HX
Lab Med Online

CrossMark Vol. 6, No. 4: 214-220, October 2016
dickforupdates. Dttp://dx.doi.org/10.3343/lm0.2016.6.4.214

®

(S1gk=t AN

o =

OIA} I‘l O|O|
0o

It X|A| Cilostazol?| k=51t ZL|E{Z

bl

X|Ctaiols

. 8)Y (0

L

Monitoring the Antiplatelet Effect of Cilostazol with Light Transmission Aggregometer:

Two Cases of Possible Cilostazol Resistance
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Background: Coronary artery disease is an important cause of death in adults and stent insertion is one of the treatment modalities. The most
severe adverse effect of a stent insertion is the formation of a thrombus; therefore, antiplatelet agents are used. The addition of cilostazol to low-
dose aspirin and clopidogrel results in a better antiplatelet effect. However, laboratory tests to monitor the effect of cilostazol are insufficient.
Methods: We tested the inhibitory effect of cilostazol using maximal platelet aggregation in 20 healthy volunteers. Conditions for incubation and
concentrations of cilostazol and prostaglandin E1 (PGE1) were established and aggregation was induced by 5”-adenosine diphosphate (ADP) and
measured with light transmission aggregometry (LTA). Blood samples were incubated with 1 yM and 2 M cilostazol for 10 minutes at room tem-
perature, and 80 nM PGE1 was added and incubated for an additional 10 minutes. Aggregation was induced by ADP and reactivity was evaluated.
Results: The average maximum aggregation (MA) was 58.1% at 1 UM cilostazol and 22.0% when PGEL was added. The average MA was 42.8%
when cilostazol concentration was increased to 2 UM and 21.2% when PGEL was added. Average inhibition of aggregation at 1 pM cilostazol was
not statistically significant (P=0.085), but was significant (P=0.004) at 2 pM cilostazol. Aggregation was not inhibited even with 2 pM cilostazol

and PGEL in 2 volunteers, which suggests possible resistance to cilostazol.

Conclusions: We designed a method to monitor the effect of cilostazol using in vitro incubation with PGEL.
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INTRODUCTION

Cardiovascular disease is a major cause of death in adults and
treatment modalities include medication and stent insertion. In-

serted stents stimulate vessel walls and platelets, and release plate-
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let-derived growth factors and thicken the intima of vessel walls,
worsening symptoms [1]. It is important to prescribe antiplatelet
agents to prevent thrombus formation in patients with a stent in-
sertion. Aspirin and clopidogrel are the major antiplatelet agents
used.

Aspirin is a cyclooxygenase (COX) inhibitor and prevents plate-
let aggregation by inhibiting the formation of thromboxane A2.
Clopidogrel is a 5"-adenosine diphosphate (ADP) receptor blocker
and inhibits platelet aggregation by increasing the amount of cy-
clic adenosine monophosphate (CAMP) in platelets. Recently, pa-
tients showing high post treatment platelet reactivity (HPPR) after
taking antiplatelet agents have been reported to show worse prog-
noses. The frequency of HPPR is reported to be 5-45% in patients
taking aspirin [2] and 4-30% in patients taking clopidogrel [3]. Meth-

ods for monitoring the effects of these medications have been de-
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veloped using platelet aggregometry.

Among patients with stent insertions, the addition of cilostazol,
which acts differently from aspirin and clopidogrel, resulted in a
better prognosis than a dual therapy [4]. Cilostazol increases the
level of cAMP by inhibiting phosphodiesterase 3 (PDE3), which
degrades cAMP. Increased cAMP phosphorylates vasodilator-stim-
ulated phosphoprotein (VASP) and inhibits platelet aggregation.
Many efforts, such as measuring phosphorylated VASP and di-
rectly measuring cAMP, have been made to monitor the pharma-
cological effect of cilostazol [5]. However, resistance to cilostazol
has not been reported since the methods for monitoring the effect
of cilostazol are not widely used.

It is reported that the addition of prostaglandin E1 (PGED) sig-
nificantly increases the phosphorylation of VASP resulting in de-
creased platelet aggregation compared to cilostazol alone [6]. PGE1
stimulates adenylate cyclase (AC) and increases the level of cAMP,
strengthening its antiplatelet effect. We report the development of
a method to monitor the effect of cilostazol using in vitro incuba-

tion of PGE1 and cilostazol.

METHODS

1. Subjects

Twenty healthy volunteers without any family history of bleed-
ing disorders agreed to participate in the experiment. Blood was
withdrawn in 3.2% sodium citrate tubes and all tests were carried

out within 4 hours.

