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Abstract : Platelets play an important role in physiological hemostatic mechanisms. In contrast, platelet activa-
tion has been implicated in pathological conditions, such as atherosclerosis, angiogenesis, and inflammation.
Thrombin is considered to be of particular pathological importance as a platelet-activating substance, and
thrombin-activated platelets are detected in the blood of patients with advanced occlusive arterial disease. Ca*
acts as a second messenger in platelet activation, and the regulation of intracellular Ca* concentrations ([Ca*]i)
is important for controlling platelet functions. However, changes in [Ca*]i by antiplatelet agents remain unclear.
Therefore, we herein investigated the relationship between [Ca?*]i and the intensity of platelet aggregation after
a thrombin stimulation, the relationship between [Ca®]i and the intensity of platelet aggregation by antiplatelet
agents, and the effects of antiplatelet agents on thrombin-activated platelets as a surrogate platelet model for
arterial occlusive disease. Fura2-loaded platelets were treated with phosphate-buffered saline or a low concen-
tration of thrombin (0.005 U/mL), followed by antiplatelet agents (aspirin or cilostazol), and changes in [Ca?']i
and the intensity of platelet aggregation by the thrombin stimulation were measured using fluorescence spectro-
photometry. Changes in [Ca?]i and the intensity of platelet aggregation after the thrombin stimulation as well
as the relationship between [Ca*]i and the intensity of platelet aggregation by antiplatelet agents indicated that
cilostazol exerted stronger antiplatelet effects than aspirin and also that antiplatelet effects may be attenuated
in thrombin-activated platelets. The present results also suggest the utility of thrombin-activated platelets as a
surrogate platelet model for arterial occlusive disease. These results may contribute to future drug development

for antiplatelet therapy. J. Med. Invest. 70:94-100, February, 2023
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INTRODUCTION

Platelets are small cells (2-3 um) that play an important role
in hemostatic mechanisms. They form a hemostatic thrombus
when vascular endothelial cells break down. When vascular
endothelial cells are ruptured, platelets are activated by adher-
ing to exposed collagen in endothelial tissue, and the release of
intracellular granules further promotes platelet aggregation.
The blood coagulation system is simultaneously activated, and
the production of thrombin triggers the formation of fibrin,
which strongly activates platelets (1). Ca®*as a second messenger
plays an important role in this chain of reactions (2, 3). However,
platelet activation has been implicated in pathologies such as
arteriosclerosis, angiogenesis, and inflammation (1, 4, 5).

Although many substances are involved in platelet activation,
the representative activation mechanism may be summarized
as the mobilization of intracellular Ca** concentrations ([Ca*i)
by the activation of phospholipase C (PLC) upon a stimulation
and the production of thromboxane A2 (TXAZ2), a strong in-
ducer of platelet aggregation (6-8). Thrombin is an aggregation
attractant that activates PL.C and increases [Ca*i in platelets.
Among platelet-activating substances, thrombin is considered to
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be pathologically important, and thrombin-activated platelets
have been detected in the blood of patients with advanced ar-
terial occlusive diseases, particularly cerebral and myocardial
infarction. Antiplatelet therapy with aspirin and cilostazol is
used to treat and prevent the recurrence of these diseases (9-14).
Aspirin is an antiplatelet agent that inhibits platelet aggregation
by irreversibly suppressing cyclooxygenase-1 (COX-1), thereby
reducing the production of TXA2 (15-17). Cilostazol is another
typical antiplatelet agent that selectively inhibits phosphodies-
terase III and suppresses platelet aggregation by increasing the
concentration of cAMP in platelets (18-21). Although aspirin and
cilostazol have different mechanisms of action, they ultimate-
ly inhibit platelet activation by controlling [Ca*']i. Therefore,
variations in [Ca®']i are important for the effects of antiplatelet
agents in antiplatelet therapy. However, the mechanisms under-
lying [Ca*i fluctuations and associated platelet aggregation by
these antiplatelet agents have not yet been elucidated in detail.
In the present study, we assessed [Ca?']i fluctuations and asso-
ciated platelet aggregation during a thrombin stimulation, and
examined the effects of [Ca®]i on platelet aggregation. We also
investigated the relationship between [Ca*]i and the intensity
of platelet aggregation in the platelet aggregation inhibition
response to antiplatelet agents (aspirin and cilostazol) as well
as the effects of these antiplatelet agents on thrombin-activated
platelets as a surrogate platelet model for arterial occlusive
disease.
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MATERIALS AND METHODS
Ethics Statement

