Monsanto

.31
INAME - LBECATIO

n—ruomt. J, Heo Craddock - St. Louis A2SA 4-4764

DATE
SUNJELT

RFFTERENCE

TO

«PREV

October 19, 1981 ‘« D. R. Bishop - A3ND

G. J. Levinskas - G2WF
MONSANTO HEALTH AND TOXICITY J. R. G. Ortiz - E2ND
STUDIES G. Roush, MD - G2WG

R, A. Stohr - B3NJ
C. F. Callis = B3CA
M. C. Throdahl - DIlD
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diascuseing health and toxicity effects of PCB's, prepared
by Dr. George Levinskas of DMEH,

One paper documents the three two-year chronic rat feeding
studies on three different Aroclors, contracted at IBT.
{These results have never before been made available in a
general publication with Monsanto comments.) The second
paper is a very detailed review and evaluation of literature
studies dealing with carcinogenicity and mutagenicity of
PCB's and encompasees four major areas: chronic rodent
studies, metabolism, co-carcinogenesis, and mutagenicity.

A brief summary of human epidemiology, using Gaffey's recent
review, ig added to complete the overview on carcinogenicity.

The papers have undergone extensive review in-house by the
Biohazards Committee, Legal Departments, etc,

These papers, along with Dr. Gaffey's epidemiology review,
have been submitted to CMA for inclusion in the industry
responge to the DC Circuit Court in EDF vs. EPA due November
lé.
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A REVIEW AND EVALUATION OF CARCINOGENICITY STUDIES

IN MICE AND RATS AND MUTAGENICITY STUDIES

WITH POLYCHLORINATED BIPHENYLS

George J. Levinskas
October 14, 1981
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) INTRODUCTION
This is a review and evaluation of studies which deal with the potential
carcinogenicity and mutagenicity of polychlorinated biphenyls (FCBs) 1t
is subdivided into 4 sections Chronic Rodent Studies, Metabolism Studjes,
Co-Carcinogenesis Studies and Mutagenicity Studies. A brief summary of
Epidemiology Studies is added to complete coverage of the issue of

carcinogenicity,

This review does nhot discuas the effects of impurities or contaminants,
particularly polychlorinated dibenzofurans (PCDF), which are reported to
be present in some PCB mixtures (Brinkman and deKok, 1980) The
presence and amounts of such impurities have not been specified in the
materials used in many studies. Thus, attempts to apportion the observed
biological effects between impurities and PCBs would only add further

conjecture to a subject which currently is rife with speculation,

By contrast, specific chemical and trade names have been used to identify
materials that were studied instead of the all encompassing term P(CBs
This was deemed necessary because there are too many one-sided general-
zations in the Lliterature. Every adverse finding is, by umplcation at
least, extrapolated to the entire class of materials designated as PCBs.
Conversely, every repert which has failed to find an adverse effect is
careful to stipulate tfnt it relates only to the substance studied. Even
more difficult to contend with are misleading references to adverse findings
which are not substantiated by the actual publications referred to. An
example of this cccurred in a discussion of in wvitro metabolism studies with
liver microsomal enzymes which stated that the formation of PCB-

macromolecular adducts had been demonstrated. Among the references
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cited was a_paper entitled "The in witro binding of 2,2',5,5'-tetrachloro-
biphenyl metabolites to rat liver microscmal proteins”. The latter paper
clearly states "There is no clear evidence in the data obtained from the
work reported here to substantiate covalent binding; however, it is also
not possible to exclude the nondialyzable radioactivity as being covalently

bound". (Hargraves and Allen, 1§79).

To emphasize the point that dose is important in evaluating safety, test
exposure conditions have been described so that the reader can compare
them to ambient exposure levels encountered in the literature and eise-
where. Hoopingarner, et al. (1972) in their studies with Aroclor 1254 on
cultured human lymphocytes are smong the few authors who acknowledged
that "The toxic dose of the chemical was several times greater than is
usually found biclogically". They used concentrations of 100 ppm of

Arcclor 1254 in their studies discussed under Mutagenicity.

Chronic Rodent Studies

Difficulties in comparing and assessing different studics are compounded
not only by problems of histopathologic diagnosis but also by varations in
experimental design and animal strain differences. Animal feeding studies
cited in the literature as evidence for the carcinogenicity of PCBs and
related studies of similar duration have been tabulated for mice in Table 1
and for rats in Table-z. Studies have been grouped by the approximate
weight percent of chlorine in the materijals tested to facilitate comparisons
between products from different manufacturers with the same chlorine

content.
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Mouse studies in Table 1 were conducted with high dietary levels of PCBs.
Kimbrough and Linder (1974) reported a 52% mortality for mice fed 300 ppm
of Aroclor 1254 for 6 months and then held sn additional 5 months
During that interval, control mice had a 32% mortality. This appears to be
quite high for control mice abowt 1 year of age. In a report discussed
under Co-carcinogenesis, Koler (1977) studied mice injected with Aroclor
products and Moloney leukemia virus. Some data from his study, although
not shown in Table 1, are quite similar to those of Kimbrough and Linder
(1974). Koller (1977) fed diets containing Aroclor 1221, 1242, or 1254 to
groups of 25 Balb/c male mice for 6 months. After that time, some mice
were sacrificed for examination and others were returned to a control diet
for another 3 months and then sacrificed. Dietary levels of each Aroclor
were 375, 37.5, or 3.75 ppm. The only feeding regimen that was toxic
was 375 ppm of Aroclor 1254. Only 8 mice of that group survived for 6
months, giving a mortality of 68%. Other authors cited in Table 1 (Ito,
et al., 1973a,b and Nagasaki, et al., 1972, 197¢, 1975) did not indicate
how many of the mice in their studies died when fed 500 ppm of
Kanechlor 500, which has a chlorine content similar tc Arcclor 1254.
Kolier (1977) reported that "PCBs did not produce hepatic neoplasia”.
There was marked liver injury in mice fed 375 ppm of Aroclor 1254, mild
liver injury which persisted through the 3-month recovery period at
37.5 ppm, and no hepatic lesions at 3.75 ppm., Moderate liver injury was
produced by 375 ppm. of Aroclor 1242, but this regressed and no hepatic
lesions were seen 3 months after mice were returned to a control diet
Other dietary levels of Aroclor 1242 and all levels of 1221 did not produce
Liver changes. Highly significant mean liver weight increases after 6
months of feeding occurred in all Aroclor 125¢ groups and in the growp

fed 375 ppm of Aroclor 1242. Three months after mice were placed on &

-3 MONS 213340



_”
A

control diet, mean liver weights of each group had decreased The
! decreases were highly significant for the 37 5 ppm Aroclor 1254 and the
i 375 ppm Aroclor 1242 groups. These observations are generally consistent
with those of other investigators which show regression of lesions when
PCB dosing is ended, the degree of regression depending upon the

duration of the recovery period.

Data for mice reported earlier by Nagasaki, et al. (1972) appear to have
been included in the later publications of Ito, et al. (1973a,b). It is
winteresting to note that the tumors were called hepatomas in the former
publication and were labeled well-differentiated hepatocellular carcinomas 1n
the latter, ‘ Kimbrough and Linder (1974) apparently also felt that these
same data on mice were reported in these Z papers as they reference the
production of hepatomas in male dd mice to the later publication by lto,
et al. (1973b). Similer terminology troubles beset the 1974 and 1975
Nagasaki publications, Data from the later publication list 9/17 males and
4/17 females fed Kanechlor 500 as having liver tumors. Table 1 shows
data from the earlier publication; among males, 9/17 had nodular
hyperplasia and 7/17 had hepatocellular carcinoms while the female
incidence of 4/17 was described as nodular hyperplasia. The hepatomas
described by Kimbrough and Linder (1974) were later referred to as "nec-
plastic nodules (hematomas [sic], hyperplastic nodules)" by Kimbrough,
et al. (1978). The u;e of the term hepatoma has created confusion. With
respect to terminology of tumors in the mouse liver, "Hepatoma is a
collective term used to describe the progressive stages of tumour
development from the lesion called "hyperplastic nedule” or "sunple
hyperplastic growth" to the morphologically and biclogically malignant

neoplasms” (Turusov and Takayama, 1979). Nevertheless, whatever
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terminology is used to describe them, tumors were attributed only to PCBs
containing $2-54 percent chlorine. Lower doses of the 52-54 percent

chlorine mater:als, as well as lower chlorinated materials, were not

described as tumorigenic.

Table 2 summarizes results of rat studies with PCBs. As in the mouse
studies, only some studies with materials having a chlerine content of
52-54 percent, or higher, were reported to produce carcinomas in the
livers of rats, and even for those materials this was not a consistent,

reproducible observation,

Odashima (1376) reported the results from a series of different tests used

to evaluate potential carcinogenicity of several compounds, including PCBs

Two tests are of sufficient interest to mention here. * One is the
transplacental method {n which rats were treated for 3 days during
pregrancy. These were days 15, 17, and 19 or 14, 16, and 18, depending

on the strain used. The total dose was approximately the maxirpum one

that did not cause abortion or early death of the weanlings. In the other,
the newborn method, pups were dosed subcutaneocusly on days 1, 8, 15,
and 22 after birth. The maximum dose was one that did not cause early
death of over 20% of the animals. The subsequent observation period in
each test was limited to one year after birth. For both Kanechlor 300 and
Kanechior 500, the t}lnsplacenul test was scored n;g'at:ve and the
newborn one as equivocal. Both of these tests gave positive results with
some known carcinogens such as 4-aminobiphenyl, benzo(¢]pyrene,

butyl-nitrosourea and N-methyl-N-nitrosourea,

MONS 213342



Objective appraisal of chronic rodent feeding studies i1s diufficult. Some of
the rodent s;udies in Table 1 and Table 2 are of the type used to detect
potent carcinogens. They use relatively few animals, high doses of the
test material, and have a relatively short duration Studies of that nature
have been included in Tables 1 and 2 to illustrate the various diagnoses of
the rodent hepatic lesions observed after dosing with PCBs and to aid in
the stepwise analysis of the results of all the reported carcinogenicity

studies.

In any short-term test with a few animals, the chance occurrence of some
tumors is a possibihity which must be considered. The probability that an
event 16 a chance occurrence is decreased if it is repeatable. Many of the
studies in Table 1 did not produce tumors. Those which were reported to
produce hepatocellular carcinoma apparently were also reported in other
publications as producing nodular hyperplasia, or tumors, or hepatomas.
Since terminology of tumors and the use of those terms have subjective,
i.e., judgemental, elements 1t may not be valid to make direct comparisons

between different studies on the basis of terminology alone.

