Pharmacology: Thrombus

Thrombosis

Thrombosis is the pathological phase, which leads to thrombus formation. 

Virchow’s triad of thrombosis:

· Any one of the following factors will increase your predisposition to forming a thrombus through a process called thrombosis:

· Vessel wall injury

· Excessive blood coagulation

· Altered blood flow

Thrombus formation can occur in the arterial side or the venous side each having its own effects on the homeostasis. 

Arterial Thrombus:

· White thrombus: a fibrin mesh is formed with mainly leukocytes (WBC’s), and platelets. 

· Disturbance of blood flow

· Leads to ischaemia which can ultimately lead to death

Venous Thrombus:

· Red Thrombus: this can break away into smaller thrombi and can embolise in another location

· Common locations of lodgement is: pulmonary circulation, brain or carotid arteries. 

Consequences of Thrombosis

· If a thrombus occurs in your deep veins, it can cause DVT which embolise to your lungs, brain or heart ( leading to stroke, MI or PE

· The treatments of the different type of thrombi are as follows:

· Arterial Thrombus
· Antiplatelets (e.g.: aspirin): act by decreasing formation of thromboxane and increasing formation of prostacyclins

· Fibrinolytic drugs: act on the fibrinolysis pathway. 

· Venous Thrombus
· Oral anticoagulants (e.g.: warfarin)

· Injected anticoagulants (e.g.: heparin or thrombin inhibitors)

Arterial Thrombus Formation (Platetlets and Platelet aggregation)

· Mechanism of thrombus formation:
· Integrity of vascular endothelium is breached

· Subendothelial proteins are exposed, these include: von Willebrand factor, collagen and fibronectin

· These interact and bind to glycoprotein receptors on cell surface of non-activated platelets. 

· Results in adherence of platelets over the breached area of endothelium

· Platelet aggregating causes release of substance in vesicles, this causes further enhancement of coagulation cascade ( eventually leads to deposition of fibrin thrombus and inhibition of fibrinolysis. 

· Activated glycoprotein receptors bind to fibrinogen, this cross links between platelets and platelet aggregation occurs. 

· Substances such as: adrenaline, thrombin, collage and ADP enhance platelet aggregation by increasing intracellular calcium levels. 

· Increase in platelet calcium levels, increases intracellular arachidonic acid (precursor to thromboxane A2), this further enhances expression of glycoprotein receptors on inactivated platelet cell surface. 

· Thromboxane A2 also (in addition to enhancing platelet aggregation) causes release of further vesicles which have an effect on thrombus formation 

· Further vesicles include: ADP, serotonin, effects include:

· Inhibit prostacyclin production ( enhances platelet aggregation

· Neutralise heparin produced by cells ( enhances coagulation cascade

· Ultimately induce further platelet aggregation

Antiplatelet Drugs

We have established how platelet aggregation occurs and the pathway is established in the lecture notes and in Rang and Dale, we should now look at each antiplatelet and its mechanism of action. 

Aspirin

· Mechanism of action
· Arachidonic acid is the precursor to TXA2
· COX 1-2 are produced by platelets

· Arachidonic acid is converted to TXA2 and also Leukotrienes. 

· Aspirin works by inhibiting cyclo-oxygenase (enzyme) in platelets 

· Decreases platelet TXA2 formation ( reduces platelet aggregation

· This does not completely inhibit platelet aggregation because other pathways exist. 

· Acts irreversibly of COX enzyme

· Dosages required to produce antiplatelet action is lower than that required for analgesic effects

· Clinical uses
· Prevention of embolic stroke and ischaemic attacks (i.e.: acute MI)

· After bypass surgery as a preventative measure

· High risk MI patients

· Atrial fibrillation

Dipyridamole

· Mechanism of action
· Inhibits phosphodiesterase enzyme, increasing intracellular cAMP levels

· In platelets, this decreases activation and expression of glycoprotein receptors on cell surface

· Glycoprotein receptors bind to fibrinogen ( cross linking occurs ( platelet aggregation occurs therefore decreased expression means decreased platelet aggregation

· Also reduces cellular uptake of adenosine ( adenosine released when tissue is hypoxic. 

· More adenosine present ( acts on receptors present in small resistance coronary arteries to produce vasodilation

· Pharmacokinetics
· Incompletely absorbed from gut and metabolised by liver. 

· Intermediate half life

· Unwanted effects
· Headache

Clopidogrel & Ticlopidine

· Mechanism of action
· Remember ADP causes increased intracellular Ca2+ levels. This causes change in shape of platelet exposing more glycoprotein receptors for fibrinogen to bind to.

· These drugs inhibits purinergic P2 receptors for ADP, no effect on Ca2+ levels and therefore exposure of glycoprotein receptors.

· Decreased expression means decreased fibrinogen binding, decreased cross linking and decreased platelet aggregation

· Pharmacokinetics
· Slow onset of action

· 3-7 days to reach maximal effect

· Well absorbed from gut, activated by liver metabolism

· Intermediate half life, further metabolism occurs to inactivate derivatives of first metabolism
· Unwanted effects

· Bleeding (risks are lower than for other drugs)
· Rash
· GI upset
· Diarrhoea
Glycoprotein IIb/IIa receptor antagonists

· Drugs include: abciximab

· Mechanism of action
· Fibrinogen binds to glycoprotein receptors expressed on platelet cell surface and causes platelet aggregation (Waller Fig 11.12 nicely explains this). 

· If these receptors are inhibited, then we have no fibrinogen binding, no cross linking, no platelet aggregation. 