The present study was approved by the Ethics Committee of
the University of Tokushima Hospital (approval number 2072-
6). Written informed consent was obtained from all volunteers,
and all participants signed consent forms approved by the Ethics
Committee.

Study participants

Six healthy participants aged between 24 and 64 years old (4
males and 2 females ; mean age + SD, 40.8 + 17.2 years) with no
history of drug use and no underlying health conditions affecting
platelet function were included in the present study.

Chemicals

Thrombin was purchased from Mochida Pharmaceutical Co.,
Ltd. (Tokyo, Japan). Aspirin (acetylsalicylic acid) was purchased
from Wako Pure Chemical Industries, Ltd. (Osaka, Japan), and
cilostazol was provided from Otsuka Pharmaceutical Co., Ltd.
(Tokyo, Japan). Fura2-AM was purchased from Dojindo Labo-
ratories (Kumamoto, Japan). CaClz solution (0.025 M) was from
Muto Pure Chemicals Co., Ltd. (Tokyo, Japan). Phosphate-buff-
ered saline (PBS) was from Sigma-Aldrich Co. Dimethyl sulfox-
ide (DMSO) was purchased from Kanto Chemical Industry Co.,
Litd. (Tokyo, Japan). Triton X-100 was from Wako Pure Chemical
Industries, Ltd., acid citrate dextrose (ACD) was from Terumo
(Tokyo, Japan), and ethylene glycol-bis (2-aminoethylether)-N,
N, N, N'-tetraacetic acid (EGTA) was from Sigma-Aldrich Co.

Preparation of Fura2-loaded platelets

Human platelets were collected from six healthy adult vol-
unteers. Blood collected from humans was mixed with ACD
(blood : ACD = 6: 1) and centrifuged at 163Xg at room tempera-
ture for 15 min. Supernatant platelet-rich plasma (PRP) was
incubated with Fura2-AM (2 pL Fura2-AM in 1 mL PRP) at
37°C for 50 min in the dark. After being incubated, ACD at
15% of the total volume of PRP was added, and the mixture was
centrifuged at 720Xg for 10 min. After the removal of the super-
natant, the platelet pellet was washed twice with 5 mLL HEPES
buffer (145 mM NaCl, 5 mM KCI, 1 mM MgSO., 10 mM HEPES,
5 mM glucose, and pH 7.4)/750 pL. ACD (720xg for 6 min). The
platelet count was adjusted with HEPES buffer to 1x10®/mL,
and changes in [Ca®']i and the intensity of platelet aggregation
were measured.
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Measurement of [Ca®™]i and the intensity of platelet aggregation
by the thrombin stimulation in untreated and thrombin-activated
platelets