2. Reagents
1) Cilostazol

A stock solution of 1 mM cilostazol (Sigma Aldrich, MO, USA)
was prepared using dimethyl sulfoxide (DMSO, Sigma Aldrich,
MO, USA). The stock solution of cilostazol (CoH»7NsO,) was diluted
to yield final concentrations of 1 pM, 2 uM, 5 M, and 10 pM.

2) PGET

Aliquots were made from 1 mg of PGE1 dissolved in distilled
water. PGE1 (1 mM) was additionally diluted to yield final concen-
trations of 10 nM, 40 nM, 70 nM, 80 nM, and 100 nM.

3) ADP
ADP (Helena Laboratories, TX, USA) was dissolved in distilled
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water to produce aliquots. ADP (CioHisNsOwP2; 0.2 mM), in pow-
dered form, was dissolved in 1 mL of distilled water to yield a fi-

nal concentration of 20 uM.

3. Platelet Aggregometry

Platelet aggregometry was carried out with PACKS-4, a Platelet
Aggregation Chromogenic Kinetic System (Helena Laboratories,
TX, USA). The number of platelets was measured. The samples
were centrifuged at 800 RPM (140 g) for 600 seconds and super-
natants were collected as platelet rich plasma (PRP). The remain-
ing samples were additionally centrifuged at 3,000 RPM (2,090 g)
for 900 seconds and the supernatants were collected as platelet-
poor plasma (PPP). If necessary, the final number of platelets in
PRP was diluted with PPP to set in the range of 200-250 K/pL. Light
transmission of PPP was established as 100% and that of PRP with-
out aggregation was set as 0%. 450 uL of PRP was pipetted into 4
glass tubes provided in PACKS-4 and 500 pL of PPP in one glass
tube. ADP (50 pL) was added and maximum aggregation (MA)

was measured after observing reactions for 15 minutes.

4. Establishing Concentrations

For establishing the appropriate concentration of ADP, 5 pM
and 20 pM of ADP were used under different concentrations of
PGE1 and cilostazol, and the MA of preliminary tests was mea-
sured with PACKS-4. For establishing the concentration of cilo-
stazol, 10 pM, 5 uM, 2 pM, and 1 pM cilostazol was pipetted, re-
spectively, and left to react at room temperature for 10 minutes.
Various concentrations of PGE1 were added and left to react at
room temperature for an additional 10 minutes. Aggregation was
induced with 5 uM and 20 pM of ADP, and the MA was measured.
For PGEL1, various concentrations of cilostazol were added to 10

nM, 40 nM, 80 nM, and 100 nM PGE1 and the MA was measured.

5. Methods

The appropriate concentrations of ADP, PGE1, and cilostazol to
be used in screening tests were established as previously explained
(4. Establishing concentrations). Cilostazol at 1 uM and 2 pM was
added in channels 1 and 2. PGE1 was added to 1 pM and 2 pM ci-
lostazol, in channels 3 and 4 (Fig. 1). The MA under established
conditions was measured using blood samples obtained from 20
healthy volunteers. Statistical analysis was done using SPSS soft-

ware (SPSS V.18.0 for Windows; SPSS Inc., Chicago, IL, USA).
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Fig. 1. Example of experimental protocol with participants. Maximal
aggregation % of A) cilostazol 1 uM, ADP 20 uM, B) cilostazol 2 uM,
ADP 20 pM, C) cilostazol 1 uM, PGE1 80 nM, ADP 20 uM, and D) cilo-
stazol 2 uM, PGE1 80 nM, ADP 20 pM.
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Fig. 2. Effect of PGE1 on maximal aggregation (%, Y-axis). Maximal
aggregation % of A) ADP 20 uM, B) PGE1 100 nM, ADP 20 uM.

RESULTS

1. Concentration of ADP

The average MA of samples induced with 20 pM ADP was 77.3%
whereas that of the samples incubated with 2 pM cilostazol and
80 nM PGE1 was 18.6%. The average MA of samples induced with
5 M ADP was 62.0% whereas that of the samples incubated with
2 pM cilostazol and 80 nM PGE1 was 5.6%, which provided a near
baseline graph. We decided to use 20 pM ADP in our experiments.

2. Concentration of Cilostazol

When 10 pM cilostazol was added, the MA was 1.8% even in
the absence of PGEL. The MA of samples containing 80 nM PGE1
and 1, 2, and 5 pM cilostazol were 13.1%, 4.8%, and 4.6%, respec-
tively. Aggregation was inhibited significantly at 2 pM cilostazol.

The response to 1 pM cilostazol was expected to show individual
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Fig. 3. Effect of addition of PGE1 on maximal aggregation (%, Y-axis).
Maximal aggregation % of A) cilostazol 1 uM, ADP 20 pM, B) cilosta-
20l 1 uM, ADP 20 uM, PGE1 80 nM.

variations. We decided to use 1 pM and 2 puM cilostazol in our ex-

periments.

