Adenofibrosis in the Rat Liver

With Persistence of Polychlorinated Biphenyls in Adipose Tissue
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Fifty male Sharmsn strain rats were fad
500 ppm of a poiychiorinated biphenyl
(PCB) (Arocior 1254} fer six months. Five
each were kilied 2010, one, twe, three, four,
six, aight, and tan months after expesure to
Araglor had ceased. Tha livars af these rate
were sxamined by light and siectran mi-

n a previously reported study*
Sherman strain rats were fed poly-
chlorinated  biphenyls (PCBs)
(Aruclor 1254 and Aroclor 1260). The
rats developed characteristic mor-
phologlcul changes in the liver. These
isted of hypertrophy of

croscopy. Liver lasions
exposure to PCBs ceased.

Ten months efter exposure cassed,
1,192 ppm PCBs were still present in the
rats’ adipess tissus end 22.63 ppm in the
rat livors.

Arocler pettorns found in the tissues by
sisctron capture gas chiomatography dif-
fersd from patterns of dietary Arocters.
Mags spectral analysis of liver and adipose
tissue revesied three major Arosior compo-
nenis with masses of 324, J58, and 392.
These contained isotepic clusters indics-
tive ot the pressnce of C1,, C1,, and G,
respactively,

the liver cells, a brown pigment in
Kupffer cells, lipid accumulation in

’

their persistence, the hepatic lesion
was studied further. The present
study was undertaken to see whether,
once exposure to PCBs was stopped,
the morphological changes prod

Fig 3.-Sectiun

in the liver might di anification - 5
Materials and Methods

Fig 4. = Portin

A twotal of 80 male weanling, specific: o

the cytopl of hepat. s and, at
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free, random-bred Shermsa
.Lum rais were tagged individually and
group-caged, ten rats per cage. They were
given Aroclor 1254 in their diel for sig
monthes. The dose of 500 ppm, which is
equivalent to an avesage daily intake of
36.4 mgrkg body weight,' was chosen be
cause in the previous study all ten exposed
male rats developed adenofibrosia withina
period of eight months. The Aroclor was
mixed into ground laborstory chow sa pre-
viously described.! After six months of

Fig 1.~ Area of adenctibrosis in liver section consisting primarily of
dutls sweounded by flaliened epithelium. Ducts sre surraunded by little

tiorosis
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Fig 2. — Rat liver section showing cluster of smail columnas cells ceyem
restic tissus adjacent to blood vessel. Hepatocytes sumound
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Fig 5.~ Border of area of sdenofibrosis in liver. Note round clusters of dark granules intermixed with web-like clusters of vacuotes. Yhos; formation
iHustrate appearance of brown pigment (BP). C represents collagen; LC, liver cell (lead citrate-uranyl acetate, original magnitication x 20,235).

recrelving the experimental diet, the rats
received no more Aroclor rnd were fed
pinin Inloratory chow. At this time five
rits were Rilled. Additional killings of live
randomly solected rats were made one,
twa, thres, four, six, eight, and ten montha

residual Jevel ten monthe after dictary in-
take had ceased, adipose and hepatic com-
posiles were analyzed by gas chromatog-
raphy-mass spectrometty. The conditions
for maas spectral analysis were as follows:
the mass spectrometer was interfaced with

Allar expovare o PCB hid been di

ued. At natopsy the livers were removed,

woighed, and the tissue fixed in phos-
5% ul 1doh

a gos cf aph and ipped with
a mass marker accurate within 0.3 mass
units. The gas chromalographic column

hate-hullered yde for
threw hours for electron microscopic exam-
inntion, post-fixed in 1% osmium Lelrox-
ide, ombedded in maraglass, sectioned
with a glass knife, and stained with lead
citrate and uranyl acetato. Tissue for the
Tight microncupe was fixed in 4% buffered
furmnidehyde molution and stained with
hematoxylin and corin, Frazen tissue of
wedected formalin-fixed hepatic tissue was
cut on the cryostat and stnined with oil red
4 to demonatrate lipids. Al the time of the
iont sacrifice, ten months afler exposure to
PCB-oontaining dicts had beun discontin-
ued, adipose tissue and liver from seven
previously exposed rats and the adipose
tinnue and liver from two rats of the same
age that hud been fed only plain chow
wore annlyzed for the prescnce of PClis by
clectron eapture (EC) gan chromatography
ncvording Lo methods described by Curley
ot al?

