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Polychloqynated biphenyls (PCBs) are widely spread in the envi-
ronment, and their residues have been detected in the tissues of
fish, wild and domestic animals and in humans, especially in
breast milk of mothers occupationnally exposed. PCBs have nume-
rous toxic effects on laboratory animals, namely hepatotoxicity,
immunotoxicity, reproductive and hormonal effects, mutagenic and

carcinogenic potency (Safe 1984). They have been recognized as
potent inducers of many microsomal drug metabolizing enzymes in
several species (Litterst et al. 1972). Moreover, treatment of

rats with PCBs gave rise to altered lipid metabolism with accu-
mulation of 1lipids in the liver (Hinton et al. 1978 ; Sandberg
and Glaumann 1980 ; Kholi et al. 1983 ; Carter 1985 ; Kato et al.
1982). In most of these studies male rats have been used.
However, sex differences in the effects of xenobiotics on micro-
somal drug metabolizing enzymes have been shown (Skett and
Paterson 1985) particularly with PCBs (Narbonne 1978) and little
was knorn about differences in the effects of PCBs on 1lipid
metabolism.

This study was designed to investigate the effects of a subchronic
treatment with Phenochlor DP5 on some microsomal drug metabolizing
enzyme activities and on liver and blood lipids of male and female
rats. The long-term effects of DP5 administration during pre and
postnatal period on adult microsomal enzyme activities and liver
and blood lipids of both sexes have also been studied. Indeed, a
possible xenobiotic imprinting of the hepatic monooxygenase system
during neonatal period has been shorn recently (Bagley and Hayes
1985) and it has been recognized that some functional defects, for
example in organ metabolism, which often manifest themselves 1in
adult period may be induced prenatally or before weaning (Neubert
et al. 1985).

MATERIALS AND METHODS

Male (320-350g) and female (220-260g) Histar rats (Iffa-Credo,
France) were housed in an air conditioned room and allored free
access to a semi-synthetic diet (18% casein, 40% potatoc starch,
31,5% sugar, 5% peanut oil, 4% salt mixture and 1% vitamin
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mixture) and water ad libitum. Phenochlor DPS (Prodelec France)
was dissolved in peanut oil and incorporated into the diet at a

final dose of 250 mg/kg during 8 days. After a 12 hours
starvation period, rats were lightly anesthetized with ether, and
blood, withdrawn from aorta, wWas frozen at -20°C. Liver 1lipid
extraction procedure, triacylglycerol, cholesterol and

phospholipid estimations in blood and liver extracts, 1liver
microsome preparation and microsomal proteins, cytochrome P450,
aminopyrine demethylase, aniline hydroxylase, UDPG transferase
activity dosage methods have been described elsewhere (Poul 1983).
For time course effect study of PCBs on blood lipids, male rats
were allowed the diet supplemented with 250 mg/kg of DP5 during 16
days. Blood was collected from rats starved for 6 hours, by tail
section, and cholestercl and triacyglycerol were measured as
described.

Virgin female rats (220-240g) rere mated overnight with males.
Vaginal smears were taken in the morning and the presence of sperm
Ras considered as day 0 of gestation. On day 2 of gestation,
treated females were fed with a semi~synthetic diet (22% casein,
36,5% potato starch, 30% sugar, 5% peanut oil, 4% salt mixture
supplemented with Cot++, Cu+t+, Mn++, Zn++, and 1,5% vitamine
mixture) supplemented =®ith 50 mg/kg of Phenochlor DP5., This
treatment was continuously administred throughout gestation and
lactation. One day after parturition, litters were reduced to 8
offsprings (4 males and 4 females when possible). After weaning,
all pups received the control diet until 110-125 days of age, R®Rhen
the rats were randomized according to sex as followrRs : 1) control
group (C/C) and pre and postnatally DP5 treated group (DP5/C),
these animals were sacrificed and measurements of cytochrome P450,
aminopyrine demethylase, microsomal proteins, 1liver and blood
lipids were performed, 2) control group (C/DPS5) and pre and
postnatally DP5 treated group (DP5/DP5) were retreated w®ith DP5
(50 mg/kg) via the diet during 8 days. Animals wWere then sacrificed
and dosages of cytochrome P450, aminopyrine demethylase and
microsomal proteins were performed

Results, presented as mean and mean standard deviation, were
analysed by one way analysis of variance or Student t test.

