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Summary y 

Chapterr 1 

Thee introduction of the present thesis deals first with the structure and function of p-

adrenoreceptorss in the sympathetic nervous system. p-Adrenoreceptors belong to the 

categoryy of G-protein-coupled receptors and can be divided into four subtypes: the p r , p2-

,, p3- and p4-adrenoceptor (PAR) subtypes. In the human heart, the pradrenoceptor is the 

majorr p-receptor. It is mainly involved in the positive chronotropic and inotropic effects on 

thee myocardium induced by adrenaline and noradrenaline. 

Furthermore,, in this chapter the development of p-adrenoceptor antagonists is discussed, 

withh a focus on the third generation p-blocker nebivolol. Nebivolol, in addition to its 

selectivee Pi -adrenoceptor blocking activity, possesses vasodilator properties. In many 

vascularr beds, these vasodilator effects appear to be mediated by the nitric oxide (NO) 

pathway.. However, the receptor involved in this process remains subject to debate and 

willl be investigated in Chapters 2 and 3. Furthermore, it has been demonstrated that in 

variouss tissues nebivolol acts as a scavenger of reactive oxygen species (ROS). Due to their 

chemicall characteristics ROS cause, amongst others, tissue damage and deterioration of 

endotheliall function. They are therefore assumed to play a role in the development and 

progressionn of cardiovascular diseases such as hypertension and congestive heart failure 

andd in ischemia-reperfusion damage. The pathophysiology of these syndromes, including 

thee therapeutic role for p-adrenoceptor antagonists herein, are discussed in a separate 

paragraph. . 

Finally,, although nebivolol has not yet been studied and compared to other therapeutical 

strategiess in clinical trials with large numbers of patients, the promising outcomes of some 

recentt small trials are summarized. 

Chapterr 2 

Althoughh it has been shown that in the rat aorta, nebivolol-induced vasorelaxation is N0-

andd cyclic GMP (cGMP)-dependent, the receptor that mediates these actions remains under 

discussion.. Serotonergic as well as p-adrenergic pathways have been suggested to be 

involved.. Therefore, in this chapter, functional experiments investigating the receptor 

involvedd in nebivolol-induced vasorelaxation were performed in the rat aorta. 

Accordingly,, isolated aortic rings were exposed to cumulative concentrations of nebivolol. 

Nebivololl concentrations of 3 uM and higher caused vasorelaxation, that was inhibited by 

thee presence of the nitric oxide synthase (NOS) inhibitor L-NNA, or by mechanical removal 
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off the endothelium. Exposure of the vessel rings to the selective 5-HT1A antagonist NAN-

1900 or the 5-HTw2 antagonist methysergide did not influnence nebivolol-induced 

vasorelaxation.. Similarly, the incubation with the p2 adrenoceptor antagonist butoxamine 

didd not prevent vasorelaxation. The selective p3 adrenoceptor antagonist S-(-)-

cyanopindolol,, however, significantly counteracted the nebivolol-induced vasorelaxation. 

Furthermore,, exposure of the aortic rings to cumulative concentrations of the p3 selective 

adrenoceptorr agonist BRL37344 caused, like nebivolol, NO-dependent vasorelaxation that 

wass antagonized by S-(-)-cyanopindolol. 

Basedd upon the data presented in this functional study we conclude that nebivolol-induced 

NO-dependentt vasorelaxation is, at least in part, caused by a p3 adrenoceptor agonistic 

effect. . 

Chapterr 3 

Inn this chapter, we investigated the vasodilating effect of nebivolol in coronary vasculature 

off the isolated intact rat heart, perfused at a constant flow according to the method of 

Langendorff.. In this model, cumulative concentrations of nebivolol as well as its d- and l-

enantiomerss produced similar decreases in coronary perfusion pressure (CPP). In order to 

elucidatee the mechanism underlying nebivolol-induced vasodilation, we measured the 

influencee of various serotonergic and p-adrenergic receptor antagonists on this 

phenomenon.. Neither the 5-HT1/2 receptor antagonist methysergide nor the selective 5-

HTuu receptor antagonist NAN-190 affected nebivolol-induced vasorelaxation. Furthermore, 

thee presence of the p2 or p3 receptor antagonists butoxamine and S-(-)-cyanopindolol, 

respectively,, had no influence. In addition, perfusion with the NOS inhibitor L-NNA and the 

solublee guanylyl cyclase (sCG) inhibitor ODQ did not alter the vasodilator activity of 

nebivolol.. In order to investigate nebivolol-induced vasodilation of the coronary bed in a 

relevantt pathological model, we exposed Langendorff heart preparations of spontaneous 

hypertensivee rats (SHR-rats) to nebivolol and studied vasorelaxation. Isoprenaline-induced 

vasorelaxationn was markedly impaired in this model, but the responses to nebivolol 

remainedd unaltered. We conclude that in the rat coronary bed, nebivolol-induced 

vasorelaxationn is not stereo-selective and not mediated by serotonergic or p-adrenergic 

receptors.. Furthermore, in the rat coronary bed the vasodilating properties of nebivolol 

appearr to be independent of NO- and cGMP pathways and persist in a model of 

spontaneouss hypertension. The exact mechanism of nebivolol-induced vasorelaxation in 

thee rat coronary bed remains undefined. 
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Chapterr 4 

