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INTRODUCTION

Platelet aggregation is essential for normal haemo-
static process when blood vessels are injured. However, 
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In this study, we have investigated the effects of total saponin from Korean red ginseng (TSKRG) on thrombin-induced 
platelet aggregation. TSKRG dose-dependently inhibited thrombin-induced platelet aggregation with IC50 value of about 81.1 
μg/mL. In addition, TSKRG dose-dependently decreased thrombin-elevated the level of cytosolic-free Ca2+ ([Ca2+]i), one 
of aggregation-inducing molecules. Of two Ca2+-antagonistic cyclic nucleotides as aggregation-inhibiting molecules, cyclic 
adenosine monophosphate (cAMP) and cyclic guanosine monophosphate (cGMP), TSKRG significantly dose-dependently 
elevated intracellular level of cAMP, but not cGMP. In addition, TSKRG dose-dependently inhibited thrombin-elevated adenosine 
triphosphate (ATP) release from platelets. These results suggest that the suppression of [Ca2+]i elevation, and of ATP release by 
TSKRG are associated with upregulation of cAMP. TSKRG elevated the phosphorylation of vasodilator-stimulated phosphoprotein 
(VASP)-Ser157, a cAMP-dependent protein kinase (A-kinase) substrate, but not the phosphorylation of VASP-Ser239, a cGMP-
dependent protein kinase substrate, in thrombin-activated platelets. We demonstrate that TSKRG involves in increase of cAMP level 
and subsequent elevation of VASP-Ser157 phosphorylation through A-kinase activation to inhibit [Ca2+]i mobilization and ATP release 
in thrombin-induced platelet aggregation. These results strongly indicate that TSKRG is a beneficial herbal substance elevating 
cAMP level in thrombin-platelet interaction, which may result in preventing of platelet aggregation-mediated thrombotic diseases. 
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it can also cause cardiovascular disease such as thrombo-
sis, atherosclerosis and myocardial infarction [1]. Hence, 

†Present address: Graduate School of Life and Environmental Science, 
University of Tsukuba, Tsukuba 305-8577, Japan



177

Lee et al.   Antiplatelet effect of total saponin via cAMP-dependent VASP-Ser157 phosphorylation  

http://ginsengres.org

inhibition of platelet aggregation might be a promising 
target to the development of anti-thrombotic drugs and 
an approach for the prevention of cardiovascular disease. 
When platelets are activated by agonists such as collagen, 
thrombin, and adenosine diphosphate, phosphatidylinosi-
tol 4, 5-bisphosphate (PIP2) is broken down by phospho-
lipase C which is activated through G-protein coupled 
receptor or glycoprotein VI. At this time, diacylglycerol 
and inositol-1,4,5-trisphosphate (IP3) are generated from 
PIP2 [2,3]. IP3 mobilizes Ca2+ from dense tubular system 
into cytoplasm. Ca2+/calmodulin complex activates myo-
sin light chain kinase, which in turn phosphorylates the 
myosin light chain to activate platelets [4,5]. On the other 
hand, both intracellular cyclic adenosine monophosphate 
(cAMP) and cyclic guanosine monophosphate (cGMP) 
as anti-platelet regulators decrease the cytosolic-free 
Ca2+ ([Ca2+]i), an essential factor for platelet aggregation. 
Therefore, inhibition of [Ca2+]i or increase of cAMP and 
cGMP is very useful to evaluate an antiplatelet effect of 
any substance or compound. It is known that the effects 
of cAMP and cGMP in platelets are mediated via cAMP- 
and cGMP-dependent protein kinases (A-kinase and G-
kinase), which phosphorylate substrate protein IP3 recep-
tor and vasodilator-stimulated phosphoprotein (VASP) 
[6-8]. IP3 receptor phosphorylation involves in inhibition 
of [Ca2+]i mobilization [9,10], and VASP phosphorylation 
involves in inhibition of VASP affinity for contractile 
protein filamentous actin [11] to inhibit platelet aggrega-
tion. VASP is composed of 46 kDa-dephosphoprotein 
and 50 kDa-phosphoprotein [7]. If VASP is phosphory-
lated by A-kinase or G-kinase, phosphorylation of VASP 
(p-VASP) shifts from 46 kDa-dephosphoprotein to 50 
kDa-phosphoprotein [6,7]. Ser157 at 50 kDa of VASP is 
phosphrylated by cAMP/A-kinase pathway, on the other 
hand, Ser239 at 50 kDa of VASP is phosphorylated by 
cGMP/G-kinase pathway [12,13]. Therefore, phosphory-
lations of Ser157 or Ser239 at 50 kDa of VASP are useful 
indicators for monitoring cAMP/A-kinase and cGMP/G-
kinase pathways.

