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T10.SSAY OF
APICLORY 1254
FOR POSSI1BLE CARCINOGENICITY

Carcinogenes{s Testing Program
Division of Cancer Cause and Prevention
National Cancer lnstitute
National Institutes of Health

CON(RIBUTORS: This report presents the results of the bioassay
of Aroclor® 1254 for possible carcinogenicity, conducted for the
Carcinogenesis Testing Program, Division of Cancer Cause arnd
Prevention, National Cancer Jnstitute (NCI), Bethesda, Maryland.
The bioassay was conducted by Stanford Research Institute, Menlo
Park, California, initially under direct contract to NCI and
currently under a subcontract to Tracor Jitco, Inc., prime

contractor for the NCI Carcinogenesis Testing Program.

The experimental design and doses were determined by Drs. R, R.
Butesl'z. v. €. L. Jcnes3, b. P. SBSM)re3, C. M, Newell3, and R.
M. Elashoff“. and Mc. W. E. Davis?. The principal investipator

was Dr. D. C. L. Jones: the technical supervisor of unimal.

treatment, observation, and data handling was Mr. W. E. Davis;
necropsy and tissue fixation were supervised by Dr. D. P.
Sasmore.

Histopathologic e¢xaminations were performed by Dr. H. Llster? and
the diagnoses included in this report represent his
interpretation. Neopiasms and cowmpound-related  typerplastic
lesions were ceviewed by Drs. W. M. Busey6 and J. F. Hardisty?,
who also prepared the interpretive pathology summary included in
this report.

Animal pathology tables and survival tables were compiled ar FGAG
Mason Research Inst.itute’. The statistical analyscs were
performed by 9r. J. R. Joinurg, using methods selected for the
bioassay program by Dr. J. J. Cart?. Chemicals used in this
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bioassay were analyzed at Stanford Research Institute, and the
analytical results were reviewed by Dr. C. W. Jameson8.

: This report was prepared at. Tracor JitcoB under the direction of
) NCl. Those responsible for the report at Tracor Jitco were Dr.
! Marshall Steinberg, Director of the Bioassay Frogram; Drs. J. F.
Robens and R. W. Fogleman, toxicologists; Dr. R. L. Schueler,
pathologist; Ms. L. A. Waitz and Mr. W. D. Reichardt, bioscience
writers; and Dr. E. W. Cunberg, technical editor, assisted by

Ms. Y. E. Presley.

The statistical analysis was reviewed by members of the
Mathematical Statistics and Applied Mathematics Section of Nc19:
Dr. John J. Gart, Mr. Jun-mo Nam, Dr. Hugh M. Pettigrew, anu
Dr. Robert E. Tarone.
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The following other scientists at the Natioral Cuncer lInstitute
were responsible for evaluating the bioassay experiment,
interpreting the results, and reporting the findings: :

Dr. Kenneth C. Chu
tr. Cipriano Cueto, Jr.
Dr. J. Fielding rbuglas
Dr. Dawn G. Goodwman
Dr. Richard A. Griesemer
Mr. Harry A. Milman

’ Dr. Thomas W, Orme

' Dr. Robert A. Squirelo
Dr. Jerrold M. Waird

lCarcinogeneais Testing Program, Division of Cancer Cause and
Prevention, National Cancer Institute, National) Institutes of
Health, Bethesda, Maryland.

2Now with the Qffice of the Commissioner, Food and Drug
Administration, Rockville, Maryland.

Jstantord Research Institute, Menlc Park, California.
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4Department of Bicmathematics, Center for the Health Sciences,
University of California, Los Angeles, California.

SDepartment of Pathology, David M. Brotman Memorial Hospital,
3828 Hughes Avenue, Culver City, €California.

6Experimental Pathology Laboratorie:, Inc., P.0. Box 474,
Herndon, Virginia.

7EGSC Mason Research Institute, 1530 East Jefierson Street,
Rockville, Maryland.

8Tracor Jitco, Inc., 1776 East Jefferson Street, Rockville,
Maryland.

YMathematical Statistics and Applied Mathematics Section,
Biometry Branch, Field Studies and Statistics, Divisioan of
Cancer Cause and Prevention, MNational Cancer Institute, National
Institutes of Heilth, Bethesda, Maryland.

10Now with the Division of Comparative Medicine, Johns Hopkins
University, School of Medicine, Traylor Building, Baltimore,
Maryl and.
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SUMMARY

A biocassay of Aroclor® 1254 for possible carcinogeaicity was-
conducted by administering the test chemical in feed to Fischer
344 rats.

Groups of 24 rats of each sex were administered Aroclor® 1254 at
one of three doses, either 25, 50, or 100 ppm, for 104-105 weeks.
Matched controls consisted of groups of 24 untreated rats of each
s2X. All surviving rats were killed at 104-105 weeks.

Mean bedy weights of males and females receiving mid and high
doses and females receiving low doses of the chemical were
consistently below those of the corresponding controls, beginning
at about week 10 of the study. The decrease in survival among
males, but not among females, showed a significant dose-related
trend. Adequate numbers of animals nof both sexes survived for
meaningful statistical analyses of the incidences of tumors.

The combined 1incidences of lymphomas and leukemias showed a
significant doscv-related trend in males (controls 3/24, low-
dose 2/24, mid-dose 5/24, high-dose 9/24, P = 0.009). Howaver,
the direct comparisons of each dosed group wich those of the
matched controls were not statistically significant, and the
tumors cannot clearly be related to administratior o~ with
Aroclor® 1254.

Hepatocellular adenomas and carcinomus were found in the dosed
groups, but not in the controls (males: mid-dose 1/24, high-dose
3/24; females: mid-dose 1/24, high-dose 2/24). AJdditionally, a
high incidence of nonneoplastic hyperplastic nodules was noted in
the dosed animals (males: controls 0/24, low-dose 5/24, mid-dose
8/24, high-dose 12/24; females: controls 0/23, low-dose 6/24,
mid-dose 9/22, hnigh-dcse 17/24). Although the incidences of
tumers were not significant, the occurrence of the hyperplastic
nodules appeared to be related to administration of the chemical.
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In the stomach, jejunum, or cecum, adenocarcinomas were observed
in two dosed males and in two dosed females as well as a
carcinoma in one dosed male. None of these lesions was found in
control animals in this study. Historical incidences of these
tumors at this laboratory (6/900 males {1%}, 2/f00 females {0.3%]
suggest that the lesions -- although not statistically signifi-
cant -- may be related to the administration of Aroclor® 1254,

It is concluded that wunder the conditions of this bioassay,
Aroclor® 1254 was not carcinogenic in Fischer 344 rats; however,
a high incidence of hepatocellular proliferative lesions in both
male and female rats was related to administration of the
chemical. In addition, the carcinomas of the gastrointestinal
tract may be associated with administration of Aroclor® 1254 in
both males and females.
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1. INTRODUCTION

Aroclor® (CAS 27323-18-8; NCI C02664) is the registered trademark
of the Monsanto Chemical Company for their polychlorinated
biphenyls (PCBs). PCBs were developed in 1929 primarily for use
as heat transfer fluids and dielectrics (insulators). Aroclor®
‘1254, a biphenyl containing approximately -54% chlorine, is a
nonflammable heat transfer agent which functions in the range of

250-360°C (lubbard, 1964; Poffenberger and Hubbard, 1965).

