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SUMMARY~—Sherman strein female rats (200) were fed 100
ppm of a polychlorinated biphenyl (Arocior 1260) for sppraxi-
mately 21 months, and 200 famala rets were kept as controls.
The rats wers killead when 23 months old. Twenty-six of 184
experimental animsis and 1 of 173 controis had hepatocefiuler
carcinomas. None of the contrals but 146 of 184 experimental
rats had neoplastic nodules in their livers, and areas of hepa-
tocelivler alteration were noted in 28 of 173 controls and 182
af 184 experimantal snimals. Thus the polychlorinated bi-
phenyl Arocior 1260, when fed in the diat, had a hepatocarcin-
ogenic sffect in these rats. The incidencs of tumors in other
organs did not ditfer apprecisbly the exp i
end control groups.—J Nati Cancer Inst 35: 1453-1459, 1973,

Polychlorinated biphenyls (PCB's) have been used
over the past 44 years as wansformer, capacitor, and
cooling Ruids in various systems (). Since they are ex-
cellent dielecuics and flame retardants, many new in-
dustrial uses have been found for them, particularly in
the past two decades. These compounds are persistent as
envir 1 c i and were first established
as pollutants in 1966 (2). The toxicity of these and re-
Iated compounds has recently been reviewed (3). .

In a preliminary feeding study in which the toxicities
of two PCB mixtures (Aroclor 1254 and Aroclor 1260)
were compared (f), a bladder tumor was found in 1 of
10 female raus fed 100 ppm Aroclor 1260 in their diet.
This bladder tumor was tentatively classified at the time
as a poorly differentiated epidermoid carcinoma. Severe
autolysis hampered the microscopic examination (Kim-
brough RD: Unpublished observation). To establish
whether this tumor had developed sponmaneously or was
induced by the PCB, 200 female rats were fed 100 ppm
Aroclor 1260. Another group of 200 females were che
controls. This paper reports the results of this study.

MATERIALS AND METHODS

Four hundred weanling Sherman strain COBS® fe-
male rats 21-26 days old and weighing 48-97 g were dis-
tributed into 1two groups of 200 animals each according
to a table of random numbers. Ten animals were
housed per cage in conventional humidity, light, and
temperature-controlled surroundings, Two hundred rats
were fed plain ground Purina Laboratory Chow and 200
were fed the same diet containing 100 ppm Aroclor 1260
lot No. AK-3; Monsanto Industrial Chemical Co., St

uis, Mo.). For incorporation of Aroclor 1260 into the
diet, 5.2 g was dissolved in ethyl ether: this was added
to 100 g cornstarch, and the ether was allowed to evapo-
rate. The PCB cornstarch mixture was blended with in-
creasing amounts of ground chow. The diets were pre-
pared {resh every 10-14 daz's. Random samples from the

nal mixes and samples of control chow weve taken at
regular intervals to determine PCB levels, at first bi-
weekly and later bimonthly.

For determination of the PCB levels, the samplcs were
extracted for 2 hours on an automatic shaker with a 3:1
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mixture of hexane and isopropanol (5?, After filtration
of ihe extract through glass wool, the exiracts were
washed with a 2% sodium chioride solution and dried
with sodium sulfate, Samples were eluted through Flor-
isil (6). The 6% fraction was collected and eluted
through the silicic acid-celite column of Armour and
Burke (7). Samples were analyzed by electron-capture,
gas-liquid chromatography, and/or éuulmn Conducto-
metric gas-liquid chromatography.

During the first year of the study, three batches of
food, both when first received and Jm having been in
the food cups for a week, were analyzed for aflataxins

The combined body weight of rats in each cage was
recorded weekly until the rats were 6 months old, hi-
weekly until 12 months, and monthly thereafter. Indi-
vidual weights were recorded only at Jle onset of the ex-

eriment and at death or when the animals were killed.
‘he rats were observed briefly each day, and those ex-
hibiting debilitating signs or large tumors were removed
from the group cage and housed individually. At each
weighing the animals were examiued individually and
abnormalities were noted. Food consumption was meas-
ured on all rats during the first 2 weeks of the experi-
ment, and then during weeks 5, 8, 11, and 20, and eve:
12 weeks thereafter. The dietary exposure of the experi-
raental group to Aroclor 1260 was discontinued 6 weeks
before they were killed. Autopsies were performed on all
that died. When the animals were 23 months old, they
were anesthetized and their venae cavae were severed.
Tissues were fixed in 10% buffered formalin and stained
with hematoxylin and cosin. Selected tissue sections
were stained with periodic acid-Schiff, Wilder's reticu.
lum, azure eosin, and Masson's trichrome. In addition 10
tissue masses, the following organs were studied micro-
scopically: brain, pituitary, thyroid, parathyroid, tra-
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# The Sherman rats are descendanis of 1he Sherman strain devel.
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chea, esophagus, lung. stomach, kidney, heart, liver,
spleen, adrenal, ovary, uterus, and urinary bladder. Stu-
dlem’: t-test was used for comparison of mean body
weights and mean weight gain,

