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Antiplatelet: Current State, Challenge and Chance

DING Zhong-ren
(School of Basic Medical Sciences, Fudan University , Shanghai 200032, China)

Abstract: Antiplatelet therapy has been established as a cornerstone in the management of arterial thrombotic
diseases including ischemic heart disease, the No.l killer worldwide. Despite the proven benefits of currently available
antiplatelet drugs, there are still recurrent ischemic events; morbidity and mortality are still high. Moderate efficacy,
response variability, and the bleeding risk are the major challenge; there is still much room for further improvement of
antiplatelet treatment and development of novel antiplatelet agents with increased efficacy and safety profile. Intensive
study on the mechanism underlying platelet activation, exploration of new antiplatelet agents with novel mechanism, and
seeking novel targets for antiplatelet R & D should provide new chance for more efficacious and safer antiplatelet drugs.
This review will summarize the current state of antiplatelet agents marketed and under development, the challenge and
chance for R & D of novel antiplatelet agents.
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Table 1 Marketed antiplatelet drugs

® (yclooxygenase inhibitor : aspirin
® P2Y,; receptor antagonists:
Thienopyridine: ticlopidine
clopidogrel
prasegrel
ticagrelor
cangrelor
® Phosphodiersterase inhibitor: cilostazole
® Fibrinogen receptor antagonist: abciximah
tibrofiban
eptifibatide

® Thrombin receptor PAR—1 antagonist: vorapaxar
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Adopted from Li et al. Arterioscler Thromb Vasc Biol,
2010
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Fig.1 Platelet GPCRs and the targets of marketed
antiplatelet drugs
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XU R, AT RO LR R Y e A R BB T 38
X NSTE-ACS Ji5 A\, AHA/ACC 8 Fd 77 FIr B i A
s Je R HR B A g s AU BT W] DT AR R X
STE-ACS#§ A, AHA/ACC 5 ESC e #iAE 22
PCT i I B = C A

BT ) DT AR 0 461 1l /s Al PGH, & 8 i (prosta-
glandin synthase) [ ¥ %A 1k i} (cyclooxygenase,
COX) ¥ 1 , #0461 442 BE A, (thromboxane A,) #Y 4=
BCCIE 2) o AR JE Ay ST I/ A S 7 TP 32 4K 33
T 1M/

Aspirin

1 (-)

Cyclooxygenase

Arachidonic acid T ———sss) PGH2

Thromboxane
synthase

TXA2

Non—enzymatic
hydrolysis

TXB2

(stable metabolite)

B2 PR AR E 4§ f /iR PGH2 & B B T BE B
TXA2 KB
Fig.2 Aspirin inhibits platelets PGH2 synthase and
block TXA2 production
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i (clopidogrel ) . & $i7 4% 5 (prasugrel ) . 35 4% Fii ¥
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E3 EMIIEZR P2Y12 SEFE T/ (E RS
Fig.3 Antiplatelet mechanism of thienopyridine P2Y12

receptor antagonists
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Fig.4 Molecular structure of ticlopidine
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WA o

SEH A X At it /N AR 3 307 (A TXAL SR
Y U46619 B I AR BE 14 B I ) 175 3 19 1/
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Fig. 5 Clopiodogrel is metabolized into active metabolite containing thiol-group in liver via two steps reaction
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VERT . SRHA% B X BT U0 075 S 10 il /M R R A7
MdvER

PRI Sy SIS TR ] /AR D RE , BT LB AT 8
T ERE tfi P R) R i B 1] ) RE G 2 ~ 3 4% ) o B AT
H VLRSI, A i Mk B i 1E - FA
A543 T BELIT ADP FIAE A U965 R/ TX AL 3 T 7 I
ANBRECHE B TROR A L B H it @4 FH - s o
33 EHKE

A% B (prasugrel , Effient ) R 28 = BEM L
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I FNSEILRS 75 —FF 2 miniR , A B e 1, 7E
PR AR A S B TG PR A ) R R AN
AR LN P2Y o B2 AR, H ] ADP 75 S 14 1
ANBRIBT o 5 AR A L, 28 T8 W W 1
P A% T A ER R A, T ELOE AR 1 A
HUG B — 20 SO, SO PR AR A B
2, It Ut NRVE FH AR SO P VR FH 58, A
J i 2 S /N (52 CYP2C19 A8 S R2 I HE /)N )
B B E 2,

Xt F A A SRR ACS (F e bk gg A,
acute coronary syndrome )% A , XK PT ML/ MG T7
(B ] DT ARIE FH P2Y o 32 AR5 B0 B, A s A1
A I S RUBS: LB H XA TIA (transient
ischemic attack , G M i il 1 & A ) 50, B0 FH A
PrAg E LS MAS T A