The rodent studies which were of less than lifetime duration raise a
question as to whether or not cancers would have occurred had the
feeding periods been extended. That question is speculative, and it
cannot be answered fx:om the present data. Nevertheless, negative studies
even if they are of relatively short duration are part of the overall
evidence which has to be considered. As a first step in the analysis of
the data, the evidence shows that at a mmnimum, PCBs are not potent
carcinogens to rodents because they do not produce cancers when tested

in studies designed to detect potent carcinogens.
QDNS 213343
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With respect to further analysis of the mouse studies, greater significance
can be attached to the data of Kimbrough and Linder (1974) because their
study had a larger number of amunals, a longer duration, and a relatively
high dietary level of PCB In those respects, it more closely resembles
conventional cancer studies. They did not observe any hepatocellular
carcinomas. Laus, it can reasonably be concluded that PCBs are not

carcinogenic to mice,

Review of the rat data in Table 2 shows that there are 2 studies on PCBs
with an average chlorine content of 40% (Levinskas, 1981 and Weltman and
Norback, 1979) and 3 on PCBs with an average chlorine content of 52-54%
(Levinskas, 1981; NCl, 1978; Wasserman, et al., 1978). Results of those
studies are consistent with respect to the absence of hepatocellular
carcinomas. This consistency reasonably suggests a conclusion that PCBs

with those chlorine contents are not carcinogenic

Of the 3 studies with PCBs having an average chlorine content of 60%, one
reported hepatocellular carcinomas (Kimbrough, et al. 1975) and 2 did not
(Levinskas, 1981 and Weltman and Norback, 1978). Since Kimbrough,
et al. (1975) and Levinskas (1981) both used Lot No AK-3 of Aroclor
1260, the different conclusions they reached are not relsted to differences
in the test material. In addition to the use of a different strain of
rat, Kimbrough, _e_t_:g__ (1975) wused a different histologic diagnostic
criteria. Kimbrough, et al. (1975) used the criteria for
classification of specific hepatocellular lesions in rats developed at a
National Cancer Institute Workshop (Squire and Levitt, 1975). That
workshop recommended that the term "neoplastic nodules" replace so-called

"hyperplastic nodules" because "Such ncdules are proliferative lesions and
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are known to be induced by csrcinogens and, at the least, they indicate
an anreued‘ probabiity for the development of hepatocellular carcinoma™
(Squire and Levitt, 1975). However, Pitot, et al. (1978) 1n a discussion
of stages in the progression of hepatocarcinogenesis in rat liver have
noted that "The demonstration of carcinoma cells that appeared to arise

within the nodules was also reported (13)!, suggesting the nodule was a

e ——— —_—

precursor to the malignant neoplasm. On the other hand, as was shown
by Farber and others, the vast majority of the regenerating or hyper-
plastic nodules disappeared on removing the animals from the carcinogenic
diet Thus, despite the more recent suggestion that these nodules be
termed "neoplastic nodules" (14)%, it is difficult to understand a precursor
relationship of the nodule to carcinomas if the existence of the putative
precursor is so transient.” Further, the use of those criteria for
ciassifying experimental hepatic Jesions was considered and rejected by
Kimura, et al. (1876} in their studies on the co-carcinogenesis of

Kanechlor 400 and 3'-methyl-4-dimethylaminogzobenzene.

There is concern that a presently benign lesion might at some future date
or under other circumstances be transformed into a malignant lesion.
Kimbrough (1979) apparently had that concern when she stated "Although
it has been shown many times that the neoplastic nodules are part of the
carcinogenic response they are not always included in the statistical
evajuation of bioassay.s. which may lead to erronecusly interpreted results,
particularly when they are classified as hyperplastic nodules or "nodular
hyperplasia® and when the number of animals studied was smal
{Carcinogenesis Testing Program, 1977)".3 A similar concern appears to
hsve been behind the statement in a recent review {Anon., 1981) that

"hexachlorobiphenyl administered to groups of 50 male and 50 female

- 8- MONS 213345



Sprague Dawley rats at dietary levels of 0 and 100 ppm for 105 weeks was
carcinogenic in female rats, producing an Increased incidence of lhver
hepatocellular carcinomas among the dosed animals (Norback and Weltman,
1980. Personal communication)". Contact with Dr. Norback (Ribelin, 1981)
reveaied that her data were available only as an abstract (Weltman and
Norback, 1979), and that the abstract and her oral presentation of the
data referred to the lesions as neoplastic nodules, i.e., not distinctly
tumorous. These 2 examples illustrate the difficulty in establLishing that
cancer is not present, and they strongly suggest that the different
findings reported by various researchers are a reflection of their
orientation, training, and philosophical perspective. The latter is defined
as the difficulty in separating what is actually being observed under the
microscope, from a concern over what it might have become if the animals

had lived longer.

Since only an abstract has been published, details on the studies by
Weltman and Norback (1979) are limited . Their studies are of particular
ir.terest because they obse.ved the sequential development of liver changes
over a 2-year period. They noted that hexachlorobiphenyl was more toxic
than tetrachlorobiphenyl, and that the more toxic, more highly chlorinated
hexachlorobiphenyl produced neoplastic nodules only. Again, the weight
of the evidence leads to a reasonable conclusion that the carcinogenicity of

biphenyls with an average chlorine content of 60% has not been

established .
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Overall, one can surmise that the inability to resolve the crucial issue of
whether or not a lesion is neoplastic in character was one of the factors
which led to the following statement from a recent Surgeon General's
report: "Science and society have not yet arrived at a final consensus on
the definjtion of a carcinogen either in the human population or in

experimental animals" {(DHHS, 1980).

Metabolism Studies

Several reviews (Goldstein, 1980; 1ARC, 1978; Matthews and Kato, 1979;
Roberts, et al., 1978; and Safe, 1980) discuss the metabolism of specific
isomers as well as mixturss of PCBs. While there are some exceptions, the
following general conclusions can be drawn. Both the degree of
chlorination and the positions of the chlorine substituents determine the
ease with which PCBs are metabolized. In general, the lower chlorinated
ones are metabolized and excreted more readily while the more highly
chlorinated materials are stored in fat., The process of metabolism
converts the fat soluble PCB into a water soluble hydroxylated derivative
which can bLe excreted n the urine. This metabolism and excretion
appears to occur via arene oxide intermediates, and the carcinogenicity of
some compounds has been attributed to formation of arene oxide interme-
diates and their binding to subcellular macromolecules. Chlorination at the
4.,4' position blocks the metabolism and excretion of P(EBS as illustrated

below.

MONS 213347
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Studies in rats (Hansell, et 8l., 1577) and in mice (Morales and Matthews,
1978, 1878) are of interest because they report the metabolism of isomers
which were fed to rats for 2 yesrs by Weltman and Norback (1979).
Hansell, et al. (1977) gave groups of male rats single intraperitoneal
injections of 0 2 nmoles/kg of 2,2'.5,5'-tetra~ or 2,2,4,4',5,5'-
hexachlorobiphenyl (TCB and HCB, respectively). They measured changes
in hepatic mixed function oxidsses and the persistence of the PCB in the
livers of animals killed at selected intervals for 35 days after dosing.
TCB produced a transient, but significant inc¢rease in O-demethylase
activity only at day 3 while HCB produced significant increases in
O-demethylase and aniline hydroxylass activities within 24-48 hours.
Induced enzyme activities by HCB peaked at 4-6 times control activity
during days 7-14 and were about 3 times control activity at the end of 35
days. Even though equimolar amounts of each isomer were given, lver
residues of HCB one day after dosing were about 7 times higher than
those of TCB. HCB residues decreased relatively slowly with time while
TCB residues were more rapidly eliminated and had almost returned to
control wvalues by 35 days. Livers from HCB treated rats had
centrolobular necrosis at day 35. They also were significantly increased in
size, showed increased amounts of smooth endoplasmic reticulum (SER),
and appeared to contain increased numbers of microbodies and reduced
amounts of rough endoplasmic reticujum throughout the 35 day interval.
By contrast, TCB treated livers were similar to comrol- ones except for
oceasionelly increased aggregates of SER on days 3 and 4. Hansell, et al
(1977) stated "It would be interesting to speculate that...2,4,5,2'.4',5'-
hexachlorobiphenyl undergoes direct hydroxylation whereas 2,5,2',5'-
tetrachlorebiphenyl undergoes biotransformation via the arene oxide

intermediate, thereby accounting for the different slope for the
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elimination curve of the latter compound " Thus, the metabolhism (Hansell,
et al. 1877) :nd feeding (Weltman and Norback, 1979) study results lead to
somewhat different conclusions The more potent enzyme inducing, less
readily excreted HCB which appears to resist hydroxylation produces
neoplastic nodules in rat livers. By contrast, the more readily excreted
TCB, which apparently is excreted via an arene oxide intermediate, does

not produce tumors when fed to rats for 2 years.

Covalent binding to cellular macromolecules alsc appears to be greater for
the more readily metabolized PCB isomers. Morales and Matthews (1978,
1979) compared the covalent binding of 2 hexachlorobiphenyls, the more
readily metabolized 2,2',3,3',6,6'-hexachlorobiphenyl (2,3,6-isomer) and the
more slowly metabolized 2,2',4,4',5,5'-hexachlorobiphenyl {2,4,5-isomer).
Each PCB, with a radiocarbon label, was given orally to groups of mice at
a dosage of 7.28 mg/kg on each of five successive days. Animals were
killed 1, 5, and 8 days later. The concentration of each PCB was
determined in liver, muscle, and kidney. All tissues had consistently
higher concentrations of the less readily metabolized 2,4,5-isomer. The
more readily metabolized 2,3,6-isomer showed a consistently greater
binding to purified macromolecules. The binding was at least one order of
magnitude greater than that seen with the 2,4,5-isomer. Results of animal
feeding studies with the 2,8,6-isomer would be of part_:cular interest to
determine the degree .of correlation, if any, between the carcinogenicity of

this isomer and its covalent binding to cellular macromolecules,

Taken as a whole, metabolism studies suggest that i PCBs are
carcinogenic, it should be those PCBs which are more readily metabolized

and excreted, i.e., the Jower chlorinated materials. This is in sharp
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contrast to results on animal stucies in which questions of carcinogenicity
arise regardifig higher chlorinated materials only. On balance, metabohsm
studies on the formation of arene oxide intermediates would lead one to
expect lower chlorinated materials to show a more pronounced carcinogenic
response in animals. Conclusions drawn from metabolism studies are not

supported by animal feeding studies.

co-Carcinogenesis Studies
The position and degree of chlorination of PCBs also are important in
inducing microsomal mixed function monooxygenases (Goldstein, 1980 and
Yoshimura, et al., 1979) Such induction of microsomal monocxygenases
could alter the metabolism of exogenous and endogenous substances in the
body, as reported 1n a variety of studies which have been conducted to
determine whether PCBs might be cocarcinogens. These are summarized in

Table 3 and discussed in greater detail below.

Uchiyama and Chiba (1%74) inserted 20-methylcholanthrene impregnated
threads into the uteri of virgin mice and fed them diets containing up to
100 ppm of Kanechlor 400 or DDT. Animals were killed at various times
and the cervical epithelium was examined for cancerous changes,
Kanechlor 400 dosed mice showed no significant changes as compared to the
controls, but those receiving 100 ppm of DDT "showed a remarkable

tendency towards the Induction of cancer.”
Diets containing benzene hexachloride {BHC) isomers and Kanechlor 500

separately and 1n varicus combinations were fed to male mice by Ito, et al

(1973a,b). Concentrations of the BHC isomers ranged from 250 ppm to
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50 ppm. The amount of Kanechlor 500 was 250 ppm or 100 ppm  Test
groups consi;ted of 20 to 30 animals. When fed alone, only o-BHC at
250 ppm produced a high incidence of nodular hyperplasia and a moderate
incidence of hepatocellular carcinoma. A diet containing 250 ppm each of
«-BHC and Kanechlor 500 increased the number of hepatocellular
carcinomas. In comparison, combinations of 100 or 50 ppm of ¢-BHC and
250 ppm of Kanechlor 500 yielded a moderate incidence of nodular
hyperplasia and produced only a few hepatoceliular carcinomas. There
were a few nodular hyperplasias in mice fed 100 ppm each of o-BHC and
Kanechlor 500 A mixture of 50 ppm ¢-BHC and 100 ppm of Kanechlor 500
was without effect. Diets containing 250 ppm or 100 ppm of B-BHC and
250 ppm of [Kanechlor 500 produced both nodular hyperplasia and
hepatocellular carcinomas at a lower incidence than that seen with
comparable diets of a-BHC. No liver nodules were seen with 50 ppm of
g-BHC and 250 ppm of Kanechlor 500 or with 100 ppm of each. y-BHC and
Kanechlor 500 did not produce liver nodules either singly or in
combination. Nagasaki, et al. (1974, 1975) reported a similar series of
experiments except that Kanechlor 400 was included. The same
concentrations of the PCBs, 250 and 100 ppm, were used. Their test
groups consisted of 20 to 38 male mice. For o-BHC and Kanechlor 500,
they presented essentially the same data as Ito, et al. (1973a,b). Whie
Kanechlor 400 did not produce lLver nodules when fed alone at 250 ppm,
there was an increase"in the incidence of hepatocellular carcinomas when it
was fed 1n combination with 250 ppm of o-BHC. The increase was similar
to that reported by Ito, et al. (1973a,b) for o-BHC and Kanechlor 500.
A combination of 100 ppm of o-BHC and 250 ppm of Kanechlor 400
produced only a few nodular hyperplasias and 100 ppm of each in the diet

did not induce any liver nodules.

