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Mechanism of agonist-induced platelet activation and research progress of

anti-platelet drugs
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Abstract Thrombin, collagen, platelet activating factor, arachidonic acid, adenosine diphosphate, adrenaline,
serotonin and other platelet agonists can stimulate platelet to generate a series of complex signal transduction and
then cause platelet physiological responses including deformation, granule release and aggregation etc. Although
platelet activation and aggregation at sites of vascular injury is an essential step in coagulation process, excessive
platelet accumulation leads to the formation of occlusive thrombi, which are responsible for acute ischemic
events. Therefore, anti-platelet therapy is an important approach for the treatment of thrombotic diseases. Currently
used anti-platelet drugs, which primarily act through receptors and/or signaling molecules in activation pathways,
achieving their effects by inhibiting platelet receptors or blocking signal transmission. In this review, the targets of
the above-mentioned platelet agonists and their specific activation mechanisms are introduced; receptor antago-
nists and other anti-platelet drugs are also summarized.
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(arachidonic acid, AA) (R F=9) . B R IR
(adenosine-5’-diphosphate , ADP) & I 2 & 5-%
% ( 5-hydroxytryptamine , 5-HT ) 28 7F Ifi /M 35 186
BRI Z AR, BEh R S R B AR
IR —ZINEHNE ST, SEUL/MUEZE
Bt REE TR WIS o T /MR 2 2L I A 2 1) =
T AR, L 3R A T B 5 AR T R O A R
ZORSCT A 5 538 B PR R RSB
BB I MR 25 ) e BN A J e — S AT 4R
A SCE SR MR R UL TE A5 S RO /MR Y
PLHIHEAT 41, SR 5 AR AR FE B &, B 4h
P IR 25 BRI FE3E J& , it /MR 25 1 fa SEf 52
Rl R 255 =% .

1 M/MEE RS H 0S80 M/ 8

M/ A B 5 1 3 kS iR T 5 50 7 = 1L/
MR R & P Z AR BB o A B35 500 5 1 A 1/l
RERBES AR  5R1F5 50 BE MG 5 JF AT 51 A
MR T RORE A 25 0 1) SR 4R RN 5 Hh 455 Y1753 7
PAF (AA St Ifi/ MR R SR Y75 S BE SR 55 T HITE 59
Y5 ADP S-HT 75 25| 2 A 7T 10 7Y 2R 4 [ B
SLORLN ) s JE AR BVE s TS AR R HAE
TER A A R BE T AR
1.1 %his

EEIMEG(THR) J&2 —Fh 2 AR E H B8, BR T 1
BEEEME VI, XUFA X AR DL e S g o 4 2 5
R 4EE A5, i S 5 B K 1R i
FILAH e 3 0 8 A S B2 ) B 2 o /N AR 3 b
A BB Z—. THR &AL /MR B9 K 7
T AR A7) G SR ERY 7 RS IR 52 14 (prote-
ase activated receptors, PARs) f1 B = AR EE KXk
(leucine-rich repeat, LRR) Z{&(GP I b/IX/V E &
W) o W AR R R ETE AR, GP T b/
X/ VE&WEES S M/MMREH, PARs |25
RE.

PARs J&—38 8 F B 3214, X 28 32 (458 i
— i AR AL R T/ K — A B AR K R
i 1455 THR 254G PAR /Y N-&K ¥ ffd b
DX, VI 5 58 — A B9 N-oK v, o 37 &, iKY
MK THR ) PAR Bofdk, PARs f£7E 4 ST Y
PAR 24, H A" PAR-1,PAR-3,PAR4 5%} THR
U 24, PAR-2 U2 R 28 1 il S % 1L IF) - Wl

1 Xa BURSZAK, [R]E PAR-2 5 PAR-3 #IATEAZE
/M b33k PAR-1 il PAR-4 %5 THR % i
IR VE A AE— B2 AR R 58 . PAR-L A R 1ML
/BN THR AR08 R, B0 9 PAR-1 {5 5 d R
L, T PAR-4 {550 Hecdr 22, {H PAR-1 AT R
WL N, Ao PAR-1 REFEMR M THR 5L
TN /MR, T PAR-4 HAE R R THR 44K
ARERAEER .

PAR-1 *l%/ﬁ\ﬂ: G Gq EH s %%m%&@%fi
RLB) FERNEH o G i o IAEZE G F] Rho 5
& 4 4% 1 B2 28 % [l T ( Rho guanine nucleotide
exchange factors, RhoGEFs) , §|#2 7] 82 5 Ifil /M
TEAR PR B 240 ML B BRI 5 G 1 Gi 38 B 48 P Py
Ca® " VR BE Tt 15, 25 W BR IR ( cAMP) 7K F- [ 11K
PAR-4 Jif Gq, WATRERE G, (5 5. BA
PAR-1 fl PAR4 NiE& T Gi, (HA] A5G| & 20% B
KA ) ADP B, 3 Gi ol B Ry P, Y, 5244, i i
EEi T TR PAR-1 4S9 I/ MRS 7T 33
RETV(ED,

Wi Byl
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Figure 1 PARs and platelet activation in human'®)
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Figure 2 Platelet signaling through collagen!'"’

GP VI & % 3k & & (immunoglobulin super-
family , Tg) #8 ¢ & B 01, 2 ML/ AR 457 53 M IG5 AN
B BRI RRIRZ R 6P VIR BB IES
fEFHEST, LG TeG Fe ZAR (FeR) A REfe 215
Fo FeR Y v #E R M AR B —RK, 0 8 —
T 2 A5 5 5% 5 B —— s 2 AR R T 1L 5
J¥# (immunoreceptor tyrosine-based activation motifs,
ITAM) . GP VIZE 8415 FeRy 58 3 3 1 B R4S
I R &R R A "R LT 4%, — &5,
B Z R BN RGBS SRR EPRIE , 2R
LN ITAM H Sre ZZHE (Lyn F Fyn) B 2R I
BERRAL, =Y RE B b, 5 RE RELEA
(linker for activation of T cells, LAT) B% 2 B2 i i
b HBRESEAR Y, RMBEIEEE C(phospho-
lipase C,PLC) BERRILIATE " o PLC-y, B J5 7=/
% 2 fE8 = #EER JLEEEE (inositol-3-phosphate , IP3 )
FH il — g ( diacylglycerol, DAG) , DAG 7] DA 1%
E i EE C(protein kinase C,PKC) , i Z &R/
AR IR (Ser/Thr) BEER L, 6 /MR TEAL , RS
Z ollbR3 R, ST EELIR.

