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ChapterChapter 9 

Introductio n n 

Angiotensinn II , the main effector of the renin-angiotensin system, displays a vast array of effects 

onn the cardiovascular system. These include an enhancement of noradrenerigic 

neurotransmissionn at several levels such as the central nervous system, the sympathetic ganglia, 

thee adrenals and at the sympathetic nerve terminals [1,2]. 

Thee receptors through which Ang II exerts its effects are divided into AT, (sensitive to the 

referencee compound losartan) and AT2 (sensitive to PD123177 and low concentrations of PD 

123319)) subtypes, respectively [3-5]. A further subdivision of AT,-receptors into AT1A and AT1B 

subtypess is based on findings of a population of AT, receptors with affinity to PD123319 and a 

lowerr affinity for losartan [6,7]. These subtypes have been demonstrated in a variety of tissues in 

rodentss and rabbits, but not in humans. 

I tt seems likely that part of the potent vasoconstrictor effect of angiotensin II is brought about by 

thee synergistic interaction between angiotensin II and various components of the SNS and its 

receptorss [2,8,9]. Conversely, it can be imagined that part of the vasodilator effects of the A T r 

blockerss is caused by direct or indirect suppression of the sympathetic nervous system and/or its 

receptors/activities.. This interaction may be clinically relevant, taking into account the important 

rolee of SNS-activity in the genesis and maintenance of hypertension and even more so in 

congestivee heart failure [10,11] . 

I tt was repeatedly demonstrated that it is the AT,-receptor which mediates the facilitatory actions 

off  Ang II on noradrenergic neurotransmission [12-15]. Ven' littl e is known about whether 

differencess exist in potency of AT,-receptor antagonists regarding the blockade of the 

prejunctionall  AT,-receptor on the one hand, and the postjunctional AT,-receptor on the other. 

Too address this issue, we compared inhibition of the pre-junctional AT,-receptor (sympatho-

inhibition)) with that of the AT,-receptor on vascular smooth muscle, in the pithed rat as well as 

inn the rabbit isolated mesenteric artery [16,17]. We found that for a number of AT,-receptor 

antagonistss (candesartan, valsartan, eprosartan and embusartan) the ranking order of potency 

regardingg sympatho-inhibition was different from the sequence regarding inhibition of the 

vasoconstrictorr (post-junctional) effects of Ang II . We hypothesised that differences in receptor-

subtypee between the pre- and postjunctional AT,-receptors ma}- explain these findings. Some 
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authorss had already suggested that the pre-junctional AT,-receptors belong to the AT1B subtype 

[18,19]. . 

Wee further pursued this issue in the present study, where we investigated whether inhibition of 

thee AT,B-receptor by high concentrations of PD 123319 could suppress the facilitatory actions of 

Angg II on noradrenergic neurotransmission in the isolated rabbit mesenteric artery. We also 

investigatedd whether PD 123319 could influence the concentration-response curve to the direct 

vasoconstrictorr effects caused by Ang II . 

Methods s 

Thee experimental protocol was approved by the committee on Animal Experiments of the 

Academicc Medical Center Amsterdam. New Zealand White rabbits of either sex weighing 2200 -

29000 g were used. The rabbits were anaesthetised with Hypnorm (fentanyl/fluanison) 2.5 

mg/kgg i.m. Subsequendy, heparin 875 IE /kg i.v. was injected and rabbits were sacrificed with 

Nembutal""  (pentobarbital) 60 mg/kg i.v. The mesentery and intestine were removed and placed 

inn physiological salt solution (PSS), gassed with a mixture of 95% 0 2 and 5% C 02 at room 

temperature.. Four segments of mesenteric artery with a length of ~2 mm each were dissected and 

aa stainless steel wire with a diameter of 40 (im was inserted into the lumen of each vessel. The 

vesselss were then transferred into the organ baths of an isometric wire myograph. The organ bath 

containedd PSS of the following composition (mM): NaCl 118.5, KC1 4.7, MgCl2 1.2, CaCl2 2.5, 