Ginseng, the root of Panax ginseng Meyer, has been 
used frequently in traditional oriental medicine, and is 
known to have various pharmacological activities such 
as anti-inflammatory action, anti-oxidation, antitumor, 
anti-diabetes, and anti-hepatotoxicity [14,15]. In recent, it 
is reported that Korean red ginseng has an effect on car-
diovascular disease, which is characterized with regard 
to reduction of blood pressure and arterial stiffness by in-
hibition of Rho kinase [16], anti-coagulation by prolong 
of prothrombin time and activated partial thromboplastin 
time [17], endothelium relaxation by nitric oxide-cGMP 

pathway [18], and inhibition of hypercholesterolemia-
induced platelet aggregation [19]. In our previous report, 
we demonstrated that total saponin from Korean red gin-
seng (TSKRG) is a beneficial traditional oriental medi-
cine in platelet-mediated thrombotic disease via suppres-
sion of cyclooxygenase-1 (COX-1) and TXA2 synthase 
(TXAS) to inhibit production of TXA2 [20]. As described 
above, since TXA2 is produced when [Ca2+]i level is 
increased by agonists, TSKRG that decreases TXA2 
production must decline [Ca2+]i level to have antiplatelet 
effect. In this study, we investigated whether TSKRG 
reduces thrombin-elevated [Ca2+]i level, increases Ca2+-
antagonistic cAMP and cGMP level, stimulates the p-
VASP, and inhibits the release of ATP, a cAMP precursor, 
to evaluate antiplatelet effect of TSKRG.

MATERIALS AND METHODS

Materials
TSKRG was obtained from R&D Headquarter, Korea 

Ginseng Corporation (Daejeon, Korea). Thrombin was 
purchased from Chrono-Log Corporation (Havertown, 
PA, USA). cAMP and cGMP enzyme immunoassay 
(EIA) kits were purchased from GE Healthcare (Buck-
inghamshire, UK). Fura 2-AM, and other reagents were 
obtained from Sigma Chemical Co. (St. Louis, MO, 
USA). ATP assay kit is purchased from Biomedical Re-
search Service Center (Buffalo, NY, USA). Anti-VASP, 
anti-phosphor-VASP (Ser157), anti-phosphor-VASP 
(Ser239), and anti-rabbit IgG-horseradish peroxidase 
conjugate (HRP) or anti-goat IgG-HRP were obtained 
from Santa Cruz Biotechnology (Santa Cruz, CA, USA). 
Polyvinylidene difluoride (PVDF) membrane was from 
GE Healthcare (Piseataway, NJ, USA). Enhanced chemi-
luminesence solution (ECL) was from GE Healthcare.

Preparation of washed rat platelets
Blood was collected from Sprague-Dawley rats (6 

to 7 weeks old, male), and anti-coagulated with acid-
citrate-dextrose solution (0.8% citric acid, 2.2% sodium 
citrate, 2.45% glucose). Platelet-rich plasma (PRP) was 
centrifuged at 125 ×g for 10 min to remove red blood 
cells, and the platelets were washed twice with washing 
buffer (138 mM NaCl, 2.7 mM KCl, 12 mM NaHCO3, 
0.36 mM NaH2PO4, 5.5 mM glucose, and 1 mM EDTA, 
pH 6.9). The washed platelets were then resuspended in 
suspension buffer (138 mM NaCl, 2.7 mM KCl, 12 mM 
NaHCO3, 0.36 mM NaH2PO4, 0.49 mM MgCl2, 5.5 mM 
glucose, 0.25% gelatin, pH 7.4) to a final concentration 
of 5×108/mL. All of the above procedures were carried 
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out at 25°C to avoid platelet aggregation on cooling. The 
ethics committee for animal experiments of Inje Univer-
sity (Gimhae, Korea) approved these animal experiments. 

Measurement of platelet aggregation 
Washed platelets (108/mL) were preincubated for 3 

min at 37°C in the presence of 2 mM exogenous CaCl2 
with or without TSKRG, then stimulated with thrombin 
(0.5 U/mL) for 5 min. Aggregation was monitored using 
an aggregometer (Chrono-Log Corporation) at a constant 
stirring speed of 1,000 rpm. Each aggregation rate was 
calculated as an increase in light transmission. The sus-
pension buffer was used as the reference (transmission 0). 
TSKRG was dissolved in distilled water.

