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Comparative Toxicity Study of 2.4,5,2',4"5'-Hexuchlorobiphenyl and a
Polychlorinated Biphenyl Mixture in Rabbits. Vos, J. G. and Notenboow-
Ram Erica (1972). Toxicol. Ap;:l. Pharmacol. 23, 563-578. Three groups of
rabbits were treated daily (5 times per week for 28 days) with 120 mg
2.45.2',4' 5'-hexachlorobiphenyl, 120 mg polychlorinated biphenyl (PCB)
mixture (Aroclor 1260') and the solvent isopropanol, respectively. The
dermal application resulted in early macroscopic skin lesions in the Aroclor
group. The lesions in the 2.4.5.2',4',5'-he\achlorobiphcnyl groupappeared
Uteron and were levs severe. This difference was confirmed microscopically:
nyperpiasia and hyperkeratosis of the follicular and epidermal epithelium
»ere more severe in the Aroclor * group. Fecal coproporphyrin levels were
significantly increased in the experimental groups. Enhanced liver weights
were found in both test groups. Liver injury, asjudged by light microscopic
Icconsand elevated serum transaminase levels, was somewhat more severe in
the hexachlorohphenyl group when compareJ with the Aroclor* group,
though the mean liver content was ubout the same (respectively, 239 and
236 ppm). Light microscopic findings included subcapsular necrosis, zonal
necrosis, hydropic degeneration, as well as a peripheral and perinuclear
shift of cell organelles, and focal cytoplasmic hyalin degeneration In
electron microscopy the shift was found to be due to a proliferation of
smooth surfaced membranes of (he endoplasmic reticulum tSER), resulting
ina displacement of rough surfaced membranes (RER) and mitochondria.
The hyalinized cytoplasm was recognized as tightly packed tubules of
proliferated SFR. that is considered as hypertrophic, hypoaciive SER.
The contribution of chlorinated dibenzolurans and puie PCB in the
toxicity of crude PCB mixtures is discussed

~Morinated biphenyls (PCB) arc industrial chemicals with many applications,
toxicity of these compounds lor industrial workers has been known for years,
fspectally the occupational disease known as chloracne (Jones and Alden. 1936;
*jrtz, 1936; Meigs cl al. 1954). Recently, the consumption of rice bran oil acci-
*H/contaminated by PCB resulted in many cases of chloracne among Japanese
jiiters (quoted by Crow. 1970); liver damage was also reported (quoted by
i/umi, 1970). A critical report on the use. environmental contamination and the

of PCB and other industrial halogcnaied hydrocarbons appeared recently
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(zilko and Clioi, 1971). There is an additional danger for wildlife from the wide>*
environmental contamination with PCB through food chains, and this is, uluti-
also a menace to human health.

The purpose of the present study is to compare the toxicity of Arocior I2W)* v
single isomer 2,4,5.2".4'.5'-hexachlorobiphenyl. The commercial Arocior ?
sample W\2Sfound to be the least toxic in a comparative study using three PCB n-
originatmg from different firms (Vos and Koeman. 1970). Chlorinated dibcn/**l-
considered to be responsible for the higher toxicity of two PCB mixtures, *rr
found in the Arocior 1260 * sample (Vos et al.. 1970). To be more certain aho«
biological elfect attributable to PCB itself, a pure compound. 2.4.5.2.4".5"-heu*i
biphenyl, was used for comparison. This is also one step in the understanding ¢
toxicity of the different components of PCB mixtures.

Hepatic porphyria was also studied. Special attention was paid to PCB-ioa-
liver damage, using light and electron microscopy for structural alterations ww
chromatography for the determination of liver residues.

METHODS

The technical PCB mixture, a viscous fluid with an average of 60% chlorine. ¢
obtained from Monsanto in the United States (Arocior 1260s Lot No. Ai
2.4.5.2'.4' 5'- Hexachlorobiphenyl. a crystalline compound, was syntheiucd «core
to the Ullman synthesis, using 2,4.5-trichloroiodobcnzenc and copper powder at
(Tas and de Vos, 1971). Because of the chemical reaction, it is unlikeiyth.it thitp*"
lar isomer contains chlorinated dibcazofurans as impurity. The Arocior* uar
was analyzed for the presence of chlorinated dibenzofuran and found to be ficrtii*
of detection: | ppm).

