Biochemical Pharmacology. Vol. 25, pp. 1255-1260. Pergamon Press, 1976. Printed in Great Britain.

EFFECT OF POLYCHLORINATED BIPHENYLS (PCB:s)
ADMINISTRATION ON PHOSPHOLIPID
BIOSYNTHESIS IN RAT LIVER*

Ko0zo ISHIDATE and YASUO NAKAZAWA
Medical Research Institute, Tokyo Medical and Dental University, Tokyo, Japan

(Received 4 August 1975; accepted 8 November 1975)

Abstract—The effect of PCBs or phenobarbital on the biosynthesis of phospholipids in hepatic endo-
plasmic reticulum of rats was studied by the intraperitoneal injection of [*2P]orthophosphate, [Me-1#
C]choline or [2-*H]glycerol. Significant increases in liver microsomal phospholipid content after the
administration of either PCBs or phenobarbital indicated the actual proliferation of endoplasmic reticu-
lum membranes. The rate of both [*2P] and ['*C] incorporations into microsomal choline-containing
phospholipids, such as phosphatidyicholine, sphingomyelin and lysophosphatidylcholine, was reduced
to one fifth by PCBs administration compared with control animals. The incorporation of [*2P]ortho-
phosphate into phosphatidylethanolamine or other phospholipid classes was less or not affected, respect-
ively, by PCBs administration. The specific inhibitory effect of PCBs on the incorporation into choline-
containing phospholipids was not observed when [2-*H]glycerol was used as a precursor. Phenobarbital
administration, however, increased significantly the rate of [**P] incorporation into liver phospholipids,
especially phosphatidylcholine. It is suggested that the increase in microsomal phospholipid content
by PCBs administration is not due to the stimulation of synthesis but to the inhibition of the catabolism
of membrane phospholipids and that the increase in content caused by phenobarbital is due at least
in part, to the stimulation of synthesis. The possible site(s) of PCBs-induced inhibition of phospholipid

biosynthesis in rat liver is discussed.

Induction of hepatic drug-metabolizing enzymes by
administration of many kinds of lipophilic substances
is accompanied by proliferation of the membranes of
the endoplasmic reticulum [1, 2]. The proliferation of
the membranes is characterized by an increase in both
phospholipid and protein content.

Whether such lipophilic substances cause these
effects mainly by enhancing synthesis or slowing cata-
bolism, however, remains obscure with respect to
membrane phospholipids.

Orrenius and co-workers [3-5] first found that
phenobarbital markedly increased the rate of incor-
poration of [**PJorthophosphate into phospholipids
of rat liver microsomal fraction, and they suggested
that enhanced phospholipid synthesis was an early
step in the phenobarbital-induced proliferation of
liver endoplasmic reticulum. Furthermore, Young et
al. [6] and recently Davison and Wills [7] reported
that the increased synthesis of phospholipid in the
liver of phenobarbital-treated rats resulted from the
stimulated synthesis of phosphatidylcholine via trans-
methylation of phosphatidylethanolamine. Holtzman
and Gillette [8], however, failed to confirm these
results and found that phenobarbital increased hepa-
tic microsomal phospholipid by inhibiting phospho-
lipid catabolism.

On the other hand, the important role that phos-
pholipid. especially phosphatidylcholine, plays in the

*This work was supported in part by a scientific research
grant from the Ministry of Education, Japan.

Abbreviations: PL, phospholipid(s); PC, phosphatidyl-
choline: PE. phosphatidylethanolamine; PI. phosphatidy-
linositol; PS, phosphatidylserine; Sph, sphingomyelin;
DPG, diphosphatidylglycerol (cardiolipin); LPC. lisophos-
phatidylcholine; NL, neutral lipids; PB, phenobarbital.

microsomal drug metabolizing system has been
demonstrated by the finding that the preparation of
solubilized components cannot function in a reconsti-
tuted system unless phospholipid is added [9,10].
The fact that treatment of liver microsomes with
phospholipases [11,12] or with organic solvents
[13, 14] causes a significant decrease of drug metabo-
lizing activity also indicates the essential role of phos-
pholipid.

The present studies were undertaken in order to
characterize the alterations in phospholipid metabo-
lism associated with lipophilic substance-induced pro-
liferation of hepatic endoplasmic reticulum. Polych-
lorinated biphenyls (PCBs) was chosen as the sub-
stance because this highly lipophilic compound is
known to be widely distributed in the environment
and its toxic effects to animals, including man, have
recently been documented [15]. Since PCBs has been
shown to induce the activity of the hepatic mixed-
function oxygenase system in a manner similar to
phenobarbital [16-18], comparative studies were
done with respect to the effects of both compounds
on hepatic phospholipid metabolism.

