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Generall overview 

1.. Introduction 
Thee prevalence of diabetes mellitus has dramatically increased during the past 

decadess and this disease is now affecting about half a mill ion people in the 

Netherlandss (I). The growing number of diabetic people is mainly due to an 

increasee in type 2 diabetes (about 90% of diabetic patients has type 2, the other 

10%% has type 1 diabetes), and has been attributed to an increased prevalence of 

obesity.. Obesity is associated with dysregulations in metabolism that strongly 

increasee the risk for the development of type 2 diabetes (2), as discussed below. 

Thee increasing age of the Dutch population and a better awareness of diabetes 

inn an elderly population has further contributed to the high prevalence of type 2 

diabetess (I). It has been estimated that over 10% of the Dutch population 50 

yearss of age and older have type 2 diabetes or its precursor, impaired glucose 

tolarancee (Figure 1) (3). 

200 0 

Q. . 

u u 
z z 

H H 
> > 
0 0 

150 0 

100 0 

Age e 
Figuree '1. Mean prevalence of diabetes mellitus type 1 and 2 in the Netherlands divided in 
menn and women (2003). Prevalence increases with age. 

AA major cl inical p rob lem for patients wi th diabetes is the high risk for cardiovascular 

diseasee (4). For instance, the risk of developing a myocardial infarction is 2 to 3 

timess higher in diabetic patients than in non-diabetic individuals of comparable 

agee (5). In addition, the outcome of cardiovascular complications is worse in patients 

withh diabetes compared to patients without diabetes (6). The high risk for 

cardiovascularr disease and the worse outcome accounts for about 70 % of deaths 

inn these patients (7). 
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Theree has been increased interest in mechanisms that accelerate vascular disease 

inn diabetes the past lOyears (8). The research has clarified that multiple factors are 

involvedd in the development of diabetic cardiovascular disease, but the molecular 

pathogenesiss is still not completely understood. The incomplete understanding of 

thiss complex disease limits the options for prevention of vascular disease in 

diabetics,, which remains a major health care problem in the Netherlands and the 

restt of the Western world. 

Thiss thesis addresses the pathogenesis of cardiovascular disease in patients with 

typee 2 diabetes from the perspective of the coagulation system. As we will make 

clear,, several components from the coagulation system play important roles in the 

pathogenesiss of atherothrombosis and the development of organ damage. In the 

followingg chapters, different aspects of the blood coagulation system, vessel wall 

andd kidney in relation to hyperglycemia and the increased risk for cardiovascular 

diseasee will be explored. 

2.. Diabetes mellitus type 1 and 2 
Twoo main types of diabetes mellitus can be distinguished. Type 1 diabetes, 

occurringg at relatively young age, is an autoimmune disease caused by destruction 

off beta cells in the pancreas and subsequent loss of insulin production. Due to 

lackk of insulin production, glucose is not adequately transported from the blood 

intoo peripheral tissue. This results in high glucose levels in blood and urine and 

too low glucose levels in the muscles and other tissues. The cornerstone of 

treatmentt for type 1 diabetes is insulin administration. Specific life style factors 

thatt increase the risk for type 1 diabetes have not been identified yet, which is in 

contrastt to type 2 diabetes. 

Typee 2 diabetes is strongly associated with a sedentary lifestyle and obesity (2). 

Inn particular central and visceral obesity, characterized by fat deposition in the 

upperr and central part of the body are responsible for the development of the 

so-calledd insulin resistance syndrome (9) which precedes overt type 2 diabetes. 

Insulinn resistance is characterized by relative insensitivity of insulin receptor 

signaling,, leading to a relatively deficiency of insulin to transport glucose 

sufficientlyy into the peripheral tissue. To compensate this relative shortage the 

pancreass enhances the amount of insulin production. The resulting state of 

hyperinsulinemiaa wi th relatively normal glucose levels can last for years. 
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Gradually,, however, the beta cells in the pancreas lose their capacity to produce 

largee amounts of insulin and glucose levels start to increase above normal levels. 

AA state of type 2 diabetes has than developed, typically characterized by relatively 

highh insulin as well as high glucose levels in blood. Therefore, and in contrast 

withh type 1 diabetes, therapy for type 2 diabetes is focused on treatment of insulin 

resistance,, by a combination of weight loss and specific medication. When these 

measuress do not result in normoglycemia, combined treatment of oral medication 

andd insulin may be warranted. 

