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Chapterr 1 

Thee components and the receptors of the renin-angiotensin system (RAS) are briefly reviewed in 

thiss introductory chapter. Additionally, the interaction of the RAS with the sympathetic nervous 

systemm (SNS) is discussed, as well as its contribution to conditions of cardiovascular pathology, in 

particularr essential hypertension and congestive heart failure. 

Angiotensinn II , the main effector of the RAS, displays various physiological actions within the 

cardiovascularr system. The 'classic' effects of angiotensin II such as vasoconstriction and 

aldosteronee release are mediated by the AT r receptor. The AT,-receptor, which function has 

becomee clearer the recent years, was demonstrated to play a role in processes such as apoptosis 

cellularr growth and differentiation as well as in vasodilatation and anti-thrombosis. 

Angiotensinn II is known to enhance sympathetic neurotransmission via the AT,-receptors at 

variouss levels such as the central nervous system, the adrenal medulla, the svmpathetic ganglia 

andd the post-ganglionic nerve terminals. Furthermore, enhancement of adrenergic stimulation at 

thee level of the vascular smooth muscle has been described. 

Thee substantial roles of the RAS and the SNS in the development and maintenance of 

hypertensionn is firmly established, both in humans and in animal models. Pharmacological tools 

directedd against various components of both blood pressure regulator}- systems have been 

successfullyy applied in the treatment of hypertension. 

Variouss forms of congestive heart failure are known to be accompanied by activation of the RAS 

andd the SNS. At early stages of the disease these responses may contribute to maintain 

cardiovascularr homeostasis and adequate tissue perfusion and they are considered to be adaptive 

mechanismss on short term. On long term, however, activation of these systems causes 

detrimentall  effects on cardiac function. Attenuating the activity of the RAS and SNS by means of 

ACE-inhibitors,, AT r recep tor antagonists and ^-blockers, respectively, has proven beneficial 

Furthermore,, the interaction between the RAS and the SNS appears to be highly relevant, both 

forr pathophysiological and therapeutic reasons. We studied the interaction between both systems 

att by means of appropriately modified techniques. 

Chapterr 2 

Wee investigated the validity of a technique to quantify the peripheral sympathetic nervous system 

andd its modulation in the isolated rabbit thoracic aorta. This modified approach consists of a 

variantt of the classical superfusion technique, which involves the use of a radiolabeled tracer (e.g. 

H)) inserted into the neurotransmitter molecule. Rabbit thoracic aortic rings were incubated with 

[3H]-labeledd noradrenaline. Electrical field stimulation (EFS) (2 Hz, 3 ms, 150 mA) caused a 
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significantt increase of ["H]-noradrenaline outflow by approximately a factor 4.2 (p<0.05). The 

fractionall  release of noradrenaline during consecutive periods of stimulation remained unaltered 

(FR2/FR,, 0.99  0.03). The EFS-evoked release could be nearly abolished by the selective 

sodium-channell  blocker tetrodotoxin (1 ^i\I ) (FR2/FR, 0.06  0.03 p<0.05). The N-type calcium 

antagonistt co-conotoxin GVI A (0.3 u.M) abolished the stimulation-evoked outflow (FR2/FR, 0.01 

 0.06, p<0.05), whereas the anti-sympathotonic agent guanethidine (10 u.M) attenuated the EFS-

evokedd noradrenaline outflow by approximately a factor 2 (FR2/FR, 0.46  0.07, p<0.05). 

Angiotensinn 11 (0.1 nM and 1 nM) enhanced the EFS-evoked [3H]-noradrenaline outflow bv 

nearlyy a factor 1.5 and 2, respectively (FR2/FR, of 1.43  0.11 (0.1 nM) and 2.03  0.11 (1 nM); 

n=6-8,, p<0.05). Al l agents failed to influence basal outflow. We conclude that our modified 

experimentall  approach appears to be suitable to study presynaptic influences on sympathetic 

transmissionn in the rabbit thoracic aorta. In addition to optimal control of the experimental 

conditionss the method offers the advantage of a safe and reliable sampling. 

