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AbstractG Thecffect ofadministrationofphcnobarbital(PB).polychlorinntcdbiphcnyls(PCBs)o~-?-mcthyl- 
cholanthrene (3-MC) on the metabolism of phoapholipids in rat liver was studied by the i.p. injection 01 
[“Plorthophosphatc or [Me- ] 14C choline chloride. The inducers here given 1o ammal, for 2 successive 
da! ,. PB had no significant effect on the incorporation rate of “‘Pi into liver microsomal phospholipid 
classes 48 hr after the first administration. The rate of incorporation of [“Clcholine into phosphatidyl- 
choline (PC) in both subcellular components of the liver and blood plasma decreased slightly at this experi- 
mental pcrlod. In addition. rhc ratlo of [‘“Cl sp. act. of phosphorylcholtnc to (hat of microsomal phosphv- 
lipid was considerably higher on PB-treated rats as compat-ed with the I-atio in control rats. These and 
pl-rvious findings strongly suggcat that proliferation of liver endoplasmic I-cticulum (ER) memhrancs in- 
duced by PB would be accompanied by the stimulation of phospholipid synthesis at the earl) proceh\ of 
Induction and subsequently followed by the dccrcasc in turnover rate of microsomal phospholipids. The 
administration of PCBs. on the other hand. caused strong inhibition of both “‘Pi and 14C incorporation 
into PC in Iiccr subccllular fractions. The secretion of PC fl-om II\cr cells to blood plasma was also strong11 
dcprcssed. In addlllon. phospholipid catabolizing activity was found to be depressed in the liver. Thcsc 
results indicate that hypcrtrophy of ER mcmbrancs in the liver after PCBs administration could bc due to a 
dcpl-ession of both secretion of lipoprotein from liver cells to plasma and catabolic aclivity toward mcm- 
hranous phospholipids in liver cells. The dccrcasc in 32Pi incorporation into liver microsomal PC 4as also 
obscrvcd in rats trcatcd with ?-MC. There occurred a considcrablc accumulation of 14C activity in phoq- 
phol-ylcholine in the IIVU of rats trcatcd with cithcr PCBs or ?-MC. suggesting strongly that thcsc dt-ugs 
caued an inhibition of PC hynthcsis at the site of CDP-choline formation. namely the inhibition of th<, 
reaction catalyxd by cholinephosphatc cytidylyltransfcrasc. 

Many kinds of iipophilic substances, varying in their 
chemical structure and biological effect, are known to 
cause a considerable increase in bite in the rate of 
biotransformation of foreign compounds by the 
induction of drug-metabolizing enzyme system in 
liver ER. In this diversity of inducers. two main 

groups are discernible differing in principle as to 
their manifestations [I]. One group of inducers, to 
which PB belongs, enhances the metabolism of a large 
variety of substances and at the same time causes the 
remarkable proliferation of ER membranes in the 
liver; another group stimulates the metabolism of 
only a few substrates without any apparent increases 
in ER membrane components. Carcinogens having 
plycyclic hydrocarbon structure such as 3-MC and 
benzo(a)pyrenc are comprised in the latter group. 
In addition, the effect of these two groups of inducers 
on the terminal oxidase in the drug-metabolizing 
enzyme system are recognized todiffer from each other. 
Although both PB and 3-MC increase the concentra- 
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Abhrel:iutions PC. pho\phatldqIcholinr: PE, phosphati- 
dylethanolamine: PI. phosphatldylinoGto1; PS. phosphati- 
dylserine; Sph, sphingomyelin; Ek. endoplasmic’re&lum: 
PB, phenobarbital: PCB, polychlorinated blphenvl: 3.MC. 
3-methylcholanthrene. _ _ 

. I 

tion of this hemoprotein in liver microsomcs, 3-MC 
Induces the formation of cytochrome P448, exhibiting 
spectral and catalytic activities differing from those of 
cytochrome P450 induced with PB. 

It is very interesting that polychlorinated aromatic 
hydrocarbons such as Aroclor 1254 (a heterogeneous 
group of chlorinated biphenyls containing an average 
of 54:; chlorine) and hexachlorobenzene have been 
recently proposed as representatives of a new class 
of inducers which share the properties of both PB 
and polycyclic hydrocarbon groups. causing the 
formation of cytochrome P448, while eliciting the 
more general enzyme induction response [2-41. 

On the other hand, the important role of membrane 
phospholipid, especially PC, playing in the micro- 
somal drug-metabolizing system has been demon- 
stratedbythefindingthatthepreparationofsolubilized 
components cannot function in a reconstituted system 
unless phospholipid is added [5,6]. The fact that 
treatment of liver microsomes with phospholipascs 
[7, 81 or with organic solvents [9. 101 causes a signi- 
ficant decrease of drug-mctabolizing activity also 
indicates the essential role of phospholipid in thi, 
system. 

Thus. the possible relation\ between difference 
of manifestations by each group of inducers and re- 
quirement of membrane phosphoiipid for the activity 
of drug biotransformation have led us to study the 



effect of typical inducers on phospholipid metabol- 
ism in liver cells. 

In the present study. the characteristic effects of the 
administration of PB. 3-MC or PCBs on the phos- 
pholipid metabolism were demonstrated in rat liver. 