First, 480 pL of the Fura2-AM-treated platelet suspension,
resuspended in HEPES buffer at 1x10° cells/mL, was placed in
a quartz cell, followed by preheating at 37°C for 20 seconds in
a fluorescence spectrophotometer. Subsequently, 10 pL of 0.025
M CaCl:z was added at a final concentration of 1 mM (set to the
concentration of Ca** in blood), and 60 seconds later, 20 pL of
0.13 U/mL thrombin (or PBS as a control) was added at a final
concentration of 0.005U/mL for treatment for 60 seconds. Then,
10 pL of aspirin or cilostazol (or a DMSO-water mixture as a
control) was added for 6 minutes, followed by stimulation with 20
uL of 1.1 U/mL thrombin at a final concentration of 0.04 U/mL.
After 180 seconds, 100 uL of 1% Triton X-100 was added. Then,
after 100 seconds, 100 mM EGTA was added. Fluorescence was
measured at excitation wavelengths of 340 and 380 nm and an
emission wavelength of 510 nm, and the intensity of platelet
aggregation was assessed by light scattering at an excitation
wavelength of 380 nm and an emission wavelength of 400 nm
using a fluorescence spectrophotometer (F-2500 ; Hitachi Ltd.,
Tokyo, Japan). [Ca®*']i in human platelets and the intensity of
platelet aggregation were denoised using the Savitzky Golay
smoothing filter included in the [Ca*]i measurement software
(Hitachi, Ltd.) and calculated using the analysis software with
the formula of Grynkiewicz et al. (22).

Statistical analysis

Data are expressed as the mean + standard deviation. The
significance of differences was analyzed using a one- or two-way
ANOVA followed by a post hoc analysis using Dunnett’s test or
the Student’s r-test (Excel Statistics : Bellcurve for Excel and
Microsoft Excel) and set at P<0.05.

RESULTS

Determination of thrombin concentrations for preparation of throm-
bin-activated platelets and the selection of a thrombin concentra-
tion for the stimulation

Figure 1 shows [Ca*]i in human platelets (Figure 1A) and
the intensity of platelet aggregation (Figure 1B) after throm-
bin stimulations (0.005-0.1 U/mL). [Ca*]i and the intensity
of platelet aggregation at each concentration of the thrombin
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Determination of thrombin concentrations for preparation of thrombin-activated platelets and the selection of a

thrombin concentration for the stimulation. Changes in [Ca*]i in human platelets (A) and the intensity of platelet aggregation (B)
were assessed 15 seconds after a thrombin stimulation (0.005-0.1 U/ml). [Ca*]i and the intensity of platelet aggregation at each
concentration of the thrombin stimulation were compared with increases from pre-stimulation values of 0. Results are presented
as the mean = SD, n = 3, a one-way ANOVA followed by Dunnett’s test (**P<0.01 vs. 0.005 U/ml thrombin).
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stimulation were compared as an increase from the pre-stimu-
lation value of 0. With the 0.005 U/mL thrombin stimulation,
[Ca*]i and the intensity of platelet aggregation both slightly
increased ([Ca*]i: 12.5+ 6.2 nM, intensity of platelet aggre-
gation : 87.7 + 41.6). However, at the thrombin stimulation at
0.025 U/mL, [Ca®*]i and the intensity of platelet aggregation
both significantly increased ([Ca®']i and the intensity of platelet
aggregation : 111.6 £ 10.1 nM and 269.5 + 72.3, respectively).
Therefore, 0.005 U/mL thrombin was selected as the thrombin
concentration to prepare thrombin-activated platelets in this
study. We also used 0.04 U/mL as the thrombin concentration
for the platelet stimulation.

Changes in [Ca**]i and the intensity of platelet aggregation after the
thrombin stimulation in untreated and thrombin-activated platelets

