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FOREWORD: This report presents the results of the bioassay of
 
2-aminoanthraquinone conducted for the Carcinogenesis Testing Program,
 
Division of Cancer Cause and Prevention, National Cancer Institute
 
(NCI), National Institutes of Health, Bethesda, Maryland. This is
 
one of a series of experiments designed to determine whether selected
 
chemicals have the capacity to produce cancer in animals. Negative
 
results, in which the test animals do not have a significantly
 
greater incidence of cancer than control animals, do not necessarily
 
mean the test chemical is not a carcinogen because the experiments
 
are conducted under a limited set of circumstances. Positive results
 
demonstrate that the test chemical is carcinogenic for animals under
 
the conditions of the test and indicate a potential risk to man.
 
The actual determination of the risk to man from animal carcinogens
 
requires a wider analysis.
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SUMMARY
 

A bioassay of 2-aminoanthraquinone for possible carcinogenicity
 
was conducted using Fischer 344 rats and B6C3F1 mice. 2-Aminoanthra
quinone was administered in the feed, at either of two concentrations
 
(except for female rats), to groups of 50 male and 50 female animals
 
of each species. The time-weighted average dietary concentrations
 
used in the chronic bioassay were 0.69 and 0.35 percent for high and
 
low dose male rats, respectively, 0.2 percent for the treated female
 
rats, and 1.0 and 0.5 percent, respectively, for high and low dose
 
mice of both sexes. After a 78-week period of chemical administra
tion (80 weeks for high dose mice), observation of the rats continued
 
for up to an additional 32 weeks and observation of the mice continued
 
for up to an additional 16 weeks.
 

In both species adequate numbers of animals in all groups, except
 
the treated female rats, survived sufficiently long to be at risk from
 
late-developing tumors. The survival among treated female rats was
 
poor and, as a result, no conclusions could be made regarding the car
cinogenicity of the compound in these animals.
 

When male rats having either hepatocellular carcinomas or neo
plastic nodules of the liver were combined and the resulting tumor
 
incidences were analyzed statistically, there was a significant posi
tive association between dosage and the incidences of these combined
 
neoplasms. Hepatocellular carcinomas were observed at significantly
 
higher incidences when dosed mice were compared to controls. There
 
was a significantly higher incidence of malignant hematopoietic
 
lymphomas in high dose female mice when compared to controls.
 

Under the conditions of this bioassay, dietary administration of
 
2-aminoanthraquinone was carcinogenic in male Fischer 344 rats, caus
ing a combination of hepatocellular carcinomas and neoplastic nodules
 
of the liver. The compound was also carcinogenic in B6C3F1 mice,
 
causing hepatocellular carcinomas in both sexes and malignant hemato
poietic lymphomas in females.
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I. INTRODUCTION
 

2-Aminoanthraquinone (Figure 1) (NCI No. C01876), an intermediate
 

in the synthesis of anthraquinone dyes, was selected for bioassay by
 

the National Cancer Institute in an attempt to determine which chemi

cals may be responsible for the increased incidence of bladder cancer
 

observed among workers in the dye manufacturing industry (Wynder et
 

al., 1963; Anthony and Thomas, 1970). Aromatic amines are one of
 

several classes of chemicals thought to contribute to the increased
 

cancer risk in this industry (Wynder et al., 1963). The structural
 

relationship of 2-aminoanthraquinone to two documented carcinogens,
 

2-naphthylamine (Occupational Safety and Health Administration, 1973)
 

and 2-anthramine (Griswald et al., 1968), was also a factor in its
 

selection.
 

The Chemical Abstracts Service (CAS) Ninth Collective Index
 

(1977) name for this compound is 2-amino-9,10-anthracenedi.one.* It
 

is also commonly referred to as AAQ.
 

Although the unsubstituted aminoanthraquinones have no importance
 

as dyes in and of themselves, introduction of the amino group into the
 

anthraquinone nucleus provides the basis for innumerable anthraquinone
 

dye intermediates (Cofrancesco, 1963). 2-Aminoanthraquinone per se is
 

a direct precursor of five dyes and one pigment that are produced com

mercially in the United States. These include Colour Index Vat Blues
 

k
 
The CAS registry number is 117-79-3.
 



FIGURE 1
 
CHEMICAL STRUCTURE OF 2-AMINOANTHRAQUINONE
 



4, 6, 12 and 24; Vat Yellow 1; and Pigment Blue 22 (Society of Dyers
 

and Colourists, 1971; as cited in Urso, 1977).
 

Recent production statistics for 2-aminoanthraquinone are con

sidered proprietary and are therefore not available. However, 2.01 x
 

10 pounds of the compound and its salts were produced in 1971, the
 

latest year for which such data were reported (U.S. Tariff Commis

sion, 1973; as cited in Urso, 1977). Imports of 2-aminoanthraquinone
 

through principal U.S. customs districts are quite substantial and
 

amounted to 3.57 x 10 pounds in 1974 (U.S. International Trade
 

Commission, 1976; as cited in Urso, 1977).
 

Since 2-aminoanthraquinone appears to be used on a commercial
 

scale exclusively by the dye industry, the potential for exposure to
 

the compound is greatest for workers at dye manufacturing facilities.
 



II. MATERIALS AND METHODS
 

A. Chemicals
 

One batch of 2-aminoanthraquinone was purchased from J. T. Baker
 

Chemical Company (Lot #1-8041) and a second batch was purchased from
 

American Cyanamid. The second batch did not bear a lot number when
 

it was received at Mason Research Institute. The batch received from
 

Baker was used only for the first 8 weeks of the chronic bioassay of
 

male rats (female rats and mice of both sexes were not yet on test).
 

After week 8 of the male rat bioassay, only the American Cyanamid
 

batch was used for dosed feed preparation. Dosed female rats and all
 

dosed mice received only the American Cyanamid chemical.
 

The initial chemical analyses of both batches were performed at
 

Mason Research Institute. Five years later a sample of the American
 

Cyanamid batch was analyzed by Midwest Research Institute. The melt

ing points determined at Mason Research Institute were 215° to 235°C
 

for the American Cyanamid batch. The chemical decomposed at 235°C.
 

When the American Cyanamid batch was tested at Midwest Research
 

Institute, a melting point range of 255° to 292°C was observed,
 

with decomposition noted at 292°C. The deviation of these observed
 

melting point ranges from the melting point range of 303° to 306°C
 

reported in the literature (Pollock and Stevens, 1965), suggests that
 

either the chemicals tested were of very low purity or that attempts
 

to determine the melting point were unsuccessful because decomposi

tion occurred before the melting point was reached. The ultraviolet
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spectra for the compound purchased from American Cyanamid and the
 

literature reference spectra (Sadtler Standard Spectra,a) are shown
 

below:
 

American 
Cyanamid 

(Analyzed by 
Midwest) Reference 

Solvent: Methanol Methanol 

445 445
 
297 297
 
279
 
240 240
 

The ultraviolet spectra of the American Cyanamid sample in meth

anol determined at Midwest Research Institute included all three of
 

the peaks found in the reference spectrum, confirming identity of the
 

compound, and also had a peak at 279 nm. The extra peak indicated
 

the presence of an impurity. The ultraviolet spectra of both batches
 

determined in chloroform at Mason Research Institute do not agree with
 

the reference spectra.
 

The infrared spectrum, determined at Midwest Research Institute
 

for the American Cyanamid batch, was consistent with the literature
 

spectrum (Sadtler Standard Spectra,b).
 

Throughout this report the term 2-aminoanthraquinone is used to
 

represent these materials.
 

B. Dietary Preparation
 

The basal laboratory diet for both dosed and control animals
 

consisted of Wayne Lab-Blox
(f& 
 (Allied Mills, Inc., Chicago, Illinos).
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2-Aminoanthraquinone was administered to the dosed animals as a com

ponent of the diet. The chemical was mixed in the feed in a 6 kg
 

capacity Patterson-Kelley standard model stainless steel twin-shell
 

V-blender. After 20 minutes of blending, the mixtures were placed
 

in double plastic bags and stored in the dark at 4°C. Mixtures were
 

prepared weekly and stored for not longer than 1 week.
 

C. Animals
 

Two animal species, rats and mice, were used in the chronic
 

carcinogenicity bioassay. Fischer 344 rats and B6C3F1 mice were
 

obtained through contracts of the Division of Cancer Treatment, Na

tional Cancer Institute. All rats and their controls were supplied
 

by Laboratory Supply Company, Inc., Indianapolis, Indiana. The high
 

dose and high dose control mice and some of the low dose mice (male
 

and female) were supplied by Charles River Breeding Laboratories,
 

Inc., Wilmington, Massachusetts. The remaining low dose mice and
 

all the low dose control mice were supplied by ARS/Sprague-Dawley,
 

Madison, Wisconsin. Each group of animals to be dosed was received
 

in a shipment separate from their controls.
 

Upon arrival, a sample of animals was examined for parasites and
 

other signs of disease. The remaining animals were quarantined for
 

two weeks prior to initiation of test. Animals were assigned to
 

groups and distributed among cages so that average body weight per
 

cage was approximately equal for a given sex and species.
 



D. Animal Maintenance
 

All animals were housed by species in rooms having a temperature
 

®
 
range of 23° to 34°C. Incoming air was filtered through Tri-Dek
 

15/40 denier Dacron filters (Tri-Dim Filter Corp., Hawthorne, New
 

Jersey) providing six changes of room air per hour. Fluorescent
 

lighting was provided on a 12-hour-daily cycle.
 

Rats were housed five per cage by sex. During quarantine and
 

for the first 13 months of study, rats were housed in galvanized- or
 

stainless-steel wire-mesh cages suspended above newspapers. News

papers under cages were replaced daily and cages and racks washed
 

weekly. For the remainder of the study, rats were housed in sus

pended polycarbonate cages equipped with disposable nonwoven fiber
 

filter sheets. Clean bedding and cages were provided twice weekly.
 

Stainless steel cage racks were cleaned once every two weeks, and
 

disposable filters were replaced at that time.
 

Mice were housed by sex in shoe box type polycarbonate cages fit

ted with perforated stainless steel lids and nonwoven fiber filters.
 

All mice were housed either five or ten per cage. Cages, lids, and
 

bedding were provided two to three times per week. Reusable filter
 

bonnets and pipe racks were sanitized every two weeks throughout the
 

study.
 

Water was available ad libitum for both species from 250 ml
 

water bottles equipped with rubber stoppers and stainless steel
 



sipper tubes. Bottles were replaced twice weekly and, for rats only,
 

refilled as needed between changes.
 

Wayne Lab-Blox was supplied ad libitum throughout the entire
 

test. Alpine aluminum feed cups (Curtin Matheson Scientific, Inc.,
 

Woburn, Massachusetts) containing stainless steel baffles or stain

less steel gangstyle hoppers were used to distribute powdered feed.
 

Pelleted Wayne Lab-Blox was supplied during the quarantine period
 

and final observation period. Mice were fed pellets from a wire bar
 

hopper incorporated into the cage lid, while rats received pellets
 

on the cage floor.
 

All rats were housed in a room in which other rats were receiving
 

&
 
diets containing 5-nitro-o-toluidine (99-55-8); hydrazobenzene (530

50-7); 3-amino-9-ethylcarbazole hydrochloride; 6-nitrobenzimidazole
 

(94-52-0); 1-nitronaphthalene (86-57-7); and APC (8003-03-0).
 

All dosed mice in this study were housed with their respective
 

diet controls.
 

E.	 Selection of Initial Concentrations
 

In order to establish the maximum tolerated concentrations of
 

2-aminoanthraquinone for administration to dosed animals in the
 

chronic studies, subchronic toxicity tests were conducted with both
 

rats and mice. Animals of each species were distributed among four
 

groups, each consisting of five males and five females. 2-Aminoan

thraquinone was incorporated into the basal laboratory diet and
 

* .

CAS registry numbers are given in parentheses.
 



supplied ad libitum to three of the four groups of each species in
 

concentrations of 1.0, 3.0, and 5.0 percent. The fourth group of
 

each species served as a control group, receiving only the basal
 

laboratory diet. The dosed dietary preparations were administered
 

for a period of 4 weeks, followed by a 2-week observation period
 

during which all animals were fed the basal laboratory diet.
 

The highest concentration causing no deaths, no compound-related
 

gross abnormalities, and no mean group body weight depression in
 

excess of 20 percent relative to controls was selected as the high
 

concentration utilized for the rat and mouse chronic bioassays.
 

No deaths were recorded for any dosed rat group. Mean body
 

weight depression was approximately 6 and 10 percent for males re

ceiving chemical concentrations of 1.0 and 3.0 percent, respectively,
 

and 18 and 19 percent for females receiving the same respective
 

concentrations. The high concentration selected for use in the rat
 

chronic bioassay was 2.0 percent for both males and females.
 

The only death recorded among dosed mice was one male receiving
 

5.0 percent 2-aminoanthraquinone. Mean body weight depression was
 

approximately 8 percent for males receiving concentrations of 1.0
 

and 3.0 percent, respectively, and 14 and 18 percent for females
 

receiving the same respective concentrations. The high concentration
 

ultimately selected for use in the mouse chronic bioassay was 1.0
 

percent for both males and females.
 



F.	 Experimental Design
 

The experimental design parameters for the chronic study (spe

cies, sex, group size, actual concentrations administered, duration
 

of treated and untreated observation periods, and the time-weighted
 

average concentrations) are summarized in Tables 1 and 2.
 

There were 10 rat groups (male and female) originally included
 

in this research. As five of these groups consisted of too few ani

mals for meaningful statistical analysis for bioassay purposes and/
 

or included gonadectomized and ovariectomized rats, only the 5 re

maining rat groups were considered when evaluating this bioassay.
 

Dosed male rats were approximately 6 weeks old when chemical
 

administration was initiated and they shared the same median date
 

of birth. Control males were approximately 3 weeks older than the
 

dosed males. The initial concentrations of 2-aminoanthraquinone
 

administered to male rats were 2.0 and 1.0 percent, respectively.
 

Throughout this report those males initially receiving 2.0 percent
 

are referred to as the high dose group and those initially receiv

ing 1.0 percent are referred to as the low dose group. After having
 

received 2-aminoanthraquinone at the indicated concentrations for 10
 

weeks, the dosages were reduced to 0.5 and 0.25 percent for the high
 

and low dose groups, respectively. These concentrations were main

tained for the remainder of the chemical administration period. The
 

dosed group of female rats was approximately 6 weeks old when they
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TABLE 1
 

DESIGN SUMMARY FOR FISCHER 344 RATS 
2-AMINOANTHRAQUINONE FEEDING EXPERIMENT 

TIME-WEIGHTED 
AVERAGE 

INITIAL 2-AMINOANTHRA OBSERVATION PERIOD CONCENTRATION 
GROUP QUINONE TREATED UNTREATED OVER A 78-WEEK 
SIZE CONCENTRATION3 (WEEKS) (WEEKS) PERIODb 

MALE 

CONTROL 50 0 0 107 0 

LOW DOSE 50 1.0 10 0.35 
0.25 68 
0 28 

HIGH DOSE 50 2.0 10 0.69 
0.5 68 
0 28 

FEMALE 

CONTROL 25 0 0 109 0 

DOSED 50 0.2 78 0.2 
0 32 

a
 
Concentrations in percentages in feed .
 

S (concentration X weeks received)
 
Ti trip— w<=> i oh t-prl flvpi •fltrp f nnrpnfraf i nn =
 

78 weeks
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TABLE 2
 

DESIGN SUMMARY FOR B6C3F1 MICE
 
2-AMINOANTHRAQUINONE FEEDING EXPERIMENT
 

INITIAL 2-AMINOANTHRA OBSERVATION PERIOD 
GROUP QUINONE TREATED UNTREATED 
SIZE CONCENTRATION3 (WEEKS) (WEEKS) 

MALE 

LOW DOSE CONTROL 50 0 0 93 

HIGH DOSE CONTROL 50 0 0 96 

LOW DOSE 49 0.5 78 
0 16 

HIGH DOSE 50 1.0 80 
0 15 

FEMALE 

LOW DOSE CONTROL 50 0 0 94 

HIGH DOSE CONTROL 50 0 0 96 

LOW DOSE 50 0.5 78 
0 16 

HIGH DOSE 50 1.0 80 
0 16 

Concentrations in percentages in feed. 
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were included in the bioassay. The control females were also approxi

mately 6 weeks old when they were included in the bioassay, 11 weeks
 

after compound administration had been initiated for the dosed females.
 

The dosed females received 0.2 percent 2-aminoanthraquinone for the
 

78-week period of compound administration. Dosed male rats were
 

observed for an additional 28 weeks after compound administration
 

ceased and dosed female rats were observed for an additional 32 weeks.
 

The concentrations utilized for both male and female mice were
 

1.0 and 0.5 percent. Throughout this report those mice receiving a
 

dietary 2-aminoanthraquinone concentration of 1.0 percent are re

ferred to as the high dose groups while those receiving 0.5 percent
 

are referred to as the low dose groups. The low dose mice were
 

approximately 6 weeks old when they were first administered the
 

compound. At that time the low dose control mice were approximately
 

3 weeks older. The high dose mice were also approximately 6 weeks
 

old when they first received the compound, which was approximately 8
 

months after the low dose mice had been started on test. The high
 

dose control mice were approximately 3 weeks younger than the high
 

dose mice. The high dose mice were dosed for 80 weeks while the low
 

dose mice received the chemical for 78 weeks. An observation period
 

of up to 16 weeks followed the period of compound administration.
 

G. Clinical and Histopathologic Examinations
 

Animals were weighed immediately prior to initiation of the
 

experiment. Body weights were recorded twice weekly for the first
 

13
 



12 weeks of the study and at monthly intervals thereafter. From the
 

first day, all animals were inspected twice daily for mortality.
 

Food consumption, for two cages from each group, was monitored for
 

seven consecutive days once a month for the first nine months of the
 

bioassay and for three consecutive days each month thereafter. The
 

presence of tissue masses and lesions was determined by monthly ob

servation and palpation of each animal.
 

A necropsy was performed on each animal regardless of whether it
 

died, was killed when moribund, or was sacrificed at the end of the
 

bioassay. The animals were euthanized by carbon dioxide inhalation,
 

and were immediately necropsied. The histopathologic examination
 

consisted of gross and microscopic examination of major tissues,
 

organs, and gross lesions taken from sacrificed animals and, whenever
 

possible, from animals found dead.
 