Adult female New Zealand rabbits, 3.5 mo old and weighing 2.5-2.9 kg. *
distributed at random into 3 groups of 4 animals. The performance of the vie*
toxicity study was in general lhe same as described earlier (Vos and Becmt. I*'
Because of the lower solubility of the hexachlorobiphenyl isomer when compared **
the PCB mixture,20 mg of the PCBsfinsiead 0fl120 mg in the prior study) were dw=*
per milliliter of isopropanol. The PCB solutions were kept at body temperature *
to keep the PCB dissolved. Six milliliters of PCB solution (120 mg) or of isuprepuj»
as a control was dropped daily, 5 times a week, on an area of 5 x 10cm on thed**»
and shaved backs. After a test period of 4 wk (20 applications of 120 mg M
animals were Killed.

The coproporphyrin and protoporphyrin analyses of feces from the cccuav *
macroscopical examination of tissues in Wood’s light as parameters for eta**
porphyria, and the hematological examination were done according to a forrw
(Vos and Beems. 1971). At necropsy, body and organ weights were determined f*
skin, liver and kidney were fixed in 10% buffered formalin. The spleen, ihxmuviufcv
and mesenteric lymph node and appendix were fixed in Carnoy’s fluid for 24 h/ m <*
and stained with mcthylgrecn-pyronin according to Elias (1969). Paraplasi‘cmbedfr
sections were stained with hematoxylin and eosin. For detailed histology, wWv
sections were stained with Peris’iron stain and with Best’s carmine. Moreover. rryo*r
sections of the livers were stained with Sudan black for the detection of lipxk tfr
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TOXICILY OF POLYCHLORINATED DIPHENYLS 565

¢Paraplast* embedded seciions and unstained cryostat sections of liver, kidney
Ail) intestine were studied in a fluorescence microscope for the detection of
i pigment and excess quantities of porpyrins, respectively.

»»ltrastructural examination, small blocks of liver tissue were fixed in 0.1 m
tAte-HCI buffered 5% glularaldchyde (pH 7.0) for 5 hr. The liver tissue was
Kd two times for 45 min in 0.1 m phosphate buffered 2°, osmium tetroxide

TABLE 1

CopROPORPHYRIN AND P hOIOPORPHYRIN CONL'feNTS fug/g DRY WEIGHT)
of Feces of Rabbits Treated with PCB for Four Weeks'

Coproporphyrin Proto|x>rpliyrin
Hexachloro- Hexach loro-
biphenyl Aroclor* Control biphenyl Aroclor' Control

45.0 241 88.3 351 17.8

6.2 5.0 8.3 S4 119
20.8 29.4 51.2 65.1 156
39.6 16.0 66.5 65.! 10.9
27.9» 18.6» 53.6 434 14.0

.smere the contents of fcccs, collected from the cccum of the individual animals,
¢afnntly different from controls. p 0 025.

TABLE 2

Absolute and Relative Liver Weights, Microscopio Liver Damage.
Liver Residles and T ransaviinasc Values for Rabbiis
Treated wiih PCB for Four Weeks-

Liver weight
. Microscopic Liver
6/100 g Liver Content SGPT SGOT
8 body weight damage» (ppm) It) V)
hinro 128 4.6 +F 249 71 16
132 42 - 140 56 Kz}
146 4.8 eill- 261 70 30
126 51 +11 304 92 21
Alran: 133 4.7 239 72)
or* 141 M
129 +1—
152 ir--
133 T
Mean: 139
131
110
a
83
Mean: 104

elues are given for the individual animal*.

0 -i—'a comparative estimate of the liver damage,
»nifcantly different from control*. />0.05.

