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1. What you should learn from this topic?
The aim of this topic is to give you an understanding of how blood clots, and of how warfarin (and other vitamin K antagonists), aspirin and heparin prevent blood from clotting
By the end of this topic you should be able to:

1. Describe the components of blood 

2. Summarise how blood clots i.e. the clotting cascade

3. Describe the ways in which drugs can affect blood clotting 

4. Describe the action of warfarin on the clotting cascade

5. Describe the action of aspirin on blood clotting

6. Describe the action of heparin on the clotting cascade

2. Check your understanding 

Before you start reading this topic check how much you already know by taking a short quiz. You will have an opportunity to take the quiz again at the end of the module, where we will reveal the correct answers.  

1. Blood is made up of red cells, white cells, platelets and plasma 

T/F

2. The function of red blood cells are: the carrying of oxygen and carbon dioxide together with phagocytosis of foreign cells and viruses


T/F 
3. At the point of blood vessel or tissue damage, or exposure of blood to air, platelets circulating in the blood, become sticky and adhere together   
T/F
4. Loose platelet aggregation is characterised by cross linking of fibrin through active GIIb/IIIa receptors with fibrinogen bridges



T/F
5. The clotting cascade consists of two separate systems. The intrinsic pathway which has all its components within the blood and the extrinsic pathway which is activated by extravascular tissue damage. 



T/F
6. Following the conversion of prothrombin to thrombin (factor II), thrombin is involved in converting insoluble fibrin fibres to soluble fibrinogen

T/F
7. 3 factors (known as Virchow’s triad) are involved in the formation of a clot:

· Local trauma to a vessel wall

· Hypercoagulability
· Blood stasis





T/F
8.   Tissue factor released when blood clots are formed is also known as Factor III 










T/F

9. Venous clots consist of red and white blood cells with a small amount of platelets within a fibrin mesh. 





T/F
Answer, true
10. Clots naturally break down because of the body’s natural production of fibrinogen









T/F
11. Antiplatelet agents are useful for preventing venous thromboembolism 

True   /   False
12.  Arterial thrombi are mainly composed of platelets

True   /   False

13.  Aspirin exerts its antithrombotic effect by inhibiting cyclo-oxygenase (COX), preventing the synthesis of prostacyclin in the vascular walls

True   /   False
14.  Large doses of aspirin will have an immediate antithrombotic effect

True   /   False

15.  Warfarin blocks production of the following clotting factors (please select one response):

i) Factor II (prothrombin), VII, IX and X.
ii) Factor II (prothrombin), VII, IX and XI.

iii) Factor VII, IX, X and XI

iv) Factor II (prothrombin), IX, X and XII

16.  The time for warfarin to achieve an antithrombotic effect depends on the clearance of Factor VII, the clotting factor with the longest half-life

True  /  False

17.  Warfarin can have a paradoxical pro-coagulant effect through inhibition of Protein C and Protein S

True  /  False

18. Low molecular weight heparins inhibit antithrombin III and directly inhibit thrombin

True   /   False

19.  Low molecular weight heparins have a longer half-life than unfractionated heparin

True   /   False

3. What is blood made up of?  
(image - Testube.svg)
The constituents of blood include red blood cells, white blood cells, platelets, and plasma. 
Red blood cells carry oxygen (necessary for metabolic reactions)
White blood cells fight off invading substances that could destroy body cells. 
Platelets, another type of blood cell helps in the formation of clots, which protects the body from losing too much blood after damage occurs to capillaries or other cells.
Plasma, the fluid portion of blood carries nutrients needed to fuel each cell in the body. It is also the portion that couriers waste that needs to be transported to the excretory system to be excreted, and carbon dioxide produced by cells to be transported to the lungs to be removed when exhaled.

4. What is the function of red blood cells?
Also known as erythrocytes (erythro means red; cytes = cells), red cells have the important role in carrying oxygen throughout the body but also transport carbon dioxide from the capillaries back to the lungs to be excreted when exhaled.
Haemaglobin is an essential protein in red blood cells and its primary function is to carry oxygen. By transporting oxygen and haemoglobin, blood is an extremely important part of homeostasis, the process by which conditions in the body are controlled to provide a constant internal environment. Conditions that require homeostatic control include temperature, water content, carbon dioxide, blood sugar levels and enzyme/hormone levels. The body’s ability to adjust to changes would not happen without the blood’s transporting ability of certain hormones, nutrients, oxygen or electrolytes.

