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Effects of Chemically Pure CI phenyls on the M hology of Rai
Liver. HANStLL, M. M. AND ECOBICHON, D. J. (1974). Toxical. Appl. Pharm-
arol. 28, 418-427. Pure biphcnyl and a series of isvinerically pure mono-,
di-, tetra-, hexa- and octa-ch iphenyls of known chei ion
were injected ip (S0 mm‘kg) mto young male Wistar rats for 3 conseculive
daysand the rats kill thelast i Ina d i-
ment, rats were injected ip \vnlh 4-mono, 4,4-di- and 2,5,2°,5"- u:xrach!oro-
biphenyl (00 mgrkg) for 7 days. The cfiects of the pure PCBs were com-
pared with those caused by 0.p"- and p,p-DDT snd Aroclor 1254 and 1260,
Samples of liver were examined by fight and efectron lmcroscopy The x tjor

of

alierations ob\:rv:d w-thm the h were marked
smooth ) jurm and i d numbers of b and
tipid dmpleu iphenyl and 2,2"-dichl iphenyl produced few morpho-

Jogic ciiects whereas 4,4°-di-, 2,5.2',5- and 3,4,3' 4'-tetrachiorobipheny!
caused more changes. The highly chlorinated hexa- and octachiorobiphenyls
produced morphological changes that were comparable (o those produced
by DDT, and Aroclors 1254 and 1260. The degree of ultrastructural altera-
tion appeared (o be reluted directly 1o the number of chiorine atoms and the
presence of chlorine in the 4- or 4’-position.

The steucture of the liver of several species of animals treated with polychlarinated
biphenyls {PCBs) has been examined using light and electron microscopy. With ons
ption (Vos and N b Ram, 1972}, all these studies have employed com-
mercially available mixtures such as Aroclors, Phenoclors, and Kaneclors (Bennet
et al., 1938; von Wedel er al., 1943; Miller, 1944; Nishizumi, 1970; Kimbrough cr of.,
1972; Norback and Allen, 1972; Koller and Zinkl, 1973; Bruckner ¢t al., 1973). Some of
these commercial mixtures were reported to be contaminated with impurities such as
hlorinated dit fi and dib -p-dioxins {(Vos ¢f al,, 1970; Sissons and Welti,
1971; Zitko and Choi, 1971 Greig, 1972; Hutzinger e o, 1972; Webb and McCall,
1972). Hammond (1972), in summarizing the relationship between toxicity and degree
of chlorination of PCBs based on studies using commercial mixtures, found no consis-
tent relationship valid for different species and routes of exposure, Tucker and Crabtree
(1970) suggested that sublethal effects w.. 2 ditectly correlated with chlorine content,
while lethal effects were inversely correlated.
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To eliminate the effects of possibl inants in ial mixtures and to
determine the relationship bclwc:n position and degreu. of chlorination, and efects on
the Jiver, a serics of isomerically pure chiorobiphenyl compounds of known position
and degree of chlorination was administered ip to rats. The influence of these com-
pounds on functionally diversc hepatic drug-metnbolizing enzymes and hepatic mor-
pholopy were studied. The effects on various drug-metabolizing enzymes are reported
clsewhere (Johnsione et al., 1974).

METHODS

The methods for the preparation of the pure chlorobiphenyl compounds and the
doses administered were described in detail by Hutzinger er al. (1971) and Johnstone
et al. (1974), The compounds? used are listed in Table 1. A group of 7 young male Wistar
rats (Woodlyn strain) weighing 50-65 g was treated ip with each agent dissolved in
pranwt oil, ut 8 dosage of 50 mp/kg daily for 3 days. The rats were killed with an overdose
of CHCl, 4 days aficr the final injection following the determination of pentobarbital
sleeping time. Control rats were ireated with equivalent volumes of peanut oil and were
Xilled by CHCI, overdose after pentobarbital sleeping time was performed. In a second
cxperiment, 3 compounds (4-mono-, 4,4°-di- and 2,5,2",5"-tetrachlorobiphenyl) were
injected ip al & dosage of 100 mg/kg/day for 7 days, the rats being killed 24 hr after the
last injection by an overdose of CHCI,.

