ough
it
effect
agne-
those
1 CON-
967).
sium
n ob
wium
vhich
etion
aug-
mini-
uring
slor-
| and

mium

1 rais,

’0
maq‘oowov AND APPLND PHARMACOLOOY 19, 617 »Imn)

- Dermal Toxicity Studies of Technical Polychlorinated
Biphenyls and Fractions Thereof in Rabbits

o J. G. Yos AND R, B. Bepms

" Bastitwte of Veterinary Pathology ond Institute of Velerinary Pharmocology and Toxicology,
University of Utrecht, Biltstraat 172, Utrecht, The Nether lands

Recelped Ociober 3, 1970

Dermal Toxicily Studies of Technical Polychlorinated Biphenyls and

Fra-tions Thereof in Rabbits. Vos, J. G, and Beems, R, B. (1971). Toxicol.

Appl. Pharmacol. 19, 617-633. A significant difference in toxicity between 3

polychlorinated biphenyl (PCB) preparations was found-in a prior study: !

Clophen A 60 and Phenoclor DP6 showing the highest, Aroclor 1260 she !

fowest, toxicity (Vos and Koeman, 1970). A subsequent study revealed the '

presence of tetra- and pentachlorodibenzofuran in Phenoclor and Clophen

(Vos ez al., 1970). In the present study, application of 118 mgof the 3 PCB's

.+ (8 times per wk, for 38 days) on the back skin of rabbits also resulted in

4 differences in toxicity. '
‘ PCB-induced skin lesions were hyperplasie and hyperkeratosis of the

epidermal and follicular epithelium. HistoBathology of the liver included
centrolobular degenceration, centrolobular liver cell atrophy, focal necrosis, )
and cytoplasmic hyatin degencration. Definite hyperplasia and hyperkera-
tosis of the follicular epithelium of the ear skin were seen afier the topical
application of fractions of Phenoclor and Clophen eluted from chromato-
graphic columns with 25 %, diethylether in hexane. The fraction from Aro-
clor caused a minimal hyperplasia and hyperkeratosis of the follicular
epithelium. PCB-induced kidney lesions were hydropic degeneration of the
convoluted tubules and tubular dilatation with the presence of casts. This
dilatation was demonstrated also by a significantly increased relative
perventage of the diameter which corresponds to the space of Bowman,
Morcover, thymus atrophy and lymphopenia were found. Fecal copro-
porphyrin and protoporphyrin excretion was increased,

