
be aware of problems ex ing in the overall milieu of toxicity testing.
Effor ts of the Panel of ~xperts , as described in succeeding portions of
this repor t, should provide additional assis tance in the selec tion of
short—term tests predictive of chronic toxicological effects.

I
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2.0 RESULTS - DISCUSSION

2.1 The Matrix Approach

Matrices developed for each of the six selected chemical compounds
(bensene , cadmium, red and white phosphotus, formaldehyde , phosgene and
oxides of nitrogen) are contained in Section 8.0 of this report. Each
matrix is supplemented with a review of the literature on that compound
as it pertains to endpoints or lesions observed , species of test an imal
used and the regimen of dosages administered . The literature review
provided for each compound was not exhaustive but it contained a
s ign i f ican t  percentage of the per t inent  data desired for review and
evaluation by the toxicology panel.

Each ma t r ix  and its respective review paper was evaluated in detail
by the panel of experts prior to selection of predictive endpoints from
acute and subchronic study data. One limitation confronting the panel in
the choice of predic tive endpoints was the frequent absence of chronic
(2—year )  data .  Based on the predictive endpoints selected , the pane l
recommended a number of short—term tests  that  could be used in a ba t t e ry
of tests by the Army to screen compounds. Tests recommended are
indicated in the individual matrix for each compound .

A comparison of data recorded in the matrices for each of the six
compounds suggests that benzene, cadmium and formaldehyde have been more
intensely stud ied than phosgene , phos phorus , and oxides of ni trogen . In
the case of phosphorus , there was a lack of animal data especially for
chronic s tudies.  In the la t ter  studies , human resul ts  were more
frequently reported than experimental results from animal studies. The
above fac tors as well as the lack of information on dose response
relationships hindered the pane l , to some extent , from selecting
predictive endpoints based on acute and/or subchronic effects.

Upon completion of all six matrices panel members reviewed each one
again. A number of points were raised questioning the initial inclusion
of certain predictive endpoints or short—term tes ts .  A summary of
endpoints and shor t—term tests taken from the six matrices had been
prepared by the Tracor Jitco staff. Discussion of the summarized matrix
data led the panel into development of a list of chronic effects (Table
1). The panel discussed at length the need to know what effects are
commonly produced as a result of chronic exposure of a test animal to a
chemical. As shown in Table 1, the panel determined that there were at
least 10 major chronic effects experienced generally, plus specific
subcategories for fibrosis and neuropathy and impaired performance.

Establishment of the list of chronic effects served a dual purpose.
The panel first addressed the question of predictive endpoints based on
the six matrices and secondly of determining which test systems might be
employed In prediction of chronic effects.
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Table 1

Toxicological Effects

Chronic Effec t Predic tive Early Effec t Tes t Sys tem

1. Neoplasia 1. Cell transformation
2. Covalent binding
3. Hyperplasia

• 4. Metaplasia
5. Increased unscheduled DNA synthesis (see

in vitro position paper)

2. Fibrosis 1. Histological examination (Necrosis)
2. Biochemical tests (Collagen

synthesis—precursor incorporation)

A. Atrophy I. Organ weights
(Organ
weights
reduced)

B. Hypertrophy 1. Metabolic activity increase
(Increased cell
size or size
of organs )

C. Hyperplasia 1. DNA/RNA Ratio (increased) •

(Increased 2. Thymidine incorporation (increase)
size and number
of cells)

• I f

• I 7~$
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Table 1 (Cont ’d)

Toxicological E f fec t s

Chronic Ef fec t  Predictive Early Effect
Test Syst.~m

3. Neuropathy and
Impaired
Performance

A. CNS 1. Behavioral tests (selected key aspects
from position paper)

2. Histological examination
3. Brain/body/weight ratio

B. Peripheral 1. Standard organophosphate neurotoxicity
• tes t in chickens

2. Neurotoxic esterase test •
3. Neuromuscular function tests (reflex

• tests during routine pharmacologic
testing—warm water in the ear , pressure
on the eye , pressure on the carotid
artery, evoked potentials , checklis t of
pharmacological signs)

• 4. Neuromuscular function test of medial
rectus muscle of the eye (by electron

• microscopy)

4. Reproduction 1. Select key aspects from reproduction
Impairment assessment position paper

2. One—generation mouse test (plus specific
tes ts if required)

• 5. Mineralization 1. Necrosis
2. Excess intracellular calcium
3. Histochemical Tests
4. Electron microscopy

6. Amyloidosis No adequate predictive test known

19
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Table 1 (Cont ’d)

Toxicological Effec ts

Chronic Effec t Predictive Early Effect
Tes t Sys tem

7. Pigmentation 1. Porphyrin  (CNS , skin, kidney—urine ,
(Excess in tissues sweat , Hardevian glands)
or deposition in 2. ALA synthetase (liver mitochondria)
tissues where it 3. Melanosis (tyrosine metabolism )
does not belong )

8. Reduced Life Span 1. Impaired immunological competence
2. Suggested research items:

A. Monitor ethane—pentane production
(in vivo lipid peroxidation)

B. In vTE~~ cell culture
C. Accelerated aging—specific rodents

(late adult)
D. Use Drosophila, flies or other

animals of less than 90—day life span

9. ~~~~ jeni~ 1. Guinea pig sensitization test
Hypersensitivity 2. Covalent binding plus a haptene (Research
to Chemicals area)

10. Elastosis 1. Physical examination of skin
(Disease of elastic
fibers of skin)

20
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2.2 Sumeary Matrix

Mentioned above was the development of. a suninary matrix designed to
assist the panel members in evaluation of predictive endpoints and short—
term tests. The summary matrix included all the endpoints and short—term
tests recorded in the six individual matrices. The panel reviewed the
comprehensive sumeary matrix and following detailed discussion , it was
reduced to include only significant items as shown in Table 2.

Prior to presenting some general consents on the outcome of the
matrix approach , it should be recalled that the matrix was initially
conceived as a tooL The initial approach to identifying endpoints in
the toxicology literature proved to be diffuse which suggested a focus
was needed . The matrix concept was there fore one way of focusing on the
problem of predictive endpoints and ultimately determining the
feasibility of reconanending a battery of short—term toxicological tests.
Further, it should be noted , as stated in the review papers associated
with each matrix , that all endpoints identified in the respective
literature articles were not included in the individual matrices. In
other word, , representative endpoin ts on ly  were chosen , first for clarity
of the matrix and secondly due to the short period of time available to
complete this stud y.

In general , the matrix approach served its purpose well — to focus,
on a compound basis, on significant endpoints determined retrospectivel y
from published information . The natures of the six compounds reviewed
were diverse enough to yield considerable differences. For example ,
scanning the vertical columns for forma l dehyde , phosgene and oxides of
nitrogen in Table 2 reveals far fewer predictive endpoints were selected
as compared to bensene and cadmium. In instances where no data were
reported or the dose used did not create any adverse effects , no tests
were reconmtended .

Scanning the horizontal columns of Table 2 shows three systems or
effects that yielded little or no information — the central nervous
system , behavioral , and cardiovascular effects. It would appear
premature to judge the merits of these three effects in the overall area
of toxic substance testing since only six compounds were considered in
this study. Another group of compounds could perhaps yield substantially
different results. Reference to the position paper on behavioral
toxicology , which is di scussed below , clearly shows the importance of
that discipline within the overall toxicity testing milieu .

2.3 Short—Term Tests and Position Papers

A prime charge to the pane l of toxicologists selected for this
feasibility study was to develop a list of short—term in vitro or in vivo
tests. Short—term was understood to be a test of 90 days or less. ~~~
panel wes to reconsend a battery of short—term tests which could be used
in screening compounds of interest. In the course of selecting or
suggesting predictive endpoints in development of the matrices discussed
above, panel members also cited a number of short—term tests.

a
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Summary of Endpoints and Recommended Short—Term

System Benzene Cadmium Phosphorus Formaldehyd~
or

Effect

1. Hematological A. Leucocyte 1. Hemolysis 1. Leucopenia None
Effects Decrease 2. Anemia

B. 1. General 1. Hematological 1. General None
hemato— General hematological
logical work—up work—up
work -up

2. Clotting/
bleeding
t imes

2. Bone Marrow A. 1. Significant 1. Inhibition of 1. Jaw—bone None

Changes reduction hemoglobin necrosis
in synthesis
precursor
cells—
hemic
renewal
system

B. 1. Bone mar— 1. Bone marrow 1. Histological None
row dif— differential study
ferential 2. Turn over and

2. Turn over cycle rates
and cycle
ra tes

A—Predictive endpoints
B—Short—term tests

Table 2. Summary Matrix
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of Endpoints and Recommended Short—Term Tests

Phosphorus Formaldehyde Phosgene Oxides of
Nitrogen

u s  1. Leucopenia None None 1. Leucocytosis

logical 1. General None None 1. General

1. hematological hematological
p work—up work—up

tion of 1. Jaw—bone None None None

obin necrosis
u s

arrow 1. Histological None None None

rential study

~ver and
rates

Table 2. Summary Matrix
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Suumiary of Endpoints and Recommended Short—Term Teal

System Benzene Cadmium Phosphorus Formaldehy4
or

Effec t

3. Immunological A. Decreased 1. Decreased None 1. Allergs•
Effects serum corn— viral antibody sensiti

plement titer (corre
with

- combini
with ni
groups
proteil
(see t

• below)

B. 1. Globulin 1. Same as None 1. Same a
level benzene Benzen~

2. Albumen !
globulin
ratio

3. Land—
steiner
sensi-
tivity
test

4. Central Nervous A. None None 1. Neural damage 1. Evoked
System 2. Gliorna damage potent

visual
of bri
change

B. None None 1. Neuroblastoma 1. Evoked
f cytotoxicity potent

test tests
(Research

~ required on
- thes e tes t s )

I
Table 2. Summary Matrix (cont’ 

/ 
_ _ _ _  ___ _ _ _- :__n • • — ——



“~
—‘---

~ ~~~ —.~~ ~~-.“ 
-...-_ ,, ,, . ~~~~~~~~~~~~~~~~~ ~~~~~~~~— .-.,_- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~F •~~~~~- --.- ~ — - ~~—--- —
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .--—--— -- _________ 

-

of Endpoints and Recommended Short—Term Tests (Cont.)

Phosphorus Formaldehyde Phosgene Oxides of
Nitrogen

~eased None 1. Allergenic None 1. Hypersensi—
.1 antibody sensitization tivity
er (correlates 2. Increased

with susceptibility
combination to infection
with methyl
groups in
proteins)
(see #7
below )

i as None 1. Same as None 1. Same as Benzene
lane Benzene 2. Mouse

infectivity test

1. Neural damage 1. Evoked None None
2. Clioma damage potentials in

visua l center
of brain—
changes

1. Neuroblastoma 1. Evoked None None
cytotoxicity potential
test tests
(Research
required on
these tests)

Table 2. Suimnary Matrix (cont ’d)
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Summary of Endpoints and Recommended Short—Term Tei

System Benzene Cadmium Phosphorus Formaldeh~or
Effect

5. Behavior A. None 1. Significantly None
increased

• spontaneous
locomotor
activity

B. Activity— 1. Observation— None
wheel routine
running test
(related to

— blood
picture)

6. Cardiovascular A. None 1. Hypertension None
Effects

B. None 1. Organ—system None
• .. function

tests

1 Table 2. Summary Matri
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uts and Recommended Short—Term Tests (Cont.)

Phosphorus Formaldehyde Phosgene Oxides of
Nitrogen

None None None

None None None

None None None
- 

None None None

Table 2. Summary Matrix (cont ’d)
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Summary of Endpoints and Recommended Short—Term Test

System Benzene Cadmium Phosphorus Formaldehy~
or

Effect

7. Biochemical A 1. Enzyme 1. Decreased 1. Liver 1. Combini
and changes calcium serum cirrhosis with a
Histochemical 2. Reduced level (blood) group.
Effects protein 2. Serum calcium— proteti

synthesis phosphorus
3. Altered ratio

liver and
kidney
functions

4. Cytochrome
P450
changes
(See No.
12)

B 1. RNAase 1. Biochemical 1. Histological 1. Proteii
tests tests tests synthei

i. ’ 2. Histology 2. Histochemical 2. Biochemical inhibit
(liver, tests tests tests
kidney,
P450
changes ,
spinal
cord )

3. Liver and
kidney
function
tests

Table 2. Summary Matrix (cont ’d)
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Endpoints and Recommended Short—Term Tests (Cont.)

Phosphorus Formaldehyde Phosgene Oxides of
Nitrogen

sed 1. Liver 1. Combination 1. Depressed 1. Lung damage
serum cirrhosis with methyl A/C ratio 2. Elevated IC

(blood) groups in (possible

calcium- proteins correlation with

~orus 
hematological
effects)

aical 1. Histological 1. Protein 1. A/C Ratio 1. Lipid peroxidase
tests synthesis test

bemical 2. Biochemical inhibition
tests tests

Table 2. Summary Matrix (cont’d)
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Summary of Endpoints and Recommended Short—Term Tei

• System Benzene Cadmium Phosphorus Formaldeh,
or

Effect

8. Body Weights, A. 1. Endocrine 1. Decreased 1. Kidney 1. Skin
Organs and changes mineral con— degeneration irriti
Tissues 2. Spleen tent (bone) (Red 2. Eye it

increased (correlation phosphorus) 3. Lung C
REC with 2. Bone necrosis
(corre- biochemical) and atrophy
lation 2. Peribronchial
with fibrous (lung)
inununo— 3. Decreased

~ logic insulin
-- I

, 
effects) (pancreas)

3. Rough 4. Fatty infil—
endo— tration
plasmic (liver)
reticulum 5. Kidney
(RER) necrosis

4. Liver,
fatty , in-
filtration

B. 1. Organ— 1. In vitro 1. Histology 1. Draize
body cell chem istry (kidney) (skin
weigh t (liver ) (Red eye)
ratios 2. Zinc/Cadmium phosphorus) 2. Lung f

relationship 2. Bone fracture test
(pancreas) strength test 3. Ciliar

3. Microscopic 3. Calcium motios
examination balance
(l ung and

• kidney)
4. Protein

synthesis
• ( RNA-DNA)

5. Kidney/liver

-- 
function tests

Table •2. Summary Matrix (cont ’d)
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~points and Recommended Short—Term Tests (Cont.) •

Phosphorus Formaldehyde Phosgene Oxides of
Nitrogen

d 1. Kidney 1. Skin 1. Resistance 1. Lung damage
con— degeneration irritation to gas
a) (Red 2. Eye irri tation diffusion
ion phosphorus) 3. Lung changes

2. Bone necrosis
.1) and atrophy
hial
lung)

)
11—

1. Histology 1. Draize test 1. Gas 1. Pulmonary edema
istry (kidney) (skin and diffusion test test (labelled

(Red eye) 2. Pulmonary albumen)
ium phosphorus) 2. Lung function edema test
hip 2. Bone fracture test (labelled
) strength test 3. Ciliary albumen)
ic 3. Calcium motion test
on balance

ver
tests

2. Summary Matrix (cont’d)

c 2~

• 
-
a - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— —

~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ •~~~~~~~
- •~r

• Summary of Endpoints and Recommended Short—Term Te

System Benzene Cadmium Phosphorus Formaldeh:
or

Effect

9. Cytologic and A. 1. Chromo— 1. Chromatid None None
Cytogenetic somal breaks
Eff ects aberrations

8. 1. Sister 1. Sister None None
chromatid chroinatid
exchange exchange

2. Chromosome
breaks and

- 
• 

exchanges

10. Molecular A. 1. RNA—DNA 1. Decreased None None
Effects protein RNA—DNA

synthesis protein
• inhibited synthesis

• (correlation
with liver
changes)

B. Thymidine— 1. RNA—DNA ratios None None -

Ur idine
uptake
tests (in
vitro)

• (EPA
screening
level
tests)

Table 2. Summary Matrix (cont’d)
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idpoints and Recommended Short—Term Tests (Cont.)

Phosphorus Formaldehyde Phosgene Oxides of
Nitrogen

-Id None None None None

• None None None None
Id
S

ed None None None None

is
Ition
ver

ratios None None None None

Summary Matrix (cont’d)
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Summary of Endpoints and Recommended Short—Term Tes

4 System Benzene Cadmium Phosphorus Formaldeh~

Effec t

11. Reproductive A. 1. Embryonic 1. Testicular None None
dea th damage

2. Fetal 2. Behavior—
Abnormal— temporary loss
ities of copulatory

activity
3. Teratogenic

effects

B. 1. Embryo— 1. Histological None None
toxicity examination
screening (Testes)
test 2. Reproduction

2. One gen— assessment
eration screening
mouse test (Nardone—

Wilson)

Table 2. Summary Matrix (cont’d)
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Endpoints and Recommended Short—Term Tests (Cont.)

Phosphorus Formaldehyde Phosgene Oxides of
Nitrogen

cular None None None None

b r —
ary loss
ulatory
ty •

genic

logical None None None None
ration
~s)
luction
ent

uing
~ne—
5)

Summary Matrix (cont’d)
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Summary of Endpoints and Recommended Short—Term Test

System Benzene Cadmium Phosphorus Formaldehyd
or

Effect

12. Metabolism A. I. Arene 1. Body burden None None
oxide (liver and
formation kidney

2. Excretion
(urine)

B. 1. Pharmaco— 1. Pharmaco— None None
kinetic kinetic
studies studies
(ab— (absorption ,

— sorption , distribution,
distri— excretion , body
bution, burden)
excretion ,
body—
burden)

2. Induction
of
cytochrome
P450 by
sleeping
test

3. Extent of
covalent
binding
(liver—
kidney,
labelled
compound)

Table 2. Summary Matrix (cont ’d)
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Endpoints and Recommended Short—Term Tests (Cont.)

Phosphorus Formaldehyde Phosgene Oxides of
Nitrogen

in-den None None None None
and

ion

co— None None None None

is
ption,
bution,
ion, body
I)

mary Matrix (cont’d)
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Summary of Endpoints and Recommended Short—Term Tes

System Benzene Cadmium Phosphorus Formaldehy
or

Effect
—U

13. Carcinogenesis A. None None None None

B. 1. Sister 1. Sister chro— None None
chroinatid matid exchange
exchange 2. In vivo and

2. Leucocyte— in vitro tests
chromosome (Ames ,
damage Drosophila)
test
(Brewer
and Evans)

14. Physical— A. None None None
Chemical
Properties B. 1. Chemical Same as Same as Same a

structure Benzene Benzene Benzen
relation-
ship to

— known
carcino-
gens
should be
examined

2. Identify
volume—use
character-
istics of
compound

3. Oil—water
partition
coe fficients

4. Stability
at pH 4,7,
and lO

Table 2. Summary Matrix (cont’d)
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Endpoints and Recommended Short—Term Tests (Cont.)

Phosphorus Formaldehyde Phosgene Oxides of
Nitrogen

None None None None

~r chro— None None None None
I exchange
ivo and

~tro tests
I,
phila)

None None None

as Same as Same as Same as Same as Benzene
ne Benzene Benzene Benzene

p

~. Summary Matrix (cont ’d) 
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Subsequent ly, in the course of panel discussion it became obvious
that certain categories of toxic substance testing required elaboration
prior to making final decisions on short—term tests. Accordingly, the
following position papers were prepared by individual members of the
panel: (1) Concept for Toxicological Testing; (2) Disposition of
Xenobiotics: Pharmacokinetics and Biotransformation; (3) Reproductive
Assessment Testing; (4) Toxicity Testing In Vitro; and (5) Behavioral
Toxicity Testing. The full text of each ~~sition paper may be found in
the Section 6.0 of this report. Highlights of each paper are presented
below.

2.3.1 Concept for Toxicological Testing

The Concept for Toxicological Testing paper includes a description of
several interrelating factors which contribute to variations in toxic
testing regimens. The factors range from the purpose of testing to
fiscal and other resources available. Attention is drawn to the
Environmental Protection Agency ’s (EPA) three—phased approach for
environment source assessment promulgated in 1977. A module concept for
testing is described which would be superimposed on a multilevel concept
such as that of EPA. Within level I of testing, the use of short—term
mammalian and in vitro tests is recommended . The panel of experts,
further recommended that the U.S. Army refer to three documents
representative of the multilevel testing and module concept. The
specific references noted above are cited in the concept paper (Section
6.1).