Red blood cells are created in the red bone marrow. Red blood cells live for about 120 days shuttling oxygen and carbon dioxide through the capilliaries. At the end of their life, white blood cells destroy them in the liver and spleen. The iron that is contained in the red blood cells is recycled back to the red bone marrow to be used in the production of new red blood cells. 

5. What is the function of white blood cells?
Also known as leukocytes (leuko = white), white blood cells are an important component of the immune system and are responsible for fighting infections. 
There are five important types of white blood cells:

Basophils when stimulated release histamines. Histamine release occurs when individuals are allergic to something and causes swelling and hives. A release of histamine causes symptoms including sneezing, wheezing, and itchy,weepy eye. All of these reactions cause inflammation, which then enlists the help of other white blood cells in the body. Sneezing and weeping eyes are physiologic reactions to help flush the offending allergen from the bodies mucous membranes.

Eosinophils are phagocytes and “eat” other cells. Eosinophils are said to be phagocytise complexes formed between antigens and antibodies.

Lymphocytes scan the body and  viruses. There are two types of lymphocytes: B cells and T cells.

Monocytes are precursors to macrophages, meaning “big eater.” Macrophages digest bacteria and viruses.

Neutrophils are the most abundant white blood cells in the body. These cells phagocytise bacteria.
6. What is the function of platelets?
Platelets are pieces of cells that, when activated, for example, after blood vessels sustain damage, clump together to form a blood clot. By clumping together to form a loose plug, activated platelets work to keep the body from losing excessive blood. 

7. What is the function of plasma? 
Blood cells and platelets gravitate to the bottom of a test tube when spun in a centrifuge. After centrifuge, plasma forms a clear layer on top of the blood cells.
Two major proteins contained in plasma are:

Gamma globulin (also called immunoglobulin): Gamma globulin is a broad term for a class of proteins that make up the different types of antibodies. The production of antibodies, which help to fight infections, is controlled by the immune system.

Fibrinogen: Fibrinogen is a protein involved in blood clotting.[image: image1.png]


Biology GlanemiA low number of red blood cells or low level of hemoglobin; may be caused by dietary deficiencies, metabolic disorders, hereditary conditions, or damaged bone marrow. 
8. How does blood clot?
Haemostasis is the arrest of blood loss from damaged vessels and is essential to life. Vasoconstriction of any damaged blood vessels occurs rapidly as smooth muscle surrounding the vessel contracts, restricting blood supply to the area. Then mechanical blockage of the damaged vessel occurs with a loose plug of platelets aggregating together. Finally, a series of reactions known as the coagulation cascade results in the formation of a fibrin mesh which stabilises the platelet plug.
The two main stages of haemostasis are now described further.
i. Platelet aggregation

Platelets usually circulate in plasma in an inactive form. However, tissue trauma causes the release of thromboplastin and adenosine diphosphate (ADP). Thromboplastin activates the extrinsic pathway and a loose plug of platelets form, which stick both to the injured tissue and to each other. The vessel injury, together with factors released by the platelets trigger a series of reactions, known as the coagulation cascade.
The extrinsic pathway is initiated by substances extraneous to the blood – when tissue factor (Factor III) is released from damaged tissue. The intrinsic pathway works in tandem with the extrinsic system to produce the fibrin clot. It is believed that this pathway is activated by damage to the blood itself, when the blood comes into contact with a negatively charged surface. Once Factor X is activated, the two systems follow the final common pathway.

ii Coagulation cascade
The coagulation cascade, or clotting cascade, is initiated by chemicals, called clotting factors, that are activated sequentially, leading to an amplified cascade that results in the formation of thrombin. This in turn, converts soluble fibrinogen into insoluble fibrin, which emeshes the fibrin plug to create a stable clot. Coagulation factors are activated one-by-one, the active factors designated by the suffix ‘a’. Calcium is required for the cascade reaction to occur.  

(image-  Coagulation cascade cascade.png )

9. What is thrombosis?

Thrombosis results from the inappropriate activation of this haemostatic mechanism – i.e. in the absence of bleeding.

