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INTRODUCTION
This is ¢ review and evaluation of studies which deal with the potential
carcinogenicity and mutagenicity of polychlorinated biphenyls (PCB:). It
is subdivided into 4 sections: Chronic Rodent Studies, Metabolism Studies,
Co-Carcinogenesis Studies and Mutagenicity Studies. A brief summary of
Epidenmiology  Studies b added to complete coverage of the issue of
carcinogenicity.

This review . does not discuss the effects of impurities or contaminants,

particularly polychiorinated dibenzofurans (PCDF), which are reported to
be present in some PCB mixtures (Brinkmsa 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

biclogical effects betwesn impurities and PCBs would only add further

conjecture to a subfect which currently is rife with speculation.

By contrast, specific chemical and trade names have been used to identily
materials that were studied instesd of the all sncompassing term PCBs.
This was desmed necessary because there are too many one-sided generali-
sations in the literature. Xvery adverse finding is, by implication at
least, extrapolated to the entire class of materials designated as PCBs.
Conversely, every report which has faild to find an adverse effect is
carefnl te stipulste that it relates only to the substance studied. Even
wore difficult to contend with ars mislesding refsrences to adverse findings
which are not substantiated by the sctual publications referred to. An
example of this oceurred in & discussion of in vitro metabolism studies with
liver microsomal ensymes which stated that the formation of PC:D‘-
macromoleculsr adducts had been dimonstrated. Among the references

.
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cited was a papsr entitied "The .in vi!ro»binding 5{ 2.2',5,5'~tetrachloro-~
bipheny! metabolites to rat liver microsomal pfotc&nl". The httcr‘papﬂf
clearly states "There is no clear evidence In the dats obtsined from the
- work reported here to substantiste covalent binding; however, it is also
not possible to exciude the nondialyzable redicactivity as being covalently
bound”. (Hargraves and Allen, 19?9}._ | '

To emphasize the point that dose is important in evaluating safety, test
exposure conditions have been described 3o that the reader can conpari
them to ambisnt exposure levels encountersd in the literature and else-
whers. Hoopingarner, et al. (1972) in their studies with Aroclor 1254 on
cultured human lymphocytes are among the few authors who scknowledged
that "The toxic dose of the chamical was several times greater than is
usually found biclogically”. They used concentrations of 100 ppm of
Aroclor 1254 in their studies discussed under Mutagenicity. *

Chronic Rodent Studies

Difticulties in comparing and sssessing different studies are mpoundcd
not only by problems of histopathologic disgnosis but also by variations in
experimental design aad animal strain differencas. An!niifnd!ng atudies
cited in the MNtersture as evidence for the carcinogenicity of PCBs and
relsted ostudios of simlar duration have been tsbulsted for mice {n Table 1
®d fir rsts In Teble 3. Studies bave been grouped by the spproximate
weight percent of chlorine in the materials tested to facllitate comparisons
between products from different manufacturers with the sams chlorine
conteat. ‘
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Mouse studies in Table 1 were conducted with high distary levels of PCBs.
mbm;h cnq Linder (1974) reported a 52% mortality tof mice fed: 300 ppm
of Arcclor 1254 for 8 months and then held an additional $§ moaths.
During that interval, control mice hsd a 32% mortality. This appesrs to be
quite high for control mice about ! year of age. In a report discussed
under Co-carcinogenesis, Koller (1377) studied mice injected with Aroclor
/producu and Moloney leukemia virus. Some data from his study, although
not shown i{n Table 1, are quite similar to those of Kimbrough and Linder
(1974). Koller (1977) fed diets containing Aroclor 1221, 1242, or 1284 to
groups of 25 Balb/e male mice for 6 months. After that time, some ilco
were sacrificed for examination snd others were returned to s control diet
for another 3 months and then sacrificed. Distary lavels of \uch Aroclor
were )78, 37.5, or 3.7 ppm. The only feeding regimen that was toxic
was 378 m of Aroclor 1284, Ounly 8§ mice of that group survived for 6
months, giving a mortality of 68%. Other authors citad In Table 1 (Ito,
stal., 1973a,b and Nagasaki, st al., 1972, 1974, 1975) did not indicate
how many of the mice in their studies died when fed 500 ppm of
Ksaechlor 500, which has a chhrhc conteat similar to Arcclor 1254,
Koller (1977) reported that "PCBs did not produce hepatic neoplssis®.
There was marked lver injury in mice fed )78 ppm of Arccior 1254, mild
Uver injury which persisted through the 3-month recovery period at
3.8 amd no hcpaue lesions at 3.18;9-. Moderate liver (njury was
p § By 378 ppm .of Aroclor 1242, but this regressed and no hepatic
lesions” Were seen 3 months after mice were returned to a control diet.
Other distary levels of Aroclor 1242 and all levels of 1221 did not produce
liver changes. Highly significant mean lver weight increases after §
months of feeding occurred in all Aroclor 1254 groups and {n the group
fed 378 ppm of Arocior 1242. Three menths efter mice were placed on 4
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contrel dist, mean lver weights of esach group had decressed. The
decreases ware highly significant for the 37.5 ppm Aroclor 1254 and the
378 ppm Aéocbr 1242 groups. These observations sre generally consistent
with those of other investigators which show rcgﬂn(o‘n‘of lesions when
PCB dosing is ended, the degres of regression 'dcpcnﬁ; upon the
durstion of the recovery period.

Data for mice reported earlier by Nagasaki, et &l. (1972) appear to have
been {nciuded in the lster publications of Ito, et al. (1973a,b). It is
interesting to note that the tumors were called hepatomas in the former
publicstion and were labeled well-differsntizted hepatocellular carcinomas in
the lstter. Kimbrough and Linder (1974) sppareatly also falt that these
same data on mice were reported in these 1 papers as they reference the
production of hepatomas in male dd mice to the lster publication by lto,
et gl (19730). Simlar terminclogy troubles beset the 1974 aad 1978
Nagasaki publicatioas. Data from the latsr publication list 9/17 males and
4/17 temales fed Kanechlor 500 as baving lLver tumors. Table 1 shows
data from the earlier publication; among males, 9/17 bad nodular
hyperplasta sad 7/17 bhad Depatocellulsr carcinoms while the female
incidence of 4/17 was described 3s nodular hyperplasia. The hepatomas
described by Kimbrough and Linder (1974) were later referred to as "neo~
plastic nedules (hematcmes (sic], hyperplastic nodules)® by Kimbrough,
$i.al. (1978). The use of the term hepaiome Bas created confusion. With
respect to terminology of tumore in the mouse liver, "Hepatoms is 8
collective term used to describe the progresaive stages of mnour
development from the lesion called “"hyperplastic nodule” or “*simple
hyperplastic growth" to the morphologically and biclogicslly malignant
neoplasms® (Turusov and Takiyams, 1979). Nevertheless, ~whatever




terminclogy {s used to describe them, tumors were tttﬂhuud only to PCBs
containing szca percent chlorine. Lower doses of the 52-54 percent
chiorine materiais, 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 materisls having a ehlorine content of
$2-34 percent, or higher, were reported to produce carcinomas in the
lvers of rats, and even for those materials this was not a consistent,
mMudbh observation.