Chapterr 3 

Thee effects of the angiotensin AT, receptor antagonists losartan, irbesartan and telmisartan on 

angiotensinn II-induced facilitation of noradrenergic neurotransmission were investigated in the 

isolatedd rabbit thoracic aorta. FJectrical field stimulation (EFS) (2 Hz, 3 ms, 150 mA) caused a 

significantt increase ot tritium-label release (p<0.05). Angiotensin II (O.OlnM - 0.1 |iM) caused a 

concentration-dependentt enhancement of EFS-evoked noradrenaline release (control v.s. 

concentrationss O.lnM - 0.1 (iM: p<0.05). The maximal augmentation, by almost 100%, was 

observedd at a concentration of 1 nM (FR,/FR, 2.03  0.11 v.s. control 0.99  0.03). Higher 

concentrationss (up to 0.1 flM ) produced less than maximal facilitation. The AT,-receptor 

antagonistss losartan (O.lnM - 0.1 (iM) , telmisartan (O.OlnM - lOnM) and irbesartan (O.lnM -

0.11 u,M) concentration-dependently attenuated the angiotensin II-mediated (InM) enhancement 

off  EFS-evoked sympathetic outflow. The concentrations that reduced the enhancement bv 50% 

weree losartan 9.05  0.16, telmisartan 10.28  0.20 and irbesartan 9.20  0.23 (IC-(l 's, expressed as 

-logMM  SEM). Accordingly, the order of potency with respect to sympatho-inhibition proved to 

bee telmisartan>irbesartan=losartan (where > signifies p<0.()5). We conclude that the facilitating 

effectt of angiotensin II on the sequealae of neuronal stimulation appears to be mediated by 

prejunctionallyy located angiotensin AT, receptors. Facilitation can be concentration-dependently 

attenuatedd by angiotensin AT, receptor blockade. The order of potency with respect to 
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sympatho-inhibit ionn appears to be telmisartan>irbesartan=losartan. These differences may be 

explainedd by differences in affinity for the prejunctional angiotensin AT, receptor. 

Chapterr 4 

Wee determined the inhibitor} - potency of two selective angiotensin AT , receptor antagonists, 

eprosartann and candesartan, at the level of the sympathetic nerve terminal and the vascular 

smoothh muscle. To study eprosartan and candesartan at the neuronal angiotensin AT, receptor 

wee investigated their influence on the angiotensin I l-enhanced, electrical field stimulation evoked 

sympatheticc transmission in the rabbit isolated thoracic aorta in our modified noradrenaline 

spilloverr model. To study both antagonists at the vascular angiotensin AT, receptor, 

concentrat ion-responsee curves for angiotensin II were constructed in the presence or absence of 

thee two angiotensin AT , receptor antagonists. Angiotensin II (10 nM) caused a significant 

increasee by 107  11.1% of the stimulation-evoked sympathetic outflow, which was 

concentrat ion-dependentlyy inhibited by both eprosartan (pIC5{ l 7.91  0.12) and candesartan 

(pIQoo 10-76  0.13). Angiotensin I I (1 nM - 0.3 uM) caused a concentration-dependent increase 

inn contractile force (Emax 20.62  2.24 mN, pD2 8.16 + 0.04). Both eprosartan (pA, 8.90  0.11, 

pIC500 8.87  0.12 (angiotensin II 10 nM)) and candesartan (pD2' 10.80  0.13) counteracted the 

contractionss evoked by cumulative concentrations of angiotensin II . Candesartan proved a more 

potentt antagonist than eprosartan at both the pre- and postjunctional angiotensin AT, receptor. 

Forr eprosartan, vascular inhibitor} - concentrations were 10-fold lower than sympatho-inhibitory 

concentrat ions,, whereas for candesartan inhibitor}- concentrations at both sites were similar. The 

resultss may be explained by differences between the prejunctional and postjunctional angiotensin 

AT ,, receptor subtype. 

