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Abstract

Effect of ginseng saponins, major components of Korean red ginseng on human platelet
aggregation was studied. Among seven ginseng saponins, only ginsenoside Rg, had potent
anti-aggregatory action in vitro when platelets were stimulated with collagen and arachidonic

acid (AA).

in washed platelets was not affected by the addition of ginsenoside Rg,.

The conversion of exogenously added [*C]AA to ['*C]thromboxane B, (TXB.)

Ginsenoside Rg, in-

hibited 9,11-epithio-11,12-methano-TXA, (STA,)-induced platelet aggregation while the
specific binding of [*H]SQ29548 to human platelet was not affected. These results suggest
that ginsenoside Rg, might inhibit platelet aggregation most probably by the inpairment of

TXA,-mediated pathway at postreceptor sites.

Oral administration of 50 mg of ginsenoside

Rg, to healthy subjects significantly reduced platelet aggregation induced by collagen, AA

and STA,.

The present study indicates that ginsenoside Rg, has a potent anti-aggregatory

action both i vivo and in vitro, and therefore ginsenoside Rg, may be beneficial for the pre-
vention and the treatment of thrombotic cardiovascular disorders.

Key words
metabolism, TXA, receptor.

Korean red ginseng, ginseng saponin, platelet aggregation, arachidonic acid

Abbreviations AA, arachidonic acid ; cAMP, adenosine 3’, 5 -cyclic monophosphate ;

¢GMP, guanosine 3,5~ cyclic monophosphate

12 - HETE, 12 - hydroxyeicosatetraenoic

acid ; HHT, 12-hydroxyheptadecatrienoic acid ; HPLC, high performance liquid chromato-
graphy ; PGIl,-Na, prostacyclin-Na . PPP, platelet poor plasma . PRP, platelet rich plas-
ma , STA,, 9,11-epithio-11,12-methano-TXA, . TLC, thin layer chromatography . TXA,,

thromboxane A, . TXB,, thromboxane B,.

Introduction

Korean red ginseng (Panax ginseng C.A.
MEYER) has been widely used in Chinese medicine
for the treatment of various diseases including
disorders'®  The

structures of ginseng saponins, major components

thrombotic cardiovascular

of Korean red ginseng, have been intensively in-
vestigated and determined by Shibata and his co-
workers®™” (Fig. 1). It has been reported that
ginseng saponins had an anti-platelet aggregato-
ry effect in vitro?  However no detailed study

on anti-aggregatory effects of ginseng saponins
has been reported yet.

Recent studies on arachidonic acid (AA)
metabolism and platelet function indicate that
thromboxane A, (TXA,) is the most important
AA metabolite for platelet aggregation because
of its potent proaggregatory effect”” TXA, is
said to bind to its receptor on platelets and evoke
postreceptor events, which lead to platelet aggre-
gation?)

In order to get further insight into the anti-
aggregatory effect of ginseng saponins, we inves-
tigated the in vitro effect of ginseng saponins on
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Fig. 1 Structure of ginseng saponins.

the metabolism of AA to TXA, in platelets and
TXA,-mediated pathway which led to platelet
aggregation. Furthermore, a healthy volunteer
study was performed in order to determine the /»
vivo effect of ginseng saponins on human platelet

aggregation.
Materials and Methods

Chemicals . Arachidonic acid (99% pure, AA)
was purchased from Funakoshi Co., Ltd. (Tokyo,
Japan).
chemie (Munich, West Germany). Prostacyclin-
Na (PGI;-Na) and 9,11-epithio-11,12-methano-
TXA, (5TA,) was a generous gift from Ono
Pharmaceutical Co., Ltd. (Osaka, Japan).
[5.6-*H(N)]SQ29548 (40 Ci/mmol) and {1-*C]ara-
chidonic acid ([**C-AA]) (10 xCi/ml EtOH) was
purchased from New England Nuclear (Boston,
MA, US.A). SQ29548 was a gift from Squibb
Institute (Princeton, NJ, U.S.A)). Silica gel 60A
LK6D plates were obtained from Whatman Manu-
facturing Inc. (Clifton, NJ, U.S.A)). Other chemi-
cals were of special grade and purchased from
Wako Pure Chemical Industries Co., Ltd. (Osaka,
Japan).

Ginseng saponins (Rb;, Rb,, Rc, Rd, Re, Rg;
and Ro) used in this experiment were isolated

Collagen was purchased from Hormon-

from the Red Ginseng Root by the procedure of
Shibata and his co-workers.® These ginseng
saponins were kindly supplied from Japan Korea
Red Ginseng Co., Ltd. (Kobe, Japan) and Korea

Ginseng and Tobacco Research Institute (Dae-

jeon, Korea). The purities of these ginseng sap-
onins were greater than 98% based on the analy-
sis by high performance liquid chromatography
(HPLC).

