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Effect of Cilostazol and Three Platelet Glycoprotein (GP) IIb/IIIa Receptor Antagonists
for Hemorheology in Microcirculation Model

Yumi KIMURA and Shinichiro UCHIYAMA
Department of Neurology, Tokyo Women’s Medical University School of Medicine

Cilostazol is used clinically as an inhibitor of platelet aggregation, and it has been shown to exhibit anti-
inflammatory effects on monocytes and adhesion molecules in the vascular endothelium in several reports. Three
platelet glycoprotein (GP) IIb/IIIa receptor antagonists have been approved as adjunctive therapy for decreasing
ischemic complications of percutaneous coronary interventions and/or unstable angina. In this study, we used ti-
rofiban, which has been reported to improve recanalization in a middle cerebral artery occlusion model. Further-
more, interest has been expressed in the combined use of cilostazol and GP IIb/IIla receptor antagonists for
treatment of patients with acute ischemic stroke. Here we investigated the effects of cilostazol and the GPIIb/
TITa receptor antagonists FK419 and tirofiban on blood flow through a parallel array of microchannels in vitro. We
measured the activity of leukocytes and platelets in whole blood samples collected from healthy subjects that
were stimulated by adenosine 5-diphosphate (ADP), platelet activating factor (PAF), and N-formyl-methionyl-
leucil-phenylalanine (FMLP). The results showed that cilostazol, FK419, and tirofiban all significantly improved
whole blood flow that was decreased by ADP, PAF, and FMLP. ADP activates platelet aggregation, FMLP acti-
vates leukocyte aggregation, and PAF activates aggregation of both. Therefore, our results suggest that cilosta-
zol, FK419, and tirofiban inhibit not only platelet aggregation but also leukocyte aggregation.
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(GP IIb/II1a BHEZE) AEHEN TV 5.
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type 3 X WM ICHET 2""PDEEETH Y,
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AMP g% LR EEAZ LT, MAIEMRHEERBE
T 5. & 52, formyl-methionyl-leucil-phenylalanine
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Ak OFEERF Mac-l) ZHET L2 LT, HIL
HROMEBE~DBRMEEZHH L, TERA 7~ FMEA
BOFHEEN, REOREVDH 5.

GP IIb/IlTa fHEHK X, ThETICmons, 5
W 5 M/IMUZERAR T T A MC X A IVMRERE D&
WMILBERBTH S GPIL/Ma~DT 4 7)) 5w
DA F HET 28N 2 PUM/IMIEETH 253, 1L
A& BIMEROMEAEFICES-§ 2 EERT (Mac-
D) RHIGERF 2 M52 212X, M/RERER
MEBEAOAMIROFEZHEEL, M/MMRE Ak
DWEHAL L HEAEA % WA S, PIRIEEMH % 568
L, Mmoo, #HELE2HNT SR E0HREND
5.

WNMEERE TV (MC-FAN) (335# 59 H5B% L
72 BRI TR (SRR B ERAT) & v
TY) 3 VEERIERmIIM T L2 Z2E (<
fr7aFxrR) OF LA EEMLEETVEL
THWBHETHSL. SHOBLEW 72 avE
WEREICR LTSI L L7247 AEM e £E
e, MLLAE2Z0TIRBEE TS AFHBEI
LI OMRMIRER G, AMERKEERE, M/MRE
BEA BN, HIENM, ZEUEL-oTHETAZL
MHEETH Y, HEkZmAT M08 %77
AFEME L CHEEMEBE T A LT
B,

AR O/ MREEE X, YHYEF L LTl iR
H & 17> adenosine 5-diphosphate (ADP) 12X ) —
WEREZRZ L, EHICRMMIEE» B SN
7ADPIZ X b ZkEERZ R TY. M/AKED
ADP ZB4KIZIE, P2YL, P2YI2 D00} T 5 4
ML, P2YL &, M/MROEREE LA &R B o1
IR ICES S LY, P2Y12 1, St OMMIERAE, I
IR A B DRI B 5 5.

