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1. INTRODUCTION
[1-7] 

Thrombosis is a major global health concern and a 

leading cause of morbidity and mortality, particularly in 

cardiovascular and cerebrovascular diseases. It is the 

underlying pathological process in life-threatening 

conditions such as myocardial infarction, ischemic 

stroke, deep vein thrombosis, and peripheral arterial 

disease. The formation of an intravascular thrombus can 

obstruct blood flow, resulting in tissue ischemia, organ 

dysfunction, and, in severe cases, death. With the rising 

prevalence of risk factors such as aging, diabetes, 

hypertension, smoking, and sedentary lifestyles, the 

burden of thrombotic disorders continues to increase 

worldwide. 

 

The pathogenesis of thrombosis is classically explained 

by Virchow’s triad, which comprises endothelial injury, 

abnormal blood flow (stasis or turbulence), and 

hypercoagulability. Endothelial damage exposes 

subendothelial collagen and tissue factors that promote 

platelet adhesion and activation. Disturbances in blood 

flow enhance platelet–vessel wall interactions, while 

hypercoagulable states increase the tendency for clot 

formation. These factors act synergistically to disrupt 

normal hemostatic balance, favoring pathological 

thrombus development. 
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Review Article 

ABSTRACT 

Thrombosis is a major global health concern and a leading cause of morbidity and mortality, particularly in 

cardiovascular and cerebrovascular diseases such as myocardial infarction, ischemic stroke, deep vein thrombosis, 

and peripheral arterial disease. Arterial thrombi are primarily platelet-rich and form through mechanisms described 

by Virchow’s triad: endothelial injury, abnormal blood flow, and hypercoagulable states. Platelets contribute to 

thrombus formation via adhesion, activation, and aggregation, mediated by glycoprotein receptors and 

prothrombotic mediators like thromboxane A₂ and adenosine diphosphate. Antiplatelet agents—including 

cyclooxygenase inhibitors, P2Y₁₂ receptor antagonists, glycoprotein IIb/IIIa inhibitors, phosphodiesterase 

inhibitors, thrombin receptor antagonists, prostacyclin analogues, and thromboxane-targeted drugs—suppress 

platelet function at multiple points and are central to managing arterial thrombosis. Clinically, these drugs are used 

in acute coronary syndromes, post-percutaneous coronary interventions, secondary stroke prevention, and 

peripheral arterial disease, often in combination as dual therapy for high-risk patients. Formulation strategies, such 

as enteric coating, modified-release systems, pro-drug design, and novel delivery methods, improve efficacy, 

safety, and adherence. Despite their benefits, antiplatelet therapies carry risks of bleeding, gastrointestinal effects, 

and variable patient response, emphasizing the need for careful management and ongoing development of safer, 

more targeted treatments. 
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Figure 1: Virchow’s triad. 

 

In arterial thrombosis, platelet activation and aggregation 

play a predominant role due to the high-shear conditions 

of arterial blood flow. Activated platelets release 

prothrombotic mediators such as thromboxane A₂ and 

adenosine diphosphate, which amplify platelet 

recruitment and thrombus growth. Consequently, 

inhibition of platelet function has become a central 

strategy in the prevention and treatment of arterial 

thrombotic events. Antiplatelet agents therefore represent 

a cornerstone of therapy in conditions such as acute 

coronary syndromes, stroke prevention, and post-

interventional cardiovascular care. 

 

2. Role of Platelets in Thrombosis
[5-14] 

Platelets are small, anucleate cell fragments derived from 

megakaryocytes in the bone marrow and play a crucial 

role in primary hemostasis. Under normal physiological 

conditions, they help maintain vascular integrity by 

forming a temporary hemostatic plug at sites of vessel 

injury. However, in pathological states, excessive or 

inappropriate platelet activation contributes significantly 

to thrombus formation. Platelets rapidly respond to 

endothelial damage and circulating agonists, making 

them central mediators in the development of arterial 

thrombosis. 

