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Abstract—The effects of various ginseng saponins isolated from red ginseng roots, on aggregation and 5-
hydroxytryptamine release (5-HT) human platelets have been investigated. Among the six saponins tested,
only ginsenoside Rg, inhibited adrenaline- and thrombin-induced platelet aggregation and 5-HT release
dose-dependently, at concentrations of 5 to 500 ug mL-!. Ginsenoside Rg, had no effect on adrenaline- and
thrombin-induced arachidonic acid release and diacylglycerol production. But it did reduce the elevation of
cytosolic free calcium concentration (Ca?*)i shown in the second phase induced by adrenaline and
thrombin, at concentrations of 10 to 500 ug mL-!. Those data suggest that the inhibitory effects of
ginsenoside Rg, on 5-HT release from, and aggregation of, platelets might be due to the reduction of (Ca2*)i
elevation at the second phase induced by adrenaline and thrombin. The results suggest that ginsenoside Rg,
in red ginseng roots may be active as a drug in the treatment of artheroscleorosis and thrombosis.

The roots of red ginseng (Panax ginseng C. A. Meyer) have
long been used for the treatment of various diseases includ-
ing diabetes mellitus, thrombosis, hyperlipemia and arther-
iosclerosis. The chemical structures of ginseng saponins
including red ginseng roots have been investigated by
Shibata et al (Nagai et al 1971; Sanada et al 1974a,b; Sanada
& Shoji 1978; Yahara et al 1979). The extract of red ginseng
roots has been reported to prevent the decrease of blood
platelet and serum fibrinogen, and to increase serum fibrin
degradation products (FDP) in disseminated intravascular
coagulation (DIC)-rats induced by endotoxin (Kubo et al
1982). Furthermore, ginsenoside Rg; (1 mM) has been found
to inhibit the formation of thromboxane B,, but it did not
inhibit the formation of prostacyclin induced by ADP in a
reaction mixture of platelets and aorta rings (Sekiya &
Okuda 1982). When platelets are activated by various
stimuli, such as, adrenaline, thrombin, and ADP, aggrega-
tion, 5-HT release, arachidonic acid release, diacylglycerol
production and an elevation of (Ca?*)i are caused (Imai et al
1982; Kajikawa et al 1983; Connolly & Limbird 1983; Sweatt
et al 1985; 1986).

The present investigation describes the effects of various
ginseng saponins on 5-HT release and aggregation induced
by adrenaline and thrombin in washed human platelets.
Furthermore, the (Ca?*)i movements, arachidonic acid
release and diacylglycerol production in the cells have been
investigated to clarify the mechanisms of actions of ginseng
saponins on platelet aggregation and 5-HT release in human
washed platelets.

Materials and Methods

[5,6,8,9,11,12,14,15-*H) Arachidonic acid (100-0 Ci mmol ')
and [1,2-H] 5-hydroxytryptamine (5-HT) binoxalate (29-7
Ci mmol-!) were purchased from New England Nuclear.

Correspondence to: Y. Kimura, Second Department of Medical

Biochemistry, School of Medicine, Ehime University, Shigenobu-
cho, Onsen-gun, Ehime 791-02, Japan.

Bovine serum albumin (BSA, fraction V) was obtained from
Wako Pure Chemical Co. (Tokyo, Japan) and adrenaline
from Daiichi Pharm. Co. (Tokyo, Japan). Bovine fibrinogen,
human thrombin and imipramine were purchased from
Sigma Chemical Co. (USA). Fura 2-acetoxymethyl ester
(fura 2-AM) as a calcium indicator was obtained from
Dojindo Lab. Precoated silica gel 60 TLC plastic sheets were
from Merck Co. (Germany). Other chemicals were of reagent
grade. Ginseng saponins (ginsenosides Rb;, Rb,, Rc, Rd, Re
and Rg,) were isolated from the red ginseng root by the
procedure of Shibata et al (Nagai et al 1971; Sanada et al
1974a.b; Yahara et al 1979) (Fig. 1).