~rheantly different from controls, p ¢ 0.025
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Fic. ). Liver of a 2.4.5.2',4'.5'-heuchIorohiphen:,-l treated rabbit, Subcapsular band of s I
tissue (1) and orea of hydropic degencration (2). Hematoxylin and eosin, x 60. )
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: % 3. Centralobular arca of an Aroclor* treated rubbil liver. A marked peripheral and perinuclear
nt of basaphilic organelles can be seca. Hemaloxylin and eosin, - 378,

#x. 4. Hepatocytes of 2 control animal Cleir areas farrow) represent negative images of glycogen,
% Merematerial representing cell organelles is scatrered in the cytoplasm. Toluiding hlue, - 940,
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568 A0S AND NOTENROOM-RAM

Fici. 5. Liver section of an Aroclor® sreated rabbit. Toluidine blue. ~ 940. (3) Showing fawivrs
3 amd pericuclear displacement of cell organelles: note abo the foamy evtaphsm (anow ). (b) Hdues
) cells shiowing vacuoles (1), that are sepaiated fraw homogeneows hyalinized cytoplasm (2 hew -
perivacuolar localization of denscly staining orgaaelles,

a3 shown w Figs. { and 2 showing hydropic changes (1), lipid dropleis 12), and fixa) Oltees
hvalin deges veation 13, Nute alvo the nuclear altcrations such as the irregulsr oatlines of thr s
aml the pronnncat mucleoti. Toluidine blue. - 930,
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frated rapidly in ethanol and embedded in Dow epoxy resin (DER*) ( Lockwoed,
Seclions were cut with glass knives ona Reichert ultramicrotome. Thin (0.5-1.0 )
m for oriemation and for light microscopic examination were stained with
me blue. Ultrathin sections poststained with lead citrate were examined by
pa micrascopy (Philips EM 100%) at 40 kV.
PCB concentrations in the livers were determined by gas chromatography., as
d carlier (Vos, et al., 1971). The significance of differcnce between treated and
¥ groups was determined on 4 one-tail significance level, using the Wilcoxon
ke 1no unrelated samples (van der Waerden, 1957).

RESULTS

3 days of PCB treatment. the skin of rahbits.in the Aroclor® group showed
gredness. Alter 6 days, definite redness and some thickening of the skin was noted
185 group. Afier 2 wk of treatment, hyperkeratosis and formation of transverse
were seen. At this time, some redness and slight hyperkeratosis, together with
preseace of hexachlorobipheny! crystals on the skin, was scen in the 2,4,5.2°.4',5-
mxchlorobipheny! treated proup, aithough a slight hyperkeratosis was present in the

:_drksmic seticuta of yough and smicoth types. The ciear areas muy eepresent negative images of
) open. The mierceiluler spase between the bile canaliculi may be an artifact. Nucleus (N); bile
fnlmluslliCi: space of Disse (Dy; cadothelial o) (F3: @nd vinusoid {35). Urany] acetate and lead
‘}'1’—' = $300,
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570 VOIS AND NOTENBOOM-RAM

control (isopropanol) group. Differences in the regrowth of hur bewween the v
groups weee alse noted. Regrowth was most reduced in the Aroaclor™® group ar
in the hevachlorobiphenyl treated animals. During the course of the experime:
lesions in the Aroclor group were cicarly progressive, while the lesions in the
chlurobiphenyl group increased rather slowiy,

All animals, except 1 rabbit in 1he hexachlorobiphenyl group. showed a weigh
during the experimental period .of' 4 wk. Mean weighi gain in the hexachlorolup
animals was 142 g {ranging from - 215.10 365 g). in1ke Aroclor® group 325¢.
70 to 640) and in the countrol group 49, g (from 430 to 5350).

:' %‘u: e '(‘ g ‘ %

oy’
kongs

Fic,. B. Hepatacy 1oy of thesame iiver of un Arovlor = trealed rabihit as shown in Figs. Yand £,
foamy cytoplasm. The cytoplasm is mosiiy otcupicd by simooth endoplasaie reticuium:(SERY -«
perinuclear shift of mitochondria ikl RER ¢an aiso be seen. N, nucleus, Uranyl avctaie ws
citrare, < 4300,