K H 2P 044 1.2, N a H C 03 25, glucose 5.5, EDTA 0.024. Ascorbic acid (100 mg/1) was added to 

preventt oxidation of noradrenaline. Propranolol (1 uM), yohimbine (1 |lM) and N^-Nitro-L-

Argininee (L-NNA ) (0.1 mM) were added in order to exclude the P-adrenergic and a2-adrenergic 

effectss of noradrenaline and the influence of endothelium-derived N O, respectively. The 

preparationss were attached to a micrometer screw and, after insertion of a second wire, to an 

isometricc force transducer (Kister Morse, DSG 6, Redmond, WA, USA). The preparations were 

equilibratedd for 15 minutes in PSS at 37 °C and the medium was gassed with a mixture of 95% 

0 22 and 5% C 02 (pH 7.4). Subsequently the vessels were subjected to a normalisation procedure 

accordingg to Mulvany & Halpern [20]. The individual circumference was adjusted to 90% of the 

valuee that the particular vessel would have had at a transmural pressure of 100 mmHg. 
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Electricall  field stimulation was applied using thin platinum wire electrodes positioned on either 

sidee of the vessel. Contractions were generated using an alternating current of 8S/-85 mA. with a 

pulsee width of 2 ms for 20 s per frequency step. The frequencies used were 1, 2 and 4 Hz, 

respectively,, applied in succession, in increasing order. Henceforth, the term EFS implies that the 

fulll  range of frequency steps was applied. 

Twoo types of experiments were performed. 

ExperimentExperiment 1. Electrical field stimulation + Angll andPD 123319 

Afterr an equilibration period of 30 minutes, EFS was applied once as a priming procedure. 

Anotherr 30 minutes later, a second EFS was carried out which served as a reference. After the 

secondd EFS (S2) had been carried out, the vessels were left for another 30 minutes. Subsequentlv, 

aa third EFS (S3) was applied in the presence of angiotensin II (0.5 nM) added to the organ bath 2 

minutess before stimulation, or in the presence of the vehicle (control). Finally, a contraction with 

PSSS containing 100 mM KC1 (equimolar substitution for NaCl; KPSS) was generated to serve as a 

referencee to quantify the contractions provoked by EFS. 

Inn another group of preparations, the effect of PD 123319 on the interaction between Ang II and 

stimulation-inducedd contractions was tested. Fifteen minutes after the reference EFS (S2) had 

beenn carried out, the medium was replaced by PSS containing one particular concentration of 

PDD 123319 (0.1 — 10 |J.M). After an incubation period of 15 minutes a third EFS was applied in 

thee presence of the AT,-antagonist and angiotensin II 0.5 nM (added to the organ bath 2 minutes 

priorr to stimulation). 

ExperimentExperiment 2, Concentration-response curves of Ang II and PD 123319 

Thee priming procedure consisted of two subsequent applications of KPSS, a single concentration 

off  phenylephrine (3 ^.M) and again KPSS. Subsequently, after an equilibration period of 30 

minutes,, a concentration-response curve (CRC) was constructed for the effects of Ang II 

(concentrationn range 0.5 nM - 1 |lM) in the presence of PD 123319 (10 JlM) (added to the organ 

bathh 15 minutes before the CRC was started) or vehicle (control). Non-linear regression was 

carriedd out to calculate maximal effect (Emax) and the concentration Ang II that caused half-

maximall  effects (EC-(1). 
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DrugsDrugs used 

Angiotensinn II (Bachem, Bubensdorf, Switzerland), (+)-propranolol HCI (Research Biochemical 

Incorporated,, Natick, USA), yohimbine hydrochloride (Sigma Chemical, St. Louis, USA), Nw-

nitro-L-argininee (Sigma) and PD123319 (Parke Davis, Ann Arbor, USA) were all dissolved in 

distilledd water. 