Odashima (1976) nportﬁ the results from s series of different testa used
to evaluate potential carcinogenicity of several compounds, including PCBs.
Two tests are of sufficient intersst to menticn here. One is the
transplacental  method in which rats were trested for 3 days during
preguancy. These were days 15, 17, and 19 or 14, 18, and 13, depending
oa the struin used. The total dose was approximately the maximum ocoe
- that did not csuse abortion or sarly death of the weanlings. Ia the othar,
the newborn method, pups were dosed subcutsnecusly on days 1, 8, 1S,
and 23 after birth. The maximum dose was one thet did not cause early
death of over 208 of the snimals. The subsequent obssrvation period {n
each test was mited 0 cne year after birth. For both Kanechlor 300 and
Km&; 500, the ’ wansplacental test was scorsd negative and the
mhe:n ons as equivocal. Both of these testa gave positive results with
some known carcinogens such as &-aminobiphenyl, benzo{alpyresne,
butyl-aitrosoures and N-methyl-N-nitrosourss. ' |
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Objective appraisal of chronic rodent feeding studies is difficult. Some of
the rodent studies in Table 1 and Tsble 2 are of the type used o detect
potent carcinogens. They use relatively few animals, high doses of the
test material, and have a relatively short durstion. Studies of that nature
2ave been included in Tables | and 2 to iflustrate the ch 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 occurrencs of some
tumors is a possidility which must dbe considersd. The probability that an
event is & chance occurrence is decressed if it is repeatedie. Many of the
studies in Tsble | did aot produce tumors. Those which wars reported to
produce hepatocsDular carcinoma spparently were also reported in other
publications as producing nodular hyperpiasiz, or tumers, or hepatomas.
Since terminology of tumors and the use of those terms have subjective,
f.e,, judgemental, slements it may not be walid to make direct comparisons
Detween different studies on the basia of terminology alone.

The rodent studies which were of less than lfetime durstion reise a
question 36 10 whether or not cancers would have occurred hsd the
fesding poriods bess extended. That question is speculative, and it
cannet be snswered frem the present data. Nevertheless, negative studies
sven if they are of mumi lhort durstion mpm of the overall
evidence which has to De considersd. As a first step in the analysis of
the data, the evidence shows that st s minimum, PCBs are not potent
carcinogens to rodents because they do not produce csncers when tested
in studies designed to detect potent carcinogens.
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With respect to further snalysis of the mouse studies, gmt;r significance
can be attached w0 the dsts of Kimbrough and Linder (19‘:‘4)E becsuse thewr
study had s larger aumber of animals, s longer dunuﬁn. and & reisatively
high distary level of PCB. In those respects, it more closely resembdles | 7
conventional cancer studies. They did not observe any hepatocellular
carcinomas. Thus, it can ressonsbly be conciuded that PPCB: are not
carcinogenic to mice.

Review of the ret data in Tsble 2 shows that there are 2 studies on PCBs
with an sverage chiorine content of 408 (Levinskas, 1981 and Weltman and
Norback, 1979) and 3 on PCBs with an sversge chlorine contant of $2-54%
(Levinskas, 1981; NCI, 1978; Wasserman, et al.. 1978). Results of those
studies are consistent with respect to the sbsence of hepatocellular
carcinomas. This coasistency nuonibly suggests a conclusicn thst PCBs
with those chlorine contents are pot carcinogenic.

Of the 3 studies with PCBs having an aversge chiorine contant of 80R, one
reported hepatocsllular carcinomas (Kimbrough, et al. 1975) and 2 did not
(Levinskas, 1961 and Waitman and Norback, 1978). Since Kimbrough,
et gl. (1978) and Levinskas (1961) both used Lot No. AX-3 of Aroclor
1260, the different uonclusions they reached are not related to differsnces
in the test materisl. hadduoqtothamotadmom:tmot
rat, Kimbrough, Lol (1975) used a different histologic diagnostic
oriteris.  Kimbrough, . stal. (1975) used the critaria for
classification of specific hepatocellular lesions in rasts developed st s
National Cancer Institute Workshop (Squire and Levitt, 1978). That
workshop recommended that the term “necplastic nodules” replace so-called
*hyperplastic nodules” because "Such ugdum are proliferative lesions and
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are known to be induced by carcinogens and, at the least, they indicate

~ an increased probablity for the development of hepstocellular cnrcmom“y

(Squire and Levitt, 1978). However, Pitot, et al. (1978) in a discussion
of stages in the progression of hepstocarcinogenesis in rat liver bave

potsd that "The demonstration of carcinoms csils that appeared to srise
within the nodules was also reported (13)!, suggesting the nodule was a
precursor to the malignant neoplasm. On the other hand, ss wss shown
by Farber and others, the vast majority of the regenerating or hyper<
plastic nodules dissppeared on removing the animals from the carcinogenic
dist. Thus, despite the mors recent luuuﬁo‘h‘ that these nodules be
termed "neoplastic nodules” (14)%, it is difficult to understand s precursor
relstionship of the nodule to carcinomas if the existence of the yuudvcv
precursor is eo transient.” Further, the use of those criteris for
classifying experimental hepatic lesions was considersd and rejected by
Kimurs, et gl. (1976) in their studies on the co-carcinogenesis of
Kanechlor 400 and 3'-methyi-4-dimethylaminoazobenzene.

'rbmummummugmpmmzam.mmnm{f“”

or under other circumstances be transformed into a malignant lesion.
Kimbrough (1979) apparently had that concern when she stated "Although
{t has Deen shown many times that the necplastic nodules are part of the
caralogenic n.p;n they sre not always included in the statistical
: 0'“ of bdiocessays, which may lesd to erronecusly interpreted resuita,
m when they ars classified as hyperplastic nodules or "nodular
hyperplasis® snd when the number of animals studied was small

(Carcinogenesis Testing Program, 1977)".3 A similar concern appesars to

have Deen Dehind the statement in 2 recent revisw (Anon., 1981) that
*hexachlorobiphenyl sdministersd to groups of $0 male and 350 female

.‘c
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Sprague Dawley rats st dietary levels of 0 and 100 ppm for 103 weeks wu:
carcinogenic (n female rats, prﬁducin: an incressed- incidence of uver:
hepstocellular careinomas among dxo dosed snimsis (Norback snd Weltman,
1980. Perscnal communication)". Contsct with Di-. Norbsck (Ribelin, 1981)
revealed that her data were svailable only as an abstract (Weltman and
Nordsck, 1979), and that the abllric( and her ocal pr«:entsucn‘ of the
data referred to the lesions as neoplastic nodules, i.e., not dnﬁneuy
tumorous. These 2 exsmples illustrate the difficulty in establishing that
cancer is not present, and they strongly suggest thn the ditfcnnt
findings reported by various researchers are a reflection of thoir :
orientation, training, and philosophical perspective. The latter is defined
as the difficulty in separating whet is actually deing observed uador\t!u
microscope, from a concern ovVer 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
interest because they observed the sequential development of liver changes.
over & 2-year period. They aoted that hexachlorobiphenyl was éon toxic
than tetrschlorobiphenyl, and that the more toxic, more highly chlorinated
bexachiorobiphenyl produced neoplastic nmodules only. Agsin, the weight
of the-evidence Jeds %o a ressonable conclusion that the carcinogenicity of
bipheayls with am aversgs chlorine content of 608 has not been
established. :
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Overall, one can surmise that the (nability to resolve the crucial issue of
whether or not s lesion is neoplastic in character was one of the factors
which led to the following statement from z recent Surgeon General's
report: "Scieace and society have not yet arrived at a final consensus on
the definition of a carcinogen either in the bumsn population or in
experimental animals® (DHHS, 1980).