MONS 213351
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The effects of PCBs on tumor imnduction by diethylnitrosamine (DEN) have
been studied extensively. Male rats were given 25 ppm of DEN in their
drinking water and 500 ppm of Kanechlor 500 in their diet concurrently for
20 weeks, returned to a control diet for 4 weeks, and then killed
(Makiura, et al. 1974). Neither liver tumors nor nodular hyperplasia were
seen, even though rats receiving the same DEN treatment alone had a 925
incidence of liver cancer. The livers of rats treated with Kanechlor 500
only also had no tumors. When administered after DEN, Kanechlor 500
markedly enhanced liver tumor production as reported in a series of
papers by Nishizumi (1976, 1979a, 1979b). He described studies in which
male rats were given 50 ppm DEN in drin%ing water for 2 to 10 weeks,
after which 't.hey were intubated twice weekly with 2 corn oil solution of
Kanechlor 500 for 6 to 12 weeks. Kanechlor 500 doses were either 0.2 ml
of a 5% or 0.1 ml of a 10% solution. Since experiments were terminated at
20 or 52 weeks after dosing, some animals received untreated diets prior to
sacrifice. Only one paper (Nishizumi, 1976) contained results for animals
dosed only with Kanechlor 500 alone. That treatment produced
enlargement of the livers of rats but no uncoplastic lesjons. After pre-
treatment with DEN, however, hepatocarcinogenesis was enhanced as
evidenced by the earlier appearance and a significant increase in the
number of tumors. A similar dosing pattern was used by Preston, et al.
(1981). Male rats were given drinking water containing 66 pg DEN/ml
(66 ppm) for 5 weeks ‘after which they were fed for 18 weeks on a control
diet or one containihg 100 ppm of either of 2 Aroclor 1254 diets. One was
Arotlor 1254 as received. The other was an Arcclor 1254 which the
authors claimed to have purified by removing polychlorinated dibenzofuran
(PCDF) impurities by adsorption onto and subsequent elution from

activated Florisil., No analysis was made of Arocler 1254 as received f(or
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PCDF. The authors reported recovery of PCDF at a levei comparable to 30
pg of tetrlch-lorodibennrurm (TCDF) per 10 g of Aroclor 1254. TCDF
was used as a positive control and a standard for quantification for the
purification process. Other animals received one of the 2 Aroclor 1254
diets only during the latter 18-week interval. No evidence of hepatic
tumor formation was seen in control animals or those receiving 100 ppm of
either Aroclor 1254 diet. However, using the diagnostic criteria of Squire
and Levitt (1975), they reported that both Aroclor 1254 diets resulted in
significantly greater incidences of hepatocellular carcinomas in rats
pretreated with DEN as compared to those dosed with DEN alone. Thus,
they conciuded that the hepatic tumor-promoting ability appears to reside
in Aroclor 1254 itself. As the authors of this paper pointed out, it cannot
be concluded that PCDFs are not promoters of hepatocarcinogenesis since
appropriate studies have not been done on PCDFs alone. Similarly, their
findings do not invahdate the hypotheais that some of the other effects

reported for some PCBs may have been due to PCDF impurities,

The dependence of the inhibition or promotion effect of PCB:c on
DEN-induced tumors on the dosing sequence was illustrated in a different
manner by Nishizumi (1980). Pregnant female rats were given oral doses
of 200 mg/kg or S50 mg/kg Kanechlor 500 on days 5, 10, and 15 of
gestation and were allowed to deliver their pups. At 28 days of age, pups
were given 50 ppm of DEN in their drinking water for 5 w—eeks. Groups of
these pups were sacrificed at 16, 20, and 24 weeks after the start of DEN
dosing and their livers were examined. The number of liver tumors in the
offspring from Kanechlor 500 treated dams was significantly decreased as
compared to the controls. The decreases were more pronounced in males.

This decrease in DEN-induced tumors apparently resulted from induction of
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microsomal enzymes In the livers of the pups Those livers contained
Kanechlor 500 residues and electron microscopy showed an increase in the

smooth endoplasmic reticulum of hepatic cells.

Rainbow trout were fed 6 ppb of aflatoxin B, (AFB,), or 100 ppm of
Aroclor 1254, or a combination of both for a year (Hendricks, et al.,
1977). At intervals during the year, some fish were killed. The
remainder were killed at the end of that time. Al livers were examined
grossly and microscopically. There were no tumors in those fed a control
diet or Aroclor 1254 alone, and growth was not affected by 100 ppm of
Aroclor 1254. The number of tumor-bearing fish in the group fed AFB,,
plus Aroclor 1254 was significantly reduced (to less than one-half) when
compared to those fed AFB,, alone. There also were fewer tumors per

Lver and the tumors were smaller in those fed the mixture.

In the studies cited earlier, Makiura, et al. (1974) also fed combinations
of 500 ppm Kanechlor 500 with 300 ppm of 3'-methyl-4-dimethylamincazo-
benzene (i'-Me-DAB) or 150 ppm of N-2-fluorenylacetanide (2-FAAd).
Results similar to those when PCBs were fed concurrently with DEN were
obtained. Kanechlor 500 reduced the incidence of liver tumors to zero
from 65% for those treated with 3'-Me-DAB and from 54% for those treated
with 2-FAA. However, the effect of PCBs on the tumorigenicity of
3'~-Me-DAB appears to- depend on the dosing seqguence as— shown for DEN.
Kimura, et al. (1976) used different sequences to feed groups of rats diets
containing 400 ppm of Kanechlor 400 for six months and 600 ppm of
3'-Me-DAB for 2 months. Some received Kanechlor 400 alone and some
only 3'-Me-DAB. Others received one diet, then the other, after a

2-month interval on control diet. A final group received Kanechlor 400 for
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4 months an_d both materials for another 2 months. No hepatocarcinomas
were produced by Kanechlor 400 alone or when it was given before or
during the overlap with 3'-Me-DAB No hepatocarcinomas occurred in
control animals. The iIncidence of liver cancer rose from 13% in those
receiving 3'-Me-DAB alone to 64% in the group which received
Kanechlor 400 after 3'-Me-DAB.

The inhibitory effect of Kanechlor 500 on rat liver tumors was evident
when rats were dosed with two carcinogens (Makiura, et al , 1974)
Combinations of 3'-Me-DAB and DEN or 2-FAA and DEN were administered
with and without Kanechlor 500 at the concentrations statnd earlier. The
Lver cancer incidence fell from 92% to B% when Kanechlor 500 was given to
rats dosed with 3'-Me-DAB and DEN. It went to zero from B82% for those

receiving 2-FAA and DEN.

Nishizumi (1979a,b) studied the effects of various combinations of DDT and
sodium phenobarbita] (SPB), in the absence and in the presence of
Kanechlor 530, on the induction of rat liver hepatocellular carcinoma by
DEN. Pretreatment of rats with DEN followed by DDT, by SPB, or by a
combination of both produced iow incidences of liver cancer while DEN
pretreatment alone did not induce cancer. When KXanechlor 500 was
included with each of the preceding dosing regimens, there was a marked
mcreased in liver can::ers. Increases resulting from Joi.n; administration of

compounds after pretreatment with DEN were lower than those observed for

DEN followed by Kanechlor 500 alone discussed earlier.

Ito, et al. (1878) fed ciets containing 200 ppm of 2-FAA to male rats for

two weeks and then a diet containing 1000 ppm of an unspecified Kanechlor
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mixture for 8 weeks, Partial hepatectomies (PH) were performed on some
rats during -the third week of the study. Feeding of 2-FAA was without
effect, but that diet plus PH produced a few hyperplastic nodules in the
lLiver Treatment with both diets caused an even greater incidence of
hyperplastic nodules and both diets combined with PH produced a marked

rise in the numoer of liver nodules.

DiGiovanni, et al. (1977) and Berry, et al. (1978, 1979) studied
Aroclor 1254 in a two-stage mouse skin carcinogenesis assay to see if it
was a tumor initiator or promoter. The shaved skin of female mice was
dosed with Aroclor 1254 st a level of 100 pg or 625 pg per mouse. This
was applied alone as an initiator or from 5 minutes to 72 hours before
initjation with 7,12-dimethylbenz{c}anthracene (DMBA). One week later,
mice received twice ‘weekly applications of 5 pyg of the phorbol diester
promoter 12-O-tetradecanoylphorbol-13-acetate (TPA) for 32 weeks
Animals were observed for both papillomas and carcinomas. Aroclor 1254
alone produced a few papillomas. The authors of these reports apparently
Tuced a dile.uma common tu scientiste, i.e., how much significance should
be attached to the observation of a low incidence finding which may or may
not have a causal relationship to treatment. On the basis of these few
papillomas, Aroclor 1254 was called a "weak tumor initiator" (DiGiovanni,
1977). Later, it was described as possessing "little or no tumor-mitiating
properties” (Berry, ;Lg__l;. 1979). while Aroeclor 1254 had a negligible
effect on tumor induction when given 5 minutes before an injtiating dose of
DMBA, 1t markedly inhibited tumor induction when given 18 to 72 hours
before DMBA. In other studies, an initiating dose of 200 nmole of DMBA
was applied to the shaved backs of mice. After one week, 100 pg of

Aroclor 1254 was applied twice weekly for 30 weeks. Aroclor 1254 failed to
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promote tumors while 0.2 uyg doses of TPA applied in & sumlar manner
induced an iverage of 8 papillomas per mouse. The authors concluded
that Aroclor 1254 possessed httle or no tumor-initiating or tumor-promoting

properties.

The transplantability and growth of Walker 256 carcinosarcoma in rats was
inhibited by Aroclor 1254 (Kerkvlet and Kimeldorf, 1977a,b). Diets
contauning up to 800 ppm of Arocler 1254 were fed to rats of both sexes
for 30 days, after which they were given intramuscular injections of Walker
tumor cells. Nine days later, during which time they continued to receive
froclor 1254 in their diets, animals were killed and the tumors were
dissected out and weighed. Mean tumor weights of all Aroclor 1254 fed
groups were significantly reduced as compared to their sex-matched
controls, and the reductions were dose-related to the dietary Jlevel of
Aroclor 1254. Body weight gain was depressed in males receiving 400 ppm
or more of Aroclor 1254, Females showed reduced body weight at
100 ppm, the lowest level fed to that sex. Intraperitoneal injections of 50
to 200 mg/kg every othcr day for 14 days after injection of a smal
inoculum of Walker 256 cells (10*) inhibited both the development and
growth of the Walker tumor. The number of tumor takes and the size of
the tumors were reduced and the tumor latency period was increased.
Body weight gain was reduced only at the 200 mg/kg dosage. Alternate
day intraperitoneal inj;ctions of 100 mg/kg and 200 mg!k;’ of Aroclor 1254
after a large inoculum of Walker 256 cells (10”) were continued for 60
days. Control anmumals receiving tumor cells only had 100% moriality by
day 20 with a mean survival time of 13.5 days. Mean survival times were
significantly increased to 17.7 days and 18.9 days for animals dosed with

100 mg/kg and 200 mg/kg of Aroclor 1254 A few animals survived to 60
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days, and four receiving the higher dosage of Aroclor 1254 showed total
regression -of their bilateral] tumors. Tumor growth rates in
Aroclor-treated animals were significantly reduced. Again, body weight
ga:n was depressed only at the 200 mg/kg dosage. An experiment was
undertaken to determine i there was an optimum time period for the
antitumor effect of Aroclor 1254, Intraperitoneal injections of 100 mg/kg of
Aroclor 1254 were given on 5 consecutive days before tumor inoculation, on
5 days after inoculation, and daily from 5 days before until 10 days after
inoculation This study was ended 14 days after the initiating tumor
inoculum was given. While all dosing schedules reduced tumor growth,
there were vanations in the responses. The greatest inhibition of tumeor
growth resulted from dosing animals for 15 days. Almost equally effective
were pretreatment and treatment starting with inoculation of the Walker
cells. The delayed treatment starting after 5 days was least effective as
the tumor had become established. While early treatment reduced tumor
growth, it was less effective in preventing metastases and death of the

animals.