RESULTS AND DISCUSSION

The data representing the effects of DP5 on activities of microso-
mal drug metabolizing enzymes are summarized in table 1. All
parameters measured wWere enhanced by the treatment in male and
female rats. Basal activities of aminopyrine demethylase, aniline
hydroxylase and UDPG transferase were smaller in females w®hen
concentrations in microsomal proteins rere similar in both sexes,
Inducing effects of DP5 mere generally more important in the males
except for the induction of UDPG transferase activity which =was
threefold higher in female and 1,6 in male rats.
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Table 1. Microsomal drug metabolism parameters in male and female
rats in basal conditions and after DP5 (250 mg/kg for 8 days)
exposure.

Control DPS Control DPS

males males females females
Liver weight 2.93+0.03 4.78+0,22% 2,54%0,04 3.10x0.15%
(g/100 g)
Microsomal proteins 21.2%0.5 34.4+1.1% 20,040.7 24.6+0. 7%
(mg/g)
Cytochrome P450 0.91+0.03 2.87+0.15*% 0,67+0,.03 1.51+0. 09%*

(nmole/mg)
Aminopyrine demethylase 3.080.18 6.62%0.44* 1.7920.08 3,02x0, 23%*

(nmole/mn/mg)

Aniline hydroxylase 0.91%0.03 1.55%0.05*% 0,53x0.02 0.7310.04%
(nmole/mn/mg)
UDPGtransferase 16.7x1.2 26.5+1. 0% 7.7 0.9 23.2%1. 5%

( nmole/mn/mg)

6 rats per group. * : significantly different from respective
control (P < 0.05)

In male liver, DP5 increased all class of lipids significantly.
Th increase in total cholesterol was mainly reflected in
esterified fraction (results not shown). In the female liver,
phospholipid concentration was enhanced, total cholesterol =®as
unaffected and triacylglycerol slightly decreased (table 2).

Table 2. Blood and liver lipids in male and female rats in basal
conditions and after DP5 exposure

Control DP5S Control DP5
males males females females
Liver lipids (mg/g)
Triacylglycerol 6.620. 4 12.2+1.4% 11,4+0.9 8.110. 4%
Total cheolesterol 3.4%0. 2 5.9%+1, 1% 3.0%0. 1 3.110.1
Phospholipids 38.7%0.6 51.4+0,9* 38,520.4 41.8%0, 4%
Blood lipids (mg/100 ml)
Triacylglycerol 52.8%5.0 113.2x9.6*% 76.6%5.3 92.6221.5
Total cholesterol 67.417.1 117.0x14, 7% 96.9%8.3 70.2% 7.5

6 rats per group. * : significantly different from respective
control (P < 0.05)

These sex differences in DPS effects on 1lipid metabolism were
confirmed by measurements of blood lipids (table 2). In males,
DP5 treatment increased the concentration of both triacylglycerol
and cholesterol and in females, blood lipid concentration wmas not
statistically different from that of controls
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Figure 1. Time course of blood lipids in male rats fed dietary
DP5 (250mg/kg). ® : control, W : DP5. Asteriks indicate sta-

tistically different mean at P < 0.05

Time course effect of DPS (250 mg/kg diet) on blood 1lipids was
examined in male rats starved for 6 hours (each animal being its

oWn control throughout the 16 days of experiment). Figure 1 shows
that the rise in blood total cholesterol began after a few
days' treatment and seemed to be maximum after 12 days. Blood

triaecylglycerol was slightly elevated in rats treated with DPS
during the most part of the exposure period but the differences
Rith control rere never statistically significant. From
comparison with the above-mentioned results on animals starved for
16 hours, 1t appeared that the nutritional status of rats may be
taken 1into consideration for the interpretation of PCBs effects on
blood triacylglycerol.

In male and female rats treated in utero and during lactation, via
the diet of mothers, by Phenochlor DP5 (50 mg/kg), basal 1liver
weight, aminopyrine demethylase activity and concentration of
cytochrome P450 and microsomal proteins have been investigated in
adulthood (110-125 days old rats) (table 3)

In male rats, specific activity of aminopyrine demethylase and
cytochrome P450 were at the control level, but when expressed by
100 g body weight, these two parameters were slightly above
control and activity of aminopyrine demethylase was increased by
20% (P<0.05). In females, no difference was found between DP5
treated rats and controls. In these experimental conditions, a
pre and postnatal exposure to 50 mg/kg of DP5 through the dams
weakly only affected some parameters of microsomal drug metabolism
in the adult, Howrever, males seemed more sensitive than females
to the treatment.
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Figure 2. Microsomal enzyme activities in male and female rats