Rudiouctice mtrru%r/.s. [Me-“C]cholinc (sp. act. 
IO mCi/m-mole), [l-3H]ethan-l-ol-2-amine (sp. act. 
3.X0 Cijm-mole), phosphoryl [Me-‘4C]choline (sp. 
act. 52 mCi/m-mole) and cytidine-5’.diphospho[Me- 
“C]choline (sp. act. 50 mCi/m-mole) were purchased 
from Radiochemical Centre. Amersham, U.K. Carrier 
free H,[32P]0, was purchased from Japan Atomic 
Energy Research Institute. 

Drug pretrearnlc~nr (?/’ trnimul.s. Male Wister rats 
weighing 9&11Og were used for all experiments. 
Rats were housed two per cage. fed Clea CF-2 
Laboratory Chow. and allowed free acccbs to water. 
PCBs (Polychloro Biphenyl. Tetra. composed mainly 
of tetrachlorobiphenyl isomers. obtained from Wako 
Pure Chem. Ind. Co. Ltd., Japan) and PB were oral11 
given to experimental animals at dosages of 100 
mg/kg/day and 80 mg/kg/day. respectively. as pre- 
viously described [ 111. 3-MC dissolved in arachis oil. 
was i.p. administered at a dosage of 50 mg;kg;day. 
All inducers were given once a day in the morning l’o~ 
2 days and control animals were given equivalent 
volumes of the resoivents. Other details were des- 
cribed in the previous paper [I I]. 

Injrction 0/ lahrlrd prrcursor trrttl prc’p~i~0tiori ol 
suh~~r//u/trr (‘ovI~~o~~~v~/,s. In the morning of day 3, 

radioactive precursor (20&250 /tCi l<,[~“P]O, in 
0.5 ml of 0.1 M potassium phosphate. pH 7.4 or 3.X 
/lCi [Me-‘sC]cholinc chloride in 0.5 ml of saline) 
was i.p. injected into the control and drug-treated 
rats. At 1 hr after the injection of the precursor. the 
rats were killed by decapitation. Blood was collected 
into the test tube containing heparin sodium (100 
units). The livers were removed. washed twice \+ith 
ice-cold saline, and homogenzied in 4 vol. of isotonic 
KC1 with a Potter homogenizer fitted with a Icflon 
pestle. The homogenate was then subjected to differ- 
ential centrifugation in a Hitachi model IXPR-3 
refrigerated centrifuge and Hitachi model 6SP prc- 
parative ultracrntrifuge. .After eliminating ccl1 dcbri\ 
and nuclei by centrifugation at 1.500 ,q for IO min. 
mitochondrial fraction was sedimentcd from the supcr- 
natant by centrifugation twice at l5.000 (1 for 20 min. 
and the resultant supernatant was again centrifuged 
at 105,000 9 for 60 min to yield microsomal and cyto- 
plasmic fractions. The firmly packed pellet of micro- 
somes was resuspended in isotonic KC1 with the 
Potter homogenizer and again centrifuged as above 
to Iremove soluble cytoplasmic component\. 

Exlruction und ,/rclctionution (!f .su/~c~c~//i4lar~ p/lo.\- 
pholipids. Both mitochondrial and microsomal frac- 
tlons were resuspended in small amount of ixotonic 
KCI. followed by extraction of lipids wlth 17 \()I. 
of chloroform~methanol (2:i. k, \ J according to the 
method of Folch t’t ul. [I?]. Microsomal pho\pho- 
lipids were fractionated mainly by two-dimensional 
thin layer chromatography (t.1.c.) aa previouzll 
described [I I]. To the cytoplasmic fraction. tri- 
chloroacctic acid (TCA) was added to a final con- 

centration of 5”,, and the acid-insoluble matct I~II\ 
were then sedimented by centrifugation. followed h! 
extraction of lipids with chloroform methanol ;I, 
described above. 

4ritr/jx.vi.s of worcr-,so/uh/c rclrliorcc,rif,fly. Watcr- 
soluble radioactive materials were analy/cd I~\ ;I 
\light modification of the method of Bjorn>tad ,~nd 
Brcmer [ 1.31. Acid-soluble fraction of 105.000 $1 
supernatant was washed three times with I5 ml of 
diethyl ether to remove most amount of TCA and 
brought to pH 8-Y with several drops of I 22 KOH, 
and was then passed through a column (1.5 cm 70 
cm) of Dowex I \ 4 (30(&4OOmesh, formatr f<>rm). 
Non-radioactive CDP-choline (I /Imole) was added 
to the fraction before chromatography a5 an indicator 
for absorption at 2XOnm. The column II;I\ ~;15hed 
with water and then eluted with ;I linear gradlent 
of (LO.04 N formic acid in a total volume of 300 n11. 
Three peaks were cjbtaincd, containing X5 05 per 
cent of the applied radioactivity. Peak I not retained. 
contained free choline. hctaine and other o\idati\c 
metabolites of choline, Peak 2 contained phosphor\ I- 
choline and Peak 3 CDP-choline (F-ig. I I. 

