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Effect of Ginseng Saponins on Cholesterol Metabolism. IIL.D Effect of
Ginsenoside-Rb; on Cholesterol Synthesis in Rats fed on High-fat Diet
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Rats fed on high-fat diet showed. a higher level of cholesterol in liver and a lower
incorporation of 14C-acetate into liver cholesterol. The activity of HMG-CoA reductase,
which is a key enzyme in cholesterol biosynthesis, was repressed in those rats. Ginsenoside-
Rb, purified from Ginseng (the root of Panax ginseng C.A. MEYER) has been found to
reverse such effect of high-fat diet when administered on earlier days of feeding.
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In the previous paper Sakakibara ef al.V) reported the effect of five purified saponins of
Ginseng on cholesterol metabolism. Among those saponins, ginsenoside-Rb; most enhanced
the incorporation of *C-acetate into serum and liver cholesterol. The evidence suggests a
stimulation of cholesterol synthesis in ginsenoside-treated rats.

In the biosynthetic pathway of cholesterol, conversion of 3-hydroxy-3-methyl glutaryl
coenzyme A (HMG-CoA) into mevalonate is a rate-limiting step, which is catalyzed by HMG-
CoA reductase[mevalonate: NADP oxidoreductase (acylating CoA); EC 1.1.1.34]. TIkehara®
found an increased activity of HMG-CoA reductase in liver when rats were given 5 mg of
ginsenoside-Rb; per 100 g body weight, supporting the evidence described above.

The biosynthesis of cholesterol is known to be inhibited by the end product, cholesterol.
In the present study rats were fed on high-fat diet, and the effect of ginsenoside-Rb, on a
repressed synthesis of cholesterol in those rats has been investigated.

Experimental

Animals Male Wistar rats weighing 120—140 g were used. They were fed on high-fat diet for 1.5,
3.0, 4.5 or 6.0 weeks. The diet contained: raw proteins 25.0%, raw carbohydrates 53.15%, raw fats 15.0%,
minerals 5.0%,, vitamins 1.7% and choline chloride 0.15%. ,

Saponin Ginsenoside-Rb, was isolated and purified from Ginseng,® and proved to be pure by chemical
and physicochemical analysis. Five mg of ginsenoside-Rb; per 100 g body weight was injected into rats
intraperitoneally. The time of injection was scheduled between 8: 30 and 9: 30 a.m. and rats were killed
after 4 hr, unless otherwise indicated. . '

Assay of Cholesterol Total and free cholesterol in serum was determined by a modification® of
Zak’s method.® Liver cholesterol was determined by a modification of the method reported by Ichida,”
as described previously.?

Measurement of 14C incorporated into Liver Cholesterol Sodium acetate-1-*C (10 p.Ci per 100 g body
weight) was injected 90 min prior to sacrifice, 4.¢., 2.5 hr after the injection of saponin in the case of saponin-
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treated rats. Liver cholesterol was isolated as reported in the previous paper,? and assayed for the radio-
activity using a scintillation spectrometer (Beckman LS-100C).

Microsomal Protein Solution The preparation of liver microsomes for HMG-CoA reductase activity
was carried out by the method of Nicolau ef al.¥ Liver was homogenized in 8 volumes of a solution containing
0.3 M sucrose, 0.075M nicotinamide, 0.002M EDTA and 0.02M mercaptoethanol. Postmitochondrial super-
natant separated by centrifugation at 11000 X g for 15 min, was further spun at 100000 X g for 60 min. Micro-
somal pellet was washed once by centrifugation at 100000 X g for 60 min, and suspended in a small amount
of the solution described above. The protein concentration was measured according to the method of Lowry
et al.®

HMG-CoA Reductase Activity The method reported by Iijima ef al.1® was used with a slight modifica-
tion. The reaction mixture contained in 50 pl: 10 pmol of potassium phosphate buffer, pH 7.4, 3 umol of
EDTA, 3 ymol of glucose-6-phosphate, 0.3 ymol of NADP, 2 umol of dithiothreitol and 0.35 unit of glucose-
6-phosphate dehydrogenase. To 50 pl of this mixture, 20 ul of microsomal protein solution (enzyme solution)
was added and was preincubated at 37° for 5 min. Then 30 pl of a substrate solution containing 15.8 nmol
of HMG-CoA (pr-3-14C-HMG-CoA and unlabelled HMG-CoA, 1:1) was added. After incubation at 37°
for 15 min, the reaction was stopped by adding 20 pl of a mixture of 1M mevalonolactone and concentrated
HCI (1: 1), followed by centrifugation at 1600 x g for 15 min. An aliquot (10 pl) of the supernatant was
chromatographed on a silica-gel plate, using benzine and acetone (1:1). Mevalonolactone visualized with
iodine vapor was collected and assayed for radioactivity by a scintillation spectrometer (Aloka LSC-502). A
reaction mixture without microsomal protein solution was employed as control. The enzyme activity was
expressed as cpm/mg protein/15 min,