o2B1 JZBR ollbB3 Sk il /MR 155 2 BE )%
BER, M/ B /M EREEE T a/lla
(glycoprotein, GPla/Tla) , BE A 77 12 % Y I [ 6 FiY
SR ER EERRZ A, BAE EH0AE 2
W I 755 /MR B 2 44 B 56 a2l Z ARG5S 1Y
ERPBARERZEWY, RiERHFTEN,
o2B1 AIE AL S H AR G R AL — LA
B PO G A 2% O S R L 1 B 4 A S A BT

Mz RFEEASGAEA R 2l AMUEH
TREME 1IN GP VIS &, iL 66/~ A4 H AT A
BT R AN AR S RS & GP VI &
oI ES S,
1.3 s MREE T

M/ ME AL T (PAF) 2 H1 B 40 A i/l
PR B2 2 D e B W 4 L 5 7 A S M R T R
Y — T A TR SR A T B R . 2 S A AR 2
REES, KIEEZFH 2R EEIEN.

PAF G A W) 5800 F i 5 2 i SR T
[ PAF 2K (PAFR) 255k 52 3. PAFR 2 G EHH
PR AR F IR L, BARTERELE T B 5 Gi #l
Hl— N 2 E B EF A (protein kinase A, PKA) i
P BHLIE ATP o] cAMP B S8R GHE 7, (6 H AT
Jy PAFR £EEE T Gq FH: 2 PAF MIZ K5
J& i@t Gq RS PLC, iR WELEE 4,5 —
W§MR ( phosphatidylinositol- 4 ,5-bisphosphate , PIP2 ) 7=
K TP3 71 DAG, Fii %51 % Ca™* S, J5 & W% PKC,
5| %& 22 34 J8 3% 1k B B ( mitogen-activated protein,
MAP) #4/5 L) f TXA, i JEEASEE A, ( phospholipase
A, ,PLA,) 4k, B4 S BUM/MROE RS, %8
g , RAEFRRERS LA S R R ([ 3) o

[
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Figure 3 PAF-mediated platelet signaling pathways
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COX) YE HE AL M RTF IR 2 G, ( prostaglandin G, ,
PGG,) 1 PGH,, 7£ COX-1 = 3 Ifi #& & & /i i
(thromboxane synthase , TX ) YEF N & i I & A,
(thromboxane A, ,TXA,) , 7E I M 52 40 i P B3 A/
B IR = N E ALY A BE-2 ( prostaglandin H synthase
2,PGHS-2 kA COX-2) A PGL "

PGL, 55 2 il /MR AE Gas #E6 #Y TP 2 {4
BEA SR L EE (adenylate cyclase, AC) , 30
cAMP 7K, 6 cAMP K&t PKA; TXA, 5 fi/)
PBE ) TXA, ZAR(TP) 454, Lh B 43 W F155 73
75 =07 Az i AT AR B Bt [B] B R . PGLL,
TXA, 73 HIFCE A0 AC, 3 H3h 5P m] DL
HIE % B9 1k T AE >

IR EAEAERIRR TXA, BB EE 524 TPau
1 TPB. X T i 3 (K #) BE B PCG, . PGH, Tk .
TPa #4 & T Gq M G, 8EH . Gq ff PLCB {1k, 7
fi# PIP2 Jfy 1P3 #1 DAGJ@ Ca®* WE%%;GIZ/BEE
WREREANMLP Ca® YR TR H G, ANRESE PLCB &
b, N5 1IP3 %%[Zﬂ G o WHLES
| RhoGEFs  $&{ft T AT 62 5 1f /MY IR 228 7Y 2
LB BRI 5 G W S R F A 28 i 30 TP 52 4 1 B R
AX . TP 5 Gi BAME , BEMIE PBK 5/
GPIIb/ Ma {&ft, FEM/IMRIRE. B4 AL &
F AL RORE it MR AR S R 6] 2 i R R
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Figure 4 AA-induced platelet aggregation pathway and related factors
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Figure 5 ADP and ATP signaling pathway in platelet activation

and aggregation'®)

ADP B /MR FEARFEPIA C EEME
25 Gq EEME R P,Y, fl5 Gi JLHZ Gi,
AR P,Y,, XL E,APFREL /M7
T3 AR P2 Z AR WAL, BRIFRTPI A, 8 A BT
RIE S Tl E 2R PX,, P X, AR — B [H]
PN R ADP Z 1k, (B J5 RIESE P, X, H gk ATP
WS BOE PY, ZARS SR A CaT Bh
B AR Ca® " BRI, 51 /NI 28 DA K% b %5 4
B RE ., BAGIERERIER RS,
B P,Y, HIj& ADP 1 J5175 5 i/ R T 1k i 46 25
RIS Z 2 —" 3P, Y, R EEH) ADP Z
7 BOE Y, AR BEIM ] AC 75, BRI cAMP
VRBE {5 PKA % 1R FEAR , PKA T 1R FEAR /5 51 R 4
A E B4 i 8 R 5K 8% 2 H (vasodilator stimu-
lated phosphoprotein, VASP) Z& % g fk 18 2V, % &
VASP i 40 22 T S A a4 T 5 1
IMREREE . BIR P,X, BIEITETE ADP 75519 1L /)
WBEHEARRER BRI P,X, b
fifi Ca®* PIRIFIFEFANLIME S 815 BB (extracel-
lular signal-regulated kinase , ERK-2) {E1k , iX X} /)N 5y
Jik A BT 90 0 Z 4R B R R S Y I TR BUAR
BB,



636 Y@ g # xS o

Journal of China Pharmaceutical University

FAS B

1.6 3435557

5-F Rk (5-HT) By T AE #2238 B 4, L RE
25 [/ R4 VLT 18 AU e 6 72, 76 sh ik i
BRI A 2 R e e Y . 5-HT i B il
F 7 W% A L LU HE A MLV, T S I/ AR R
W, EAE F OB BRI R, #ECRS T, ANE IR
Hrfg S-HT & 8AR/, M/ MRTE M8 37 15 38 2 15 1k
J& , M/ R R 2 B it 5-HT, 5-HT Z R F A~
RS2 R R, B KB 14 F 5-HT 2R RS i
RN FZE ) MLYE B2 AR 2 5-HT,, )8 F G &EH
MEZERRE, 5 5-HI 442 5,58 Ca 3
S, /MRS AL E SRR, 30U/ MR AR
AR ARG Y ML/ AR AT R AR . [RIEE, 5-HT iF B3
S AU S, 7] QN SR ADP J2 W b AR 0 1M
IR B BOE R