There are three factors which predispose to thrombosis, known as Virchow’s Triad :
1. Injury to vessel wall

2. Altered blood flow – circulatory stasis

3. Abnormal coagubility of blood – hypercoagulable state

(image - virchows triad.png)
10. What stops the clotting process?   

After the formation of a stable clot, the healing and natural repair process begins. The positive feedback mechanism within the coagulation cascade involves a natural amplification system, and any associated blood clotting could continue unchecked and lead to a larger than necessary clot. To keep the clot localised, clot formation is kept in check by the production of fibrin. Fibrin has the ability to absorb and inactivate 90% of the thrombin formed from prothrombin thus stopping the spread of a clot, keeping it localised. 

Clotting is reversed by proteins that subsequently stop formation of the blood clot as well as break it down.  Appropriately named antithrombins, these enzymes counteract thrombin. The most significant of these is Antithrombin III, which requires naturally-occurring heparin in order to work. 

Plasmin is a powerful proteolytic enzyme that helps to break down the clot. The activation of antithrombin and the activation of plasmin occur concomitantly with the commencement of the clotting cascade, although they occur more gradually. 
11. How do drugs effect blood clotting?
Drugs can affect blood clotting in three ways:

1. By modifying platelet function (e.g. aspirin, clopidogrel)

· Useful in preventing arterial thrombosis. In faster flowing blood vessels, thrombi are composed mainly of platelets with very little fibrin.

· Reduces the risk of myocardial infarction (MI) in patients with acute coronary syndrome

· Increases survival of patients who have had MI

· Reduces the risk of stroke in patients with transient ischaemic attacks and atrial fibrillation 

2. By modifying blood coagulation (e.g. warfarin, NOAC, heparin)

· For treatment and prevention of thrombosis 

· Thrombi likely to form where blood flow is sluggish; allows activated clotting factors to accumulate instead of being washed away

· Examples: post-operative venous thrombosis, atrial fibrillation

3. By affecting fibrin removal (e.g. streptokinase, alteplase)

· Acts by activating plasminogen to plasmin, which in turn increases the breakdown of cross-linked fibrin. This results in blood soluble fibrinogen and the dissolution of clots 

· Used in the acute treatment of MI and large PE (e.g. saddle PE)

11.1 Drugs that modify platelet function (the antiplatelets)
Antiplatelet drugs in common use are aspirin and clopidogrel. Other antiplatelet drugs available in the UK are ticagrelor, prasugrel, dipyridamole

Aspirin

Aspirin is a salicylate non-steroidal anti-inflammatory drug (NSAID).  It is an irreversible inhibitor of the enzyme cyclo-oxygenase (COX). This inhibition of COX prevents the synthesis of thromboxane A2, a vasoconstrictor that causes platelet aggregation, and is thus potentially thrombotic. In blood vessel walls, COX-inhibition prevents the synthesis of prostacyclin, a vasodilator which has anti-aggregating properties and is thus potentially anti-thrombotic.

Therefore aspirin appears to have opposing biological effects. However, the duration of these effects may differ, with the effects on the vascular tissue shorter than the effects on the platelets.  A low daily dose - 20 to 50 mg - will result in virtually complete suppression of platelet thromboxane synthesis within a few days. Large doses (150 - 300 mg) can produce immediate maximum suppression. 

Clopidogrel

Clopidogrel is a thienopyridine antiplatelet drug.  It is a prodrug, metabolised by CYP450 enzymes to form active metabolites, one of which is an inhibitor of platelet aggregation. The active metabolite of clopidogrel selectively inhibits the binding of adenosine diphosphate (ADP) to its platelet P2Y12 receptor. This in turn, inhibits ADP-mediated activation of the glycoprotein GPIIb/IIIa complex, and results in inhibiting platelet aggregation. 

The binding of ADP to the P2Y12 receptor is irreversible so all platelets exposed to clopidogrel are affected for the remainder of their lifespan (approximately 7-10 days.). Recovery of normal platelet function occurs at a rate consistent with platelet turnover. 

11.2 Drugs that modify blood coagulation -  vitamin K antagonists

Vitamin K antagonists (VKAs) act by interfering with the vitamin K-dependent synthesis of clotting factors in the liver. The VKA in common use in the UK is warfarin; other available agents include acenocoumarol and phenindione.  Warfarin and acenocoumarol are also known as coumarins.