Chapterr 5 

Angiotensinn I I can enhance responses to electrical field stimulation (EFS) via angiotensin AT , 

receptorss located on sympathetic nerve terminals. Regarding the inhibition of the prejunctional 

andd postjunctional angiotensin AT , receptor we observed differences in the inhibitor} - potency of 

eprosartan.. It was the objective of the present study to investigate if the prejunctional angiotensin 

AT ,, receptor might belong to the AT1B-receptor subtype. Accordingly, we investigated whether 

AT, B-receptorr inhibition by high concentrations of PD123319 (an angiotensin AT 2 receptor 

antagonistt with angiotensin AT 1B receptor affinity) could suppress angiotensin II-augmented 

noradrenergicc transmission in the rabbit thoracic aorta and in the isolated rabbit mesenteric 

artery.. Furthermore, we investigated whether PD123319 could influence the constrictor 
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responsess to angiotensin I I in both preparations. In the thoracic aorta angiotensin I I (10 nM) 

causedd a significant enhancement of electrical field stimulation (EFS)-evoked [H]-noradrenaline 

releasee by a factor 2.0  0.1. This reinforcement could be inhibited by PD123319 (0.1, 1 and 10 

/AT)./AT). The constrictor response to angiotensin II was unaffected by PD123319 in this preparation. 

I nn the mesenteric artery angiotensin II (0.5 nM) caused a significant enhancement of constrictor 

responsess to EFS by a factor 2.9  0.3, 2.3  0.3 and 1.6  0.1, at 1, 2 and 4 Hz, respectively. 

Thiss enhancement could be attenuated by PD123319 (1 and 10 /vM). The constrictor response to 

angiotensinn II was unaffected by PD123319. We suggest that the prejunctional angiotensin AT, 

receptorr belong to the AT1B-subtype whereas postjunctional angiotensin AT , receptors do not. 

Chapterr 6 

Wee investigated the possible role of the angiotensin AT 2 receptor in angiotensin Il-mediated 

facilitationn in vitro, since in a recent study we demonstrated that inhibition of angiotensin II -

mediatedd facilitation in the pithed rat by irbesartan resulted in a U-shaped dose response curve, 

whichh was not observed when PD 123319, in a concentration that selectively blocks the AT2-

receptor,, was co-administered. Hence, the irbesartan-mediated "upstroke" might be explained by 

thee involvement of the AT 2-receptor after AT,-blockade with high-dose irbesartan. Accordingly, 

wee studied the effect of the AT2-receptor antagonist PD 123319 (10 nM) on angiotensin II -

enhancedd sympathetic outflow evoked by electrical field stimulation (EFS) in the rat isolated vena 

cavaa inferior. Additionally, we investigated the effect the AT,-receptor blocker irbesartan (0.1 nM 

-- 1 [AM ) on the sequalae of angiotensin Il-enhanced, EFS-evoked sympathetic nerve traffic in the 

presencee or absence of PD123319 (10 nM). PD123319 did not influence angiotensin I l-enhanced 

sympatheticc outflow. Irbesartan could concentration-dependentiy attenuate angiotensin II -

augmentedd transmitter release (pIC50 7.99  0.03), whereas no U-shaped concentration-response 

relationshipp for irbesartan was observed. Co-administration of PD123319 with irbesartan proved 

unablee to influence angiotensin Il-mediated facilitation differently compared to irbesartan alone. 

Thee experimental observations indicate that the AT2-receptor is not involved in angiotensin I l -

mediatedd enhancement of sympathetic nerve traffic in the present in vitro study. 

Chapterr 7 

Att present littl e is known about the effects of angiotensin II at the level of the sympathetic 

neuronss in congestive heart failure. Accordingly, it was the objective of the present study to 

investigatee the effect of angiotensin II , in the presence and absence of the angiotensin AT, 

receptorr antagonist eprosartan, on stimulation-induced sympathetic nerve traffic in isolated 
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thoracicc aorta preparations obtained from rabbits suffering from experimentally induced 

congestivee heart failure (CHF). Control preparations were obtained from age-matched control 

animals.. Sympathetic activity was assessed by our modified noradrenaline spillover model. 

