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Antiplatelet Agents
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2. Adhesion wimniAelasghadania
Borumainimeanidasfiannade glycopro-
tein (GP) Ia, Ib Way Ic/lla MU collagen’ von
Willebrand factor (vWF)® W fibronectin® GP Ib
{4 major vWF binding site 143 adhesion’

3. Secretion iNSAAAN granules 4 ¥ia fig
Ol-granule, dense granule, lysosome L¢ peroxi-

@519% 1 Platelet activation and inhibition

Event Ligands Inhibitor
Adhesion vWF Anti-GP Ib Ab
GP Ib Anti-vWF Ab
vWF fragments
Release TXA, PGIL, TXA
reaction antagonists
ADP Aspirin
Thrombin Thrombin inhibitor
hirudin hirelog
Agatroban
Aggregation Fibrinogen Anti GP IIb/Illa Ab
CTES, MK-383,
R044

GP IIb/Illa RGD-peptides,
Integrelin (GDWP)
Ticlopidine,
Clopidogrel

Shap change Actin, Calcium antagonist
Myocin Cytochalasin B

CaZQ
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somes %dtﬁaqﬂnsxéjmwé’amsﬁLﬁuaxau\lﬁaan
an® smfiflenadénylumanssiuniadon iy
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NRNNWNNIINTU %un ADP 910 dense granule
1%
Wuein
4. Aggregation Thrombin audusndenylu
mansedunsadanldnssusdonandidi’ uay
ADP fin&30ananan dense granule 9n3zAubA

[ A [ 1 v v z a [~
inSaiRansndungusaNeiunau  awdau
platelet plug ¥38 hemostatic plugs®
gmuinsaliaausmaNazasenda  platelet

metabolism Waz function Whngsilngjs 6 nqx
Ao ‘Ly [ %) 2+ Sl ¢

1. e e NNINTULeY Ca®' Iwaaallien
utlasly

2. enUANU receptor 2BNSAGEN dMSUAS
ﬁnszﬁmn‘“mﬁam @ ADP, thrombin, epinephrin

3 A [~ 1
serotonin %139 collagen WU
dld 1 (" [ A

3. tiidnadentinsadan

4. enNfiNasin contractile protein 84N5A
Ham

5. £n¢Nu thrombin 1AEASI

6. £16U GP lIlb/lb/lla complex
e iansudiadiuaas ca® Twgadifuuudas”

v v 2+SL 3 G A A

AMNNIUYRY Ca® lwraauaansafaniiainu
\Hendaariy shape change, adhesion, secretion,
aggregation Wazm3qedulLIsfiuehar) wu fibrino-
gen, von Willebrand factor Wa¥ factor V EnFvIn |
emsdiadueas Ca® W cytoplasma (WaeuILAS
1y FelimsihauresnsadaniaUnd Faus
Ju 3 nawlvgj) fo

1. Inhibit arachidonic acid pathway

2. Increased cAMP concentration

3. Block Ca* movement within or into the
cell

1. Inhibit arachinonic acid pathway

Arachidonic acid pathway Tu pathway 17}
dhegylumsdaamsh thromboxane A Fosionlasd
ﬁﬁwﬁm 3 %% Aa phospholipase cyclooxygenase
LY thromboxane synthetase mﬁﬁué’mau\l‘mﬁ 3
oin AUy TXA, receptor i
mahamzaansaiian e

1.1 Phospholipase inhibitor
Phospholipase fudhwaen  mem-
brane phospholipid Wil arachidonic Acid™”
enfiufuonlsiilenn  endmnanBe (mepa-
crine, quinacrine) NSAIDs'® nqa hydrocortisone

