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PLATELET INHIBITORS

Abciximab REOPRO

Aspirin vanous

Cangrelor KENGREAL
Cilostazol cerenic ony
Clopidogrel PLAVIX
Dipyridamole PERSANTINE
Eptifibatide INTEGRILIN
Prasugrel EFFIENT
Ticagrelor BRILINTA
Ticlopidine cercric oy
Tirofiban AGGRASTAT
ANTICOAGULANTS
Apixaban ELIQUIS
Argatroban cerenic ony
Betrixaban BEVYXXA
Bivalirudin ANGIOMAX
Dabigatran PRADAXA
Dalteparin FRAGMIN
Desirudin IPRIVASK
Edoxaban sAVAYSA
Enoxaparin LOVENOX
Fondaparinux ARIXTRA
Heparin varnous

Rivaroxaban xARELTO
Warfarin COUMADIN, JANTOVEN
THROMBOLYTIC AGENTS
Alteplase (tPA) ACTIVASE
Tenecteplase TNKASE
TREATMENT OF BLEEDING
Aminocaproic acid AMICAR
Ildarucizumab PRAXBIND
Protamine sulfate ccucric ony
Tranexamic acid CYKLOKAPRON, LYSTEDA
Vitamin K; (phytonadione) MEPHYTON

Figure 21.1 Summary of drugs used in treating dysfunctions of hemostasis.
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formation, except that the triggering stimulus is a pathologic condition
in the vascular system, rather than external physical trauma.

A. Resting platelets

Platelets act as vascular sentries, monitoring the integrity of the
vascular endothelium. In the absence of injury, resting piatelets cir-
culate freely, because the balance of chemical signals indicates
that the vascular system is not damaged (Figure 22.2).

1. Chemical mediators synthesized by endothelial cells:
Chemical mediators, such as prostacyclin and nitric oxide, are
synthesized by intact endothelial cells and act as inhibitors of
platelet aggregation. Prostacyclin (prostaglandin 1)) acts by
binding to platelet membrane receptors that are coupled to the
synthesis of cyclic adenosine monophosphate (cAMP), an intra-
cellular messenger (Figure 22.2). Elevated levels of intracellular
cAMP are associated with a decrease in intracellular calcium.
This prevents platelet activation and the subsequent release of
platelet aggregation agents. Damaged endothelial cells synthe-
size less prostacyclin than healthy cells, resulting in lower pros-
tacyclin levels. Since there is less prostacyclin to bind plateiet
receptors, less intracellular cAMP is synthesized, which leads to
platelet aggregation.

2. Roles of thrombin, thromboxanes, and collagen: The plate-
let membrane also contains receptors that can bind thrombin,
thromboxanes, and exposed collagen. In the intact, normal ves-
sel, circulating levels of thrombin and thromboxane are low, and
the intact endothelium covers the collagen in the subendothelial
layers. The corresponding platelet receptors are, thus, unoccu-
pied, and as a result, platelet activation and aggregation are not
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Figure 22.2

Formation of a hemostatic plug. GP = glycoprotein; ATP = adenosine triphosphate; cAMP = cyclic adenosine monophosphate;
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initiated. However, when occupied, each of these receptor types
triggers a series of reactions leading to the release into the cir-
culation of intracellular granules by the platelets. This ultimately
stimulates platelet aggregation.

Platelet adhesion

When the endothelium is injured, platelets adhere to and virtually
cover the exposed collagen of the subendothelium (Figure 22.2).
This triggers a complex series of chemical reactions, resulting in
platelet activation.

Platelet activation

Receptors on the surface of the adhering platelets are activated
by the collagen of the underlying connective tissue. This causes
morphologic changes in platelets (Figure 22.3) and the release
of platelet granules containing chemical mediators, such as ade-
nosine diphosphate (ADP), thromboxane A_, serotonin, platelet
activation factor, and thrombin (Figure 22.2). These signaling mol-
ecules bind to receptors in the outer membrane of resting platelets
circulating nearby. These receptors function as sensors that are
activated by the signals sent from the adhering platelets. The previ-
ously dormant platelets become activated and start to aggregate.
These actions are mediated by several messenger systems that
ultimately result in elevated levels of calcium and a decreased con-
centration of cAMP within the plateiet.

