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Abstract

The influence of dietary cholesterol on phospholipid metabofism in rat liver microsomes was studied in rats
fed a diet containing fish oil (FO) or beef tallow (BT). The hepatic phospholipid content decreased whereas hepatic
triglyceride and cholesterol increased significantly in both groups after cholesterol suppiementation. Plasma concen-
trations of phospholipid and triglyceride increased with cholesterol supplement in both groups while cholesterol
decreased only moderately in the FO group, Dietary cholesterol affected microsomal phospholipids in liver; the
proportion of phosphatidylcholine decreased in the FO group, and it also slightly decreased in the BT group at
the expense of phosphatidylethanolamine. The activity of CTP:phosphocholine cytidylyltransferase, the rate-limiting
enzyme of phosphatidylcholine synthesis, increased in hepatic microsomes whereas it decreased in hepatic cytosol
of both groups by cholesterol supplementation. In conclusion, these results indicate that the dietary cholesterol
profoundly influences phospholipid metabolism in the rat liver.

Key words: cholesterol, phospholipid, fish oil, beef tallow, CTP:cholinephosphate cytidylyltransferase

INTRODUCTION

The consumption of high cholesterol diet in rais increases
hepatic cholesterol and triglyceride contents, and very-low-
density lipoprotein (VLIDL) secretion, which suggests choles-
terol is required for VLDL formation (1-3). Inhibition of phos-
pholipid synthesis decreases VLDL secretion which can cause
accumulation of lipids in the liver (4). An alteration of phos-
pholipid metabolism may play an important role in the
formation of hepatic lipoproteins. The modulation of some
membrane-associated enzyme activities and some membrane
receptor functions could be influenced when cholesterol con-
tent or molecular composition of phospholipid is changed (5).

CTP:phosphocholine cytidylyltransferase which converts
phosphorylcholine into CDP-choline is a rate limiting enzyme
in phosphatidylcholine synthesis (6,7). Phosphatidylcholine
synthesized via this pathway is appearently involved in the
secretion of VLDL (6,8). Cholesterol stimuiates the membrane-
bound CTP:phosphocholine cytidylyltransferase activity in rat
liver (2). Hepatocytes isolated from rats fed a choline-deficient
diet reduced the secretion of VLDIL. but not that of high-
density lipoprotein (9). It would be important to test whether
dietary cholesterol can influence enzymes activities involed
in the phospholipid metabolism, and distribution in the hepatic
cell membranes upon distinct fat diets.

The ingestion of fish oil containing n-3 polyunsatarated faity
acids lowered plasma triglyceride levels in human subjects and
experimental animals (10-13). Dietary lipids play a significant
role in changes of the plasma concentrations of wiglyceride
and cholesterol {10,11,14); high concentration of plasma lipids
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is known to be atherogenic (15). Different sources of dietary
fat affect the fatty acid composition of microsomal phos-
pholipid and the synthesis of hepatic phospholipid {16,17).
Many studies are related to plasma lipid concentration, while
some studies have focused on the potential effect of cholesterol
supplement to these diets on hepatic lipid metabolism (17,
18). The present study was undertaken to elucidate how die-
tary cholesterol affects phospholipid metabolism in rats fed

- different sources of fat.

MATERIALS AND METHODS

Animzls and diets

Male Sprague-Dawley rats (four-weeks-old) were purchased
from Kyudo Experimental Animals {Tosu, Japan) and accli-
mated in a room maintained at 20~23°C with a 12-h light-
dark cycle. Before the experiment, rats were allowed free
access to commercial chow diet for one week, Then rats were
randomly divided into four groups of six and assigned to
different fat diets with or without cholesterol supplement. The
diets were prepared according to recommendations of Amer-
ican Institute of Nutrition (19} and contained 20% casein,
15% corm starch, 10% fat, 1% vitamin mixture {(AIN-786),
3.5% mineral mixture (AIN-76), 0.15% choline chloride, 4%
cellulose powder, 3% DL-methionine, and sucrose. A sup-
plement of 0.5% (w/w) cholesterol and 0.125% (w/w) cholic
acid was added to cholesterol diets instead of sucrose. The
fatty acid composition of dietary fats is shown in Table 1.
The rats were fed experimental diets ad libitum for 14 days.
At the end of the experimental period, they were killed by
decapitation, and the liver was excised immediately.
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Table 1. Faity acid composition of dietary fats used in exper-
imental dieg {weight %)