Tissues were preserved in 10 percent buffered formalin, embedded
 

in paraffin, sectioned, and stained with hematoxylin and eosin prior
 

to microscopic examination. An occasional section was subjected to
 

special staining techniques for more definitive diagnosis.
 

Slides were prepared from the following tissues: skin, subcuta

neous tissue, lungs and bronchi, trachea, bone marrow, spleen, lymph
 

nodes, thymus, heart, salivary gland, liver, gallbladder (mice), pan

creas, esophagus, stomach, small intestine, large intestine, kidney,
 

urinary bladder, pituitary, adrenal, thyroid, parathyroid, brain, ear,
 

testis, prostate, Zymbal's gland, mammary gland, uterus, and ovary.
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A few tissues were not examined for some animals, particularly
 

for those that died early. Also, some animals were missing, canni

balized, or judged to be in such an advanced state of autolysis as to
 

preclude histopathologic interpretation. Thus, the number of animals
 

for which particular organs, tissues, or lesions were examined micro

scopically varies and does not necessarily represent the number of
 

animals that were placed on experiment in each group.
 

H. Data Recording and Statistical Analyses
 

Pertinent data on this experiment have been recorded in an auto

matic data processing system, the Carcinogenesis Bioassay Data System
 

(Linhart et al., 1974). The data elements include descriptive infor

mation on the chemicals, animals, experimental design, clinical ob

servations, survival, body weight, and individual pathologic results,
 

as recommended by the International Union Against Cancer (Berenblum,
 

1969). Data tables were generated for verification of data transcrip

tion and for statistical review.
 

These data were analyzed using the statistical techniques de

scribed in this section. Those analyses of the experimental results
 

that bear on the possibility of carcinogenicity are discussed in the
 

statistical narrative sections.
 

Probabilities of survival were estimated by the product-limit
 

procedure of Kaplan and Meier (1958) and are presented in this report
 

in the form of graphs. Animals were statistically censored as of the
 

time that they died of other than natural causes or were found to be
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missing; animals dying from natural causes were not statistically
 

censored. Statistical analyses for a possible dose-related effect
 

on survival used the method of Cox (1972) when testing two groups for
 

equality and used Tarone's (1975) extensions of Cox's methods when
 

testing a dose-related trend. One-tailed P-values have been reported
 

for all tests except the departure from linearity test, which is only
 

reported when its two-tailed P-value is less than 0.05.
 

The incidence of neoplastic or nonneoplastic lesions has been
 

given as the ratio of the number of animals bearing such lesions at a
 

specific anatomic site (numerator) to the number of animals in which
 

that site was examined (denominator). In most instances, the denomi

nators included only those animals for which that site was examined
 

histologically. However, when macroscopic examination was required
 

to detect lesions prior to histologic sampling (e.g., skin or mammary
 

tumors), or when lesions could have appeared at multiple sites (e.g.,
 

lymphomas), the denominators consist of the numbers of animals necrop

sied.
 

The purpose of the statistical analyses of tumor incidence is to
 

determine whether animals receiving the test chemical developed a sig

nificantly higher proportion of tumors than did the control animals.
 

As a part of these analyses, the one-tailed Fisher exact test (Cox,
 

1970, pp. 48-52) was used to compare the tumor incidence of a control
 

group to that of a group of treated animals at each dose level. When
 

results for a number of treated groups, k, are compared simultaneously
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with those for a control group, a correction to ensure an overall
 

significance level of 0.05 may be made. The Bonferroni inequality
 

(Miller, 1966, pp. 6-10) requires that the P-value for any comparison
 

be less than or equal to 0.05/k. In cases where this correction was
 

used, it is discussed in the narrative section. It is not, however,
 

presented in the tables, where the Fisher exact P-values are shown.
 

The Cochran-Armitage test for linear trend in proportions, with
 

continuity correction (Armitage, 1971, pp. 362-365), was also used
 

when appropriate. Under the assumption of a linear trend, this test
 

determined if the slope of the dose-response curve is different from
 

zero at the one-tailed 0.05 level of significance. Unless otherwise
 

noted, the direction of the significant trend was a positive dose re

lationship. This method also provides a two-tailed test of departure
 

from linear trend.
 

A time-adjusted analysis was applied when numerous early deaths
 

resulted from causes that were not associated with the formation of
 

tumors. In this analysis, deaths that occurred before the first
 

tumor was observed were excluded by basing the statistical tests on
 

animals that survived at least 52 weeks, unless a tumor was found at
 

the anatomic site of interest before week 52. When such an early
 

tumor was found, comparisons were based exclusively on animals that
 

survived at least as long as the animal in which the first tumor
 

was found. Once this reduced set of data was obtained, the standard
 

17
 



procedures for analyses of the incidence of tumors (Fisher exact
 

tests, Cochran-Armitage tests, etc.) were followed.
 

When appropriate, life-table methods were used to analyze the
 

incidence of tumors. Curves of the proportions surviving without an
 

observed tumor were computed as in Saffiotti et al. (1972). The week
 

during which animals died naturally or were sacrificed was entered
 

as the time point of tumor observation. Cox's methods of comparing
 

these curves were used for two groups; Tarone's extension to testing
 

for linear trend was used for three groups. The statistical tests for
 

the incidence of tumors which used life-table methods were one-tailed
 

and, unless otherwise noted, in the direction of a positive dose
 

relationship. Significant departures from linearity (P < 0.05, two-


tailed test) were also noted.
 

The approximate 95 percent confidence interval for the relative
 

risk of each dosed group compared to its control was calculated from
 

the exact interval on the odds ratio (Gart, 1971). The relative risk
 

is defined as p /p where p is the true binomial probability of the
 
t c t
 

incidence of a specific type of tumor in a treated group of animals
 

and p is the true probability of the spontaneous incidence of the
 
c
 

same type of tumor in a control group. The hypothesis of equality
 

between the true proportion of a specific tumor in a treated group
 

and the proportion in a control group corresponds to a relative risk
 

of unity. Values in excess of unity represent the condition of a
 

larger proportion in the treated group than in the control.
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The lower and upper limits of the confidence interval of the
 

relative risk have been included in the tables of statistical analy

ses. The interpretation of the limits is that in approximately 95
 

percent of a large number of identical experiments, the true ratio
 

of the risk in a treated group of animals to that in a control group
 

would be within the interval calculated from the experiment. When
 

the lower limit of the confidence interval is greater than one, it
 

can be inferred that a statistically significant result (a P < 0.025
 

one-tailed test when the control incidence is not zero, P < 0.050
 

when the control incidence is zero) has occurred. When the lower
 

limit is less than unity but the upper limit is greater than unity,
 

the lower limit indicates the absence of a significant result while
 

the upper limit indicates that there is a theoretical possibility
 

of the induction of tumors by the test chemical which could not be
 

detected under the conditions of this test.
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III. CHRONIC TESTING RESULTS: RATS
 

A. Body Weights and Clinical Observations
 

Slight mean body weight depression was observed when dosed males
 

were compared with control males. There was a more distinct differ

ence between the mean body weights of the dosed and control females
 

(Figure 2). Fluctuations in the growth curve may be due to mortality;
 

as the size of the group diminishes, the mean body weight may be sub

ject to wide variations.
 

One low dose male rat developed a palpable mass on the ventral
 

surface and one control male had a crusted lesion on the dorsolateral
 

surface. No other clinical abnormalities were observed in dosed or
 

control rats of either sex.
 

B. Survival
 

The estimated probabilities of survival for male and female rats
 

in the control and 2-aminoanthraquinone-dosed groups are shown in
 

Figure 3. For male rats, there was no significant association between
 

dose and mortality. For female rats a significant positive associa

tion between chemical administration and mortality was observed.
 

For males ten rats were sacrificed from the control group in
 

week 29 and five rats were sacrificed from each dosed and control
 

group in week 78. Adequate number of males were at risk from late-


developing tumors with 70 percent (35/50) of the high dose, 64 per

cent (32/50) of the low dose, and 54 percent (27/50) of the controls
 

surviving on test until the termination of the study.
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TIME ON TEST (WEEKS) 

FIGURE 2
 
GROWTH CURVES FOR 2-AMINOANTHRAQUINOIME CHRONIC STUDY RATS
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TIME ON TEST (WEEKS) 

FIGURE 3
 
SURVIVAL COMPARISONS Of 2-AMINOANTHRAQUINONE CHRONIC STUDY RATS
 

22 



For females five rats were sacrificed from the dosed group and
 

five from the control group in week 78. Survival in the dosed group
 

declined steadily from week 40 on. After one year, 70 percent
 

(35/50) of the dosed rats and 92 percent (23/25) of the control rats
 

were alive on test. By the termination of the study, however, only
 

14 percent (7/50) of the dosed rats and 48 percent (12/25) of the
 

control rats remained alive. Survival of female rats was not ade

quate to permit analysis of late-developing tumors.
 

C. Pathology
 

Histopathologic findings on neoplasms in rats are summarized in
 

Appendix A (Tables Al and A2); findings on nonneoplastic lesions are
 

summarized in Appendix C (Tables Cl and C2).
 

The incidence of hepatic neoplasms in male rats fed the two con

centrations of 2-aminoanthraquinone appeared to be compound-related.
 

Hepatocellular carcinomas occurred in 8/49 (16 percent) low dose,
 

5/46 (11 percent) high dose and 0/46 control male rats. Hepatocel

lular carcinoma was found in 1/42 (2 percent) dosed females but in
 

none of the controls. Neoplastic nodules were also commonly observed
 

in dosed male rats.
 

Morphology of the hepatocellular carcinoma and neoplastic nodules
 

was similar to that described by Squire and Levitt (1975). Hepatocel

lular carcinoma involved one or many lobes of the liver. The tumor
 

appeared well-differentiated, but the normal lobular architecture was
 

distorted. Liver plates were two cells in thickness. There was a
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pleomorphism in the size of transformed hepatocytes. Cytoplasm of the
 

cells was either acidophilic or basophilic. In some tumors, cytoplasm
 

of the cells was vacuolated and suggested fatty infiltration. Nuclei
 

were hyperchromatic and nucleoli prominent. Mitotic figures were
 

numerous. Areas of necrosis and clusters of inflammatory cells were
 

found in a few tumors. The tumor had metastasized to the lung in
 

one control female rat, but in none of the dosed rats.
 

Neoplastic nodules were smaller, demarcated, and compressed the
 

normal liver in areas. Cells in these nodules were large. Cytoplasm
 

of the cells was basophilic and the nuclei were large. A few mitotic
 

figures were present.
 

2-Aminoanthraquinone is considered to be a hepatocarcinogen since
 

there was an increase in the incidence of hepatocellular carcinomas
 

and neoplastic nodules of the liver in male Fischer 344 rats fed the
 

two concentrations of the chemical.
 

One low dose male rat and 16/42 (38 percent) of the female rats
 

originally included in the bioassay had foreign body granulomatous
 

nephritis (FBGN) of the kidney and died in less than 25 weeks. This
 

lesion differed from the renal changes normally seen in aging Fischer
 

344 rats, in that the lumen of cortical tubules were plugged with crys

tals, and there was a granulomatous reaction and fibrosis. The lesions
 

resembled those described by Baker et al. (1975) as foreign body granu

lomatous nephritis (FBGN). In those female rats fed 0.2 percent 2-amino

anthraquinone which survived as long as the respective controls, the
 

incidence of neoplasms was low.
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D. Statistical Analyses of Results
 

The results of the statistical analyses of tumor incidence in
 

rats are summarized in Tables 3 and 4. The analysis is included for
 

every type of malignant tumor in either sex where at least two such
 

tumors were observed in at least one of the control or 2-aminoanthra

quinone-dosed groups and where such tumors were observed in at least
 

5 percent of the group. Because of the sacrifice of 10 male control
 

rats in week 29, the analyses for males were based solely on those
 

rats surviving at least 30 weeks.
 

For males the Cochran-Armitage test showed a significant (P <
 

0.001) positive association between dose and the combined incidence
 

of hepatocellular carcinomas or neoplastic nodules of the liver.
 

The departure from linear trend was also significant (P = 0.006)
 

due to the comparable incidence rates in both dosed groups. These
 

positive results were supported by significant (P < 0.001) Fisher
 

exact tests when either dosed group was compared to the control.
 

When hepatocellular carcinomas alone were considered, the Fisher
 

exact test showed a significantly (P = 0.005) higher incidence in
 

the low dose than in the control. The high dose comparison had a
 

probability level of P = 0.048, a marginal result which was not
 

significant under the Bonferroni criterion. Based on these statis

tical findings the administration of 2-aminoanthraquinone was asso

ciated with the increased incidence of hepatocellular neoplasms in
 

male rats.
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TABLE 3
 

TIME-ADJUSTED ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS AT
 
SPECIFIC SITES IN MALE RATS TREATED WITH 2-AMINOANTHRAQUINONEa»f
 

S3
 
ON
 

HIGH
 
DOSE
 

5/45(0.11)
 

P = 0.048
 

Infinite
 
1.020
 

Infinite
 

78
 

18/45(0.40)
 

P < 0.001
 

Infinite
 
4.667
 

Infinite
 
78
 

3/42(0.07)
 

P = 0.002(N)
 

0.190
 
0.038
 
0.635
 

106
 

TOPOGRAPHY: MORPHOLOGY
 

Liver: Hepatocellular Carcinoma
 

P Values0
 

Departure from Linear Trend
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Liver: Hepatocellular Carcinoma or
 
Neoplastic Nodule"
 

P Values0
 

Departure from Linear Trend
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Pituitary: Adenoma NOS or Chromophobe
 
Adenoma'3
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

CONTROL
 

0/36(0.00)
 

N.S.
 

P = 0.018
 

__.«
 

0/36(0.00)
 

P < 0.001
 

P = 0.006
 

12/32(0.38)
 

P - O.OOl(N)
 

101
 

LOW
 
DOSE
 

8/41(0.20)
 

P = 0.005
 

Infinite
 
2.032
 

Infinite
 

78
 

18/41(0.44)
 

P < 0.001
 

Infinite
 
5.134
 

Infinite
 
78
 

4/38(0.11)
 

P = 0.008(N)
 

0.281
 
0.074
 
0.824
 

106
 

http:4/38(0.11
http:18/41(0.44
http:8/41(0.20
http:12/32(0.38
http:0/36(0.00
http:0/36(0.00
http:3/42(0.07
http:18/45(0.40
http:5/45(0.11


___ 

TABLE

TOPOGRAPHY: MORPHOLOGY
 

Adrenal: Pheochromocytoma or Pheochromo
cytoma, Malignant
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Thyroid: C-Cell Adenoma
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Pancreatic Islets: Islet-Cell Adenoma
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

3 (CONTINUED) 

CONTROL
 

6/35(0.17)
 

N.S.
 

107
 

1/35(0.03)
 

P = 0.044
 

107
 

2/32(0.06)
 

N.S.
 

__«.
 

107
 

LOW
 
DOSE
 

2/40(0.05)
 

N.S.
 

0.292
 
0.030
 
1.511
 

106
 

0/39(0.00)
 

N.S.
 

0.000
 
0.000
 
16.661
 

1/39(0.03)
 

N.S.
 

0.410
 
0.007
 
7.536
 

106
 

HIGH
 
DOSE
 

5/44(0.11)
 

N.S.
 

0.663
 
0.175
 
2.398
 

104
 

5/39(0.13)
 

N.S.
 

4.487
 
0.539
 

206.175
 

104
 

1/44(0.02)
 

N.S.
 

0.364
 
0.006
 
6.707
 

106
 

http:1/44(0.02
http:5/39(0.13
http:5/44(0.11
http:1/39(0.03
http:0/39(0.00
http:2/40(0.05
http:2/32(0.06
http:1/35(0.03
http:6/35(0.17


___ 

TABLE 3 (CONCLUDED) 

LOW HIGH
 
TOPOGRAPHY :MORPHOLOGY CONTROL DOSE DOSE
 

Testis: Interstitial-Cell Tumor 33/35(0.94) 36/39(0.92) 38/45(0.84)
 

P Values0 N.S. N.S. N.S.
 

Relative Risk (Control) 0.979 0.896
 
Lower Limit 0.886 0.812
 
Upper Limit 1.115 1.077
 

Weeks to First Observed Tumor 78 78 78
 

Treated groups received time-weighted average doses of 34.6 or 69.2 ppm in feed.
 

NJ Number of tumor-bearing animals/number of animals examined at site (proportion).
 
00
 

The probability level for the Cochran-Armitage test is given beneath the incidence of tumors in
 
the control group when P < 0.05; otherwise, not significant (N.S.) is indicated. The probability
 
level for the Fisher exact test for the comparison of a treated group with the control group is
 
given beneath the incidence of tumors in the treated group when P < 0.05; otherwise, not signifi
cant (N.S.) is indicated. For both Cochran-Armitage and Fisher exact tests a negative designa
tion (N) indicates a lower incidence in the treated group(s) than in the control group.
 

The 95% confidence interval on the relative risk of the treated group to the control group.
 
«
 

The probability level of the test for departure from linear trend is given beneath the control
 
group when P < 0.05.
 

These analyses were based solely upon animals surviving at least 30 weeks.
 

http:38/45(0.84
http:36/39(0.92
http:33/35(0.94


TABLE 4
 

ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS AT
 
SPECIFIC SITES IN FEMALE RATS TREATED WITH 2-AMINOANTHRAQUINONE*
 

TOPOGRAPHY: MORPHOLOGY
 

Hematopoietic System: Leukemia or
 
Malignant Lymphoma^3
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

K3 Liver: Hepatocellular Carcinoma or
 
Neoplastic Nodule*3
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Pituitary: Adenoma NOS or Chromophobe
 
Adenoma*5
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

CONTROL
 

2/23(0.09)
 

106
 

2/23(0.09)
 

106
 

8/21(0.38)
 

78
 

DOSED
 

2/43(0.05)
 

N.S.
 

0.535
 
0.042
 
7.038
 

106
 

1/42(0.02)
 

N.S.
 

0.274
 
0.005
 
5.023
 

106
 

6/30(0.20)
 

N.S.
 