Platelet aggregation

The increase in cytosolic calcium accompanying activation is due
to a release of sequestered stores within the platelet (Figure 22.2).
This leads to 1) the release of platelet granules containing mediators,
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Figure 22.2 (continued)
ADP = adenosine diphosphate; PAF = platelet activation factor.
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Figure 21.6 Aspirin irreversibly inhibits platelet cyclooxygenase-1.




Dipyridamole [dye-peer-ID-a-mole], a coronary vasodilator, increases
intracellular levels of cAMP by inhibiting phosphodiesterase, thereby
resulting in decreased thromboxane A2 synthesis. The drug may
potentiate the effect of prostacyclin and, therefore, decrease platelet
adhesion to thrombogenic surfaces (Figure 22.2). Dipyridamole is
used for stroke prevention and is usually given in combination with
aspirin.
Aadal) Jaly cAMP I Gl s 2 5 alll sle 5l a0 Dipyridamol J sala i
B (TXA2) YI—lus g5 fill arieai il e Phosphodiesterase ) adaxii
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* B. Ticlopidine, clopidogrel, prasugrel, and ticagrelor

Ticlopidine, clopidogrel, prasugrel, and ticagrelor are P2Y12 ADP receptor
inhibitors that also block platelet aggregation.

* 1. Mechanism of action: These drugs inhibit the binding of ADP to its
receptors on platelets and, thereby, inhibit the activation of the GP Ilb/llla
receptors required for platelets to bind to fibrinogen and to each other
(Figure 22.8). Ticagrelor binds to the P2Y12 ADP receptor in a reversible
manner. The other agents bind irreversibly. The maximum inhibition of
platelet aggregation is achieved in 1 to 3 hours with ticagrelor, 2 to 4 hours
with prasugrel, 3 to 4 days with ticlopidine, and 3 to 5 days with clopidogrel.
When treatment is suspended, the platelet system requires time to recover.
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Figure 21.8 Mechanism of action of P2Y,, receptor antagonists. ADP = adenine
diphosphate; GP = glycoprotein.
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Figure 21.9 Mechanism of action of glycoprotein (GP) IIb/IIla receptor blockers.
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FIGURE 34-1 Thrombus formation at the site of the damaged vascular wall (EC, endothelial cell) and the role of platelets and clotting
factors. Platelet membrane receptors include the glycoprotein (GP) la receptor, binding to collagen (C); GP Ib receptor, binding von Willebrand
factor (vWF); and GP lIb/llla, which binds fibrinogen and other macromolecules. Antiplatelet prostacyclin (PGL) is released from the endothe-
lium. Aggregating substances released from the degranulating platelet include adenosine diphosphate (ADP), thrombaoxane A; (TXA;), and
serotonin (5-HT). Production of factor Xa is detailed in Figure 34-2. (Redrawn 2nd reproduced, with permission, from Simoons ML, Decker JW: New directions in
anticoagulant and antiplatelet treatment. [Editorial.] Br Heart J 1995,74:337.)
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FIGURE 34—-2 A model of blood coagulation. With tissue factor
(TF), factor Vil forms an activated complex (Viia-TF) that catalyzes the
activation of factor IX to factor IXa. Activated factor Xla also catalyzes
this reaction. Tissue factor pathway inhibitor (TFPI) inhibits the cata-
lytic action of the Vila-TF complex. The cascade proceeds as shown,
resuiting ultimately in the conversion of fibrinogen to fibrin, an
essential component of a functional clot. The two major anticoagu-

lant drugs, heparin and warfarin, have very different actions. Heparin,

acting in the blood, directly activates anticlotting factors, specifically
antithrombin, which inactivates the factors enclosed in rectangles.
Warfarin, acting in the liver, inhibits the synthesis of the factors
enclosed in circles. Proteins C and S exert anticlotting effects by inac-
tivatina activated factor< Va and Villa