AR AEAR T8 B B J , X THE R O 155 T
RAER BT, s T RO B4, S it @A
ST B AL
34 BiEm&

A% Hy 1% (ticagrelor, Brilinta, £5 Ak &
AZD6140) 2451 L& T30 I = R e 2
BERER, BIRA R, BB, AT ZAR N
AR , P As B b o3, i
7~8h, AR 2 AR, Al 1 ) ADP Al
P2Y 2RSS 45 24 )5 /MR BE IR PR

XF T8GR SR A T Ik SR A IR A
AW RS, 5 M T AR L, 3 HoA% B SO B
TEIRYT RS T A b A0 il i PR A B AR
A RIS BN AT B A2, X T H32 PCLIR
7 1 2 VB SE YR N, 7E— 30 1230 95 A 20
(1 2 w0 L BEAL BT B9 PR BT 5% (PRAGUE-18)
Hh, R i i T AR R RN R A
o, —#FIF L 2,

XoF FHE PR O LA I & 1) BT 3, R A i
T YT R T P B R AR TR, T RE S R AR
Fifi 185 19 52 7] 4 301 550 3 74 (inverse agonist activity ) £
K,

Xt F PCLJGE [ 4 A, Choi 4™ I F 5% &
PR B 1% 90 mg, B H 1R, A R A B i/
B A FH 5 7% 35 A% Bt 9% 110 248 15 550 £ 1T L 90 mg %F
H1W%25, BH LRGN TRH2IRS 2
PR = A 25, IR 2

BT B I @A FH A1 20 B % AT i )
He AR T S TR (13.8% vs 7.8%) ', 6.5% 1 5
N DL SR % it 7% IO A AT o %) R A2 22
35 IEEE

HHs T 7% (cangrelor, AR-C68831MX)2015 4F
AT E FDA # AL, B IER , Bk 4 25 5
R &, vl 33 P i) ADP 5 P2Y . 32 R 45 &, X
ADP 1555 il /N SR A2 4 i 7 D &k o A
2% 2F 2 W/ T 10 min, 15 25 )5 1L/ MR 3H g 7T 7R
1~2hHPRE .

X EPT IR ST, ANE IR 4R 245 Gty |
PRI AN ) B ACS 95 N, 3046 TR 9% AT b —4k
o /MR 259 . BA L P2Y o 2 R HS H1 5] A9
N AT IR £F 4 25 11 A2 AR A5 B0 70 2t it /Ml
7,

X% PCT A F it P2Y L Z R FE B 750 a9 IR
ST Be 46 e 1 201k e Wk 25 5 AiE (NST-ACS) 9 A AT
BN A T HETFARBISE T O LR
BE AN AT A IDR (ischaemia—driven revas-
cularisation, PR A&k I 75 2 547 10045 P8 TR ) 1
KM AR IR T S 5 (3.8% vs 4.7%, P =0.007) ,
o It & 7 FH s S A% F (0.9% s 0.6% , P =
0.007)"",

FATHY TAE = R A% I 7% R — ok
P2Y o SZARFEHUA , VA B a1 3 s 00 6 1, 6
FEIRI L KRBT 0 P2Y o A7 A (i T B8 R A
A4 0N ) B A S A AR T B A B 1] 3 3 300 3
(9 P2Y 1 32 AR A5 4077 AR-C78511, HLIfiL /MR it it
e A a1 AR-C78511%,

4 HEBR BB Ay ) 7 0 44l ek

By 1048 1E 48, VG 3% A 1 (cilostazole, Ple-
tal, 71k, 5t a1l 6) 38 nT LA ] 0 e — 1 il
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3 (phosphodiesterase 3, PDE3) , F & IfiL /1N i A1 H:
b 200 B PN B cAMP, 2 45 4T 1 /N Bl AT I A8 AR
Mo BAREA KA A RIS T 5 06 39 Al £
iR ABAE BT /R 2, B FSE [E FDA
ASCAtE T[] BV % 17 (intermittant claudica-
tion) IAYT o

E6 FiEfmEGHAN

Fig.6 Molecular structure of cilostazole

Xof T[] BV B AT, PG U A P A A R Y 1
FH o 508 o XU B, 4 X6 ST U0 A 1Y
Z it U BRI IR im R W5 (CSPS il
CSPS2) B, 5 Bl w] DT ARAH LE , 75 3 b W S 7 S50 AH
[vi) = B, {E S ol @1 ARG 2= % PCI(percu-
taneous coronary intervention ) B¢ 14 # J5 9 ACS %5
NG TEE A RE W SE R, FERR MU BT I/ M
J7 15 (DAPT, B A VCAR + P2Y ., SZ 5B ) 1 2
L ) 1 i < S 3 71 | A N T T
(TAPT) , BA T AF A BT iR AR (SO IG ) i
iR A RSBCR =