Afler euthanasia, the abdomen of the rats was quickly opencd and samples of the
liver were removed for fixation for light and electron mi py. For light PY,
samples were fiaed in 10% t d fe lin and embedded in paraflin; ions were
staincd with hematoxylin and eosin. For electron microscopy, 1-mm cubes of liver were
fixed in 1% osmium tetoxide in sodium cacodylate buffer at 0°C for 2 br, dehydrated
in u series of graded alcohol solutions and propylenc oxide and embedded in Spurr low
viscosity embedding medium. Ultrathin sections were cut on a Porter-Blum MT2B
ultyamicrotome stnined with uranyl acclate and lead citrate and examined with a Philips
200 electron microscope. Thick plastic sections were cut from the same block and
stained with methylenc bluc and azure A for light microscopy (Pease, 1964).

RESULTS

The results of ultrastructural evaluation and the hepatic weights for the rats treated
with the agents at 50 mg/kg for 3 days are presented in Tablc 1. Hepatic weights were
significantly increascd following treatment with p,p’-DDT, Aroclor 1254, Aroclor 1260
and 2,3,5,2",3',5"-henachlorobiphenyl, These 7 ds also induced major altera-
tions in heputocyte ultrastructure.

Hcpatocyles of treated rats were compared with hepatocytes from control, vehicle-
treated animats for the presence of these allerations. The grading system for alterations
in of smooth endoplasmic reticulum (SER), and numbers of lipid droplets and

* Ahblcvmlom uscd o,p-DDT, 1,1, -richloro-2-(a-chiorophenyl)-2.(p-chlorophenyleth
20°DDT, 2,2-his(; Jethane, The of the hiorinated
biphenyl (I’CB) compounds follows the accepted form, the position of chlorines on onc phenyl being

indicuied by numbers from 2 to 6, while chlorine positions on the second ring src designaled by a num-
ber with a superseript prime, i.e., 2,2 -dichlorohiphenyl.
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microbodics is based on a comparison of the amounts present in any cell with the
amount present in a control hepatocyte (value = +) and a hepatocyte having the maxi-
mum amount of change (value = 44+4-1+). The grading sysiem reflects only relative
numbers since morphometric techniques were not used for guantitation. The major
ultrastructurai alterations induced by the various purc chlorobiphenyls were profifera-
tion of SER, alteration of the rough endoplasmic reticulum (RER) and increased nain-
bers of lipid droplets and iicrobodics (Table 1).

TABLE 1
CHANGES IN Liver WEIGHT, HEPATIC SMOOTII ENDOPLASMIC RiET1CULUM,
L1pin DROVLETS AND MICRORODIES, FOLLOWING THE ADMINISTRATION 0t DD,
AROCLOR 1254 AND 1260 AND ISUMERICALLY PURE CHIOKOBIPHENYLS T0 RATS*

Liver weight®  Smooth Lipid Micro-

Compound (8 - ER* droplets  bodies
Vehicle.Treated 4774 1.14 + 4 4
0,p-DDT 491 1 046 44+ +1+4 4
».p-DDT 5.59 4 0.89° +++ +44 4444
Aroclor 1254 6.23 + 0.30° R I A 44104
Aroclor 1260 6.15 + 0.49° +++ 44+ 4144
Bipheny! (BP) 487+ 0.11 + +4 +4
4-Chioro BP 4.76 + 0.69 ++ +44 444
2,2"-Dichloro BP 4.85 4 0.96 + + 1
2.4"-Dichlore BP 4.69 +0.34 +++ +4 444
4,4".Dichioro BP 4.21 £0.44 44 4+ 444
2,5.2".5'-Tctrachloro BP 4.68 + 0.69 +4 4 +4
2,4,2' 4'-Tctrachloro BP 5.03 + 0.48 444 49 414
34,3’ 4'-Tctrachloro BP 4731 047 +4 44 444
2.4,5,2,4",5"-Hexachloro BP 4.]81 091 4444 44 114
2,4,6,2° 4',6'-Hexachloro BP 3.8241.29 b4 44 44
2,3,5,2°3,5"-Hexachloro BP 5.80 + 0.7¢° +44+ 44 i
2,3,4,5.2',3".4",5-Octachloro BP 4.53 1+ 1.46 ++44 4+ ERE}

alter the last injection.