Kerkvliet and Koller (1980) offered groups of male mice diets containing
10, 100, or 500 ppm of Aroclor 1254 for 15 weeks prior to injecting them
with MSB, an established tissue culture cell line derived from Moloney
sarcoma virus. They measured tumor growth and cell-mediated toxicity
over the next 19 d;ys. A dietary level of 500 ppm of Aroclor 1254
resulted in merked weight loss and deaths. This was reduced to 250 ppm
at 11 weeks, and a few weeks later surviving animals were placed on a
control diet. They reported that Arocler 1254 pretreatment enhanced the

growth rate of the MSB tumor and inhibited or delayed the development of

cellular immunity against the tumor.
MONS 213358
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Koller (1977) fed groups of mice diets containing 3.75, 37 5, or 375 ppm of
Aroclor 1221, Aroclor 1242, or Aroclor 1254 for 6 months About 2 weeks
after being placed on test diets, some mice in each group were inoculated
intraperitoneally with Moloney leukemia virus. None of the dietary levels
of any Aroclor affected, i.e., did not promote or induce, the oncogenesis

of Moloney leukemia virus.

Since PCBs are enzyme inducers, their biclogical effects resemble those of
other enzyme inducers. Peraino, et al. (1978) noted that phenobarbital
had a specific tumorigenic enhancing effect that was restricted to the
liver. With the exception of the mouses skin painting studies and those in
which tumor cells or a virus were injected, all of the studies in Table 3
were concerned with liver tumors. Peraino, et al. (1978) also pointed out
resemblances between phencobarbita]l and PCBs. Both substances "enhanced
hepatic tumorigenesis” when given after DEN, and both "exerted a protec-
tive effect against hepatic tumorigenesis” when administered concurrently
with AAF or DEN. The comparison between PCBs and phencbarbital is
extended by the observation of Berry, vt al. (1978, 1979) that PCBs did
not promote skin tumors in mice pretreated with DMBA. Peraino, et al_
(1978) refer to a study* in which skin tumorigenesis was not enhanced in
mice fed phenobarbital after skin painting with DMBA.

Lichti, et al. (1976) “described the induction of ornithmne decarboxylase
(ODC) in mouse epiderma] cell cultures by TPA  Aroclor 1254, apparently
at much higher concentrations than TPA, induced a low but reproducible
stimulation of ODC in the same system. They also noted a report® that a
high intraperitoneal dose of Aroclor 1254 induced ODC in the Lver of rats.

After commenting that PCBs “"warrant further mvestigation into their
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possible action as tumor promoters,” they added that "These compounds
are being tested on carcinogen-initiated mouse skin (T.J Slaga, personal
communijcation)". The series of publications by Berry, et al (1978, 1979)
and DiGiovanni, et al. (1977) show that PCBs are not promoters on mouse

skin.

Authors of some of the mutagenicity studies to be discussed (Danz and
Urban, 1980; Norback, et al., 1981; and Stadnicki, et al., 1979) have
suggested that PCBs may act as promoters of carcinogenicity. In general,
those comments appear to have been offered as hypotheses to aid in
understanding the observations which had been made This also appears
to be the case for the NCI study on Areclor 1254 which was reviewed by
the Data Evaluation/Risk Assessment Subgroup of the Clearinghouse on
Environmental Carcinogens. That group, charged with the responsibility
of providing a peer review of NCI bioassay reports on chemicals studied
for carcinogenicity, made and accepted a motion to add the following to the
report summary: "Based on the liver proliferative lesions in the treated
rats and published reports, it is suggested that Arocler 1254 may te a
tumor promoter" (NCi1, 197B).

With respect to tumor promotion, Weisburger and Williams (1980) state that
"certain inducers of liver metabolic enzyme systems, such as pheno-
barbital, DDT and BHT, when administered after minimal doses of primary
hepatocarcinogens exerted a powerful promoting effect”. As mentioned
earLer, PCBs als¢ induce liver metabolic enzyme systems. However, since
the carcinogen alone produced tumors in animals in the co-carcinogenesis
studies summarized in Table 3, it appears that the doses were greater than

minimal. In addition, even though the co-carcinogenesis studies were of
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shorter duration, several used much higher dietary levels of PCBs than
those fed to rats for 2 years. The latter studies are the ones which gave
rise to questions of carcinogenicity. Thus, while the evidence indicates
that PCBs are not carcinogenic, their reported effects in
rodent livers following prolonged exposure in conjunction with an initiator

may be promotion or inhibition.

When administered to animals together with a biological agent, PCBs show a
promoting or inhibitory effect similar to that seen with chemical agents
Pretreatment with PCBs inhibited the growth of Walker 256 carcinosarcomas
in rats erd increased their survival time (Kerkvliet and Kimmeldorf,
1977a,b), enhanced the growth of MSB tumor in mice (Kerkvliet and
Koller, 1978) and neither promoted nor induced the oncogenesis of Moloney

leukemia virus in mice (Koller, 1977).

Mutagenicity Studies

Mutagenicity testing of PCBs has ranged from bacterial systems to intact
animal studles. A series of studies with eleven bacterie]l test strains
(Heddle and Bruce, 1977; Hsia, et al. 1978; McMahon, et al. 1979,
Odashima, 1976; Probst, et al., 1981, Sugimura, et al., 1976, and
Wyndham, et al., 1976) are summarized in Table 4. Hsia, et al. (1978)
used both phenobarbital and Aroclor 1254 to induce liver enzymes in rats
for preparation of S-S; activation systems. They also tested 4-hydroxy-
2,2',5,S'-teirachlorobiphenyl and 2,2',5,5'-tetrachlorobiphenyl-3,4-0oxide, a
known and a presumed metabolite of 2,2',5,5'-tetrachlorobiphenyl,
respectively. All three materials gave negative responses with each
activation system, Odashima (1976) presented data in tabular form from a

series of screening tests. In addition to the results shown in Table 8,
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bacterial strains WP2, TA100, TA98, H-17, M-45, W3110, and TAI978 are
shown in groups in their Table 5 with a text notation that not all chemicals
were tested with each strain  For Kanechlor 300 and 500, such of the
preceding stramns as were tested showed a negative response The group
consisting of H-17 & M-45, WPp try~ (her® & her™) shows a plus sign for
Kanechlor 300. Presumably, one or more of those bacterial strains gave a
positive response. Kanechlor 500 was lLsted as giving a negative response

with the latter group,

With the exception of Wyndham, et al., (1976), all of the studies were
negative w'th and without the addition of a microsomal erzyme activation
system, [t" is somewhat difficult to reconcile the text and the graphs in
the publication by the latter authors. They stated that their "results
clearly showed that as the degree of chlorination decreased the
mutagemcity increased, a concentration of 100 g of 4-chlorobiphenyl in
the. test medium gave over 2000 revertant colonies per plate. The higher
chlorinated biphenyls show very little activity as mutagens". While
Figure 3 in their article shows their marked increase in revertants for
4-chlorobiphenyl, the same figure also shows results for Aroclor 1221,
which averages 1.15 chlorine units per molecule. The mutagenicity of
Aroclor 1221 is not discussed in the text, but Figure 3 shows that at a
concentration of 100 pyg per plate, it produced about one-tenth of the
revertant colonies that 4-chlorobiphenyl did. Thus, a 15% increase in
chlorine content produced a 10-fold decrease in the reported mutagenic
activity. In Light of that sharp reduction of mutagenic activity with a
slight chlorine increase, it is difficult to understand the statement in their
text that Aroclor 1254 "was only weakly mutagenic.” Results from

Aroclor 1254 (average of 4.96 chlorine per molecule) are not shown in their
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Table 3, b_ut 2,2',5,5'-tetrachlorobiphenyl (average of ¢ chlorine per
molecule) was presented At 100 pg per plate, 2,2'.5,5'-tetrachloro-
biphenyl was virtually deveid of mutagenic activity. Overall, primarily
because McMahon, et al. (1979) reported that 4-chlorobiphenyl was not
mutagenic, it can only be concluded that the findings of Wyndham, et al_
(1976) are aberrapt. A similar conclusion that the findings reported by
Wyndbam, et al. (1976) are unfounded because attempts to repeat them
have been unsuccessful was reached by the State of California (Anon

1981)

In a varian® of this test, Stott and Sinnhuber (1978) used Aroclor 1221,
1242, 1254, and 1260 to induce the mixed function oxidase system of the
liver in trout. The submitochondrial fraction of those livers was used to
activate the metabolism of AFB, which was assayed for mutagenicity using

strain TA 1538 of 5. typhimurium. The mutagenic response was decreased

compared to the concurrent control using untreated trout liver. A general
pattern of decreasing response with increasing degree of chlorination was
observed, except for Aroclor 1260. Induction of mutagen detoxifying
enzyme systems was suggested as a possible explanation for the apparent
conflict between the reported induction of trout mixed function oxidases
and the decrease in mutagenic activity. These results are consistent with
those of Hendricks, et al. (1977) discussed earlier who reported that

Aroclor 1254 reduced h-epatic tumors in trout fed AFB,.

On the basis of slower sedimentation rates in alkaline sucrose gradients,
Stadnicki, et al. (1979) reported that 2,%',5,5'-tetrachlorobiphenyl (TCB),
a mixture of the 3-hydroxy and 4-hydroxy derivatives of TCB and the

3,4-epoxide of TCB induced single strand breaks in DNA of L-929 cells.
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At 100 ug/ml, each of the three materials caused all of the DNA to come
out in fractions at the top of the gradient. The epoxide caused some
breakage down to 1 pg/ml. The mixture of hydroxy derivatives caused
significant breakage at 20 yg/ml and only slight breakage at 1 and
10 yg/ml. TCB, the least potent, caused lesser breakage at 20 pg/ml and

was without effect at 1 and 10 pg/ml.

Nilsson and Ramel (1974) conducted genetic tests on aduilts and larvae of

Drosophila melanogaster fed Clophen 30 and Clophen 50. These PCB

mixtures were without effect on the loss of sex chromosomes used to
measure chromosome breaking action and nondisjunction of the sex
cinromosomes. Tazima (1980) has described a specific locus test using the
silkworm (Bombyx mori). Neither Kanechlor 300 nor Kanechlor 500 showed

mutagenic activity in that system.

Hoopingarner, et al. (1972) induced mitosis in cultured hwman lymphocytes
with phytohemagglutinin and treated them with 100 ppm of Aroclor 1254.
There was no effect on the mitotic index, satellite asscciation, chronatid

gaps or chromatid breaks in comparison to control human lymphocytes,

Odashima (1976) also studied the incidence of chromosomal aberrations.
Their in vitro test used Yoshida ascites sarcoma cells cultured for 6 to 72
hours in the presenc; of PCBs at concentrations produ-c'mg a mimwnal or
50% growth inhibition. Kanechlor 300 gave a positive response and
Kanechlor 500 a negative one. For an in_vivo system, they examined bone
marrow cells 6 to 48 hours after aduilt or newborn animals were given an
approximately lethal dose of PCBs., This test gave the opposite result,
Kanechlor 500 was positive and Kanechlor 300 was negative. They noted
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that chromesomal aberrations frequently occurred in controls and that
chemicals were called positive when they induced more than twice the

aberrations in controls.