Peak I was evaporated to dryness and l‘urthci- 
chromatngraphed on Whatman No. 51 paper de\& 
aped with Y5”<, ethanol concentrated NH,OH (Y5.i. 
v \I. Four major radioactive bands were obta~ncti 
Choline. betaine. \arcosine were identified h> rcl;~r~ 
cnce compounds: a fourth band near the original 
spot could not bc Identified. 

Peak 3 was chromatographed on paper developed 
with /I-propanol -formic acid water (60:24: 16. v \ \ ). 
Marc than 0 per cent of the radioactivity \\:I\ 

chromatopraphed with authentic phosphorylchollnc. 
uhich ~~1s clearI> separated from phosphoryletharit,I- 
amine. choline. betaine. sarcosine and CDP-choline. 

CDP-Choline was located in the fraction (Peak 11 
cluted from the column. As the fraction was contanrln- 
ated with other nucleotides. it was further chromat<>- 
graphed on paper developed with the same solLent 
system as for Peak 2. Approximatelq 30 50 per cent 
of the radioactivity was chromatograplied \sith 
authentic CDP-choline and the remainder IS;I*L 

tietccted running ahead of C’DP-choline. hut It LV:I\ 
not identified. 

.-l.\\irJ, ol ~/~lry-rnc,tuho/i_irlU trc’lirifj.. i2nilinc h! 
droxylase was measured with a slight modification 
of the method by Imai (‘t trl. [l4]. The reaction mixture 
contained 10 mM aniline. 100 mM Tris HCI huffc~ 
(pH 7.9). IO mM nicotinamide. 5 mM MgC’I,. 5 
mM glucose-6-phosphate (G-6-P). 0.5 mM NADP. 
1 unit of G-6-P dehydrogenasc (EC I .I .I .SY. from 
Baker’s yeast. Sigma) and a suitable amount (0.2 
0.4 mg of protein) of microsomes in a final volunic 01 
I.0 ml. The reaction was carried out for 10 mm at 37 

aerobically with moderate shaking and stopped by the 

addition of 0.5 ml of 20”,, TCA. 

Aminopyrine demethylxse was measured by \onie 

modified method of Kate and Gillette [ 151 xnd or 

Cochin and Axclrod 1161 as follows: the reaction 

mi\;turccontained 5 mM aminop)rinc. IO0 mM pota,- 

sium phosphate buffer (pH 7.4). 10 mM nicotinantidc. 
5 mM MgCI,. IO mM neutrali& xmicarbatidc. 

5 mM G-6-P.0.5 mM N,IDP. I unitof<i-h-P~lch\tlr[)~ 
gcna\e and :I \uitahlc amount (0.1 0.7 my crf pi-l)tcinl 
OfiI1iCI-o~Omesina final ~~~Iumc~~fl 0 ml The t-c‘;i<tls,ll 
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Fig. I. Fractionation of water-soluble choline compounds through a column of Dowex I b 4 (formate 
form I 

Acid soluble fraction of 105.000 61 supernatant was washed three times with 15 ml of dizthyl ether and 
brought to pH 8-9 with several drops of I M KOH. and was then passed through a colmun (1.5 cm x 30 cm) 

of Dowcx 1 x 4 (W.S400 mesh. formate). The column was washed with 40 ml of water and then eluted 
with a linear gradient off&O.04 N formic acid in a total volume of 300 ml. Fractions ofcitfler 10 ml (fraction 
No. l-1 5) or 5 ml (No. 16-50) were collected and assayed for radioactivity and light absorption at 280 nm 
as indicated. Non-radioactive CDP-choline (I pmole) was added to the fraction before chromatography 

as an indicator for absorption at 280 nm. 

was carried out for 30 min at 37’ with shaking and 
stopped by the addition of 0.5 ml 20 7: (w/v) ZnXO,, 
and then 0.5 ml ofa saturated sofution ofBa(OH), was 
added.Aftercentrifugati0n.a I.Omlaliquotwastreated 
with 0.5 ml of double-strength Nash reagent [17], 
and heated in a water bath at 60” for 30 min and then 
color intensity was determined. Known amount of 
formaldehyde (quantitatjvely derived from hexa- 
n~ethylenetetramine) carried through the incubation 
and assay procedure was served as standard. 

Cytochrome P450 and b, content, and ethyliso- 
cyanide difference spectra of microsomes were deter- 
mined by the method of Omura and Sato [l8] using 
Hitachi model 323 spectrophotometer. 

Both NADPH-cytochrome c and NADH-cyto- 
chrome b, reductase activities were measured by the 
method of Omura and Takesue ri9] and Takesue 
and Omura [20], respectively, using a Gilford 240 
spectrophotometer. 

Phospholipid hydrolyzing activity. Phospholipid 
hydrolyzingactivity in liver homogenate wasmeasured 
using endogenous substrate labeled by either [Me- 
“%ZJcholine or [l-3H]ethan-l-ol-2”amine. 

Mafe rats weighing 1 IO-120 g were fasted for 12 hr 
and i.p. injected with either 15,&i of [i4C]choIine 
or 5OpCi of [‘H]ethanolamine, dissolved in 0.5 ml 
of saline. The rats were killed by decapitation 2 hr 
after the injection. Liver microsomes were then pre- 
pared as described above except that the liver was 

homogenized with 9 vol. of 0.25 M sucrose containing 
10 mM Tris-HCI (pH 7.4). Well washed microsomes, 
resuspended in small amount of sucrose-buffer, 
contained approximately 13,000 cpm/mg protein, 
850 cpm/pg lipid-P for i4C or 18,000 cpm/mg pro- 
tzin, lOOOcpm/l~g lipid-P for 3H, respectively. More 
than 93 per cent of i4C-activity and 87 per cent of3H- 
activity in lipids were detected in PC and PE, res- 
pectively, by t.1.c. 

