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Drugs affecting Coagulation 

Pharm-08B7/05A5 List the agents used to therapeutically reduce platelet function. Outline their 
mechanism of action, adverse effects, mode of elimination and duration of action  

1. Platelets: are small granulated cellular fragments which play an important role in haemostasis 
through 1o haemostasis (adhesion, activation, aggregated) and 2o haemostasis (activation of 
coagulation pathways).  

2. Platelet action: 
 
  

3. Antiplatelet agents: 
Agent Mechanism Adverse effects Elimination Duration  

Aspirin Irreversible blockade platelet 
COX-1  ↓TXA2  
TXA2 required for platelet 
adhesion, activation and 
aggregation. 
TXA2 causes vasodilation 
Reversible inhibition of COX1/2 
throughout body  

↓PGE2: gastritis, PUD 
↓PGI2: ↓renal BF, 
hypertension 
 
Salicylism 
Overdose: metabolic 
acidosis, respiratory 
alkalosis 

Hepatic: 
50% - salicyurate 
20% 
glucoronidation 
1st order at low 
dose  saturable 
 zero order. 
Urine excretion 

Platelet 
activity 
irreversible. 
Action for 
platelet life-
span = 7-10 
days. 

NSAIDs Reversible blockade platelet 
COX-1. Similar to aspirin. 

As above  Effect less 
due to 
reversible 
blockade. 

Clopidogrel Irreversible blockade of ADP 
receptor. 
Platelet activation  released 
ADP dense granules  autocrine 
binding stimulates expression 
GpIIb/IIIa receptors (via GqPCR 
 ↑Ca2+).  
Clopidogrel prevents platelet 
activation. 

Bone marrow 
suppression due to 
ADP receptor 
blockade  
neutropenia, TTP 
Bleeding 

Hepatic: 
Glucoronidation, 
carboxylation. 
Urine excretion 

Platelet 
activity 
irreversible. 
Action for 
platelet life-
span = 7-10 
days. 

Dipyridamole Multiple mechanisms: reversible 
- inhibit adenosine re-uptake  
↓ platelet adhesion 
- inhibits PDE  ↑cAMP  
blocks platelet activators (via 
↓Ca2+) 
- stimulates PGI2 release 

PGI2: Vasodilation, 
Hypotension 
Bleeding 

Hepatic: 
Glucoronidation 
Biliary excretion 

Short 
(reversible 
action) 

Abciximab, 
Tirofiban 

Blocks final common pathway of 
platelet aggregation  prevents 
linkage of platelets at GpIIb/IIIa 
receptor  cannot cross-link 
with fibrinogen.  
Abciximab is a monoclonal 
antibody. 

Allergy 
Thrombocytopenia 
Bleeding 

Abciximab 
unknown 
Tirofiban – renal 
65%, bile 35% 
excretion 

Abciximab 15 
days 
(irreversible) 
Tirofiban 15 
hours 
(reversible) 

Prostacyclin Eicosanoid produced by AA 
metabolism. 
Inhibits platelet adhesion, 
aggregation (via ↑cAMP  
↓Ca2+  ↓ release granular 
activators). 

PGI2: Vasodilation, 
Hypotension 
Bleeding 
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Dextran 
40/70 

Plasma volume expander 
polysaccharides 
Inhibition vWF  ↓platelet 
adhesion 
Provides an endothelial 
lubricating ‘barrier’ 

Fluid overload 
Allergy 
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Pharm-99A15/93/90 List the drugs used clinically as anti-coagulants and anti-thrombotics. Write 
short notes on the mechanisms of their actions 

1. Anticoagulants: drugs which inhibit the activation or propagation of the coagulation cascade 
(inhibit secondary haemostatic plug). 

