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Polychlorinated biphenyls (PCB's) have been used in industr, | vay ?
since at "least 1930. In 1955, von Cettingen (1) reviewed w4,
literature on the toxicity of thcse compounds. Indu:ltn.u oy 3
workers have (developad lesions of chloracne 73 a resulr of

. leaking vapours of a chlorinated biphenyl (Aroclor used gy pay H
. a heat-exchange material (2).
~ ow 6
Today ihe problem is not restricted to exposure of industria]
. workers as polychlorinated bipheryls are widely i spersed in ficy Day «i
f. and wild life (3-11). Vestoo et al. (11) found low levels of P
. (90%, <0.1 mg per kg fat) in a large number of foodstutfs. They
also reported that all 22 samples of human milk analyzed ;‘sarh acor
. “contained PCB residues with 11 samples between 0-0.5 and tie | “forn o1l
. other 11 between 0.6-1.0 ng per kg fat. Therefore, there is a} A 1¢1 €C
need to study the metabolism, distribution, storage, effect ony ‘& HU0 mg
reproduction, etc., of PCB'S in mammals. 7This paper will repert orally a
- on the metabolinm and distribution of Aroclor 1254 in normal and § “Corn oil

carbon tetrachloride-treated rats. A1t cC
Experimental
R Experiment I
. The distribution of PCB's in various tissues of the rat and .
. the effect of 1liver damage on their metabolism, was studied in
N . twenty male Wistar rats randomized into four groups and treated Gtonp" A}
e as dcscribed in TABLE I.
! a b -
1 Group®™ 7
Experiment IX
. - Group? 2

The effect of Aroclor 12548 on the organ weights, fat content
of the liver and on the potentiation of the toxicity of carbon
tetrachloride was investigated 4in thirty ecight Wistar rats
divided into four groups and treated as described in TADLE II. sroupt ¢

In Experiments I and II, the rats werce hovsed in air] ——- _—
conditioned rooms and were gupplied with food and water ad
libitum. The rats were killed by decapitation, blood collectes,
and brain, liver, heart, 6plecn, kidneys, testes and omental £t
removed, weighed and frozen pending analyses.

:" '}\roclot(m , Monsanto Company (U.S.A.), registered trade name
for polychlorinated biphenyls.
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TADLE X

Dosing regimen Loy experiment I

aroup?® 1 2 3 4

Day oilP oil® ccrf cer§

pay 2 pepd pcpd rce? rcpd

£ £

Day 3 oi1® 0il ccl4 cclyq

Day 4 Xilled -~ Killed -

e £

Nay 8 - 0il ~-- ccly
Day 24 -~ Killed -~ Killed

Apach group contained five male rats, Wictar strain, av. b.w. 375 g.
corn o0il, 2 ml per kg, administered orally.

A 1+1 CCli:corn oil solution, 2 ml per kg, administered orally.

A 500 mg per ml corn oil solution of Aroclor 1254, administered
orally at 500 mg per kg.

Ccorn oil, 1 ml per kg, administered orally.

A 1+1 cCl4:corn oil solution, 1 m) per kg, administercd orally.

TABLE II

'

Dosing regimen for experiment IX

Group® 1 Nil

Group® 2 Pch® on day 2

Groupd 3 cc1y on days 1, 3, 8, 12, 16, 20, 24, 28, 32, 36,
40, 44, and &7

Gzoupd 4 ccfq on days 1, 3, and 8 and PcrC on day 2

:F{ve male rats, Wistar strain, av. b.w. 410 g, killed on day 1.
Fiftoen mile rats, Wistar strain, av. b.w. 440 g, 5 killed

on days 8, 12, and 47.

A 500 iy per ml corn oil solution of Aroclor 1254 administered
qOrally at 500 mg per Kkg.

Nine nale rats, Wistar strain, av. b.w. 442 g.

A 141 cCly:corn oil solution, 2 ml per kg administered orally on
day 1 and 1 m) per kg on other days.
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o ity ses.  Tissues were blended with spleen, blood,
100 mi hoxane and 50 g anhydrcus sodfum sulfate for 10 minutes. (villed on d
The extractu were filtered, concentrated to 10 ml, 3 ml of couc, | FOSPectively,
0504 - fuming K2 $04 (1:1) added and shaken. The hexane | values clhow
nolutions wire dried and neutralizod with 8 g of anhydrous sodium various tigsus
sulfate-sodium carbonate (10:1). The solutions were subjected to ¢
GLC~-EC analyses on a Varian Aerogriaph Model €00D gas
chromatograph, fitted with a coiled #' x 1/4" 0.D. glass colunn
containing Chromonorb W, 80-100 mesh, coated with 4% SE-30 and 6%
QF-1. The nitrogen flow rate was 120 ml per minute with column
and 1injection temporatures of 193 and 225°C, respectively.
Aroclor 1254 standards and test solutions ware chromatogranhed
and the concentration of PCB's in the test 6olutions Adctermined
K by comparing the heiguts of the six major peaks of the standards Resi
. with corregponding peak heights of the tcost solutions. .

