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Morphological Changes in Livers of
Rats Fed Polychlorinated Biphenyls

Light Micxoscopy and Ultrastructure

lienate D. Kimbrough, MD; Ralph E. Linder; and Thomas B. Geines, Chamblee, Go

Waie and female Bherman sivain rats were fed
polychiorinated biphenyls Aroclor 1280 and Aro-
clor 128¢ s\ 0, 20, 100, 800 and 1,000 ppm In
thelr diel. Rats received the distary lavels tor
alght monthe. Light microscopic chanpgss con-
sisted of hypertrophy of the Hver cefls, inclusions
in the cytoplasm, brown pigment In Kupfter cells,
lipid mmulallon, and, at the higher distary
levels, of

tha livers of exposed animais cansisted o .
increase in smooth endopissmie reticutum o
atypical mitochondria. Lipid vacusies wees o

y by MOMDrany
The ep! of adonotd P
sisted of gobiel cells and cells Mal resemy.,
the apithellum which lines the ble ducts, In per
oral, the sffect of Acoglor 1254 on the liver w,

Polychlorin.tad biphenyls (PCBs) are
widely distributed in the i ]

more than that at Aresior 1294,

pmﬂnl. mling, impnlnn!wn, nnd vip
the

They are marketed in the United States
under the trade name Aroclor followed
by a four digit numbu with the last two
digits indicati of chlorl
’Ihoywcnﬂmmlrhmdﬁn&\tlm
Jones and Alden® reported a case of chlor-
acne in a worker who had been heavily
d to a chlorinated bipheny! Mllln'
reported pathological ¢} in Is ex-

ial chlorinated biph 1

lifec
insecticides md 2 fire vetardants. They o:
be found in synthetic resins, synthetic an,
natural rubber, cellulose resine, paint, var
nish, wax, asphalt, and ally} starch. The:
have also been used in printing inks, textil
dyes, and as heat transfer fiuid In 196~
an cutbreak of poisoming that Savolved ;
least 600 people occurred in western Jepn:
where rice bran ofl was contaminoted win

posed to

He lludi.d rats, rabbits, and lulnu pigs,
and found liver damage in all series of ex-
perlmenh, a8 mll s llun ch-ngu m tht

ammcnmnl of the malerial to the nkln.
Liver damage was most p d in the
guinea pig. The rat Tivars had intercellul

K hior 400, a PCB.¢ The contaminatim
of the cil occurred becauss PCBs used o
heat exch in the factming proc
eas leaked into the ofl through pinholes it
the pipes. This incident prompted Nishizu
mi' to study the sffect of PCBs on the liven
of mice and inonkeys. He found a larn

hyaline bodies in addition to the fatty de-
generation that was observed in all three
species. B tt and his co-workers* also
reported that Aroclors affected the livers of
rats. Von Oettingen® discusses these sarlier
findings in his book “The Halogenated Hy-
drocarbons: Toxicity and Potential Dan-
gers.” After the Second World War, the
PCBs wers ingly used for moisture

of acidophilic ma‘erial in the cyin
plasm of hepatocyten and fatty vacuohs
Using electron microscopy, he cbusrvad “my.
elin figures” in the cytoplesm, and an in
crease in smoath endoplasmic reticulun an
lipid droplets.

More recently, PCBs leaked into fishmenl
from a heat exchanger of a procesaing plan
in North Carolina. The contaminated fish-
meal was fed to adult chx.hns lnd hreeder:.

tamination was d d when the

Bubmitted for publication Jan 18, 1972 ‘ol
l'mn the Chambles ’ro:ke!xy hhn!ary. Eavi-

Read in part Lefore the 12th manual muﬂn' of
the Society of Toxicology, Willinmsburg, Va, March
B9, 1972,

Repsint requests 1o Chamblee Teaicology:
tory, Environmental Froleotion Agency, 4770 Bu~
ford Hwy, Chamblee, Ga 30341 (Dr. Kimbrovgh).
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The
eggs {rom the breeders dui mt hatch. SﬂM
of the chickens also
chick ederna.® The fact that PCBs can uro
duce chick edema hes been dencribed
repeatedly.t-11

