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Envirenmental Health Perspectives

Toxicology of PCBs for Mammals

and for Birds
by J. G. Vos*

Introduction

In the carly days of ita use, little work was done
on the toxicology of the PCBs, and this was only
in rclation to the risks of occupational exposure.
As will be shown many nore studics were made
as 800N s it sppearcd that the cxtromely stable
PCB’'s bLecame » threat to the environment and
ita wildlife, and accidents occurred of acule
poiconing in man eand enimals, These studies
have boen made with material with different
contents of ehlorine, from different manufacture,
and—as we ean now may in retrospect-—with
different and unknown conients of toxic im-
puritics. For this reason the toxicological infor-
mation of PCH's ia difficult to summarise, but
gince the character of some imporiant impurities
bas recently been clucidated, it is well to discuss
these first in order to be able 1o consider their
contribution to the overall toxicity of the dif-
farent preparstions studied. :

Theae studies were started because of the
snalogy betwoen the effects of the PCBs (1-8)
and some toxic eflocls mmociated with toxic
factors in crude chiorophcnols and in “ioxie
fat”. Effccts of the atter arc liver damage (7),
chloracne (7,8) and edema formation (9).

Chemical, Texicological, and Patholagical
Keatification and tvaluation of Toxic Impurities in
Techaical PCB Preparations

The first indication of the presence of toxic
jmpuritics was obtained in s comparison of the

* Institute of Veterinary Tathology and Institute of
Veterinary Pharmarolgy and Toxicology., Bute Uni-
versity of Utrecht, The Netherlanda.
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toxicity of threc commercial PCB samples (con-
taining 60% chlorinc on the average): Phenoclor
DPG (sample I), Clophen A8 (sample 11) and
Aroclor 1200 (sample 111). These three mixtures
showed a marked resemblance in their gas chroma-
tograms and mass spectra (10). In this compara-
tive feeding test in one-day-old chicks (11), it was
found that 100%; mortality, subcutancous and
sbdominal edema, and centrolobular liver necrosis
octured in only two groups (fed the sanples I
snd 1I). Hydropericardium (Fig. 1), & conmon
effcet of these two mixtures, was only ocea-
sionally scon in the chicks fed the sample 111, The

Floonx 1, Hydropericardium in & chick fed 400 ppm
of sample 1.
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Table 1. Mortality, and Patholagic Observations of Chicks Fed 400 ppm PCEE for 60 Days.

Number of Number of birds with edema Numnber of
PCB sample N deaths birda with
Hydro- Atdominal Bubcutaneous  liver necrosis
pericardium

} LY Y 13 s [ Y
1 22 22 b)) ] 7 ]
b1 H 0 3 3 1] 4] 1]
Control 20 1] 1] o 0 ]

‘mortality in this group was only 1565 (Table 1).

The exerction of coproporphyrin and protopor-
phyrin in the feces was increased. Examination
of tissucs under Wood's light showed the presence
of red fluorescence indicating porphyrins in the
liver and other tissues of especinlly the birds that
dicd. This hepatic porphyrin was found in all
three experimental groups.

In the subsequent study (12) by means of
column and gas-ciromatography the presence
of relatively more polar compounds was demon-
strated in the 25% dicthylether fraction of
samples 1 and 11. In & chiek embryo assay (Table
2), the difference in toxieity between the three
sgamples was confirmed; the high toxicity of the
2597, dicthylcther fraction of sample 11 is demon-
straicd by the similarity between the mortality
levels in the group injeeted with 3.5 sample 11/
egg and the group injected with the 25% dicthyl-
etlicr fraction from 3.5 mg sample 11/egg.

Mass spectrometric analysis revealod that

Table 2. Chick-Fmbryo Assay of Three PCH samples
and the 25% Diethyicther Fraction from Sample 11

Dose  Number Percentage

PCH aample (wmg/egz) of agme hatch of
treated  fertile egpe

1 3.5 15 [

1 3.5 20 [

m 3.8 18 80
Fraction [rom

sample 11 3 1$ 0

3.5 15 T

0.36 15 ”

0.095 18 100

Rihanol control 0 20 [

Untreated control -— 2 90

identical chlorinated compounds were prosent
in the 26% dicthylether fraction from samiples |
and II but not in that from sample I11. They
included compounds with mass number 304 and
338.. The proposcd identity of these compounds,
tetrachlorodihenzofuran  and  pentachlorodi-
benzofuran, is indicated by the following chemi-
cal-analytical, pathological, and toxicological
data.