Coproporphyrin levels in the teces. collected @t necropay from the cecum of imdive, .
animals, were significanily increased in the hexachlorobiphenylas wellasinthe At
treated rabbits {Tabie 1). Prolaporphyrin excreiion was alse increased. though ¢
signiticantly. Macroscapically, fluorescence, was found in the bile of 2 rabbits of &-.
experimental groups. Oue animal of the Araclor ™ group showed also Nuorewens
liver and bile. Examination of cryostat sections of liver, kidney, and small intei
the fluorescence microscope showed fuorescencein the livers of 7 out ot R PCH1:z.
animals, This fluorescence was mostly located in the bile duct and sonctimes diifew
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TOXICITY OF POLYCHLORINATED BIPHENYLS ’ 57

agenportally lacated hepatocyies. Some fluorescence was also noted in epithelial
-4y of the small intesting in 4 PCB treated animals. Severe abdominal edema was

sasn Aroclor ™ treated rabbit that showed also the highest liver comtent (317 ppm)
‘b severe liver damage (Table 2).

#u. %, Higher magnifcation af a past of Fig. 8. The proliferarion of SER consists of vesicular and
=l memorancs. Clear arcas of the cytoplasin, associated with he SER. mnt likely represert
e imuges of glycogen (arrow ), Note the dilatation and degranublation of the rough endoplasic
watum (RER). M. mitockondria: N, nugleus. Urunyl acetate and lead citzate, -+ [ 3,300,

Nasignificant ditferences were found in absolute and relative organ weights, except
Y9 e liver, und in hematologiza! findings, except for the serum transaminase lovels.
Taewe values, together with the PCB concentrations in the livers and the comparative
remate of liver damuge are given in Table 2. The SGPT und SGOT values were
wafvantly increased in the hexachlorobipheny! group. An increase was also noted
athe Aroctor ™ group. Mean liver content of PCB was the same in the experimental
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groups. The increase and scverity of liver damage m the Araclar™ group a;
the incrzase in liver residue.

At examimation of skin sections of the Araclor® group, hyperplavia .
keratosis of 1he epidermal and fallicular epithelium were found. The lesions
yet 50 pronounced as in the prior study (Vos and Beemns. 1971). Hexachlwi
induced skin damage, especially hyperplasia in the epidecmal and foliiculare;
as wel! as follicular plugging. was clearly fess when compared with the .
treated rabbits. A siight hyperkeratosis was found in some control anin:als. 1<
be due 10 the trzatmem with isopropana; (6 asl'day); it was not found in ¢
study (Yos and Beems., 1971} using a lower dose (1 mil;day).

h Aty -
-t (i - 7
£ .

Fici. 10. Hepatocyioy of un Aroclor® treitted aniral. Sintiar hydropiccellsasseeain big
large confluent vacuofes with llocculent miaterial within them (V). The Avali-nscd cytaplasmo s
hepatecytes shown in Fig Sheansists of hyperirophied, densely pached SER. Note the e
mitochondria araund the vacuoles. qarrow). Urapyl acetate and lead citrate. .. S5U0,

When the tymphoid system was examined. no outstanding differences weee o
splecn, appendix and lymph nodes between control and treated proups. Some s
of the cortex, together with less pyronmophilic cells in the marrow, were foutal «
thymuses of rabbits in the PCB trcaied groups. The atrophy agrees with 18 ¢
absolute and refative (ubout 18 ;) thymus weights in these groups, No kidncy
was found, except for the presence of polypiuid tubufar epithele] cells in a hevas.
biphenyl treated rabbil. -

Pathologic changes in the livers of the treated animaly were, in general, the wr
described in a previous study (Vos und Beems. 1971). These lindings included uxt
lobular degeneration and liver cell atrophy. focal hyalin degeucration of the o
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¥iepatotytes, enlarged nuclei and loss of glycogen. As shown in Table 2. liver damage :. )
wbexachiorobiphenyl was somewhat more severe whan compared with the Aroclor® {_. .
sticed lesions. However, in the present study, areas of hydropic, degenerated and '
sxrotic cells dominated. often in tlie subtapsular region (Figs. 1 and 2). forming bands H

“fa.il. Higher magnification of a part of Fig, 10 reveals the tubular structure of the densely hyper- ¥,
$ephind miwoth endoplasmic reticulun:, Uranyl avelale and lead cirate. - 13,300,

waecrotic and degencrated cells, accompunied sometimes by proliferation of mesen-
“dymal cells, Necrosis was usually accompanied by hemorrhage. Loss of glycogen ‘ -
- a0t limited to the degenerated, hydropic or necrotic areas, but was also seen in foci . v
. Yowingno alterations in hematoxylin-gosin sections. In the rest of the liver the glycogen
":n:eut was also reduced when compared with the conrrois. The centrolobulur damage
- wa often zonal, This distribution can be explained hy the concept of structural and
“lextional hepatic umit (Rappaport et af., 1954). The presence of Perls’ positive material
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and ceroid pignient in Kupffer and parenchymal cells (characterized by a -
brownish fluorescenve) was evideatly less than in the preceding study and wan.
to some necrotic areas.