The results indicate that the proliferation of endo-
plasmic reticulum membranes caused by the
administration of lipophilic substances to rats is not
necessarily accompanied by the stimulated synthesis
of phospholipids in membranes.

EXPERIMENTAL

[Me-'*C]Choline (sp. act. 10mCi/m-mole) and
[2-3H]glycerol (sp. act. 500 mCi/mM) were purchased
from Daiichi Pure Chemicals Co. Ltd.. Japan. and
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the Radiochemical Centre. Amersham. England. re-
spectively. Carrier free Hi[*?P]O, was purchased
from Japan Atomic Energy Research Institute.

Male Wister rats weighing 80-100 g were used for
all experiments. Rats were housed two per cage. fed
Clea CE-2 Laboratory Chow. and allowed free access
to water.

For oral administration. PCBs (Polychloro
Biphenyl, tetra, obtained from Wako Pure Chem. In-
dust. Co. Ltd.. Japan) and phenobarbital were made
homogeneous in 2% (w/v) sodium carboxymethyl
cellulose (CMC) solution by sonic trcatment or by
mixing in a glass mortar, respectively. Experimental
animals were given 100 mg/kg/day of PCBs or 80 mg/
kg/day of phenobarbital by gastric intubation once
a day in the morning. and control animals were given
equivalent volumes of 2%, CMC. In order to assure
equal food intake and negate the possible effect of
altered feeding habit owing to the administration of
the substance, food was removed from the cages of
all rats after the morning administration, and
returned in the evening.

At various times after the administration of the
drugs. radioactive precursor (250 uCi H,[**P]O, in
0.5 ml of 0.9%, NaCl solution containing phosphate,
pH 7.4, 10 uCi [Me-'*C]choline chloride or 100 uCi
[2-*H]glycerol, each in 0.5ml of 0.9, NaCl) was in-
jected intraperitoneally into the control and the
treated animals.

At different time intervals after the injection of pre-
cursor, the rats were killed by decapitation. The livers
and kidneys werc removed, washed twice with ice-
cold 0.9, NaCl. weighed, chilled on ice. homogenized
in 20 vol. of chloroform-methanol (2:1. v/v) contain-
ing a trace amount of butylated hydroxytoluene
(BHT). and the lipids extracted according to the
method of Folch et al. [19].

For the preparation of microsomes. animals were
starved overnight before they were killed and the
livers were excized and homogenized in 4 vol. of
1.15%, (w/v) KCI containing | mM EDTA at 4. The
post-mitochondrial supernatant prepared by centri-
fuging the homogenate twice for 20 min at 9,000 ¢ was
recentrifuged for 60 min at 105000 ¢. The pellet was
used as the source of the liver endoplasmic reticulum.
The microsomal lipids were extracted by the pro-
cedure mentioned above.

Phospholipids were fractionated cither by DEAE-
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cellulose column chromatography combined  with
quantitative thin layer chromatography (t.l.c.) accord-
ing to the method of Rouser ¢f al. [20] or by two-di-
mensional tlc. developed with chloroform meth-
anol-28%, aqueous ammonia (65:35:5). followed
by chloroform—acetone-methanol acetic acid water
(5:2:1:1:0.5) according to the method of Rouser,
Simon & Kritchevsky [21]. except that magnesium
silicate-frec adsorbent (Silica Gel H, Merck No. 7736)
was used. The spots were identified by iodine vapor,
scraped off and extracted with methanol and chloro-
form methanol-acetic acid (50:40:2).

Phospholipid phosphorus was determined by the
molybdate ascorbic acid method after digesting with
70%, (w;v) perchloric acid [22].

The radioactivity incorporated into the phospho-
lipid fraction was counted in a Packard Tri-Carb
model 2002 scintillation spectrometer using 10 ml of
toluenc with 047, (w/v) 2.5-diphenyl-oxazole (PPO)
and 0.01°, (w/v) 2.2-p-phenylene-bis-(5-phenyl-oxa-
zole) (POPOP).