In a Syrian hamster cell transformation system (Pienta, 1980), Aroclor 1254
was one of several chemicals tested double-blind, It gave a negative
result. Mouse embryo fibroblasts also have been exposed to different
PCBs. Nesnow, et al. (198]) studied the cocarcinogenic action of agents
which increase microsomal mixed-function oxidase activity in the
C3H10TYCLB8 transformation assay. After a 48-hour pretreatment with
Aroclor 1254, cells were then treated with benzo(a)pyrene [B(a)P] and the
a.gent for an additional 24 hours. Aroclor 1254 did not increase
B(a)P-mediated transformation sand no Type II or Type IIl foci were
observed. Norback, et al. (1979, 1980, 1981) exposed C3HI10T% cells
exposed continuously for 6 weeks to 10 pg Aroclor 1254 per ml of medium.
Treated cells developed Type III foci. Cells exposed to the same
concentration of Aroclor 1254 for 24 hours or to 1 pg of Aroclor 1254 per
ml of mediun: did not develop Type Il foci., Continuous exposure of cells
to Aroclor 1260 and 2,4,5,2',4',5'-hexachlorobiphenyl also caused formation
of Type Illl foci. A clone from a focus transformed by Aroclor 1254
induced sarcoma formation when inoculated in irradiated mice. Foci from
Aroclor 1260 and 2,4,5,2'.4',5'-hexachilorobiphenyl had not been charac-
terized further. Sin.ce transformation occurred only after continuous
exposure, Norback, et al. (1981) suggested that the effects of PCBs in
culture include promotion. When fed to rats, however, 2,4,5,2',4',5'-
hexachlorobiphenyl produced neoplastic liver nodules, not hepatocarcinomas

{Weltrsan and Norback, 1979).
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Wong, et al. (1979) claimed that 4-chlorobiphenyl induced an increase in
unscheduled DNA synthesis in Chinese hamster ovary cell cultures in the
presence of hydroxyurea, a chemical agent which suppresses normal
rephcative DNA synthesis. Few details were presented regarding the
validation and reliability of their test system. By contrast, Aroclor 1254
gave a negative response in an unscheduled DNA synthesis in primary
cultures of adult rat hepatocytes (Probst, et al., 1981). The Ilatter
authors presented results of an extended series of compounds tested in

their system.

Danz and "rban (1980) bave proposed using the mitogenis response of the
r'at adrenal cortex after dosing the animals with a test substance as a
short-term test for evaluating the promoting action of chemical compounds.
Clophen AB0, Delor 103%, Delor 106%, and Phenoclor DP6 all gave positive

responses in their test system

At 3-8 days of incubation, embryos from ring doves (Streptopelia risoria)

fed a contryl diet or one containing 10 ppm of Arocler 1251 were exam.ned
for cytogenetic changes (Peakall, et al., 1972). The relative frequencies
of chromosome aberrations in the 8 largest chromosome pairs in metaphase
cells of allantoic sac and limb bud origin were scored. The 6 control
embryos had a mean aberration rate of 0.8% (0-2.0). The aberration rate
in 17 embryos from Rroclor 1254 treated birds was 1.8%’(0-9.4). In the
latter group, there was one chromosome rearrangement, 13 embryos with
aberration rates exceeding the mean control rate, and 4 embryos which
exeeded the highest contrel rate. Aroclor 1242 was injected into fertile
White Leghorn eggs to give estimated final concentrations of 10 or 20 ppm

(Blazakx and Marcun, 1975). After 4 or 5 days of incubation, eggs were
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injected with colcemide, incubated an additional 45-60 minutes, and
embryos were harvested for examination. There was a high degree of
early embryonic death, and a few live embryos showed drastically retarded
development without malformation The first five pairs of chromosomes,
constituting over 50% of the chromatin material per cell, were examined for

detection of clastogenesis. There were no chromosomal aberrations

Heddle and Bruce (1977) injected mice with Aroclor 1254 for five consecu-
tive days and then examined bone marrow preparations for chromosomal
breakage and sperm cell preparations for sperm with abnormally shaped
heads. While nonspecifiz factors can induce sperm abnormalities, the
authors believe the latter also can result from point mutations or small
deletions. Aroclor 1254 was judged to be neither carcinogenic or

mutagenic.

Dikshith, et al. (1975) gave male rats oral dosages of 50 mg/kg of
Aroclor 1254 on each of 7 consecutive days. Animals were killed at
intervals over the next 5 days. Those scheduled for cytogenetic analysis
were injected with colchicine 2 hours before killing, after which time the
seminiferous tubules were prepared for such study At autopsy of the
other animals, testis, epididymis, and liver weight were recorded and

sections were prepared for microscopic study and histochemical determi-

nations. Livers were markedly enlarged and showed a significant increase
in weight compared to controls. There were no differences in body weight
or weight and appearance of testis, epididymis, or vas deferens between
control and treated rats. Aroclor 1254 treated rats showed a few meta-
phase figures with abnormal chromosomes whch appeared to be sporadic

and not specific to any one type. Histological examination showed testis
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and epididymis from Aroclor 1254 treated rats were comparable to controls
although interstitial cells were increased in Aroclor 1254 dosed rats.
These cells showed an increase in acid phosphatase activaity. The authors
concluded that they "found no evidence to suggest that Arcclor 1254
causes significant chromosome damage or histopathological changes in the

rat testis."

Similar studies were conducted by Green, et al (1973, 1975a) who gave
male rats single oral dosages of 5000 mg/kg, 2500 mg/kg or 1250 mg/kg or
four successive dailly dosages of 500 mg/kg of Aroclor 1242. Other rats
received five consecutive daily dosages of 300 mg/kg, 150 mg/kg o~
75 mg/kg of Aroclor 1254. Animals were injected with cclcemide 3 or 4
hours before sacrifice which occurred about 24 hours after the single dose
or the series of doses. There were some body weight losses and some
deaths occurred. Bone marrow from rats dosed with both PCB mixtures
and spermatogonial preparations from Aroclor 1242 treated rats were
prepared for cytogenetic study. Repeated dosages of 150 mg/ky and
300 mg/kg ¢l Aroclor 1254 produced decreases in the number of mitoses in
bone marrow cells. Repeated dosages of 75 mg/Kg of Aroclor 1254 and all
dosages of Aroclor 1242 were without effect. Neither PCB mixture at any
dosage produced a significant number of chromosomal abnormalities in bone
marrow cells. At the lower dosages, Aroclor 1242 did not affect mitoses of
spermatogonial cens.. but 5000 mg/kg or 4 dosage; of 500 mg/kg
significantly reduced the rate of cell division. No dosage of Aroclor 1242
produced cytogenetic abnormalities in spermatogonial cells The authors
concluded from their studies that Aroclor 1242 and Aroclor 1254 did not
possess mutagenic potential, Garthoff, et al. (1977) fed male rats diets

containing 5, 50, or 500 ppm of Aroclor 1254 for 5 weeks, after which thev
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examined bone marrow and testis samples. There was no significant
difference between test and contrel animals with respect to the incidence of
chromosomal abnormalities and the number of cells in mijtosis from bone
marrow and spermatogonial cells,

In & dommnant lethal study (Keplinger, et al., 1972 and Calandra, 1976),
albinc mice were given single intraperitoneal dosages of 500 or 1000 mg/kg
of Aroclor 1242, Aroclor 1254, or Aroclor 1260 and mated on successive
weeks to wvirgin females. There was no evidence of mutagenic effects
Although details on their studies are limited, their results are in general
agreement with those from another dominant lethal study in rats conducted
by Green, et al. (1975b) with Aroclor 1242 and Aroclor 1254 The former
was administered orally at a gingle dosage of 625, 1250, or 2500 mg/kg or
in five daily dosages of 125 or 250 mg/kg. Aroclor 1254 was given orally
in five daily dosages of 75, 150, or 300 mg/kg. After dosing, they were
mated with untreated females for 10-11 weeks. Another group of rats was
given 150 mg/kg of Aroclor 1254 for five successive days and starved
overnight before admittance to females. Other male rats were offered diets
containing 25 or 100 ppm of Aroclor 1254 for 70 days, then mated with
untreated females for one week. TEM (triethylenemelamine) was used as a
positive control. There was a body weight loss and some deaths occurred
in a few groups. Neither the oral dosing nor the dietary feeding of
Aroclor 1242 or Aroclo;‘ 1254 had any effect on the numbe;' of implantations
or the number of dead implantations per pregnant female while TEM
produced significant postimplantation losses in weeks 2, 3, and 4. These
authors noted that the reduction in the number of dividing spermatogonial
cells reported earlier for Aroclor 1242 (Green, et al., 1973, 1975a) did not

umpair the reproductive performance of male animals,
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Review of the various mutagenicity tests and their results prompts three
comments. Chlorinated hydrocarbons do not generally give positive results
in Salmonella strains. Therefore, the mutagenic responses with TA1538
(Wyndham, et al. 1976) are either aberrant or else the response is,
indeed, limited to essentially monochlorobiphenyl, The degree of
correlation between in vitro mutagenicity tests and carcinogenicity depends
upon the initial classification of the test materials. Pienta (1880) classifies
Aroclor 1254 as a non-carcinogen Rinkus and Legator (1980) regard
Aroclor 1254 and Kanechlor 500 as having known or suspected carcinogenic
activity. Odashima (1976) and Sugimura, et al. (1976, 1977) consider
Kanechlor 500 to Dbe carcinogenic and Kanechlor 300 to  be
non-carcinogenic, Apart from the difficulties they present for correlation,
these different opinions about the carcinogenicity of PCBs are a reflection
of what data these individuals considered and how they evaluated those
data. Finally, in light of the large number of tests conducted to evaluate
various mutagenic parameters, it is not surprising that an occasional
suspicious or positive finding resulted, simply on a statistical basis.
Those occurred in in vitro systems. 1. vivo tests gave negative results
and provide a basis for concluding that ambient levels of PCBs do not

present a mutagenic risk.

Epidemiology Studies

With respect to epide.miologic studies, it should be noted that there are
frequent references in the literature to an epidemiologic study of workers
exposed to Aroclor 1254 (Bahn, et al., 1976, 1977). Those articles are
cited in two recent reviews. One states "The epidemiological data provide
suggestive evidence of a relationship between exposure to polychlorinated

biphenyls and the development of malignant melanoma. .. for practical
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purposes, .polychlorimted biphenyls should be regarded if they were
carcinogenic to humans" (JARC, 1978). The other states "No conclusive
evidence has thus far been reported which demonstrates that occupational
exposure to PCBs has caused an increased incidence of cancer”
(Kimbrough, 1980). The latter author then proceeds to discuss the study
by Bahn, et al. (1976). Among the references for these 2 reviews are
NIOSH (1978) which has the following comment on the Bshn study, "PCB
exposure histories were based on recollections of two company employees
Exposures to other chemicals could not be ascertained.----To correct these
deficiencies in the preliminary study, a more intensive investigation is
being conducied (B.N. Kightlinger, written communication, November
1976). A substantial change has occurred in the cohort since release of
the preliminary report by Bahn and her coworkers, and it seems hkely
that the findings on this new cohort will differ significantly from those of

the preliminary study. The final report is not yet available.”

Recently, Gaffey (1981) reviewed and evaluated existing reports concern-
ing health effects and expcsure to PCBs. The reports he discussed dealt
with diverse potential health effects. With respect to liver effects, he
concluded that "Alterations of liver function and fat metabolism associated
with PCB exposure have been observed in several studies, but are
characterized by investigators as mild and of no chnical significance.”
He also concluded that "Mortality studies concerned primarily with cancer
present problems of interpretation due to the small sample gize of some of
the studies, and to the confounding effect of other exposures. However,
they do exhibit & pattern, which is that none of the studies agree on the

cancer sites at which an excess mortality was found, and the excesses that
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were found are in general not statistically significant. One must conclude
that the findings of the mortality studies reflect a sporadic pattern of
excess mortality at different sites which is not consistent with a
carcinogenic effect of PCBs In addition, where an examwnation of
duration and latency of exposure was possible, no association with these

variables was found [32]7.

"Taken as a whole, the epidemiologic studies find that high occupational
exposures to PCBs may cause dermatitis of various kinds, but that there
are no other clinically observable effects, including the occurrence of

cancer."

Summary

Some remarks by Cole and Merletti (1980), although written in a more
general vein, appear to be particularly suited for ending a discussion
on the potential carcinogenicity of PCBs. "In view of the difficulty
of deciding whether a "suspect" carcinogen is in fact a weak carcinogen
or in fact harmless, we point out one zspect of this rcientific judgzement
which, though well known, is often lost sight of; namely, that in prin-
ciple, it is more likely that a non-carcinogen will appear to be a weak
carcinogen than the reverse. This asymmetry should be fully appreciated
by legislators and regulators. It is summed-up succinetly, if not very

accurately, in the oft-heard phrase "you can prove a positive but not a

negative". " This is clearly illustrated in the case of PCBs.