 
Drug Mechanism 

Heparin Biological molecule produced by mast and endothelial cells, MW 5000-25000 Da 
Binds to AT-III  Heparin-ATIII complex ↑ activity 1000x fold. 
Inhibits intrinsic pathway: factors XIIa, XIa, IXa, Xa and factors IIa and VIIIa. 
Activity measured by APTT 
Reversed by protamine  Binds to heparin  prevents heparin binding to ATIII 

Clexane Synthesised derivative of heparin, MW 2000-8000 Da 
Binds to AT-III  Clexane-ATIII  selective ↑AT-III activity 
Inhibits factor Xa > IIa (4:1 affinity). 
Activity measured by factor Xa assay  more consistent biological activity than heparin 

Warfarin Coumarin derivative. 
Competitive inhibition of epoxide reductase: required for reduction (and activation) of 
Vitamin K in the liver. Vitamin K is a cofactor for hepatic synthesis factors II, VII, IX, X as well 
as protein C/S.  
Warfarin ↓ synthesis extrinsic pathway factors (VII), and alternative pathway (IX) and 
anticoagulant (protein C/S  initially prothrombotic due to short T1/2 APC). 
Activity measured by INR 
Reversal:  
immediate  new factors via FFP, prothrombinex 
Delayed: vitamin K 

 
2. Antithrombotics: drugs which inhibit platelet function (adhesion, activation and aggregation). 
 
Drug Mechanism 

Aspirin Irreversible blockade platelet COX-1  ↓TXA2  
TXA2 required for platelet adhesion, activation and aggregation. 
TXA2 causes vasodilation 
Reversible inhibition of COX1/2 throughout body  

NSAIDs Reversible blockade platelet COX-1. Similar to aspirin. 

Clopidogrel Irreversible blockade of ADP receptor. 
Platelet activation  released ADP dense granules  autocrine binding stimulates 
expression GpIIb/IIIa receptors (via GqPCR  ↑Ca2+).  
Clopidogrel prevents platelet activation. 

Dipyridamole Multiple mechanisms: reversible 
- inhibit adenosine re-uptake  ↓ platelet adhesion 
- inhibits PDE  ↑cAMP  blocks platelet activators (via ↓Ca2+) 
- stimulates PGI2 release 

Abciximab, 
Tirofiban 

Blocks final common pathway of platelet aggregation  prevents linkage of platelets at 
GpIIb/IIIa receptor  cannot cross-link with fibrinogen.  
Abciximab is a monoclonal antibody. 

Prostacyclin Eicosanoid produced by AA metabolism. 
Inhibits platelet adhesion, aggregation (via ↑cAMP  ↓Ca2+  ↓ release granular 
activators). 

Dextran 
40/70 

Plasma volume expander polysaccharides 
Inhibition vWF  ↓platelet adhesion 
Provides an endothelial lubricating ‘barrier’ 
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Pharm-04A8/98B14/95B4 Outline the chemistry of heparin. Describe the mechanism of action and 
list its toxic effects. 

1. Heparin is an endogenous anionic mucopolysaccharide organic acid with sulphate residues of 
variable molecular weight.   
 

Property Heparin Clexane 

Physiochemical  

Chemistry Mixture mucopolysaccharide polymers of 
variable weight 
MW = 5000-25000Da 
Endogenous molecule located in mast cells, 
endothelium, liver. 
Drug derived from bovine lung or porcine 
intestine. 

Synthetic derivative of heparin by removal of 
polymers.  
MW = 2000-8000Da 

Formulation 1000-25000IU/mL 
IU denotes heterogeneity of compound 

Low molecular weight 
10mg/mL 
More homogenous compound 

Use IV - ACS, PE/DVT, arterial occlusion, Prevent 
clotting of lines 
SC – VTE prophylaxis 

ACS, PE/DVT 
SC – VTE prophylaxis, ACS, PE 
 

Pharmacodynamic 

Dose 25000U loading 
1000U/hour titration aim APTT 1.5-2x control 
(60-90). 