RESULTS

Effect of administration of PCBs on the incorporation
of [*2PJorthophosphate into  phospholipids. Table 1
shows the sp. act. of individual phospholipids of rat
liver and kidney. The liver weight and phospholipid
content increased in PCBs-treated animals. but the
incorporation of [*?PJorthophosphate into total liver
phospholipids decreased to about one half of that in
control animals. The sp. act. of individual phospho-
lipids decreased: the greatest decrcase was obscrved
in the choline-containing phospholipids. phosphati-
dylcholine. sphingomyelin and lysophosphatidylcho-
linc.

In kidney, the phospholipid content and the sp.
act. of total phospholipids were not significantly dif-
ferent between the treated and control animals, but
the distribution of [*?PJorthophosphate in both
phosphatidylethanolamine and phosphatidylinositol
was somewhat lower in PCBs-treated animals.

Time course of effect of PCBs and phenobarbital on
[32PJorthophosphate  incorporation. The sp. act. of
total phospholipids. phosphatidylcholine, phosphati-
dylethanolamine and phosphatidylinositol in the liver
of control animals during the experimental periods
were always within the ranges of 354 + 41. 291 + 66.
527 + 57 and 216 + 9, respectively.

Table 1. Effect of administration of PCBs for 3 days on the incorporation of [**PJorthophosphate into the phospholipids
of rat liver and kidney

PLs Sp.act. (cpm. g lipid-Py
Body wt Tissue £ tssue
(2 12 ) Total-PL PL Pl ps* Sph -+ LPC DPG

Liver

Control 9] + 9 4.0 + 08 33 =02 690 + 74 als o+ 97 1161 + 154 4224 685 = 135 319+ 49

Treated oo = 4 74 = 00 RIS 298 = 16 K8 + 20 585 4+ 48 ATSE 443 ¢ 97 73420
Kidney

Control 1O =02 28 + 01 418+ 1X S26 + 75 222422 910 + 8O 24 -4 390+ 56 o4 - 4

Treated 1.2+ 04 29 4 0d 414+ 22 584 + 80 153 + 12 631 + 132 S22 -4 370 4 30 U

PCBs (100 mg kg) was administered orally daily for 3 days. On the fourth day, [**PJorthophosphate {250 £Ciy was
injected 1 hr before the animals were killed. Other experimental details are described in the text. The values arc means

+ S.E.M. of duplicate measurements from three animals.

* Fraction eluted by acetic acid through DEAE-cellulose column.

+ The values are averages from two animals.
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Figs. 1 and 2. Effect of PCBs or phenobarbital administ-
ration on the incorporation of [**PJorthophosphate into
rat liver phospholipids. PCBs (100 mg/kg) or phenobarbital
(80 mg/kg) was administered daily and the animals were
killed at the times specified. At 1hr before being killed,
they were injected with 200 uCi of [*?PJorthophosphate.
Other experimental procedures are described in the text.
%----x , sp. act. (cpm/ug lipid-P) of total liver phospho-
lipids; O——0, sp. act. of phosphatidylcholine; A—A,
sp. act. of phosphatidylethanolamine; &——<, sp. act. of
phosphatidylinositol.

At 24 hr after a single dose of PCBs, there was
a significant decrease (45%,) in the rate of [32P] incor-
poration into phosphatidylcholine, as shown in Fig.
1. Repeated administration of PCBs caused a further
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decrease as seen at 48 and 72hr after the first
administration. The sp. act. of phosphatidylethanola-
mine, on the other hand, did not decrease until 48 hr
after the first administration, but a rapid decrease
(50%) was seen at 72 hr.

Figure 2 shows the effect of phenobarbital
administration on [3*P] incorporation into the main
phospholipid classes in rat liver. At 12 hr after the
first administration of phenobarbital, the [3?P] incor-
poration into total phospholipids and phosphatidyl-
choline was maximum, showing a 47%, and 113% in-
crease in sp. act., respectively. At 24 hr, however, both
the sp. act. returned to the control levels. The incor-
poration into phosphatidylethanolamine, on the other
hand, was not affected by phenobarbital administ-
ration during experimental periods and that into
phosphatidylinositol increased gradually 24 and 48 hr
after the first administration.

Effect of PCBs and phenobarbital on [3*Plortho-
phosphate incorporation into liver microsomal phospho-
lipids. The microsomal phospholipid content in-
creased in rats given either PCBs or phenobarbital
(Table 2), suggesting a marked proliferation of endo-
plasmic reticulum membranes.

The administration of PCBs caused a significant
decrease in the rate of [>2P] incorporation into total
microsomal phospholipids, mainly due to the de-
crease in incorporation into choline-containing phos-
pholipids such as phosphatidylcholine and sphingo-
myelin, as was seen in the whole liver experiments
(Table 1).

