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Envireninental Health Perspectiveg

T oxicology of PCBs for Mammals

and for Birds
by J. G. Vos®

Introduction

In the carly days of its usc, 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 inore studics were made
a8 800N a8 it appeared that the extremcly stable
PCB’'s became & threat to the environment and
its wildlife, and accidents occurred of acute
poisoning in man end animals. These studics
have been made with material with different
contents of chiorine, from different manufecture,
and—as we can now say in retrospect—with
dificrent and uuknown contenta of toxic im-
puritics. For this rcason the toxicological infor-
mation of PCB's is difficull to summarize, but
since the chiaracter of some imporiant impurities
has recently been clucidated, it is well to discuss
these first in order to be able to consider thceir
contribution to thc overall toxicily of the dif-
ferent preparations studied. )

These studies were started because of the
anslogy between the effecis of the PCBs (1-6)
and somc toxic effecis associatcd with toxic
faclors in crude chloropbenols and in “toxic
fat”, Effcctr of the latter are liver damage (7),

- chloracne (7,8) and edema formation (8).

Chemical, Toxicological, snd Pathological
Identification and Evaluation of Toxic Impurities in

Technical PCB Preparations

The first indication of the presence of toxie
impuritics was obtained in a comparison of the

® Institute of Veterinary Psthology and Institute of
Veterinary Pharmncology and Toxicology, Btate Uni-
versity of Utreeht, The Netherlands, :
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toxicity of threc commercial PCB samples (eon-
taining 609 chlorinc on the average): Phenoclor
DP6 (sample 1), Clophen A60 (sample II) and
Aroclor 1260 (sample 111). These three mixtures
showed & 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 1009, moriality, subcutancous and
abdominal edema, and eentrolobular liver necrosis
occured in only two groups (fed the samples 1
and II). Hydropericardium (Fig. 1), & common
effcct of these two mixtiurcs, was only occa-
sionally scen in the chicks fed the sample 111, The

‘-«f ' M’*‘. L...
AV SR,
Flaore 1. Hydropericerdium in a ehick fed 400 ppm

of eample 1,
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Teble 1. Mortality, and Pathologic Observations of Chicks Fed 400 ppm PCH for 60 Dayn.

Number of Number of birds with edema Nutnber of
PCB eample N deaths - birds with
Hydro- Abdominal Bubcutaneous  liver necrosis
pericardium
| 24 A% 18 8 8 9
22 22 20 ] 7 ]
i 20 3 3 0 0 0
Control 20 0 0 0 0 0

‘mortality in this group was only 15% (Table 1).

The excretion of coproporphyrin and protopor-
phyrin in ‘the feces was inercased. Examination
of tissucs under Wood's light showed the presence
of red fluorescence indicating porphyrins in the
liver and other tissues of especially the birds that

died. This hepatic porphyrin was found in all

threc experimental groups.

In the subsequent study (12) by means of
column and gas-chromatography the presence
of rclatively more polar compounds was demon-
strated in the 25% diethylether fraction of
samples ] and 11. 1In a chick embryo assay (Table
2), the difference in toxicity belween the three
samples was confirmed; the high toxicity of the
259, dicthylether fraction of sample 11 is demon-
strated by the similarity between the mortality
levels in the group injeeted with 3.5 sample 11/
egg and the group injecled with the 25% dicthyl-
ether fraction from 3.5 mg sample 11/egg.

Mass spectrometric analysis revealed that

Table 2. Chick-Fmbryo Assay of Three PCB eamples
and the 25% Dicthylether Fraction from Semple 11

Dosc Number  Percentage
PCB samplc  (mg/egg) of egrs hetch of

" trestod - feriile eggs
1 3.5 15 0
1 3.5 20 3
1 8.6 15 80

Fraction from

sample 11 35 15 0
3.6 16 7
0.85 15 92
0.035 15 100
Fthanol control 0 20 ™
Untreated control -— 20 00

identical chlorinated compounds were present
in the 25% dicthylether fraction from samples 1
and II but not in that from sample 111, They
included compounds with mass number 304 and
338.. The proposed identity of these compounds,
tetrachloredibenzofuran  and  pentachlorodi-
bengofuran, is indicated by the following chemi-
cal-analytical, pathological, and toxicological
data.