Contaminants may be at least pattially
responsible for some of these tuxic effects.
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chiorinated  dibenzof and chlorinated
mphthalenes have been found as contami-
mnte In two European coinmercinl PCBes.*
it i+ possible that other PCBs are also con-
uminated with these or other highly toxic
mbstences.!? The eflect of two PCBs, Aro-
cor 1264 and Aroclor 1260, on Sherman

level by h tube as described by Guineais
Suzvivors were observed for a minimum of 18
days after troatment. The methad of Lichtfleld
and Wilcoxoni® was used to calculate the LD,,
valucs,

When the Aroclors were fed in the diet they
were dissolved in ether and mixed with corn.
starch. The sther was silowed to svaporate and

was mixed into

dmin rats, wav studied in our lab Y 10 the Aroc "
1» | pain better insight into the toxicity of thess
* ial products. The Aroclor 1260 was

fom the same lot as that studied by Vos
and Koeman. 1t
Materials and Methods

Sherman strain rats were used in these ox-
W | periments. The animals wers caged individually
sl weighed weekly. To determine the single
dme oral LD,, Arocior 1264 and 1260 wers
gven in peanut oil to groups of ten rats/dosage

.

Teble 1.—N.ean Body Weight Gain and Livar Waights of Rate Fed Arocior 1260°

of ground chow. In the
feeding studies, 3 to 4-week-old male and fe-
male rats were distributed in groups of ten mts
of each sex according to a table of random
numbers, Their food consumption was mea.
sured during the second, fifth, 11th, 22nd, and
30th week of exposure to the dietary levels of 0,
100, 500, and 1,000 ppm, snd at similar intee-
vals in the groups fed 20 ppm and their con-
trols. The rats fed 20 ppm were set up at a
Iater data than the other dietary levels. For

Retative Liver Welghta

Froc! ot

. Dietary Lovel  Dasage Lovel WeightGaln  Liver Weights  Sedy Weight  Difference Frem
i Sox (#pm) (my/kg/dey) {om9) (yms) [¢.3) Contrels
. M 0 481 2.59 -
o 100 .5 463 18.07 3.28 7 <.001
. 800 32.8 398 22.01 4.29 7<.001
1 ¢ 1,000 714 381 2248 491 #<.001
" [) 256 23 12
) 100 E 283 .20 .40 #5>.10
' F $00 38.2 183 67 [XT) P <001

3 1,000+ 72.4 148 .88 .38 s
i [] Q 438 77 .39

L] 20 4 483 .63 .02 £<.001

] Q 228 11.94 .74 s

r 20 8 233 12.68 .38 7>.50

“ In dist for eight menths; ten rata/group. 1 Oniy two animeis survived.  § Fer the sctusi liver weight P> .08,

Table 2.—~Mean Body Weight Gein and Liver Weights of Rets Fed Arocior 1284°

Relative Liver Weights

Fracslon of
Distary Level  Desage Lovel Waight@aln  Liver Weights  Bedy Weight  Difference Frem
el {ppm) (my/ng/der) (yms) (ams) (5.2 Conirels
[] [] 484 .44 oo
100 [X] 459 .92 #<.028
800 64 s .98 »<.001
[] ] 244 .19 aae
100 8 238 82 »>.08¢
800 178 158 A7 »<.001
M [] 483 .83 wor
M 20 ) 439 .90 P<.028
0 218 .34 sen
20 8 249 .72 £<.028

 in wiet for aig ht menths; ten r
Rqusl numbe rs of rets fed m
nreass in actuai liver weight (P <. 1 end >.08);

roup.
and 20 ppm, respactively, for seme fenglh of lime did not show significant
; however, the increase In relative Nver weight was signiticant #<.01.
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this reason, & second group of controls for each
sex was odded to the experiments (Tables 1