Metabolisa Studies :

Several reviews (GColdstein, 1980; IARC, 1978; Matthews and Kato, 1979;
Roberts, st al., 1978; and Safe, 1980) discusse the metabolism of specific
isomers as well as mixtures of PCBs. While there ars some exceptions, the
following general coanclusions can be drawn. Both the degres of
chlorination and the positions of the chlorine substituents determine the
sase with which PCBs are metabolized. In geaersl, the lower dsbdnatod
ones are metabolized and excreted mors 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 be excreted in the urine. This metabolism and excretion
appesrs to occur via arens oxide intermedistes, and the carcinogenicity of
some compounds has been attributed to formation of arene oxide interme-
diates and thelr dinding to subcellular macromolecules. Chlorination at the
4,4 peiltion blocks the metabolism and excretion of PCBs s illustrated i |
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Studies in rats (Hansell, et al., 1977) and in wice (Morsles and Matthews,
1m, 1979) are of iaterest because they report the metabolism of isomers
which were fed to rats for 2 years by Weltmsn and Norback (1979)
Hansell, at al. (1977) gave groups of male rats single Intraperitoneal

infections of 0.2 nmoles/kg of 2,3',5.5'<tetras or 2,2.4,4'.8.§-
hexachlorodiphenyl (TCB and HCB, respectively). They measured changes
in hepatic mixed function oxidases and the persistence of the PCB in the
livers of animals killed at selected intervals for IS days after dosing
TCB produced a transient, but significant increase in O-demethylase
sctivity only at day 3 whils HCB produced significant increases in
O-demethylase and aniline hydroxylase activities within 24-48 hours.
Induced enzyme activities by HCB peaked at ¢-6 times control sctivity
during days 7-14 and were about 3 times control sctivity at the end of 38
days. Rven though equimolar mﬁnu of each iscmer nﬁ given, liver
residuea of HCB one day after dosing were about 7 times higher than
those of TCB. HCB residues decreased relativaly siowly with tine while
TCB residues were more rapidly sliminsted and had almost returned to
control values by 38 days. Livers from HCB trested rate bhad
ceatrolobular necrosis at day 38. They alse ware significantly increased in
sise, showed incressed amounts of smooth endoplasmic reticulum (SER),
and sppearsd to ooatain increised numbere of microbodies and reduced
wmounts of ‘rough amdoplasmic reticulum throughout the 35 day interval.
»y ﬂil‘ﬂt, TCB treatsd livers were similar to control ones except for
occasionally increased aggregates of SER on days 3 and 4. Hansell, gt al.
(1977) stated "It would be intsresting to speculate that...2,4,5,2,4',5'-
hexachlorobiphenyl undergoes direct hydroxylation whereas 2.5,2'.8'
ttrachlorobiphenyl undergoes biotransformation via the srene oxide
intermediate, theredy neeounthk for the different slope for the
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elimination curve of the latter compound.” Thus, the metabolisa (Hulnﬂ.
et al. 1977) and feeding (Weltman and Norback, 1979) study results lead to
somewhat different conclusions. The more pomit enzyme inducing, less
readlly excreted HCB which appears to resist hydroxylation produces
neoplastic nodules in rst livers. By eontrut,‘ the more readily excreted
TCB. which apparently is excreted via an arens oxide intermediate, does
net produce tumors when fed to rets for 2 years.

Covalent dinding to cellular macromolecules also appears to be greater for
the more read(ly metabolized PCB isomers. Morales and mtihows (1978,
1979) compared the covalent binding of 2 hexachlorobiphenyls; the more
readily metabolized 2,2',3,3',6,8'-hexachlorobiphenyl (2,3,6-isomer) and the

more elowly metabolized 2,2,4,4',5,%'-hexachlorobiphenyl (2,4,5-isomer).

Esch PCB, with g radiocarbon label, wes given orally to groupe of mice at
& dosage of 7.28 mg/kg on esch of five successive days. Animals were
killed 1, 8, and 8 days later. The concentration of each PCB was
determined in liver, muscle, and Kkidney. Al tissues had ecum'oiay'
higher concentrations of the less readily metabolized 2,4,3-isomer. The
wore readly metabolized 2,3,8-isomer showed s coasistently greater
binding to purified macromolecules. The binding was at least one order of
magnitude greater than that sesn with the 2,4,5-isomer. Results of animal
fesding studies with the 2,3,6-isomer would be of particular interest to
w the degree of correlation, if any, between the arcigon_gicity of
this fsomer snd its covalent binding to cellular macromolecules.

Taken as s whole, metabolism studies euggest that if PCBs are
earcinogenic, it should be those PCBs which are mere readlly metabolized
and excreted, {.¢., the lower chiorinated materials. This ia in sharp

-12- MONS 015973




contrast to results on snimal studies {n which Questions of carcinogenicity ’
arise regarding higher chlorinated materials only. On balance, metabolism
studies on the fomtbn’ of arene oxide intermediates would lead one to
expect lower chlorinated materials to show a more pronounced carcunogenic
rnponu in animals. Conclusions drswn: from metabolism studies are not
supported by animal feeding otud.m

Co~Carcinogenasis Studies
The position and degree of chlorination of PCBs also sre important in
inducing microsomal mixed function monooxygensses (Goldstein, 1980 and
Yoshimurs, etal., 1979). Such induction of microsomal monmooxygenases
,m}d altar the metabolisa of exogenous and sndoganous subetances in the

dody, as reported in & variety of studies which have been conducted to

determine whether PCBs mnight be cocarcinogens. These ars summarized ia
Table 3 and discussed in greater detail below.

Uchiyama and Chiba (1974) inserted 20-methyicholanthrene impregnated
threads into the utari of virgin mice and fed them diets containing up to

100 ppm of Kanechlor 400 or DDT. Animals were killed at various times

.ud the cervicsl epithelium was examined - for cancerous changes.

Kanechlor 400 dosed mice showed no significant changes as compared to the

w. but - thass receiving 100 ppm of DDT "showed s remarkable

W towards the induction of cancer.”

Dists containing benzene hexachloride (BHC) isomers snd Kanechlor 500

separetsly and in various eubinadom were fed to male mice by Ito, et sl
(1973,b). Coacentrations of the BHC isomers ranged (rom 250 ppa to
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50 ppm. The amcunt of Kanechlor S00 was 250 ppm or 100 ppm. Test
groups consisted of 20 to 30 animals. When fed alone, -only a-BHC at
250 ppm produced a high incidence of noduiar hyperplasia and a moderate .
incidence of hepatocellular carcinoma. A diet containing 250 ppm each of
e-BHC and Kanechlor 500 incressed the number of bepatocelular
carcinomas. In comparison, combinations of 100 or 30 ppm of ¢-BHC and
250 ppm of Xanechlor 500 yielded a moderate incidence of nodular
hyperplasia and produced only s few hepatocellular carcinomas. There
were & few npodular hyperplasias in mice fed 100 ppm each of e-BHC. and
Kanechlor 500. A mixture of 50 ppm a-BHC and 100 ppm of Kanechlor 500
was without effect. Dists containing 250 ppm or 100 ppm of $-BHC and

250 ppa of Kanechlor 300 produced both nodular hyperplasia md“
hepatocelluler carcinomas at a lower incidence than  that sm‘uvi‘th
comparable diets of e-BHC. No liver nodules were seen with 30 ppm of
#-BHC and 250 ppm of Xanechlor 500 or with 100 ppm of each. y-BHC snd

Kanechlor 00 did not produce lver nodules sither singly or in

combination. Nagasaki, et al. (1976, 1975) reported a simllar series of

experiments except that Xanechlor 400 was included. The same
coucentrations of the PCBs, 250 and 100 ppm, were used. Their test
groups consisted of 20 to 38 male mice. For e-BHC and Kanechior 300,
they pressnted essentially the same dats as Ito, et al. (1973a,b). While
l-o:hbrm did mot produce liver nodules when f{ed alone at 250 ppm,
there was an incresse in the incidence of hepatocellular carcinomas when it
was fod in combinstion with 230 ppm of ¢-BHC. The increase was similar
to thet reported by Ito, et a]. (1973a,b) for s-BHC and Kanechlor 500,
A combipation of 100 ppm of «-BHC and 250 ppm of Kanechlor 400
ﬁMuud only & few nodulsr hyperplasias snd 100 ppm of each in the diet
did not induce any liver nodulas.
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The effects of PCBs on tumor induction by diethylnitrosamine (DEN) have
been studied extensively. Male rats were given 2% ppm of DEN in their
drinking water and 500 ppm of Kanechler S00 in their diet concurrently for