The assay system for phospholipid hydrolyzing 
activity contained 50mM Tris---HCI (pH 7.4), 20 
mM CaCI,, either i4C- or “H-labeled microsomes 
(20,000-23,OOOcpm) and 0.3 ml of 20 per cent liver 
homogenate (10-15 mg protein) in a final volume of 
1.0 ml. The reaction was carried out I or 2 hr at 
37’ with moderate shaking and stopped by the addi- 
tion of chloroform-methanol (2:1, v/v) followed by 
extraction of lipids. The radioactivity found in water- 
methanol layer was directly counted and i4C- or 
3H-labeled hydrolysis products in the chloroform 
layer were separated by t.1.c. developed with either 
chloroform-methanol-water (65:25:4, v,/v/v) or first 
chloroform-hexane-aceticacid(65:35:2,v/v~v)foilow- 
ed by chloroform-methanol-water (65:35:4, v/v/v). 
respectively. In the latter system, Iyso-PE could be 
separated from other phospholipids [21]. 

Other analyses. Organic phosphorus was deter- 
mined by the molybdate-ascorbic acid method after 
digesting with 70”” (w/v) perchloric acid [22]. 



Protein was determined by the method of Lowry et ul. 
[X] with bovine serum albumin as a standard. 
~~~d~oact~v~ty was determined in a Packard Tri- 
Carh liquid scintillation spectrometer model 2002 
using 10 ml of toluene-ethanol (7:3, vjv) with 0.4”,, 
(w:v) 2,S-d~phe~ylo~azo~e and 0.01 ‘ltl (w;v) 2,2’- 
p-phenylene-bis(S-phenyloxazoie) for lipid-soluble 
materials, 1 ml of water and 10 ml of Instagel (Pack- 
ard) for water-soluble materials. In the case of deter- 
mining the radioactivity in whole hontogenate or 
blood plasma, 0.2 ml of the sample was soluhilized 
by 1 ml of NCS (Amersham/Searle) overnight, and 
then counted using toluene-ethanol system described 
above. Counting efficiency was corrected by the 
cstcrnal standard channel ratio method, 

REWLTS 

&!)ivt of’ PB, PCBs unrl 3-MC of? n~icrosonzal 
flrulf-a14tuhoii=iny ~~~~?ip~n~~~i~. As shown in Table 1, 
the administration of either PB or PCBs for 2 days 
caused sigui~cant increases of microso~]aI protein 
content, cytochrome P450 content, and sp. act. of 
both aminopyrinc demethylase and NADPH-cyto- 
chrome c reductase. Aniline hydroxylation activity 
was also significantly induced by PCBs but not by 
PR. 

No apparent increase, on the other hand, of micro- 
somal protein content, NADPH-cytochrome c reduc- 
tase and aminopyr~ne demethylase activities was 
detected by 3-MC, but both cyt~~c~rotne P450 
content and aniline hydroxylation activity were 
enhanced, though with a lesser magnitude than those 
by PCBs. 

Cytochrome vs. content and NADH-cytochrome 
t’ reductase actlvlty, however, neither of which is 
known to be essentially involved in microsomal 
drug-metabolizing system, w-ere not significantly 
changed by the treatment with any of these inducers. 

These findings. almost in agreement with those 
obtained by others [l, 24--263, indicate that the ani- 
mals in experimental groups made response to given 
inducers. 

Fig. 2. Carbon monoxide-diKerenrc spectra of microsomes 
from untreated rats and rats treated with PI3 (80 mg,,kg.:daq I. 
PCBS (100 mgjkg/day) or J-MC (50 mg/kg;day) fur ? dayr 

CO-difference spectra with a peak at 4%) nm were 
observed with microsomes from untreated or PB- 
treated rats as expected 1271. When rats were treated 
with PCBs, a peak shift occurred and CC)-hind& 
pigment exhibited an absorption rna~~rnlr~~~ at &S I~I 
as was seen with microsomes from rats treated w!th 
3-MC (Fig. 2). 

When e~hylisoc~~nide, instead of CO, was used as 
the &and for the reduced microsomal hemoprotein. 
spectral peaks at 427 and 451-454 nm were observed 
(Fig. 3). As can be seen on the inset in Fig. 3. treat- 
ment with PCBs resulted in a marked increase in the 
ratio of 451:427 nm peak, similarly to that with 3-MC. 
In contrast. with PB, the ratio of 454927 nm peak 
was about the same as that observed in untreated 
rats. The data obtained with 3-MC and PB are similar 
to those previously reported [27-301 and with PCBs 
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Fig. 3. Ethylisocyanide dzfference spectra of microsomes 
from untreated rats and rats treated with PB (80 mgi 
kgday). PCBs (IO0 mgjkglday) or 3-MC (50 mg/kg/day) 

for 2 days 

Treatment 
Ratio of 455 nm to 

430 nm peak 

Control 
PB 
PCBs 

?-MC 

0.23 
0.31 
0.71 
0.82 

to those reported by Alvares cat Qi. using ArocIor 
1254 [Z]. 

l$rct crf the inducers of drug-metabolizing compan- 
ents nn ph~.sp~7~lipid bios~nfh~sis in rat liver. It was 
reported elsewhere that the administration of PCBs 
caused a significant decrease in the rate of 32Pi 
