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Eritadenine-induced alteration of
hepatic phospholipid metabolism in
relation to its hypocholesterolemic

action in rats

Kimio Sugiyama, Toshiyuki Akachi, and Akihiro Yamakawa

Department of Applied Biological Chemistry, Faculty of Agriculture, Shizuoka University,

Shizuoka, Japan

The hypocholesterolemic effect of dietary supplementation with eritadenine, a hypocholesterolemic factor present
in the Lentinus edodes mushroom, was investigated in relation to its effect on hepatic phospholipid metabolism
in rats. The plasma total cholesterol level was significantly decreased by eritadenine supplementation at levels
above 8 pmolikg of diet in a dose-dependent manner, accompanying decreases in both VLDL + LDL and HDL
cholesterol levels. Eritadenine supplementation significantly increased the phosphatidylethanolamine (PE) con-
tent and inversely decreased the phosphatidylcholine (PC) content of liver microsomes in a dose-dependent
manner. There was a highly significant correlation between plasma cholesterol levels and the content or
proportion of PC and PE of liver microsomes. Eritadenine supplementation did not decrease the activity of PE
N-methyltransferase in liver microsomes but rather increased the activity, possibly because of the increased PE
content of liver microsomes. On the one hand, eritadenine had no direct inhibitory effect on the enzyme activity
when added to the assay mixture. On the other hand, eritadenine supplementation increased the hepatic S-ad-
enosylhomocysteine (SAH) level and decreased the ratio of S-adenosylmethionine (SAM) to SAH in a dose-
dependent manner. The in vivo incorporation of radioactivity of [methyl->H]methionine into the PC of liver
microsomes and blood plasma was also markedly depressed by dietary eritadenine supplementation at a level of
200 pwmolikg of diet. These results suggest that the hypocholesterolemic action of eritadenine might be elicited
through an alteration of the hepatic phospholipid metabolism that resulted from an inhibition of PE N-methyl-
ation due to a decreased SAMISAH ratio in the liver. (J. Nutr. Biochem. 6: 80-87, 1995.)
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phosphatidylethanolamine N-methylation

Introduction

Certain species of mushrooms are known to have a plasma
cholesterol-lowering effect when added to the diet of ex-
perimental animals.'~> As a potent hypocholesterolemic
factor, eritadenine (2(R),3(R)-dihydroxy-4-(9-adenyl)-
butyric acid) (Figure 1) was isolated and identified by sev-
eral groups of investigators from Lentinus edodes,®® a
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mushroom that has been abundantly consumed in Japan for
many years. Previous studies on the hypocholesterolemic
action of eritadenine have shown that eritadenine did not
inhibit cholesterogenesis in the liver® nor stimulate steroid
excretion into feces.'® Previous studies have also suggested
that L. edodes or eritadenine might exert its hypocholeste-
rolemic action through depressed secretion of lipoprotein
cholesterol from the liver into blood circulation'!**? and/or
through increased uptake of plasma cholesterol by tissues.’
However, the detailed mechanism is not yet fully under-
stood. Recently, we found that dietary supplementation
with a powder of L. edodes evoked a marked alteration of
hepatic phospholipid composition, especially the ratio of
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Figure 1 Structure of eritadenine.

phosphatidylcholine (PC) to phosphatidylethanolamine
(PE) with a significant correlation with plasma cholesterol
levels, suggesting that the hypocholesterolemic action of L.
edodes might be evoked through an alteration of hepatic
phospholipid metabolism.'?

In the present study, we investigated the dose-dependent
effect of dietary eritadenine on the profile of microsomal
phospholipids in the rat liver in order to further examine
whether or not an alteration of hepatic phospholipid metab-
olism is involved in the hypocholesterolemic action of L.
edodes. The mechanism by which dietary eritadenine al-
tered the hepatic phospholipid composition was also inves-
tigated.

Methods and materials
Materials

The eritadenine used in the present study was isolated from dried
L. edodes according to the method of Tokita et al.® S-[methyl-
14CJadenosyl-L-methionine and L-[methyl-*H]methionine were
obtained from Amersham (USA), and [1,2-'*C]choline chloride
was obtained from New England Nuclear (USA). Mineral and
vitamin mixtures were obtained from Nihon Nosan Kogyo Co.
(Tokyo, Japan).