 

The involvement of platelets in thrombosis occurs 

through a well-coordinated sequence of events, namely 

adhesion, activation, and aggregation. Following 

vascular injury, platelets adhere to exposed 

subendothelial collagen through interactions between 

von Willebrand factor and platelet glycoprotein 

receptors, particularly the GP Ib/IX/V complex. This 

adhesion initiates platelet activation, resulting in 

cytoskeletal rearrangement, shape change, and the 

release of prothrombotic mediators such as adenosine 

diphosphate (ADP), thromboxane A₂ (TXA₂), and 

serotonin. These mediators amplify platelet activation 

and recruit additional platelets to the site of injury. 

 

Activated platelets express glycoprotein IIb/IIIa 

receptors on their surface, which serve as the final 

common pathway for platelet aggregation. Binding of 

fibrinogen to these receptors links platelets together, 

forming a stable platelet plug that contributes to 

thrombus growth. In arterial circulation, where blood 

flow is rapid and shear stress is high, platelet-rich 

thrombi, also known as ―white thrombi,‖ predominate. 

This platelet-driven nature of arterial thrombosis 

underscores the critical role of antiplatelet agents in 

preventing and managing thrombotic disorders. 

 

3. Antiplatelet Agents: Classification and Mechanism 

of Action
[15-24] 

Antiplatelet agents are drugs that inhibit platelet 

activation and aggregation, which are crucial steps in the 

formation of arterial thrombi. They are widely used in 

the prevention and management of cardiovascular and 

cerebrovascular disorders such as myocardial infarction, 

ischemic stroke, and peripheral arterial disease. These 

agents act at different stages of platelet activation 

pathways, thereby reducing thrombus formation without 

directly affecting the coagulation cascade. 

 

Cyclooxygenase (COX) Inhibitors 

Aspirin is the prototype and most commonly used 

cyclooxygenase inhibitor. It exerts its antiplatelet effect 

by irreversibly inhibiting the COX-1 enzyme in platelets. 

This inhibition prevents the conversion of arachidonic 

acid into prostaglandin H₂, leading to a marked reduction 

in the synthesis of thromboxane A₂ (TXA₂), a potent 

promoter of platelet aggregation and vasoconstriction. 

Because platelets lack a nucleus, they cannot synthesize 

new COX-1 enzymes; therefore, the antiplatelet effect of 

aspirin persists for the entire lifespan of the platelet, 

approximately 7–10 days. At low doses, aspirin 

selectively inhibits platelet COX-1 while sparing 

endothelial prostacyclin production, enhancing its 

antithrombotic efficacy. 

 

ADP (P2Y₁₂) Receptor Inhibitors 

ADP receptor inhibitors interfere with platelet activation 

by blocking the P2Y₁₂ receptor, which plays a central 

role in amplifying platelet aggregation and stabilizing the 

platelet plug. This receptor is responsible for ADP-

mediated activation of the glycoprotein IIb/IIIa complex, 

a key step in platelet aggregation. 
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● Clopidogrel and prasugrel are prodrugs that require 

hepatic activation and irreversibly inhibit the P2Y₁₂ 
receptor. 

● Ticagrelor is a direct-acting, reversible P2Y₁₂ 
inhibitor with a faster onset of action. 

● Ticlopidine, an older agent, is less commonly used 

due to adverse effects such as neutropenia and 

thrombotic thrombocytopenic purpura. 

By blocking ADP signaling, these drugs effectively 

reduce platelet activation, aggregation, and thrombus 

formation, especially in patients with acute coronary 

syndromes and those undergoing percutaneous coronary 

interventions. 

 

Glycoprotein IIb/IIIa Inhibitors 

Glycoprotein IIb/IIIa inhibitors target the final common 

pathway of platelet aggregation. The GP IIb/IIIa 

receptor, present on the platelet surface, mediates 

platelet-to-platelet binding by allowing fibrinogen and 

von Willebrand factor to cross-link activated platelets. 