Platelet aggregation . Citrated venous blood
was obtained from healthy volunteers who had
not taken any drugs for at least 2 weeks,
Platelet aggregation study was carried out
according to the method as previously reported.1 o
When the iz vitro effect of ginseng saponins was
investigated, platelet rich plasma (PRP) (3 X108/
ml) was incubated with various concentrations of
ginseng saponins in ethanol (final concentration
0.4%) for 3 min at 37°C and then stimulated by
an aggregant for 5 min using a 4 channel aggre-
gometer HEMA TRACER 1 (Nico Bioscience,
Tokyo, Japan). The change in light transmission
after the addition of aggregants was recorded as
a percent value to determine the maximal aggre-
gation.

Metabolism of exogenous [“*C ] arachidonic
acid by washed human platelets . Washed human
platelets (10°/ml) were prepared according to the
method as previously reported.w) Washed plate-
let suspensions were preincubated with various
concentrations of ginsenoside Rg, dissolved in
ethanol (final concentration 0.4%) for 3 min at
37°C and then further incubated with [“C]AA
(0.1 £Ci). The reaction was carried out for 5 min
at 37°C and terminated by the addition of 2 M ci-
The metabolites of [*C]AA were extrac-
ted by ice-cold ethylacetate and separated by

trate.

thin layer chromatography (TLC) as previously
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repored.w) The areas corresponding to AA,
TXB,, 12-hydroxyheptadecatrienoic acid (HHT)
and 12-hydroxyeicosatetraenoic acid (12-HETE)
were detected by autoradiography, scraped off
and counted in a liquid scintillation counter (LK B,
Rack g, Wallac, Turku, Finland).

Displacement of the specific [PH 15029548
binding to human platelets by ginsenoside Rg, and
STA, : Binding studies were performed as de-
scribed by Narumiya et al'” Washed human
platelets (10°/ml) were suspended in the suspen-
sion buffer (138 mm NaCl, 5 mMm MgCl,, 1 mM
EGTA, 25 mMm Tris-HCI, pH 7.5) and incubated
with 0.5 nM [*H]SQ29548 (0.004 xCi) at 37°C for 15
min in the presence of various concentrations of
Non-specific bind-
ing was obtained by displacing bound radioactiv-
ity with 5 uM SQ29548. The reaction was ter-
minated by centrifugation and the supernatant

ginsenoside Rg, and STA,.

was rapidly removed, and the pellet was washed 1
ml of the suspension buffer. The radioactivity in
the pellet was measured in a liquid scintillation
counter.

Measurement of basal levels of adenosine 3,
5’ -cyclic monophosphate (cAMP) and guanosine
3,8 -cyclic monophosphate (cGMP) in washed
human platelets - A washed platelet suspension
prepared as mentioned above was also used for
the determination of cAMP and cGMP contents
in washed platelets as previously reported.w) A
washed platelet suspension (10°/ml) was incubat-
ed with various concentrations of ginsenoside Rg;
in ethanol (final concentration 0.4%) and incubat-
ed at 30°C for 5 min. Then, precooled 0.1 N HCl
was added. After freezing and thawing 3 times,
the reaction mixture was centrifuged at 1800 X g
for 30 min at 4°C. Cyclic AMP and cGMP in the
supernatant fluid were succinylated quantitative-
ly and were then measured by use of commer-
cially available kits (Yamasa Shoyu Co., Ltd,
Chiba, Japan) according to the method of
Kunitada et al'”

Experimental design of healthy volunteer
study : Six healthy male subjects who had not
taken any drugs for at least 2 weeks were used in
the present experiment. Their mean age was 30

years (range 24—38). They had a mean body

weight of 61 kg. Consent was obtained from
individuals. The subjects ingested 50 mg of gin-
senoside Rg, after 12 hours fasting. Citrated
venous blood was obtained at the beginning of the
experiment and 3 hours after the administration.
PRP and plateler poor plasma (PPP) were pre-
pared and platelet aggregation study was carried
out as described above. The following aggre-
gants were used , 0.25, 0.5, 0.75 and 1.0 xg/ml of
collagen and 200, 300, 400, 500 and 600 M of AA
and 0.25, 0.5, 0.75 and 1.0 uM of STA,. Thresh-
old dose of an aggregant for platelet aggregation
was expressed by an observed value of the mini-
mum concentration of the aggregant that would
Threshold
dose of each aggregant was determined at the

induce more than 50% aggregation.

beginning of the experiment and a percent value
of platelet aggregation stimulated by the thresh-
old dose of an aggregant was recorded before and
after administration of ginsenoside Rg;.
Statistical of the
results obtained before and after the ingestion of

analysis . Comparisons

ginsenoside Rg, were made using the paired Stu-
dent’s ¢-test.
ing the non-paired Student’s /-test.