B b AR N RE SO I/, RS b
IR EBEZ IR a2 A FIETRIEMIE SR . F L
BRZBETN ] cAMP JE A%, Hil 3 TXA, 7K f# @ B2 AL
WL %} PLC ¥ B0, R 2551 R I/ AR F ks
fbo WFRFHE LIRFREZIK o2A RITHEGE G
EEFREEZRN G F (R G2) ™

2 HUm/MRZY

P IMRIBTT & AR BRI IR YT /Y FZE 5],
TRZHL I/ MR 254 Gnka & TE bR SRk B ER 2 B
T B K R RS A 5 2 o G IR 119 R 22 IR T
259 o AU G AT (ADP =244, THR 52
7, AA Z 1k PAF Z 1k 5-HT Z1k) F4E AR
ZARAEHH (EREE A b/ Wa 324K) s B
7 (PDE ) LA b Ho A 5 38 53 2540 JLAS J7 TR B A i
PRI 2 99T I/ 245 R0 TE7E#E AT BT 58 ) — L
FABHT /MRS R 2 AT I A B4
2.1 ADP 4K L5

ADP [ 3 D SZARTE I/ _E Rk B R /MK
WHh:P, Y, P,Y, PX, . MAYERRERUL,P,Y,
& ADP -5 I/ SR A S0 B B A AR
BT LA BRI ADP SZARNEIR FEREH X P, Y,

BES ML IE (ticlopidine ) \Z L% 5 ( clopidogrel )
FIE A% B (prasugrel ) 2 M8 WY I ik BE 2477 1/ AR
254 ERAE P, Y, SRR, T H. 3 Fh 2R 2
e A W A AR 2, 2R P4S0 RGN A T
PER A =2 (B R AR 5 2 3R T AR =)

ARERFENER . XRAGYRES P, Y, Z I E A
MR 5k 2 36 1 45 A T8 B g8, B LR S BT 3
Gilbile

HY T REM FE L BE S 25 W B R 25, TEVR YT (B
AR, I U Y 2 )G, e i
2 U BE 28 & AR B 25 ——% M 2 AR 3
LA, B ADP Z ARSI B R E . ATP &
HEMRREMIYIR P, Y, ZRFEHLA, B Ttk ATP
B BRAEMUYIHL M/ MR 25 (AR-C EE9) i —
RIS P Y, Z RSB, AR-C EAY E
B A §E AR-C66096 Fl  AR-C69931MX, AR-
C69931 MX (I #% 5 ¥ , cangrelor) 7E A\ & A1 3h 4 Hh
BRFFE )2 2011 4R v BT RO B AR B R
(ticagrelor ) 245 IR A 6 ¥ B — AN RIS A% LA T B
FRo e — 25 BB, TH BRBEER 2 5 15 3 09 H
25, TEFEAR 2 e PR 2R A AE 2R O LA 0 T AL AR
RAET TR FRMARE .

BX667 j&—F R IEA P, Y, Z AR A8
MHIER RS Y, FESh P SE 50 5 A% T AR
A 24T L B B SRR L AR, 7 Ak P 2 0 e
Bt 7K R AR ST O BR BX048 B 5T F2 B IRl R 4
P,Y  AEHVE R B JE 3 4R e B0 R L2452 36 1 ik
— R, S H ORI MR YK G E
(elinogrel ) , CTS0547 %t RE 3% G ME+5 31 P,Y,, 2
£, INS B AR TR IESAZH B0, B AT
BT TR B AE B RT3 M SRRy AT
WP, Y, A T /MR 2 R T

P,Y, Z AR EA E R ERIE D
MRS B &Y EZIE T RA W) BRI H R, 17
WNAREF-3'-5"- MR (A3P5P) Sk &1 P,Y, Z{k
I, MRS2179 BRI ELY . BRE
B W R 3 PR 5 BT ¥ MRS2279 , MRS2500 R A
TR B H AR AR AR , 8 2540 % 2 AR 1Y
SEFN T UL B TR I 45 & TR R ISR, Bk
B SRR IR P, Y, ZARIEHLH,

ATP 145324k P, X, TEm B YI N /1 T B9 THR
FEMMm/MrRESEHREEENEAR . «,
B-ZH E: ATP(afMeATP) 2 P, X, BEFEMER BN,
FAPLRA (suramin) J2E 3 A H) P, X, FEHHI AL Sk
B, —ZR 5N A R BN apMeATP
FH PR/ Ca®* 3h 51 LB AR B SR R R 45 R
TR X HES A W) (NF846 , NF449 ) E 18 156 15 1 11 i
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P,X, Z ik, H o 4 F e B J2 NF846'* . ADP il
AR ZIREI A S mFER 1, ETHYU LS
WUE B, A PR E BT 2 sk, HoAb kb F
I BRI 25 T S itk B AL 5%
2.2 THR #8 % #7%) 7

HHrT R, Bz FEEE MBI/ NRAS
PR AR, ERESZ F R (GPITb/Tla

Table 1  Properties of ADP receptor relative blockers

GP 1 b/IX) F/NEBE S tH B B4 | e
), e M A AE 1F AR FUR AR A T e e
B o AR AR B BT, A 4 T X 1 3 Y
PUIAR 2SI FE IR T R A 19 T2 AP A T e 5 5| K
M 223 4F . T [ 5 I A Y 25 (AR
2) EEARMT 3 AL BEIMLAE PAR-1 244K, BE 1ML
Bt L R BE I A 5 X a