0.525
 
0.182
 
1.477
 

78
 

http:6/30(0.20
http:1/42(0.02
http:2/43(0.05
http:8/21(0.38
http:2/23(0.09
http:2/23(0.09


___ 

TOPOGRAPHY: MORPHOLOGY
 

Adrenal: Cortical Adenoma
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Adrenal: Pheochromocytoma or
 
Pheochromocytoma, Malignant
 

u> P Values0 o 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Thyroid: C-Cell Adenoma or C-Cell
 
Carcinoma*3
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

TABLE 4 (CONTINUED) 

CONTROL
 

0/23(0.00)
 

3/23(0.13)
 

109
 

3/21(0.14)
 

109
 

DOSED
 

2/39(0.05)
 

N.S.
 

Infinite
 
0.180
 

Infinite
 

67
 

3/39(0.08)
 

N.S.
 

0.590
 
0.087
 
4.106
 

76
 

2/29(0.07)
 

N.S.
 

0.483
 
0.044
 
3.871
 

50
 

http:2/29(0.07
http:3/39(0.08
http:2/39(0.05
http:3/21(0.14
http:3/23(0.13
http:0/23(0.00
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TABLE 4 (CONCLUDED)
 

TOPOGRAPHY; MORPHOLOGY CONTROL DOSED
 

Mammary Gland: Adenocarcinoma NOS
 
or Papillary Cystadenoma NOSb 2/23(0.09) 0/43(0.00)
 

P Values0 N.S.
 

Relative Risk (Control) 0.000
 
Lower Limit 0.107
 
Upper Limit 1.794
 

Weeks to First Observed Tumor 98
 

Mammary Gland: Fibroadenoma 4/23(0.17) 3/43(0.07)
 

P Values0 N.S.
 

Relative Risk (Control) 0.401
 
Lower Limit 0.065
 
Upper Limit 2.194
 

Weeks to First Observed Tumor 109 64
 

o
 

Treated groups received concentrations of 0.2 percent in feed.
 

Number of tumor-bearing animals/number of animals examined at site (proportion).
 
*-»
 

The probability level for the Fisher exact test for the comparison of the treated group with
 
the control group is given beneath the incidence of tumors in the treated group when P < 0.05;
 
otherwise, not significant (N.S.) is indicated. A negative designation (N) indicates a lower
 
incidence in the treated group than in the control group.
 

The 95% confidence interval on the relative risk of the treated group to the control group.
 

http:3/43(0.07
http:4/23(0.17
http:0/43(0.00
http:2/23(0.09


Also in male rats the Cochran-Armitage test indicated a signifi

cant (P = 0.044) positive association between dose and the incidence
 

of thyroid C-cell adenomas. The Fisher exact tests, however, were
 

not significant.
 

For male rats the possibility of a negative association between
 

chemical administration and tumor incidence was observed for the com

bined incidence of pituitary adenomas NOS and chromophobe adenomas.
 

This may have been due, however, to the greater than expected inci

dence of these tumors in the control group (12/41 or 29 percent)
 

when compared to the historical control incidence for these tumors
 

35/334 (11 percent) in data on untreated male Fischer 344 rats
 

collected by this laboratory for the NCI Carcinogenesis Testing
 

Program.
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IV. CHRONIC TESTING RESULTS: MICE
 

A. Body Weights and Clinical Observations
 

Slight mean body weight depression was observed when low dose
 

males were compared with low dose control males. There was a more
 

distinct difference between the mean body weights of the low dose fe

male and low dose control females. Distinct differences in mean body
 

weights were not apparent when high dose mice of either sex were com

pared to their high dose controls (Figure 4). It may be noted that
 

for both sexes the mean body weights of the two control groups which
 

came from different suppliers were appreciably different.
 

No clinical abnormalities were observed in dosed or control mice
 

of either sex.
 

B. Survival
 

The estimated probabilities of survival for male and female mice
 

in the control and 2-aminoanthraquinone-dosed groups are shown in
 

Figure 5. The Tarone test for positive association between dosage
 

and mortality was not significant for either male or female mice.
 

Five male mice were sacrificed from the high dose control in
 

week 49 and five more in week 78. Additionally, five males were
 

sacrificed from the high dose group in week 78, plus five from the
 

low dose control in week 80. At the termination of the study, 86
 

percent (43/50) of the high dose, 94 percent (46/49) of the low dose,
 

78 percent (39/50) of the high dose control and 82 percent (41/50) of
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TIME ON TEST (WEEKS) 

FIGURE 4 
GROWTH CURVES FOR 2-AMINOANTHRAQUINONE CHRONIC STUDY MICE 
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TIME ON TEST (WEEKS) 

FIGURES
 
SURVIVAL COMPARISONS OF 2-AMINOANTHRAQUINONE CHRONIC STUDY MICE
 

35 



the low dose control mice were alive on test. Adequate numbers of
 

males were at risk from late-developing tumors.
 

Five female mice from the high dose control were sacrificed in
 

week 49 with five more sacrificed in week 78. Additionally, five
 

females were sacrificed from the high dose group in week 78 and five
 

from the low dose control in week 80. With 76 percent (38/50) of the
 

high dose, 88 percent (44/50) of the low dose, 76 percent (38/50) of
 

the high dose control, and 78 percent (39/50) of the low dose control
 

mice surviving on test until the termination of the study, adequate
 

numbers of females survived sufficiently long to be at risk from
 

late-developing tumors.
 

C. Pathology
 

Histopathologic findings on neoplasms in mice are summarized in
 

Appendix B (Tables Bl and B2); findings on nonneoplastic lesions are
 

summarized in Appendix D (Tables Dl and D2).
 

A dose-related increase in the incidence of hepatocellular
 

carcinomas was found in both sexes of mice receiving 2-aminoan

thraquinone. In male mice, this tumor occurred in 20/47 (43 per

cent) of the low dose group, 36/49 (73 percent) of the high dose
 

group, and in 18/94 (19 percent) of the controls. In female mice,
 

this tumor was present in 5/47 (11 percent) of the low dose group,
 

12/47 (26 percent) of the high dose group, and 5/96 (5 percent)
 

of the controls.
 

Morphology of the hepatocellular carcinoma in these mice was
 

similar to that described in Butler and Newberne (1975). The tumor
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had replaced a part or a whole lobe of the liver. The normal archi

tecture was distorted with the tumor cells arranged in abnormal
 

trabecular patterns. Cytoplasm of the cells was eosinophilic and
 

vacuolated in areas. A pleomorphism in nuclear size was evident.
 

Nuclei were vesicular, and mitotic figures were present. Inclusions
 

were seen in some of the nuclei. Metastases to other organs were not
 

found.
 

An increased incidence of malignant lymphomas was observed in
 

high dose female mice when compared to controls. These lesions were
 

found in 12/49 (24 percent) of the high dose females and 7/97 (7 per

cent) of the controls. The incidences of these lesions in the low
 

dose and control groups were similar.
 

The dosed mice had the usual spectrum of nonneoplastic lesions,
 

and none appeared to be compound-related.
 

2-Aminoanthraquinone is considered to be a hepatocarcinogen, as
 

there was a dose-related increase in the incidence of hepatocellular
 

carcinomas in B6C3F1 mice receiving this chemical. Administration
 

of the chemical was also associated with an increased incidence of
 

malignant lymphomas in high dose female B6C3F1 mice.
 

D. Statistical Analyses of Results
 

The results of the statistical analyses of tumor incidence in
 

mice are summarized in Tables 5 and 6. The analysis is included for
 

every type of malignant tumor in either sex where at least two such
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TABLE 5
 

ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS AT
 
SPECIFIC SITES IN MALE MICE TREATED WITH 2-AMINOANTHRAQUINONE*
 

LOW DOSE HIGH DOSE LOW
 
TOPOGRAPHY: MORPHOLOGY CONTROL CONTROL DOSE
 

Lung: Alveolar/Bronchiolar Carcinoma 2/46(0.04) 5/49(0.10) 4/45(0.09)
 

P Values0 N.S.
 

Relative Risk (Control) 2.044
 
Lower Limit 0.310
 
Upper Limit 21.695
 

Weeks to First Observed Tumor 93 96 94
 

Lung: Alveolar/Bronchiolar Adenoma or
 
Alveolar/Bronchiolar Carcinoma^ 7/46(0.15) 10/49(0.20) 8/45(0.18)
 

—_
P Values0 N.S.
 

Relative Risk (Control) 1.168
 
Lower Limit 0.404
 
Upper Limit 3.468
 

Weeks to First Observed Turner 80 96 94
 

Hematopoietic System: Malignant
 
Lymphoma'3 2/46(0.04) 5/49(0.10) 0/48(0.00)
 

P Values0 N.S.
 

Relative Risk (Control) 0.000
 
Lower Limit 0.000
 
Upper Limit 3.236
 

Weeks to First Observed Tumor 93 96
 

HIGH
 
DOSE
 

5/50(0.10)
 

N.S.
 

0.980
 
0.240
 
3.999
 

85
 

11/50(0.22)
 

N.S.
 

1.078
 
0.459
 
2.570
 

85
 

2/50(0.04)
 

N.S.
 

0.392
 
0.039
 
2.266
 

78
 

http:2/50(0.04
http:11/50(0.22
http:5/50(0.10
http:0/48(0.00
http:5/49(0.10
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TABLE 5 (CONCLUDED)
 

TOPOGRAPHY: MORPHOLOGY
 

Liver: Hepatocellular Carcinoma
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Liver: Hepatocellular Carcinoma or
 
Hepatocellular Adenoma"
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

LOW DOSE
 
CONTROL
 

12/46(0.26)
 

93
 

12/46(0.26)
 

93
 

HIGH DOSE
 
CONTROL
 

6/48(0.13)
 

78
 

8/48(0.17)
 

78
 

LOW
 
DOSE
 

20/47(0.43)
 

N.S.
 

1.631
 
0.867
 
3.192
 

94
 

20/47(0.43)
 

N.S.
 

1.631
 
0.867
 
3.192
 

94
 

HIGH
 
DOSE
 

36/49(0.73)
 

P < 0.001
 

5.878
 
2.843
 
14.070
 

78
 

36/49(0.73)
 

P < 0.001
 

4.408
 
2.353
 
8.925
 

78
 

Treated groups received doses of 0.5 or 1.0 percent in feed.
 

Number of tumor-bearing animals/number of animals examined at site (proportion).
 

"The probability level for the Fisher exact test for the comparison of a treated group with the
 
control group is given beneath the incidence of tumors in the treated group when P < 0.05; other
wise, not significant (N.S.) is indicated. A negative designation (N) indicates a lower incidence
 
in the treated group than in the control group.
 

The 95% confidence interval on the relative risk of the treated group to the control group.
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TABLE 6 

ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS AT 
SPECIFIC SITES IN FEMALE MICE TREATED WITH 2-AMINOANTHRAQUINONEc 

TOPOGRAPHY: MORPHOLOGY 
LOW DOSE 
CONTROL 

HIGH DOSE 
CONTROL 

LOW 
DOSE 

HIGH 
DOSE 

Lung: Alveolar /Bronchiolar Adenoma or 
Alveolar/Bronchiolar Carcinoma" 

P Values0 

Relative Risk (Control) 
Lower Limit 
Upper Limit 

1/46(0.02) 
___ 

___ 

3/50(0.06) 
___ 

___ 

2/48(0.04) 

N.S. 

1.917 
0.103 

110.703 

3/48(0.06) 

N.S. 

1.042 
0.146 
7.419 

Weeks to First Observed Tumor 94 78 94 95 

° Hematopoietic System: Malignant 
Lymphoma" 

P Values0 
5/47(0.11) 2/50(0.04) 6/48(0.13) 

N.S. 

12/49(0.24) 

P = 0.003 

Relative Risk (Control) 
Lower Limit 
Upper Limit 

1.175 
0.321 
4.548 

6.122 
1.464 
53.856 

Weeks to First Observed Tumor 80 96 83 82 

Liver: Hepatocellular Carcinoma" 

P Values0 
4/46(0.09) 1/50(0.02) 5/47(0.11) 

N.S. 

12/47(0.26) 

P = 0.001 

Relative Risk (Control) 
Lower Limit 
Upper Limit 

1.223 
0.281 
5.803 

12.766 
2.015 

530.576 

Weeks to First Observed Tumor 94 96 94 78 



TABLE 6 (CONCLUDED)
 

LOW DOSE HIGH DOSE LOW HIGH 
TOPOGRAPHY: MORPHOLOGY CONTROL CONTROL DOSE DOSE 

Pituitary: Adenoma NOS or Chromophobe 
Adenoma^ 4/37(0.11) 3/42(0.07) 4/42(0.10) 3/36(0.08) 

P Values0 N.S. N.S. 
___ 

Relative Risk (Control) 0.881 1.167 
Lower Limit 0.176 0.165 
Upper Limit 4.417 8.184 

Weeks to First Observed Tumor 80 96 94 96 

Treated groups received doses of 0.5 or 1.0 percent in feed.
 

Number of tumor-bearing animals/number of animals examined at site (proportion).
 

The probability level for the Fisher exact test for the comparison of a treated group with the
 
control group is given beneath the incidence of tumors in the treated group when P < 0.05; other
wise, not significant (N.S.) is indicated. A negative designation (N) indicates a lower incidence
 
in the treated group than in the control group.
 

The 95% confidence interval on the relative risk of the treated group to the control group.
 



tumors were observed in at least one of the control or 2-aminoanthra

quinone-dosed groups and where such tumors were observed in at least
 

5 percent of the group. Cochran-Armitage tests were not used in
 

these analyses since the high dose and the high dose control groups
 

came from a different supplier and were started at a different time
 

from the low dose and the low dose control groups.
 

Hepatocellular carcinomas were observed in a large number of
 

male and female mice. In male mice a significant (P < 0.001) Fisher
 

exact test result was obtained for the comparison of the high dose
 

group to the high dose control. Similarly, in female mice the Fisher
 

exact test was significant (P = 0.001) for the comparison of high
 

dose to the high dose controls. Based on these statistical findings
 

the administration of 2-aminoanthraquinone was associated with the
 

increased incidence of hepatocellular carcinomas in both male and
 

female mice.
 

For female mice, the incidence of malignant lymphoma was
 

increased in the high dose group relative to that in the high dose
 

control group, with a significant (P = 0.003) comparison using the
 

Fisher exact test. Incidences of 24 percent (12/49) and 4 percent
 

(2/50) were observed in the high dose and high dose control groups,
 

respectively, compared to the historical incidence of a maximum of
 

12 percent (43/350) in untreated female B6C3F1 mice observed at Mason
 

Research Institute for the NCI Carcinogenesis Testing Program. Based
 

on these findings, there was a possibility that the administration of
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2-aminoanthraquinone was associated with the development of malignant
 

lymphomas in female mice.
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V. DISCUSSION
 

There were no significant positive associations between the
 

dietary concentrations of 2-aminoanthraquinone and mortality in male
 

rats or in mice of either sex; there was a significant positive asso

ciation, however, between dose and mortality in female rats. Adequate
 

numbers of animals in all groups, except the dosed female rats, sur

vived sufficiently long to be at risk from late-developing tumors.
 

When male rats having either hepatocellular carcinomas or neoplas

tic nodules of the liver were combined and the resulting incidences
 

(i.e., 0/46, 18/49 [37 percent], and 18/46 [39 percent] in the control,
 

low dose, and high dose, respectively) were analyzed statistically,
 

there was a significant positive association between dosage and the
 

incidences of these combined neoplasms. Both the high dose to control
 

and the low dose to control Fisher exact comparisons supported this
 

finding. When those males having hepatocellular carcinomas alone
 

were evaluated, the low dose to control Fisher exact comparison was
 

significant; however, the high dose to control comparison was not.
 

Dietary exposure to the compound resulted in nephrotoxicity in female
 

rats, as the majority of the females examined had foreign body granu

lomatous nephritis.
 

Hepatocellular carcinomas were observed at higher incidences in
 

dosed mice when compared to controls (i.e., 12/46 [26 percent], 6/48
 

[13 percent], 20/47 [43 percent], and 36/49 [73 percent] in the low
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dose control, high dose control, low dose, and high dose males, res

pectively, and 4/46 [9 percent], 1/50 [2 percent], 5/47 [11 percent]
 

and 12/47 [26 percent] in the low dose control, high dose control,
 

low dose, and high dose females). For both sexes the high dose to
 

control Fisher exact comparisons were significant. For female mice
 

there was a significantly higher incidence of malignant hematopoietic
 

lymphomas in the high dose group when compared to the high dose con

trol. In addition, the incidence observed in the high dose females
 

in this bioassay (i.e., 12/49 or 24 percent) is twice the historical
 

incidence observed in control female mice maintained at Mason Research
 

Institute during the NCI Carcinogenesis Testing Program.
 

In a previous report, no evidence was provided for the carcino

genicity of 2-aminoanthraquinone in female Sprague-Dawley rats follow

ing administration of a total of 1000 mg of the compound. The animals
 

were intubated with 10 equal doses over a period of 30 days, the first
 

dose administered when they were 40 days old. Final observations in
 

this study were completed approximately 9 months after the first dose
 

was given (Griswald et al., 1968).
 