PCBs have been used in transformers and capacitors; as industrial

5,:_,ﬂ.; e fluids in hydraulic, gas turbine, and vacuum pumps; as lubricants

: : ‘géﬂ and plasticizers (for flame retardation); and as additives in
; surface coatings, inks,6 papers, adhesives, sealants, pesticides,
and dyes for carbonless duplicating paper (Hubbard, 1964;

Broadhurst, 1972). These compounds tend to accummulate in the

biosphere (Finklea et al., 1972). Because of direct and indirect
human and animal exposure, fnod contamination, and environmental
N pollution from many of these uses, the marketing of PCBs has been

markedly curtailed in recent years (EPA, 1977).

A

e -

This bioassay of Aroclor® 1254 was conducted as a part of a

larger study designed to assess the combined effccts of a group

of known or suspected carcinogens. Only the results of the study

PRk TN L T

of the administration of Aroclor® 1254 are reported herein.
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IT. MATERIALS AND METHODS

A. Chemical

Aroclor® 1254 was obtained in a single batch (Lot No. KBO1-604)
from the Monsanto Chemical Company, St. Louis, Missouri. The
identity and relative burity of the test chemical were confirmed
at Stanford Research Institute. Elemental analyses (C, H, Cl)
indicated 54.672 chlecrine. Gas-liquid chromatography and mass
spectroscopy showed that the Aroclor® 1254 contained at least 18
isomers of polychlorinated biphenyls ranging from 4 to 7 chlorine
atoms per molecule. Identity was confirmed by nuclear magnetic
resonance, infrared, and ultraviolet spectra, which were in agree-
ment with the structure. No attempt was made to identify or

quantirate impurities.

The chemical was stored at room temperature in l-gallon amber

glass jars.

B. Dietary Preparation

All diets were formulated every 2 weeks using Low Fat Lab Chow®

(Ralston Purina Co., St. Louis, Mo.). a stock diet was first pre-

~pared by hand mixing a weighed amount of the Aroclor® 1254 with

corn oil (Staley Manufacturing Co., Orange, Calif.) and adding

this mixture to a small amount of feed which was also mixed‘by

Preceding page blank
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"hand, More corn oil and feed were then added to give a final

concentration of 3,000 ppm Aroclor® 1254 and 3% corn cil and then
wachine mixed in a Hobart blender for 30 minutes. Sach stock
diet was analyzed for content of Aroclor® 1254 by a method
involving extraction, Flor1si1® chromatog:aph}, and quantitation
by gas~-liquid chromatography. Coacentrations of 3,000 ppm + 102
were considered acceptable for use in preparing the test diets.
Aroclor® léSk at 3,000 ppm in the stock diet was found to be
stable when held in rat feeders at room temperature for a 2-week

period.

To obtain test diets having appropriate concentrations of
Aroclor® 1254, the stock diet was diluted, as required, with
control diet containing 3% corn o0il and mixed in a Hobart
blender. The stock and test diets were stored at room

temperature in covered plastic containers.
C. Animals

Male and female Fischer 344 rats, obtained through contracts of
the Division of Cancer Treatment, National Cancer Institdte, were
used in these bioassays. The rats were obtained from Simonsen
Laboratory, Gilrocy, Califo-nia. On arrival at the laboratory,
all animals were quarantined for 2 weeks as an acclimation

period. Following this period, all males gaining less than 25

8091




grams, all females gaining less than 15 grams, and all unhealthy
animals were culled. The remaining animals were assigned to
cages, one per cage, until each cage contained three animals.
Cages were then numbered and assigned to control and treated
groups using a computer-generated randomization t‘able. Rats wure

ear-clipped for individual identification.

D. Animal Maintenance

All animals were housed in temperacrure-~ and humidity-controiled
rooms. The temperature was maintained at 22°C with a raage of
21-24°C, and the relative humidity was maintained at approxi-
mately 45%Z. The room air was changed 10 times per bour and was
maintained wunder positive pressure to the access  halls.
Fluorescent lighting provided {llumination 12 hourse per day.
Food and water were available ad libitum. Irinking wate- was
softened, filtered, sterilized with ultraviolet [ight, ara

supplied by means of an avromatic watering system.

The rats were housed three per cage in polycarbonate cares
equipped with disposable polyester woven filter tops. Autoclaved
hardwood chips (Iso-Driml Becton, Dickinson, and Carworth,
Warrensburg, N.Y.) were used as bedding. The cages were chanped,
washed, aud provided with froesh bedding twlce per week. Filter

tops were replaced once per nonth.




Rats fed Aroclor® 1254 were housed in the same room as rats
treated with aflatoxin By {CAS 1162-65-8), lead (Il) acetate (CAS
301-04-2), hexachlorophene (CAS 70-30-4), or dieldrir. (CAS

60~-57=1) 1n the feed.

E. Subchr.nic Studies

Subchronic feeding studies were conducted with male and f{emale
Fischer 344 rats to estirate the maximum tolerated -duse ot
Aroclor® 1254, on the basis of which low, mid, and high
concentrations (hereinafter referred to as "low doses"”, '"mid
doses", and "high doses'} were determined four administration in
the chronic studies. In the subchronic studies, Arcclor® 1234
was added to feed in concentrations of 25, 50, 100, 200, or 400
ppu. Treated and control grcups each consisted of 15 male and 15
female rats. The chemical was provided in feed to the treated

groups for 8 weeks.

The animals receiving 400 ppm were ‘fnactive, had occasional
diarrhea and tremors, and failed to gain weight. At this dose

4/15 males and 1/15 females died. Enlarged livers were observed

8091

on gross examination, and histologically atypical hyperplasia was,

observed. At 200 ppm, becdy weights for both males and females

were approximately 70% of those of the controls, and mild hepato-

cellular plecmorphism was seen histolegically in cthe livers.




Rats treated with 25 ppm Aroclor® 1254 had enlarged livers, but
no evidence of histologic abnormalities. weight gain 1in all
animals treated at doses lower than 209 ppm was comparable to
that in controls, and there was no mortality below 400 ppm. The
low, mid, and high doses for the chronir studies were set at 25,

50, and 100 ppm.

F. Design of Chronic Studies

The design of the chronic studies is shown in table 1.

G. Clinical and Pathologic Examinations

All animals were observed daily for signs of toxicity and
palpated for masses at each weighing. Animals were weighed
individually every other week for 12 weeks, and once every fourth
week for the'remainder of the study. Animals that were moribund

at the time of clinical examination were killed and necropsied.

The pathologic evaluation consisted of gross examination of major
organs and tissues f{rom killed animals and from animals found
dead. The following tissues were rbuttnely examined micro-
scopically from both treated and conlrol animals: lungs and
bronchi, spleen, liver, testes, pituitary, kidney, and brain. In

addition, sections oi stomach, urinary bladder, thyroid, uterus,

and ovary were examined in a majority of the controls; these
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Table 1. Design of Aroclor® 1254 Chronic Feeding Studies in Rats

Sex and
Treatnent

Group

Males
Matched-Control
Low-Dose
Mid-Dose
High--Dose
Females
Hatched;Conttol
Low-Dose
Mid-Dose

High-Dose

Initial
Nn. of

Animals?d

24

24

24

24

24

24

24

24

scoclor? 1254
in Dietb

(ppm)

25
50

100

0
25
50

100

Time on Study
Treated® Untreated

{(weehs) (weeks)

105
105
105

105

105
104~105
104-105

105

3A11 animals were 53 + 2 days of age when placed on study.

ball diets concained 3% corn oil.