Agent Class Formula Mechanism Administration Development Reference
Ticlopidine Thienopyridine C,,H,,CINS P,Y,, inhibitor Pro-drug irreversible po Approved ( Ticlid®) [43]
Clopidogrel Thienopyridine C,¢H,,CINO,S P,Y,, inhibitor Pro-drug irreversible po Approved ( Plavix®) [44]
Prasugrel Thienopyridine C,yH,,FNO,S P,Y,, inhibitor Pro-drug irreversible po Approved ( Effient®) [45]
Cangrelor ATP analog Cj;HysCp N5 O, PSS, PY ), antagonist direct-acting, competi- - Phase III AR-C69931 MX [46]

tivereversible "
Ticagrelor Cyclopentyl triazolopy- ~ C3 HyF,NgO, S P,Y,, antagonist direct-acting, competi- po Approved (Brilinta®) 471
rimidine tivereversible
AR-C66096MX ATP analog €y F,N.0,,P.S P,Y,, antagonist direct-acting, competi- o Phase 11 48]
tivereversible
) o ) C,H,5CIFN,0,S, P,Y,, antagonist direct-acting, competi-  po,iv Phase 111 ( PRT060128 ) [49]
Elinogrel Tricyclic benzothiazole .
tivereversible
BX667 CooHigN, O P,Y,, antagonist direct-acting reversible po Preclinical (No progress) [37]
CT50547 Tricyclic benzothiazole  Cp, Hyy N, OgS, P.Y,, antagonist direct-acting reversible po Preclinical [50]
derivative .
INS-50589 Adenosine-monophos- €, HysNg O P P,Y,, antagonist direct-acting, competi- iv Phase 11 [39]
phate analog tivereversible
MRS2179 Nucleotide analog C,,H;N;0,P, P,Y, antagonist direct-acting iv Research tool [40]
MRS2500 Nucleotide analog CsHigN;O4P,1 P,Y, antagonist direct-acting, high affinity iv Research tool [51]
MRS2279 Nucleotide analog C,;H,sCIN; O, P, P,Y, antagonist direct-acting, high affinity v Research tool [52]
MRS2496 Acyclic nucleotide C,H,,CIN;O,P, P,Y, antagonist iv Research tool [53]
A2P5P Diphosphate nucleotide ~ C,oH,sN;0,,P; P,Y, inhibitor direct-acting, competitiver- iv No progress [54]
eversible
A3P5P Diphosphate nucleotide ~ C,oH,5N;0,,P; P,Y, inhibitor direct-acting, competitiver- iv No progress [54]
eversible
NF449 Suramin analogs C,, Hyy Ny Nag 0,4 Sg P,X, inhibitor direct-acting po Research tool [55]
NF864 Suramin analogs Cs;HyyNgNa,0,,5,, P, X, inhibitor direct-acting po Research tool [42]

LAY PAR-1 A2 (&30 i 571 PG Ff : Vorapaxar
F1 Atopaxar, Vorapaxar(2014 4£ 5 H 3k FDA it #
BT BT R Y E B PAR-1 Z{K
LA, X Z B RN 5 Fah IR
71, Vorapaxar BE {ff 5 {& — H 4b T JC & 4 09 14
%8 5 Vorapaxar ff H., Atopaxar f&—Fp B4 &
FEE I RE S R AE AU RNy T A Y,
Atopaxar F] LATEAE B He ke 3R 456 0 5 1Y o 7 11
T I 6 57 14 18 15 B ( thrombin receptora activator
peptide , TRAP) "™/ B& T B #2 BHL Ik IfiL /M R PAR-1
ARG, Atopaxar IBBEG | E— F2 51 I/ M K T 3£ 22
ZAR 35 GPIIb/IMla, [l /N P B2 240 M 5 B 4+

(platelet endothelial cell adhesion molecule , PECAM-
1) SR AH I/ MR

A R ANHE (ximelagatran ) & B 12 &E I B0 71 77
88— AT LA D AR AR ZY , 72 AT AR A1 H Al AR 2 2140
b 3 Aok A R R 3 R 1 1 T g RN S A
BRI . 2004 EH/EMBERLZERC A
b7, {H 2006 4 EXTEND I JRAF 5T BoR , %206
ST B TR B T B A SR BT A R 2 ) %o
H#TE2GE, BAZ e AEEA " . ki
JNEE (dabigitran ) 224k SEANHEE S —Fh B B9 B AR$T
B I, 38 5 B 0 R I B R A T, R AR AR
BT —RPLBE R RO 2 e, RS R
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RELL B BR 3 5% U9 I RIS ——RE-LY #1578 B %X
&SRR, BOE I 60 AR B AR R B EZ Y. K
[ 7E 2013 4F 3 H X HA A2 125 dh EEMHIE .

[F]-45 B5E 1L Al 300 o) 5 O 3K 388 5 5 47 6 I g 4%
B EE L B T e A2 2 PR A Dy e I B A
] PR 7, 2 2 1 5 4 58 B IV 4, B0HE T 3R A B
T 1L, HAR #E 45 7 R GE 30, it /i 2R 4R
HAER

R TEE LA - Xa J5 , BE LGRSO 9 SR P
SR IRAZEAS B rh BT, BE B L R i e kRt 9
k. Xa 30T 53 AR B AT 55 4 ( fondapa-
vinux ) g [A14 A9, % X a B 10 i 15 F 75 22470 e 1M A
I A4 BH VR A 5 A £ BE (rivoraxaban ) Jg: i 7 H-AF
RAMEFRIE 1A R E RS T Xa
R, O ARAE YR R e R AGRGE N B AR

Table 2  Properties of thrombin relative blockers

1) X a F 55 MRS E 5461 Xa A [FSEW
MiIRH' ™ FDA F 2011 48 11 A k% 2y b,
FHT 0B i 2 R B JE AR R 5 B AR B VD BE
(edoxaban ) /& H#5E 10 H F X a 14| 57, BE4Z v]
IR M T Xa, T 2011 4£ 4 B 7 H A e
FFHBE R RFAR G E KM% (VIE) , F4
7 ATEH AR LIRS 44 Lixiana b, (B2 7EH i
77, A FERR NN SE E K B VD BE H AT IE AL F I I
PR, 1 A 3t P AR 1 LA o BATWR YD BE (apix-
aban) & B /b — DB S M A T X a HH 2
—Fh O AR A BT AL X a R TR0, iR 5
A BT R 5E WA & . Apixaban REFIR L2, (H
A B SO T8 258 7E R, F T2 2 R
BREHE TR B B MR G . 2012 4 12 A
FDA #tifE iz 25 7E £ E L.