Animals and diets

Male rats of the Wistar strain, weighing 90 to 100 g (5 weeks of
age), were obtained from Japan SLC (Hamamatsu, Japan). They
were housed individually in stainless wire-mesh cages in a tem-
perature (24 * 1°C)- and humidity (50 to 60%)-controlled room
with a 12-hr cycle of light (6:00 a.m. to 6:00 p.m.) and dark.
Animals were allowed free access to food and water. After feeding
a stock (25% casein) diet for 6 to 7 days, rats were divided into
experimental groups. The basal diet contained (per kg of diet) 250
g of casein, 432.5 g of corn starch, 200 g of sucrose, 50 g of com
oil, 35 g of mineral mixture (AIN-76 composition), 10 g of vita-

min mixture (AIN-76 composition), 2.5 g of choline chloride, and
20 g of cellulose powder.

In Experiment 1, 56 rats were fed the basal diet or diets sup-
plemented with eritadenine at levels of 4 to 200 pmol/kg of diet
for 14 days. The amount of 4 wmol of eritadenine corresponds to
1 mg. Animals were killed by decapitation under light anesthesia
with diethylether between 11:00 a.m. and 12:00 a.m. to obtain
blood and livers. In Experiment 2, 10 rats were fed the basal diet
or a diet supplemented with eritadenine at a level of 200 wmolkg
of diet for 14 days. On the 15th day, food was removed at 7:00
a.m. and rats were injected intraperitoneally with 0.5 ml of saline
that contained 814 kBq of [methyl->H]methionine (3,138 MBg/
mol) and 163 kBq of [1,2-'*C]choline chloride (2.22 MBg/mol) at
around 11:00 a.m. The animals were killed just 2 hr later in a
similar manner as Experiment 1.

Analyses

Blood plasma was obtained from heparinized whole blood by cen-
trifugation at 2,000g for 20 min and stored at 4°C until subsequent
lipid analyses. The whole liver was quickly excised, rinsed in
ice-cold saline, blotted on filter paper, cut into three portions, and
weighed. Two portions of the liver were quickly frozen in liquid
nitrogen and stored at —80°C until analyses for lipids and metab-
olites of methionine. The residual portion of the liver was homog-
enized in 4 vol (v/w) of an ice-cold 10 mmol/L Tris-HCI buffer
(pH 7.4) containing 150 mmol/L of KCI. The homogenates of the
liver were centrifuged at 10,000g for 10 min at 4°C, and the
resulting supernatants were further centrifuged at 105,000g for 60
min at 4°C to obtain a microsomal fraction as a precipitate. The
microsomal fraction was resuspended in the homogenizing buffer
and stored at — 80°C until analyses for phospholipids, protein, and
enzyme activity were performed.

The plasma concentrations of total cholesterol, HDL choles-
terol, free cholesterol, triglycerides, and phospholipids were mea-
sured enzymatically with kits: Cholesterol C-Test, HDL Choles-
terol Test, Free Cholesterol C-Test, Triglyceride G-Test, and
Phospholipid B-Test, respectively (Wako Pure Chemical Ind.,
Osaka, Japan). The difference between total cholesterol and HDL
cholesterol was assumed to be cholesterol associated with VLDL
+ LDL. Esterified cholesterol was estimated by subtracting free
cholesterol from the total cholesterol. The lipids of liver homoge-
nates and liver microsomes were extracted according to Folch et
al.’* The cholesterol, triglycerides, and phospholipids in the liver
extracts were measured according to Zak,'> Fletcher,'® and Bart-
lett,'” respectively. The phospholipids in the extracts of liver mi-
crosomes were separated into each class by TLC with silica gel 60
(Merck, Darmstadt, Germany), using chloroform-methanol-water
(65:25:4, v/v) as a developing solvent. The bands of each phos-
pholipid class in the silica gel plate were visualized with iodine
vapor, scraped off, and directly analyzed for inorganic phospho-
rus.'” In Experiment 2, PC in liver microsomes and blood plasma
was likewise separated, scraped off, and directly counted for ra-
dioactivity with a liquid scintillation counter.