incorporation into microsomal phospholipids in 
rat liver, mainly due to the decrease in incorporation 
into choline-containing phospholipids such as PC 
and Sph [I 11. PB, on the other hand, had no sig- 
nilicant effect on the incorporation rate of 3zPi 
into liver microsonial phospholipid classes 48 hr after 

the first administration [ll]. Then, additional study 
was made with respect to the effect of 3-MC on “‘Pi 
incorporation into microsomal phospholipids in rat 
liver. The results are shown in Table 2 together with 
the previous data for comparison. No significant 
increase in microsomal phospholipid as well as 
protein content (Table 1) was observed in 3-MC- 
treated rats, suggesting that no apparent proliferation 
of ER membranes occurred, unlike the case of either 
PB- or PCBs-treated rats. The rate of “‘Pi incorpora- 
tion into microsomal phospholipids, however, showed 
significant decrease, which was mainly due to the 
decrease in incorporation into PC, as in the case of 
PCBs, although the extent was smaller than that with 
PCBs. 

In order to characterize the inhibitory effects of 
both PCBs and 3-MC on PC synthesis in rat liver, 
further investigations were carried out using rats 
injected labeled choline as to the incorporation into 
the microsomal phospholipid, The radioactivjty of 
whole liver homogenate, as well as that of blood 
plasma, was measured 1 hr after the injection. As 
shown in Table 3, there was no significant difference 
in 14C-activities in whole liver homogenate between 
control rats and rats treated with the inducers, suggest- 
ing that the process of choline entry into liver cells 
was not significantly affected by pretreatnlent with the 
inducers. In addition, since the activities detected 
in blood plasma of all groups were far smaller than 
those in liver homogenate, the influences of any 
contamination of radioactivity derived from the blood 
plasma in the liver homogenate could be neglected. 
On the other hand, the levels of “C-activities in 
plasma and also in plasma lipid were lower in the 
rats pretreated with the inducers as compared with 
thosein thecontrol.Particularly.theactivityin plasma 
lipid in the rats treated with PCBs was remarkably 
low, showing less than 15 per cent of that in the con- 
trol rats. It is suggested that either (or both) the secre- 
tion of lipoprotein from liver cells orjand the synthesis 
of PC from free choline in the liver would be strongly 
depressed in the rats treated with PCBs. 

The phospholipid content and 14C sp. act. in both 
liver subcellular components and blood plasma are 
shown in Table 4. The phospholipid content in both 
microsomal and mitochondrial fractions were on the 
same level in either control rats or rats treated with 
?I-MC. In contrast, the content in the former was over 

Table 2. Effect of PB, PCBs or 3-MC on the incorporation of E3’P]orthophosphate into the phospholipidoi’rat liver micro- 
somes 

~-~ .~..____ -_--- --. --..~- ---_ ._- .- 
PB (80 mg/kg/day), PCBs (100 m$,kg/day) or ?-MC (50 mg, kg:day) was administered far 2 days. On the day ?.[“‘P)ortho- 

phosphate (200-250 LKZi) was i.p. rnlected I hr before the animals were killed. Other experimental procedures arc described 
in methods. The values are means + S.E.M. from four animals. 
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Control 100 * 8 4.0 * 0.5 x4.9 + 13.7 325.3 + 3’7 ~ __. 19.560 * 2017 I l.liX 1 7.41 
PB 100 i 6 5.0 * 0.3 73.2 + 3.3 366.7 k 7.3 13.3’)s _t IX6 (A53 - 11’) 
PCBS 100 * 6 5.7 f 0.4 65.X ) 6.‘) 374.7 * 2X.4 IO.154 + 16X’) lilh c 37 
?-MC Y6 + 5 4.4 * 0.3 Xl.4 * Y.? 354.5 * Y.6 13206 * IX67 (173X , l<J: 

PB (80 m_r;kg;day). PCBs (100 mg ky da!) or i-MC‘ (50-me, kg,day) was admlnl\tcrcd fat 2 da)\. On the day .:. [ \l~,-“‘(‘I 
choline chloride (3.X LfCi) was i.p. InJcclcd 1 hr hcforc the animals WI-C killed. Other experimcnr;ll proccdul-I,\ \\c’rt~ &writwd 
in the text. The values are tneans _t S.F.L!. from four animals. 

Microsomea Mitochondrla (‘~tosol Blood pIawl 

PLs!g dom:icg PLs,g dpm ‘qrg PLs,g dpmjcf PL\ “II dpm JC&! 
liver lipid-P liwr Ilpid-P liver Ilpid-P pl~~S”l~l ilpltlw 

Treatment (mg) (nig) I@ (I$) 

Control 6.9 + 0.4 1001 + I13 6.4 * 0.2 454 + 44 x22 * 72 510 _t 5x Y79 i hl ‘86 t ;I 

PB 14.4 * 1.7 714 f 61 5.9 f 0.3 332 + 27 65Y f 78 402 + IX wl y 12-I I’)> - 1’ 

I “(, of control) (71.3) (73.1) 17X.X) IRS.7I 

PCB, 16.7 f I..? :2-l + hi h Y 1 0.X I’6 r 33 654 _t 6-l 1-1 * 25 -oil 1II J’, - 

( ‘<, of control) (32.4) 133.31 133 51 Ii_ I! 