2.3.2 Disposition of Xenobiotics: Pharmacokinetics and
Biotransformation

Pharmacokinetic studies should be performed early in a toxicologic
investigation because they provide information that can be useful in
setting up and evaluating subsequent tests. Data can be gained rapidly
as to whether the agent is absorbed , how rapidly it is eliminated and how
it is distributed in the tissues —— information that can predict the
course for further testing. Radiolabeling greatly facilitates -

•

pharmacokinetic studies ; in fact, it would be well to consider the
synthesis of a labeled compound as one of the earliest steps in the
evaluation of the toxicity of a compound.

In vitro studies of the biotransformation of toxic agents are useful ,
but T vivo studies usually provide more meaningful information.
MetaV lT~~~studies should be conducted in two stages. In the first
stage, the degree of biotransformaton is assessed without identifying the • 

- •

metabolites. Again, radiolabeling is greatly facilitative . The second
stage is concerned with the identification of the metabolites. This
frequently can be accomplished most readily by using the gas liquid
chromatography—mass spec troscopy technique. Biotransformation studies
may predict the mechanism by which the compound produces overt signs of
toxicity. For example, hydroxylation reactions frequently involve the
formation of intermediate metabolites which combine covalently to
cellular macromolecules, thereby causing cellular damage or
carcinogenesis. When radiolabeled compounds are available , covalent
bind ing can be readily assessed .
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Drug metabolizing systems are frequently highly induc ible by foreign
compounds. The induction of these enzyme systems have important
toxicologic implication because these systems not only detoxify
compounds, but in some cases , increase toxicity by causing the formation
of toxic metabolites. Thus, depending upon the compound , induction may
decrease or increase toxicity and thereby greatly influence the course of
chronic toxicity tests. Induction can be evaluated by examining hepatic
liver preparations for their cytochrome P—450 content or by performing
“sleeping time” or “paralysis time” tests in intac t animals using
hexobarbital or zoxazolamine , respectively.

2.3.3 Reproductive Assessment Testing

Reproductive assessment entails the evaluation of those factors which
lead up to and make possible pregnancy and embryonic development . While
in vitro tests (cell , tissue and organ culture) may be useful for
selected experiments their use in a battery of screening tests is not
encourgaged at this time.

In lieu of use of the current 90—day mouse tests , a modified
one—generation mouse test (65 days) is described and recommended for Army
consideration .

The position paper also lists a number of non—mammalian reproductive
assessment tests including the advantages and limitations of each
system. The panel suggested further that as these tests are validated ,
they should be considered for inclusion in a battery of screening tests.

Reference to the recommendation section of this report reflectR the
panel’s evaluation of the importance of reproductive assessment testing .

2.3.4 Toxicity Testing In Vitro

The thrust of this paper is on in vitro tests involving the use of
inaninalian cells and tissue cultures~~ Advantages and limitations are
exemplified , and the use of in vitro tests primarily in screening - -

programs is stressed . Cytotoxicity tests which have the widest -

acceptance and have been validated to varying degrees include cell
viability, cell proliferation , and mutagenesis and carcinogenesis tests
of different kinds.

A qualifying statment in the in vitro paper is worthy of quoting
here: “ In vitro cellular toxicoT~gy is at a crossroad in development.”
Tests and systems which are ready for validation and exploitation are
detailed . This paper also contains recommendations for a comprehensive
testing program which includes “minimal tests” and “supplementary
tests”. In vitro tests for cytotoxicity, mutagenesis and carcinogenesis ,
used in tI~~ first level of testing , coupled with animal studies , could
serve as a basis for decision—making and prioritization of resources.

The panel recognized the emergence of in vitro testing as a new
fac tor in toxicological testing which is not fully accepted but in
concert with the position paper , the panel made specific recommendations
on in vitro testing (see Recommendations Section).
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2.3.5 Behavioral Toxicity Testing

The complex area of behavioral toxicity testing is dealt with in this
paper under four categories : (1) motor performance, (2) sensory
processes , (3) complex learned behavior, and (4) emotional behavior.
Background information contained in the discussions of these four
ca tegories was the basis for presenting an overall strategy for the use
of behavioral toxicity studies.

The overall strategy for use of behavioral toxicity screening tests
includes use of rats only and three sets of procedures (neurological,
motor integrity and sensory func tion, and complex learned behavior).
Options and trade—offs are appropriately listed .

The panel’s dec ision to include behavioral toxicity tes ting in its
recommendations reflects the members ’ awareness of and concern for this
subject.

In add ition to the information provided in the behavioral toxicity
testing paper discussed above, a behavioral toxicology protocol was made
available to the panel. The protocol is included in this report as an
addendum to the position paper and is found in Section 6.6. The protocol
is currently in use in the Chemical Systems Laboratory, U.S. Army
Armament Research and Development Command , Aberdeen Proving Ground ,
Maryland .
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3.0 CONCLUSIONS f.
The panel of toxicology experts agreed that the matrix approach

described in this report provided a focus for determining predictive F
endpoints. As with any retrospective analysis of research literature ,
the uniformity of available data was less than desirable. The matrix
analysis permits identification ot gaps or lack of information on the
toxicology of a specific compound . Its application to a class or group
of simi lar chemical compounds should be considered by the Army in a
follow— on to this initial effort.

- 
- Opinions on the merits of current in vitro short—term tests as

substitutes for chronic animal studies were not necessarily unanimous
among panel members. Nonetheless , the panel fully agreed on the
increasing need for development and validation of in vitro tests.
Indeed , the panel concluded that additiona l resear~E and development
should be encouraged not only in such areas as in vitro cell culture but
also, for examp le , in the use of test animals wiTh less than a 90—day
l i f e  span and in covalent binding.

The panel also endorsed the inclusion of behavioral toxicity testing
as a significant factor in screening programs for the Army. The panel

• fur ther  conc luded , based on its position paper for behavioral toxicity
testing , that the number of simple tests now ex i s t ing  provides su i tab le
opportunity for selection of specific tests as part of a battery of
tests. These are specified in the recommendation section of this report.

Considerable attention was given to the areas of pharmacokinetics and
biotransformation . The panel concluded that specific recommendations for
such testing of compounds at the early stages of an Army program were
warranted . The panel also concluded that these were areas requiring
additiona l research .

The panel concluded that a one—generation reproduction study was
sufficient for Army screening purposes. Only in a few cases would it be
necessary to expend additiona l time and money to conduct the more
elaborate three—generation tests. The panel concluded that use of in
vitro systems involving cell , tissue and organ cultures for reproduction
studies in a battery of short—term tests should be discouraged at this
time. Special technical skills , high cost and limi ted information
obtained from such tests are factors limiting their effectiveness.

In considering the role of a battery of short—term tests in an
over~ ll Toxic i ty Te st ing Prog ram , the panel concluded that a spectrum of
tests , viewed as modules , should be considered . Various combinations and
sequences of the modules could satisfy a wide variety of needs ranging
from screening to assessment of risk to man and prioritization of
resources. The minimal tests recommended by the panel are compatible
with the module concept.

$
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4.0 SHORT-TERM TESTS RECOMMENDED FOR A TOXICOLOGY SCREENING PROGRAM

I. Perform a complete hematological work—up

2. Prepare bone marrow differential smears

3. Perform a one—generation reproduction study
a. Reproductive assessment can be achieved by a modified

one—generation mouse test. Sexually immature mice of a stable
heterogeneous stock are required for the test which covers about
65 days. (See the position paper on reproductive assessment for
details)

b. Use of in vitro cell , tissue and organ culture systems for
reproductive assessment in a battery of screening tests is not
recommended at this time .

4. In vitro testing
TE is recommended that in vitro tests for cytotoxicity, mutagenesis
and carcinogenesis be used in the first level of testing. Results of
such tests , coupled with those of an imal studies , can be used in
decision-making regarding further testing and prioritization of
resources. Specific tests recommended are as follows :

Cy totoxici ty
Minimal Tes ts
1. Cell viability with two established cell tines (Ed ).

Requires 3 to 5 days.
2. Cell proliferation with two established cell line s (ECL).

Requires 3 to 5 days.

Supplementary Tests
1. cell viabili ty using Cr and two established cell lines.

Requires 3 to 5 days.
2. Cloning efficiency with two established cell lines (ECL).

Requires 2 weeks.
3. Gross cytology with two established cell lines (ECL).

Requires 3 to 5 days.
4. Macromolecular synthesis (RNA/DNA synthesis) with two

established cell lines (ECL). Requires 3 to 5 days.
5. Liver cell function with primary liver epithelial cell

culture . Requires 3 to 5 days.
6. Alveolar macrophage (phagocytosis) with rabbit alveolar

mac rophages. Requires 3 days.

Mutapenicity
Minimal Tests (In addition to Ames, Drosoph i l a)
1. Chromosome damage (Sister chromatid exchange) with ECL.
2. Gene mutation with mouse lymphoma (L5178Y). Requires two

weeks.

1
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Supplementar~r Tests
1. Unscheduled DNA synthesis with W138 cells. Requires I week.
2. Single strand DNA breaks with W138 cells. Requires 3 to 5

days.

Carc inogenesis Tes ts
Minimal Tests
1. Cell transformation with mouse embryo cells C3H/lOTl/2/CL8.

Requires 4 to 6 weeks.
2. Cell transformation with Syrian hamster embryo. Requires

4 to 6 weeks.

Supplementary Tests
Cell transformation with hamster embryo, transpiacental.
Requires 4 to 6 weeks.

5. Perform microbial infectivity test to demonstrate animal
hypersusceptibility to infectious organisms.

6. Carry out standard central nervous system observational evaluations.

7. Perform motor and sensory function and behavior assessment tests
using rats and three sets of procedures: neurological , motor
integrity and sensory function, and complex learned behavior. (See
the position paper on behavioral toxicity testing for details).

8. Carry out organ function tests in the heart and the vascular system.

9. Carry out biochemical tests including as a general procedure covalent
binding and in vivo lipoperoxidation tests for ethane or pentane
production . Tp~~TFic biochemical tests are recommended on a compound
basis.

10. Organ morphology procedures recommended are determination of
organ/body (or brain) weight ratios and standard histological
examinations.

11. Skin and eye irritation and skin sensitization tests should be
performed.

12. A basic pharmacokinetic study is recommended in the early stages of a
toxicology test program. Tests for induction of cytochrome P450 are
also recommended wi th emphasis on the indices , for example ,
hexabarbital (“sleeping time”) and zoxazolamine (“paralysis time”).

13. The minimum tests recommended for obtaining information on a
compound ’s physi cal and chem ical prope rties are:
a. Oil/water partition coefficients
b. Stability in aqueous media at pH levels of 4.0, 7.0, and 10.0.

I
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6.0 POSITION PAPERS

6.1 Concept for Toxicological Testing

The many and varied circumstances which are associated with any major
producer or user of potentially toxic substances preclude the adoption of
a single, inflexible, standard regimen for testing all chemicals of
interest. Among the often interrelating factors which contribute to the
variation from one producer/user to another and for a single
producer/user at different times are the following:

1. The purpose(s) of the tests. The approaches and tests that are
used should be selected to satisfy specific objectives. Those that are ‘1
used as primary screens in the identification of potential problem areas
will not necessarily satisfy regulatory agencies. Also, methods used for
the assessment of risk to man or to other parts of an ecosystem will
differ.

2. The number, nature and variety of the potentially toxic
substances. The situation may be affected by a need to test a large
number of chemically and physicall y unrelated substances which have
varied or unknown toxicities , involve several different exposure routes,
and which may have an addi tive , synergistic , or antagonistic effect when
administered in concert.

3. The magnitude of the problem. At times, the magnitude of the
problem can be readily discerned because of earlier testing on the same
or related chemicals , or earlier studies on their distribution and
cycling in nature , and knowledge of the quantities of chemicals
involved. In the absence of earlier studies, the range of tests to be
used is expanded.

4. The time frame for testing. The lack of a knowledge base ott
which to base decisions regarding substances already in use as well as an
awareness of a potentially serious problem which may not be readily
contained, creates a time imperative quite different from that which is
attendent to the orderly development and testing of a new product.

5. Degree of certitude necessar~r for decisions. Toxicity testing
regimens often represent the result o~ a number of “trade—offs” which
affect risk assessment. While it is axiomatic that the highest degree of
certitude is to be sought, practical considerations often preclude this.
A particular producer/user may recognize that because of existing
knowledge and/or the amount of material under consideration a high degree
of certitude may be absolutely mandatory in some instances and not as
critical in other instances.

6. Fiscal and other resources. Available funds, technical
personnel., and facilities are among the many circumstances which shape
testing regimens.
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Testing Objectives

Testing objectives and their associated descriptive statements may be
broad or narrow. In either event , it is imperative that they be
unambiguous. Every comprehensive testing program entails both types
which often are related to a testing sequence and to a need to satisfy
different confidence requirements.

The U.S. Food and Drug Administration proposed that mutagenesis
testing proceed through a Tier System involving three levels of
increasing complexity, with each tier serving to answer different
questions . Tier 1 questions whether or not a compound is a potential
mutagen; Tier 2 questions whether or not a presumptive mutagen (Tier 1
positive) is mutagenic in mammals; Tier 3 questions what is the potential
risk to man from exposure to a mutagen (Tier 2 positive).

Woodard reported in 1974 that the major industries covered in a
survey of testing practices ordinarily engage in four levels of
environmental testing which “correspond to the same number of levels of
exposure of either man or his environment. These levels are derived from
consideration of length of exposure , extent (avoidable or noL), numbers
of people at risk , and the portion of the environment exposed” .

In 1977, the Industrial and Environmental Research Laboratory of the
EPA developed a three phased approach for environmental source assessment
with Level 1 serving to segregate out the “bad actors” from substances
which are probably innocuous. The “bad actors” are evaluated more
critically in Level 2 while the presumptive innocuous substances are
assigned a lower priority for futher testing . The objectives of Level 3
are to monitor the problems identified in Level 2 and to assess the
chronic and ecological effects of the components of an industrial process.

The environmental source assessment phased approach , whi ch is
designed to monitor industrial processes and their eifluents , comes
closest to satisfying the needs of the Department of the Army.
Nevertheless , the Department of the Army does have some unique problems
including a military imperative , a back—log of varied chemicals to be
tested and unique use and dispersal situations.

The Module Concept in Toxicity Testing.

The above—mentioned factors have served to emphasize that flexibility
is mandatory if the varied and pressing problems confronting the
Department of the Army are to be addressed in a logical and realistic
fashion.

Ideally, the Department of the Army should have access to a spectrum
of tests , which should be viewed as modules to be used in various
combinations and sequences to satisfy virtually every conceivable
situation and need , ranging from primary screening to definitive
assessment of potential risk to man and which could be used in the
prioritization of time and resources.

a
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Through the use of the MODULE CONCEPT, superimposed on the multilevel
testing concept, it should be possible to readily select appropriate
combinations and sequences of tests which best relate to a clearly
specified testing objective. In this way, the toxicological testing
efficacy can be more readily focused . The system also lends itself to a
continuous assessment of opportunities for pruning and “trade—off” in
order to be more efficient and to satisfy constraints and imperatives of
t ime .

General Recommendations for Testing.

a. It is recommended that for all chemicals for which there is no
adequate data base, a testing objective comparable to EPA Level , Health
Effec ts Assessment be adopted . It is recommended further that Level 1
testing have the following as its objectives:

1. Preliminary acute toxicity , mutagenicity and
carcinogenicity assessment (using short—term mammalian and
in vitro tests).

2. The use of Level 1 assessment for the prioritization of
resources and effort vis—a—vis further testing of some of
these compounds in Level 2.

b. It is recommended that Level 2 testing have the following as its
objectives. -

1. Testing of Level 1 positives , and when necessary, other
substances and their relatives reported to be potentially
harmful , using tests which will permit a more reliable
estimation of the nature and degree of risk to man and his
environment.

2. The use of Level 2 assessment for the prioritization of
resources and effort vis—a—vis further testing and control
of exposure to toxic substances.

It is recommended further that the module concept for test
construction be used for the selection , temporal arrangement and
decisions leading to termination of specific Level 2 tests.

Level 2 modular test construction and utilization also may be
appropriate in other circumstances — regardless of Level 1 testing or its
outcome. It is recommended that Level 2 testing be performed when the
following circumstances exist:

1. When previously published information indicates the
existence of a potential problem with the same or related
substances.

2. When the substance is produced in large quantities.
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3. When the use of the substance is concentrated in a given
locale.

4. When the stability and/or cycling of the substance in
nature suggests that it may persist for a long time or be
concentrated by physical or biological factors .

5. When the risk of accidental breakdown of containment is
significant.

6. When the length of exposure and/or number of people at risk
is high .

The kinds of tests and the species used in Level 2 testing will be
governed by a number of factors among which will be the following:
degree of certitude required ; the magnitude of the potential problem; the
anticipated lesion (mutation , teratogenesis , etc.); the probable route of
exposure ; time constraints; fiscal constraints.

This testing approach is growing in acceptance , and has been
described in a number of documents , including several published under the
aegis of Federal regulatory agencies. Representative among them are the
following:

Food and Drug Administration Advisory Committee on Protocols for
Safety Evaluation. (1971). Panel on Carcinogenesis report on cancer
testing in the safety evaluation of food additives and pesticides.
Toxicol. AppI. Pharmacol., 20: 419—438.

National Academy of Sciences — Nationa l Research Council. (1964).
Committee on Toxicology. Principles and procedures for evaludting
the toxicity of household substances. NAS Publ. no. 1138.
Washington , D.C.

Food and Drug Administration . (1976). Criteria for evaluation of
the h ’alth aspects of using flavoring substances as food
ingred ients. Prepared for Bureau of Foods , FDA. Life Sciences
Research Office, Federation of American Societies for Experimental
Biology , Bethesda , Md.

The following list of references as well as the examples of how

multilevel modular testing could be app lied have been reproduced from the

EPA—sponsored study, “Testing for Health Effects of Fuels and Fuel

Addi tives” publi shed in 1977 (Cause, M. et al., 1977).
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References for Possible Testing Approaches
(from Cause, E.M., et al., 1977)

Environmental Protection Agency Pesticide Program. (1975).
Guidelines for registering pesticides in the United States. Fed .
Reg., 40: 1 , 2, 3, June 25.

Food and Drug Administration Advisory Committee on Protocols for
Safety Evaluation. (1971). Panel on Carcinogenesis report on cancer
testing in the safety evaluation of food additives and pesticides.

F Toxicol. Appi. Pharmacol., 20: 419—438.

Nationa l Academy of Sciences — National Research Council. (1964).
Committee on Toxicology. Principles and procedures for evaluating
the toxicity of household substances. NAS Puhl . no. 1138.
Washington , D.C.

DHEW. (1977). Approaches to determining the mutagenic properties of
chemicals: Risk to future generations . Prepared for the DHEW
Committee to Coordinate Toxicology and Related Programs by the
working group of the Subcommittee on Environmental Mutagenesis. In
preparation , 1977.

Food and Drug Administration . (1976). Criteria for evaluation of
the health aspec ts of using flavoring substances as food
ingredients. Prepard for Bureau of Foods, FDA. Life Sciences
Research Office , Federation of American Societies for Experimental
Biology , Bethesda , Md .

Bridges , B.A. (1973). Some general principles of mutagenicity
screening and a po*sible framework for testing procedures. Environ .
Health Perspect., 221—227.

Brid ges, B.A. (1974). The three—tier approach to mutagenicity
screening and the concept of radiation—equivalent dose. Mutat.
Res., 26: 335—340.

Flaimn, W.C. (1974). A tier system approach to mutagen testing .
Mutat. Res., 26: 329—333.

Bridges, B.A. (1976). Use of a three—tier protocol for evaluation
of long—term toxic hazards particularly mutagenicity and
carcinogenicity. In: screening tests in chemical carcinogenesis , R.
Montesano, H. Bartsch , and L. Tomatis , eds., pp. 529—559. ( IARC
public, no. 12, Lyon , France).

Sobels, F.H. (1977). Some problems associated with the testing for
environmental mutagens and a perspective for studies in “Comparative
Mutageneai~ ”. Mutat. Res., 46: 245—260.
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6.2 Disposition of Xenobiotics: Pharmacokinetics and Biotnansformation

Pharmacokinetics is concerned with the absorption, distribution,
biotransformation and excretion of foreign compounds (xenobiotics).
Although biotransformation is a component of pharmacokinetics, it is best
discussed under a separate heading.