Determination of cytosolic-free Ca2+

PRP was incubated with 5 μM fura 2-AM at 37°C for 
60 min. Because fura 2-AM is light sensitive, the tube 
containing the PRP was covered with aluminum foil dur-
ing loading. The fura 2-loaded washed platelets were pre-
pared using the procedure described above and platelets 
108/mL were preincubated for 3 min at 37°C with or with-
out various concentrations of TSKRG in the presence of 2 
mM CaCl2, then stimulated with thrombin (0.5 U/mL) for 
5 min for evaluation of [Ca2+]i. Fura 2 fluorescence was 
measured with a spectrofluorometer (SFM 25; Bio-Teck 
Instrument, Milan, Italy) with an excitation wavelength 
that was changed every 0.5 s from 340 to 380 nm; the 
emission wavelength was set at 510 nm. The [Ca2+]i val-
ues were calculated using the method of Schaeffer [21].

Measurement of cyclic adenosine monophosphate 
and cyclic guanosine monophosphate

Washed platelets (108/mL) were preincubated for 3 
min at 37°C with or without various concentrations of 
TSKRG in the presence of 2 mM CaCl2, then stimulated 
with thrombin (0.5 U/mL) for 5 min for platelet aggre-
gation. The aggregation was terminated by the addition 
of 80% ice-cold ethanol. cAMP and cGMP were mea-
sured with Synergy HT Multi-Model Microplate Reader 
(BioTek Instruments, Winooski, VT, USA) using cAMP 
and cGMP EIA kits.

Determination of adenosine triphosphate release
Washed platelets (108/mL) were preincubated for 3 min 

at 37°C with or without various concentrations of TSKRG 
in the presence of 2 mM CaCl2, then stimulated with 
thrombin (0.5 U/mL). The reaction was terminated by the 
addition of ice-cold 2mM EDTA, the samples were cen-
trifuged and supernatants were used for the assay of ATP 

release from dense body. ATP release was measured in a 
luminometer (BioTek Instruments) using an ATP assay kit. 

Western blot for analysis of vasodilator-stimulated 
phosphoprotein phosphorylation

Platelet lysates containing the same protein (15 µg) were 
used for analysis. Protein concentrations were measured by 
using bicinchoninic acid protein assay kit (Pierce Biotech-
nology, Rockford, IL, USA). An 8% to 10% sodium dodec-
yl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) 
was used for electrophoresis and a PVDF membrane was 
used for protein transfer from the gel. The dilutions for anti-
VASP, anti-phosphor-VASP (Ser157), anti-phosphor-VASP 
(Ser239), and anti-rabbit IgG-HRP were 1:1,000, 1:1,000, 
1:1,000, and 1:10,000, respectively. The membranes were 
visualized using ECL. Blots were analyzed by using the 
Quantity One ver. 4.5 (Bio-Rad, Hercules, CA, USA).

Analysis of ginsenosides in total saponin from 
Korean red ginseng with HPLC-evaporative light 
scattering detection

TSKRG was dissolved with 100% methanol and then 
analyzed by HPLC [22,23]. An Dionex-Ultimate 3000 
series HPLC apparatus (Dionex, Sunnyvale, CA, USA), 
equipped with vacuum degaser, quaternary gradient 
pump, and autosampler was used. A Zorbax ODS C18 
column (250 mm×4.6 mm id, 5 μm) and a Zorbax ODS 
C18 guard column (12.5 mm×4.6 mm id, 5 μm) were 
used at a column temperature of 35°C. The mobile phase 
consisted of water (a) and acetonitrile (b) using the fol-
lowing gradient program: 0 to 30 min, 18% to 19% b; 
30 to 40 min, 19% to 31% b; 40 to 60 min, 31% to 56% 
b. The flow rate was at 1.5 mL/min and sample injection 
volume was 10 μL. Evaporative light scattering detection 
(ELSD) was set to a probe temperature of 70°C and neb-
ulizer nitrogen gas flow rate was at 1.4 L/min [24]. Due 
to the distinct variation on contents of ginsenosides in 
TSKRG, the two methanol stock solutions of standards, 
one containing Rg1, Rb1, Rg2, and Rd; the other con-
taining Re, Rc, Rb2, and Rg3, were prepared and diluted 
with methanol in appropriate concentration for calibra-
tion curves. Three concentrations of the 8 ginsenosides 
solutions were injected in duplicate, then the calibration 
curves were constructed by plotting the peak area against 
the concentration of each analyte.