20 weeks, returned to a control diet for 4 weeks, and then killed

seen, even though rats receiving the same DEN treatment alone had a '92‘\

‘(Makdurs, et 8l. 1974). Neither liver tumors nor nodular hyperplasia were

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 tumer production as reported in a series of
pepers by Nishizum{ (1976, 1979s, 1979b). He descrided studies in which
sale rets were given 50 ppm DEN in drinking water for 2 to 10 weeks,

aftar which they wers intudbated twice weekly with a corn ofl solution of

Kanechlor 500 for 6 to 12 weeks. Kanechlor 500 doses were either ¢.2 ml
of a SNor 0.1 al of a 10§ solution. Since experiments were terminated at
20 or 52 weeks after dosing, some animals received untrested diets prior to
sacrifice. Only one paper (Nishizumi, 1978) contained results for animals
dosed only with Kanechlor 8300 ahno. That treatment produced
snlargement of the livers of rets but no neoplastic lesions. After pre-
treatment with DEN, bhowewer, hepatocarcinogenesis was ~¢nhmcc‘d”u
evidenced by the earlier sppesrance and s significant tnmau»!n the
Mot tumors. A simflar dm;c pattern was usad by Preston, et al.

(1961). Mals rets were given drinking water containing 66 pg DEN/ml
(08 ppm) for § weeks after which they wers fed for 18 weeks on a control
_diet or one containing 100 ppm of either of 2 Aroclor 1254 diets. One was

Arocior 125¢ &s received. The other was sa Arcclor 1254 which the
suthors claimed to have purified by removing polychlorinated dibenzofuran

(PCDF) impurities by adsorption onto and subsequent elution from
activated FlorisQ. . No snslysis wes made of Aroclor 1254 8s received for
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PCDF. The authors reported recovery of PCDF st s level comparable to 30
vg of tatrachlorodibenzofuran (TCDF) per 10 g of Aroclor 1254. TCDE
was used as a po'!uvi control and a standard for quantification for the '
purification process. Other animals received one of the 2 Arcelor 1254
diets only during the Iatter 18-week interval. No evidence of hepatic
tumor formation was seen in control animals or those receiving 100 ppn‘ of
sither Aroclor 1234 diet. However, using the diagnostic criteria of Squire
snd Levitt (197%), they reported that both Arvclor 1284 diets rcs#iud in
significantly '~ greater incidences of hepstocsliular carcinomas In rats
pretrested with DEN as compared to those dosed with DEN alone. Thus,
they concluded that the hepatic tumer-promoting ability appesrs to .rum. ,
in Arcclor 1284 {tself. As the authors of this paper boinud out, it cannot
be concluded that PCDFs are not promoters of hepatocarcinogenesis since
appropriate atudies have not been done on PCDFs alone. Similarly, their:
findings do not imvalidate the hypothesis that some of the other effects
reported for some PCBs may ;lwn been due to PCDF impurities. :

The dependence of the {ahibition or promotion effect of PCBs on
DEN-induced tumors on the dosing sequence was {llustrated in a different
uﬁncr by Nishisumi (1900). = Pregnant (emale rats were given oral doses
of 200 mg/kg or 50 mg/kg Kanechlor 300 on daye S, 10, and 15 of
m.M were allowed to deliver their pups. At 28 days of sge, pupe
were gives 50 ppm of DEN in their drinking water for § weeks. Groups of
thess pups were sacrificed at 18, 20, and 24 weeks after the start of DEN
dosing and their lvers were examined. The number of liver tumors in the
offspring from Kanechlor 500 trested dams was significantly decressed as
comparsd to the controle. The dnemaa were more pronounced in males.
This decresse in DEN-induced tumors sppsrently resulted rom induction of
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microsomal enzymes in the livars of the pups. Those livers contaned
Kanechior 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 s yesr (Hendricks, et al.,

1977). At intervals during the year, some fish were ‘km:d. 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
dist or Aroclor 1254 alone, and growth was not affected by 100 ppm of
Aroclor 1254. The aumber of tumer-bearing fish in the group fed AFR,,
plus Aroclor 1254 was significantly reduced (to less than one-half) when
compared to those fed AFB,, alone. Thers also were fewer tumors per
Hiver and the tumors were smaller in those fed the mixture.

In the studies cited eartier, Makiura, o al. (1974) also fed combinations
of 500 ppe Kanechlor 300 with 300 pps of 3'-methyl-¢-dimethylaminoaze-
benzene (3-Me-DAB) or 150 ppm of N-2-fluorenylacetamide (2-FAA).
Results similar to those when PCBs were fed concurrently with DEN were
sbsined. Kanechlor 500 reduced the incidence of lLver tumors to zero
from 658 for those treated with 3'-Me-DAB and from S4% for those treated
with 2-FAA. Hewswvsr, the eoffect of PCHAs on the tumorigenicity of
3-Me-DAD sppesrs % ‘depend on the dosing sequence as shown for DEN.
Kimurs, ot al. (1978) used different sequences to rch‘ groups of rats diets
containing 400 ppm of  Kanechlor 400 for six months in; 800 ppm of
¥<Me-DAB for 2 months. Some received Kanechlor 400 sione and some
oaly 3'-Me-DAB. Others received one dist, then the other, after 3
2-month interval on control diet. A final group received Kanechior 400 for
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4 months and both materials for another 2 months. No hcyatbctrcmoms
were produced by Kanechlor 400 slone or when it was given before or
during the overlap with 3'-Me-DAB. No hepatocarcinomas occurred in
control animals. The incideace of liver cancer rose from 13% in those
receiving 3'-Me-DAB alone to 644 {n the group which received
Kanechlor 400 after 3'-Me-DAB.

The inhibitory effect of Kanechlor 500 on rat lver tumors was aevident
when rets wers 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 Ksnechlor 500 st the conceatrstions stated esrlier.  The
lver cancer incidence fell from 92% to 8% when Kanechlor 500 was given tro‘
rats dosed with 3'-Me-DAB and DEN. It weat to zerc from 82A for those
receiving 2-FAA and DIN.

Nishisumi (1979¢,b) studied the sffects of various combinations of DDT and
sodham phenobarbital (SPB), in the absance and in the presence of
Kanechlor 500, on the induction of rat liver hepatocellular carcinoms by
DEN. Pretrestment of rets with DEN followed by DDT, by SPB, or by a
combinstion of both produced low incidences of liver cancer while DEN
pretreatment alene d&d not induce cancer. When Kanechior 500 was
ineheded with esch of the preceding dosing regimens, thers was & marked
m 8 Mver cancers. Increases resulting from joint administration of
csmpounds after pretrestment with DEN were lower than those observed for
DEN followed by Kanechlor 500 alone discussed earlier. .

to, et al. (1978) fed diats containing 200 ppa of 2-FAA to male rats for
two wu)u and then a diet containing 1000 ppm of an unspecifiad Kanechlor
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mixture for 8 weeks. Partial hepatectomies (PH) ware performed on’sonc
rats during the third week of the study. Feeding of 2-FAA wss without
affect, but tlm diet plus PH produced a few hyperplastic nodules in the
lver. ‘rruunnt with both diets caused an even grnnr incidence oI ’
hyperplastic noduies and both diets combined with PK produced : marked
rise in the number of Lver nodules.

