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Administration of PUB to rats resulted in an increase in liver weight, hy pertrophy
wuh foum-lxke Change: in cytoplasm of individual liver cells, an increase in liver

/! ol levels, an in liver aniline hydroxylase activity and a decrease in
liver Na-K-Mg-dependent ATPase activity. When ABS was simultancously adminis-
tered with PCB, most of the above-mentioned abnormalities were observed to in-
Cicase and were dependeiil on aGuinidilaiion ue gl dosage. Testicuias amuis
malities were observed only in rats on long term co-administration of PCB and
ABS.

In 1968, over 1,000 persons in Kita Kyushu district (Southern Japan) suffered from
blindness, gastrointestinal symptoms plus abdominal pain, jaundice, edema and a der-
matitis following ingestion of rice oil which contained 2,000 to 3,000 ppm of poly-
chlorinated biphenyls (PCB) (Kurstsune er al. 1969). Alkylbenzene sulfonic acid salt
{ABS) is an industrially uscd neutral cleansing agent which has universally acc:imulated
in the waterways. The LDy, of ABS is in the range of 500 10 3,000 mg/kg to various
mammals (Swisher 1968). Chronic toxicity was examincd by Bornmann (1963). iie
administered ABS to the rats in the drinking water at 100 ppm for two years and no
significant difference was observed between the ABS-fed animals and the controls. How-
ever, the toxicity of this substance is still highly debatable (Buehler er al. 1971,
Yanagisawa 1963, Tokoro ef al. 1964). As both PCB and ABS are ingested by humans,
the authore attempted to discern the combined cffect of these subsiances on rats, the
results of which are outlined herein.

Materials and methods

Kanechlor 500 (n Japanese factured PCB ining as its main p
pentachlorobiphenyl), was used.
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116 Y. ltokawa er al.

. Reagent grade ABS (laurylbenzene sulfonic acid sodium salt, Wako Chemical Co.,
Japan) was employed.

Male rats of the Wistar strain were housed individually in stainless stcel cages with a
raised wire bottom.

Experiment No. L. Rats weighing about 60 g were divided into four groups of twelve
animals each. To each group the following diets and water were given.

Group §: normal dict and tap water.

Group 2: normal diet and water containing 1,000 ppm of ABS.

Group 3: 500 ppm of PCB-supplemented dict and tap water.

Group 4. 500 ppm of PCB-supplemented diet and tap wates containing1,000 ppm
of ABS.

Experiment No. I1. Rats weighing about 150 g were divided into eight groups of eight
animals each. To each group the following diet and water were given.

Group 1: normal diet and tap water.

Group 2:  Ten ppm of PCB-supplemented diet and tap water.

Group 3: 100 ppm of PCB-supplemented diet and tap water.

Group 4: 500 ppm of PCB-supplemented diet and tap water.

Croup S:  normal dist and water containing 1,000 ppm of ABS.

Group 6:  Ten ppm of PCB-supplemented diet and water containing 1,000 ppm

of ABS.

Group 7: 100 ppm of PCB-supplemented diet and water containing 1,000 ppm
of ABS.

Group 8: 500 ppm of PCB-supplemented diet and water containing [,000 ppm
of ABS.

Diets and water were provided ad 'ibitum for the duration of the experiment. Diets
and watcr intakes were determined every two days and no significant differences in diet
(average: 17.3 g/day) and water (average: 15.2 mi/day) intakes were observed between
any of the groups. The composition of normal diet (Oriental Food Co., Japan) is as
follows (in 100 g diet): protein, 24.2 g; fat, 5.5 g; fiber, 4.5 g; carbohydrates, 52.6 g;
salts, 6.2 g; water, 7.0 g; vitamin A, 1,000 1.U.; vitamin D, 200 LU.; vitamin £, 1.6 mg;
vitamin B,, 0.9 mg; vitamin B,, 0.8 mg; vitamin B,, 0.8 mg; niacin, 4 mg; pantothenic
acid, 1.9 mg; vitamin C, 50 mg; inositol, 60 mg; choline, 100 mg.

Analytical Procedure. After a given period on these dietary regimens, blood specimens
were obtained from the d ding aorta using a plastic syringe. Serum was centrifugally
scparated from blood clot, and brain, heart, liver, kidneys, spteen, and testicles were
dissected and weighed. Portions of these tissues and serum were used for analysis.

