
Pharm-11B5 Describe the mechanism of action of protamine when used to 
reverse the effects of heparin. Outline the side effects of protamine. 
 
Background 
 
Protamine sulfate is a basic protein specifically used for the reversal of unfractionated 
heparin 
 
Mechanism 
 
Protamine is positively charged ! electrostatically binds to negatively charged 
heparin ! forms stable inactive protamine-heparin salt complex ! prevents heparin 
binding to antithrombin III ! complex is cleared by reticuloendothelial system 
 
More effective reversal of anti-IIa effect than anti-Xa effect 
∴ less effective at reversing low molecular weight heparin 
 
Dose 
 
Intravenous 1 mg protamine ! reverse 100 units of intravenous heparin 
Reversal within 5 minutes 
 
Side effects 
 
CVS 
Hypotension – due to histamine release (esp. when given rapidly) 
Pulmonary hypertension – due to complement activation and thromboxane release 
Direct myocardial depressant 
Vasodilation ! flushing 
 
RESP 
Non-cardiogenic pulmonary oedema – thromboxane mediated 
Bronchospasm 
 
IMMUNE 
Anaphylactoid/anaphylaxis – possible cross reactivity with protamine containing 
insulin 
 
BLOOD 
Anticoagulation – if dose given in excess of that required to reverse heparin 
 
OTHER 
Incompatibility with certain antibiotics (including cephalosporins/penicillins) 
May increase duration of non-depolarising neuromuscular blocking agents 
 
Examiner’s comments 
 
Candidates were required to describe the mechanism of a basic cationic binding 
protein combining with an acidic anionic compound to form a stable salt 
complex including some indication of relative doses required and the time course of 



the drugs actions. Higher marks were awarded for explanations of why excessive 
doses may cause hypocoagulability and the inconsistent reversal of Xa activity. 
 
Side effects which required outlining were not only that it causes allergy but the types 
of allergy caused and the side effects that would be observed because of it. Similarly 
hypotension either due to rapid infusion or IgE mediated effects, the problems of 
thromboxane mediated pulmonary oedema and pulmonary vasoconstriction and 
the phenomenon of heparin rebound attracted higher marks. 
 