CAll animals were started on study within 2 days of each other.

i

9

06Co1

6091




Av Ve

%

tissues were taken from treated rats only if a Jlesion was found

at necropsy. Cccasionally, additional tissues were examined
microscopically. Gross lesions from all aniwals were also
examined microscopically. The different tissues were preserved

fo 10Z buffered formalin, embedded in paraffin, sectioned, and
stained with hematoxylin and ecsin. Special staining techniques

were utillzed when 1ndicated for more definitive diagnosis.

A few of the iissues selected by design from some animals were
not examined, particalarly from those animals that died early.
Thus, the number of animals from which particular organs or
tissues were microscopically examined varies, and does not
nncessarily represent the number of animals tﬁat were placed on

study in each group.

H. Data Recording and Scatistical Analyses

Pertinent data on this experiment have been tecqtded in an auto-
matic data proceuéirs system, the Carcinogenesis Bioassay Data
Systen (Lintart et al., 1274). The data elements include descrip-
tive information on the chemicals, wnimals, experimental design,
clinical cbservattions, survival, body weight, and {ndividual
pathologic res:lts, as recommended by the IAternationn] Union
Aéainst Cancer (Berenblum, 1969). - Data tables were generated for

verification of data transcription and for statistical review.
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These data were anralyzed wusing the statistical techniques
desrribed in this section. Those analyses of the experimental
results that bear on the possibility ot carcinogenicity are

dis.russed in the statistical narrative sections.

P?obabilities 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
censore¢:. as of the time that they dicd of other than natural

causes or were found to be 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) for testing two groups for equality and Tarone’s (19753)
extensicns of Cox’s methods for testing for a dose-related t;end.
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 1incidence of neoplastic or nunneoplastic lesiong has been
given as the ratio of the aumber of animals beariung suchi Lenions
at a specific anatomic site (numerator) to the number of animals

necropsied (denominator).

The purpose of the statistical analyses of tunor incidence is t

determine vhether animals receiving the test chemical developed a

10
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significantly higher proportion of tumors than did the control
animals. As a part of these analyses, the one-tailed Fisher

exact test (Cox, 1970) was used to compare the tumor incidence of

a control group with that of a group of treated animals at each

dose level. When results for a number of freated groups (k) are
compared simultaneously 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) requires that the
P valux for any comparison be less than or equal to 0.05/k. In
cases where this correction was used, it 1s 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 ir prcportions, with
continuity correction (Armitage, 1971), was also used. Under the
assumption of a linear trend, :this test determines if the slope
of the dose-respcrse curve is different from zero at the one-
tailed 0.05 level of significance. Unless otherwise noted, the
direction of the significant trend is a positive dose relation-
ship. This method also provides a two-talled test of departure

from linear trend.

A tine-adjusted analysis was applied when numerous early deaths
res:..lted from causes that were not associated with the formation

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

11




first tumor was observed were excluded by basing thz 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 fbund, 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 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 an animal died naturally or uas sacrificed
was eatered as the time point of tumor observacion. 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 werc one-tailed and, unless otherwise
noted, 1in thke directfsn of a positive dose relationship.
Significant departures from ti-~:arity (P < 0.05, two-tailed test)

were also noted.

The approximnte 95 percent confidence interval for the relative

risk of cach treated group compared to its control was calculated

12
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from the exact interval on the odds ratio (Gart, 1971). The
relative risk is defined as p./p. where p, is the true binomiai
ptobabilfty of the incidence of a specific type of tumor in a
treated group of animals and p. 1is the true probability of the
spontaneous incidence of the same type of tumor in a control
group. The hypothesis of equality between the true proportion of
a specific tumor in a treate;i group and the proportion in a
control group corresponds to a rvelative risk of unity. Values in
excess of unity represent the condition of a larger proportion in

the treated group than in the control.

The lower and upper 1limits of the confidence interval of the
relative risk have been included in the tables of statistical
analyses. The interpretation of the 1limits 1is that 1in
approximately 95% 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 woula be within the interval calculated from the
experiment. When the lower 1limit of the confidence interval is
greater than one, it can be inferred that a statistically
significant result‘ (P < 0.025 ope-tailed test when the control
incidence {is not zero, P < 0J.050 when the control incidence is
zero) has occurred. When the lower limit is less thar; un.ity, but
the upper limit is greater than unity, the lower limit indicates

the absence of a significant result while the wupper 1limit

13
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indicates that there 1is a theoretical possibility of the

‘ ] induction of tumors by the test chemical, which could not be

detected under the condit.ons of this test.
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I11. RESULTS

A. Body Weipghts and Clinical Signs

Beginning at about week 10 for the high-dose groups and about
week 20 for the mid-dose groups, mean body weights of both male
and female rats fed Aroclor® 1254 at the doses used in this
binassay were lower than those of the controls (figure 1). Mean
body weights of low-dose males appeared ccuparable to iiiose of
contyols thr;nghout ;he study, while mecan body weights of low-
cose females were lower during the second year of the study. A%
week 30, an intercurrent respiratory infection " in the colony
caused weight loss, but no deaths; animals recovered within 30

days without treatwent for the infection. .

Cliaical signs assoclated with administration of Aroclor® 1254
included alopecia, ’amber-colored urine, facial edema, exvph-
thalmos, and cyanosis. These signs were apparent =xmong the
high-dose groups bYeginning at week 72 and auwmoiug the mid-dose

groups at week 104 of the study.

B. Survival

The Kaplan and Mefer curves -estimating the probabilities of

survival for male and female rats fed Aroclor® 1254 in the diet

15
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- B - at the doses used in tnis study, together with those of the

controls, are shown in figure 2.

For males, the result of the Tarone test for positive dose-

" ﬂf related trend in mortality over the period is significant (P <
\ 3 0.001); 92% of the control, B83% of the low-dose, 58% of the

P v[. mid-dose, and 462 of the high-dacse rats survived to the end of
\ ~8

the srudy. Among females, the Tarone test showed a probability

level greater than 7.05. In females, 67% of the control, 79X of

| the low-dose, 83% of the mid-dose, and 71X of the high-dose rats
¥- t survived to termination of the study. Sufficient numbers of rats
of both sexes were availaible for mecaningful statistical analyres

of the incidences of late-developing tumors.

3 C. Pathology

Histopathologic findings ou neoplasms in raus are summarized in
Appendix A, tables Al and A2; findings on norneoplastic lesions

i
'
, I
K ! are summarized in Appendix B, tables Bl and BZ2.

; A varlety §E neoplastic processes were observed in both the
¥4h;vi x contro! and treated rats, and, with the exception of the liver,
the incidences of these neoplasms were comparable in the control
and treated groups. Interstitial-cell tumors of the testes were
present in the majority of coﬁtrol and treated wmales. The next

most frequently observed neoplasm was leukemia of either the

i 18
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granulocytic or lymphocytic type, and 1£ involved multiple
organs. The incidence of this neoplastic process was comparable
in the countrol and treated groups. The following neoplasms were
also present {in some control and treated rats but without
compound association: squamous-cell carcinomas of the skin,
alveolar/bronchiolar adenbmas of the lung, and uterine

endome”rial stromal polyps.