1-1.5mg/kg daily 

Mechanism Binds ATIII  ↑ affinity and potency x 1000 
ATIII-heparin complex inactivates factors IIa, 
Xa, VIIIa, XIIa/Xia/IXa (in that order) 
↓ intrinsic pathway  ↓ thrombin  ↓ 
fibrin 

Binds ATIII  ↑ affinity and potency x 1000 
ATIII-clexane complex inactivates factor Xa 
(size-dependent blockade). 
↓ common pathway  ↓ thrombin  ↓ 
fibrin 

Side-effects: 
Predictable 
 
 
 
 
Idiosyncratic 

Beneficial – lipid lowering, anti-asthma 
Heparin 
Bleeding (risk: surgery, ICH, PUD) 
Low therapeutic index  monitor levels by APTT 
Clexane more predictable effect, less likely overdose, not usually monitored. 
 
Heparin > clexane (↑ affinity for PF4) 
Anaphylaxis (↑ risk bovine) 
Thrombocytopenia: 
- type I (30-40%): non-immune mediated, within 4 days therapy, quick recovery, minimal 
clinical significance 
- type II HITTS (5%): immune, 4-14 days, IgG mediated against PF4-heparin complex  platelet 
aggregation  thromboembolism  consumption thrombocytopenia.  
Endocrine: hypoaldosteronism 2-5%, osteoporosis (complex with minerals ↑LMWH), alopecia 
CVS: ↓MAP following rapid IV administration 

Reversal Protamine 1mg/1000U IV 
Binds to heparin  prevents heparin binding 
to ATIII 

Limited protamine effect 

Pharmacokinetic 

Absorption IV/SC administration SC administration 

Distribution Low VD 0.1L/kg, highly protein bound 
Do not cross BBB, placental barrier 

Low VD 0.1L/kg, highly protein bound 
Do not cross BBB, placental barrier 

Metabolism Heparinase in liver, kidney, RES Minimal 

Excretion Renal clearance Excreted unchanged kidney (renal failure) 
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T1/2 = 90min T1/2 = 3-6 hours 

Pharm-95A8 Describe the mechanism of action of protamine when used to reverse effects of heparin. 
Outline the side-effects of protamine  

1. Protamine sulphate is a basic protein prepared from fish sperm and is used in the reversal of 
unfractionated heparin. 
 

Property Protamine 

Physiochemical 

Chemical Basic protein with positive charge derived from fish sperm 

Formulation IV formulation 1mg vials 

Use Bleeding associated with heparin overdose 

Pharmacodynamic 

Dose IV 1mg/100units heparin 

Mechanism Positive charge  binds electrostatically to heparin  inactive protamine-heparin complex 
 heparin cannot bind to ATIII 
Cleared by RES 
Not effective in binding clexane (enoxaparin) 

Side-effects: 
CVS 
 
Immune 
Coagulation 

 
Hypotension, Dyspnoea, bradycardia, flush after rapid IV administration (Histamine) 
Pulmonary hypertension (activates complement, TXA release due to antigen presentation) 
Previous insulin-containing protamine or fish allergic  anaphylactoid 
Overdose protamine  anticoagulant effects 
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Pharm-02A15 Describe the mechanism of the anticoagulant effect of Coumadin derivatives and what 
determines the onset and offset of action 

1. Warfarin is the clinically used Coumarin anticoagulant drug.  
a. Uses: prophylaxis of VTE/DVT/PE, thrombus in AF, heart valves 
b. Presentation: 0.5/1/3/5mg tablets 
c. Isomers: racemic mixture 

 
2. Mechanism of action: prevents the synthesis of Vitamin K-dependent clotting factors II, VII, IX, X. 

a. The synthesis of clotting factors involves the oxidation of Vitamin K (γ-carboxylation of 
glutamic acid residues). 

b. Epoxide reductase returns Vitamin K to its reduced form to enable clotting factor 
synthesis to occur. 

c. Warfarin competitively inhibits Vitamin K epoxide reductase  prevents reduction of 
Vitamin K  depletion of Vit K co-factor for coagulation factor synthesis.  

d. Additionally inhibits protein C/S synthesis by this mechanism. 
 