Serum alkaline phosphatase activity was assayed by the method of Hansen (1966),
and choline esterase activity (Weber 1966), glutamate-oxaloacetate transaminase (GOT)
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Effect of PCB and ABS on Rats 117

and gl pyruvate tr i (GPT) activities (Reitman and Frankel 1957) were
also determined.

Cholesterol levels in serum were determined by the method of Abell er ai. (1952), total
and free cholesterol levels in liver by the method of Sperry and Webb (1950), seruimn and
liver trigylceside levels according to Sardesai and Manning (1968), and seruin and liver
non-esterified fatty acids levels by the procedure of Duncombe (1964).

Aniline hydroxylase activity in liver was assayed by the method of Lmai ef af. (1966)
and Na-K-Mg-dependent ATPase and Mg-dependent ATPase by the method of Nakao
et al. (1965).

Iron levels in liver and scrum were determined by the balhophenamhrolme method
(Beale e al. 1961), serum urea by the method using diacetyi imethi bazid
(Coulombe and Favreau 1963), protein by the procedure of Lowry ef al. (1951), and
DNA and RNA levels in liver by the method of Ceriotti (1955).

For histological analysis, all tissues were fixed in 3% formaldehyde solution. Sections
of § p thickness were cut and stained with hematoxylin and eosin.

Results

Experiment No. I. After 1, 3 and 7 months on diets, four rats from each group were
sacrificed and the body weights determined (Table [). in the control group ana ABS-
administered group (groups 1 and 2) good growth was observed, while growth in the
PCB-administered group and the PCB-ABS co-administered group (groups 3 and 4) was
depressed significantly. Actual liver weight, the weight of liver and testicles expressed as
percentage of body weight for each group are shown in Table II. In PCB-administered
groups 3 and 4, liver weight increased signifcantly; however in the ABS-administered
group {(group 2), liver weight was normal. Regarding actual liver weight, the weight was
greater in group 4 than in group 3 at seven months. Fig. 1 shows the gross appearance of
the livers.

Light-mi ic examination of livers of groups 3 and 4 revealed swelling of the
individual hepanc cells, nuclei showed picnosis, cytoplasm had many vacuoles and de-
generative changes were prominent in scattered areas of the liver. (Fig. 2A, normal liver;
2B, groups 3 and 4).

DNA, RNA, and protein content and concentration in livers are shown in Table (Il
Liver DNA ration was d d in the PCB-administered groups (groups 3 and 4),
however the total DNA content in liver underwent no significant change as liver weight
was increased in the PCB administered groups. In contrast, total RNA and protein con-
tent per liver increased significantly in proportion to the increase of liver weight in PCB-
administered rats. No change was observed in RNA and protein with respect to
concentrations.

.
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Table L Initial and terminal body weight of rats in experiment [

Terminal Weight (g)¢

Additives to
Initial®
Group " Diet Water Weight (g) 1 Month 3 Months 7 Months
1 NONE NONE 62 % 5% 2167 303£7x 371 £19x
2 NONE ABS (1000 ppm) 62 £ 4% 219132 263 £23x 351 %10
3 PCB (500 ppm) NONE 63 £ 6x 185 10xy 228 £ 185y 250 11y
4 PCB (500 ppm) ABS (1000 ppm) 64 + 8x 176 8y 231 £ 13y 2459y

aValues represent mean * S.E.
512 rats
€4 rats average

Data were considercd statistically based on the method of one factor ANOVA. Different letter superscripts (x,y) following
mean and S.E. denote significant differences (p < 0.05) between groups in each column. (eg, entries with superscript “x”
showed no significant differences between groups; those with superscript *'y” showed significant differences on comparison

with groups not marked “y”).
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Table IL Actual liver weight, ratio of liver and testicular weight to body weight in experiment [

Additives to

Experimental period

1 Month

Group Diet Water 3 Months 7 Months

() @ (2)
Actual 1 NONE NONE 8.51 £ 0.842 8.64 £0.512 9.53 £0.212
Liver 2 NONE ABS (1000 ppm) 9.11£1.033 8.57 £0.27 8.78 £0.18
Weight 3 PCB (500 ppm) NONE 13.73 £ 1770 13.93 £ 0.71® 15.60 £ 0.79%
4 PCB (500 ppm) ABS (1000 ppm) 13.83 £1.510 16.33 % 2.12b¢ 19.25 £ 2.15¢