Rith respect to pre and postnatal and further adult treatment with

pps. [Jcsc, /A c/pes, DP5/C, KN pes/pps. (see de-

tails in materials and methods). The numbers in bars indicate the
percentage of increase in activities compared to corresponding con-
trol. Asteriks indicate statistically different mean at P < (.05,

Table 3. Long-term effect of DPS5 exposure during pre and
postnatal period on adult (110<125 days o0ld} male and female
microsomal drug metabolism parameters

Control DPS Control DPS

males males females females
Liver weight 2.73£0.04 2.80%0.07 2.70+0.09 2,75%0.05
(g/100 gBH)
Microsomal proteins 52.0x2.3 55.9+2. 3 50.1%1.8 51.9%1.7
{mg/100 gBR)
Cytochrome P450
{nmole/mg) 0.96+0.03 1.01x0.03 0.70x0,.04 0.74%0.02
(nmole/100 gBH) 49.6%2. 2 56. 5+2. 8%* 34 9x1,8 38. 5%2.1

Aminopyrine demethylase
(nmole/mn/mg) 3.4120.18 3.79+0,17 2.58x20,.10 2,52%0.14

(nmole/mn/100 gBW) 176.129.1 211,913, 5*% 128, 2%3.7 131,5£10,7

8 rats per group. * : significantly different from respective
control (P < 0.06). (**:0.05 ¢ P < 0.10). BH : body weight.

Inducing effects of a further subacute dose of DP5 (50 mg/kg of
diet) administered in adult period to rats treated pre and
postnatally and comparison rRith corresponding controls are shorn
in figure 2. In males, a secondary adult DPS exposure caused
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significant increases in aminopyrine demethylase and cytochrome
P450 irrespective of the perinatal treatment, but the percentage
of increase seemed to be slightly smaller in rats pretreated in
utero and during lactation with DPS.

In female treated pre and postnatally there was no difference
between groups except for cytochrome P450 (figure 2) and relative
liver weight (results not shown). Here too, differences between
males and females in basal and induced activities of microsomal
drug metabolism parameters could be noted.

Liver 1lipids of control and pre and postnatally DP5 treated rats
assayed at 110-125 days were not significantly different in both
sexes (results not shown). However, blood triacylglycerol in males
and blood cholesterol 1in females are decreased by the pre and
postnatally exposure to PCBs (table 4).

Table 4. Long-term effects of DP5 exposure during pre and
postnatal period on adult male and female blood lipids

Control DPS Control DP5
males males females females
Triacylglycerol 138.3%29.5 103.2x13.0% 71.1%5.6 59.7+ 6,4
(mg/100 ml)
Total cholesterol 98.6%5.5 86.4% 6.0 76.8%5.4 57.3% 4, 8%

(mg/100 ml)

8 rats per group. * : significantly different from respective
control (P < 0,05)

The results of this study would indicate that basal activities of
aminopyrine demethylase, aniline hydroxylase, UDPG transferase and
concentration of cytochrome P450 were higher in male than in

female adult rats. These sex differences in the activities of
microsomal drug metabolizing enzymes have been previously showrn
(Kato 1974). A possible explanation of these findings was an

imprinting of drug metabolizing enzymes activities by androgens
via the hypotalamus-hypophysis-liver axis during the neonatal
period (Skett and Gustafson 1979). Treatment of male and female
rats by Phenochlor DP5 (250 mg/kg in the diet during 8 days) gave
rise to relative 1liver weight, concentrations of microsomal
proteins and cftochrome P450 and activities of aminopyrine
demethylase, aniline hydroxylase and UDPG transferase in both
sexes., However, male rat response to the inducing effect was
stronger than female except for UDPG transferase activity which
Ras triplicated in females, reaching the level of males after
induction. These sex differences were depending on the
xenobiotics administered and the microsomal enzymes studied (Skett
and Paterson 1985).