StatisticalStatistical analysis 

Al ll  data are expressed as means i SEM. The statistical difference between means was determined 

byy Student's t-test. In the case of multiple means, one-way analysis of variance (ANOVA) , and 

Dunnett 'ss post-test was applied. A p value<0.05 was considered to indicate statistical significance. 
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Results s 

Thee mean normalised diameter of a total number of 66 mesenteric artery preparations used 

amountedd to 639  16 |J.m. Groups consisted of 8-14 animals each. The mean normalised passive 

tensionn amounted to 4.5  0.1 mX. The maximum contraction evoked by KPSS amounted to 26 

 0.6 mN. 

Inn a previous study [17], we demonstrated that the contractile force evoked by electrical field 

stimulationn could be inhibited (> 90 %) by prazosine and abolished by tetrodotoxin. 

Consequently,, the contractions are mainly caused by stimulation-induced release of noradrenaline 

fromm the sympathetic nerve terminals. Additionally, we demonstrated that the second period of 

EFSS (S2) can serve as a reference for the third period of EFS (S3). In those experments, 

responsess to S3 (1, 2 and 4 Hz) were 14.6  2.3, 26.5  3.5 and 44.9  3.7°/» (expressed as % of a 

standardd potassium (100 mM)-contraction) and the ratio between forces measured at S2 and S3 

(S3/S2)) amounted to 1.06  0.03, 0.96  0.03 and 0.98  0.05 for 1, 2 and 4 Hz, respectively. 

Accordingly,, the ratio S3/S2 was calculated to assess effects of Ang II and/or PD 123319 on S3. 

Angg II (0.5 nM) caused a significant enhancement of responses to EFS at 1, 2 and 4 Hz. S3/S2-

ratioss at 1, 2 and 4 Hz were 2.9 + 0.3, 2.3  0.3 and 1.6  0.1, respectively (p<0.05 compared to 

control).. The enhancement could be inhibited by PD 123319 (1 and 10 |iM) (see fig. 1). In the 

absencee of Ang II , PD 123319 (10 \l\l ) did not affect responses to EFS (X = 4, data not 

shown). . 

Angg II caused a concentration-dependent increase in contractile force (Fig. 2). (Emi^ 60.9  4.0 

%% of contractions by KPSS, E Qn 8.3  0.02 - log M) (Fig. 2). The CRC to Ang II was unaffected 

byy PD 123319 (10 |lM), the highest concentration of PD 123319 that was applied in the 

stimulationn experiments; Em^ 59.3  5.7 %, EQ„ 8.2  0.02, NS compared to control. 
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++ Ang II 0.5 nM 
++ AngM0.5nM + PD123319 0.1 uM 
++ AngM0.5nM + PD123319 1 nM 
++ Ang II 0.5 nM + PD 123319 10 nM 

stimm freq (Hz) 

Figur ee 1. Inhibitory effects of PD 123319 (0.1 - 10 liM ) on the facilitation by Ang II of 
stimulation-inducedd contractions. Ang II (0.5 nM) in the presence or absence of PD 123319 was 
addedd to the organ bath 2 minutes prior to the third electrical field stimulation (S3). The ratio 
betweenn forces induced by S2 and S3 (S3/S2) is shown at the ordinate and stimulation 
frequenciess at the abscissa. Values are given as means  SEM. * p<0.05 at each stimulation 
frequencyy compared to responses in presence of Ang II (0.5 nM). (N = 8-14 per group). 
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Figur ee 2. PD 123319 (10 (J.M) had no effect on the cumulative concentration-response curve for 
Angg II in the isolated rabbit mesenteric artery. Values are shown as means  SEM. N = 8 in both 
groups. . 
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Discussion n 

Thee main findings of the present study are that the enhancing effect of Ang II on noradrenergic 

neurotransmissionn can be inhibited by PD 123319 (1 and 10 |LlM), concentrations that are 

assumedd to block the AT IH-receptor. In contrast, a concentration-response curye to Ang II was 

unaffectedd by PD 123319 (10 M-M)- Thus, the prejunctional AT r receptor subserving the 

enhancementt of stimulation induced NA-release appears to belong to the AT1B — subtype. 

