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Abstracts : In this study, we have investigated the effect of panaxatriol (PT) on phosphoinositides (PIS) breakdown and
Ca**-elevation in thrombin-induced platelet aggregation. Thrombin (SU/ml), a potent platelet agonist which activates
phospholipase CB via protease activated receptor (PAR), hydrolyzed PIS in platelet membrane. The phosphatidylinositol
4, 5-bisphosphate (PIP,) was hydrolyzed after 10 sec of the thrombin-stimulation, and both the phosphatidylinositol 4-
monophosphate (PIP) and phosphatidylinositol (PI) were brokendown after 30 sec of the thrombin-stimulation. However,
PT inhibited the thrombin-stimulated hydrolysis of PIP,, PIP, and PI. On the other hand, thrombin increased the level of
phosphatidic acid (PA) which is phosphorylated from diacylglycerol (DG) generated by PIS-hydrolysis. However, PT
inhibited the thrombin-increased PA level non-significantly. Thrombin increased cytosolic free Ca**([Ca**].) up to 72%
as compared with control (30.8+0.9 nM) in intact platelet. However, PT (100 pg/ml) inhibited the thrombin-elevated
[Caz‘*]i to 100%. These results suggest that PT may have a beneficial effect on platelet aggregation-mediated thrombotic
disease by inhibiting thrombin-induced platelet aggregation via suppression of the [Ca**]. level and PIS breakdown.
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INTRODUCTION

Platelet aggregation is essential for haemostatic pro-
cesses when blood vessels are injured. However, the inter-
action between platelets and agonists (i.e. collagen,
thrombin, ADP, etc) can also cause circulatory disorders,
such as thrombosis, atherosclerosis, and myocardial
infarction”.

Inhibition of the agonist-induced platelet aggregation
might be a promising approach for the prevention of
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thrombosis. Especially, [Ca®*] . 1n pltelets plays a central
role in the activation of platelet aggregation and involves
in the phosphodiesteratic cleavage of PIP,, PIP, and PI via
the activation of Ca**-dependent phospholipase C. This
enzyme produces inositol 1, 4, 5-trisphosphate (IP;) from
PIP,, inositol 1, 4-bisphosphate from PIP, and inositol
phosphate from PI* ¥. DG is commonly produced by the
breakdown of PIP,, PIP, and PI, and is hydrolyzed by
DG- and monoacylglycerol-lipase to produce arachidonic
acid which is a precursor of thromboxane A, (TXA,) *¥.
TXA, is a potent platelet-aggregating agent>. In addition,
DG binds to its intracellular receptor Ca**/DG-dependent
protein kinase C (C-kinase), and thus phosphorylates 47
kDa pleckstrin to aggregate platelets®. IP, 1s very well
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known to mobilizing Ca** from Ca**-store (i.e. dense
tubular system) in platelets or other cells** and the sub-
sequently increased [Caz*’]i 1s used for activation of phos-
pholipase C, phospholipase A,, C-kinase, and Ca**/
calmodulin-dependent protein kinase (CaM-PK)*®. CaM-
PK phosphorylates 20 kDa myosin light chain to contract
platelets, which is associated with the release of granule
component such as serotonin®. Accordingly, it is interest-
ing to determine whether breakdown of PIS such as PIP,,
PIP, and PI is an initial event to supply platelet-aggregat-
ing agents, such as TXA,, phosphoproteins of pleckstrin
and myosin light chain, and [Ca™].. It has been reported
that non-saponin fraction, saponins, and polyacetylene
compound from Panax ginseng C. A. Meyer have anti-
platelet effects on thrombin- and collagen-induced platelet
- aggregation’ ™. We previously reported that a lipophilic
fraction from Panax ginseng C. A. Meyer had anti-plate-
let effect by inhibiting collagen-induced PI breakdown'?.
On the other hand, it is reported that total saponin from
Panax ginseng C. A. Meyer might regulate PIS turnover
in the liver or brain'?. There are few reports that a com-
ponent from Panax ginseng C. A. Meyer regulates PIS
metabolism, an initial event in cellular signaling. In this
study, we have observed that PT has an inhibitory effect
on PIS breakdown, which is stimulated by thrombin.

MATERIALS AND METHODS

Materials

PT was manufactured by the Korean Tobacco and Gin-
seng Research Institute (present: Central Research Insti-
tute, KT&G Corporation, Daejon, Korea). Thrombin,
Quin II/AM, HPTLC (silica gel G), and other reagents
were obtained from Sigma Chemical Co. (St. Louis). Car-
rier-free phosphorus-32 was obtained from Amersham
Life Science Co. (Buckinghamshire, UK). Platelet-rich
plasma (PRP), obtained from the antecubital vemn of nor-
mal healthy human volunteers, was purchased from Tae-
jon Red Cross Blood Center, Korea.