?-MC R 0 f I 0 sio * 74 7.5 = I 0 .JYY _t II 5’)‘) - 46 4Yll j 10 YX7 i IS4 17x 5’) 
“,, of control, (X3.X) (S7.U) (96 I I Ik? 21 

_ 
Expcrimcntal conditions \+crc I Ill, s;~mi a\ 11, I ahk 7 ()rhcl dc~a~ls L\L’I~’ dcwrlhod I” hlL~lhod\ I hc V;I~ULY ci~c’ IIICYLW 

S.E.M. from four animals. 

2-fold higher than in the latter in the rata treated with 
either PB or PCBs. More than 98 per cent of the “‘C- 
activities incorporated into lipids of each subcellular 
fraction and plasma lipids were detected in PC. and 
the remainder, less than 2 per cent weredetected in lyso- 
PC and Sph. The sp. act. of phospholipids were always 
the highest in microsomal fraction, and declined in 
the order in cytosol, mitochondrial fraction and the 
lowest in blond plasma of all experimental groups. 

The sp. act. of microsomal, mitochondrial. cytosol 
fractions and blood plasma in the rats treated with 
PCBs were 32, 34, 34 and 17 per cent. respectively. 
of those in the control rats, demonstrating that PCRs 
caused a considerable inhibition not only of the syn- 
thesis of PC in liver cells. but also of the secretion of 
PC from the liver to the blood plasma in a form of 
lipoprotein. In the 3-MC-treated rats, on the other 
hand. there appeared no significant difference in 14C 
sp. act. of each subcellular component as compared 
with the control rats, in spite of the fact that “‘Pi 
incorporation into microsomal PC was considerably 
depressed (Table 2). 

Further investigation was carried out wrth respect 
to the distribution of ‘%radioactivity in water- 
soluble percursors of PC. As shown in Table 5. 
“‘C-activity in the water-soluble fraction of the liver 

from the rats treated with PCBs was relatively highcr- 

than thatfromany oftheotherthr-ceg,roup~.Thlsrcslllt 

is in good agreement with the findrng that the rate 
of “C-incorporation into the lipids of every xlh- 
cellular fraction was strongly depressed in the PC’Bs’ 
group (Table 4). 

It is noteworthy that the amount of radioactivrty 
incorporated into phosphorylcholinc was approki- 
mately b-fold and 4-fold higher in the PC‘Bs- ;111d 

3-MC-treated rats, respectively. than in the control 
The sp. act. of phosphorylcholine in these two groups, 
on the other hand, was not more than 3-fold and 7-fold. 
respectively, when compared with that in the control. 
These findings suggest that there must he a large 
pool of phosphorylcholine present in the liver of the 
rats treated with either PCBs or i-MC’. In wnir:wt. 

the amount of radioactivity incorporated into phos- 
phorylcholine was lower. hut sp. act. of phosphoryl- 
choline was higher in the PB-treated rats than in the 
control. suggesting that there must he a rcla(ively 
small pool phosphorylcholine in this group. 

Peak 1 fraction was further chromatopraphed on 
paper into three main components. and per cent 
activity among them is shown in Table 6. The amount 
of radioactivity incorporated into hetaine plus \arco- 
sine fraction was predominantlv higher 111 both con- 
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Table 5. Effect of PB. PCBs or i-MC on the incorporation of [‘“Clcholine into uatcr-\oluble components of rat live] 

Treatment 

Total water- 
soluble 

dpm:g liver 
x lOA 

Peak 1 
dpm:g liver 

x IO” 

Phosphoryl- 
choline 

dpm:g liver 
x IO-’ 

Peak 3 
dpm,g liver 

sp. act. of 
phosphoryl- 

choline 
dptt:/rg P 

Control 178 f s4 150 * 52 12.1 * 3.9 145 * 71 1031 * 245 
PB 143 * 24 115 f 21 8.1 _t 1.9 222 + 60 1525 f 425 
PCBs 2x0 * 45 164 + 19 14.5 * 19.5 332 +_ 68 2126 +_ 17X 
.I-MC 158 * 28 107 f 21 44.7 + 9.6 165 k 22 2120 f 140 

Euncrimental conditions ucrc the same as in Table 3.Othcr cxprrimental details wt’rc described in Methods. The values arc 

Table 6. Distribution of I4 C-activity among not-retained 
compounds through Dowex 1 x 4 column 

Not-idenli- 
Betaine plus fied polar 

Treatment Choline Sarcosine metabolite 

( “<,I ( “0) ( “,J 

Control 15.6 i 2.4 77.0 * 1.7 7.1 f I.1 
PB 9.1 +_ I.0 79.0 * 6.3 Il.9 + 6.X 
PCBS 14.2 + 2.5 33.0 + 3.6 42.9 f 5.x 
3-hlC 20.3 f 1.4 52.7 f 6.X 27.1 * 7.9 

Experimental conditions were the same as in Table 3. 
Other details were described in the text. The values arc 
means + S.E.M. from four animals. 

trol rats and rats treated with PB: 77 and 79 per cent. 

respectively, of the total activities detected in Peak 
I. On the other hand, either PCBs or 3-MC caused 
considerably high incorporation of radioactivity into 
unidentified polar component. 

Effivt of the inducus qf’drug-metahoking compnn- 

ent.s WI pl?ospholipid cntaholistn in rut her. Catabolic 