PHARMACOKINETICS

Pharmacokinetic studies should be performed early in a toxicologic
investigation because they provide information that can be useful in
setting up and evaluating subsequent tests. For example:

1. A pharmacokinetic study would establish whether or not a
substance is absorbed. High molecular weight polymers (e.g.,
nitrocellulose) and some very insoluble substances are not absorbed .
When this is the case, further toxicological testing may not be necessary.

2. The volume of distribution of a compound, which can be calcula ted
from the rate of disappearance of the compound from the blood , can tell
something about the distribution of the compound in the tissues; e.g., a
very high volume of distribution can mean that the substance is deposited
in body fat.

3. Rapid and complete elimination of the substance may mean that
ingestion of trace amounts of the substance does not constitute a hazard
and that a short—term (90 days) repeated ingestion study should
adequately assess its relevant toxicological properties.

The amount of the compound to be administered can be predicted by its
LD50. Studies should be performed using a toxic dose (e.g., an LD25
dose) and a very low dose which does not produce obvious signs of
toxicity. The route of exposure would be determined in part by the kind
of exposure that humans might be expected to experience. For example, if
humans were to be exposed by breathing air contaminated by the substance ,
administration by inhalation would be emphasized . In any event, more
than one route should be employed. The decision as to what animal
species should be used is difficult. While absorption, di stribution and
renal excretion of most compounds are quite similar among laboratory
animals , rates of biotransformation are not, and it is therefore not
possible at this time to predict the species that will biotransform a
given compound as man does. At selected intervals after the
administration of the compound , feces, urine and expired air would be
collected and examined for their contents of the compound and its
metabolites. Serum samples would be collected at more frequent
intervals. In some cases it might be advisable to examine the carcass at
the end of the experiment for its content of the compound and its
metabolites.

The development of methods for the determination of the compound and
its metabolites in body fluids , tissues and excreta would usually present
such a formidable task that pharmacokinetic studies could not be
undertaken as~~ screening procedure. However, it is often possible to
synthesize a C—labeled compound , and when this is the case, 
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pharmacokinetic studies can be greatly simplified . In fact , it might be
well to consider the synthesis of a labeled compound as one of the
earliest steps in the evaluation of the toxicity of a compound . The
radioactivity count of the various specimens to be analyzed does not
distinguish the compound from its nietabolites, but for a screening test
this is not usually necessary. Pertinent information as to the longevity
of the compound in the animal , serum levels of the drug , rates of
excretion, and volume of distribution can be obtaiy~d with radio—labeled
compounds. A very prolonged urinary excretion of C often means that
metabolites of the compound have entered the carbon pool.

BIOTRANSFORMATION

Xenobiotics are biotransformed by four kinds of reactions:
oxidation , reduction , synthesis and hydrolysis. A compound may be
involved in one or more of these reactions ; the reactions may occur
independently or sequentially. For example , the compound may be
hydrolized and one or both of its products may then be oxidized ; the
oxidized product may then be conjugated by one of several mechanisms
(glucuronidation , sulfation , acetylation , etc). The kind s of reactions
which will biotransform a given xenobiotic can be largely predicted from
its structure. Biotransformation usually results in products which are
less toxic and more readily excreted than the parent compound. Thus
biotransformation usually means detoxification ; the more extensively a
xenobiotic is metabolized , the less likely it is to accumulate in the
tissues and produce toxic effects . There are notable exceptions to this
generalizaton ; some compounds are metabolized to active intermediate
products which damage cells by reacting covalently with cellular
macromolecules. In fact, some compounds, notably certain polycyclic
hydrocarbons, are thought to manifest their carcinogenicity in this way.
Biotransformation studies are important in the overall evaluation of the
toxicity of a compound because they may provide some insight as to the
mechanism by which the compound produces overt signs of toxicity. This
in turn may predict the severity of the toxicity of related compounds.
The identification of certain metabolites may send up warning signals;
for example , hydroxylation reactions frequently involve the formation of
intermediate epoxides; epoxides are known to provide the opportunity or
covalent bind ing to cellular macromolecules.

In vitro studies. Most biotransformations of xenobiotics occur
mainly in the liver. In vitro studies are therefore usually performed
only with liver preparations unless there is some reason to suspect that
other organs may contribute to the metabolism of the compound . Nepatic
microsomal preparations are employed for oxidative reactions , but other
cell fractions are required if synthetic biotransformations are to be
observed . In vitro studies may provide useful information , but it is
un likely th~T this information can be as useful as that obtained from in
vivo studies. To be generally applicable , an in vitro screening test

~~Td necessarily employ tissue preparations t~~t would contain the
enzymes and cofactors needed for all possible reactions . Obviously, no
single preparation would be suitable for a screening test. Moreover , in
vitro tests do not always predict what will occur in vivo, largely —

because it is not possible to duplicate in vivo co ’i~T~~s with respect
to available cofactors, available enzyme , oxygen supply, membrane

75 

-



— - ~~~~~~~~~~~~~~~~~~~~~~~~~ 
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- r~~~~~~~~~~ ~‘‘~‘‘T” ~~‘ ‘ ~~~~~

effects , etc. In view of these considerations, it is not likely that
meaningful in vitro tests can be performed as readily as in vivo tests.
This does not exclude in vitro tests which might be indicateT T~r certain
compounds. For example, if the structure of a compound suggested that it
could act as an anticholenergic agent , one might wish to see what effec t
it might have on cholinesterase.

Many xenobiotics are oxidized by cytochrome P—450—dependent
monooxygenase systems located in the endoplasmic reticulum (microsotnal
fraction) of the liver . These monooxygenase systems are frequently
induced by the xenobiotic in question such that not only is its own rate
of biotransformation enhanced greatly, but that of many other xenobiotics
is also induced . The induction of these enzyme systems have important
toxicologic implications . The increase in the rate of biotransformation
produced in this way may greatly increase the rate of detoxification of
the compound , or in cases where a toxic intermediate metabolite is
formed , the toxicity may be enhanced . Induction may be a particularly
important factor when exposure to more than one toxic agent occurs.
Induction involves an increased biosynthesis of hepatic cytochrome
P—450. Cytochrome P—450 content of the liver is usually determined by
difference spectroscopy of hepatic microsomes. The isolation of
microsomes requires a high speed centrifuge that will attain a speed of
100,000 x g. The procedure consists of placing a suspension of
microsonies in two cuvets contained in a spectrophotometer , which are then
balanced spec trally to eliminate the spec trum produced by cytochrome
b5, the only other chromaphore found in hepatic microsomes. Dithionite
is added to both cuvets and carbon monoxide is then bubbled through the
sample cuvet. A tracing is made of the spectrum. The magnitude of the
peak at 450nm ( 00 450—490 nm) determines the amount of cytochrome
P—450. A simplified procedure which uses whole liver homogenates can be
used which gives results very similar to those obtained with microsomes .
Homogenates are balanced spectrally in two cuvets contained in a
spectrophotometer , carbon monoxide is bubbled through both cuvets ,
dithionite is added to the sample cuvet , a trac ing of the spectrum is
made, and the content of cytochrome P—450 is calculated from the
magnitude at peak absorption (450 nm). This procedure circumvents the
interference caused by contaminating hemoglobin and eliminates the need
for a high speed centrifuge and the two centrifugation s (one at 10,000 x
g to remove nuclei and mitochondria , and the other at 100,000 x g to
sediment microsomes) required for the isolation of microsomes.

The degree of induction depends on the compound as well as the dose.
Maximal induction may require as little as two days (as with
3—inethyicholanthrene and many other polycyclic hydrocarbons) or as long
as two weeks (as with chlordane). This should be taken into
consideration when compounds of unknown inducing capacity are tested .

Some zenobiotics cause a loss of cytochrome P—450 when administered
(e.g., carbon tetrachloride , seconal and certain other compounds that
possess an allyl func tion, and all interferon inducing agents that have
been tested). It would be important to know when this occurs because the
loss of cytochroine P—450 would affec t the toxicity of the compound in
question as well as that of other zenobiotics to which the human migh t be
exposed simultaneously. Any change in the cytochrome P—450 level of the
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liver , whether an increase or a decrease , will affec t the pharmaco—
kinetics of the compound that produces the changes if it is
biotrans formed by cytochroine P—450.

“Sleeping time” or “paralysis time” tests are frequently employed to
evaluate induction or depression of cytochrome P—450—linked monooxygenase
systems. The length of time an animal will sleep or remain paralyzed
after the administration of a barbiturate or zoxazolamine, respectively,
may be a measure of the rate of in vivo metabolism of these two drugs.
If an agent prolongs sleeping or pa~~T~sis time it may mean that the
agent has impaired a drug metabolizing system; if these times are
shor tened , drug metabolizing systems may have been induced by the agent.
The other interpretation is that the agent has an affect on the central
nervous system not related to drug metabolism. In this case, the agent
may produce obvious CNS effect when administered without the barbiturate
or zoxazolamine. In any event , if a prolongation or shortening of
sleeping or paralysis time is noted , a determination of the blood level
of hexobarbital or zoxazolamine at one or two time intervals after
administration will reveal whether drug metabolism is involved . If an
agent causes a prolongation of sleeping time, the agent should be
administered at the moment the animal awakens (rights itself). If the
effec t of the agent is on the CNS, the animal will go back to sleep; if
it does not, the prolongation of sleeping time is most likely due to
delayed hexobarbital metabolism. Hexobarbital is used because it has a
relatively short half life. Zoxazolamine is used because those
cytochrome P—450 systems which are not involved in hexobarbital
metabolism are usually involved in zoxazolamine metabolism. These tests
not only tell us something about the effects agents may have on
cytochrome P—450 linked monooxygenase systems, but if it is shown that
alteration of sleeping or paralysis time is not due to altered drug
metabolism , they may also tell us something about the effects of a given
agent on the CNS.

Metabolites

Metabolite studies should be conducted in two stages. In the first
stage the degree of biotransformation would be assessed without
identification of specific metabolites. Urine, feces and breath would be

?~
oces5ed for thin layer, liquid—liquid chromatography , GLC; etc. If a
labeled compound is used, the radioactivity of the spots or fractions

would be counted .

The second stage would be concerned with the identification of the
metabolites. There is no way to screen the identity of metabolites.
However , an investigator who is experienced in the field of metabolism of
xenobiotics can usually predict what metabolites can be formed from a
given substance , and this narrows the search considerably. Fortunately,
modern technology in the form of gas liquid chromatography—mass
spectroscopy has provided the means for isolating and identifying
extremely small amounts of metabolites. GLC—MS has reduced the time
required for the identification of metabolites from weeks or months to
days or hours. It has reduced the time required for identification of
metabolites to what one would hope to achieve with a screening test.
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Most organic xenobiotics and their metabolites bind loosely to
proteins and therefore exist in equilibrium between free and bound forms
in the tissues. However, it is now known that certain highly reactive
intermediate metabolites of many xenobiotics may combine covalently with
cellular proteins and other macromolecules. In certain cases, cellular
damage or carcinogenesis occur as a consequence of covalent binding.
Although it is known that not all covalent binding of intermediate
metabolites is damaging to the cell, knowledge of its existence should
signal a more than routine search for cellular damage, cancer or

ztagenesis. Methods for the determination of covalent binding usually
involve a labeled compound. The radioactivity of various tissues is
determined after extraction procedures have been employed to remove all
but the covalently bound radioactive metabolites.

I
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6.3 Position Paper on Reproductive Assessment Testing

The f~llowing summarizes our views regarding reproductive assessment
testing as part of a battery of tests for the evaluation of the potential
toxicity of chemicals in the environment.

Reproduction in higher mammals involves as many as thirteen different
episodes including those attendant to copulation, fert ilization,
implantation , histogenesis , and organogenesis. Hence, reproductive
assessment entails factors which lead up to and make pregnancy, as well
as embryonic development , possible. Embryonic development in utero is
characterized by a number of unique interrelationships invo’tVing the
mother and the embryo which have a significant impact on how a chemical
may affect an embryo. These include metabolic alteration of a chemical ,
its excretion , and its impact on maternal and embryonic homeostasis.
Hence, a reproductive assessment testing program must encompass tests
which are indicative of effects on pre-fertilization and
post—fertilization factors and which reflec t awareness of the unique
maternal—embryonic interrc lationships .

At the present time, cell , tissue, and organ culture approaches can
be used to study only selec ted aspects of reproduction such as
fertilization, blastocyst development, histogenesis and organogenesis.
Such in vitro systems, indeed , may be useful and/or necessary for
selec ted experiments addressed to mechanistic questions . Their use in a
screening battery reproductive assessment is to be discouraged at this
time , however. Mitigative against their use is the fact that the
information which can be obtained is limited and conditiona l due to the
artificial circumstances. Furthermore, special technical skills and high
costs make the systems inappropriate for screening purposes.

Among the important problems confronting those responsible for
chemical testing are problems related to time and cost. Limitations in
availability of a chemical or a desire to minimize the distribution of a
potentially harmful substance , as well as cost and time factors , suggest
that alternatives to a 90—day mouse study warrant serious consideration .

It is recommended that reproductive assessment be done using a
modified one—generation mouse test over a period of approximately 65
days. A brief outline of the test and the types of data to be obtained
follow.

Sexually immature mice of a stable heterogeneous stock (eg., Swiss—
Webster) are treated daily with the test substance or a suitable vehicle
beginning on day 40 of life. A minimum of 10 males and 30 females are to
be treated at each dosage level and as concurrent controls.

After 20 dajs of continuous treatment , mating is begun by caging one
male with three females. Daily observations of females for vaginal plugs
are then initiated . Breeding and treatment are continued until all
females are observed to have vaginal plugs or until a further 20 days
have elapsed . As females are found to have plugs , they are successively
assigned to three groups, A, B and C. Females not observed to have
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vaginal plugs after 20 days of exposure to a male are killed , weighed ,
and ovaries and uteri examined histologically for signs of cyclic
activity. Data recorded: 2 females not inseminated and 2 not running
estrous cycT~~

’

Group A females are killed 12 days after observation of vaginal plug ,
and total number of corpora lutea on both ovaries and total implantations
in uterus counted. Data recorded: total corpora lutea , total implants ,
2 resorbed implants,rTailed implantation of ovulated ova.

Group B females are maintained to day 19 after observation of plug
and then killed. Their uteri are then examined for surviving fetuses
which are weighed and evaluated for developmental abnormality. Data
recorded: intrauterine death and/or resorption, growth retardation and
developmental abnormalities.

Group C females are allowed to deliver at term (20 days after plug)
and to nurse their young for 5 days after which all females and young are
killed and weighed. Data recorded: number of females failing to
complete parturition , i~~ ber of females failing to nurse or care for
young, 2 of young stillborn , 2 of young failing to survive to 5 days ,
growth defi.ciency in survivin~ young.

Males surviving after 40 days of treatment are killed and weighed and
those not having inseminated at least one female are examined for
testicular and accessory organ weights and histologically for
spermatogenesis. Data recorded: presence or absence of sterility and
whether attributabT~~~o deficient reproductive behavior or endocrinology ,
or inadequate spermatogenesis.

An example of a one—generation reproduction study in rats is shown in
Figure 1 (10).

Reproduction

The foregoing mouse reproduction test is not a comprehensive test of
all aspec ts of reproductive function ; for example , in case of
reproductive failure it does not always permit assignment of the primary
cause of failure to either sex or both sexes. To determine whether males
or females are at fault , it may be necessary to repeat the test by
pairing treated females with control males and treated males with control
females. It does provide information on several critical aspects and
should be adequate to alert the testing agency that more rigorous tests
are needed if human or animal exposures to more than negli gible
concentrations are anticipated . Although less time consuming and
expensive to conduct than currently approved mammalian tests , this
abbreviated version does not remove the need for faster and less costly
screening procedures.

The following table summarizes an evaluation of several non—mammalian
tests that could be useful in a reproductive assessment program after
appropriate validation.

I
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NON-MAMMALIAN REPRODUCTIVE ASSESSMENT TESTS (TERATOGI

Organisms End—
Reference or Species points Time Advantages

1. Drosphila Morphological 15 days Large numbers ;
anomalies; mouth, low cost; time; clear
wing , etc. endpoints

2. ~~yzias lati~pes Extra—embryonic 20 days Large numbers; low
(a fish) circulation; cost; ease of

external and handling , studies
internal anatomy can readily be timed ;

broad spectrum of
responses

3. Amphibian Arrested develop— Several days Broad range of
embryos ment responses possible;

tetrapod development;
cost; t ime

4. Quail Beak and leg 15—25 days Mother administered
development chemical prior to egg

laying; low cost

5. Amphibians Behavioral distur— 25 days Large numbers; intact
bances; retarded embryo; tetrapod
development; mor— development; low cost
phologica]. changes

/

I

_______________ - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘-~~--~~ - -  



F~~~ ~ ~~~~~~

_ 

~~~~~~~~~~~~~~~~~~~~~~~~ 
- - 

~~~~~~~

REPRODUCTIVE ASSESSMENT TESTS (TERATOGENESIS)

h e  Advantages Limitations R & D Required

1 days Large numbers; Non—placental; Wastage data; sterility
low cost; time; clear one dose study data; several doses;
endpoints validation with variety of

mammalian teratogens.

~ days Large numbers; low Non—placental; Validation with few
cost; ease of spawning in lab teratogens exists, more
handling, studies not assured is needed.
can readily be timed ; Good potential.
broad spectrum of
responses

~veral days Broad range of Seasonal availability Consequences of removal of
responses possible; only limited range of jelly coat; extension of
tetrapod development; responses has been range of responses.
cost; t ime studied ; je l ly  coat

may be a barrier

5-25 days Mother administered Maternal to ova Good potential requiring
chemical prior to egg transfer implies extensive validation.
laying; low cost chemical must have

an af f in i ty for yolk
constituent; not to
be confused with
transplacental
transfer; seasonal - 

-

availability; small
sample nwnber

~5 days Large numbers; intact Seasonal availability; Penetration problem can
embryo; tetrapod penetration problem be circumvented by I:
development; low cost may not mirror injection .

mammalian situation

1 
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NON —MAMMAL lAN REPRODU CTIVE ASSESSMENT TESTS (T E RATOCENES

Organ isms End— 5

Reference or Species points Time Advantages

6. Pigeons Interferenc, with 20 days Low cost; may be
histogenesia a model system for

histogenes is
i nduc t ion  c a p a b i l i t y

7. Newt I n h i b i t i o n  of 5— 52 days A tetrapod ; clear
tissue and organ end point large
growth; numbers
d i ffer out iat ion

8. Chicken Embryo l e t h a l i t y ;  2 1 days or Cost ,  t i m e , large
developmental less number; this is the

abnorma l i t i ~‘s most tho roughl y
stud ied non—
m anmi n l i .nn system

9. Chicken Abnorma l neural 2 days R ap id , i nexp ens ive ,
f o ld  and well — stu tl i od system
segmentation of
paraxial mesoderm

/

a
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DUCTIVE ASSESSMENT TESTS (TERATOGENESIS) (CONVD)

C Advantages Limitations R & D Required

days Low cost; may be Seasonal availability Needs validation.
a model system for
his togenes is
induction capability

12 days A tetrapod ; clear Injection of chemical Further validation with
end point large is tedious; analogy mammalian teratogens.
numbers that morphogenesis

and embryogenesis are
somewhat equivalent
remains to be proved;
seasonal availability

days or Cost, time, large Avian system; distri— Some additional
is number ; this is the bution of chemical validation.

most thoroughly in yolk Excellent potential.
studied non—
mammalian system

pays Rapid , inexpensive, Explanted chick em— Additional validation.
well—studied system bryo culture r- ’quires

special skills;
sample size may be
limited by above

I
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6.4 Toxicity Testing In Vitro

In troduction

Among the many in vitro systems that have been used in toxicological
studies are those involving pro— and eukaryotic microbial cells , cells of
vertebrates of all classes , and embryonated eggs. Nevertheless , for the
purposes of this paper , in vitro testing will focus on uiaminalian cell and
tissue culture .

The above—mentioned in vitro systems have been used for studies aimed
at an understanding of t~~ mechanism of action of toxic substances( Dawson , 1912) as well as for screening purposes (Nardone , 1977).