No proliferative lesions of the hepatocytes were found in the
control animals in the study. The incidence of these proliiera-

tive lesions among treated animals was as follows:

MALES FEMALES
Low Mid High Low Mid High
Dose Dose Dose Dose Dose Dose
Number of Animals
Necropsied {24) (24) (24) (24) (22) (24)
Nodular
Hyperplasia 5 8 12 6 9 17
Adenoma, NOS* 0 0 1 0 1 2
Hepatccellular
Carcinoma 0 1 2 0 o 0
Total
Ircidence 5 9 15 6 10 19

*Not otherwise specified

The areas of nodular hypcrplasia appeared to be microscopically

similar to what is currently termed "focal areas of cellular

19
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alteration” (Squ!tg and Levitt, 1975). Neither this lesion nor
any hepatccellular adenomas or gatcinomas were diagnosed in the
controls. The hepatocellular carcinomas were characterized
microscopically by large £6c1 of proliferating hepatocytes
invelving several lobules, These hepatocytes were bizarre in
. ~:f appearance, sometimes containing two or wmore nuclef. The
sinusoidal architecture was lost, and frequently mitotic figures
:/ 7 were present. These neoplasms compressed the surrounding normal
liver tissve, and the cell plaies usually were three to five

cells in thickness. The hepatocellular adenomas were character-

ized by large foci tnvolving several lobules of swollen, saverely

vacuolated hepatocytes still maintaining the general sinuscidal

archltecture of the liver. In general, the foci of nodular
e w‘~ hyperplasia involved two our more hepatic lobules and contained

hepatocytes whose tinctorial properties were distinctly different
from those of the surrounding liver tissue. Occasionally, these
foci would contain severely vdcuolated hepatocytes, and in some

instances, there were small foci of basophilic hepatocytes.

The results of the histopathologic examination indicate that the
administration of Aroclor® 1254 at the three doses used in this
study had an effect with respect to proliferative legions of the
liver and gastrointestinal tract. There were three hepatocellu-

lar carcinomas 1in wmale vats and a dose-related increase |in

20
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nodular hyperplasia in bcth the male and female animals. There
was one carcinoma and four adenocarcinomas 1in the gastruintes~-
tinal tract of treated rats. These neoplastic lesions are seen
only sporadically and at a low incldernce in the Fischer 244 rat;
in this study no lesions of these types were diagnosed in either

the male or femile controls.

D. Statistical Analyses of Results

Tables Cl and C2 in Appendix C contain the statistical analyses

of the {incldences of those primary tumors that occurred in at

lzast two animals in one group and with an incidence of at least

% of one or more treated grcups.

In male rats, the results of the Cochran-Armitage test for
positive dose-related irend in the incidences of leukemia and cf
combined leukemia and lymphoma are significant (P = 0,022 and P =
0.009, respectively). The co;r:sponding results of the Fisher
exact test, however, are not significanr 1in any treated group
when compared with the conttols. There is no other incidence of
tumors at any specific site in either sex which {i{s statistically
oignificant. A sigatficant Cochran-Armi{tage trend 1in the
negative direction {s observed #n the fincidence of interstitial-
cell tumor of the testis, where the incidence in the controls

exceeds those in the mid- and high-dose groups.

21
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In each of the 95% confidence f{ntervals of relative risk, shown
in the tables, the value c¢f one is included; this indicctes the
absence of significant positive results. It should also e noted
that each of the intervals has an upper limit greacer than one,
indicating the theoretical possibility of the induction of tumors
by Aroclor® 1254, which <could not be detected under the

conditions of this test.

22
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IV. DISCUSSION 3

At the doses used in this bioassay, Aroclor® 1254 was toxic to
both male aud female Fischer 344 rats, as shown by the
dose-related 'depreuion of wean body veigh:‘s and the clinical
signs vhich occuxlred during the second year, Mean body welights
of mid- andA high-dose males and of ail treated females were
consistently lower than those of the .corrasponding controls after
the initial growth phase. An intercurrent respiratory infection
at week 30 resulted in temporary weight loss, but no deaths, in
all groups 1including the controls; the animals later recovered
without treatment, Clinical signs 1including alopecia, amber-
colored urine, facial edema, exophthalmos, and cyanosis occurred
in the high-dos2 groups beginning at week 72 and in the mid-4dnse
groups at week 104. Survival among males, but not among females,
showed a significant dose-related trend. Adequate numbers of
animals of both sexes survived for wmeaningful statistical

analyses of the incidences of tumors.

The combined incidences of lywphoma and lcukemia in males were
stynificant (controls 3/24, low-duse 2/24, mid-dose 5/24, high-
dose 9/24, P = 0.009Y), using the Cochran-Armitage test for
positive dose-related trend, but not in females (controls 4/2/4,
low-dose 6/24, mid-c -=e 6/24, high-dose 6/24). Since the resulirs

of the Fisher exact test for fincreased incidence were not
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significant for any of these groups, the occurrence of these

lesions cannot «clearly be related to the adaministracion of

Aroclor® 1254,

Hepatocellular changes including hyperplastic nodules, edenomas,
and carcinomas were found in treated animals, but none of thése
lesions were found in control animals in this study. Hepato-
cellular carcinomas were observed in one mid-dose and two high-
dose males, and hepatocellular adenomas were observed in one
high-dose male, one mid-dose female, and two high-dose females.
Nodular hyperplasia was diagnused with a dose-related frequency
in the low-, mid-, and high-dose male snd female rats. Although
the incidzaces of the tumors were not significant, the occurrence
of these proliferative iesions appeared to be related to

treatment.

In the stomach, jejunum, or cecum, adenocarcinomas were observed
‘n two treated males and in two treated females as well az a

carcinoma in one treated msle. None of these lesions was found

in control animals in this study, sugzgesting that the lesions --

although not statisticaliy significant -~ may be related to the

administratton of Aroclor®™ 1254.

The <coxicity of polychlorinated biphenyls (PCBs) has been

reviewed by several groups, inc luding the Environmental

Ty

24
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Protection Agency (1976), National Research Council (1976), Panel
on Hazardous Trace Substances (1972), and International Agency
for Research on Cancer (1974). Kimbrough et al. (1972)
demonstrated hepatic adenofibrosis in male and female Sherman
rats fed Aroclor® 1254 at up to 500 ppm for 8 months. A similar
PCB, Kanechloxﬂa 500, fed for 12 wmonike to male Wistar rats,
induced nodular hyperplasia at doses of 100-1,000 ppm; at 1,000

ppm, cholangiofibrosis also was 1induced (Ito et al., 1974).

_Keplinget et al. (1971; see also EPA Critera Document PCBs, 1976)

fed Charles River rats up to 100 ppm Aroclor® 1254 for 24 months
and reported originally that there was no signifi;ant increase
in hepatic tumors in this study; re-evaluation of the liver
slides, however, 1indicated a significant {ncidence of nodular
hyperplasia in treated rats, compared with controls., Ito et al.
(1973) observed nodular hyperplasia and well-differentiated
hepatoceilular carcinoma {n male strain dd mice. fed 500 ppm
Kanechlor® 300 for 8 months, and Kimbrough and Linder (1974)
observed adenofibrosis and hepatomas in BALﬁ/cJ mice fed 200 ppm

® ),

Aroclor 54 for 11 months.