From cxact mass measuremen's it was found
thal the formulae of these peaks were CyuylH08CI,
snd CyuH,0%Clh. The formulac of the fragment
jons 241 and 275 were CyliClL and Cull®*ClL.
From this data it can be concluded that the
parcnt jon has a preferential fragmentation for
the loss of & single CICO unit. Mass speetra were
compsred with the speetrum of & chick edema
factor 1,2,3,7,8,8-hexachlorodibenzo-p-diosin.,
The mass spectrum of this compound has & similar
fragmentation patiern, i.e. the loas of two suc
cessive mass uniis of 63 suggests a loss of two
CICO units. With microcoulomeiric analysis a
ccrtain maximum level could be indicated. This
maximum level was found to be fivg ppip of the

compound with num in sample 11
and 0 in .
tychlorinated dibenzofurans are strong hepa-

totoxic and achegenic compounds. Tr- and tetra-

chlorodibenzofurans in a single oral dose of 0.5 -

1.0 mg/kg caused severe and often lethal liver
necrosis in rabbits (7,13), and application to the
ear resulted in chlorsene. Tetrachlorodibenzo-
dioxin was about 10 times more toxic (7). In-
jection of the 259, dicthyletirer fraction obtained
from 35 mg sample II into the aircell resulted
in 100% morlality (Table 2). 1t ean be calculated
that the maximuin dosc/egg is 0.2 ug penta-
chlorodibensofuran (taking five ppm as the maxi-
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muin value). This eanfinns the order of toxicity
found by 1ligginbothain ct al. (9) in the case of
chloro-dibensodioxing. Tetra and  pentachlori-
dibenzofurans were considered responsibie for
the higher toxicity of samples | and 11,

Confirmation is aiso obtaincd from the sub-
scquent comjmrative toxicity study in rabbits
(14). Again samples 1 and 11 were more toxie; the
Bver and skin lcsions were more severe. Por-
phyris, especially of the liver, was present in all
three groups (Fig. 2). A remnrkable finding was
the intense red fluorescence of small foei inside
hepatic cells. They probably represent nuclei. Thin
was colifiniued in an additional cell culture experi-
ment with the Aroclor smnple and with 2,4,5,-
2' 4',5 hexachlorobiphenyl. (This experiment was
carried out by my colleague Dr. J. G. Wit of the
Biochcinical Section).

Application of the 25% diethylether fraction
on the skin of rabbits resulted also in differences
in toxicity (¥ig. 3). Bo the presence of the hepato-
toxic and acncgenic polychlorinated dibenzofurans
a8 impuritics in samples 1 and I1 was found to
be established.

In another cxperiment (15), the toxicity of the
Aroclor (609 C1) sainple was coinpared with the

toxicity of 2,4,5,2'.4’,5 -hexachlorobiphenyl.
From the increased fecal excretion of eopropor-
phyrin in both experimental groups (Table 3), it
is very Likely that PCBs themsel ves are responsible
for the porpliyrogenic action of crude prepara.
tions. From the presence of slight skin lesions
induedd by 2,4,5,2' 4,5 -hexachlorobijhenyl
when compared with the Aroclor sample, it can
be concluded that the major scnegenic action of
crude mixturcs comes from & possible contanina-
tion with chlorinsted dibenzofurans. 1t can also
be concluded that PCBs themsclves have o
slight acnegenie sction. Liver damage was es-
sentislly the same after treatment with both
2,4,5,2' 4’ ,5-hexachlorobiphenyl and  the
Aroclor mixture. The conclusion that the liver
injury, caused by crude preparations, is pre-
duminantly duc to the contaminants, is based
on the differences in liver toxicity between the
threc I'CD preparations (11, 14).

The probable contribution of polychlorinated
dibenzofuran (PCF) and pure polychlorinated
biphenyl (PCBs) in the toxicity of erude prepara-
tions is summarized in Table 4. A proper evalua-
tion of toxicity dats and residuc deta can be
hindered by the possibility that PCB samples may

Tiovax 2. Fluorescencs of porphyring under ultraviolet light in Kvers from rabbits treated with 80% ehlorinated PCIVs,
-1, Aroclor; 2, Clophen; 3, Phenoclor; and 4, Coniro} liver (i4).