Statistical analysis
The experimental results are expressed as means±SEM 

accompanied by the number of observations. Data were 
assessed by ANOVA. If this analysis indicated significant 
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differences among the group means, then each group was 
compared by the Newman-Keuls method. A p-value less 
than 0.05 was considered statistically significant.

RESULTS 

Effects of total saponin from Korean red ginseng 
on thrombin-induced platelet aggregation

In our previous report [20], thrombin concentration 
that maximally generates platelet aggregation is ob-
served to 0.25 U/mL. However, we used the 0.5 U/mL of 
thrombin to aggregate platelets. When washed platelets 

(108/mL) were stimulated by thrombin in the presence 
of 2 mM CaCl2, the aggregation rate was increased up to 
83.5±2.1%. However, various concentrations of TSKRG 
(25 to 150 μg/mL) significantly reduced thrombin-stim-
ulated platelet aggregation in a dose-dependent manner 
(Fig. 1A). IC50 value of TSKRG was approximately 81.1 
μg/mL (Fig. 1B). 

Effects of total saponin from Korean red ginseng 
on the down-regulation of aggregation-inducing 
molecule, cytosolic-free Ca2+

When washed platelets were stimulated by thrombin, 
the level of [Ca2+]i increased from 121.3 nM, the basal 
level, to 477.5±48.7 nM (Fig. 2). However, this was sig-
nificantly reduced by various concentrations (25 to 150 
μg/mL) of TSKRG in a dose-dependent manner. Throm-
bin-elevated [Ca2+]i (477.5±48.7 nM) was decreased to 
218.0±11.3 nM by 150 μg/mL of TSKRG, and its inhibi-
tory degree was 54.3% as compared with that by throm-
bin (Fig. 2, small table). We next investigated whether 
TSKRG up-regulates the level of intracellular cAMP and 
cGMP, Ca2+-antagonistic molecules, in thrombin-induced 
platelet aggregation. 

Effects of total saponin from Korean red ginseng 
on the up-regulation of aggregation-inhibiting 
molecules, cyclic adenosine monophosphate and 
cyclic guanosine monophosphate 

As shown in Fig. 3A, thrombin decreased intracellular 

Fig. 1. Effects of total saponin from Korean red ginseng (TSKRG) 
on thrombin-stimulated platelet aggregation. (A) Effects of TSKRG 
pretreatment on thrombin-stimulated platelet aggregation. (B) 
IC50 value of TSKRG on thrombin-stimulated platelet aggregation. 
Washed platelets (108/mL) were preincubated with or without various 
concentrations of TSKRG (25 to 150 µg/mL) in the presence of 2 mM 
CaCl2 for 3 min at 37°C, and then stimulated with thrombin (0.5 U/
mL) for 5 min. Platelet aggregation (%) was recorded as an increase 
in light transmission. Inhibition rate by TSKRG was recorded as 
percentage of the thrombin-induced aggregation rate. IC50 value of 
TSKRG was calculated by 4-parameter log fit method [25]. Data are 
expressed as means±SEM (n=4). **p<0.001.

Fig. 2. Effect of total saponin from Korean red ginseng (TSKRG) 
on thrombin-induced cytosolic-free Ca2+ ([Ca2+]i) mobilization. Fura 
2-loaded platelets (108/mL) were preincubated with or without vari-
ous concentrations of TSKRG in the presence of 2 mM CaCl2 for 3 
min at 37°C, and then thrombin (0.5 U/mL) was added. [Ca2+]i was 
determined as described in Materials and Methods section. Data are 
expressed as means±SEM (n=3). *p<0.05.
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cAMP level from 3.82±0.12 pmol/109 platelets (basal 
level) to 3.02±0.27 pmol/109 platelets, which was reduced 
to 20.9% as compared with that of basal level (Fig. 3A, 
small table). When the platelets, however, were incubated 
in the presence of both TSKRG and thrombin, TSKRG 
increased cAMP level in a dose dependent, and 150 μg/
mL of TSKRG increased from 3.02±0.27 pmol/109 plate-
lets to 9.42±0.68 pmol/109 platelets (Fig. 3A). This result 
suggests that TSKRG increased thrombin-decreased 

cAMP level to 211.9% (Fig. 3A, small table). 
On the other hand, thrombin decreased intracellular 

cGMP level from 2.24±0.14 pmol/109 platelets (basal 
level) to 1.16±0.23 pmol/109 platelets. This means that 
thrombin reduced basal cGMP level to 25.9% to aggre-
gate platelets (Fig. 3B, small table). When the platelets, 
however, were incubated in the presence of both TSKRG 
and thrombin, the cGMP level was not significantly in-
creased (Fig. 3B). 