Polychlorinated biphenyls (PCB) have been identified in tissues of fish and wildlife in
many countries (Jensen, 1966; Holmes ef al., 1967; Holden and Marsden, 1967; Koe-
man el al., 1967; Riscbrough et al., 1968 ; Kocman eral., 1969; Jensen er al., 1969 Duke
et al., 1970; Prestt et al., 1970).
P;CB preparations are extremely stable, oily fluids with very low aqueous solubility,
They are used as lubricants, as heat transfer media, in protective coatings for wood,
1, and concrete, and for many other applications. Which of these applications has
chntributed to the presenf environmental contamination has not yet been established.
- Inhalation and feeding experitments in rats with 65% chiorinated PCB resulted in liver
injury (Drinker ef al., 1937; Bennctt ef al., 1938). Liver damage and skin lesions have
described after inhalation, ingestion, and application to the skin using rabbits,
gmpa pigs, and mice (von Wedel ¢/ al., 1943). Hydropericardium occesionally accom-
W by abdomina! edema was found in chicks fed PCB (McCunc e of., 1962; Flick
. 617
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r'al.. 1965; Vos and Kocman, 1970). Epithelial and follicular hyperplasia and hyper-
{tfl!Oﬂl were found afer application of PCB on the skin of rabbits (Adams ¢/ a/.,
]|9~4|) Subcutancous injection of 42 % chiorinated PCB in rats, guinea pigs, and rabbits
Iuhed in liver injury and skin lesions, which were essentially those of chloracne
Mmcr. 1944). Follicular hyperkeratosis is an important feature of the occupational
ﬂo?cuc known as chloracne, which is characterized by the appearance of papules, come-
Hones, and cysts. Ht may develop afier exposure to some highly chlorinated aromatic
"gompoundr. Examples are chlorinated naphthalenes (Greenburg e/ al., 1939 Hambrick,
!957 Shellcy and Kligman, 1957) and chlorinated phenols (Hofmann, 1957; Baver e/
pl 1961; Bleiberg er al., 1964). The active compounds in chlorinated phenols have been
id ntified as chiorinated dibenzodioxins (chlorinated diphenylene dioxides) which
mby
Liver injury (acute yctlow atrophy), whether accompanied by chloracne lesions or not,
s ﬁlw described in people engaged in the manufacture of the chlorinated hydrocarbons
{Strauss, 1944; Braun, 1955; Behrbohm, 1959). Also for the PCB's there are early re-
s of occupatioral choraene (Jones and Alden, 1936; Schwartz, 1936). The present-
g:’ use of PCB does not seem to have led to this kind of difficulty.
significant difference in toxicity between 3 samples of commercial PCB preparations
asfoundina previous study (Vos and Koeman, 1970), despite the marked resemblance
the gas chromatograms and the mass spectra (Koeman et al., 1969). One hundred per
ocnt mortglity, centrolobular liver necrosis, and sc and abdominal edema were found
only in chicks fed the samples of Clophen A60 and Phenoclor DP6. Hydropcriardium
W s recorded in nearly all chicks fed these PCB’s, and was only occasionally seen in
¢hicks fed with Aroclor 1260. Porphyria was found as a 3eucra! PCB effect {Vos and
K0cman. 1970).
hc hypathesis that in some technical PCB mixtures toxic factor(s) responsible for
#bci‘chick edomalike esions and the liver necrosis were present has been the subject of
her work, By means of column fractionation, gas chromatography, and mass spec-
{rometric tochmqucs.jtctra and pentachlorodibenzofuran were identified as the toxkc
factors in the samples of Cldphen A60 and Phenoclor DP6 (Vos e1 4f., 1970).
These results suggest that PCB's contaminated with polychlorodibenzofurans may
#ho produce chloracne and associated lesions when applied to the skin of experimental
anmah To test thu.possibibty the present study was undertaken.

METHODS

The PCP samples, which contain an average of 60%, chlorine, were obtained from
Prodelecin France (Phenoclor DP6), Bayer in Germany (Clophen A60 Lot No. 912434)
and Monsanto in the United States (Aroclor 1260 Lot No. AK-3).

b‘.dult female New Zegland rabbits, 5 mo old and weighing 2500-3050 g, were used in
(hu study. They received pelloted food (Cunicon 1, Trouw and Co., Amsterdam) and

ﬂ(et ad libitum. The animals were distributed at random into 4 groups of 4 animats,
{and were weighed weekly.

An area of approximately 10 x 15 cm on the backs was clipped, the remaining hair

was shaved with a shaving powder (90 g berium sulfide, 105 g zinc oxide, and 180 g
Qqnch), and the mumn; muﬂ skin abrasions were allowed to heal for 3 days.