M/MGEEALR T (PAF) (ZHIMER, /MR, I
BRI 7 &Rk 4 RIS X 5 AR R 2 fIEUT IS
BELCEESNLENZREFEALA T 12— % —
ThY, M/MREFHEROmEZERILT A LIC
XY MBEEICES T 52 LML TWEY,

HImEkEERR T TH A FMLP &, iFhERMREo
G& NI EEBROZHEEREET L L, ek
VIFNVEEELL, EWEEERBET S L
LNTEY, v MEREFHRIRE FMLP TR %
CIEMEREEA L EENFE SN, FrPERO Akt
) v EBALARHET B2 '

A4, M/ME, BIER, /MR /S sk

LEl&E LT, #hZ£h ADP, FMLP, PAF #HWw,
WMEBRE 7 )V MC-FAN To 21 883 & % 51l
L, HLll/MEETH S T A ¥ V' —)v & GPIIb/Illa
FHES T 5 FK419 B X U tirofiban @ in vitro 12
BIF ML A0 Y — I RIZTHE, BUMERYE
R TR L7z
WRBLUFHE

OEFEANLT % (5%, K124, Fim 25~
40 5%, FH30R) L0k 9xt38% 7 ERF b
VY ALDBFEREETTIAF v 7 F 2 —THICK#E
AR & DB L 72223 0 A & YV — )b 1~40uM %
wmL, 37C T4mMA v Fax—va vl

@OEFEAN20% B84, K124, Fi 24~
41 7%, ¥ 30 %) & b FIARICHRIL L 724011 FK419
10~1,000nM Z#inL, 37C TS5 oM A4 »F 2 X—
varli.

OREN1LHEWT R, K84, Fi25~38
%, P29 5%) & D FARICEREL L 724 MLiZ tirofiban
10~1,000nM 27 L, 37C TH M4 v F a2 x—
varvii.

®, @, ®IZ % 4 ADP (Sigma Aldrich Inc, St.
Louis, USA) 1uM, PAF (Avanti Polarlipids, Inc.,
Alabaster, USA) 0.1uM % 7zix FMLP (Sigma Ald-
rich Inc., St. Louis, USA) 1luM % #& i L 37C T5
SEA VFaAR—Y g U A 7aF X U RNT
L 4 Bloody 6-7(F % > % VI 7um, £& 30um, &
& 45um, 8736 AF) ; IR ETIT3¥) & MC-
FAN(Y v UMT) % v 20cm KEEZ M Z,
100wl O EEBRERZHEL, BHY72) OEE
ARz EEEEE LTaEEL: (Fig ).

vuazxy v — Vo E LT NN-dimethyl-
formamide %, FK419 & tirofiban ® xf B8 & L T
Hepes Tyrode's buffer % @0 LRIk ICHIE L7z, %
IR & ot RS AR A o2 MEERE (F
¥l + BEHARZE nl/sec) % paired t-test (2 & V) AT
L7

B, ARIRELTFERREREZRSOK
BETHDH (RAEFT 2935).

B R

1. YAXZY—-ILOHR

ADP RN O£ M EE B L, wFHEE 1.27 £ 1.11
ul/sec iCiblL, ¥YBR ¥V —)b 10uM FHRINEE 1.96 +
1.23ul/sec (p=0.028), 40uM #NEE 1.94 £ 1.21ul/sec
(p=0010) L EBICHEp o72. YTRAF Y =)V 1uM
IRINEE 116+ 1.18ul/sec (p=0.6858), 5uM ¥ fin #f
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Fig. 1 Diagram of the microcirculation measuring apparatus
a) Technical drawing of the components of the microcirculation model (MC-FAN).
b) Layout of the microchannels in a single-crystal silicon substrate.

c) Photograph of the entire apparatus.