In order to evaluate the real and potential usefulness of in vitro
systems tot toxicity testing it is necessary to have an apprecT tion of
their limitations as well as their attributes. In most instances ,
advantages of time , cost , accessability, genetic manipulation and
control , and control of the the chemical and physical environment accrue
to the user of in vitro systems . It is recognized that some of these
advantages stem lrom the creation of a life—style which may not reflect
the in situ situation . With the disruption of organismal integrity and
the use~~Tan artificial environment , the risk of an ill—founded
extrapolation to what happens in a whole animal exists. Nevertheless ,
awareness of these pitfalls coupled vith caution and good judgment
regarding the kinds of questions to be asked and how the answers are to
be applied has enabled in vi t ro  testing to be an important , integral part
of toxicity testing programs .

It is axiomatic from what has been said above about disruption of
organ ismal integrity, as well as from an ever—expanding list of
experiments involving several aspects of cytotoxicity, mutagenesis , and
carci nogene sis, that in vitro systems are most useful when they are used
to assess the effec t ~T a putative toxin on molecular , subcellular , and
cellular phenomena that are not dependent upon or influenced by other
cells and tissues and when they are used to assess toxicity without
at tempting to express in a quantitative way the potential risk to man .
Hence, we witness the use of in vitro tests primaril y as screens in I -

contemporary testing programs.

Those tests which have gained the widest acceptance and have been
vaLida ted to varying degrees include cell viability , cell proliferation ,
mutagenesis , and carcinogenesis tests of different kinds. Other
cytotoxicity tests which are used less frequently but are useful in
particular circumstances inc lude plating efficiency determinations ,
macromolecular synthesis studies , assessment of gross cytological damage
such as nuclear blebbing and cytoplasmic vacuolization , and a variety of
differentiated function tests such as phagocytosis , c i l i ary beating ,
hormone production , and cardiac cell contraction .

a
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Each of the commonly used cytotoxicity tests — cell v iabi l i ty  and
cell proliferation — have clear end points which are readily quant i f ied ,
and which could result from a variety of cellular lesions. For example,
a cell cannot proliferate at a normal rate to form adaptive (fit)
descendents should there be severe distortions in any one of a long list
of interrelated cellular activities such as DNA, RNA, and protein
synthesis, bioenergetics, microtubule assembly, ribosome biogenesis,
regulation of influx and eflux, and template transcription. Furthermore ,
there is great commonality among cells of diverse types and species
regarding these processes. Hence, the information gained from in vitro
studies is readily applicable to cellular damage in general and To the in
vivo situation. —

The same logic applies to mutagenesis and carcinogenesis. Genes and
chromosomes of diverse species are relatively similar in composition,
mode of reduplication , and expression. Hence, barring differences in
repair capability, metabolic activation, and permeability, similar
mu tagenic and carcinogenic responses should be experienced by eukaryotic
cells of diverse sources , in vi t ro  and in situ.

Validation

Confidence in the role in vitro testing should play in a toxicity
testing program must stem f~~m well—controlled comparative studies.
While many of these exist , the field , for the most part , has grown in an
almost amorphous way with retrospective analysis providing the bulk of
the support.

A variety of studies, prospective and retrospective , show
correlations between toxicity, mutagenesis and transformation in vitro
and in animals or humans. These include studies with environmental
samples (Christian, 1978), biodegradable materials (Hegyeli , et al.)
phthalate esters (Autian and Dillingham , 1978), drugs (Dawson, 1978) and
potential industrial mutagens and carcinogens (Fishbein, 1977).

It should be recognized that differences in sensitivity often exist
when in vitro and whole animal studies are compared , with the former
usuall7 being more sensitive.

In vitro cellular toxicology is at a crossroad in development . There
are many well defined and reproducible systems which could be adopted and
incorporated into testing regimens in order to ascertain the effec t of
toxic substances on differentiated cell types and the expression of cell—
specific endpoints. Among the systems which are currently ready for
validation and exploitation are the following cell types — cell specific
endpoint combinations.

Neuroblastoma — neuronal cell functions such as neurotransmitter
chemicals and action potenti31~~.

Glioma — glial cell functions such as specific protein (s100)
synthesis

Type II Cell — surfactant producing alveolar Type II cell
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Mammary epithalial cells — hormone receptors

Primary liver epithelial cells — glycogen, glucose—6—phosphatase ,
a—2—globulin

Tissue and organ culture applications are lagging behind ; however,
the significant progress recently made in the in vitro maintenance of
tissue and organ integrity with skin, whole mammary gland , lung, and
whole embryos (Nardone , 1977) suggests that at some time in the near
future we will be able to study in vitro the effect of toxins on
processes which are affected by cell to cell interaction and which are
accompanied by temporally related changes, such as keratinization in skin.

Recommendations

It is recommended that in vitro tests for cytotoxicity, mutagenesis
and carcinogenesis be used T~ the first level of testing. The results of
such tests, coupled with those of animal studies, are to be used in
decision making regarding further testing and prioritization of resources.

A comprehensive testing program will require the “Minimal Tests”
listed in the appended program and could be augmented by those tests
labeled “Supplementary”. It should be recognized that mutagenesis tests
could also be predictive of carcinogenicity.
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Table

Cytotoxicity Tests

Tine
“Minimal” End—Point In Vitro System Re4uired

A)Cell viability Dye exclusion Two established 3—5 days
cell lines (ECL)

B)Cell proliferation Culture growth ECL 3—5 days

“Supplementary”

A)Cell viability 51
Cr efflux ECL 3—5 days

B)Cloning efficiency Clonal growth ECL 2 weeks

C)Gross cytology Nuclear and ECL 3—5 days
cytoplasmic
anomalies

D)Macromolecular DNA, RNA and ECL 3—5 days
synthesis protein syn—

thesis

E)Liver cell function Glucose—6— Primary liver 3—5 days
phosphatase; epithelial cell
a—2—globulin culture

F)Alveolar macrophage Phagocytosis Rabbit alveolar 3 days
macrophage

- 

- Mutagenesis Tests (to be coupled with microbial , Drosophila, and other

tests. See appended “Predictive Testing Scheme for Carcinogenicity or

Mutagenicity of Industrial Chemicals” (Fishbein , 1977)).