· The reason for this drug working efficiently is that it blocks off 90% of total platelet aggregation because it works at the final common pathway of platelet aggregation. This is said to more “potent”. 

· It is a monoclonal antibody and binds to these receptors ( decreased platelet aggregation

· Pharmacokinetics
· Abciximab must be given IV ( initial bolus ( continuous infusion

· Unwanted effects
· Increased risk of bleeding

· Thrombocytopenia: decreased no. of platelets circulating in blood ( unknown mechanism

Fibrinolytic Drugs

Fibrinolytic system (Fig: 11.4 Pg 163 of Waller)

This is the physiological mechanism by which the fibrin meshwork, which is formed during thrombus formation, is dissolved. How does this occur:

· Remember fibrinogen binds to glycoprotein receptors and causes aggregation of platelets. 

· Circulating plasminogen is activated by tissue plasminogen activator (t-PA), and this cleaves plasminogen ( plasmin. 

· Plasmin breaks up fibrinogen and fibrin into degradation products ( this causes breakdown of the meshwork ( breakdown of the clot ( clot lysis. 

· The action of plasmin is regulated by anti-plasmins, this is important if the blood clot is serving a positive function (i.e.: closure of breached vessel).

· Drugs include: streptokinase, recombinant t-PA, urokinase, altepase, anistreplase

· Mechanism of action

· Main mechanism is to activate plasminogen and cause fibrinolysis
· R-TA is a genetically engineered copy of natural substance
· Urokinase is a natural tissue plasminogen activator derived from urine or kidney cell culture.
· Streptokinase is obtained from haemolytic streptococci (bacteria)
· Inactive until forming a complex with circulating plasminogen
· Result ( streptokinase-plasminogen activator complex (similar to tissue plasminogen activator in normal fibrinolytic process). 
· Anistreplase is a pre-formed streptokinase-plasminogen activator complex
· The effect of any thrombolytic agent is dependent of age of thrombus and surface area exposed (i.e.: more SA ( more space to act on)
· Pharmacokinetics

· Streptokinase
· After four days we produce anti-streptococcal antibodies
· This is why it is only used once in a lifetime to achieve full potency ( second usage implies antibodies already generated to streptococci
· Alteplase, duteplase and reteplase
· IV infusion due to short half life
· Slower elimination facilitating bolus administration (i.e.: to achieve longer duration of action)
· Unwanted effects

· Streptokinase
· Low grade fever
· Excess plasmin formation ( generates kinins ( dilatation of vessels ( hypotension
· Bleeding
· Allergic reactions
· Stroke, GI haemorrhage 
· Alteplase, duetplase, reteplase
· Bleeding, GI haemorrhage and stroke
Anti-fibrinolytics

· Drugs include: tranexameic acid, aprotinin

· Mechanism of action
· Main mechanism of to inhibit activation of plasminogen 

· The main process if to cause less fibrinolysis

· This is done by binding to the site where fibrin binds to plasmin

· Aprotinin also:

· Inhibits plasma kallikrein

· Kallikrein is involved in amplification of coagulation cascade

· Therefore aprotinin is involved in antifibrinolysis and anticoagulation 

Anti-coagulatant Agents

Blood coagulation

To understand the function of anticoagulant agents, we need to understand the coagulation cascade in simple steps:

· Ultimately leads to generation of thrombin

· Once sufficient thrombin is present ( fibrinogen is converted to fibrin gel

· Two pathways for the activating the clotting factors:

· Extrinsic system:

· Damaged tissue releases thromboplastin and this is activated rapidly within minutes

· Intrinsic system:

· Activated by contact of blood with negative charged substance such as subendothelial collagen ( activation is delayed for more than 10 minutes 

Heparin – IV anticoagulant
· Mechanism of action
· Heparin forms complex with circulating anti-thrombin

· Anti-thrombin III is activated by complex formation

· Complex interacts with and neutralises activated clotting factors

· Heparin can also bind to thrombin --> inactivating it (also inactivates factor Xa) --> then form a tertiary complex with antithrombin

· LMWH binds only to factor Xa

· Pharmacokinetics
· First order kinetics

· Given IV --> not absorbed by GIT

· Unwanted effects
· Haemorrhage

· Osteoporosis

· Thrombocytopenia – low level circulating plasma cells

Warfarin – oral anticoagulant

· Mechanism of action
· Main mechanism is to act as antagonists of Vitamin K

· Inhibits hepatic reductase enzyme that converts vitamin K to its active form

· Hepatic synthesis of vitamin K dependent clotting factors (such as: II, VII, IX, X) is impaired

· Pharmacokinetics
· Oral administration due to absorption from GIT

· Binds strongly to albumin

· Eliminated by cytochrome P450-mediated hepatic metabolism --> long half life

· Peak conc. is achieved 1hr after ingestion

· Peak effect takes about 24-36 hrs, duration of action is 4-5 days

· Crosses the placenta

· Unwanted effects
· Haemorrhage

· Teratogenicity – crosses the placenta

· Drug interactions

· Broad spectrum antibiotics suppress production of vitamin K by gut bacteria --> increase action of warfarin

· NSAID displace binding to plasma proteins --> increase effects of drug

· Amiodarone and histamine H2 receptor antagonist inhibit cytochrome P450 mediated metabolism of warfarin --> enhance its side effects

Clinical uses of anticoagulants

· Venous thromboembolism

· Prophylactic treatment of DVT

· Low dose LMWH

· Low dose aspirin and warfarin

· Established deep vein thrombosis 

· Full anticoagulation therapy 

· Heparin IV infusion, LMWH subcutaneous

· 3-5 days

· warfarin