Fatty acid Beef tallow Fish cil
14:0 4.3 6.9
16 : 0 320 81
16 :1 4.1 10.2
18 :0 19.1 21
18 :1 36.1 11.8
18 : 2 (n-6} 23 6.6
18 : 3 (n-3 0.0 29
20 : 5 (n-3) 0.0 28.1
22 6 (@) 0.0 11.4
Saturated fatty acid 554 26.8
Monounsaturated fatty acid 40.2 220
Polyunsaturated fatty acid (n-6) 2.3 6.6
(-3} 0.0 42.4

Lipid analysis

Total hepatic Hpids were extracted by the method of Folch
et al. (20). The concentrations of hepatic cholesterol and
triglyceride were measured by the methods of Spemry and
Webb (21), and Fletcher (22), respectively. Phospholipid as
quantified by phosphorus content was measured by the method
of Rouser et al. (23). Phosphatidylcholine, phosphatidyleth-
anolamine, phosphatidylserine plus phosphatidylinositol, lyso-
phosphatidylcholine, sphingomyelin, and phosphatidic acid
were separated by thin layer chromatography using chloro-
form/methanol/waterfacetic acid (25/15/4/2, v/v) as a devei-
oping solvent system (24). The distribution of phospholipid
classes was determined by their phosphorus contents (23). The
fatty acid compositions of hepatic microsomal phosphatidyl-
choline and phosphatidylethanolamine were determined by
gas chromatography (Shimadzu GC-14 equiped with flame ion
detector and capillary column Omega Wax, 0.25 mm < 30 m,
Supeico, USA) after transmethylation with HCl-methanol (25).
The concentrations of serum cholesterol, triglyceride and
phospholipid were assayed enzymatically with commoercial kits
(Wako Pure Chemical Ind.,, Osaka, Japan).

Analytical methods

Hepatic microsomal and cytosolic fractions were prepared
as described previously (24) and stored at -80°C. Protein was
assayed by the tmethod of Lowry et al. (26} using bovine
serum albumin as a standard. The activity of CTP:phospho-
choline cytidylyltransferase was measired by the procedure
described by Wright et al. {27) using phospho [methyl-"*C]
choline as a substrate; 1 mM of phosphatidyicholine-oleate
was added to the assay medium to measure the activity of
cytosolic CTP:phosphocholine cytidylyltransferase. The activ-
ity of choline kinase in hepatic cytosol was measured using
{methyl-"“C] choline as a substrate by a procedute described
previously (24,28).

Statistical analysis
Data were analyzed by ANOVA and Duncan’s new
multiple-range test {29).

RESULTS

Hepatic and plasma lipids

There was no significant difference in hepatic contents of
trigiyceride and cholesterol between the BT and the FO
groups, while hepatic phospholipid content was higher in the
FO group than in the BT group (Fig. 1). The cholesterol sup-
plement lowered hepatic phospholipid content and increased
hepatic triglyceride and cholesterol contents significantly in
both groups. In the cholesterol-free diet groups, plasma con-
centrations of phospholipid, triglyceride, and cholesterol were
fower in the FO group than in the BT group. Dietary chole-
sterol supplement resulted in an elevated plasma concentra-
tions of phospholipid and cholesterol, and decreased plasma
triglyceride in the BT group (p<Q.05) (Fig. 2). In contrast, the
concentration of plasma phospholipid increased while that of
cholesterol decreased moderately in the FO group.

