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CHAPTERR 2 

VASOPRESSIN-INDUCEDD FACILITATION OF ADRENERGIC 

RESPONSESS I N THE RAT MESENTERIC ARTERY IS 

Vi-RECEPTORR DEPENDENT. 

AutonomicAutonomic & Autacoid Pharmacology 2003; 23: 35-41 
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1.. Introduction 

Thee neurohypopyseal peptide hormone arginine vasopressin (AVP) is known to 
regulatee water reabsorption in the renal tubular cells via the V2 receptor. * AVP 
alsoo acts as a potent vasoconstrictor in numerous vessels through the Vi-
receptor,, 2 although it appears to mediate vasodilation in some vascular beds 
viaa the V2-receptor. 3"5 Furthermore, AVP also exerts haemostatic activity, due 
too an enhanced platelet aggregation 6 and to an increased release of 
coagulationn factors. 7 Moreover, AVP regulates the release of adreno-
corticotropicc hormone (ACTH), through the activation of the V3-pituitary 
receptorr (or Vib-receptor). 8 

Elevatedd plasma AVP levels are a common finding in congestive heart failure, 
whichh could play a role in the pathophysiology of this syndrome. 9;10 Several 
studiess have evaluated a possible role of AVP in essential hypertension. 
Althoughh these analyses did not yield conclusive results, it seems possible that 
AVPP plays a role in certain subgroups of hypertensive subjects. n"13 The 
importantt role of the sympathetic nervous system in both clinical syndromes is 
welll established. 14"17 Interestingly, several studies show that AVP may have 
indirectt effects on the perivascular nerve fibers of the sympathetic nervous 
system.. 18"21 It can be imagined that this interaction is clinically relevant. 

Thee possibility to study the interaction between AVP and sympathetic neurons 
hass been improved by the recent introduction of highly selective, non-
peptidergicc AVP receptor antagonists. The older peptidergic AVP antagonists 
weree of limited clinical value because of their short half-life, low bioavailability 
andd exclusive parenteral administration. OPC-21268 was the first non-peptide 
AVPP antagonist described by Yamamura et al. 22 In the past decade, new non-
peptidee AVP antagonists have been developed, with a better profile, regarding 
theirr affinity, efficacy and selectivity for either the Vi- or V2-receptor. 23~25 The 
importancee of these antagonists has gained weight owing to the ongoing 
clinicall evaluation of several AVP antagonists. 26~28 

Thee present study was designed to investigate which AVP receptors are 
involvedd in the potentiation of sympathetic neurotransmission by AVP. 
Furthermore,, we aimed to evaluate whether the facilitation of AVP is pre- or 
post-synapticallyy located. So far both sites have been suggested to play a role. 
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i8;2i;29-3ii 0 n e j m p o r t an t problem is the heterogeneity of responses to AVP in 
differentt vascular beds. These responses range from a marked 
vasoconstrictionn to vasodilation and even to a biphasic vascular response. 3" 
5;32-355 T n e involvement of a vascular V2-receptor on the vascular smooth 
musclee cells or indirectly on the endothelium is very likely. This makes the 
interactionn between a pre- or postsynaptic V2-receptor and sympathetic 
nervouss system extremely complicated to evaluate, since the vasodilating 
effectt of a post-synaptic Wreceptor can mask facilitation of sympathetic 
neurotransmissionn by a pre-synaptic V2-receptor. 

Inn order to elucidate the various complex effects of AVP, we evaluated in vitro 
inn rat mesenteric artery preparations the interaction between AVP and the 
sympatheticc nervous system. We applied the new non-peptide AVP 
antagonistss SR-49059 (Vi), SR-121463 B (V2) and the V2-agonist 
desmopressinn as pharmacological tools for the analysis of the interaction 
betweenn AVP and the sympathetic neurons in the present study. 

2.. Methods 

IsolatedIsolated small mesenteric arteries 

Malee Wistar rats (250-270 g) were obtained from Charles River (Sulzfeld, 
Germany).. The rats were killed by stunning and decapitation. The mesenteric 
vascularr bed was placed in a physiological salt solution (PSS) of the following 
compositionn (mM): NaCI (118.5); KCI (4.7); KH2P04 (1.2); CaCI2 (2.5); MgS04 