From exact mass measuremen’s it was found
that the formulac of these peaks were Cyll,0%Cl,
and C,;;H;0%Cl. The formulac of the fragment
jons 241 and 275 were CyH»#C); and Cy11,2CL.
From this data it can be concluded that the
parcnt ion has a prefercntial fragmentation for
the loss of a single CICO unil. Mass specira were
compared with the spectrum of a chick edoma
factor 1,2,3,7,8,9-hexachlorodibenzo-p-dioxin.
The mass spectrum of this compound has a similar
fragmentation patiern, i.c. the loss of two suec-
cessive mass units of 63 suggests a loss of two
CICO units. With microcoulometric analysis a
certain maximum level could be indicated. This
maximum level was found to be five ppip of the

compound with mass nuinber 338 in sample Il
and 20 ppm in sample 1.

olychlorinated dibenzofurans are strong hepe-
totoxic and acnegenic compounds. Tri- and Letra-
chlorodibenzofurans in a single oral dosc of 0.5 —
1.0 mg/kg caused severe and often lethal liver
necrosis in rabbits (7,13), and application to the
ear rcsulted in chloracne. Tetrachlorodibenzo-
dioxin was about 10 titnes more toxic (7). In-
jection of the 25% dicthylether fraction obtained
from 35 mg sample 1l into the aircell resulted
in 100% mortality (Table 2). It can be caleulated
that the maximum dosc/cgg is 0.2 ug pents-
chlorodibenzofuran (taking five ppm as the maxi-
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muin valuc). This confinns the order of toxicity
found by Higginbotham et al. (8) in the casc of
eliloro-dibenzodioxins, Tetra and pentachlori-
dibenzofurans were considered responsible for
the higher toxicity of samples I and 11,

Confinination is also obtaincd from the sub-
sequent comparative toxicity study in rabbits
(14). Again samples I and 11 were more toxic; the
liver and skin lesions were morc scvere, Por-
phyria, cspecially of the liver, was present in all
three groups (Fig. 2). A remarkable finding was
the intensc red fluoreseence of small foci inside
hepatic cells. They probably represent nuelei. This
was confirmed in an additional cell culture experi-
ment with the Aroclor sumple and with 2,4,5,-
2' 4',5"-hexachlorobipheny). (This experiment was
carried out by my colleague Dr. J. G. Wit of the
Biochermical 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 acnegenic polychlorinated dibenzofurans
88 jinpuritics in samples I and II was found to
be established.

In another experiment (15), the toxicity of the
Aroclor (60% CI) sample was compared with the

TR F .
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toxicity of 2,4,5,2',4’,5hexachlorobiphenyl.
From the increascd feeal excretion of copropor-
phyrin in both experimental groups (Table 3), it
is very likely that PCBs themselves are responsible
for the porphyrogenic action of crude prepara-
tions, From the presence of slight skin lesions
inducdd by 2,4,5,2',4',5hexachlorobiphenyl
when compared with the Aroclor sample, it can
be concluded that the major acncgenic action of
crude mixtures comes from a possible eontamina-
tion with chlorinated dibenzofurans. It can also
be concluded that PCBs themsclves have a
slight acnegenic action. Liver damnge was os-
sentially the samc after treatment with both
2,4,5,2',4’,5"-hexachlorobipheny!  and the
Aroclor mixture. The conclusion that the liver
injury, caused by crude preparations, is pre-
dominantly due to the contaminants, is based
on the differences in liver toxicity between the
three PCB preparations (11, 14).

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

Fiouat 2. Fluorescence of porphyrine under ultraviolet light in livers from rahbits tresled with 80% chlorinated PCH's,
- 1, Aroclor; 2, Clophen; 3, Phenoclor; end 4, Control liver (i4).