Distribution of hepatic microsomal phospholipid

Phospholipid distribution of hepatic microsomal membranes
was altered by cholesterol supplement in both groups (Table
2). In the BT group, the proportion of phosphatidylcholine
decreased slightly while that of phosphatidylethanolamine in-
creased modestly by cholesterol supplement and the propor-
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Fig. 1. The hepatic contents of triglyceride, cholesterol, and phos-
pholipid in rats fed a beef tallow (BT) or fish cil (FO) diet with
or without cholesterol supplement. Values are given as the means
-+ SE of 6 rats in each group. Values with different letters are sig-
nificantly different among groups at p<0.05.
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Fig. 2. The plasma contents of triglyceride, cholesterol, and phos-
photipid in rats fed a beef taliow (BT) or fish oil (FO) diet with
or without cholesterol supplement. Values are given as the means
+SE of 6 rats in each group. Values with different letters are sig-
nificantly different among groups at p<0.05.
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tions of sphingomyelin and phosphatidic acid decreased. In
the FO group, the proportion of phosphatidylcholine decreased
upon cholestercl supplement while that of phosphatidyletha-
nolamine showed no variation. In addition, the proportions
of sphingomyelin, lysophosphatidylcholine and phosphatidic
acid increased upon cholesterol supplerent; while the acidic
phospholipids, phosphatidylserine and phoshatidylinositol, re-
mained unchanged.

Hepatic enzyme activities relating to phospholipid
synthesis

The cytosolic activity of choline kinase, the first enzyme
that catalyzes phosphatidylcholine formation, was reduced
sligthly by cholestercl supplement in both groups (Fig. 3).
However, the activity of CTP:phosphocholine cytidylyltrans-
ferase, which catalyzes CDP-choline formation from phos-
phocholine, increased in microsomes and decreased in cytosol
by cholesterol supplement in both groups. These coordinate
translocation of CTP:phosphocholine cytidylyliransferase
activities from cytosol to microsome was shown in both

Table 2. Compositions of hepatic microsomal phospholipid in
rats fed different fats with or without cholesterol supplement

Beef tallow diet Fish oil diet
Cholesterol- Cholesterol-  Cholesterol- Cholesterol-
free rich free rich
(% of total phospholipid)
Lyso-PC  224+0.1 24402 23301 4.87+16
SPM 354403 287+05 359+03 445108
PC 65.1 +1.7° 619 £22% 607 +2.3° 536 +19°
PS+PI 133 £07 143 +09 133 +03 143 +14
PE 147 +03 175 +04° 194 +£0.1° 188 +2.8
PA 1.17+02  097+02 137407 225+02
PC/PE 442 3.53 312 285

Rats were fed semipurified diets containing beef tallow or fish
oil with or without cholesterol supplement for 2 weeks. Values
are given as the means + SE of 6 rats in each group. Values with
different letters are significandy different among groups at p<0.05,
Abbreviations; Lyso-PC, lysophosphatidylcholine; SPM, sphingo-
myelin, PC, phosphatidylcholine; PS+Pi, phosphatidylserine+
phosphatidylinositol; PE, phosphatidylethanolamine; PA, phos-
phatidic acid.
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groups after adding cholesterol tc the diets. The increments
of microsomal CT activity were correlated with the increased
activity in liver homogenates, However, the increase in
CTP:phosphocheline cytidylyltransferase activity was larger in
the FO group (60%) than in the BT group (34%).

Fatty acid composition of liver microsomal phos-
pholipids

Cholesterol supplement affected the distribution of fatty
acids in phosphatidylcholine and phosphatidylethanolamine
molecules {Table 3). Major changes occured in arachidonic

Table 3. Compositions of hepatic microsomal phosphatidylcholine
and phosphatidylethanolamine in rats fed different fats with or
without cholesterol supplement

Beef tallow diet Fish oil diet
Cholesterol- Cholesterol-  Cholesterol- Cholesterol-
free rich free rich
(% of iotal fatty acids)

Phosphatidylcholine
16:0 273+12 22.5+04 382-£0.1 278+%16
16: 1 39+04  45+01 55401 59+02
18:0 231110 199+0.1° 18.0:t02" 105+09"
18:1 208+1L1° 23808 129+04" 15707
18 :2n6 59+01° 93=+L1° 1.94+0.1°  3.1+03
20:4p6 84+1L7" 133433 5603 B0x04*
20:5n3 nd nd. 53402 94:+04
22603 35+13 39401 64+07° 88+13"
Phosphatidylethanolamine
16:0 201+05 196+18 255+1.8 214422
16:1 15+01 0.7%0.1 13401 0702
80 247+05 259+18 235000  229+22
18 : 1 96+06% 13103 46403 92+02"
18 : 2 n6 20%02 nd. 2702  1.0+02
20 : 4 n6 189+08 169+19° 63408 68+08°
20:5n3 nd nd. nd. 77407
22:6n3 139+1.8° 84%16 232+19% 182+1.1°