RESULTS

The PCB concentrations in the experimental diet
ranged usually from 70 to 107 ppm. Occasionally, lower
values were found at the beginning of the study. The
occunrence of low PCB concentrations in the experimen-
tal diet was later resolved by improvement of the extrac.
tion method. PCB’ in the control diets were less than
0.1 ppm and usually below the limit of detection. Afla-
toxins were not detected in cither diet. The sensitivity
levels were 2.5 ppb aflatoxins B, and G, and 0.1 p%b afla-
toxins B, and 8.. A study in which aflatoxin B, was
added to a portion of the feed showed 94% recovery.

No definite dose-related signs of toxicity were ob-
serverd in the test animals. Comparative curves of body-

weight gain and food conaumruon on the basis of body

weight, as well as PCB intake ‘of the test group, are
given in texifigures | and 2. A slight decline in the rate
of weight gain in the test group compared to that in the
controf group began about 3 months after onset of the
experiment. Klean final body weiglits were 420 g (sp=72
8 sx=5.4 g) for the control group and 392 g (s0=62 g,
sx=406 g) in the test group: the difference was statisti-
cally significant (P<0.001). Food consumption %exl-ﬁg.
2) wus comparable in both 3gmups. Mean weight gain
was 350 g (sp=70 g, sE=53 g) and 328 g (s0=60 g,
sE=4.5 g) for the control and test groups, respectively;
the difference in weight gain was also statistically signifi-
cant (P<0.00l). PCB intake declined from 11.6
mg/kg/day during the first week of exposure to 6.1
mg/kg/day at 3 months of exposure and 10 4.3
mg/kg/day at 20 months (text-fig. 2).

Pathologic Findings

Control rats (178) and experimental animals (184)
were examined grossly and microscopically. The experi-
mental up included 5 rats that were Killed 1-2
months before the final kill. The remaining animals
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Text-Ficure, 2.—Food intake of control and experimental rats and
consumption of Aroclor 1260 by experimental rats.

were not included because of improper tissue fixation or
because they died early in the experiment.

A consistent difference in the appearance of the livers
was observed between the experimental and control
groups. Almost ali (170/184) livers of the experimental
animals had from a few to multipie eltvatertran nod-
ules on the surfaces; additional nodules were usually
seen on sectioning. These nodules varied from 0.1 to
several cm in diameter, and in some rats replaced almost
the entire liver. In contrast, the liver of only one con-
trol showed gross abnormalities and was markedly en-
larged, nodular, tan, and firm. In addition, a variety of
tumors of other organs was observed in both the experi-
mental and the control groulps. The incidence and type
of tumors are given in table 1.

Histologi .

on sh

g 1 that 26 experimental
animals and 1 control with enlarged, nodular livers had
hepatocellular carcinomas. The additional 144 experi-
mental rats with gross liver nodularity had hepatocellu-
lar nodules characteristic of neoplastic nodules [syn-
onym, “hyperplastic nodules” (9)). A recent workshop
sponsored by The National Cancer Institute® recom-
mended the term "neo&)lanic nodules” for these lesions
as 2 more accurate indication of their biologic signifi-
cance. No nodules were in control animals.

The hepatocellular carcinomas were well-differen-
tiated trabecular types (figs. 1-3), except for three in the
experimental animals which had a glandular, papillary
pattern (fig. 4). The trabecular tumors showed severe
disruption of normal liver architecture and were usually
easily nized at low magnification. Liver plates, two
or more cells thi k in some areas, were arranged in hap-
hazard linear, 1.:anching, or pseudoglandular patterns.
Different patterns were usually present in the same
tumor. Bluntended plates, sinusoidal ectasia. and
congestion were [requent. The hepatocytes varied from
a normal appearance to enlarged, acidophilic, or dif-
fusely basophilic cells with large, hyperchromatic nuclei
and prominent nucleoli. The cytop{alm often contained
eosinophilic inclusions within vacuoles. Mitotic figures
were sometimes present. Foci of coagulative necrosis

0 4y
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TexT picL ke L—Average buxly weight of control rats aud those con-
suming Aruclor 1260.

were lly observed in cancerous areas, but there

* Rat Liver Tumor Workshop at Silver Spring, Md., Dec. )1-19.
1974; sponsorett hy Carcinogenesis, Division of Concer Cause and
P ion, Nati Cancer fnsti
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HEPATOCARCINOGENICITY BY ARUCLOR 1260

