Pharmacology of Blood – Targeting the Coagulation Cascade
Remember, the intrinsic system is activated by platelet phospholipids, and is measured by APTT.
The extrinsic system is activated by tissue factor and thromboplastin, and is measured by PT.

Endogenous anticoagulants include:


--prostacyclin (PGI2), which inhibits platelet aggregation


--antithrombin, which acts like α1-antitrypsin to interfere with intrinsic/common pathways

--heparan sulfate, which is on endothelial cells and acts like heparin

--Protein C, which works with Protein S to degrade Factors Va and VIIIa

Exogenous anticoagulant therapies:

--heparin and coumarins (such as warfarin) are used to prevent and treat thrombus

--thrombolytics are used to dissolve thrombus
Coumarin anticoagulants
Warfarin is one of the coumarin anticoagulants.

The mechanism of action is to antagonize Vitamin K.


Vitamin K is required for synthesis of Factors II, VII, IX, X, as well as Protein C and S.


Vitamin K helps put γ-carboxy amino acids on these factors, which they use to bind to 
platelet phospholipids.
Coumarins specifically block the reduction of Vitamin K, inducing a Vitamin K deficiency.

This decreases synthesis of Vitamin K-dependent coag factors, and also reduces the activity of 
those that are produced.
99% of warfarin is bound to albumin and isn’t active.

Coumarin anticoagulants affect both the intrinsic and extrinsic pathway, and affects both APTT 
and PT.  Most labs measure the drug effect using the International Normalized Ratio (INR).
Achieving steady state takes a long time so dose escalation must be conservative.

Warfarin’s effects are antagonized by induction of drug metabolism (by barbiturates) and 
increased clotting factor production (by Vitamin K and oral contraceptives).
Warfarin’s effects are enhanced by low Vitamin K absorption (by antibiotics) and displacement 
of drug from albumin (by salicylates).
Toxicities of Warfarin:
1.  Bleeding.


Antidotes include transfusing fresh frozen plasma (to replace coag factors) or high-dose 
Vitamin K supplementation.

2.  Teratogenicity.


Warfarin strictly not allowed during pregnancy.

Heparin
Heparin has variable molecular weights.
Its main mechanism of action is to greatly augment antithrombin activity.

Heparin mostly inhibits the intrinsic pathway, so APTT is prolonged much more than the PT.

The T1/2 depends on the loading dose.  This is weird.  The greater the loading, the longer the T1/2.  
This is called dose-dependent pharmacokinetics.
Therapeutic monitoring is necessary, due to the risk of bleeding, thrombocytopenia, and alopecia. 

To counteract bleeding from heparin:

1.  Stop therapy.

2.  Protamine will reverse the effects of heparin.  But protamine can cause anaphylaxis and 
hyper-coagulation.  Protamine often induces anaphylaxis in diabetics on NPH insulin.
Low-molecular-weight heparin
Low-molecular-weight heparin inhibits Factor Xa but not IIa.  It does not prolong the APTT.
It is better at preventing DVT but equivalent for treating DVT.
LMW heparin therapy does not require therapeutic monitoring.

Thrombolytic drugs
The endogenous system uses plasmin to digest fibrin clots.  Plasminogen is activated by tissue 
plasminogen activator (tPA) to plasmin.  α2-antiplasmin will inactivate plasmin, 
preventing systemic clot lysis.  tPA is also tightly regulated to prevent a lytic state.
1.  Streptokinase activates plasminogen, creating lots of plasmin to digest clots.  The best drug 
to try first, but can’t be used repeatedly because it is immunogenic.
2.  Urokinase activates plasminogen as well.  It acts much like tPA.

3.  Recombinant tPA.  Much more active on fibrin-bound plasminogen than free plasminogen.  
This provides good specificity for thrombi, but bleeding and systemic lysis is still a 
dangerous side effect.  Very short T1/2 and severe toxicities including bleeding, increased 
circulating vWF, and thrombocytopenia.

Also, rtPA is associated with a small risk of intracranial bleeding.
Procoagulant drugs
1.  Aminocaproic acid prevents plasminogen and plasmin from binding to fibrin.  One obvious 
side effect is the rist of thrombus formation.
2.  Desmopressin (DDAVP) promotes release of Factor VIII and vWF by endothelial cells.  
Often used to treat vWD, mild hemophilia, or platelet.