Fig. 3. Effects of total saponin from Korean red ginseng (TSKRG) 
on cyclic adenosine monophosphate (cAMP) and cyclic guano-
sine monophosphate (cGMP) production in resting and thrombin-
stimulated platelets. (A) Effects of TSKRG on cAMP production in 
resting or thrombin-stimulated platelets. (B) Effects of TSKRG on 
cGMP production in resting or thrombin-stimulated platelets. Washed 
platelets (108/mL) were preincubated with or without various concen-
trations of TSKRG for 3 min in the presence of 2 mM CaCl2 and then 
stimulated with thrombin (0.5 U/mL) for 5 min at 37°C. The reactions 
were terminated by adding 80% ice-cold ethanol. cAMP and cGMP 
contents were measured using enzyme immunoassay kits. Data are 
expressed as means±SEM (n=4). NS, not significant. *p<0.05.

Fig. 4. Effects of total saponin from Korean red ginseng (TSKRG) 
on adenosine triphosphate (ATP) release in resting and thrombin-
stimulated platelets and light transmission (%) coincidentally. (A) 
Effects of TSKRG on ATP release in resting and thrombin-stimulated 
platelets. (B) Light transmission (%) with ATP release on thrombin-
stimulated platelets. a, thrombin; b, thrombin+TSKRG (25 µg/mL); c, 
thrombin+TSKRG (50 µg/mL); d, thrombin+TSKRG (100 µg/mL); and 
e, thrombin+TSKRG (150 µg/mL). Washed platelets (108/mL) were 
preincubated with or without various concentrations of TSKRG for 3 
min in the presence of 2 mM CaCl2 and then stimulated with throm-
bin (0.5 U/mL) for 5 min at 37°C. The reaction was terminated by the 
addition of ice-cold 2mM EDTA, and centrifuged and supernatant 
were used for the assay of ATP release. ATP release was measured 
in a luminometer using an ATP assay kit. Data are expressed as 
means±SEM (n=4). **p<0.001.



181

Lee et al.   Antiplatelet effect of total saponin via cAMP-dependent VASP-Ser157 phosphorylation  

http://ginsengres.org

Effects of total saponin from Korean red ginseng 
on adenosine triphosphate release

Because ATP release out of dense body in platelets 
is critical marker of platelet aggregation [26], which 
reflects inhibition of intracellular cAMP production, we 
investigated the effects of TSKRG on thrombin-elevated 
ATP release. As shown in Fig. 4A, ATP level in superna-
tant from the thrombin-activated platelets was 3.48±0.03 
µM, which is 69.6 fold as compared with that (0.05±0.01 
µM) in intact cell, control. This reflects that thrombin-el-
evated ATP release is resulted from thrombin-aggregated 
platelets (Fig. 4B-a). However, TSKRG (25 to 150 μg/
mL) dose dependently inhibited thrombin-elevated ATP 
release (3.48±0.03 µM) (Fig. 4A), and TSKRG (150 µg/
mL) inhibited ATP release to 80.2% (0.69±0.02 µM) as 
compared with that (3.48±0.03 µM ) by thrombin (Fig. 
4A, small table). In addition, the dose dependent-inhibi-
tion of ATP release by TSKRG (25 to 150 µg/mL) was 
accompanied with dose dependent-inhibition of platelet 
aggregation (Fig. 4B-b, c, d, and e). 

Effects of total saponin from Korean red ginseng 
on vasodilator-stimulated phosphoprotein phos-
phorylation

In intact platelets, basal 46 kDa dephosphoprotein 
of VASP only was observed (Fig. 5A, lane 1) and was 
shifted to 50 kDa phosphoprotein of VASP in thrombin-
induced platelet aggregation (Fig. 5A, lane 2). Thrombin 
increased weakly the p-VASP (Ser157) at 50 kDa phos-
phoprotein of VASP (Fig. 5A, lane 2). It is known that 
thrombin and collagen, agonists of platelets, involve in 
a feedback inhibition by elevating p-VASP (Ser157 and 
Ser239) [27]. The ratio of VASP (46+50 kDa) to β-actin 
was dose dependently increased in the presence of both 
thrombin and TSKRG (Fig. 5B). The p-VASP (Ser157) at 
50 kDa phosphoprotein of VASP (Fig. 5A; lanes 3, 4), 
and the ratio of p-VASP (Ser157)-50 kDa to β-actin (Fig. 
5C) were dose dependently increased in the presence 
of both thrombin and TSKRG. Even though the ratio 
of VASP (46+50 kDa) to β-actin was dose dependently 
increased in the presence of both thrombin and TSKRG 