Phenobarbital, however, had no significant effects
on the incorporation rate of [*?PJorthophosphate
into microsomal phospholipid classes.

Incorporation of [Me-'*C]choline into phospholipids
of liver microsomes of rats pre-treated with PCBs or
phenobarbital. Table 3 shows the sp. act. of individual
phospholipid classes. In all animals, more than 98%,
of radioactivity incorporated into total lipids were
detected in phosphatidylcholine; the remainder, less
than 2°;, were detected in lysophosphatidylcholine,
sphingomyelin and phosphatidylserine.

The initial incorporation of [Me-!*C]choline, into
microsomal choline-containing phospholipids, like-
wise [**PJorthophosphate, was strongly inhibited by
pretreatment with PCBs, and the extent of the inhibi-
tory effect of PCBs on the incorporation of the both
precursors into phosphatidylcholine was similar.

Pretreatment with phenobarbital caused no signifi-
cant changes in the incorporation rate of [Me-'*C7-
choline into microsomal phospholipids.

Table 2. Effect of PCBs or phenobarbital on the incorporation of [3?PJorthophosphate into the phospholipids of
rat liver microsomes

Microsomal Sp. act. {cpm/pug lipid-P)
Body Liver PLs/g liver
() (g) (mg) Total-PL PC PE Pl PS Sph

Tapud

Control 98 +4 40+04 594 + 0.53 310 £+ 17 297 + 41 454 + 42 98 £+ 11 21 +16 39 +8

PCBs 95 + 1 63 +03 1348 + 1.48 134 + 21 60 + 20 263 + 36 83 x+7 12+12 1247
Expt. 2

Control 93+6 47 +08 4.10 £ 032 329 + 36 254 + 84 559 + 101 127 £ 44

Phenobarbital 97 +4 53403 9.17 £ 1.51 327 £ 11 244 + 19 525+ 53 145 + 31

Either PCBs (100 mg/kg/day) or phenobarbital (80 mg/kg/day) was administered orally for 2 days. On the third
day, [3?P]orthophosphate (250 ¢Ci) was injected i.p. 1 hr before the animals were killed. Other experimental procedures
are described in the text. The values are means + S.E.M. from four animals
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Table 3. Incorporation of [Me-!*C]choline into microsomal phospholipids of
rats treated with either PCBs or phenobarbital

Sp. act. (dpm;ug lipid-P)

Freatment

Total-PL PC PS Sph LPC
Control 1434 + 163 2213 + 139 40019 87+ 17 528+ 129
PCBs 277479 457 + 137 2+ 4 19 + 3 99 + 45
Phenobarbital 1359 + 150 2159 £ 308 49 + 23 86 1 21 460 + 170

PCBs (100 mg/kg/day) and phenobarbital (80 mg/kg/day) were administered
orally for 2 days. On the third day, [Me-'*C]choline (10 uCi) was injected
i.p. I hr before the animals were killed. Other experimental details are described
in the text. The values are means + S.E.M. from five animals.

Incorporation of [2-H]glvcerol into liver microso-
mal lipids of rats pretreated with PCBs. Fifteen min
after the injection of [2-*H]glycerol, the distribution
of the radioactivity incorporated into microsomal
lipids was not affected by pretreatment with PCBs,
except that the radioactivity of phosphatidylinositol
from treated rats was somewhat higher than that of
the controls (Table 4).

The sp. act. of total microsomal phospholipids in
PCBs-treated animals, on the other hand, decreased
to 56%;, of that in control animals, and this decrease
was mainly due to the reduction of incorporation of
radioactivity into both phosphatidylcholine and phos-
phatidylethanolamine. It is interesting that the sp. act.
of phosphatidylinositol was significantly higher in
treated animals than in the control.

At 60 min after the injection of the precursor, the
total radioactivity incorporated into microsomal
lipids was mainly detected in phospholipid fractions
(80%;) in control animals, while in PCBs-treated ani-
mals, more than 309 of the radioactivity remained
in the neutral lipid fraction. The differences in sp.
act, of each phospholipid class between control and
PCBs-treated animals were less.

Phospholipid composition of rat liver microsomal
fraction after treatment with PCBs or phenobarbi-
tal. The phospholipid composition of liver micro-
somes of rats given either PCBs or phenobarbital for
2 days is shown in Table 5. The content of phosphati-

dylcholine was higher, and that of phosphatidylserine
and sphingomyelin was lower after both PCBs and
phenobarbital treatment.