(%) (%) (%)
Liver 1 NONE NONE 3.94 £ 0.412 2.85£0.152 2.57%9.12¢
Weight/ 2 NONE ABS (1000 ppm) 4.16 £0.32 3.26 £0.463 2.50 £0.300
Body 3 PCB (500 ppm) NONE 7.42 £ 1110 6.11 £0.43> 6.24 £ 0.830
Weight 4 PCB (500 ppm) ABS (1000 ppm) 7.86 £ 1.23b 7.07 £ 1.080 7.86  1.50b
Testicles 1 NONE NONE 0.56 £ 0.032 0.52£0.022 0.44 1 0.022
Weight/ 2 NONE ABS (1000 ppm) 0.59£0.022 0.58 £ 0.042 0.46 £ 0.013
Body 3 PCB (500 ppm) NONE 0.61 £0.043 0.66 +0.08a 0.50 £ 0,022
Weight 4 PCB (500 ppm) ABS (1000 ppm) 0.63 £ 0.06% 0.63 £ 0.062 0.26 £ 0.03®

Values represent mean £ S.E. of 4 rats.

Different letter superscripts (a, b, c) denote significant difference (p < 0.05) in zach tissue.

Statistical analysis was carried out according to the method of one factor ANOVA.
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120 Y. liokawa et al.
Table lIL DNA, RNA, and protein levels in liver { 7 months) in experiment |
Additives to P . Content
Group Diet Water (mg/e) (mg/liver)
DNA 1 NONE NONE 2.73 £ 0.09¢ 26452 1.31»
2 NONE ABS 2.65%0.16° 247221168
3 PCB NONE 1.81 £0.11® 28.15 % 0.89s
4 PCB ABS 1.69 £ 0.21% 28.80£1.07
RNA 1 NONE NONE 8.2710.73 79.9 £ 260
2 NONE ABS 7.95 £ 0.90% 73.5 £ 4.0
3 PCB NONE 7.45 £ 0.458 11702 11.6%
4 PCB ABS 7.78 £ 0.400 138.8¢19.2v
(%) ®/liver)
Protein 1 NONE NONE 19.5£2.00 1.88 £ 0.21»
2 NONE ABS 2041 1.8 1.8820.16
3 PCB NONE 188+ 2.8 2.94 £ 0.26%
4 PCB ABS 18522 3.35:0.31®

Values represent mean £ S.E. of 4 rats.

Different letter superscripts denote significant difference (p < 0.05) in each nucleic acid
or protein. Statistical analysis was carried out according to the method of one factar

ANOVA.

ABS +P(B

Fig. 1. Gross appearance of liver of groups 1 to 4 (Experiment [, 7 months), Blackish
color change and hypertrophy seen in PCB (group 3) and ABS + PCB treated rat (group 4).
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Effect of PCB and ABS on Rais 121

Testicle weight decreased in the individuals in group 4 after seven months treatment

. (Table 2). Histological observations of the testis of these rats revealed considerable de-.

generation. Necrosis was observed in the seminiferous tubules (Fig. 3B), there was 3
Hisapp of sper 3 cells (Fig. 3B), hypertrophy of the interstitium
between the tubules (Fig. 3B, 3C) and in some cases, the appearance of bizarre sper-
miogoniums (Fig. 3C). No significant changes in tissue weight or histological appearance
were observed in other tissues.
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Fig. 2. Mk ic app of livers. (Experi L7 hs) Hi lin-eosin,
X100.
A. Normat rat (group 1). Nuclei snd cytopl in all b tes sre nosmal.

B. PCB-ABS treated st (group 4). Note foamy degeneration in many hepatocy tes.
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Fig. 3. Microscopic appearance of testis. (Experiment I, 7 months), Haematoxylin-eosin, X100.

A. Normal rat (group 1). The seminiferous tubules and interstitial tissues arc normal in appearance,

8. PCB-ABS treated 1at (group 4). Note empty tubules and hyperplasia of the interstitial tissucs.

C. PCB-ABS treated rat (group 4). Note appearance of bizarre sperraiogoniums as well as hyperplasia of the interstitial tissue.
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Effect of PCB and ABS on Rats 123

GOT and GPT levels in the serum of groups 3 and 4 (seven months) increased
(Table IV). 'lhen was no significant change in serum alkaline phosphatase and choline
ies. Chol | levels in the serum increased in groups 3 and 4 after 1, 3
and 7 months treatment (Table V). Total cholesterol levels in the liver increased markedly
ln poup 3and pnmculldy in group 4 after 3 and 7 months. Liver total cholesterol levels
d with time. (Table V). Liver aniline hydroxylase sctivity mcrnscd
sgnificantly (p <0.01) in rats on a PCB-impk d diet, the i being
(p < 0.01) when PCB and ABS were combined. (Table Vi). Liver Na-K-| M|~depcndem
ATPase decreased in both groups 3 and 4; however, decrease were greater in group 4.
(Table VI). No significant difference was observed in Mg-dependent ATPase among the
poups.