Wae methylprednisolone™ LAENNQN steroid £

'
A

anOVBAAMIAATIEN PGL, i endothelial cell
vnlifia thrombosis "7

Calmodulin W intracellular Ca** -
binding protein ﬁqwéﬂ‘ixﬁu phospholipase A2

1819 e 11U dibucaine, tetracaine,

activity
benzocaine Wa¥ mepacrine ﬁqw‘ﬁgﬁuﬁo calmodu-
1in®? waighlufimminan tlaarung thrombosis
61%@%
1.2 Cyclooxygenase inhibitor

Cyclooxygenase aqﬁl,u dense tubular
system (T calcium-dependent® yamsh A
arachidonic acid \Uu cyclic endoperoxides e
NSIADs nenesfithdanlaiing aspirin®*
indomethacin®, phenylbutazone, ibuprofen,
fenoprofen, flurbiprofen LAY naproxen \Dudiu
ﬂmzm sulfinpyrazone

Aspirin aanqw%ﬁugq cyclooxygenase
athamshuniadaay mbimnansodaansh TXA,
6™ NSIADs ﬁ’JSW] ﬁqw%ﬁué’d cyclooxyge-
nase \ufiu uelsinns*  sulfinpyrazone Alase
ﬂ%NINLaf]ﬂﬂéJw phenylbutazone®

1.3 Thromboxane synthetase inhibitor
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Thromboxane A ﬁqw%mzﬁu‘lﬁm%m
Raeungauarnseiinaanidaemadhduame
137N endoperoxides PGG2 ey PGH 1o U¢fe
thromboxane synthetase ‘Nmmu‘lum‘maam gl
&intulu endothelial cell ¢l PGL Fafiqnn
iy TXA 26

EJWIEIUEN thromboxane synthetase \1®Lm
imidazol &namﬁwumao iminadazole” Way levami-
sole”®

14 TXA receptor antagonist

81 13-azoprostanoic EIUEJJ TXA re-
ceptor QGUUUdﬂ?iQUﬂaN‘ﬂa\‘lLﬂﬁﬂlﬂa@\lﬂ IG]EJ'VIN
TXA, syoun@”

2. wifivin caMp lwnSaidan

Efiial CAMP asilifsuiy Ca? anadianams
ougaaniaden Walidnsduniadenasls
LU?%EMLL‘LJN}U%N i adhesion aAAY T2 aggre-
gation WA release reaction® 5¢@U cAMP ﬁLﬁN
o aifufomaio shape change 3303 adsorp
factor Va 40979m3duasht thrombin 167"

2.1 Adenylate cyclase stimulator

PGE PGI '«J.,m.mu adenylate cy-
clase Wi ATP Lﬁu cAMP (mmﬁw 1) PGD,
Nﬂ‘ﬂﬁtlﬁdﬂ’ﬂ PGE 21 PGI Nf]VlﬁLLﬁJ‘V]ﬁ(ﬂ Nﬂ'ﬁ
1 PGI1 3N ateriosclerosis obliterans 9839¢el
mslinmaandanuns feaaemuiueldlag
Liudlanmzgadiu ndmnldsuen 2 5 viliusa
MeEAu T capillary blood flow™ %39a0
platelet micro-aggregate NYAYLIUNT athero-
genesis LLaZLﬁ'N peripheral blood flow

2.2 Phosphodiesterase inhibitor

Phosphodiesterase azfAem cAMP
faonristudaowlaifaeilis camp dadulsl
gnvhans i

mﬁqwéé’ué’a phosphodiesterase  \iun
cilostazol, dipyridamolle, papaverine, theophyl-
line, caffeine Wa¢ methylxanthines 5uq“
2.3 P(}IZ synthesis stimulator
PGI2 synthesis stimulator eun angio-
tensin 1l, bradykinin W% thrombin
2.4 PGI2 degradation inhill)itor
fio PGL analogues Fmananeelu

nasuadan e

3. #10% calcium

F;l']&ﬁﬂguﬂ'ﬁmgauﬁ‘ﬂad Ca2+ luLﬂgﬂlﬁa@
vl.o’fun' verapamil (inhibit epinphrine-induced
aggregation), nifedipine (inhibit primary aggre-
gation) chlortetracycline (binds strongly to Ca™,
vitamin E (inhibit efflux of Ca®)
Platelet Inhibitor