Agent Class Formular Mechanism Administration Development Reference
Vorapaxar  Tricyclic himbacine derivative C,oH3;;FN,0, PAR-1 antagonist high affinity , competitive po Approved ( Zontivity®) [68]
reversible
Atopaxar Bicyclic amidine C,sHy FN, Oy PAR-1 antagonist competitive, reversible po Phase I1( E5555) [69]
Ximelagatran  Amidino compound C,, HysN; O Direct thrombin inhibitor Pro-drug po Draw back ( Exanta®) [61]
Dabigitran ~ Bicyclic amidine Cy Hy N, O Direct thrombin inhibitor po Approved ( Pradaxa®) [70]
Heparin Sulfated glycosaminoglycan C,HgNO,, Sy Indirect thrombin inhibitor v Approved [71]
Fondaparinux Low molecular weight C; HyizNsNag0,6Sg  Indirect Xa inhibitor iv Approved( Arixtra®) [72]
heparin analogs
Rivoraxaban  Oxazolidinone derivatives CoH,sCIN; 055 Direct Xa inhibitor po Approved ( Xarelto® ) [65]
Apixaban Pyrazolopyridines formamide CysHys NSO, Direct Xa inhibitor po Approved ( Eliquis®) [73]
Edoxaban p-Toluenesulfonate C,,Hy, CIN,0,S Direct Xa inhibitor po Approved Lixiana®) [74]
Warfarin Coumarin C,H,s0, Inhibition of vitamin K coagulation factors po Approved ( Coumadin®) [75]

2.3 AA i@ & A8 F ) F)

A ] UE bk ( aspirin ) J6 5% 2 E 7 F e B9 I
T SR PO R 24 , Heal it vk £ Bk COX-1
L2 BRTRHE 529 v 45, (Ser529) , M COX-1 {35
PRI AA AR TXA, S0/ MR R E ., KEH
s A X 36 R 437 BFAIE 52 B ] DT bR AT LAAR 47 3
T 0 kO e B Ak 58 35 B R Bk B R BT
B2, BRI S ARA 250 & — BB A 41, HElE
JERRIE G/ L S A

T B B E DT AR B AR, A NO fit 4 254
& BRI T B R PCARATAE . NCX4016,2-( ZBESR
)RR 3-(W A5 R, B 2Bk HRR
5 NO {47 iR 25 38 1 8] B He A i 2 e R, E 1A
P2 RIS Ak Sk 5 2 T A A/ s 50 s 2 A A a8 7=
Yy, EEER AT ) COX-1 A% . NCX4016 A

A Bl ] DT AR B A P A, T LR FRE NO (iR 254
AR L (BT LA TR B 0 30 DK AR AL A 5K LB 55 o
SEHYELAIFSE T NCX4016 S Fisess ™ Fnig ks i
J5 BB PR R BB BRI SRR

AA AL L) TXA, FA /R 1 16 5 BB
TXA, #RESER T TP Z AR R IEER, WH T
TP Z44& , TXA, (AA [P E AP S5 i 1E R E B0
il , SRR AE FH AT BE HLBAT ) DT AR ] COX i ik 1 1
ML/ R R B 5% . & B BT (terutroban ) J2 i
JUFEH R H IR TP Z R0, R 52 & I A
B 240 B 1y fie 1 () B 5L e 30 Bikooks i A AL B9 Th K
KESN PG PR SE I8 #F R BH , 4& fl FE7E 7017 30 ik
SRERELL , R A1) R ik 078 S0 I8 4038 ) 25 v A e
Wah BOE R a7 FmEwE HE R, M2 E
(ridogrel ) B T H0%] TX & BEEHE SN, LHEE TP 52
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PRSI, 38 i H54T A AL [ AT S 3R R Y
T R LA I/ IMRCR SRR

Hofls TP 2455 259, 00 3 A H 4% B BT
Mo PHAEHIPE (ifetroban) REHH S TXA,/PGH, f91E
FA™ . S I BE (ramatroban ) R ALREFEHL TP 2
A, L BEHE L PCD, Z 1K™ . w2 fib Bz ( picota-
mide ) B4 & 30 ik o B Bl AL 00 3 45 R 2 R L 2R
FE AR AR T BT ] UC Ak, R4 PR B 1697, BT

Table 3  Properties of arachidonic acid relative blockers

TR 2R IR B 6 BB Bk B bR A A L
g, BT IR E Fe W] BMS73 REASIE 0] TP 2 4k
PAK TX & RS P BE 1L 2B 25 1 E 3 R BRiE/
B F  ShBk OB RERE AL 22 1) 5 T EV-007 15 38
BF & B9 TP 24K FN TX & B BE 0 ), HCR AL T
/IR AR 30 ik 1 7 728 WU A5 070 L% Lz
TEAMH] 2 FORE PR B3 1R 8 5 T, R AR
FRIRICAR . AA SEBAHR I3 L3 3.

Agent Class Formular Mechanism Administration Development Reference
Aspirin Non-steroidal anti-inflammatory drug CyHgO, COX-1 inhibitor irreversible po Approved [88]
Indomethacin ~ Non-steroidal anti-inflammatory drug C,yH,;CINO, COX-1 inhibitor reversible po Approved [89]
NCX4016 NO-aspirin derivative C,cH;NO, COX-1 inhibitor irreversible po Phase 11 [90]
Terutroban Tetrahydro non-prostaglandin derivative ~ C,oH,, CINO,S TP inhibitor, reversible po Phase 111 (S18886) [91]
BM573 Torasemide derivative CisH,,N, 0,8 TX synthase inhibitor TP antagonist po Preclinical [86]
Ifetroban C,sHy, N, O TP inhibitor, reversible v Approved [92]
Ramatroban C, H, FN,0,S TP inhibitor, reversible po Approved [93]
Ridogrel CigHp; F3N,05  TX synthase inhibitor TP antagonist po Approved [94]
Picotamide Isophthalic acid derivative C,, HyN, O, TX synthase inhibitor TP antagonist po Approved [85]
EV-077 TX synthase inhibitor TP antagonist po Phase 11 [87]

2.4 PAF 2Ik$5 7]

BF5E %M1, PAF BA Z F A 36 4, 5 i i
IR IR B I 8 1k 2R G0 Th RE R RS 1o i |
FER 2 2 R PR A R A B L R
I, PAF #5470 R 7E iR e T P RA EEME.
BT, MIofb2: & PAF #4070 L g8 & ,HE R
— el SE iR AL F AR BT SOR S (I3 4) .

