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the extremities were in greater evidence. These injuries are 

characterized by high- energy and comminuted fractures, vascular 

damage and important soft tissue loss. More recently, in the Global 

War Against Terrorism, reports from the United States Navy 

Medical Corps revealed an incidence of 58 to 88% of firearm 

injuries, with 23 to 39% of fractures in more than 56,000 patients 

(2). 

The increasing use of high-energy weapons in modern warfare is 

associated with severe vascular injuries. The amputation rate of 

American soldiers in World War II was 35.8% after repair and 

Hepadnaviruses are found in woodchucks, ground squirrels, tree 

squirrels, Peking ducks, and herons (10). HBV is a hepatotropic 

 

 

 

 

 

 

ADITUM                   Aditum Journal of Clinical and Biomedical Research 
          

  Open Access                                                                                                               Review Article 

Article Info 

 

 

Received: April 21, 2021 

Accepted: April 30, 2021 
Published: May 14, 2021 

 

 

*Corresponding author: Nasser Belboukhari, 

Bioactive Molecules & Chiral Separation Laboratory, 
Faculty of exact sciences, University TM Bechar, 

Istiklal street, PO 417, Bechar 08000, Algeria. 
 

 

Citation: Aicha Kraimi, Nasser Belboukhari, Khaled 

Sekkoum, Hassan Y. Aboul-Enein. (2021) “ Chiral 

Anticoagulants Drugs Based on Coumarin”, Aditum 
Journal of Clinical and Biomedical Research, 2(1) ; 

DOI: http;//doi.org/04.2021/1.1027. 

 

Copyright: © 2021 Nasser Belboukhari. This is an 

open access article distributed under the Creative 
Commons Attribution License, which permits 

unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 

 

 

 

 

 

Abstract: 
Oral anticoagulants are widely used for treating and preventing thromboembolic 

diseases. The most common oral anticoagulatory agents are vitamin K antagonists which 

belong to the coumarin family, their target is to inhibit the enzyme vitamin K epoxide 

reductase, so they block the hepatic synthesis of the active, reduced form of vitamin K 

necessary for carboxylation of coagulation factors. Among these class of drugs 

acenocoumarol which is commercialized as Sintrom® is a chiral oral anticoagulant drug 

that belongs to the group of vitamin K antagonists, and it administered orally as a racemic 

mixture of R (+) and S (-) enantiomers due to its chemical structure that has one 

asymmetric carbon, there by its chiral propriety gives rise to different special 

arrangements and it can differ in potency, toxicity, and behavior in biological systems, 

and it have to be separated to investigate and study each single enantiomer. 

Keywords: coumarin; anticoagulant; chiral, hemostatic, acenocoumarol; warfarin 

1. Introduction: 
 

Blood coagulation is a natural process in human body in case of injury and internal 

damage of vessels known as haemostasis, which contains a series of reactions involved 

platelets, proteins, vascular components, and specific enzymes to generate the thrombin 

and form the haemostatic plug in healthy persons. But in the case of abnormal blood 

coagulability which caused thrombus formation which breaks loose and is carried by the 

blood flow to plug in the body ‘s vessels system and it poses a dangerous risk on the 

lungs, heart, brain, and legs venous. Over the world the thromboembolism disease is a 

significant cause of morbidity and mortality, and oral anticoagulants are the drug of 

choice in many cases of prophylaxis and to reduce the thromboembolic disorder for long 

term treatment since the discover of dicoumarol by Carl Paul Link in 1940 and also 

known as vitamin K antagonists which including acenocoumarol, warfarin, 

phenprocoumon and related 4- hydroxycoumarin derivatives are commonly used in these 

clinical cases to avoid thrombus formation in case of VTE, PE, stroke and cardiovascular 

disease, these drugs are administered as racemate and produce their effect by inhibition 

of vitamin K-dependent γ-carboxylation of coagulation factors II, VII, IX, and X, which 

produce a biological inactive forms of these coagulation proteins, by the same manner 

the synthesis of the inhibitors proteins C and S is impaired. Chemically vitamin K 

antagonists have the same basic structure with stereogenic center and differs in 

substitutions groups which give different pharmacologic and pharmacodynamic 

proprieties to each drug. In this work we will cite the biological, chemical and chiral 

proprieties of oral anticoagulants coumarin based generally and acenocoumarol the 

subject of this study in detail which is prescribed in Algeria as Sintrom® 4 mg and 

minisintrom® 1 mg tablets. 

 

2. Basic concepts of hemostasis: 
 

Hemostasis is a natural process in human it controls circulation and fluidity of blood in 

through the body’s vessels and arteries, it acts as balance between coagulant and 

anticoagulant factors. When a blood vessel is injured, the blood flows out until it will be 

stopped, hemostasis or the stopping of bleeding must be sharply distinguished from the 

blood clot formation, which is simply the gelification of liquid blood in vitro as a 

consequence of fibrin formation. Spontaneous hemostasis and blood clot formation are 

preceded by reactions referred to collectively as the hemostasis mechanism and the 

coagulation mechanism, respectively [4]. 
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are preceded by reactions referred to collectively as the 

hemostasis mechanism and the coagulation mechanism, 

respectively [4]. 

 

Hemostatic response can be conceptually divided into different 

interdependent phases: primary and secondary hemostasis as a 

purpose module. Primary hemostasis involves cellular 

components, conveniently divided into two groups: blood vessel 

sub-endothelial cells and blood platelets. The secondary phase 

involves the plasma coagulation proteins, the coagulation 

cascade. Primary and secondary hemostasis act synergistically, 

and it takes a few minutes to prevent excessive blood loss without 

starving the surrounding tissues of nutrients transported to them 

from blood [3]. Furthermore, this process involves the 

participation of the vessel wall, blood platelets, the coagulation 

system and, in a less defined way, the fibrinolytic enzyme system 

[5]. 

 

2.1 Primary hemostasis: 
 

The primary hemostasis is beginning after endothelial damage, 

comprises the process of platelet adhesion, activation and 

aggregation, to form a platelet plug at the site of injury, otherwise 

this process encompasses all aspects of platelet adhesion and 

aggregation. Apart from platelets, components of the vessel wall 

sub-endothelial matrix components in particular and Von 

Willebrand factor (VWF) are involved in this process [6,9]. 

 

2.1.1. Platelet: 
 

Platelets are the primordial players in primary hemostasis. There 

are normally between 150 and 400 billion platelets per liter of 

blood in a healthy adult, produced by megakaryocytes in the bone 

marrow [8,10]. Platelets are disc-shaped, anuclear cells that 

contain a contractile system, storage granules, and cell surface 

receptors. Platelets normally circulate in a non-activated state in 

the blood but are extremely reactive to changes in their 

environment. Platelet membranes contain receptors for a variety 

of agonists including ADP, thromboxane A2, and platelet 

activating factor, immune complexes, and thrombin. Serotonin 

and epinephrine synergistically promote aggregation induced by 

other agents [11]. 

 

2.1.2. Structure and function of platelet: 
 

On activation, platelets change from the normal disc-shape to a 

compact sphere with long dendritic extensions facilitating 

adhesion (FigureI.1). The cytoplasm is rich in actin and myosin 

which bring about the change in shape and retraction of the clot. 

There are two classes of secretorygranules.  

The first type are dense granules that secrete ADP and calcium, 

which reinforce platelet aggregation and platelet-surface 

coagulation reactions. The second type are granules, which 

secrete a vast array of proteins: some, such as von Willebrand 

factor and platelet factor 4, aresynthesised by megakaryocytes; 

others, such as fibrinogen, are acquired from the plasma by 

receptor-mediated endocytosis; still others, such as the abundant 

plasma proteins, albumin and IgG, are acquired by fluid-phase 

pinocytosis [13]. 

As a result of primary hemostasis, a primary platelet plugs forms 

on the injured endothelium, mainly consisting of platelets and 

VWF. This platelet clot is further modified and stabilized by 

crosslinking of fibrin [12]. 

 

2.1.3. The endothelium (vessel’s wall): 
 

The walls of vessels differ based on whether it is carrying blood 

from or towards the heart. Arteries are exposed to a much higher 

internal pressure and so are thicker andmorphologically more 

complex than veins, which carry blood from tissues to the heart at 

a lower pressure [14]. 

The endothelium plays a crucial role in providing the proper 

hemostatic balance. The function of endothelial cells far exceeds 

that of providing a non-thrombogenic inner layer of the vascular 

wall that helps to maintain blood fluidity. Under physiological 

conditions, endothelial cells prevent thrombosis by means of 

different anticoagulant and antiplatelet mechanisms. These cells 

are involved in all main hemostatic pathways triggered upon 

vascular injury and limit clot formation to the areas where 

hemostasis is needed to restore vascular integrity [15]. 

 

 
Figure 1: structure and function of platelets. 