VUAWNSAReAS! receptor 289 ADP, epipeh-
tine WAY thrombin 1o ADP JURy receptor Ut
inSaidonasi iphmasnSadenAeuuwadty
waclmnifentmstiuds adenylate cyclase

enfitfudis ADP receptor |#uri ATP, 5-AMP,
2-methylthio AMP 2-n-amylthio AMP uay 2-
chloro AMP

Thrombin ﬂszﬁum%mﬁamé?mwi shape
change, aggregation WaY secretion® ¢eMs
ety Ca® Tuzaditonsgunumseha &
nan®

Ol-adrenergic receptors vuinaianay
ﬂizéju adenylate cyclase I@EJGI‘N Lf'mmnmmj'u
catecholamines 270 Ol-receptor ﬁqw%s_uusﬂu
matiufomase cAMP enlungailéng Ot-recep-
tor 191 phentolamine LAAMIFIN cAMP |a®
§io epinephrine U receptor UURNSARNAY
b Ca® 1uu%nmﬂ»fwﬁmaéﬁﬂﬁm%wﬁa@ﬁundu
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Maviwdu “primary wave” 16y secondary wave
(serotonin adenine nucleotides) My Waln5a
A A A ] v | o 8 v
WaniMslasuasglag uaswasm e ¥
a L U v z 1
Nﬂ'ﬁi]‘l.lﬂﬁqNﬂ%}ﬂﬂ‘llu LENENIN ADP LAY throm-
bin finseduliinSaiieauAuutasisenaufiay
A o ' G A A a v €Lp¢ 24
Nﬂﬁ’QUﬂQN‘HBQLﬂ‘SQLaﬂ@‘NNﬂ'\‘iﬂiﬁ(ﬂ% W Ca
&N dense tabular system neaunaLd perme-
. a 40X .

ability 189xnTad0aNNIL ennguiilianu oL-
receptor 151le’ phetolamine LAY yohimbine
[ 1%
wuanu

Setotonin nszguliinSadanIunguiule en
#itlaru serotonin receptor Pa9nSaden MLLﬂ'
tricyclic antidepressant (chlorpromazine, mai-
triptyline) tricyclic athihistamines (cyprohepta-
dine, promethazine), d-LSD, methysergide, atro-
pine, pizotifen, cinanserin I8¢ xylamidine &7N
quilasiiuth serotonin YlinSaRanliudemias
U9 wauasERy cAMP uasdugimsiaass
prostaglandin

eI me penicillin G WY carbenicillin 21

Ya a Al tﬁl a ‘5 o 'l./!

g9 Wbitidonaandeundle asmnfigvatiue

o Ao ] v G A
MINN 2 PNNNITDHNUINIALRDA

msiLngatanSalRan aaANARDs ENazitdy
U receptor 989 epinephrine ADP uay vWF”
da v G A
FNAUNANNUILNIALAAA
oo Ko X a
UmwﬁuﬂmmauU\‘lmim\‘ﬂu‘nmm%@taaﬂ I@EJ
a 1 v 3 A 13 dm X
HNAFDNUILNINLADN maﬂa\lﬂw NIUUUTR 819
AuEfUEN membrane phospholipase &UNW affinity
W38 mobility 289 receptor ANtlaNA@EN way
NILAUMIAINIHU Ca” wilaniadon ennguiliana
Tusnaafi 2
d’d ] % . (3 a
YINANAAD contractile proteins YAILNIALADA
Contractil protein T actomyosic complex
ﬁwgﬂﬁuﬁwﬂﬂﬁﬂ clot retraction &1 cytochalasin
B qunu polymerizing actin ﬂadﬁu\bﬂﬁﬁ poly-
X v a a
mers 31U A9tlastiumsiia pseudopodia 298]
adhesion 8¢ aggregation 16 Suglamsw/aen
wasghaeaniaban
v ¢
Eﬂﬁﬁt]ﬂﬁmmel microtubule (3% colchicine,
colcemid, vincristine Wa¥ vinblastine tnngxiiay
v 4 i e .
AUNY tubulin mﬁuiﬂsmwanmaa microtubule
v
colchicine  flfugimaimeaaansadaniuin