I

88

-
- - ---

~~

----- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ 

— 

~~~~
—--

~~~~~ ~~~~~~~~~~~~~~~~ ~~~
-
~~~~~~

-

~~~

- — --- —



-

~~~~~

-

~~~~~~~~~~

- -

~~~~~ 

-- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- -

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- -r

Table

Time
“Minimal” End—Point In Vitro System Required

A) Chromosome damage Sis ter chromatid ECL 1 week
exchange

B)Cene mutation Forward mutation Chines hamster 2 weeks
at the hypoxan— ovary (CR0) or
thine—guanine lung (V79)
phosphor ibosyl—
trans ferase
locus (RGPRT+/—)

Gene mutation Forward mutation Mouse lymphoma, 2 weeks
at the th ymidine L5178Y
kinase locus
( Tx+/—)

“Supp lementary~”

A) DNA al tera tion Uns chedu led DNA W138 1 week
syn thesis

B)DNA damage Single strand WI38 3—5 days
breaks

Carcinogenesis Tests

Minima l Tes ts

A)Cell Transformation Altered growth C3}l/1OT1/2/CL8 4—6
patterns , focus cells (mouse weeks
assay embryo)

Cell Transformation Altered growth Syrian hamster 4—6
pa tterns , focus embryo weeks
assay

Supplementary Tes ts

A) Cel l Transf ormation Al tered growth, Hamster embryo, 4—6
clonal as say transplacen tal weeks

- - -  
- - - 
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Table 1 (From Fishbein, 1977)

A Predictive Testing Scheme for Carcinogenicity of Mutagenicity
of Industrial Chemicals

Phase 1: initial screen

(a) Screening test with sensitive micro—organisms
(i)  Salmonella tyhpimurium TA 1538 ( frame sh i f t)

(i i)  Escherichia coil WP2 (base—pair substitution)
(iii) Saccharomyces cerevisiae (mitotic gene conversion)

(b ) Microsomal assay using rat liver homogenate with the above four
micro—organisms.

(c) Cytotoxicity stud y with HeLa cells and cultured rat liver (RL 1
)

cells

(d) Chromosome study in cultured rat liver cells

(e) Short—term exposure of rats by a relevant route to the highest
tolerated dose followed by histological examina tion and analysis of
chromosome damage

Phase 2:

(a) Microsomal assay using liver homogenates from mice and other species

(b) Dominant lethal assay in male mice

(c) Assay of gene mutation in cultured mammalian cells

(d) Assay of malignant transformation in cultured cells or by a
host—mediated approach

Phase 3:

(a) An in vivo assay of gene mutation

(b) Dominant letal assay in male rats

Cc) Dominant lethal assay in female rats
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(d) In vivo chromosome study in Chinese hamsters or mice or both 
-

(e) Long—term carcinogenicity studies in one or two species

(f) Phar-macokinetic studies and biochemical studies at the sub—cellular
level

r

I
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Table 2 (From Fishbein, 1977)

Framework of Carcinogenicity Test Procedures

Valid Data on Test System No Data On

Carcinogenic in man Threshold dose;
individual risk

Target organ in man; Epidemiological Level A
high risk groups studies

Positive Predictive value
for estrapolation
(at present lim-
ited); target
organ ; threshold
dose

Species and organ speci— Carcinogenicity test Level B
ficity; dose response in in animals
animals

Posi t ive Species and/or
organ specificity;
correlation between
mutagenic and car—
cinogenic potency

Mechanism of metabolic Mutagenicity tests Level C
activation in animals Microbial , mammalian,
and man ; type of genetic human cells/activation
damage in vivo and in v i t r o

Chemicals

a
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6.5 Behavioral Toxicity Testing

Out line

A. introduction

B. Motor Performance
1) Spontaneous motor activity
2) Coordination
3) Strength and endurance
4) Tremor

C. Sensory Processes
‘rr vis ion
2) Audi tion
3) Pain sensitivity

D. Complex Learned Behavior
1) Rate of responding
2) Discrimination
3) Learning new behavior
4) Memory

B. Emotional Behavior
‘F) Sexual behavior
2) Aggressive behavior

F. Overall Strategy for Behavioral Toxicity Testing

a
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A. Introduction

Those charged with the assessment of behavioral toxicity share with
other toxicologists the difficult task of having to affirm the negative;
of always wanting to conclude that, given exposure to a particular
concentration of a chemical for a particular time, no effect has been
produced . For each type of behavior to be examined , this negative
conclusion is moat effectively established if a functional relationship
is first determined between exposure level and effect , with some levels
not producing an effect whereas higher levels do so.

But note that this procedure must be followed for each type of
behavior in whi ch there is any interest. How can one ~~~~lude that a
substance has no behavioral effects whatsoever without first testing
every conceivable behavior? The answer is one cannot. After all ,
establishing that a chemical does not affec t seeing says nothing about
how it affec ts hearing; examples abound of chemicals that affect one
sensory system while sparing others.

Because we lack knowledge of the behavioral interdependencies, we
cannot confidently generalize from negative results on one aspect of
behavior to conclude that no other behavioral effects will be found .
However , we obviously can never test the integrity of all behaviors. At
the moment , the solution to this dilenmia is to be found only in sampling
widely, hoping not to miss any important aspect of behavior.

In the following sections, I will specify some of the aspects of
behavior that appear important enough to warrant attention in any program
aimed at affirming that no behavioral effect has been seen with a
particular chemical. For each aspect I will offer my judgment on how
this can be done today most quickly and with the least expense. Usually
the best, spare—no—expense method will also be specified . As we will
see, there are inevitable trade—offs between speed and quality .

[
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B. Motor performance.

Measures of motor per formance abound and vary greatly in complexity.
We shall consider these in four categories: spontaneous motor activity;
coord ination ; strength and endurance; and tremor .

1) Spontaneous motor activity

Most animals display a low leve l of general activity that seems to
have no obvious cause; for this reason , it is sometimes labelled
“spontaneous motor activity ”. This is usually taken to include such acts
as walking , running , sniffing, rearing , scratching , etc., in rats or
mice , and really is defined by exc lusion of all act ivity tha t has an
obvious cause. For instance , sexual activity would be studied separately
as would aggressive behavior , if one knew that such behavior was likely.
Otherwise , these would simply increase the total “spontaneous” activity
counted .

The actua l composition of the act ivity count is heavily dependent
upon type of apparatus. A large number of methods have been used :
photocell cages, running wheels, jiggle cages, direc t observation , and a
variety of electronic sensors that reflec t movement in a field. Some
combination of direct observation and either photocells or electronic
sensors makes the most sensible choice at present. Direct observation is
essential to pick up behavioral changes that are not sensed by automatic
devices; it would seem important to note , for instance , whether or not a
substance was produc ing an increase in stereotyped sniffing or rearing ,
activities which may not produce lawful changes in a photocell activity
cage. Some hint of this type of change should come from observations
made during chronic toxicity testing . It is best to make such
observations systematically, using an appropriate rating scale in order
to increase the reliability of the measure. Several are given or
referenced in Robbing (1977).

Kinnard and Wataman (1966), Finger (1972), and Robbins (1977) review
the advantages and disadvantages of the various method s of recording
activity, without , however , evaluating the most recently developed
devices. It appears likely that at least two of these may offer
advantages over those method s with m uch longer histories . One, typified
by that used by Fechter and Annau (1977), uses tuned oscillator coils to
detect horisontal movement in a plastic box located just above the
coils. Since the sensitivity of such devices can be varied by the
experimenter and since they can detec t very sligh t movements , they offer
some advantage over photocell arrangements. Several are comercially
available. However , I know of no head—to—head comparisons that
demonstrate their sensitivity relative to any other activity measurement
devices.

Photocell activity cages continue in active use and appear to be
quite sensitive to toxic substances (e.g., Kurta , 1976). One recent
development that has increased interest in them within toxicology is
their use with rats housed as a group. Before studying activity, a
decision must be made on whether measurements should be on isolated
animals in order to avoid the complications of social influences or to
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study several animals together in ordet to avoid the complication.
associated with isolation. Lately, some investigators have opted for the
latter course. The most prominent example, that of Nor ton and her
colleagues, has been named a “residential maze ”. The one described by
Norton, Culver and Mullenix, (1975), and used by Culver and Norton (1976)
in work on carbon monoxide , is shown in Fig. 1.

Four rats.were allowed to live in the apparatus , usuall y for four or
more consecut ive days, and activity was measured by the/photocell—operated
counters. Separate totals were presanted for diurna l (12:00 nó&n to 6:00
PM) and nocturna l (6:00 PM to 6:00 AM) activity, as well as for what the
authors called “explora tory ac t ivity”, which refers to activity recorded
during the first two hours af ter the apparatus was cleaned , etc. each
morning.

The finding that CO—exposed rats showed greater changes in activity
when studied during the night (Culver and Norton , 1926) emphasizes the

4 necessity of attending to circadian rhythms when studying toxic
substances even though these rhythms may not always be aff ected
differentially (cf. Kotsonis and Klaassen , 1977). Note that it is not
yet clear that this particular grouped animal preparation is either more
or less sensitive than the more traditiona l single animal techniques.

The idea of measuring the activity of a group of animals living
together has also been applied to mice (Ely et al. 1976).

I think that either the traditional photocell or newer electronic
activity meters would be first choices for quick looks at spontaneous
motor activity . It probably would be a good idea to measure animals
separately, something fre quent ly not done wi th these techniques , because

• it would simplify interpretation of the results. (If animals are studied
in small groups , the correct unit of analysis is the number of such
groups, not the numbe of individuals.) The residential maze has much to
recomsend it , especially if one wishes to measure simultaneous ly both
exploratory behavior and general activity, or is interested in studying
diurnal cycles.

2) Coordination

Two general classes of experiments appear here. In one, an animal is
trained to make a response that demands a certain amount of coordinated
activity in order to earn a reward or avoid a shock. Examples can be
found in the work of Clark at al. (1962), who trained monkeys to hold a
lever within narrow limits in order to avoid shock; and in the work of
Falk (1969) , who taught rats to exert a specified amount of force on a
lever in order to get food pellets. These techniques demand an
experimenter with a good deal of behavioral sophistication. They involve
the forelimb. or paws .

The second general class involves unlearned behavior. If a measure
of coordination of running by rats or mice is satisfac tory , then one of
the many measures of running on a rotating cylinder would be
appropriate. A review of such devices appears in Wat zman and Barry
(1968). The one used by Kaplan and Murphy (1972), which fea tures an
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electrode floor tha t discouraged rats from voluntarily dropp ing off the
rotating rod before they were forced to fall due to i t S  increasing speed ,
appears quite satisfactory. So does the rotating cone of Christensen
(1973), which force, the animal to walk against increasing surface speed
until it falls off. (This one was designed for mice but could easil y be
adapted to rats.) Several versions of the rotating rod are available
cousnercially . A treadmil l that has recently been developed seems to
offer no advantage. over the rotating rod (Cibbins , 1968). Spyker et at.
(1972; see also Spyker , 1975) used a simple preparation , merely placing
mice into a deep glass tank that wa, filled with room temperature water.
Swiusning was observed and quality of coordination of the swiumming noted .

Another test that is probably related to coordination was devised by
Edwards and Parker (l’~77) and involves measuring the amount of splaying
of the hind l imbs of rats that were dropped 32 cm onto a lab bench , having
been held dorsal si~fr up and horizontal. The position of the fourth
dig it of each hind l imb upon l anding is marked and the distance measured .
Rats given acry lamide , 50 mg/kg ip 3 times weekly, showed substantial
increases in splaying after only three doses.

I recoussend trying the rotating rod described by Kaplan and Murphy
(1972), unless one of the conmme rciallv available devices proves
satisfactory . I do not know from persona l experience how quickl y rats or
mice learn that they can l ump off without penalty rather than play ing the
exper imenter ’s game. It may be that this is not a problem except in
repeated tests over many months with the same animals. A second
relatively simple task is swiusning as used by Spyker et at. (1972). The
measurement of hind l imb splaying (Edwards and Parker (1977) is also
promising if a good way of making more objective ths actua l measurement
could be devised . The authors considered it a measure of peri pheral
neuropathy . And simplest of all as a measure of motor integrity is the
righting reflex , which could be inc luded in the simp le neurological
battery described below in section F.

3) Strength and endurance

Closely related to coord ination tests are those reflecting strength
and endurance. For instance , whereas Clark et at. (1962) taught their
rhesus monkey. to position a lever that was easy to move , Dews and Herd • 

-

(1974) trained theirs to exert a force of about 80% of their body weight ,
sustaining such pulls for from 30 to 300 seconds. Clark et a t .  were
interested in how well  the subjec t could position a lever; Dews and Herd
were trying to induce changes in mean arterial blood pressure via
sustained static work. Both methods are of interest to behavioral
toxicologists but both are too complex to serve as routine tests.

It is probably necessary to turn to unlearned behav ior for a more
rapid method for judging strength and endurance. Swimumi ng seems a likel y
candidate for measuring endurance. It has been used by Tuzi et at.
(1 973) among other., and appears sensitive to var ious environmental

j insults. Tusl used rats that were required to swim from a starting
platform to a second platform some distance away; the second platform
then was lowered , forcing the rats to swim again , while the first
platform was raised to serve as the goa l this time . Control animal s took
about 20 seconds to make the swim.
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Cabe et al. (1978) have described a simple way to measure grip
strength in the rat. The animal is allowed to grasp a 45 me diameter
ring attached to a strain gauge; it is then pulled away smoothly from the
ring and the force required to break its grip is measured. This measure
was sensitive to PBBs , age and sex.

4) Tremor

A simple method for the detection of tremor was used by Ambani and
Van Woert (1972) in a study of tremorigenic drugs; it seems suitable for
use in screening for tremor changes after the administration of toxic
substances. They used a co*anercially available activity platform
(Lafayette Instruments , Inc.: Model 501), sett ing the sensi tivity
control so as to minimize counts due to exploratory behavior. They
measured the tremor of two rats at a time , a procedure that does not make
too much sense; I would recousnend that a single rat be studied , with a
small box used to keep it from roaming.

It should be recognized that there are much more sophisticated ways
of studying this phenomenon. Rapid changes in the availability and price
of computers may make better methods competitive with simpler methods
very soon. For instance , Wood et al. (1973) studied the tremor induced
by elemental mercury poisoning and found that both the amplitude of
tremor and i ts frequency spec trum changed as plasma mercury levels
dropped during recovery from the poisoning; the simple activity
measurement device mentioned above would not give information on
frequency.

C. Sensory Processes

A crude neurological examination can be carried out on a rat that has
been given a toxic substance. One such is described by Marshall at al.
(1971) (see also the cousnents on it by Deuel (1977). Visual functioning ,
for instance , is tested by bringing into vi ew small bi ts of whi te paper,
coming at the rat from over its head. The rat usually turns toward the
paper when it enters its peripheral field of vision. Auditory
functioning can also be tested . Clicks are presented just behind the
ear ; the rat will turn and orient to the source of the noise if it can
hear. Pinching the rat ’s hind leg, for example , is used to test for
somatosensory responsiveness. If these examinations are done blind by a
bright technician, with the results recorded on rating forms that provide
for at least crude quantification of responses, a rough indication of
large changes in sensory function can be found. Any hints of loss of
func tion, can be pursued with more sophisticated tests such as those
given below for vision, audition and pain sensitivity. Taste and smell
can be tested in analogous ways. And note that loss of weight may
indicate losses in taste and smell.

1) Vision

A more quan titative way to test an animal’s vision is to train it to
respond on one lever in the presence of one light and on a second lever
in the presence of another. The two lever situation guarantees that
cessation of responding is not mistaken for a loss of discrimination ;
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t h i s  t ype of error is possible  where only a single lever is u.~ d , and the
animal is taught to respond in the presence of * l i gh t but not in its
absence. it  i s poss i b le to stud y any aspec t of vision seperatel~’. Thus,
for example , it is possible  to train an anima l to respond only in the
presence o f a part icular wavelength and then discover whether or not
sensitivit y to th*t wavelength has been changed by * compound .
Un fort unat ely , I know ot no way that one might test in a simple fashion
whether or not a small change in sens itivit y has taken p lace  w i t h  regard
to some aspec t of visual perlormanc.. Part icut*rtv disconcerting is the
fac t that changes in. for instance, abilit y to discrim inate between forms
may appear at a time when no changes in  a b i l i t y  to d i s c r i m i n a t e
brightuesses have vet appeared (Evans et at . l’~7~

). Thus, a simplc test
of br ightness  d t s c r i m i na t ion in t h i s  case would have not turned up the
deficiency in vision that had occurred .

2) Audition

There appear s to b~ no s i m p l e  way to a sc er t a i n  whether or not an
an ia*l’ s hearing has been impaired (see fl ’Arcv and Harpu r ( 197 1) for  a
recent r ev iew of many proposed simple screen i ng r e s t s~~. i t  is necessary
o t r a in  the animal in some way so that an sod it or v st i mu tus  has c out t-o 1

over some observable behavior  and then to watch for changes in tha t
behav i or in oi’det- to dete ct  changes in h e a r i n g .  Un l earned responses t o
sound tend t o  be unreliable or transient . The cond i t  i oned suppr ession
techn ique seems to be the easies t  t o use w i t h  r a t s .  in i t ,  .is descr ibed
by K e l l y  and Masterson ( l 9 7 7 ~~, “... the an im a ls were water deprived...
and then t r ained o t i c k  a spout (or vat  e r r e in f orc em ent  in the to  s
apparatus . ~~ce ,te~dv licking had been ~stahlished on a variabl e ratio
schedule i. t~%) , th~ an ima l s  were given f u r t h e r  t r a i n i n g  in which the
of f se t  of a 10—sec t one was psi rod w i t h  a shock o the to~’ t • A f t e r  a f e w
tone—shock p ai t - in g  . the onset of the  t one e t i c  i ted a freezing response
incompat ib le  w i t h  l i c k i n g . T h e re a f t er , the ces sa t i on  of suppression ot
l i c k i n g  was used as an i nd i ~‘a t ion o t an an ima l ’ s ah i i  i t  ~ t o  hear the
tone ” (p .  93 1 1 . From then on it is a imp 1 ~ a mat t ci o I var  v i ug t he t one
i n t e n s i ty  and recording the reac t ion o I the rat • Tb i a is done t or a vi .le
v a r i e ty  of (requenc j es to  produce an *ud i ogi-am lot each sub icc t •

et a t ,  1 9b 1, descr ibes  the use of the same technique  w i t h  m i c e~~.

Method s us ing  p o s i t i v e  r e in fo rcement  at-c p r e f c ’t t -rd for the monkey
IS tebb in s , 1~~7t~

) , hut the general idea of f i r s t  t r a i n i n g  the animal  t o
make a d i s c r i m i n a t i v e  response l i e s  bob m d  a l l  t echniques  ot th is sort

1) Pain Sensitivity

A simple test of whether any changes have occurred in sensitivit y to
pain can he made by using the classic tests (or ana l ges ic  drugs , e . g .,
the hot p la te  technique . Mice or r a t s  can he ~~~~~ They ate placed on a
c o m e er c i a l lv  a v a i l ab l e  hot p l at e  t h a t  is e l e c t r i c a l l y  ho *tod and
thermostatically controlled . Time to the f i r s t  l i c k  of * h ind  paw and
t i m e  to the f i r s t  l ump can he measured . The method i s  capable of
de tectin g both in crea se s  and decreases in s e n s i t i v i t y .  Further work on
pa in  could use the it r at ion t e ch n iq ue  in  which the subject sets i t s  own
threshold by working  to decre*se the level of shock , while the apparatus
is programeeti to increase  the shock level  p e r i o d i c a l ly  (Wei s s  and La t - i e s , ii
1970~ . However , t h i s  is not as vet a s imple  scr eening method .
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I). Complex learned behavior

The only way to learn anything about the e f f e c t s  of a chemical  on
complex learned behavior is to study complex learned behavior .  I know of
no shortcut that can get us past this truism and allow us to s u b s t i t u t e
simple methods for complex ones. Even the ones that I labe l “simple ” in
the next few paragraphs are full of traps for the unwary , and the
literature is full of examples of experiments dout’ by perons who had not
mastered the techniques of their science well enough to save them (and
their readers) from error . But the problems posed by the complexit y of
this behavior wilt not go away without stud y. My point is tha t we are
stuck with this difficult subject matter and might as well get on with
the job of s tudying i t  i n t e l l i g e n t l y ,  even i f  i t  costs more to do so that
we would like to spend . The alternative is to ignore i t ,  a course of
action we take at our p e r i l :  t h i s  type of behav i or represents much of
what we mean when we speak of the o rd inary  behavior  tha t  man d i s p l a y s .

• Here I sha l l  consider only four aspects  of behavior : r *te of
~~sponse; discriminative control of responding:  learning new behavior :

• and memory.

1) Rate of response. The ra te  at which  an anima l makes responses
depend s in large part  upon how i t  is rewarded for making the responses.
I I  the reinforcements  are unp r ed ic :~ h l v  i -ela t ed to the responses , t he

• animal will adjust its response ra te  at a p a r t i c u l a r  level lot- a
• p a r t i c u l a r  leve l of re inforcement  r a t e .  That level w i l l  be changed by

• many drugs and also by many t o x i c  substances .  A s t r a i g h t f o r w a r d  way to
examine changes in re sponse ra te  is to use the v a r i a b l e  in terva l schedule
of reinforcement to generate a s teady ra te  (F er st e r  and Sk i nner ,  l ’~S 7 ) .
I f ,  for some reason , one wished to avoid pos i t i ve re in force r s , one could
use a free operant avoidance base l ine  to produce the steady ra te  (Sidinan ,
1966~~. Nei the r procedure is very complicated but both demand care fu l
work and close control  over other va r i able s .  For i nst an c e ,  the an ima l ’ s
weigh t must be closel y monitored and dep r iva t i on  l eve l kept constant i f
f ood is to he useti as the r e in fo rce r  for performance on the va r i ab le
interva l schedule.

The response rate i t s e l f  can he specified more closel y by making
reinforcement dependent upon e x p l i c i t l y  designated pauses between
responses. Such schedules are ca l l ed  in ter re sponse t ime schedules.  If
the animal is rewarded w i t h  f ood (or w a i t i n g  at least 20 seconds , i t
would come respond appropriate l v , w a i t i n g  lon g enough to ensure
reinforcement for i t s  response perhaps h a l f  the t ime . This performance
has been shown to be sens i t ive  to many CNS drug s (e .g .  Sidman , l~) S S)  anti
to such phys ica l  va r i ab les  as n on— i on ing r a d i a t i o n  (Thoma s et a t .  t Q ’ c l .
The inf luence of a t oxi cant  on th is  base line  is of in te res t  because i t
says something about how we l l  an anima l can i n h i b i t  i t s  respond i ng , si n ce
that is what i t  has to do to succeed in ga in ing  reinforcements on the
schedule: r e f r a i n  f r om responding u n t i l  the appropriate  t ime has
passed . Of course, no external signa l is given to the animal as to when
the required t ime has elapsed .
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~
) Discriminative control of responding. Behavior that is

rsinfór c.d~ in the presence of a particular stimulus comes under the
control of that stimulus . That is, it then becomes possible t o  get the
animal subject to emit the response simply by turning on the stimulus.
Experimental preparations suitabl e for the exp l oration of questions of
discriminative control abound . A handy examp le in the toxicology
Literature occurs in the work of Hanson (1975). He tra i ned pigeons to
respond in the presence of light of certain wavelengths but not in the
presence of others and then studied the effects upon this performance of
the anti-depressant drug , pheniprazine . Hanson showed that prolonged
t rea tment  w i t h  the drug abolished the ~‘iscrimination , a finding that
c o n f i rm ed similar findings with human color vision .

The same genera l principle can be used to examine the integrity of

~‘erformance under the control  of less obv i ous s t i m u l i .  Thus an anima l
can be trained to discriminate a certain amount of its own h~hav i~ r ,
making a response on ly  alter it has first emitted that much behavior.
For example, a rat (Mechner , 1958 ) or a pigeon (Laties , l972~ can b~
trained to make eight or more responses on one switch before making a
response on another; the response on the second switch is reinforced if
the requirement has been met. if, on the other hand , the minimum number
of responses has not been made , nothing is given lot the response on the
second switch and the anima l has to begin its count over again.

1) Learning new behavior. There are as many ways of stud ying
• learning as there are behaviors that can he learned . One frequently used

method involves d i s c r i m i n at i o n  reversa ls ,  w i t h  the anima l taugh t to
respond on the basis of one set of external stimuli and then, after
performance has reached a high standard, the cites are reversed and the
an imal requir ‘d to relearn the task with these reversed again, and this
procedure continue s from session to session , with the rate of learning
the reversals serving as the measure of interest. This method was used
by Smith et al. (1976) in a recent study of dieldrin .

The most important recently ~lt’velopet1 method for stud y ing learning 
•

involves the repeated acquisition of sequences of responses. It is a
h i g h l y  sophisticated method hut is not vet a cheap, easy—to—use tool
Boren and Dev ine , 1968; Thompson and Moerschbaecher, in press ). The

discriminati on reversal method is likewise not cheap or simple. I am
afraid that there is no simple way to study learn i ng.

~) Me~~ry. Perhaps the most coimnonty used method for the study of
memory is the “passive avoidance” procedure , which involves punishing a
response by a mouse or rat and then seeing whether the animal “forgets”
that it has been punished when next confronted with the same situation .
A recent version was used by Flood et al. (1978). A mouse is put in the
black compartment of a ti~~ compartment box. A mouse hole leads to a
white compartment . The white compartment has a grid floor through whi ch
shock can he administered to the feet of the mouse. The subjec t wilt
almost invariably go from the black to the w h i t e  compartment as soon as
it sees the hole. There it receives its shock and is i~~ediatelv taketi
f rom the box . When retested a week later, a normal mouse, presumably

‘1
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rememb er ing  the shock , w il l not move from the black to the white
compartment . A substance that interferes with its memory wi l l  lead it to
re—enter the white compartment as if it had never been shocked . The

• animal is used only once.

More complic,*ted methods are also available for studying memory. For
instance , much work has been dofle with what is called “delayed matching
to sample”, a task in which the animal is taught to press a pane l just
like the one to which it has previously been exposed. If it has just
seen a picture of a ball , it must now chose out of , say, three pictures ,
the one of the ball. It is rewarded for successful choices and the
interva l between the presentation of the sample picture and the group
from which it must make a choice is varied in an effort to determine how
the duration of this interval affects its performance. This type of

• procedure is required if repeated measurements over many weeks or months
on the same subjec t are necessary to the project. I believe that the
simple passive avoidance procedure is preferable for toxicity screening

• purposes , with different groups of mice exposed to different durations of
exposure providing a possible design to examine effects of exposure
duration .

E. Emotion~ l behavior

Under this heading I shall discuss only sexual and aggressive
behavior . I had originally intended including a section on exploratory
behavior , covering the work done with the open—field test , but decided to
omit this . My reading has convinced me that interpretation of the
results from such exper iments is impossible without a full—scale series
of exper iments covering the multitude of possible variables influencing
performance on this test . The exper imental situation is simplicity
itself: a rat is placed in an open field that is completely bare. It is
much larger than the animal’s home cage ; in one recent example (Seli ger ,
1977), the field was 4 ft x 4 ft. The field is ruled off into squares so
that the animal’s activity can be scored in terms of squares entered . A
rat placed in such an environment usually “freezes” for a short while
before starting to explore the area. It is also likely to urinate and
defecate freely in the unfamiliar environment; boli are usually counted
and taken as a measure of “emotionality”. Unfortunately, these
measures——and there are man y more (Wa l sh and Cummins , 1976 l i s t  about
30) —— seem very susceptible to influence by many procedural variables
and usually correlate only slightly with one another even though they are
supposed to be measuring the same underlying process. Factor analytic
techniques have recently been used to make some sense out of a confusing
literature (Royce, 1977) but I think that the technique produces only
confusion when used as a screening technique in toxicology.

1) Sexual behavior. If a test of reproductive competence is done ,
fur ther  tests of sexual behavi or may be given a very low priority; one
can ar gue that adequate reproductive per formance presupposes adequate
sexual behavior . The paper by Wilson and Nardone (unpublished) should be
consulted for details of suggested methodology for the assessment of
reproductive performance . If a complete reproductive assessment is not
contemplated or if a rapid indication of interference wi th sexual
behavior i t s e l f  is desired , testing such as that carried out by
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Madlafousek et al. (1971) would be appropriate. They examined the way in
• which cadmium affected the sexual behavior of male rats by presenting

sexually receptive females to sexually inexperienced males and measuring
such aspects of performance as time to first intromission, time from the
first intromission to the appearance of the ej aculatory behavior pattern ,
time between consecutive mounts, number of incomplete mounts, etc. A
brief description of the types of recording done in studies of sexual
behavior may be found in Miczek and Barry (1976); the measurements that
Madlafousek et al. (1971) used are described in detail in Larsson (1956).

2) A~gressive behavior. Miczec and Barry (1976) list eight different
ways to induce aggreai[ve behavior that have commonly been used in
studies of drug action on rodents. These are:

Putting together previously isolated male mice (a certain proportion
of such isolated mice will fight when first put together);

Introducting a strange rat (or mouse’s into the home environment of
another (fighting may ensue , but th~ incidence of such fights is low and
variability high, and repeated measurements are impossible);

Painful stimulation, usually shock to the feet (a good procedure in
that reliable behavior can easily be generated; bad in that its relation
to naturally—occurring aggressive behavior is remote) ;

Chant ing a positive reinforcement schedule to extinction; i.e., no
longer giviag food for responding (this type of procedure has been
studied with elegant automatic recording of the attack behavior ; repeated
measurements designs would be difficult to use);

Electrical stimulation of points in limbic, diencephalic and
mesencephalic structures or destruction of such structures as the
olfactory bulbs or the septum ( the effects are sometimes only transitory,
procedures are quite tricky with precise placement of the electrodes
d i f f i cu l t , and interpretation of resulting aggression problematic in
terms of naturally—occurring aggression ;

Adminis tering particular doses of drugs such as amphetamine and
a?omorphine (the need for high doses, the bizarre behavior produced,

• difficulties of interpretation, all combine to make this an unsuitable
method for our purposes);

Putting animals in competition for food, water or a sexual partner
(one drawb ack is that any substance may have effects upon hunger , thirs t
or the sex drive, independent of the aggressive behavior presumably being
studied as the way the animals are resolving their competition);

Mouse killing (some rats will kill a mouse put in its cage;
‘interpretation of this behavior is clouded by the fact that little is
known of its causes; the incidence of killing tends to drift with
repeated trials, with some rats showing a new, higher level of mouse 4

killing after a treatment that has induced it to kill more than usual , a
jfinding that complicates interpretation of experiments involving a series
1of repeated measurements).
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The above comments within parentheses come largely from the Miczek
and Barry review. It appears that there is no single perfect way to
study aggressive behavior but the first and last mentioned methods offer
the most promise for short tests. Neither the use of previously isolated
mice nor the use of mouse k i l l ing demand s much in the way of equi pment.
It appears that an isolation period of about four weeks is needed to

• ensure that most of the mice will actually show aggressive behavior when
• put together ; that such factors as strain and the precise measure used to

indicate aggression are very important in producing reliable results; and
that blind recording of the behavior is essential. Strain of rat used is
quite important in determining the level of mouse killing. Sprague—
Dawley rats show kill rates of 10% to 30% whereas Long—Evans rats have
kill rates of 50% and higher.

A simple way to detect the presence of pain—induced aggression is to
pinch the forepaw of a rat; this was the test used by Marshall et al.

• (1971) in their examination of the effects of lateral hypothalamic
damage. It is hard to quantify such a measure but it may st i l l  be useful
as a crude first look at the existence of a change in level of aggressive
behavior, wi th any hi nt of such a change to be followed up wi th other
tests.

We should recognize here that have been treating aggressive
behavior as if it it were a unitary phenomenon when it most likely is not

• (Moyer , 1971). The various types of agggressive behavior have different
physiological and biochemical bases and therefore would react differently
to toxic chemicals. It may thus be necessary, or at least desirable , to
study them all separately in order to arrive at a definitive pic ture of a
substance ’s effect on “aggression”.
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F. Overall strategy for behavioral toxicity testing

• Here is one of the many possible approaches to the task of examining
an unknown chemical for behavioral toxicity. For other approaches , see
Laties et al., 1977; Weiss et al., 1975; EPA Workshop, 1977. I will
assume that the work is to be done with rats and that exposures will be
made at levels appropriate to the questions to be answered about the
particular chemical at issue .

1. A crude “neurological”  exami nat ion , such as tha t  des cr i bed by
Marshall et at . (1971) and further elaborated by Dueul (1977), could
serve for a first look at any obvious effects on behavior (see above,
page 8, for a brief description of part of the sensory examination).
Turner (1965) also describes many simple ways of looking at reflex
functions .

2. Motor integrity could be examined by using a combination of
simple procedures , such as an activity measuring device , a rotating rod ,
a swimming task , and grip strength The last—named could be done as part
of the original neurological examination .

3. Sensory function and complex learned behavior could be examined
together by training rats to work on a multiple schedule of
reinforcement , consisting of two simple schedules with each under the
control of a different sensory stimulus. For instance , a ligh t and a
tone could be used as controlling stimuli with them alternating every 15
minutes. The trained animal would switch quickly to the pattern of
respond ing appropriate to the schedule in force at the time . Changes in
its behavior after exposure to a chemical could reveal much about the
substance under review although the complexity of the situation has
deliberately been chosen to require further work to pin down precisely
which aspec t of the behavior is responsible for any change . For
instance , if the rat starts to respond at the same rate during each
period , regardless of which stimulus is present , it may not he capable of
seeing the ligh t or hearing the tone. Such susp icions could be
investigated with the method s described in Section C above . Howe ver ,
further work to determine which sensory defect has occurred may be of
only academic interest in view of the profound damage done by the
chemical. If the rat works in a very desultory fashion on the task ,
pausing for long period s, it may be that the substance has intertered
with its appetite ; again , atore work would have to be done to tease  t h i s
out as an unique effect. We may also learn something about the
chemical’s effects upon the discriminative control exerted by the two
stimuli , apart from any frankly sensory de fects produced . II the r5t
remained under good control of some other sensory stimea~us , such as s
ligh t that was associated with delivery of the food pellet , we’ may be
able to conclude that it can indeed still see. The chemical ’s effect on
response rate itself would of course be measured here. And ii the
performance remained intac t from day to day , we probably would conclude
that no great changes in memory were being produced . If one component of
the multip le schedule involved shock to the feet , as in the free operant
avoidance schedule, an absence of changes in rate would assure us that no

• changes in sensitivity to painful stimulation had occurred .
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The exact schedules of reinforcement to be chosen are less important
than the fact that two of them are to be examined. One choice would be
fixed interval and fixed ratio schedule combination recommended in Lat ice
et al. (1977), which has the virtue of having been the subject of a great
deal. of prior work in behavioral pharmacology (McMillan and Leander ,
1977). Work with a great many combinations can easily be defended. The
best thing that could happen to behavioral toxicology at present would be
to have many different experimenters try out different schedules in order
to find out their relative sensitivity to toxic substances. Premature
freezing of procedures is unwarranted.

4. The three suggested groups of tests just  outlined do not
• constitute a hierarchy of tests; it does not seem possible at this time

• to order tests in such a way that negative results on some tests imply
that negative results will be obtained on all those below. It may be

• possible to make defensible inferences about the prospects for
• performance on the more expensive and complex tests from the results on

the simpler ones by “trading”, as it were , between exposure level and
expense. For exe~ple, one could assume that a chemical that does not
disturb a rat ’s ordinated motor activity at one exposure level would
not distrub com1~~ex performance on a reinforcement schedule at some small
fraction of the level.

The determination of toxicity requires more information about the
relative sensitivity of various types of behavior to chemical insult.
Researchers should be encouraged to make systematic comparisons among
behaviors part of any future behavioral toxicology work.

110



‘ 
~~~~~~ ~~~~~~~~ 

- 

~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ~~~~~

Re ferences

Ambani, L.M. and Van Woert , M.H. Modification of the tremorigenic
activity of physostigmine. Brit. J. Pharm. 46: 344—347 (1972).