Subchronic treatment with DP5 altered the lipid metabolism in male

rats. Liver triacylglycerol, total cholesterol and phospholipid
fractions, blood triacylglycerol and cholesterol concentrations
were enhanced in animals fasting for 16 hours. Study of time

course effect of DP5 on blood lipids in male rats starved for 6
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hours indicated a rapid increase of cholesterol concentration as
early as the third day of exposure. The concentration of
triacylglycerol remained at the control 1level throughout the
duration of treatment. The rise of blood cholesterol after PCBs
ingestion has been observed in different studies (Kato and Yoshida
1981 ; Yagi and Itokawa 1980 ; Kling and Gamble 1982) and among li-
poprotein fractions, BEDL~cholesterol seemed selectively enhanced
in rat (Carter 1985) and in man after drug induced liver induction

(Luoma et al. 1983). The effects of PCBs on blood triacylglycerol
were more controverted with indications of enhancement (Baumann et
al. 1983 Quazi et al. 1983a), decrease (Sandberg and Glaumann
1980) or no change (Yagi and Itokara 1980) in blood after PCBs
exposure, These results might be explained by various
experimental conditions, particularly length of exposure,

nutritional factors, inducers or species used

After PCB administration in rats, fatty liver ~=ras generally
observed (Litterst et al. 1972 ; Hinton et al. 1978) but it seemed
that there w®as no close relationship between induction of
microsomal enzymes and steatosis because some isomers of PCBs
(Kholi et al. 1979) and inducers like methylcholanthrene (Goldberg
et al. 1981) had no effect on the liver lipid concentrations. The
hypothesis of a partial block of intracellular migration of VLDL
particles in liver after PCBs resulting in accumulation of triacyl-
glycerol and cholesterol in the liver has been proposed (Sandberg
and Glaumann 1980).

In female rats treated with DP5, liver phospholipid concentration
was enhanced indicating some proliferation of endoplasmic reti-
culum, but liver cholesterol was unchanged and triacylglycerol was
significantly decreased compared with control. In blood, total
cholesterol concentration decreased and triacylglycerol concen-
tration increased but the differences from controls was under the
level of signification. Few studies have investigated the effects
of PCBs on blood and liver lipids in female rats. Quazi et al.
(1983b) have indicated an increase of blood and liver cholesterol
in female rats after Arochlor 1245 exposure. Discrepancy writh the
results of our study comes perhaps from differences 1in age of
animals and diet composition. However it may be, more detailed
Rorks on sex responses in 1lipid metabolism after PCB admi-
nistration are needed.

Long-term effects of fetal and necnatal exposure of rats to DP5
(50 mg/kg of mother's diet) on adult microsomal enzymes and liver
and blood 1lipids have been investigated. In these conditions,
PCBs were transferred from mothers to fetus and pups via the
placenta and the milk (Bresner et al. 1984). In adult male rats
(110-125 days old) a weak increase in cytochrome P450 (14%) and
aminopyrine demethylase activity (20%), expressed by 100 g body
Reight, w®as noted. In females, none of the parameters related to
the microsomal enzyme induction were affected by the pre and
postnatal exposure to DPS5. Moreover, a secondary treatment of
adult with DPS (50 mg/kg diet during 8 days) in rats of both sexes
induced a similar rise in level of enzyme activities in pre and

324



postnatal controls and DP5-treated rats, and so, the percentage of
increased activity from respective controls seemed to be slightly
lower in rats treated in utero and during lactation with PCBs.

Some experiments have related the possible imprinting of the hepa-
tic monooxygenase enzymes by xenobiotics (particularly pheno-
barbital) administered prenatally (Faris and Campbell 1983 ;
Simpson and Chung 1982), This effect could be mediated by
interaction between the inducers and sexual hormones and perhaps
by synthesis in neonatal period of novel forms of cytochrome P450
different from adult ones (Bagley and Hayes 1985). Our results
Rith Phenochlor DP5 show a weak effect of a pre and postnatal
exposure on long-term adult basal activities of some microsomal
enzymes only in male rats, and a similar inducing effect of a
further treatment with a 1low dose of DP5 in adult period

Complementary experiments 1in that field are obviously required,
particularly with larger doses of DP5 during the lactation period,
measurement of other microsomal enzyme activities and time course
study of the effect of the perinatal treatment on microsomal drug
metabolism paramaters during the life span of rats.