April 1972
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Fioore 8. Response of the inside of the rabbit's ear after tapical application of the 259, diethylether fractiona from tech-
nical PCIV'a. Haemotoxylin and eosin. X60, (a) Skin of control enimal treated. with ethanol. Note the hair follicle
al 1, seabacoous gland tissue at 2, and cartilage at 3. (b), Ear skin of the animal treated with the {raction from sample
I11. Bome hyperplasia and hyperkeratosie of the follicular epithelium can be socn. (c). Ear skin of Uhie rabbit trested
with the frartion from sample 11, Considerable hyperplasia and hyperkeratosis of the (ollicular epithelium, (d). Far
skin of the rabbit treated with the fraction from sample 1. Part of a section that shows the most severe lesion. Tho
gravity of the response was in general the same as seen in (¢). Note the cystio dilated hair follicle with prominent
hyperplasie and hyperkeratosis of the follicular end epidermal epithelium (14).
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differ in an imporlant respect: the presence of
joxic impurities. The possibility of distinguishing
petween the effcets of PCBs and their impurities
ean be further improved by using pure isomners
with known positions of the chlorine atoms.

Mortality, Liver Effects, Edema Formation and Other
Effects

These data, as prescnted by different authors,
arc summarized in Tables 5, 6, and 7. As can be
ecen in Table 5, the acute and subacute toxicity
data of PCB’s arc poor. The established values
are high. Scmichronic oral toxicity studies are
suinmarized in Table 6. Dermal and inhalation
studics are given In Table 7.

Table 8, Coproporphyrin Contents (ug/g Dry Weight)
of Foces of Rabbite Treated with PCB for 4 wecks,
and of Controls.*

2,4,5,2',4',6"-lexachlorobiphenyl  Aroclor  Control
(80% Cl)

It. is very probable that the results of these
studies may have been influcnecd by the presence
of polychlorodibenzofurans or other toxic jm.
puritics, For example, in the study of Relifeld
ct al. (23) general edema was already found in
’Lhicks fed 30 ppm Aroclor 48%, Cl, while
Kohanawa and co-workers (22) noted edema
formation at the 100 ppm level of another 489,
chlorinsted mixture. Mortality in the latter
study was also lower (Table 6).

Liver Effects

The most imporiant liver effects, summarired
in Tables 5, 6, and 7, arc weight incrense, fatty
degeneration, hyalin degeneration and necrosis.
Increased liver weights, as noted in several studics,

Table 4. Probeble Coutribution of Polychlorinated
Dibenzofuran (I'CF) and Pure Polychiorineted
Diphenyl (PCH) In the Toxicity of Crude
PCB Mixtures.

Chlor- Edema Liver Hepatic

45.0 4.1 4.5 scne forina- dange hyria
6.2 5.0 3.7 tion “ge porphy
20.8 290.4 3.6
:D_f .13_[3 ?_f Polychlorinated
) ++ ++ ++ -
Mean 27.0¢ 18.8 3.8 Dibenzofuran
Polychiorinated
o Figurca are the contents of feces, collected from the + - + ++
eocum of the individual animals. Biphenyl
$ Significantly differcut from controls, P <0.025.
Table 5, Acute and Subecute Oral Toxicity Studies of PCB Preparationas,
Preparation Animal Treatment Mortality Liver efects Ralerences
Unknown Mouse gingle dose of LD50 (10)
approx. 2000 mg/kg
Aroclor 54% Cl Rat eingle dose of 0% Increasc of weight and (7
5600 mg/kg lipid; potentintion of
OCL toxicity
Aroclor 42, 54, 60, and Mallard single dose of 0% (18)
: 689 Cl 2000 mg/kg
429% Ct Rat. 20 daily dosce of 0%in 8 Hyalin bodics in liver cells (19)
' 138 mg months
42% Ct Guines pig 2 doscs of 69 mg 100% between Fatty metamorphosis; (19)
1 week apart 11 and 29 central utrophy
days
65% C1 Rat 6 daily doses of 70% in 14 Increase of weight; eell (20)
$00 mg days swelling: hyalin
granules

- April 1972
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Table 6. Semichronic Oral Toxlci.ty Studies of PCB 'reparations.