Review of the resulits of a large number and wide range of chronic feeding
and metabolsm studies in animals and of mutagenicity studies in various

systems has failed to establish that PCBs are carcinogenic. However,
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presently available rodent data raise some suspicions and lead to disputes
about the carcinogenicity of PCBs. Attempts to compare and evaluate
results of rodent studies reported in the literature are complicated by
different uses of similar terminology and variations 1n the criteria
employed for diagnosing hepatic tumors in rodents. Co-carcinogenesis
studies have reported both promotion and inhibition of tumors in rodent
livers following prolonged administration of PCBs in conjunction with
an initiator. Thus, it is not likely that animal studies and other
laboratory procedures will lead to a universal consensus on the carci-

nogenicity or non-carcinogenicity of PCBs.

While epidemiclogy studies of humans exposed to PCBs present problems of
interpretation due to their small sample size and the confounding effect of
other exposures, they present the best available evidence for assessing
the carcinogenic potential of PCBs to humans, Epidemiology studies,
including recent studies involving large cohorts with lengthy exposures to
PCBs, demonstrate a pattern that is not consistent with a carcinogenic

effect of PCBs.
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- Footnotes

Farber, E. (1973). Hyperplastic liver nodules. In:Methods in Cancer
Research, Vol. 7, H Busch, ed Academic Press, N Y, pp 345-375.

Squire, R.A. and Levitt, M.H. (1975).
See reference NC1 (1978).

Grube, D.D., Peraino, C., and Fry, R.J.M. (1975): The effects of
dietary phenobarbital on the induction of skin tumors in hairless
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PCBs: Tabulation of Liver Nodules Reported in Mice!

TABLE 1

PCB Hepato-
Approx, Dosing in diet No. Nodular cellular
wt. % €12 Product Strain_ Duration  (ppm) Animals Hyperplasia Hepatoma  Carcinoma  Reference
52-54 Aroclor 1254 BALB/c] 6 mos? 0 3% - 0 - Kimbrough
300 24 - 1 - + Linder (1974)
11 mos 0 24 - 0 -
300 22 - 94 -
Kanechlor 500 dd 32 weeks 0 6 0 - 0 Nagasaki, et al.
- 100 12 0 - 0 (1972)
250 12 0 - 0 Ito, et al. (1973a,b)
500 12 7 -)® 5
Kanechleor 500 dd 32 weeks 0 20 - 0 Nagasaki, et al,
100 18 - L] (1974, 1975)
250 20 - - o
5C0 17 9 - 7
Kanechlor 500 dd? 32 weeks 0 12 - - ] Nagasaki, et al.
100 19 - - 0 (1974, 1975)
250 20 - - 0
500 17 4 - 0
48 Kanechlnr 400 dd 32 weeks 0 6 o - 0 Nagasaki, et al.
100 12 0 - 0 (1972)
250 12 0 - 0 Ito, et al. (1973a,b)
500 12 0 - 0
Kanechlor 400 dd 32 veeks 0 0 - - o Nagasaki, et al.
100 17 - - 0 (1974, 1975}
' 250 19 - 0
500 20 - 0
Kanechlor 400 dd? 32 weeks 0 12 - - 0 Nagasaki, et al.
100 20 - - 0 (1974, 1975)
250 20 - - 0
500 17 - - 0
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TABLE 1-continued

PCBs: Tabulation of Liver Nodules Reported in Micel
PCB Hepato-
Approx. Dosing in diet No. Nodular cellular
wt. % Cl? Product Strain Duration  (ppm) Animals Hyperplasia Hepatoma Carcinoma  Refecence ~
40-42 Kanechlor 300 dd 32 weeks o 6 0 - 0 Nagasaki, et al.
100 12 0 - 0 (1972)
250 12 o - 0 Ito, et al. (1973a,b)
500 12 o - 0
Kanechlor 300 dd 32 weeks o 20 - - '0 Nagasaki, et al.
1c0 19 - - ] (1974, 1975)
250 19 - - 0
500 20 - - 0
Kanechlor 300 dd’ 32 veeks 0 12 ~ ~ 0 Nagasaki, et al.
100 19 - - 0 (1974, 1975)
250 20 - - 0
500 20 - - 0
! Males, except as noted. € Apparently same data reported as nodular hyperplasia
2 From Brinkman and deKok (1980). and bepacellular carcinoma or tumor. See references and
3 Held an additional 5 months before sacrifice. text.
; No. of animals. One hsd 2 hepatomas for a tumor total of 10. ? Females.

Apparently same data reported as hepatoms and hepatocellular

carcinoms. See references and text.




TOXICITY OF AROCLOR PRODUCTS 1242, 1254 AND

1260 TO THE LIVER OF ALBINO RATS
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INTRODUCTION

The polychlorinated biphenyls (PCBs) comprise a family of compounds of
variable chlorine content PCBs manufactured by Monsanto (tradenamed
"Aroclor") bear a four digit number, the '12' indicating bipheny! and tha last
two digits indicating the chlerine content by weight percent. Since the
chlorine atoms are randomly distributed among the 10 ring pesitions available

for substitution, each material is a mixture of isomers.

In 1969, Monsanto sponsored a series of animal studies at lndustrial BIO-TEST
Laboratories in Northbrook, lllinois, on Aroclor 1242, 1254, and 1260 for the
assessment of the health and environmental hazards of these materials. This
series consisted of 2-year chronic feeding studies to rats and dogs, a
3-generation rat reproduction study, a rat teratology study, a dommnant lethal
mutagenic study in mice and a toxicity/reproduction study in chickens on'each
of the 3 Aroclor products. Even though no such action was contemplated, such
a broad battery of tests would have been adequate to support Food Additive
Petitions for each of these materials. These studies were initiated by reports
that PCBs had been detected in the environment. A report (Nelson, 1972b)
by a Panel on Hazardous Trace Substances of an Ad Hoc Committee on
Environmental Health Research covers the development of information on the
environmental and bioclogical effects of PCBs. There have been subsequent
literature reviews w!;ich need not be recapitulated here [DHEW, 1978, EPA,

1976; IARC, 1978; NAS, 1979; Roberts, et al. (1978)].

Starting in 1969, while these studijes still were in progress, information
regarding them was made available to various government groups.?

Subsequently, data f{rom these studies were presented at a conference
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sponsored by the National Institute of Environmental Health Sciences at
RougemonT, N.C. on December 20-21, 1971, but the account of these studies
was omitted from the published proceedings (Keplinger, et al , 1972, Nelson,

1972a).

Subsequently, it was reported that female Sherman strain rats developed
hepatocellular carcinomas when fed Aroclor 1260% from Lot No. AK-3, the same
lot used for the earlier Monsanto study with this material. As a result,
Monsanto requested the contract laboratory's pathologists to review lLvers from
a)l available rats from the 3 Aroclor studies. That review (which could have
included new sections of liver from animals examined previously in addition to
sections from animals not examined previously) was presented in the reports of

Gordon and Richter (1975a,b,c).

In November 1975, reports containing evaiuations of liver sections from the
2-year rat feeding studies (Gordon and Richter, 1975a,b,¢) and the results of
an independent evaluation of the same liver sections (Pour, 1975) were
presented to and discussed with several federal regulatory agencies®. Later
that month, a summary of data from all of the studies was presented at the
National Conference on Polychlorinated Biphenyls sponsored by the
Environmental Protection Agency and held in Chicago on November 19-21, 1975
(Calandra, 1876). Only summaries of data from these and other toxicity
studies conducted over the years have been published (Jenkins, et al , 1972,
Keplinger, et al., 1971; Monsanto, 1980). Knowledge of these efforts may
have prompted the statement in a recent article that ".. Monsanto, whose
reaction to the possibility that polychlorinated biphenyis (PCBs) might be an
ecological disaster was a classic of how such issues should be handled, says

Ford‘. Monsanto began to investigate the dangers as soon as they were
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seriously voiced. It insisted on keeping an open mind about them. As soon
85 evidenc-e appeared that there was a strong chance PCBs were a hazard, it
published the results of its investigations, admitting the danger It thus
established a reputation of honesty even among the environmentalhists "

{Clutterbuck 1981).

At a later meeting in Bethesda, MD.%, pathologists selected and reviewed some
liver slides from the Monsanto-sponsored and Kimbrough studies The
pathologists differed in the terminology used to classify the lesions. They digd
conclude that the general incidence and severity of liver lesions (hyperplasia,
nodular hyperplasia and neoplastic changes - carcinomas) were greater in the
rats from the study subsequently published by Kimbrough, et al. (1975).
No carcinomas were seen in the Monsanto-sponsored studies. It was noted that
either the strain of rat or sex could have accounted for the differences
The spontaneous incidence of hyperplastic or neoplastic liver lesions in the
Sherman strain rat was unknown, and the occurrence of such lesions appears

to be higher in female rats and mice.

The different diagnoses were discussed with Dr. Philippe Shubik of the Eppley
Institute for Research in Cancer at the University of Nebrasks. Dr. Shubik
suggested that the liver sections from these studies could be reviewed by Dr
Parvis Pour. This was done.

This publication is an effort to make readily available information in the
Gordon and Richter reports (1975a,b,c¢) which are only summarized in the

literature (Calandra, 1978).
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METHODS

It appears that the Threshold Limit Value of 0.5 mg/m3 for chlorobipheny!
with 54% chlorine (ACGIH, 1969) was used to estimate suitable dose levels for
the rat feeding studies. For that purpose the following assumptions were
made: if the ambient air concentration of PCBs is 0.5 mg/m?, and if all of the
inhaled PCBs are absorbed, and if 15 m3 of air are inhaled during the working
day, a person would receive a PCB dese of 7.5 mg/day. The corresponding
dosage would be approximately 0.1 mg/Kg/day for a 70-Kilogram person
Congequently, dosages of 0.1, 1, and 10 mg/kg/day were decided upon, and
the dietary concentrations were set at 1, 10, and 100 ppm. As it turned out,
the assumptions used to set dosages for the feeding study resulted in the low
dose level rats receiving a dosage that was 100 times higher than the 0.00]
mg/kg/day which FDA later calculated as allowable for protracted ingestion
based on human data (FDA, 1973).

For the chronic toxicity study in rats®, weanling animals of the Charles River
CD strain? were divided inic a control group and 9 treatment groups, each
consisting of S0 males and 50 females, with 3 treatment groups assigned to
each of the 3 Aroclor products studied (1242, 1254, and 1260). Not all
of these animals started at the same time. After about 2 months on test,
additional groups of males and females Were assigned to each test diet and
the controls. Thes; animals were added to allow a sufficient number of
animals for sacrifices at 3, & and 12 months to provide some information

prior to the completion of the 2-year study period The numbering sequence
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and the designation of some amumals as "Extra" suggests that additional

animals were placed on test.

Groups of 5 males and 5 females were scheduled to be sacnificed after 3, 6,
and 12 months of feeding, and survivors were to be sacrificed at the end of
the test period.* Animals were to be given a gross autopsy and tissues were
to be preserved for possible histologic examination. Tumors or lesions

suggestive of tumors were to be examined.
RESULTS

Data from the Gordon and Richter reports (1975a,b,c) on liver slides are
shown in Tables 1, 2, and 3 for Aroclor 1242, 1254, and 1260, respectively ?
While the text of the reports contained comments specific to the particular
Aroclor, they also contained similar comments such as "There is evidence of a
chemical effect on the liver......This consists of a hepatocellular alteration
beguinning as focal hypertrophy which progresses to nodular hyperplasia, and
in a few animals to hepuatoma or cholangiochepatoma™ and "In the absence of
metastasis, invasiveness, severe basophilia, mitoses, or other evidence of
anaplasia; these are ben:ign tumors rather than malignant carcinomas. There
was ne evidence of metastasis or invasiveness of these tumors in this study”
The reports also stated that "The other treatment-related lesions reported are
regarded as degenex:an've or hyperplastic 1n nature and they are morphologic
manifestations of an adaptive response of the Lver associsted with biotrans-
formation of the test material" and "In most instances, the spectrum of
treatment-related histopatholegical findings in the liver {rom this re-evaluation
did not differ significantly from that previously reported in our origmal

report ..... No hepatocellular carcinomas were observed”.
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With respect to Aroclor 1254, it was noted that "One liver tumor (a hepatoma)

previously reported in a T-1I animal (No. 445) was re-classified as nodular

hyperplasia" (Gordon and Richter, 1975a)!9,

DISCUSSION

The initial reports of these studies concluded that the target organ was
the liver for each Aroclor product. This was confirmed by the second
evaluation of liver slides (Gordon and Richter, 1575a,b,c) These alterations
were slow to develop, their incidence being related to both dose level and
duration of treatment. Since there were increased incidences of wvacuolar
changes in the cytoplasm of the hepatocytes and focal hypertrophy at all dose
levels for all 3 Aroclor products at the 24-month sacrifice, a "no-effect” level

was not established for liver effects.

