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1998), it is possible that folic acid supplementation during
pregnancy may also lower homocysteine. However, there
has been little research investigating the effect of folic acid
on homocysteine levels during pregnancy. Although there is
still some debate about which factors contribute, it is
accepted that lower levels of homocysteine are found during
normal pregnancy. The possible advantages of these lower
homocysteine levels are discussed later.

Normal haemostasis

Haemostasis has evolved in order to maintain the integrity
of the vasculature. Although it has been known since the
time of Hippocrates and Aristotle that blood has the ability
to clot, it was not until the 1730s that a Parisian surgeon,
Jean-Louis Petit, related blood clotting to haemostasis
(Owen, 2001). In the 19th century Rudolf Virchow (1860)
first described the phenomena now known as deep-vein
thrombosis and pulmonary embolism. When Morawitz
(1905) reviewed the classic theory of coagulation there were
four coagulation factors: fibrinogen; prothrombin; thrombo-
plastin; Ca. Subsequently, the cascade (Macfarlane, 1964)
and waterfall (Davie & Ratnoff, 1964) theories of blood
coagulation described two alternative pathways, the
‘extrinsic’ and the ‘intrinsic’, which merged to form a
‘common’ pathway. The current revised scheme of blood
coagulation is known as the tissue factor (TF) pathway
(Nemerson, 1988; Rapaport & Rao, 1995; Fig. 1). Normal

haemostasis is a complex network of interactions with
positive and negative feedback loops, integrating blood
vessels, platelets, coagulation factors, coagulation inhibitors
and fibrinolysis, so that thrombin generation and subsequent
fibrinolysis and remodelling are focused and finite.

Blood vessels and platelets are essential components of
normal haemostasis. The endothelium of blood vessels has
anticoagulant and fibrinolytic properties, as well as the
ability to prevent platelet aggregation, and thus plays a vital
role in maintaining blood flow. Platelets are activated in
response to blood vessel damage or exposure to foreign
surfaces, leading to shape change, secretion of platelet
granule contents, platelet adhesion and platelet aggregation.
Coagulation factors assemble and interact on the surface of
the activated platelets, reinforcing the platelet plug with
fibrin. George (2000) and van Hinsbergh (2001) reviewed
the roles of platelets and the endothelium in normal
haemostasis.

Coagulation factors and blood coagulation

Blood coagulation is initiated by TF, a transmembrane
glycoprotein constitutively expressed by non-vascular cells
such as alveolar epithelial cells of the lung (Drake et al.
1989), thus forming a haemostatic envelope. Within the
vasculature, TF expression can be induced on monocytes
and endothelial cells by the inflammatory cytokines tumour
necrosis factor-α, interferon-γ and interleukin-1β (Schwagner

Fig. 1. Coagulation cascade: Tissue factor (TF) – factor VIIa complex initiates the coagulation cascade,
activating factor X (X → Xa) and leading to thrombin generation. Thrombin activates factors XI, XIII, V
and VIII, releasing factor VIII from its inactive complex with von Willebrand factor (vWF). Factor XIa
activates IX, and sequentially the VIIIa–IXa and Va–Xa complexes result in further thrombin generation.
Thrombin converts fibrinogen to fibrin, while XIIIa cross-links fibrin to stabilise the clot. Coagulation
inhibitors: TF pathway inhibitor (TFPI) inactivates the TF–VIIa–Xa complex, while antithrombin (AT)
inactivates thrombin and IXa. Thrombin binds thrombomodulin (TM), activating protein C (PC → APC).
APC binds protein S (PS), degrading Va and VIIIa (Va → Vi; VIIIa → VIIIi). Fibrinolysis: Fibrin binds
tissue plasminogen activator (t-PA), converting plasminogen to plasmin, which degrades fibrin to fibrin
degradation products. Plasmin is inactivated by α2-antiplasmin (α2AP), while plasminogen activator
inhibitor (PAI-1) inactivates t-PA. Inhibited complexes are represented in boxes (➔), changes of state;
(– –i), proteolytic activation–inactivation. (Modified from Hutton et al. 1999.)
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