Chemicals 14C-Acetate (specific radioactivity: 58.8 mCi per mmol) was purchased from The Radio-
chemical Centre, Amersham, England and #C-HMG-CoA (specific radioactivity: 49.5 mCi per mmol) was
from New Eng]and Nuclear, Boston, Mass. U.S.A. Glucose-6-phosphate, NADP and glucose-6-phosphate
dehydrogenase were obtained from Boehringer Mannhelm '

Results

Cholesterol Metabolism in Rats fed on High-fat Diet

Figure 1 shows the gain in body weight of rats during the period of feeding on high-fat
diet (~6 weeks). No remarkable difference was observed from that of control rats fed on
regular diet containing 59, of fat.

The amount of cholesterol in serum and in liver of the rats fed on high-fat diet are shown
in Fig. 2 and 3. Both total and free cholesterol level in serum don’t seem to be affected so -
much by feeding on high-fat diet (Fig. 3). However, the amount of liver cholesterol, both
in total and in free, was found to be larger in rats on high-fat diet than the control.

Incorporation of *C-acetate into liver cholesterol was apparently reduced in the rats
fed on high-fat diet, as shown in Fig. 4. The findings indicate a feed-back inhibition for
cholesterol biosynthesis by exogenous cholesterol.

Supporting the repression in cholesterol synthesis, the activity of HMG-CoA reductase
in liver was observed to be extremely lowered in rats on high-fat diet (Fig. 5). For approxi-
mation of the experimental conditions physiological saline solution was injected intraperito-
neally into rats 2 hr before assaying the enzyme activity. Furthermore, the time of killing
rats was fixed at or about 1: 00 p.m. In control rats HMG-CoA reductase activity showed
no appreciable fluctuation throughout the period of experiment.

Effect of Ginsenoside-Rb, on Cholesterol Metabolism in Rats fed on High-fat Diet

Ginsenoside-Rb, was administered to rats fed on high-fat diet for various period of time
and its effect to improve the repressed metabolism of cholesterol was investigated. Table I
shows a reduction in the level of liver cholesterol by the treatment of ginsenoside-Rb,. The
same effect was previously observed by Sakakibara with normal rats. However, after
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6-week feeding on high-fat diet the saponin could not produce an elimination of liver choles-

terol. :

Fig. 6 illustrates the incorporation of **C-acetate into liver cholesterol in the experimental
rats with or without treatment of ginsenoside-Rb;. After 1.5—week feeding on high-fat
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Fig. 3. Liver Cholesterol Level of Rats
fed on Fat-diet
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Fig. 2. Serum Cholesterol Level of Rats
fed on Fat-diet
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Fig. 4. Incorpora,tidn of [1-1#C]-acetate
into Liver Cholesterol in Rats fed on
Fat-diet
Rats were fed on fat-diet (O) or on control-diet (@)

for indicated period, and were injected intraperitoneally
with [1—~C]-acetate at 90 minutes prior to sacrifice.
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Fig. 5. [Effect of High-fat Diet andof -~ Fig 6. Effect of Ginsenoside-Rb, on
Ginsenoside-Rb; on: HMG-CoA Re- . Incorporation of [1-%*C]-acetate into
ductase Activity in Liver : Liver Cholesterol in Rats fed on Fat-
Rats were fed on fat-diet (O, A)or on control-diet dlet
(@) for indicated period, andinjected intraperi- - :
toneally with either ginsenoside-Rb, (5 mg/100g A thh Rb,-treatment Rats were fed on fat- dlet
body weight) (A) or physiological saline solution for indicated period and killed at 4 hours after the
(O, @®). 2 hours prior to sacrifice. The values are injection of Rb,. : They were injected intraperiton-
the mean +standard error of 2—3 experiments, ex- . eally with [L—3C]-acetate at 90 minutes prior to
cept for the one from a single experiment indicated sacrifice. '(): without Rb,-treatment., Each value
by asterisk. is the mean of 2—6 experiments.
Tasre I.  Effect of Ginsenoside Rb, on Liver Cholesterol
~ Level in Rats fed on High-fat Diet
Liver cholesterol level
Period of /
feeding Total - ‘ ‘ . . Free
ke . o .
(rweeks) Rby(~)  Rb(+) (/=) Rby(—)  Rb(+) (4=
(mg/g liver) o U%) (mg/g liver) ‘ (%)
1.5 4,75+0.16 3.9940.25 84.0 1.5240.08 1.31+0.12 86.8
3.0 5.71+0.12 5.0540.27 87.8 0 1.69+0.14 1.2440.12 73.4
4.5 5.43+0.12 4.88+0.10 - 89.9 1.924+0.09 1.68+0.05 87.5
6.0 5.39+0.21 5.38+0.23 100.0 1.96£0.16 2.07+0.05 106.1

Values are the mean +standard error, calculated from those of 3—5 experiments, -

diet the enhancement of cholesterol biosynthesis by the ginsenoside was still detectable even
if by a reduced extent compared with that at the start of the experiment. However, feeding
for more than 3 weeks abolished the effect of the saponin.

