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Abstract : Red ginseng acidic polysaccharide (RGAP), isolated from Korean red ginseng (Panax ginseng C.A. Meyer),
has been shown to have a variety of biological functions such as immunostimulating and anti-tumor activities. In the
present study, we investigated whether RGAP inhibited ligand-induced platelet aggregation. The washed platelet-rich
plasma was prepared from male SD rats with successive centrifugation. The platelets (108/ml) were preincubated with 1
mM of CaCl2 for 2 min either in the presence or in the absence of RGAP (10 ~ 50 µg/ml) and were stimulated with col-
lagen (2.5 µg/ml) and thrombin (0.1 U/ml). RGAP dose-dependently inhibited thrombin-induced platelet aggregation with
IC50 value of 26.2±2.0 µg/ml. In collagen-induced platelet aggregation, RGAP inhibited the reaction with an IC50 value
of 31.5±3.0 µg/ml. RGAP potently suppressed the intracellular calcium ion, which was stimulated by thrombin (0.1 U/
ml). Among mitogen-activated protein kinase (MAPK) subtypes, the extracellular signal-regulated kinase (ERK) 1/2 and
p38 MAPK were analyzed in the present study. RGAP inhibited the phosphorylation of ERK2 and p38 MAPK, which
was activated by collagen (2.5 µg/ml). Finally, these results suggested that besides saponin fraction, RGAP take an impor-
tant role in the preventive effect of Korean red ginseng against cardiovascular disease such as thrombosis and athero-
sclerosis.
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INTRODUCTION

Platelets are anucleate, which is produced from cyto-
plasmic fragmentation of megakaryocytes without genomic
DNA 1,2). Due to the relatively restriction of protein syn-
thesis, the platelets are known to be a good model system
to study intracellular signal transduction in mammalian
cells 1,3,4). Platelets play an important role both in the
hemostatic process and in thrombus formation after an
endothelial damage 5,6). Once vascular injury occurs,
platelets will be activated by endogenous agonists such as
ADP and collagen, and adhere to the site of an injury 6-8).
Upon binding of agonists to their receptor, platelets are
activated and the contents of the granules are released.

The process of platelet activation is regulated, in part, by
level of the second messengers, adenosine 3:5-cyclic
monophosphate (cAMP) and guanosine 3:5-cyclic mono-
phosphate (cGMP) 9,10). Increase of intracellular cAMP or
cGMP levels leads to inhibition of agonist-induced plate-
let activation-aggregation, adhesion and release of granule
contents 11). Moreover, adenylate or guanylate cyclase
activators and phosphodiesterase inhibitors do synergisti-
cally elevate intracellular cAMP or cGMP levels, provid-
ing a good rationale for the therapeutic use of these agents
alone or in combination with other agents 12-14). Cytosolic
Ca2+ also plays a critical role in the regulation of various
physiological functions, including aggregation and gran-
ule secretion of platelets. Stimulation of platelets with dif-
ferent stimuli, such as thrombin, collagen and ADP,
results in an increase in the intracellular Ca2+ concentra-
tion ([Ca2+]i)

15-17).
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Korean red ginseng (Panax ginseng C.A. Meyer) has
been used for more than 2,000 years as a major compo-
nent of Far East medicine to treat many ailments. It is tra-
ditionally believed that the root of Panax ginseng is a
panacea. That is, it is considered as a therapeutic agent
against almost all diseases and used in the formulation of
tonics for several thousand years. Ginseng contains many
active components such as ginsenosides, polysaccharides,
peptides, fatty acids and mineral oils18). Among these
components, ginsenosides are believed to be responsible
for most of the pharmacological and immunological activ-
ities of ginseng18,19). Although many researchers believe
in this hypothesis, non-saponin fractions also play an
important role in the biological activities of Korean red
ginseng20-22). It is reported that RGAP was isolated from
Korean red ginseng and showed immunostimulating
activities, including proliferation of spleen cell and nitric
oxide production in macrophages23,24). Moreover, RGAP
displayed anti-tumor activity in vitro and in vivo22,24). This
study was undertaken to determine whether RGAP mod-
ulates platelet aggregation, in comparison with ginsenos-
ide Rg3 that is a known anti-platelet component of red
ginseng 25). First the anti-platelet properties of RGAP
were investigated using a platelet aggregation assay that
was induced by collagen and thrombin. In addition, the
mechanism of RGAP’s anti-platelet action was evaluated
using a downstream signaling assay. It was found that
RGAP showed anti-platelet activity, due to the modula-
tion of intracellular downstream components in activated
platelets.