Under the conditions of this bioassay, dietary administration of
 

2-aminoanthraquinone was carcinogenic in male Fischer 344 rats, caus

ing a combination of hepatocellular carcinomas and neoplastic nodules
 

of the liver. The compound was also carcinogenic in B6C3F1 mice,
 

causing hepatocellular carcinomas in both sexes, and it was associated
 

with malignant lymphomas in females. No evidence was provided for the
 

carcinogenicity of 2-aminoanthraquinone in female rats.
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APPENDIX A
 

SUMMARY OF THE INCIDENCE OF NEOPLASMS
 
IN RATS TREATED WITH 2-AMINOANTHRAQUINONE
 





TABLE Al
 
SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS TREATED WITH 2-AMINOANTHRAQUlNONE
 

LOW DOSE HIGH DOSE C O N T R O L ( U N T R ) 
01-0037 01-0031 01-0032 

A N I M A L S I N I T I A L L Y IN STUD? 50 50 50 
A H I H A L S NECROPSIED 46 49 47 
A N I M A L S E X A M I N E D HISTOPATHOLOGICAL! Y ** U6 49 46 

INTZGUNENIABY SYS1EM 

*SKIN 
FIBROSARCOMA 

(46) (49) (47) 
1 (2%) 

*SUBCUT TISSUE 
FIBROMA 
LEIOMYOSARCOMA 

(46) (49) 
1
1

 (2%) 
 (2X) 

(47) 

R E S P I R A T O R Y SYSTEM 

tTFACHEA (45) (49) (45) 
A D E N O C A R C I N O H A , NOS, M E T A S T A T I C 1 (2X) 

t L U N G (46) (49) (46) 
A D E N O C A H C m C H A . NOS, M E T A S 1 A T I C 1 ( 2 X ) 
ALVEOLAR/BRONCHIOLAR A D E N O M A 1 (2X) 
A L V E O L A R / B R O N C H I O L A R C A R C I N O M A 1 < 2 X ) 
C-CELL C A R C I N O H A , M E T A S T A T I C 1 (2X) 
P H E O C H R O M O C Y T O M A , METASTATIC 2 (4X) 

H E K A T C P O I E T I C SYSTEM 

*BUL1IFLE C R G A K S (46) (49) (47) 
M A L I G N A N T L Y B E H O M A , N O S 
H A L I G . L Y M P H O M A , HISTIOCYTIC T Y S I 1 (2X) 
U N D I F F E R E N T I A T E D L E U K E M I A 1 (2X) 
MONOCYTIC LEUKEMIA 1 (2X) 

*IY»PH S C E E (38) (43) (40) 
A D E N O C A R C I N O M A , NOS, M E T A S 1 A T I C 1 (3X) 

C I B C O L A T C B Y S Y S T E M 

* N U M B E R CF A N I M A L S HITH TISSBH E X A M I N E D M I C R O S C O P I C A L L Y 
* N U M B E R Cf A N I M A L S NECROPSIED 
**EXCLODES PARTIALLY AUTOLYZED ANIMALS 
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TABLE Al (CONTINUED) 

C O N T B O L ( U N T B ) LOW DOSE 

01-0037 01-0031 

D I G E S T I V E S Y S T E M 

# I I V E R (16) (49) 
N E O P L A S T I C N O t U L E 10 (20X) 
H E P A T O C E L L U L A B C A R C I N O M A 8 (16X) 

» S T O K A C H (45) (47)
 
P A P I L L C M A , NOS
 

I S B A I L I M E S T I N I (43) (47)
 
L E I O M Y C M A
 

a t U C E E N U M (43) (47)
 
L E I O M Y C M A
 

U R I N A R Y S Y S T E M 

N O N E 

E N D O C R I N E S Y S T E M 

I P I T U I T A R Y (41) (46) 
A C E N C F A , N C S 2 < 5 X ) 1 (2*) 
CHBOMOPHOEE ADENOMA 10 (2i*%) 3 (1%) 

f A D R E N A L (43) (48) 
A D E N O C A R C I N C M A , NOS, M E T A S T A T I C 1 (2X) 
P H E O C F H C H O C Y T C M A 6 (14X) 2 (4X) 
P H E O C H R O M O C Y T O M A , M A L I G N A N T 

# T H Y R O I D (45) (46) 
A C E k C P A , N C S 1 ( 2 X ) 1 < 2 X ) 
A C E N O C A R C I K C M A , N O S 2 (H%1 
C-CELL A D E N O M A 1 ( 2 X ) 
C-CELL C A R C I N O M A 1 < 2 X ) 

IPANCEEATIC ISLETS (42) (47) 
ISLET-CELL A E E N O M A 2 (5)!) 1 (2X) 

B E P R C D U C T 3 V E S Y S T E M 

* R A H f A B Y G L A N C (46) (49)
 
ACENOCABCI! ,CMA J _HO^
 

* N U M B E R C F A N I M A L S WITH T I S S U B I X A t l N E D M I C R O S C O P I C A L L Y 
* N U M B E R CF A N I M A L S NEC80PSIEE 

HIGH DOSE 
01 -0032 

(46) 
1-1	 (28X)
 
5 (11«)
 

(40) 
1 (2X) 

(15)
1 (2X) 

(4S) 
1 (2*) 

(43)
 
3 <7X)
 

(45) 

:i (7X) 
2 (4X) 

(40) 

1 (3X)
 
b (13X)
 

(45)
 
I (2X)
 

(47) 

1 12XL ___ _ 
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TABLE Al (CONTINUED) 

CONTROL ( U N T R ) LOW DOSE HIGH DOSE 
01-0037 01-0031 01-0032 

FIBBCAtENCKA 1 (2X) 

IPBOSTATE (45) (47) (44) 
P A B A G A K G I I C M A , NOS 1 (2%) 

ITESTIS (45) (47) (46) 
INTEBSTITIAL-CH.L T U M O R 33 (73*) 36 (77*) 38 (83%) 

N E R V O U S S Y S T E M 

t B R A I N (44) (48) (46) 
A S T R C C Y T O M A 1 (2*) 

SPECIAL SEliSE C B G A N S 

N O N E 

M U S C U L O S K E L E T A L SYSTEM 

N O N E 

E O C Y CAVITIES 

*BCDY C A V I T I E S (46) (49) (47) 
M E S O T H E L I O M A , NOS 1 (2*) 

All C T H E B S Y S T E M S 

N O N E 

A N I M A L CISPOSITION S U M M A R Y 

A N I R A L S I M T I A L L Y IN S T U D Y 50 50 50 
N A T U R A I DEATHS  6 3 6 
M C B I B U N t SACRIFICE 2 10 4 
SCHEDULED SACBIEICE 15 5 5 
A C C I D E N T A L L Y K I L I E D 
T E R M I N A L SACRIFICE 27 32 35 
A N I M A L M I S S I N G 

a _ I S C I U E E S _ A U T C L Y Z I D A N I M A L S . 

I N U M B E R CF A N I M A I S WITH TISSUE E X 8 B I N E D MICBO SCOP I C A L I Y 
* N U M B E K CI A N I M A L S NECBOPSIED 
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TABLE Al (CONCLUDED) 

CONTBOL(UNTB) LOW DOSE HIGH DOSE 
01-0037 01-0031 01-0032 

TUI-CF SUHHJRY
 

TOTAL A U M A L S WITH P R I M A R Y ItWOHS* 3U 39 42 
TCTAL P R I M A R Y TUMORS 61 68 79 

TOTAL A N I B A L S K I T H B E N I G N TOBCRS 33 37 39
 
TOTAL E E N I G N TUMORS 55 46 5<»
 

TOTAL A B I B A L S SI TH B A L I G B A N T TUMORS 5 11 10 
TOTAL B A L I G N A N T TUBOBS 5 11 12 

TOTAL A K I B A L S 8ITH SECONDARY TOMCES* 1 1 2 
T C T A L S E C O N D A R Y TUSO8S 4 1 2 

TOTAL A K I M A L S BITH TUMORS UNCEBTAIN
EENIGN OR M A L I G N A N T 1 11 13 

TCTAL U N C I B T A I N TUMOHS 1 11 13 

TOTAL A M B A L S WITH TOBORS ONCBHTAIN
P R I B A H Y OB METASTATIC
 

TOTAL DNCERTAIN TOMOES
 

* P R I M A R Y 1UMORS: ALL TOBORS EXCEPT S E C O N D A R Y T U M O R S 
* S E C C N E A B Y T U B C B S : M E T A S T A T I C 1UBOBS OB TUM08S I N V A S I V E I N T O AN ADJACENT O R G A N 
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TABLE A2 
SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS TREATED WITH 2-AMINOANTHRAQUINONE 

C O H T B O L ( U H T R ) DOSED 
02-0084 02-0078 

A N I B A I S I M T I A L L Y III STUDY 25 50 
ANIHilS N E C R O P S I E D 23 43 
A N I M A L S E X A M I N E D HISTOPATHOLOGICAL!,Y ** 23 43 

INTIGOHESTARY SYSTEH
 

• S K I N (23) (43)
 
S Q U A H C D S CELL CARCINOMA 1 (2%)
 
SEBACECUS A D E N O C A R C I N O M A 1 ( 4 X )
 

HESPIBATCBY SYSTEH 

• L O N G (23) (42)
 
ALVECIAE/BBCHCHIOLAB A D E N O M A 1 (4%)
 
ALVEOLAR/BRONCHIOUB C A B C I H O H A 1 (2X)
 

HEBATCPOIETIC SYSTIH 

* P U L T I P L E C B G A N S (23) (43)
 
O N D I F J I R E N T I A T I D L E U K E H I A 2 (9X)
 
BYEIOHCKOCYTIC IEOKEMIA 2 (5X)
 

ISPIEEK (23) (39)
 
S A R C O f A , DCS 1 (3X)
 

C I B C U I A T C B Y SYS1EM 

N O N E 

DIGESTIVE SYSTIH 

tLIVEB (23) (42)
 
NEOPLASTIC NOEOLE 2 (9%)
 
HEPATOCELLULAR C A R C I N O M A 1 (2%)
 

U R I N A B Y SYSTEH 

I N O H E E R CF A N I H A I S WITH TISSUE E X A M I N E D BICBO SCOPICALLY 
* N U M B E R Cf A N I M A L S NECROPSIED 

** EXCLUDES PARTIALLY AUTOLYZED ANIMALS
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TABLE A2 (CONTINUED) 

C O N T B O L ( D N T H ) DOSED 
02-008« 02-0078 

ENECCRINE SYSTEM
 

tEITUITABY (21) (30) 
ADENCPA, NOS 1 (5X) K (13X) 
CHRONCPHOBE ADENOMA 7 ( 33X) 2 (7X) 

(ADRENAL (23) (39) 
CCRTICAL A D E N O M A 2 (5X) 
PhECCtBOMOCYTCMA 2 (9X) 3 <8X) 
PHEOCHROMOCYTOMA. MALIGNANT 1 (IX) 

t lHYBOIC (21) (29) 
C-CELI A D E N C M A 2 ( 1 0 X ) 1 (3X) 
C-CELL C A R C I N C B A 1 (5*) 1 <3X) 

K T H Y B O I E F C L L I C L I ( 21 ) (29) 
P A P I L L A R Y C Y S l i D E H O C A B C I N O H A . M O S 1 (5X) 

I P A F A T H J R O I D (9 ) (11) 
A D E H C R A , NCS 1 (7X) 

R E P R O D U C T I V E S Y S T B B 

* P A B B A B Y G L A K t
A C E N C C A R C I K C B S , NOS
I N F I L T R A T I N G DDCT C A
F I B R O A D E N O M A

R C I S C H A

 (23)
 2

 1
 U

 (9X) 
 (US) 
 (17X)

 ( U 3 ) 

3 (7X) 

I U T E R U S
f N D O H f ^ B I A L S1BOMAL POLYP

 (23)
 6 (26X)

 (33) 
1 (3X) 

NERVCUS SYSTEM
 

KCNE
 

SPECIAL SINSE C E G A N S
 

* Z Y M E A L ' S G L A N D (23) (t3) 
S C U A B C U S CELL C A R C I N O M A 1 (2X) 

MUSCOIOSKE1ETAI SYSTEM 

N O N E 

» N U M B E R CF A N I M A L S WITH TISSDE E X A M I N E D MICROSCOPICALLY 
* N U H B E R CI A N I M A L S NECROPSIED 
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TABLE A2 (CONCLUDED) 

C O N T f i O L ( U N T R ) DOSED 
02-008U 02-0078 

E O t Y CAVITIES 

NONE 

ALL OTHER SYSTEMS 

k C N I 

A N I M A l DISPOSITION S U M M A R Y 

8 N I B A L S I N I T I A L L Y IN S T U D Y 25 50
 
N A T U R A L DEATHS 3 20
 
M C R I E U N E S A C R I F I C E 5 18
 
S C H E D U L E D SACBIEICE 5 5
 
A C C I D E N T A L L Y KI I IED
 
TERMINAL SACRIFICE 12 7
 
A N I M A L M I S S I N G
 

9 I N C L U D E S A U T C L Y Z I C A N I M A L S 

T U B C B S U B P A E Y 

TOTAL A M M A L S WITH P H I M A B Y 1UMOBS* 19 17
 
T O T A L P R I M A R Y TUMORS 3t 25
 

TOTAL A N I M A L S KITH B E N I S N T U M O R S 18 14
 
TOTAL E E N I G N TUMORS 23 17
 

T O T A L A M P . A L S WITH M A L I G N A N T T U M O R S 8 6
 
TCTAL B A L I G N A N T TUMORS 9 8
 

TOTAL A N I M A L S WITH SECONDARY TUMCfSI
 
T C T A L S E C O N D A R Y T U M O H S
 

T O T A L A M M A L S W I T H T U M O R S H N C E R T A I N 
EENIGN OR M A L I G N A N T 2
 

T O T A L U N C E R T A I N T U M O R S 2
 

T O T A L A U K A L S W I T H T U M O R S U N C E R 1 A I N 
P B I K A R Y CH METASTATIC
 

TOTAL U N C E R T A I N TUHORS
 

* P R I M A R Y TUBCBS: ALL TUMORS E X C E P T S E C O N D A R Y TUMORS 
i S E C O N D A B Y T U M C R S : METASTATIC TUHORS OR TUMOBS INVASIVE INTO AN A D J A C E N T O R G A N 
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APPENDIX B
 

SUMMARY OF THE INCIDENCE OF NEOPLASMS
 
IN MICE TREATED WITH 2-AMINOANTHRAQUINONE
 





TABLE Bl
 
SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE TREATED WITH 2-AMINOANTHRAQUINONE
 

HIGH DOSE LOW DOSE 
C O N T R O L ( U N T R ) C O N T H O L ( U N T R ) L O U DOSE 

05-0118 05-0030 05-0032 

A N I M A L S I N I T I A L L Y I N S T U D Y 50 50 49 
A N I M A L S M I S S I N G 1 
A N I M A I S K E C R O E S I E r 49 46 48 
A N I M A I S E X A M I N E E HISTOPATHOL C G I C A L L Y ** 49 46 47 

I K T I G U 8 I M A B Y S Y S T E M 

*SUECUT 1ISSDE (U9) (46) (48)
 
L E I O M Y O S A R C O M A
 

R E S P I R A T O R Y S Y S T E M 

* I U N G < K 9 ) (46) (45) 
A C E N O C A R C I h C H A , NOS. M E T A S T S I I C 1 (2%) 
H E P A T O C E L L U L A R C A R C I N O M A , METAST 1 (2%) 1 (2X) 
A L V E O L A R / B R O N C H I O L A R A D E N O M A 5 ( I D S ) 5 (11X) 4 (9X) 
A L V E O L A R / B R O N C H I O L A R C A R C I N O M A 5 (10«) 2 (US) 4 (98) 

H E M A T O P O I E T I C S Y S T E M 

* F U L T I E L t O B G A N S ( U 9 ) (46) (48)
 
M A L I G N A M L Y M P H O M A , N O S 1 (2%)
 
M A L I G . L Y M P H O M A , HISTIOCYTIC T Y P E 3 (6X) 1 (2%)
 

t S P L E E N (49 ) (46) (46)
 
H E B A N G I C S A R C G M A 1 (2%)
 
M A L I G - I Y M P F C M A , HISTIOCYTIC TYIE 1 (2%)
 

* I Y M P H N C t E (12) (34) (36)
 
BALIG . L Y M P H O M A , HISTIOCYTIC T Y P E 1 (2%)
 

I P E Y E R S P A T C H (49) (46) (47)
 
M A L I G . 1 Y M P H C H A , H I S T I O C Y T I C T Y P I
 

C I R C O I A T O F Y S Y S T E M 

NONE 

I N O M E E B O F A N I M A L S WITH T I S S U E E X A K I N E D M I C R O S C O P I C A L L Y 
* N U M B E R CI A N I M A L S N E C R O P S I E D 

** EXCLUDES PARTIALLY AUTOLYZED ANIMALS 

H I G H DOSE 
05-0112 

50 

50
 
50
 

(50) 
1 (2%) 

(50) 

6 ( 1 2 X ) 
b (10X) 

(50) 

(49) 

1 (2%) 

(42) 

(47) 
1 (2%) 
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TABLEBl (CONTINUED) 

HIGH DOSE
CONTROL ( U N T K )

05-0118

 LOW DOSE 
 CONTROL (U NIB)

 05-0030
 LCH DCSE

 05-0032
 HIGH COSE 
 05-0112 

C I C E S T I V E S Y S T E H 

( S A L I V A R Y G L A H C
C A B C I N C S A B C C M A

# I I V E R
HEPATOCELLULAR ADENOMA
H E P A T O C E L L U L A R C A R C I N O M A
H E M A N G I O S A R C O M A . UNC P R I B CB Mil

 (48)

 (48)
 2 (4X) 

6 (13*)
 1 (2!!) 