Inn spite of major differences in etiology of type 1 and type 2 diabetes, which is 

reflectedd by the specific treatment of these conditions, there are also two 

importantt common features, hyperglycemia (glucose > 7 mmol/L) and an increased 

riskk for cardiovascular disease. 

3.. Diabetes meilitus and cardiovascular disease 
Althoughh in essence an endocrine disorder, the main phenotypic characteristic 

off type 2 diabetes is cardiovascular disease. This involves both complications in 

thee smaller vessels, leading to nephropathy, neuropathy and retinopathy, and 

complicationss in the larger vessels, leading to coronary artery disease, stroke 

andd peripheral artery disease. Until recently it was thought that the increased 

riskk for cardiovascular disease in diabetes could be reduced by effective treatment 

off hyperglycemia. Several large clinical studies including The United Kingdom 

Prospectivee Diabetes Study (10), have now demonstrated that treatment of 

hyperglycemiaa indeed significantly reduces small vessel disease. In contrast, it 

appearss that the risk for large vessel disease remains substantially increased 

comparedd to non-diabetics. Such studies suggest that the remaining risk for large 

vessell complications is determined by additional cardiovascular risk factors, 

includingg hypercholesterolemia, obesity, hyperinsulinemia, hypertension, 

increasedd activity of inflammation and coagulation pathways, which comprise 

thee metabolic syndrome in type 2 diabetes (11; 12). The current consensus opinion 

iss that prevention of cardiovascular disease in type 2 diabetic patients requires 

treatmentt of each of these risk factors (11; 13-16). While type 1 diabetes is also 

associatedd with dyslipidemia and changes in the coagulation and inflammation 

systems,, the contribution of these risk factors to cardiovascular events is not as 

clearr as in type 2 diabetes. 
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4.. Atherosclerosis and atherothrombotic events 
Inn general, atherosclerosis is the underlying pathological process of cardiovascular 

disease,, already starting in young adulthood. An early feature of the atherosclerotic 

processs is dysfunction of vascular endothelium, the inner layer of the vessel wall 

(Figuree 2). Under influence of specific triggers, such as oxidized LDL, endothelial 

Figuree 2. Endothelial 
dysfunctionn is characterized 
byy adhesion of leucocytes to 
ihee endothelium and 
migrationn in to the vessel 
wall. . 

(54)) Copyright" (2004) 
Massachusettss Medical 
Society.. All rights reserved. 

cellss produce proinflammatory cytokines and adhesion molecules that in turn are 

responsiblee for the capture of activated leukocytes from the streaming blood. 

Expressionn of chemotactic cytokines causes migration of the adherent leukocytes 

throughh Ihe endothelial layer into the vessel wall proper. These leucocytes, in 

particularr macrophages, scavenge lipids to form foam cells and the vessel wall 

lesionn becomes a "fatty streak" (Figure 3). Cycles of accumulation of leukocytes, 

Smoothh muscle 
migration n 

Foamm cel! T coll 
formationn aclivatio 

Adherencee and Adherence 
aggregationn o' and entry 

plateletss of leukocytes 

Figuree 3. Leucocytes pick up 
lipidss and a fatty streak is 
formed. . 
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migrationn and proliferation of smooth muscle cells and the formation of fibrous 

tissuee lead to enlargement and remodeling of the lesion. This process finally leads 

too a "complicated plaque", characterized by a large lipid core rich in tissue factor 

(TF)) and a high risk to rupture (Figure 4). If a plaque ruptures TF, the initiator of the 

Macrophagee accumulation Formation of Fibrous Cap formation 
necroticc core 

Figuree 4. An advanced lesion 
consistss of foam cells, 
migratedd smooth muscle cells 
andd extracellular matrix. 

coagulationn cascade, and atherosclerotic debris is exposed to the blood stream 

resultingg in the formation of a thrombus, a blood clot consisting of platelets and 

threadss of fibrin. This thrombus can completely occlude the vessel lumen, leading 

too ischemia in the downstream tissue and this represents a so-called acute 

atherothromboticc event (Figure5). The main acute atherothrombotic complications 

off cardiovascular disease, such as a myocardial infarction result from a thrombus 

formedd on a ruptured plaque or from a thrombus formed on an eroded 

Plaquee rupture Thinningg of fibrous cap Hemorrhage from plaque 
microvcsseis s 

Figuree 5. Thrombus is formed 
onn a ruptured plaque. 
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atheroscleroticc vessel wall (17; 18). The development of atherothrombotic 

complications,, is considered to be determined by a combination of factors including 

bloodd flow, (altered) blood composition and pre-existing vascular changes, in 

totalityy known as Virchov's triad (19-24). In patients with diabetes mellitus type 2 

twoo of these elements have been identified to be abnormal and are supposed to 

increasee the risk for a thrombotic event: first, an imbalance of hemostatic, 

procoagulantt and fibrinolytic factors in blood and second, changes in vessel wall 

composition. . 