DiGlovanni, etal. (1977) and Berry. etal. (1978, 1979) studied
Aroclor 1254 in a two-stage mouse skin wcinonuﬁis 2882y to sse if {t
wss a tumor initiator or promoter. The shaved skin of female mice was
dosed with Aroclor 1254 at a level of 100 ug or 625 yg per mouse. This

was applied slone as an initiator or from § minutes to 72 hours before =

initiation with 7,11-dimethyibenz(alanthracene (DMBA). One wesk later,
sice received twice weekly applicstions of 8 ug or the phorbol disster
promoter  12-O-tetradecancylphorbol-13-acetate (TPA) for 32 weeks.

Animals were observed for both papillomas and carcinomss. Aroclor 1254
tlons produced a few papillomss. The suthors of these reports appareatly
faced s dilemms common to scientists, i.e., how much significance should
be attached W the observation of s low incidence finding which may or may
not have & csusal relaticaship t treatment. On the t.mt:?o't these few
papillomas, Aroclor 1204 was called 8 “weak tumor initiator® (DiGlovanni,
1971). Later, It was described as possessing "littls or no tumor-initiating
properties® (Berry, gt al., 1979). Whlle Arocior 1354 had s negligible
effect om tumor induction when given 8 minutes Defore an initiating dose of
DMBA, it markedly inhibited tumor induction when givan 18 to 72 hours
befors DMBA. In other studies, an initiating dose of 200 amole of DMBA
wes applied to the shaved backs of mice. After one week, 100 ug of
Aroclor 1254 was applied twice weekly for 30 weeks. Aroclor 1254 fafled to
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pmot‘o‘ tumors while 0.2 uE doses of TPA applied in & similar manner
{nduced aa sverage of 8 papillomas per mouse. The asuthors concluded
that Aroclor 1254 possessed little or no tumor-initiating or tumor-promoting
properties. "

. The transplantsbility and growth of Walker 258 carcinosarcoma in rats was
inhibited by Aroclor 1284 (Kerkvliet and Kimeldorf, 1977a,b).  Dists
containing up to 800 ppm of Aroclior 1254 wers fed to rats of both sexss
for 30 days, after which they were given intramuscular injections of Walker
tumor cells. Nine days later, during which time they continued to receive
Aroclor 1254 in their dists, animals were killed and the tumors were
dissected out and weighed. Mean tumor weights of all Aroclor 1254 fed
groups wers significantly reduced as compared to thair sex-matched
oontrols, and the reductions were dose-related to the distary level of
Aroclor 1254. Body weight gain was dapressed in males receiving 400 ppa
or mors of Arocior 1284. Females showed reduced body weight at
100 ppm, the lowast level fed to thet sex. Iatraperitoneal !njocdquo of 50
to 200 mg/kg every other dsy for 14 days after infection of s small
fnoculum of Walker 2334 cells (10%) inhibited both the davalopment and
growth of the Walker tumor. The number of tumor takes and the size of
&Mmm«dud&omuuneypoﬁodmhmm.
Bedy weight gain was reduced only et the 200 mg/kg dosage. Alternate
day Wtraperitonesl injections of 100 mg/kg and 200 mg/kg of Aroclor 1254
after » largs inoculum of Walker 286 cells (107) were continued for 60
days. Control snimals receiving tumor cells only had 100§ mortality by
day 20 with a mean survival time of 13.8 days. Mean survival times were
sigaificantly mereased to 17.7 days and 18.9 days for animals dosed with
100 mg/kg and 200.mg/Xg of Aroclor 1284. A faw animals survived to 60
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days, and four receiving the bigher dosage of Arcclor 1254 showed total
vegression of their Dflateral tumors. Tumor growth rates fn
Aroclor-treated animals were significantly reduced. Again, body waight
gun was depressed only at ths 200 mg/kg dosage. An experiment was
undertaken to determine if there was an optimum time im-tod for the
antitumor effect of Aroclor 1254; Intrnperitbmu {njections of 100 ;/ki of
Aroclor 1254 were given on § consecutive days before tumor {noculation, on
§ days aftsr inoculation, and daily from § days before until 10 days after
{noculstion. This study was ended 14 dm wfter the initiating tumor
inoculum was given. While all dosing schedules reduced tumor growth,
there were variations in the responses. The greatest inhibition of tumor
growth resulted from dosing animals for 18 days. Almost equally effective
wers pretreatmant and trestment starting with {noculation of the Walker
calls. The delayed treatment starting after $ days was least .:man as
the tumor had become established. While early trestment reduced tumor
growth, it was less effective in preventing metastases and desth of the

Kerkvlist and Koller (lﬂ) drmd groups of male mice dists containing
10, 100, or 500 ppm of Areclr 1254 for 18 weeks prior to injecting them
with MSB, en established tiasue culture cell line derived from Mokoney
srcoms. vires. Theg messursd tumor growth and coll-mediated toxicity
over e next 19 days. A dletary level of 500 ppm of Aroclor 1334
resulted in marked weight loes and desths. This was reduced to 250 ppm
St 11 weeks, and a few weeks later surviving animals were placed on a
coatrol dist. They reported that Aroclor 1254 pretrsatment enhanced the
STowth rate of the MSB tumor and inhibited or delayed the development of
¢ellvlar immunity agsinst the tumer.
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Koller (1977) fed groups of mice diets containing 3.7, 37.5. or 378 Ppor of

Aroclor 1221, Arcclor 1242, or Aroclor 1254 for 6 months. About 2 weeks
after being placed on test diets, some mice in each group were inoculated
intrsperitoneally with Moloney leukemis virus. None of the distary levels
of any Aroclor affected, {.¢., did not promote or {nduce, the oacoxmints
of Moloney leukemia wirus. s

Since PCBs are enzyme inducers, their blological effecta resemble those of
other enzyme inducers. Peraino, st al. (1978) noted that phenobarbital
had s specific tumorigenic enhancing effect that was restricted to the
iver. With the exception of the mouse skin painting studies and those in
which tumor cells or & virus were injected, all of the studies in Table §
were concerned with Hver tumors. Peraino, et al. (1978) alse pointed out
resemblances between phanodbarbital and PCBs. Both substances "enhanced
hepatic tumoriganesis” when given ;mr DEN, and bo;.h “sxerted & protec-
tive effect aguinst hepatic tumorigenesis” whan administered concurrently
with AAF or DEN. The comparison between PCBs and phenobarbital is
extended by the observation of Berry, et al.. (1378, 1979) that PCBs did

ot promote skin tumors fn mice pretrested with DMBA. Persino, stal.
(1978) refer to s study® fn which skin tumoriganesis was not enhanced in
nics fed phencbarbital after skin painting with DMBA. '

Lish®t, ot gl (1978) described the induction of ormithine decarboxylase

(ODC) in mouse spidermal cell cultures by TPA. Arocior 1234, spparenty
st much higher concentrstions than TPA, induced s low but reproducible
stimulation of ODC in the same system. They also noted 3 report® that s
high intrsperitonesl dose of Aroclor 1254 induced ODC in the liver of rats.
After commanting that PCBs “warrant further investigation into their
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possible action as tumer promoters,” they added that "These compounds
sre being tested on carcinogen-initisted mouse skin (T.J. Slaga, personai
communication)®. The series of publications by Berry, et al (1978, 19795

and DiClovanai, st ai. (1977) show that PCBs are not bronctcrl on mouse
skin.

Authors of some of the mutagenicity studies to be d&icuuod (Danz and
Urban, 1980; Norback, et al., 1981; and Stadnicki, et al., 1379) have
suggested thst PCBs may act as promoters of ctrcinonﬁicity. In general,
thoss comments sppear to have been offered as hypotheses to aid in

understanding the observations wm had been made. This also appears

to be the case for the NCI study on Aroclor 1254 which was reviewed by

the Dats Ewvalustion/Risk Assessment Subgroup of the Clesringhouse on
Environmental Carcinogens. That group, chm with the responsibility
of providing a peer review of NCI bicassay reports on chemicals studied
for carcinogenicity, made and accepted a motion to add the following to the
report summary: “Based on the liver proliferstive lesions in the treated
rats and published reports, it is suggested that Arockor 1254 may be a
tumor promotar® (NCI, 1979).