DISCUSSION

A number of reports have demonstrated that ani-
mals given PCBs and phenobarbital, show a marked
proliferation of smooth endoplasmic reticulum in the
liver [23-25] associated with increased activities of
microsomal  drug-metabolizing enzyme [16-18,
26-28].

The present studies showed that the possible pro-
liferation of endoplasmic reticulum in rat liver follow-
ing PCBs administration, which was estimated by an
increase in microsomal phospholipid content per
weight of liver (Table 2), was not always accompanied
by an enhancement of de novo synthesis of hepatocyte
phospholipid.

The incorporation of [*?PJorthophosphate into
both whole liver and microsomal phospholipids was
strongly inhibited by the administration of PCBs
(Tables 1 and 2, Fig. 1). This decrease was found to
be mainly due to the inhibition of the incorporation
into phosphatidylcholine and other choline-contain-
ing phospholipids such as sphingomyelin and lyso-
phosphatidylcholine. The incorporation of [Me-14C]-
choline into microsomal phospholipid also was inhi-
bited by the administration of PCBs (Table 3)
Although the decrease of the initial incorporation of

Table 4. Incorporation of [2-*H]glycerol into liver microsomal lipids of rats pretreated with

PCBs
Control Treated
Count Sp. act. Count Sp. act. Sp. act. ratio

[} (dpm,/pg lipid-P) (4t} (dpm/ug lipid-P) °)
15 min
Total 431+ 28 242 + 39 56.1
PC 36+ L6 252 4 22 36+ 1.9 132 + 27 524
PL 175 £ 1.3 282 + 38 178 + 1.5 150 + 20 532
Pl 12+ 01 47+ 5 39+ 048 71+£5 163.8
PS 0.4 1543 0.2 + 0.1 12+5 80.0
Sph 0.2 4+ 3 02 + 0.1 15+6 107.1
NL 483 4 26 460 + 1.0
60 min
Totat 492+ 436 + 42 88.6
PC 49.9* 368 404 + 1.3 275+ 3% 747
PE 24.2 468 18.6 + 2.4 338 £ 58 722
Pl 30 145 40 + 0.9 163 + 26 1124
PS 0.2 26 0.3 43 + 28 165.4
Sph 0.9 60 0.7 +0.3 &f 4+ 40 1350
LPC 0.6 106 0.5 + 0.1 133 + 40 1255
NL 203 354 +£ 2.0

PCBs (100 mg/kg/day) was administered orally for 2 days. On the third day, 100 uCi of
[2-*H]glycerol was injected ip. 15 or 60 min before the animals were killed. The values

are means + S.E.M. from four animals.

* The values in these columns are means of two animals,
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Table 5. Phospholipid composition of rat liver microsomal fraction after treatment with either PCBs or phenobarbital

Composition (%, of tota! phospholipid)

Yield

Treatment PC PE PI PS Sph Others (%)
Control 509 + 04 236 + 08 1.1 £ 06 4.6 + 04 58 +03 37 +05 973 + 22
PCBs 536 + 06 256 + 0.5 1.7 £ 0.1 31+ 01 34 +04 27+09 97.0 £ 3.5
Phenobarbital 5304+ 19 238 + 19 11.6 +03 36 + 02 4.0 + 0.6 38 +03 984 + 1.5

Either PCBs (100 mg/kg/day) or phenobarbital (80 mg/kg/day) was administered for 2 days. On the third day, the
animals were killed by decapitation and microsomal lipids were prepared and fractionated as described in the text.

The values are means + S.E.M. from four animals.

[*?PJorthophosphate was recognized in the phospha-
tidylethanolamine fraction of whole liver and the mic-
rosomes, the inhibitory rate was far smaller than cho-
line-containing phospholipids and the incorporation
into phosphatidylinositol and phosphatidylserine was
almost unaffected.

These findings suggest that PCBs or its metabolites
cause a severe inhibition of hepatic phospholipid syn-
thesis at the level of CDP-choline formation via phos-
phorylcholine, namely inhibition of choline kinase
[ATP:choline phosphotransferase, EC 2.7.1.32] and/
or cholinephosphate cytidyltransferase [CTP:choline-
phosphate cytidyltransferase, EC 2.7.7.15]. The
smaller extent of inhibition observed in phosphatidy-
lethanolamine could be explained by assuming that
ethanolamine kinase [EC 2.7.1.77 and ethanolamine-
phosphate cytidyltransferase [EC 2.7.7.14] are less
sensitive to the administration of PCBs.

