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Abstract 

 
Any substance which prevents blood from clotting or prolongs the 

clotting time is called an anticoagulant. Some of them are isolated 

from natural sources like heparin, hirudin, anti-thrombin, 

urokinase, and streptokinase and some are synthetic e.g., Warfarin, 

acenocoumarol, brodifacoum. Several proteins with anticoagulant 

properties isolated from natural sources are currently employed in 

treating thrombotic disorders. Heparin and Warfarin are the two 

most widely used natural and synthetic anticoagulant drugs 

respectively, for the treatment of thrombotic disorders like deep 

vein thrombosis, acute myocardial infarction, thromboembolism, 

prevention of systemic embolism in patients with atrial fibrillation. 

This review article focuses on currently available and newer 

classes of natural and synthetic anticoagulants, their mechanism of 

action, and therapeutic potential. Pubmed databases was used for 

articles selection, papers on natural and synthetic anticoagulants 

were obtained and reviewed. This review article helps in better 

understanding the underlying pathways of currently available 

natural and synthetic anticoagulants and will be useful in 

designing/discovering new classes of drugs. 

 

Keywords: Natural anticoagulants, Synthetic anticoagulants, 

Antiplatelet agents, Snake venom anticoagulants.  

Introduction  

The natural mechanism of blood clotting 

To understand the mechanism of action of anticoagulants one 

should have precise knowledge about the natural blood-clotting 

mechanism i.e., hemostasis, and the roles of various clotting 

factors involved. Hemostasis is a mechanism of forming clots on 

the walls of damaged blood vessels. Hemostasis occurs in three 

stages 1) Vasoconstriction: Constriction of blood vessels at the site 

of injury to reduce blood loss. This phenomenon occurs mainly 

because of the activation of the sympathetic nervous system by 

epinephrine and release of vasoconstrictors like Thromboxane, 

Angiotensin, ATP, thrombin, etc. by the platelets and the 

endothelial cell at the site of injury. 2) Formation of platelet plug: 

Exposure of collagen and release of Von Willebrand factor from 

the endothelial cells leads to adhesion of platelets at the site of 

damaged blood vessels.  

The activated platelets release various chemicals, hormones, and 

clotting factors into the blood vessels and further activating the 

surrounding platelets leading to the formation of the platelet plug. 

3) Blood coagulation: This is called secondary hemostasis which 

occurs through two pathways i) Contact activation (intrinsic) 

pathway and ii) Tissue factor (extrinsic) pathway. The extrinsic 

pathway starts when the endothelial cells get damaged and release 

factor VII into the bloodstream. The intrinsic pathway gets 

activated when the collagen from the damaged blood vessels get 

exposed to blood clotting factor XII. Conversion of prothrombin to 

thrombin is the vital step in the coagulation cascade which involves 

various clotting factors and enzymes. Thrombin thus formed 

converts fibrinogen to fibrin which leads to the polymerization of 

fibrin and forming a mesh-like structure binding to the platelet plug 

and preventing the loss of blood. Normal endothelium (when there 

is no injury) secrets prostacyclin’s, thrombomodulin’s, nitric 
oxide, and other coagulation inhibitors which either inhibit platelet 

aggregation or prevent the clotting factor aiding in blood 

coagulation (Abd Elwahaab et al., 2019; Karimi et al., 2018; 

Adiga, 2019; Andrusenko et al., 2020; Di Minno et al., 2017; Tsai, 

2020; Weitz and Harenberg, 2017). Anticoagulants and antiplatelet 

drugs also work similarly by targeting a specific step in the 

coagulation pathway (Adams and Bird 2009; Hilal-Dandan and 

Brunton 2014; Samuelson and Cuker, 2017; Chan et al.,  2016). 

Figure 1. 
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Figure 1. Blood coagulation cascade with three major pathways 

1) Intrinsic pathway 2) Extrinsic pathway 3) Common pathway 

Synthetic anticoagulants 

Most widely used anticoagulants are the structural derivates of 

coumarin a phytochemical isolated from the seeds of Dipteryx 

odorata in the 1820s. Later several anticoagulants were 

synthesized based on coumarin structure which includes warfarin, 

acenocoumarol, phenprocoumon, etc. All these coumarin 

structural derivatives were found to have the ability to suppress 

vitamin k dependent synthesis of coagulation factors in the liver 

and prevent blood coagulation (Hylek et al. 2012; Ansell et al. 