B[ PAF H5H0 712 CV-3988, J& T PAF 45t
KA, B8 B E AW H PAF i S B R RINL/IMRIRSE,
X AA ADP | JiE SR LA K A-23187 75 T 14 1M/ i T 4B
B R, RE R & MO LA & PAF 75519 K UK M
JES CV-3988 ffI R AN AT | MUE ke PP
SRS bR AL, T LR BB T AR

F- 340872 (tulopafant ) f B 3 8 /0 B HZ BRI

Table 4 Properties of platelet activating factor (PAF) receptor antagonists

J Lo VR ZE T AR, R AR dofe o DA B PR 15 4 190
R BRI . SR I0IZ (lexipafant ) B 1A
A FIRFE IR PAF S50 2 —, SEBRIRR R
28T PAF $EHT R R G IAZ 7 B, AT 5 K AR
YL R B AR AR, 24 B R AT RE IR TR T R
FRR M E A ETZE o BTIAZE (apafant) 21k
PE PAF SZARSEHL, 76 101 {7 fi B 35 08 & 19 52 5
HIESE A B A RIVE A, 3015 RAF R 254030 J1 4
(Zeth) M2y B2 200, W PR S 38 vh F iR 97 e
Wi o AKRLAIZ (israpafant ) 764 P RE ) K Bk
A SR, 5 R R AT L 20 LA R N
RN RO B SRR )
B /NBR AR AR A S PAF $47150) SM-12502, fiE
WD NEREF S R

Agent Class Formular Indication Administration ~ Development Reference
CV-3988  PAF analogs C,sHssN,0,PS  Research tools iv Reaserch Tool [96]
Tulopafant CsHyN;0,5  Anticoagulant thrombolytic drugs po Phase 1( RP59227) [98]
Lexipafant Cp3H3N,0,5  Acute pancreatitis v Phase I11( BB-882) [105]
Apafant Thiophene and triazole benzodiazepines  C,,H,,N5O,SCl  Anti-inflammatoryanti-angiogenic anti-tumor po WEB 2086 [106]
Israpafant  Thiophene and triazole benzodiazepines ~ C,3HyyCIN,S Anti-allergic anti-asthmatic po Phase I11(Y-24180)  [107]
SM-12502  Pyridine-thiazolidine C,H,N,08 Anti-septic shock v Phase 11 [108]

2.5 5-HT 4R34 )

FULHSC 48 | it i BB B | AR T 1 B e R 30 fik = 2R W

TE 2 5-HT 2k, LA S-HT,, 5 E-FE 468K, Bl 5-HT, A3 50 B A 167 0 g
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Table 5 Properties of 5-hydroxytryptamine (5-HT) relative blockers
Agent Formular Mechanism Administration Development Reference
Ketanserin Cy, Hyy FN; 04 SHT,, antagonist po Approved [115]
Ritanserin C,;H,5F,N; 08 5HT,, antagonist po Approved [116]
Cyproheptadine Cy Hy N Histamine H; inhibitor,5-HT,, inhibitor po Approved [110]
Pizotifen CoH, NS Histamine H; inhibitor,5-HT,, inhibitor po Approved [110]
AT-1015 CyH3;N;0, 5-HT,, inhibitor, high selectivity po Phase 11 [111]
Sarpogrelate Cyy Hyy NOg 5-HT,, inhibitor po Approved [117]
R96544 Cy HygNO4 5-HT,, inhibitor po Reaserch tool [113]
AR246686 Cy, Hy CIBrN, O, 5-HT,, inhibitor, high selectivity po Preclinical [118]
SL65. 0472 Cyy Hy N, O, S Mixed 5-HT,;/5-HT,, receptor antagonist po Reaserch tool [119]
APD791 Coy Hy N, O, 5-HT,, inhibitor po Phase 1 [120]

i €23 bk ( ketanserin ) JEf 7 BLAY 5 R A TS 5-
HT, 2RI 77, 1< 359 A FH R 6 bR mT LR 3 R A1
LR AR 5, B3 32 45 1 3 Bk R 0 R S T R
B 7AW 5-HT,, 32 A LAk, B 6 bk 38 28 £ 1
5-HTyo ZAAM -1 B ERRRAEZ A DhRE, R A
Xt RE H, ZARRY SR AIESR B, X 22 A ER AL
Hh R SRR PR B Y I AT SRR S, i L R R
EARBIREESCRRG B RIRA AR B R w
AfER . AT, FE @A (ritanserin) Xf 5-HT,,
AR HU R (bR

FEPEIE ( cyproheptadine ) X IfiL & F- ¥ L 4H g
(9 5-HT A3 AR INTIE A, SR bk — ¢t R4
f W, 2GR . AT R, B8 5 e A AR E N
( pizotifen ) YESHTIMERAE 5-HT,, S A 5] , [F) =
REA DL ML/ IMRANST AR 1E A, =X R /R FIX IE
W MARTE A —E T

Z—1URY 5-HT 2 A i) 55) B 2R #RA 41 1 S-
HT,, BIFE T, (B35 3 A7 R e PR AN R & — A B
P, Hfh 28 T AR e 4 B 25 9038 W T %2
AT-1015 2R 5-HT, R B0, 32 200 )

Table 6 Properties of glycoprotein GPIIb/Illa antagonist

5-HT i S0 & 0 4, hRB el A HERR S 1R A K
AN A I A s A, SLes. 0472 & 5-HT,,/5-
HT, B A I, % 5-HT 755 1 188 W48 F0 i/
*ﬁ%%ﬁ#ﬂﬂ%ﬂﬂzﬁﬁ[m] o R96544 ZRijzh Al 5-HT,,
ZARFEPLN R102444 (175 PEER 43, BIR T 4 ik
Bk S-HT 2k 4T 7 . v A% 5 B (sarpog-
relate ) UL EFENE 5-HT,  SZARSEHL A, 78 Im IR _EAE
k5 AR T B 5% Y Bl I PR B 1R T 2540, 4 AR
I FT RBA , VA% B TR AT REFEO LB B 1R YT 7 Tl
BA AR 25 ER " .
2.6 EEAEEAG K GPIb/ a7

GP Il b/ Il a 2 I /MR 3R 48 A e &3 42, T AL
GPII b/ Ma &2k RAZLEF 1 /MR L, & /MR ZE A
BEH) 1% ~2% , J2 F K& 0 /MR R 1 52 14
GP I b/ M a ZA&RFEHT 5 AT LARH 1E /MR R E
B —FB 43, LI B AT I/ M SR E e ] DG
el E ADP ZiESEH R RIENE 152, B
RGP LM A GP I b/ Ma SZARFEH R (32 6) 7]
Pharoh 3 25 Bsm pEdv AR 3R ARSI DL & & AR
Rk