April 1972

107

MONS 207262



e ——————— e e r——

a
3 ‘l
|

T s — .,

r" LT Ty Y T PP Yy . my e -

v . L ]

: o ) - - k. [] -
- ) IR o g e R Ry
POy Sy - g T -~ .
R YR e A TR T
XY L N ND ) N, .fl",' _'«, h
: AN AR ke : h
. I T RS S L b S S U SATRS
K R e Ll 't et N -
o T o Y. g '--‘:'i..__ s - - - - ST -“.!"W.ia
- - Chaa . N T T Ry ey T g ) xl i _“: -
: E'l' ‘-'.-'--_-_:w--,, ki "":- .-"‘;i
SRR o oo

r-...v.g..‘w- - PEFCTTIETER B g .qu-ap1

e mprinagn b
v . e PR
.. .‘.o--va\,‘ -
PRI A

.. AN
st ot At

; ’ ,“"'f.g'o“.."-'b‘.;..
[c- - ,...-L N o sl 3 \‘:“C“-ﬂ:&l‘ll—!‘—u

Fiovzx 3, Responst of the inside of the rabbil’s ear aftar topiral appliestion of the 25% diethylether frarlions from tech-
ndoal PCB's. Heemotoxylin and sosin. X80, (a) Bkin of contrpl animal treated with ethanol. Note the hair follicle
st 1, sesbacoous gland tinsue at 2, and eartilage at 3. (b). Ear okin of the animal treated with the fraction (rom sample
111. Some hyperplasia and hyperkersiosis of the follicular epithclium can be soen. (c). Ear skin of the rabbit trested
with the frartion from sample 11. Considerable hyperplssia and hyperkeratosis of the lolticular epithelium. (d). Far
skin of the rabbit treated with the fraction from sample 1. Part of a seclion that shows the most stvere lesion. The
gravity of the response wag in genersl the same aa seen in (¢). Note the eystio dilated hair follicle with prominent
hyperplasis and hyperkeratonis of the folliculsr and spidermal spithelium (14).
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differ in an important respect: the presence of
joxic impurities, The possibility of distinguishing
petween the effcets of PCBy and their impurities
can be further improved by using pure isomers
with known positions of the chlorine atoms,

Mortality, Liver Effects, Edema Formation and Other
Effects

These data, as prescoted by diffcrent authors,
arc smbmariged in Tables 5, 6, and 7. Aa can be
scch it Table 5, the acute and subacute toxicity
dr .a of PCG's arc poor. The established values
.re high. Semichronic oral toxicity studics are
summarized in Table 6. Dermal and inhalation
studics are given in Table 7.

Table 8. Coproporphyrin Contents {ug/g Dry Weight)
of Foces of Habbite Treated with PCH for ¢ woeks,
and of Controls.*

2,4,5,2', 4,5 Hexsehlorobiphenyl  Aroclor  Control

(00% CY)
45.0 .1 4.5
6.2 5.0 A7
0.8 2.4 3.6
e 16.0 3.5
Mean 27.0% 13.& 3

* Figures are the conlents of feces, collected from the
cocum of the individual snimals.
s Bignificantly different from controls, P <0.025.

It s very probable that the results of Wicsc
studies may have been influcnced by the presenee
of polychlorodibenzofurans or other toxic im-
purilics. For example, in the study of Nehfcld

et al. (23) general edema way already found in
chicks lor e Cl. while
ohanawa and co-workers (22) noted edemna

formation at the 100 ppm level of another 489
chiorinated mixture. Mortality in the latter
study was also lower (Table 8).

Liver Effecta

The most important Lver cffcots, summariscd
in Tablos 5, 0, and 7, arc weight increase, fatly
degeneration, hyalin degeneration and neerosis.
Incrcased liver weights, as noted in scveral studies,

Table 4. Probable Coutribution of Polychlorinared
Dibensofuran (I'CF) and Purc Polychlosinated
Bipbenyl {IPCH) in the Toxiclty of Crude
PCE Miztures.

—_—

Chlor- Edema Liver Hepatic
aeno  forma- daniwge porphyria

tion
Polychlorinated
++  ++  ++ -
Dibensofuran
Polyehlorinated
+ -+ ++
Biphenyl

Table §. Acute and Subscuta Oral Tosicity Studies of PCB Preparstions.