● Abciximab is a monoclonal antibody that 

irreversibly blocks the receptor. 

● Eptifibatide and tirofiban are synthetic, reversible 

inhibitors. 

By preventing fibrinogen binding, these agents produce 

profound inhibition of platelet aggregation. They are 

primarily used intravenously in high-risk settings such as 

acute coronary syndromes and during coronary 

angioplasty. 

Phosphodiesterase (PDE) Inhibitors 

Phosphodiesterase inhibitors, such as dipyridamole and 

cilostazol, exert their antiplatelet effect by increasing 

intracellular levels of cyclic adenosine monophosphate 

(cAMP) within platelets. Elevated cAMP inhibits platelet 

activation and aggregation by reducing calcium 

mobilization. 

● Dipyridamole also inhibits adenosine uptake, further 

enhancing its antiplatelet action. 

● Cilostazol additionally causes vasodilation and is 

particularly useful in patients with intermittent 

claudication. 

These agents are often used in combination with other 

antiplatelet drugs rather than as monotherapy. 

 

Thrombin Receptor (PAR-1) Antagonists 

Vorapaxar is a selective antagonist of the protease-

activated receptor-1 (PAR-1), the primary receptor 

through which thrombin activates platelets. By blocking 

PAR-1, vorapaxar inhibits thrombin-induced platelet 

activation without interfering with thrombin’s role in the 

coagulation cascade. This allows effective suppression of 

platelet aggregation while preserving normal clotting 

mechanisms. Vorapaxar is mainly used for secondary 

prevention in patients with a history of myocardial 

infarction or peripheral arterial disease, although its use 

is limited by an increased risk of bleeding. 

 

Table 1: Classes of Antiplatelet Agents and Their Mechanisms. 

Class Examples Mechanism of Action 

COX-1 Inhibitors Aspirin 

Irreversibly inhibits cyclooxygenase-1 (COX-1), reducing 

synthesis of thromboxane A₂ (TXA₂), a key mediator of platelet 

aggregation and vasoconstriction. 

P2Y₁₂ (ADP) 

Receptor Antagonists 

Clopidogrel, 

Prasugrel, 

Ticagrelor, 

Ticlopidine 

Block the P2Y₁₂ ADP receptor on platelets, inhibiting ADP-

mediated platelet activation and preventing sustained 

aggregation. 

GPIIb/IIIa Inhibitors 

Abciximab, 

Eptifibatide, 

Tirofiban 

Inhibit the glycoprotein IIb/IIIa receptor, preventing fibrinogen 

binding and blocking the final common pathway of platelet 

aggregation. 

Phosphodiesterase 

(PDE) Inhibitors 

Dipyridamole, 

Cilostazol 

Inhibit phosphodiesterase, leading to increased intracellular 

cAMP, which suppresses platelet activation and aggregation. 

Thrombin Receptor 

(PAR-1) Antagonists 
Vorapaxar 

Block protease-activated receptor-1 (PAR-1) on platelets, 

inhibiting thrombin-induced platelet activation without affecting 

coagulation factors. 

Prostacyclin (PGI₂) 
Analogues 

Epoprostenol, 

Iloprost 

Mimic prostacyclin activity, increasing platelet cAMP levels, 

thereby inhibiting platelet aggregation and causing vasodilation. 

Thromboxane A₂ 
Synthesis / Receptor 

Inhibitors 

Ridogrel, 

Terutroban 

Inhibit TXA₂ synthesis or block TXA₂ receptors, reducing 

platelet aggregation and vasoconstriction. 

Adenosine Uptake 

Inhibitors 
Dipyridamole 

Inhibit adenosine reuptake, increasing extracellular adenosine 

and intracellular cAMP, leading to reduced platelet activation. 