The activity of HMG-CoA reductase in rats fed on high-fat diet was assayed after the
treatment with ginsenoside-Rb;. The rats were killed at 2 hr after injection of the saponin,
when the most increased activity of the enzyme was observed in the experiment with normal
rats.® Stimulation in HMG-CoA reductase by the treatment with the ginsenoside was seen af-
ter 1.5-week of the feeding whereas almost none was detected after 3 weeks (Fig. 5). The results
coinside with those obtained in the incorporation of 14C-acetate into liver cholesterol (F ig. 6)
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Discussion

It is well known that the activity of HMG-CoA reductase regulates the biosynthesis of
cholesterol. The stimulation in C-acetate incorporation into liver cholesterol by the treat-
ment with ginsenoside-Rb; has been found to be associated with the increase in HMG-CoA
reductase activity in the rats fed on high-fat diet, as observed in normal rats.»® A high-fat
diet produced an increase in the level of liver cholesterol and a repression in cholesterol synthe-
sis with a concomitant decrease in the activity of HMG-CoA reductase in liver. Ginsenoside-
Rb, could reverse these changes when administered in the earlier stage of exposure to high-
fat diet.

Since a feed-back inhibition by cholesterol for HMG-CoA reductase has been known,
the ginsenoside may act to increase the activity of this enzyme secondary to eliminating the
cholesterol in liver. As the period of high-fat feeding became longer beyond 3 weeks, choles-
terol synthesis seemed to recover gradually to the normal level (Fig. 4 and 6), and the effect
of ginsenoside-Rb, turned out undistinguishable (Fig. 6). Therefore, the feed-back regulation
on cholesterol synthesis is necessary to be intact for the appearance of the effect of the
ginsenoside. ‘

Yamamoto!? reported that a crude extract from Ginseng enhanced the excretion of
injected 4- #C-cholesterol into bile and feces. Ikehara® investigated the 24-hr excretion of
injected 4C-cholesterol into bile, using rats treated daily with 2 mg of ginsenoside-Rb, for
5 days. However, he detected no significant difference from that in normal rats.  In connec-
tion to this, Ikehara has obtained the evidence that the stimulative effect of the ginsenoside
on cholesterol synthesis is rather temporary and non-accumulative.® Therefore, to confirm
a stimulation by the ginsenoside on the degradative process of liver cholesterol to bile acids,
a short-term experiment should be desirable. The enzyme assay for cholesterol 7e-hydroxylase,
a key enzyme in cholesterol degradation, is one of the candidates under investigation.

According to Myant and Mitropoulos,!® HMG-CoA reductase and cholesterol 7«-hydrox-
ylase have been reported to show a correlative alteration in many cases. Administration of
ginsenoside-Rb, possibly increases the activity of the latter enzyme as did the former one.
The synthesis of bile acids was reported to increase by feeding dogs'® or rats'® on cholesterol-
rich diet. In those cases HMG-CoA reductase activity decreased,'s16' whereas the activity
of cholesterol 7a-hydroxylase was found to increase,'”~2 or not to change.?»?» Therefore,
both enzyme activities are not necessarily parallel.

Recently, Tormanen et al.29 have suggested the existence of another regulatory factor
than cholesterol, which inactivates HMG-CoA reductase. Furthermore, Srikantaiah et al.?t)
have pointed out the importance of NADPH/NADP+ ratio 4% vtvo in the control mechanism
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of cholesterol biosynthesis, considering from the K, value of a purified HMG-CoA reductase
to the cofactor, NADPH. It is of interest to investigate whether ginsenoside-Rb, affects
those factors to alter cholesterol metabolism. ,

Diurnal rhythm has been observed with the two key enzymes described above. They
are high in activity in the dark, and low in the light.?®-2" Since a similar diurnal changes
was reported in the level of corticosterone in circulation,?:2% Balasubramaniam ef 4.3 exam-
ined the relationship between the activities of the two enzymes and the amount of cortico-
sterone in blood plasma, using adrenectomized rats. They observed a peak of the former
a few hours later than that of the latter, and concluded that the diurnal rhythm in the activi-
ties of HMG-CoA reductase and cholesterol 7a-hydroxylase was induced by corticosterone.
Taking such diurnal rhythm into consideration rats were sacrificed at or about 1: 00 p.m.
in the present study. Undoubtedly it is a matter worthy to be studied whether the effect of
the ginsenoside on cholesterol metabolism is mediated by the secretion of adrenocortical
hormones.
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