Aggent Class Formular

Indication Administration Development Reference

Abciximab  Monoclonal antibodies

Coyo1 Hipoo Nss1 Og73Sys Assisted percutaneous coronary intervention v

Approved ( Reopro® ) [127]

in the prevention of cardiac ischemic com-

plications

Eptifibatide  Synthetic peptides CysHyN,, 0,S,

Unstable angina, acute myocardial infarction v

Approved (Integrilin®)  [128]

Tirofiban ~ Non-peptide tyrosine derivative C,, HyN,05S Unstable angina or non-Q-wave myocardial . Approved (Aggrastat®)  [124]
infarction v

Lamifiban ~ Non-peptidic non-cyclic C,, Hyy N, Og Unstable angina or non-Q-wave myocardial iv Phase 111 [126]
infarction

BTEF BT (abeiximab) 245 1 4> GP I b/ Ila %
BN, TR —F A -RUR & 8RS T BT T
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Za L, SELAREEAFTIELS G EHITE BT
o T BA AR S b, 7652 F P 5 th Bl ik
IR RE

05 GP I b/ lla 21k BRI EAR-H A
BR-RAZ R (RGD) 5 31, 5 {8 B2 ik (eptifibati-
de) & 8 1 1 2 N R IR - H B IR- R & AR
(KGD) RYRR-E Ak, LLSLEE T GP T b/ M a 5#E If
Wraia. KBRS GP b/ a ZARL: & B
MM Ca” " FISERE I Z AR S5, X 5 R 1
PR S S HLHIAR AL B /N T RO SE 500 A
Py AN GP ITb/ M a Y36 1 1 &R AR T B 52
Pl MBFE RS Z R R M A B BT, 1R
P LR A R ER AR L KRR 5 I/ MRS &
Lk SHE LS, M/ R A S RERL SR, X i
AR S5 R RE "

B B AR PE (tirofiban ) JE i B & FRZE ML AL 75
BRI FAERRCR SN, 450 ER; T XA K
R i 5 4 1) RGD 3R | 55 7 A 4 & o AR

Table 7 Properties of PDE inhibitor

Pt SRR R L, PR AR B
Jenl gt 1998 4F FDA #tiE AR E L, i
KESE 1 A1/ GP I b/ Ma ZARFEITH . ok
JEPE (lamifiban ) 25 B A JE PR RS O 73 5
&, I PR L At 28 5 HE B o It o & A
i A RRETE T EA I R S5 50 e 2 0k T RS
2.7 PDE 747

cAMP F1 cGMP 2 P/~ 25 2 (1% 8 15 1 /) il 2
RE 410 1 4 240 B P9 55 — {5 (i, W R — R B ( phos-
phodiesterases , PDEs) , REfE {1k cAMP K cGMP JK fi%
HERARTE I 5/-AMP A1 5'-GMP, 3 21 ff PN R
BR /KT, IR 5 Z R (55 B MR B RRad ) 1
IRG H, ] PDEs A 64 S BRI A9 /)
Ml fE . /bR % 3 > PDE A (PDE2,
PDE3,PDES) , R[EJAEFI%H cAMP I cGMP HA A
FESEE. HRIC S & B e s B A
[F D EGREREERY PDE 557, i — 28R it i
IMRZGYIE G AR (£ 7) .

Agent Formular Mechanism Indication Administration ~ Development ~ Reference

Pentoxifylline ~ C;;HxN,O;  PDE inhibitor non-selective Vasoactive drugs in patients with intermittent claudi- po Approved [140]
cation non-specific peripheral vasodilator

EHNA C, H,CIN;O  PDE2 inhibitor Research tools po Research tool [132]

Aragrelide CyoH;CLN,0  PDE3 inhibitor potent Idiopathic thrombocythemia and polycythemia vera po Approved [135]

broad-spectrum concurrent thrombocythemia

Cilostazol CyHyNsO,  PDE3 inhibitor potent,specific ~ Peripheral vascular disease in patients with intermit- po Approved [141]
tent claudication

Milrinone C,HyN;0 PDE3A inhibitor potent,specific Acute and chronic refractory congestive heart failure po,iv Approved [142]

Dipyridamole C,H,NgO,  PDE3,PDES inhibitor Coronary vasodilator po,iv Approved [143]

C. B AT A 88 ( pentoxifylline ) BE B 4 M5 B,
MEL AR AR TE BE T, i@ it PGL, 358 4 Py i
HML/MRAE R, 47t L/ I PR AR SR FE AR AL e 5
DA e FEE A o) 4 I P G I MR R A

PDE2 i FRE[F] Bt /K i cAMP J%2 cGMP T Ffi 3
AR , EHNA 35 555477 PDE2 #i £F FH F i
M2 B SR A1 1 2% 47, EHNA (20 wmol/L) X IfiL /]
WRERA ERER B E @S S0 —F 5
T ER LG R S ) 1 5 58 B 5 /M R
AOAIEITE R . PDE2 $050) EE G HIER 5 T
B, BRI B R X IE ISR AT A A AE N KL
oA e B TR B R A S

PDE3 i} % 41 4% % 4~V # , PDE3A fl PDE3B,
M PDE3A j& PDE3 7E Ml /M KB W) £ L

B BTBR M T (aragrelide ) S PDE3 #3817 i
I, A R I N AR TR AR B — R AR T A R
(IC5, =36 nmol/L) " | RUEF TR % 25 11 1 5 2% 4
HEL R BIL 351 15 S 52 4 A, (EIZ 25 90 2 i Al
R, T B3 1 B R /AR M 2 T 9 A
W ( cilostazol ) 2 M1 /INAR AT %8 WL4H B 9 PDE3 )
P SPESRAII I (1C5, =0.2 pmol/L) , & 8] LA
R P Ca® ™ HREE #0338 FUL A0 B, 9038 1 /AR
TEAE) 52K F1 4% (milrinone ) J&—Ff 5 E B PDE3A
R, 2R RS R MmN RN cAMP F5,
T MR SR 4E , B T T 70 M Ol S 58
BT

W% ik B (dipyridamole ) J& PDES Fl PDE3 3%
FEAH, s LT LR A AR B0 ML S - 1
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) 1240 T R ) BEIRAC , s LA H Y I L
/N A 00 ) P A R K OF 5 B 3 4R & L/ AR
cAMP F1/50 cGMP ¥ & 5 15 Bk B H 2 Kl 3 Ak
B, e PCL, M. WHEEE LG MU 50
A B VRS AR I8 5K 24 , i o 2 IR 15 5L
RE A 22 Gk A It/ VA R SR A R 72 B, PR BB R Dy