Prepa- Animal Trestment Mortality Liver effccts Other cffects Refer.
ration ences
65% Ct  Rat Doscs of 50 mg 607 in 5 weeks 339, weight increase; (20)
every socond eell swelling;
day byalin globulcs
48% Ci  Cyno- From 641 mgin  not given Enlargement; SER - Main cause of death:  (21)
molgus 40 deys to 348 proliferation pneumonia or
monkey mg in 230 days diarrhen
48% Cl  Bquirrel From 320 mg in  not given Enlargement; SKER  Main eause of death:  (21)
monkey 46 days to 67 proliferation pneutnonia or
mg in 48 days BER prolifcration diarrhea; palpe.
bral edenia in
. 1 animal .
48% Cl °~ Mouse Daily doses of 0% Enlargement; SER  8kin: loss of hair, (21)
0.001 mi for prolifcration erosion and
13 to 20 wecks RER reduction; ulceration after
myelin figures; 3 months
increase of micro-
bodics, lysosomes
and lipid
Aroclor  Chicken 100, 200, 400, and 0, O, 50, 90, and Enlargement;. Edema formation (8)
42% C1 and 1000 ppm 809 respoctlively damage at the from 200 ppin; st
in diet for higher levels high lcvels internal
4 woeke bacmorriiage and
tubular dilatation
in kidneys
Aroclor  Chicken 200 and 400 ppm 0 &nd 12% Pronounced edema (6)
42% Cl in dict for respectively at 400 ppm; en-
3 wooks larged kidneys;
small spleen;
defeathering and
dermatitis
48% ClI Chicken 1, 5, 10, 25, 50, 0% from 1 to 100 Edcroa formation (22)
100, 300, 600, ppm; 100% {rom 100 ppm level
1200, 2400, and the 100 ppm level
4800 ppm in
diot for 20 days
Aroclor  Chicken 10, 20, 30, 50, 100, After 3 weeks: 0,0, Enlargement Genersl edema and (23)
489, C! and 150 ppm in 30, 30 and 20%; depression of the
dict for 4.5-5 at theend 0, 0, sscondary sexunl
weeks 80, 60, and 807, eharacteristics
reapectively from the 30 ppm
level
Avoclor - . Chicken 250 and 150 ppm 250 ppm 100, bo- 800 ppm at end: (24)
54% Cl ia diet for 6 to tween 3 and 10 comb weights 20-
13 wecks wecks; 500 ppm fold and tcstes
some moriality at weights 2-fold
the end lower than controla
Aroclor  Bengalese  Estimated dose 50% Hydropericardium (25)
84% Cl  Bueh ralc at 50 days in somo birds
of 25{ mg/kg/
dey
Phenoclor Japanesc 2000 ppm in diet 100, botween 6 and Hydropericardium (10)
60% Cl  quail 85 days
110 Environmecental Healih Perspccetives
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(24)
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Table 7. Derinal Toxicity and Inhalation Studies of PCR Preparations.
Prepa- Animal - Trestment Mortality Liver effcets Skin cllects Refer.
ration ences
42% C)  Guinea pig 11 daily skin 100% bLetween 11 Fat; central atro- Occasional thicken- (19)
applicationn of and 21 days phy; perinuclear ing of the
34.6 mg basophilic granu- epidermis
lation; focal
necrosis in & few
. animsls
42% Cl  Rabbit Bkin application 1009 between 17 Fatty degencration; ‘Thinning of prickle {19)
’ al alternete snd 98 days central atrophy cell leyer end
days, tota! dose thickening of
from 946 to outer cornified
1080 mg layers
Aroclor  Rabbit . Daily skin appli-  High dose died be-  Moderate doscs: Reddening; forma- (26)
cations of 0.3, fore liver necrosis mottled liver, sub-  tion of small
0.6,snd 0.0 g developed scute yellow papulcs and
atrophy, {atty blisters; finally
degenceration, and desquamaticn of
marked necrosis external epidermal
layers
Aroclor  Rat Inhalationof = 0% Pale snd yellow; (20)
85% Cl 0.57 mg/cubic eell swelling;
meter for 16 byalin degenera-
hours for 37 to tion; potentiation
134 days of CCli and
' CGHOH toxicity
are well explained by the proliferation of smooth  with  2,4,5,2',4’,5 -hexachlorobiphenyl  and