 

2.1.4. Endothelium morphology and endothelial cell 

function: 

 
The endothelial cell (EC) surface in an adult human is composed 

of approximately 1 to 6*1013 cells, weighs approximately 1 kg, 

and regulate the flow of nutrient substances, diverse biologically 

active molecules, and the blood cells themselves. This gate-

keeping role of endothelium is effected through the presence of 

membrane-bound receptors for numerous molecules including 

proteins (eg, growth factors, coagulant, and anticoagulant 

proteins), lipid transporting particle (eg, low-density lipoprotein 

[LDL]), metabolites (eg, nitrous oxide and serotonin), and 

hormones (eg, endothelin-1), as well as through specific 

functional proteins and receptors that govern cell-cell and cell-

matrix interactions [16]. 

Not only do they form the structural basis of blood vessels and 

provide an anti-thrombogenic surface, but they also contribute to 

numerous metabolic functions including coagulation and 
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thrombolysis, control of vasotonus and antigen presentation, as 

well as basement membrane and growth factor synthesis. 

Endothelial cell adhesion molecules regulate the trafficking of 

circulating cells and provide, thus, an internal map that regulates 

body compartmentation [17]. 

 

2.2. Secondary hemostasis: 
 

Secondary hemostasis relies on coagulation factor activation 

which generates insoluble fibrin fibres. The 1964, McFarlane’s 

‘Coagulation Cascade’ divided the process of coagulation into 

three distinct parts, namely the intrinsic, extrinsic and common 

pathways, suggesting that both the intrinsic and extrinsic 

pathways were independently capable to initiating clot formation 

[18]. 

 

3. Coagulation system modeling: 
 

There are two models described, the complicate process of 

coagulation during hemostasis the 

cascade hypothesis [22], and the cell-based model [20]. 

Coagulation system is a very complicate physiological, 

autocatalytic process, and requires a straight regulation. The 

fundamental role of the coagulation system which provides for 

immediate activation when there is blood loss that needs to be 

stemmed but also confines its activity to the site of blood loss. 

Otherwise, coagulation might occur throughout the entire 

circulatory system, which would be incompatible with life and 

some of the processes controlled by enzyme inhibition are blood 

coagulation (hemostasis), blood clot dissolution (fibrinolysis), 

complement activation, connective tissue turnover, and 

inflammatory reactions [1-3]. 

 

3.1. Model of the coagulation cascade (the waterfall 

model): 
 

The hypothesis of the coagulation cascade consists of two 

pathways the intrinsic and the extrinsic (FigureI.2), The sequence 

initiated by collagen is called the intrinsic pathway and involves 

components normally present in circulation. The extrinsic 

pathway is so called because it involves tissue factors as well as 

blood components. The two pathways share a common terminal 

sequence from factor X to the formation of fibrin [21,29]. 

 

 
Figure 2: the extrinsic and intrinsic pathway of coagulation 

cascade model. 

 

3.2. The cell-based model: 
 

We view hemostasis as occurring in three (overlapping) phases 

(Figure I.3). The initiation of coagulation takes place on TF-

bearing cells, such as the fibroblast. If the pro-coagulant stimulus 

is sufficiently strong, enough factors Xa, IXa and thrombin are 

formed to successfully initiate the coagulation process. 

Amplification of the coagulant response occurs as the “action” 

moves from the TF-bearing cell to the platelet surface. The pro-

coagulant stimulus is amplified as platelets adhere, are activated 

and accumulate activated cofactors on their surfaces. Finally, in 

the propagation phase, the active proteases combine with their 

cofactors on the platelet surface, the site best adapted to generate 

hemostatic amounts of thrombin. The activity of the pro-

coagulant complexes produces the burst of thrombin generation 

that results in fibrin polymerization [22]. 

 

 
Figure 3: cell-based model of coagulation. 

 

The pathophysiology of thrombus and embolus 

formation: 
 

The English word "embolus" derives from a Greek word meaning 

"plug" or "stopper" Dr.McKee reported that the genesis and 

difference between thrombosis and embolism, however had not 

clearly defined. In thrombosis the clot may be found in anywhere 

and in the stationary case [31], In other hand Dr. Chandler propose 

that there may be more than one wayan embolus forms. One way 

an embolism forms is by breaking off from a mural thrombus. 

Another way is that an embolic thrombus might form in the 

bloodstream itself, in the flowing blood without first having 

formed on the wall and being dislodged. This can be nicely 

demonstrated experimentally and may indeed be relevant to some 

of these in vitro techniques [32]. 

The hypothesis sad that in slow-flow systems such as the leg veins 

or fibrillating atria, the fibrin network is often fine and randomly 

arranged, whereas in fast-flow major arteries the fibrin is coarse 
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and laminated, forming the 'Lines of Zahn'. The resemblance 

between hemostatic plugs and thrombi led to the belief that 

thrombosis was due to inappropriate clotting, triggered by the 

release of thromboplastins from damaged vessel walls, thereby 

activating the extrinsic pathway, or activation of the intrinsic 

pathway by contact between clotting proteins and vessel walls 

which had lost their protective endothelium and which were 

therefore providing the equivalent of an unnatural surface [30]. 

Moreover, thrombus formation (Figure I.4) is a natural process in 

hemostasis under normal circumstances when there is an injury in 

the vessel wall, it involves activation of platelets, activation of the 

coagulation system, and the processes of fibrin dissolution[24]; 

the first discover of the pathogenesis of the thrombolytic disorder 

was announced by Rudolf Virchow in his triad which has 

demonstrated that there are three possible contributors to the 

formation of an abnormal clot (thrombus): vessel wall injury or 

inflammation, changes in the intrinsic properties of blood, and 

decrease in blood flow velocity atherosclerotic plaques [23], 

which are found in most major arteries, are the main substrate for 

thrombus formation. Other factors that affect thrombus formation 

include the degree of plaque disruption and the content of tissue 

factor in the plaque. Stenotic arteries and blood velocity also 

affect the platelet disposition and thrombus formation as they 

change the shear rate of flowing blood [23,25]. 

By the years, other models of thrombus formation are described 

in vivo [26], to understand more and more the complex 

mechanism of thrombus formation, Sharlene M. Day et all[27] 

reported that the tissue factor which is a membrane bound protein 

is the key of initiation of the blood clot in the case of injury of a 

blood vessel, the TF forms a complex with the proconvertin factor 

(factor VII) produced in the liver to produce a clot in the site 

injury, Extension of the thrombus into the blood vessel lumen can 

obstruct blood flow, causing unstable angina and acute 

myocardial infarction. The TF/factor VIIa complex also plays a 

major role in the pathogenesis of venous thrombosis, a leading 

cause of morbidity and mortality. 

The recent studies also reported the main contribution of platelets 

in the thrombus formation which can cause a serious danger in 

case of an abnormal disorder, Recent advances in 

intravitalmicroscopy have highlighted the dynamic nature of 

platelet thrombus growth in vivo. 

In particular, they have established that the majority of platelets 

tethering to the injured vessel wall or to the surface of thrombi 

translocate for a variable period prior to forming firm adhesion 

contacts or detaching back into bulk flow. This phenomenon 

appears to be a general feature of thrombus formation, occurring 

in the arterial and venous circulation [28]. 

 

 

Figure 4: thrombus formation. 

 

5. Causes of the risk of thrombus formation: 
 

Certain systemic risk factors are also associated with thrombus 

formation, for example,lipoprotein has a similar structure to 

plasminogen, which may impair thrombolysis. Increased blood  

thrombogenicity is also associated with increased lowdensity 

lipoprotein (LDL). Poorly controlled diabetes mellitus results in 

glycosylation of collagen and protein, increasing the levels of 

plasma fibrinogen. Furthermore, smoking has been found to 

increase tissue factor levels in thrombotic plaques [25]. 

 

6. Thromboembolic diseases: 
 

In this stage we must mentioned that aclotis morphologically 

homogeneous, dark-red structure that results from the coagulation 

of whole blood and is usually associated with venous circulation. 

The structural integrity of the clot is maintained by a fibrin 

network and the principal event in clot formation is the activation 

of fibrinogen to fibrin. It contains red cells, white cells and platelet 

s in roughly the same proportions as they occur in whole blood. 

Thrombi are simpler, more highly organized structures that occur 

with varying degrees of complexity, but the usual form on the 

arterial side of the circulation is a white head composed almost 

entirely of aggregated platelets , to which is attached a red tail of 

fibrin containing red cells . The principal events in thrombus 

formation are initial adherence and the propagation of platelet 

aggregation by ADP resulting from the platelet release reaction 

[33-34]. 

 

6.1. Venous Thromboembolism: 
 

Venous thromboembolism (VTE), which comprises deep vein 

thrombosis (DVT) and pulmonary embolism (PE), which 

represent two clinical manifestation of the same disease, (VTE) 

has a clinical incidence of approximately 1−1.5 per 1000 annually 

in adult populations, about two-thirds of VTE episodes manifest 

as DVT and one-third as PE. Thrombogenesis generally occurs in 

the deep veins of the lower extremity. Pieces of thrombus can 

break free from the primary thrombotic lesion and embolize to the 

right heart via the inferior vena cava. The embolus can then 

become lodged in the pulmonary vasculature leading to the 

clinical diagnosis of pulmonary embolism [35-37]. 

