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Anticoagulant drugs

 Introduction
Drugs used to anticoagulate blood 
for the treatment of thrombosis and 
for surgical indications.

J. McClean

Discoverer of 
Heparins
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Heparin
 Naturally occurring anticoagulant found 

in the granules of mast cells along with 
histamine and serotonin.

 Chemistry.  Heparin is a strongly acidic 
(highly ionized) mucopolysaccharide 
composed of repeating units of sulfated 
glucuronic acid and sulfated 
glucosamine.

Molecular Heterogeneity of 
Heparin

High molecular weight
Medium molecular weight
Low molecular weight

MW varies from
2,000 - 40,000 DA

CHEMICAL STRUCTURE OF A HEPARIN OLIGOSACCHARIDE UNIT
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All Swine are Not the Same

Variations in heparin composition are noted between species.

Heparin
Source

 Extracted from tissues rich in mast cells (beef 
lung and porcine intestine).

Standardization
 Because of variability in its molecular 

composition, heparin is assayed and compared 
using a USP reference standard using an anti-Xa 
and anti-IIa method.

Heparin(continued)

 1 mg of heparin should be equivalent 
to approximately 120 USP units
(12g = 1unit) 
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Actions of Heparin

 Inhibits the action of activated factor Xa 
and factor IIa (Thrombin).

 Inhibits the action of several other serine 
protease enzymes (XIIa, XIa).

 Inhibits the aggregation of platelets (at 
high concentration).

Heparin: MOA

Heparin binds to AT III and induces a conformational change in AT 
III resulting in 1000x greater binding affinity to clotting factor 
proteases. 

Actions of Heparin

 Plasma clearing effect. Turbid plasma is 
rapidly cleared of fat chylomicrons by a 
release of lipase from the blood vessels.

 Binds to vascular lining and neutralizes 
the positive charge.

 Causes a release of Tissue Factor 
Pathway Inhibitor (TFPI).



5

Heparin Preparations

 Mucosal heparin
- sheep (rarely used)
- porcine (derived from pig intestine)

 Different salts of heparin (Na+, Ca+2)

Route of Administration

 Intravenous and Subcutaneous
 Not absorbed via oral or rectal route. 

Heparin is highly charged at all pH’s. 

Therapeutic Monitoring 

 There is a poor correlation between the 
dose of heparin and weight of the patient.  
The anticoagulant effect is carefully 
monitored using the APTT.

 The therapeutic range is achieved when the 
APTT is 2.0-2.5 times baseline.

Example.  Patients baseline 28.0 secs.
Therapeutic range for APTT is 56-70secs
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Metabolism

 20-25% of heparin is excreted in 
urine

 Some heparin is picked up by mast 
cells

 Endothelium is able to bind heparin
 Metabolized in liver by heparinase 

into small components

Duration of Action

Biologic T 1/2 of intravenous heparin is 
1-3 hours, depending on the dose.  
Onset of action is 5-10 minutes (as 
measured by APTT method).

Duration of Action

The pharmacokinetics of heparin is dose dependent.
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Endogenous modulators of 
heparin action

 AT(main heparin co-factor)
 Heparin cofactor II (second cofactor)
 Tissue Factor Pathway Inhibitor (TFPI)
 Platelet factor 4 (heparin neutralizing 

protein)

Side Effects of Heparin
 Hemorrhagic complications

Adrenal, gut, etc.
 Heparin induced thrombocytopenia

and heparin induced thrombosis.
– Generation of antiheparin platelet 

factor 4 antibodies.  These antibodies 
activate platelets and endothelial cells.

Heparin Induced Thrombocytopenia

A catastrophic adverse effect of heparin therapy.
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Generation of Multiple Antibodies 
with Heparin

+

Heparin

PF-4

Heparin-PF-4
Complex 

Side Effects of Heparin
 Osteoporotic manifestation with 

spontaneous fracture following 
chronic administration and large 
doses.

 Alopecia (loss of hair) 
– Long term usage

Clinical Use of Heparin
 Therapeutic anticoagulation
 Surgical anticoagulation
 Prophylactic anticoagulation
 Unstable angina and related 

coronary syndromes
 Adjunct therapy with thrombolytic 

drugs
 Thrombotic and ischemic stroke
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Compare the two legs, color, swelling and vascular deficit.
Typical of DVT (deep venous thrombosis).

Protamine Sulfate and 
Heparin Neutralization

 Protamine is a powerful heparin 
antagonist.  It has a low molecular weight 
and is a highly basic protein found in the 
sperm of certain fish.

 It combines with strongly acidic heparin
to form a stable salt with loss of 
anticoagulant activity.