* Values prescnied are mean weights + SD of 14 (vehick-treated) and 7 (agent-treated) animuls per
group. Values are based on wet lissue weight.

* Vatues are statistically significant from control weighis at a probabiliy level p <005,

* Soo text (Results) for geading system,

1somerically pure hexa- and octn-chlorobiphenyls, administered at a cc
of 50 mg/kg for 3 consecutive days, caused alterations in hepalic morphology that were
visible with the Jight microscope (Fig. 1). The changes included large numbers of hepato-
cytes with vacuolated cytoplasm and small foci of necrosis involving § or 6 celis. The
necrotic foci were particularly numerous at the periphery of the lobule. Treatment with
4-mono-, 4, 4'-di and 2,5,2',5'-tetrachlorobiphenyl at 100 mg/kg for 7 days resulted in
larger numbers of necrotic foci, centrolobular necrosis and proliferation of biliary
ductules (Fig. 1). The lesions were most severe in rats given 4,4"-dichlorobiphenyl for
7 days.

Hepatocytes of rats treated with o,p"-, or p,p'-DDT (Fig. 2A) had increased amounts
of SER in the form of vesicles (S) which tended to accumulate at the periphery of the
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ductules (Fig. 1). The lesions were most severe in rats given 4,4"-dichlorobiphenyl for
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) i than 4 hlorobiphenyt or 2,5,2',5" hlorobipl f, the effects of

the Jatter 1wo agenlts being approximetely the same.

DISCUSSION

Proliferation of SER is a response of the hem'ocyle to a wide variety of drugs and
puisans and is considered to be a structural s ion of the enh. d of
foreign lipaphili J ds. Thei in SER can be related to increased amounts
of drug metabolizing enzymes within the liver (Vos and Notenboom-Ram, 1972). In all
previous studies, sdministration of PCBs has resulted in increased amounts of SER in
heputocytes (Nishizumi, 1970; Kimbrough ef af., 1972; Vos and Notenboom-Ram,
1972; Norback and Allen, 1972; Koller and Zinkl, 1973). In this study, the prolifenlion
of SI'R w«\s closely selated to the stwcxuml h istics of the T d used.
Biphenyl and 2,2".dichiorobipheny} d not to induce extensive proliferation of
Sk K hm with the other compounds. lhc proliferation appeared to be related to the
degree of chlorination and particularly (o the presence of a chiorine atom in the 4 and/or
4' position (Table 1). The morphological alterations correluted well with the sctivities
of drug-mctabolizing enzymes within the semc rats (Johnstone ef al., 1974). When
commercial mistures were employed, mixtures having a greater chiorine content
(Aroclors 1254, 1260) had greater enzyme-inducing effects and caused more marked
matphiological changes than those having lower chlorine content (Villeneuve ef al.,
1971; Bickers er ol., 1972; Kolier and Zinkl, 1973). The more highly chlorinated com-
pounds may have greater eflect by bolic studics show that low chlori
arc climinated from tissucs more rapidly than the more highly chlorinated compo\mds
(Grount et al., 1971 ; Bailey and Bunyan, 1972, Bickers et al., 1972; Rehfeld ef al., 1972).

In this study and the report of Kimbrouglt ef al. (1972), administration of Aroclor
1254 resulted in more severc morphological alterations than Aroclor §260 or any of the -
pure compounds used. It was also a more powerful inducer of drug-metabolizing
enzymes than Aruclor 1260 (Johnstone et al., 1974). Aroclor 1254 was not the most
highly chtorinated compound used, and the response 10 its administration was incon-
sistent with the view that increased chiorine content caused greater alterations. The
fuilure of Aroclor 1254 to follow the rule of § d tissuc resp with i d
chlorination might be due to the particular bination of chiorobiphenyls present in
the mixture or possibly (o the presence of contaminants. Ch!ormn\cd dibenzofurans
and dibenzo-p-dioxans have been found in some commercial PCB mixtures and these