3. Factors influencing onset: action determined by ↓ concentration of circulating factors due to ↓ 
synthesis. No effect on already synthesised factors.  

a. Onset activity = 1hour 
b. Peak activity = 8 hours 
c. Onset clinical effect = days 

 
Factor Mechanism 

Loading dose Higher dose  ↑ inhibition (competitive) of vitamin K  faster speed onset 

Vitamin K levels ↑ Vit K: tablets, food (spinach, beef, lettuce) 
↓ Vit K: chronic warfarin use, starvation (derived from food), fasting, liver failure 

Circulating factors Warfarin does not affect circulating factors, so depletion depends on factor T1/2. Thus 
warfarin is initially Procoagulant due to shorter T1/2 protein C+S  ↑ activity of factor 
Va, VIIIa. 
↓ factors: liver disease, peri-operative 

Factor T1/2 

VII 
IX 
X 
II 
Protein C 
Protein S 

6 hours 
24 hours 
40 hours 
60 hours   
14 hours 
42 hours 

Disease states Liver disease  ↑ speed onset 

Drug interaction Protein binding: ↓albumin  ↑ free warfarin  ↑ speed onset 
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Protein competition: other protein agents (phenytoin)  displace warfarin  ↑ free 
drug  ↑ speed action 
Hepatic inhibition: cimetidine  ↓ metabolism  ↑ warfarin  ↑ speed onset 
Hepatic induction: phenytoin  ↑ metabolism  ↓ warfarin  ↓ speed onset 
Pharmacodynamic: other anticoagulants / antiplatelets  ↑ bleeding effect 

 
4. Factors influencing offset: action determined by regeneration / resynthesis of circulating factors. 

 
Factor Mechanism 

Vitamin K Exogenous administration vitamin K – replenishes reduced substrate necessary for 
factor synthesis.  
PO: synthesis takes 6-12 hours 
IV: synthesis takes 1-2 hours 
Liver disease will ↓ rate and extent of synthesis (↑ time of offsest) 

Circulating factors Exogenous administration of factors in FFP, prothrombinex (cryoprecipitate factors II, IX, 
X) 
Coagulation effect within minutes 

Drug interactions Hepatic induction: phenytoin  ↑ metabolism  ↓ warfarin  ↑ speed offset 

Disease Liver disease  ↓ resynthesis clotting factors  ↓ speed offset 

 
EXTRA-NOTES 
5. Pharmacokinetic warfarin interactions 
 
Pharmacokinetic Warfarin 

Absorption Well absorbed orally through bile, F = 95% 
↓ warfarin absorption include cholestyramine 
↓  GI absorption/synthesis of Vit K which may potentiate warfarin (antibiotics) 

Distribution Protein binding 99%, VD = 0.1L/kg (small) 
Competition for plasma albumin binding sites  transient increases in free warfarin. E.g. 
NSAIDs 

Metabolism Hepatic C450 enzymes 
Hepatic inhibition: compete for metabolism enzyme  ↓ metabolism and prolonging 
INR.  
E.g. Antifungals, macrolide antibiotics, ciprofloxacin, amiodarone, cimetidine 
Hepatic induction: ↑ metabolism of warfarin  ↓ activity, INR.  
E.g. phenytoin, carbamezapine, barbiturates, steroids, pioglitazone, rifampicin. 
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Pharm-95A10 Outline the importance of vitamin K and the factors determining its uptake 

1. Vitamin K is a naturally occurring fat-soluble vitamin. 
a. Sources:  

i. diet liver, red meat, lettuce, spinach 
ii. GI bacteria synthesis (majority of Vit K stores) 

b. Formulation: 
i. PO 1mg tablets 

ii. IV 10mg vial with saline infusion 
 

2. Use: extrinsic pathway abnormalities: 
a. Liver disease (mild) – relative lack vitamin K 
b. Biliary disease – lack absorption of dietary vitamin K 
c. Newborn babies – deficient Vit K for 6-8 days 
d. Warfarin overdose 

 
3. Mechanism: replenishes reduced vitamin K. This is needed as a cofactor for hepatic synthesis of 

clotting factors II, VII, IX, X. This involves the oxidation of vitamin K via γ-carboxylation of 
glutamic acid residues. The action of vitamin K requires adequate liver function for this reaction 
to occur. Thus it is ineffective in end-stage liver cirrhosis.  