activities of endogeneously labeled PC and PE were 
compared among liver homogenates of four groups 
of rats. The rate of hydrolysis was shown as the per- 
ccntages of both water-soluble labeled products 
released and labeled lyso-derivatives formed. when 
sodium deoxycholate. which is known to inhibit 
lysophospholipase activity [21.31], was either present 
or not in the incubation mixture. 

As seen in Table 7, the percentages of PE hydrolyzed 
to the lyso-form was considerably less in the PCBs- 
treated group than those in the other three groups, 
in either case with or without deoxycholate in the 
mixture. There was no apparent difference, however, 
in the activities of lyso-PC formed during the incuba- 
tion among respective groups. 

DISCUSSION 

Orrenius and co-workers [32-341 first found that 
PB markedly increased the rate of “Pi-incorporation 
into phospholipid of liver microsomal fraction. and 
they suggested that enhanced phospholipid synthesis 
was an early step in the proliferation of hver EK 
induced by PB. Young et al. [35] and recently Davison 
and Wills [36] reported that an increased synthesis 
of phospholipid in the liver of PB-treated rats resulted 
from a stimulated synthesis of PC via methylation of 

Table 7. Effect of administration of PB. PCBs or 3-MC 
on phospholipld hydrolyzing activity in rat liver 

Treatment 

Control 

‘Vactivity( ‘I,,) in “H-activity( ‘I,,) in 
water- water- 
soluble soluble 
fraction lyso-PC fraction lyso-PE 

3.7. 2.X I .9. 3.4 4.0. 3.4 II 7. 11.1 

(0.1.0.4) (3.6. 2.7) (0.2.0.3) (X.3. 10.91 

PB 

PCBs 

3.2. 3.1 1.9, 2.1 3.4. 2.9 10.9. 12.0 
(0.0, 0.6) (1.9. 3.0) (0.2. 0.5) (6.2, X.2) 

3.4, 2.5 2.x. 2.0 3.3. 3.0 4.7. 6.9 
(0.3, 0.0) (2.3, 2.5) (0.2. 0.0) (2.6.4.5) 

3-MC 4.2. 3.3 1.9, 3.2 3.5. 3.X 9.3,9.9 
(0.4, 0.0) (2.8, 2.6) (0.6. 0.4) (10.1, 6.5) 

Rats were admlnistercd PB (X0 mg;kg;day). PCBs (100 
@kg/day) or 3-MC (50mgjkgjday) for 2 days. On day 
3. the animals were killed b> decapitation. Incubation 
ml*ture contained 50 mM Tris-HCI (pH 7.4). 20 mM CaCI,, 
either 14C- or 3H-labeled microsomes (2O.OOG23,OOO cpm) 
and 0.3 ml of W’,, liver homogenate (l&l 5 mg of protein) 
in a final volume of 1.0 ml. The values indicate the results of 
duplicate determinations and those in parentheses represent 
the experiments run in the presence of 2”,, sodium deoxy- 
cholate. Other experimental procedures were described in the 
text 

PE. In addition, it has been shown that the activities 
of S-adenosylmethionine: PE methyltransferase [36, 
371. acyl CoA : sn-glycerol-3-‘phosphate acyltranster- 
ase [37,38] and acctyl CoA carboxylase [39] increase 
in tlitro at an early time after the injection of PB. 
Holtzman and Gillette [40]. Stein and Stein [41] 
and Infante et al. [42], however. failed to confirm 
these results and found that PB increased hepatic 
microsomal phospholipid by inhibiting the catabol- 
ism rather than by stimulating the synthesis. Accord- 
ing to our previous paper [ll], an increase of micro- 
somal phospholipid content caused by PB was prob- 
ably attributable. at least in part. to an actual increase 
m hepatlc PC synthesis, since the rate of incorporation 
of 3”Pi into phospholipid, especially into PC, was 
markedly stimulated 12 hr after a single dose of PB. 

In the present study, however, the incorporation 
experiment of [‘4C]choline indicates that the syn- 
thesis of PC in the liver keeps relatively low 48 hr 
after the first administration of PB (Table 4). In 
addition. the ratio of sp. act. of phosphorylcholine 
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to that of microsomal phospholipld (Tables 4 and 5) 

was considerably higher in the PB-treated rats 

(approximately 2.1) as compared with the ratio in the 

control (1.0). also suggesting a slower conversion of 

phosphorylcholine to PC in this experimental group. 

Thus. our results in l,iro support a view that pro- 

liferation of ER membrane induced by PB would be 

accompanied by the stimulation of phospholipid 

synthesis at the early process of induction and sub- 

sequently followed by the decrease in turnover rate 

of microsomal phospholipids. However. the it1 rirro 

study of phospholipid catabolism using liver honio- 

genate showed no significant difference between 

control and PIGtreated rats (Table 7). unlike the 

results reported by Stein and Stein [4l]. 

In the previous paper [1 I], it was suggested that 

PCBs (or the metabolites) caused a severe inhibition 

of PC synthesis in the process of CDP-choline forma- 