nd 2). All animals that were fed PCB as well
as their controls wers used in reproduction
studies. The results of the reproduction atudies
will be reported separntely. At autopsy, the
tinsues were fixed in a buffered 4% solution of
formaldehyde (formalin). They were stained
with hematoxylin-ecsin for light microscopic
study. Selected liver sections were cut on the
cryostat and stained with Oil red O. Perls'
stain for iron und a PAS stain were also
performed on ¢ few selocted livers, Tissue from
the livers of two male and two femule rsts at
oach distary level except 20 ppm were minced
and fixed in chilled 5% buffered gluteraldebyde
for two hours, postlxed for two hours in 1%
osmic acid (oami totroxide), dehydrated
through changes of alcoho] and propylens ox-
ide, and embedded in resin. Sections were cut
with 2 glass knife, stained with lead citrate and
uranyl acetate, and examined with the elsctron

i Ine L Aro-
clor 1254 at the distary level of 1,000 ppm for
thres months killed moet of the rats. Tissue
frora this preliminary was ined
only undsr the light microwcope.

BIPHENY LS—KIMBROUGH FET AL

Results

There was considerable variation, in both
sexes, in the acute, oral, toxic eftects of
Aruclor 1260 and 1254 at various dosuge
levels. It was impossible to calculate LD.,
values. The data indicated that the LD,
values were about 4,000 to 10,000 my/kg for
both mixtures. Autopsies of rats killed by
either led 1 hage into the
lung, stomach, and pancreas. Focl of ulcera.
tion surrounded by a severe inflammatory
reaction were observed primarily in the v
denum and lly in the glandul
part of the etomach.

When the material was fed in the diet over
a period of time, porphyria was cbeerved in a
number of animals poisoned with either mix-
ture. The liver fluoresced most consistently
under the UV light. Occasionully, flucres
cence of bones, serum, snd urine was ob-
served. A more detailed study of this phe-
nomenan will be reported later,

When Aroclor 1260 was fed duily to
groups of ten maie and ten lemale rats each

Table 3.~Light Microscopic Findings in the Liver of Rats Fed Arocior 1260°

Dietary Krisrged Inclusiens
Level Hopate- n Adone- Incrossed Foamy
(pam) Sax sytes. Crteplasm fibresie Linl¢ Cyteplasm  Pigmeat
20 [ 0 9 - e 3
100 M 0 9 19 . e
[ soo_ ™ o ] i0 7 i
1,000 L) 0 & 2 10 L) 2
o [ ‘o e ey e
20 F 3 o e o s
1008 [] ? 2 10 1
$00t F 9 [] 9 8 [
1.000¢ F (] e 7 4 2

*1n their ey 1or sight months; ten rats/graup. t Only nine animels were studied. t Only seven animels were studied.

Table 4.—Light Microscopic Findings in the Liver of Rats Fed Aroclor 1234°

Dietary Untarged nctusions
Lovel Hepate- L3 Adone- incrensed Feamy
(ppm) Ben eytes Cytspiasm fibrasis Liphe Cyteplasm Pigment
o M e e N ..
20 M 7 1 I e 1 e
100 " 10 7 1 10 10 3
500 M 10 2 10 10 4 2
0 F e . I o e s
20 £ o e - i 1
100 F 10 7 7 10 9 [
500t F [ 2 [] 9 2 7
* {n their giet tor eight monthe; 1an rate/group.
t Oniy nine tested since one rat that died showed toa much autolysis.
Areh Environ Health—Vol 25, Nov 1972
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Fig 1.—Liver section of nwie rat fed 500 ppm

wactor 1260 for eight months. Note foamy cytoplasm
# many of hepatocytes (hematoxylin-eosin x123).

st dletery levels of 0, 20, 100, 500, and 1,000
fmu for eight months, none of the control
ntn and none of the male rats fed the
mixturo died. One female fed 100 ppm died
after six months and two femal

; .0,
PO R N

Fig 2.—Section of liver from maie rat fad 1,000 ppm
Arocior 1254 for eight months iltustrating adenofibro-
s, Note erea of fibrosis which surrounds ductules of
glanduler ceiis. Cellular debris, polymorphonuciear
Isukocytes, or mucus can be observed In lumen of
ductutas (hematoxylin-eosin x128).