 (37)

 (46)

 12 (26%}

 (47)
 1 (2*) 

 ( 4 7 )

 20 (43*)

 (50) 

 (49) 

 36 (73!l) 

U R I N A R Y S Y S T E B 

f K I D N E Y
T U B U L A R - C E L L A I E N O M A

 (49) (46) (47)
 1 (2*) 

 (50) 

INCOCRINE SYSTEB 

*EITUI1AEY
AEEKCI'A, NOS

t A D B E N A L
P H E C C H R C B C C Y T O M A

 (40)

 (44 )
 1 (2«)

 (39)
 1 (3X)

 (44)

 (42)
 1 (2X) 

 (46)

 (42) 

 (38) 
1 (3$) 

# T H Y F O I D
A E E N C C A B C I N C M A , NOS

 (45) (44)
 2 (5X) 

 (44) (46) 

REERCDUCTIVE SYSTEM 

*1ES1IS
I M E K S 1 I I I A L - C I L L TUMOR
S E B I N O B S / D Y S G E R B I N O M A

 (48) (46)

 1 (2%) 

 (46) (49) 
2 (4X) 

NIBVOUS S Y S T E B 

N O N E 

SPECIAL SENSE O B C A N S 

* H A R D E R I A t v G L A N D (49) (46) (4H) (50) 

» N U H B F R
* N U M B E R

 CE A H I B A L S
 C E A N I M A L S

 WITH TISSUE
 N E C R O P S I E D 

 E X A M I N E D MICHOSCOP ICALIY 
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TABLE Bl (CONTINUED) 

HIGH DOSE LOW DOSE 
COHIHOLtUNTR)

05-0118
 CONTROL (UNTR)

 05-0030
 ICH DOSE

 05-0032
 HIGH EOSH 
 05-0112 

P A P I L L A R Y A C B 1 . C M A 1 (2X) 
P A P I L L A B Y CYSTJDENOBA, NOS 1 (2%) 

M U S C O I O S K E I E I A I S Y S T E M 

NONE 

BODY CAVITIES 

l i C N E 

A L I C T H E B S Y S T I M S 

N C N I 

S N I M B l DISPOSITION S U M M A R Y 

A N I S A L S I M T I A L L Y IB S T U D Y 50 50 50 50 
N A T O R A I D E A T H S 1 3 1 
M C S I E U N E S A C R I F I C E 1 1 
S C H E E D I E E SACBIFICB 10 5 5 
A C C I D E N T A L L Y K I L L E D 3 
T E R M I N A L S A C R I F I C E 39 11 46 43 
A N I M A L M I S S I N G 1 

* N U B E E R CF A N I M A L S WITH TISSUE E X A M I N E D MIC BO SCOP 1C A L L Y 
* I . U M B E R Cf A N I M A L S NECROPSIED 
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TABLE Bl (CONCLUDED) 

HIGH DOSE LOW DOSE 
C O N T R O L ( U N T B ) C O N T R O L (UNTB) LCH E C S E HIGH COSE 
05-0 118 05-0030 05-0032 05-0112 

T U M O B S U M M A R Y 

TOTAL A M M A L S WITH PBISABY T U M O R S * 22 19 28 12 
T O T A L P R I M A R Y T U M O R S 26 26 32 5t 

TOTAL A M M A L S W I T H B E N I G N T U M O R S 8 6 6 10 
TOTAL E E N I C N TUMORS  8 7 6 10 

TOTAL A M C A L S HUH M A L I G N A N T 1UMCRS 15 16 22 38 
T O T A L PALIGl .Al iT T U M O R S 17 19 26 uu 

T O T A L A M H A I S BITH S E C O N D A R Y T O M C E S * 1 1 1 
TOTAL S E C O N E A R Y TUMORS 1 1 1 

TOTAL A M M A L S W I T H T U M O R S U N C E R T A I N 
E E N I G N 08 M A L I G N A N T 

TOTAL U N C E R T A I N T U M O R S 

TOTAL A M M A L S KITH T U M O R S U N C E R T S I N 
P R I H A R Y CR METASTATIC 1 

TOTAL U N C E R T A I N TUMORS 1 

* P R I M A R Y T U M O R S : A L L T U M O R S E X C E P T S E C O N D A R Y T U M O B S 
I S E C O N D A R Y T U M O R S : METASTATIC T U M O R S OR TUMORS I N V A S I V E INTO AN ADJACENT O R G A N 
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TABLE B2
 
SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE TREATED WITH 2 AMINOANTHRAQUINONE
 

HIGH DOSE ~ LOW DOSE 
C O N T R O L ( U N T R ) CONTROL ( U N T R ) 

06-0118 06-0030 

A N I M A L S I N I T I A L L Y III S T U D Y 50 50 
A N I M A L S NECROPSIED	 50 «7 
A N I H A I S E X A M I N E E HISTOPATHOLOGICALL I ** 5 0 47 

I N T E G U H I N T J R Y S Y S T E M 

*SUECUT T I S S U E (50) (147)
 
F I B R O S A R C O M A
 

R E S P I R A T C B Y S Y S T E M 

» I U N G (50) («6)
 
C A B C I b C M A , NOS, METASTATIC 1 (2X)
 
A L V E C I A R / B B C N C H I O I A R A D E N C M A 2 (4X)
 
A L V E O I A R / B R C N C H I O L A R C A R C I N O M A 1 ( 2%) 1 (2X)
 

H E H A T C P C I E T I C S Y S T E M 

* M U L T I P L I O R G A N S (50) (U7)
 
M A U G H A M LYMPHOMA. NOS 2 (US) 2 («)
 
N A L I G . L Y M P B O M A , HISTIOCYTIC T Y P E 2 («X)
 

•SPLEEN	 ( 49 ) (15)
 
H E M A N G I O S A R C O M A 1 (2%)
 

I L Y M P H N O D E (44) (27)
 
M A L I G . L Y M P H O M A , HISTIOCYTIC T Y P I
 

t l l V E F (50) (1*6)
 
M A I I G . I Y M P H O H A , HISTIOCYTIC T Y P E 1 (2X)
 

t P E Y E R S P A T C H ( U S ) (1*5)
 
M A I I G . L Y M P H O M A , HISTIOCYTIC T Y P I
 

C I R C D I A T C B Y S Y S T E M 1 
i

N O N E 

I N U M E E R O F A N I M A L S WIIH TISSUE E X A M I N E D M I C R O S C O P I C A L L Y 
* N U M B E R CE A N I M A L S NECROPSIED 
**EXCLUDES PARTIALLY AUTOLYZED ANIMALS 

L O U DOSE 
06-0032 

50
 
1(8
 
48
 

(48) 
2 < 4 X ) 

(48) 

2	 (4*) 

(43) 
1 <2X) 
4 (8X) 

(48) 

(39) 

(47) 

(48) 
1 ( 2 X ) 

« 

H I G H DOSE 
06-0112 

50
 
49
 
49
 

(49) 

(48) 

2 (4X) 
1 (2*) 

(49) 
2 (4X) 
8 ( 1 6 X ) 

(46) 

(36) 
1 (3X) 

(47) 

(39) 
1 OX) 

!*
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DIGESTIVE SYSTEM 

t l l V E R 
C A R C I K H A , NOS, METASTATIC 
H E P A T O C E L L D L A B C A R C I N O M A 

t S T O M A C H
 
S G O A M C U S C I L L P A P I L L O M A
 

U R I N A R Y S Y S T E M 

NONE 

E N D O C R I N E S Y S T E M 

t E I T O I T A B Y
 
ACE ( . C C A , NCS
 
C H H O H O P H O E E A D E N O M A
 

t T H Y R O I D
 
F C L L I C U L A B - C E L L A D E N O M A
 

R E P R O D U C T I V E S Y S T E M 

* B A B K A H Y G L A N C
 
F I B R C A C E N C B A
 

*UIERUS 
A C E K C B A , N C S 
A D E N O C A R C I N O M A , NOS 
L E I O M Y O S A R C O M A 
E N D O M E T R I A L STROMAL POLYP 

t U T E R U S / E N r O M E T B I U M
 
C A B C I I C M A , N C S
 

t O V A R Y / O V I D U C T
 
PAPILLARY A E E N O M A
 
I N T R A D O C T A L P A P I L L O M A
 

N E R V O U S S Y S T E M 

« N D M E E R OF A N I M A L S WITH TISSUE
» N U M B E R CI A N I M A L S NECROPSIED 

TABLE B2 (CONTINUED) 

HIGH DOSE LOW DOSE 

CONTROL (UNTB) CONTROL (UNTB) 
06-0118 06-0030 

(50) (46) 
1 UX) 

1 (2X) 4 (9X) 

(49)	 (45) 

(42)	 (37) 
1 (2X) 3 <8X) 
2 < 5 X > 1 (3X) 

(44)	 (44) 

(50)	 (47) 
1 (2X) 

(47)	 (43) 

1 (2X) 

(47)	 (43) 
1 (2X) 

(47)	 (43) 
1	 (2X) 1 UX) 

1 (2X) 

 E X A M I N E D MICROSCOPICALLY 

LOW DCSE 
06-0032 

(47) 

5 ( 1 1 X ) 

(48) 
1 (2X) 

(42) 
3 (7X) 
1 (2%) 

(42) 

(48) 

(43) 
1 (2X) 

(43) 

(48) 

HIGH COSE 
06-0112 

(47) 

12 (26 X) 

(46) 

(36) 
3 <8X) 

(42) 
1 ( 2 X ) 

(49) 

(46) 

1 < 2 X ) 
1 (2X) 

(46) 

(46) 
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TABLE B2 (CONTINUED) 

HIGH DOSE
C O N T R O L f U N T B )

06-0118

 LOW DOSE 
 CONTROL (U NIB)

 06-0030
 LCB DOSE

 06-0032
 HIGH COSE 
 06-0112 

S P E C I A L S E K S E C B G A B S 

* H A H D E R I A K G L A N t
PAPII IABY ADESCMA

 (50)
 1 (2X) 

 (47) (48) (49) 

M U S C U L O S K E L E T A L SYSTEM 

N O N E 

EOEY C A V I T I E S 

* A B D C H I H A L C A V I T Y
H E M A t i G I O S A B C O B A

 (50) (47)
 1 (2*) 

 (48) (49) 

A l l O T H E R S Y S T J M S 

SITE D N K N O H N 
S A R C C B A , DCS 1 

A N I M A L D I S P O S I T I O N S U M M A R Y 

ANIMALS INITIALLY IN STUDY
S A T U B A I DEAtHS
M C B I E U N E S A C B I F I C E
S C H E D D L E D SACBIEICE
A C C I D E N T A L I Y HLIED 
T E R M I N A L SACRIFICE
A N I M A L M I S S I N G 

a _ I N C I U E i S . A U I C L Y Z t E A N i a A L 

 50
 2 

 10

 38

 50
5 
1

 5

 39

 50
2 
4 

 44

 50 
7 

5 

 38 

I N U M E E B
* N U M B E B

 C? A S I B A L S WITH TISSUE E X J U I N E D
 Cf A N I M A L S N E C R O P S I E D 

 BICBO SCOPICALLY 
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TABLE B2 (CONCLUDED) 

HIGH DOSE 
CONTROL ( U N T R ) 
06-0118 

LOW DOSE 
CONTROL ( U N T R ) 

06-0030 
ICII DOSE 

06-0032 
H I G H tOSE 

06-0112 

T U M O B S U M M A R Y 

TOTAL A N I M A L S WITH P B I H A B Y
T C T A L F B I M A B Y TUMOBS

 T U M O R S * 10
 11

 17
 21

 16 
 22 

29 
33 

TOTAL A M B A L S H I T H B E N I G N
TOTAL E E N I G N TUMORS

 T U B C B S 7 
7 

7 
8 

7 
8 

TCTSL A M F A L S K I T H M A L I G N A N T T U B C B S
TOTAL P A L I G N A N T TUMOBS

 t
 1

 11
 13

 12 
 1<t 

25 
27 

T O T A L & M K A L S W I T H S E C O N D A R Y
T C T A L S E C O N C A B Y T U M O B S

 T U H C B S * 1 
2 

T O T A L A M M A L S W I T H T U M O R S
E E N I G N O R M A L I G N A N T 

T C T A L U N C E R T A I N T U M O B S 

 U N C E B T A I N 

TCTAL A M M A L S W I T H T U M O B S U N C E R T J I N -
P R I f l A B ? CB METASTATIC 

TOTAL D N C E B T A I N TUMOBS 

* F B I M A B Y T U M O R S : A L L T U M O R S E X C E P T S E C O N D A R Y T U M O B S 
* S E C O N D A R Y T U M C B S : M E T A S T A T I C TUSOBS OB TUMOBS I N V A S I V E INTO A N A D J A C E M O R G A N 
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APPENDIX C
 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC
 
LESIONS IN RATS TREATED WITH 2-AMINOANTHRAQUINONE
 





TABLE Cl
 
SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS
 

TREATED WITH 2-AMINOANTHRAQUINONE 

CONTROL ( U N T H ) LOW DOSE 
01-0037 01-0031 

A N I M A I S 1MTIAHY IN STUDY 50 50 
A N I M A L S NECROPSIED 46 49 
A N I M A L S E X A M I N E D HISTOPAT HOLOGICAILY ** 46 49 

I N T E G U M E N T A R Y SYSTEM 

* S K I N 
E P I D E R M A L JNC1USION
I N F L A M M A T I O N , N E C R O
F I B R O S I S 

 CYST 
T I Z I N G 

(46) <«9) 
1
1
1

 (2*> 
 (2X) 
 (2%) 

*SUBCUT T I S S U E 
FIBROSIS 

(46) (49) 
1 (2*) 

8 E S P I H A T C B Y S Y S T E M 

# T R A C H E A (45) (49) 
I N F I A B P A T I C N , SOS 9 (20X) 7 (14X) 
I N F L A M M A T I O N , ACHTE 1 (2X) 
I N F L A M M A T I O N , ACUTE/CHRONIC 
I N F L A M M A T I O N , C H R O N I C 10 (22%) 8 (16%) 

* L U N G / B R O N C H U S (46) (49) 
BRONCHIECTASIS 
I N F L A M M A T I O N . NOS 2 <4X) 
I N F L A M M A T I O N , FOCAL 1 (2X) 
I N F L A M M A T I O N , C H R O N I C 8 (17X) 6 (12X) 

• B R O N C H I A L M U C O U S GLA (46) (49) 
A B S C E S S , NOS 1 (2%) 
N E C R C S I S , N C S 1 (2X) 
H Y P E R P L A S I A , A D E N O M A T O U S 1 (2X) 

t L U N G / B R C N C H I C L E (16) (49) 
I N F L A P f A T I C N , N O S 1 (2%) 
I N F L A M M A T I O N , FOCAL 1 (2%) 

t l U N G (46) (49) 
BIJERAIIZATJCN 2 (4X1 

* B O H E E B CF A N I M A L S WITH TISSUE E X J M N E D MICROSCOPICALLY 
* N U M B E R CI A N I M A L S N E C B O P S I E C 
**EXCLDDES PARTIALLY AUTOLYZED ANIMALS
 

HIGH DOSE 
01-0032 

50 
47 
46 

(47) 

(47) 

(45)
 
2 (4X)
 

21 (47«) 
1 (2X| 

(46) 
2 (4J) 

(46) 

<t6) 
1 (2*) 

(46) 
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ATEIF.C1ASIS 
C O N G E S T I O N , NOS 
E D E M A , NOS 
I N F t A H M A T I O N , NOS 
I N F L A M M A T I O N , FOCAL 
I N F L A M M A T I O N , INTEBSTITIAL 
I N F L A M M A T I O N , S D P P U B A T I V E 
P N E U M O N I A , CHBONIC M U B I N E 
I N F L A M M A T I O N , CHRONIC 
P E R I V A S C U L I T I S 
H Y P E R P L A S I A , A D E N O M A T O U S 

I I U N G / A L V I O L I
 
I N F L A C P A T I C N , N O S
 
I N F L A B P A T I C B , FOCAL
 
FIBROSIS
 

HEBATOPOIET1C SYS1IB 

tSELEES

THBOHBCSIS, NCS

FIBROSIS

I N F A R C T , HEAIED
RETICOLOCYTOSIS
HYPERPLASIA, HEMATOPOIETIC 
H Y P E R P L A S I A , E E Y T H R O I D
H Y P E R P L A S I A , R E T I C D L U M CELL
HEMATOPOIESIS 
ERYTHROPOIESIS 
MYELOPOIESIS 

• ZYHPH N C E E
I k F L A P B A T I C N , NOS
H Y P E B P L A S I A , NOS
P L A S M A C Y T O S I S 
H Y P E R P L A S I A , R E T I C O L U M C E L I

* S U B M A N D I B U L A R L . N O D I

H I M O R B H A G E
 

t H E D I A S T I N A L L. NODE

P I A S B A C Y T O S I S


tBENAL LYMPH N O C E

CCNGJS1IOJL._JJOS
 

* N U M B E R CF A K I M A L S	 WITH TISSUI
* N U M B E R CI A N I M A L S	 NSCBOPSIEE 

TABLECl (CONTINUED) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 
0 1-0037 01-0031 01-0032 

1 < 2 X ) 1 (2X)
 
1 (2X) 1 (2X)
 
1 < 2 X )
 
1 (2X) 1 (2X)
 
3 (756) 7 (11%)

1 (2X) 5 (10X)
 
1 (2X)
 
1 (2X)
 
1 (2X)
 
5 1 <8X) I (2X)
 ( 11") 

1 (2X) 

(46)	 (19) (H>) 
2 (IX) 
1 (2X) 
1 (2X) 

 (16)	 (18)
 
1 (2X)
 
1 (2X)
 
1 (2X)
 
1 ( 2X)
 

1 (2«) 
 12 (26%) 10 (21X) (2X) 

8 ( 17X) 
3 (6X) 
8 (17X) 1 (2X) 
6 (13X) 1 (2X) 

 (38)	 (13) (10) 
1 (3X) 
1 (3X) 1 <3X) 

1	 (2X) 
3	 (8X) 

 (38)	 (13) (40) 
(2X> 

 (38)	 (13) (10) 
1 (3X) 

 (38)	 (13) (10) 
1 

 I X A 6 I N E D MICBOSCOPICALLY 
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C I R C U I A T O B Y S Y S T E M 

* I Y M E H A T I C V E S S E L S
 
I N F L A B F A T I C N . NOS
 

• H E A R T
 
FIBROSIS, FOCAL
 
FIBROSIS, DIFFUSE
 
P E R I A R T E R I T I S
 

t M Y O C A R C I D M 
I N F L A B B A T I C N , N O S 
I N F L A M M A T I O N , INTERSTITIAL 
I N F l A M f A T I C N , ACOTE/CHRONIC 
I N F L A M M A T I O N , C H R O N I C F O C A L 
FIBROSIS 
FIBROSIS, FOCAL 

*ACRTA 
I N F L A M M A T I O N , CHRONIC FOCAL 
P E R I A R T E R I T I S 

*COSCNARY ABTEBY
 
H I M C R B F A G E
 

* P U L B O N A B Y A B I I R Y
 
HYPERTRCPHY, NCS
 

D I G E S T I V E S Y S T E M 

t S A I I V A R Y G L A S t
 
H E M O B R H A G E
 

tPAROTID G L A N D
 
H Y P E R P L A S I A , A t E N O M A T O U S
 

t l lVEB
 
F IBROSIS
 
D E G E N E R A T I O N , SOS
 
NECROSIS, FOCAL
 
NECROSIS, COAGDLATIVE
 
H E T A M O R P H O S I S PATTY
 

* N U M B E R CE 1 N I B A L S WITH TISSUE
* N U M B E R CE A S I M A L S NECROPSIED 

TABLE Cl (CONTINUED) 

C O N T B O L ( D N T B ) 
0 1-0037 

(46)
 
1 (2X)
 

(46) 

(46) 
3 < 2 X ) 

22 (48X) 

3 <7X) 
7 (15X) 

(46)
 
1 (2X)
 

(46) 

(46)
 
1 (2X)
 

(38) 

(38) 

(46) 

3 (7X) 
1 < 2 X ) 
1 (2X) 

LOW DOSE 

01-0031 

(49) 

(49) 

(49) 

33 (67* ) 

3 (6X) 
18 (37X) 

(49) 

1 <2X) 

(49) 

(49) 

(44) 
1 (2X) 

(44) 
1 <2X) 

(49) 
1 (2X) 

6 (12X) 

31 (63X) 

 E X A M I H E D MICBOSCOPICALLY 

HIGH DOSE 
01-003! 