Pulychlorinated Liphenyl anal

Problems were not encountered with  eensitivity  during

analyses and the lowex limit of detection would depend on the -
tisgsue being analyzed. Yexane and acetone gave equal recoveries
of Arcclor residucn. Quadruplicate analyses of a rabbit liver ——
T gave values of 431, 438, 464, and 474 ppm. Recoveries of spiked Group
samples were greater than 95%.
Lipid wagy determined by the method of Bligh and Dycr (12). Blooda 1.
Regults and Discussion ‘ Testes 9.
Experiment I Heart 28.
' From day ! to day 4 the rats dosed with corn oil and Aroclor Spleen 29.
1254 (groups 1 and 2) or carbon tetrachloride and Aroclor 1258 Xidne: 11
. (groups 3 and 4) lost an average of 19 and 55 g {b. w.), Y N
. yespectively. On day 8, group 2 rats had xegained their lost Brain 39
weight, while group 4 rats continued to lose weight. Four of the °
Liver 14540

tetrachloride on day 8 died within the next 20 hours. However,
by day 24 the 1 remaining rat in group 4 and the five rats in Liverd 1556
group 2 had gained 20 and an average of 30 g, respectively. The :
livers of the group 2 rata were enlarged and averaged 5.32:0.30% ' fat aa6.
of their body weight. |

Residues of Aroclor 1254 (exproessed as pym wet tissue, TADLE ‘anoan of five w
IT1) were found in all ticsues analyzed, with fat and blood I . e

. Standard crror
having the greatest and least concentrution, respectively. { Caingle value.

Uppm on A St &

five rats in group # which received the orxal dose of carbon

The residues in the blood, testes, liver, kidney and heart
wore significantly greater in the group 3 rats than in the group
1 rata., This shows that the liver is the main site of aroclor GLA-1  tr
1254 metabolism and rats with carbon totrachloride damaqged livers rosidué s band
are not able to retabolize this mixture as rapidly as rats with 1. The amount
normal livers. The residues in the spleen, brain and fat werxe the total c. i
similar for both groups. The rxesidues in the brain, liver,
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. !
i
nded witl apleen, blood, testes, heart, kidney and fat of group 2 rats i
minut o, (killed on day 29) were 10, 16, 20, 21, 22, 24, 36 and 67%, q.
of coug. reopect ively, of those of group 1t (killed on day ).  These o
e hoexane valwes  Show  that the PCD regidues were being cleared trom the dq.
Go 603 various tissues at different ratus. | !
jectcd to l i
€900 qas l[
&  colunn ! 3
30 and 6% b
th column | 1; :
puctively. . I
tograviud TABLE IIX g
:::;:;:‘::: Residues in tissucs of rats orally dosed with .
Arocloxr 1254 (500 mg/kg) HE
o
duxing 4
pnd on the Residue found (ppm, wet tissue) e
fecoveries .
bbit liver !
bt spiked Group 1 2 3 4 EI 1
il
i
F 112). Blood 1.96% 0.23®  0.42 & 0.07 3.85 & 0.6 0.25¢ A
Testes 19.22: 0.59 4.30: 0.4 33.18:  1.3% 5.62 :' :
Jeart 24,76 2.84 5.83¢ 0.53 62.40+ 4,37 6.17 :
l' )
29,17 3.44 5.82: 1.17 36.602 4.39 - R
La Axoclor 8pleen 9 £ il
?“:; :,2)5“ Kidney 31.142 2.09  11.20%¢ 1.76  57.38¢ 3.91  11.08 i
. W), i
iedr  lomt Brain 39.98: 5.91 4.01: 0.31 81,912 3.30 5.96
bur of the itk
of cazbon Liver 115.66: 10.55 18.85: 1.65 796.47+ 601.96  18.79 i ‘
Howover, : |
‘ fe xats in Liverd  1860.142166.63 - 6137.641556. 06 . i
] b-ly. The 4 l'
‘ b+ 3220.303% Fat 996.162 98.58 672.66:155.12  900.462106.16 1149.05 gt
N Ll
ik
‘7, TADLE 3npan of five values. i ’
fad blood Standard errox of the mean. ! l
F7° Ssingle value. il
P fat bauig. ,
.nd  heart pm on a i
the group e
Aroclor GLC-EC tracings from 24 ng of Aroclor 1254 and from the !
fed livers residue found in the liver of a group 2 rat, are shown in Figure N
Tats vith 1. 7The amount (%) that each of the six major peaks contribute to u
| fat  were the total residue in the tigsues is presented in TABLE IV. ) b
in, liver, ,u |
108 t
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The amount (%)