tion via phosphorylcholine. namely the inhibition 

of reactions catalyzed by choline kinase and:or 

cholinephosphate cytidylyltransferase. 

The present study demonstrated that there could 

be at least ?-fold accumulation of pliosphol-~lcholine 

occurred in the liver of rats treated with PCBs 

(Table 5). These findings suggest strongly that the 

process from phosphorylcholine to CUP-choline 

is the possible site of PCBs-induced inhibition. In 

view of this point. it has been proposed that the reac- 

tion catalyxd b! cholinephosphate cytidyl~ltrans- 

ferase is the rate-limiting step of PC synthesis in the 

liver [43] as well as other tissues [44-361. It has been 

also suggested that the activity of the liver enzyme, 

mainly located in 100,000 q supernatant fraction. is 

possibly controlled by some kinds of membranous 

phospholipids [47,4X]. Therefore. it would be ex- 

pected that cholinephosphate cytidylyltransferase 

activity would he easily affected by the lipophilic 

environment, cspccialll bq the highly lipophilic 

invader such as PCBs. 

Phospholipids synthesized in ER membranes of the 

liver are considered to be rapidly transferred to other 

intracellular membranes such as mitochondria by 

phospholipid exchange proteins [49.50]. However, 

51nc‘c the rat~o\cjfsp. act.ofin~crosomal.mitochondrlal 

and cytosol fractions in the rats treated \\lth PCBs 

to those in the control rats. were on the similar level 
(Table 4) the transfer activity of PC would not be 

significantly affected by the PCBs-administration. 

On the other hand. the secretion process of PC from 

liver to blood plasma in a form of lipoprotein was 

considerably inhibited by PCBs or the metabolites 

(Tables 3 and 4). A decrease of enzyme activity in 

phospholipid catabolism was also observed in the 

liver of the rats treated with PCBs (Table 7) when 

endogcnous PE was used as a substrate. However. 

the hydrolyzing activity to PC detected hy liver 

homogenate wa\ too small to be compared among 

each group. 

In conclusion, the phospholipid accumulation in 

the liver ER membranes after PCBs-administration 

is strongly suggested by the data prcsentcd here to 
be due to a depression in the secretion from hepato- 

L‘) tes to plasma. The inhibition of catalytic actlvit\i 

to phospholipid would significantly participate in the 

hypertrophy of ER membranes in the liver. 
Few finding% have been reported concerning the 

alteration of phospholipid metabolism caused hv 

the administration of J-MC. Recently Davison &i 

Wills [36] reported that .‘-MC c~~used ;I considcrahlc 

decrease in the turnovrr rate of microsomal pho+ 

pholipid in rat li\cr. although the preciw mechanism 

rcrnalned obxurc. In the prcxnt \tucl). i( \\a\ dcmon- 

strated that the rate of “Pi incorporation into li\ct 

microsomal PC decreased to lc\5 than one half of 

that in the control rats (Table 2). In addition. the 

radioactivity derived from L’“C]choline wxs accumu- 

lated preferentially in phosphorylcholitic in the liver 

as compared with that in the control ~Tablc 5~. 

These findings suggest that &MC. as in the USC of 

PCBs. cause, an Inhihltlon of PC‘ 4\nthc\14 :tt tlic 

site of CDP-choline formation. 

On the othcl- hand. the rate 01 Incorporation 01 

[‘JC]choline into livcl- suhcellular fractions did 

not significantly decreazc by 3-11C ITablc 4). differing 

from the result\ v,lth “‘Pi ;I\ the prccui-\or I [able 11. 
From the present result. houc\cr. no definite e\- 

planation on these differcnccs can bc drawn. [‘“Cl- 

Choline is incorporated Into PC bc CDP-choline 

pathway [5l], but two other kno\+n \~a>\ could lx 

concidcred: the methyl group could bc relocated to 

methionine during oxidation of choline [!Z] and 

utilized in the nlethylation of I’F [ !.;I. or [‘“Cl- 

choline could be incorporated into I’(‘ b! an cl- 

change reaction similar to that obscrvcti in ;I system 

i11 rirro [54]. Thus. the htimulatlon of the activities 

involved in tither or hoth of the aho\,c path\vay.(s) 

might be a plausible euplanatlon. In connection with 

the former possibility, it would be Interesting to note 

that ;I relatively high amount of “C-radioactivit! 

was observed in the Lvater-soluble polar component 

in the liver of rats treated with 3-MC (Tahlc 6). 

The precise niechanisnl of inhlhition. caused 17) 

both PC’Bs and i-MC’. 111 the Ireaction c:ttaly/t’ti h! 

chollnepho\phatc c~tidLl~ltr:ln\f~t-~~\c I\ nou under 

inkehtigation in our laborator> 
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