' \ ) \
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DERMAL TOXICITY OF TECHNICAL PCB MIXTURES 619
hyper- ' Tbc 3 PCB's were dissolved in isopropanol (118 mg PCB/ml). One ml of PCB solution
v e al., ' ot l'uopropanol as a control was dropped daily, S times a wk, on anarea of $ x 10cm
rabbits _ by means of a calibrated syringe. In order to minimize eventual ingestion of the PCB,
loracne . the K.nimah were held for 7 hr in restraining boxes, after which time they were returned
ational : to thelr wire cages (2 animals per cage).
, come- : b&ordcr to study the porphyrogenic action of the PCB prcparations in the same
omatic , r¢ 13, pooled samples bf the feces of the 4 groups were analyzed weekly for copro-
nbrick, 'porphynn and protoporphyrin contents (Rimington, 1961), using a Beckman spectro-
auer ef phé tometer.
ve been 'l(‘hc animals which survived the 38-day test period (27 applications of §18 mg PCB)
which were killed. At necropsy, performed on all animals that died or were killed, a gross
1961). p'c&xo!ogic examinalion was carried out, including macroscopic examination in uitra-
or not, v Vjokct light using red fluorescence as an indication of porphyria. In order to get infor-
arbons malion on the fecal excretion of coproporphyrin and protoporphyrin of the individual
irly re- ammal feces collected from the cecum were analyzed,
resent- ‘ Hematologw examination included hemoglobin and hematocrit determinations,
Icu“kocytc and differential feukocyte counts. Clinical chemical determinations were
rations adc of serum glutam»c—oxa)oaocuc transaminase and glutamic-pyruvic transaminase
iblance , (R itman and Frankel, 1957) using a Beckman/Spinco 151 spcctrocolonmetef
ted per he weights of body. liver, kidneys, spleen, heart, and adrenals were recorded. The
found skin, liver, spleen, kidney, pancreas, ovary, heart, lung, thymus, mesenteric lymph
irdium ¢, stomach, small intestine,.cecum, large intestine, and skeletal muscle were fixed in
wen in [0, buflered formalin and embedded in Paraplast. Sections (7 p and 2 p) were stained
o# and with hematoxylin-cosin, For detailed histology, sciected sections were stained with
Perls, Azan, PAS, Zichl-Neelsen, Congo red, and thioflavine. Moreover, cryostat
ble for ' ic&tom of formalin-fixed livers and kidneys were stained with Sudsn black. Thioflevine-
wect of mmcd sections, unstained Paraplast-embedded sections, and unmounted cryostst
8 spec- _ tions of liver, kidney and .small intestine were examined in a fluorescence
¢ toxic - talcroscops.
rompied by the observation of tubular dilatation in the kidneys in previous studies i
19 may mcr PCB ingestion (McCune ef al., 1962; Vos and Koeman, 1970), measurements '
nental ! wcrc made on random samples of capsules of Bowman and glomeruli in 2-u kidney
: mbuons Measurements of onc axis of the greatest diameter of both capsule and
i plomerulus were made of 25 renal corpuscies in a straight traverse across the cortex of
- ukh kidney. The relative percentage of the diameter which corresponds to the space of
! Bowman, as an index of dilatation of the nephron, was cakulated from the measure-
I from i rn?nts of each renal corpuscie.
12434) : /An additional experirnent was made with the chromatographic fraction (column
plyled with 25%, diethylether in hexane) of the 3 PCB's, containing tetra- and penta-
ied in hlorodsbenzofuran in the case of Phenoclor DP6 and Clophen A60 (Vos e/ o/., 1970),
1) and ko determine the dermal toxicity of this fraction. Aliquots of 600 mg of the 3 PCB mix-
imals, ““Rurcs were fractionated (Vos e7 al., 1970). The 259, diethylether-hexane fractions were
pJapomed and dissolved in 0.6 ml of ethanol. Four female albino rabbits (3 test animals
g hair { 1 control), 2 mo of age and weighing 1550-1750 g, werc usod as the experimental
180 g mals. A 0.2-m! portion of the ethano! sofution was applied weckiy, for 3 wk, to an
. Muoﬂ»m’onﬂnmudcoﬂhcnbbﬂw Tbcoppodtcearoervedunoootml'l‘be
DSW 029309
|
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oMt RARMTS TREATED WITH PCB POR 38 DAY, AND 0F CONTROL ANIMALS

17 smmple
T (days) Pheoocior® Clophen® Arodlor Controt Phenocior Clopher* Aroclor® Cootrot
- ) 06 05 T 03 04 113 54 B ¥ 17
7 23 42 29 0s 243 LS . 170 67
- 14~ 20 1.6 1.1 1.0 263 © 02 T34 71
n 33 172 11.2 ® 40 - 135 T 183 24 47
- » 31 45 12 1.4 10.t 192 212 15
., 3 8.7 98 100 1.7 s 19.5 7.7 3 4
* Significantly different from controls, P < 0.05, accocding to the sign test.
TABLE 2
CopnoroRPHYRIN AND PrOTORORPHYRDN CONTENTS (uG/0 Dry WEonT) or Faces or Kaoep Rasecrs
TrEATED wiTH PCB FOR 38 DAYS, AND OF CONTROL AMIMALS®
: l .n ) B . Mm. C .
Phenocior Clophen Arocior Coutrot Phanocior Clopben Aroclor Controt
. 8.1 7400 - 4.7 29 28 »0 250 214
144.1 332 315 25 1269 .4 233 7.5
4.5 .5 332 29 382 ».5> 125 9.7
20 $0.0° 7 49 n2 - 4.0 324 17
Mean: 6. 6.9 28 33 e 532 nr 126

ﬂpuuﬂhammndhmmﬂhmdmmﬂnwmndﬁtnhﬂdummh
* Animals that died during the experiment.