Experiment No. IL. As the above experiment indicated that the effsct of PCB increased
when ABS was simultaneously administered, a further study was done to determine the
dose response.

Growth was depressed only in groups 4 and 8 (administered 500 ppm of PCB); there
was no significant change in growth among the other groups. The rats were sacrificed
after one month and analysis revealed that the weights of the livers increased with in-
cremsed doses of PCB. Regarding liver weight, a synergistic effect of ABS upon PCB was
observed between groups 4 and 8 (500 ppm of PCB) only. (Tsble VI1).

Serum urea levels increased in groups 4 and 8 (500 ppm of PCB). Iron levels increased
in the groups 7 and 8. (Table VIiI).

Serum cholestero! and liver free cholesterol levels were increased in group 8 cnly.
Total cholesterol levels in the liver increased in the 100 and 500 ppm PCB groups 3,4, 7
and 8. Cholesterol deposits were more marked in the PCB-ABS combined groups.
(Table IX).

Anfline hydroxylase activity & d and Na-K-Mg-dependent ATPase decreased in
proportion to the PCB administered. Mg-dependent ATPase was slightly decreased in the
groups on 500 ppm of PCB. (Table X). There was no significant change in the triglyceride
and non-esterified fatty acids levels in serum and liver.

Discussion

Monkeys which had been administered 1.4 to 16 mg/day of PCB (Kanechlor 400)
for 40 to 48 days ded a liver cell enlarg and fatty degeneration (Nishizumi
1970). A similar morphological change in rat liver was reported by Kimbrough ef al.
(1972). The present study d d that the i in size and weight of the liver
in the PCB groups is attributed to the enlargement of individual liver oells. This con-
clusion was reached both from morphological jons and chemical analysis of
tiver DNA, RNA, and protein contents (Table III). Enhancement of the liver drug
metabolizing system by PCB administration has been reported by Fujita ef ol. (1971),
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Table IV. Glutamate-oxalc 0y
activities (GPT) in serum in experiment I (International Units)

{GOT) and gh

D,

Additives to

Experimental period

Enzyme Group Diet Water 1 Month 3 Months 7 Months

GOT 1 NONE NONE 179%1.2s 206 £5.12 18.7% 1.8
2 NONE ABS (1000 ppm) 182+ 1.7s 18.3%5.08 2312420
3 PCB (500 ppm) NONE 1551 3.68 19.813.32 52.5+ 7.5
4 PCB (500 ppm) ABS (1000 ppm) 16.1 £2.72 22,7349 54.2+7.40

GPT 1 NONE NONE 24.1 £0.7ab 21.8% 5,180 22.74 2.4
A NONE ABS (1000 ppm) 24.0+ 2.78b 2091 1.2 24,12 2.2sb
3 PCB (500 ppm) NONE 21.8%3.720 31.8 £ 4.00c 320230
4 PCB (500 ppm) ABS (1000 ppm) 21.2%1.2= 36.6 £ 6.4b¢ 4422 7.5

Values represent mean £ S.E. of 4 rats.

Different letter superscripts (a,b,c) denote significant differences (p < 0.05) in each enzyme,

Statistical analysis was carried out according to the method of onc factor ANOVA.