5.. Prothrombotic factors in blood contributing to 

increasedd risk for atherothrombotic events 
Sincee coagulation is an essential element in the development of atherothrombotic 

complicationss many investigators believe that a condition of activated coagulation, 

and/orr inhibited fibrinolysis, i.e. the hypercoagulable state, may be involved in 

thee pathogenesis of such complications (25). Indeed, a large body of evidence 

indicatess that patients at risk to develop atherothrombotic complications, such 

ass patients with type 2 diabetes, have increased levels of procoagulant proteins 

andd enzymes in blood as compared to age matched controls (26-28). 

Thee blood coagulation system consists of a primary hemostatic mechanism, 

designedd by nature to arrest bleeding. This system consists of vasoconstriction 

andd blood platelets, which by adhesion to the vessel wall and by aggregation, 

stopp bleeding or cover a wound surface (such as in the case of a ruptured 

atheroscleroticc plaque). The secondary mechanism, that operates simultaneously 

withh the primary system, consists of plasmatic and vessel wall proteins, indicated 

inn Figure 6. This system of linked reactions operates by stepwise enzymatic 

cleavagee of precursor proteins leading to the formation of fibrin, which acts as a 

"glue"" to establish the blood clot (or the thrombus in case of pathological clotting 

likee on ruptured plaques). To limit the extent of clotting, the blood contains a 

systemm that degrades fibrin clots, i.e. fibrinolysis as well as a system that has 

anticoagulantt properties, includingantithrombin, heparin cofactor II, tissue factor 

pathwayy inhibitor, and the protein C anticoagulant pathway. 

Thee activity of coagulation and fibrinolytic systems is determined by the availability 

(concentration,, localization, conformation} of the different proteins (including 

I4 4 



Generall overview 

m mm Intrinsic Pathway Extrinsicc Pathway 

Prett allikrein ' 

 a

Proteinn C 

Commonn Pathway 

Figuree 6. General overview of the coagulation cascade (98). 

T-PAA 4 PAI-1 

Plasminogen n 

Fibrinn Degradation Products 

Fibrinolysis s 

activators,, zymogens, and inhibitors). Elevations of activators such as TF may drive 

fibrinn formation, while elevations in platelet numbers and in adhesive proteins 

(vonn Willebrand factor) may enhance primary hemostasis (platelet "stickiness"). 

Inn plasma from patients with type 2 diabetes higher levels of markers that indicate 

increasedd plasma coagulation activity such as D-dimer (29; 30), prothrombin 

fragmentt 1+2 (F1+2) (25; 31) thrombin anti-thrombin (TAT) complexes (32), 

fibrinogenn (33), factor VII (34) and an increased expression of TF on circulating 

monocytess (35) have been observed. In addition, circulating plasma markers of 

fibrinolysiss including tissue type plasminogen activator (tPA) (30; 36) and the 

inhibitor,, plasminogen activator inhibitor 1 (PAI-1) (28; 36-39) are higher in patients 

withh type 2 diabetes. Von Willebrand factor antigen (vWFAg) and thrombomodulin 

(TM),, which is a component of the protein C anticoagulant system, are also 
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reportedd to be increased in patients with type 2 diabetes (30; 36) (40). A number 

off these proteins, including vWFag, TM, tPA, and PAI-1, are produced by vascular 

endotheliall cells (41). Detection of increased levels in blood is therefore 

consideredd to reflect endothelial activation or damage, as an indication of vascular 

diseasee (41). 

Whetherr there is a causal relation between elevation of these markers of 

coagulationn and fibrinolysis, and endothelial dysfunction on the one hand, and 

existingg or developing cardiovascular complications on the other hand in type 2 

diabeticc patients is not yet established and remains controversial. This uncertainty 

iss mainly due to the lack of clinical studies showing that anticoagulant agents 

reducee the risk of cardiovascular complications in diabetic patients, while pro-

fibrinolyticc agents for long-term treatment are not yet available. 