Rats were fed semipurified diets containing beef tallow or fish oil
with or without cholesterol supplement for 2 weeks. Values are
given as the means™SE of 6 rats in each group. Values with
different letters are significantly different among groups at p<0.05.
n.d.: not detected
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Fig. 3. The activities hepatic CTP:phosphotylcholine cytidylyltransferase and choline kinase in rats fed a beef tallow (BT) or fish oil
(FO) diet with or without cholesterol supplement. Values are given as the means® SE of 6 rats in each group. Values with different

letters are significantly different among groups at p<0.05.
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acid, docosahexaenoic acid, and stearic acid. The disiribution
of saturated fatty acid in phosphatidylcholine decreased mod-
erately by cholesterol supplement in both groups, while that
in phosphatidylethanolamine decreased in the ¥O group only
upen cholesterol supplement. The distribution of oleic acid
in phosphatidylcholine and phosphatidylethanolamine in-
creased upon cholesterol supplement in both the BT and the
FO groups, but the effect was more profound in the FO group.
The arachidonic acid distribution greatly increased in phos-
phatidylcholine fraction in both the BT and the FO groups.
In phosphatidylethanolamine fraction, arachidenic acid pro-
portion decreased in the BT group while it increased in the
B0 group. The distsribution of docosahexaencic acid in phos-
phatidylcholine increased moderately in both the BT and the
FO groups. In phosphatidylethanolamine fraction, the distri-
bution of docosahexaencic acid decreased.

DISCUSSION

The present siudy investigaied the effect of cholesterol
supplemetit to fish oil or beef tallow diets on phospholipid
meiabolism in hepatic microsomes of rais. Cholesterol-free
diet did not influence hepatic lipid contents in both types
of fat diets. However, cholesterol supplement decreased he-
patic phospholipid content while it increased the hepatic trigly-
ceride and cholesterol contents especially in the FO group
{(Fig. 1). Fungwe et al. (3) and Lie et al, (30) have reported
that dietary cholesterol increased the synthesis and the mass
of triglyceride and cholesteryl ester in the liver, concomitantly
with an increase in the secretion of VLDL-lipids. They also
cbserved that cholesterol feeding reduced the activity of
carnitine palmitoyltransferase which-may lead to cholesterol
and trighyceride accumulation by increasing substrate pool.
However, hepatic phospholipid content decreased in the
cholesterol-fed rats (30), which may impair the membrane
functions in the liver.

The increase of hepatic cholesterol upon cholesterol sup-
plement may modify membrane fluidity. The alteration in the
activities of membrane-bound enzymes may influence the
phospholipid metabolism in the liver. Phogphatidylcholine is
& major component of phospholipids in biological membranes
and VLDL (6,8,31). Phosphatidyicholine is synthesized mainly
throngth CDP-choline pathway, catalyzed by choline kinase,
CTP:cholinephosphate cytidylyltransferase, and cholinephos-
phate transferase (6,7,32). Newly synthesized phosphatidyl-
choline is required for the synthesis and secretion of VLDL
in hepatocytes (6,8). Thus alteration of phosphatidylcholine
bicsynthesis may influence lipoprotein metabolism. Since cho-
line kinase and CTP:phosphocholine cytidylyltransferase are
rate-limiting enzymes for phosphatidylcholine biosynthesis
{6,7). Cur study that evaluated the effect of cholesterol-feeding
on these enzyme activities showed that the activity of choline
kinase in cytosol decreased slightly wpon cholesterol sup-
plement in both groups (Fig. 3). The activity of CTP:phospho-
choline cytidylyltransferase increased in microsomes and de-
creased in cytosol by cholesterol supplement in both groups
(Fig. 3). Lim et al. reported that rats fed a cholesterol and