TapLe 1. —~Incidence and type of liver lesions and
tumors of ather organs examined histologically

Incidence
O Type of lesion
:ﬁ:ll:eor . ypeo Controls  Experi~
mentat
Liver Hepltocell\lj: 1/173 20/184
carcinoms
Neoplastic noduies 0/173  144/184
Foti or aveas of cyto- 28/173  182/184
plaamic alteration
Thyroid gland Purafollicuiar cell tumor  37/160 18/166
Barydad  Chromophovs sdenoms 417153 28/1%
uit 8 ramopho enoma
- LT 8 e
Ut etrial polyp 5,
e Adenocureinoma, o749 2/i63
srcuma of endometriai 3/149 7/163
stroma
Urinary bladder  Transitional cell 1/107 0/169
pupillomu
M Fi d 17/173%  13/184¢
dand Adengcarcinoms 5/173+ 1/184°
Blﬂvlry giand Fibrosarcoms 1/173% 0/184¢
Lung lhldenoml 0“;;- 2“3.
Adiposs tissue ipoms.
Hrn'rr:- Glioma 0/173 2/18¢
Ovary Granuloss theca cell 5/149 /163
tumor
Papillsry adenoms 1/149 2/163
H leti Gi locytio leukemi 1173 0/184
1
pstem Lymphoms 0/173 2/184
Kidney [emangioms Q/173 1/184
Thymus Thymoms 1/173¢ 0/184*
Parathyroid Adenoms 0/173 2/184
{
s Fibroma 0T 1184

 Incidence based on xrom detection with misroscopic confirmation,

was no fibrosis or other evidence of chronic degenerative
changes. Periodic acid-Schiff (PAS) without diastase

i carci less i Iy than uninvolved liver,
which suggested a decrease in glycogen. Most carcinomas
were more busophilic than the normal liver with azure
eosin stain. No definite intravascular invasion or metas-
tuses were found. .

Neoplastic nodules were generally spherical and well
demarcaled, and occupied areas e¢1ual to those of several
liver lobules (fig. 5). The cells in these nodules were gen-

a
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fected cells were enlarged and had eosinophilic, ground-
glass-appearing cytoplasm or were diffusely basophilic
and smaller than normal cells. In basophilic areas, sinu-
soids were dilated and liver plates somewhat tortuous.
In general, the cells in these areas were like those in
neoplastic nodules, but there were no architectura! alter-
ations, and plates of involved liver cells merged with the
surrounding liver.

No unusual features were noted in tumors of other or-
ans, and there were no apparent differences in inci-
ence between experimental and control animals.

Parafollicular thyroid tumors varied from small circum-
scribed nodules of pale, oval-tospindle cells to masses
that obliterated the gland and invaded the capsule.
They were similar to those described by Boorman et al.
(10). Other frequent tumors included pituitary chromo-
phobe ad , fibroad and end
trial polyps. Endometrial stromal sarcomas were also
present in [0 animals.

The only bladder tumor observed was in a control an.
imal. Therefore, the occurrence of the bladder tumor in
the previous experiment was apparently unrelated to the
ingestion of Aroclor 1260

A few rats in the experimental group also showed
areas of adenofibrosis {synonym, “cholangiofibrosis™) of
the liver, a lesion described previously following the ad-
ministration of Aroclor 1260 (7).

DISCUSSION

The livers of treated animals showed plastic le-
sions in 170 of the 184 ecxamined, and in only 1 of 178
controls. Although only 26 of the lesions in tseated rats
were clearly carcinomas according to traditional histo-
logic criteria, neoplastic nodules are part of the spec-
trum of response to hepatocarcinogens and must be in-
cluded in the evaluation of igenesi

In the past, these liver lesions have been interpreted
in various ways, and different names have been used to
report them: nodular hyperplasia, hyperplastic nodules
(11), hepatomas (12, 13), and h:palic nodules (14). Simi-
lar ambi‘gui(y exists in the classification of human lhver
lesions of this type (15).

Several studies with known carcinogens have demon-
strated the development of liver nodules, indistin.

ishable from the plastic nodules in this study, be-

erally enlarged, and the cytoplasm was either g -
Tass-uppear ng, diffusely basophilic, or clear. _Enl'arged
gvpﬂchmmluc nuclei, double nuclei, and mitotic fig:
ures werc often present. The cytoplasm frequently con-
tained inclusions similar to those in the carcinomas, ex-
cept they were larger and appeared as whorled,
concentric lamellae. In previous studies (3) these forma-
tions were shown by electrun microscopy to represent ag-

gates of smooth endoplasmic reticulum. The normal
Iver architecture was absent within nodules, and cells
were in sheets or irregular plates. Portal arcas and cen-
tral veins were absent and sinusoids were dilated in
some areas. At the periphery of the nodules, the sur-
rounding liver plates were tangentially arranged and
narrowed, due to compression ‘sﬁ? 6, 7). Nodules var}cd
in PAS positivity, but always differed from surrounding
liver. Most nodules were more eosinophilic, and a (ew
were more basophilic than the normal liver with azure
eosin stain,