Preparation Anitnal Treatment Mortality Livor efecis Relcrences
Unknown Mouse single dose of LDso (16)
approx. 2000 mg/hg
Arcclor 34% Ci Rat singis dose of % Increass of weight and an
300 mg kg Jipid; potent imtion of
OCL; taxicity
Arocior 42, 54, 80, and Mallard single dose of % as
8% Cl 000 mg/kg
1% a Rat 20 daily dosew of 0% in 8 Hyalin bodies in liver cells (19)
’ 138 g wonthy
9% Qa Guinea pig 2 dosew of 00 mg 100% betwsen Faity metamorphosis; (1]
1 wesk apart and 2 cantra] atrophy
days
%% Q Rat 6 daity dowes of 70% io 14 Inerease of weight; celd (20)
200 mg days swelling: hyalin
granules
- April 1972 109
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Tabie 6, Semichironic Oral Toziciiy Sludies of PCI Preparations.
Prepa- Animal Treatment, Mortality Liver effects Other cflects Refer.
N ration ences
6% 1 Rat Doscs of 50 mg 80°% in & weeks 3% weight increase; (20}
. every socond cell awelling:
b day byalin globules
485 C1  Cyno- From Gt mgin  mol given Enlargement; SKR - Muin cause of death:  (2])
molgus 40 days .0 348 prolifcration poeumonia or
monke> mg in 238 days disrriea
8% Cl  Squirre’ From 320 mgm  mot given Enlatgemont; SER  Main cause of desth:  (21)
. monkey 40 days 10 €7 proliferation paewnonia or
: mg it 45 days BER proliferation  diarrhes; paipe.
bral edems in
1 animal
48% C) Mouse Daily doses of 0% Enlurgement; SER  Bkin: loes of hair, 2n
0.001 ml for proliferation srosion and
i 13 to 20 wecks RER reduction; uloeration aficr
myelin figures; 3 montha
increase of micro-
bodics, lyscsomos
and lipid
Aroelor  Chickon 100, 200, 400, sod 0, 0, 50, 90, and Enlargement;. Ederna formation {5)
2% Q1 and 1000 ppm 0%, respectively damage st the from 200 ppm; at
in diet for higber lovels higlt levels internal
4 weeks bacmorrhage and
tubuler dilatation
’ in kidneys
Aroclor  Chicken 200 and 400 ppmn O and 129%, Protiounced edema {0)
A 42%Q in diet for respeciively at 400 ppm; en-
-4 3 wooks larged kidneys;
small apleen;
deleathering and
dermatitis
4% G Chicken 1, 5, 10, 25, 50, 0% from 1 to 100 Edema lormation (473)
100, 300, 600, ppm; 100% from 100 ppm level
1200, 2400, and - the 100 ppm level
. 4800 ppm in
" diet for 20 days :
Arocior  Chicken 10, 30, 30, 50, 100, After & weeks: 0,0, Enlargement Qeneral edema and 23
48% Ci and 150 ppm in 30, 30 and 20%; depression of the
diet for 4.5-8 at the end 0, 0, secondary sexual
wooka 20, 80, and O, charactoristics
J- respectively from {he 30 ppm
B! level
H Arocler  Chicken 250 and 150 ppm 250 ppm 1007% be- 500 ppm st end: (21)
% H%Q imditfor6tc  tween 3 and 10 vomb weights 20-
13 wecks weoks; 500 ppm fold and testes
sotwe mortality at waights 2-fold
the end Jower than controls
Aroclor Hengaless  Estimated dose 0% Rydropericardium (25)
HARCOl  Sach rale ot 50 days in pome birds
o 354 ma/ka/
4
Phenoclor Japanose 2000 ppm in diet 1009 belween 6 and Hydropericardium (10)
0% C1  quail 85 days
110 Environmental Health Perspeciivea
MONS 207265




lefer.
ehrey

(2v)

(21}

(21

2

(8)

©

(22)

(23)

(a4

(25)

10)

Table 1. Dermal Toxielly and Inhalation Studles of PCR Preparstiona.