Other comparisons were made us-

Results

In vitro effect of ginseng saponins on human plate-
let aggregation

As shown in Fig. 2(a), ginsenoside Rg, dose-
dependently inhibited collagen-induced platelet
aggregation, while other ginseng saponins up to
500 M had no effect on collagen-induced platelet
aggregation (data not shown). As shown in Fig.
2(b), ginsenoside Rg, dose - dependently inhibit-
ed AA-induced platelet aggregation and aggrega-
tion was completely abolished at concentration
about 200 uM. On the other hand, other ginseng
saponins up to 500 xM had no effect on AA-in-
duced platelet aggregation (data not shown). As
shown in Fig. 2(c), ginsenoside Rg, dose-depen-
dently inhibited STA,-induced platelet aggrega-
tion, while other ginseng saponins up to 500 gM
had no effect on STA,-induced platelet aggrega-
tion (data not shown).
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Fig. 2 Effect of ginsenoside Rg, on platelet aggregation of PRP.
The platelets were preincubated with ginsenoside Rg, (the final concentration in yM for
each curve) for 3 min before the stimulation.

Table I

Effect of ginsenoside Rg, on the metabolism of exogenously

added [""C]JAA by washed human platelets.

187

500
250

125

Concentration of ginsenoside Rg; [“C]TXB, [“C]12-HETE
(M) (% of control) (% of control)

0 100.0+2.0 100.0+ 4.2

50 102.0+3.7 95.0+ 9.4

100 99.2+0.5 100.0+ 8.5

250 100.8+5.6 101.0+ 1.7

500 97.3£3.7 101.0x16.3

Washed platelets (10°/ml) were incubated with [*CJAA for 5 min in the presence or
absence of ginsenoside Rg;. After incubation, AA metabolites were extracted and
analyzed as described in Materials and Methods. Values are means=*S.D. obtained

from three experiments.

In vitro effect of ginsenoside Rg, on the metabo-
lism of exogenously added [“C]AA by washed
human platelets

As shown in Table 1, the i» vitro addition of
ginsenoside Rg, up to 500 xM had no significant
effect on the conversion of exogenously added
[4CJAA to both [**C]TXB, and [*“C]12-HETE.
Also the conversion to ['*C]-HHT did not change
by the addition of ginsenoside Rg; (data not
shown).
Effect of ginsenoside Rg, on the specific binding
of [PH]SQ29548 to washed human platelets

As shown in Fig. 3, ginsenoside Rg, did not
affect the specific binding of [*H]SQ29548 to
washed human platelets at concentrations be-
tween 107 M and 10~% M, while STA, displaced
[*H1SQ29548 binding in a concentration-depen-
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Fig. 3 Displacement of the specific [*H]SQ29548
binding by ginsenoside Rg, and STA,.
Each point represents the mean of three ex-

periments.
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Table II

Effect of ginsenoside Rg, on basal levels of cAMP

and ¢cGMP in washed human platelets.

Ginsenoside Rg, cAMP cGMP
(M) (pmol/10* platelets) (pmol/10¢ platelets)
0 7.0+0.23 0.93+0.07
100 7.1%£0.06 0.92%+0.16
250 7.3+0.49 0.84+0.04
500 7.7+1.01 0.79+ +0.08

Washed platelets (10°/ml) were incubated with various concentrations of ginseno-
side Rg, for 5 min. Assays were performed as described in Materials and Methods.
Values are means+S.D. obtained from three experiments.

dent manner at concentrations between 107° M
and 107% M.
In vitro effect of ginsenoside Rg, on basal levels of
CAMP and ¢GMP in washed human platelets

The basal levels of cAMP and ¢GMP in
washed human platelets was 7.0+0.23 and 0.93+
0.07 pmol/10° platelets (mean+S.D., N =3) respec-
tively. As shown in Table II, the in vitro addi-
tion of ginsenoside Rg, up to 500 M did not affect
basal levels of cAMP and cGMP in washed hu-
man platelets.
Effect of oval administration of ginsenoside Rg
on platelet aggregation in healthy subjects

Table Il shows the changes in platelet ag-
gregation before and after single oral administra-
tion of ginsenoside Rg;. Threshold doses of col-
lagen, AA and STA,, which were used in the
present study, were 0.6+£0.2 yg/ml (mean+S.D.),
500 + 180 uM, 0.8+ 0.2 uM, respectively. Plat-
elet aggregation induced by collagen, AA and
STA, were significantly reduced by oral admin-
istration of ginsenoside Rg,.

Table Il Effect of single oral administration
of ginsenoside Rg, on platelet aggregation.

