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Summary y 

Thee complications of atherosclerosis represent the leading cause of mortal-
ityy in the Western world. Development of atherosclerotic lesion involves 
ann inflammatory-proliferative reaction of the artery wall, which is consid-
eredd to begin with endothelial dysfunction. Forming the interface between 
endotheliall  cells and flowing blood, the endothelial glycocalyx is the com-
ponentt of the vessel wall that comes initially in contact with atherogenic 
factorss circulating in blood, such as atherogenic lipids. The aim of this the-
siss was to investigate whether the endothelial glycocalyx is modified by 
atherogenicc factors and to assess the consequences of glycocalyx changes 
forr vascular endothelial function. 

Chapterr 1 gives an introduction to the endothelial glycocalyx and dis-
cussess its physiological roles at the endothelial cell surface. The endothelial 
glycocalyxx represents a highly-hydrated matrix of membrane attached pro-
teoglycans,, glycosaminoglycans and glycoproteins, which enmeshes ad-
sorbedd plasma proteins and forms a thick endothelial surface layer. A bio-
chemicall  characterization of glycocalyx components is presented, as well 
ass the available evidence regarding endothelial glycocalyx dimensions in 
electronn microscopy and in vivo studies. The physiological roles of the 
endotheliall  glycocalyx are reviewed, these roles involving modulation of 
microvascularr permeability, endothelial non-adhesiveness, microvascular 
resistancee and tube hematocrit, lipoprotein metabolism and coagulation. 
Thee method of intravital microscopy assessment of the endothelial glyco-
calyxx is introduced in this chapter, this consisting of the measurement of 
thee distance between erythrocytes and capillary endothelial surface. This 
representss the method used to investigate glycocalyx changes in response 
too atherogenic factors in the studies included in this thesis. 

InIn chapter 2, we showed that acute administration of a clinically rel-
evantt dose of oxidized low-density lipoproteins (OX-LDL) in the hamster 



1488 Summary 

circulationn decreased the thickness of the endothelial surface layer of cre-
masterr muscle capillaries by more than 50 % within 25 minutes. The de-
creasee in glycocalyx thickness was paralleled by an increase in the num-
berr of platelets adhering to the endothelial surface. Superoxide dismutase 
andd catalase completely blocked the OX-LDL effect, indicating that oxygen-
derivedd free radicals mediated the decrease in endothelial glycocalyx thick-
nesss and increased vascular adhesiveness. 

Inn chapter 3, we investigated whether the decrease in glycocalyx thick-
nesss induced by OX-LDL is caused by elevated shear forces of flowing blood 
inn cremaster muscle capillaries. We found that capillary red cell velocity, as 
aa measure of shear forces on the glycocalyx, was not affected, but capillary 
tubee hematocrit increased by more than twofold after administration of OX-
LDL.. Capillary tube hematocrit represents the capillary volume fraction oc-
cupiedd by red blood cells and is physiologically low due to the presence of 
aa thick endothelial glycocalyx at the endothelial surface. We concluded that 
elevationn of capillary tube hematocrit reflects structural degradation of the 
endotheliall  glycocalyx by OX-LDL. 

Chapterr 4 addressed the role of endothelial glycocalyx degradation in 
thee process of leukocyte - endothelial cell adhesion. We investigated leuko-
cytee rolling and adhesion in mouse cremaster venules after local degrada-
tionn of the endothelial glycocalyx by microinjection of heparitinase. Degra-
dationn of the endothelial glycocalyx by heparitinase did not affect leuko-
cytee rolling, but increased leukocyte - endothelial cell adhesion. In order 
too assess the contribution of endothelial glycocalyx degradation to the pro-
adhesivee effect of OX-LDL, we supplemented locally heparan-sulfate in cre-
masterr venules before systemically administering OX-LDL. Heparan-sulfate 
supplementationn attenuated the increase in leukocyte adhesion induced by 
OX-LDL . . 

InIn chapter 5, we investigated the endothelial glycocalyx in hyperlipi-
demicc mice. The luminal domain of the endothelial glycocalyx was mea-
suredd in C57BL/6 and ApoE3- Leiden mice on a high-cholesterol diet as 
comparedd to mice of the same strains on standard mouse chow. Transgenic 
ApoE3-Leidenn mice represent an established animal model for studying de-
velopmentt of atherosclerosis in response to an atherogenic diet. We found 
thatt large chylomicrons accumulated in the subendothelial space of cre-
masterr muscle capillaries of both C57BL/6 and ApoE3-Leiden mice, and 
thatt the endothelial glycocalyx was degraded in the capillaries with suben-
dotheliall  lipid deposits. The number of affected capillaries increased with 
thee duration of the diet. We concluded that degradation of the endothe-
liall  glycocalyx is associated with disruption of the endothelial permeability 
barrier.. These effects are already apparent at mild levels of hypercholester-
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olemiaa found in C57BL/6 mice on a high-cholesterol diet. 
Inn chapter 6, we studied the effect of vasodilator molecules on the en-

dotheliall  glycocalyx in hyperlipidemic ApoE3-Leiden mice as compared 
too control C57BL/6 mice (on standard mouse chow). We found that bra-
dykininn and sodium nitroprusside reversibly increased penetration of an-
ionicc macromolecules (FITC dextran of 70 kDa) into the luminal domain of 
thee endothelial glycocalyx without affecting glycocalyx thickness in con-
troll  C57BL/6 mice. In contrast, the endothelial glycocalyx, which had de-
creasedd thickness and imposed no barrier to penetration of FITC dextran 70 
too the endothelial surface in cremaster muscle capillaries of hyperlipidemic 
ApoE3-Leidenn mice, was not modified by vasodilators. We concluded that 
sustainedd elevated levels of capillary tube hematocrit, which are not modu-
latedd by vasodilators, reflect structural degradation of the endothelial gly-
cocalyxx in hyperlipidemic mice. 

Inn chapter 7, we discussed the implications of our findings regarding 
endotheliall  glycocalyx degradation for endothelial dysfunction in athero-
genesis.. Recently developed methods for the study of the endothelial gly-
cocalyxx were introduced in this chapter. These methods may be used in the 
futuree to extrapolate the implications of endothelial glycocalyx degradation 
byy atherogenic factors to large blood vessels. 
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