cholate rich diet displayed 2-fold translocation of cytosol
CTP:phosphocholine cytidylyltransferase to microsomes com-
pared to the control animals (33). This tendency suggests an
altered distribution of CTP:phosphocholine cytidylyltrans-
ferase in subcellular fraction in rats fed a cholesterol sup-
plemented diet. There is a consensus that CTP: phosphocholine
cytidylyltransferase activity is regulated by translocation from
the cytosolic inactive form to the microsomal active form
(34-36). Whether this alteration of the subcelluar distribution
of CTP:phosphocholine cytidylyltransferase is due 1o a de-
crease in the level of phosphatidylcholine level in the micro-
soma} membranes should be tested. Other potential mechanism
for CTP:phosphocholine cytidylyltransferase translocation
such as changes in the modification of dietary fatty acids may
also be considered.

The results of the present study showed that the contents
of hepatic phospholipid decreased and that of cholesterol
increased in rats by cholesterol supplement in both types of
fat diets (Fig. 1), resulting in an increase of the cholesterol/
phospholipid ratio. The phospholipid compositions (Table 2)
and the fatty acid moiety of phosphatidylcholine and phos-
phatidylethanolamine (Table 3) in bepatic microsomal prep-
arations were also observed. When rats were fed cholesterol-
free diets, the BT group exhibited more phosphatidylcholine
and less phosphatidylethanclamine compared to the FO group.
The proportion of phosphatidylcholine decreased by choles-
terol supplement in both groups while phosphatidylethanola-
mine in the BT group increased and phosphatidylethanola-
mine in the FO group decreased, resulting in the decreased
phosphatidylcholinefphosphatidylethanolamine ratio upon cho-
lesterol supplement. The microsomal CTP;phosphocholine
cytidylyltransferase activity and phosphatidylcholine content
were not changed. The result suggests that the catabolism of
phosphatidylcholine may be active upon cholesterol sup-
plement in the FO group only.

The main component of highly unsaturated fatty acids in
hepatic microsomes of the FO group was docosahexaenoic
acid in phosphatidylcholine and phosphatidylethanolamine,
while it was arachidonic acid in phosphatidylcholine and
phosphatidylethanolamine in the BT group. Supplementation
of the BT or the FO with cholesterol resulied in an increase
in the proportion of arachidonic acid and a decrease in the
proportion of stearic acid in phosphatidylcholine. By contrast,
the same dietary supplementation resulted in 2 decrease in
docosahexaenoic acid in phosphatidylethanolamine. Thus, the
effect of dietary cholesterol on the fatty acid compositions of
phospholipid is different according to the type of dietary fats.

The secretion of phospholipid increased significantly by
cholesterol supplement in both groups (Fig. 2), which is in
agreement with the previcus reports (2,18,37). Chtani et al.
reported that VLDL secretion was stimulated in cultured
bepatocytes in cholesterol-fed hamsters when fat was added
to the diet (9). Our data and previous reports (1,9) suggest
that dietary cholesterol stimulates the secretion of VLDL.
A positive correlation between cholesterol and phospholipid
levels in plasma was noted, which is in agreement with the
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previous reports (3,30). The decrease in plasma lipid con-
centrations in rats fed fish oil may be due to the inhibition
of synthesisfsecretion of VLDL in the liver (10-13). In con-
clusion, effect of dietary cholesterol on phospholipid metab-
olism is varied according to the sources of dietary fats in rats.

10.

I

12.

13.

14,

15,

16.

REFERENCES

. Khan, B. K., Wilcox, H. G. and Heimberg, M. : Cholesterol

is required for secretion of very-low-density lipoprotein by rat
liver, Biochem. J., 259, 807 (1989)

. Lim, P. H., Pritchard, P, H., Paddon, H. B. and Vance, D.