1.33=1.23ul/sec (p=0.8205) CTlIABE L HEE %
HOhhol (Fig. 2).

PAF @RI O£ M@ |, oHER#E 088117
ul/sec \Zl L, ¥ E R %Y —)b 10uM 7RINEE 2.11 +
1.07ul/sec (p=0.0056), 20uM 7§ 1# 2.46 + 0.65ul/
sec (p=0.0003), 40uM FRINEE 247 +0.77ul/sec (p=
00001) L BEIZHEDP o7z, YO ¥V — )L 1uM
WANEE 140 +1.35ul/sec (p=0.2106), 5uM 75 0 B
144 =1.35ul/sec (p=0.1818) TlIxtIEE L HEXL
o7 (Fig 2).

FMLP 7500 B 0> 42 (il 58 8 B B i, b BE ¥ 140+
090ul/sec i2l L, ¥ @ X & v — )b 10uM 7 o B
2.04=096ul/sec (p=0.0099), 20uM 7 I & 217 =
0.87ul/sec (p=0.0038), 40uM VFEINEE 247 =0.77ul/

sec (p=0.001) L BEFEICE )T, YOAFT ) —)
TuM I8 160+ 1.13ul/sec (p=04972), 5uM N
# 1.90+0.99ul/sec (p=0.0698) TIIHfIEAE & A E %
wRDEh o7 (Fig 2).

2. FK419 O#IE

ADP i O & M@ EEE L, 0B 046 £0.68
ul/sec 12k L, FK419 10nM #HN#E 1.50 = 1.59ul/sec
(p=0.0025), 30nM % f0 # 229+ 1.18ul/sec (p=
2.1x1077), 100nM FRINEE 318 +0.54p]/sec (p =4.7 X
107%), 300nM # I # 328 +0.39ul/sec (p=14x
107"), 1,000nM s fn # 3.30 +041ul/sec (p=55x
1074) ThHh, I bBEICHLAEICHE) -
7z (Fig. 3).

PAT IO 4@l B 1k, #FFEAE 097 +1.32
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Fig. 2 Effects of cilostazol on the flow of blood stimulated by ADP, PAF, and FMLP
Cilostazol improved whole blood flow inhibited by ADP, PAF, and FMLP.
# % Sionificant difference from control, *p<<0.05, **p<<0.01 (paired t-test).
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Fig. 3 Effects of FK419 on the flow of blood stimulated by ADP, PAF, and FMLP
FK419 improved whole blood flow inhibited by ADP, PAF, and FMLP.
* **Sionificant difference from control, *p<<0.05, **p<0.01 (paired t-test).

wl/sec 12k L, FK419 10nM #RHNEE 1.58 + 1.36ul/sec
(p=0011), 30nM @& b # 240+129ul/sec (p=
0.0002), 100nM ¥ hil & 2.86 =0.94ul/sec (p=7.8%
107%), 300nM ¥ fn B 3.29=057ul/sec (p=4.1x%
107%), 1,000nM 7% i # 3.22+0.48ul/sec (p=1.1x%
10 THY, WTFNLNBHEICKLAERICED, 7
(Fig. 3).

FMLP 7800 B o> 4 0 5 o8 2K BE A, xR A 1.04 =
1.24ul/sec 12 [t L, FK419 30nM ¥ hi & 248 +1.05
ul/sec (p=00001), 100nM #INE 2.72 = 1.16ul/sec
(p=5.7x10"°%), 300nM 7RINEE 2.88 £0.57ul/sec(p=
2.3x107%), 1,000nM %% fin # 2.69+1.08ul/sec (p=
24x107°%) THY, WTENLIREICHLARIE
Ao 7z, 10nM FRINEE 1.58 +1.29ul/sec (p =0.062) T
T REE L A EEE RO o (Fig 3).