7 LU , RPN VA B Y
i P S92 36 32 S A W 52 1l T EL R A R AN S R
Ko PRI, M S B — BRI 50, PG 1% Al i
IINBIG ST 6 U s 3 — 25 i RIS o

VU At e 1B AR, AN RO D DL A A Sk
O EEFIIETS o A T PG 9 At e T B R 4R
S E PO . RO BTIRL/IMRZS) , H if E
VE MR T B w] DC AR P2Y o SZ AR HE P

5 HFHEE G RRARIERA
2l SR /I 1 B 5 SR A2

LT 4 F A2 1R GPIIb/IMTa (AR olTbB3) 4L,
H A AL AT 4545 2R 4R 1 R v WF AR

(U IRANY 1 S A 1 < P P A R e g SV
A& GPIIb/Ma A T 1L /MR AR 5 5% S i 42 10 i 5
[ 3 e (181 1), By LASS B2 4 2 1 32 AR5 1077
A9 BT L /I A7 A A P i, 1 i 0 £ P A A
Ko

AT FDA HHEAIZZE BT MR A =4
Bl E 547 ( Abciximab , ReoPro ) \H<#F E K (eptifiba-
tide , integrilin) \ &% JEPE (tirofiban , Aggrastat) , 1%
LA IR 4 2, D IRTER

B 7 84 P2Y o 32 MRS BT AN o A% 7 A
Fi 16 04 R T, 2 4k 25 1 52 PR 500 28 BT 1M
/N 25 49 s R 102 FH B S8 920, ESC A HE R ] T 4%
3% PCLAYR N B2 B0 T 2 Hh B A I 6 0 1 felt
7

AHA/ACC A7 938 ML TESE - (1) ST BEAR M 1Y
DAV SER N (FT 212 PCL) 5 (2) FfE iR ST B
e O VAR N (AL 25 52 PR ) o

6 Em B K PARL #530A) iR ta i)

AR (Vorapaxar , Zontivity, SCH530348)
AR A R, 5 BT EE 1L 52 78 PAR1 (protease—acti-
vated receptor 1) ,2014 4F38453¢ [ FDA L, FH T
Bk 1 A O ILEE B8 #1 PAD (peripheral arterial dis-
ease, H}JE B VKIS0 ) 19 5 fa s A il
X T REAEA O U SE RN PAD B & fa i A, 76 BT ]
DEARIGE ] S A% 7 1Y Bl E 15 IR homa v, a] ik
— 2L AR SR N LA A AR, AEL Y o JXURS: A R 4
I AR R T A A P R L A
i NEEHT

7 LA A AR AR B P AR Bk
5 R

7.1 RERMNMEGEER DR

R RSB /MR 2 I RACR 5 (A A7
FEARE A FE : O 1 RPN 25 P Bi] =) DT AR 5
MEAE R AR R . KT STEMIJE A, B 2 5 4 Hi
18 ORTARHT, B ) 6 far 70 i A, 77 2
2 h Z A fER 2A A BT /MR, @£
BT BRI /N 24 40 L BT ] DT AR | S A T I
ANHRAE P A R R A, B MR T A BE ST
G55 1k I AR AR 5 19 & A o (B i AR ] DT
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AR SR TR A BB ] 22 5 K, 2 ) A 2
P I/l BT RE 0 ) B ., A 26N B L BIAE A
“BAl F] VCARHEHT (aspirin resistance ) ” G MEAE B 4K
¥t (clopidogrel resistance)” R RT e~ E
BN I R NI R -l X L v
P P ROR o B A DEARHRT I AR 22, e dl 1Y)
— TGO AR PRI NI 5 3, R0 3 ) el ] D AR AH
LU, i B ] DR A ) B8 AR o 15 P 2 ol )
VEARHRHE A — 4> F 2 PRS0, R B ] DG AR R
PO A, FUAS T BB AR AR A A D] 22 S ¢
R, EB A3 N S LA 78 il /MR Z BE AN
B &, BRI A% 5 HEDT (clopidogrel resistance) ” .
“ELAS R B IR AR 22, 5 AR S A
B 1 T 24 1 (R EE 2 A9 2 CYP2C19) 1 MEREAIC | 1
/B P2Y 12 2 AR R KIS A 0, @ELA i
IM/MR 2 25 2R A B— , Tl b B BT ik |
MRETESTRIPTIML/IMRZ . @I mEIVER . AT
ML/ N 245 2434 R R AR ) 94 S i 80 4 L T2
LR R A RS ORI e B MR . — T
TR, E 4 S Ot AR Cn s N s it ) \T DA ECGRR T
A AR B 1) 56 3 5™ 85 VR 2 0F98 & B, PCLIE K
o s BT AR Sy — 5,
R VE P BR A1 368 5 1 R0 4 St/
FERCR A RE