[n both reated groups. rumerous hepatocytes were seen with Jight staime:
plasm. In these cells, the cell meinbrane and the nuclear membrane were emp
by the prescnce of basophilic macerial (Fig. 3). When plastic embedded liver tiv
exatnined by light microscopy. these alterations could be observed more
(Figs. 4 and 5a). This was the genceal trend in the PCB treated animais, In¢
microscopy, the most striking feature of Lkese ceils was :he prolileration of +

ki, 12, Severely camaged heputocyie of the sarw 2,4,5,.2°.4° 5 -Eexachlorobipheny? teested
as shown in Fig. 6. Photograph shows a clusier of whu’ar smooth endoplasong ceticulun e
micruscopy visible as Jogal hyaline degeneration). fosming a dense, ciostly packed aggphor,
{SER). Note aiso the lipid druplets (L}, and hydropic swelling, us shown by a great numbey
and Jarge vesicles (V). Urany] acetate arnd lead citrate, « 3000,

surlaced membranes of the cndoplasimic reticulum (SER). As a result of the pr.-
tion of SER, a perinuciear and peripheral displacenment of mitochondria and .«
surfuced membranes of the endupiasmic veticulum (RER) was appasent (Figs. 74
The proliferation of SER could well explain the accentuated linings of vell and na.
in light microscopy and the increase in liver weight (Table 2} in the PCB treated g
The RER showed some diiatation and degranulat:on (Fig. 9).

In additioa to the prolifcrative changes of the SER, degenerative changes were
noted. Light microscapy showed the presence of hydropic cells (Fig. 2). Examina
plasticsembeidded material under the light microscope showed some hydropa
which consisted of large vacuoles separated from a homogeneous cyloplam, -
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of as focal cytoplasmic degenersation. At the rim of the homogeneous cytoplasm

sganelles were visiblc (Fig. 5b). The focal hyalinized cytopkism (Fig. 5b) wus
- by electron microscapy ta consist of tightly packed tubules of prolilerated SER
» 10and 113, The condenscd SER was separated from large vacuoles, somstimes
, floceulent material in it. The mitochandriu were arrangsd around the vacuoles.
Jes the hyalinized cytoplasm, lipid droplets and degenerative changes of the
xus were found in the more severely affecled areus (Figs. 6 and 12). The nuclear
ages included irregular outlines of the nuclei and karyopycnosis. Myelin figures
=~ found rarely in the cytoplasm. In the present study, no differences were noted in
szpatotoxic action between the polychlorinuted bipheny! mixture and 2.4,5.2°.4°.5"

:uhlorobiphenyl.

DISCUSSION

“sam the observed acnelike Jesions, both from the PCB mixture and 2,4,5.2° 4',5'-
sxchlorobiphenyl, and assuming Lhat the hexachlorabiphenytis [ree from contamina-
:with chlorinated dibenzofuran, it can be concluded that this particulzr compound
oz mixture PCB has a slight acregenic action of itself. Considering the already
-woned dermal toxicity study, it is evident that the major acnegenic action of ccude
B mixtures comes from chlorinated dibenzofuruns. Tn Table 1 it is shown that
182" 4 5'-hexachlorobipheny! is even more porphyrogenic than the PCB mixture.
-ai11s probable thut hepatic porphyria comes only from PCB itself.
tacontrast with the prior dermal toxicity study, onty slight effects were noted from
- g on the lymphatic tissue. This difference is explained by the longer experimental
rod in the former study (38 days) which resulted in a less healthy condition of the
xnmental animals, Stress (e.g.. release of glucocorticoids) must be considered
sonsible for the major effects on the lymphatic tissue, However, using the
g ~sitive fluorescent antibody technique in tetanus toxoid stimulated guinza
g, immunosuppression was found (Yos und de Roij, 1972).
liver damage was essentially the sume after trecatment with both the Aroclar®
ue and 2.4,5.2° 4,5 -hexachlorobiphenyl. Liver damage caused by commercial
vB mixtures was due predominantly to the contuminants. This coactusion is based
»the differences in liver toxicity between three PCB preparations (Vos and Koeman,
): Vos and Beems, 1971). The probable contribution of chlorinated dibenzofurans
. uncontaminated PCB in the toxicity of crude PCB mixtures is summarized in