Methods

Preparation of >’P-labeled washed human platelets

PRP was incubated with *°P (0.2 mCi/ml PRP) at 37°C
for 60min. The platelets were washed twice with a wash-
ing buffer (138 mM NaCl, 2.7 mM KCl, 12 mM NaHCO,,
0.36 mM NaH,PO,, 5.5 mM glucose, and 1 mM EDTA,
pH 6.5). The washed platelets were then suspended in
suspending buffer (138 mM NaCl, 2.7 mM KCl, 12 mM
NaHCO;, 0.36 mM Nah,PO,, 0.49 mM MgCl,, 5.5 mM

1 4ete)A]

glucose, 0.25% gelatin, pH6.9). The platelet number was
adjusted to 5 x 10%/ml in the suspending buffer. All of the
above-mentioned procedures were carried out at 25°C in
order to avoid platelet aggregation from any effect of low
temperature.

Metabolism of 3?P-labeled phospholipids

32p_labeled washed platelets (10%/ml) were preincubated
at 37°C for 3 min, and then were stimulated with 5 U/ml
of thrombin for 10sec or 30sec while being gently
stirred. The incubation was terminated by the addition of
2 mt of cold methanol. Then lipids were extracted accord-
ing to the method of Agranoff et al. and Kito et al.'> 2.
The extracted lipids were separated by the method of

- Agranoff et al.'?. and Takamura et al.'¥ The individual

lipid classes were visualized by iodine vapor and autoradiog-
raphy X-ray film, the phospholipids (PLS) were scraped off
from thin layer chromatography (TLC) plate. Radioactivity
of the separated PLS was determined by liquid scintillation
counter in Aquasol/water/methanol (83:12:5, v/v).

Measurement of cytosolic free Ca®* concentration

PRP was incubated with 25 uM Quin IIVAM at 37°C for
60 min. Because Quin II/AM is light-sensitive, the tube
containing PRP was covered with aluminum foil during
loading Quin II/AM. The Quin II-loaded platelets were

© also prepared using the procedure described above.

EDTA, a Ca** chelator, was removed by washing platelets
twice with platelet suspending buffer (pH 6.9). Ca** was
measured with gentle stirring at 37°C using the method of
Tsien et al,' and fluorescence spectrometer (Perkin
Elmer, LS 50B). Dimethyl sulfoxide of PT vesicle was not
affected by Ca®* concentration.

Statistical Analysis

All data are shown as meanx+S.D. A Student’s #-test
was used for data analysis and paired or unpaired compar-
isons were used when necessary.

RESULTS AND DISCUSSION

Structural characteristics of PT

PT (C;,H,,0,) is one of the tetracyclic triterpenoids in
dammarane family of Panax ginseng C. A. Mayer (Fig. 1A),
which is known to form by acid hydrolysis of ginsenoside
(ex. ginsenoside-Rg;) and is a different aglycone from 20(s)
protopanaxatriol (PPT) (Fig. 1B) ' '”. PT (C,,H,,0,) and
PPT (C,,Hs,0O,) have commonly three hydroxyl groups
(-OH) at C-3, C-6, and C-12 of steroid parts (dammarane
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X = 0OH : panaxatriol

X =H : panaxadiol

R1=R3=H, R2=0H : 20(S)-protopanaxatriol

R1=R2=R3=H : 20(S)-protopanaxadiol

Fig. 1. Structures of panaxatriol and 20(s)-protopanaxatriol from Panax ginseng C. A. Mayer.

skeleton) in their structures, respectively (Fig. 1A, B).