AR BT/ AR 25 W i B DR R D
FHZ5 7758, R AT R L ST 5 @4t i/ MRVE
A /N AR T T DR AR G @) A RT3
525 I MR R s OFC /MR Bk
YT 5, Y it @ VR RS Al 6B/ (B , 09T
HR,
7.2 HUI/MRETZ & B & KB

H it w4 P 2 I A BT i) Al 24 ) Y e K 1)
A, LS AT 2B BT I /N 24 ) ) R Rk
PRE b AR X T it 24 Y i 4R
Ry I/ 2 5 T R AR B Lkl /AR B RE Y
0 0 SR 52 1 1/ A D L 10 D) RE L R L i R AR
Mo SR FA IR A B RE RS W ¢ — LT YT aM />
MR 259 , A B ST 1l /AR 25 ) B A T4 B4 1l
ANAR B AR AE FH AR AT /N (BB ) 19 H i )
EM.
73 HREMZEFRANHMNRITZH TR
731 BRE ARG RIF G BT
PRAFFE R, BV T [R] B s 947 10/ Al 24 Bk

FH AT DL 47 i i RSO, B 2R E
FHHE A2 BBt i /R T 8 B A T A A B i /R B
AR T M AN 80 B8 A A ot ) A
732 BER AR E | AR TR e BT AL X
MBS | AR T EHIL I ) 2 — 250 5T, mT LRy
P/ 25 A S o e BB o X TR AR
Fk G GPCR H & B0 , [ 113 sh 71 i B AT
RIS I/ P2Y 1 [ R 0T T P i
R VA P2Y 1o 32 A4 R L 5514 S 1] 3 8 700 08 T & 4 A1
TR L)

733 R BEG DK GRS IS E
oE, S5/ RS TR S o B T R
TETE BT /MR 25 130 A5, H BB 75 1 L) 1 4%
4 A AT I VAR 25 A A )RS AR R Y T
. anmifArid , LA/ ADP 32 4R P2Y . 32 14 ik
ML 32 R PAR=1 21 4 35 R A2 4K o11hB3 AYHT UL
AIMRZTEIE BT, FRATT AR IR 40 A AR R
5152 A& NOD2 7 IfiL /M 2% iAo A 2R 35 , A2 3 i /s
B 835 M AR T B, LA NOD2 A2 44 g #8254 4 1ff.
/AR 25 AT e TR | S AH O B I AR 1 9 s 2
AHELFER . HIEIBAN R -1 PR (R
YN AT ) BL A IR YT S K LA PRSI T3 I R 52 56
1Y BCE 2, NOD2 52 AR AT g J& — AN B Bt il /s
M 245 1

8 HFAFTHIZY

8.1 MR &I/ MEZEHY
I PR 3 B8 R, 7E XUIE BT I /N M A T
(DAPT; B ] DCAREE FH P2Y o 32 R F5E U 7)) Jehib F
Y 0 T2 1 Rt 1 ) 500 V5 9% b el %) — 6T 1t /Ml
Y77 (TAPT) , 0] B 58 T i A 4 /4 i &1 4E F P
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There is a balance between resting state (R) and active
state (R*) of GPCR. Only active state couples to G protein
leading to downstream signaling while resting state does not.
Basal activity of GPCR can be observed because of the exis-
tence of R*. Increased active state R* can be achieved by 1)
balance right—shift caused by agonist binding to R*; 2) bal-
ance right—shift caused by receptor gain of function mutation ;
3) receptor high expression which increases both resting and
active states of receptor. Under the 2nd and 3rd conditions,
the receptors are activated in the absence of agonists, such ac-
tivation is called constitutive activation. Inverse agonist,
which is antagonist with inverse agonist activity, left— shifts
the balance and hence inhibits receptor constitutive activation
caused by receptor high expression or gain of function muta-
tion. Antagonist binds the resting and active state equally and
does not shift the balance. Neutral antagonist, exerts its role
by blocking agonist binding to receptor, does not left—shift the
balance due to lack of inverse agonist activity, and thus can-
not inhibit the constitutive activation caused by receptor high
expression or gain of function mutation'".
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Fig.7 Two-state model of GPCR activation
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