
Pharm-02A15 Describe the mechanism of the anticoagulant effect of coumarin 
derivatives and what determines the onset and offset of action. 
 
Background 
 
Most commonly used coumarin derivative = warfarin 
 
Mechanism of action 
 
Warfarin is a competitive antagonist of hepatic vitamin K epoxide reductase (VKOR) 
 
VKOR catalyses the recycling of oxidised vitamin K back to its reduced form 
 
Reduced vitamin K is involved in γ-carboxylation of glutamine residues of factors 2, 
7, 9 and 10 ! which is necessary in producing their active forms 
 
∴ warfarin inhibits the synthesis of clotting factors 2, 7, 9 and 10 ! anticoagulant 
effect 
 
Vitamin K also essential in the synthesis of regulatory proteins C and S 
 
Onset of Action 
 
After oral dose of warfarin ! peak plasma concentration in 4 ~ 8 hours 
 
Warfarin inhibits synthesis of new clotting factors without inhibiting the action of 
clotting factors that are already formed 
∴ onset of action determined by biological half lives of clotting factors 
 
Protein C has relatively short half life (8 hrs) 
Factor II (2 ~ 3 days) and X (1 ~ 2 days) have longer half lives 
 
∴ warfarin produces an initial hypercoagulable state (1 ~ 2 days) before onset of 
anticoagulant effect (3 ~ 5 days) 
 
Factors affecting onset include: 

- vitamin K store: lower store (e.g. post-op, malnutrition) ! faster onset 
- circulating factors: less circulating factors (e.g. liver failure, inter-individual 

variability) ! faster onset 
- warfarin dose: larger dose (e.g. initial loading dose) ! faster onset 
- drug interactions: liver enzyme inducers (! slower onset; liver enzyme 

inhibitors ! faster onset 
- protein binding: warfarin has high protein binding, drugs that displace 

warfarin from albumin (e.g. NSAIDs) ! faster onset 
- protein level: ↓[albumin] ! ↑free warfarin ! faster onset 

 
Offset of Action 
 
Warfarin is metabolised by the liver 
When level of warfarin falls or level of vitamin K rises ! offset of action 



 
Factors affecting offset include: 

- above factors governing onset also affects warfarin offset 
- vitamin K level: high vitamin K diet, exogenous vitamin K ! faster offset 
- clotting factor level: giving fresh frozen plasma or prothrombinex ! increase 

circulating clotting factors ! faster offset 
 
Examiner’s comments - 45 % of candidates achieved a pass. 
 
Most candidates indicated that the anticoagulant effect of coumarin is mediated via 
vitamin K antagonism and inhibition. However, most candidates failed to describe 
the nature of this antagonism (competitive) at therapeutic levels and also to mention 
the coumarin sensitive step in the recycling of vitamin K and its role in the 
carboxylation of glutamic acid residues to produce biologically competent factors. 
 
An understanding of the different half-life of vitamin K dependent factors, II, VII, 
IX, X and protein C and S, was essential to explain the delayed onset of action of 
coumarins. The time to peak plasma levels and its relation to biological effect were 
often omitted. 
 
Coumarin appears in the plasma after 1 hour and peaks in 4 to 8 hours after an 
oral dose but the biological effect takes 3 to 5 days to manifest. 
Important and clinically relevant determinants of onset were rarely mentioned. The 
effect of loading dose, age sensitivity, postoperative relative vitamin K deficiency, 
level of coagulation factors and albumin levels should have been included. The 
effect of congenitally high levels of coagulation factors, disease states, enzyme 
induction, ingestion of vitamin K rich food could have been included but were 
rarely mentioned. Most candidates however, identified external supplementation of 
vitamin K and fresh plasma as ways of accelerating offset of coumarin effect. 
Most candidates mentioned INR as a monitor for warfarin therapy; some gave 
unnecessary details of INR levels needed for different indications. 
 