In a study of a closely related PCB, Kimbrough et al. (1975)
observed hepatocellular carcinomas in female Sherman rats fed 100

ppm Aroclor® 1260 for 21 months.
It 1is concluded that under the conditions of this bloassay,

25
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Aroclor@® 1254 was not carcinogenic in Fischer 344 rats; however,
a high incidence of hepatocellular proliferative lesions in both
male and female rats was related to treatment. In addition, the
carcinomas of the gastrointestinal tract may be associated with

treatment in both males and females.
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APFPENDIX A

SUMMARY OF THE INCIDENCE OF HNEOPLASMS

(=)

IN RATS FED AROCLOR(fIZSA IN THE DIFT

R e T

Preceding page blank

31

S




-

Ve e o

TABLE A1,

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE
RATS FED AROCLOR® 1254 IN THE DIET

CONTROL LOW DOSE MID DOSE RIGH DOSE
ABINALS IWITIALLY I® STUDY 28 24 s 24
AVIARLS BECROPSIED 24 24 v 24
ANIBALS BXASINED HISTOPATHOLOGICALLY 24 it e 24

INTEGUREWTARY SYSTER

*SK1N ' {26) (24) 29 (24)
SQUARCOS IBRLL PARILLOWA 1 (4k)
SQUAROUS CELL CARCI¥OEMA 1 (u%)
®SJBCUT TISSUL (24) (24) {24) (su)
SQUANOUS CELL CARCLNCHA 1 (u%) 11y,
PIBROAA 1 (u%) LY
AYXONA 1 (uS)

RESFIGATORY CYSTEN

SLONG/BRUNCHDS (23 (29) 23 (24)
PAPILLC®A, NOS 1 (4S)

SLONG (23) (24) {22 (cu)
CARCINOMA, ¥0S, METASTATIC 1 (u%)
ALVEOLAR/BFCNCHIOLAR ADENOMA AL Y] 2 (%)
HARARTCHA : 1 {(u%)

AEMATOFOXETIC SYSTEA

*NULTIPLE GRGANS (24) (24) (29 (24)
LINPHOCYTIC LEUKENIA (17
GRAXULOCYTIC LEUKEMIA 3 (138 2 (6%) € (21V) PERELY)

SLYRPH WODF [§1) (3) (3] <)
MALIGEANT LYMPHORA, NOS 3 (20%)

CIRCULATORY SYSTEN

D ). )N e et e e e o i e e e e e = e e e

¢ NUMBER Of AMIMALS SITH TISSUE EXAMINED MICFGSCOPICALLY
¢ NUMBER OF ANWINALS HECROFSIED

Preceding page blank
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TABLE A1. MALE RATS: NEOPLASMS (CONTINUED)

CONTROL LOW DOSE ™ID DOSE HIGH DOSE

CIGESIIVE STSTEA

#SALIVARY GLAKD 4 (3)
SAPCONA, HCS v (3%

SLIVER (28) (24) (<5} 126)
ADEBORA, NCS5 1 (6%
HePATOLELLULAR TAPCINCIA 1 (a%) 2 (8%)

#STOMACE zn) (#1] (&)
ADENOCAPCIKC®A, NOS5 1 (50%)

SJEJUNUR ) N :
CARCINONA,NOS 1 (100%)

sceCcun o (s)
ADENQCAFCINCHA, ' 1 (109Y)

ENDOCHINE SYSTEN

SPITUITARY (3 {29y (< (Jw)
ADENONA, NCS 2 rY
eADRLNAL in (h

PHEOCHFONCCYTCRAA 1100y

REPEOLUCTIVE SYSTER

STESTIS (239) (24) (24} (24}
INTEZFSTITIAL-CELL TUNGF 26 {100%) 24 (I0DX) 10 (8131%) 20 (E2%)
*5CHCTUN (24} (i6) (z6) (24)
1 (u%)

8 NUMBER OF AKI®MALS WITH TLSSOE EXAAINED % ICROSCUPICALLY
¢ NUSBER QP ANINALS NECRCFSIID
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TABLE A1. MALE RATS: NEOPLASMS (CONTINUED)

SFECIAL SENSE CRGANS

WONE

RUSCULOSKELETAL SycsreEn

RORE

BCLY CAVITIES

CTUMICA VASINALIS (29) (24) {24}
MIZSOTHILICHS, MALIGNANT 1 (uy)

ALL OIMEE SfSTENS

ANTAAL DISFOSITICH SUMAART

AVINALS INITIALLY IN STUDY r PL] 24 24
RATUBAL DEXTED 2 3 1
MORIBUND SACRIPICE 4 7
SCHEDULECZ SACRIPICE
ACCIDENTALIY KILLED
TERSINAL SACRIPICE 22 20 1%
ANIMAL RISSING '

_INCLUDES AUICLIZED ANIAALS _— -

® NUABER OP ANIMALS WITH TISSUE EXANINED MICRSSCOPICALLY
® NUMBER OF ANINALS BFCRCPSIED

TERAGATE AP Yo | e I S SF 0 W Ny
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TABLE A1. MALE RATS: NEOPLASMS (CONTINUED)

1GACR SUANAFY

*0Tai ANIRALS J1®H PEIRAARY TURORS® 26 24 Rg <)
TOTAL FBRIUARY TUMUES 32 32 32 3
TOTAL ANIRALS WITH BENICS TURCES 24 24 P 20
TOTAL PENIGE TURORS 27 in il 23
TOTAL BMIAALS JITH EALILWABT TUNORS 5 2 < 12
2 I i

TOTAL SALIGNRAT THRTES

TOTAL ABIRALY WITH CECCNDARY TUmOBSS 1
CUTAL SECCMZAFRY T A2%5S

TCTAL ANIRALS WITH TUSCPS URCEFTAIM-
BESIiGN OR MALIGKAMT
TGTAL UWCERIAIN THRUES

TCTAL ANIRALS BITH TOBLUES CYCERYTALN:
FRIAAEY CKE PRTACTAT!
TOTAL UNCEFTAIN TUROES

SECONDARPY TUMOIRS
pe INVASIVE INTC AN ADJACEMY CES

e PEIAARY TUNOF5: ALY TURCFS EXCEPT
® SECGWOARY THUACES:
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TABLE A2,

SUMMARY OF THE INCIDENCE OF NLOPLASMS IN FEMALE
RATS FED AROCLOR™ 1254 IN THE DIET

-

.

omr e

e

CONTROL LOW DOSE MiD DOSE HIGH DOSE
ADIBALD IWITIALLY 1IN STODY 24 e 4 1
AVIBALS GECPOFSIED 24 26 28 2%
ANIBALS ERABIRIC RIZTLFATHBULOGICALLT L) z- N e

IPTRGUARCITARY SYSTEA

*SKIN (P11} (24) (24) (28)
SY“AROUS CELL CARCENCHUA 1 (a%)

®SUBCUT TISSU2 i2e) (2¢) (29) (29)
PIERONA 1 (e%)
PIBROSARCCEA 1 (&%)
PIBROUS NISTIOCYTONA, NALIGEANY 1 (eY)
LIPOSABCCHN 1 (a%)

BESPTRATORY SUSTER

eLUNG (22) \24) (29 (14}
ALYPOLAR/2BCHCHILLAR ADENORA L2 3] 1 (ufx)