Preparation of human platelets

Human platelets were obtained from male donors who had
not taken aspirin for 10 days. Whole blood obtained by
venipuncture was collected in tubes with 1/10 volume of
sodium citrate (3:8%), w/v) as the anticoagulant. Platelet-rich
plasma (PRP) was isolated from the other blood components
by centrifugation for 15 min at 150 g. The PRP fraction was
further centrifuged at 1500 g for 10 min at 4°C. The isolated
platelets were washed twice with Tyrode-Hepes solution
(mm) NaCl 137, KC12-7, MgCl, 1-0, NaH,PO, 0-4, NaHCO;
1149, glucose 5-5, Hepes 25) containing 0:35% bovine serum
albumin and 2 mm EDTA (pH 7-4) and then suspended in the
same medium containing 0-35% bovine serum albumin and
1 mMm CaCl..

Measurement of human platelet aggregation induced by
adrenaline and thrombin

Human platelet suspensions (2 x 10® cells) were added to
cuvettes in a NBS HEMA Aggregometer (Niko Bioscience,
Inc.) and warmed to 37°C with stirring at 1000 rev min~%
Fibrinogen, at a final concentration of 0-3 mg mL !, was also
added as it was required for the adrenaline-induced aggrega-
tion (having been removed by the platelet isolation pro-
cedure). Platelets were preincubated with the indicated
amounts of various ginseng saponins for 2 min at 37°C, and
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ig. 1. The structures of various ginsengzsaponins.

(A) 20(S)-Protopanaxadiol: R!'=R?’=H: Ginsenoside Rb:
R!=glucose 2—1 glucose, R?=glucose 6—1 glucose; ginsenoside
Rb: R!=glucose 2—1 glucose, R?=glucose 6—1 arabinose(pry);
ginsenoside Re: R' = glucose 2—1 glucose, R? = glucose 6—1 arabi-
pose(fur); ginsenoside Rd: R! =glucose 2—1 glucose, R?=glucose.

(B) 20(S)-Protopanaxatriol:  R!'=RZ=H: Ginsenoside Re:
R'=glucose 2—1 rhamnose, RZ=glucose; ginsenoside Rg:
R!=R?=glucose

then adrenaline 10 uM, or thrombin 0-1 umL ', was added to
the cuvette, and aggregation was monitored for 5 min.
Platelet aggregation was measured as an increase in light
transmission through the sample.

Measurement of [PH]5-HT release from human platelets

To measure platelet [*H]5-HT secretion, platelet-rich plasma
was incubated for 30 min at 32°C with [*H]5-HT at a final
concentration of 7 nM. After the incubation period, the
platelets were washed twice with the Tyrode-Hepes solution
containing 0-35% bovine serum albumin and 2 mM EDTA
(pH 7-4). In experiments in which release of [*H]}5-HT was to
be measured, imipramine 10uM was included in the suspend-
ing medium (Tyrode-Hepes solution containing 0-35%
Jbovine serum albumin and 1 mM CaCl,) to prevent reuptake
.of PH]5-HT. Human platelets (2 x 10? cells) were preincu-
bated with the indicated amounts of ginsenoside Rg, for 2
min at 37°C. Then, thrombin (0:1 u mL-!) was added in a
final volume of 0-5 mL and the mixture was incubated for
1 min and 2 min at 37°C with stirring. To measure adrenaline
induced [*H]5-HT release, human platelets (2 x 10® cells)
were preincubated with the indicated amounts of ginsenoside
Rg, for 2 min at 37°C and further incubated with the
fibrinogen (0-3 mg mL-!) for 30 s. Then, adrenaline 10 uM
was added and the mixture incubated for 1 and 2 minin a
final volume of 0-5 mL. The reaction mixture cooled to 4°C
immediately, was mixed with formaldehyde (50 uL, final
concn 1:5%) to stop the release reaction and to prevent any
reuptake of [PH]5-HT (Costa & Murphy 1975). After
centrifugation for 10 min at 1250g and 4°C, aliquots (200 uL.)
of the clear platelet-free supernatants were counted in a
Packard Liquid Scintillation counter. Total [*H]5-HT con-
tents in the cell suspension were determined in the presence of
0-1% Triton X-100.