 

6.2. Deep vein thrombosis (DVT): 
 

DVT is a process of the blood coagulation in the deep vein axel, 

which is followed by a phlebitis inflammatory reaction in the leg 

veins. Practically it is the activation of coagulation in veins in 

areas of reduced blood flow, the pathogenesis of DVT is a 

complex and multifactorial event. Many diverse factors have been 

associated with DVT: immobilization, obesity, advanced age, oral 

contraceptives,trauma, surgery, cancer, heart disease and 

stroke.VTE is the third mo common cardiovascular disease after 

ischemic heart disease and stroke, the release reaction of platelets, 

the slowing of the blood and its eddying in the valve pockets of 

the leg veins often lead to the initiation of thrombi at these sites; 

with their formation there is further retardation of blood flow 

leading to propagation of the thrombus in both directions but 

chiefly in the direction of blood flow. These are the 'red thrombi' 
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of the deep leg veins which may be loosely attached and easily 

freed to cause emboli to the pulmonary arteries, producing sudden 

shock and possibly death [38-40]. 

 

6.3. Pulmonary embolism: 
 

The deep veins network of the lower limbs is classically divided 

into two regions: the proximal and the distal territory. 

Noteworthy, proximal DVT is more frequently associated with 

pulmonary embolism (PE), and recurrencethan isolated distal 

DVT [44,83]. In other hand the clinical spectrum and 

pathophysiologic manifestations of PE range from small, 

incidental thrombosis to massive PE associated with sudden death 

due to cardiogenic shock, these can be distinguished on the 

clinical history and are (1) Acute minor embolism (2) Acute 

massive embolism (3) Sub-acute massive embolismand (4) 

Chronic thrombo-embolic pulmonary hypertension. Pulmonary 

arterial obstruction and platelet secretion of vasoactive agents 

elevate pulmonary vascular resistance. Increased alveolar dead 

space impairs gas exchange, and stimulation of irritant receptors 

causes alveolar hyperventilation. PE ranking as the third most 

common acute cardiovascular disease. Nearly 10,000 deaths were 

the result of PE or DVT in 2009 with PE having an estimated 

mortality rate of nearly 30%.DVT and PE account for more than 

500,000 hospitalizations in the adult population and carry a large 

economic burden with a health care cost up to $33,200 per patient 

annually [41-43] 

 

6.4. Paradoxical embolism: 
 

In this rare and interesting phenomenon, a thrombus, detaching 

from a vein produces embolism in the brain, kidney, spleen, or 

other organ of the systemic arterial circulation. A communication 

between the right and left sides of the heart is essential, and in 

most cases, this is a patent foramen ovale, less often another septal 

defect [45]. 

 

7. Regime of treatment against thromboembolic 

disorder: 
 

Thromboembolic disorder is a silent disease, which causes 

mortality in general cases, its diagnosis and treatment is 

complicate and requires a vigorous control. thus the 

anticoagulation therapy is required in several clinical condition it 

used in the prevention of cardioembolic stroke in the presence of 

atrial firillation (AF) or cardiomyopathy, cardioversion for 

arrhythmias such as atrial fibrillation, valvular heart disease 

(patients suffering mitral stenosis or regurgitation who have AF 

or a history of systemic embolism, left atrial thrombus, or an 

enlarged left atrium), mechanical prosthetic heart valves, acute 

coronary syndromes and ST-elevation myocardial infarction in 

the acute phase, bioprosthetic heart valves as reported by Keelig 

et al[35,49-50,52-54]; for the treatment of VTE the 

anticoagulation remains the mainstay since the landmark study by 

Barritt and Jordan more than 50 years ago reporting a significant 

reduction in mortality and recurrences in patients with 

symptomatic PE treated with intravenous unfractionated heparin 

(UFH) and oral anticoagulants[48].The first controlled trial of an 

oral anticoagulant in the prevention of venous thromboembolism 

was reported by Sevitt and Gallagher in 1959 [46]; 

currentlyavailable options for anticoagulation include treatment 

with unfractionated heparin (UFH), low-molecular-weight 

heparin (LMWH), vitamin K antagonists (VKAs), and, more 

recently, the synthetic penta saccharide fondaparinux. Although 

these drugs have proved effective in treating and reducing the risk 

of thromboembolic disease and it can be divided into three 

families [47,55]. 

 

7.1. Direct acting anticoagulants drugs: 
7.1.1. Unfractionated Heparin and Low Molecular Weight 

Heparin: 

 

Heparin is used on different forms therapeutic, it’s the 

anticoagulant of choice when a rapid coagulant effect is required 

because its onset of action is immediate when administered by IV 

injection [51,57]. Heparin is not a discrete chemical entity, but 

rather a heterogeneous mixture of molecules ranging in molecular 

weight from around 4,000 to greater than 30,000. All molecules 

of heparin do not appear to have anticoagulant activity but only 

one third contain the high affinity pentasaccharide required for 

anticoagulant activity [56,65]. 

Clinically, unfractionated and low-molecular-weight heparins 

have been in use for more than 70 years while low-molecular-

weight heparins have been important therapeutics for close to 30 

years. 

New generations of ultra-low molecular weight heparin are now 

in clinical trials, the administration of heparins require a strict 

laboratory control [60, 64]. 

 

7.1.2. Unfractionated heparin (UFH): 
 

Unfractionated heparin is a group of molecules ranging in 

molecular weight from 3,000 to 30,000 kDa. Only about one-third 

of these molecules contain the requisite AT III-binding 

pentasaccharide sequence. Within this fraction, smaller heparin 

molecules containing fewer than 18 saccharide units (roughly 

6,000 kDa) are not sufficiently long to mediate ATIII binding to 

thrombin but can still catalyze AT III/factor Xa inactivation [58]. 

 

7.1.3. Low molecular weight heparins LMWHs: 
 

LMWHs are derived from UFH by chemical or enzymatic 

depolymerization to yield fragments 

that are approximately one third the size of heparin [61,86]. 

LMWHs have smaller polysaccharide chains with a range of 

1,000 to 10,000 (mean molecular weight of 5,000), the 

bioavailability of LMWHs following subcutaneous injection 

approaches 100 %. Peak anti-Factor-Xa activity occurs about 3–4 

h following a subcutaneous dose [62-63]. 

 

7.2. Indirect acting anticoagulants drugs: 
 

In this part of work, we are focus on the chemistry and 

pharmacology of the vitamin K antagonists which belong to the 

coumarin family and their derivatives. Coumarin are the most 

frequently used oral anticoagulation medications for prevention 

and therapy of thromboembolic conditions for long-term 

treatment [66-67]. 

 

8. Coumarin as oral anticoagulant drugs: 
8.1. History of coumarin: 
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Coumarins are a large family of benzopyrones (1,2-benzopyrones 

or 2H-1-benzopyran-2-ones) widely distributed in the nature, the 

first isolation of coumarin as natural compound was in 1821s from 

the Tonka bean, which take its name from the French term 

”coumaru” of this plant, chemically the basic structure of 

coumarin is an oxygen-containing heterocycles, bearing a typical 

benzopyrone framework, this compound and a great range of its 

structural derivatives have been shown to occur in hundreds of 

plant species, as well as in certain other organisms[70-73]. In 

1933 a farmer in Wisconsin visited the chemical laboratory of 

Karl Paul Link because his cattle died of a mysterious 

hemorrhagic disorder at the end of the winter season. Link 

discovered that ingestion of spoiled sweet clover which caused a 

hypocoaguable state that increased the risk of bleeding, and in 

1940 Link isolated successfully dicoumarol (3,3 ′-methylenebis-

(4-hydroxycoumarin) the first oral anticoagulant [88], which is a 

coumarin oxidized and coupled with formaldehyde during sweet 

clover spoiling,vitamin K antagonists were originally used as a 

very effective rodent. After this innovation the Wisconsin Alumni 

Research Foundation in 1948 developed the new synthetic 

coumarin warfarin according to the abbreviation of this 

foundation WARF and “arin” according to coumarin, several 

anticoagulants were developed in Europ as acenocoumarol and 

phenprocomon [68-69,71-74]. 

 

8.2. Pharmacology of vitamin K antagonist drugs: 
 

Clinically coumarins anticoagulant drugs are prescribed for 

different indications such as longterm treatment venous 

thromboembolism or prevention of systemic embolism or stroke 

in patients with prosthetic heart valves or atrial fibrillation [80,85-

87]. 

 

8.3 Mechanism of action of oral anticoagulant drugs 

coumarin based: 
 

The coumarins act as competitive inhibitors of vitamin K epoxide 

reductase, which is a cofactor for the post-translational 

carboxylation of glutamate residues to γ-carboxyglutamates on 

the Nterminal regions of vitamin K dependent proteins, and they 

have been shown to be effective in the prevention of 

thromboembolic complications in distinct clinical situations, 

which are responsible for regenerating reduced vitamin K from 

vitamin K epoxide, after it has been consumed as a co-factor in 

the synthesis of coagulation factors II, VII, IX, and X. This 

reaction presents a main role during the normal activation of 

clotting factors in the coagulation cascade (Figure I.5) [59,75-

76,81-84,129]. 

