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Summary y 

Inn order for the heart to stay healthy and function properly, the oxygen 
andd nutrients demand of the cardiac muscle must be met by the blood per-
fusionn in all situations. Coronary flow is adjusted to these oxygen needs by 
thee control of vascular tone in the resistance vessels (15 — 400 /xm diameter). 
Clinicall  data indicate that, when the perfusion is impaired by a pathological 
condition,, the first affected area is the sub-endocardium, the inner layer of the 
heart.. This may be due to the extra resistance formed by the long transmu-
rall  vessels and by the compression of vessels in this layer during each systole. 
Thus,, during systole, when the heart contracts, the extravascular myocardial 
pressuree causes compression of the sub-endocardial vessels and impairment of 
thee blood flow. At diastole, the transvascular (intravascular-extravascular) pres-
suree increases again and blood is able to flow in the forward direction. Under 
normall  conditions, the sub-endocardial vessels are able to compensate for such 
flowflow impediment by vasodilation, while also differences in sub-endocardial and 
sub-epicardiall  branching structure appear to exist. The factors determining the 
diameterr of sub-endocardial arterioles need to be understood. Many stimuli 
contributee to the regulation of the vascular diameter under different conditions. 
Thesee factors include mechanical determinants (such as intravascular pressure, 
flow,flow, extravascular compression), metabolic vasodilators, and neurogenic fac-
tors.. In addition, the rhythmically contracting cardiac muscle induces a highly 
dynamicc pattern for both flow and transvascular pressure in these vessels. The 
effectss of pulsating pressure and flow on sub-endocardial arterioles were not 
evaluatedd before. Therefore in this thesis we studied the effects of these factors 
onn small isolated porcine sub-endocardial arterioles. In this study we employed 
thee in-vitro cannulation technique for the study of isolated coronary arterioles. 
Thiss technique allows for the independent control of pressure and flow without 
thee interference of metabolic and neurogenic factors. 

ChapterChapter 1 contains a general introduction on the mechanisms of blood flow 
regulationn in the heart. A section was dedicated to the tone determinants and 
thee perfusion conditions in especially the sub-endocardium. The mechanical 
loadingg of the arterioles from this layer and the limited knowledge on the effects 
off  these factors on the vascular tone were also described in this chapter. 

Inn Chapter 2, the effect of pulsating transvascular pressure profiles with 
differentt amplitudes and frequencies on tone of isolated sub-endocardial and 
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sub-epicardiall  arterioles was studied. The experiments were performed under 
no-floww conditions. Pulsating pressure applied acutely, and maintained for 3 
minutes,, induced dilation in the arterioles. Sub-endocardial and sub-epicardial 
arterioless responded similarly to this stimulus. The dilation was not associated 
withh a decrease in intracellular calcium. An increase in frequency of the pressure 
pulse,, mimicking variations in the heart rate, did not significantly affect the level 
off  dilation. However, simulating changes in inotropic state, by variation of the 
amplitudee of the pressure pulsations, revealed a positive correlation between 
thee amplitude and the level of dilation. Moreover, pulsating vessels showed 
ann increased sensitivity to vasodilators such as bradykinin and adenosine as 
comparedd to vessels under static pressure. Cardiac contraction induces not only 
aa pulsating transvascular pressure, but also a dynamic pattern for flow in the 
sub-endocardiall  vessels. However, the responses of these arterioles to steady or 
dynamicc shear had not been evaluated before. 

Inn Chapter 3 we studied the effects of different flow patterns on isolated sub-
endocardiall  and sub-epicardial arterioles kept at steady mean pressure. Steady 
floww with increasing shear values induced shear-dependent vasodilation. The 
dilationn was significantly larger in the sub-endocardial vessels. In both types of 
vessels,, blocking the NO production by L-NNA fully abolished dilation to flow 
overr the whole range of shears. Addition of flow oscillations on the top of steady 
flowflow did not augment the dilation observed to the steady component. Purely 
oscillatingg flow without a net forward component did not induce any dilation in 
thee vessels. However, after the free radicals scavengers SOD or DPI were added 
too the vessels, significant dilation to oscillating flow was unmasked. In the sub-
endocardiall  arterioles, the dilation to oscillating flow with 30 dyne/cm2 shear 
wass even larger that the dilation to steady flow with the same value of shear. 
Wee concluded that the balance of NO and 0 ~̂ produced by the endothelial cells 
iss affected by the different flow profiles and that this balance determines the 
vascularr responses to these stimuli. 

Thee interaction of the pulsating pressure and flow was studied in Chapter 
4-4- Here we found that in the presence of flow, the arterioles showed an en-
hancedd dilation to pulsating pressure. Moreover, dilation occurred for pulsating 
pressuress with much lower amplitudes. These effects were mediated by nitric 
oxide,, since SNP could mimic the effect of flow on pulsation-induced dilation 
ann L-NNA could abolish the dilation completely. Moreover, in the presence 
off  very low concentrations of SNP, which do not affect the basal tone of the 
vessel,, the dynamic distensibility of the vessels increased. This result could be 
explainedd by a decrease in the vascular wall viscosity induced by the NO. The 
exactt mechanisms underlying this behavior remain to be investigated. Devel-
opmentt of a coronary stenosis in one of the large arteries affects hemodynamic 
conditionss especially in the sub-endocardium. Microvascular perfusion pressure 
ass well as transvascular pressure pulsations associated with systolic compression 
aree reduced. 

Inn Chapter 5 we hypothesized that such alterations affect tone and structure 
off  sub-endocardial arterioles, and that maintained vasodilation induces outward 
remodelingg under these conditions. Indeed vessels cultured for 3 days under 
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normall  physiological profiles of transvascular pressure maintained a moderate 
levell  of tone and did not show any structural remodeling. However, reduction in 
eitherr mean or amplitude of the pressure pulsations, reflecting stenosis, resulted 
inn development of strong basal tone at the end of the third day in culture 
andd rearrangement of the vascular wall components around a smaller lumen. 
Thiss rearrangement is called inward remodeling. The inward remodeling could 
bee reversed to outward remodeling by culturing the vessels in the presence of 
amlodipine,, a calcium blocker prescribed as vasodilator to patients with stable 
angina. . 

Inn Chapter 6 we discussed the implications of our findings for regulation 
off  sub-endocardial perfusion under normal conditions and in the presence of 
proximall  stenosis. We suggest the use of low dose NO donors and calcium 
blockerss for the improvement of sub-endocardial microvascular function and 
structuree in coronary artery disease. Future experiments extrapolating the in 
vitroo data on isolated vessels to in vivo animal models are needed in order to 
furtherr understand the complicated mechanisms that govern the coronary blood 
floww control in health and disease. 
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