Table 8 Other antiplatelet compounds

FL i/ MR 2 T OREF AR SR ERA
2.8 At

B _EIRHT /MR Z5PIAN, A — LV A T i)
AT A B A A R A 2545 (R 8 ) X 4B 24 B
RZATHFEBr B, B AT o A7 fIRYT AR R
T PR AT REME

Agent Class Mechanism Reference
Kistomin Venom extract GPVI antagonist [159]
Crotalin Venom extract GPIb antagonist [147]
Revacept Venom extract GPVI antagonist [146,160 |
DZ-697h New Structure Adhesion antagonist [148]
DG-041 Bis sulfonyl sulfonamides EP3 inhibitor [161]
TGX-221 Morpholino-pyrimidone PI3K inhibitor [158]
PSI-697 Quinoline salicylic P-selectin inhibitor [154]
PSI421 Quinoline-carboxylic acid P-selectin inhibitor [156]
Bimosiamose Sugar analogs P-selectin inhibitor [162]
rPSGL-1-Ig Recombinant immunoglobulins chimeras P-selectin inhibitor [156]

2.8.1 ZEMIE#HRA /MR EEEBE GPVIAI GP Fil{& 1 ( P-selecting lycoprotein ligand , PSGL-1) 7E£

I b FEM/MREFRIAE T RSP T E
FEEREA . Kistomin R—FitHELBEH
i (SVMPs) , BE % 24 % I /N AR B 2 11 VI, A
T RE TS IR 5 GP VI SZ AR 0 ) g, S # i ML 254
MIFF R SR BERERE . Revacept S A\ GPVI-Fe f & 25
I, BEBEL 1L 1 /)R E 18 45 495 350 052 380, VR 2RI
TUMERE" . R R, Revacept fE 12 & 1§ />
KM S T B A% T8 B I HG BE 1 2 251
BARI . Crotalin 2 M I R HEHE T 40 B
P—F R E GP 1 b Z k54T, BE9EFH 1
vWF 5 GP I b tHH. Jz i, BE 1A 4 I /MR 18 B
R DZ-697h 15 ARSI S2 8 F e 1 1 1
T JEF vWE 5 2R I/

2.8.2 EP3 %% # % PCGE, % 4kip#) % PGE, &
TE Sh kR FERE AL BEHUE BB 7= A A R PR T, EP3
72 PGE, M13Z21k, 5 ADP Z{K P,Y, 25{pL, AT LA ]
cAMP (AR (R4 & Ca’* sh 51, EP3 %
PARAHHL I PT BEHR 1t 30 K o 45 R A 22 1 R = PR T
MEJRIT. DG-041 & HE: EP3 # ] 57l, GE 5
PY 2 ARIEH RGBS K R R AL Y
RN R &5 A BE R M .

2.8.3 P-atBFEEIHN PEBERREELHN
B2 4 R RIS Ak 0 /AR b Rk XA PR
BoA—A EER R iR P-FEREES

MR RTE R, /RIS LG, B0 BURL 43 1 B
PR, e 5 PSGL-1 /E G, B 40 A0 | 1f /)
TN ) o IR /I i i A | R
Mr BRAE BN N K A0 3R, 51k B P 28, Fr DL, B
1k P-iE# K 5 PSGL-1 Z A1 ptH EAE B A .0 I
BHHRBINRITE

PSI-697 25T C2 REBULAT K AHER P-
BEFE RN, 72 270 ML B 1 Sh Y7
TRARL, — B B 550 &3 3 i 50 Hh B 1 R4 1Y
Tt 32 1 , {E R 1R AR 9 5% AR . PST421
FETEIR BB PSI-697 R I BB LT, B A48 H &8 43 45
¥ G2 R L, B0 25 03K 43 o 0 S 1 A
BRI A Y™ X LA R shE kv sh
PIRERLY 1 ARST AL, s R hy BN kR A R A AN TR A
KB TE AT B IE R RTF R B AW ™. A4,
P-4 57 Bimosiamoser 1 PSGL-1 de th B4
HEA G RSZE B0
2.8.4 PIB3K 447 PBK Z2EE X allbp3 5
4 L AR T AbE R ) G B R -, TGX 221 2B
BB ER AT ATP 3551 PI3K G 57
PN BT0) 0 Z5 44 T 0 /MR T A, HON S IE R
1R[] R

3 4 &

I/ B 8 R AR B I A A8 AR B L PR ER AL
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(OSESRARRE - | 2 i T B, SR RE BB A e 3 Bk
SRERE AL Z [ Ik 2R Y G BERR YT . Il /M AT L 22
THR, TXA, , ADP 2 275 T3 3 32t A 7] B4 36 % J8
I, AN PR M/ MRS AL 2T U i/ R ke, 5
HUL UESE , BRI EAS 2 IR PR B FF . B RTRY
P/ MRAL 2, FLURSE I A ] 57 ADP 52 145
PGP I b/ I a &2 (A1l 550 55 , 76 30 BK 35 1 A AL
PAGIRST T AL o (BRI 2259 R = e
E%FHE‘JEM" SHEAN Y I KURS: , T R 25 1 HR Bk
RE-T ML /MR A 3 L TR A AR 2 T 4 K
Eﬁ#ﬁ%ﬁﬁﬁt e — R B 2590, AR 2y
YIS R BE ARG, AL 2 RS AR AL A
T ML/ R 25 R HK FTEC L, [R] I AU 3 4B 48 s —
JE A R GETE AR P 2590 I/ R SR 48 B 228 i
ZIRBERITEHE™ R AR 2555 & 0 F BUAYT I
Rt o DR X I 4R O I/ MR TE T I A S Hh
PRI TR R P AT TR F A X i
PR b 25 BT 1L/ NI A FBE 72 = 12238 R 25 T 52 Y
HRZ o TR R 31 S MLt b 2y
A R AR R SR E AT T AR ML I/ IS 5 4R 1 1
R RBUR SR 2R B RAT RO I
MRREE T, RIAYT ML/ MR R RS 2 K 1%
6 AR E B kA, o — 2 TF R4 /MR R 5
TR R 25 VR LRI 5, R R AR i 55
T B e v BT A L0 s BIF A TR M A 20 RO A
PRI B 5, -3 P 2595 5 i 18] B B IR B 4T
TR IREH BRI ST 2 —

2 £ X
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