 
Figure 5: mechanism of action of an oral anticoagulant eg. 

Warfarin [84] 

 

8.4. Advances in oral anticoagulant coumarin based 

coumarin therapy: 

 
The vitamin k antagonists are the drugs of choice for many years 

before the development of the new oral anticoagulants, Therapy 

with coumarin derivatives is most effective when the international 

normalized ratio (INR) is kept within a narrow range [130,135], 

Acutely, many patients can be treated with parenteral 

anticoagulants, most commonly subcutaneous low molecular 

weight heparin, but oral anticoagulants are needed for long term 

treatment with VTE,AF and patients with heart prosthetic heart 

valve, the difficulty is the initial response to vitamin K antagonists 

(VKAs) which depends on the characteristics of the patient, 

including: age, sex, height, weight, concomitant drugs; dietary 

vitamin K intake, smoking status, alcohol intake, and genetic 

factors, which are the major determinant of oral anticoagulants 

drugs dose that’s because the single nucleotide polymorphisms 

(SNPs) in the genes that encode vitamin K epoxide reductase 

complex subunit 1 (VKORC1) and cytochrome P450 2C9 

(CYP2C9) contribute largely to inter-individual variations in 

VKAs dose requirements, for this reason researchers have 

evaluated a pharmacogenetic algorithm for acenocoumarol and 

warfarin to determine dose requirement to the factor of variability 

[131-136]. 

However, only a limited number of studies are available to predict 

starting dose of acenocoumarol. The developed algorithms were 

population specific and cannot be used for any other population 

[137]. 

 

9. Chemistry and chiral proprieties of acenocoumarol: 
9.1. synthesis and structure identification: 

 

The synthesis of oral anticoagulants based on coumarin and their 

derivatives was widely reported in the literature; since the 

discover and identification of dicoumarol which used as a clinical 

anticoagulant[94], more than one hundred synthetic derivatives 

based on 4-hydroxycoumarine have been tested for their 

anticoagulant activity and this study was focus on the substitution 

of 4-hydroxycoumarin (Figure I.6) in position 3 and 4 with a keto 

group in position 5 as reported by Link and coworkers[96] also 

the presence of halogen atom can increase the anticoagulant 

ability of the molecule [89-90] other researchers reported that the 

modification on the structure of 4-hydroxycoumarin in position 8 

and the alkylation in position C4 by condensation can also lead to 
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new molecules with an anticoagulant activity[91-93,101], other 

hypothesis was based on the studies of the structure of vitamin K 

to find the adequate structure of coumarin antagonist[97]. 

Recently researchers have synthesized successfully and tested the 

ability of anticoagulation of other several derivatives based on 

coumarin and mainly from 4-hydroxycoumarine, warfarin and 

phenprocoumon [92-95]. 

 
 

Figure 6: structure of the most common oral anticoagulants 

derivate from 4-hydroxycoumarin. 

 

10. Objective: 
 

This study is focus on the oral anticoagulant 4-hydroxy-3-[1-(4-

nitrophenyl)-3-oxobutyl]-2H chromen-2 one known as 

acenocoumarol, is one of the common anticoagulant of class 4-

hydroxycoumarin administered to manage the thromboembolic 

disorder and administered as racemat orally quarter-scored film 

coated tablets, commonly known by the brand name 

Nicoumalone®, Sintrom® 4 mg and Minisintrom® 1 mg with the 

shorter half-life (from 8 to 24 h) Acenocoumarol therapy is 

challenging because patients exhibit a large variability in their 

anticoagulant response. This drug has a narrow therapeutic range, 

and small dose variations may result in hemorrhagic or thrombotic 

complications [98-100]. 

 

11. Acenocoumarol: 
11.1. Chemistry: 

11.1.1. Molecular structure and spectral identification: 

 

Acenocoumarol is a synthetic oral anticoagulant of the coumarin 

type and mainly 4-hydroxycoumarin subclass, chemically 

acenocoumarol composed from 2H-1-benzopyrane nucleus (2H-

chromene) substituted on position C4 by a hydroxyl group and an 

alkyl side chain in position C3 contains an other side chain with 

benzene cyclical nucleus substituted by nitro group in position 

4(−𝑁𝑂2−) and keto carbonyl group in position 3 on the main side 

chain (Figure I.7) [102-103]. 

 

 

Figure 7: structure of acenocoumarol. 

11.1.2. Synthesis: 
 

The discovery and evaluation of coumarin anticoagulant action 

presented a main step in the treatment and prevention of 

thromboembolic disorder. In 1939 Karl Paul Link has isolated 

successfully the first anticoagulant dicoumarol, and after few 

years of experiences and in vivo tests, dicoumarol was introduced 

to clinical usage in 1942, the scientists were worked hardly to 

evaluate new series of AVKs more potent and have an effective 

action with short half-life, thus in 1955 Stoll and Litvan produced 

for the first time acenocoumarol (Sintrom, formerly G-23350) 

further to a series of substitution on warfarin [104-109]. 

 

11.1.2. a. Synthesis of Stoll and Litvan 1951: 
 

In a first paper, Stoll and Litvan have reported that all compounds 

which have 3-(α-phenyl-β- acetylethyl )-4-hydroxycoumarin and 

3-(α-phenyl-β-benzoylethyl)-4-hydroxycoumarin and 

corresponding compounds with methoxy or hydroxy group in the 

phenyl radical have an action on the coagulation process, and they 

have observed also that compounds of the general formula (figure 

I.8) in which R is a small hydrocarbon group or phenyl, 

halogenophenyl, metoxyphenyl or nitrophenyl radical, R1 

represents halogen or nitro group and R2 is either a hydrogen, 

halogen or methyl group. 

 
Figure 8: general structure formula of OA derivate from 4-

hydroxycoumarin and α-β unsaturated ketones 

 

Procedure: 
 

The general procedure to prepare acenocoumarol is done by 

addition reaction of 4-hydroxycoumarin with α-β unsaturated 

ketones of formula (Ph-CH=CH-CO-CH3) the reaction can be 

progress with basic condensation agents such as methanol, 

ethanol, water, pyridine or alkali alcholate and also in the presence 

of heating for several hours at 120°C to about 150°C. 

 

Preparation: 
 

16 parts of 4-hydroxycoumarin are mixed with 19 parts of 4-

nitrobenzalacetone and heated at 135 to 140°C for 12-14 hours in 
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oil bath. After cooling, the melt was dissolved in acetone, and the 

product is collected; MP:196-199°C. (Scheme I.1) 

 

 
Scheme 1: reaction of synthesis of acenocoumarol. 

 

11.1.2.b. Manolov and co-workers: 
 

Acenocoumarol was prepared by Michael addition of 4-

hydroxycoumarin to 4-nitrophenyl-3-buten-2-one in the presence 

or absence of some basic and alkali catalysts giving a high yield 

between 46% and 92% 

 

Preparation: 
 

To an equimolar mixture of 4-hydroxycoumarin (50ml) and 4-

nitro-3-buten-2-one (50ml) a 160 ml of water and the catalyst as 

described in the table below, were add under refluxing stirring 

after that the product is filtered, collected and washed with 300 ml 

of heated water, and with 100 ml of ether after cooling, the 

product is recrystallized from glacial acetic acid. 

 

 
 

Table 1: reaction of synthesis of acenocoumarol. 

 

11.1.2.c. Cravotto and co-workers: 
Hetero-diels-Alder cycloaddition: 

 

Nowadays, the industry of active ingredients is focus on the 

synthesis of enantiopure molecules either by using large range of 

catalysts like Lewis acid’s, enzymes, amino acids, chiral 

organocatlysis, or alkynes [110]. 

 

Procedure: 
 

This reaction is based on thermal intermolecular HAD reaction, 

thus after the formation of the chiral auxiliary and its reaction in 

the situ generated the product in the presence of Lewis acid’s. in 

this experiment the researchers use (1.1 equivalent) of 4 with 4-

nitrobenzaldehyde (1.2 equivalent) and 4-hydroxycoumarin in dry 

dioxane in the presence of Tietz base and 5A° molecular sieves at 

80°C during 10h after the isolation of the product and identified 

with spectrometric analysis (NMR, MS, TLC, HPLC); 4-

nitrobenzaldehyd lead to (S)-acenocoumarol with 95% ee in 59% 

yield (SchemeI.2) [111]. 

 
Scheme 2: formation of acenocoumarol by HAD reaction. 

 

11.1.2. d. Jorgensen and co-worker’s synthesis: 
 

In 2003, Jᴓrgensen et al developed widely applicable imidazoline 

catalyst for one pot synthesis of anticoagulants generated from the 

reaction of 4-hydroxycoumarin compound and α-β unsaturated 

ketones by new organocatalyst reaction, they attempted 

enantioselective 1,4-Michael addition by using well known 

benzylideneacetophenone (Scheme I.3) [139]. 