Protamine Sulfate and Heparin 
Neutralization (continued)

 Available as a 1% solution and generally 
used on a weight basis.

 One USP unit of heparin is neutralized by 
10 g of protamine (2500 units of heparin 
is neutralized by 25 mg of protamine). 

 Intravenous injection of protamine may 
cause the following:
Fall in blood pressure
Bradycardia
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Protamine Sulfate and Heparin 
Neutralization (continued)

 Question related to protamine neutralization.
A patient was initially administered with 25,000 
units of heparin for a surgical procedure.  Forty 
minutes after the surgical procedure, he was 
administered with an additional 10,000 units of 
heparin.  The surgical procedure was completed 
in 100 minutes and the patient was found to 
have 8700 units of heparin in his circulation.  
How much protamine is needed to neutralize 
this circulating heparin?

A. 87 mg
B. 807 mg
C. 870 mg
D. 8700 mg
E. 0.87 mg

Coronary 
Clot

Low Molecular Weight 
Heparins & Synthetic 

Heparin Pentasaccharide
 Prepared by fractionation or 

depolymerization of native heparin.
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Structure of Chemically Synthesized 
Heparin Pentasaccharide
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LOW MOLECULAR WEIGHT HEPARINS

Low Molecular Weight 
Heparins

 Bioavailability of low molecular 
weight heparins after subcutaneous 
administration
Low molecular weight heparins are 
bioavailable at 100% whereas 
heparin has a limited bioavailability 
(<30%)
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Clinical Advantages of LMW 
Heparins

 Better bioavailability
 Longer duration of action
 Less bleeding
 Lesser thrombocytopenia

Clinical Use:

 Prophylaxis of  DVT 
 Treatment of  DVT 
 Management of acute coronary 

syndromes
 Other uses such as anticoagulation 

for surgical and interventional 
cardiovascular procedures

Generic Low Molecular 
Weight Heparins

 Enoxaparin- Sandoz has been 
approved for same indications as 
the branded enoxaparin.

 There is a second generic 
enoxaparin from Amphastar that 
was released.
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Antithrombin- Concentrates 
(AT)

 1.  Antithrombin-concentrate is used 
to treat patients with acquired or 
congenital antithrombin-deficiency 
AT is also useful in sepsis and 
disseminated intravascular 
coagulation

Medicinal 
Leech
Hirudo 
Medicinalis

Hirudin is a protein from the saliva of the medicinal 
leech (Hirudo medicinalis) which contains several 
pharmacologically active substances.
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Hirudin: Thrombin Inhibitor
(65 amino acids)

Currently r-hirudin is used in the anticoagulant 
management of heparin induced 
thrombocytopenic patients.  A commercial 
preparation, namely, refludan is available for 
clinical use.

.

Argatroban: Thrombin Inhibitor
(arginine derivative)

Argatroban is a synthetic anti-thrombin agent which is 
currently used as an anticoagulant in patients who can not 
be treated with heparin, special usage in the management 
of heparin induced thrombocytopenia.

Bivalirudin (Angiomax®): 
Thrombin Inhibitor

Bivalirudin (Angiomax®) is a synthetic antithrombin 
agent.  This agent is a hybrid molecule between a 
component of hirudin and a tripeptide.  This drug is 
approved for PTCA anticoagulation.
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DRUG MECHANISM OF 
ACTION

ROUTE OF 
ADMINISTRATION

INDICATIONS SIDE EFFECTS

Heparin Complex with AT and 
inhibits factors Xa and IIa. 
Monitored by APTT (2-2.5 
baseline therapeutic)

Mainly intravenous and also 
given subcutaneous

Surgical Anticoagulation Bleeding, HIT, osteoporosis,  
alopecia

Low Molecular Weight 
Heparins
(Branded and Generic)

Complex with AT and 
inhibits factors Xa and 
IIa-Monitored by anti-
Xa

Subcutaneous Prophylaxis and 
Treatment of DVT and 
ACS

Bleeding

Fondaparinux
(Pentasaccharide)

Complex with AT 
and inhibits factor 
Xa

Subcutaneous Management of DVT Bleeding

Argatroban Inhibits IIa Intravenous Anticoagulant 
management of HIT 
patients

Bleeding

Bivalirudin
Inhibits IIa Intravenous Anticoagulant 

management of HIT 
patients

Bleeding

Hirudin
Inhibits IIa Intravenous Anticoagulant 

management of HIT 
patients

Bleeding

Antithrombin 
Concentrate

Inhibits IIa Intravenous DIC, sepsis, 
thrombophilia, 
hypercoagulable state

None

Protamine Sulfate
Heparin antagonist Intravenous Reversal for Heparin Bradycardia, hypotension

Heparin Anticoagulants I
Important Points to Remember