(47) 

(46) 
2 (4t) 
1 (2X) 
1 (2«) 

(46) 

4 (9X) 
1 (2X) 

2 <4S) 
4 (9S) 

(47) 

(47) 
1 (2*) 

(47) 

(46) 

(46) 

(46) 

5 (11X) 
1 (2X) 

26 (57X) 
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TABLE Cl (CONTINUED) 

C O N T B O L ( U N T B ) LOW DOSE HIGH DOSE 

01-0037 01-0031 01 -0032 

H Y P E R P L A S I A , FOCAL 23 (SOX) 25 (51S) 27 (59X) 
H Y P E R P L A S I A , DIFFUSE 1 <2X) 
ANGIECTASIS 1 (2X) 

ILIVER/PIFIPCBTAL (46) (49) (46) 
FIBROSIS 1 < 2 X ) 

*BILE D U C T (46) (49) (47 ) 
I N F L A B B A T I C N . NOS 
H Y P E R P L A S I A , NOS 

6 (13X) 
32 (70X) 

2
13

 (4X) 
 (27X) 5 (13X) 

H Y P E R P L A S I A , FOCAL 1 < 2 X ) 7 (15X) 

I P A N C B E A S (42) (47) (45) 
I N F L A B B A T I C N , NOS 10 (24X) 20 (43X) 2 (4X) 
I N F L A M M A T I O N , FOCAL 1 <2X) 
I N F L A M M A T I O N , ACUTE/CHHONIC 7 (16X) 
H Y P E R P L A S I A , I N T H A D O C T A L 1 (2X) 1 (2X) 

*PANCREATIC DUCT (42) (47) (45) 
H Y P E R P L A S I A , NOS 2 (4X) 

t P A N C B E A T I C ACINUS (42) (47) (45) 
A T B C P H Y , NOS 4 (10X) 1 (2X) 2 ( 4 X ) 

tSTGBACH (45) (47) (46) 
E P I D E B B A L INCLUSION CYST 1 (2X) 
U L C E R , NOS 2 (U%) 
INFLAMMATION, FOCAL 2 (4%) 1 (2X) 
H Y P E R P L A S I A , NOS 6 (13X) 
H Y P E R P L A S I A , EPITHELIAL 
H Y P E R P L A S I A , FOCAL 

1
3

 <2X) 
 (6X) 1 (2X) 

H Y P E R K E R A T O S I S 
ACANTHOSIS 

1
1

 ( 2 X ) 
 (2X) 

t P E Y F R S PATCH <t3) (47) (45) 
I N F L A B B A T I C N FBOLIFERATI VE 1 (2X) 
H Y P E R P L A S I A , NOS 7 (16X) 4 (9X) 
HYPERPLASIA, LYMPHOID 1 (2X) 

«COLCN (43) (46) (44) 
I N F L A B K A T I C N , N O S 1 (2X) 
I N F L A M M A T I O N , ACUTE 1 (2X) 
N E M A T C D 1 & S I S 3 (7X) 4 (9X) 7 (16X) 
P A R A S I T I S M 2 (4X) 

* NOBBEH CF A B I B A L S HITH TISSUE E X A M I N E D M I C B O S C O P I C A L L Y 
* N U M B E R Cl A N I M A L S NECROPSIED 
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TABLE Cl (CONTINUED) 

C O H T H O L ( U N T B ) LOW DOSE HIGH DOSE 
01-0037 01-0031 01-0032 

U R I N A R Y SYSTEM 

* K I D N E Y (46) (49) (46) 
C O N G E S T I O N . NOS 1 <2X) 
GLOMERULONEFHRITIS, NOS 33 (12%) 38 (78X) 37 (SOX) 
G L O M E R O L O N E P H R I T I S , FOCAL 3 (7*) 
IN PL ASH AT ION, INTERSTITIAL 1 (2%) 1 <2X) 2 («*) 
I N F L A M M A T I O N . CHRONIC FOCAL 1 (2*) 
GRANULOMA, FOREIGN BODY 1 (2X) 
FIBROSIS 1 < 2 X ) 
N B P H R O S I S , NOS 7 (14X1 1 (2X) 

t U E I N A P Y B L A C I E B (42) (17) (46) 
H E H O R H H A G l 1 <2X) 
I N F L A M M A T I O N , NOS 1 (2%) 
H Y P E R P L A S I A . EPITHELIAL < 7 X ) 1 (2X) 1 (2X) ? 

E N E O C E I N E SYSTID 

I E I T H I T A B Y (41) (46) <43) 
H Y P E R P L A S I A , NOS 3 (7X) 
H Y P E B P L A S I A , FOCAL 6 (14X) 
H Y P E R P L A S I A , C HROHOPH QBE-CELL 2 (5X) 

I A D R E N A L (43) (48) (45)
BBTAMCBrHOSIS FATTY 3 (6X) 2 (4x;i 
H Y P E H P L A S I A , NODULAR 1 <2X) 

f A C B E N S L CCSTIX (43) (48) (45) 
N C D D L I 2 (4X) 
NECROSIS, ICCAl 1 <2X) 
H Y P E R T R O P H Y , FOCAL 1 (2X) 
H Y P E R P L A S I A , N O D U L A R 1 (2X) 
H Y P E R P L A S I A , NOS 1 (2X) 1 <2X) 1 <2X) 
HYPERPLASIA, FOCAL 1 (2X) 

( A D R E N A L E E D U L L A (43) (48) (45) 
N E C R O S I S , NOS 1 <2X) 
C A L C I F I C A T I O N , NOS 1 (2X) 
H Y P E R P L A S I A , N O D U L A R 1 (2X) 
H Y P E R P L A S I A , NOS 6 (1UX) 3 (6X) 
H Y P E R P L A S I A , FOCAL 3 (7X.I 

tTHYROIE (45) (46) (40)
 
I N F L A B t A T I C N . fOCAL
 

* N U M B E R CF A N I M A L S WITH TISSUE E X A H N E D MICROSCOPICALLY 
» NUMBER CI A N I M A L S NECHOPSIED 
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TABLE Cl (CONTINUED) 

— — -' — -.-.I •- -r .- -. I — -.—•— — ____»—« 

CONTROL ( U N T B ) LOW DOSE HIGH DOSE 
01-0037 01-0031 01-0032 

H Y P E B P I A S I A , A t E N O M A T O D S 1 (2X) 1 (3%) 
H Y P E B P I A S I A , C-CELL 1 (2X) 2 (*X) 

I P A B A T H Y B C I D (32) (28) (32)
 
H Y P E R P L A S I A , NOS 1 (IX)
 

t P A N C B E A T I C ISLETS (12) (17) (15) 
H Y P E B P L A S I A , NOS 2 <5X) 3 (6X) 
H Y P E B P I A S I A , FOCAL 1 < 2 X ) 

R E P R O D U C T I V E SYSTEM 

* M A B M A B Y G L A N t (16) (19) (17) 
GALACTCCELI 2 (IX) 
H Y P E R P L A S I A , NOS 5 (11X) 3 (6X) 1 <2X) 

*PBEEUTIAL G L A N C (16) (19) (17) 
ABSCESS, NCS 1 < 2 X ) 1 (2%) 
H Y P E R P L A S I A , N O S 1 ( 2 X ) 

t P R O S T A T E (15) (17) (41) 
I N F L A f H A T I C N , NOS 21 (17X) 21 (15X) 5 (11%) 
I N F L A M M A T I O N , FOCAL 3 (7X) 1 <2X) 1 <2X) 
I N F L A M H A T I O N , INTERSTITIAL 1 (2X) 
I N F L A M M A T I O N , ACUTZ 3 (7X) 
I N F L A M M A T I O N , ACUTE FOCAL 3 (7%) 
I N F L A M M A T I O N , ICUTE/CHBONIC a (9%) 
H Y P E R P L A S I A , NOS 1 <2X) 
H Y P E R P L A S I A , FOCAL 5 (11%) 3 (6X) 
H Y P E B P L A S I A , P A P I L L A R Y 2 (IX) 
M E T A P L A S I A , SQUAMOUS 5 (11%) 1 <9X) 2 (5%) 

I1ESTIS (US) (17) (16)
M I N E B A L I Z A T I C N 18 (38X) 2 ( IX) 
D E G E N E B A T I O N , NOS 32 (70X) 
A 1 B O P H Y , NOS 2 (IX) 29 (62X) 3 (7%) 
ASPEBHATO GENES IS 1 (2%) 
H Y P E R P L A S I A , INTERSTITIAL CELL 19 (12X) 30 (6«X) 10 (22X) 

ITESTIS/1UBULH (15) (17) (16) 
D E G E N I B A T I C N , N O S 6 (13X) 2 (IX) 1 (2X) 

N E B V C U S S Y S T E M 

* C E B H B B U K (11) (18) (16) 
HgsqEss , lie? , 1 (2%) 

* N O H B E B Cl A N I M A L S WITH TISSUE E X A M I N E D HICBOSCOP 1 C A L L Y 
* K U B B E B 01 A S I M A L S NECROPSIED 



TABLE Cl (CONCLUDED) 

C O S T O O L f D H T R ) LOW DOSE HIGH DOSE 
01-0037 01-0031 01-0032 

S P E C I A L SEKSE C B G A N S 

NONE 

M U S C U L O S K E L E T A L SYSTEM 

• C A R T I L A G E , H G S (46) (19) (ll) 
CYST, NOS 1 (2*) 

B O E Y C A V I T I E S 

N O N E 

All OTHER SYSTEMS 

NONE 

SPECIAL M O R P H O L O G Y S U M M A R Y 

AUTO/NECROPSY/HISIO P E R F
A U T C / M C R C r £ Y / H O HISTO

 1 1 
1 

A U T C L Y S I S / N C NICSOPSY  1 1 3 

i N U M B E R OF A N I M A L S BITH TISSUE EXAMINED MICROSCOPICALLY 
* N U M B E R Cf A N I M A L S NECROPSIED 
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TABLE C2
 
SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS
 

TREATED WITH 2-AMINOANTHRAQUINONE
 

CONTBOL(UNTB) DOSED 
02-0084 02-0078 

A N I B J L S I N I T I A L L Y IN STDDY 25 50 
A N I B A I S K E C B O P S I E E 23 13 
A N I B A L S I X A M N E r HISTOPATHOLOGICALLY ** 23 13 

INTEGUBENTABY SYS1IB
 

NOME
 

RESPIBATOBY SYSTEB 

* L A B Y N X (23) (i*3) 
I N F L A B B A T I C N ACDTI A N D CHBONIC 1 ( « X ) 
I N F L A B B A T I O N , CHBONIC 3 (13X) 

ITHACHF.A (5) (36) 
I K F L A f P A T I C N , N O S 1 (3X) 

tLONG/EBONCHOS (23) (U2) 
I N F L A t K A T I C N , N O S 

HUNG (23) 
B I N E B A L I Z A T I O N 1 (2X) 
I N F L A B B A T I C N , INTERSTITIAL 3 (13X) 12 (29X) 
I N F L A B B A T I C N , NECROTIZING 1 (2X) 
P N E O B O N I A , CHBOHIC SOBINE 8 (35%) 
G R A N U L O M A , FOREIGN BODY 1 ( IK) 
C A L C I F I C A T I O N , FOCAL 1 (IX) 
H Y P E R P L A S I A , EPITHELIAL 1 (IX) « (10X) 

* I U N G / A L V E C L I (23) (t2) 
n i N F B A L I Z A T I C N 1 (2X) 
FIBROSIS, BOCAI 1 (2X) 

HZBATCPOIBTIC SYSTEB 

I E O N E H A B B O H (22) (35) 
BYPIBFLASI J...H IB.ATOEO.IJTIC .__J_J5S1_ 

t N U H B E B Cf A N I H A L S KITH TISSUE E X J H I N E D H I C H O S C O P I C A L L Y 
» BDBBEB CI A N I M A L S NECBOPSIED 

**EXCLUDES PARTIALLY AUTOLYZED ANIMALS 

c-io 



I S P L E E N 
HEBATCtA, NCS
 
HEBCSIDEROSIS
 
HYPERPLASIA, HEMATOPOIETIC
 
HYPERPLASIA, EBYTHROID
 
HEMATOPOIESIS
 

* I Y M P H N C t £
 
I K F L A K H A T I C N , N O S
 
HETICUICCYTOSIS
 
L Y M P H O C Y T O S I S
 
P L A S M J C Y T O S I S
 

CIRCUIATOBY SYS1SB
 

* ( Y C C A B E I U B 
M I N E R A L I Z A T I O N 
I N F L 4 H K A T I C N , INTERSTITIAL 
F I B R O S I S 
D E G E N E R A T I O N , NOS 

* A C R T A
 
B I N E R f t L I Z A T I O N
 

DIGESTIVE SYSTJM
 

I L I V E R 
C C N G E S T I C N , C H B O N I C P A S S I V E 
FIBROSIS, FOCAL 
C H O L S N G I O F I E R O S I S 
F IBROSIS SEPTAL LIVES 
M E T A M O R P H O S I S FATTY 
BASOPHILIC CYTO C H A N G E 
H Y P E R P L A S I A ,

*BILE DUCT 
I N F L A J t A T I C N ,
H Y P E R P I A S I A ,

f E A N C R E A E 
I N F L A P f A T I C N ,

IS10MACH 

 FOCAL 

 NOS 
 NCS 

 N O S 

TABLE C2 (CONTINUED) 

DOSED 
02-0081 02-0078 

(23) (39)
 
1 (IX)
 
2 (9X) 18 (16X)
 
3	 (13X) 7 (18X)
 

7 (18X)
 
3 (13X)
 

(21)	 (29) 
1 (3X) 
2 (7X) 
2 (7X) 
1 (3X) 

(23)	 ( U 1 ) 
1 <2X) 

1 (4X) 9 (22J) 
9 (22X) 

U (17X) 

(23)	 (13) 
1 (2%) 

(23)	 (12) 
1 (UX) 

1 (2X) 
1 (US) 

1 <2X) 
2 (9X) 1 (2X) 
(4 (17*) 
3 (13X) 8 (19X) 

(23) (13) 
1 (2X) 

2 (9«) 9 (21X) 

(22)	 (31) 
2 (6X) 

(23) (31) 
5_J15X1__ 

*	 B D M B E R Cf A N I M A L S WITH TISSUE E X A M I N E D MICfiOSCOP I C A L L Y 
*	 N U M B E R CT A N I M A L S N E C R O P S I E D 

C-l 



I k F L A P f A T I C N , N O S 
HECROSIS , NOS 
H Y P E R P L A S I A , E»SAL
HYPERKERATOSIS 
ACANTHOSIS 

tGASTRIC M U C O S A
 
M I N E R A L I Z A T I O N
 

• G A S T R I C M U S C U L A R I S 
M I N E R A L I Z A T I O N 

t P E Y E H S PATCH 
H Y P E R P L A S I A , N O S 

tCOLON
 
P A 8 A S I 1 I S M
 

* H E C T U M
 
H Y P E R K E R A T O S I S
 

U R I N A R Y S Y S T E M 

* K I D N E Y
 
BINEEAIIZATION
 

 CEIL 

G L O M E 8 U L O N E P H B I T I S , NOS 
P Y E L O N E P H R I T I S , A C U T E 
P Y E L O N E P H R I T I S , CHRONIC 
G R A N U L O M A , FOREIGN B O D Y 
FIBROSIS, DIFFUSE 
N E P H R O S I S , NOS 
G L O M E R U L O S C L E R O S I S , NOS 
C A L C I F I C A T I O N , FOCAL 
P I G M E N T A T I O N , NOS 
M E T A P L A S I A , N O S 
R E G E N E R A T I O N , NOS 

t K I D N E Y / T U B U L F 
M I N E R A L I Z A T I O N 
CYST, NCS 
I N F L A M M A T I O N , NOS 
N E P H R O S I S , NOS 
N E C R O S I S , NOS 

TABLE C2 (CONTINUED) 

C O N T R O L ( U N T R ) 
02-0084 

(23) 

(23) 

(23) 
U ( 1 7 X ) 

( 2 2 )
 
2 (9%)
 

(23) 

(23 ) 

4 (17X) 
1 ( 4 X ) 
1 ( 4 X ) 

10 (»3X) 

1 < 4 X ) 

(23) 

1 ( K X ) 

DOSED 

02-0078 

1 (3*) 
2 (6X) 
1 (12X) 
1 <3X) 
3 (9X) 

(31)
6 (181) 

(34) 
4 (12X) 

(33)
 
2 (6X)
 

(30) 

(43) 
1 (2X) 

(43) 
3 <7X) 

24 (56X) 

16 (37X) 
19 (44X) 

2 (5J) 

H (9X) 
4 <9X) 
1 (2X) 

(43)
 
1 <2X)
 
1 (2X)
 
1 (2X) 
2 (5X) 

f N U M B E R CI A N I M A L S WITH TISSUE E X A M I N E D M I C R O S C O P I C A L L Y 
* N U M B E R CF A N I M A L S NECROPSIED 

C-I2
 



TABLE C2 (CONTINUED) 

C O H T B O L ( U N T H ) DOSED 
02-0084 02-0078 

tURINABY E1ADDEB (22) (34) 
H Y P E R P L A S I A , J f lTHELIAL <3X) 

E N D O C R I N E S Y S T E M 

* P I t O I T A R Y (21) (30)
 
H E M C B E H A G I C CYST 1 (5*)
 
H Y P E R P L A S I A , FOCAL
 

t A D R E N A I C E D U L L A (23) (39) 
H Y P E R P L A S I A , NODULiR 1 (3X) 
HYPERF1ASIA, FOCAL 1 (3X) 

#THYBOIC (21) (29) 
H Y P E B P I A S I A , C-CELL 3 (14X) 1 (3X) 

t P A R S T H Y R O I D (9) (14) 
H Y P E R P L A S I A , NCS 2 (14X) 

R E P R O D U C T I V E S Y S T E M 

" P A f l B A B Y G L A N t (23) (43) 
G A L A C T C C E L I 1 (4X) 1 <2X) 
H Y P E B P I A S I A , N O S 1 (4X) 9 (21X) 
LACTATION 9 ( 39X) 