Measurement of arachidonic acid release

Arachidonic acid labelling of platelets was accomplished by
incubating platelet-rich plasma with 1 zCi mL-! of [*H)z ra-
chidonic acid for 30 min at 37°C. The platelets were
resuspended to a final concentration of 4-3 x 108 cells mL-!.
To measure adrenaline-induced [*H] arachidonic acid
release, human platelets (2 x 10® cells) were preincubated
with the indicated amounts of ginsenoside Rg, for 2 min at
37°C and further incubated with the fibrinogen (0-3 mg mL)
for 30 s. Then, 10 uM adrenaline was added and the mixture
incubated for 2 min in a final volume of 0-5 mL with stirring

at 1000 rev min~'. The reaction mixture were terminated by
adding 0-5 M formic acid, and centrifuging for 10 min at 4°C
and 1250 g. Then a 450 uL aliquot of the supernatant was
poured into 4 mL of ethylacetate and extracted. The ethyl
acetate layer was removed under a nitrogen gas stream. The
residue was dissolved in a small amount of ethyl acetate (40
uL), applied to precoated silica gel 60 TLC and developed
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FiG. 2. a. Effects of ginsenoside Rg; on adrenaline-induced platelet
aggregation. C, fibrinogen (0-3 mg mL~') adrenaline(10 um); 1,
ginsenoside Rg; 500; 2, RFI 250; 3, Rg; 100; 4, Rg; 50; 5, Rg; 25; 6,
Rg 10; 7, Rg; S pg mL .

b. Effects of ginsenoside Rg, on thrombin-induced platelet
aggregation. C, thrombin (0-1 u mL~"') alone; 1, ginsenoside Rg;
500; 2, Rg, 100; 3, Rg, 10;4, Rg; S ug mL—".

c. Effects of ginsenoside Rd on adrenaline-induced platelet
aggregation. C, fibrinogen (0-3 mg mL ~') plus adrenaline (10 um); I,
ginsenoside Rd 500; 2, Rd 250; 3, Rd 100 ug mL~".



840 Y. KIMURA ET AL

-—
1

[3H] 5-HT release (cpm x 107372 x 108cen1sy @

(-]
-
{

0 5 10 50 100 250 500
Ginsenoside Rg; (g al™h

b

52

oL Ly, 1 1 1 1 1
0 5 10 50 100 250 500

[3H] 5-HT release (cpm x 107372 x 10%cells)
F-3
T

Ginsenoside Rg; (pg L h

F1G. 3. a. Effects of ginsenoside Rg; on adrenaline-induced [*H]SHT release from human platelets. The incubation time
was 2 min at 37°C with stirring at 1000 rev min~'. The other conditions were described in *“Materials and Methods™
section. O, fibrinogen(0-3 mg mL~") alone; ®, fibrinogen plus 10 uM adrenaline. Values are means+s.e. for 4
experiments. Significance of difference from fibrinogen plus adrenaline; *P < 0-05, %P <0-01.

b. Effects of ginsenoside Rg; on thrombin-induced [*H]5-HT release from human platelets. The incubation times
were | min( @) and 2 min(®), respectively. The other conditions were described in **“Materials and Methods” section.
©0, without thrombin; ¢®, thrombin (0-1 u mL~!). Values are means+s.e. for 4 experiments. Significance of

difference from thrombin alone; *P <0-05, % <0-01.

with light petroleum (bp 40-60°C)-ether-acetic acid
(50:50:1, v/v) together with an authentic sample of arachido-
nic acid. The radioactive spot corresponding to arachidonic
acid was detected by I, staining, and the amount of free
[*H]arachidonic acid was quantitated by scintillation count-
ing. Assay of thrombin (0-1 u mL-")-induced [*H]arachido-
nic acid release was also performed using the above condi-
tions in the absence of fibrinogen.

Measurement of diacyciglycerol production

In experiments where diacylglycerol production was mea-
sured, incubation of [*H]arachidonic acid-labelled platelets
was terminated by the addition of 3 volumes of chloroform-
methanol (1:2, v/v). Platelet lipids were extracted by the
method of Schacht (1981) and dried under vacuum. Diacyl-
glycerol was separated from other lipids using the precoated
silica gel 60 TLC by the method of Calderon et al (1979), the
diacylglycerol was detected by I, staining, identified by
comparison to diolein standard, and the amount of [*H]ara-
chidonic acid-labelled diacylglycerol was determined by
scintillation counting.