Fig. 5. Effects of total saponin from Korean red ginseng (TSKRG) on vasodilator-stimulated phosphoprotein (VASP) phosphorylation of resting 
or thrombin-stimulated platelets. (A) Effects of TSKRG on phosphorylations of VASP, VASP (Ser157), VASP (Ser239). Lane 1, intact platelets (base); 
lane 2, thrombin; lane 3, thrombin+TSKRG (100 µg/mL); lane 4, thrombin+TSKRG (150 µg/mL). (B) The ratio of VASP (46+50 kDa) to β-actin 
by TSKRG. (C) The ratio of phosphorylation of VASP (p-VASP) (Ser157)-50 kDa to β-actin by TSKRG. (D) The ratio of p-VASP (Ser239)-50 kDa 
to β-actin by TSKRG. Washed platelets (108/mL) were preincubated with or without TSKRG for 3 min in the presence of 2 mM CaCl2 and then 
stimulated with thrombin (0.5 U/mL) for 5 min at 37°C in an aggregometer. The reactions were terminated by adding an equal volume of lysis buf-
fer. Proteins were extracted, separated by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) transferred to polyvinylidene 
difluoride and immunoblotted with the indicated corresponding antidodies, anti-phosphor-VASP Ser239 or Ser157. Blots were visualized by ECL 
plus kit (Amersham, Buckinghamshire, UK) and the immunoblot panels are representative of 3-4 similar experiments. Blots were analyzed by us-
ing the Quantity One ver. 4.5 program, and units were expressed density/mm2. 
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(Fig. 5B), the ratio of p-VASP (Ser239)-50 kDa to β-actin 
(Fig. 5D) was not significantly increased in the presence 
of both thrombin and TSKRG. 

Ginsenoside composition of total saponin from 
Korean red ginseng

As shown in Fig. 6, in HPLC-ELSD, eight internal 
standards, ginsenosides Rg1, Re, Rb1, Rc, Rg2, Rb2, Rd, 
and Rg3 in order. (Fig. 6A), and TSKRG (Fig. 6B) were 
separated within 60 min. Various peaks from TSKRG 

were observed in HPLC-ELSD chromatograms (Fig. 
6B). The retention time of eight peaks was in accord 
with those of internal standard ginsenosides, which were 
20(S)-protopanaxadiol group of ginsenoside (Rb1, Rb2, 
Rc, Rd, and Rg3), and 20(S)-protopanaxatriol (PPT) 
group of ginsenoside (Re, Rg1, and Rg2) (Fig. 6B). Cali-
bration curves were linear over the range of 125 to 1,000 
µg/mL for Rg1, Re, Rb1, Rc, Rg2, Rb2, Rd, and 25 to 
200 µg/mL for Rg3 with r2>0.99 (Table 1). In contents of 
ginsenosides calculated from calibration curve, as shown 

Fig. 6. HPLC-evaporative light scattering detection (ELSD) chromatograms of standard ginsenosides and total saponin from Korean red gin-
seng (TSKRG). (A) The chromatograms of standard ginsenosides. (B) The chromatograms of ginsenosides in TSKRG. HPLC was performed on 
a Zorbax ODS C18 column (250 mm×4.6 mm id, 5 µm) and a Zorbax ODS C18 guard column (12.5 mm×4.6 mm id, 5 µm) were used at a column 
of 35°C. The mobile phase consisted of water (a) and ACN (b) using the following gradient program: 0 to 30 min, 18% to 19% b; 30 to 40 min, 
19% to 31% b; 40 to 60 min, 31% to 56% b. The flow rate was at 1.5 mL/min and sample injection volume was 10 µL. ELSD was set to a probe 
temperature of 70°C and nebulizer nitrogen gas flow rate was at 1.4 L/min. 1 to 8, ginsenoside Rg1, Re, Rb1, Rc, Rg2, Rb2, Rd, and Rg3 in or-
der.
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in Table 1, the total contents of Rb1, Rb2, Rc, Rd, and 
Rg3 were 186.80±4.65 mg/g, and the total contents of 
Re, Rg1, and Rg2 were 109.37±2.29 mg/g.

