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HEPARIN ANTICOAGULANTS II: ORAL ANTICOAGULANTS 
 
 
 
I. Warfarin and the coumarin anticoagulants: 
 
 1. Only the coumarin derivatives are used in the U.S.  The warfarin, (Coumadin®), 

brand of oral anticoagulant is most widely prescribed.  
 

2. Prophylactic use: Prevention of thrombotic disorders 
 
 3. Therapeutic use: Treatment of established thrombus 
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Chemical structure of oral anticoagulants structurally similar to vitamin K (analogues). 
 

 
Warfarin sodium 

     

 
Vitamin K 
 

http://en.wikipedia.org/wiki.Vitamin_K 
 
Mechanism of action 

 
 All agents depress the formation of functional forms of factors II (prothrombin), VII, IX 

and X by inhibiting the carboxylation of glutamic acid in these proteins which is essential 
for Ca+2 binding. 
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Time course of vitamin K dependent factors after warfarin 

 
II. Dose: 
 
 1st day: 5 - 10 mg/d (Initial dosing). 
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 2nd day: 5 - 7 mg/d (maintenance). 
 
III. Route of administration: 
 

All are well absorbed orally  
 
IV. Fate: 
 

Long T½ of the oral anticoagulants, due to binding to plasma albumin (warfarin is about 
97% bound). 

 
V. Metabolism: 
 
 1. Dicumarol and warfarin are hydroxylated to inactive compounds by the hepatic 

endoplasmic reticulum.  
 
 2. Metabolism varies greatly in patients.   
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VI. Therapeutic monitoring of oral anticoagulant drugs: 
 

1. Warfarin depresses the functionality of vitamin K dependent factors (II, VII, IX 
and X).  Thus, it impairs the blood coagulation in the extrinsic pathway.  
Prothrombin time (PT) is used to monitor the anticoagulant effects of warfarin. 

 
2. A 1.5 time prolongation of the PT from the baseline is considered to be 

therapeutic.  For example, if a patient's baseline PT is 12 seconds, he is 
considered in the therapeutic range around 18 seconds. 

 
3. A patient with a lesser prolongation than 1.5 times the baseline is subtherapeutic 

and a dose increase may be necessary. 
 

4. Reagent based variations have been noted in the prothrombin time.  To obtain 
uniform degrees of anticoagulation, the concept of international normalized ratio 
(INR) has been introduced. 

 
INR =       PT (sec) patient        ISI 

PT (sec) mean normal control 
 

The INR can be used universally to adjust the level of anticoagulant in a given 
patient.  Thus it helps in the optimization of dosage. 

 
VII. Control of dose: 
 

Many factors affect the dose of the oral anticoagulants.  
 

 1. Nutrition 
 
   2. Anemia 
 
   3. Liver disease 
 
   4. Biliary obstruction 
 
   5. Drugs  
 
VIII. Drug interactions with warfarin: 
 
 1. Drugs cause warfarin potentiation: 
 
  a.  by causing vitamin K deficiency.  
 
  b. by displacing warfarin from protein binding sites.  
 
  c. by decreasing clotting-factor synthesis.  
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  d. by suppressing or competing for microsomal enzymes.  
 
  e. by having antiplatelet aggregating properties.  
 
 2. Drugs reported to cause inhibition of the anticoagulant action of warfarin: 
 
  a. by decreasing warfarin absorption.  
 

b. by enhancing warfarin metabolism.  
 
 
 

Drug or Drug Class Effect on Bleeding Mechanism 
Antibiotics 
 
Rafampin 

Increase 
 

Decrease 

Inhibition of vitamin K 
synthesis by inytestinal flora, 
inhibition of hepatic warfarin 
metabolism, or both 

Antifungal Increase Inhibition of CYP 2C9 
Antidepressants Increase Interference with primary 

hemostasis, some also inhibit 
CYP 2C9 

Antiplatelet agents Increase Interference with primary 
hemostasis 

Amidarone Increase Inhibition of CYP 2C9 
Anti-inflammatory agents Increase Direct mucosal injury, 

interference with primary 
hemostasis may also play a 
role 

Acetaminophen Increase Direct interference with 
vitamin K cycle 

Alternative remedies- 
Gingko biloba, dong quai, 
chamomile, St. John’s wort 

Increase/Decrease Multiple and often 
incompletely characterized 

   

. 
IX. Toxicity of Warfarin: 
 

1. Principal toxicity is a marked hypoprothrombinemia resulting in ecchymosis, 
purpura, hematuria, hemorrhage. 

 
2. All oral anticoagulants pass the placental barrier and may cause fetal 

malformation. 
 
 3. Warfarin also produces necrosis (Coumadin® induced necrosis).  This is basically 

due to the impairment of the functionality of protein C.  This protein also requires 
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- carboxylation of glutamic acid for functionality. 
 

4. Treatment of oral anticoagulant overdose. 
 

a. Replacement of 4 factors.  Infusion of whole fresh blood or frozen plasma. 
 

b. Recombinant factor VIIa 
 

c. Vitamin K 
 

X. Vitamin K: 
 

1. Naturally occurring fat-soluble vitamin found in green vegetables and synthesized 
by gut flora.  These agents are structurally similar to the oral anticoagulants. 

  
 2. Function of vitamin K: 
 
  a. Essential to the attachment of a calcium binding functional group to 

prothrombin protein (presence of -carboxyglutamic acid).  
 
  b. Required for the synthesis of coagulation factors (II, VII, IX and X). 
 
 3. Therapeutic use: 
 
  a. Drug induced hypoprothrombinemia - antidote.  
 
  b. Intestinal disorders and surgery (gastrectomy).  
 
  c. Hypoprothrombinemias of newborn.   
 
 4. Toxicity - remarkably non-toxic: 
 
   High doses sometimes cause hemolysis in infants (mainly water soluble 

vitamin K).  
 
XI. New Oral Anticoagulants* 
 

1. Anti-Xa agents 
 

a. Rivaroxaban (Xarelto) 
- Approved for prophylaxis and treatment of DVT 
- Also approved for stroke prevention in Atrial fibrillation  
- Renal clearance 65% 

b. Apixaban  
- Also approved for stroke prevention in Atrial fibrillation 
- Renal clearance 25% 
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2. Antithrombin agents 
 

a. Dabigatran 
- Also approved for stroke prevention in Atrial fibrillation  
- Renal clearance 100% 

 
 
 
 
 

Heparin vs. Warfarin 
 
 Heparin Warfarin 
Structure Large acidic polymer Small lipid-soluble 
Route of Administration IV, SC Oral 
Site of action Blood Liver 
Onset of action Rapid (seconds) Slow, limited by half-lives of 

normal clotting factors 
Mechanism of action Activates AT, which inhibits 

FXa and thrombin 
Impairs the synthesis of 
factors II, VII, IX and X (vit. 
K antagonist) 

Duration of action Acute (hours) Chronic (days) 
Inhibits coagulation in vitro Yes No 
Treat of acute overdose Protamine sulphate IV vitamin K and fresh frozen 

plasma 
Monitoring APTT (intrinsic pathway) PT/INR (extrinsic pathway) 
Crosses placenta No Yes 
 