Measurement of cytosolic free calcium concentration

(Ca** )i induced by adrenaline and thrombin in human
platelets

To load fura 2 into the platelets, fura 2-AM 3um was added
to the platelet-rich plasma and incubated at 37°C for 30 min
with gentle agitation in a water bath. The permeable
acetoxymethyl ester of fura 2 is hydrolysed by cellular
esterases on entering the cell and the fura 2 so formed is
relatively impermeable and becomes trapped in the cyto-
plasm. After the incubation period, the reaction mixture was

centrifuged at 1250 g to remove the plasma containing fura 2-
AM solution. Then, the cells were washed twice with Tyrode-
Hepes solution containing 0-35% bovine serum albumin and
2 mm EDTA (pH 7-4) and suspended in Tyrode-Hepes
solution containing 0:35% bovine serum albumin and 1 mM
CaCl, (pH 7-4). The assay of (Ca®*)i induced by adrenaline
and thrombin was carried out by the same methods described
for platelet aggregation. The fura 2-Ca fluorescence was
measured using a fluorimeter (JACO CAF-100, Ca’* Ana-
lyzer) with a fluorescence rate (short/long wavelengths) of
dual excitation at 340 and 380 nm and emission at 500 nm.

Results

Effects of various ginseng saponins on adrenaline- and throm-
bin-induced aggregation in human washed platelets

As shown in Fig. 2a, b, of the six ginseng saponins used,
ginsenoside Rg, was found to inhibit dose-dependently both
adrenaline- and thrombin-induced platelet aggregation at
concentrations of 5 to 500 ug mL-', Ginsenoside Rd also
inhibited adrenaline-induced platelet aggregation at concen-
trations of 100 to 500 ug mL-' (Fig. 2¢), and inhibited
thrombin-induced aggregation at a concentration of 500 ug
mL !, though less strongly (data not shown). Other ginseng
saponins, such as, ginsenoside Rb,, Rb,, Rc and Re inhibited
neither adrenaline- nor thrombin-induced platelet aggrega-
tion (data not shown).

Effects of ginsenoside Rg, on adrenaline- and thrombin-
induced [*H]5-HT release from human platelets

Among the six ginseng saponins, ginsenoside Rg, strongly
inhibited both adrenaline- and thrombin-induced platelet
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FiG. 4. a. Effects of adrenaline and thrombin on cytosolic free calcium concentration (Ca*)i in human platelets.
Human platelets were incubated wtih Tyrode-Hepes solution (pH 7-4) in the absence of 0-35% bovine serum albumin.

b. Effects of fibrinogen on adrenaline-induced aggregation and (Ca*)i in human platelets. Washed human platelets
suspended in Tyrode-Hepes containing 1 mm CaCl; and 0-35% bovine serum albumin were incubated with the various
concentrations of fibrinogen and 10 uM adrenaline. The other conditions were described in **Materials and Methods™
section. 1, fibrinogen 0; 2, fibrinogen 50; 3. fibrinogen 200; 4, fibrinogen 400; 5, fibrinogen 600 ug mL~".

aggregation. Therefore, we investigated the effects of ginse-
noside Rg, on [*H]5-HT release induced adrenaline and
thrombin. As shown in Fig. 3, ginsenoside Rg, inhibited the
FH]5-HT release induced by adrenaline and thrombin.

Effects of ginsenoside Rg, on arachidonic acid release and
diacylglycerol production in [*H Jarachidonic acid-labelled
Platelets

Adrenaline and thrombin caused the arachidonic acid release
and diacylglycerol production in [’H] arachidonic acid-

labelled platelets. The basal values of arachidonic acid
release and diacylglycerol production were 25104120
counts min—' and 83-7+4-67 dmin~! per 108 cells, respect-
ively. And the values of arachidonic acid release and
diacylglycerol production induced by adrenaline (10uM) and
fibrinogen (0-3 mg mL~') were increased to 49704185
counts min~! and 125:6+9-81 dmin~"' per 108 cells, respect-
ively. Following thrombin (0-1 u mL-'), the values of
arachidonic acid release and diacylglycerol production were
increased 5120+ 450 counts min~! and 126-8 +4-30 dmin~!
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FiG. 5. (a) Effects of ginsenoside Rg; (b) ginsenoside Rd on
adrenaline-induced (Ca?*)i in human platelets. a. C, fibrinogen (03
mg mL~!) plus 10 uM adrenaline 1, ginsenoside Rg, 500; 2, Rg, 250;
3, Rg,100; 4, Rg, 50; 5, Rg; 25; 6, Rg; 10; 7, Rg; 5 uyg mL~".