MATERIALS & METHODS

Materials
RGAP was obtained from KT & G Central Research

Institute (Daejon, Korea). Thrombin and Fura-2/AM were
obtained from Sigma Co (St. Louis, MO). Collagen was
procured from the Chronolog Co (Havertown, PA). Anti-
bodies to phospho-ERK and phospho-p38 MAPK were
from Cell Signaling (Beverly, MA). All other chemicals
were of reagent grade.

Preparation of platelets
Blood was obtained from male SD rats weighing 200-

300 g. Rats were anesthetized with ethyl ether and the
blood was collected from the abdominal aorta. The blood
was anti-coagulated with acid-citrate-dextrose (ACD, 85
mM sodium citrate, 71 mM citric acid, 111 mM dextrose,
pH 6.5), and was centrifuged at 120×g for 7 min in order

to achieve platelet-rich plasma. In order to remove resid-
ual erythrocytes, the platelet-rich plasma samples were
again centrifuged at 40×g for 7 min. In order to isolate the
platelets, the platelet-rich plasma was centrifuged twice at
300×g for 7 min. The platelets of the precipitate were
adjusted to the proper number (108/ml for an aggregation
assay with a Tyrode buffer [137 mM NaCl, 12 mM
NaHCO3, 5.5 mM glucose, 2 mM KCl, 1 mM MgCl2, 0.3
mM Na2HPO4, pH 7.4]). All steps for platelet preparation
were conducted at room temperature, and all experimental
procedures and protocols were reviewed and approved by
the Ethics Committee of the College of Veterinary Medi-
cine, Kyungpook National University.

Platelet aggregation assay
Aggregation was monitored by measuring light trans-

mission using an aggregometer (Chronolog Co, Haver-
town, PA). The washed platelets were pre-incubated at 37
oC for 2 min with either RGAP or vehicles. The reaction
mixture was further incubated for 5 min, stirring at 1,200
rpm, and the degree of aggregation was determined. The
concentration of the vehicle was kept at less than 0.2% so
as to exclude artificial effects.

Determining the [Ca2+]i
[Ca2+]i was determined with Fura-2/AM, as described

earlier 26). Briefly, the platelet-rich plasma was incubated
with 5 µM of fura-2/AM for 60 min at 37oC. The fura-2-
loaded washed platelets (108/ml) were pre-incubated for 2
min at 37oC, with RGAP in the presence of 1 mM of
EDTA. Then, the platelets were stimulated with thrombin
for 3 min. Fura-2 fluorescence was measured in a spec-
trofluorometer (F-2500, Hitachi, Japan), with an excita-
tion wavelength that ranged between 340 nm and 380 nm
altering every 0.5 seconds; the emission wavelength was
at 510 nm. Platelets were lysed with 0.1% (v/v) Triton X-
100 to determine the maximum fluorescence; 20 mM Tris
/3 mM of EGTA was added to determine the minimum
fluorescence.

Immunoblotting
Platelet extracts were prepared by standard Laemmli

method27). After the platelet aggregation assay, the sam-
ple buffer (0.125 M Tris-HCl, 2% SDS, 2% β-mercapto-
ethanol, 20% glycerol, 0.02% bromophenol blue, pH 6.8,
2x) was added and the protein concentration was deter-
mined using PRO-MEASURE (iNtRON Biotechnology,
Korea). Following centrifugation at 15,000×g for 5 min,
60 µg of aliquot proteins were resolved by 10% SDS–
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PAGE. The resolved proteins were blotted onto nitrocel-
lulose membranes in 25 mM Tris (pH 8.5), 0.2 M glyc-
erin, and 20% methanol at 100 V for 2 hrs. Blots were
blocked for at least 2 hrs with TBS-tween-20 (TBS-T)
containing 5% nonfat dry milk and were then incubated
with an appropriate antibody (1:1,000 dilution ratio in a
blocking solution). After washing in TBS-T three times,
the blot was incubated with a secondary antibody (1:5,000
dilution ratio in a blocking solution) for 2 hrs and anti-
body-specific proteins were visualized by the ECL detec-
tion system (Supex Co. Pohang, Korea), according to the
manufacturer’s instructions.