TABLE 324-1 Blood clotting factors and drugs that

affect them.’
Component or Target for the
Factor Common Synonym Action of:
I Fibrinogen
" Prothrombin Heparin (lia);
warfarin {(synthesis)
n Tissue thromboplastin
wv Calcdum
v Proaccelerin
vi Proconvertin Warfarin (synthesis)
vl Antihemophilic factor (AHF)
x Christmas factor, plasma Warfarin (synthesis)
thromboplastin component
(PTC)
X Stuart-Prower factor Heparin (Xa);
warfarin (synthesis)
xi Plasma thromboplastin
antecedent (PTA)
xXH Hageman factor
X Fibrin-stabilizing factor
ProteinsCand S Warfarin (synthesis)
Plasminogen Thrombolytic
enzymes, amino-
caproic acid

"See Figure 34-2 and text for additional details.

inhibitor (TFPI). Thus after initial activation of factor X 1o Xa by
TF-Vlla, further propagation of the clot is by feedback amplifica-
tion of thrombin through the intrinsic pathway factors VIII and
IX (this provides an explanation of why patients with deficiency of

have a severe bleeding disorder).

It is also important 1o note that the coagulation mechanism in
vivo does not occur in solution, burt is localized 1o activated cel/
suerfaces expressing anionic phosphohplds such as phosphatidylser-
inc, and is mediated by Ca™" bridging between the anionic phos-
pholipids and 7Y-carboxyglutamic acid residues of the clotting
factors. This is the basis for using calcium chelators such as ethyl-
enediamine tetraacetic acid (EDTA) or citrate o prevent blood
from clotting in a test wube.

Antithrombin (Al') is an cndogcnou.s anticoagulant and a

. F 2 - TR - - 4 -9 - -



indications as aminocaproic acid and can be given
intravenously or orally.

Like aminocaproic acid, tranexamic acid is excreted in the
urine and dose reductions are necessary in patients with renal impair-
ment. The FDA approved oral tranexamic acid tablets for treatment
of heavy menstrual bleeding in 2009, When used for this indication,
tranexamic acid usually is given at a dose of 1 g four times a day for
4 days.

ANTIPLATELET DRUGS

Platelets provide the initial hemostatic plug at sites of
vascular injury. They also participate in pathological
thromboses that lead to myocardial infarction, stroke,
and peripheral vascular thromboses. Potent inhibitors
of platelet function have been developed in recent
years. These drugs act by discrete mechanisms: thus, in
combination, their effects are additive or even synergis-
tic. Their availability has led to a revolution in cardio-
vascular medicine, whereby angioplasty and vascular
stenting of lesions now are feasible with low rates of
restenosis and thrombosis when effective platelet inhi-
bition is employed. The sites of pharmacological inter-
vention by the various antiplatelet drugs are highlighted
in Figure 30-8.

Aspirin. Processes including thrombosis, inflammation,
wound healing, and allergy are modulated by oxygenated
metabolites of arachidonate and related polyunsaturated
fatty acids that are collectively termed eicosanoids.
Interference with the synthesis of eicosanoids is the basis
for the effects of many therapeutic agents, including anal-
gesics, anti-inflammatory drugs. and anti-thrombotic
agents (see Chapters 33 and 34).

In platelets, the major cyclooxygenase product is

- Plaque disruption |
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| Tissue factor | | Collagen | | T ]
e
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TXA, ADP
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| GPlibilla activation |