Figure 2 shows changes in [Ca*]i (Figure 2A) and the in-
tensity of platelet aggregation (Figure 2B) in untreated and
thrombin-activated platelets after the thrombin stimulation
(0.04 U/mL). [Ca*]i and the intensity of platelet aggregation
after the thrombin stimulation were compared as an increase
from the pre-stimulation value of 0. A significant difference
was observed in changes in [Ca?']i between untreated and
thrombin-activated platelets after the thrombin stimulation.
[Ca*i increased rapidly in untreated platelets (153.0 + 29.8 nM)
15 seconds after the thrombin stimulation ; however, no clear
increase was subsequently observed until after 180 seconds.
Although [Ca®']i also increased rapidly in thrombin-activated
platelets after the stimulation, the increase (92.6 +29.1 nM) was
significantly less than that in untreated platelets, was followed
by a gradual increase after 60 seconds, and was similar to that
in untreated platelets after 180 seconds. On the other hand, no
significant difference was observed in changes in the intensity of
platelet aggregation between untreated and thrombin-activated
platelets after the thrombin stimulation, whereas the intensity of
platelet aggregation also increased rapidly 15 seconds after the
thrombin stimulation. The intensity of platelet aggregation by
thrombin-activated platelets was 321.9 + 182.6 15 seconds after
the stimulation, which was lower than that of untreated platelets
(413.0£192.9), but there was no significantly different. Thereaf-
ter, untreated and thrombin-activated platelets both showed an
increase until 180 seconds.
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Effects of aspirin on [Ca’*Ji and the intensity of platelet aggregation
by the thrombin stimulation in untreated and thrombin-activated
platelets

Figure 3 shows the effects of aspirin on Ca®* release 15 seconds
after the thrombin stimulation (Figure 3A) and the intensity of
platelet aggregation (Figure 3B and 3C) after 15 and 180 sec-
onds in untreated and thrombin-activated platelets. Significant
differences were noted in the inhibitory effects of aspirin on
both [Ca*]i and the intensity of platelet aggregation between
untreated and thrombin-activated platelets 15 seconds after the
thrombin stimulation. Aspirin at 5.6-560 pM inhibited increas-
es in both [Ca®i and the intensity of platelet aggregation in a
concentration-dependent manner in untreated platelets, with
these increases being significantly inhibited at concentrations
of 56 and 560 uM (Figure 3A and 3B). In thrombin-activated
platelets, an aspirin concentration of 560 nM slightly inhibited
[Ca?']i, whereas the intensity of platelet aggregation was not
affected at any of the concentrations tested (Figure 3A and 3B).
In contrast, no significant differences were observed in the in-
hibitory effects of aspirin on the intensity of platelet aggregation
of untreated and thrombin-activated platelets 180 seconds after
thrombin stimulation, although the intensity platelet aggrega-
tion of untreated and thrombin-activated platelets was slightly
inhibited by aspirin (Figure 3C). The inhibitory effects of aspirin
were stronger in untreated platelets than in thrombin-activated
platelets.

Effects of cilostazol on [Ca*]i and the intensity of platelet aggrega-
tion by the thrombin stimulation in untreated and thrombin-activat-
ed platelets

Figure 4 shows the effects of cilostazol on [Ca*]i 15 seconds
after the thrombin stimulation (Figure 4A) and the intensity
of platelet aggregation (Figure 4B and 4C) after 15 and 180
seconds in untreated and thrombin-activated platelets. Signif-
icant differences were observed in changes in [Ca*]i between
untreated and thrombin-activated platelets after the thrombin
stimulation. Cilostazol at 0.5-5 uM inhibited [Ca®']i in a concen-
tration-dependent manner in both untreated and thrombin-acti-
vated platelets and significantly inhibited the increase in [Ca®i
at all concentrations tested (Figure 4A). On the other hand, no
significant differences were noted in changes in the intensity of
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Figure 2. Changes in [Ca™]i and the intensity of platelet aggregation after the thrombin stimulation in untreated
and thrombin-activated platelets. Changes in [Ca*]i in human platelets (A) and the intensity of platelet aggregation
(B) were measured after a thrombin stimulation (0.04 U/ml). e, untreated platelets ; m, thrombin-activated platelets
(thrombin : 0.005 U/mL). [Ca®*]i and the intensity of platelet aggregation after the thrombin stimulation were compared
with increases from pre-stimulation values of 0. Results are presented as the mean+SD, n=5, a two-way ANOVA
followed by the Student’s t-test (**P<0.01, untreated platelets vs. thrombin-activated platelets, 15 seconds after the