 
 

Scheme 3: formation of acenocoumarol by imidazoline catalyst. 

 

 

Procedure: 
 

The reaction mixture was treated with (4S,5S) -4,5- diphenyl-

imidazolidine-2-carboxylic acid (10mol%) in CH2Cl2 at room 

temperature for 130h to give 83% e.e (S)-acenocoumarol with 

81% yield [112-113]. 

 

11.1.3. Spectral identification and physical-chemical 

proprieties: 
 

Acenocoumarol (C19H15NO6) is a white, crystalline powder, 

tasteless and odorless, slightly soluble in organic solvents and 

water, its melting point reaches 197°C [114]. The structure of 

acenocoumarol has been assigned by CD, IR, 1H NMR and MS 

analysis, all data are illustrated in the table below [115-117]. 

 
Table 2: some spectral data of acenocoumarol. 
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a: keto carbonyl group. b: lactone carbonyl group. c: atom 

numbering is in agreement with the 

structure in (figure I. 9) 

 

 
Figure 9: structure and atom numbering of acenocoumarol. 

 

11.2. Pharmacodynamic and pharmacokinetics of 

acenocoumarol: 
 

Acenocoumarol is the drug of choice in many cases of 

thromboembolism prophylaxis and treatment according to the 

British Approved Name, like the other single ring coumarin 

derivatives, warfarin and phenprocoumon, it contains an 

asymmetric carbon atom and thus exists as two enantiomers. 

Commercial acenocoumarol is a racemic mixture consisting of 

equal parts of R(+) and S(-) enantiomers[118-119,122]. For the 

mono-coumarin derivatives warfarin and phenprocoumon, it was 

shown that bouth in man and rats the S(-) enantiomer is more 

potent as anticoagulant than the R(+) enantiomer. And thus the 

differences in the affinity for the receptor site rather than 

differences in the pharmacokinetics due to these stereoselective 

differences in the anticoagulant potency, unlike warfarin, 

acenocoumarol differs only by a nitro-group in para position of 

the phenyl ring, wherein the in vitro pharmacological activities of 

R(+)acenocoumarol was more potent as anticoagulant and it is 

mainly the responsible for the overall anticoagulant effect, than 

S(-) acenocoumarol which has the faster elimination[120-121]. 

 

11.3. Metabolism, absorption and elimination: 
 

In man the S-enantiomers of both compounds’ warfarin and 

acenocoumarol are eliminated more rapidly than the R-

enantiomers; the differences are modest for the warfarin 

enantiomers but 10-20 fold for the enantiomers of acenocoumarol. 

The body clearance of the acenocoumarol enantiomers is at least 

100 times that of R/S-warfarin, wherein R -acenocoumarol has an 

elimination half-life of 9 h; while the S acenocoumarol has a 

plasma half-life <2h reach 0.5h. Approximately 98–99% of the 

coumarin anticoagulants are bound to plasma albumin, the 

metabolism into inactive metabolites takes place in the liver by 

various hydroxylation reactions, catalyzed by cytochrome P450 

(CYP) CYP2C19 and CYP2C9 enzymes, 80% to 100% of R- 

acenocoumarol is primarily metabolized by CYP2C9 to 7-

hydroxylation and 40% to 50% to the 6-hydroxylation with 

CYP1A2; and it is more potent than S-acenocoumarol which is 

cleared 3-4 times faster and is primarily metabolized by CYP2C9 

and hydroxylated at the 6-, 7-, and 8 position [132,123-124,126-

127,138]. 

R-acenocoumarol is absorbed from the gastrointestinal tract with 

almost complete oral bioavailability, unlike S-acenocoumarol 

which undergoes of extensive first pass metabolism. Within a few 

hours, peak plasma concentrations are reached, the correlation 

between plasma concentrations of acenocoumarol and apparent 

prothombin levels cannot be established due to the variation of 

plasma drug concentrations between patients, plasma drug 

concentrations are generally higher among patients of 70 years 

and above when compared to the younger patients. Elimination of 

both CAN isomers depends entirely on hepatic biotransformation, 

29% of the drug is excreted in the form of faeces and 60% in urine 

[122,125,128]. 

 

 
Table 3: structure and dose response relationship of some OAC. 

 

12. Conclusion: 
 

In this chapter, we have studied a brief overview of 

thromboembolic diseases and the role of coumarin with a general 

anticoagulant effect, and we have specified that acenocomarol 

was the main focus of this study, the active ingredient of the drug 

Sintrom, which is usually prescribed to patients with heart failure, 

stroke or other embolisms. We have also discussed previous 

studies on this subject, as a chemical compound and its synthesis 

methods, as well as some of its spectral properties, and provide a 

little overview of its chemical and physical properties. Finally, we 

also mentioned the importance of this class of drugs on the current 

market and the reasons for its medical uses, despite the discovery 

of new anticoagulants with different properties and advantages. 

 

References: 
 

1. R. A. Rahmatova, H. I. Ibodov, and Z. N. Nabiev, 

“coagulation and anticoagulation system of blood in 

newborns with malformations in communication with 

anesthesia and surgical intervention, vol. 3, pp. 47–49, 2013 

2. Stephen, J. M., & Gary, D. H. (2014). Pathophysiology of 

disease-an introduction to clinical medicine. 

3. Ha, C. E., & Bhagavan, N. V. (2011). Essentials of medical 

biochemistry: with clinical cases. Academic Press. 

4. Hemker, H. C., Loelinger, E. A., & Veltkamp, J. J. (Eds.). 

(2012). Human Blood Coagulation: Biochemistry, Clinical 

Investigation and Therapy (Vol. 1).  

5. Springer Science & Business Media. 

6. Ogston, D. (2012). The physiology of hemostasis. Springer 

Science & Business Media. 

7. Favaloro, E. J., & Lippi, G. (Eds.). (2017). Hemostasis and 

thrombosis: methods and protocols. Springer New York. 

8. Berlot, G. (Ed.). (2012). Hemocoagulative problems in the 

http://aditum.org/


                                                                                                    
             

 

       Aditum Publishing –www.aditum.org 
                                                                                                                                                                                                                                                                                                            Page 10 of 13 

 
 

Aditum J Clinical and Biomedical Research 

critically ill patient. Springer Science & Business Media. 

9. Perry, D. J. (Ed.). (1999). Hemostasis and thrombosis 

protocols (Vol. 31). Springer Science & Business Media. 

10. Corredor, C. (2016). Point-of-care tests for severe 

hemorrhage-a manual for diagnosis and treatment. Canadian 

Journal of Anesthesia/Journal canadien d'anesthésie, 63(9), 

1114-1115. 

11. Berndt, M. C., Metharom, P., & Andrews, R. K. (2014). 

Primary haemostasis: newer insights. Haemophilia, 20, 15-

22. 

12. Loftus, C. M. (Ed.). (2016). Anticoagulation and hemostasis 

in neurosurgery. Springer. 

13. Marcucci, C., & Schoettker, P. (2016). Perioperative 

Hemostasis. Springer-Verlag Berlin An. 

14. George, J. N. (Ed.). (2013). Platelet membrane glycoproteins. 

Springer Science & Business Media. 

15.  Navarro, T. P., Dardik, A., Junqueira, D., & Cisneros, L. 

(2017). Vascular Diseases for the Non-Specialist. Cham, 

Switzerland: Springer International. 

16. Rajendran, P., Rengarajan, T., Thangavel, J., Nishigaki, Y., 

Sakthisekaran, D., Sethi, G., & Nishigaki, I. (2013). The 

vascular endothelium and human diseases. International 

journal of biological sciences, 9(10), 1057. 

17. Cines, D. B., Pollak, E. S., Buck, C. A., Loscalzo, J., 

Zimmerman, G. A., McEver, R. P., ... & Barnathan, E. S. 

(1998). Endothelial cells in physiology and in the 

pathophysiology of vascular disorders. Blood, The Journal of 

the American Society of Hematology, 91(10), 3527-3561. 

18.  Augustin, H. G., Kozian, D. H., & Johnson, R. C. (1994). 

Differentiation of endothelial cells: analysis of the 

constitutive and activated endothelial cell phenotypes. 

Bioessays, 16(12), 901-906. 

19. Batty, P., & Smith, J. G. (2010). Haemostasis. Surgery 

(Oxford), 28(11), 530-535. 

20. Hoffman, M. (2003). A cell-based model of coagulation and 

the role of factor VIIa. Blood reviews, 17, S1-S5. 

21. Hoffman, M., & Monroe III, D. M. (2001). A cell-based 

model of hemostasis. Thrombosis and haemostasis, 85(06), 

958-965. 

22. Johari, V., & Loke, C. (2012). Brief overview of the 

coagulation cascade. Disease-amonth: DM, 58(8), 421-423. 

23. Davie, E. W., & Ratnoff, O. D. (1964). Waterfall sequence 

for intrinsic blood clotting. Science, 145(3638), 1310-1312. 