Fig 3.~Area of edencfibrosis as in Fig 5 from
female rat fod 500 ppm Arocior 1254 for eight months.

isd 500 ppm died after one and two months
aposure. Eight females fod 1,000 ppm died
within two to six months after onset of the
uperiment. The rats fed 500 and 1,000 ppm
Aroclor 1260 in their diet gained less weight
Gan the controls. At autopsy, the livers of
dl male rats fod Aroclor 1260 weighed sig-
uificantly more than the livers of the con-
trols (Table 1), The livers of the female rats
were larger also but a significant weiglit
difference was not observed, except that at
0 ppm the percent of body weight of the
livers wan increased s a result of the re-
duosd weight gain of theee animais (Table
Grossly, the livers of the exposed animals
were soft and often yellowish brown or dark
olive. Grayish-white, firm, glistening areas,
twasuring up to 0.5 cm in dimmeter, were
seen on cross section in a number of livers,
The derk livers showed pink-orange fluoresc-

ence under the UV light.

ren was under electron microscope (Fig 8-
10) (tolvidine blue %300).
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‘The incidence of the various light micro-
scopic findings of the livers are given in
Table 3. They consisted of hypertrophy of
the individual liver cells, Often the nuclei
ware hyperchromatic and showed pleo-
morphism, and occasional mitotic figures
were observed. The cytoplasm had either
lur(o vucuclu or Appund tonmy (Fig 1).
I to those de-
scribed in the liver of rats that have been
axposed to DDT, mivex,t? or disldrinte
were algo observed. The Kupfler cells and
perivascular macrophages of some livers con-
tained a brown pigment. Frozsn sections of

BIPHENYLS—KIMBROUGH ET AL

The areas of adenofibrosis corresponded to
the grayish-white, glistening areas described
grossly. The glandular epithelium & ¢
stratified in some areas. Electron microscop.
fc study revesled (Fig 4 to 10) an increase
in smooth endoplasmic reticulum (Fig 5) (n
the hepatocytes of all but the control rats
{Fig 4). Mony hrn and small lipid vac:
vales and jonal atypical mi
were also seen. At the dietary level of 100
ppm, dark and light cells, dilated bile ducts,
and granular cytoplasmic inclusions wen:
additional findings (Pig 6). At the distary
level of 500 nnd 1,000 ppm, concentrically
which ded lipid

livers containing the brown pi t flu-
oresced pink under UV lJight which is consfs-
tent with the presence of porphyrin. Some of
the pigment showed & positive ataining resc-
tion for iron with Perls’ stain as well, In
addition to these findings, some livers also
exhibited focal aress of fbrosis which con-
tained glandular structures (Fig 2 and 3)
that either formed strande or dilated cystic
ducts that were filled with cellular debris
(polymorphonuclear leukocytes) or a mucus-
like PAS-positive substance. The glandular
calls had a pals, scanty, basophilic cyto-
plasm and usually a hypochromatic nucleus,

vacuoles ware also eburvad They have been
previously deseribed in livers of rats fwi
DDT and dieldrin.!® The cytoplasm of
many cells hod a loosened-up, “moth eaten”
appearance (Fig 7), with occasional vac-
uoles containing a few strands of electron.
dense material. Thess cells corresponded tn
the hepatocytes with foamy cytoplasm ob-
urvcd under the light mlcruacvpe Widening

Julur spaces, i phumv
tized red blood ccllﬁ, and an increase in
collagen were observed. The uodular, gray-
ish-white aress (Fig 8) that represented

Fig A.—Baction trom hormel mele m liver. N, nucleus; M, mitochondria; HEI rongh andopissmic
SER, smooth U 3.490).

Arch Environ Health—Vol 25, Nov 1972
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x5 ....