BEMATOPOIBTIC SYSTEN

SAULIIPLE ORCANS Q) (24) (2% (29)
MALIG. LYNPP~MA, LYAPHOCYTIC TYPE . 1 (af%)
LYRPHOCYTIC LEUKEAIA T (ax) 2 (9%) : 1 (as)
GEANULOCTTIC LEUKERIA 3 (V3N a4 (17%) a (17%) 8 (178

OSPLLES (19) (24) (<4 (22)
GRANUOLOCYTIC LZUKERIA 1 (a%)

SLYAFR WOC? (9} ()} (3 [&F]
MALIG.LYNPBORMA, HISTIOCYTIC TYPE 1 (100%)

CIRCULATORY SYSTENM

—BCEE____ -

¢ NUMBER OF ABINALS WITA TISSOE EXARINED MICECSCOPICALLY
® BUMBER OF ABIMALS WECRCPSIED
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TABLE A2. FEMALE RATS: NEOPLASMS (CONTINUED)

.---.----.----.--.-----4-----.---------.----.----.------------------..---------------- ...... emoe.
- -

CONTROL LOW DOSE MI0 DOSE HIGH DOSE
CIGESTIvE SYSTIA
0nivEr (YR} (23) (<20 (zs)
OEDIPPERENIIATID CARCINOBA ARTAS 1 (s
ADBWORA, 1KCS 1 (5%) 2 (8%)

0STOBACH
ADE®ONA, ¥CS
ADEBOCARCTECRA, B80S

ORINAGY SYSIEN

*GPPITOURIBARY TRACT (2a) (29) (24 [P}
LIPCHA v (%)

OKIDSEY (t3]] (24) [PL}] .1
OBDIPPERESTISTED CARCINCSHA 1 (et

EWDOCHINE SYSTEY
SPITUITARY 23 123} (20 Pl]
ADEBORA, KOS o (V%) 1 (%Y T (S5%) v (ul)

SPPRODUCTIVE SYSTIN

*HANAABY GLAMNL L H (24) [Pd}] (L4}
ALEDOBA, NCS 1 (s%) ’
ADEZNOCARCIRCHA, MOS u (17¢)

SOTRNUS (14) (12} (1<) (13}
ADEBQCARCINONA, ¥OS 1 (E%) t (17w
AUEZNOCA IN ALENOBATOUS FOLYP v(VTY)
LolONTICRA 1 (E%)

ENDORETFIAL STPOMAL POLYF 2 (tuy) 5 (u2%) € (3i%) . 3 (~0%)

QOVAEY (20) (R1] (%)

GRAWULOSA-CELL TUMOP 1 (100%)

WEAVOUS SYSTEP

T TS )

s WURBEE OF ABINALS WITH TISSUZ EXAAINRD MICRCSCOPICALLY
e BUMBER OP APISIL: WRCHOTSIFD
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TABLE A2. FEMALE RATS: NEOPLASMSV(CONTINUED)

L L e R L e ittt

CONTROL LOW DOSE MID DOSE HIGH DOSE
SPECI4) SENSE ORGARNS
L] 34 ] (28) (29) (12w (28)
SEBACROUS ADEBOCARCIBONA 1 (a%)

NNSCULOSKEBLETAL SYSTEAR

BONL

BODY CAVITIES

nwong

ALL )THER STSTERS

e D L T et B T T Y R L R T ]

ANIAAL DISFOSITIOP SUMRARY

APIAALS YBITTALLY IP STODY 28 20 " 26
WATURA,. DEATHO
RORIBUNL sSalRIrICE ? L] 3 7
SCHELOLEL SACPIPICE
ACCILENTALLY KILLED
TERAINAL SHCRIPICE 16 19 2¢ 17
ANIMAL BISSING

-
-
-

@ IDCLUDES _AUXOLIZEZD ABIBALS oo

¢ SUMBER OP ABIRLLS SITL TISSUE RIAMISED BICROSCOPICALLY
® WOMBBR NF ABINALS NECROPSIED

A VT AT,
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TABLE A2. FEMALE RATS: NEOPLASMS (CONTINUED) ‘

TUSOR SONAAGY

TOTAL ADIRALS VITH PRIAMARY TURORSS " 18 12 A\ P4
TITAL PEIEARY TOMORS A\ 28 17 17
TOTAL ANIAALS WITH BINIGN TUACRS ? 8 € 7
TOTAL BENIGCH TUROPS 8 9 e 7
TOTAL ANIMALS WITH BALIGNASAT TURORS . 1 e
TJTAL MALIGHNANT TUAMOQRS L} AL 3 1
TOTAL ANIRMALS WITH SECCHNDAFY TUMORSS \
TOTAL SECCBCARY TOURORS 1
TOTAL ANIAALS WITH TUNOUS UNCERTAIN-
BENIGY OR MALIGRANT 1
ZOTAL ONCEBTALIN TOUNOUS 1

TOTal ASIMALS WITH TUMORS UNCERTAIN-
PRISABY OR AFTASTATIC
TOTAL UNCESETAIN TUSORS

o PRIMARY TUMOES: ALL TURORS EXCEPT SECONDARY TURORS
® SECONDARY TURORS: METASTATIC TUMORS GR TUMCRS INSASIVE INTC AN ADJACENT ORGAN

40




APPENDIX B

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS

IN RATS FED AROCLOR® 1254 IN THE DIET
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TABLE Bt.

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE
RATS FED AROCLOR" 1254 IN THE DIET

CORTROL LOW DOSE MID DOSE HIGH DOSE
APINALS IBITIALLY IN 5TODY 24 24 i 24
ANIHALS WECROPSIEC 8 26 248 20
ASYRALS EXAAINED HISTCPATHOLOGICALLY 24 28 24 24

INTELOMEETABY SYSTZR

*508C 0T TISSUE (24) (za) (29) ()
CIST, NOS LA RS )]
1 FESPISATORY SISTEA
< A3
4 OTHACHZA (1Y) (tn
4 IHPLAIIMATICN, WOS . 1 (5%
3 SLUNG/BRONCHIS (2 (24) (1) (24)
PEONCHTECTASIS . 1 (a%y a (1Y) 7 (109 LR 1)
s T INPLARBATICN, NOS . ro(uw)
4 .
SLOKG (23 (24} (23 (24)
4 EAPHISENA, NOS 1t
3 ATELECTASIS 1 ay) 7 (%) 1 (uy)
s CONGESTICN, NOS 9 (39y 13 (50K} 7 (10%) 4 (179
3 IWPLAPBATICON, NOS 1 (u%)
F ABSCESS, WCS 2 (5% PN et 1) 2 (5%}
3 HERATOPOIETIC SYSTEA
A $SPLEE" @2n . Zu) (23 (21)
Y CURGESTIGN, KOS 1 (%) 2 (£ 1 (u%)
PIBKOSIS PANTE 3]
2 HEMATOPGIESTS t(uy
4 SLYRPH X9DE N (N () (5
] CUBGESTIOR, HCS 10259
WECROSIS, 873 1 (20%)
HY"ERPLASIN, WwOS 1 (25%)
—-BI51I0CXT035I5 __ ————— e BB e e
¢ WUINMRER QF AVINMALS WITH TISSUE EXAMINED RICECSCOPTCALLY
* SUMHER OF ANIMALS NECRAFSIED
Y
2
¥
!
T
| k .
! i
i
. b
4 A
1
H
\ o
) l‘ 1o
4 i
: | Preceding page blank
13
i
]
t t 43
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TABLE B1. MALE RATS: NONNEOPLASTIC LESIONS (CONTINUED)