* V A G I N A (23) (43) 
I N F L A K M T I C N , N O S 1 <2X) 

*U1ERUS (23) (33) 
P Y O K E T B A 3 (13X) 
H Y P E B P L A S I A , ADENOMATOUS 1 (3X) 

t U T E B U S / H S C C H I T B I U H (23) (33) 
I N F I A t ^ A T I C N , NOS 1 ( IX) 4 (12X) 
I N F I A H P A T I C N , S U P P U R A T I V E 1 <3X) 
I N F L A M M A T I O N , NECROTIZING 1 <3X) 
I N F L A M M A T I O N , CHRONIC 1 («X) 
H Y P E R P L A S I A , NOS 1 (IX) 1 (3X) 
H Y P E R P L A S I A , CYSTIC 1 (4X) 

I C V A B Y / C V I t U C I (23) (33) 

* H U B E E F C F A N I M A L S W I T H TISSUE E X A f l H E D MICROSCOPICALLY 
» N U M B E R C E A N I M A L S N E C R O P S I E D 

C-I3
 



TABLE C2 (CONCLUDED) 

CONTROL ( U N T R )
02-0081

 DOSED 
 02-0078 

I K F I A f f A T I C N ,
I N F L A M M A T I O N ,
ABSCESS. SOS

 SDEPURiTIVB
 ACUTE 1

 1
 (M) 

(14%) 

1 (3)1) 

t C V A E Y
M I N I B A L I Z A T I O N
CYST. NOS
I N F L A M M A T I O N , NOS

 (22)

 3 (14X)

 (34) 
1 (3%) 
1 (3X) 
1 (3X) 

N J B V O U S S Y S T E M 

t B R A I N (23) (36) 
H Y D R O C E P H A L U S , NOS 1 (4X) 
H E M O F B h A G E 1 (I*) 
C A L C I F I C A T I O N , FOCAL 1 ( tX) 

S P B C I A L S E N S E O R G A N S 

N O N E 

H U S C U L O S K E I E T A I SYSTEM 

NONE 

BODY CAVITIES 

*PLEOBA (23) (13) 
NEC8OSIS, NOS 1 (28) 

A L L OTHER SYSTEMS 

NONE 

SPECIAL M O R P H O L O G Y S U M M A R Y 

AUTO/NECBOPSY/BISTO PERF 1 
A U T C L Y S I S / h C N B C B O P S Y 2 7 

I N O M E E R CF A N I M A L S KITH TISSUE E X A M I N E D M I C R O S C O P I C A L L Y 
* M J H B E R CF A N I M A L S NECROPSIED 
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APPENDIX D
 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC
 
LESIONS IN MICE TREATED WITH 2-AMINOANTHRAQUINONE
 





TABLE Dl
 
SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE
 

TREATED WITH 2-AMINOANTHRAQUINONE
 

HIGH DOSE LOW DOSE 
C O N T R O L ( U N T B ) C O N T R O L ( U N T R ) LOW DOSE 

05-0118 05-0030 05-0032 

S N I M A I S I M T I A I I Y I N STUDY 50 50 49 
A N I M A L S M I S S I N G 1 
A N I M A L S N E C R O P S I E D 49 46 48 
A N I H A I S E X A M I N E D H I S T O P A T H O L O G I C A L L Y ff 49 46 47 

I N T E G U M E N T A R Y S Y S 1 E M 

*SKI« (49) (46) (48) 
I N F L A M M A T I O N , N O S 1 (2») 
I N F L A M M A T I O N , FOCAL 3 (6%) 1 (21) 
I N F L A M M A T I O N , N E C R O T I Z I N G 1 ( 2 X ) 
G R A N U L O M A , P Y O G E N I C 1 (2X) 

R E S P I R A T O R Y S Y S T E M 

• T R A C H E A	 (48) (46) (45) 
I N F L A C H A T I C N , N O S 

t l U N G / B R C N C H U S (49) (46) (45) 
I N F L A C P A T I C N , FOCAL 1 (2%) 1 (2%) 2 (4S) 

I I U N G / B R C N C H I C L H (49) (46) (45) 
I K F L A P . K A T I C N , FOCAL 1 ( 2 % ) 

I L U N G ( 4 9 ) (46) (45) 
E W H Y S I B A , N O S 1 ( 2 X ) 
H E M O R R H A G E 1 (2%) 2 ( 4 X ) 
I N F L A M M A T I O N , F O C A L 1 ( 2X) 
I N F L A M M A T I O N , I N T E R S T I T I A L 10 (20%) 7 (15JS) 12 (21%) 
H Y P E R P L A S I A , E P I T H E L I A L 1 (2%) 

H I U N G / A I V E C L I (49 ) (46) (45) 
I N F L A C H T I C N , N O S 1 (2%) 

H E P A T C P C I E 1 I C S Y S 1 E M 

• S P L E E N (49) (46) (46) 
. . I N F L A P K A T I C N , NOS J J2XL. .... 

* N U M B E R C F A N I M A L S W I T H TISSUE E X A M I N E D M I C R O S C O P I C A L L Y 
* K U H B E R C F A N I M A L S N E C R O P S I E D 
** EXCLUDES PARTIALLY AUTOLYZED ANIMALS 

. 

H I G H DOSE 
05-0112 

50 

50 
50 

(50) 

(49)
 
1 (2X)
 

( S O ) 

(50) 

(50) 

1 (2%) 
7 (14J) 
2 (4X) 

(50) 

(49) 

D-3
 



TABLE Dl (CONTINUED) 

HIGH DOSE LOW DOSE 
CONTROL ( U N T R ) CONTROL ( U N T R ) LOW DOSE HIGH DOSE 

05-0118 05-0030 05-0032 05-0112 

F I B B C E I S 1 (2X) 
H Y P E B P L A S I S , NOS 6 ( 1 2 X ) 21 (46X) 10 (20X) 
R E T I C O L O C Y T O S I S 1 < 2 X ) 
H Y P E B P L A S I A , HEMATOPOIETIC 5 (10X) 6 (13X) 6 (12X) 
H Y P E B P L A S I A , E E Y T H R O I D 1 (2X) 3 (7X) 2 (4%) 
H Y P E R P L A S I A , R E T I C U L U M C E L L 1 ( 2 X ) 
H Y P E R P L A S I A , L Y M P H O I D 1 ( 2 X ) 2 (4X) 2 (4X) 
HEHATOPOIESIS 1 (2X) 

I L Y M E H N C E E (42) (34) (36) (42) 
H E M O R R H A G E 1 (3X) 1 <3X) 1 < 2 X ) 
I N F L A M M A T I O N , NOS 10 (24X) 19 (53X) 14 ( 3 3 X ) 
H Y P E R P L A S I A , NOS 1 ( 2 X ) 1 (3X) 
RETICULOCY10SIS 2 < 5 X ) 5 (14X) it ( 1 0 X ) 
L Y M P H O C Y T O S I S 5 (14X) 4 ( 1 0 K ) 
P L A S M A C Y T O S I S 1 ( 2 X ) 
M E G A K A B Y O C Y T O S I S 1 (3X) 
H Y P E R P L A S I A , H E M A T O P O I E T I C 1 (2%) 
H Y P E R P L A S I A , R E T I C U L U M CELL 2 <6X) 
H Y P E R P L A S I A , L Y M P H O I D 3 (7X) 5 ( 1 4 X ) 3 (7X) 

t C A N D I B U L A B L . N C t E (42) (34) (36) (42)
 
H Y P E R P L A S I A . E J T I C U L U M CELL 1 (3X)
 

1 M E S E N T E R I C L. N O D E (42) (34) (36 l (42)
 
T H R O P B C S I S , N C S 1 (3X)
 
H E M O R R H A G E 1 < 3 X )
 

C I R C U I A T O F Y S Y S T E M 

* C A B C I C V A S C U L A B S Y S T E (49) (46) (48) (50) 
P E H I V A S C U L I T I S 1 (2%) 

# H E A R T (49) (46) (46) (49)
 
M I N E B A L I Z A 1 I C N 1 (2%)
 

t M Y O C A R D I U M (49 ) (46) (4 6 | (49) 
I N F L A P B A T I C d . N O S 1 < 2 X ) 1 ( 2 X ) 
FIBROSIS 1 (2X) 

t E N D C C A R I I U M (49) (46) (46| (49)
 
H,FLAM«ATICB P f O L I F E R A T I VE 1 (2%)
 

*AOR1A ( 4 9 ) (46) (4 8I (50) 

t N U M B E R C F A N I M A L S KITH TISSUE E X A M I N E D M I C R O S C O P I C A L L Y 
* N U H B E B C J A N I M A L S N E C R O P S I E D 

D-4 



TABLE Dl (CONTINUFD) 

HIGH DOSE LOW DOSE 
CON180L ( U N T B ) C O N T R O L ( U N T B ) LOW DOSE 

05-0118 05-0030 05-0032 

D I G E S T I V E S Y S T E M 

• S A I I V A B Y	 G L A N C (1*8) (37) (1*7) 
P E R I V A S C U L A R C U F F I N G 5 (14S) 

• L I V E R	 (48) (1*6) (1*7) 
H I N E R A I I Z A T I C N 1 < 2 X ) 
I N F L A M M A T I O N , N E C R O T I Z I N G 1 (2%) 
F I B R O S I S , F O C A L 1 ( 2 X ) 
N E C R O S I S , F O C A L 9 ( 1 9 X ) 2 ( U % ) 16 ( 3 U X ) 
N E C R O S I S , C O A G U L A T I V E 
N E C R O S I S , h E M O R R H A G I C 1 (2%) 
M E T A M O R P H O S I S F A T T Y 8 ( 1 7 % ) 3 (6X) 
C Y T O P L A S M I C V A C U O L I Z A T I O N 2 ( U % ) 
H Y P E R P L A S T I C N O D U L E 1 (2%) 10 ( 2 1 X ) 
H Y P E R P L A S I A , NOS 1 (2%) 
H Y P E R P L A S I A , F O C A L 1 ( 2 X ) 

* G A L I B l A C r E B (19) («6) (48) 
I N F I A K F A T I C N , N O S 1 ( 2 % ) 

* B I L E C U C T (49 ) < U 6 ) (1*8) 
L Y M F H C C Y T I C I N F L A M M A T O R Y I N F I L T R 1 (2%) 
H Y P E R P L A S I A , NOS 1 ( 2 X ) 

• P A N C R E A S (1*7) (4H) (45) 
I 1 . F L A F 1 1 A T I C N , N O S 1 ( 2 X ) 3 ( 7 X ) 
I N F L A M M A T I O N , F O C A L 2 (5X) 
I N F L A M M A T I O N , I N T E R S T I T I A L 1 (2%) 
I N F L A M M A T I O N , A C O T E / C H R O N I C 1 ( 2 X ) 
D E G E N E R A T I O N , CYSTIC 1 ( 2 X ) 
H Y P E R P L A S I A , F O C A L 2 (5%) 

• P A N C R E A T I C C D C T ( 4 7 ) (1*4) (45) 
H Y P E R P L A S I A , N C S 1 ( 2 X ) 

I E A N C B E A T I C A C I N U S (1*7) ( K i t ) (45) 
N E C R O S I S , N C S 1 ( 2 % ) 
A T R O P f - Y , F O C A L 1 ( 2%) 

I S T C M A C H (1*8) (1*5) (46) 
I N F L A F f A T I C N , N O S 2 ( d X ) 7 (15%) 
I N F L A M M A T I O N , FOCAL 2 (i*%) 3 < 7 X ) 

_ I N F L A M M A T I O N , . . N E C R O T I Z I N G 1 ±2%l 

* N U M B E R CE A N I M A L S DITH T I S S U E E X A M I N E D MICROS COP 1C AL LY 
* M J H B E R C E A M M & L S N E C R O P S I E D 

H I G H EOSE 
05-0112 

(50) 

(U9) 

5 ( 1 0 X ) 
1 ( 2 X ) 

6 (125!) 

( 5 0 ) 

(50) 

(45) 

(45) 

(45) 

(47) 
2 ( U X ) 
5 (11)1) 

0-5 



TABLE Dl (CONTINUED) 

I k F L A I ' f A T I C N , SCUTE 
H Y P E R P L A S I A , E P I T H E L I A L 
H Y P E R P L A S I A FOCAL 
H Y P E R P L A S I A , ADENOMATOUS 
H Y P E R K E R A T O S I S 
A C A N T H O S I S 

I G A S T R I C MUCOSA
 
H Y P O P L A S I A , JOCAL
 

t E E Y E H S PATCH
 
H Y P E R P L A S I A , N O S
 

K C O L C N
 
N H M A T C E I A S I S
 
P A R A S I T I S M
 

U R I N A R Y S Y S T E M 

« K I D N E Y 
G I O M E E D L O N E P H P I T I S , N O S 
G L O M E R D L O N E P H 8 I T I S , FOCAL 
I N F L A M M A T I O N , INTERSTITIAL 
H Y P E R P L A S I A , T U B U L A R CELL 
M E T A P L A S I A , OSSEOUS 

t K I D N E Y / T U B U L E
 
M I N E B A L I Z A T I C N
 

I K I B S E Y / E F . L V I S 
I N F L A K P A T I C N , A C U T E / C H R O N I C 

• U R I N A R Y E L A D D E B
 
I N F l A f C A T I C N , N O S
 
H Y P E R P L A S I A , E P I T H E L I A L
 

E N D O C R I N E S Y S T E M 

t E I T U I T A E Y
 
H Y P E R P I A S I A , N O S
 
H Y P E R P L A S I A , F O C A L
 

t A D R E N A L
 
.NECROSIS.. FOCA1
 

t l i U H E E H C F A N I M A L S KITH T I S S U E
* N U M B E R C F A N I M A L S N E C R O P S I E E 

HIGH DOSE LOW DOSE 
CONTROL ( U N T H ) CONTROL ( U N T R ) LOU E'OSE 

05-0118 05-0030 05-0032 

1	 < 2 X ) 
2 (4X) 

1 ( 2 % ) 2 (4X) 
2 (4X) 

1 (2%) 1 < 2 X ) 
1 ( 2 X )	 1 ( 2X) 

(48)	 (45) (46) 
5 ( 1 1 X ) 

(49)	 (46) (47) 
7 (114X) 3 (6X) 

C*3) (41) (45) 

3 (7X) 

(49)	 (46) (47) 
2 ( I X ) 2 ( 4 % ) 

1 < 2 X ) 
16 (33%) 7 (15X) 31 (66X) 

1 < 2 X ) 

(49)	 ( 4 6 ) ( 4 7 ) 
1 ( 2 X ) 

(49)	 (46) (47) 
3 (7*) 

(48) (46) (47) 
1 ( 2 X ) 

4 (8%) 2 (4X) 7 (15X) 

(40) (39) ( 42 ) 

1 (3X) 

(44)	 (44) (46) 
1 J2XJ. 

 B X A C . I N E D MICROSCOPICA L I Y 

HIGH COSE 
05-0112 

2 < « X ) 
5 ( 1 1 % ) 

(47 ) 

(47) 
9 ( 1 9 % ) 

(43) 
4 ( 9 % ) 

(50) 
12 ( 2 4 % ) 

1o (325!) 
1 ( 2 X ) 

(50) 

(50) 

(48) 

7 ( 1 5 % ) 

( 4 2 ) 
1 ( 2 % ) 
2 (5%) 

(33) 

D-6
 



TABLE Dl (CONTINUED) 

HIGH DOSE 
C O N T E O L ( U N T B ) 

05-0 118 

LOW DOSE 
CONTROL ( O N T R ) 
05-0030 

H Y P E B E I A S I A , N C S 3 ( 7 X > 

• A D R E N A L / C A P S U L E 
N O D D L E 
H Y P E R P L A S I A , NOS 

(44) 

3 <7X) 

(44) 

• A D R E N A L C O R T E X 
N C D U L F 
NECROSIS , F O C
H Y P E H P L A S I S ,
H Y P E R P L A S I A ,

A L 
 NOS 
 F O C A L 

(44) (44) 

2
14

 <5X) 
 (32X) 

• T H Y R O I D 
H Y P E R P L A S I A ,
H Y P E R P L A S I A ,

 FCCAL 
 P A P I L L A R Y 

(15) (44) 

• P A R A T H Y R C I D 
C Y S T , NCS 

(24) (17) 
1 (6*) 

• P A N C R E A T I C ISLE
H Y P E R P L A S I A ,

TS 
 N C S 

(47) (44) 

R E P R O D U C T I V E S Y S T E M 

" P R E P U T I A L G L A N C (49) (46) 
A B S C I S S , NCS 1 (2%) 

• P R O S T A T E («9) (46) 
H Y P E S E L A S I A , EPITHELIAL 1 (2X) 
H Y P E R P L A S I A , FOCAL 

• TESTIS (48) (46) 
A T R C P H Y , N O S 
A T R O P H Y , F O C A L 
H Y P E R P L A S I A , INTERSTITIAL C E L L 

•TESTIS/TUBULE	 («8) (46) 
D E G E N E R A T I O N , N O S 3 (7X) 

* E P I D I E Y f I E (49) (46) 
O F L A B P A T I C N , NOS 1 < 2 X ) 

N E R V O U S S Y S T E M 

• E R A I N	 ( 49 ) (46) 
P E R I V A S C U L I T I S 

* N U H E E R C E A N I M A L S W I T H TISSUE E X 8 K I N E D M I C R O S C O P I C A L L Y 
* N U M B E R CI A N I M A L S NECROPSIED 

LCH DCSE 
05-0032 

(46) 

5 ( 1 1 X ) 

(46) 
1 <2X) 
1 (2%) 

(44) 

1 (2X) 

(17) 

(45) 

(48) 

(46) 

2 <4X) 

(46) 

1 (2X) 
10 (22X) 

(46) 

(48) 

(46) 

H I G H tOSE 
05-0112 

(38) 
1 < 3 X > 
1 <3X) 

(38) 

(46) 
1 ( 2 X ) 
1 < 2 X ) 

( 2 2 ) 

(45) 
2 ( 4 X ) 

(50) 

(43) 

1 ( 2 X ) 

(49) 
2 (1%1 

8	 (16)1) 

( 4 9 ) 
1 ( 2 X ) 

(50) 

(49) 
1 -(2XL 

D-7 



TABLE Dl (CONCLUDED) 

HIGH DOSE
C O J I T B O L ( U N T B )

05-0118

 LOW DOSE 
 CONTROL (0 N T S )

 05-0030
 LCW DOSE

 05-0032
 H I G H DOSE 
 05-011^ 

liECFCSIS, NOS 1 (2%) 

S P E C I A L SEliSE C B G A N S 

NONE 

M U S C D L O S K E L E T A L S Y S T E M 

N C K E 

B C D Y C A V I T I E S 

* A E D O H I N A L C A V I T Y
MCBCSIE, F A T

 (U9) (16)
 1 (2X) 

 (U8) (50) 

SLl OTHES S Y S T E M S 

A D I E O S E U S S L E 
I B F L A B H A T I C N . ACUTE 1 

C H E N T U M 
SKECSIS. EAT
C A L C I E I C A T I C N . NOS

 1 1 
1 

S P E C I A L P C F P H C L C G Y S U H M A E Y 

N C L E S I C N 5 E E C E T E D
A M B A I B I S S I N G / N O N E C R O P S Y
ACCIDENTAL DEATH
AUTO/NECBOPSY/HO HISTO
AUTOLYSIS/NC KECBOPSY

* N D M E E E O F A N I B A L S WITH TISSUE E X A M I N E D
* N U M B E B C E A N I M A L S NECROPSIED 

5 2 
1 

3 

1

 M I C R O S C O P I C A L L Y 

1 
 .! 