S-adenosylmethionine (SAM) and S-adenosylhomocysteine
(SAH) in the liver were estimated by HPLC essentially according
to Cook et al.'® with some modifications. Briefly, the frozen liver
was thawed and homogenized in 4 vol (v/w) of an ice-cold per-
chloric acid solution (0.5 mol/L), and the homogenates were cen-
trifuged at 10,000g for 20 min at 4°C. The resultant supernatants
were filtered through a 0.45 pm Millipore filter and applied to an
HPLC column (Shim-pack CLC-ODS, 6 X 150 mm; Shimadzu
Seisakusho, Kyoto, Japan). The mobile phase was 100 mmol/L of
KH,PO, solution containing 3% methanol (v/v) and 10 mmoVl/L of
sodium heptanesulfonate. The flow rate was 1.5 ml/min, and the
elution was monitored at 254 nm. The PE N-methyltransferase
activity of liver microsomes was measured according to Tanaka et
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Table 1 Body weight gain, food intake, liver weight, and liver lipid contents in rats fed the basel diet or diets supplemented with eritadenine

at graded levels*

. \ ) ) . Liver weight Liver lipids (nmol/g of liver)
Eritadenine Weight gain Food intake (9/100 g of
addition (g/14 days) (g/14 days) body weight) Cholesterol Triglycerides Phospholipids
0 uwmolrkg 723 1818 4.80 = 0.11 9.7 = 0.1 23613 325+04
4 nmol/kg 71 =3 180 x5 4.77 = 0.08 9.6 = 0.1 235+07 344 x04°
8 umol/kg 72+2 177 x4 4.63 = 0.06 101 =02 226+12 347 £ 0.3°
20 pmol/kg 722 1835 4,70 = 0.06 9.6 = 0.1 21.2+11 35.7 £ 0.7¢
40 pmol/kg 732 179+ 4 456 = 0.07 101+ 0.2 21017 374 +£0.3°
80 pmol/kg 731 182 = 2 4.68 = 0.05 114 x02° 38.1 £15° 37.8 = 0.4°
200 pmol/kg 71+3 176 =5 458 + 0.09 14.8 £ 0.7° 103.0 = 11.5° 39.9 + 0.9°

*Values are mean = SEM for 8 rats. #P°A significant difference from the eritadenine-unsupplemented control group is indicated at P < 0.05,

P < 0.01, and P < 0.001, respectively.
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Figure 2 Effects of dietary supplementation with eritadenine on
the plasma concentrations of total cholesterol (A), VLDL + LDL
cholesterol (B), HDL cholesterol (C), esterified cholesterol (D), tri-
glycerides (E), and phospholipids (F) in rats. The circle and its bar
represent mean and SEM, respectively, for 8 rats. The letters a, b,
and c aftached to circles indicate a significant difference from the
control value at P < 0.05, P < 0.01, and P < 0.001, respectively.
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al.'® except that a higher substrate concentration (200 pmol/L of
S-[methyl-'*C]JSAM) was used. Protein was measured according
to Lowry et al.2° using bovine serum albumin as a standard.

Statistical analysis
Statistical analysis was carried out using Student’s -test to exam-

ine the significance between the eritadenine-unsupplemented con-
trol group and eritadenine-supplemented test groups.

Results

Table 1 shows the effects of dietary eritadenine on the
growth, food intake, liver weight, and liver lipid levels in

82 J. Nutr. Biochem., 1995, vol. 6, February

rats. Eritadenine supplementation did not affect the growth,
food intake, and relative liver size of rats. The contents of
cholesterol and triglycerides in the liver were not influenced
by eritadenine supplementation up to 40 pmol/kg of diet,
but they were significantly increased by 80 and 200 pmol/
kg of diet of eritadenine. The hepatic phospholipid content
was slightly but significantly increased by eritadenine sup-
plementation in a dose-dependent manner.

Figure 2 summarizes the effects of dietary eritadenine
on plasma lipid levels. The plasma total cholesterol level
was significantly decreased by eritadenine supplementation
at levels above 8 wmol/kg of diet in a dose-dependent man-
ner, accompanying decreases in both VLDL + LDL and
HDL cholesterol levels. The plasma phospholipid level was
also significantly decreased by eritadenine at levels above
40 pmol/kg of diet, whereas the plasma triglyceride level
was decreased only by the highest addition level of eritad-
enine.