With respect to the slides from BT, Pour (1975) concluded that Aroclor
1242, 1254, and 1260 "showed a dose-dependent hepatotoxic effect, charac-
terized by degenerative and regenerative processes. With one 2:ception,
all lesions were considered non-neoplastic. Structures similar to cholango-
carcinomas and hepatomas were found in one rat. However, the possibility of
metastases of a carcinoma into the liver has been also considered.” In the

report, he noted one lesion which seemed to "represent a metastatic tumor

{probably a mammary gland carcinoma of the same animal from which [the
particular liver section] .. was submitted), rather than a cholangio-
carcinoma” This occurred in an animal fed 100 ppm of Aroclor 1254. The

contract laboratory pathologists diagnosed the presence of mammary tumor

metastases in the Lver of this rat {Gordon and Richter, 1975b).11
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SUMMARY and CONCLUSIONS

Groups of male and female rats were fed diets containing either 1, 10, or
100 ppm of one of 3 Aroclor products, 1242, 1254, or 1260, for 2 years. Focal
hypertrophy of the hiver occurred at 3, 3, and 12 months for rats fed Aroclor
1260, 1254, and 1292, respectively. Focal hypertrophy was not seen in Livers
of control animals. At the 24-month sacrifice, livers of animals from all dose
levels of the 3 Aroclor products had an increased incidence of vacuolar
changes and focal hypertrophy. Livers of some animals fed 100 ppm of each
Aroclor also had benign liver tumors (hepatoma or cholangiohepatoma). No

hepatocellular carcinomas were observec.
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Footnotes

Dates of initial correspondence and contacts.

October 3, 19639. E.P Wheeler to A R Glasgow, Division of
Pesticides. Food and Drug Administration.

Apru 8, 1970, R.E. Kelly to H. Blumenthal, Petitions Review Branch,
Food and Drug Administration

April 22, 1970. E.P. Wheeler to E.J. Burger, Jr , Office of Science
and Technelogy.

June 1, 1970, E.P. Wheeler to H.E. Stolunger, Bureau of Occupational
Safety and Health.

R.D. Kimbrough, personal communication.

November 13-14, 1975. Council on Environmental Quality.
Environmental Protection Agency.

Food and Drug Administration.

House Subcommittee Manpower, Compensation, Health and Safety
National Cancer Institute,

National Institute for Environmental Health Sciences. .,

National Institute for Occupational Safety and Health.

Dr. David Ford of Bath University.

At National Cancer Institute on January 21, 1975. Present were
D E. Gordon, R.D. Kimbrough, G.J. Levinskas, R.A. Squire,
W.R. Richter.

Since the events described earlier, the validity of many toxcity studies
conducted by Industrial BIO-TEST Laboratories has been challenged
Therefore, the available raw data supplied by Industrial BIO-TEST was
reviewed to determine whether this study could be vahdated. The review
showed that the data bases {(including the lack of a protocol) were
insufficient for a complete validation of the study. It was decided to
focus on presenting the primary liver effects reported by Gordon and
Richter (1975a,b,¢). Therefore, a complete audit was not undertaken.
Available records were examined for a determination that the animals
were piaced on test and of their ultimate fate. Necropsy and microscopic
reports were also examined for findings pertaining to livers of those
animals. Significant discrepancies which were found between data 1n
Tables 1, 2, and 3 and the data base for the Gordon and Richter reports
are noted in this report. On some records, the labels Aroclor 1242

and Aroclor 1260 are interchanged as determined by a check of the
animal numbers.

Charles River Breeding Laboratories, North Wilmington, Massachusetts.
Animals sacrificed at 6 and 12 months were placed on test about 2 months
after the first group. Those sacrifice periods are sometimes labeled 8

and 14 months, respectively, which corresponds to the calendar time from
the start of the test but overstates the tyme on test for those groups
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11.

As a result of the examination described in footnote 6, a few animals were
reassigned to other dose levels on basis of assigned numbers Three
with no recorded hiver lesions were deleted from the 24-month listing
because of short duration on test: 14 months at 100 ppm Arcclor 1242, 15
months at 10 ppm Aroclor 125¢ and 13 months at 100 ppm Arcclor 1254
Therefore, numbers in Tables vary slightly from those in reports of
Gordon and Richter (1975a.b,c).

That change and comments 1n the {ootnotes to the Tables were noted
during the examination described in footnote €. In addition, the foliowing
also were noted during the examination.

Aroclor 1254 - 100 ppm animal marked “Extra’" with diagnosis of
hepatoma in record of examination for original 1BT report
Animal not listed in Gordon and Richter report

- 100 ppm animal no. 542 with gross aytopsy notation that
liver appears tumorous and white foc: has no record of
examination.

Arcclor 1260 - 100 ppm animal no. 293 with gross sutopsy notation of
tumor on liver has no record of examination.

in some instances, diagnoses were crossed out on the available records.
These were included in the Tables. Crossed out diagnosis for hepatoma
or cholangiohepatoma are noted in the footnoles to the Tables.

Dr. Pour's report does not include the following liver sections noted by
discrepancies between his tabulation and the Gordon and Richter reparts.

1 from control at 12 month sacrifice,
5 from 100 ppm Aroclor 1242 at 24 menths,
1 from 100 ppm Arocler 1260 at 3 months.

None of these anumals were reported as having hcpatomas or cholangio-
hepatoraas in the Gerdon and Richter reports.
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Table 1

Aroclor 1242: Primary Liver Lesions Among Albino Rats

Sacrifice Interval 3 Honths 6 Honths 12 Honths Terminal®
Diet Level (ppm) i 0 1 10 100 0 1 10 100 0 1 10 100 0 1 10 100
' i
No. Animala Examined 10 8 10 9 10 10 8 9 10 10 10 9 23 32 29 19
Eindings

Vacuolar change

Focal necrosis

Focal lymphoid infiltration
Focal hypertrophy hepatocytes
Nodular hypexplasia

Ductular hyperplaaia
Hepatoma

o & & 0 o © & N
Q9O O Q Q O = O
Q@ 0 o O o o o n
QD 0 = O 0 O O =
0 Q0 Q0 0 0 @ m -
o O 0O O Q@ W = O
s 0 0 8 &8 8 8 o
Q0 @ o o o @ o o
[ T O - T
Q o O 0 o o o W
D Q= Q0 = O &
o 20 90 0 = o o o
0 @ WV om D o e
QO W o NS e e
QO O W = w0 o=
- W W 0B E O O W

Cholangiohepatoma

Control group has animal dead at 19 months and 2 marked "Extra”.

1 ppm group has animals dead at 19, 22, 22, 23, 23 wmonths.

10 ppm group has animals dead at 23, 23 months.

100 ppm group has animals dead at 22, 22, 22 montha and 2 marked "Extra".

Includes 1 snimal without record of examination in original BT report. Not listed as hepatoma in worksheets for
Gordon and Richter report but appears snd was crossed out on typed tabulation for animal marked "Extra”. Diagnoses

for other 2 animals do not appear in records of examinations for original IBT report.

Diagnosis does not appear in records of examinations for original IBT report. MONS 213397



Tsble 2

Aroclor 1254: Primary Liver Lesions Among Albino Rats

Sacrifice 1nterval 3 Months 6 Months ___ 12 Months Ter-inala__
Diet Level (ppm)} ) 0 1 10 100 0 1 10 100 0 1 10 100 0 1 10 100
4
No. Animals Examined 10 10 10 10 10 10 10 10 10 10 10 10 23 30 26 26
Findings
1
Vacuolar change 2 3 3 1 1 0 o0 0 1 1 & 1 1 7 9 13
Focal necrosis c 1 1 0 1 2 o0 2 o o0 0 1 1 3 1 1
Focal lymphoid infiltration o o o 1 o o o 2 o o0 2 1 1 2 0 1
Focal hypertrophy hepatocytes o o0 o 1 o o o & 0 0 & 2 0 3 4 14
Nodular hyperplasia o o 0 0 o ¢ 0 0 0o o 0 0 1 0 3 14
Ductular hyperplasia o 0 o0 0 o o o0 0 1 1 1 0 5 & 3 4
Hepatowma o o 0o 1] 0 o 0 0 L] 0 0 0 o o 0 4
Cholangichepatoma O o 0 0 0o o o 0 0o 0o 0 0 0o 0 o 2

Control group has snimal dead at 19 months and 2 marked "Extra”,

1 ppm group has animals dead at 22, 22 months, 1 marked "Extra™ and 1 other for which date of death 1s not recorded.
10 ppm group has animals dead at 22, 22, 22 months.

100 ppm group has animals dead at 23, 23 months and 9 marked "Extra".

-Includes 2 animals marked "Extra”. Diagnoses do not appear in records of examination for original IBT reports.

Both animals marked "Extra'" with same designstion. 1 without apparent record of examnation for original IBT report

Diagnosis for other animal does not appear in records of examinations for original TBT report.
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Table 3
Aroclor 1260: Primary Liver Lesions Among Albino Rats

Sacrifice Interval 3 Mouths 6 Mouths 12 Months Terminal®

Diet Level (ppw) 0 1 10 100 0 1 10 100 0 1 10 100 0 1 10 100
No. Animals Examined 10 10 1° 10 0 6 5 9 10 9 10 9 23 26 '25 25

Fiodings
Vacuolar change 2 0 2 3 1 1 2 6 1 2 5 3 1 5 9

- Focal necrosis , o o & o 1 0 14 o ¢ 0o o o 1 4 3 6
Focal lymphoid infiltration O ¢ O 0 0 2 2 0 o ¢ 0 0 1 0 0
Focal hypertrophy hepatocytes 0O 0 o0 2 o 0o o 3 o o o0 & 0 3 13 9
Nodular hyperplasia o 0 0 0 o 0o ¢ 0 o 0o o0 1 1 o0 7 6
Ductular hyperplasia 0 ¢ 0 0 0o o 0 1 1 0 2 5 6 7 12
Hepatoma o 0 0 o 0o 0 0 o 0o 6 0 o o o 17 Jf:8
Cholangiohepatoma 0 0 0 o 0 0 0 o 0 0 0 0 0 0o o 48b

® Control group has animal dead at 19 months and 2 marked “Extra”.
1 ppm group has animals dead at 20, 22, 22 wmonths.
10 ppm group has snimals dead at 19, 22, 22 sonths and 1 marked "Extra®.
100 ppm group has animals dead at 22, 22 months.

b

Includes 1 marked "Extra”.
€ Worksheets show listings under this diagnosis with arrow pointing to Vacuolar chsnge column.
Date of death of this animal not recorded.