E.: Stimulation of hepatic phosphatidylcholine biosynthesis in
rats fed a high cholesterol and cholate diet correlates with trans-
location of CTP:phosphocholine cytidylyltransferase from cy-
tosol to microsomes. Biochim. Biophys. Acta, 753, 74 (1983)

. Fungwe, T. V., Cagen, L. M., Cook, C. G., Wilcox, H. G. and

Heimberg, M. : Dietary cholesterol stimulates hepatic biosyn-
thesis of wriglyceride and reduces oxidation of fatty acids in
the rat. J. Lipid Res., 34, 933 (1993)

. Vance, E. J. and Vance, D. E. : The role of phosphatidylcholine

biosynthesis in the secretion of lipoprotein from hepatocytes.
Can. J. Biochem. Cell. Biol., 63, 870 (1985)

. Tileock, C. P., Bally, M. B, Farren, 8. B. and Cullis, P. R.:

Influence of cholesterol in the structural preferences of dioleoyl
phosphatidylethanolamine-dioleoyl phosphatidylcholine systems
A phosphorus and deuterium magnetic resonance study. Bio-
chemistry, 21, 4596 (1982)

. Vance, J. E. and Vance, D. E. : Specific pools of phospholipids

are used for lipoprotein secretion by cultured rat hepatocytes.
J. Biol. Chem., 261, 4486 (1986)

. Yanagita, T., Yamamoto, K., Ide, T. and Enomoto, N.: Effect

of choline deficiency on CTP:phosphoylcholine cytidylyltrans-
ferase and choline kinase activities in rat liver subcellular frac-
tions. J. Nutr. Sci. Vitaminol., 36, 287 (1990)

. Vance, J. E. and Vance, D. E.: Does rat liver golgi have the

capacity to synthesize phospholipids for lipoprotein secretion?
J. Biol. Chem., 263, 5898 (1988)

. Ohatani, H., Hayashi, K., Hirata, Y., Dojo, 8., Nukachima, K.,

Nishio, E., Kurushima, H., Saeki, M. and Kajiyama, G. : Effects
of dietary cholesterol and fatty acids plasma cholesterol level
and hepatic lipoprotein metabolism. J. Lipid Res., 31, 1413
(1990}

Ikeda, 1., Cha, I.-Y., Yanagita, T., Nakatani, N., Cogami, K,
Imaizumi, K. and Yazawa, K. : Effects of dietary o-linolenic,
eicosapentacnoic and docosahexaenoic acids on hepatic lipo-
genesis and S -oxidation in rats. Biosci. Biotechnol. Biochem.,
62, 675 (1998)

Harris, W. S. : Fish oil and plasma lipid and lipoprotein metab-
olism in humans: a critical review. J. Lipid Res., 30, 785 (1989}
Cha, I.-Y., Mameda, Y., Oogami, K., Yamamoto, K. and
Yanagita, T. : Association between hepatic triacylglycerol accu-
mulation induced by administering orotic acid and enhanced
phosphatidate phosphohydrolase activity in rats. Biosci. Bio-
technol. Biochem., 62, 508 (1998)

Wong, S. H., Nestel, P. J., Trimble, R. P., Storer, G. B., Illman,
R. J. and Topping, D. L. : The adaptive effects of dietary fish
and safflower oil on lipid and lipoprotein metabolism in per-
fused rat liver. Biochim. Biophys. Acta, 792, 103 (1984)
Grundy, S. M. and Denke, M. A. : Dietary influences on serum
lipids and lipoproteins. J. Lipid Res., 31, 1149 (1990}
Brinton, E. A., Eisenberg, §. and Breslow, J. L. : Increased apo
A-T and apo A-II fractional catabolic rate in patients with low
high density lipoprotein cholesterol levels with or without hyper-
triglyceridemia. J. Clin. Invest., 87, 536 (1991}

Hargreaves, K. M., Pehowich, D. I. and Clandinin, M, T.:
Effect of dietary lipid composition on rat liver microsomal phos-
phatidylcholine synthesis. J. Nurr., 119, 344 (1989)

17.

18.

19,

20.

21,

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35

36.

37.

129

Fukushima, M., Aldba, 8. and Nakano, M. : Comparative hypo-
cholesterolemic effects of six vegetable oils in cholesterol-fed
rat. Lipids, 31, 415 (1996)

Huang, Y. S., Manhu, M. S. and Horrobin, D. F. : The effects
of dietary cholesterol on blood and liver polyunsaturated fatty
acids and on plasma cholesterol in rats fed varicus types of
fatty acid diet. Lipids, 19, 664 (1984)

American Institute of Nutrition : Report of the American Institute
of Nutrition ad hoc Committee on standards for nutritional
studies. J. Nur., 107, 1340 (1977)