Anger , W.K. and Lynch, D.W. The effect of methyl n—butyl ketone on
response rates of rats per forming on a multiple schedule of
reinforcement. Environ. Rca. 14: 204—211 (1977).

Cabe, P.A., Tilson , H.A., Mitchell , C.L. and Dennis , R. A simple
recording grip strength device . Pharm. Biochem. & Behav. 8: 101—102
( 1978) .

Christensen , J.D. The rotacone : a new apparatus for measuring motor
coordination in mice. Acta pharmacol. 33: 25 5—26 1 ( 1973 or 1974) .

Clark, R., Jackson , J.A. and Brad y ,  J .V .  Drug e f f e c t s  on lever
positioning behavior. Science 135: 1132—1133 (1962).

Culver , B. and Norton , S. Juvenile hyperactivity in rats after exposure
to carbon monoxide. Exper. Neurol. 50: 80—98 (1976).

D’Arcy, P..F., and Harpur, E.S. Ototoxicity. In: B. Ballantyne , ed.
Current Approaches in Toxicology , Chapter 14, pp. 193—217 , John Wright
and Sons, Bristol , England , 1977.

Deuel, R.K. Determining sensory deficits in animals. In: R.D. Myers ,
Ed., Methods in Psychobiology , Vol . 3, Academic Press, New York , pp.
99—125.

Dews , P.B. and Herd , J.A. Behavioral activitie s and cardiovascular
function: effects of hexamethonium on cardiovascular changes during
strong sustained static work in rhesus monkeys. J. Pharm. Exper .
Therap. 189: 12—23 (1974).

Edwards, P.M. and Parker, V.H. A simple , sensitive and objective method
for early assessment of acrylamide neuropathy in rats. Tox. Appi.

• Pharm. 40: 589—591 (1977).

Ely , DL., Greene , E.G. and Henry, J.P. Minicomputer monitored social
behavior of mice with hippocampus lesions. Behav. Biol. 16: 1—29
(1976).

EPA Workshop on Biological Screening Teats. Sept. 12 , 1977, Las Vegas ,
Nev. (Probably wri tten by Dom Finocchio , U. of Washington Medical
School), pp. 67—69.

Evans, H.L., Latie., V.0., and Weiss , B. Behavioral effec ts of mercury
and methy lmercury. Fed. Proc. 34: 1858—1867. (1975).

a
~l11



Falk , J.L. Drug effects on discriminative motor control. Physiol. &
• Behav. 4: 421—427 (1969).

• Fech ter, L. and Annau , 2. Toxicity of mild prenatal carbon monoxide
• exposure. Science 197: 680—682 (1977).

• Ferster , C.B. and Skinner , B.F. Schedules of Reinforcement. Appleton—
Century—Crotts , New York, 1957.

• Finger, F.W. Measuring behavioral activity. In: R.D. Myers, Ed.,
Methods in Psychobiology , Vo.. 2, Academic Press, New York , 1972, pp.
1—19.

Flood , J.F., Benne tt , E.L., Orme, A.E., Rosenzweig, M.R., and Jarvik ,
M.E. Memory: modification of anisomycin—induced amnesia by stimulants

• and depressants. Science 199: 324—326 (1978).

Gibbins, R.J., Kalant, 11. and LeBlanc, A.E. A technique for accurate
measurement of moderate degrees of alcohol intoxication in small
animals. J. Pharm. Exper. Therap. 159: 236—242 (1968).

Hanson, H.M. Psychophysical evaluation of toxic effects on sensory
systems. Fed. Proc. 34: 1852—1857 (1975).

• Kaplan, M.L. and Murphy , S.D. Effect of acrylamide on rotarod
performance and eciatic nerve beta—glucuronidase activity of rats. Tox.
AppI. Pharm. 22: 259—268 (1972).

• Kelly, J.B. and Masterson , B. Auditory sensitivity of the albino rat.
J. Comp. Physiol. Psych. 91: 930—936 (1977).

Kinnard , W.J., Jr. and Watzman, N. Techniques utilized in the evaluation
psychotropic drugs on animal activity. J. Pharm. Sci. 55: 995—1012
(1966).

Kotsonis, F.N., and Klaassen, C.D. Toxicity and distribution of cadmium
administered to rats at sublethal doses. Tox. Appl. Pharm. 41:
667—680. (1977).

• Kurts, P.J. Behavioral and biochemical effects of malathion . Proc. 7th
• Annual Converence on Environmental Toxicology , October 13—15 , 176, ANRL—

Tk—76—l25, paper No. 12.

Larsson , IC. Conditioning and sexual behavior in the male albino rat.
Acta Psychol. Gothoburg. 1: (1956). (not viewed ; reference is in

• MadlaFousek, et al. — see below).

• Laties , V.G. The modification of drug effects on behavior by external
discriminiative stimuli. J. Pharm. Exper. Therap. 183: 1—12 (1972).

Laties , V.a., Dews, P.B., McMillan , D.E. and Norton, S. Behavioral
toxicity tests. In: Principles and Proceures for Evaluating the

• Toxicity of Household Substances. National Academy of Sciences ,
Washington, D.C., 1977, Chapter 8, pp. 111—118.