3. Tirofiban OzHHE

ADP 7RI 4 M8 H 1L, *FHEE 0.28 +042

ul/sec Ik L, tirofiban 10nM @R ANAF 1.95+1.19ul/
sec (p=81x107%), 30nM % /N B 2.46 + 1.23ul/sec
(p=93x10"%), 100nM FEHE 325+ 051pl/sec (p =
92x107), 300nM #& bn # 3.25+0.63ul/sec (p=
21x107%), 1,000nM #% il # 325+0.67ul/sec (p=
54%107) TH Y, WIFNHIMEEFICHLERICE
otz (Fig. 4).

PAF N 0 £ Mad@E B i, wFHAE 033068
ul/sec 12k L, tirofiban 10nM 7N #E 1.61 + 1.40ul/
sec (p=0.0027), 30nM FRINAEE 2.30 £ 1.30ul/sec (p=
55x107%), 100nM #RINEE 3.27 = 043ul/sec(p =3.0%
107), 300nM # fn # 3.15+045ul/sec (p=1.0x
107°), 1,000nM #& fn # 3.17 £059ul/sec (p=3.1X
10" THY, WINHIIBRIHLAERCED, -
7= (Fig. 4).

FMLP 7 e o 4 158 8 % 13, *FBR A 025+
0.28ul/sec 12k L, tirofiban 10nM #ANEE 0.79 = 1.00
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ADP 1 uM PAF 0.1 uM FMLP 1 uM
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Fig. 4 Effects of tirofiban on the flow of blood stimulated by ADP, PAF, and FMLP

Tirafihan imnravad wr

0000000000000000[

Control

ADP

n"‘bfuoonunopnm

000

ADP + tirofiban J(000000000000000
Fig. 5 Blood cell flow through microchannels
Leukocyte and platelet activities were measured in

whole blood.
Tirofiban significantly improved whole blood flow in

the presence of ADP.
RBC: erythrocyte, WBC: leukocyte, PLT: platelet.

ul/sec (p=0032), 30nM 7 0 # 2.54+0.71ul/sec
(p=14x10"%), 100nM 7SHNEE 2.56 = 0.58ul/sec(p =
59x107°), 300nM SHNEE 2.40 = 0.78ul/sec (p =2.0 %
1077), 1,000nM & I & 2.75=0.66p]/sec (p=39x
109 THY, WTFNSHREICHLAERIIED) - 72
(Fig. 4).

¥ /2, MC-FAN 1B DOEEBEMIIC LY, ADP
PRI 3 /MR EESE IR, PAF #RINEF (/MR & F i
EROEER, FMLP 7SINEEIC I [ M EREE LI DT
ENTIA270F % VAIVOMKEIHEY, Yary
V=), FK419, tirofiban ¥ MEF TlE 2N 6 D& RS

hala hinad flaar inhihitad ke

ATMD DAT ~vnd TAMT D

MEEAEARLNT MR BBT AHETFHVBIESN
7z (Fig.5).
z =

SMREMIZB VT, ESLRMERLONF T
7&@@%57@%@m@T%ﬁ@%dﬁﬁP*ﬁ
MR, BJIER, ARiEk, BEEAmENE
DOMHEAERDHFLIEEZESTWE, ZhH0
WMRE & M BEMABI @ crosstalk 121E, 70 —F T
J, ANy baryAREFHr Aol ab)L
YT ay s A, ADP, PAF, 4 +AA
VR VF VTR YT Vi L O
EoF, Mk —BtER vty r, bor
YRR LT LSRR RRAER T R EV T I AV
AF4 L= =L LTHAELTVwS. IhbDn% <
(&, MERTEAEINAD, mMEKELP, mEke N
EOMEAERICES L Ci/MR R [ I Bk % AL
L, WEMREBELZRELT, X+ V77 TOR/M
TEBRIEE 2 e LR 2 JL K L CHAERREIR 2 AL
B 50

PRI MR OIEEAL R, /MR & Ao i
RPN & OMBAER ZIH L TRF T T TOM
IMEREE A QET D2RREVIFEINS.