Table 2 shows the effects of dietary eritadenine on the
content and composition of each phospholipid class in liver
microsomes. Eritadenine supplementation significantly in-
creased the PE content and inversely decreased the PC con-
tent of liver microsomes at levels above 20 pmol/kg of diet
in a dose-dependent manner. Consequently the ratio of PC
to PE was more clearly decreased by eritadenine supple-
mentation in a dose-dependent manner (Figure 3). The pro-
portion of PC and PE to the total phospholipids was like-
wise affected by eritadenine supplementation. The content
and proportion of the other phospholipid classes, however,
were little or only slightly affected by eritadenine. As
shown in Figure 4, there was a highly significant correla-
tion between the plasma total cholesterol level and the PC/
PE ratio of liver microsomes. A significant correlation was
also observed between the plasma total cholesterol level and
the PC content (r = 0.995, P < 0.001), the proportion of
PC (r = 0.998, P < 0.001), the content of PE (r =
—-0.990, P < 0.001), or the proportion of PE (r =
—0.992, P < 0.001).

Figure 5 shows the effects of dietary eritadenine on the
levels of SAM, SAH, and SAM/SAH ratio in the liver. The
hepatic level of SAH was significantly increased by eritad-
enine supplementation at levels above 40 pmol/kg in a
dose-dependent manner. The hepatic SAM level was also
significantly enhanced by eritadenine at levels above 80
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Table 2 Effects of dietary supplementation with eritadenine on the content and proportion of microsomal phospholipids in the liver of rats”

Phospholipids in liver microsomes

Eritadenine
addition PC PE PS + PI SM Others
{nmol/mg protein)
0 pmol/kg 2200 6.7 571+ 11 3N.8x07 128+ 06 46 +02
4 pmol/kg 2202+ 92 505x29 34916 137 £ 0.5 6.0 = 0.4°
8 umol/kg 2088 +6.2 607 15 33.7+13 17.0 £ 0.9° 8.4 +03°
20 wmolkg 200.8 £+ 552 725+ 21° 365152 158+ 1.1 7.2 x£04°
40 pmolikg 186.4 = 2.8° 95.6 + 1.6° 35.6 + 0.9° 154 = 1.1 7.6 = 0.5°
80 umolikg 180.5 = 3.9° 101.3 £ 1.9° 36.6 = 1.0° 16.0 + 0.6 6.8+ 04°
200 pmolkg 176.3 £ 3.2° 1028 = 2.3° 357+ 08° 15.8 = 0.5° 6.2+ 0.2°
(% of total phospholipids)
0 pmolfkg 674 +04 175x02 a8 +01 38x02 1401
4 umol/kg 659 + 0.4° 17803 104 + 0.22 4102 1.8+ 0.1%
8 pmol/kg 63.5 +0.3° 18.5 x 0.2° 102+ 03 5.2 + 0.3° 26 x0.1°
20 pmol/kg 604 +0.7° 219+07° 110+ 03° 46+ 03 22+ 0.1°
40 umol/kg 54.7 + 0.4° 28.1 £0.3° 10503 45+ 03 22+02°
80 wmolikg 529 = 0.3° 29.7 £ 0.1° 10.7 £ 0.2° 47 £ 0.2° 2.0+ 0.1°
200 pmolkg 523 x02° 305 x0.1° 106 = 0.1° 4.7 +0.1° 1.8 £0.1°

*Values are mean =+ SEM for 8 rats. #P°A significant difference from the eritadenine-unsupplemented control group is indicated at P < 0.05,

P < 0.01, and P < 0.001, respectively.