DISCUSSION

IC50 value of about 81.1 μg/mL of TSKRG that inhib-
ited thrombin-induced platelet aggregation is about 21 
fold lower than that (1.7 mg/mL) of aqueous extract from 
of P. notoginseng [28]. Of several aggregation-inducing 
molecules, Ca2+ and TXA2 are known to be essential for 
platelet aggregation [29]. Since TSKRG significantly 
blocked [Ca2+]i elevation (Fig. 2) and TXA2 production 
[20], but increased cAMP production (Fig. 3A), it is sug-
gested that TSKRG-elevated Ca2+-antagonistic cAMP 
(Fig. 3B) may involve in the inhibition of TXA2 produc-
tion by suppressing [Ca2+]i-mobilization. In special, as 
shown in Fig. 7A, TSKRG that dose dependently el-
evated cAMP level attenuated [Ca2+]i level, which means 
that TSKRG regulates cAMP and Ca2+ as mutual antago-
nistic molecules to inhibit platelet aggregation. TSKRG 
that elevated cAMP level attenuated ATP release in a 
dose dependently manner (Fig. 7B), which means that 
TSKRG used ATP to produce cAMP (Fig. 3A), and sub-
sequently involves in reduction of [Ca2+]i-mobilization 
(Fig. 2) to inhibit platelet aggregation (Fig. 1A). cAMP 
and cGMP involve in inhibition of platelet aggregation 
by phosphorylating IP3 receptor or VASP via A-kinase or 
G-kinase pathway [9,10]. In present study, it is unknown 
whether the inhibitory effect of [Ca2+]i by TSKRG dues 
to phosphorylation of IP3 receptor by cAMP or cGMP. 
Because, however, panaxatriol, which is known to form 
by acid hydrolysis of ginsenosides (ex. ginsenoside Rg1), 
inhibited thrombin-elevated PIP2 breakdown in platelets 
[30], and TSKRG contains PPT (Rg1, Rg2, and Re) hav-
ing antiplatelet effect [31-33] (Table 1), it is thought that 
the inhibition of [Ca2+]i–mobilization by TSKRG (Fig. 2) 
may be due to the inhibition of PIP2 breakdown. 

Table 1. Calibration curves and contents of eight ginsenosides in TSKRG

Ginsenosides RT (min) Calibration curve1) r2 Test range 
(μg/mL) x 2) (μg/mL) Contents 

(mg/g-TSKRG)

 PPD Rb1 47.1 y=0.0542x-0.008 0.9929 125-1,000 700.23±33.39 570.02±3.34

Rb2 48.6 y=0.0517x-0.0072 0.9935 125-1,000 339.70±4.97 533.97±0.50

Rc 47.9 y=0.134x-0.017 0.9957 125-1,000 390.13±3.50 539.01±0.35

Rd 50.3 y=0.0778x-0.010 0.9965 125-1,000 229.40±1.54 522.94±0.15

Rg3 58.9 y=0.0555x-0.0017 0.9904 25-200 207.63±3.10 520.76±0.31

Sum  186.80±4.65

PPT Re 38.5 y=0.103x-0.0135 0.9957 125-1,000 148.73±0.46 514.87±0.05

Rg1 38.2 y=0.139x-0.0171 0.9973 125-1,000 129.90±0.17 512.99±0.02

Rg2 48.3 y=0.0165x-0.0023 0.9941 125-1,000 815.13±22.15 581.51±2.22

Sum  109.37±2.29

TSKRG, total saponin from Korean red ginseng; RT, retention time; PPD, 20(S)-protopanaxadiol; PPT, 20(S)-protopanaxatriol.
1,2) y, peak area of analyte; x, concentration of ginsenoside in 10 mg/mL TSKRG (μg/mL).