With respeet o tumor promotion, Welsburger and Williams (1960) state that

"cortalfi Iducers of liver metsbolic- enzyme systems, such as pheno-
barbiit, DDT and BHT, when administersd after minimal doses of primary
hepatocarcinogens exerted a powerful promoting effact®. As mentioned
earlier, PCBs also induce Lver metabolic enzyme systemsa. However, since
the carcinogen alome produced tumors in animals in the co-carcinogenesis
studies summarizsed in Tadle 3, it appesrs 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 Mg!m"‘ dietary levels .ol FCS': 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

may be promotica or inhibitien.

Whea administered to antmals together with s blological sgent, PCBs show a

promoting or inhibitory effect similar to that seen with chemical agents.
Pretreatment ‘nkit.h PCBs inhibited the growth of Walker 356 carcinosarcomas
fn rats and incressed their survival time (Kerkviet and Kimmeldorf,
1977a,b), enhanced the growth of MSB tumor in _iico (Xerkviiet and
Koller, 1978) and neither promoted nor induced the o@co‘mch of Moloney
leukemia virus in mice (Koller, 1977).

Matagenicity Studies ; ;
Mutagenicity testing of PCBs has ranged from bacterial systems to intact
snimal studies. A series of studies with eleven bacterial test strains
(Heddle and Bruce, 1977; Hsis, st a]. 1978; McMahen, et al. 1979;
Odashima, 1976; Prodet, st al., 1981; Sugimurs, et al., 1976; and

ot .

Wyndham, et gl 19%) are summarized in Table 4. Hels, et ], (1970)

mummmmnmwmuc.uvnmnmuu‘

for preparstion of 8-9 sctivstion systems. They also tested 4-hydroxy-
3,%,8,8'-tetrachiorobipheny! and 2,2',8,8'-tetrachlorobiphenyl-3,4-oxide, 8
known and s presumed metabolite of 32,2,8,8'-tetrachlorobiphenyl,
tespectively. All three materisls gave negative responses with each
sctivation system. Odsshims (1978) presented dats in tabulsr form from &
series of screening tests. In addition to the results shown in Table 9,
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bacterial strains WP2, TA100, TA98, H-17, M-45, W3110, and TAI978 are
shown in groups in their Table § with a text notstion that not all chemicals
were tested with each strain. For Kanechlor 300 and $00, such of the
preceding strains as were tested showed a negative response. The group
consisting of H-17 & M-4S, WP; try” (her' & her™) shows a‘pl‘us sign for
Kanechlor 300. Presumably, one or more of those bacterial strains gave s
positive response. Kanechlor 500 was listed as giving a negative response
with the latter group.

With the exception of Wyndham, et al., (1976), all of the studies were
negative with and without the addition of a microsomal enzyme activation
system. It is somewhat difficuit to reconcile the text and the graphs in
the publication by the latter authors. . They stated that thelr “results
clearly showsd that as the degres of chiorination decrsssed the
mutagenicity increased, a concentration of 100 yg of 4-chlorobiphenyl in
the test medium gave over 2000 revertant colonies per plate. The higher
chiorinated biphenyls show very little asctivity as mutagens". While
Figurs 3 in their article shows their marked incresse in revertanta for
4-chlorobiphenyl, the same figure also shows results for Arecior 1221,
which aversges 1.18 chloriae units per molecule. The mutagenicity of
Arccior 1331 is ast dscussed in the text, but Figure 3 shows that at a
concentratien of 100 yg per plate, it produced sbout one-temth of the
tevertaat colonies that d-chlorobiphenyl did. Thus, s 15\ incresse fn
chlorine content produced s 10-fold decresse in the reported mutagenic
sctivity, n light of that sharp reduction of mutsgenic sctivity with a
slight chlorine increase, it is difficult to understand the statement in their
text that Arcclor 1234 “was only weakly mutagenic.® Results from
Aroclor 12354 (averaga of 40‘ chiorine per molecule) are oot shown in their
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Table 3, but 2,2'.5,5'-tetrachlorobiphenyl (sverage of 4 chlorine per
molecule) was presented. At 100 g per ph‘t’l- 2,2',8,8'~tetrachioro-

biphenyl was v{rmany devoid of mutagenic activity. Overall, primarily

because McMahon, et al, (1979) reported that 4-chlorobiphenyl was not
mutagenic, it can only be concluded that the ﬂndinp of Wyndhm et al.
(1976) are sberrant. A similar conclulion that tho findings nportod by
Wyndham, et al. (1976) sre unfounded because attempts to repest them
have been unsuccessful was resched by the Stste of California (Anon.

1981).

In: & variant of this test, Stott and Sinnhuber (1978) used Arcclor 1221,
13432, 1284, 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 -uumu; using

strain TA 1838 of 8. typhimurium. The mutagenic response was decreased

comparsd to the concurrent control usks; untreated trout liver., A general
pattern of decreasing response with increasing degree of chlorination was
observed, exzcept for Aroclor 1260. Induction of mutsgen detoxifying
enzyme systems was suggested as a possible explanation tei the spparent
conflict between the reported induction of trout nixod tnncuon oxidases
and the decrsass in mutsgenic sctivity. These results are eoamum with
thoss of Headricks, st a]. (1977) discussed esrlisr who ropcrtod that
Areclor 1284 reduced hepetic tumors {n trout fed AFB,.

On the basis of slower sedimentation ratss in alkaline sucrose gredients,
Stadnicki, gt a}. (1979) reported that 2,2',3,8'-tetrschlorobiphenyl (TCB),
& 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 yg/ml, esch of the thres materials csused all of the DNA to come
out in fractions at the top of the gradient. The epoxide caused some
breakage dowa to 1 pg/ml. The mixture of hydroxy derivatives caused
significant  breaXage at 20 yg/ml and onlj slight bdreskage at 1 and
10 yg/ml. TCB, the least potent, caused lesser dreakage at 20 ug/m) and
was without effect at 1 and 10 pg/ml.

Niisson and Ramel (1974) conducted genetic tests on adults and larvae of
Deosophila  melanogaster fed Clophen 30 and Clophen 50. These PCH
nixtures were without affect on the loss of sex chromosomes used 1o
messure chromosome breaking asction and nondisjunction of the sex
chromosomes. Tazime (1960) has described & specific locus test using the
siixwors (Bombyx mori). Neither Kanechlor 300 nor Kanechlor 500 showed
mutagenic sctivity in that system.

Hoopingarner, et al. (1972) induced mitosis in cultured human lymphocytes
with phytchemsggiutinin and treatsd them with 100 ppm of Amhr 1254.
There was no effect on the mitotie index, satsllite assoclation, chromatid
£aps or chromstid breaks fn comparison to control human lymphocytes.