pounds caused al ions in hey yte morphology that were similar to those
caused by PCBs (Vos e of., 1970; Zitko and Choi, 1971 ; Greig, 1972; Hutzinger ef al.,
1972; Webb and McCall, 1972; Norback and Ailen, 1972). Such contuminants are not
reported 1o be present in Aroclor 1260 (Vos e al., 1970). Kimbrough er al. (1972) stated
that s preliminary analysis of the lot of Aroclor 1254 used in their study suggested pos-
sible contumination with a chlorinated dibenzofuran. It is likely, thercfore, that increas-
ing chlorination of the bipheny! nucleus does icad 1o prolifcration of SER and to in-
creased activities of drug-metabolizing cnzymes. The enhanced effect observed with
Aroclor 1254 can be due to some other factor than chlorination.

Treatment of ritts with 4-chioro-,4,4"-dichioro- and 2,5,2',5'-tetrachloro-biphenyl at
& dosage of 100 mg:-kg'day for 7 days resulted in marked proliferation of SER. The
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of drug metabolizing enzymes within the liver (Vos and Notenboom-Ram, 1972). In all
previous studies, sdministration of PCBs has resulted in increased amounts of SER in
heputocytes (Nishizumi, 1970; Kimbrough ef af., 1972; Vos and Notenboom-Ram,
1972; Norback and Allen, 1972; Koller and Zinkl, 1973). In this study, the prolifenlion
of SI'R w«\s closely selated to the stwcxuml h istics of the T d used.
Biphenyl and 2,2".dichiorobipheny} d not to induce extensive proliferation of
Sk K hm with the other compounds. lhc proliferation appeared to be related to the
degree of chlorination and particularly (o the presence of a chiorine atom in the 4 and/or
4' position (Table 1). The morphological alterations correluted well with the sctivities
of drug-mctabolizing enzymes within the semc rats (Johnstone ef al., 1974). When
commercial mistures were employed, mixtures having a greater chiorine content
(Aroclors 1254, 1260) had greater enzyme-inducing effects and caused more marked
matphiological changes than those having lower chlorine content (Villeneuve ef al.,
1971; Bickers er ol., 1972; Kolier and Zinkl, 1973). The more highly chlorinated com-
pounds may have greater eflect by bolic studics show that low chlori
arc climinated from tissucs more rapidly than the more highly chlorinated compo\mds
(Grount et al., 1971 ; Bailey and Bunyan, 1972, Bickers et al., 1972; Rehfeld ef al., 1972).

In this study and the report of Kimbrouglt ef al. (1972), administration of Aroclor
1254 resulted in more severc morphological alterations than Aroclor §260 or any of the -
pure compounds used. It was also a more powerful inducer of drug-metabolizing
enzymes than Aruclor 1260 (Johnstone et al., 1974). Aroclor 1254 was not the most
highly chtorinated compound used, and the response 10 its administration was incon-
sistent with the view that increased chiorine content caused greater alterations. The
fuilure of Aroclor 1254 to follow the rule of § d tissuc resp with i d
chlorination might be due to the particular bination of chiorobiphenyls present in
the mixture or possibly (o the presence of contaminants. Ch!ormn\cd dibenzofurans
and dibenzo-p-dioxans have been found in some commercial PCB mixtures and these

pounds caused al ions in hey yte morphology that were similar to those
caused by PCBs (Vos e of., 1970; Zitko and Choi, 1971 ; Greig, 1972; Hutzinger ef al.,
1972; Webb and McCall, 1972; Norback and Ailen, 1972). Such contuminants are not
reported 1o be present in Aroclor 1260 (Vos e al., 1970). Kimbrough er al. (1972) stated
that s preliminary analysis of the lot of Aroclor 1254 used in their study suggested pos-
sible contumination with a chlorinated dibenzofuran. It is likely, thercfore, that increas-
ing chlorination of the bipheny! nucleus does icad 1o prolifcration of SER and to in-
creased activities of drug-metabolizing cnzymes. The enhanced effect observed with
Aroclor 1254 can be due to some other factor than chlorination.

Treatment of ritts with 4-chioro-,4,4"-dichioro- and 2,5,2',5'-tetrachloro-biphenyl at
& dosage of 100 mg:-kg'day for 7 days resulted in marked proliferation of SER. The
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