2008; Levy et al., 2018; Bracey et al., 2018). 

Warfarin 

Warfarin (3-(α-acetonylbenzyl)-4-hydroxycoumarin) is the most 

widely used oral anticoagulant medicine which is synthesized by 

adding benzal acetone to 4-hydroxycoumarin in the presence 

of pyridine. Warfarin is commonly used in treating pulmonary 

embolism, deep vein thrombosis, and to prevent stroke in people 

having valvular heart diseases and atrial fibrillation (Francis and 

Crowther 2010). Warfarin prevents blood clotting by blocking 

vitamin k epoxide reductase, an enzyme that reactivates vitamin k 

(Agnelli et al. 1998). Prevention of vitamin k reactivation 

suppresses the synthesis of clotting factors II, VII, IX, and X and 

other proteins involved in blood clotting (Rydel et al. 1991). 

Although warfarin is the most widely used oral anticoagulant it has 

common side effects like bleeding and tissue damage (Persson et 

al. 2001; Molteni and Cimminiello 2014; Chaudhary et al., 2020; 

Chan et al., 2020). 

Acenocoumarol 

Acenocoumarol is structurally analogous to warfarin where p-

nitrobenzalacetone is used in chemical synthesis instead of benzal 

acetone (Van and Lane 1997; Mekaj et al., 2015). Acenocoumarol 

also blocks the enzyme called vitamin k reductase and prevents the 

synthesis of vitamin k dependent blood clotting factors. 

Phenprocoumon 

Phenprocoumon is 4-hdroxycoumarin which is substituted at 

position 3 by 1-phenyl propyl. Phenrocoumon is chemically 

synthesized by acylation followed by alkaline hydrolysis and 

decarboxylation reactions. Phenrocoumon is a structural derivative 

of coumarin and it is considered a long-lasting oral anticoagulant 

drug. Phenrocoumon has a similar mechanism of action to warfarin 

and acenocoumarol and is used in the treatment of 

thromboembiotic disorders (Prochaska et al. 2015). 

Natural anticoagulants 

Several anticoagulants have been purified from natural sources and 

some synthesized chemically are currently used in the treatment of 

blood vascular disorders. These anticoagulants either prevent 

blood from clotting or prevent existing blood clots to grow. Some 

of the anticoagulants purified from natural sources and their 

mechanisms of action are discussed below. 

Heparin 

Heparin is a highly sulfated glycosaminoglycan 

(Mucopolysaccharide) with an average molecular weight of 12-15 

kDa. It is one of the naturally occurring anticoagulants produced 

by basophils and mast cells at the site of injury. Heparin binds to 

Antithrombin III (thrombin inhibitor) and changes its 

conformation leading to the activation of Antithrombin III. The 

activated Antithrombin III inactivates the thrombin and other 

proteases involved in the blood clotting. Heparin is very effective 

in preventing deep vein thrombosis and pulmonary emboli in 

patients (Francis and Crowther 2010; Agnelli et al. 1998; Nutescu 

et al., 2016). 

Hirudin 

Hirudin is a naturally occurring peptide present in the salivary 

gland of leaches. Hirudin functionally similar to Antithrombin III 

by inhibiting the activity of thrombin (Rydel et al. 1991). Hirundin 

is a thrombolytic drug as it can inactivate the fibrin-bound 

thrombin. This is one of the advantages of Hirudin over Heparin as 

the latter cannot inactivate fibrin-bound thrombin and dissolve the 

blood clot. 