Odashima (1976) aiso studied the incidence of chromosomal aberraticas.
Their {n vitre test used Yoshida ascites sarcoma cells cuitured for § to 12
hours i the presence of PCBs at concentrations producing & minimal or
500 growth inhibition. Kanechior 300 gave & positive response and
Kanechlor 500 a Waﬁ oma. For an fp vivo system, they examined bone
marrow cells 8 to 48 hours after adult or newdorn animals were given an
spproximately lethal dose of PCBs. This test gave the opposite result;
Kanechlor S00 was positive and Kameh{er 300 was negative. They noted




that chromosomal aberrations frequently occurred (n coatrols 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), Arvclor 12%4
was one of several chemicals tested double-blind. [t gavs a8 negative
result. Mouse embryo fibroblasts alsc have been sxposed to dilfcum.
PCBs. Nesnow, et al. (1981) studied the cocarcinogenic action of agents
which incrsase nicntom.l mixed-function oxidase activity in the
CIHIOTYCLS transformation assay.  After a 48-hour pretreatment with -
Aroclor 1284, cells were then trested with bcnm(t)?!ﬁqo {(B(a)P) ﬁd the |
ageat for an additional 28 hours. Aroclor 1254 :did not hér«u
B(a)P-medisted transformation and no Type II or Type III foci wers
observed. Norback, et al. (1979, 1900, 1981) exposed CIHIOTY cells
continuously for 6 weeks o 10 yg Aroclor 1284 per ml of medium. Trested
colls developed Type Il foci. Calls exposed to the same concentration
of Aroclor 1254 for. 24 hours or to 1 pg of Arcclor 1254 per ml of medium
did not develop Type 1l foci. Conmtinuous exposure of cells to Arcclor ‘
1260 and 2,4,8,2',4'.8'-hexschlorobiphanyl also caused formatien of Type
UI fodd. A clone from a focus transformed by Aroclor 1284 induced sar-
coma formstion when iamhud in {rvadisted mice. Foci from At'oclnr 1260
g §,4,5,2,4,8-hexachlorobiphenyl had not been clnnctoﬂud further.
Siass tremsformation occurred caly after continuous exposure, Norback,
9..!_&,-. (1961) suggested that the effects of PCBs in culture include
promotion. When fed to rats, however, 2,4,5,2,.4',8'-hexachlorcbiphenyl
produced neoplastic liver nodules, not hepatocarcinomas (Weltman and
Norback, 1979). ' '
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wong, et al. (1!19)‘ claimed that 4-chlorobiphenyl induced & increase in’j
unscheduled DNA synthesis in Chinese bamster ovary cell cultures (n the

presence of hydroxyurss, & chemical agent which suppresses normal
replicative DNA synthesis. Few details were presented regarding the

validation and reliability of their test system. By contrsst, Aroclor 1254

give & negative respemse in an unscheduled DNA synthesis in pdsur&

cultures of adult rat hepatocytes {Prodst, g_t_g;.‘ 1981). The latter

suthors presented results of an extended series of compounds tested in

their systam.

Dans and Urban (1960) have proposed using tho sitogenic response of the
rat adrenal cortex aftar dosing m“m: with & test substance s
short-term test for evalusting the promoting sction of chemical compounds.
Clophen A80, Delor 103%, Delor 106%, and Phenoclor DPS all gave positive
responses in their test aystem.

At 3-8 days of incubation, embryos from ring doves (Streptopelis risoria)
fed a control dist or one containing 10 ppm of Aroclor 1254 wers examined
for cytogenetic changes (Peakall, ot 8}., 1972). m relative tnquoaém
of chromosome aberrations in the § largest chromosome pairs in metaphase
cells of allantoic sas and lmbd bud origin were scored. The 8 coatrol
enbryce h‘ s mean sberration rate of 0.8 (0-2.0). The aberration rate
in 17 esbryos from Arocior 1254 treated birds was 1.8% (0-9.4). In the
fiatter group, there was one chromosome rearrangemant, 13 embryos with
sberration rates exceeding the mean control rate. and 4 embryos which
exeeded the highest comtrol rate. Arcclor 1242 waa injected into fertile
White Leghorn egga to give ufblttd final concentrations of 10 or 20 ppm
(Blazak and Marcun, 1978). After ¢ or $ dsys of incubation, eggs were
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injected with colcemide, incubated an additional 45-60 minutes, and
ambryos were harvested (lor melnltio;i. Thers 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 308 of the chromatin material per cell, were examined for
detection of clastogenesis. There were no chromosomal sberrations.

Heddle and Bruce (1977) injected mice with Arcclor 1254 for five consecu-
tive days and then examined bone marrow preparstions for chromosomal
breaksge and sperm cell preparations for sperm with abnormally n!npd
hesds. While nonspecific fsctors can induce .mra sbnormalities, the
suthors believe the lstter also can result from point mutations or small
delations.  Aroclor 1254 was judged to be neither carcinogenic er
sutageaic. .
Dikshith, et al, (1978) gave male rats orsl dossges of 50 ag/xg of
Aroclor 1254 on each of 7T consecutive days. Animals wers killed at
Iatornh over the next 3 dsys. Thoes scheduled for cytogenstic analysis
were injected with colchicine 2 hours bdefore killing, after which time the
seminiferous tubules were prepared for such study. At autopsy of the
éhr animals, testis, epididymis, and liver weight were recorded and
sections wWere preparsd for microscopic study aad-histochemical determi-
sations. Livers were markedly cahrﬂdmd showed & significant incrsase

in weight compared to controla. There wers no differences in body weight
or weight and ‘appearance of testis, epididymis, or vas deferens between
control and trested rats. Aroclor 1254 treated rats showed 3 few mets-
phase figures with abnormal chromosomes wheh sppeared o be npoudié
aad not specific to any one type. Histological examination showed testis

s
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and epididymis from Aroclor 1254 treated rsts were comparsble to controls
although interstitial cells were increased ‘h Aroclor 1254 dosed 'rm.
These cells showed an {ncrease in scid phosphatase activity. The tuthon
concluded that they "found no evidence to suggest that Aroclox", 1254
causes significant chromosome damage or histopathological changes in the
rat testis."

Simflar studies were conducted by Green, et al. (1973, 1978s) who gave
male rats single oral dosages of 5000 mg/kg, 2500 mg/kg or 1250 mg/kg or
four successive dafly dossges of 500 mg/kg of Arocior 1242.  Other rats
received five consecutive dally dosages of 300 mg/kg. 150 mg/kg or
TS mg/kg of Aroclor 1254. Animals wers injected with colcemide 3 or ¢
hours bafore sscrifice 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 aixtures
and spermatogonial preparations from Aroclor 1242 treated rats wers
prepared for cytoganetic study. Repested dosages of 150 mg/kg and
300 mg/kg of Aroclor 1254 produced decreases In the number of mitoses in
bone marvow cells. Raepested dosages of 75 mg/kg of Aroclor 1254 and all
dosages of Aroclor 1243 were without effect. Neither PCB mixture at any
dosage produced a significant number of chromosomal abnormalitiss in bone
marTow calls. At the lower dosages, Aroclor 1242 did not affect mitoses of
apermatogonial cells, . but 3000 mg/kg or & dossgas of 30 mg/kg
significantly reduced the rate of cell division. No dosage of Arcclor 1242
produced cytogenetic abnormalities in spermatogonial cells, The authors
concluded from their studies that Areclor 1242 and Areclor 1284 did not
posssss mutagenic potential. Garthoff, gt al. (1877) fed male rats diets
containing '8, 80, or 300 ppm of Aroclor ‘1254 tor $ wesks, after which they
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examined bone marrow and testis samples. There was 1o significant
diftersace between tes: and control animals with respect to the incidence of
chromosomsal abnormalities and the number of cells in mitosis (rom bone
marrow and spermatogonial cells.