¢ Sagnificantly different from controts, 2 < 0.05.

4 Ggoificantly differerk from controts, P < 0.025.
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Significanty different from controk, 2 < 0.025.
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DERMAL TOXICITY OF TECHNKCAL PCB MIXTURES 621

animals were killed after 3 wk. Body and liver weights were recorded. Soctions of the
car hn‘d the liver were stained with hematoxylin-cosin. Cryostat sections of the vers
were also stained with Sudan black.

S{ntthtml ugmﬁcanoc on a one-tail significance level, was determined using the
Wikoxon test Jor 2 unrelated sampies (van der Waerden, §937).

, - RESULTS
Experiment with Commercial PCB Preparations in Rabbits

The skin, especially of the Clophen- and Phenoclor-treated animals, became
reddened afier 2 days of PCB treatment. This redness was more pronounced after 1 wk
of treatment, together with clear desquamation of the external epidermal layers and
mduood regrowth of hair. Thickening of the skin and prominent transverse wrinkles
of thc (mted skin developed during the experiment.

Fo. ‘ Fluorescence of porphyring under ultraviolet light in Hivers from PCB-treated kifled rabbits.
1, At‘oc}or'; 2, Clophen; 3, Phenaclot; and 4, controfd tiver,

The results of the spcc(rophotomctric determinations of fecal coproporphyrin and
protoporphyrin are given in Table I.

The test anitnals showed, In general, a gradual loss of weight. One Phenoclor- and 3
C n-treated animals died, with severe weight loss, after 10, 31, 32, and 32 days,
respeciively.

At necropsy, carried out on afi animals, it was found that | animal in each of the
3 test groups showed definite edema formation, with fluid in the abdominal and thondc
cavify, subcutis, and pericardium,

AZ M animals, except for | rabbit of the Clophen group that diod after 32 days of
treaiment, nbmdﬂuomocmo In ultraviolet light. Liver (Fig. 1) and bone fiuorescence

\
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v TABLEY -
ResULTS 0F TRE HEMATOLOGKC EXAMINATIONS MADE 1N KrLLety Rassrrs TREATED witw PCB sox 38 Davs,
) AND I Co_um ANDMALS® ) , ’
. ﬂ Hemoglobin Hematocrit Leukocytes SGOT SGPT
N (g'100 mh) (oA (10°/mm>) w) _ W
Treated anirmals - 3 9.2(6.1-12.7) 27.0 (20-44) 7233111y 10.7 (7.014.9) 4£7.1 (18-98)
Coatrols _ 4 9.0 (8.2-10.0) 33.3 ¢27-38) 15.0(9.5-26.2) 82 (6.5-10.0) . 2381720
* Miean valoes; the range is given in parentheses, ) ’ ’
* Sigpifisantly different from controk, P < 0.025. -
TABLE 4
OROAN WEGHTS AND OnGaN: BooY WEIGHT RATI08 0f KILLED RAsxTS Trea1eD wit PCB rom 38 Davs,
AND or CONTROLY®
) Organ Weight (g)

Compound N Body (g) \Heart Liver Splecn Kidovys Adrerals
Phenocior - 3 2300 (1900-2900) 4.74 (4.16-5.78) 133 (85-169) 0.72(0.21-1.5%) 14.0(13.1-14.6) 0.31 (0.24-0.34)
Clopben 1 2900 5.9 o137 1.13 14.5 027
Arocior . 4 2312 (1950-2600) 4.31 (3.88-5.00)- 138 (106=215) 0.61 (0.33092) 143(J2.7-16%) 027023037
Control ’ 4 2912 (2700-3100) S5.09(4.60-59%) 124 (112-152) O0.64(0.52-0.76) 13.5(12.0-15.1) 0.37(0.28-0.43)