X Egibaide

| Piatelet aggregation |

Figure 30-8. Sites of action of antiplatelet drugs. Aspirin
inhibits thromboxane A, (TxA,) synthesis by irreversibly acety-
lating cyclooxygenase-1 (COX-1). Reduced TxA, release atten-
uates platelet activation and recruitment to the site of vascular
injury. Ticlopidine, clopidogrel, and prasugrel irreversibly block
P2Y .. a key ADP receptor on the platelet surface: cangrelor and
ticagrelor are reversible inhibitors of P2Y .. Abciximab, eptifi-
batide, and tirofiban inhibit the final common pathway of platelet
aggregation by blocking fibrinogen and von Willebrand factor
(vWF) from binding to activated glycoprotein (GP) HW/IIa.
SCHS530348 and E5555 inhibit thrombin-mediated platelet acti-
vation by targeting protease-activated receptor-1 (PAR-1), the
major thrombin receptor on platelets.
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Figure 21.11 Heparin accelerates inactivation of coagulation factors by antithrombin.
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FIGURE 26-2 A simplified model of thrombin genermtion.
Reactions fall into four phases, which occur preferentially on
surfaces. Activated platelets prowde the surface for two phases;
the vascular subendothelium or nonvascular tesue prowides the
surface for the extrinsic phase, and foreign surfaces, such s glass
and collagen, adivate the contact phase. In each, a
multicomponent complex is assembled, compnsing an enzyme, its
substrate (a proenzyme), and a cofactor. This complex affects
conversion of proenzyme to its adive form at a rate thousands of
times faster than that of the enzyme alone.
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B. Alteplase, reteplase, and tenecteplase. Alteplase (formerly known as tPA) is a serine
protease originally derived from cultured human melanoma cells. It is now obtained as
a product of recombinant DNA technology.
Reteplase is a genetically engineered, smaller derivative of recombinant tPA.
Tenecteplase is another recombinant tPA with a longer half-life and greater
binding affinity for fibrin than alteplase.

Alteplase has a low affinity for free plasminogen in the plasma, but it rapidly
activates plasminogen that is bound to fibrin in a thrombus or a hemostatic plug. Thus,
alteplase is said to be “fibrin selective” at low doses. Alteplase is approved for the
treatment of MI, massive PE, and acute ischemic stroke. Reteplase and tenecteplase
are approved only for use in acute Ml, although reteplase may be used off-label in DVT
and massive PE.
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Cilostazol [sill-AH-sta-zole] is an oral antiplatelet agent that also has
vasodilating activity. Cilostazol and its active metabolites inhibit
phosphodiesterase type lll, which prevents the degradation of cAMP,
thereby increasing levels of cCAMP in platelets and vascular tissues.
The increase in cCAMP prevents platelet aggregation and promotes
vasodilation of blood vessels, respectively. Cilostazol is approved to
reduce the symptoms of intermittent claudication.
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C. Abciximab, eptifibatide, andtirofiban
1. Mechanism of action: The GP llb/Illa receptor plays a key role in
stimulating platelet aggregation. A chimeric monoclonal antibody,
abciximab [ab-SIKS-eh-mab], inhibits the GP IIb/Illa receptor complex.
By binding to GP lIb/llla, abciximab blocks the binding of fibrinogen
and von Willebrand factor and, consequently, aggregation does not
occur (Figure 22.9). Eptifibatide [ep-ti-FIB-ih-tide] and tirofiban [tye-
roe-FYE-ban] act similarly to abciximab, by blocking the GP lIb/llla
receptor. Eptifibatide is a cyclic peptide that binds to GP lIb/llla at the
site that interacts with the arginine—glycine— aspartic acid sequence
of fibrinogen. Tirofiban is not a peptide, but it blocks the same site as
eptifibatide.
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B. Alteplase, reteplase, and tenecteplase

Alteplase (formerly known as tPA) is a serine protease originally
derived from cultured human melanoma cells. It is now obtained as
a product of recombinant DNA technology.

Reteplase is a genetically engineered, smaller derivative of
recombinant tPA.

Tenecteplase is another recombinant tPA with a longer half-life

and greater binding affinity for fibrin than alteplase.

Alteplase has a low affinity for free plasminogen in the
plasma, but it rapidly activates plasminogen that is bound to fibrin
in a thrombus or a hemostatic plug. Thus, alteplase is said to be
“fibrin selective” at low doses. Alteplase is approved for the
treatment of MI, massive PE, and acute ischemic stroke. Reteplase
and tenecteplase are approved only for use in acute Ml, although
reteplase may be used off-label in DVT and massive PE.



Factor VIII deficiency (classic hemophilia, or hemophilia A ) and factor IX
deficiency (Christmas disease, or hemophilia B ) account for most of the
heritable coagulation defects.
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Abciximab. Abciximab (REoPrRO) 18 the Fab fragment of
a humanized monoclonal antibody directed against the
DL][bBJ receptor. It also binds to the vitronectin receptor
on platelets, vascular endothelial cells, and smooth

muscle cells.