Vitamin K is essential for the synthesis of prothrombin (factor II) and clotting factors VII, IX and X. Warfarin acts by interfering with the production of these clotting factors by interfering with the cyclic interconversion of vitamin K and its 2,3 epoxide (vitamin K epoxide).
The antithrombotic vs. anticoagulant effects of warfarin

The difference between the antithrombotic and anticoagulant effects of warfarin needs to be understood and applied in clinical practice. As warfarin does not have any effect on clotting factors already in the circulation, its onset of action is delayed by several days until these existing clotting factors are eliminated. The clearance of these clotting factors is determined by their half-lives. It is generally accepted that it takes five half-lives for clotting factors to be eliminated from circulation. See table below for approximate half-lives of each clotting factor (and proteins) affected by warfarin.

	Factor 
	Half-life (hours)

	VII
	6

	IX
	21

	X
	27

	II (prothrombin)
	42

	Protein C
	9

	Protein S
	60


Factor VII is the vitamin K dependent clotting factor with the shortest half-life (six hours) and the earliest changes in coagulation (the INR begins to increase) are typically noted 24 to 36 hours after a dose of warfarin is administered. However, these early changes are deceptive because they do not actually affect the body's physiologic ability to halt clot expansion or form new thrombi.

The antithrombotic effect of warfarin, or the inability to expand or form clots, is not present until approximately the fifth day of therapy. This effect depends on the clearance of functional factor II (prothrombin), which has a half-life of approximately 42 hours in patients with normal hepatic function. In patients with poor hepatic function, the half-life would be extended considerably, hence the need to be cautious when introducing warfarin in this high-risk group.

In addition to their anticoagulant effect, the vitamin K antagonists inhibit carboxylation of the regulatory anticoagulant proteins C and S and therefore have the potential to exert a pro-coagulant effect.

11.3 Drugs that modify blood coagulation - heparin

Heparin inactivates thrombin, preventing fibrin formation (Figure B). There are two types of heparin: unfractionated or ‘standard’ heparin (UH) and low molecular weight heparin (LMWH). A heparin is used when a rapid anticogulant effect is needed.

Heparin acts by activating the enzyme inhibitor antithrombin III (ATIII), which then inactivates thrombin and factor Xa . Heparin's activity against thrombin is dependent on the size of the molecule, requiring at least 18 saccharide units –i.e. a large molecule - to directly inhibit thrombin. In contrast, antifactor Xa activity requires only the pentasaccharide binding site, i.e. a smaller molecule. 

Unfractionated heparin

Unfractionated heparin is a sulphated polysaccharide with an average molecular weight size of 15,000 Daltons (Da) – range from 3,000 to 30,000 Da. Its mode of action is the inactivation of thrombin (factor II) and of factor Xa through the antithrombin (AT)-dependent mechanism. UH is available as the sodium or calcium salt – heparin sodium or heparin calcium.

UH is not absorbed after oral administration, and thus is given by injection. It can be given as a twice-daily subcutaneous injection – usually for prophylaxis of venous thromboembolism – or as a continuous intravenous infusion. Although the use of UH has been largely been superseded by LMWH, it still has a place in therapy where careful control or rapid reversibility of anticoagulation is needed, and in those whose renal function contra-indicates the use of a LMWH.
Low molecular weight heparin

Low molecular weight heparins are manufactured by chemical or enzymatic depolymerisation from heparin. This process  yields fragments of approximately one third of the size of heparin. LMWHs have an average molecular weight of 4500 to 5000 Da with a range of 1000 to 10 000 Da.  LMWHs include enoxaparin, dalteparin and tinzaparin.

In contrast with UH, LMWHs target antifactor Xa activity rather than directly inhibit thrombin.  As LMWHs have smaller fragments than UH, they cannot bind simultaneously to AT and thrombin, resulting in a reduced ability to inactivate thrombin, but retaining their effectiveness at inactivating factor Xa.  

Compared with UH, LMWHs have a more predictable dose-response relationship due to the reduced binding to plasma proteins and cells. The result is a longer plasma half-life (compared with UFH), and a lower risk of heparin-induced thrombocytopenia and osteopenia. LMWHs are cleared predominantly via the renal route. 

Now take a look again at the clotting cascade diagram. Can you identify where each agent acts?
Demonstrate your understanding

Now try answering the questions at the start of this topic again. Did you get a higher score?
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