Abbreviations: PC, phosphatidyicholine; PE, phosphatidylethanolamine; PS, phosphatidylserine; Pl, phosphatidylinositol; SM, sphingomyelin,
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Figure 3 Effect of dietary supplementation with eritadenine on the
ratio of phosphatidyicholine to phosphatidylethanolamine in the liver
microsomes of rats. The circle and its bar represent mean and SEM,
respectively, for 8 rats. The letters a and ¢ attached to circles indi-
cate a significant difference from the control value at P < 0.05 and
P < 0.001, respectively. Abbreviations: PC, phosphatidylcholine;
PE, phosphatidylethanclamine.

pmol/kg of diet. Since the extent of the increase in the SAH
Ir el was greater than that in the SAM level, the ratio of
t0 SAH was consequently decreased by eritadenine
«tation at levels above 40 pmol/kg of diet. As
“wyre 6, the in vitro activity of PE N-methyl-
"er microsomes was significantly increased
‘lementation at levels above 8 pmol/kg
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Figure 4 Carrelation between the plasma total cholesterol level
and the ratio of phosphatidylcholine to phosphatidylethanotamine in
liver microsomes of rats fed diets containing none or different
amounts of eritadenine. Each circle denotes the mean value of each
group. Abbreviations: PC, phosphatidylcholine; PE, phosphatidyl-
ethanolamine.

Table 3 shows the effects of dietary eritadenine on the in
vivo incorporation of radioactivity of [1,2-!*C]choline chlo-
ride and [methyl->H]methionine into the PC of liver mi-
crosomes and blood plasma over a 2 hr period. Dietary
supplementation with eritadenine at a level of 200 pmol/kg
of diet did not interfere with the incorporation of radioac-
tivity of [1,2-'*C]choline chloride into the PC of both liver
microsomes and blood plasma, but rather stimulated the
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Figure 5 Effect of dietary supplementation with eritadenine on the
hepatic levels of S-adenosylmethionine (A), S-adenosylhomocys-
teine {B) and the ratio of S-adenosylmethionine to S-adenosylhomo-
cysteine (C) in rats. The circle and its bar represent mean and SEM,
respectively, for 8 rats. The letters a, b, and ¢ attached o circles
indicate a significant difference from the control value at P < 0.05,
P < 0.1, and P < 0.001, respectively. Abbreviations: SAM, S-ad-
enosylmethionine; SAM, S-adenosylhomocysteine.
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Figure 6 Effect of dietary supplementation with eritadenine on the
aclivity of phosphatidylethanolamine N-methyliransferase in liver
microsomes of rats. The circle and its bar represent mean and SEM,
respectively, for 8 rats. The letters b and ¢ attached to circles indi-
cate a significant difference from the control value at P < 0.01 and
P < 0.001, respectively.

incorporation into plasma PC when expressed in terms of
specific radioactivity. In contrast eritadenine supplementa-
tion markedly inhibited the incorporation of radioactivity of
[methylﬁH]methionine into the PC of both liver mi-
crosomes and blood plasma irrespective of the basis of ex-
pression.

Discussion

The results obtained here clearly demonstrate that dietary
supplementation with eritadenine could drastically decrease

84 J. Nutr. Biochem., 1995, vol. 8, February

the PC/PE ratio of liver microsomes in addition to the level
of plasma cholesterol in rats. These results are essentially in
accordance with those obtained with a powder of L. edodes
mushroom as reported previously in a preliminary form,"
indicating that the effects of L. edodes on the two parame-
ters are mainly attributable to the eritadenine included in the
mushroom.

The significant effect of dietary eritadenine on the profile
of phospholipids in liver microsomes could be anticipated to
some extent, since eritadenine was shown to be a potent
inhibitor of SAH hydrolase®! and therefore to increase the
SAH level in isolated rat hepatocytes when added to the
incubation medium.* S-adenosylhomocysteine is known to
inhibit the reaction of various methyltransferases, which
require SAM as the donor of a methy! group, including PE
N-methyltransferase.** Further, it was demonstrated that in
rats PE N-methylation was strongly inhibited by 3-deaza-
adenosine, another adenosine analog that inhibits SAH hy-
drolase. It is well confirmed that PE N-methylation cata-
lyzed by PE N-methyltransferase plays a significant role in
the phospholipid metabolism, especially in the liver, by
converting PE to PC.?5 These facts suggested that eritade-
nine would inhibit PE N-methylation also in vivo and
thereby modify the hepatic phospholipid profile. The
present study could demonstrate, as expected, that dietary
supplementation with eritadenine significantly increased the
level of hepatic SAH and markedly depressed the incorpo-
ration of label of [methyl—3H]methi0nine into the PC of liver
microsomes and blood plasma. However, the data for ra-
dioisotope experiment must carefully be interpreted, since
the incorporation of '*C and *H into PC dose do not directly
represent the amounts of choline and methyl group of me-
thionine incorporated into PC. Unfortunately the extent of
the dilution of administered label compounds within the
body could not be measured. Since eritadenine supplemen-
tation (200 pmol/kg of diet) increased the hepatic SAM
level to a value 1.7 fold of the control value, the free me-
thionine level is also anticipated to be increased by eritad-
enine more or less. Hence another confirmation is required
for an accurate estimation of the depression of PE N-meth-
ylation by eritadenine in vivo.