Similarly,, a number of abnormalities in platelet function, including increased 

levelss of surface adhesion molecules (P-selectin) and the fibrinogen receptor 

glycoproteinn l lbl l la have been reported in platelets from patients with diabetes 

(42).. In addition, platelets from diabetic patients are more sensitive to aggregating 

agentss and display enhanced synthesis of thromboxane, together contributing 

too the platelet hyperreactivity that is observed in patients with type 2 diabetes 

(27).. Such changes in platelet functions are generally believed to be of importance 

inn the risk for atherothrombotic complications in diabetes. The importance of 

plateletss is demonstrated by the apparent efficacy of platelet inhibiting agents 

includingg aspirin and the more selective glycoprotein MblllA inhibitors in reducing 

cardiovascularr morbidity and mortality in patients with type 2 diabetes (43). 

6.. Vascular factors contributing to increased risk for 

atherothromboticc events 
Thee development of atherothrombotic complications is considered to be primarily 

determinedd by pre-existent vascular changes, culminating in atherosclerosis (22-

24).. Abnormalities in vascular function and structure, which may predispose to 

atherothromboticc complications, have been identified in patients with type 2 

diabetess (Table 1). General changes in the vessel walls of diabetic patients are 

endotheliall dysfunction (44), arterial hypertrophy and distensibility (45). Evidence 

suggestss that these structural and functional alterations already exist before the 

16 6 



Generall overview 

Tablee 1. Vascular elements predisposing to atherothrombotic complications 

Vulnerablee pfc >$M0 0 

Structurall and functional characterizations 

Stenosis s 
Lipidd content 
Collagen n 

Smoothh muscle cells 
Endothelium m 
Distensibilityy & Stiffness 

Moderate e 
T T 

Reduced d 

n n 
Dysfunction n 

T T 

-69 9 
(49;; 70) 
-71 1 

(49;; 72) 
-74 4 
-51 1 

typeic c Etabefievs, , 
r«m<iiÈbe^c c 
artery/plaque e 

Moderatee -52 
? ? 

Disturbedd -58 

Dysfu u 
TT -73 

ict ionn -44 
TT -75 

Typee H diabeëcvs. 
npt^dtisfoëëc c 
artery/pJaqufi i 

Moderate e 
T T 

Disturbed, , 
Reduced d 

T T 
Dysfunction n 

T T 

-52 2 
-55 5 

(55;; 58) 
-73 3 
-M -M 
A5 A5 

Inflammation n 

Macrophages s 

TT lymphocytes 
IL-6 6 
TNF-a a 
E-selectin n 
P-selectin n 
1CAM-1 1 
VCAM-1 1 
MCP-1 1 
MMP P 
ACE E 
RAGE E 

T T 

T T 
T T 

To o 
o o 
T T 

To o 
To o 

T T 
T T 
? ? 
7 7 

{49;; 53; 54; 
70;; 76; 77) 
(53;; 79) 
(80-82) ) 
(83-85) ) 
(79;; 85) 
(79;; 85) 
(80;; 85; 86) 
(79;; 87; 88) 
-89 9 
-90 0 

TT -50 

? ? 

ff -59 
TT -59 
TT -99 
? ? 

oo -100 

T T 

T T 
? ? 

T T 
o o 

t t 

T T 
TT <61),(S9),(99) T 
TT -59 
? ? 

ff -92 
TT -61 

? ? 

f f T T 
T T 

(50^5;; 78) 

(55;; 78) 

-62 2 
-60 0 

-60 0 
-60 0 

(55;; 91) 
-92 2 
(55;; 78) 

Coagulation n 

Antithrombin n 
Fibrinogen n 
TF F 
PA1-1 1 
u-PA A 

i i 
T T 
T T 
T T 
T T 

-93 3 
-94 4 
(79;; 95) 
(96;; 97) 
-96 6 

4-- -64 
TT -64 
TT -61 
? ? 

? ? 

? ? 

? ? 