Platelet aggregation (%)

Aggregant

before 3 hr
Collagen 5615 37+£20*
AA 65+11 19+30*
STA, 70+ 6 43+£21*

n=6, *p <0.05 (mean+S.D.).

Discussion

In the present experiment, the 7 vitro addi-
tion of ginsenoside Rg, inhibited platelet aggrega-
tion in PRP when stimulated by collagen and AA.
Similar results were obtained by Nakanishi ef
al'™® 1In contrast, other ginseng saponins had no
These
results indicate that among ginseng saponins

effect in inhibiting platelet aggregation.

which were used in this experiment, only Rg, has
anti-platelet aggregatory effect in vitro.

It is well known that TXA, is a major me-
tabolite of AA in platelets and has a potent pro-
aggregatory effect. TXA, is proposed to play
an important role in both collagen- and AA-in-
duced platelet aggregation.”‘lﬁ) Actually, plate-
let aggregation induced by these aggregants is re-
ported to be abolished by the inhibition of TXA,

4-17)

production ! Accordingly, we investigated
the in vitro effect of ginsenoside Rg, on the me-
tabolism of AA in platelets. An interesting find-
ing was that the conversion of exogenously add-
ed ["CJ]AA to [""C]TXB, and [**C]12-HETE
was not affected by the addition of ginsenoside
Rg,. This result indicates that ginsenoside Rg,
has virtually no effect on the metabolic pathway
from AA to TXA,.
that ginsenoside Rg, may inhibit platelet aggrega-
tion after TXA, is produced. Then the effect of

ginsenoside Rg, on aggregatory action of TXA,

Also it raises a possibility

was studied. As TXA, is a very unstable com-
pound and immediately metabolized to biologi-
cally inactive TXB,, STA., a stable analogue of
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STA,
is reported to bind TXA, receptor on platelet

TXA,, was used in the present study.

membrane and activate human platelets through
A nota-
ble finding is that the 7n wvitro addition of gin-

TXA, receptor-mediated pathway?'w

senoside Rg, dose-dependently inhibited platelet
aggregation induced by STA,. These results sug-
gest that ginsenoside Rg, might inhibit platelet
aggregation not by the inhibition of TXA, pro-
duction, but by the inhibition of the aggregatory
action of TXA..

TXA, is said to bind to its receptor on platelet
membrane and thereby induce platelet aggrega-
tion. Therefore the effect of ginsenoside Rg, on
the binding of TXA, to its receptor was studied.
TXA, receptor has been investigated using vari-
ous radioligands of TXA, agonists and antago-
In the present study [*H]SQ29548, a
specific TXA, receptor antagonist, was used as a
ligand”*"" The specific binding of [*H]S$Q29548
to human platelets was not affected by ginseno-

. 19.20)
nists.

side Rg, while it was dose-dependently displaced
by STA,.
Rg, may not impair the binding of TXA, to its

These results suggest that ginsenoside
receptor on platelet membrane. It raises a pos-
sibility that ginsenoside Rg, may inhibit TXA,-
induced platelet aggregation probably by impair-
ing postreceptor events.

Agents which increase cAMP and cGMP
levels in platelets have been described to inhibit
platelet aggregation?s'w So we investigated the
effect of ginsenoside Rg, on the basal levels of
cAMP and ¢cGMP in washed platelets. Ginseno-
side Rg, did not affect the basal levels of both
cAMP and cGMP. Therefore this possibility ap-
pears to be less likely.

These i/n vitro studies demonstrated that gin-
senoside Rg, inhibited collagen- or AA-induced
platelet aggregation and this anti- aggregatory
effect of ginsenoside Rg, might be ascribed to the
impairment of TXA,-mediated pathway at post-
receptor events, though further study is required.

Then we performed healthy volunteer study in
order to clarify whether ginsenoside Rg, also had
Fifty
mg of ginsenoside Rg, was orally administered to

an anti-platelet aggregatory effect in vivo.

6 healthy subjects. We previously reported that

single oral administration of crude saponins of
Korean red ginseng reduced platelet aggregation
after 3 hours of ingestion.w Accordingly in the
present study, platelet aggregation was deter-
A notable find-

ing is that single oral administration of ginseno-

mined after 3 hours of ingestion.

side Rg, significantly decreased platelet aggrega-
tion induced by collagen, AA and STA,. These
results indicate that ginsenoside Rg, has an anti-
platelet aggregatory effect not only in vitro but
also in vivo.

In conclusion, the present study demonstrated
that ginsenoside Rg, has an anti-platelet aggre-
These
results raise a possibility that ginsenoside Rg,

gatory effect both in vitro and in vivo.

may be beneficial for the prevention and the
treatment of cardiovascular thrombotic disorders.
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