Effect of PT on [Ca®'],

Since the 100 pg of panaxadiol (PD)/ml, an analogue of
PT, did not inhibited the thrombin-elevated [Ca®*]. in
platelet cytosol'®, we have used 100 pg of PT/ml in this
study, equivalent to PD concentration, and this was com-
pared with the effect of PD (100 pg/ml) '® on the follow-
ing successive experiments. As shown in Fig. 2, basal
[Caz*’]i in intact platelets (10%/ml) were 30.8+0.9 nM
(Fig. 2). This level was in agreement with the previous
reports > 1), However, thrombin (5 U/ml) increased the
[Ca**]. from 30.8+0.9 nM to 53.0+3.7 nM (Fig. 2) indi-
cating that average 22 nM of [Ca2+]i) is increased into the
cytosol by thrombin. This [Caz"]i (22 nM) is resulted from
Ca®*-influx or Ca**-mobilization. Ca**-influx is increased
through plasma membrane from extracellular domain, and
Ca”*-mobilization is increased through dense tubular sys-
tem membrane or endoplasmic reticulum. PT (100 pg/ml)
completely inhibited thrombin-induced [CaZJ’]i level by
100 % (Fig. 2). Because the [CaZ“L].1 requiring for platelet
activation was increased by IP;-mediated Ca** release
from internal stores (dense tubular system) via the IP,
receptor’”, the inhibitory effect of PT on [Caz“”]i might be
associated with the inhibition of [?’ZP]—PIP2 breakdown
increased by thrombin (Fig. 4A). In addition, thrombin
activates Ca**-dependent-phospholipase C or -phospholi-
pase A, to produce a precursor arachidonic acid of TXA,,
another platelet-aggregating molecule. Since thrombin-ele-
vated [Caz""]i was inhibited by PT (Fig. 2), PT seems to
inhibit the activity of phospholipase C or phospholipase
A,, and subsequently might inhibit the production of
TXA, via the suppression of arachidonic acid release

Increase Inhibition

2+
[Ca®]. (nM) %) %)
Basal 30.8 + 0.98 0 -
Thrombin (5 U/ml)  53.0 + 3.7° 72 0
PT (1 ug/ml)y+ c @
Thrombin (5 U/ml) > 1%%2 8.6
PT (100 pg/mbt 395,11 100%

Thrombin (5 U/ml)

[Ca®*](nM)

Thrombin (5U/ml) - + + +
PT (ug/ml) - - 1 100

Fig. 2. Effect of PT on thrombin-elevated [Caz+]i. [Caz’“]i was
determined as described in the “MATERIALS AND
METHODS”. (@ Inhibition (%)=b-c/b-ax 100. @
Inhibition (%) = b-d / b-ax 100. * P < 0.05 as compared
to the control or PT+ thrombin

from PIS or phosphatidylcholine in platelet membrane.
This hypothesis is supported from our previous report that
PT (100 ug/ml) potently inhibits adrenaline-produced
TXA, level'™. However, it is noteworthy that ginsenoside
Rg, (Rg,), a PPT type saponin, did not inhibit collagen-
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Fig. 3. Separation of PIS on thrombin-induced platelet activation.
TLC (silica gel G) plate was impregnated with CH,OH/
water (2:3, v/v) containing potassium oxalate (1 %) at
room temperature, and was dried. This plate was baked
at 150°C for 8 min, and subsequently was developed by
CHCl,/acetone/CH,OH/acetic acid/water (100:50:100:4:
10, v/v). [?*P]-PIS were observed with X-ray film. TLC
chromatogram is [**P]-disposed X-ray film. lane 1: Control.
lane 2: Thrombin (5 U/ml). lane 3: PT (100 ug/ml) +
thrombin (5 U/ml). PIP,: Phosphatidylinositol 4,5-

bisphosphate. PIP: Pho-sphatidylinositol 4-monophosphate.

PI: Phosphatidy-linositol (standard). PA: Phosphatidic
acid (standard).

elevated TXA, or thrombin-released arachidonic acid in
platelets® *2),

Separation of phosphoinositides and phosphatidic acid

As shown in Fig. 3, [°P]-labeled-PIP,, -PIP, and -PI
were observed at Rf 0.21, 0.35, and 0.53 in the TLC,
respectively. [*’P]-PA was observed at Rf 0.83, which is
phosphorylated from DG produced by hydrolysis of PIP,,
PIP, and PI with phospholipase C in agonist (i.e: throm-
bin)-activated platelets. The phospholipids (PLS) were
separated by scraping each PLS band in TLC, and were
used to investigate the metabolism of PIS.

Effect of PT on PIS breakdown in thrombin-induced
platelet aggregation

Three kinds of PIS, such as PIP,, PIP, and PI in platelets
and other cells, have very important roles in terms of cel-
Jular signal transduction, and thus supply second messen-
gers such as IP; and DG in response to all cellular
reactions”™. In fact, IP, increases Ca>* and DG then stim-