3. Concentration of PGE1

The average MA of samples induced by 20 uM ADP and 2 pM
cilostazol, and with the addition of 10 nM, 40 nM, 70 nM, and 100
nM PGE1 was 35.2%, 24.4%, 14.3%, and 8.6%, respectively, and
the rate varied among individuals. Aggregation decreased almost
proportional to the concentration of PGE1 when more than 40
nM was added. We decided to use 80 nM PGE1 in our experi-
ments. When two samples, one with 100 nM PGE1 and the other
with none, were induced by 20 uM ADP, the MA showed no sig-
nificant difference (Fig. 2). Addition of PGE1 to cilostazol showed
a marked effect on the inhibition of platelet aggregation (Fig. 3).

4, Frequency of Resistance to Cilostazol in Normal
Population

The 20 volunteers who participated in this experiment comprised
13 women and 7 men. Their average age was 32 yr (range: 26-55
yD), average number of platelets was 160 X 10°/uL (range: 83-249 X
10°/pL), and the average number of platelets in PRP was 238 X
10%/uL (range: 188-305 X 10°/uL). The average MA of samples with-
out any cilostazol was 59.0% (range: 28.6-82.7%), and that of sam-
ples with 1 uM cilostazol was 58.1% (range: 35-83%), which showed
no statistically significant difference (P=0.085). The average MA
of samples with 1 pM cilostazol and 80 nM PGE1 was 22.0% (range:
4-72%), which showed a statistically significant difference (P<0.001)
from the average MA of samples incubated with 1 uM cilostazol

only. The average MA of samples incubated with 2 uM cilostazol
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Fig. 4. Decreasing aggregation % according to the concentration of cilostazol. A) % aggregation with no cilostazol, 1 pM of cilostazol and 1 pM of
cilostazol and 80 nM of PGE1, B) % aggregation with no cilostazol, 2 uM of cilostazol and 2 uM of cilostazol and 80 nM of PGE1.
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Fig. 5. Result of participants showing resistance to cilostazol. Maximal
aggregation % (Y-axis) did not decrease with 2 uM of cilostazol and
80 nM of PGE1.

was 42.8% (range: 10.0-74.5%), which showed a statistically signifi-
cant decrease (P=0.004). It decreased to 21.2% (range: 2.3-74.1%)
when 80 nM PGE1 was added to 2 pM cilostazol (P<0.00D) (Fig. 4).

Two subjects (both women, aged 29 and 55 yr, with platelet
counts of 178 X 10°/uL, 150 X 10°%/uL, respectively) showed an MA
of over 70% even with PGE1 and 2 uM cilostazol (Fig. 5). This de-
creased to nearly 30% when the amount of cilostazol was increased
to 10 uM and less than 5% when PGE1 was added.

At 2 pM cilostazol and 80 nM PGE1, which is the theoretical
condition for the maximum inhibition of aggregation in our ex-
periment, MA was maximum 74.1%, minimum 2.3%, average 21.2%
and standard deviation was 22.2% (Fig. 6). In conclusion, we pro-
pose incubation with 2 uM cilostazol and 80 nM PGE1 and induc-
tion with 20 pM ADP to monitor cilostazol resistance, and the cut-

off for resistance to be 65.6% which is the average+2SD.

http://dx.doi.org/10.3343/lm0.2016.6.4.214

80
}..

& 60 |
<
S
&
g
S 40 | °
<
= [ ]
£
% [
S b

0 A X X X X

Cilostazol 2 uM+PGE1

Fig. 6. Box plot distribution of % aggregation under 2 uM of cilosta-
zol and 80 nM of PGE1. Two outlying results, probably resistant to ci-
lostazol, are indicated by the arrow. Minimum value is 2.3%, maxi-
mum 74.1%, mean 21.1%, with standard deviation of 22.2%.

DISCUSSION

Monitoring the effect of cilostazol, which is prescribed together
with aspirin and clopidogrel, is important. Although the response
to cilostazol is expected to differ among individuals, there is no
report on any methods of monitoring. We developed an experi-
ment protocol using 1 uM and 2 pM cilostazol, and PGE1, to mon-
itor the inhibition of platelet aggregation.

In a study by Yamamoto et al[6], 10 healthy volunteers took 100
mg of cilostazol and had blood withdrawn hourly for several
hours; thereafter, the level of VASP phosphorylation was mea-
sured by western blot analysis. PGE1 was added to the samples
and LTA was measured after inducing aggregation with ADP and

collagen, indicating that PGE1 is important in monitoring the ef-
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fect of cilostazol.