Additionally,, angiotensin II constrictor responses were compared between control and CHF-

preparationss in the presence and absence of eprosartan. Additionally, to study postjunctional 

facilitation,, the effects of angiotensin II on postsynaptic a-adrenoceptor mediated responses 

weree studied using noradrenaline. Stimulation-evoked SNS-neurotransmission was similar in both 

groupss (CHF versus control). Angiotensin II (0.1 nM - 0.1 |iM) caused a concentration-dependent 

increasee of the stimulation-evoked sympathetic outflow in both groups, with a maximum at 10 

nMM (control (n=7), FR2/FR, 2.03  0.11 and CHF-preparations (n=7), FR2/FR, 1.71  0.07). The 

enhancementt by angiotensin I I was decreased in CHF-preparations compared to controls 

(p<0.05).. Eprosartan concentration-dependently attenuated the angiotensin I l-enhanced (lOnM) 

sympatheticc outflow in both CHF- and control preparations. The sympatho-inhibkorv potency of 

eprosartann was similar in both groups (control plC5IJ 8.81  0.31; CHF 8.65  0.42).Angiotensin 

I II  ( InM - 0.3JJ.M) concentration-dependently increased the contractile force in control 

preparationss (Em;lx 21.64  3.86mN, pD2 7.63  0.02, n - 7 ). Eprosartan ( InM - 0.1 oAf) 

influencedd the angiotensin Il-contractions in a mixed form of antagonism. In CHF-preparations 

angiotensinn II caused an impaired vascular contraction. The KCl-induced contraction was 

decreasedd in the CHF- compared to control preparations (13.02  0.64 mN versus 30.40  0.89 

mN).. The relative angiotensin II contracüon (% of KC1) was decreased as well (2.3% versus 

58.0%).. Concentrat ion-response curves to noradrenaline (%KC1) were similar (control pD2 6.93

0.05,, Emix 131.0  2.7; CHF pD2 7.00  0.05, Emas 136.7  2.6) (p>0.05) and were not affected by 

angiotensinn II . 

Wee conclude that angiotensin Il-enhanced sympathetic neurotransmission is mediated by the 

prejunctionall  angiotensin AT, receptor in both control and CHF-preparations. The decreased 

facilitationn of SNS effects by angiotensin II may be explained by downregulation or 

desensitisationn of the neuronal angiotensin AT, receptor. Additionally, the aortic contractile 

capacityy in heart failure rabbits appears to be decreased, probably as a result of heart failure-

associatedd neuroendocrine and functional changes. 

Chapterr 8 

Thee present study was designed to investigate the influence of maturation on the angiotensin II -

mediatedd facilitation of sympathetic nerve traffic (prejunctional angiotensin AT, receptor: as wcii 
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ass on the angiotensin II-mediated vasoconstriction (postjunctional angiotensin AT, receptor). 

Additionally,, we investigated the inhibitor} ' effect of the selective angiotensin ATj receptor 

antagonistt eprosartan on angiotensin II-mediated responses at both sites. To study angiotensin II 

att the neuronal angiotensin AT, receptor we investigated its influence on electrical field 

stimulationn (EFS)-evoked sympathetic neurotransmission in the isolated thoracic aorta in our 

noradrenalinee spillover model. To study angiotensin II at the level of the vasculature 

concentration-responsee curves for angiotensin II were constructed. In both models used the 

influencee of eprosartan on angiotensin II-mediated responses was studied. Angiotensin II (0.01 

nMM - 0.1 fiM ) concentration-dependently enhanced the EFS-evoked noradrenaline release in both 

groups.. No differences concerning the relative (approximately 100%, p>0.05) and absolute 

facilitoryy magnitude were observed between groups, although concentrations required in voung 

adultt rabbits exceeded those in adolescent rabbits by a log increment. 