~=~Sction from mate rat tiver fed 100 ppm Arocior 1260 for eight months. Note ferge smount
of smooth endoplasmia reticulum, SER, smooth M, mit : N, mucleus
(lond citrate, urenyl acetate X 34,200).

Fig 8.—8action from liver of female rat fed 5D0 (arrows). V, vacuoles; M, mitochondrla; CB, cell border;
EAW 1260 for olght months. Note smail and BC, bile RER, rough

Ll reticu.
within cytepissm, some filled with fipid  lum; SER, smooth endoplesmic reticulum (lead citrate,
athars with strands of derk granular material  uranyl scwtate % 13,490).

b s o O L

- S o N,u;;
el 'v..'.}»i':.-.\"":--‘s‘a&;
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ng 7.—=S8ection from liver of male rat fed 1,000 ppm Aroclor 1260 tor sight momths. Note “meth n
saten’ appesrsnce of the cytoplasm (lead citrate, uranyt acetate x13,490). il
da

i

. ﬂgt—Monmmlmvoﬂnmluutmmlzu'euhhtmmwmd
. coilagen, fibroblasts, end epithetial celis Hning & ductule. C, collsgan; FB, Mbroblest: N. nucless: 10,
opmnllll csit (srrow); DL, lumen of ductule (lesd citrate, uranyt acetate x8, llﬁ)
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axtensive foci of adenofibrosis consisted of
fibroblents and a great deal of collagen that
surrounded rossttes of epithelial celis. Thene
oolls wero cuboidal or columnar in shape.
The free surface was lined by microvilli, and
cells contained Jarge, pale nuclei. The cyto-
plssm was grenular, with many ribosomes
and a few endoplesmic membranes, Some of
these liver duct cells contained a great deal
of mucus and resembled goblet cells similar
to those observed In the intestinal tract (Fj
9). The cytopl ined tonofi) U
ond, particularly near the duct Jumen, the
e dnsios et dincent cells

were
merked by prominent terminal bars (¥ig
10).

In a preliminary study in which 1,000
ppm Arcolor 1254 was fed in the diet to ten
male and ten female rats, five of the males
and eight of the females died. At autopsy of
the exposed animals, the livers wers pale
eniarged and contained firm, grayish-
ite, glistening areas. One mala rat that
died after 49 days exposure showed only
slight enlargement of the liver celis. The

i

5

9.==8action from sems liver se Fig 8. Nots gobiat colt

llagen;
(arrow); MU, muoun gobi

b9 1 vy -
¥ B W

(oad citrate,

STy Beg
PR AN

¥ e

hepatocytes of all the other exposed rats
were enlarged, vacuolated often with hyper-
chromatic—sometimes enlarged and some-
times pyknoli lei which ionall,
displayed mitotic figures. Varying degrees of
fibrosis around the bile ducts were observed.
Hyperplasia and proliferation of glandular
cells simulating bile ducts were aiso seen in
these areas. In some areas, the sinusoids
were dilated and contained cellular debris,
lined by r: -1 “compressed” hepatocytes. A
brown pirs+ ¢t was seen within the macro-
phagea. A .7 livers stained with Oil red O
howed a large of rod staining (lip-
id) material. The animais that died not only
had liver lesions but also suffered from se-
vere pulmonary congestion and, in a few
instances, from massive hemorrhages into
the soft tissue or the peritoneal cavity.
When 500, 100, 20, and 0 ppm Aroclor
1254 were fod to tho rats for eight months,
two males and one female rat died at 500
ppra, but none died at the lower dietary
levels. 'The rats fed 500 ppm Aroclor 1254
gained loss weight than the controls. The

mucus and ceils
ioue; CB, cell border (srrow); OL,
rany! acetate % 11,400).