Organ: body weight ratio (g/1000 g body weight) '
Phenocior 3 207 (1.98-225) 585(4483-805) 028(0.10-053) 625069 0.13(0.11-0.16)
Clophen 1 2.05 47.1 B X | 50 0.09
Arocior 4 1.58 (1.63-2.22) 59.0(45.0-826) 0.26(0.17-0.42) 62(52-6.7" 0.12(0.05-0.1%)
Coatrol 4 1.74 (1.58-2.02) 43.0(37.3-562) 0.22(0.13-0.29) 4.7 (3.3-5.1) 0.13 (0.09-0.15)

* Masn values: the range is shown in parentheses.

» Significantly different from controls, P < 0.025.
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DERMAL TOXICITY OF TECHNICAL PCP mxﬁmm 623

was observed most frequently; fluorescence of incisors, kidneys, small intestine, and
nubcmi's was found in about half of the test animals. There was no fluorescence in the
bone niarrow. Fluorescent microscopic examination of cryostat sections of the Hivers
revealed that porphyric animals had porphytin diffusely distributed throughout the
whole lobule. Small foci inside parenchymal oells, probably nucked, revealed an even
more intense red fluorescence. Kidney sections showed, when positive, & weak red
fiv nce, which was found in the cytoplasm of the tubules in marrow and corten.
Fluorescenoe of granules (perhaps nuclel) in glomeruli was also noted.

\

1y A . K]
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L P . . e et W 2k AL S el
F10. 2. Back skin of a killed rabbit from the Phenoclor-treated group. Hyperplasia and hyperkeratosts
of the ,ep"dctmat and follicular epithelium. Follicular plugging fs prominent. Note the hystin fod in
the cytlopfh;m of epidermal cells (1), and the resting (telogen) phase of the halir follicles (2). Hematorylin
and oceln. x46,

F;ﬁ:\ Norma! skin of back of a control animal treated with the solvent hopropanol showing epi-
dermiy na 1 and dernale at 2. Several groups of hair follicles, cut somewhat tangentially to their long axes,
are so¢n gt J; groups of hair bulbs are seen at 4. Hematoxytin and sosin, x46.

C oPtfbporphyrin and protoporphyrin contents of feces collected from the cecum at
necropty are given in Table 2. The degree of excretion was not related to the intensity of
porphyrin fluorescence ; for example, the Clophen- and Aroclor-treated rabbits with a

co yrin excretion of 30.5 and 4.7 ug/g (Table 2), showed, respectively, no fluo-
rescenok at all, and fluorescence of liver, bone, incisors, kidneys, small intestine, and
subcud '

The results of mc hematologic determinations are given in Table 3. The PCB-treated
enimals of the 3 groupe bave been taken together since there were no differences beo-
twecr) tﬁe groups. The total number of leukocytes was significantly reduced in the test
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nimals. Mcan SGOT and SGPT values were increased, but the large variation in

r ividual values and the small number of animals made the apparent differences

ttamtmlly mdwlmgulshlbk The differential count of leukocytes was not significantly
altered. ,

gan weights and organ body weight rahoc. are given in Table 4. A significant

6ocmac in body weight and a significant increase in the refative weight of the kidneys

was found in the Aroclor-treated animals. Mean absoluté and relative liver weights of

" the test animals were increased, but the variation was also very high.

At microscopic examination of the skin, thickening of the skin due to hyperplasia and
hypcrkemosu of the epidermal epithelium was apparent (Fig. 2). A pronounced
hyperplasia and hyperkeratosis of the follicular epithelium was also present, with the
formation of comedolike structures (hair follicles which become dilated and filled with
p keratinous plug) (Fig. 2). These changes were found, in general, in all treated animals,
but the Phenoclor-treated animal which died after 10 days showed less advanced altera-
tiond. Follicular changes in the Aroclor group were generally kess deep; the hyperplasia
and hyperkeratosis were moré restricted to the upper part of the hair follicles.
Tﬂpckening of the surface and follicular epithelium was accompanied by the presence
pf large quantities of keratohyalin granules in the stratum granulosum. In general,
PAS- -positive, diastase-resistant hyalin foci were seen in the cytoplasm of epidermal
bc’!s, localed above the culis papilla (Fig. 2). Dedifferentiation of the sebaceous gland
msuc was found in primarily the Phenoctor and the Clophen groups. Hair follickes in