YURY = IVIEERER 1~6 » J ORNEZE 1,095
BlaeFRETHT ¥ L{bhERER (Cilostazol
Stroke Prevention Study : CSPS) 2B WTC, FEXR
BE EH R TR RITRENSZZ EMD, ART
&, CNE TITEEEIIRPAZEAE |23 B TRBRBS I
Nz, 2003 4 & 0 DIEPERNFERRE % Br < ARS8 58 E
BOFEMEI & O REE - RIRVAKRRE N, WEEp
BENA FTA4 2 2004%, BAZERHETNA T4V
2009%C b BuAE AR O I LIEMEREZE O HIET
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B> 7= DHFUIM/NIEE & L CHfR ST 5.

BAE, W4 TlE% { @ GP ITb/Illa FER A ST
EBEBERFDA VI =Ry a YEOWEREL LT
HubhTwaad, 209 HbL0—>2Tdh 5 tirofiban
2, FERTF FRESTEAEEL LTRESN,
GP IIb/IMTa IR T A BB EHA D5 WO RGD X
TF FOTIEEERET S LD THFA VI
SFALEWTH Y, HE5ITI D TARRPICRIRPFR
BL, fike & I ORMEIHEET Y. BUREE
R OB & L TIT 1L 72 R IR 3 BR Platelet
Receptor Inhibition in Ischemic Syndrome Manage-
ment (PRISM), PRISM-PLUS TiZ, tirofiban i,
Fimh S X N7z eptifibatide % abciximab & H
N, EIMEA XY bOHMN Y A7 EHEBRICBD S
7299 ZEHE 48 B R DL 0 BN AT ZE S B 260 B
a5 & LU C tirofiban DI Y F AL T TR
PO —VEIHE A —T T XIVEKER (The SaTIS
Tria) »47hh, 1:8RE%E, 5 » ABomMEEW, #
BEPRIITEETEN R o 2As, EREBOMBIME
PRIZT I RBEEEDLST, 52 ABROEERD
FERIZT T ARBEL YLD Rd o727,

FK419 %, #FEWRERIERT T FOPM/IMEET
HY, 747V 5D a BB TRGD XTF
RELHID B-turn M2 ML LT a®. bl
I X B RBREIREAZEE TV 2 vtz v
T, FK419 38 BRI Ap K BN EY AR PA 2L ) % 05
SR CHBEERZWE L, ADP KFEM/MREESE 2
FHES 58 C, Flit R & cyclic flow reduction
UE ST,

ARFEIZBWT, Y2 X ¥V — ), FK419, ti-
rofiban lZv§h b ADP, PAF, FMLP (2 & b E&
XN BUMERE 7V O ME T EN % 8 L.

ADP 1ZMI/MRO A% EHEIL L, PAF IEI/MR &
Bk O F % EMAL S %75, FMLP I3/ z T
P T HMERO A EEALT S0, YRS
'— U, FKA419, tirofiban (21, PLL/IMRVER O &%
59, AMEKOEEAL 2 EEHH T 5%, BMmkE
/RO AR % #1135 2 76 2 55 5 W RetED*
N A A AR

NSRRI, YuRAF Y — R GPIIb/Illa
P& I MER O A% 63, PIHILERIEAIZ
L0 p ik I A BEE DR EE & U T A R R AT
Xz edb, 5%, IhoOEAIIMEESME
HI~OEIS AT A EESH D LE R 5.

E =] B
1. YO x ¥ V=), FK419, tirofiban X, ADP,
PAF, FMLP IZ X % lfi/pR & HIMEROWEEALIZ L 5
WMMERBEEEZHETLEEZ LN,
2. IhSOFEHIFUMMUEROAZ & T, HlE
MERVEH %85 5 W RetEAVRIR S .
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