! oull; N, nuc
u

: ¢ tiie

I

Y
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livers of the expoved groups were Jarger than
those of the controls (Table 2). This was
significant in all but the farmale rats fed 100
ppm. At autopay, the livers of the exposed
animals, purticuhrly at lhu Mlhor dhhry

rk

Fig xo.—mgmr moaﬂkmm two o.m-uu calls from Flg 9 showing T, tonofisments; D, des
mosomes: N, nucleus; M, mitochondrie; CB, ceif Dorder (leed citrate, urany) acetste x 34 ,200).

Comment

Aroclor 1260 and 1264 have a definite
effect on tha liver. This effect is more pro-
nounud with Aroclor 1254 when all mor-

ic ch of squivalent distary levels

re soft, y
olive. Fhm, grayish-white, gli nl

of Aroclor 1254 and 1260 are compared. All

were seen, especially ln those fed hldm
PCB levels. Oceasi , the Kver

was nodular. These livers also fluoreaced
when exposed to UV light. The light micro-
wopic ndings are givan in Table 4. The
observed changes in the livers of exposed
rats were quite simflar (o those described for
Aroclor 1260, except that all male rats at
800 ppm and one male rat at 100 ppm hed
areas of adenofibrosis in their liver, while
none of the males demonstrated this at the
respective dietary levals of Aroclor 1260. In
the fernales, the incidence of adenofibrosis
was much higher at the same dietary levels
of Aroclor 1254 thnn in '.bou fed Amclnr
1260. The elect:

dietary levels tested so far showed an in-
crease in the size of the individual liver eells
and often an incresse in the liver weights.
Aocumulation of fat was obessved at 100
ppm, and it was very pronounced at the
higher dietary levels, The incidence of cyio-
plasmic inclusions was higher at the lower
distary Jevels. This is probably due to the
fact that at the higher dietary levels most of
the cytoplasmic components have been re
placed by lipids. The pigment observed in
the Kupffer cells showed a positive

blue reaction and upnnnhd at least in
part, b iderin. The of the
livers ynder UV light was caused by the
of porphyrin, which resulted in the

of the different liver chlngu summarized in
Table 4 corresponded to those slready de-
scribed for Aroclor 1260.

The main differance between the two com-
pounds was the much higher incidence of
adenofibrosis at a lower dietary level of Aro-
clor 1254. When fed over a period of time,
Aroclor 1260 seemed fo be more toxic to
female rats. Such a sex difference could not
be established for Aroclor 1254.

dlrk discoloration of the liver.

An additional finding in the livers was the
presence of gmyilh-whllo. |llulminl aresé
which mi d to aden-
ofibrosis. This lesion consisted of glondular.
often mucus-producing, epithelial cells form-
ing ductulés. They were surrounded by f-
brosis. Synonyms for this lesion are chulun-
xioﬁhrouu bile duct proliferation, bile duct

is, and fibroad Stewart

Arch Envirvn Health—Vol 25, Nov 1972




BIPHENYLS—KIMBROUGH ET AL

and Rnelltt c’nv- an .mnvnt description of

sdenatturosis of the liver of rats, The authors
concluded that “adenofibrosis is a contract.
. ing Josion built up by the i and

363

and an Ji in the ber of microbod.
ies, as well as “myelin figures” which scem
to be similar 1o the concentrically arranged

b that have been ducnbed ln rats

n-mtonmtlon of nonnnl (lve;mlc oordn)

and

ol the surrounding liver. Thus l'ar there is no
cmvincing evidence that adenoftbrosis is &
precancerous fesion.” Adenofibrosis, for in-
stance, has been ducrtbnd in livers of Tats

after to chléri L
The lncraln in liver weighta and the obur
vation of inch in has
been reported for several pcnhtont insecti-
cidea.1¢* To our knowledge adenofibrosis
has not been produced with chemicals such

fad butter ‘yellow (p- hylami
gm.) 30 Rnunﬁy Rnubar'l fad hm-tnm

2 or 2
wnd produced ad i He thought
that some of these carcinomas originated
from bile ducts. The author interpreted ade-
noSbrosis as chiolangiofibrosis, suggesting that
. adenofibrasis lo the tat wes s precancerous
iession and was identical to the lesions he ob-
« srved in hamsters which, in his opinfon, also
represented & precancerous lesion, He  postu-
lsted that the observed cholangi

as DDT, disldrin, pyrethrum, pipsronyl bu-
toxide, md mirex. Unitke Nishizumi's find-
inga,? an i in the ber of micro-
bodies was not observed in the rats fed PCBI
in this study.