U.2 

~~~ --~~•-~~~ -- •~- - - - • • - • - -- -•



Madlafousek, J., Hlinak, Z. and Parisek , J. Sexual behavior of male rats
sterilized by cadmium. J. Reprod. Fert. 26: 189—196 (1971).

Marshall , J.F., Turner , B.H, and Teitelbaum, P. Sensory neglect produced
by lateral hypothalamic damage. Science 174: 523—525 (1971).

McMillan , D.E. and Leander , J.D. Effects of drugs on schedule—controlled
behavior. In: S.D. Glick and J. Goldfarb , Ed.., Behavioral
Pharmacology , C.V. Mosby Co., St. Louis , pp. 85—139.

Mechner, F. Probability relationships within response sequences under
ratio reinforcement . J. Exp. Anal. Behav. 1: 109—122 (1958).

Miczek , K. and Barry, H. III. Pharmacology of sex and aggression. In:
S.D. Click and J. Goldfarb , Eds., Behavioral Pharmacology , C.V. Mosby
Co., St. Louis, 1976, pp. 176—257.

• Moyer , K.E. Kinds of aggression and their physiological basis. Counun.
Behay. Biol. 2: 65—87 (1968).

Norton, S., Culver , B. and Mullenix , P. Measurement of the effects of
drugs on activity of permanent groups of rats. Psychopharm. Coimnun. I:
131—138 (1975).

Robb ins, T.W. A c r i t i que of the methods available for the measurement of
spontaneous motor activity. In: L.L. Iversen , S.D. Iversen and S.H.
Snyder , Handbook of Psychopharmacology: Vol 7, Principl es of Behavioral
Pharmacology , Plenum Press, New York, 1977 , pp. 37—82.

Royce, J.R. On the construc t validity of open—field measures. Psychol.
Bull. 84: 1098—1106 (1977).

Seliger , D.L. Effects of age, sex , and brightness of field on open—field
behaviors of rate. Percept. Mot. Skills 45: 1059—1067 (1977).

Sidman , N. Avoidance behavior . In: W.K. Honig, Ed., Operant Behavior :
Areas of Research and Application , Appleton—Century—Cro fts, New York,
1966, pp. 448-498.

Smith , R.M . ,  Cunningham , W.L. ,  and Van Gelder , C.A . Dieldr in  t o x i c i t y
and successive reversal discrimination in squirrel monkeys (Saimiri
sciureus). J. Tox. Environ. Health 1: 737—747. (1976).

Spyker , J.M. Behavioral teratology and toxicology . In: B. Weiss and
V.0. Laties , Ed.., Behavioral Toxicology , Plenum Press , New York , 1975 ,
pp. 311—344.

Spyker , J.M., Sparber , S.B. and Goldberg, A.M. Subtle consequences of
methylmercury exposure: behavioral deviations in offspring of treated
mothers. Science 177: 621—623 (1972).

a
113

_



Thomas, JR. , Finch , E.D., Fulk , D.W. and Burch , L.S. Effec ts of
low—level microwave radiation on behavioral baselines. Ann. N.Y. Acad ,
Sc. 247: 425—432 (1975).

Thompson, D.M. and Moerschbaecher , J.M. Operant methodology in the study
of learning. Environ. Health Perspect. (in press).

Turner , R.A. Screening Methods in Pharmacology . Academic Press , New
York, 1965.

Tuel , N., Stolin , V., Wagner , M. and Ast , D. Physical exertion
(swimming) in rats under the effec t of chemical agents. In: M. Horvath ,
Ed., Adverse Effec ts of Environmental Chemicals and Psychotrop ic Drugs:
Quantitative Interpretation of Functional Tests , Vol. 1 , Elsevier
Scientific Publishing Co., Amsterdam , 1973 , pp. 155—160.

• Walsh, R.N. and Cuimnina, R.A . The open—field test: a critical review.
Psych . Bull .  83: 482—504 ( 1976) .

Wa taman , N. and Barry, H. III. Drug effects on motor coordination .
Psychopharmacologia (Berl.) 12: 414—425 (1968).

Weiss, B., Brozek , J., Hanson , H.M., Leaf , R.C., Melto , N.K. and Spyker ,
J.M. Effects on behavior , In: Principle s for Evaluating Chemicals in
the Environment, National Academy of Sciences, Washington, D.C., 1975,
chapter XI, pp. 198—216.

Weiss , B., and Laties, V.0. The psychophysics of pain and analgesia.
In: W.C. Stebbings , ed. Animal Psychophysics , Appleton—Century—Croft a ,
New York , pp. 185—210. (1970).

Wenger , G.R. and Dews, P.B. Effec ts of phency c l i d ine, ketamine ,
d—amphetamine and pentobarbital on schedule—controlled behavior in the
mouse. J. Pharm . Exper. Therap. 196: 616—624 (1976).

Wil son, J.0. and Nardone , R. Position paper on reproductive assessment
testing. Unpublished ; written for this report.

Wood , R.W., Weiss, A.B. and Weiss , B. Hand tremor induced by industrial
exposure to inorganic mercury. Arch . Envir. Health 26: 249—252 (1973).

I,

l)~4



6.6 Addendum: Behavioral Toxicology Protocol

General

Three different behavioral tests are in routine use. Each employs
the rat as the test subject and requires twenty—five minutes to complete
(a test session). The Sequential Response Test (SRT) described below
requires pretrained rats and is used to assess the effects of drugs and
chemicals on learned behavior . The SRT has also been used , though not
routinely, to examine response behavior during extinction . The
Spontaneous Activity Test (SAT) described below , requires experimentally
naive rats and is used to assess the effects of drugs and chemicals on
rats ’ spontaneous unconditioned movements or behavior . The Passive
Avoidance Test (PAT ) described below , is a one—trial test which also
employs naive rats and is used to assess the effects of drugs and
chemicals on ~~~~~~ behavior.

Routine Tests

Sequential Response Test (SRT): A rat , conditioned to lever press ,
is placed in a specially designed test environment containing four levers
and a liquid dipper mechanism mounted on one of the walls. The rat is
required to press the levers in the sequence 1 , 2, 3 and ~~, in order to 3
gain access for five seconds, to a cup containing 0.2 ml of water ( a
reward or reinforcement). The levers are a hard , clear plastic material .
each back—li ghted with a 5 watt bulb . As each lever is pressed in
accordance with the demand s of the schedule, it lights up. However, any
response (R) occurring out of sequence or more than one R per lever ,
resets the sequence (turning off whatever lever li ghts were lit ) and
requiring the rat to start over again at lever one.

A rat is conditioned to the four lever chained schedule, in five
stages: (1) Lever pressing behavior is hand shaped using the principle
of rewarding successive ly closer approximation s to the desired response,
until the animal finally presses the lever. (2) The rat is then rewarded
for responses on each of the four levers , randomly, until it learns to
move rapidly from lever to lever without favoring any particular lever.
(3) Gradually the rat is introduced to a multi—lever chained schedule;
rewarded on lever 2 after pressing lever 1. then on lever 3 after
pressing lever I and 2, and finally on lever 4 after pressing 1 , 2 and
3. Early in this stage the rat is randomly rewarded on lever 1 as well
as on the termina l lever of the other three chained schedules.
Gradually, rewards on lever number 1 are eliminated , then on the 1—2
chain etc. until the rat reaches stage (4) where it is being rewarded
only on the four lever chain. The lever tights are not used until the
beginning of stage (3) and the sequence reset is added tstage S’) to the
schedule only after ~he rat achieves 60% correc t responding (or more) and
is receiving 60 to 70 rewards per test session , in stage (4).
Conditioning in stage (5) is considered complete when the dail y plot of
each ra t ’s percent correc t responding begins to asymptote. When this
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point is reached , the percent correct responding for individual rats
ranges from about 70 to over 90%. Although all the parameters vary
considerably from rat to rat , they are remarkably stable for each rat,
from one test session to the next .

The basic data collected during a test session are the total number
of rewards, the number of incorrect Rs on each lever , the total Rs and
the total trials (a trial is terminated by either a reward or an
incorrec t R). In addition to the percent correct responding , the percent
correct trials are calculated and recorded also .

It requires from nine to twelve weeks to fully condition a rat to
this schedule of reinforcement.

Spontaneous Act iv i ty  Test (SAT) : A rat is placed in a p lexiglass
cage mounted on a special sensor pli~e that  detects movement
electronicall y (Stoelting Electronic Activity Monitor — EAM). Four
sensor units are housed in a sound—retardant cabinet. A low gain white
noise is piped into the cabine t through a 2 inch PM speaker , located
adjacent to each activity cage.

This system takes advantage of the fact that when a capacitance
(rat’s body) is moved in a radio frequency field (generated by an
oscillator and broadcast in a very restricted area around the sensor
plate) it generates a small voltage in the plate , proportional to the
magnitude of the movement. This voltage is sensed by a detec tor and
chopped above whatever peak voltage level the experimenter has it
calibrated for. This digitized signal is reshaped , reamplified and
counted as an activity count. Two adjustable activity detectors are
connected to each sensor plate . One detector is calibrated to pick up
all animal movements down to the level of muscle tremors (L—1). The
other detector is calibrated to pick up motion of the magnitude of
locomotion or greater (L—2). The counts on counter (L—2) are recorded as
Cross activity and the (L—l)—(L—2) counts are recorded as Fine ac t ivity.
A ratio of F/C movements is also calculated and recorded f~77ach rat.

Passive Avoidance Test (PAT): A rat is placed in a test box
containing a house light and a grid floor through which an electric shock L
can be delivered . Located in each of the four corners of the box are a
pair of photodetecting units (each unit consists of a photosensor and a
light source), mounted so that the adjacent beams are parallel to the
floor but perpendicular to each other , in tersecting at a point 5.5 cm
from both walls and 3 cm above the floor. Each pair of corner units are
connected to a 28 vdc controlling circuit. That circuit is opened (off)
only when both photobeams in a corner are interrupted simultaneously.
Although the light sources for all the photosensors are on during a test.
only the two sensors associated with one corner (the correc t corner)
control the operation of the shock gonerator .

A test session begins when the house ligh t is turned on. Starting
five seconds later and repeating every five seconds thereafter , a 0.5
second scrambled shock (0.6 ma, 300 volts ) is delivered to the grid floor
unt il the rat terminates the shock by entering the correct corner. As
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long as the rat remains in that corner it will not get shocked , hence the
term, passive avoidance. Whenever the rat moves far enough from the
corner so that at least one photocell beam is made again , the rat will
get shocked until it once more fully re—enters the corner.

The normal behavior of the rat in this test situation is to run
around the inside perimeter of the box during each shock, but stopping
and remaining apprehensively still between shocks. The rat usually
discovers the correct corner by the coincidence of ‘freezing ’ in that
corner between shocks. However, after being there for a short while
without being shocked , most rats will finally wander to the corner and
consequently get shocked . This cycle repeats with the rat rapidly
learning that entering and remaining in the correct corner prevents or
avoids shock.

The basic data are the total number of times that the rat enters
and remains in the correct corner , for a minimum duration of five
seconds. This is termed a Passive Avoidance Response (PAR). A learning
curve can be constructed by cumulatively plotting the PARs recorded each
minute of the test session. In addition , the total number of shocks
delivered and the total time the rat is out of the correct corner are
also recorded .

Procedures

When dose response studies are done , a minimum of 48 rats are
used . They are apportioned equally among six experimental groups; one
receives saline (or other vehicle) and the rPinaining five groups are each
administered different doses of the compound being studied . The material
being studied is usually administered intraperitoneally.

The continuous data generated in the behavioral tests are converted -•

to probit data by comparing each treated animal’s particular behavioral
parameter to the 95% confidence limits of the control mean , for the same
parameter (M+ tO.05 x SD; df”n—l). Values that fall outside these limits
are scored a an effect and those that fall within these limits are
considered as no—effect. The dose response regression line and limits
are then computed using the Bliss method .

Rats being utilized in other types of toxicity testing are
occa~iot~ally submitted for routine behavioral toxicity evaluation in the
SAT and P~T. These rats , kept in whatever cages they arrive in , are
stored overnight in the behavioral laboratory animal room. They are
allowed water ab libi tum, but are deprived of food. The following day
each rat is tested first in the SAT and then in the PAT (four rats are
evaluated simultaneously in each system). Immediately after testing , the
rats are returned to the laboratory from which they came.

Where it is appropriate to do so, the mean, standard deviation and
standard error are calculated for each test paramet.~r. A standard
Students ‘t’ test is routinely employed to determine significant
differences between experimental and control mean values. The level of
significance differences accepted is p 0.05.
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Animal Care & Use

Rats obtained for long term use in the behavioral toxicology
laboratory are housed in Stainless steel cages containing chopped corn
cob bedding. Up to four rats are housed in a single cage and these cages
are changed weekly. The rats are fed and given fresh water daily. They
are also ear coded on arrival and then handled individually and weighed
daily for at least two weeks (10 working days) before being used.

Rats to be conditioned i-n the SRT are deprived of water for 72 
—

hours prior to the first attempt to shape lever pressing behavior.
During conditioning , the contingencies or reinforcement are arranged to
insure that each rat receives at least 15 to 20 ml of water daily during
the work week. On Fridays the rats are allowed water ad libitum for a
minimum of one hour and then deprived for the week—end.

The shock duration, frequency and dose employed in the avoidance
procedure is discomforting enough to motivate a rat to learn how to avoid
it, but is otherwise harmless.

When a rat is no longer needed it is euthanized either by cervical
dislocation or some other painless method .
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7.0 REGULATORY AGENCY GUIDELINES AND INDUSTRIAL PROTOCOLS
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Table 8

Summary of Regula tory  Guide l ines  for Toxic i ty  Test i ng

A. Environmenta l  Protec t ion Agency

Conventiona l Tests — adapted from FR 40 #123 6 /25 /75  (P e s t i c i d e s )
#162.81 Hazards to Humans and Domestic An imals

1. Acute Tests References
Acute oral LDç~ (sing le dose) Rat pre ferred 1 ,2,3,4,6
Acute dermal Ti~~ (single dose) Rabbit pre ferred 5,22

(Guinea pig and
rat acceptable)

Acute pr imary dermal irritation Rabbit preferred 13
(Gu inea p ig and
rat acceptable)

Acute pr imary eye irritation Rabbit acceptable 12
Acute inhalation LC50 Rat pre ferred 10,11
Acute by other routes Same species as None

( intravenous , in tr ape r itonea l)  for acute

2. Subacute Tests
Subacute (1/2 lifetime of organism)
Subacute dermal (muiti ple exposure) Rabbit - subacute 13

dermal
Guinea pig — skin
sensitization

Subacute  inh a l a t ion Rat preferred None
Sub acute oral At least 2 main— None

• malian species ,
one a non—rodent ,
but excluding the
rabbit

3. Teratology One maninalian spe— 15 ,16 ,18 ,20
cies that has a
hemochorial pla-
centa (rat, mouse ,
non—human primate ),
dog may also be
used

4. Neurotoxicity Adult hen (accept— 26
able for determining
e f f e c t s  on myelin
sheath) ;  rat or dog
(for demonstrating
acetylcholinesterase
inh ib i t ion )

a
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Table 8 (Cont ’d)

5. Metabolism Rat or dog for 27,28
extrapolation
to ma n

6. Chronic tests (1/2 lifetime of H
organ ism)
Oncogenicity Lifetime feeding None

studies on at
least 2 mammalian
species (rat and
mouse or hamster)

Feeding At least 2 mammalian 9
species , one of
which must  be the
rat

Reproduction Must be per formed 17,18
on at least one
mammalian spec ies
using one of the
same rodent species
used in the feeding
studies.

Other chronic tests (usually the oral route) 5,6,7,8
Effects on pesticides on:

Hematopoies is
Endocrine systems
Histopathology of various tissues and organs, particularl y

liver and kidney

7. Special studies (Required under special conditions)
Mutagenicity Conducted on in 15 ,19,20,21

vivo mammalian test
sys tems

Potentiation studies 23,24,25

8. #162.82 Hazards to Fish and Wildlife
Avian acute ora l LD50 Single Dose — Mallard

pre ferred or quai l

Avin subacute dietary LD
50 

8—day protocol — one
water fowl and one
game bird

Fish acute toxicity 96—hr , LC50 One cold and one warm
water fish (Rainbow
Trout and Blueg i l l)
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Tabl e 8 (Con t ’d)

Invertebrate acute toxicity Daphnia Sp.
96—hr , LC50
Mammalian toxicity data (acute and sub—acute ) usuall y adequate for

for wild mammals
Acu te toxicity 96—hr , LC50 with shrimp and crabs for estuarine ormarine environments
Acute toxicity 96—hr , LCç0 with oyster larvae or shell deposition

data with representatfve marine mollusc for marine or estuarine
environments

-
~ Ef f e c t s  on flora and fauna in aquatic environments (case by case

basis)
Chronic tests

Av ian reproduction studies (Bobwhite and Mallard )
Subacute or chronic fish and/or

invertebrate reproduction studies

CRF 40 1/ 1/72  Section 162.8 - Economic
Poisons High ly Tox c to

- .  
Man

Tox ic i ty
Ora l — Single Dose 14—day LD

50 Male and
- - - F.’male  Ra ts

Inhalation 14—day LC
50 

Male dnd
Female Rats

Skin absorption 14—day LD
50 Rabbits

(No References)

Consumer Product Safety Commission

FR 38 #187 9/27/73 #1500.50 Method s of Testing Toxic
Substances

Acute derma) — single exposure Rabbit (24 hours ; two
weeks observat ion )

Primary skin irritation Albino rabbit (24 hours ,
(Patch—test technique) 72 hours)

Eye irritant test (0.1 ml Six albino rabbits per
i.iquids; 100 mg Solids) substance (readings at

24,48,72 hours)

(No references~

Note — The Consumer Product Safety Commission commissioned The Nationa l
Academy of Sciences to update “Pri ncipals and Procedures for Eva luating
the Toxicity of Household Substances” (NAS—NR C Publication 1138 , 1Q 64).
The 1 964 edition has been referenced by EPA as a suggested source for
guideline s and protocols. The 1977 edition will likel y also be
referenced by EPA. This document gives the most detailed guidance for
toxicological testing of any published to date .
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Tab le 8 (Con t ’d)

~~partment of Transportation

CFR 49 Parts 100—199 12/76 Section 173.343 Poison B.

Oral toxicity — single dose — rats
Toxicity on inhalation — single dose — rats
Toxicity by skin absorption — rabbits

A substance is labeled a class B poison when it produces death within
48 hours in half  or more than half of a group of 10 or more animals
(Rats, rabbits).

(No References)
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5 Purpos e :  To ~~~; s ~; the c h r o n i c  o x i c  i t s ’  ~ t a .-
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-

Animals : Assign 20 malt ’ and 2 ’, ) 1 om:i I e ~s’can 1 lug (30— ~ l .-, vs
of a~~’) t~liar1e s flivcr CI) (~ p r a ~ t u ’ — f 1 a w h v ) ra t s  t~’
ea ch (‘xpcrlmenta l cr cont r o l  gr oup .  P1st ribut c tlit ’

10 an Itna i ~~~~~~ t he :‘t n ip s  eV cut v at ’ t ’o i d  :~~‘, t ~
and ~c1ght . Mark each a n i m a l  t or permanent ident  I—
fication .

Anima l Care: h ouse the animals in indiv idu al ca~ os at 22—2S°C
15 and approximately A ~ r d  at I V t ’ humidit y. Exposc

them to a i t  e rua t  lug I 2—h~~u- ii ~‘,ht and Wi rk pc~ I oW;
unless ot lwrwise spec I I I

Feeding Levels: Est  ;thi I sh one control group , rece lv inn . ground
Purina Labora tory Chow . E s t , t l  I i  sh 3 t t - s t  ~r oupc
each receiving a dl f t  ~‘ront I evo 1 nt tIn’ t ‘st an!—
stance in l’u r t n a  Chew . The l cwost  l ev e l  is
intended to be a nc~~ef fec i 1 tv el . Tb’ hi ghest I c v i
should be the l i t  g u t ’s t do ;;t ’ not cxpt ’c t t’d I torn sub—

25 acute  s tudies , to p r oduce an advt’:se oft oct. other
than a sli ght  we Ight reduc (ion when compared to the
control .  An intermediate 1ev’’ 1 is chci;t’ri in the
expectation ot seeing a dose—r ela t e1 icaponse .

30 Feeding Conditions : O f f e r  food .ind tap water ad 1 ftitum. Prepare fresh
chow diets  wet ’k ] v , and s t ore t horn in t lie d a r k  at
3 ± 2~ C u n t i l  thc~’ .i r .~ put Into feed cups . Submit
each batch of d lot for anal vs I a t o  Insure that the
test i~atcrlal has been I n corp ra ted at the pro—

35 - scr ihed level . Subm i t  samp 1 vi i  of t. hi’ pure t. i’s
mater thi  at  In Lerva i s  o In sure  that i t  has not
changed diii- Ing at o:agc.

Data: Maintain careful r ecords of t’at’)i In d i v idu a l anlina 1 .
40 Record va ities of body we I gi, t • I ocd cot, ~;l i m p t  i on , and

feed e f f i c i e n cy  we, ’k l v  f o r  i i  weeks, and monthly
thereafter. Ca lcu Ia C e t he ~ii~’n t It I es of eat
material ingested per u n i t  of body wel gu t at each
0. these tnt erva Is. Make d i l l y  gt•oaa t’hai’rvat ions
of t he an Ima Is , and record any pi ’tco I vid ,-ibnorma ii —
ties. ContInue the expt’ r linen t t o t  1 2 moti f Ii ,;
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Kids y ~. 1 tver
Fun. t ‘ ‘us :  it o rg.tri d~uiiagt ’ Is dot cc C ed in eat ly aut opsi i’s

per formi ut Iti a lvs ’;; • k Idut’y fittic I ion , and I ivt’r
function test;; bet ore later sacri I tcts (AppendIx 1).

10 When ur ln.i ly s t ’;; , kidney function ( est a. and I
fun c  t ton It’s t s a z c  to  h~’ p er f o rm e d , use the ten ~tn 1—, main I rosi cacti group I hat. a i t ’  Ic 1w sa c r l f iced
Place these animals in met abolic t ’agc’a whi cli hav e
been thoroughly washed and t’ lusn’d in distil led ot.

1 5 d ion I ~
‘ ed water , I or 3 d ;iv s t o adapt to their new

env I i’onmon I hi’ I o r ’  c o i l  t ’d t I ng samj’ lea . Record I cod
consumption whil e t. he an I ma l ;; are in  the metabolism
cages. Al low out week between sample collections
and sacrifice so t h a t  the c o l l e c t ion s  can be

Q?0 repeated if ne ce ss a r y .

Co l l ect  urine samples under toluene icr a 24—hour
pe r iod • Freeze individu al ur Inc szmipl es and sto r e
them until all the data have been col l ec t ed  and

25 analyzed at each necrop sy p er i o d .

Necropsios: Sacrifice ’ and necropsy S males and 5 f emales from
each group at  3 mouths and at  6 months. Select
these animals  be fo re  li~ start of the stud y,  f rom

30 a table ct random number s .  Take samples for  h i s t o l —
ogy and hematology and as l i sted  in the  Appendix I I .

Animals  that  d ie  or are judged mor ibund  dur ing  the
experiment a r e  to he grossI~’ examined by a pa th o lo—

35 gist , searching for tumors and evident cause of
death.  Hake these examinations even in animals that
au to lyze  ex tensive ly  between d e at h  and discovery .
Tissues are taken and placed in the appropr i ate
fixative using sufficient volume’ to  insure complete

40 fixation .
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Chr o~~I. Oral Ts\ic (tV (cont ‘d)

5 At t e r m i n at i o n  of the stud y ,  all a n i m al s  arc  ne cr op—
sic.!. Tissues are taken and preserved as described
above. Tissues fron i a l l  con t ro ls  and high t r eat men t
groups w i l l  be examined . In a d d i t i o n , all tissue
masses , suspected tumors and lesions are to he

10 examined microscopically by a pathologist. Addi—
tional tissues from low dose group(s) animals should
be examined if indicated by findings in higher
treatment groups.

15 Report: Prepare a comprehensive report giving all experi-
mental details , bod y weight gains , feed efficiencies ,
organ/body weight ratios , heniatoioglcal values ,
longevity values, incidence , location and description

Q 
of all tumors or lesions, and all pertinent tests of
statistical significance. File the final report
within 3 months of completing the experimental work.

Protocol: These studies are always to be carried out under
individually prepared protocols. The previous

25 description is a guideline for protocol preparation.
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I i  di ‘11 ,‘V I ‘i 01 .11 1 1 ~101 ,‘ I’  ;ittd 1101.’ 1.1

15 :‘u ’r t . )  CI • ‘nS co at  1 ’ i i  ~‘t  t i t t ’ St  U. : i t ~l : t  p.’’ t i .’n of the thoracic aorta

Ci , :;;; :; , a t  10; t i c  I m l  cr 1  s’r I s ’  d, ’r : - . t i  prentinence which lie’s
i - i  I .1’- , .v l’a t i . ’ , ’ i t  t 

~~ 
i t  ad 1. , a a a - : ongi t  e

‘1: . t s ’ 1t~~,t  , 1- :: s) 1~~tt i t — O h t  ,; t n s - ,i I • ‘~~ 
, - t t a - u ’ hr  t r , : t a r  , ‘i aa  I s  ‘; -c I ( c i i i  t i g  at the level

s~ t I S , I ’Iivi old ~ t I Ito I In :, - is l cart i l , i~’,-: -- ,i’.d at  t h o  l,-~- t ’ I of I_he first
(I’ar ,tt1v r 5 ’i d) t i  t. ’h5 t I t I ; i ~’ s .

~,i t- :-u :i;,i i t’:;1:,r Scat l,’is t l i t s ’i~~~I c at  5~~ t .1 H a t i : : I- ’ :; ~l.’t t t o t ’  aection ; right

25 
1 yr ~‘lt N1 ’,l a loa save) .
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Nc .1.’ -

St ,.‘i:tac I; ( l u n d  í a  , Open the i t  a t t a t  , h 1 ,‘a~i, I t ~: 1-
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C- : rd inc , an d t-c: ’:os’ a Inc ,n: t : t . lu t a a t r i p t’t s tc’ntach by m;ukl ng an
I’~ ~aric J eisi ~n ~~~ 

I 1,~I t o  t I , - I j i - sc, . Thi’ sec t ion  w i l l  in clu d e
Rt’ :~ioi:s) t h e  cc i  511 . 5 ’ , : ‘ ; i ~t I a  ;:-td l ) y l O i - i a  portions ol’ t h e  stomach.

Liver S . ,  I a n  ta ’ , ’ 1, ’’ .u~ h i ’ h t a i t  t I ~.’ I iver
35

I); od 101 ;,; ~
‘ Ca a a s c a t  in n

t- i t; :;tt~:; 1’’ ‘a:’. St - s I a n

40 1 l t’t i tm i S ’ - i t  “ S ’ I • , t

(‘~‘co’:i , Ce lot I’: ,-:a; : a c t  1, - : ; - ;  ‘ ‘‘  It ’ Ii

t a i l a 1 ; -  i . - ’~ ’: , ‘ i : i a t  I s’” ,-rs ~,:::s ,:;;&1 cut In h a l f  anterior
45 h1:iddct I , ’ ~‘,‘a t ‘ I l..

-
~~ K i . l n . ’vs ( ‘ : s ’:- ’: ;., , ‘ t i . ’ ’  t !t. -- 1.1 
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l I t ( I ) I , (H 5 - : C ( i ) ’ -~~,’ ( l ) t ; . t l )  ~

5 ’ T
~~~ 

~~~~~~~ ‘ ‘

, ( H~ , ‘ ( i ‘ ( I,  ‘ 5 1 (1  (U 1 U Fl u~ ei Sf tS

——~~~~~~ -~~~~~~__~~~~~~~~~~~~ :

S t a n d a r d  I’ I t s ’ .-Jur a 7 1 i ii  Tox l i i i  c~; ftc I i-:s’;t l i i : :  t

u s  (c ot -tt .  d )
5

‘1’,issuC ‘l’rj.n-i; .ina i” et  to - -I 
____________________ _________

P5eproduct ive Ilale — Iii If at t h e  p I - ( t - ; t I a t t -  -iid nai::iit al ~‘csiclc’. Open turi Ic

Tract of th e  tast e : ;  :t,t,t p l:ca I. testis in vial for sectioning.
10

Female — Both ovar 1,-s ;II’e iFs’;; intact . Cross section both
ute ri  or’ i l c ’ t r t s .  C i c u . : ;  a t - c  t i o n  v a g i n a.

Adre iials  L e f t  intiel- adrenal i~ t a h c i t  f o r  s e c t i o n i n g ;  the r igh t

15 - ‘ for  h ave .

Thymus - Sec t i on  t l i rou~ li t h e  gr o at i ’a t  d imension

Psoas nuscie Cross section

20
Sp l e e n  Longi tu i l in i  I soc t ion

Pancreas Longitudinal s u ct i o n

25 x~one ~tarrow To::sl le ft fu ’i nui

Skin • .• 
Dorsal cai v i c a l s & ’ c t  ton

Brain Medial I ; ‘ ; -t~~ It u t d  i i i i  I sect ion (I nclu~des cerebrum , mid brain ,
cerebe l i i i ; : ; , at  taill

Submandibular - Sect ion thrr-’iiph 1;I’s’:itest diraension . Left for section ,
Salivary Gland rig ht for save.

Eyes Both eves are  taPs a i mt a c  t .

— Lesions -

40 
Determine relative ii~d 

,‘ihac’ Iuti ’ wei~ ,h t s  b r  t i t e  I i v er  and kidneys.
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‘.1 (
~ 

:.~ a ( 2 1 ,1 1(1 ‘I I 1) ;. - .: I - 
- I ian: ~‘ ft~ ~. ‘:.--  ~ 7

- 

( ‘  U 11 ’ ) J (I I I ) \ 
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c i  
— 

I ~i ’, I I I S

i, t T i ~~~~~~”,’,~~,l~~~~~~ i I 1 ’ ( 1 ~ - - --  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _

St,_ , ;5!,:: 3 H a,, t~~i , t i  ~~7’t i s ’i l ’ ’ -~ i s ’ , ‘ ,‘,‘ I s  iI -v i  1::

l s ’t 1 1 a - ; - t~. S ~ t . ; l t ’  : ,- ‘- - ;  - -

5 5 ’  -- - - * 5  - - . -

‘I’~’ I ‘ ~ 2 ,’ I i ’~ t,r’ ’’ ‘i t I a ”  u l : , c ,  i s  ~..‘~ sls ’d lot dc; 1 g;:i:i~’,

° -2 ;r s ‘~~ ,t  1 t au ,  i a i t  v , i - u ; ’  - - - I , I I v  a f s ~ : in,; I I~’ti a baa I
t li ,  U,’: s ’ I t , ! : ;  ; s ’ h a  U S s  3 ;:asi t i l t ’ ~~U s ’ ’i toxic ci f~~ct  S

:1’: Ia’ , - ,1’ t - a t  s U .
10

A, 1 ;:’ ; I:;: F I Va  r’ :i a - is! ‘ i s ’ : : ,  i i  a rat a a t  group. The ;‘,i  a ar. .’
i., l’ s ’ s ’ i i s  I t  I , ‘- :ad . ci ’ a rt i n  . : u : : :  ~,; 7 3 s v : ;  , : t t ~I ha 4—5
\“s ’ 5-a &~l:I s’~ s.’n t l t u - ’ ,‘ X t ’ r ’ t  i : : : t t l , i’ t p .~~flS .  T he ir  strain
. ; t ; s I  t ’i i I ’s’ i c i a -  t . ’ I - k ’ spec i i  1 , - si  for atait study . House

15 - t i c  , , t t  i t  : 1~; o t t . . -  rca ~- ‘ g.- . -\~ 
- ;  i ,~ n the i-ala rmndo;r.l.v

I s ’ te aS ~‘, i’oui i~s , w it  i cit u- -il  1 t . . - a . .’ i V , ’ d i  f t  ~rc;~t leve l
01 t , - - ~ t :~~~t s U  1 ti , , i t ij  ( ,  ,n:, - ,a’:;ti’ ,’l ;‘roup. 1:xc~ ;d ..-
ito i :  - , of tjtt ~ ’a t_ i on a t i l  s ’ 1:t .t t ci out lying ‘t’ , ’dy sc,’

20 } ‘r, ’ e-Ut :z - i - :  Stt~-~’ Iv ~- ..-d .t i : J  w,; t t i ’  ,;d l i l . i  . A . I ;u : in i st t ’ r ho ta ct

Q ai.i tt - ;1 a I e i  t h i ’r 1~’,’ or. ; 1 I a t  :~~‘ i t  all  I at a ap t - s.’ if fed ;‘cl: I —
c l i ’ or by i ; ; a ~ ’ u 1 ’ s ’ I , i :  I , t I  m t .  il: ’ d i s  t , i~~ 5j ’ t ’ 1’ i f ~~~Osl f a r

tts l\’ . ( ‘I t I  ‘‘a- 3 iav~’: :~ I ~-r .;d;:I:ii~~ t 1’ , t t  i ’ f l  00 t I n ’
ha;; is of t I . ’ 15 n , -n” ; or  - ‘ - I  i a i j’ U ad lox icc i ~

-
~u i a;; 1 prep—

25 (‘L’I . -. a ,‘ t ‘
, - ~~~~~~~ : . ‘ I s  1 I i i , , :i: l ,~ i V a  s ’l:a 1ev.. 1 to  cad ; of

ii’ - .1 t ‘. i t  p. - at;;’:; . s s i 5 I s  ‘‘ l o v e  I s  :;hou 1 d ha sc’
s~!t ,~ ; ~-n  t ha t t I;.’ I i i .  ~~ . : t  1 ‘ s i  a; , ‘J i ;5 -~’s :i r eSponse , t h i s ’
lou~’ t~ v. .  I p i  ,‘ _ i ; , . - a ,  I ; , . ;5-a I- 5 ‘ : : . ‘ ,u;d t h e  int -nnu ’,l i _ s t . . ’
lot ’ s I t i t , ’tt  i t ; d I  c , ; I  ..- : i  t in ’ i;.:; o t t -  s. ’I t h e  Jea..- — r t  spon~ a
re 1311 i’uc ; ip . Ps ’ s~~~

- t l i e  i t t  :‘d .  t ilv (b y or a l  lntu l ’a t  ion)
or ,‘n u S;; ‘;i ls’ ( I ‘. ..I I it  ,ii V I t . .  In a t o n ’i f or 14 d a s  • 

I -

Observ.t t ions: Cia- i ’; ~‘ i ’ I Ii I . I  (a ‘ I I  Is It ’  - p,n’a I s- al .ti’~:s ’.tt’ ;tt;ce a I gns
Ci l a s  a I or :.v at s’:- Ic t .‘is t t  s’ • tal taol ’ t a l i v . Weigh

35 . 
t h . .  i t i t ir:.; 1;; I’ , - t  o: . ‘ t 1:, - t - ’: 1’( - i  i .  s ; ~~ and ai te’’ I and
2 s~- - , F - ; , l ) s i - 1 : 1 ; : -  I ~.‘ ~1 at - - - i ; ” ,’tion and ft’s ’d f l —
I C I , a’’ I , ’ ’  I v . I’ , - i  - a;;: t ’ : . , ’  - a nt ’~’rops1t:s (‘Ii any
.11; i 1 ; t c t  i t ; , ’ ‘ 1,, .‘ sit ; :, ’ ‘ - ‘ r i l ’u u d  during the stud .

40 
‘I ’,’i :us in : t (  ion : On l i  1 ‘~t h  1 ,‘ , a i ’;  f i c c  : 1  ~- ut rv ivina , an imals by

: 1  -a ; ,II I s ’ ,i ‘i s ~~ ,‘ ‘ - ‘ - . t ;a ’ : , t i is  t I , ’ (sodium 1~i’ntohst’b I—
t e l  — I. ~~~. I~ )‘ , I , 1~~ t i  a l s ’ - - I i , ’ s ’l o h i S i . .’;  On t i l l  anir .;als.
i t s  a ; s’ . ’ in  - - I ‘ .: t : ” ;  at;- ’wi t a  ; s ’as lesi on;, in 10” - neutral
I ’ ;; 1 ,  t c , I  t i n :  , i t; ’- :o ’ ’ p , ’~’ it i s ’ l u tu r e ’  pa 11:0 leg Icc 1

45 
( .~ t~ j a i l

;-
~;-;;;;-;i;::,~ ire : I ‘