144
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Table V. Total cholesterol levels in liver and serum in experiment I

Additives to Erperimental period
Group Diet Water 1 Month 3 Moaths 7 Months
(mg/100 mi)
Serum 1 NONE NONE 1062 13» 8770 94 £ 4a
2 NONE ABS (1000 ppm) 138 £+ 283b 124 £ |53 105+ 153
3 PCB (500 ppm) NONE 196 £ 9be 210 % 19d¢ 211 % j9b¢c
4 PCB (500 ppm) ABS (1000 ppm) 262 £ 24¢ 220 £ 24b¢ 2302 }5¢
(mg/100 g wet tissue weight)
Liver 1 NONE NONE 241173 255+ 313 257+ 223
2 NONE ABS (1000 ppm) 281 £ 2] 253 125+ 320 %333
3 PCB (500 ppm) NONE 323 £33b 439 £ 32b¢ $48 * 34¢d
4 PCB (500 ppm) ABS (1000 ppm) 389 & 74b¢ 611 2 47d¢ 768 * 67¢

siey uo S@v pue gOd Jo 1393

Values represent mean ¢ S.E. of 4 sats. i
Di![_er;nl letter superscripts (a,b,c,d,e) denolte significant differcnces (p < 0.05) in sctuw at liver. Data were considesed
statistically based on the method of one factor ANOVA.
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Table VL Aniline hydroxylase, Na-K-Mg-dependent ATPase and Mg-dependent ATPase in liver in experiment

Additivss to

Experimental period

Enzyme Group Diet Water 3 Months 7 Months
(mumoles p-aminophenol/mg prot./min)
Aniline Hydroxylase 1 NONE NONE 1.16 £ 0.063 f4820.213
2 NONE ABS (1000 ppm) 1.42%0.12a 22+0.143
3 PCB (500 ppm) NONE 3.94 £ 0.38b 4.19 £ Q.46
4 PCB (500 ppm) ABS (1000 ppm) 6.72%0.57¢ 6.90 £ 0.66¢
(mumoles Pifmg prot./min)
Na-K-Mg-ATPase 1 NONE NONE 14073 15552
2 NONE ABS (1000 ppm) 122%2)2 130% 72
3 PCB (500 ppm) NONE 78 £ 8b 76 £ 6
4 PCB (500 ppm) ABS (1000 ppm) 45 £12¢ 44 * 10¢
x
g Mg-ATPase 1 NONE NONE 40] + 34a 328t 472
v 2 NONE , ABS (1000 ppm) 424 + 322 329 % 562
o 3 PCB (500 ppm) NONE 387312 3424 353
a 4 PCB (500 ppm) ABS (1000 ppm) 3432293 399+ 50
3
w

Values are represent mean t S.E. of 4 rats.

Different letter superscripts following mean and S.E. (a,b,c) denote significant differences (p < 0.05) in each enzyme. Data were
considered statistically bascd on the method of one factor ANOVA.
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Effect of PCB and ABS on Rats 127
Table VIL Ratio of liver weight to body weight (one month) in experiment I/
Additives to
Group Diet %
1 NONE NONE 2.94 1 0.06*
2 PCB (10 ppm) NONE 3.01 £ 0.05%%
3 PCB (100 ppm) NONE 3.93+0.14¢
4 PCB (500 ppm) NONE 5.82 10,504
5 NONE ABS (1000 ppm) 2.9210.078
6 PCB (10 ppm) ABS (1000 ppm) 3.12 £ 0.06%
7 PCB (100 ppm) ABS (1000 ppm) 4.05 £ 0.14¢
8 PCB (500 ppm) ABS (1000 ppm) 6.45 2 0.24¢
Values represent mean ¢ S.E. of 8 rats.
Different letter superscripts following mean and S.E. (a,b,c,d,e) denote significant
differences (p < 0.05) compared by the method of one factor ANOVA.
Table VIIL Ureq and iron levels in serum (one month} in experiment i/
Additives to Urea Iron
Group Diet Water (mg/100 mi) (/100 ml)
1 NONE NONE 20.910.80 157 %18
2 PCB (10 ppm) NONE 22.8 1 2. [sbe 149 £ 163
3 PCB (100 ppm) NONE 22.21 1.5 180 £ 173®
4 PCB (500 ppm) NONE 27.4 £ 2.30¢ 176 £ 21sb
5 NONE ABS (1000 ppm) 22.8 1 2.08b¢ 198 t 360®
6 PCB (10 ppm) ABS (1000 ppm) 23.7 2 2.580¢ 206 £ 43ab
7 PCB (100 ppm) ABS (1000 ppm) 23.5 % 2.0eb¢ 216 £ 1580
] PCB (500 ppm) ABS (1000 ppm) 28.8 £ 2.9¢d 236 £ 3}®

Values represent mean £ SE. of 8 rats.
Different letter superscripts following mean and S.E. (a,b,c,d) denote significant

differences (p < 0.05) compared by the method of one factor ANOVA.
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Table IX. Total cholesterol levels in serum and total and free cholesterol levels in
liver {one month) in experiment II