The | in th endoplasmic retic-

ulum has also been observed with other
chemicals, and it is not surprising that chlor-

inated biphenyls induce microsomal

enzymies 218
Sludyofth.ldmoﬁbmhnndcrth-m

tron mi ithelial compe-

developed from the ldnnoﬂbmh. Glaser and
his coll ” produced a highly mali
mmhnhblo t:dm' dvrivul lmm the liver

ncnto“hclubnmhunloltwotyp-o(
oalll-—loblot ellll and epithelial cells with
tanofil and des-

ofa 2-acetyl: that
did not appear to be malignant in the donor
tut showed changes similar to the adenoft-
brosls described in this paper. It is possible
that the malignant lesion was not simply de-
tived from the lduwﬂbmlll-typ- l-lon but

The latter cells resembie the epi-
thelial cells lining the bile ducta rather than
hepatocytes. The spithelial cslls are reminis-
cent of “oval” cells which are thought to
represent ductular cells. Hm, '.h- ovnl
cells nn Mer and have a hyp

from cells that alrendy
ible prensoplastic changes that were not mi-
aoscopicaily detectable.

Miller found fatty livers, liver necroais,
snd inclusions in the eytoplasm of the hepa-
tocytes in rats that had been exposed to a
biphenyl with 429 chlorination, Ha did not
mention edenofibrosis in his report. How-
nvr. he studied & dlmmt bipheny! end his

ls were d 1o the chemioal for

1 Whether thoy develop originally
from bﬂc duct epithelium or from other cells
in the liver needs further investigation. The
fact that adenofibrosis has not been observed
in previous feeding studies with PCBs may
have & varisty of reasons such as the length
of exposure, the snimal species or rat strein,
and the composition of PCB given to the
ats, Oonumlnnﬂon of PCB- wnh traces of
other chemicals such an chi d dibenso-
dioxins, chlorinated dibenzofy or chlori-

much shorter of time. Nishi

studied the effect of & biphenyl with 48%,
chlorinatioi in monkeys and mice, The lung-
st exposure time was 26 wecks. He de-
«ribed enlmgomont of the liver, fatty
hanges, granular cytoplssm of the hepato-
:ytes, increase in sive of Kupfler cells and
epatocytes, and a brown pigment in some
f thess colls, but did not obeerve adenoft-
wosis, At some stages of exposure he ob-
ierved, with the electron mkmopc. an in-

nated naphthalenes may slso be responsible,
Vos and Kosman'' checked Aroclor 1260 of
the samse lot and also did not dermonstrate
any contaminants. However, preliminary
chemical analywes of this lot of Arocior 1254
suggest possible contamination with a chlori-
nated dibenzofursn. This is still under
investigation.’?

The significance of sdenofibrosis will be
further investigated in ordcr to establish

hether it is an { ible Jesion and

-mnlntlnmmth dopl

PP

‘arlation in tho spr of

Arch Environ Health—Vol 25, Nov 1972

hether it is tranaplantable. From experi-




R

364 BIPHENYLS—RIMBROUGH ET Al

ence with DDT and other chlorinated hy-
drocarbons, it can be deduced that the liver
enlargement, as expressed by hypertrophy of
the liver cells and the observation of inclu-
sions in the cytoplasm, is reversible after
censation of exposure,

The observed porphyria, which was also
noted by Vos and Koeman,!! and the effact
of PCBs on the liver, particularly the adeno-
ﬂbmll, make it necessary to resvaluate our

of the tomicity of PCBs.
Additional Information {s also needed on the

Aroclor 1384 (lot No. AK-38) and Aroclor
(ot No. AK-3) were f
Chemical Co, Bt.
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