surfaced membrancs of the endoplasmie reticu-
Jum (BEER) as was found by Nishizumi (21) in
micc and monkeys and by Norback and Allen
(27) in rats, The latter workers found a prolifera-
tion of the SER in rats fed PCB for 1 to 5 wecks,
Concomitant with the structural changes, the
activitics of measured drug inctabolizing enzymes
{nitroreductasc and aromatic hydroxylase) were
increased. The induced level of drug metabolizing
activity persisted as the proliferation of the SER
deereased and concentric arrays pervaded the
cyloplasmic reticulum (27). These concentric
membrane arrays, probably representing the
hyalin bodics described by Bennet et al. (20)
and Miller (19), could have an enzymatic func-
tion similar Lo that associated with the BER (27).

Bimilar formations, thc so-called myelin fig-
ures, were demonstrated in mouse liver by
clectron microscopy; in monkey liver they were
not found (21). In both mouse and monkey liver
8 proliferation of the SER was found. In our
oomnparative derinal toxicity study (15) in rabbits

April 1972

Aroclor (609, Cl), the light microscopic findings
included necrosis, hydropic degeneration (Figs. 4
and 5) as well as a peripheral and perinuclear
shift of cell organelles (Fig. 5) and focal eyvto-
plasmic hyalinization. In eleetron microscopy, the
shift was found to be due to a proliferation of the
SER resulting in & displacement of rough surfaced
membrancs (RER) and mitochondria. The focal
cytoplasmic hyalin degeneration, often seen in
hydropic cells, was recognized as tightly packed
tubules of proliferated SER (Fig. 6). This very
probably represents hypertrophie, hypoactive
SER.

Sublethal effects caused by induction of hepatic
enzymes have been noted by scveral authors,
Increased steroid metabolism in pigeon liver
homogenates has  been  demonstrated by
Riscbrough ¢t al, (28). Lincer and Peakall (29)
confirmed the effect of PCB on the hormonc
melabolism in birds st very low dosc levels. They
fed kestrels for 6 months with Aroclor 54% and
62% Cl at levels of 0.6 and 5.0 ppin. The higher

n
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Figuny 4, Liver damage in 8 killed rabbit treated with 120 mg Aroclor (60% Cl), § times per weck, for 28 days, Note the
conbrolobulsr necrosis (1) and the hydropic cells (2) st the margin of Wie necrotic and vital tissue. Haemotoxylin and

eoain. X160,

Figowre 5(n). Liver cella of & control rebbit, Clear aress mey represcnt negative images of glycogen (arrow), Toluidine
blue. X040. (). Liver ceils of an Aroclor treated killed rabbit, Notc the hydropic eells (1) snd the perinuclear and
peripheral displacement of cell organcilcs with sometimes hyalin foci (2) inside hepatic cells. Toluidine blue. X940.

112 Environmental Health Perspectives
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Fiaurr: 6. Hydropic liver cells from the same anima) as scen in Figure 5b showing & Jarge number of vacuoles (V) and
a perivacuolar Joealization of milochondrin (arrow). Note the strong proliferation of the SER, consisting of tightly

packed tubules, Uranyl acetaic and lead citrate. X5500.

dose being roughly equivalent to 2 mg/kg PCBs
to cach kestrel. A dose dependent in vitro break-
down of esiradiol to & morc polar metabolite
occurred in the livers from kestrels fed cither
Aroclor 1254 or Aroclor 1262. No such conversion

took place in the livers of the control birds. The .

increasc in hepatic cnzyme aclivity corrclated
with an incrcase in oyloplasmic RNA, as was
measured cytophotometrically. A shoriencd sleep-
ing time afler treatment with hexobarbital, and
enhanced in vitro rates of aniline hydroxylation
and p-nitroanisole dencthylations were demon-
strated by Strect and coworkers (30). These
authors also found an increase of these effccts
with increasing chilorine content of the different
PCB preparntions (Aroclor 21 to 689, Cl).