? ? 

f f i i 
-66 6 
-66 6 

DataData concerning type 1 diabetes are partly based on data from animal models of type 1 
diabetes.. IL-interleukrn, TNF-a=tumor necrosis factor-a, ICAM-1= intercellular adhesion 
molecule-1,, VCAM-1 = vascular cell adhesion molecuie-1, MCP-1= monocyte chemoattractant 
protein-1,, MMP-metalloproteinase, AGE=advanced glycation endproduct, RAGE= receptor 
forr AGE, TF=tissue factor, PAI-1=plasminogen activator inhibitor type 1, u-PA-urokinase-
typee plasminogen activator. 
T-increased,, l-decreased, o=unchanged, ?=unknown 

cl inicall signs of type 2 d iabetes become apparent (46), i.e. d u r i n g the phase of 

insul inn resistance. This also suggests that the enhanced process of atherosclerosis 

iss no t solely dependen t on one of the main b iochemical character ist ics of type 2 

diabetes,, hyperg lycemia. 

Ann impor tant player in t he increased risk for a the ro th rombos is in diabetes is 

oxidat ivee stress induced endothe l ia l dys func t ion . Ox idat ive stress is the result of 
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thee generation of free radicals, such as superoxide (47) and causes vascular 

dysfunctionn by activating signalling pathways in endothelial and other vascular 

cellss leading to reduced nitric oxide (NO) production and increased platelet and 

leukocytee adhesion (48). 

Inn addition, there is evidence that vascular wall associated factors that predispose 

too plaque rupture (49) are of importance in diabetic patients. For instance, 

atheroscleroticc plaques from diabetic type 2 patients are associated with a 

significantt increase in lipid pool content (50; 51) and moderate stenosis (52) which 

increasee the risk for rupture and thrombosis. Activation of inflammation is another 

factorr of importance in the development of atherosclerosis and plaque instability 

(53;; 54), particularly in patients with diabetes. Several studies reported increases 

inn macrophage infiltration in plaques from patients with type 2 diabetes compared 

too non-diabetic patients (50; 55). Macrophages are found in rupture prone plaque 

areass (53; 56), and play a role in degrading plaque stability via their production of 

metalloproteinasess (MMPs), which are able to digest collagen and elastin (57). It 

hass been shown that plaques from type 2 diabetic patients have increased levels 

off MMPs and disturbed content and biosynthesis of collagen (55; 58). 

Theree is evidence, although limited and partly based on animal models of diabetes, 

thatt other features of a proinflammatory state of the vessel wall are also evident 

inn diabetes mellitus (Table 1). T lymphocytes, intercellular adhesion molecule-1 

(ICAM-1)) (60), vascular cell adhesion molecule-1 (VCAM-1) (60; 61), monocyte 

chemoattractantt peptide-1 (MCP-1) (59), tumor necrosis factor-a (TNFa) (62), and 

interleukin-66 (IL-6) (59) are found to be increased in diabetic plaques and arteries, 

andd may predispose to an increased risk for plaque rupture and thrombotic events 

(55;; 59). 

AA view is emerging that advanced glycation endproducts (AGEs) are important in 

inducingg inflammatory responses and oxidative stress in the diabetic vasculature 

(63).. AGEs are the products of nonenzymatic glycation of proteins and lipids that 

accumulatee in plasma and tissue of patients with diabetes. It was shown that 

diabeticc type 2 plaques are characterized by an increased amount of AGEs and 

increasedd expression of RAGE (receptor for AGE) (55). 

Feww studies addressed the presence of pro- and anticoagulant proteins in diabetic 

atherosclerosiss that may influence plaque vulnerability and thrombosis risk (Table 

1).. Based on findings in animal studies, it was shown that diabetic atherosclerotic 
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plaquess and arteries are characterized by increased TF (61) and fibrinogen (64). 

Inn addit ion, the anticoagulant serine protease inhibi tor ant i thrombin was 

demonstratedd to be decreased in the vessel walll from rabbits with diabetes (64). 

Studiess on atherectomies and arteries from diabetic patients revealed increases 

inn PAI-1 expression, which may lead to increased thrombogenicity {65; 66). 

Remarkably,, one possible local risk factor, urokinase-plasminogen activator (uPA), 

foundd to be increased in advanced atherosclerotic plaques (67), seems to be 

reducedd in diabetic atherosclerotic plaques (66); theoretically, this would suggest 

aa diminished fibrinolytic capacity in diabetic vessel, but it is more likely that uPA 

iss involved in vascular remodelling rather than clot lysis (68). 

6.. Conclusion 
Typee 2 diabetes is associated with an accelerated process of atherosclerosis and 

ann increased risk for atherothrombotic complications and organ damage. 