stimulation).
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Figure 3. Effects of aspirin on [Ca*]i and the intensity of platelet aggregation by the thrombin stimulation in untreated
and thrombin-activated platelets. Fura2-loaded untreated platelets or thrombin-activated platelets (thrombin : 0.005 U/
mL) were treated with aspirin (5.6-560 uM) for 6 minutes and then stimulated with thrombin (0.04 U/mL). m, untreated
platelets ; o, thrombin-activated platelets. (A) ; [Ca*]i mobilization and (B), (C) ; the intensity of platelet aggregation (B ; 15
and C; 180 seconds after the thrombin stimulation). Results are presented as the mean+SD, n=5, a two-way ANOVA
followed by Dunnett’s test (*P<0.05, **P<0.01 vs. control).
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Figure 4. Effects of cilostazol on [Ca™]i and the intensity of platelet aggregation by the thrombin stimulation
in untreated and thrombin-activated platelets. Fura2-loaded untreated platelets or thrombin-activated platelets
(thrombin : 0.005 U/mL) were treated with cilostazol (0.5-5 uM) for 6 minutes and stimulated with thrombin (0.04
U/mL). m, untreated platelets ; 0, thrombin-activated platelets. (A) ; [Ca**]i mobilization and (B), (C) ; the intensity of
platelet aggregation (B ; 15 and C ; 180 seconds after the thrombin stimulation). Results are presented as the mean + SD,
n =6, a two-way ANOVA followed by Dunnett’s test (*P<0.05, **P<0.01 vs. control).
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platelet aggregation between untreated and thrombin-activated
platelets 15 and 180 seconds after the thrombin stimulation.
The intensity of platelet aggregation was significantly inhib-
ited in untreated platelets at all concentrations, but was not
suppressed in thrombin-activated platelets at a concentration of
0.5 uM (Figure 4B and 4C). The inhibitory effects of cilostazol
at concentrations of 0.5-5 uM 180 seconds after the stimulation
were slightly stronger in both untreated and thrombin-activated
platelets (Figure 4C). The inhibitory effects of cilostazol were
very strong and similar between untreated and thrombin-acti-
vated platelets.

Relationship between [Ca®™]i and the intensity of platelet aggrega-
tion after the thrombin stimulation in platelets treated with antiplate-
let agents (aspirin and cilostazol)

Figure 5 shows the relationship between [Ca*']i and the
intensity of platelet aggregation 15 seconds after the thrombin
stimulation (0.04 U/mL) in platelets (untreated and throm-
bin-activated platelets) treated with aspirin (Figure 5A and
5B) or cilostazol (Figure 5C and 5D) at various concentrations.
A correlation was observed between [Ca®i and the intensity of
platelet aggregation in untreated and thrombin-activated plate-
lets following the addition of aspirin or cilostazol (r=0.616-0.802,
P<0.001).
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DISCUSSION

Platelets play an important role in physiological hemostatic
mechanisms. In contrast, activated platelets have been implicat-
ed in pathological conditions, such as atherosclerosis, angiogen-
esis, and inflammation (1-5). Antiplatelet therapy with aspirin
and cilostazol is used to treat arterial hemoperfusion, such as ce-
rebral and myocardial infarctions, and also prevent recurrence
(12-14). Therefore, the evaluation of platelet functions is of impor-
tance, particularly the effects of these antiplatelet agents. In the
present study, we investigated the relationship between [Ca*i
fluctuations and platelet aggregation after a thrombin stimula-
tion as well as that between [Ca®']i and the intensity of platelet
aggregation in the platelet aggregation inhibitory reaction by
antiplatelet agents (aspirin and cilostazol). In addition, platelets
are activated by many substances, among which thrombin is
pathologically important, and thrombin-activated platelets have
been detected in the blood of patients with advanced arterial
occlusive disease (9-11). Therefore, we also examined the effects
of these antiplatelet agents on thrombin-activated platelets pre-
pared as a surrogate platelet model for arterial occlusive disease.