Using enzyine induction as parameter, no-

April 1972

effect levels of some PCRB preparations were
established in the rabbit, rat, and Japanese quail.
Oral administration of Aroclor 219 Cl and 547,
Cl (1.0 and 10 mg/kg) for 28 days to prognant
rabbits resulted in liver enlargement and in-
creaned activitics of the drug metabolizing en-

‘gymes aniline hydroxylase and aminopyrinc

n-demethylase at the 10 mg/kg level of the 54%
chlorinated Aroclor. The no-cffect level for enzyme
induction in the pregnant rabbit appeared to lie
between 1.0 and 10 mg/kg in the ease of Aroclor
54% Cl, and higher than 10 mg/kg for Aroclor
219, Cl (31).

Another parameter for enzyme induction was
used by Komatsu and Tanaka (32). They found
that the hexobarbital induced sleeping times in
rats were reduced by pretreatment with PCBs.

113
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_The minimal effective dose was 5 mg/kg for 3
days with Kanechlor 400 (48% C!) and 2 mg/kg
for 3 dnys with the higher chlorinated Kancchlor
600. The porphyregenic action of PCBs was
further evalunted in a study with Japancse quail
(33). The results (Table 8) indicate that the
hepatic porphyria is closcly nssociated with an
increase of mitochondrial ALA synthase activity.
A significantly increased activity of this engyme
was alrcady noted after adimninistration of daily
doscs of 1 mg/kg Aroclor 607 Cl for 1 weck.
+ Mean PCB content of the liver at that dose was
141 ppm. A less sensitive paramecter is tissue
fluorescence due {o excess quantitics of porphyrins.
Liver fluorescenee was only scen at the 100 mg/kg
level. 1t devclops, probably, only in animals
showing clinical symptoms, such as loss of weight.
A similar fuading was done in the prior experi-
ment with chickens (11).

Edcema IF'ormation

The most striking finding in birds is the ac-
cumulation of fluid. The pathogenesis of the
edema formation is discussed by Flick and co-
workers (0). The primary sitc of the cdema caus-
ing factor could be the heart by increasing the
permeability of the vascular bed, leading to
cardiac congestion. Pulmonary edema could be
the result of the eardiac congestion. The pul-
monary edema might be followed by a flow of
fluid into abdominal and subcutancous air sacs.
Decreased serumn protein values (34) could also
oontribute to the edema formation. Liver damage

can be responsible for reduced serum albumin
levels,

As mentioned in Table 4, the edema formation
is probably duc to the presence of polychlorodi-
benzofurans. In our study the edemna formation
by the 60% chlorinated Aroclor sample wag
minimal at the 400 ppm level. As can be scen
in Table 6, chick edema-like lesions were noted
at low feeding levels and were caused by lower
chlorinated Aroclors. Therefore the presence of
toxic impuritics in these Aroclor samples has to
be considered.

Other Effccts

An interaction of PCls with duck hepatitis
virus was found by Friend and T'rainer (35).
Ten-day-old ducklings werc fed a 549 chlorinated
Aroclor mixturc at levels of 25, 50 and 100 ppm.
The birds suffered no apparent clinical intoxica-
tions. Five days later they were challenged with
duck hepatitis virus, and they suffercd signifi-

cantly higher mortality than birds which were

not exposcd to PCH3s.

Effcets of PCBs on the lymphoid system were
noted in some studics. Feeding of ’CBs to chick-
ens resulted in small spleens (6,11). Lymphopeuia,
atrophy of the cortex of the thymus, and a re-
duction in the number of germinal centers in
spleen and lymph nodes was found in rabbits
(14). Therefore, an immunosuppressive action
could be present. In an experiment with guinca
pigs, this was cstablished (36). Feeding of 10
ppm Aroclor 60% Cl, for 8 weeks resulted in a

Table 8, Formation of é-Amninoevulinic Acid by Liver Mitochondria, Liver Residues, and Tiesue Fluorescence
in Female Japanese Quail Orally Dosed with PCB for Seven Days.