 

4. Clinical Role of Antiplatelet Agents in 

Thrombosis
[25-32] 

Antiplatelet agents play a central role in the prevention 

and management of arterial thrombosis, which is 

predominantly platelet-rich due to high shear stress and 

endothelial injury. Unlike venous thrombosis, which is 

mainly fibrin-driven, arterial thrombi are largely 

mediated by platelet activation and aggregation. By 

inhibiting key pathways involved in platelet function, 
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antiplatelet drugs significantly reduce the risk of 

thrombus formation and subsequent ischemic events. 

 

These agents are widely used in several major 

cardiovascular and cerebrovascular conditions, 

including: 

 

Acute coronary syndromes (ACS): Antiplatelet therapy 

is essential in unstable angina and myocardial infarction, 

where plaque rupture leads to platelet activation and 

arterial occlusion. Early and sustained antiplatelet use 

reduces infarct size, prevents reinfarction, and improves 

survival. 

 

Post-percutaneous coronary intervention (PCI): 
Following coronary stent placement, antiplatelet agents 

prevent stent thrombosis by inhibiting platelet adhesion 

and aggregation on the stent surface. 

 

Secondary prevention of ischemic stroke and 

transient ischemic attack (TIA): Antiplatelet drugs 

reduce the risk of recurrent cerebrovascular events by 

preventing platelet-mediated thrombus formation in 

cerebral arteries. 

 

Peripheral arterial disease (PAD): These agents 

decrease the risk of limb ischemia and major 

cardiovascular events by improving arterial blood flow 

and reducing thrombotic complications. 

 

Dual antiplatelet therapy (DAPT), most commonly a 

combination of aspirin and a P2Y₁₂ receptor inhibitor 

such as clopidogrel, prasugrel, or ticagrelor, is 

considered the standard of care in high-risk 

cardiovascular patients. DAPT provides synergistic 

inhibition of platelet activation by targeting multiple 

pathways, thereby offering superior protection against 

thrombotic events compared to monotherapy. However, 

its use requires careful balancing of antithrombotic 

benefits against the increased risk of bleeding, and 

treatment duration is tailored based on individual patient 

risk profiles. 

 

5. Formulation Aspects of Antiplatelet Agents
[33-42] 

The formulation of antiplatelet agents plays a critical role 

in ensuring their therapeutic efficacy, stability, safety, 

and patient adherence. Since these drugs are often used 

for long-term or lifelong therapy, careful consideration is 

given to dosage form selection, bioavailability 

enhancement, protection from degradation, and 

minimization of adverse effects, particularly 

gastrointestinal irritation and bleeding risk. 

 

Dosage Forms 

Most antiplatelet agents are formulated as oral solid 

dosage forms, such as tablets and capsules, due to their 

convenience, stability, and suitability for chronic 

administration. Oral formulations allow for precise 

dosing and ease of patient compliance. In contrast, 

parenteral formulations are primarily reserved for 

glycoprotein IIb/IIIa inhibitors, which are administered 

intravenously in acute care settings such as intensive care 

units. These injectable formulations enable rapid onset of 

action and tight clinical control in high-risk patients. 

 

Bioavailability and Drug Stability 

Bioavailability and chemical stability are major 

formulation challenges for several antiplatelet agents. 

For instance, Aspirin is chemically unstable and readily 

undergoes hydrolysis to salicylic acid and acetic acid, 

particularly in the presence of moisture. To maintain 

potency, formulations require moisture-resistant 

packaging, protective coatings, and the use of suitable 

excipients that minimize degradation. 

 

Clopidogrel exhibits low aqueous solubility and is 

sensitive to both light and moisture, which can 

compromise its stability. As a result, formulation 

strategies include protective film coatings, use of 

stabilizing excipients, and optimized blister packaging to 

ensure adequate shelf life and consistent therapeutic 

performance. 

 

Modified and Targeted Release Formulations 

Modified-release formulations are designed to improve 

tolerability, maintain steady plasma drug concentrations, 

and enhance patient compliance. 

 

Enteric-coated aspirin delays drug release until it reaches 

the intestine, thereby reducing direct gastric mucosal 

irritation while preserving its systemic antiplatelet effect. 