24. Dickson, B. C. (2004). Venous thrombosis: on the history of 

Virchow’s triad. Univ Toronto Med J, 81(3), 166-171. 

25. del Zoppo, G. J., & Hosomi, N. (2001). Mechanisms of 

thrombolysis. In Thrombolytic Therapy for Stroke (pp. 3-27). 

Humana Press, Totowa, NJ. 

26. El-Gengaihy, A. E., Abdelhadi, S. I., Kirmani, J. F., & 

Qureshi, A. I. (2006). Thrombolytics. In Comprehensive 

Medicinal Chemistry II (pp. 763-781). Elsevier Ltd. 

27. Furie, B., & Furie, B. C. (2005). Thrombus formation in vivo. 

The Journal of clinical investigation, 115(12), 3355-3362. 

28. Day, S. M., Reeve, J. L., Pedersen, B., Farris, D. M., Myers, 

D. D., Im, M., Wakefield, T.W., Mackman,N., & Fay, W. P. 

(2005). Macrovascular thrombosis is driven by tissue factor 

derived primarily from the blood vessel wall. Blood, 105(1), 

192-198. 

29. Jackson, S. P., Nesbitt, W. S., & Kulkarni, S. (2003). 

Signaling events underlyingthrombus formation. Journal of 

Thrombosis and Haemostasis, 1(7), 1602-1612. 

30. Russell, N. J. (2013). Blood biochemistry. Springer Science 

& Business Media. 

31. Hamer, J. (2013). Drugs for heart disease. Springer. 

32. Sasahara, A. A., & Loscalzo, J. (Eds.). (2003). New 

therapeutic agents in thrombosis and thrombolysis. M. 

Dekker. 

33. Day, H. J. (Ed.). (2013). Thrombosis: Animal and Clinical 

Models (Vol. 102). Springer. 

34. Czuba, L. J. (1972). Antithrombotic Agents. In Annual 

Reports in Medicinal Chemistry (Vol. 7, pp. 78-88). 

Academic Press. 

35. Bergqvist, D. (2012). Postoperative thromboembolism: 

frequency, etiology, prophylaxis. Springer Science & 

Business Media. 

36. Padmanabhan, S. (Ed.). (2014). Handbook of 

pharmacogenomics and stratified medicine. Academic Press. 

37. Konstantinides, S. (2008). Acute pulmonary embolism. New 

England Journal of Medicine, 359(26), 2804-2813. 

38. Ferro, A., & Garcia, D. A. (Eds.). (2012). Antiplatelet and 

anticoagulation therapy. Springer Science & Business Media. 

39. Schneider, F. A., Siska, I. R., & Avram, J. A. (2012). Clinical 

physiology of the venous system (Vol. 15). Springer Science 

& Business Media. 

40. Islam, M. S. (Ed.). (2017). Thrombosis and Embolism: From 

Research to Clinical Practice. Springer. 

41. Sharnoff, J. G. (2012). Prevention of venous thrombosis and 

pulmonary embolism. Springer Science & Business Media. 

42. Strano, A. (Ed.). (2013). Thrombosis and cardiovascular 

diseases (Vol. 164). Springer Science & Business Media. 

43. Goldhaber, S. Z. (1999). Overview of pulmonary embolism. 

In Pulmonary Embolism (pp. 3-18). Springer, Tokyo. 

44. Saleh, J., El-Othmani, M. M., & Saleh, K. J. (2017). Deep 

vein thrombosis and pulmonary embolism considerations in 

orthopedic surgery. Orthopedic Clinics, 48(2), 127-135. 

45. Bernardi, E., & Camporese, G. (2018). Diagnosis of deep-

vein thrombosis. Thrombosis research, 163, 201-206. 

46. Chalal, N., & Demmouche, A. (2014). Maladie 

thromboembolique veineuse dans la région de Sidi Bel 

Abbes, Algérie: fréquence et facteurs de risque. Pan African 

Medical Journal, 16(1). 

47. Cajozzo, A., Di Marco, P., Perricone, R., & Palazzolo, P. 

(Eds.). (2013). Advances in hemostasis and thrombosis (Vol. 

20). Springer Science & Business Media. 

48. Harenberg, J., & Wehling, M. (2008, February). Current and 

future prospects for anticoagulant therapy: inhibitors of 

factor Xa and factor IIa. In Seminars in thrombosis and 

hemostasis (Vol. 34, No. 01, pp. 039-057). © Thieme 

Medical Publishers. 

49. Llau, J. (Ed.). (2012). Thromboembolism in Orthopedic 

Surgery. Springer Science & Business Media. 

50. Keeling, D., Baglin, T., Tait, C., Watson, H., Perry, D., 

Baglin, C., Kitchen, S., Makris, M. and (2011), Guidelines on 

oral anticoagulation with warfarin – fourth edition. British 

Journal of Haematology, 154: 311-324. 

51. Kitchens, C. S. (2019). The Consultative Process. In 

Consultative Hemostasis and Thrombosis (pp. 2-16). 

52. Gozzard, D. (2016). Handbook of Thromboprophylaxis. D. 

Perry, & D. Warwick (Eds.). Adis. 

53. Barcellona, D., Contu, P., Sorano, G. G., Pengo, V., & 

Marongiu, F. (2000). The management of oral anticoagulant 

therapy: the patient’s point of view. Thrombosis and 

http://aditum.org/


                                                                                                    
             

 

       Aditum Publishing –www.aditum.org 
                                                                                                                                                                                                                                                                                                            Page 11 of 13 

 
 

Aditum J Clinical and Biomedical Research 

haemostasis, 83(01), 49-53. 

54. Bhatt, D. L., Hulot, J. S., Moliterno, D. J., & Harrington, R. 

A. (2014). Antiplatelet and anticoagulation therapy for acute 

coronary syndromes. Circulation research, 114(12), 1929-

1943. 

55. Agrawal, K., Beckman, B. S., Capizzi, R. L., Dugdale, M., 

Eaves, A. C., Eaves, C. J.,... & Lange, R. D. (2012). 

Biochemical pharmacology of blood and bloodforming 

organs (Vol. 101). Springer Science & Business Media. 

56. Doutremepuich, C. (Ed.). (2012). Anticoagulation. Springer 

Science & Business Media. 

57. Griffith, M. J. (1982). Kinetics of the heparin-enhanced 

antithrombin III/thrombin reaction. J Biol Chem, 257, 7360-

7365. 

58. Hirsh, J., Warkentin, T. E., Dalen, J. E., Deykin, D., & Poller, 

L. (1995). Heparin: mechanism of action, pharmacokinetics, 

dosing considerations, monitoring, efficacy, and safety. 

Chest, 108(4), 258S-275S. 

59. Kaye, A. D., Kaye, A. M., & Urman, R. D. (Eds.). (2015). 

Essentials of pharmacology for anesthesia, pain medicine, 

and critical care. Springer New York. 

60. Fareed, J., Thethi, I., & Hoppensteadt, D. (2012). Old versus 

new oral anticoagulants: focus on pharmacology. Annual 

review of pharmacology and toxicology, 52, 79-99. 

61. Lever, R., Mulloy, B., & Page, C. P. (Eds.). (2012). Heparin-

a century of progress (Vol. 207). Springer Science & 

Business Media. 

62. Nutescu, E. A., Burnett, A., Fanikos, J., Spinler, S., & 

Wittkowsky, A. (2016). Erratum to: pharmacology of 

anticoagulants used in the treatment of venous 

thromboembolism. Journal of thrombosis and thrombolysis, 

42(2), 296-311. 

63. Hirsh, J. (1998). Low-molecular-weight heparin: a review of 

the results of recent studies of the treatment of venous 

thromboembolism and unstable angina. Circulation, 98(15), 

1575-1582. 

64. Alban, S. (2008). Pharmacological strategies for inhibition of 

thrombin activity. Current pharmaceutical design, 14(12), 

1152-1175. 

65. Vojacek, J. (2012). Clinical monitoring of the antithrombotic 

treatment. Cor et Vasa, 54(2), e97-e103. 

66. Hirsh, J., Anand, S. S., Halperin, J. L., & Fuster, V. (2001). 

Guide to anticoagulant therapy: Heparin: a statement for 

healthcare professionals from the American Heart 

Association. Circulation, 103(24), 2994-3018. 

67. Oldenburg, J., Marinova, M., Müller‐Reible, C., & Watzka, 

M. (2008). The vitamin K cycle. Vitamins & Hormones, 78, 

35-62. 

68. Penning‐van Beest, F. J. A., Koerselman, J., & Herings, R. 

M. C. (2008). Risk of major bleeding during concomitant use 

of antibiotic drugs and coumarin anticoagulants. Journal of 

Thrombosis and Haemostasis, 6(2), 284-290. 

69. van Dongen, C. J. J. (2004). An evidence-based approach to 

optimizing anticoagulant strategies. 

70. Stahmann, M. A., Huebner, C. F., & Link, K. P. (1941). 

Studies on the hemorrhagic sweet clover disease. 5. 