Fig. 7. Relationship between the cyclic adenosine monophosphate 
(cAMP) production and aggregation-related molecules ([Ca2+]i and 
adenosine triphosphate [ATP] release) in thrombin-induced platelet 
aggregation. (A) Relationship between the cAMP production and 
[Ca2+]i in thrombin-induced platelet aggregation from Fig. 2 and Fig. 
3A. (B) Relationship between the cAMP production and ATP release 
in thrombin-induced platelet aggregation from Fig. 3A and Fig. 4A. 
TSKRG, total saponin from Korean red ginseng.
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In VASP phosphorylation, TSKRG phosphorylated 
potently A-kinase substrate VASP (Ser157) (Fig. 5A, C), 
but did not phosphorylated G-kinase substrate VASP 
(Ser239) (Fig. 5A, D). These results are in accord with 
the result that TSKRG potently enhanced cAMP only 
in thrombin-stimulated platelets (Fig. 3A). Eigenthaler 
et al. [34] reported that small elevation in cAMP level 
is enough to activate most of A-kinase, whereas even 
several fold elevation in cGMP level may stimulate only 
a small fraction of total G-kinase. This previous report 
[34] reflects that even a little cAMP is enough to phos-
phorylate VASP (Ser157), a A-kinase substrate, and a lot 
of cGMP is required to phosphorylate VASP (Ser239), 
a G-kinase substrate. In our other report [35], using 
epigallocatechin-3-gallate, we reported a similar result 
to our present finding, and suggested that its antiplatelet 
effect is mediated through an increase of cAMP level, A-
kinase activity, and VASP-(Ser157) phosphorylation. The 
levels of intracellular cAMP and cGMP are regulated 
by the balance between cyclic nucleotide-producing en-
zymes, adenylate/guanylate cyclases, and hydrolyzing 
enzymes, cAMP/cGMP phosphodiesterses (PDEs). If 
TSKRG inhibited the activity of PDE2 to produce cAMP 
and cGMP in thrombin-stimulated platelets, because 
PDE2 hydrolyzes both cAMP and cGMP [36], TSKRG 
would increase the level of both cAMP and cGMP in 
thrombin-stimulated platelets, however, TSKRG potently 
increased the cAMP level only, but did not increased qui-
etly the cGMP level (Fig. 3B). Accordingly, it is thought 
that TSKRG-elevated cAMP (Fig. 3A) is not due to the 
regulation of cGMP-stimulated PDE2, cGMP-inhibited 
PDE3, and cGMP-binding-cGMP-specific PDE5. If so, 
these results suggest that TSKRG produced cAMP from 
ATP by activating adenylate cyclase, and phosphorylated 
VASP (Ser157)-50 kDa by activating A-kinase to inhibit 
thrombin-induced platelet aggregation.

TXA2 is produced via COX-1 and TXAS pathway 
from arachidonic acid (20:4). In our previous report, 
TSKRG inhibited the microsomal COX-1 and TXAS 
activities in thrombin-induced platelet aggregation. It 
is thought that TSKRG has multiple actions that reduce 
[Ca2+]i mobilization (Fig. 2) by elevating cAMP, and 
inhibit TXA2 production by suppressing activities of 
both COX-1 and TXAS [20]. 20:4 is also metabolized to 
prostaglandin E2, an inflammatory mediator, by cyclooxy-
genase-2 (COX-2). Because 20:4 is a substrate of both 
COX-1 and COX-2, it is nature that TSKRG and ginsen-
oside Rp1 have an anti-inflammatory effect by inhibiting 
COX-2 activity [37-39]. Because both platelet aggrega-
tion and inflammation are the cause of atherosclerosis, 

it is thought that TSKRG could contribute to treatment 
of cardiovascular disease. It is reported that collagen-
induced platelet aggregation, and blood coagulation were 
inhibited in the subjects who have taken red ginseng 
products (e.g., water extract, tea, and drink) containing 
TSKRG as compared with those of control subjects, who 
did not take ginseng products [40]. Using Korean red 
ginseng extract, Jin et al. [41] reported similar results to 
effects of dietary red ginseng products, which inhibited 
U46619-, 20:4-, collagen-, and thrombin-induced platelet 
aggregation, prolonged prothrombin time and activated 
partial thromboplastin time, coagulation indicators. In 
addition, TSKRG contains Rg1, Rg2, and Rg3 (Table 1) 
known to inhibit platelet aggregation [31-33]. However, 
saponins in American ginseng do not contain Rg2 and 
Rg3 [42]. Accordingly, with regard to antiplatelet effects, 
it is thought that Korean red ginseng would be outstand-
ing as compared with American. 

In conclusion, the most important result of this study 
is that TSKRG significantly decreases the level of [Ca2+]i, 
platelet-aggregating molecule, and inhibition of [Ca2+]i by 
TSKRG depends on up-regulation of Ca2+-antagonistic 
intracellular cAMP level. Furthermore, our findings 
showed that TSKRG-elevated cAMP stimulates the 
phosphorylation of an A-kinase substrate VASP (Ser157)-
50 kDa, which may contribute to attenuating [Ca2+]i level 
to inhibit thrombin-induced platelet aggregation. There-
fore, these results suggest that TSKRG may be a physi-
ologically effective negative feedback regulator during 
platelet aggregation, a cause of thrombosis, atherosclero-
sis, and myocardial infarction. 
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