rcs(mg phase (telogen phase) were predominantly seen in the same 2 experimental
roups (Fig. 2). The differences in response between Aroclor-treated rabbits on the one
t nd and (hc Clophen- and Phenoclor-treated rabbits on the other are quantitative, not
uhuuvc No differences in response were found between ihe two latter groups. In
bomrol rabbits treated with the solvent isopropenol, these changes did not occur
{Fig. 3).
erstopc(hology of the livers of the treated animals showed a considerable diversity
‘n ksions (Figs. 4 and S), among them centrolobular degeneration (degencrated cells
with nucleat pycnosis, rhexis, and lysis), focal hydropic degeneration (foci of swollen
bc‘ls with a light cyfoplasm that did not stain with Sudan black and PAS, suggesting a
prenounced cellular edema), focal necrosis (foci of necrotic cells that were found in
Various portions of the lobules), centrolobular liver cell atrophy (atrophy of the cyto-
plasm of liver parenchymal oells in the centrolobular area), cytoplasmic hyalin degenera-
Ngm (foci of intracellular eosinophilic hyalin material), and pigment in Kupfler and to a
ser degree in parenchymal cells. The pigment stained positive with Zichl-Neelsen,

S and Perls and showed a yellow-brownish fluorescence; these are strong indications
I'or ceroid (Porta and Hartroft, 1959). The results of the microscopic examination are
pven in Table 5. In genceral, PCB-induced liver lesions were most pronounced in the
QOMcn group and leastin the Aroclor group. Periportat fibrosis was a common finding
in the treated animals, but it was not found in the controls. Since some coccidia were

“found in a bile duct in 1 liver, it is quite possible that the fibrosis has to be considered
ps 8 healed coccidiosis. Malerial positive to Sudan bhck was seen in some fibrotic
portal triades,

[Kidney damage was found in all PCB-treated animals, though with a wide individua
variation. Hydropic degeneration (negative to PAS and Sudan black) of the convoluted
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TABLE 5
mmmunnmemzmLnuurxh-nrnhurmnﬂtmknBanxnwaHkmmxAnuur

Phenocior .Qlopben T1l%i " Arodor-- .- Comtiol
5 5 5 b
Fatty degeneration 2 2t 1 | S T - - 1 2 —_— - =
Centrotobular loss of glycogen - 1 2 1 2 1 1 2 SR —_—— - -
Centrolobular degencration 1 2 — 1 2 1 2 — 1 1 1 _—— -
Focal hydropic degeneration -1 - — -2 2 - - 1 - 2 —_—-_— =
Focal necrosis B - 2 2 2 2 _ — 1 2 —_— e - -
Centrolobular liver cell atrophy 2 1t 2 1 2 1 - - - 1 —_—— - =
Enlargement of puclei 2 1 — 1 2 2 2 2 1 — 1 2 _—— -
Cytoplasmic hyalin degeneration 1t — 1 2 2 1 2 2 —- - -1 _—— - -
Ceroid pigment in Kupfler cel s - 1 - 2 1t 1 1 - 2 1 2 L e -
Periportal fibrosis 2 — 271 1Y 2 2 1 — 1 1 - = - -
* Severity of lesion: 1 = stight, 2 = marked.
* Anirnals that died during the experiment.
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DERMAL TOXIKCITY OF TECHNICAL PCR MIXTURES 6217

tubuley (Fig 6) was found in half of the animals. Nuclear pycnosis, thexis, and lysis of
the tubullar epithelial cells were seen in all animals. Tubular dilatation, accompanied by
the presence of carts of necrotic epitheliat cells (Fig. 7), was found in haif of the animals.
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. # idney of e kitled rabbit from the Aroctor-treated group showing hydropk desenentkm with
nuckar pycnoshs of the convofuted tubules (/). A slightly distendod space of Bowman can also be esen
(Z) H itoxylin and eosin. x378,