Identification and synthesis of the hemorrhagic agent. Journal 

of Biological Chemistry, 138, 513-527. 

71. Jain, P. K., & Joshi, H. (2012). Coumarin: chemical and 

pharmacological profile. Journal of Applied Pharmaceutical 

Science, 2(6), 236-240. 

72. Matos, M. J., Santana, L., Uriarte, E., Abreu, O. A., Molina, 

E., & Yordi, E. G. (2015). Coumarins—an important class of 

phytochemicals. Phytochemicals-Isolation, Characterisation 

and Role in Human Health, 113-140. 

73. Mueller, R. L., & Scheidt, S. (1994). History of drugs for 

thrombotic disease. Discovery, development, and directions 

for the future. Circulation, 89(1), 432-449. 

74. Swain, T. (Ed.). (2013). Biochemistry of plant phenolics 

(Vol. 12). Springer Science & Business Media. 

75. Nguyen, A. D., Dasgupta, A., & Wahed, A. (2016). 

Management of Hemostasis and Coagulopathies for Surgical 

and Critically Ill Patients: An Evidence-based Approach. 

Academic Press. 

76. Aronson, J. K. (Ed.). (2009). Meyler's side effects of herbal 

medicines: coumarin anticoagulants. Elsevier. 

77. Ariza-Solé, A., Llibre, C., Ñato, M., Bernal, E., Curós, A., & 

Cequier, À. (2015). Prognostic Impact of Primary 

Percutaneous Coronary Intervention in the Very Elderly 

STEMI Patient: Insights from the Codi Infart Registry. 

Revista Espa ola de Cardiolog a (English Edition), 12(68), 

1179-1181. 

78. Venugopala, K. N., Rashmi, V., & Odhav, B. (2013). Review 

on natural coumarin lead compounds for their 

pharmacological activity. BioMed research international, 

2013. 

79. Schroecksnadel, S., Gostner, J., Jenny, M., Kurz, K., 

Schennach, H., Weiss, G., & Fuchs, D. (2013). 

Immunomodulatory effects in vitro of vitamin K antagonist 

acenocoumarol. Thrombosis research, 131(6), e264-e269. 

80. Beinema, M., Brouwers, J. R., Schalekamp, T., & Wilffert, 

B. (2008). Pharmacogenetic differences between warfarin, 

acenocoumarol and phenprocoumon. Thrombosis and 

haemostasis, 100(12), 1052-1057. 

81. Verhoef, T. I., Redekop, W. K., Daly, A. K., Van Schie, R. 

M., De Boer, A., & Maitland‐van der Zee, A. H. (2014). 

Pharmacogenetic‐guided dosing of coumarin anticoagulants: 

algorithms for warfarin, acenocoumarol and 

phenprocoumon. British journal of clinical pharmacology, 

77(4), 626-641. 

82. Hirsh, J., & Fuster, V. (1994). Guide to anticoagulant 

therapy. Part 2: oral anticoagulants. American Heart 

Association. Circulation, 89(3), 1469-1480. 

83. Asmis, L. M. (2014, April). Direct oral anticoagulants 

(DOACs) versus" new" oral anticoagulants (NOACs)?. In 

Seminars in hematology (Vol. 51, No. 2, pp. 87-88). 

84. Bell, W. R., & Simon, T. L. (1982). Current status of 

pulmonary thromboembolic disease: pathophysiology, 

diagnosis, prevention, and treatment. American heart journal, 

103(2), 239-262. 

85. Dempfle, C. E. (2014, April). Direct oral anticoagulants—

pharmacology, drug interactions, and side effects. In 

Seminars in hematology (Vol. 51, No. 2, pp. 89-97). WB 

Saunders. 

86. Shantsila, E., & Lip, G. Y. (2016). Non-Vitamin K 

Antagonist Oral Anticoagulants: A Concise Guide. Springer. 

87. Hirsh, J. (2003). Current anticoagulant therapy—unmet 

clinical needs. Thrombosis Research, 109, S1-S8. 

88. Lip, G. Y., Larsen, T. B., Skjøth, F., & Rasmussen, L. H. 

(2012). Indirect comparisons of new oral anticoagulant drugs 

for efficacy and safety when used for stroke prevention in 

atrial fibrillation. Journal of the American College of 

http://aditum.org/


                                                                                                    
             

 

       Aditum Publishing –www.aditum.org 
                                                                                                                                                                                                                                                                                                            Page 12 of 13 

 
 

Aditum J Clinical and Biomedical Research 

Cardiology, 60(8), 738-746. 

89. Egan, D., O'kennedy, R., Moran, E., Cox, D., Prosser, E., & 

Thornes, R. D. (1990). The pharmacology, metabolism, 

analysis, and applications of coumarin and coumarinrelated 

compounds. Drug metabolism reviews, 22(5), 503-529. 

90. Stahmann, M. A., & Paul, L. K. (1949). U.S. Patent No. 

2,465,293. Washington, DC: U.S. Patent and Trademark 

Office. 

91. Feuer, G. (1974). 3 The Metabolism and Biological Actions 

of Coumarins. In Progress in medicinal chemistry (Vol. 10, 

pp. 85-158). Elsevier. 

92. Arora, R. B., & Mathur, C. N. (1963). Relationship between 

structure and anti‐coagulant activity of coumarin derivatives. 

British journal of pharmacology and chemotherapy, 20(1), 

29-35. 

93. Manolov, I., Maichle-Moessmer, C., & Danchev, N. (2006). 

Synthesis, structure, toxicological and pharmacological 

investigations of 4-hydroxycoumarin derivatives. European 

journal of medicinal chemistry, 41(7), 882-890. 

94. Abdou, M. M. (2017). Utility of 4-hydroxythiocoumarin in 

organic synthesis. Arabian Journal of Chemistry, 10, S3955-

S3961. 

95. Hutchinson, D. W., & Tomlinson, J. A. (1969). The structure 

of dicoumarol and related compounds. Tetrahedron, 25(12), 

2531-2537. 

96. Gebauer, M. (2007). Synthesis and structure–activity 

relationships of novel warfarin derivatives. Bioorganic & 

medicinal chemistry, 15(6), 2414-2420. 

97. kawa, M., Stahmann, M. A., & Link, K. P. (1944). Studies on 

4-Hydroxycoumarins. V. The Condensation of α, β-

Unsaturated Ketones with 4-Hydroxycoumarin1. Journal of 

the American Chemical Society, 66(6), 902-906. 

98. Chmielewska, I., & Cieślak, J. (1958). Vitamins and 

antivitamins K: tautomerism of dicoumarol. Tetrahedron, 

4(1-2), 135-146. 

99. Borobia, A. M., Lubomirov, R., Ramírez, E., Lorenzo, A., 

Campos, A., Muñoz-Romo, R., ... & Carcas, A. J. (2012). An 

acenocoumarol dosing algorithm using clinical and 

pharmacogenetic data in Spanish patients with 

thromboembolic disease. PloS one, 7(7). 

100. Thijssen, H. H., Flinois, J. P., & Beaune, P. H. (2000). 

Cytochrome P4502C9 is the principal catalyst of racemic 

acenocoumarol hydroxylation reactions in human liver 

microsomes. Drug metabolism and disposition, 28(11), 1284-

1290. 

101. Ansell, J., Hirsh, J., Dalen, J., Bussey, H., Anderson, D., 

Poller, L., ... & Matchar, D. (2001). Managing oral 

anticoagulant therapy. Chest, 119(1), 22S-38S. 

102. Chen, Y. L., Wang, T. C., Lee, K. H., Tzeng, C. C., Chang, 

Y. L., & Teng, C. M. (1996). Synthesis of coumarin 

derivatives as inhibitors of platelet aggregation. Helvetica 

chimica acta, 79(3), 651-657. 

103. Vecchione, G., Casetta, B., Tomaiuolo, M., Grandone, E., & 

Margaglione, M. (2007). A rapid method for the 

quantification of the enantiomers of Warfarin, 

Phenprocoumon and Acenocoumarol by two-dimensional-

enantioselective liquid chromatography/electrospray tandem 

mass spectrometry. Journal of Chromatography B, 850(1-2), 

507-514. 

104. Kelly, J. G., & O’Malley, K. (1979). Clinical 

pharmacokinetics of oral anticoagulants. Clinical 

pharmacokinetics, 4(1), 1-15. 

105. [WEINER, M., JIMINEZ, M., & KATZKA, I. (1956). An 

evaluation of a new anticoagulant, acenocoumarin (sintrom). 

Circulation, 13(3), 400-403. 

106. NEILL, E. C., MooN, R. Y., & VANDER VEER, J. B. 

(1957). Clinical Evaluation of a New Oral Anticoagulant" 

Sintrom". Circulation, 15(5), 713-720. 

107. Rullo, F. R., Bartels, C. C., & Evans, J. A. (1958). Clinical 

evaluation of acenocoumarol (Sintrom), an anticoagulant of 

intermediate range. Journal of the American Medical 

Association, 168(6), 743-747. 