CONTROL LOW DOSE MID DCSE HIGH DOSE

SCELIAC LYNPH NOLZ [§)} 3 )

LYNPHARGIECTASIS 1 (20%
CIACULATORY SYSTEN
NGKE )
CIGESTIVE SYSTEW
SSALIVARY GLAND ) (3}] (3)
INPLANAATICH, NOS 1 (100%)

SLIVLE (24) (24) (29) | (24)
CONGESTICN, NOS 10 (42¢) 18 (715%) 1 (42%) 4 (17%)
IVFLARMATICN, GRANUGLOMATOUS 1 (u%)
GRANULONA, NUS 1 (4%)
NECROS1S, NOS 1 (uX) 1 (4%)
NECRUSIS, POCAL 2 (8%)
NECHOSTS, CENTRAL 1 (u%) 1 {uy)
HYPRRPLASIA, NODULAR 5 (21%) e (33%) 12 (90%)
ANGIECTASIS 4 (17%) i (8%)

$STOMACH (2mn ' (7) (6)
CIVERTICULOY 1 (17%)
HYPRRPLASIM, LYAPHOID 1 (5%)

SGASTRIC NUCCSR (21) (2) (&)
CONSESTICH, NOS 1 (1%
HYPREPLASIA, NOS 1 (50%) 2 (:3%)

8COLUN ()] (4)
PIPROSIS 1 (25%)
PLGAERTATICN, NOS 1o(25%)

sCECUA . (RD] )
NeCROSIS, NOS 1 (25%)

URINARY SYSTER

WIDNEY (24 (24 29) (24)

U <) &5 PO .- JNN — — 2.18%)

o NUMBER OP ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
o NUSGSE NP ANIMALS NECRCOFSIED

44




- 6091

TABLE B1. MALE RATS: NONNEOPLASTIC LESIONS (CONTINUED)

CONTROL LOW DOSE MID DOSE HIGH DOSE
2" PLONBEHEITIS, WOS 1 (u%)
SC1BROSIS 1 (u%)

ENDOCRINE SYSTER

PITUITAPY 23) (24) (22) (z24)
CYST, NOS 1 (a3)
COMGESTION, KOS 1 (u%) 1 (5%) 2 (8%)
$PAAATHYROIC (3) &)
HYPERPLASIA, ROS 1 (33%)

PEPRODUCTIVE SYSTERM

BERVOUS SYSTEM

SERAIN (23) (24) (29) (26)
CONGES1I0W, MOS 1@y
_ EDEBA, ROS 1 (u%)
ABSCESS, MNOS 1 (us) 1 (ux)
INPARCT, WKCS 1 (uy)

SPECIA’ SENSE CRGANS

NONE

MUSCULOSKRLETAL SYSTES

BODY CACITIES

SINGUINAL REGION (28) (2u) 24y (24)
MECBOSTS, FAT 6 (25%) 5 (21%) I o(12%) 9 (17%)

ALL OTHER SYSTEAS

Y [+].7

§ MUMABER OP ANTRMALS WITH TISSUE EXAMTNED MICROSCOPICALLY
® BUMBE2 OP ANINALS WPCROPSIED

D3 At r— ——To—— a—

o

,
B N

P AR - ]
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TABLE B1. MALE RAT3: NONNEOPLASTIC LESIONS (CCNTINUED)
¥ =22t SoLZIZIZZoZIz ::"""""""':‘“""""::Z::ZZ::Z::ZZ::::;::::::::::.’.ZIZZ;:::Z:ZZ:Z::::.'.
.
‘h CONTROL LOW DOSE MIC DOSE HIGH DOSE
E ORI PP IR PP S kAt
SFECIAL MORPHOLOGY S/iRRmAFY
1 NUONE
_' ¢ NUMSBER OF ANIMALS WITH TISSUE :XAMINED MICROSCOPICALLY )
g ® NUNOEFR OF AMINALS NECROFSIED °
.
3
3
S |
" ALY
i
Tl
k| !
I |
1 {
-
:
3 :
. !
: |
; !
3 i
y !
!'
i
"’ % 1
] ;
h i
' ]
' ]
: ]
L
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l TABLE B2.

SUMMARY OF THE INCIDENCc OF NONNEOPLASTIC LESIUNS IN FEMALE
RATS FEO AROCLOR " 1254 IN THE DIET

ANMTAALS INITIAILY IN STUDY 26 24 it 24

R ABIBALS NBCFOFSIEC T2 Zu N 24 24
ANIAALS BIAmINED HISTOPATHOLOGICALLY 24 24 ¥ 24 24

FESFIKATORY SYSTER

SLUNG /BRI NCHES d (z2) {26} (24) (2u)
BnONCHIECTASIS 1 (43 LTS H
AESCEY S, WS 1 {uy)
SLUN; [t} (2u) 124y (2u)
. AIELECTASIS 3 (14%) 3o(vn 1 (e
: CONGERSTICH, NOS 8 (316%) 10 (u2%; € (13%) 1 (u2%)
PETECHIA 1 (u%)
INFLA®BATICN, KOS 2 (9%) 1 (U , 1 (uX)
ToPL2MAATIUN, INTERSTITIAL . . 1 (us)
ABSCESS, MCS 1 (5%) 1 (u%) 1,48 T (u%)
HESATUPNIBTIC SYT7EM
[T3R4 ] (19) C2u) (24) (22)
CONJESTICH, PCS s (V4%
HEBATJECTECLS 3 (1)

SLYMPoH NODE
LTMPHANGIE YASIS

18PLA TICH, YOS
l CTRCULATORY SYSTES®
SNYSUARDIU® (Q)]
e INPLABOAIICN, BUS e o 3 A RO

¢ NUMBER CF ANIRBALS SITH TISSUE X RINED BICROSCCPICALLY
® NUMBEEF OPF ANINALS NPCROPSTIED




0GGI56

CIGESTIVE SYSTENM

CLIVER
CUNGESTI(CN,
TAPLAANATICN,
INPLARNATICN,
GaANULONA, NOS
PIBROSIS
NECROSIS, FOCHL
HYPERPLASIA, NODULAF
ARGIECTASIS
HL®ATOFCIESTS

NCS
§OS
GRMNULGRATOUS

OLIVEP/PERICFTAL
INPLAMMATICN, NOS
*BILL DUCT
INFLABBATICN, NOS
SSTCGAACH
JIVERTICULUN
¢+ IDERMALI INCLUSICN CYST
CONGESTICM, NOS

SJEJUNUY
INPLANYATICN, NOS

$CCLON
INPLAPMMATICN, NOS

$CPCLN
INPLA®®RTIC ,

1 (u%)

177 (MY
v o(us)

(%)
(i
1 (17%)
1 (17%)

M

()]

OFINARY SYSTER

SGENITOURINARY [RACT
NECROSLIS, FAT

OXIDNEY
HYCRONEFHRCSES
CYsT, NOZ

ENDCCHINE SYSTEN

SPITUITARY
R 33 9N - hN

¢ NOMSTIP OF ANIMA:S wITH TITCHE
¢ NGAoPR OF ANIMALS NECRGPSIED

(23) (24) (24
6 (26%) 6 (25%) 4 (18%)
1 (5%
2 (8%) @ (1
1 (4%) 1 (5%)
1 (uX)
1 (S%)
6 (2%Y) S (uig)
1 (13%) 2 (E%) 1 (5%)
1 (4%)
(23) (e z2)
2 (8%)
(24) (24) (24)
4 (V7%)
(h) 3) (R3]
1 (33%)
(&}
1 (18N
(R (R3]
1 (170%)
(1) (%
1 (100%)
(26) (24) )
1 (ug) 1 (uy 1 (u%)
(23) (2u) {76)
1Y)
1 (4%)
{23) (22) (z2)
R G KA W .