0-8 



TABLE D2
 
SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE
 

TREATED WITH 2-AMINOANTHRAQUINONE
 

HIGH DOSE LOW DOSE 
CONTROL ( U N T B ) CONTROL ( U N T R )

06-0118 06-0030

A N I B A I S I U T I A I I Y I N SIDDY 50 50
A N I M A L S N E C E O P S I E C 50 47
A N I M A L S E X A M I N E D H ISTOPAT HOLOGICA11Y ** 50 47

I N 1 E G C M E N T A R Y S Y S T E M 

*SUBCUT T I S S U E (50) (47)
A B S C E S S , NOS 1 ( 2 X ) 

R E S P I R A T O R Y S Y S T E M 

• L U N G / E E O N C H U S	 (50) (46)
I N F L A P K A T I C N , FOCAL 1 ( 2%) 

I I U N G / B R C K C H I C L E (50) (46)
H Y P E R P L A S I A , N C S 1 (2X) 

* L U N G (50) ( 46 )
I N F L A B C A T I C N , I N T E R S T I T I A L 14 (28%) 2 (4JS)
H Y P E R P L A S I A , E P I T H E L I A L 

• I U N G / A L V E C L I	 (50) (46)
E P P H Y S E f i i , N O S 1 < 2 X ) 

H E C A T C P C I E I I C S Y S T E M 

I E O N E M A R R O W (49 ) (45)
H Y P C P I A S I A , N O S 1 (2X) 
M Y E L O F I E R O S I S 1 (2X) 
S E G A K A R Y O C Y T O S I S 

I S P L E E S (49) (45)
H Y P E R P L A S I A , N C S 9 ( 1 8 X ) 
L Y M P H O C Y T O S I S 2 (4X) 
H Y P E R P L A S I A , fiEH ATOPOIET 1C 6 (12%) 
H Y P E R P L A S I A , E R Y T H R O I D 

. H Y P E R P L A S I A ^ L Y M P H O I D 2 _(4%]_ 3 (7X) 

* N U M B E R C E A N I M A L S HITH T I S S U E E X A M I N E D M I C R O S C O P I C A L L Y 
* N U M B E R C f A M H A L S N E C R O P S I E D 
"EXCLUDES PARTIALLY AUTOLYZED ANIMALS
 

 LOW DOSE 
 06-0032 

 50
 
 48
 
 48
 

 (48) 

 (48) 

 (48) 

 (18) 
5 (10X) 
1 (2*) 

 (48) 

 (46) 

 (48) 
18 (38X) 

11 (23X) 

H I G H DOSE 
06-0112 

50 
49 
49 

(49) 

(48) 

(48) 

(48) 
7 (15)!) 
1 (2)!) 

(48) 

(42) 

2 (5X) 
1 (2%) 

(46) 
9 (201!) 

7 (15*) 
7 (15*) 
1 J2J1 

D-Q
 



H E B A T C T C I E £ I S 

# H E B C L Y B P H N O T E S
 
I N F L A M M A T I O N , N O S
 
H Y P E R P L A S I A , N O S
 

I I Y B F H N C C E 
H E M O R R H A G E 
I N F L A M M A T I O N , N O S 
N E C R O S I S , NOS 
H Y P E R P L A S I S , NOS 
R E T I C D L O C Y T O S I S 
PLASMACYTOSIS 
H Y P E R P L A S I A , tEM ATOPOIET 1C 
H Y P E R P L A S I A , L Y M P H O I D 

• P A N C R E A T I C L . N O t E 
H Y P E R P L A S I A , B H T I C U L U M CELL 

C I B C U I A T C F Y S Y S T E M 

* C A B D I O V J S C U L A R SYSTE
 
F E R I V f S C U L I T I S
 

# M Y O C A R D I U M
 
I N F L A F f ATICN, FOCAL
 
FIBROSIS, FOCAL
 

D I G E S T I V E S Y S T E M 

I S A L I V A E Y G L A N t
 
P E R I V A S C O L A E CUFFING
 

ILIVER
 
NECSCSIS , F O C A L
 
NECROSIS, COAGULATIVE
 
M E T A M O R P H O S I S FATTY
 
H Y P E R P L A S I S , N O D U L A R
 
H Y P E R P L A S T I C N O D U L E
 

_	 - H J P E R P L A S I A ^ . F Q C A L __ 

t N U M B E R CI A B I B A L S WITH TISSUE
» N U H B E R C E A N I M A L S N E C R O P S I E D 

TABLE D2 (CONTINUED) 

HIGH DOSE	 LOW DOSE 
CONTROL (OKIE) CONTROL (U N T R ) 

06-0118 06-0030 

2 (IX) 

(U9) (15) 
2 ( IX) 
1 (2X) 

(1") (27) 

9 (20X) 

3 (7X) 
1 < 2 X ) 

1 < 2 X ) 
« (9X) 

(11)	 (27) 
1 (IX) 

(50) (17) 

(50)	 (16) 
1 (2X) 

(18)	 (29) 
3 (6X) 1 (3X> 

(50)	 (16)
7	 (11X) 1 (2X) 

1 (2X) 

2 (HX) 

 E X J M I N E D MICHOSCOPICSLLY 

LCW DOSE 
06-0(132 

(18) 

(39) 
1 (3X) 

18	 (16X) 
1 (3X) 

1 (3X) 

(39) 

(18) 

(17) 

1 (2X) 

(18) 

(1*7) 
11 (23X) 

2 (IX) 

1 <2X) 
1 J2SL 

HIGH EOSE 
06-0112 

(1*6) 

(36) 

7 ( 1 9 X ) 

2 <6X) 

(36) 

(19) 
1 < 2 X ) 

(1*9) 

(11) 

(17) 
5 ( 1 1 X ) 

5 (11X) 

D-IO 



TABLE D2 (CONTINUED) 

A S G I E C 1 A S I S 
HEMSTOPOIESIS 

m V E R / P E R I P C B T A L
 
H Y P E R P L A S I A , L Y M P H O I D
 

•GALLBLADDER
 
I N F L A P P A T I C N , N O S
 

t E A N C R E A S
 
I N F L A H P A T I C N , N O S
 

I P A N C R E A I I C EUCT 
LYMPHOCYTIC INFLAMMATORY

& S T O M A C H
 
I K F L A B f A T I C N , N O S
 
I N F L A M M A T I O N , FOCAL
 
H Y P E R K E B A T O S I S
 
A C A N T H O S I S
 

• GASTRIC M U C O S A
 
H Y P E R P L A S I A , EOCAL
 

I P E Y E R S EATCH
 
H Y P E R P L A S I A , N O S
 

l E U O C E K U H
 
ECTCPIA
 

*COLON
 
P A R A S I T I S M
 

U R I N A R Y S Y S T E M 

* KID K E Y 
G L O M E B U L O N B P H B I T I S , N O S 
I N F L A M M A T I O N , NOS 
GLONERULONEPHRTTIS, FOCAL
 
I N F L A M M A T I O N , INTERSTITIAL
 

• K I D N E Y / T U B U L E
 
M I N E R A L I Z A T I O N
 

* N U M B E R C E A N I H A L S WITH T I S S U E
» K D M B E R CI A N I M A L S NECROPSIED 

C^NWUNTB, 
06-0118 

(50) 

(50) 

(48) 
2 (4X) 

(48) 
 INFILTR 

(49) 
1 < 2 X ) 
1 (2X) 

2 (4X) 

(49) 

(48) 
7 (15X) 

(48) 

(38) 

(50) 
4 (8X) 

1 (2X) 
12 (24X) 

(50) 
1 (2X) 

 E X A M I N E D HICROSCOPICALLY 

LOW DOSE 
CONTROL ( U H T R ) 
06-0030 

1 (2X) 

(46)
 
1 (2X)
 

(47) 

(39) 

(39)
 
1 (3X)
 

(«5)
 
3 (7X)
 

(45) 

(45)
 
1 (2X)
 

(45)
 
1 (2X)
 

(43) 

(45)
 
2 (4JJ)
 

1 (2X) 
9 (2 OX) 

(45) 

LCW DCSE 
06-0032 

(47) 

(48) 
1 (2X) 

(47) 
1 (2X) 

(47) 

(48) 
7 (15X) 
5 (10X) 
5 (10X) 
5 (10X) 

(48) 
4 (8X) 

(48) 
2 (4X) 

(48) 

(46) 

(47) 

9 (19X) 

(47) 

HIGH EOSE 
06-0112 

2 (4X) 

(47) 

(49) 

(40) 
1 < 3 X ) 

(40) 

(46) 
2 ( 4 X ) 

2 (4X) 

(46) 

(39) 
4 (10X) 

(39) 

(33) 
2 (6X) 

(46) 
7 ( 1 5 X ) 
1 < 2 X ) 

8 (17*) 

(46) 

1 12il 

0-11 



• K I D N E Y / P E L V I S 
I S F L A B t A T I C N , ACUTE/CHRONIC 

I U R I N A R Y £ L A D D E H
 
I K F L A K A T I C N , NOS
 
H Y P E R P L A S I A , E P I T H E L I A L
 

E N E O C R I N E S Y S T E M 

*EITUI1ARY
 
H Y P O P L A S I A , FOCAL
 

t A E R E N A L / C A P S U L E
 
H Y P E R P L A S I A , N C S
 

t A E R E N A L C C R T E X
 
N C D U L E
 
H Y P E R P L A S I A , N O S
 

• T H Y R O I D
 
I N F L A f i C A T I C N , FOCAL
 
NECRCSIS, FOCAI
 
H Y P E R P L A S I A , P A P I L L A R Y
 
H Y P E R P L A S I A , A D E N O M A T O U S
 

R E P R C E O C T 1 V E S Y S T E K 

* M A M B A H Y G L A N I
 
H Y P E H E L A S I A , N O S
 

t U T E R D S
 
H Y D R C B E T H A
 
ABSCESS, NOS
 
H Y P E R P L A S I A , A D E N O B A T O U S
 
M E T A P L A S I A , SQUABOUS
 

# U T E B U S / H K i : O B E T H I U B 
I N F L A f f . A T I C N , SOS 
I N F L A M M A T I O N , ACUTE/CHRONIC 
H Y P E R P L A S I A , NOS 
H Y P E R P L A S I A , CYSTIC 
BETAPLASIA. SODAMOUS 

* N U M B E R CE A N I M A L S WITH TISSUE
* K U M B E B CE A N I M A L S NECROPSIED 

TABLE D2 (CONTINUED) 

HIGH DOSE 
C O N T R O L ( U N T B ) 

06-0118 

LOW DOSE 
CONTROL ( U N T R ) 

06-0030 
LCD DCSE 

06-0032 
HIGH DOSE 

06-0112 

(50) («5) 
1 (2X) 

(47) (16) 

( U S ) 

1 ( 2 X ) 

(42) (17) 
2 (4*) 
7 (15S) 

(11) 

1 < 2 X ) 

(U2) (37) (42) (36) 
2 < 6 X ) 

(48) 
5 ( 1 0 X ) 

(411) (46) 
8 (17%) 

(44) 
3 (7X) 

C*8) 
1 ( 2 X ) 
1 (2«) 

(44) 
1 (2%) 
2 (5S) 

(16) (44) 

(tt)
1 ( 2 X ) 

2 (5S) 
1 (2%) 

(44) (42) (12) 

1 (2*) 
2 (5X) 

(50) (47) (18) (49) 
1 ( 2 X ) 3 (6)1) 

(17) 
13 (28%) 

(43| 
4 (9%) 

(48) 
8 (17X) 

(46) 
13 (28*) 

1 (2X) 
2 < 4 X ) 

1 <2S) 

(1*7) 
8 ( 1 7 X ) 

8 (17X) 
6 ( 1 3 X ) 

(U3) 
1 (2X) 

33 (77X) 

(48) 
1 (8JS) 
1 (2X) 
8 (17X) 

28 (58X) 
1 <2X) 

(16) 
4

9
6

 (9X) 

 ( 2 0 X ) 
 (13X) 

 E X A M I N E D M I C R O S C O P I C A L L Y 
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TABLE D2 (CONTINUED) 

LOW DOSE 
CONTROL ( U f l T R ) LCif DOSE HIGH DOSE 

06-0118 06-0030 06-0032 06-0112 

•OVARY/OVIDUCT (47) (43) (<*8) (U6) 
I h F L A f K A T I C N , N O S 4 (9X) 1 < 2 X ) 
SESCESS, NOS 
D E G E N E R A T I O N , NOS 

1 (2X) 
1 (2X) 

f C V A R Y (48) (1*8) (45) 
C Y S T , NCS 
I N F L A M M A T I O N , NOS 

10 (21X) 
1 (8S) 

7 (15X) 2
2
 ( 4 X ) 
 (4X) 

I N F L A M M A T I O N , N E C R O T I Z I N G 1 (2X) 
AESCESS , NOS 1 ( 2 X ) 
P E R I A R 1 E R I T I S 
D E G E N E R A T I O N , CYSIIC 

1 ( 2 X ) 
3 (6%) 4 (9X) 

H Y P E R P L A S I A , NOS (2X) 

# C V A R Y / F C L L I C L f (48) (44) (48) (45) 
H F B C R E H A G E 2 ( 4 X ) 

N E R V O U S S Y S T E M 

N O N E 

S P E C I A L S E N S E O R G A N S 

t .CNF 

f l t l S C t U C S K E L E T A L S Y S T E M 

N O N E 

B O I Y C A V I T I E S 

* P L E U R S (50) (47) (48) (49) 
H Y P E R P L A S I A , L Y M P H O I D 1 (2X) 

All CTHER SYSTEMS 

C O E k T D B 
JICBOSIS^FAJI \ 

* N U M B E R C F A N I M A L S WITH TISSUE E X A M I N E D SICEOSCOPICA L L Y 
* k U M B E R C E A N I M A L S N E C R O P S I E D 
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TABLE D2 (CONCLUDED) 

( O N T R ) C O K T B O L f U N T B ) 10M DOSE HIGH COSE 
06-0118 06-0030 06-0032 06-0112 

S P E C I A L R C E P H O I C G Y S U H H A R Y 

NC I E S I C N E E E O B T E D 3 1 1 
JUTO/NECROPSY/EISTO P E R F 1 1 2 
A U T O L Y S I S / N O SBCBOPSt 3 2 1 

f N U d E E B CF i l i l B A L S W I T H TISSUE E X S K I N E D HICSOSCOPICSL1Y 
* S U H B E B CI A N I M A L S N E C R O P S I E D 

D-14 



Review of the Bioassay of 2-Aminoanthraquinone* for Carcinogenicity
 
by the Data Evaluation/Risk Assessment Subgroup
 
of the Clearinghouse on Environmental Carcinogens
 

June 29, 1978
 

The Clearinghouse on Environmental Carcinogens was
 
established in May, 1976, in compliance with DHEW Committee
 
Regulations and the Provisions of the Federal Advisory
 
Committee Act. The purpose of the Clearinghouse is to
 
advise the Director of the National Cancer Institute (NCI)
 
on its bioassay program to identify and to evaluate chemical
 
carcinogens in the environment to which humans may be exposed.
 
The members of the Clearinghouse have been drawn from
 
academia, industry, organized labor, public interest groups,
 
State health officials, and quasi-public health arid research
 
organizations. Members have been selected on the basis of
 
their experience in carcinogenesis or related fields and,
 
collectively, provide expertise in chemistry, biochemistry,
 
biostatistics, toxicology, pathology, and epidemiology.
 
Representatives of various Governmental agencies participate
 
as ad hoc members. The Data Evaluation/Risk Assessment
 
Subgroup of the Clearinghouse is charged with the responsi
bility of providing a peer review of reports prepared on
 
NCI-sponsored bioassays of chemicals studied for carcinogenic
ity. It is in this context that the below critique is given
 
on the bioassay of 2-Aminoanthraquinone for carcinogenicity.
 

The reviewer said that the compound induced hepatocellular
 
carcinomas in male rats and in both sexes of mice but that
 
the treated female rats died of nephrotoxicity. After a
 
brief description of the experimental design, a discussion
 
ensued on the nature of the "foreign body granulomatous
 
nephritis" found in the treated female rats. In view of the
 
findings, the reviewer said that the compound must be
 
considered to pose a potential carcinogenic risk to humans.
 
He added that nephrotoxicity also may pose a human hazard.
 
The reviewer moved that the report on the bioassay of 2
Aminoanthraquinone be accepted as written. The motion was
 
approved without objection.
 

Clearinghouse Members present:
 

Arnold L. Brown (Chairman), Mayo Clinic
 
Paul Nettesheim, National Institute of Environmental
 

Health Sciences
 
Verne Ray, Pfizer Medical Research Laboratory
 
Verald K. Rowe, Dow Chemical U.S.A.
 
Michael B. Shimkin, University of California at San Diego
 
Louise Strong, University of Texas Health Sciences Center
 

Subsequent to this review, changes may have been made
 
in the bioassay report either as a result of the review
 
or other reasons. Thus, certain comments and criticisms
 
reflected in the review may no longer be appropriate.
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