REFERENCES

Bagley DM, Hayes JR (1985) Xenobiotic imprinting of the hepatic
monooxygenase system. Biochem Pharmacol 34 (7) : 1007-1014
Baumann M, Deml E, Schiffer E, Greim H (1983) Effects of
polychlorinated biphenyls at lor dose level 1in rats. Arch
Environ Contam Toxicol 12 : 509-515

Brezner E, Terkel J, Perry AS (1984) The effect of Arochlor 1254
(PCB) on the physiology of reproduction in the female rat. Comp
Biochem Physiol 77 (1) : 65-70

Carter JR (1985) Effects of dietary PCBs (Arochlor 1254) on serum
levels of lipoprotein cholesterol in Fischer rats. Bull Environ
Contam Toxicol 34 : 427-431

Faris RA, Campbell TC (1983) Long-term effects of neonatal
phenobarbital exposure on aflatoxin B1 disposition in adult rats.
Cancer Res 43 : 2576-2583

Goldberg DM, Roomi MK, Yu A, Roncari DAK (1981) Enzyme induction
and hepatic glycerolipid synthesis in rats treated with
3-methylcholanthrene. Can J Biochem 59 (9) : 793-798

Hinton DE, Glaumann H, Trump BF (1978) Studies on the cellular
toxicity of polychlorinated biphenyls: (PCBs). Virchows Arch B
Cell Path 27 : 279-306

Kato N, Yoshida & (1981) Effect of various dietary xenobiotics on
serum total cholesterol and high density lipoprotein cholesterol
in rats. Nutr Rep Intern 23 (5) : 825-831

Kato N, Kawai K, Yoshida A (1982) Effects of dietary
polychlorobiphenyls and protein level on liver and serum 1lipid
metabolism of rats. Agric Biol Chem 46 (3) : 703-707

Kato R (1974) Sex related differences in drug metabolism. Drug
Metab Rev 3 (1) : 1-32
Kling D, Gamble H (1982) Cholesterol biosynthesis in

polychlorinated biphenyl treated rats. Environ Res 27 : 10-15

325



Kohli KK, Gupta BN, Albro PR, Mukhtar H, McKinney JD (1879)
Biochemical effects of pure isomers of hexachlorobiphenyl : fatty
liver and cell structure. Chem Biol Interactions 25 : 139-156

Litterst CL, Farber TM, Baker AM, Van Loon EJ (1972) Effects of
polychlorobiphenyls on hepatic microsomal enzymes in the rat.
Toxicol Appl Pharmacol 23 : 112-119

Luoma PV, Sotaniami EA, Pelkonen RO (1983) Inverse relationship of
serum LDL-cholesterol and the LDL/HLD cholesterol ratio to 1liver
microsomal enzyme induction in man. Res Commum Chem Path Pharmacol
42 (1) : 173-176

Narbonne JF (1978) Effect of age and sex on liver response to
Phenochlor DP6, a PCB, in rat. Bull Environ Contam Toxicol 20
(5) : 662-667

Neubert D, Stahlmann R, Chahoud I, Bochert G (1985) Some aspects of
prenatal toxicology. Trends Pharmacol Sci FEST sup : 21-26

Poul JM (1983) Biochemical changes in liver and plasma of rats
after oral administration of edifenphos. Toxicol Lett 16 : 31-34

Quazi S, Yokogoshi H, Yoshida A (1983a) Effect of dietary fiber on
hypercholesterolemia induced by dietary PCB or cholesterol in
rats. J Nutr 113 : 1109-1118

Quazi s, Yokogoshi H, Yoshida A (1983b) Time course effects of PCB
feeding and role of fiber on lipid metabolism in rats. Nutr Rep
Inter 28 (6) : 1425-1435

Safe S (1984) Polychlorinated biphenyls (PCBs) and polybrominated
biphenyls (PBBs) biochemistry, toxicology and mechanism of
action. CRC Critical Rev Toxicol 13 (4} : 319-393

Sandberg PO, Glaumann H (1980) Studies on the cellular toxicity of
polychlorinated biphenyls (PCBs). Partial block and alteration of
intracellular migration of lipoprotein particles in rat liver.
Exper Mol Path 32 . 1-22

Simpson VJ, Chung LRK (1982) Programming of rat hepatic
arylhydrocarbon hydroxylase activity during late neonatal period.
Proc Hest Pharmacol Soc 25 : 257-261

Skett P, Gustafsoon J& (1979) Imprinting of enzyme systems of
xenobiotic and steroid metabolism. In : Rev Biochem Toxicol,
Hodgson E, Bend JR, Philpot RM (eds) Elsevier North Holland, New
York, Amsterdamn, Oxford : 27-52

Skett P, Paterson P (1985) Sex differences in the effects of
microsomal enzyme inducers on hepatic phase I drug metabolism in
rat. Biochem Pharmacol 34 (19) : 3533-3536

Yagi N, Itokawa Y (1980) Lipid metabolism in polychlorinated
biphenyl poisoned rats. Environ Res 22 : 139-144

Received December 1,1986; accepted February 6,1987,

326