: . Kidney section of the same anima! as shown in Fig. 6, showing casts of necrotic epithelial
odh in the tubules (/). Homatoxylin and eosin. 375,
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TABLE 6

DiaMeTer MeASUREMENTS (u) o RENAL CorruscLes OF KiLLed RASNTS !
Treatep with PCB ror 38 DAys, AND or CONTROL ANIMALS”

1 1% of the dismeter
Capsule of | mcoodim to the

N Bowman Glomerulus space of Domu\
restedanimals 8 94.5(76.4-1058) 822(69.4.962)  125(8.1-22.1F ,
trols 4 91.3(860-965) 852(W4904)  63(50-19)

;Mﬂh vahres; the range k ahown in parentheses.
Significantly éiﬁcml l‘rom controks, P < 0,008,

tubular lesions explain the results of the dismeter measurements of the renal cor-
scles (Table 6). ) ,
Hemosiderin was found in the splenic macrophages of the test animals in larger
iquammca than in the controls. Morcover, a reduction in the number of germinal cen-
iters in the oplecns as well as in the lymph nodes was found in the PCB groups. Atrophy
»ofL the cortex of the thymus was a common finding in the PCB-treated animals. No evi-
idcnoc of PCB-induced damage was found in the sections of the other organs.

}E,xperlmenl with the Diethylether-Hexane Fractions on the Ear Skin of Rabbits
“The four animals did not differ in weight gain during the test period. After two weekly
'(opocul applications of the fraction from the 3 PCB samples, follicular keratosis was
scen in both rabbits treated with the fraction of Phenoclor and Clophen. Afier 3 wk,
*\vlhcn the animals were killed, the changes were more apparent (Fig. 8), The polar frac-
don of Aroclor did not pve rise to gross changes.
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Fro, 9 Response of the inside of the rabbit's esr after topical appiication of the 25% diethylether.
heunh fm:ﬂom from technical polychlorinated biphenyls as seen in hcmaloxylln and oosin sections,
=60."

{a) &lﬁdwmml animal treated with ethanol. Note the hair follicke at 1, -ebccoous gland thsue at 2,

and cortjlage at 3. (b) Ear skin of the anima! treated with the fraction from Aroclor. Some hyperplesis
and hyptrkeratosls of the follicular opithelium can be soen. (c) Ear skin of the rabbit treated with the
fraction from Clophen. Contiderable hyperplasia and hyporkeratosis of the follicular eplthetivm.
(d) Ear .htnomnnbuumwa with the fraction from Phenoclor. Part of 8 soction that shows the most

huon The gravity of the reeponee was ln genoral the seme s peon In Fig. $c. Nots the cystic &-
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: 630 VOS AND BEEMS

Histologically, hyperplasia and hyperkeratosis of the follicular epithelium with the

con
i presence of many keratohyalin granules (Fig. 10) were evident in the car skin of animals nur
‘treated with the Phenoclor and Clophen fractions (Fig. 9c and d). This comedolike of t
formation was topically most pronounced in the rabbit treated with the Phenoclor frac- of ¢
tion (Fig. 9d). Sebaccous gland tissue was decresbed by treatment with both fractions pre:
{(Fig. 10). Only mild hyperpinsia and hyperkeratosis of the rolgcuhr epithelium was whi
inoted in the animal tecated with the fraction of Aroclor (Fig. 9b). Hyperplasia and v
Ihyperkeratosis of the epidermal epithelium were also seen in the rabbits treated with the ' on
" Phenoclor (Fig. 9d) and Clophen fractions but not in the animal treated with the E
}AW rm“oﬂ.l :; H . ! I i anc
cor
an
! san
. pri(
i sibi
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[Fro. 10. Higher magnification of the ear skin shown In Fig. 9d. Hyperplasia and hyperkeratosis of the , /
ifollicular epithelium with the presence of many keratohyalin granules (7). Note ako s diminution (de- ' e
idifferentiation) of the stbeceous gland thsue (2). Hematoxylin and eosin. 78, n
, cut
iNo red fluorescence was recorded at examination of the total body and of liver sec- |
]tk\mg in ultraviolet light. Liver soctions of the test animals showed centrolobular cot
vacuolisation, which stained positive with Sudan black. of
' , sen
‘ u
' . [ | ] ] i i { DISCUSSION . .
{An increase in fecal excretion of coproporphyrin and protoporphyrin induced by
R{:ﬂ) is as readily established in the rabbit (Table 1) as in the chicken (Vos and Koeman,
"1920). Abscnoe of porphyria in animals treated with the toxic fractions indicates that
°B itsell is porphyrogenic. ' | ’
ver and kidney lesions, except the loss of glycogen, the enlargement of nuclei, the ' 3;
i cetold deposits, the periportal fibrosis, and the dilatation of the space of Bowman, o
4 \ .
I
1
f. L
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} with the ! conﬁm\ the observations of Miller (1944). The lymphopenia (Table 3). the reduced