Statistical analysis 
The One–way ANOVA method was used to determine

the statistical significance of differences. P values of 0.05
or less were considered as statistically significant.

RESULTS AND DISCUSSION

RGAP inhibits thrombin- and collagen-induced
platelet aggregation.

Thrombin, an agonist of protease-activated receptor
(PAR) 1 and PAR3, induced platelet aggregation in a
dose-dependent manner (data not shown) and 0.1 U/ml of
thrombin induced complete platelet aggregation (almost
100%). Therefore, 0.1 U/ml of thrombin was used to
induce platelet aggregation in following studies. As
shown in Fig. 1, RGAP displayed the inhibitory effect on
thrombin-induced platelet aggregation in a dose-depen-
dent manner. The IC50 value of RGAP on thrombin-acti-
vated platelet aggregation was 26.2±2.0 µg/ml. Concerning
the anti-platelet activity of Korean red ginseng, we and oth-
ers have found that ginsenoside Rg3 and non-saponin frac-
tion inhibited platelet aggregation25,28). Ginsenoside Rg3, a
standard drug of anti-platelet action, inhibited the platelet
aggregation, which was induced by thrombin (0.1 U/ml),
with IC50 value of 27.7±5.5 µM. Whether RGAP also
modulate collagen-induced platelet aggregation was then
investigated (Fig. 2). Collagen, being located in sub-
endothelial tissue, is an agonist of integrin type α2β1 and
glycoprotein (GP) VI 29,30). As expected, RGAP dose-
dependently inhibited collagen (2.5 µg/ml)-induced plate-
let aggregation with IC50 value of 31.5±3.0 µg/ml. This
data suggested that RGAP modulate the intracellular sig-
naling component in the activated platelets, but does not
affect the binding between the ligand and its receptor on
the plasma membrane. The platelet aggregation is a
sequential and complex reaction in response to agonists

such as thrombin and collagen. Therefore, the accurate
action site of RGAP on anti-platelet activity is beyond the

Fig. 1. Effects of RGAP on thrombin (0.1 U/ml)-induced platelet
aggregation. Dose-response curves of RGAP on thrombin-
induced platelet aggregation. The platelets were pre-
incubated with 1 mM of CaCl2 at 37oC for 2 min in the
presence of either the vehicle or the indicated concen-
tration of RGAP. The platelets were added with 0.1 U/ml
of thrombin and were further incubated for 5 min. The
trace was recorded during the incubation time and the
degree of platelet aggregation was determined. The data
is given as means ± SEM (n=3).

Fig. 2. Effects of RGAP on collagen (2.5 µg/ml)-induced platelet
aggregation. Dose-response curves of RGAP on collagen-
induced platelet aggregation. The platelets were pre-
incubated with 1 mM of CaCl2 at 37oC for 2 min in the
presence of either the vehicle or the indicated concen-
tration of RGAP. The platelets were combined with
2.5 µg/ml of collagen and were further incubated for 5
min. The trace was recorded during the incubation time
and the degree of platelet aggregation was determined.
The data is given as means ± SEM (n=3).
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scope of this study, which remains to be clarified in the
future.

The downstream signaling pathway such as Ca2+ and
mitogen-activated protein kinase (MAPK) was analyzed
next as follows.

RGAP suppresses intracellular calcium concentra-
tion ([Ca2+]i) in thrombin-activated platelets.

Since classical second messengers, Ca2+, play an impor-
tant role in the process of platelet aggregation, we decided
to investigate whether RGAP regulates the [Ca2+]i in
thrombin-activated platelets. Using Fura-2/AM-loaded
platelets, the [Ca2+]i in the presence of either RGAP or
vehicle in thrombin-activated platelets was measured. As
shown in Fig. 3, thrombin (0.1 U/ml) significantly increased
[Ca2+]i, compared to the basal level (134.7 ±30.2 nM vs
1570.7±691.7 nM). RGAP completely suppressed [Ca2+]i
at even 10 µg/ml in thrombin-activated platelets. It is well
known that [Ca2+]i is an important factor that is involved
in platelet aggregation, and is up-regulated by the activa-
tion of platelet receptors with thrombin or collagen 16,31).
The activation of G protein-coupled receptors such as
thrombin receptors PAR1 and PAR4, or P2Y ADP recep-
tors, leads to the activation of phospholipase C (PLC)-β.
The resulting inositol-trisphosphate (IP3) generated then
binds to IP3 receptors, leading to calcium mobilization
from internal stores. Alternatively, collagen binding to