PGEI, with adenosine, is an intrinsic agonist, which increases
cAMP and inhibits the activation of platelets via the prostacyclin
receptor. Cilostazol protects the cardiovascular system by extend-
ing and stimulating the effect of factors producing cAMP, and PGE1
increases CAMP by acting on Gas-coupled receptors. It has been
proven that cAMP induces nitric oxide synthase in endothelial
cells and increases cGMP levels [7]. It is anticipated that the effect
of cilostazol was absent without PGE1 since the half-lives of pros-
tacyclin and nitric oxide are 6-7 minutes and a few seconds, re-
spectively. The substances are regarded to be degraded within 20
minutes of preparing PRP.

In 2 volunteers, the activity of platelets was not inhibited even
in the presence of 2 pM cilostazol and PGE1, and showed a re-
sponse when cilostazol concentration was increased to 10 uM.
This is expected to be the reaction in patients demonstrating re-
sistance to cilostazol. Theoretically, increasing the dosage of cilo-
stazol, elongating the time of exposure with platelets, or adminis-
tration of PGE1, can be considered in patients with HPPR to cilo-
stazol. One report showed that an increase in the incubation time
of cilostazol had no effect on aggregation when induced by colla-
gen but a significant decrease of aggregation was observed when
it was induced by ADP [1]. It is thought that increasing the time of
exposure to cilostazol increases the amount of cAMP, and com-
pensates for the process where ADP blocks the production of
cAMP via the P2Y12 receptor. Although the time of exposure of
platelets to cilostazol will vary among individuals according to
their metabolism rate, we carried out our experiment based on
the hypothesis that an incubation of 10 minutes was enough.

Aggregation of platelets was observed to be significantly inhib-
ited at 1 pM and 2 pM cilostazol, among various concentrations of
cilostazol, and concentrations of 1 uM and 2 pM were used in ex-
periments with volunteers. According to the literature, the peak
level of cilostazol is achieved at 2-4 hr after the administration of
100 mg of cilostazol and its concentration is 2 pM [8], showing a
similarity with the 1 pM and 2 pM concentrations used in our ex-
periment.

Methods for monitoring the effects of aspirin and clopidogrel
are developed and considerable research has been performed on
the mechanisms of resistance of these two medications. When as-
pirin is taken with ibuprofen, the two forms of medication com-

petitively interact with COX-1 receptors leading to a decreased ef-
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fect [9]. Increased active oxidants may lessen the antiplatelet effect
in hyperglycemic patients [10] and aspirin may have a decreased
effect on thrombin in patients with high cholesterol levels [11]. In
addition, increased secretion of catecholamine due to exercise
and stress is suggested as a reason for the inhibited effects of aspi-
rin [12].

Cilostazol is presently used for peripheral artery diseases espe-
cially in Asian countries such as Korea and Japan [13]. It not only
inhibits PDE3 but also decreases platelets that are activated by in-
teraction with stimulated endothelial cells and prevents restenosis
of vessels by blocking the proliferation of smooth muscles of ves-
sel walls [13]. About 4% of patients who took clopidogrel showed
abnormal liver function within 52 weeks [14]. Antacids are recom-
mended with clopidogrel and low-dose aspirin because gastric
bleeding may occur [15, 16]. About 38% of patients taking low-
dose aspirin develop ulcer and mucocutaneous erosion upon en-
doscopic examination whereas less than 20% of patients with
clopidogrel and cilostazol showed such endoscopic findings [17].
In one study, 60 patients with HPPR to clopidogrel were divided
into two groups, one with addition of cilostazol and the other
with increased dose of clopidogrel. The group with the addition
of cilostazol showed a significantly decreased platelet aggregation
rate [18]. The use of cilostazol will increase due to its advantages
and emerging problems of other antiplatelet agents, and as such,
monitoring of its effects will be necessary.

We developed a convenient in vitro incubation method of mon-
itoring the effect of cilostazol without having patients take cilo-
stazol. Further research on whether the results reflect an accurate
in vivo effect is necessary. Furthermore, the cilostazol used in our
experiment was the pure form of cilostazol whereas patients take
mixed forms of cilostazol, which may show different results. The
same experiment was carried out with 100 mg of Pletaal (Otsuka
Pharmaceutical Co. Limited, Tokyo, Japan) dissolved in DMSO,
showing a relatively weak aggregation compared to the experi-
ment with pure form but its difference was not significant (data
not shown).

Additional study on the clinical correlation and evidence for the
interpretation of results are necessary for the practical application
of monitoring the antiplatelet effect of cilostazol, as is currently in
place with aspirin and clopidogrel. Adding cilostazol to patients
showing resistance to aspirin or clopidogrel is helpful and choos-

ing different antiplatelet agents for patients showing resistance to
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cilostazol is important. We developed an in vitro incubation method
of monitoring resistance to cilostazol using a small amount of PGE1

and ADP.
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