Wanimals nurber of germinal centers in the splecns and lymph nodes, the atrophy of the cortex
smedolike | of the thymus, and the atrophy of the white pulp and lymphoid foci found in the spleens
sclor frac- * ofchlch fed PCB (Vos and Koeman, 1970) are strong indications for an immunosup-
fractions ' pmwve effect. This may need further study, particularly with regard to the extent to
hium was which these observations are due to stress (release of glucocorticoids).
Nasla and 1} can be concluded that dermal application of PCB mixtures causes, besides the effect
d with the onthe skin, systemic kesions of liver, kidncys, and lymphoid tissue.
with the From the response of the back skin and the Jiver of the rabbit to the 3 PCB mixtures,
' and rom the response of the ear to the 257 dicthylether-hexane fractions, it can be
] cor,cluded that there are definite qunntlmivc differences in toxicity, at least between the
un‘»pﬁcs that were used in the present and the prior studies. The extent to which these *
taq‘lp“k:s are representative of the normal commercial output has not been studied. Ina
pripr study (Vos ef al., 1970), it appeared that the fraction of Clophen AGO was respon-
sible kor the toxicity of the PCB mixture, which also can be assumed (o be true in the
case of our samples of Phenoclor and Aroclor. From the response of the ear skin to the
frathom it can be concluded that the presence of tetra- and pcnuchlorodtbcnwl'unn

in Clophen A60 and Phenoclor DP6, found by mass spectrometry (Vos et al., 1970), is
dcﬁn tely proved. The presence of a smalier quantity of toxic impurity in Aroclor, when
com;hrtd with the Clophen and Phenoclor samples, is likely, considering the hydro-
pericardium found in chicks fed with Aroclor (Flick ef al., 1965) and also considering
the present results. Preparation of pure PCB is therefore nocessary for a comparative
study. Uncontaminated PCB should be available.
These findings suggest that chioracne lesions induced by chlorinated naphthalenes
4 chick-cdema-like lesions in chickens (Pudelkiewicz er al., 1959) may also be due to
toxic impurities, as in the casc of PCB's and chiorinated phenols (Bauer e/ al,, 1961).
Coal tar, which is an important source for naphthalenc, may contain traces of dibenzo-
furad (Fieser and Fieser, 1956). Chlorination of technical naphthalene could then also
pf<>ducc chlorinated dibenzofuran.
ince PCB is a porphyrogenic chemical, it is possible that the skin lesions in man duc
B are a combinatjon of chloracne and acquired porphyria cutanca tarda. Blelberg

e

tosls of the

nution (do- el pl {1964) found an etiologic relationship between the chloracne in workers engaged
in the manufacture of dichlorophenol and trichlorophenol and acquired porphyria
cuta tarda. '
liver sec- Ftom the present and prior studies (Vos and Koeman, 1970; Vos e/ al., 1970) it is
rolobular coMuded that it is important to take into account, in the evaluation of toxicity data
B, the possibility that PCB samples may differ in an important respect: the pre-
of toxic impurities. The interpretation of residue data in wildlife is very compli-
caled for this reason. . ;
duced by
5:’:"“‘;;’; ' | ACKNOWLEDGMENTS .
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