Anti-thrombin 

Anti-thrombin belongs to a family of serine protease inhibitors 

produced by the liver containing just 432 amino acids. Anti-

thrombin inactivates many of its physiological targets like 

thrombin, factor XI, factor IX, factor X, and factor XII and other 

serine proteases involved in the coagulation cascade (Francis and 

Crowther 2010). Inherited or acquired (liver malfunctioning) 

antithrombin deficiencies lead to malfunctioning of the 

coagulation pathway. Anti-thrombin is currently employed as a 

potential therapeutic drug for the prevention of clots before or 

during the surgery and in patients with anti-thrombin disorders 

(Joseph and Kini 2004). 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/benzylideneacetone
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/4-hydroxycoumarin
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/pyridine
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/benzylideneacetone
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/benzylideneacetone
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Urokinase 

Urokinase is a serine protease with 411 amino acid residues first 

isolated from human urine. Its main physiological function in the 

blood is to activate tissue plasminogen. Plasmin thus formed 

digests the fibrin clots and other plasma proteins like fibronectin, 

thrombospondin, laminin, etc. Urokinase is used as a thrombolytic 

agent in the treatment of severe deep vein thrombosis, pulmonary 

embolism, and myocardial infarction. 

Streptokinase 

Streptokinase is an enzyme produced by several species of 

streptococci that can bind and inactivate human plasminogen. 

Streptokinase is a relatively inexpensive thrombolytic agent that is 

currently used in the treatment of myocardial infarction and 

pulmonary embolism (Sikri and Bardia 2007; Meneveau et al. 

1997). One of the major limitations of these anticoagulants is their 

adverse side effects including hemorrhage, necrosis, osteoporosis, 

induced thrombocytopenia. Also, most of the anticoagulants 

cannot act directly on fibrin clot except a class of anticoagulants 

(i.e., tissue plasminogen activators) which takes the help of 

plasmin to digest fibrin clots. Search for the newer class of 

anticoagulants with lower side effects and capable of digesting 

existing blood clots gained importance during the past two 

decades. Snake venom was found to be one of the richest natural 

sources for anticoagulant factors, mostly in the form of snake 

venom metalloproteinases (SVMP’s), three-finger toxins (3FTx’s) 
C type lectin-like proteins (CLP’s), and phospholipases (Kini 
2006). Ability to proteolyze fibrinogen as well as fibrin clot and 

the ability to act as a potent antiplatelet agent by blocking the 

platelet surface receptors shows their immense therapeutic 

potential. 

Snake venom Anticoagulants 

The blood vascular system is targeted by several snake venom 

proteins. Many proteins from snake venoms with anticoagulant 

properties were purified and characterized (Markland 1998; Hutton 

and Warrell 1993; Lu et al. 2005; Kornalik 1985) and some are 

under clinical trials in combinational therapy (Sherman et al. 

2000). Snake venom anticoagulants can affect the platelet 

aggregation process also they can act as very strong thrombolytic 

agents. Most of the snake venom anticoagulants belong to the class 

of snake venom metalloproteinases. Sizes of these proteins may 

exist from 24 kDa up to 300 kDa (Joseph and Kini 2004). Snake 

venom anticoagulants inhibit the clotting of blood by several 

mechanisms. Some of them exhibit enzymatic activities like 

phospholipase and metalloproteinase and prevent blood clotting 

and some exhibit antiplatelet activity by binding to integrin present 

on the platelet surface. However, we still need to understand the 

detailed mechanism of action of several anticoagulant proteins 

from snake venoms. 

Conclusion 

Thrombosis is one of the most dreaded diseases of mankind. Both 

oral as well as parental anticoagulants are currently employed for 

treating thrombotic disorders. Bleeding is one of the adverse side 

effects of most of the vitamin K antagonists as well as parental 

anticoagulants. Oral anticoagulants showed adverse side effects in 

the form of tissue bruising, gastrointestinal bleeding, and 

intracranial hemorrhage whereas parental anticoagulants are 

having side effects in the form of thrombocytopenia and 

thromboembolism due to antibody-mediated platelet aggregation. 

Present drugs to counter the disease conditions are expensive and 

give rise to harmful side effects. Hence, there is a need for 

discovering newer classes of anticoagulants with minimal side 

effects. This review focuses on the mechanism of action of 

currently available major natural and synthetic anticoagulants 

which helps in better understanding the underlying pathways and 

helps in designing/discovering new classes of drugs. 
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