~~~~~ 
¶ t :;,t ,,’ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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St andurd Procedure #7A l ii i  Vo:d cot ogi i -al l~u I t t  h t . it .  i on

F o u r t e e n — D ay  Oi’ a I T oxIc  i t ~,’ S t u s t v  ( a u n t  ‘d)

Repor t :  Rep o i t  hcnlv t~~ i~ I g li Is , f ( ‘( ‘( 1 d t) I ;  sump l i on, and feed
c i t ft ien s ’l I’S ;.‘I t li t l p p t ’i-p i i : ’  t r’ a la  t [ i t t l i i i  : t i a i  I vacs .
(Iota I~ :; Is of Y;i;’lance [151 1 atsil FO r t . t th ; l  as ]) Report

Jo itior I a] I ty d ; li t , - ‘ . t t t n . .~ iii deaths wh~tro I t ca n be
do t e t  iii I ~ t’d , and c i ty  a I ’norma  11 tIes t 1st t are obst-irvcd
In  t i l t ;  I lv i  t t ~~ :i ti  iin ;;t I s or a t  n i - s. - r o p a y  . File tile report

- wi t); In I, wi- s-Pt ; of ~ omp 1 ci log r i te  at  tid y .
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35 Ày I i  , ‘~~ 
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St . i n i - i ~sl l’ ; , ’ 5 - , ’ 5 I s I  ;, - 
~‘ 1 3 lot’ ‘F ex (aol up . j a il Es’;i I u t ; t t I sat

5 ‘ I i  I , I t  i’l ~~t t \ ’  l i t  I It. ’ Rat

( S i - . :  , ‘ u i t  I i  at  I l i t , t ~ I ” J ” ,\ Cu I 5h’I.ines)

i’ i t t  (‘oat ’: ‘(‘a dett ’rtii i l l s ’  the o t i s - c t ; ;  of a mat  i-a  tal on ti’ratogCtii’tl i Ii

10 
in  the r u t .

An i ; ; n . l  s : Ru t s , Chat  1 ~‘s River  CD , Sprague—Dttwi t V  or I g i a n t  oil , st xwi 1 l~’
matur e , t,’a I g I t i n g  ;ippr s~x Ii i t ~t t  sl y 200 g at the t Joe ci recei pt ,

30 [t’ma.I es and 15 tijal os por group. Al 1 tin I in;; In wit ] he
housed in individual statal ass steel cages wi tI; i’eii~ ed ;‘- I i:e

15 - I loors and have f roe :is.’ a ~‘aa I o I ‘osl and wet t t’r . TIn ’ ma lea
will ho u i-t s’ci onl y for mating ansi w i l l  reed s’..’ no ti’eat in ent
no r5’s’s.tr~I;; will be kopt on them . All anim;t ii - : w i l l  Se’ ace i i  nat  t ed
to the I al’s;t’5t tory f or  1—2 weeks, whi .l c’ being f t ’tl Pur ina  Chow
pellets or their equivalent. If the anion 1 s are to be I c e n t  ~‘d

20 by gav.lge, they  w i l l  r emain  on P u r in a  Chow pellets, lt the

test m;t tea I - i l wi, 1 1 l ’s ’ ado! n i  s ten d in  t h e  f~ - s - ,l , t i n ’  aol it’ .; Is

0 should be p 1 as - ..‘d s ’tt  ground ’ Pur I ott  Chow at the s’nd i t  the

ace I -b at I ~n p e r i o d . The f s’O;t is’s wi ll be asni got - st un ique
nuinh ’s.’t’S and be identifi ed with ear t a g s .

25
Procedure :  Take da I ly vaginal smears to dot s’rmtn o  len g t h  and norma l i t  v

. ,. . of extrous cycles. At the beg i n nin g  of his ’ thii’d cycle
expose f t’tn ;t los to the  ma los (2 1 s’ma I t’ s to 1 ~t~t l s ’ ’ • ‘rite
presenc e of sperm in the vaginal smear w i l l  in d l ea te  slav “0”

of p r egnancy .  On days  b t hr oug h 15 inclusive of p.a;~tat ion ,
t r ea t  the females with test compound , e i t h e r  by g;sV . t~~s’ 01’

in the feed. Test Iwo , prel erably three , or more l eve ls
of the test  Inatei’ In] , chosen on th.. ; bas is  of intends ’..!
use (human exposure)  , gener a l p ropel- I ics ansi uls ’Ute  toxicity.

35 , Na ive and v eh i c l e  cont ro ls ;  w i l l  be included i:hai’s’ etppr opr t t t t t ’
D u r i n g  each pre ’gn .tn cy  , tne;isure’ and i’e~ er51 t lie I cod e ons t t t to51
for the periods 0—~i , 6—15 and i t ’  - - 2 0 .  Weigh the f s ’males on
days 0, 3 6, . , 1 2 , iS and 2(1, in cad or to n ion it o  r rat t e m l
t o x i c i t y  and to a dj u s t  donags’s siu ~~i op . the t r e at m e n t  per iod.

40 The record;; I or tb~ ani net it; acer It ’ Iced on day  13 , w ill end on
that day .

On day 1 3, ~ac rift s’s’ s’ne-—ha If ol ’ cccli group of (‘coal cs ,
wit I ch bid h e’s’n randot;;.l y as si gned on day i10 n , by s’X s.’t’~45  lye

A r C lhei’ . k..’tuit ’v c the Ut ’ t i ’  I and OV cc I ,‘s. Rt,icoi’sl t he  number ;;  of
,., corp s ’r ;I I O t t - i uf p r e g nan c y ,  1mph ant  ,i t ions and rens s ’rp t  ions , to

dctct ’ntlne i ’;t rh y eui i l ’tv s itox h.’I ty. On slav 21) s ’t  goat i t t i o n
user If ice t l i e  t e ’i;ti i t t  I t i p .  one—ha 1.1 ot ccci; p. i’ s ’ t i  p of 1’re~’.nan t
I e ’i;I,I .1 a:; w i t  I i  l ’ i-t s ’ ( ‘ ti ; ,  lv i ’ t ’ t her and (1 1)01; the eti’sF’iu I nei l ccv I t v
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(S.’p .o..’i it  I I  s ’ I  ~~~~ I- ’l) .\ (iu~ ds ’  I 11105)

- - Rs’coi ii t h e  number s  of corpora I utea , ape’ci  fy  ing t he nunit ier on
each s i d s’. Open t h e s’orlnt,i ~nd remove t he I etunc ’ s , bu t  i i  no
no t e  any res s f lp t  ions; and dcntl I Ct US( ? S . Remove I i’t s ir . ;;

10 cuti i t i g  umbi l i c ’us  ap p r o x i m a t e l y  m i d— d i s t a n c e  b etween t o t a l
abdomen and p] aeon I a • Blot f tuses dry w it h  so f t  paper
t oweling , i~~~~1’t’Ct fur gross abnormalities , determine the

- - sex and we i git. The’ I e tu ses should he nunbe red con;; es’u I Iv c iy
from the dItital end of the cornua on the an im ;tl.’ a right aide

- - to the d ist a l  end of the l e f t  side in a c o u n te r— c l o c k w i s e
f a sh ion .  Reso rp t ion  sites should be indicated in t h e i r

- approp r i a te  number p lace .

Each fetus wil l be i de ut i f i e d  wit); an appropriate tag fastened
20 to a l imb or around the neck , showing a code number which

tde~ tifles the g r ou p ,  slam and f e t a l  posi t ion .  1~andsau l y ;;t ’ l~~e’t

_ I
~ 0 one—th i rd of the I s’t ’USt’5 in  each I itt or for skelet al ~~ ‘tmin—

— at ion  wit - h the r e ma i n i n g  t w o — t h i r d & ;  r e c e i v i n g  so f t  -‘I I :~~a it’

exmnin ;t  t i o n .  llowev or , the random se lect  1o~ shim hi lie a I t  s:r s’ st
if a f et u s  It , i s  an ex t er n a l  ~‘o~ s1i t ion that warranto exani l ncr lot;
by a p a r t i c ul ar  m e t h o d  e . g .  a f e t u s  w i t h  spins hii’ida
or m ic r o p t ha l m ’ta would be examined b y. soIl—tissue methods.

The fetuses  to be examined for skeletal defects will be
eviscerated , c leared w i t h  Kill! and s t ain ed  w i t h  al i zar in .
The niethod u sed should he Stap les and Schn eli ( S ta i n  Tech.

- 39 , 1964) or an equivalent me t hod. The te-tuses front a single
l i t t e r  can be ’ put in t o  a single jar  f o r  pvoccssing.  The

I ~ jar should be I d e n t i f i e d  as to stud y number , gr ou p  or t r eat  —

‘ 
ment number and dan; or l i t t e r  nu luher .  T u e  r’cmnlt;ing pups w i l l
he fixed in ltouln s fixative for iwo weeks, again using a
sing le  j ar  for  each litter and labelled as .-ibsivt’. These 5

f etu s e s  will be r;taor—blade sectioned and examined for ~ut I—
t lasso’ abnormal. It (en (Wil son , Tent tolcigy , Pr-inc ipi Oss and
‘rcchn tqus ’s , 1tTh~ ) . Dead , n e ar — t er m  fe tu s es ohou ld be

‘ i n c l i t c i p s i i n  t h e  ~ott— ( issue exam in at i on . Edematous fetuses
01’ ) icos i r t h i ;tg ic  l)lebs w i l l  be considered at. late resorpilonu .

Dur I up . th ; ’ *;kt ’t e  I ci exan-tinat I ci; reccird numbers of r lbs and
at eane~br ce’,. itidi s a t  lug degas’s’ of calcif Icat ton . Examine

‘I vt-i sit - ac I s~; nin :ii’i’r and I lit ’ d e~ ree oi cal el f] ot; I Ion , us wel l

Q .-t a for s’ l ’~ ’ ( t i l l  iS e l i - a t  s. • flu a tsp. the sot t— ii asue exainina tien
record ~a r t a t  .1cm a SIR’ it as hy dr onep hos is and lou dt’el tot ins.
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St,tndard Pru~- c’ dtt rs- ~ 13 t (ir ‘lox ice 1 p~ I cc I kvai nat ie’i;

T&-rato1,o~~_it; l~ - Rat (ac-n ’ t)
cc 5 

-

* 
(~ egictc’nt LI i~ 1’~t s6  FDA ~: u i c I c ’ l J ; s~~- )

Tis ati - - w i l l  no I nc~s ;ci ly he taken front the dams f o r
htis tol~ ct iIOlO I’Y , but. a l l  gross lesions should  he r e cord &-d .

10 U it is d a o ; ; a 5 1  a p p r o p r i a te  by the In v e st i g a t  or and r e s iden t
pat h ;oio 5~, i at  t h a t  t issues should be taken , the  numb er , k lnu~

- 
- and J R - I  I ;~ t S ;;  wi l l be de termined a t  that  t line.

At the t I N s ’ of making the test  so lu tions  or d i e ts , a 100 g

15 - sam ple w i l l  be taken of each such solu t ion  or d ie t  to
the presence of the t e s t  mate r ia l  and the appropr i a t e  level
In the vehicle. These should be labelled wi th  stud y numbc - r ,
test materi al number , group or treatment number , date made
and investigator ’s name. These samp le s sho u ld he s tor ed

20 in a maniter to prevent deteriation .

0 Report: Data to he reported are :
Body Wetght changes for the three periods , 0-5 , 6—15 and
3.6—20 days.

2 
Feed consumed fo r  the three p eriods .

5 Tota l  amount  of test m a t e r ia l  ingested per an i m a l .

- 
D a i l y  amount of test  ma t e r i a l  ingested per anima l

- expressed as mg/k g of body w eig ht.
Number of p re gnancies  per group at 13 and 20 days .
Number of corpora  lu tea  of pregnancy per l i t t er  at
13 and 20 days .
Numbcr~; of imp lan t s  per l i t t e r  at 13 days .
Number of resorplions per litter at 13 days.
Number of live fetuses per l i t t e r  at 20 days.
Number of dead f e t u ~ c~ per l i t t e r  at  20 days .

35 - 
‘ Number of resorpt-ions per litter at 20 days.

Number s and weights of males and f emales per l i t te r
at 20 d,iv’;.
Number f i et use s  examined for  s o f t — t i s s u e  d ef e c ts  by
litter s and groups .

40 Number w .t 111 soft’ t fr.sue defvct& .
Number o[ I i ’Luses  examined f o r  ske le ta l  de f e c t s  by
lIt ts-i’s t n - I  g r oups .
Numb er w i t h  skt-J eta] def e c t s .
Types of 5s:f i — t i  : ;sus ’ arni skel ci ci de fec ts .

The final a s-p a ;  t ;;!t, ’;; IsI ~~~~~ coi;p let cd within 6 weeks after
comp iet  J u g  the l ’x ~~s ’ l  i r e  i t t  a] work .
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JA 1’t ( ~) ‘ M ( l ) J J i (1 )Kl~ l( 1) 1~i- 1) 
~x. S t/NP.-~.Rn ‘ft l’ P ’ i ‘-~ ~~~~

Peer :  
_ _ _ _  _ _ _ _ _

Standard Procedure i112 for Ta’: [col 0~
, S s’al. I-:vcl t i  I I on

Acute  Inh :ilatic’i; Toxicity

5 Purpose: To det e rm t u e  the r i -n - - s at i-at I - -a of a rn-tie i - I  a 1. tlta t,

will pro~ltis ’~’ ~~~ ~~~~~~~~~~ 
at: I f O  s ot’ d s c L l i  in

rats when they nra s’ p s ’:;a~I to it i i i  t-lie ft~r;~i af a

particulate soJ is! . ‘ s i s I S s I .I , a I te 1nid aerosol, a
vapor , or a

— 10
- :  Animals: Albino rats , of s tr a i n  and ~,c ’wac  to be speclfi.~d

* 
for each e x p e r im e n t , w eI gh i n g  200—300 g, randomly
assigned to groups of 10 males and 10 females.

Procedure: Arrange to genera t e ’  an air stream c o n t a i n i n g  the
test u f l it  s-r ia l  at spac ifi ed concentrations , to
introduce this sir stream into at; inhalation chamber,
and to monitor the concentration of the material In
the chamber. Expose the  an imals  to th is  a tmosphere ,

- _ 0  under dyn~i:~is - condi tious , for 1 hour . Remove the
animals to standard Individual cages and normal air;

— 
- retain the survivors for  a ~~a observation period .

Concentration Unless ot l tcrvlsc i nd i cat ed  by knowiedgc of the test
25 of Test material , expose the f i r s t  group of animals to a

Substance: concentrat ion of 200 ng of’ test substance per l i t e r
of air .  If more than ~~~ ci the animals die during
exposure, repeat  the exper iment  at  lower levels unt i l
a level is found t hat  produces 10—90% mortality.

30 From the number s of d -a ths , ca l c u lat e  the LC50 for
the mater ia l  ( 1) .

Observations: During the  i— hour  exposure  p er i od  and daily for the
next 14 days , obset’ve the at;l~’ .;]s for m or t a l i t y ,

35 behavioral nhnormc.l tti~’s, and other evidences of 
-

- 
-

morbidity. NceroI* :y anf:.icls tha t die or appear
moribund , and , at the end of the experiment , necrop sy
all survivors. The lu n g s , t r a c h~’.; , live;’, and
kidneys , as well a~i any other Ci g na that look

40 gr ossly abnormal . Sri’ pr ’ t - c ’i ’v s -J  In  the appropr i at e
f i xa t iV e ’ U~u ing  a vol nine to c l i e nt ’s’ p re se t  v.; t ion of the
specimens, if required by el- n’lnl proto~’oI , histo—
logical c’xamina t lot ; of th ese t . t a - -ac: ; w i l l  he made.

O Weigh the lungs , liver , and 1:1 Sti - y s  and c a lcu l at e
5 organ/bod y weight  r a t i o s .

(1) W. R. Thompson, Uacterlnl R’v., Par t I, ii , 113—145 (19/47);
C. S. Well, Biotnotrlcti, 8, 249 (1952).
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i fll(l)%4CK(l)HT(1))’t’l’C(l) : - (  1) i ’ ’ - ’ i  No. : i

~cg(l)l.UF(l)K~fl(1)JB(1)DG(l) Sect!on: D~tt e: I 2/2O/7t~
f JAB( 3 )m ’H( l ) J DR( l )KD M (l )RF ( l )  ix. S’f)~Nl),-\TW TI-:ST t~ETP0I )~ Super sedes :

Page : Issue :

Standard Procedure #12 for Toxicological Evaluatloit

Acute In ation,,jox1c~~t~~ (con t ’d)

5 Report: Report the I::e ’ans u s s d  to  gen( ’ra t t~ t he test  a tmosphere
and resul ts  of monitor lug its ce ,i aent ration. Report
mortali t ies ~nd I C ,, .  R e p or t  o rgan /bod y weight ratios ,
with a p p r o p r I a t e  tn~~~~ee -: ; . Report  the r e s u l ts  of ’
histological exar.tinatl .on , and repor t  any other abnormal—

10 ities absoLved .

File the report wIthin 6 weeks of completing the
experiment.
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