-3, 3 S U o

EXAMINEDR X CRCSCOPICALLY
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TABLE B2. FEMALE RATS: NONNEOPLASTIC LESIONS (CONTINUED)

CONGESTIC()», %CS
HENORRHAGIC CYST

SADREVAL
COXGESTJICE, §CS

EEPRCIUCTIVE S14TEA

SHNANMLRY GLANT
HYPERPLASIA, CYSTIC

SYAGINA
INPARCY, NOS

SUTERDS
HYDROBETFA
PYONETRA

SUTEaGS/ENDCAETRIUN
INFLARMATICN, NOS
HYPERPLASIA, NOS
HYPERPLASIA, CISTIC

QUTERUS/MYONETIRIOA
INPLABAATICN, POCAL

$OVARY/OVIDUCY
C(ST, NOS
INPLANBATICN, NOS

SOVARY
CYST, KOS
POLLICULAE CYST, %OS
" PAROVARIAN CYST
CONGESTICHK, NOS
ABSCESS, N°S

BERVOUS SYSTER

$BRALN
CONGESTICHN, NCS

(24)

(14)
& (u3%)

)

VoY)

(16)

(14)
2 (1u%)
v o(7%)

(20)
1 (5%
i(5%)
1 (5%)

609Y

SPECIAL SENSE CBGANS

*2YE

(24)

LOW DOSE
1 (tuy)
(24)
v {u%)
(28)
12
1 (8%)
1 (%)
(\2)
1 (B%)
(12)
[ i}
(R3]
(23;
(24)

--_.fiﬂQEBBA§I_-__---_--_..---..__m-..---1_iﬂll_--“------2 18%)

MID DOSE. HIGH DOLE

1 (58 1 (u%)
(u)
i) (2u)
(24) (Ze)

1 (u%)
[RB4] ()

1 (7%

1 (%)
(1) (£

1 {7%)

4 (27%)
(1) )

1 (%)

(R ] (%)
()

PAN LS 3]

AERE ] §)
(z4) (2
{24) (24)

9 RURBER OF ANIMALS VITH TISSU? PXAMINED AICROSCOPICALLY
¢ BUMBZP OPF ANISALS NECROPSIPD

49
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e eel

BODY CAVITIES

*INGUINAL BEGICH (20) (24) (29) (24)
LIPOGRARULCREA 1 ey

ALl OTHEP SYSTEIAS

WCHNE
SPRCIAL BORFHCLOGY SUMMARY

30 L¥SIC® FEPORTLE ]

§ NURBER OF ANIMALS WITH TISSUE EXPXINED MICROSTOPICALLY
® BUNBER OP ANINALS NECROPSIED

50

- 060O=S8



6091

APPENDIX C

ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS

IN RATS FED A.ROCLOR®125-’0 IN THE DIET

b AR e
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Review of the Bloassay of Aroclor 1254* for Carcinogenicity
by the Data Evaluation/Risk Assessment Subgroup of the
Clearinghouse on Environmental Carcinogens

November 28, 1977

The Clearinghouse on Environmental Carcinogens was
established in May, 1976 under the authority of the National
Cancer Act of 1971 (P.L. 62-218). The purpose of the Clear-
inghouse 1s to advise on the National Cancer Institute's
Yiloassay program to identify and evaluate chemical carcinogens
in the environment to which humans may be exposed. The
members of the Clearinghcuse have been drawn from academia,
industry, organized labor, public interest groups, State

. nealth offiecials, and quasi-public health and research
organizations. Members havc been selected on the basis or
their experience in carcinogenesis or related fields and,
collectively, provide expertise in organic chemistry, bic-
chemistry, biostatistics, toxicology. pathology, and epidemiology.
Representatives of various Governmental agencies participate
as ad hoc members. The Data Evaluation/Risk Assessment
Subgroup of fhe Clearinghouse 1s charged with the responsibility
of providing a peer review of NCI bioassay reports cn chemicals
studied for carcinogenicity. 1In this context, below 1is the
edited excerpt from the minutes of the Subgroup's meeting at
which Aroclor 1254 was reviewed.

(Aroclor 1254 was tested in rats as part of another
study designed to investigate the comblined efects of chenicals.)
The primary reviewer briefly outlined the experimental
design and findings. Although statistically signiticant
increases in the 1incidence of tumors were not found in the
treat=d rats, a high incidence of liver hyperplastic no-dules
was observed 1n botn sexes.

The primary reviewer said that in published rat and
mouse studies, Aroclor was reported to induce liver neoplasms
although in one rat study only hyperplastic nedules of the
liver were found. 1ln regard to the rat pathology, he said
that after the proliferative stimulus 1z removed, the hyperplastic
nodules regress and disappear. Stimuli of such liver nodules
act more like tumor promoters than ccmplete carcinogens.

Based on repourts 1in the literature, he concluded that Aroclor
1254 could pose a risk to the human populaiion as a tumor
promotor. A lengthy discussion followed as te. whether thc
evidence was adequate to assess Aroclor's tumor prcemoting
potertial.

b

An NCI staff pathologict pointed out that a number of
tumors also were found in the gastrointestinal tract of tlue
treated rats. Althcugh they did not occur in statistically
significant numbers, none was observed among the control
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animals. A discussion ensued as to the appropriateness of
combining tumors when they occur at different sites along
the GI tract.

One Subgroup member opined that the study was deficient
because of an inadequate number of animals per group. He
suggested that the tumors of questionable significarr~e may
have been moure meaningful had more animals been used.

A motion was made that the concluslion stated in the
report surunary be accepted with an addition that Aroclor
1254 may act as a tumor promotsr. The motion thus read: It
is concluded that, under the conditions of the oioassay,
Aroclor 1254 was not cavoincgenic in Fischer 344 rats;
however, a high incidence of hepatocellular proliferative

"lesions in both male and female rats was relat=d to treatment.

In addition, the carcinomas of the gastrointestinal tract
may be associated with treatment in beth males and females.
Based on the liver prclifervative lesions in the treated rars
and published reports, it is suggested that Aroclor 1254 may
be a tumcr promoter. The motlon was seconded and zceepved
by Drs. Wogan, Pitot, Roush, Shimkin, Strong, and Welsbu. ger.
Mr. Garfinkel opposed the motion and Dr. Rowe abstained,.

e

®  Subseguent to this review, change2s may have been made
in the bloassay report eitner as a result of the review
or other reasons. Thus. c¢c<rtaln comments and ecriticisms
reflected in the review 13y no longer be appropriate.

’
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