fable 3.
TABLE 3

PronabLE CONTRIBUTION OF CHIORINATED DISENZOFURAN AND PURE
POLYCHLORINATED BIPHENYL IN THE TOXICITY OF TECHNICAL PCB PREPARATIONS

Edena Liver Hepatic
Chloracne formation damage porphyria

- B—— e ———————————— it - e m—— [, P L —

“Norinated dibenzofuran Ly - b .t -

Niychlorinated biphenyl - e
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Focal cytoplasmic hyalin degencration. as well as ceroid pigment deposits 1
hepatic ceils. was more pronounced in the former dermal toxicity study (Ves i
Beems, 1971), probably duc to the longer experimental period. Hyalia inclusions »-
previously described after semichronic exposure 1o PCB in rac {iver (Bennen er
1938 Miller, 1944) and in mouse liver (Nishizomi. 1970). However, in the rabt
most important liver lesions described varied from fatty degeneration (v nul.
hepatocytic degeneration and necrosis (von Wedel or af.. 1943: Milier, 1948). Ins
study, the presence of cells with proliferated SER, resulting in a perinuchar and ne
pheral shift of RER and mitochondria, was more frequantly seeu (Fig. §1. Thu o
liferation, alse found by Nishizumi (1970) in mouse and monkey liver. must be cox.
dered the structural indication for enhanced metabolism of foreign Epophific »
pounds. Thus, the activity of aniline bydroxylase and aminopyrinc V-demeihyt.
{deiermined in vitro} was increased in the rubbir after administration of Aroglar® [
(Villencuve et al., 1971). A decrease in sleeping time after ireaimeni with hexabardy:
and enhanced in vitro rates of aniline hvdroxylation und p-nitroanisole demethybe s
were demonstrated by Street ef af., (1969). They also found an increase of these edes
with increasing chlorine coatenrt of ditlerent PCB preparations. Despite this inctess
in drug enzyme activity caused by the higher chlorinated mixtures, the lower chlorinst.,
compounds are very probably metabolized 1o a greater extent (Grant ¢t ol I5%:
On the other hand, the presence of focal cyvtoplasmic hyalin degeneration wittuy.
glveogen (Figs. Shand 6), in eleclran microscapy seen as densely packed agelomeratiw
of SER. very probably represents hyperirophic, hypoactive SER. Hulierer o ol {1t
faund reduced activily of micrasomal oxidases {e.g. drug enzyines), while SER remasies
hypertrophic in livers of rats treated with high doses of dieldrin. As seen under &8,
cicciron microscape. hypertrophic, hypoactive SER was recognized as tight clusa
ol wbular membrancs. which could indicate a transition trom adaptation to e
{Muticrer er al,, 1968, 1969). Liver damage wasaiso suggesied by elevated transanuse
fevels (Tuble 2). Myelin figures were scldom Found in this study. Perhaps this depezw
on the animal species, since Nishizumi ([970) described myelin figures in mouse i
after PCB feeding, bul not in moakey liver. The accurrence of SER prolileeatioa ms
concentric membranc arrays is found in the livers of rats fed a chiorinated bipheaye - -
{Norback and Allen, 1970) amd (oxic fat containing hexachlorodibenzo-p-dons, |,
compound relaied Lo chlorodibenzofuran (Norback and Allen, 1969). The tesulia frea
the former study supgesied that the concentric arrays of agranular nicmbranes e
structural modilications of the endoplasmic reticulem having an enzymatg funaum
similar to thar associated with the SER.
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