b. Effects of ginsenoside Rd on adrenaline-induced (Ca?*)i in
huinaln platelets. b. 1, ginsenoside Rd 500; 2, Rd 250; 3, Rd 100 ug
mL~1

per 108 cells, respectively. Ginsenoside Rg; had no effect on
arachidonic acid release and diacylglycerol production
induced by adrenaline and thrombin in [*H]arachidonic acid-
labelled platelets (data not shown).

Effects of ginsenosides Rd and Rg, on cytosolic free calcium
concentration (Ca’* )i induced by adrenaline or thrombin

As shown in Fig. 4a, adrenaline and thrombin caused a rapid
rise of (Ca?*)i in platelets suspended in Tyrode-Hepes
solution (pH 7-4) containing 1 mm CaCl,. The adrenaline
caused two phases of (Ca’*)i elevation in the presence of
0-35% bovine serum albumin and fibrinogen (0-3 mg mL-").
Adrenaline-induced platelet aggregation, which is dependent
on fibrinogen content, was closely associated with the second
phase of (Ca?*)i elevation (Fig. 4b). The ginsenoside Rg,
dose-dependently inhibited both platelet aggregation (Fig.
2a) and the second phase of (Ca’*)i elevation induced by
adrenaline (Fig. 5a). Ginsenoside Rd also induced the second
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FiG. 6. Effects of ginsenoside Rg; on thrombin-induced (Ca;. )i in
human platelets. C, thrombin (0-1 umL ~') alone; 1, ginsenoside Rg,
500; 2, Rg; 100; 3, Rg, 10; 4, Rg; 5 ug mL~1.

phase of (Ca*)i elevation induced by adrenaline (Fig. Sb),
Thrombin also caused both phases of (Ca’*)i elevation in the
presence of 0-35% bovine serum albumin without fibrinoge,
(Fig. 6). In contrast to adrenaline, ginsenoside Rg;, dose.
dependently inhibited both phases of (Ca?*)i elevation
induced by thrombin (Fig. 6).

Discussion

The present investigation has demonstrated that varioys
ginseng saponins (especially, ginsenoside Rg,) isolated from
red ginseng roots affect aggregation, 5-HT secretion, arachi-
donic acid release, diacylglycerol production and the move-
ments of cytosolic free calcium concentration induced by
adrenaline and thrombin. Adrenaline, 10uM, caused platelet
aggregation and 5-HT release in the presence of fibrinogen
(0-3 mg mL-") (Figs 2a, 3), but not in its absence (data not
shown). On the other hand, thrombin (0-1 u mL~!') caused
platelet aggregation and 5-HT release in the absence of
fibrinogen. Connolly & Limbird (1983) reported that adrena-
line (10 uMm)-, ADP (5 um)- and thrombin- (0-004 u mL )
induced aggregation, and 5-HT release were inhibited by a
cyclo-oxygenase inhibitor, indomethacin, and a Na*-free
medium. In contrast, they reported that platelet aggregation
induced by a high concentration of thrombin (0-1 u mL "),
and S5-HT release were not inhibited by indomethacin
(Connolly & Limbird 1983). We also found that indometha-
cin did not inhibit platelet aggregation and that 5-HT release
was induced by a high concentration of thrombin (0-1 u
mL~") (data not shown). Therefore, Connolly & Limbird
suggested that platelet aggregation and 5-HT release induced
by adrenaline, ADP, and a low concentration of thrombin,
were mediated by cyclo-oxygenase products. Platelet aggre-
gation is induced by a wide variety of stimuli. One of the
mechanisms is mediated by thromboxane A, synthesized
from membrane-liberated arachidonic acid via the cyclo-
oxygenase pathway (Hamberg & Samuelsson 1975).