Inn certain vascular beds, including the rat aorta (see Chapter 2), nebivolol-induced 

vasorelaxationn appears to be NO-dependent. Furthermore, nebivolol has been shown to 

enhancee acetylcholine-induced endothelium-dependent vasorelaxation in hypertension. In 

animalss or humans with hypertension, but also in conditions of congestive heart failure, 

endotheliall function is often damaged. We hypothesized that if nebivolol combines 

stimulationn of NO production with protection of endothelial function, this would indicate 

thatt its vasodilator effect is largely maintained in hypertension and heart failure. We 

subjectedd aortic rings obtained from spontaneously hypertensive rats (SHR rats) and 

rabbitss with experimental heart failure (CHF rabbits) to cumulative concentrations of 

nebivololl and compared the responses to those of vessel rings obtained from control 

animals.. In the same animals, we tested the responses to the endothelium-dependent 

vasodilatorr metacholine and the endothelium-independent vasodilator sodium 

nitroprusside.. As to be expected, metacholine-induced responses were attenuated in aortic 

ringsrings isolated from both SHR and CHF rabbits. In contrast, nebivolol-induced vasorelaxation 

remainedd unaffected, and so did the response to sodium nitroprusside (SNP). This indicates 

thatt despite an impaired NO-dependent vasorelaxation in subjects with hypertension or 

heartt failure, the favourable hemodynamic profile of nebivolol will be preserved. 

Chapterr 5 

Inn addition to its negative inotropic and direct vasorelaxant activity, it has been proposed 

thatt nebivolol exerts endothelium-protective effects by means of its antioxidant 

properties.. In the present study we investigated the effect of d-, I- and d/l-nebivolol on 

reactivee oxygen species (ROS)-induced endothelial damage and compared it to carvedilol 

andd metoprolol. Isolated rat aortic rings were exposed to ROS by electrolysis of the organ 

bathh medium. Before and after electrolysis, endothelial function was measured by 

preconstrictingg the vessels with phenylephrine followed by the addition of metacholine. 

Carvediloll and nebivolol protected against ROS-induced endothelial damage, whereas 

metoprololl did not. The protective effect of nebivolol proved not to be stereoselective. 

Furthermore,, we attempted to determine whether nebivolol acts a scavenger itself or 

whetherr another mechanism is involved. By means of HPLC analysis it was shown that 

nebivololl concentrations were decreased after exposure to electrolysis-induced ROS, thus 

indicatingg that nebivolol is degraded by its reaction with ROS. Functional experiments, in 

thee rat aorta, demonstrated that exposure to of nebivolol to ROS also affects its 

vasodilatorr activity. In conclusion, the present study demonstrates that nebivolol alleviates 
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ROS-inducedd impairment of endothelium-dependent vasorelaxation. This protective effect 

iss very likely the result of a direct ROS-scavenging action by the nebivolol molecule itself. 

Chapterr 6 

Ischemia-reperfusionn damage is observed after cardiological and surgical interventions 

suchh as percutaneous transluminal angioplasty (PTCA) and coronary artery bypass grafting 

(CABG).. It has been demonstrated that the observed pathological changes are the result of 

reperfusion,, rather than being caused by ischemia. It has been shown that formation of 

ROSS during the reperfusion phase play an important role herein. 

Thee present study was designed to investigate and compare the cardioprotective effect of 

carvediloll and nebivolol, both p-adrenergic receptor antagonists that supposedly exert 

ROS-scavengingg effects, during the reperfusion phase of ischemia-reperfusion. 

Forr this purpose, we exposed isolated rat hearts, perfused according to the method of 

Langendorff,, to 30 minutes of no-flow ischemia followed by reperfusion, in the absence or 

presencee of nebivolol or carvedilol. We studied functional parameters, such as coronary 

floww (CF) and left ventricular pressure (LVP), a measure for cardiac contractility. 

Furthermore,, we measured the release of creatine kinase (CK), an indicator of myocardial 

tissuee injury. 

Thee presence of carvedilol reperfusion protected against myocardial damage, as was 

depictedd by a decrease in creatine kinase leakage and an increase in coronary flow when 

comparedd to control preparations that had been subjected to ischemia and reperfusion. 

Nebivololl showed similar effects but was markedly less potent than carvedilol. In contrast 

too these findings, both carvedilol and nebivolol did not improve cardiac contractility 

significantly.. Therefore, we conclude that carvedilol, and to a lesser extent nebivolol, 

protectt against myocardial cell damage during the reperfusion phase of ischemia-

reperfusion.. However, the observed tissue-protecting effects are not reflected by an acute 

improvementt of all parameters of cardiac function measured. 

Chapterr 7 

Inn recent years it has been shown that angiotensin II (Ang II) stimulates formation of 

reactivee oxygen species (ROS), presumably by activation of NAD{P)H oxidase. This ROS 

formationn has been primarily associated with cellular growth regulation by Ang II. The 

objectivee of the present study was to investigate whether these ROS contribute to Ang II-

inducedd vasoconstriction. 

Experimentss were performed in isolated rat thoracic aorta. Concentration response curves 

weree constructed for Ang II in the absence and presence of the NAD(P)H oxidase inhibitor 
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DPI,, and ROS scavengers catalase and EUK-8. Inhibition of NAD(P)H oxidase as well as 

scavengingg of ROS, decreased the contractile response to Ang II. 

Furthermore,, administration of NADPH, a substrate for NAD(P)H oxidase, produced 

vasoconstrictionn that proved to be sensitive for DPI, catalase and EUK-8. 

Exposuree of the vessels to exogenous ROS, induced by electrolysis of the organ bath 

medium,, also resulted in a contractile response that was decreased by ROS scavenging. 

Thesee results suggest that ROS play a role in Ang ll-induced vasoconstriction via the 

activationn of NAD{P)H oxidase. 
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