et
1'repa- Animal
retion

Treatment

Mortality

Liver cffecta

Bkin cflects Refer-
anees

pa———

2%C  Cuineapig 11 daily skin

100% Letween 31

Fat; central atro-

Occasiona! thicken- (19)

applications of and 21 daya phy; perinuclear ing of the
3.5 g basophilic granu- epidermia
lation; focal '
nocresis in a few
. animals
£2%C1 Rabbit Bkin application 1009, between 17 Fatty degenerstion;  Thinning of prickle (19
; at alternats and 08 days central atrophy cell inyer and
days, total dose thickening of
from 940 o outer cornificd
1980 mg Inysrs
Aroclor  Rabbit Daily skin appli-  High dose died be-  Moderate doses: Reddening; forma- (26)
eations of 0.3, fore liver necrosis mottled livar, sub-  tion of small
00,and00¢ developed scute yellow papules and
atrophy, fstty bliaters; finally
degeneration, and desquamaticn of
marked nocrosis external epidermal
layers
Aroclor  Rat Inhalationof = 0% Pale snd yellox; (20)
85% Cl 0.57 mg/eubic oell awelling;
meter for 16 byalin degenera-
hours for 37 to tion; polentiation
134 days of CCL and

CHOM toxicity

arc well explained by the proliferation of smooth
surfaced membranes of the endoplasmic reticu-
lum (BER) as was found by Nishizumi (21) in
micc and monkeys and by Norback and Allen
(27) in rats. The latier workers found a prolifera-
tion of the SER in rats fed PCB for 1 10 5 wecks.
Concomitant with the structural changes, the
activitics of measured drug mctabolising ensymes
(nitrorcductase and aromatic hydroxylase) were
increascd. The induced level of drug metabolising
aclivity persisicd as the proliferstion of the BER
decreascd and concentric arrays pervaded the
cyloplasmic reticulum (37). These concenlric
membrane arrays, probably represcenting the
hyalin bodies describod by Beanet et al. (20)
and Miller (19), could have an ensymatic fune-
tion similar 10 that sssociated with the BER (27).

Similar formations, the eo-called myelin fig-
urca, were demonstraled in mouse liver by
eleetron microseopy; in monkey liver they were
pot found (21). In both mouse and monkoy liver
a proliferation of the SER was found. In our
comparative derinal toxicity study (15) in rabbits

Apri 1972

-

with  2,4,5,2' 4,5 -hexachlorobiphenyl  and
Arocler (60% C1), the light microscopic findings
included necrosis, hydropic degencration (Figs. 4
and 5) as well as a peripheral and perinuclear
shift of ccll vrganclles (Fig. 5) and foeal cyvio-
plasmic hyalinisation. In eleclron microscopy, the
shift was found 10 be duce to a proliferation of the
BER resulting in a displacement of rough surfaced
membranes (RER) and mitochondria. The {ocal
cytoplaamic hyalin degeneration, often secn in
hydropic celis, was recognized as tightly packed
tubules of proliferated BER (Fig. 6). Thix very
probably repreecnts hypertrophic, hypoactive
SER.

Bublethal effccts caused by induction of hepatic
ensymes have been noled by several authors.
Increasod steroid metabolism in pigeon liver
homogenates has  been  demwonsirated by
Riscbrough et al. (28). Lincer and Peakall (20)
confirmed the effeet of PCB on the hormonc
metabolism in birds at very low dose levels. They
fed kestrels for 5 months with Aroclor 54, and
62% C! at levels of 0.5 and 5.0 ppin. The higher

i
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Fiouny. 4. Liver damage in & killed rabbit treatad with 120 mg Aroclor (8055 C1), 5 times per week, for 28 days. Note the
eontrolobuisr mecrosis (1) and the hydropie colls (2) st the margin of the necrotie and vital tissue. Haemotoxylin snd
soain, X1560.

% AN w
";-‘}a'ri'a‘*”‘:-.".

Proune B(a). Liver eclln of & control rabbit. Clear areas may represent negalive images of glycogen (arrow), Toluidine
blue. X940. (b). Liver cella of sn Aroclor tresled killed rabbit. Note the hydropic celis {2) snd the perinuciear and
peripheral displacenient of cell urganelles with sometimes hyalin foci (2) inside hepatic cells. Toluidine blue. X B40.