glycoprotein VI on the platelet surface increases PLC
activity through the phosphorylation of PLCγ-2, which
also stimulates IP3 release from phosphatidylinositol bis-
phosphate (PIP2). The IP3 generated by stimulation with
collagen then binds to IP3 receptors in the secretory gran-
ules of human platelets, resulting in calcium mobilization
17,32,33). This up-regulation of intracellular calcium ions
stimulates downstream target proteins, leading to the
complete platelet aggregation. In the present study, just 10
µg/ml of RGAP caused the complete recovery of [Ca2+]i
to the basal level. This suggested that the inhibitory mod-
ulation of RGAP on [Ca2+]i is a critical mechanism of its
action.

RGAP suppresses the phosphorylation of extracel-
lular signal–regulated protein kinase 2 (ERK2) and
p38 mitogen-activated protein kinase (MAPK).

The MAPK family is comprised of ERK1/2, p38
MAPK, and c-Jun N-terminal kinase (JNK), and in the
present study, the alteration of ERK1/2 and p38 MAPK
was detected. Collagen (2.5 µg/ml) clearly phosphory-
lated ERK2 and p38 MAPK; RGAP inhibited ERK2
phosphorylation, but had a much less significant effect on
p38 MAPK (Fig. 4). It is reported that ERKs are activated
after stimulation by collagen and thrombin 34,35), and

Fig. 3. Effects of RGAP on intracellular Ca2+ mobilization induced
by thrombin (0.1 U/ml). Platelets were loaded with Fura-
2/AM as described in Materials & Methods. The
platelets were pre-incubated in the presence of 1 mM
EDTA for 2 min at 37oC. The platelets were then
stimulated with thrombin (0.1 U/ml) for 3 min at 37 °C.
Intracellular Ca2+ mobilization was calculated as described
in ‘Materials & Methods’. Data are given as mean ± SEM
(n=3 experiments). #P<0.05 vs basal, *P<0.05 vs thrombin-
activated platelets.

Fig. 4. The effects of RGAP on MAPK phosphorylation in
collagen-activated rat platelets. The platelets were pre-
incubated with 1 mM of CaCl2 at 37oC for 2 min in the
presence of either the vehicle or the indicated concentration
of RGAP. The platelets were combined with 0.1 U/ml of
thrombin and were further incubated for 5 min. The
reaction was terminated and sample buffer (2x) was added.
The protein extraction and the protein concentration of
platelets are described in the Materials and Methods
section. The platelet protein (60 µg) was separated with
10% SDS-PAGE and was blotted onto nitrocellulose
membranes. Primary antibody and secondary antibody
treatment of the membrane are described in Materials and
Methods. Specific bands were visualized with an ECL kit
(Supex Co).
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ERK2 activation is involved in collagen-induced platelet
aggregation and secretion 36). In human platelets, an ERK
cascade is required in the activation of store-mediated
Ca2+ entry and in the phosphorylation of phospholipase
A2 33, 37, 38). Regardless of this, the role of MAPK in the
process of platelet activation and aggregation is, to some
extent, controversial 35, 37, 39). However, this study found
that SB203580, a specific inhibitor of p38 MAPK, dose-
dependently inhibited rat platelet aggregation, which was
induced by collagen (2.5 µg/ml), with an IC50 value of
64.0±5.7 µM. In addition, 100 µM of PD98049, an inhib-
itor of ERK1/2, completely inhibited the collagen-induced
platelet aggregation. In this system, MAPK pathway, such
as ERK1/2 and p38 MAPK plays an important role in the
platelet aggregation. Therefore, the inhibitory effect of
RGAP against ERK2 and p38 MAPK phosphorylation
seems to contribute, in part, to its anti-platelet activity in
collagen-activated platelets. Both ERK1 and ERK2 are
reported to be present in platelets, and this study found
that ERK2 was activated following stimulation by col-
lagen. 

To summarize, we demonstrated that RGAP has an
inhibitory effect on collagen- and thrombin-induced plate-
let aggregation. RGAP potently suppressed the intracellu-
lar calcium ion in thrombin-activated platelets. In addition,
among the MAPKs identified in platelets, RGAP inhib-
ited the phosphorylation of p38 MAPK and ERK2 in col-
lagen-activated platelets.
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