collagen &N colchicine @aIRANMINTUINNND

Drug Action

Dextran®
T Clot lysis

Eicosapentaenoic acid®

Ticlopidine**
fibrinogen
Clofibate, halofenate®
Etofibrate®
Propanolol (B—blocker)"4
Furosemide®
Nitrofurantion®
Nitroprusside®

Pyridinol carbamate®

\L aggregation
aggregation

\L adhesion & aggregation

»L adhesion & aggregation

inhibit aggregation & secretion impaired interaction of platelets with

inhibit aggregation, phospholipase A2
inhibit aggregation (ADP, Collagen-induced)
inhibit aggregation (ADP, Collagen-induced)
inhibit aggregation, accumulation of cAMP

inhibit phospholipase C
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2 5UM Aeiufls microtubule 18 Tnefsyiuena
dadsnnnd 10 M Suanedivilsmele
£16"% Thrombin lagAss

e aspirin Ua¢ heparin douuendililaatiu
neaniengadulufihalseinlane uay stoke
wohrihennamelalldna®

iflo31n thrombin ﬁLﬁm%uﬁua%ﬂu fibrin %30
1N “bound thrombin” #lansedi nSeen iy
nasiule Fafuanumsibianatiudsldde aspi-
rin WIWMIAAATIN thromboxane® LAy bound
thrombin leseedafidenly heparin udialal
165 yanani heparin é’agnv‘iﬂﬁwmqwﬁu
u%nmﬁ‘?m'fw platelet factor 4 %138 thrombin in-
hibitor fmSsmninSedanidlognnssdu winlums
Josfumafndudon tdur

1. Uasumaiia thrombin aninSeidan™
warzuIumsWishraaAen’ weupfif 1

2. fufmsdundureansaidion

3. 80 thrombogenicity 289%aanda0

Thrombin ﬁﬁuﬁu fibrin WA3LN bound
thrombin ﬁqw‘émzﬁum%mLﬁamélﬁfu’unfiumnéu

antithrombin : heparin complex a¥3UNU domain

Vascular Injury

v

Tissue Factor

Inhibit TFPI
inactivate F Vila

FVil. —» F Vlla

FX > Fxa

FVa

Prothrombin  —— | Thrombin

Hirudin

Inhibit Hirulog
Agatoban

Fibrinogen — . Fibrin

I.LNuQﬁﬁ 1 Thrombin generation and inhibition

A v o R Y Lo & o Vbi\lm
wagﬂnaq NU domain ¥ fibrin AU8Y) AUIRVINLA
uazvnanellallel enfidhu fibrin-bound thrombin 34
v da £ , o

malﬁummqmﬁm thrombin 108A59 (7197 3)

@991 3 Direct antithrombin agents'®

Agents Actions

Hirudin Irrevesible antithrombin
peptide

Hirulog Irrevesible antithrombin
peptide

D—FPRCHZCI Competitive antithrombin
peptide

D-FPRBOH Bifunctional antithrombin
peptide

Argipidine Synthetic dirct

antithrombins
Tick anticoagulant Inhibite thrombin

peptide

mmjuﬁ azaemsEzaaansadaauas yTu
Hosfumsfeasndonldd  udgemathaidan
(antihemostatic function) &/l Rueasd bleed-
ing time &M% agiimsiduidonannIu Sedaalsy
Pnavasen ivangan M3liendhu thrombin lag
asfiafutsonm asfldselemilums$nndihy
deep vein thrombosis lne/lsifasae/lulsamenna
WALNALUNY warfarin (61
#810"% GP IIb/Illa complex