In a dominant lethal study (Xeplinger, et al., 1972 and Calandra, 1976),
aldino mice were given single intrsperitonsal dosages of 500 or 1000 mg/kg
of Arocier 1342, Arcclor 1254, or Arocior 1260 and mated on successive
weeks to virgin females. Thers was no evidence of mutsgenic effscts.
Although details on their studies are limited, their results are in generl
agresment with those from another dominant jethal study in rats conducted
by Green, ot al. (1975b) with Aroclor 1242 and Aroclor 1254. The former
was administered orally at s single dosage of 625, 1280, or 3800 mg/kg or
in five dally dosages of 1285 or 280 mg/kg. Arccior 1254 was given orally |
fn five dally dosages of 75, 180, or 300 mg/kg. After dosing, they wers
mated with untrasted females for 10-11 weeks. Another group of rats was
given 150 mg/kg of Arcclor 1254 for five successive days and starved
overnight befora admittance to females. Other male rats wers offered dists
containing 28 or 100 ppm of Aroclor 1254 for 70 days, then mated with
untreated females for cne week. TIM (tristhylsasmelamine) was used as o :
positive control. There was & body weight loss and some deaths occurred
in & few groups. Neither the orsl dosing nor the distary feeding of
Atecler 1342 or Arcclor 1234 had any effect oa the number of tmplantstions
or the aumber of dead implantations per pregnmant femals while TEM
produced significant postimplantation losses (n weeks 2, 3, and 4. These
suthors noted that the reduction in the number of dividing spermatogonial
eells reported earlier for Aroclor 1243 (Green, st al., 1973, 197%a) did not
impair the reproductive performance of -'.u animals.
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Review of the various mutagenicity tasts and their results prompts three
comments. Chlorinated hydrotarbons do net generslly give positive results
in Salmonells strains. Therefors, the nunnnié responses with TA1S38
(Wyndham, et al. 1976) are either aberrant or else the response is,
indeed, limited to essentially monochlorobiphenyl. The degree of
correlation between o vitro mutagenicity tests and carcinogenicity depends
upon the initial classification of the test materials. Pienta (1980) classifies
Aroclor 1254 ss & non-carcinogen. Rinkus and Legator (1980) regard
Arocior 1254 and Kanechlor $00 as hivinc knévm or suspected carcinogenic
activity.  Odashima (1976) and Sugimurs, gg_g_l__ (1976, 19717) consider
Kanechlor 500 to be carcinogenic and Kanechlor 300 1t be

wcineguie Apart from the difficulties thoy pmcnt for correlation,
these different opinions about the carcinogenicity of PC!. ars a reflection
of what data these individuals considersd and how they evaluated those
data. Finally, in Hght 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. ]p vive tssts gave negative results
snd provide a basis for concluding that ambient levels of PCBs do not
present a nuugm risk.

Epideniplegy Studies
With sagpect to epidemiclogic studies, it should be noted that there are

frequent refersnces in the literaturs to an epideaiologic study of workers
exposed to Aroclor 1254 (Bahn, et gl.. 1976, 1977). Those articles are
cited in two recent reviews. One states "The epidemiclogical data provide
suggestive evidence of & relaticaship between exposure to polychlomud* ‘
biphenyls snd the «vcbpmt of m.}intnt melanoms. ...for practical -
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purposss, polychlorinated biphenyls should be regesrded if they were
csrcinogenic to humans"” (IARC, 1978).  The other states "No conclusive:
svidence has thus far been reported which demonstrates that occupational
exposurs to PCBs has csused an increased incidence of cancer”
(xh_bmgh, 1980). The lstter author then proceeds to discuss the study
by Bahn, st al. (1976). Among the references for these 2 revisws are
NIOSH (1978) which has the following comment on the Baha study, "PCB

sxposure historiss were based on recollections of two company smployess.
Exposurss to other chemicals could not be ascertained.----To correct these
Michncin‘ in the prsliminary study, a more intensive invoiugnupn is
being conductsd (B.N. Kightlinger, written communication, November
1976). . A substantisl change has occurred in the cohort since release of
the preliminary report by Bahn and her coworkers, and it seems likely
that the findings on this new cohort will differ significantly from those of
the preliminary study. The final report is not yet availsble.”

Recently, Gaffey (1981) reviewed and evaluated existing reports concern-
ing health effects and exposure to PCBs. The reports he discussed dealt
with diverse potential heaith offects. With respect to liver cffcéu. he
concluded that "Alterstions of liver function and fat metsbolism associated
\;lth PCB  exposurs have been observed in several studiu; but are

charssterised by favestigators as mild and of no clinical significance.”

He also concluded that "Mortality studies concerned primarily with cancer

present problems of interpretstion due to the small sampls size of some of
the studies, and to the confounding effect of other exposures. However,
they do exhidit a pattern, which {s that none of the studiss agres 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 statisticslly significant. One must conclude :
that the findings of the mortality studies reflect & sporadic pattsrn of
excess mortality at different sites which s not consistent vdfh a
carcinogenic effect of PCBs. In addition, where an examination of
duration and latency of exposure was possible, no associstion with thess
varisbles was found [32)?.

"Takan as & whole, the epidemiologic studies find that high occupational
exposures to PCBs may cause dermatitis of various kinds, but that thers
are 8o other clinically observabls effects, including the occurrsmce of

cancer.”

Summary ‘
Sowe remarks by Colse and Marletd (1980), although written in a more

general vein, appesr to ba particularly suited for eading a discussion
on the potantial carcinogenicity of PCBs. %ma:&owﬂm&t’
of deciding whether a “suspect” carcinogen is in fact a weak esrcinogen
or in fact harmless, we point out ome aspect of this ;ciontilh fudgement
which, though waell known, is often lost sight of: namely, that in prin-
ciple, it is more likely that a non-carcinogen will appear o be a weak
carcinogan than tha reverse. This asymmetry should bde fully appreciated
by legislators sad regulators. It is summed-up succinctly, i not very
sccurataly, In the oftrheard phrase "you can prove a positive but not a
negative”. This is clearly Dlustrated In the case of PCBs. -

Review of the results of a large number and wide range of chronic feeding
and metabolism studiss in animals and of mutsgenicity studies in various
systems has falled to establish that PCBs are carcinogsnic. However,
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presently svallable rodent data raise some suspicions and lead to disputes \
about the carcinogenicity of PCBs. Attempts to compare and ovﬁlto
r«ﬂu of redent studies reported in the litersture are complicated by
differant uses of aimilar terminology and variations in the criteria
employed for disgnosing hepstic tumors in rodents. Co-carcinogenesis
studies hsv§ reported both promotion and inhibition of tumors in rodent
livere (following prolonged administration of PCBs in conjunction with
an inftiator. Thus, it is not Ukaly that snimal studies and other
laborstory procedures will lead to a universal consensus on the Mi-
noganicity or non-carcinogenicity of PCBa.

While epidemiciogy studiss 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 Dest availsble svidence for assessing
the carcinogenic potential of PCBs to humtns. Epidemiology studies,
including nécm studies involving largs cohorts with lengthy exposures to
PCBs, demonstrate & pattern that is not coasistent with a urdnom
o(hct of PCBs.
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! ootnotes

Fardber, X. (1973). Hyperplestic liver nodules. In:Methods in Cancer
Research, Vol. 7, K. Busch, ed. Academic Press, N.Y. pp. 345+378,

Ses reference: Squire, R.A. and Levitt, M.H. (1978).
Ses reference: NC] (1978).

“Grude, D.D., Peraino, C., and Fry, R.J.M. (1875): The effects of

dietary phencbarbital on the induction of skin tumors in hairless
mice with 7,12~ dimethylbenz(a)anthracene. J. Invest. Dermatol., 84,
258-262.

Costa, M., Costa, E.R., Manen, C.A., Sipes, 1.G., and Russell,
D.H. (1978): Adencsine cyclic J',5'-monophosphate-dependent protein
kinsse and ornithine decarboxylase involvement in the induction of
:g;oc.g:ono P-450 snd hepatic hypertrophy. Mol. Pharmacol., 12,

Dalor is & tradename for PCBs made by Chemko in Czechoslavakisa.

Brown, D.P. and Jones, M. (1981). Mortality and industrial hygiene
study of workers exposed to polychlorinated biphenyls. Arch.
Baviron. Health 38, 120-129.
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