Thrombin-activated platelets as a surrogate platelet model
for arterial occlusive disease were pretreated with 0.005 U/mL
thrombin, which exerted the weakest effects on [Ca®i and the
intensity of platelet aggregation at each thrombin concentration.
To maintain the linear response with 0.04 U/mL thrombin, this
concentration was selected for stimulation.

Regarding changes induced by the stimulation with 0.04
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Figure 5. Relationship between [Ca™]i and the intensity of platelet aggregation after the thrombin stimulation in
platelets treated with antiplatelet agents (aspirin and cilostazol). Scatter diagrams show the relationship between
[Ca™]i and the intensity of platelet aggregation 15 seconds after the thrombin stimulation (0.04 U/mL) [(A) and (C),
untreated platelets ; (B) and (D), thrombin-activated platelets (thrombin : 0.005 U/mL) ] in platelets treated with various
concentrations of aspirin [(A) and (B)] or cilostazol [(C) and (D)]. (A) and (B) : n =20, (C) and (D) : n=30.
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U/mL thrombin, [Ca®']i increased rapidly in untreated platelets
up to 15 seconds after the stimulation and did not significantly
change until after 180 seconds. In thrombin-activated platelets,
[Ca?"]i also increased rapidly up to 15 seconds, but was lower
than that in untreated platelets, and reached a similar value
to that in untreated platelets after 180 seconds. On the other
hand, the intensity of platelet aggregation also increased rapidly
up to 15 seconds in untreated and thrombin-activated platelets,
and then increased slowly up to 180 seconds. Based on these
results, we investigated the relationship between [Ca®']i and the
intensity of platelet aggregation 15 seconds after the thrombin
stimulation. Regarding the intensity of platelet aggregation,
we examined changes at two time points, 15 and 180 seconds
after the thrombin stimulation ; however, it became clear that
the intensity of platelet aggregation needed to be evaluated 180
seconds after the thrombin stimulation. Furthermore, the sensi-
tivity of platelets to the thrombin stimulation appeared to vary
among different individuals.

In the typical thrombin platelet-activating pathway, thrombin
activates thrombin receptors (PAR-1 and PAR-4) on the platelet
membrane, which subsequently evoke PLC to produce IP3. TIP3
then binds to IP3 receptors in the endoplasmic reticulum and
promotes the aggregation of platelets by mobilizing [Ca*1i. In
addition, increases in [Ca®*]i produce TXA2, a potent inducer
of platelet aggregation, which promotes platelet aggregation (6).
The main thrombin receptor on platelets is PAR-1, which has a
higher affinity for thrombin than PAR-4 and is activated by low
concentrations of thrombin. In contrast, PAR-4 was shown to be
activated by high concentrations of thrombin (6, 23). Therefore,
in thrombin-activated platelets, PAR-1 may have been activated
and processed by the pretreatment with a low concentration of
thrombin (0.005 U/mL), resulting in low [Ca*]i 15 seconds after
the subsequent thrombin stimulation (0.04 U/mL).