USR]

ulates the activity of C-kinase to phosphorylate pleckstrin
in platelets. Accordingly, we have investigated the effect
of PT on breakdown of PIP,, PIP, and PI in thrombin-
induced platelet aggregation. When platelets (10%/ml)
were stimulated by thrombin (5 U/ml), after 10 sec, [**P]-
PIP, was decreased significantly by 9.0+ 1.0% (Fig. 4A)
as compared with control (13+3.0%) in intact platelets
(Fig. 4A). This is in accord with the previous report that
[*?P] -PIP, breakdown by phospholipase C was observed
within 10 sec after the stimulation®®. In contrary to [**P]-
PIP,, [*’P]-PIP and [*°P]-PI were significantly decreased
at 30 sec after thrombin (5 U/ml)-stimulation (Fig. 4A and
4B). However, the levels of [32P]-PIP,, [*°P]-PIP, and
[3?P]-PI decreased by thrombin (5 U/ml) were reversed to
the control level in the presence of PT (100 ug/ml) (Fig.
4A, 4B, and 4C). These results suggest that PT could
inhibit phospholipase C activity to suppress the break-
down of PIP,, PIP, and PI by thrombin. It is known that
thrombin receptor is PAR, which is G-protein coupled
receptor and mediates a Gg-linked response leading to the
activation of phospholipase Cg. Phospholipase Cg hydro-
lyzed the PIP, . It could not excluded that PT could
inhibit phospholipase Cg activity to suppress the break-
down of PIP, by thrombin. DG is commonly generated by
the cleavage of PIP,, PIP, and PI, and then DG 1s phos-
phorylated subsequently to PA by DG-kinase. Accord-
ingly, we investigated the effect of PT on PA-production.
As shown in Fig. 5, after 10 sec or 30 sec of thrombin-
stimulation, [>*P]-PA level was increased significantly by
12 = 2.0% or 18 + 3.0%, respectively (Fig. 5), compared
to that (5.5 £ 1.0%) of the control. This result reflected
that increased level of [°’P]-PA was due to the increased
hydrolysis of [**P]-PIP,, [*P]-PIP, and [**P]-PI by throm-
bin-activated phospholipase C at 10 sec or 30 sec after
thrombin-stimulation (Fig. 4A, 4B, 4C). The increase of
[*2P]-PA level by thrombin was inhibited non significantly
by PT (Fig. 5). The results, however, suggest that PT might
inhibit phospholipase C, and in turn inhibits the produc-
tion of DG Usually, PIP, breakdown accompanies the
generation of IP, besides DG Subsequently, IP, mobilizes
Ca?* from Ca®* store (dense tubular system), and thus
involves directly in platelet aggregation. It is reported that
ginsenoside Rg, did not inhibit the production of DG
from PIP, but inhibited thrombin-elevated [Ca®], in
human platelets®?. We have reported that ginsenoside Rg,
inhibited C-kinase activity, which was induced by phor-
bol-12-myristate-13-acetate, a tumor promoter””. Consid-
ering the previous- or our-results, it 1s thought that PT
might inhibit Gq-linked response inducing to the activa-
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Fig. 4. Effect of PT on thrombin-induced PIS cleavage. 2A: Effect of PT on thrombin-hydrolyzed phosphatidylinositol 4,5-bisphosphate
(PIP,). 2B: Effect of PT on thrombin-hydrolyzed phosphatidylinositol 4-monophosphate (PIP). 2C: Effect of PT on thrombin-
hydrolyzed phosphatidylinositol (PI). [**P}-labeled PIP,, PIP, and PI were analyzed as described in the “MATERIALS AND
METHODS”. *P < 0.05 as compared to the control or thrombin (5 U/ml). NS: Not significant

tion of phospholipase Cg, upstream pathway involving in
PIS-breakdown, and ginsenoside Rg, might inhibit C-
kinase activity by DG/Ca**, downstream pathway involv-
ing in pleckstrin phosphorylation. Effective concentration
of antiplatelet drugs such as aspirin, indomethacin, and
imidazole on human platelet is 1~200 uM in vitro. The
concentration of PT (100 ug/ml, C,H,,0,, Mw 476)'®
used in our study is almost equivalent to 210 uM.
Because PT, which is produced by acid hydrolysis of
Rgllﬁ’ ') has antiplatelet effect at low concentration
(100 pg/ml) than Rg, (500 pg/ml)*?, it is thought that PT
might become a beneficial saponin aglycone to inhibit
platelet aggregation. Considering the fact that PT inhibits

PIS breakdown and [Caz““]i increase by thrombin (Fig. 2,
4), PT might be involved in inhibition of Ca’*-mediated
platelet aggregation, and thus might have a beneficial
effect on platelet aggregation-mediated cardiovascular
disease.
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Fig. 5. Effect of PT on thrombin-produced phospatidic acid (PA).

PA was analyzed as described in the “MATERIALS AND
METHODS”. * P<0.05 as compared to the control or
thrombin (5 U/ml). NS: Not significant.
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