In order o determine which Aroclor
conntituenta were of such chemical stabili-
1y that they remuined at a measurable
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was 220 C; flash heater, 235
C: glass-coiled column, 3.05 m x 0.64 cm;
1.6% OV-17/1.95% QF-1 on 60/80 mesh
chromosorb “"W” thigh performance, acid
washed, dimethyidichlorosilane treated),
helium pressure: 0.84 kg/sg cm: flow rate
(rotameter seiting 3), 45 mi/min; separa-
tor temperature, 225 C; mource energy, 70
ev; accelerating voitage 3.6 kv: trap cur-
rent 60uamp; box current 50uamp, and
leak current Buamp.

Resuits

During the course of the experi-
ment three rats died. The livers of the
rats that were killed at the time expo-
sure to Aroclor 1254 was discontin-
ued were enlarged, with average
weights of 6.32% of the body weight.
When the experimental diets had
been discontinued for four months,
the liver made up only 3.6% of
the body weight, and after eight
months recovery the average weight

amounted to 3.34% of Lhe average
body weight. The fraction of the body
weight for the liver in control adult
male rats ranges from 2.44% L
2.59%.'

Forty livers were studied micros
copically. The hepatocytes were en-
larged in 39 livers and all 40 livers
showed either vacuoiated or foamy
cytoplasm because of increased lipd
accumulation. Cytopiasmic inclu-
sions similar to those described
previously* were observed in the liv-
ers of 24 rats. Adenofibrosis, which in
many instances was very extensive,
was prescnt in 36 of the 40 livers, and
a brown pigment was noted in the
Kupffer cells and other macrophages
in 25 livers. Of the four rats that did
not develop adenofibrosis, one cach
was killed two and six months afler
the poi d diets were di
The other two rats without adenof
brosis were killed ten monthe after
onset of exposure. The adenofibrosis
ranged in size from grayish-white fe-
siong measuring 0.5 to 1 cm to arcas
of 5 cm with a pitted surface. Quite
often the lesion was multicentric. The
adenofibrosis' is illustrated in Fig 1
and 2. In this study the appearance of
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fig 6. - Gas chromatographic traces of Arocior 1254 standard (A), hepatic tissue extract (B), and
as

with 100% = 1.0 mv.

wiract of sdipose tissue (C). P

the lenion, particularly when it was
extensive, varied a great deal. Small
lsions consistod predominantly of

jtlandular pale-staining epithelial

cells that formed ducts and were sur-
{ounded by very little fibrosia. The
larger lesions had extensive fibrosis
end contained collagen, and often the
ducts which were formed by the epi-
thelial  pale-staining cells were

Arch Environ Health/vol 27, Dec 1973

markedly dilated. The dilated ducts
contained mucus or necrotic debris,
and at times formed small cysts mea-
suring up to 0.5 cm in diameter.
Small dilated ducta were lined by co-
lumnar epithelium, and larger ones
by flattened epithelium (Fig 1).

In areas of extensive fibrosis, and
also adjacent to blood vessels in arcas
of normaul hepatic parenchyma (Fig 2),

clusters of small glandular cells
were seen n 15 of the livers which
resembled the epithelium observed
normally in the pancreas. These
small clusteraof pancreatic-like tissue
have not previously been described in
the livers of raly or of other sprcies.
Special stains for esterase, esterase
with sodium taurocholate, and tryp.
tophan showed a positive reaction
indicative of salivary gland tissue.
The significance of these cells is pros-
ently not understoud. Normally tis-
sue of a pancrealic type is not ob.
served in the livers of our rats. Clus-
ters of amatl columnar epithehal celln
resembling pancreatic tissue also
occurred in portal triads without be-
ing surrounded by typical adenofi-
hrosis. In the present study, one to
two rats at each killing showed these
amall columnar cells with highly aci-
dophilic cytoplasm and a small, round
nucleus.