112 Environmental Health Perspectives
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Fiaury: 6. Hydropie liver celis from the same snimal as secn in Figure 5b showing s largs number of vacuoles (V) and
s perivaeuoiar Jocalisation of mitochondrin (srrow). Note the strong proliferation of the SEIL, consisting of tightly

packed tubules. Uranyl scetate and Jead citrate. X 5500.

dose being roughly equivalent to 2 mg/kg PCBa
to esch kesirel, A dose dependent in vitro break-
down of estradiol 10 a moro polar metabolite
occurred in the livers from kestrels fod cither
Aroclor 1254 or Aroclor 1262, No such conversion
took place in the livers of the control birds. The
increase in hepatic ensyme activity correlated
with an inercasc in oyloplasmic RNA, as was
measured eylophotometrically. A shoriened slecp-
ing time after treatment with hexobarbital, and
enhanced in vitro rates of aniline hydroxylation
and p-nitroanisole demcthylations were demon-
straled by Blreet and coworkers (30). These
suthors also found an increase of these effecta
with increasing chlorine content of the differcnt
PCB preparations {Aroclor 21 to 68%, Cl).

Using enzymne induction as paramoter, po-

April 1972

effect levels of some PCR preparations were
established in the rabbit, rat, and Japancse quail,
Oral administration of Aroclor 21% Cl and 547,
Cl (1.0 and 10 mg/kg) for 28 days to pregnant
rabbits resulted in liver enlargement and in-
ereaned sctivities of the drug metabolizing cu-
gymes aniline hydroxylase and aminopyrine
n-demethylase at the 10 mg/kg level of the 547,
chlorinated Aroclor, The no-cffeet level for enzyme
induction in the pregnant mbbit appeared to lie
between 1.0 and 10 mp/kg in the ense of Aroclor
M9 Q, and higher than 10 mg/kg for Aroclor
219% Cl (31).

Another paramcter for enzyme induction was
used by Komatsu and Tannka (32). They found
that the hexobarbital induced slecping times in
mats were reduced by pretreatment with PCBa.

113
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The minimal cffcctive dose was 5 mg/kg for 3
days with Kancehlor 400 (48% Cl) and 2 mg/kg
for 3 days with the higher chlorinated lancechlor
500. The porpliyrugenic action of 1I'CBs was
furihcr evaluated in a study with Japancse quail
(33). The resulls (Table 8) indicate that the
hepatie porphyria is closely associated with an
increase of mitochondrial ALA synthnse activity.
A significantly increased activity of this ensyme
was already noted afler adininistration of dsily
doses of 1 mg/kg Aroelor 60%% Cl for 1 weck.
- Mean PCB content of the liver at that dosc was
J41 ppm. A less scnsilive paramcicr is tissue
Buorescence due Lo exeess quantilics of porpliyrins.
Liver fluoreseenee was only scen at the 100 mg/kg
level. It devdops, probably, only in animals
showing clinical symptoms, such as loss of weight.
A Eimilnr finding was done in the prior experi-
ment with ehickens (11).

Edema Formation

The most siriking finding in birds is the ac-
cumulation of fuid. The pathogenesis of the
edema forination is discussod by Flick and co-
workers (0). The prinary site of the edema caus-
ing factor could be the heart by increasing the
permeability of the vascular bed, leading to
eardinc congestion, Pulmonary edema could be
the result of the cardiac congestion. The pul-
monary edema might be followod by a flow of
fuid into abdominal and subeutancous air sacs.
Decreased seruin protein values (34) could also
contribute to the edema formation. Liver damage

can be responsible for reduced serum albumin
levels.

As mentioned in Table 4, the edema formation
is probably due to the presence of polychiorodi-
benzofurans. In our study the edema formation
by the 060% chlorinated Aroclor sample was
minimal at the 400 ppm level. As can be scen
in Table 6, chick edema-like Jesions were noted
at low feoding levels and were caused by lower
chlorinated Aroclors. Therefore the presence of
toxie impurities in these Aroc’or samples has to
be considered.

Other Effocts

An interaction of PCHs with duck hepatitis
virus was found by Friend and Trainer (33).
Ten-day-old ducklings were fed a 549, chlorinated
Aroclor mixture at Jevels of 25, 50 and 100 ppm.
The birds suffered no apparent clinical intoxica-
tions, Five days Iater they were challenged with
duck hepatitis virus, and they suffered signifi-
cantly higher mortality than birds which were
not exposed to PClis.