On the contrary the PE N-methyltransferase activity of
liver microsomes was found to be rather increased in rats
fed eritadenine-supplemented diets. This increase in the in
vitro activity of the enzyme is possibly ascribed to the in-
crease in the PE content of liver microsomes due to eritad-
enine supplementation because PE N-methyltransferase ac-
tivity of liver microsomes was shown to be influenced by
the levels of enzyme substrates SAM and PE rather than the
enzyme mass.”® Eritadenine had little inhibitory effect on
the PE N-methyltransferase activity when added to the assay
mixture at concentrations of up to 100 pmol/L (data not
shown). Thus it seems possible to conclude that eritadenine,
as well as 3-deazaadenosine, can inhibit in vivo PE N-meth-
ylation indirectly through an increase in the hepatic SAH
level and thereby lead to an enhancement of the PE content
of liver microsomes.

Vance et al.>” have shown that 3-deazaadenosine had no
effect on the amount of PC of cultured rat hepatocytes when
added to the culture medium, although the compound dou-
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Table 3 Effects of dietary supplementation with eritadenine on the in vivo incorporation of radioactivity of [1,2-'*Clcholine and [methyl-

3H]methionine into the PC of liver microsomes and blood plasma*

Incorporation of
[1,2-%Clcholine

Incorporation of
[methyl-*H]rmethionine

Eritadenine
addition Microsomes Plasma Microsomes Plasma
Ba/mg protein Ba/mL Ba/mg protein Ba/mL
0 pmol/kg 47 = 2 163+ 9 99 x5 549 + 27
200 pmol/kg 48 =7 179 x 24 6+ 4° 17 £ 10°
Bg/pwmol PC
0 umol/kg 207+ 8 89+ 4 435 = 18 20986
200 pmol/kg 266 = 38 160 = 20® 32 = 21¢ 16 £ 9°

*Values are mean = SEM for five rats. #°A significant difference from the eritadenine-unsupplemented control group is indicated at P < 0.05

and P < 0.001, respectively.

bled the pool size of cellular PE. In contrast the present
study showed that dietary supplementation with eritadenine
decreased the PC content of liver microsomes by a maxi-
mum of 20% (Table 2). One of the reasons for this discrep-
ancy may be the difference in the experimental conditions
employed, i.e., in vivo or cells in culture. In the liver PC is
synthesized mainly either by the CDP-choline pathway or
by the PE N-methylation pathway. These two pathways are
thought to contribute to the total PC biosynthesis in a man-
ner of mutual compensation. For instance, it is well known
that feeding a diet devoid of choline does not necessarily
cause the development of fatty liver due to PC deficiency
unless the methionine content of the diet is also lowered,
indicating that a decrease in PC biosynthesis via the CDP-
choline pathway can be compensated by the PE N-methyl-
ation pathway.

In supporting this, it was suggested that choline defi-
ciency results in an increased utilization of SAM.?® How-
ever, Pritchard et al.?® have shown that the inhibition of
PC biosynthesis via the PE N-methylation pathway by 3-
deazaadenosine increased PC biosynthesis via the CDP-
choline pathway through an increase in the activity of CTP:
phosphocholine cytidyryltransferase, the rate-limiting en-
zyme for the CDP-choline pathway, in cultured rat hepato-
cytes. Hence, PC biosynthesis via the CDP-choline path-
way in rats fed eritadenine-supplemented diets is considered
to be stimulated. Nonetheless, eritadenine supplementation
resulted in a decrease in the PC content of liver microsomes
and higher levels of eritadenine caused fat accumulation in
the liver, suggesting that the PC requirement may not be
fully met by PC biosynthesis via the CDP-choline pathway
under the experimental conditions employed. This implies
that the choline supply from the diet (2.5 g of choline chlo-
ride/kg of diet) was insufficient to meet a choline require-
ment, or that PC biosynthesis via the CDP-choline pathway
was impaired by eritadenine either directly or indirectly. It
seems reasonable to consider that the requirement for di-
etary choline should be augmented by eritadenine supple-
mentation, so the first possibility cannot be excluded. With
regard to the latter possibility, an increased competitive
inhibition by ethanolamine of phosphorylation of choline
catalyzed by choline/ethanolamine kinase can be considered