In the older animals, the fibrosis
was quite extensive in rome instances
and the glandular proliferation was
present mainly at the periphery of
the lesion. Signs of regression of the
lesion were not noted, except for the
disappearance of epithelial cells fram
the center of the lesion. Furthermore
the Jipid accumulation and the hyper-
trophy of the hepatic cells remained
constant throughout the study. Ex-
iensive areas of necrosis were ob-
served in three of the 40 livers.

In addition to the change desacribed
previously,! electron  microscopic
examinations of sections of liver tis-
sue showed numerous small lipid
vacuoles in the cytoplusm of many
hepatocytes, particularly in the latier
part of the recovery phase (Fig 3). The
smooth and rough endoplasmic retic-
ulum was arranged in a disorderly
fashion (Fig 4). Many of the mito-
chondria were atypical and surround-
ed by double membranes.

The electron microscopic appear-
ance of the brown pigment present in
the macrophages and Kupffer cells js
illustrated in Fig 5. Large clusters of
dark granular material, intermixed
with lipid vacuoles, were observed, ne
weil as round clusters of yranular
material about the size of mitochan-
dria. In our previous studies it wos
found that ot least some of thiy pig-
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ment contained iron' but in addition
high concentrations of uroporphyrin
{75% 8-carboxyprophyrins and 25%
7-carboxyprophyrins) were found in
the livers,® which could account for
rome of the pigment. In addition to
these findings, oil red O stain demon-
sirated granules of red-staining lipid
material in the area of the brown
pigment.

Since the morphological changes in
the liver did not disappear, the re-
maining seven rats were killed after
a len-month recovery phase and their
adipose {issue and livers analyzed for
Aroclor. In adipose tissue, the concen-
trations of PCBs ranged from 924
ppPm Lo 1,688 ppm, with an arithmetic
mean of 1,192 ppm. The concentra-
tions in the liver ranged from 17.30
ppm L0 26.24 ppm, with an arithmetic
mean of 22.656 ppm. The PCB levels in
control adipose and liver tissues were
<1.0 ppm.

The gas chromatogram obtained
frore the EC analyeis of adipose Lissue
did not differ from that of liver, but
was  significantly  difforent  from
atandard Aroclor 1254. An average of
woven poaks was observed as a resi-
duc in the tissues. Under these gas
chromatographic conditions, at least
18 peaks have been observed in the
standard material (Fig 6). The differ-
ence is gas chromatographic patterns
between stored and ingested Aroclor
has been observed before in this labo-
ratory and by other researchers in the
field.*?

The tatal ion current (TIC) chro-
matogram for the liver Liasue com-
ponite is shown in Fig 7. Mass spec-
tral analyais revealed the presence of
only three major Aroclor componenta
with masses of 324, 358, and 392.
These contained isotopi
clusters indicative of the presence of

Cl1,. C1,, and C1,, respectively. Adi-
pose Liksue Analysis by mass spec-
tromelry revealed the same patlerns.
Although only three different mo-
lecular components were present,
examination of the EC and TIC
chromatograma coupled with mea-
sured intensities from multiple scan-
ning of cluting peaks indicates that
Atercoisomers of these three mole-
culea are obvivualy present. Peaks 1
to 3 (Kig 7) did not contain any
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Fig 7.-Total ion current of sample of liver. R »

percentages, with 100% = 10.0 mv.

chlorinated moieties, while other
peaks observed in the liver TIC con-
tained the following molecular ions:
peak 4 (324);, peaks 5 t0*7 (392 and
358); and peaks 8 to 9 (392).

Comment

The adenafibronis of the liver pro-
duced in this study and the one pre-
viously reported' is the result of Aro-
clor consumption. Whether the Aro-
clor itaelf, or a contuminant such as a
chlorinated dibenzofuran, is responsi-
ble still needs to be resolved.