Effcets of PCBs on the lymplioid system were
noted in some studies. Fecding of ’CBs to chick-
ens reaulted in small spleens (6,11). Lymphopenia,
atrophy of the cortex of the thymus, and a re-
duction in the number of germinal centers in
splecn and lymph nodes was found in rabbits
(14). Therefore, an Immunosuppressive action
could be present, Tn an experiment with guinca
pige, this was established (36). Feeding of 10
ppm Aroclor 80% Cl, for 8 wecks resulted in a

Tablo 8. Forniation of $-Aminoevulinic Acid by Liver Mitochondris, Liver Residues, and Tissue Fluorescence
in Fcmale Japanese Quail Orally Dosod with I'CD for Seven Days.

Tissue fuorescence incidence

Aroelor (60% C1) ALA formed {ma moles PCB content liver
(mg/kg body weight) ALA /g Liver/br) (ppm) Macroscopic Microseopic
(iver)

[ ] §.48+1.64 0.15 o0/5 0/5

0.1 8.764:4.08 0.4520.27 0/5 0/5

| 10.80+1.21* 1.4140.067 0/5 0/5

» 17.3:48.0¢ 27.049.4 0/5 0/5

100 110.9* 4784204 ¥6 2/8

¢ Mean velueazBD), 5 birds per group.
% Bignifieantly different from sontruls, P £0.05.
¢ Pooled samples
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decreased number of antibody-forming cells in
the popliteal lymph node, aftor stimulation of
tho humoral lymphoid system with tetanus toxoidl
(Fig. 7). This suppression may explain the
higher wensitivity of PCB-fed ducklings for duck
hepatitis virus (35). In a compurative toxicity
study m guinea pigs, an indication for an effect
of PCB (Clophen and Aroclor 0% Cl) on the
eell-mediated immunity was obtained. Feeding
of these mixturcs at 50 ppm levels. for 6 weeks
rosulied in a decreased number of cireulsting
Iymphocytes (unpublished data).

An cstrogenic activity of PCIls (Aroclor 21485
Cl) was demonstrated by Bitman and Cecil (37).
The estrogenic activity was evalualed using the
18-hr glycogen response of the immature rat
uterus after a single subcutancous injection. The
wminimym effective dosc was 8 mg. The higher
chiorinated PCB mixtures were inaclive at the
8 mg level. In the above mentioned subscutc
fooding study of 60% chlorinated mixtures in
guinea pigs, we found siguificantly inercased
uterus weights in the PCB treated animals. Both
Increased sicroid metiabolism, as mentioned by
Relifeld and coworkera (23), and the catrogenic
activity could be responsible for the depression
of secondary scxual characteristica (decreased
development of comb and watiles) moted in
cockerels (24).

Administration of Aroclor (54% Cl) at levels
of 12.5, 25, and 50 mg/kg body weight during the
first 28 days of gestation had embryotoxic effects
in the rabbit (31). Edoma and beak deformities
in chicken embryos have been described after
yolk-sac injection of 10 and 25 mg 42% chlori.
nated Aroclor, resuiting in respectively 95 and
1007, embryonic mortality (38),

An effect of PCB on the nervous system was
noted by Ogawa (39), Oral administration of
PCU (0.3-0.5 m)/kg/day) to rats for 14 or 2]
days, resyltod in marked or moderately impaired
motor function, decreasxt motor conduction
velocity and loss of large nerve fibres, He con-
cluded that PCB caused beuropathy in rats.

Conclusion

Becauss of the possible prescnce of poly.
chlorinated dibensofurans (PPCF) or other toxie
impurities in crude PCB preparations, it ia

116

difficult to interpret many of the toxicity studies,
Pure sunples are requited for comparative jn.
vestigations. Aleo the fatc of the toxic impuritics
in the cnvironment has to be deterinined. As
presented here, PCBs have several subletlal
effects, such as microsomal enzyme induction,
porphyrogenic action, cstrogenic activity, and
immunosupprossion. Bince porphyria secms to
be an effect of PCBs themselves and not from
I’CF, the induction of ALA synthase could be
used as criterion in the approximation of a no-
effect level (at least for the 809, ehlorine type
of PCHBs). The no-effect level could be about 0.1
mg/kg (mean PCB content of the liver in Japa.
nesc quail about 0.2 ppm). This is in the sainc
order of magnitude as found in the other studies.
Additional research is needed to determine fully
the significance of those sublcthal effects, More-
over, chronic and repreduction studics are neces-
sary, The present resulls also make clear that
manufaeture of commercial PCHB mixtures that
sre free from impuritics is urgently requested.
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