Liver
Additives to ,‘s."m ) “‘l'.o oaro) Ch o
Group Diet Water (mg/100 mi) (mg/100 g wet weight)
1 NONE NONE 109 120 290 £ 14 214210
PCB (10 ppm) NONE 104 £ 158 2892 188> 2192160
PCB (100 ppm) NONE 113 2200 336223 224212
PCB (500 ppm) NONE 141 £ 289> 42] £25d | 254 300
NONE ABS (1000 ppm) 98 % 168 268 £ 19 225 % 148

PCB(10 ppm)  ABS (1000 ppm) 116 2268 265 £ 160 237115
PCB (100 ppm) ABS(1000ppm) 123 %23s 354%31ed 22512108
PCB (500 ppm) ABS (1000 ppm) 180 % L3b 522¢ 15 313 £26%

® 9 v AW W

Values represent mean £ S.E. of 8 nats.
Different letter superscripts following mean and S.E. (a, b, ¢, d, ¢) denote significant
differences in each column (p < 0.05) compared by the method of one factor ANOVA.

Villeneuve ef al. (1971) and Litterst er of. (1972). Matsuda (1959) and Tanaka er d.
(1969) observed that total lipid, triglyceride and cholesterol contents in the liver in-
crensed when PCB was ingested. Inhibition of ATPase activity in fish has been reported
by Yap et al. (1971). The present studies confirmed the various abnormalities attributed
to PCB administration and proved that lomc of them are increased by siniultancous

fooding of PCB and ABS. It is y that PCB inhibited the Na-K-Mg-depentient
ATPase not only in a cold-bloodad mlmll but also in mammals. In various analyses of
the serum, in of b d in the high-dosage PCB groups (seven

months) could be due to degenerative changes in the liver. The hemolytic effect of ABS
could explain the incresse of the serum iron lcvels in the ABSndmumtered groups. It is of

nterest to nou the phological i b d in ABSPCB co
dministered rats (seven ths). With regasd to the effect of PCB a3 a mitotic pouon
Peakall ef al. (1972) reported that freq ies of chr din

PCB-treated dove embryos as compared to control embryos. The following mechanisms
may be considered for the etiology of the observed testicular atrophy: (1) PCB disturbs
peimarily the testicular vasculature, (2) PCB affects genetic materials as a mitotic poison,
(3) PCB causes 3 nutritional deficiency, such as Vitamin E deficiency, (4) PCB affects
certain enzyme activities in the testicles, (5) PCB affects the endocrine control of testicuk

integrity, and (6) these effects could be caused by an enhanced sbsorption of PCB ss a

MONS 085807



Table X Aniline hydroxylase, Na-K-Mg-dependent ATPase and Mg-dependent ATPase activities in
liver {one monti1) in experiment Il

Additives to - Aniline hydroxylase Na-K-Mg-ATPase Mg-ATPase
Group Diet Wates {m moles /mg prot./min) (m moles{mg prot./min)
1 NONE NONE 1.21 £ 0.16* 117 £ 1630 306 t 59ab
2 PCB (10 ppm) NONE 1.76 £ 0.23a 113 £ 20abe 311 £373
3 FCB (100 ppm) NONE 3.96  0.48b 80 £ 19b¢ 265 £ 39ab
. 4 PCB (500 ppm) NONE 5.00 £ 0.62b 60 £ 20¢¢ 251 £ 223b
5 NONE ABS (1000 ppm) 1.6310.133 135 ¢ 212 336 1488
6 PCB (10 ppm) ABS (1000 ppm) 1.81+0.193 99 £ ]7abe 307 £ 553b
1
PCB (100 ppm) ABS (1000 ppm}) 4.15£0.41b 81 £ 120¢ 300 ¢ 278
]
= FCB (500 ppm) ABS (1000 ppin) 5.51 £ 0.660 42154 226 £ 200
(=]
z
v Values rtplreum mean £ S.E. of 8 rats A
Different letter ine " . ' :
o one factor ANO?:‘C“CHP“ (a,b,¢c,d) denote significant differences (p < 0.05) in each column compared by the method of
s
©®
(=]
@
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result of the emulsifying action of ABS. Although further experiments are necessary to
elucidate the mechanism, attention is drawn to the effects of PCB (or PCB plus ABS) on
the reproductive physiology of male rats.
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