Inn rat and rabbit cultured renal cells, the different sub-populations of the AT,-receptor were 

firstlyy described [6,21]. PD 123319 showed high affinity for the AT :B-subtype and lower affinity 

forr the AT IA -subtype. A selective AT2-receptor antagonist, CPG 42112A, showed no affinity for 

eitherr subtype. 

Thee findings in the present study ma}- explain the difference in ranking order for eprosartan and 

candesartan,, regarding svmpatho-inhibition one the one hand, and inhibition of the (post-

junctional)) vasoconstrictor effects of Ang II , on the other, described previously in this model 

[17].. Differences in subtype between pre- and postsynapic AT-receptors have been suggested 

earlierr bv Guimaraes et al. [22]. However, these authors found PD 123319 (0.1 |i.M) to be 

ineffectivee in inhibiting facilitation by Ang II . In another study, PD 123319 0.1 flM  was found to 

inhibitt Ang II - induced facilitation [18]. The concentrations that we used were quite high, 

relativee to the nM-affinity of PD 123319 for the AT1B-sutype reported earlier [6]. However, PD 

1233199 was reported to be approximately 1000-fold less potent than can be expected from 

bindingg assays [23]. Indeed, PD 123319 (10 |lM) did not completely inhibit facilitation by Ang II 

(illustratedd by S3/S2-ratios of 1.4, 1.2 and 1.1, at 1, 2 and 4 Hz respectively), whereas in the 

previouss investigation, AT,-blockade by eprosartan and candesartan could abolish the facilitating 

effectt of Ang II . 

Thee highest concentration of PD 123319 that we used in the stimulation experiment (10 (J.M) did 

nott alter the CRC to Ang II . In a previous study, also in rabbit mesenteric artery, we 

demonstratedd that both the AT,-receptor antagonists eprosartan and candesartan could inhibit 

thee CRC to Ang II [17]. Therefore, these effects must be mediated by another subtype, most 

probablyy AT 1V Indeed, AT, receptors on vascular smooth muscle cells have been reported to 

belongg to the AT1A-subtype [24]. 
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Takenn together, there is now increasing evidence that the pre-junctional AT r receptors belong to 

thee AT1B-subtype, and postjunctional AT-receptors are of the AT1A-subtype. Since no radioligand 

bindingg studies of AT-receptors on sympathetic nerve terminals have been performed, this 

hypothesiss remains speculative, although both the AT1A and AT1B-subtypes have been identified 

inn neuronal cultures [25]. These findings may also offer some explanation as to why facilitation by 

Angg I I occurs at subpressor concentrations [26,27]. The putative prejunctional AT ] B subtype has 

aa 5-fold higher affinity to Ang II than the AT IA -subtype [6]. The AT1B receptor showed lower 

affinityy for losartan, which may explain why generally high concentrations of AT,-receptor 

antagonistt are required to obtain sympatho-inhibition. An exception may be eprosartan, which in 

aa number of studies showed a relatively high sympatho-inhibitory potency [16,19,28]. 

Limitationss of the present study : 

Thee facilitating (prejunctional) effect of Ang II was observed at a subpressor concentration (0.5 

nM).. Therefore, the inhibitor} ' effects of PD 123319 also apply to this very low agonist 

concentration.. In contrast, vasoconstrictor (postjunctional) effects and (the lack of effect of 

PD123319)) all concern higher concentrations of Ang II . Therefore, a comparison between the 

twoo types of experiments is difficult . However, the finding alone that prejunctional and 

postjunctionall  actions of Ang II occur at different concentrations, already suggest differences in 

thee receptor subtypes which are involved. Additionally, if contraction of vascular smooth muscle 

iss indeed mediated by the AT1B-subtype, we would have expected to see at least some effect of 

thee very high concentration of PD 123319 in the present study, which we did not. 
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