TABLE IV

that each of the six major peaks of thc Aroclor
1254 standard contribute to the total residue in the tissues

Pexrcent Percent
peak number 1 2 L] 5 6 1 2 3 4 5 6
aroclor 1254 12 25 18 17 15 13 12 25 18 17 15 13
Group 1 » Group 2
spleen 6 21 9 22 21 21 3 2 11 34 32
Testes 3 15 6 21 27 28 1 19 2 11 35 32
Liver 2 N 3 30 28 27 0 25 2 18 26 28
xidney 8 2t 11 21 19 19 0 18 2 1 3% 32
Fat 7 25 ¥ 25 17 16 119 4 20 28 28
Brain 1 13 5 23 30 29 2 19 4 12 33 29
Blood 4 13 6 24 26 26 1 20 3 12 33 N
Heart s 17 6 21 26 26 117 2 8 N 29
Group 3 Group 4
spleen 7 25 1w 19 18 17 B I
Testes 6 23 1 19 19 19 1 20 4 12 31 32
Liver y 21 1127 22 1 0 19 a4 20 26 N
Xidney 8 22 15 18 18 17 127 4 8 32 3
Fat 10 29 16 21 13 12 1 20 5 20 26 28
Brain 6 25 13 20 18 18 122 &% 11 30 N
Rlood 5 22 1 22 18 18 2 22 3 11 29 33
Heart 5 27 15 18 18 17 120 3 10 32 34
107
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Figurc 1t anl TAULE IV gshow that the components of the Aroclor
1254 mixture with the shorter retention timen, peaks 1, 2 and 3,
and presumably with the lowast chlorine contents (10} wuce
metabolized to a greater dcgree than those with the longer
retentjion times. Thig observation agrees with that reported inp
studics with Phonochloxr Dré* fud to Jupanese Quail (7). In group
2, peak 2 accounted for 25, 20, 19 and 19% of the residue in the
liver, blood, brain and testes, xespectively, whereas in group
the percents were 11, 13, 13 and 1%%, respectively. Thus, the
metabolism of this component (peak 2) was very slow between day
4 anl 24 or one or more of the other components of the mixture
were metabolized to the peak 2 component. The residue pattern in
the fat of animals treated with caxbon tetrachloride (Group 3)
wag similar to that of the standard Aroclor 1254 indicating
littlc metabolism.

Expression of the Aroclor 1254 residues in the tissues
relative to those in blood (TASLE V) shows that the ratios depend
on the length of time following the oral dose (kidney, brain,
livexr and fat, group 1 ¥s 2) and the metabolic activity of the
liver (liver and fat, group 1 vs 3).

TABLE V

Concentrations of the Aroclor 12584 residues
in tigsues relative to those in blood

Group 1 2 3 4

Blood 1.00 1.00 1.00 1.00
Testes 9.81 10. 24 8.62 22.u8
Heart 12.33 13.88 16.21 24,68
Spleen 14.088 13.86 9.51 -

Kidney 15.89 26.67 14.90 44,32
Brain 20.u0 9.55 10.89 23.904
Liver §9.17 uu4.e8 206.688 75.16
Fat 508.24 1601.57 233.89 4596.20

#*phanochlor DP6, Prodelec's (France) registered trade name
for polychlorinated biphenyls.
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josover, since blood sawples are relatively easy to obtain they ' i

zlor

13 could ke used for nstimatinql the residue in  other tissues, “t Iy
40:; providing the investigator is awarce of the limitations ot the 19
estimates, Iy
.ger i
in gl
':Kz . gxperiment II | i s
' '
ﬂth; In Experiment I no rats received carbon tetrachloride alone, R
day thereforc 'experxment I1 was conducted go determine whether ' Lo
- ure Aroclor 1254 (a) poteqtiates the toxicity of carbon tetrachloride i ! *
% in and (b) altcrs the weights of other organs besides the liver. w rjy
!
.1:) Eight of the 9 rats in group 4 died within 24 hours of ! L-J
mitd receiving the carbon tetrachloride on day 8, while none of the '!i :
rats in group 3 died up to day 47, whcen they were killed. Thus, T R
ues it is concluded that Arxoclor 1254 potentiated the toxicity of ' 1“‘L,
end carhon tetrachloride in a manner similar to that reported for B P P
in, | phenobarbital (13-15) and for DOT (13, 15). :
the

Treatment with Aroclor 1254 evoked a number of significant
changas in organ weights (TABLE VI), the most consistent being an
increase in liver weight.