Among the six ginseng saponins we used, ginsenoside Rg,
strongly inhibited platelet aggregation and 5-HT release
induced by adrenaline (in the presence of fibrinogen) and
thrombin (in the absence of fibrinogen), while it had no effect
on arachidonic acid release from the platelet membrance and
diacylglycerol production induced by adrenaline and throm-
bin. These findings suggest that the inhibition of platelet
aggregation and 5-HT release by ginsenoside Rg, cannot be
explained by inhibition of arachidonate metabolite forma-
tion. Furthermore, Yamamoto et al (1987) reported that
ginsenoside Rg, inhibited arachidonic acid- and a thrombox-
ane A, agonist STA-induced platelet aggregation, but it had
no effect on the formation of thromboxane A, from exoge-
nous [1-"CJarachidonic acid. Therefore, they suggested that
the inhibitory actions of ginsenoside Rg, on platelet aggrega-
tion may be caused via the thromboxane A, receptor rather
than the inhibition of thromboxane A, formation in human
platelets.

To clarify the inhibitory mechanisms of ginsenoside Rgi
on platelet aggregation and 5-HT release induced by adrena-
line and thrombin, we then studied the effects of ginsenoside
Rg, on (Ca?*)i movements induced by adrenaline and
thrombin. When the fura 2-loaded platelets, suspended in
Tyrode-Hepes containing 0-35% bovine serum albumin and
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1 mMm CaCl,, were stimulated by adrenaline (10 um) plus
gibrinogen (0-3 mg mL-") or 0-1 u mL~" of thrombin alone,
both phases of (Ca?*)i elevation were shown. It seems likely
that the first phase might be due to calcium mobilization
from calcium pools, while the second phase might be due to
Ca?* influx from the extracellular medium, since that phase
was reduced by addition of EGTA while the first phase was
not. It is generally thought that, in many cells, (Ca2*)i
elevation is the trigger for secretory excytosis. Although
calcium is regarded as the final common activator for the
secretion, shape-change and aggregation of blood platelets
(Detwiler et al 1978), some investigators consider that
platelet aggregation and secretion are independent of (Ca?*)i
elevation (Rink et al 1982, 1983). Therefore, the contribution
of (Ca?*)i to platelet aggregation and secretion remains to be
elucidated. However, the present study demonstrates that
platelet aggregation induced by adrenaline or thrombin is
associated with (Ca?*)i elevation of the second phase. This
finding suggests that aggregation induced by these agents
might be due to (Ca?*)i elevation through Ca’* influx from
extracellular medium. Furthermore, it has been reported that
extracellular Ca2* are required for platelet aggregation and
5-HT secretion in response to ADP or adrenaline (Bennett &
Vilaire 1979; Gogstad et al 1982; Brass & Shatti 1984; Sweatt
et al 1985). The present investigation also demonstrates that
adrenaline-induced aggregation and 5-HT release are not
found in the absence of fibrinogen which suggests a critical
role of fibrinogen in the platelet aggregation induced by
adrenaline.

In the present experiments, both ginsenosides Rg, and Rd
inhibited the second phase of (Ca2+)i elevation induced by
adrenaline, while ginsenoside Rg; also inhibited both phases
of (Ca?*)i elevation induced by thrombin.

From these results, it seems likely that the inhibitory
actions of ginsenoside Rg; on platelet aggregation and 5-HT
release might be due to inhibition of the (Ca’*)i elevation
induced by adrenaline and thrombin. Recently, it has been
reported that ginsenoside Rg; inhibits the platelet aggrega-
tion induced by adrenaline, ADP, thrombin and collagen in
the human platelet-rich plasma (PRP) system, and that the
enhancement of platelet aggregation induced by adrenaline,
ADP and thrombin in PRP of diabetic is reduced by
ginsenoside Rg, taken orally Nakanishi et al (1983). Further-
more, Odani et al (1983) reported that the amount of
ginsenoside Rg; absorbed after oral administration seemed
to be in the range of 1:9—20-0% of the dose. This, suggests
that ginsenoside Rg, in red ginseng roots may be active as a
drug in the treatment of atheroscleorosis and thrombosis.
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