Althoughh it has become clearthat multiple factors are involved in the development 

off cardiovascular disease in diabetes mellitus, the molecular pathogenesis is still 

nott completely understood. Mul t ip le abnormali t ies in circulating b lood 

coagulationn parameters and in the vascular expression of genes involved in 

coagulationn activation are observed in both patients with type 2 diabetes and 

animalss with experimental diabetes as compared to controls. However, available 

dataa on the involvement of these abnormal i t ies in the development of 

atherothromboticc complications and organ damage remain in part conflicting 

andd have not yet led to a clear understanding of their potential significance. In 

partt this is due to a lack of proper clinical studies addressing the value of 

anticoagulantt therapy, which could provide a proof of concept. In addition, there 

iss a shortage in studies on mechanisms and agents that change in vivo expression 

off genes involved in coagulation activation and their effect on arterial thrombosis 

andd organ damage in diabetes mellitus. However, with the expanding knowledge 

onn the potential importance of the coagulation system in cardiovascular disease 

neww avenues can be explored. Particularly, the role of coagulation mechanisms in 

modifyingg the increased risk for cardiovascular disease in diabetes becomes an 

importantt area of research. Against this background, the experimental and clinical 

studiess described in this thesis have been designed. 

19 9 



7.. Outline of the thesis 
Thee general objective of this thesis is to gain insight into the pathogenesis of the 

increasedd risk of cardiovascular disease in diabetes mellitus type 2. Emphasis 

wass put on the role of increased coagulation activation in acute arterial thrombosis 

andd organ damage. We used the following observational and intervention studies 

inn humans and mice with diabetes mellitus to accomplish this objective. 

Chapterr two evaluates the level of different blood coagulation markers in patients 

withh and without cardiovascular disease and type 2 diabetes and determines the 

potentiall importance of soluble tissue factor as a marker of small vessel disease. 

Chapterr 3 and 4 describe the effect of pravastatin treatment on different 

hemostaticc markers in patients wi th type 2 diabetes, revealing mild anti-

inflammatoryy and anticoagulant effects of this drug that may fit with the concept 

off the importance of pleiotropic actions of statins. Chapter 5 analyses the difference 

inn atherosclerotic plaque composition between patients with type 2 diabetes and 

controll subjects. This study shows that symptomatic plaques from type 2 diabetic 

patientss have more signs of thrombosis but similar levels of markers of coagulation 

andd inflammation. Chapter 6 evaluates the expression of TF, the initiator of the 

coagulationn cascade, in kidneys from mice with experimental diabetes. Here, it 

wass shown that expression of TF is increased in tubuli from diabetic mice, probably 

duee to hyperglycemia as suggested by in W/roexperiments showing increases inTF 

levell in tubular epithelial cells after incubation with high glucose levels. 

Thee last part of the thesis addresses studies of several factors that are important 

forr the development of acute arterial thrombosis in experimental diabetes 

mellitus.. In these experiments a model of ferric chloride induced arterial 

thrombosiss was studied in streptozotocin induced diabetic mice. Chapter 7 

evaluatess the effect of hyperglycemia and treatment with simvastatin on arterial 

thrombosis.. This study reveals that hyperglycemia induces a mild prothrombotic 

phenotype.. Simvastatin did not influence thrombus formation, but had significant 

anti-inflammatoryy effects on vessel wall gene expression. Chapter 8 evaluates 

thee effect of both endothelial dysfunction and hyperglycemia on arterial 

thrombosis.. To this end mice were studied with endotoxin induced endothelial 

dysfunctionn and experimental diabetes. Chapter 9 describes the effect of 

hyperglycemiaa on arterial thrombosis in LDLr-/- mice, which are prone to develop 
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atherosclerosiss due to a genet ic defect in the LDL receptor . This study reveals 

thatt e x p e r i m e n t a l d i abe tes a l ters vascular gene exp ress ion a n d increases 

atherosclerosis.. In terest ingly , these changes had no ef fect on arter ial t h r o m b u s 

f o r m a t i o n .. Final ly, chap te r 10 descr ibes m e t h o d s to eva lua te c o a g u l a t i o n 

act ivat ionn in mice. The deve lopmen t of a mouse specif ic assay for the de tec t ion 

off t h r o m b i n - a n t i t h r o m b i n comp lexes is r epo r ted and d i f fe ren t m e t h o ds for 

plasmaa co l lec t ion are evaluated. 
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