A study of the lesion shows that

epithelial proliferation occurs in the
periphery, while the central portion
of the lesions contains primariiy
fibrous tissue. The present study does
not completely resolve the question of
reversibility of this lesion since the
storage levels of PCBs in adipose tis-
sue and liver may have been suffi-
ciently high to stimulate continued
growth of the aitered hepatic tissue.
The levels in the liver suggest thata
constant low-level turnover of PCBs
takes place in the rats. In a previous
study, Curley et al’ found levels of
10,000 ppm Aroclor 1254 in adipose
tissue of rats that had been fed 500
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3 e

of the mixture in their diet for
ight months. This finding indicates
at a great deal of the Aroclors had
n mobilized from the adipose tis-

e and excreted in the present study.
e storage levels found ten montha
ﬁl;r onset of recovery are in the
e range of those uf rats fed 100
gpm PCBs in their diet for eight
wonths.” The dietary level of 100 ppm

also observed in the earlier study.!
Electron microscopic examination of
the pigment shows that particularly
the large clusters of it resemble very
closely illustrations of ceroid pig-
ment.'* Experimentally cervid pig-
ment can be produced by hemorrhage
into fatty tissues rich in unsaturated
fatty acids, particularly in the ab-
sence of an antioxidant (vitamin E
defici ). Ceroid is com-

woduces a much lower incid of
denofibrosis,’ and it is possible that

monly referred to as lipofuscin. These

lipid (s are at times associated

denofibrosis represents a per

Msion, particularly since the percent
W body weight of the livers had de-
jreased.

The Aroclors found in the tissues

‘iffered from those fed in the diet.

Metabohism of lower chlormncd bi-

with hemosiderin and may contain
iron-positive granules as in the pres-
ent case.' Ceroid granules were also
described by Edwards and White in
the livers of rats fed butter yellow.
Bennett et al also observed a brown
t in rats fed & mixtura of

enyls is idered as a possibl

planation for the differences ob-
wrved analytically between con-
wmed and stored PCB. Earlier work
W Block and Cornish* hown that
hiphenyls and chlorobiphenyls can be
[\ydroxylated and excreted in the
wrine of rabbits. A more recent study
by Hutzinger at al* indicates that the

—d

o erpiessed 9

ueeurs in the
ntrad portion
s primarily
nl riudy does
w | lestion of
wm since the
n ilipose tis
¢ Loen suffl.
ite omtinued
putic Lissue.
inest that s
wer of PCBs
‘n 0 previous
et levols of

I in adipose

»n fed 600

ulhrough at st

nt is capable of hydroxylating mono-,
i-, and tetruchlorobiphenyls, but not
hexachlorobiphenyls. Since Aroclor
1254 averages (ive chlorines per mol-
scule, it is conceivable that the heav-
ier chlorinuted moietiea could remain
u & residue.
P-dimethylaminoazobenzene also
produces adenofibrosis. Edwards and
Whita'® and Bennett et al' described
the Jesion in rats when a mixture of
thiorinated naphthalenes and chlori-
wmted diphenyls were fed. Unfortu.
aately, the finding was not well de-

{xribed in Bennott et al’s report, but

Edwards and White mentioned Ben-
nett et al's finding as another exam-
ple of the induction of adenofibrosis
by chemicals in un excellent descrip-
tion of Lhe lesion. A critical review of
the histopathogenesis of this lesion
was made by Stewart and Snell*®.

chlorinated naphthalenes and chliori-
nated biphenyls, These authors
claimed that it failed to stain in a
manner characteristic of either hemo-
siderin or hemofuscin. The porphy-
rina demonstrated in the livers of our
rats fed Aroclor may ulno mntr:buu

J—f—“

minimize the observed eflects of PCRs
on the liver of our rats.

Richard L. Moore assistod with the ammal
tets.
Llndu W Andcrwn awmsted with pn-pur-mm
l the clect
Anmvk Alford performed the tiveue pr-p-u
tionx
H. L Stewart, MD, and the timsue inburatary
of the Notional Cuncer Institue, Bethesdn, Md,
perfurmed ovaluations of hver shidvs.
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