Aroclor (607, C1) ALA formed (mu moles

PCB eontent liver

Tissue fluorcscence incidence

(mg/kg body weight) ALA/g liver/hr) (ppm) Macroacopic Mig.osco)pic
iver
0 6.4611.64 0.15 0/5 0/5
0.1 8.76:4.00 0.45+0.27 0/5 0/5
1 10.80+1.21° 1.41+0.67 0/6 0/6
10 17.34.6.4* 27.0490.4 0/5 0/6
100 119.9¢ 478:4.204 /5 2/5
¢ Mean valucs=:SD, 5 birds per group.
b Rignifieantly different from csontruls, P 50.01. .
* Pooled samples
114 Environmental Health Perspectives
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Fiounr. 7. Representalive areas of tetanus loxoid stimulated poplitesl lymph nodes of guines pigs. (a) Large number of
sulibody. forming eelle in 8 control animel. (b), Reduced number of antibody formag celis in an snimal fed 10 ppm

Aroclor (607 C1) for 8 weeks. Dircct fluorescent antibody technique, Cryostat sectiazs. X 375. (36).

byuscciven .
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decreased number of antibody-forming cells in
the popliteal lymph node, sftor stimulation of
thic humoral lymphoid systemn with tetanus toxoid
(Fig. 7). This suppression may explain the
higher sensitivity of PCB-fed ducklings for duck
hepatitis virus (35). In a comparative toxicity
sludy in guinen pigs, an indication for an effect
of PCB (Clophen and Aroclor 60% Cl) on the
_ocll-mediated immunity was obtained, Feeding
of these mixtures at 50 ppm levels. for 6 wecks
rosulted in a decreased number of circulating
Jymphocytes (unpublished data).

An estrogenic activity of PCIs (Aroclor 21-48%,
Cl) was decmonstrated by Bitman and Cecil (37).
The estrogenie activity was cvaluated using the
18-hr glycogen response of the immature rat
uterus afier a single subcutancous injection. The
minitnum cffcctive dose was 8 mg. The higher
chlorinated PCB mixtures were inactive at the
8 mg level. In the above mentioned subacuto
feoding study of 60% chlorinated mixtures in
guinen pigs, we found siguificantly increased
uterus weights in the PCB treated animals, Both
increascd steroid metiabolism, as mentioned by
Rehfeld and coworkers (23), and the cstrogenic
aclivity could be responsible for the depression
of sccondary scxual characteristics (decreased
development of comb and wattles) noted in
cockerels (24).

Administration of Aroclor (549, Cl) at levels
of 12.5, 25, and 50 mg/kg body weight during the
first 28 dnys of gestation had embryotoxic eflects
in the rabbit (31). Edema and beak deformities
in chicken emmbryos have been described: after
yolk-sac injection of 10 and 25 mg 42% chlori-
natcd Aroclor, resulting in respectively 85 and
100%, embryonic mor(ality (38).

An effect of PCB on the nervous system was
noled by Ogawa (39). Oral administration of
PCB (0.3-0.5 ml/kg/day) to rats for 14 or 21
days, resulted in marked or moderately impaired
motor function, decreascd motor conduction
velocity and loss of large nerve fibres. He con-
cluded that PCB causcd ncuropathy in rats,

Concluslon

Because of the possible prescnce of poly-
chlorinated dibengofurans (PCF) or other toxic
impurities in crude PCB prcparations, it is
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difficult to interpret many of the toxicity studics,
Pure samplcs are required for comparative in-
vestigations. Also the fate of the toxic impuritics
in the environment has to be determined. As
presented here, PCBs have scveral sublethal
effects, such as microsomal enzyme induction,
porphyrogenic action, estrogenic activity, and
immunosuppression. Bince porphyris scems to
be an cffect of PCBs themselves and not from
PCF, the induction of ALA synthase could be
uscd a8 crifcrion in the approximation of a no-
effect Jevel (at least for the 60% chlorine type
of PCBs). The no-¢fiect level could be about 0.1 -
mg/kg (mean PCB content of the liver in Japa-
nese queil about 0.2 ppm). This is in the sainc
order of magnitude as found in the other studics.
Additional rescarch is needed to determine fully
the significance of these sublethal effccts, More-
over, chronic and reproduction studics are neces-
sary. The present results also make elear that
manufacture of commercial PCB mixtures that
are free from impuritics is urgently requesied.
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