 
4. Factors affecting uptake: 
Factor Description 

Biliary obstruction ↓ Bile sats  inability to emulsify and absorb lipids through micelles  ↓ 
absorption fat soluble vitamins. 

Liver disease ↓ Production of bile. 
Given prophylactically IV 4-8 hours pre-operatively to stimulate synthesis 

Antibiotics Intestinal bacteria produce vitamin K  
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Pharm-07B2 Outline the important pharmacological considerations when stopping warfarin and 
commencing prophylactic (low dose) low molecular weight heparin (LMWH) in the peri-operative 
period.  

1. The use of clexane (LMWH) in place of warfarin in the peri-operative period is implemented in 
order to balance the risks of thromboembolism with bleeding in the peri-operative period, in 
patients on chronic warfarin treatment. 

2. Considerations stopping warfarin: 

Consideration Warfarin 

Pharmaceutical Coumarin derivative 

Use Prevention in patients at risk of: 
- thromboembolism in AF, heart valve replacement 
- VTE, DVT, PE 

Mechanism Inhibits synthesis of vitamin K dependent factors II,VII, IX, X (extrinsic pathway) 
Acts by competitive inhibition of epoxide reductase (↓ reduced Vitamin K required for 
factor synthesis via γ-carboxylation of glutamate residues). 

Duration action Long-acting drug metabolised liver, T1/2 = 40 hours. 
Offset dependent on: 
- clearance of warfarin  
- hepatic production of new factors  takes 3-5 days to synthesis factors at their normal 
blood concentrations 
Thus, stop warfarin at least 5 days pre-op.  

↑ duration ↓ liver synthesis: liver disease 
↓ Vit K: starvation, antibiotics, steatorrhoea 
↑ warfarin levels: ↓ albumin, liver disease 
drug interactions: enzyme inhibition (cimetidine, anti-fungals), protein displacement 
(amiodarone) 

Monitoring INR: therapeutic 2-3, normal 1 
Check the day before surgery, If elevated  reversal 

Complications Bleeding peri-operatively  

Reversal Vitamin K: PO – 6-12 hours, IV 1-2 hours  difficulty re-warfarinising post-op 
FFP, prothrombinex: rapid  transfusion risk 

Post-operative Restart when minimal surgical risk of bleeding 
Inhibits synthesis of protein C/S which have shorter T1/2  hypercoagulable for 1-2 days 
 start under clexane cover until INR therapeutic. 

3. Considerations starting clexane 

Consideration Clexane (LMWH) 

Pharmaceutical Synthetic derivative of unfractionated heparin with removal of polymers.  MW 2000-8000 
Da 

Use Short-term prophylaxis of thromboembolism, DVT/PE in chronic warfarin patients. 
Commence 2-3 days after ceasing warfarin 
therapeutic 1.5mg/kg daily, (prophylaxis 40mg daily)  home use SC administration 

Mechanism Binds ATIII  clexane-ATIII complex inactivates factor Xa  ↓ common coagulation 
pathway (enhances AT-III action x 1000) 

Onset action Immediate (does affect circulating factor Xa) 

Duration action T1/2 = 3-6 hours, duration 12 hours. 

↓ Dose Renal impairment 

Monitoring Nil – consistent therapeutic effects, wider therapeutic window 

Complications Bleeding peri-operatively 

Reversal Nil readily available. Protamine is sometimes trialled. 
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Peri-operative Last dose minimum 12 hours pre-op. Continue post-op until INR therapeutic 

 