since various types of treatment to increase hepatic PE are
shown to increase the free ethanolamine concentration in
the liver.3%32 However, it was also reported that there was
a large difference in the Ki values of choline and ethanol-
amine for a purified choline/ethanolamine kinase from the
rat liver, i.e., 0.014 mmol/L and 2.0 mmol/L, respectively,
indicating that ethanolamine is a weak inhibitor for the
phosphorylation of choline while choline is a strong inhib-
itor for the phosphorylation of ethanolamine.®® It is not
known though whether or not eritadenine has a direct in-
hibitory effect on some step(s) in the CDP-choline pathway.
Thus the mechanism by which dietary eritadenine decreased
the PC content of liver microsomes remains to be further
elucidated.

The present study clearly showed a significant correla-
tion between plasma cholesterol levels and the content or
proportion of PC and PE in liver microsomes, suggesting
that the hypocholesterolemic action of eritadenine might be
elicited through an alteration of hepatic phospholipid me-
tabolism. In supporting this idea, several reports have
shown that the PC/PE ratio of liver microsomes decreased
in response to certain types of hypocholesterolemic treat-
ment such as dietary sugplememation with PE,* ethanol-
amine,*** or glycine,*” and feeding a soybean protein
diet.>> Of these hypocholesterolemic substances, eritade-
nine appears to have the most potent effect in lowering both
the plasma cholesterol level and the PC/PE ratio of liver
microsomes. Feeding a diet deficient in choline and methi-
onine is also known to cause a decrease in the PC/PE ratio
of the liver.® Additionally, an earlier report pointed out the
possibility that several kinds of hypolipidemic drugs elicit
their action through the inhibition of PC biosynthesis in the
liver.”’

Taken together, these results are considered to suggest
the existence of a general rule that a variety of treatments to
decrease the PC/PE ratio of liver microsomes necessarily
result in a reduction of plasma cholesterol but not vice
versa. Since PC is the major phospholipid class of plasma
lipoproteins, the depression of PC biosynthesis causes an
impaired secretion of VLDL but not HDL from liver cells.®
Therefore, it is possible that eritadenine supplementation
brought about a shortage of PC biosynthesis and thereby
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decreased the secretion of VLDL from the liver. This ap-
pears to be partly supported by the fact that higher levels of
eritadenine caused fat accumulation in the liver (Table 1).
However, it should be noted that lower levels of eritadenine
(up to 40 pmol/kg of diet) significantly decreased the
plasma cholesterol level without a concomitant increase in
the liver fat. Further, as compared with the plasma choles-
terol level, the plasma triglyceride level was less sensitive
to eritadenine supplementation. These results can be taken
to suggest that some mechanism(s) other than the decreased
secretion of triglyceride-rich lipoprotein from the liver also
participates in the hypocholesterolemic action of eritade-
nine.

The activation of CTP:phosphocholine cytidyryltrans-
ferase by converting an inactive cytosol form to an active
membrane-bound form was shown to be regulated by the
ratio of bilayer-forming lipids (e.g., PC) to nonbilayer-
forming lipids (e.g., PE) of hepatocyte membranes rather
than the PC content itself.* Likewise, there existed a sig-
nificant correlation between the PC/PE ratio of liver mi-
crosomes and plasma cholesterol levels. However, unlike
the definite role of PC, the role of PE in the regulation of
plasma cholesterol level is little understood. Currently there
is no direct evidence for that microsomal PE content itself
has any significant effect on the assembly and secretion of
lipoproteins in the liver. Further studies on the effect of
dietary eritadenine on the molecular species of phospholip-
ids in the liver microsomes and plasma lipoproteins should
help to explain the more detailed mechanism of the hypo-
cholesterolemic action of L. edodes mushroom.
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