Folch, 1., Lees, M. and Sloane-Stanley, G. H. : A simple method
for the isolation and purification of total lipides from animal
tissues. J. Biol Chenm., 226, 497 (1957)

Sperry, W. M. and Webb, M. : A revision of the Shoenheimer-
Sperry method for cholesterol determination. J. Biol. Chem.,
187, 97 (1950)

Fletcher, M. J. : A colorimetric method for estimating serum
triglyceride. Clin. Chim. Acta, 22, 393 (1968)

Rouser, G., Siakotos, A. N. and Fleischer, 5. F. : Quantitative
analysis of phospholipids by thin layer chromatography and
phosphorus analysis of spots. Lipids, 1, 85 (1966}

Yanagita, T., Satoh, M., Enomoto, N. ard Sugano, M.: Di
(2-ethylhexyl) phalate enbances hepatic phospholipid synthesis
In rats. Biochim. Biophys. Acta, 919, 64 (1984)

Yanagita, T., Kobayashi, K. and Enomoto, N.: Accumulation
of hepatic phopsholipids in rats fed di-2-ethyylhexyl phthalate.
Biochem. Pharmacol., 27, 2283 (1987)

Lowry, O. H., Rosenbrough, N. J, Farr, A. L. and Randall,
R. L. ; Protein measurement with the Folin phenol reagent. J.
Biol. Chem., 193, 265 (1951)

Wright, P. S, Morand, J. N. and Kent, C.: Regulation of
phosphatidylcholine biosynthesis in Chinese hamster ovary cells
by reversible membrane association of CTP:phosphocholine
cytidylyltransferase. J. Biol. Chem., 260, 7919 (1985)
Ishidate, K., Iida, K., Tadokoro, K. and Nakazawa, Y. : Evidence
for the existence of multiple forms of choline (ethanolamine)
kinase in rat tissues. Bicchim. Biophys. Acta, 833, 1(1985)
Duncan, D. B. : Mutiple range test for correlated and hetero-
scedastic means., Biometrics, 13, 164 (1957)

Lie, C. H., Huang, M. T. and Huang, P. C. : Sources of triglyce-
ride accumulation in liver of rats fed a cholesterol-supplemented
diet. Lipids, 36, 527 (1993)

Pelech, S. L. and Vance, D. E. : Signal transduction via phos-
phatidylcholine cycles. Trends Biochem. Sci., 14, 287 (1989)
Sundler, R, and Akesson, B. : Regulation of phospholipid bio-
synthesis in isolated rat hepatocytes. J. Biol Chem., 250, 3359
(1975)

Lim, P. 8., Pritchard, P. H., Paddon, H. B. and Vance, D. E.
: Stimulation of hepatic phosphatidylcholine biosynthesis in rats
fed a high cholesterol and cholate diet correlates with trans-
location of CT2:phosphocheline cytidylyltransferase from cytosol
to microsomes. Biochim. Biophys. Acta, 753, 74 (1983)
Vance, D. E. : Regulatory and functional aspects of phospha-
tidylcholine metabolism. In “Phosphatidylcholine Metabolism”
Vance, . E. {ed.), CRC Press, Inc. Boca Raton, Florida, FL,
p.225 (1989)

Asiedu, D., Skorve, 1., Demoz, A., Willunsen, N. and Berge,
R. K. : Relationship between translocation of long-chain acyl-
CoA hydrolase, phosphatidate phosphohydrolase and CTP:phos-
phocheline cytidyltransferase and the synthesis of triglyceride
and phosphatidylcholine in rat liver. Lipids, 27, 241 (1992}
Feldman, D. A., Rounsifer, M. E. and Weinhold, P. A.: The
stimulation and binding of CTP:phosphocholine cytidylylirans-
ferase by phosphatidyicholine-oleic acid vesicles. Biochim.
Biophys. Acta, 929, 429 (1985)

Surette, M. E., Whelan, J., Lu, G. L., Broughton, K. S. and
Kinsella, J. E.: Dependence on dietary cholesterol for n-3
polyunsaturated fatty acid-induced changes in plasma choles-
terol in the Syrian hamster. J. Lipid Res., 33, 263 (1992)

(Received May 4, 1999)