 

Sustained-release formulations of dipyridamole prolong 

drug release over time, reducing dosing frequency and 

maintaining therapeutic plasma levels, which is 

particularly beneficial in long-term secondary prevention 

of stroke. 

 

Such formulations are especially important for patients 

requiring chronic therapy. 

 

Prodrug Considerations 

Certain antiplatelet agents, notably clopidogrel and 

prasugrel, are administered as prodrugs that require 

hepatic biotransformation to produce their active 

metabolites. From a formulation perspective, it is 

essential to ensure consistent and predictable absorption, 

as variability in dissolution or bioavailability can lead to 

interpatient differences in therapeutic response. 

Optimized formulation design helps minimize variability 

related to gastrointestinal transit time and absorption, 

thereby improving clinical reliability. 

 

Combination Products 

Fixed-dose combination products, such as aspirin 

combined with clopidogrel, are increasingly used to 

enhance patient adherence by reducing pill burden. 

While these combinations offer therapeutic convenience, 

they present formulation challenges, including: 
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⮚ Potential chemical incompatibility between active 

ingredients 

⮚ Risk of dose dumping in modified-release systems 

⮚ Need for synchronized release profiles to maintain 

optimal antiplatelet effects 

⮚ Careful selection of excipients, coating strategies, 

and manufacturing processes is required to ensure 

product stability and safety. 

 

Novel Drug Delivery Systems 

Advanced drug delivery systems are being explored to 

overcome limitations associated with conventional 

formulations. Emerging approaches include nanoparticle-

based delivery systems, liposomes, and polymeric 

carriers, which aim to: 

⮚ Improve drug bioavailability 

⮚ Reduce systemic bleeding risk 

⮚ Enable targeted delivery to thrombus sites 

⮚ Enhance therapeutic efficacy while minimizing 

adverse effects 

⮚ These innovative systems represent promising future 

strategies for optimizing antiplatelet therapy, 

particularly in high-risk patient populations. 

 

6. Limitations and Safety Considerations
[43-52] 

Despite their proven clinical benefits, antiplatelet agents 

are associated with several important limitations and 

safety concerns that must be carefully considered during 

therapy. The most significant adverse effect common to 

all antiplatelet drugs is bleeding, which may range from 

minor bruising to severe, life-threatening hemorrhage, 

particularly with long-term use or combination therapy 

such as dual antiplatelet therapy. The risk of bleeding 

increases in elderly patients, those with renal or hepatic 

impairment, and individuals receiving concurrent 

anticoagulant or nonsteroidal anti-inflammatory drugs. 

 

Gastrointestinal irritation is another major limitation, 

especially with aspirin, due to its direct mucosal irritant 

effect and inhibition of protective prostaglandin 

synthesis in the gastric lining. This may lead to 

dyspepsia, gastric erosions, or peptic ulcer disease. 

Additionally, certain antiplatelet agents exhibit 

interindividual variability in therapeutic response, often 

attributed to genetic polymorphisms affecting drug 

metabolism. For example, variations in hepatic enzymes 

can influence the activation and efficacy of prodrug 

agents such as clopidogrel, resulting in reduced 

antiplatelet activity in some patients. 

 

Formulation strategies play a critical role in mitigating 

these safety concerns. Approaches such as enteric 

coating, modified-release systems, protective excipients, 

and optimized combination formulations help reduce 

gastrointestinal toxicity, improve drug stability, and 

ensure more consistent bioavailability. Furthermore, 

emerging drug delivery systems aim to enhance targeted 

action while minimizing systemic exposure, thereby 

improving the overall safety profile of antiplatelet 

therapy. 

7. CONCLUSION 

Antiplatelet agents are vital in the management of 

arterial thrombosis due to their ability to inhibit platelet 

activation and aggregation. Advances in pharmaceutical 

formulation have significantly improved their safety, 

efficacy, and patient compliance. Ongoing research into 

novel delivery systems and combination therapies 

continues to enhance their therapeutic potential in 

thrombotic disorders. 
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