Elﬂ%ﬂdN‘li (@i 4) sansnileafumafioan
Ranldluwaanidanuas gaealale™® I6un mu-
tine monoclonal antibodies fflsmsiuray fi-
brinogen 11U GP IIb/llla receptor U%HA2984039
Gon linsadeasunguiubile 3efiqns anti-
hemostatic §aMtfiiianoanuay bleeding time
eRaUn@é (30 min) uasianmzniadand

Mseslafinineuazigansaivimsladio T 9 aiiufl 2 wwnew-fguwon 2542
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] ¥ 1 a oo ‘
sehe esldenlunsiiidiu aspirin waz heparin
-resistance thrombosis RGD-containing pep-
tides Q¥AUNU GP IIb/Ila receptor taariumsdy
U fibrinogen 3efudhmsdunguaouniadon (e
infidhumsdunguanandadeaiagnnsssuet
ADP inngaitmansosudsemule alillasiunms
Redudanstemlea
1 &/ (3 a aa

mslgnuiniaiiaamandiin

enna i [ Fdnnlugiaeiusnnfanga GP
[Ib/Illa antagonist L&¢ direct antithrombin in-

hibitors Mnnlumsissuns Wenazansdsden lu

5197 4 216U GP IIb/ lla complex™**

{g’ﬂwnﬁwqutaﬁflammﬁuuwﬁu 1Hunu heparin
lume¥n percutaneous transluminal angioplasty
sl‘ﬂuéﬂw unstable angina wacldtaariu deep
vein thrombosis (mmﬁ 5)
wanms Wiendnuindaiden
melendwnSadanietiasumsiieasidon
(antithrombotic effect) awvh MiiansanAnUNG
(antihemostatic effect) W.:‘&um“?;aﬂﬁ%ﬁqw%
antithrombotic #1NWAY antihemostatic o
1. fosumsifieandan mslienilasills

A a a Ao a . v
LﬂﬂaNLamIﬂUYlUdLﬂm hemostatic plug 18

Monoclonal antibodies

C7ES, 10E5, AP2, LJ-CP8

MK-383, RO 44

RGD-containing peptide

Trigramin, bitistatin, echistatin kistrin, applaggin,

burbourin (snake venum)

ARG-GLY- ASP-o-methyltyrosine amide (tetapeptide analogue)

MK 852 (cyclic heptapeptide)

ADP-induced aggregation inhibitor

Ticlopidine, clopidogrel

Al 5 M3ldendu GP Ib/lla Uay thrombin NIEenge)

GP IIb/IIla Antagonists (c7E3)

Direct Thrombin Inhibitors

(Hirudin, Hirulog)

Coronary thrombolysis®
patency at 24 h

Coronary angioplasty™
Out come events

At 6 months follow up 11% of heparin

Improved coronary artery

35% reduction in primary

Patency at 120 min
hirulog 87%

Heparin 47% p=0.02
At 96 h, event occuing

in 5.6%, of hirudin and

26% need repeat revasulazization

Unstable angina® 30 patients

C7E3 =1 events

Placebo = 12 events

Venous thrombosis

. %
prevention”

Hirudin, greater angiogrephic
improvement, subsequent
MI = 1.7%, placebo = 8%
Hirudin 18%
Hirulog 34%
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inactivated factor Vlla %39 tissue factor path-
way inhibitor %ﬁmﬁwﬁmﬁa

2. Wenmwasariduad ennga platelet re
ceptor antagonist 3 dose response WAL &
ENNGA antithrombin 44 dose response NN
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antithrombotic lovfifidanaantiasé
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mafaduden e

4. Thndrumafiedndanmmnsdt 819l cath-
eter IdlUSmoanidasfigasimiaiuudiacdnly
W3vanain
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