TABLE VI

significant differences (Student Fisher's t test) found
l in organs weights from rats treated with Aroclor 1258
and untreated rats

pay killed 8 12 47
Organ Probability ,
Spleen nil nil €0.012 |t
i

Liver <0.0052P <0.0053:P <0.0053/b e

b b b

Heart nil <0.05 <0.05 1! B

HIRE

l Kidney - <0.052 - ;; N

. . i

Testes - <0.05* - ll ¥

aF.xp:cssed as % body weight.
| txpresued as actual organ weight.
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Thin agreern with results from experiments in this laboratory
on rabbits treated with PCR'a, which will be reported clsewhaere.
More differences were cobserved on day 12 than on days 8 and 47,
The only organ to significantly decrease in weiyht was the spleen
on day 47.

The results of the 1lipid analyser of some

livers from
erperiments I and II are presented in TABLE VII.

TABLE VII

Percent lipid of rat livers from experiments I and II

Treatment Lipid (%)
Nil, killed on day 1" 4.45P40.008°
Arocloxr 1234 on daydz.

killed on day 4 6.19 20.23
carbon tetrachloride on day 1,

killed on day 4°© 13,22 21.17
Aroclor 1254 on day,2,

killed on day 8 8.35 20.99
Aroclor 1254 on day 3,

killed on day 12 7.78 + 0.38

’Expe:iment II, group 1.
Maan of five values.
standard error of the mean.

:Bxpeximent I, group 1.
xperiment I, group 3.
Experiment II, group 2.

In experiment II, the lipid content of livers from rats killed 6
and 10 days after receiving the Aroclor were significantly higher
than the controls (P<0.005, sntudent Fisher's t test). Tanaka et
al. (16) reported that chlorobiphenyls given orally (0.1 g por kg
per day) to rats for four weeks cauned loss of body weight,
hepatoacgaly and marked increase in serum liptad components.. As
expected, livers from rats which received the carbon
tetrachloride and Arocloxr 1254 had a very high content of lipid.

A number of the tissues from the rots killed on day 47 were
analyzed for PCB residues (TABLE VIII}.

Residuy
administe

Rusidue  pom,

growp.

Blood 0.
Heart 2.
Kidney 3.
Brain 4

Liver 16

Fat 397

%Group 2 of E
Mean of five
Cstandard err

The residues
were 9, 11, ¥
group 1V, Ex
ratios again
following 4
individual Az
amount (%)
total residue
12, 25, 18, 1

Male rats
were found
concentration
difforent frol
all component:
residuaes  wart
Aroclor 1254 °
kidney and £a-
respectively
the sizc of
Aroclor 1250 ¢
tetrachlorida
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aratory TABLE VIII o
iwhrre, : {1
R w7, Residues in tinsucs of rats 45 days after baing orally i
splecn administered a single dose of Aroclor 1254 (500 ma/kg) N
rv {rom Reaidue ppm, wet tissue Relative to Blood : i 7 ‘
Group 2 3 ‘ ‘i :
i i
b c :
Blood 0.18 £0.05 1.00 :
Heart 2.7% 20.61 15.06 H
— Kidney 3.39 £0.29 18.83 o
Brain 4.19 +0.34 23.28 ' i e
Liver 16.04 23.79 89.11 : J
Fat 397.30 $41.86 2207.22 Juy .
fGroup 2 of Experiment II killed on day 47. : ! !.;h H
Bean of five values. LR B
“standaxd error of the mean. 111 . B
[l .
The raesidues in the blood, heart, kidney, brain, liver and fat I i
were 9, 11, 11, 10, 1% and #0% reupectively, of those found in B ’
group 1, Experiment I rats (TABLE I). The tissue-blood residue kil G :
ratios again show these values depend on the length of time b1 !
following  dosing. The uneven rate of metabolism of the by R
individual Arxoclor components was again noted. For example, the :
amount (%) that each of the six major peaks contxibuted to the :
total residue in the fat was 0, 15, 1, 12, 40 and 34, compared to "
12, 25, '8, 17, 15, and 13 for Aroclor 1254 standard. i
Sumpary .
-1led 6 ! ;
higher Male rats were orally dosed with Aroclor 1254 and residues :
naki et were found in all - tissues analyzed, with the greatest
per kg voncentration in the fat. The GLC-EC pattern of the residues was N
wedaht different from the standard mixturc administured, indicating that 3
ty, A; all components were not metabolized at the =sarme ratc. Nigher
carhon residues vwexc found in the carbon tetrachloride-trcated rats.
1ipid. Aroclor 1254 residues in the brain, spleen, blood, testes, heart, !
ridney and fat werc reduced by 90, 8&, 80, 79, 78, 76, 64 and 33%
1 were respectively in 20 days. Aroclor 1254 significantly incrcased
tha size of the liver and also the percent lipid in the liver.
Aroclor 1254 was found to potentiate the toxicity of carbon
tetrachloride in the rat.
m
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