Regarding the inhibition of platelet aggregation by antiplate-
let agents, we examined aspirin at a low dose of 5.6 pM, which
is used as an antiplatelet agent, and at higher doses (56 and 560
uM). Aspirin significantly inhibited [Ca®']i and the intensity of
platelet aggregation in untreated platelets at concentrations of
56 and 560 uM 15 seconds after the thrombin stimulation, but
had no significant effects on thrombin-activated platelets, with
only the slight inhibition of [Ca®]i being observed at 560 uM as-
pirin. However, 180 seconds after the thrombin stimulation, the
intensity of platelet aggregation slightly decreased in untreated
platelets or thrombin-activated platelets, whereas no significant
changes were detected. Aspirin irreversibly inactivates enzyme
activity by acetylating the 529th serine residue of COX-1, thereby
inhibiting TXA2 production and platelet function by suppressing
increases in [Ca?']i (16, 17). The present results strongly suggest
that the antiplatelet effects of aspirin were attenuated in throm-
bin-activated platelets. A previous study reported that a sig-
nificant proportion of young stroke patients have platelets that
are hyperactive to thrombin and are not normalized by aspirin,
which is consistent with the present results (24). We attributed
the effects of aspirin to the partial inhibition of thrombin-stimu-
lated activation and not to the strong suppression of aggregation.
We intend to investigate the combined effects of aspirin and anti-
platelet agents with different mechanisms of action in the future.
On the other hand, cilostazol has a different antiplatelet mecha-
nism of action than aspirin, selectively inhibiting a cAMP-inac-
tivating metabolic enzyme (phosphodiesterase III) and exerting
its antiplatelet effects by lowering [Ca*"]i through increases in
the concentration of cAMP in platelets (18-21). These antiplate-
let drugs control platelet functions by suppressing signaling
through several pathways after a thrombin stimulation and
ultimately inhibit [Ca®i. Cilostazol significantly suppressed
thrombin-stimulated increases in [Ca*]i and the intensity of
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platelet aggregation in both untreated and thrombin-activated
platelets ; however, the inhibitory effects of 0.5 uM cilostazol on
thrombin-activated platelets were weaker. This result suggests
that the effects of cilostazol were attenuated in thrombin-activat-
ed platelets. The effects of the drugs on the intensity of platelet
aggregation did not significantly differ between untreated and
thrombin-activated platelets, which may have been due to the
potent effects of cilostazol. Tkeda et al. previously reported that
cilostazol inhibited the aggregation of platelets induced by ADP,
collagen, and arachidonic acid in patients with cerebral infarc-
tion and arteriosclerosis obliterans, and also that its effects were
stronger than those of aspirin (25). The effects of aspirin and
cilostazol were attenuated in thrombin-activated platelets. In
the present study, thrombin-activated platelets were prepared by
a treatment with a low concentration of thrombin (0.005 U/mL).
Low concentrations of thrombin have been shown to activate
PAR-1, which produces phospholipase Cp (PLCp)-mediated IP3
and diacylglycerol and/or decreases cAMP concentrations due
to a reduction in adenylate cyclase activity (23, 26). Although
alterations in these signaling processes within platelets have
been suggested, to the best of our knowledge, the mechanisms of
action of these antiplatelet agents have not yet been fully clari-
fied ; therefore, further studies are warranted.

[Ca®']i and the intensity of platelet aggregation after the
thrombin stimulation positively correlated (r=0.616-0.802) in
both untreated and activated platelets following the addition of
aspirin or cilostazol. We confirmed that the inhibition of [Ca®*i
by aspirin and cilostazol regulated the respective intensities of
platelet aggregation.

The present results suggest that thrombin-activated platelets
as a surrogate platelet model for arterial occlusive disease at-
tenuate the effects of antiplatelet agents. Therefore, prior to the
initiation of antiplatelet therapy by patients with arterial occlu-
sive disease, the assessment of platelet [Ca®*]i may be a useful
indicator of not only the platelet status, but also the appropriate
dose of antiplatelet agents to be used.

There are some limitations that need to be addressed. The
number of participants was small and their ages widely varied.
In addition, the ratio of males to females was skewed. Therefore,
further studies on a larger number of participants analyzed by
age and sex are needed. We intend to increase the number of par-
ticipants and conduct more detailed examinations in the future.

In conclusion, the present study revealed a relationship be-
tween changes in [Ca®]i and the intensity of platelet aggregation
after a thrombin stimulation. The relationship between [Ca*]i
and the intensity of platelet aggregation by antiplatelet agents
revealed that cilostazol exerted stronger antiplatelet effects than
aspirin. We also found that the antiplatelet effects of aspirin and
cilostazol were attenuated in platelets activated with a low con-
centration of thrombin (0.005/mL). Thrombin-activated plate-
lets in the present study may be useful as a surrogate platelet
model in future studies on platelet function in arterial occlusive
disease. The present results may contribute to future drug devel-
opment for antiplatelet therapy.
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