In 182 1reated and 28 control animals, there were also
foci or areas of hepatocytes wiih altered cytoplasm (figs.
8-10). In controls, these were mostly collections of cells
with water-clear cytoplasm. In treated animals, most af-

fore the appearance of carcinoma (11, 16-18). In a
recent review (9), the biology and significance of nodules
and their relationship to hepatocellular carcinoma were
thoroughly discussed. In our study, Aroclor 1260 in-
duced a spectrum of nodules and cancers in treated ani-
mals as outlined by the Rat Liver Tumor Workshop.*

A few Japanese polychlorinated biphenyls and the
Anmerican product, Aroclor 1254, have been shown to in-
duce neoplastic liver lesions in rodents. In a study with
male BALB/c] mice, nodules were observed in the liver
after 11 months’ exposure to Aroclor 1254 (19). The
Japanese PCB'’s Kanechlor 400 and 500 have reportedly
produced liver tumors in female Donryu rats and male
dd mice, respectively (20, 27). PCB's have a promoting
eifect on liver tumor induction by benzene hexachlo-
ride (27), whereas they protected male Sprague-Dawley
rats from the tumor-inducing effect of three hepatocar-
cinogens: 8’-methyl-4-dimethylaminoazobenzene, N-2-flu-
orenylacetamide, and diethylnitrosamine (22). The au-
thors suggested that this protective effect may be due ta
the induction of microsomal enzymes by PCB's. The ani-
mals treated only for 20 weeks probably did not receive
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" the material long enough for the PCB's to induce tu-
nors.
1t is not known whether mixtures of polychlorinated
hiphenyls that are primarily composed of isomers with
four or less chlorines on the ring would also induce
Jiver tumors, or whether only those mixtures containing
an appreciable propostion of pentachlorobiphenyl, hex-
achlovobiphenyl, and hepiachlorobiphenyl have this ef-
fect. Kanechlor 400 contains 3% dichlorobiphenyl,

32.8% trichlorobiphenyl, 43.8% tetrachlorobiphenyl,
15.8% ntachlorobiphenyl, and 4.6% hexachloro-
bi!;heny. Kanechlor 500 comtains 5% trichlorobiphenyl,

26Y% tetrachlorobiphenyl, 55% pentachlorobiphenyl,
and 18% hexachlorobiphenyl (27). Chlorinated dibenzo-
furan was found in one Kanethlor 400 samﬁle (23). The
composition of the Aroclor 1260 studied by us is not
known. Sissons and Welti (24) analyzed Aroclor 1260

factured by M Chemicals Lid. and con-
cluded that hexachlorobiphenyl and heptachloro-
biphenyl were major constituents.
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Ficuax 1.—Focus of hepatocellular carcinoma in rat fed Aroclor 1260. Tumor cells ave in sheets, irregular nests, and cords, Hematoxylin

and cosin (H & E). x 45
Ficure 2—Fucus of hepatocellular carcinoma n rat fod Arce' » 1260, Nofe plates and nests of cells, two or wose cells in thickness,
enveluped by lining cells, 38 & E. x §15 W
Fiouw: 3.—Focus of hepatocellular carcinomia in rat fed Aroclor 1260 showing nests of cells in pseudoucinar patteins. M & L

Hul with glandular pattern in vat fed Aroclor 1260. H k& E. X 105

X3

Fiouae 4.—Focus of
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Figuar: 5.—Focus of hepatocellular carcinoms in tat fed Aroclor [260. Note thick ceil plaies, hyperchvomatic nuclei, amd promini st
nucleoll. N k E. X 360

Fieunr. G.—Neoplastic nwlule in rat fed Aroclor 1260. Periphiery is sharply d | from ing parenchyma, H & E. % I

Figuar 7~Edge of neoplastic nodule in figure 6. Surtounding liver plates are compressed and tangentially arranged aroumd nodi:’
Note eminophilic, Jamellar bodies in cytoplasm of nodule cells. M & E. X 330

Fioune 8.—Area of clesr-cell cytopinsmic alteration. H & E. X 185

1458 KIMBROUGH ET '

MONS 081988




PER b

o

14

%‘i' .14

] W
rS"u};y" :

VAT . m«:ﬁ <
"2‘“-\"'\’. "" Ty
PRI EbRA LN

Ficune 9. —Area of P ytop having the appearance of ground glass. H X E. x 185
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Yicung 10.—Ares of basophilic cytoplasmic alteration. R & E. X 105
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