No record of examination for original IBT report. Listed on worksheets for Gordon and Richter report with diagnosis
crossed out,

Includes 2 animals vithout record of examination for original IBT report. Diagnoses for other 5 animals do not appear 1n
records of examinations for original IBT report. 2 of these diagnoses crossed out on wvorksheets for Gordon and Richtex
reports

Includes one anmimal with both diagnoses. Hepatoma is 1 of 2 crossed out (auperscrapt f},

Includes 3 animals without record of examination for original 1BT report. Diagnosis for other animal does not appear 1n
records of examinations for original 18T report. 2 of these diagnoses crossed out on wocksheets for Gordon and Richter
reports,
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TABLE 2

PCE:  Tabulation of Liver Nodules Reparted ju Rats

[y ] Repato-~ Cho-
Approx . Dosing im diet Mo, Adenomat ouws Modular Neoplastic cetiular  langio-
st % €1 Product Strain_ Sex Ducation  [ppm) Acimala Nodules Hyperplasia Nodules Adenoms fepatoms Carcinoma Nepatsna Reference
0 Araclor 1260 Sherman F 21 mos ? 0 173 - - ] - 1 Kiwbcough,
100 124 - - 146 - 26 et al  (1975)
Aroclor 1260 Chatlea N, 24 mos. ] 21 - H - - ] - Q Levinskas
River F 1 26 - [} - - [} - 9 {1981)
10 25 - 7 . . ) . 0
100 25 - [] - - 7 - 4
2,2°,4,4,5,5" - - -~ 24 mou. 100 - - - 4+ . - . Veltman &
Mexachlorobiphenyl?d . Norback {197+
52-%4 Aroclor 1254 Charies M, 24 wos. ] 1 - 1 - - L] - [} Leviaskas
River F 1 »n - ] - - o - 0 f1981)
10 26 - ] - - 0 - [}
100 26 - 14 - - 4 - 2
+ Arotlor 12%4 Fischer W 105 weeks o 24 - - - 0 - [ - Mo {19781
kL) Fal 24 . - - 0 - Q -
50 2 - - - ] - 1 -
190 24 - - - ] - 2 -
Aroclor 1234 Fischer F 105 weaks [} 23 - - - o, - - uC1 (1318)
k21 25 24 - - - [ - . -
50 22 - - - ] - - -
100 24 - - 2 - - -
3
Aroclor 1256  Lecsl F 28 mos.d ] 4 - - - ¢ - - - Hargerman,
200 & - - - P - - - et al (1973}
Xanechlor Wistar M 28-%52 wks ] 1 - L) - - - - - ice, ot al
300 100 25 - 3 - - - - - (1974)
500 16 - 5 - - - - -
1000 13 - 5 - . - " -
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PCBs Tabulation of Liver Nodules Reported 1a Rats

TAVLE 2- continved

[ 4 Che-
Al rox Dosiag 10 dier No Adenomatous Nodular langio-
vt % €' Product Styasn_ Sex Duragiom  (ppw)  Amimals Nodules Ryperplasia Adenoma Nepatoma Carcinoms Nepatows  Kelerrmis
of Kanechlor Donrywu M 23-62 wks 38 S- 3 L +] - - - - Kimura + 10,
400 616 10 0 - - {1971
F 3 0 - - -
] & - - - -
Kanechtor Wistar M 28-52 whks 0 11 - 0 . - - Eyu, vt o
100 i6 - 2 - - - Ul
590 ] - 0 - -
1080 1] - 3 - - -
@P-42 Aroclor Charles M, 24 woz [ ] 23 - 1 - b ] levimk iy
1242 River F 1 b H - i - 0 o IRELIL
0 29 - i - Q ]
100 1% - ] - 3 !
Kaacchlor Vistar H  28-52 wks [} ] - [} - - LS LU
100 12 - i - {19714)
. 500 19 - 0 - - -
1000 15 - 0 - - -
2,2',5,5" -tetra-  — -~ 26 mow 100 - - - - - - Wltmin &
chiorebiphenyl? harhad 11
! From Briukman snd deKoh (1980)
T lletd an additiomal ? months before sacrifice
Vanstract Detanls Limpted
* Pesince reported

ttishul solulion in drinkiug water
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TABLE 3

SUMMARY OF C0-CARCINOCENISIS STUDIES wiTH PrRs

Ret

Ko clhilor 400

fute chilar 500

hiuechlor 500

Furechlor 400

hanechlor S00

hmechior 500

‘Yroclor 1234

hanrchior 5007

Asoclor 1254

ke chlor 500

houechlor 300

Yaucchlor 500

krehlor 500

Uchiyama, and Lhiba, 1974

Ite, et al 17172l
Fopwniks, et o) 1974 IN18"

A Y
LI N
Mogaseks, w0 of  1WP6, |97%

Mgk, o 3l 1774, 0TS

Makcura, et al 1974

Nistazumi, 1976, U792,

Frescon, er al 1981

Headdrachs, ej_‘al 1777
Hakiurs, eb 4l IW7¢

Hakcura, el al A974
Kiwmuca, et 1l 1976

Ilnura.gs__l 1M

Kimiry, et al 1976

Other
Hode Time Treatment! Mode Species Observalions
Diet With 20-MeCh Uterine dd mouse Repatecellular carcinoma with 20-HeCh
implant Nooe vith cosbination
Qict ¥ith o-BIC Bict dd scusec Combination intreased hepatocellsfax t al_
carciaoms over 0-8MC alone.
Diet ¥ith p-c Diet dd mouss Comhinatioa produced hepatoccllular tio, r1 ol
carcinons Fach slone negative
Diet With a-n Diet dil wouse Combination Increascd hepatoce] lular
carcinoma aver -8l alone
Diet Mith DER Vater Spcague- Mepatocellular carcinoma with DN
Daviey rat Nonc with comb wnat ion
Cavage AfLer DEN Water ¥istar Combiinatson ancerasell hepstocetloul v
rat carconmy ower Y alonc
Daet After DEN Water Sprague- Combination incceased hepatocel lular
Davicy rat carginoma over DN alone
Gavage Sctfore DEN? Vater Wistar Combination decrcased hepatocelluiar Nisliazums, 1780
rat carcinoms t1n of Fspring
Diet vith AFB, Dxet Rainbow Repatoceiiular carcinoms with AFD,.
trout Wone with combrination.
+
Dyet With 2-FAn Dret Sprague- Hepatoceliniar corcinoms vith 2-FAA
Davizy rat None vitk cosbtinastion
et With 3 ~He-DAR Diet Sprague- Hepatocellular carcinoms with 3 -He-DAR
Davlcy cat None with combination
Dict Betore 3’ ~He=DAR Diet Sprague- Hepatoceilular carcinoma with 3=t -DAB
Dawiey rat Nome with combination
Dict Alcer 3 -He-DAR Diet Sprague- Combination increased hepatocellular
Dawley rat carcinoma vver 1' -He-DAR alonc
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TABLE 1 contimwed

SUMMARY 0F CO-CARCIWOCENESIS STUDIES W1t PCBs

Berry, ot at 1978, 1979

MiCiovann:, ¢t al_ 1977

DiGrowsnnl, Lt N

Loekr i and hodler, 1978

Other
TR Hode Time treatment! Hode Species Ohservations Rel
" clilor 500 et With 3 -He-DAR Diet Sprague~ Combioation decteascd bepatocellular Hakivra, et 3l 1974
+ DEN Dawiley vat carcinoms over 3'-nMe-DAB *+ DEN
chine 500 Dret With 2-FAA + DEN Dlet Sprague- Combrination decressed hepatocelluiar Makiurs, et al 1974
Dawley rat carcinuma over I-FAA + DEN
Nebceiioe 500 Cavage After [ ] Water Vistar Combinstion Increaxed hepatoceilular Wyshizima, 197950
& Vith Dot GCavage (113 cacclnoms sver LEN + DOT
tvomchlor 500 Gavage After e Water Vistar Combination ancreascd hepatoceliviar Nishrrumy, 197%a,b
& With sre Water rag carcinona over DEN + ST
*aupchlor 500 Cavage Alter DEN Vater Vistar Combination wncreascd hepatorelivlac Nishizew:, 197%72,h
& With SPE, DOT  Water, Gavage TaL caccifioma over DEN, 51D, + DUT
Porpecyfred Diet Afcer 2-FAA Diet Fischer Narked increase in bhypergplastic teo, el al .97
o ahlee & with Partiml raL laver moduies.
) hopatectomy
woclor 1254 Skain After 7.12-DHBA Skin CDt aovae Not a prowcter of skin twmors
Ao lor 12% Skin ficfore TPA Skin CD{ mouse Littie or no skin twmor imitiation. Berry, et al 1979
.
\i.clor 1254 Shin Before 7,12-DHBA Skin CD| mouse No ditfarence orf decresse im phin tuser Rcery, et al 1979
+ Tra on pretrastment isterval.
1
AR Yoa Dt B torte Saldas 2% ladea- Spragne- Tuwmor growth inhihiled hirkvliet anat
liwmnn 1r)lv  swacubar Dawiey rat Survaval Limec ancreased Kimmet ) dorf, 19773, &
Are Tor 1254 Dart Aef{orc HR cells Intra- CSIRL/& Evhanced growth of M5SH tumor
wuscutar minse
vt Lor 1256 Dict M fore Holops y Intras Rytlr/c Dol Mal 13 i1l oo man ol Mot . P
Lenkema peri Loneasl mouse feuhiBra virus
virus
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TARLE 3 comtinued

SIMHART OF CO-CARCINOCEMESTS STUDIES WITR PCRs

Other
Ly wluer Treatment? Mode Species Observationa
ot lor 1247 Pret Holoney Intra- Balb/c Pud not affect cocogenesis of Heloney Kol ter,
leuhemia petitonesl OuSE lenkemas varus
virus
Aroclar 122t Oict Roleney Intras- Batb/c Did not affcct oncegenesia of Holoney Kotter,
leukomis pesitioneal nouse levkewia virus
vigus

Yiemrcals wsed

20-th Clh 8 20-methylchalantlirene
w-tli. = o-benzene hesachloride
p-slic = p-benzeac hexaclloride

M = delbylait ros mine

By x aftatoxin B,

2-tAA = N-2-fluorenylacctamide

} -Me-DAR = 3" -mcihyl-4i-damcthiylsminoazobenzane

mr = dichloradiphenyltrichlorocthane

SPB = sodium phencbarhital

7,12-00A = 7 2~dimethyllionz(ajanthracene
Ha = ll'-u-lftrndcc:noylpllorbcl-l3*atetltt

IPregnant dams dosed vith Kancchlar 400
Ofispring dored with DED

Igstablashed tizsswe cultwre celf line derpved

from Holoncy sarcoms viens-imnluced Lvsors in

M mice
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TAME &
PCRs: Tabnistion of Microhie] Mutagrwicily Teats

I des B S, typmenrine E eoli

batin T Thi0sz K T8 TAios  Taiseo TAi33s - TASIE  TAISIT T TAIEM VT W2 werh® et

LT TP | .‘

wen Tem 126K * . . - . . . . . Beg. . . Vyadhom, et o1 177"
-

JUEA LN 1296 Neg. Beg. Beg. Beg L] Beyg Peg. ™ Neg. Peg Beg Neg Probat, oL al i

e 254 . - [ ] ug. Beg. . lg‘_ - .Q._ - L] . Beddlc wmd Rene 1924

Am N 1254 - . s - . - . . - p..' . . Mymiiam, et al, 1T

& aire blor 5007 . . . - - ° Beg. Neg. Neg Meg ] . Otas vimy, 1976

Laven hlor 500 . . - Weg Beg. - . . - - Neg ° . Sugimury, o1 3l 1¥N’

Sod' L. 5 el

hilneghiphrayl - . - . L] L . - . Mg, . . Vynd1am, ot al_ 19

'S Y eletra-

« bl ob i phe oyl . . . Beg’ Beg’ . Beg' . Neg’ - . A Nala, o 2t 177R

Lancchtor 3002 L - . . - L] Neg. Weg eg. Meg - L . Odashiss, J976

Asurchior 300 . . . Beg. Beg . ° . . . Beg.® ¢ Sugirmra, eL a1 190

AROCLON 1221 . . - o . . ° . . Pos’ . . Vyndhaom, s1 al e

&-shinrekiphenyl . - . - - . - . . Puat - . Vyndhra, cL_at 1770

4= hiucokiphenyl Weg Beg Wey  Meg. Neg. . Peg . Weg. Bey. Reg. Ney McMslon, ct 41 1977

17 ALUT Lesis deme with amd wilheut micresomal activetion cxcepl * woted.
2 ather mrsime tested, ace Joxt amd ceference

. = Met tested

g T Neyalive.

Nep™ - fmly Daled vithout ariivstion

Fu’ = Pesitive onaly with activateom,

»
tix  x HmcesLlain Ser text
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