The activity of choline phosphotransferase
[CDP-choline: 1,2-diacyl-sn-glycerolcholinephospho-
transferase, EC 2.7.8.2] is unaffected for the following
reasons; the incorporation of both [32PJorthophos-
phate and [Me-!*C]choline into membranous sph-
ingomyelin and phosphatidylcholine decreased to a
similar extent in PCBs-treated animals. In addition,
the incorporation of [2-*H]glycerol, injected 1 hr
before decapitation, into microsomal phosphatidyl-
choline was not significantly affected by PCBs pre-
treatment.

Bjornstad and Bremer [29], Kanoh and Ohno
[30, 31] and recently Sundler et al. [32] reported that
the formation of phosphatidylcholine from CDP-cho-
line and diglyceride is freely reversible, whereas this
is not the case with phosphatidylethanolamine. There-
fore, it would be expected that, if CDP-choline syn-
thesis is impeded, the back reaction of phosphotrans-
ferase would proceed to retain the CDP-choline level.
Thus, the fact that the incorporation of [2-*H]gly-
cerol into microsomal phosphatidylcholine was not
significantly affected, at least 1hr after injection of
the precursor, by pretreatment with PCBs (Table 4)
would not conflict with the fact that PCBs caused
an inhibition in the process of CDP-choline synthesis
via phosphorylcholine.

Another possible site could be in the process of
permeation of choline into liver cells. A number of
reports have shown that choline entry into erythro-
cytes [33,34], kidney slices [35,36], synaptosomes
[37, 38], hepatoma [39] and ascites tumor cells [40]
is dependent on a carrier-mediated mechanism (cho-
line permease) within the range of its physiological
concentration. Thus inhibition of the choline per-
mease in the liver, but not in the kidney, by PCBs
or its metabolites may be another explanation.

The initial rate of incorporation of [2-*H]glycerol,
when injected 15 min before the animals were killed,
into liver microsomal phosphatidylcholine and phos-
phatidylethanolamine was decreased by PCBs pre-
treatment to about one half of that in control animals
(Table 4), indicating that the metabolic process from
glycerol to diglyceride via phosphatidic acid also is
affected by the administration of PCBs. Inhibition of
phosphatidate phosphatase [L-z-phosphatidate phos-
phohydrolase, EC 3.1.34] may be a plausible
explanation for these results, because of the fact that
the incorporation rate of [2-3H]glycerol into micro-
somal phosphatidylinositol, which is formed from
phosphatidic acid via CDP-diglyceride, did not de-
crease but somewhat increased in PCBs-treated rats.

It has been demonstrated that the phosphatidylcho-
line content in rat liver endoplasmic reticulum mem-
branes increases significantly after the injection of
phenobarbital for several days [4, 6,41, 42], and it has
been suggested also that this increase is mainly due
to the stimulation of phosphatidylcholine synthesis
via transmethylation from phosphatidylethanolamine,
since the activity of S-adenosylmethionine-phosphati-
dylethanolamine methyltransferase increases at an
early time after the injection of phenobarbital [6, 7].
Holtzman and Gillette [8], on the other hand, found
that phenobarbital enhances the synthesis of microso-
mal phospholipid in male rats but not in females,
and that it reduces the catabolism of microsomal
phospholipid in both male and female rats.

In the present study, the concentration of microso-
mal phospholipids significantly increased 48 hr after
the first administration of phenobarbital (Table 2),
and the rate of the incorporation of [3?PJorthophos-
phate into the phospholipids, especially into phospha-
tidylcholine, was markedly stimulated 12 hr after a
single dose of phenobarbital (Fig. 2). This suggests
that the increase in microsomal phospholipid content
is probably attributable, at least in part, to an actual
increase in hepatic phosphatidylcholine synthesis.

The increase of microsomal phospholipid content
was observed also in liver of rats pretreated with
PCBs. However, the rate of incorporation of
[32PJorthophosphate into microsomal phospholipids
was reduced by the administration of PCBs and this
decrease was greatest in the case of phosphatidylcho-
line. The decrease in the sp. act. of phosphatidylcho-
line caused by PCBs administration was also recog-
nized in the incorporation of [Me-'*C]choline.

These results indicate that the increase of microso-
mal content of phospholipid, particularly phosphati-
dylcholine, is not due to the stimulation of the syn-
thesis but is due entirely to a decrease in catabolism,
thus differing from the effect of phenobarbital.
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