108. Schalekamp, T., Klungel, J. H., Souverein, P. C., & de Boer, 

A. (2008). Increased bleeding risk with concurrent use of 

selective serotonin reuptake inhibitors and coumarins. 

Archives of internal medicine, 168(2), 180-185. 

109. Ivanov, I. C., Manolov, I., & Alexandrova, L. A. (1990). New 

efficient catalysts in the synthesis of warfarin and 

acenocoumarol. Archiv der Pharmazie, 323(8), 521-522. 

110. Vardanyan, R., & Hruby, V. (2006). Synthesis of essential 

drugs. Elsevier. Ojima, I. (Ed.). (2004). Catalytic asymmetric 

synthesis. John Wiley & Sons. 

111. Cravotto, G., Nano, G. M., Palmisano, G., & Tagliapietra, S. 

(2001). An asymmetric approach to coumarin anticoagulants 

via hetero-Diels–Alder cycloaddition. Tetrahedron: 

Asymmetry, 12(5), 707-709. 

112.  Andrushko, V., & Andrushko, N. (Eds.). (2013). 

Stereoselective synthesis of drugs and natural products. John 

Wiley & Sons. 

113. Halland, N., Hansen, T., & Jørgensen, K. A. (2003). 

Organocatalytic Asymmetric Michael Reaction of Cyclic 1, 

3‐Dicarbonyl Compounds and α, β‐Unsaturated Ketones— A 

Highly Atom‐Economic Catalytic One‐Step Formation of 

Optically Active Warfarin 

114. Anticoagulant. Angewandte Chemie International Edition, 

42(40), 4955-4957. Lewis, R. A. (2016). Hawley's condensed 

chemical dictionary. John Wiley & Sons. 

115. Pisklak, M., Maciejewska, D., Herold, F., & Wawer, I. 

(2003). Solid state structure of coumarin anticoagulants: 

warfarin and sintrom. 13C CPMAS NMR and GIAO DFT 

calculations. Journal of molecular structure, 649(1-2), 169-

176. 

116. Wheeler, C. R., & Trager, W. F. (1979). Absolute 

configuration of acenocoumarin. Journal of medicinal 

chemistry, 22(9), 1122-1124. 

117. Kostova, I. P., MANOLOV, I., & RADULOVA, M. K. 

(2004). Stability of the complexes of some lanthanides with 

coumarin derivatives. II. Neodymium (III)- acenocoumarol. 

Acta Pharmaceutica, 54(2), 119-131. 

118. Brandjes, D. P., Heijboer, H., Büller, H. R., de Rijk, M., Jagt, 

H., & ten Cate, J. W. (1992). Acenocoumarol and heparin 

compared with acenocoumarol alone in the initial treatment 

of proximal-vein thrombosis. New England Journal of 

Medicine, 327(21), 1485-1489. 

119. Godbillon, J., Richard, J., Gerardin, A., Meinertz, T., Kasper, 

W., & Jahnchen, E. (1981). Pharmacokinetics of the 

enantiomers of acenocoumarol in man. British journal of 

clinical pharmacology, 12(5), 621-629. 

120. Organizers, Deutsche Pharmakologische Gesellschaft. 

(1978). Deutsche Pharmakologische Gesellschaft: Abstracts 

of the 19. Spring Meeting March 258–260, 1978, Mainz. 

Naunyn-Schmiedeberg's Archives of Pharmacology, 302, 

http://aditum.org/


                                                                                                    
             

 

       Aditum Publishing –www.aditum.org 
                                                                                                                                                                                                                                                                                                            Page 13 of 13 

 
 

Aditum J Clinical and Biomedical Research 

R1-R67. 

121. Saraeva, R. B., Paskaleva, I. D., Doncheva, E., Eap, C. B., & 

Ganev, V. S. (2007). Pharmacogenetics of acenocoumarol: 

CYP2C9, CYP2C19, CYP1A2, CYP3A4, CYP3A5 and 

ABCB1 gene polymorphisms and dose requirements. Journal 

of clinical pharmacy and therapeutics, 32(6), 641-649. 

122. Trailokya, A. (2015). Acenocoumarol in thromboembolic 

disorders. Cardiovasc Pharm Open Access, 4(4), 1-4. 

123. Baars, L. G. M., Schepers, M. T., Hermans, J. J. R., 

Dahlmans, H. J. J., & Thijssen, pharmacology, 42(12), 861-

866. 

124. Ansell, J., Hirsh, J., Hylek, E., Jacobson, A., Crowther, M., 

& Palareti, G. (2008).  Pharmacology and management of the 

vitamin K antagonists: American College of Chest 

Physicians evidence-based clinical practice guidelines. 

Chest, 133(6), 160S-198S. 

125. Verhoef, T. I., Redekop, W. K., Daly, A. K., Van Schie, R. 

M., De Boer, A., & Maitland‐van der Zee, A. H. (2014). 

Pharmacogenetic‐guided dosing of coumarin anticoagulants: 

algorithms for warfarin, acenocoumarol and 

phenprocoumon. British journal of clinical pharmacology, 

77(4), 626-641. 

126.  Hermida, J., Zarza, J., Alberca, I., Montes, R., López, M. L., 

Molina, E., & Rocha, E. (2002). Differential effects of 2C9* 

3 and 2C9* 2 variants of cytochrome P-450 CYP2C9 on 

sensitivity to acenocoumarol. Blood, The Journal of the 

American Society of Hematology, 99(11), 4237-4239. 

127. Morin, S., Bodin, L., Loriot, M. A., Thijssen, H. H., Robert, 

A., Strabach, S., ... & Funck‐Brentano, C. (2004). 

Pharmacogenetics of acenocoumarol pharmacodynamics. 

Clinical Pharmacology & Therapeutics, 75(5), 403-414. 

128. Dieterle, W., Faigle, J. W., Montigel, C., Sulc, M., & 

Theobald, W. (1977). Biotransformation and 

pharmacokinetics of acenocoumarol (Sintrom®) in man. 

European journal of clinical pharmacology, 11(5), 367-375. 

129. Daly, A. K. (2009). Pharmacogenomics of anticoagulants: 

steps toward personal dosage. Genome medicine, 1(1), 10. 

130. Van Schie, R. M., Wadelius, M. I. A., Kamali, F., Daly, A. 

K., Manolopoulos, V. G., De Boer, A., ... & Briz, M. (2009). 

Genotype-guided dosing of coumarin derivatives: the  

European pharmacogenetics of anticoagulant therapy (EU-

PACT) trial design. Pharmacogenomics, 10(10), 1687-1695. 

131. Pirmohamed, M., Kamali, F., Daly, A. K., & Wadelius, M. 

(2015). Oral anticoagulation: a critique of recent advances 

and controversies. Trends in pharmacological sciences, 

36(3), 153-163. 

132. Jiménez-Varo, E., Cañadas-Garre, M., Garces-Robles, V., 

Gutiérrez-Pimentel, M. J., & Calleja-Hernández, M. Á. 

(2015). Extrapolation of acenocoumarol pharmacogenetic 

algorithms. Vascular pharmacology, 74, 151-157. 

133. Wypasek, E., Branicka, A., Awsiuk, M., Sadowski, J., & 

Undas, A. (2014). Genetic determinants of acenocoumarol 

and warfarin maintenance dose requirements in Slavic  

population: a potential role of CYP4F2 and GGCX 

polymorphisms. Thrombosis research, 134(3), 604-609. 

134. Vekariya, R. H., & Patel, H. D. (2014). Recent advances in 

the synthesis of coumarin derivatives via knoevenagel 

condensation: A review. Synthetic Communications, 44(19),  

2756-2788. 

135. Mekaj, Y. H., Mekaj, A. Y., Duci, S. B., & Miftari, E. I. 

(2015). New oral anticoagulants: their advantages and 

disadvantages compared with vitamin K antagonists in the 

prevention and treatment of patients with thromboembolic 

events. Therapeutics and clinical risk management, 11, 967. 

136. Edardes, J. P. (2008). Coumarin Anticoagulant Research 

Progress: factors effecting anticoagulation response to 

warfarin,64-67. Nova Publishers. 

137. Kumar, D. K., Madhan, S., Balachander, J., Chandran, B. S., 

Thamijarassy, B., & Adithan, C. (2013). Effect of CYP2C9 

and VKORC1 genetic polymorphisms on mean daily 

maintenance dose of acenocoumarol in South Indian patients. 

Thrombosis research, 131(4), 363-367. 

138. Thijssen, H. H., Flinois, J. P., & Beaune, P. H. (2000). 

Cytochrome P4502C9 is the principal catalyst of racemic 

acenocoumarol hydroxylation reactions in human liver 

microsomes. Drug metabolism and disposition, 28(11), 1284-

1290. 

139. Jung, J. C., & Park, O. S. (2009). Synthetic approaches and 

biological activities of 4-hydroxycoumarin derivatives. 

Molecules, 14(11), 4790-4803 

 

 

 

 

 

 

 

 

http://aditum.org/