Eprosartann concentration-dependently attenuated the angiotensin II-enhanced (10 nM) 

sympatheticc outflow. The inhibitor} ' potency differed approximated a tenfold between both 

groupss (young; pIC5(, 7.91  0.12 and adult; pIC5ll 8.81  0.31, p<0.05). Angiotensin II (1 nM - 0.3 

|jM)) caused a concentration-dependent increase in contractile force (adolescent; Emax 20.62  2.24 

mN,, pD2 8.16  0.04, n=10 and young adult; Emax 21.64  3.86 mN, p D, 7.63  0.02, n=7). We 

observedd approximately a half log increment difference in potency, although the maximal 

absolutee contraction was similar in both groups. 

Eprosartann (0.1 nM - 0.1 |iM) inhibited the angiotensin II-mediated contractions in a competitive 

mannerr in adolescent rabbits (pA, 8.90  0.11, n=24), whereas a mixed form of antagonism, in 

thee same concentration range, was observed in voung adult rabbits. 

Wee conclude that the altered responses may be explained by a maturation-dependent AT,-

receptorr desensitisation or expression. This additionally mav offer a possible explanation for the 

differentt types of antagonism induced by eprosartan in young compared to adult rabbits. 

Chapterr 9 

Wee investigated the validity- of our developed model to modulate sympathetic nerve traffic bv 

meanss of various voltage dependent calcium channel (VDCC) antagonists in isolated arteries and 

inn the pithed rat model. Sympathetic neurotransmission is extensively dependent on calcium 

influxx via N-type calcium-channels located on sympathetic nerve terminals. In the rabbit isolated 

thoracicc aorta, the alleged sympatholytic properties displayed various VDCC-blockers were 

evaluatedd in the noradrenaline spillover model. Additionally, the influence of cilnidipine on 

stimulation-inducedd constrictor responses was studied in the rat isolated tail artery in addition to 

189 9 



Summary Summary 

itss effect on noradrenaline-induced contractions. Finally, we studied the influence of cilnidipine 

andd other calcium-channel blockers on stimulation-induced chronotropic responses and their 

effectt on noradrenaline-induced tachycardia, in order to address N- or L-tvpe selectivity, in the 

pithedd rat model. In the isolated rabbit thoracic aorta preparation oo-conotoxin GVI A (0.1 fiM ) 

nearlyy abolished the sympathetic outflow caused by stimulation, whereas nifedipine (0.1 jiM ) and 

amlodipinee (1 juM) did not influence the evoked noradrenaline release. Cilnidipine (1 fiM ) 

significantlyy attenuated the response by nearly 18% and mibefradil (1 fiM ) by approximately 42%. 

Thee stimulation-induced constrictor response (prejunctional effect) in the rat isolated tail artery 

couldd be blocked by (D-conotoxin GVIA (0.5 and 1 fiM) . Cilnidipine (10 nM and 0.1 fiM ) 

significantiyy attenuated responses to stimulation by maximally 20%, whereas it did not influence 

thee constrictor response to noradrenaline (postjunctional effect).The mean heart rate in the 

pithedd rat model amounted to 309.3  3.6 beats per minute (bpm). Electrical stimulation of the 

cardio-acceleratorr nerves (C7 - T h l ) resulted in an increase by 106.7  2.2 bpm. Al l antagonists 

studied,, except for nifedipine, attenuated the chronotropic response to stimulation (p<0.05). The 

rankk order of sympatholytic efficacy was: w-Conotoxin GVI A (84.8%), mibefradil (75.1%), 

cilnidipinee (43.0%), amlodipine (34.8%),. Noradrenaline (10 nmol/kg) increased the heart rate by 

117.88 + 2.7 bpm. This chronotropic response was influenced equally well by the calcium-channels 

blockerss as observed in the stimulation (prejunctional) experiment. 

Wee conclude that our modified experimental approach appears to be suitable to study presynaptic 

influencess on sympathetic transmission in the rabbit thoracic aorta. Additionally, we found that 

thee alleged N-type channel blocking properties of cilnidipine could be demonstrated in some 

(vascular)) but not all (cardiac) models studied. 
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