(1.2);; glucose (5,5); Na4EDTA (0.026); NaHC03 (25). Ascorbic acid (100 mg/l) 
wass added to prevent oxidation of noradrenaline; Yohimbine (1 uM), 
propranololl (1 uM) and N^-nitro-L-arginine (L-NNA, 0.1 mM) were added to 
preventt a2- or (3-adrenergic effects of noradrenaline or those of endothelium 
derivedd nitric oxide, respectively. The arteries were dissected at room 
temperaturee and the PSS was continuously gassed with carbogen (95% 02 

andd 5% C02) at a pH-value of 7.3-7.4. The fat and connective tissues were 
dissectedd from the mesenteric artery segments. The arteries were cut into 
segmentss of 2 mm long and two stainless steel wires, with a diameter of 40 
uM,, were inserted into the lumen. Thereafter the vessels were mounted in an 
organn bath of an isometric wire myograph with PSS at a temperature of . 
Thee vessels were equilibrated for 30 minutes before the normalization 
proceduree according to Mulvany and Halpern was started. 36 In the 
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normalisationn procedure the resting tension was adjusted to a level 
comparablee to a transmural pressure of 100 mmHg. Isometric tension was 
measuredd by means of isometric force transducers (Kister Morse, DSG 6, 
Redmond,, WA, USA), connected to a MacLab/8 computer system. 

ExperimentalExperimental protocol 1 

Afterr the normalisation procedure the vessel segments were subjected for 5 
minn to a depolarising PSS (containing 120 mM K+), thus causing a contraction 
off the vascular smooth muscle. In this solution 115.3 mM NaCI had been 
isotonicallyy replaced by KCI, resulting in a total KCI concentration of 120 mM. 
Withh 20 min equilibration intervals this was followed by 5 min periods of once 
moree PSS KCI 120 mM. Subsequently vasoconstriction induced by 
phenylephrinee (PhE) 3 uM, and after 20 minutes by PSS KCI 120 mM was 
appliedd again. Thirty minutes after the last potassium-induced contraction, 
concentration-responsee curves (CRC) for AVP (0.1 nM- 1 uM) were 
constructed,, in the presence or absence of the Vi-antagonist SR-49059 (10 
nM)) or the V2-antagonist SR-121463 B (10 nM), respectively. The incubation 
periodss of these compounds was 25 min. The results of the AVP-induced CRC 
andd the effects of the AVP-antagonists are expressed as a fraction of the 
maximall contractile force of the third potassium-induced contraction. 

ExperimentalExperimental protocol 2 
Thee stimulator (Danish Myo Technology, model CS200) provided electrical field 
stimulationn (EFS) via two platinum electrodes. We used a bipolar current of 
150/-1500 mA with a pulse width of 2 ms. for 30 s. per frequency step, in 
subsequentt steps of 1, 2, 4, 8 and 16 Hz, respectively. During this experiment 
33 periods of EFS were applied in 30 min. intervals. The reference stimulation 
wass the second period of EFS (S2). The third stimulation (S3) was compared 
too S2 and was carried out in the presence or absence of vehicle, 0.3 nM AVP, 
thee Vi-antagonist SR-49059 (10 nM), the V2-antagonist SR-121463 B (10 nM), 
orr desmopressin (30 pM-300 nM). 

ExperimentalExperimental protocol 3 
Thee priming procedure was similar to that used in experiment 1. This was 
followedd by a 30 min interval; thereafter we precontracted the vessel with 
noradrenalinee (10 uM) and the possible vasodilator effects of exogenous 
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desmopressinn (0.03 nM- 300 nM) were then evaluated by means of a CRC and 

weree related to a t ime-corrected control preparation. 

ExperimentalExperimental protocol 4 

Thee priming procedure was the same as that used in experiments 1 and 3. 

Thiss was followed by 30 min interval; thereafter a concentration response 

curvee was constructed to evaluate the effects of exogenous noradrenaline 

(0.011 uM- 10 uM). These experiments were repeated in the presence or 

absencee 0.3 nM AVP, or the Vi-antagonist SR-49059 (10 nM). As in 

experimentt 1 , the results are expressed as a fraction of the third potassium-

inducedd contraction. 
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Figuree 1. Effect of vasopressin (AVP) on the contraction of the isolated rat mesenteric 
arteryy in the presence or absence of the Vi-receptor antagonist SR-49059, or the V2 -
receptorr antagonist SR-121463 B. The AVP concentration is shown on the abscissa 
(expressedd as log mol). The increase in contractile force (expressed as fraction of a 
standardd contraction to KPSS) is shown on the ordinate. Values are expressed as 
meanss  SEM (n=6-7). 

StatisticalStatistical evaluation 

Alll data are expressed as means  SEM. The CRC for the compounds 

investigatedd were analysed by means of a computer programme (Graph Pad, 

Inst i tutee for Scientific Informatics, San Diego, CA, USA). The pD2 value [-log 

 Control 
 SR-49059 10 nM 
 SR-121463 B 10 nM 
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off the effective concentration (molar) that produces 50% of the maximal 
effect],, as well as the maximal effect (Emax) were calculated from the non-
linearr regression curve fit analysis for the individual experiments. The 
statisticall significance of the differences was evaluated using a one-way 
analysiss of variance (ANOVA) followed by a Bonferroni post-test. When 
appropriate,, a two-tailed Student's t-test for paired data was used. Values of 
P<0.055 were considered significant. 

DrugsDrugs used 

L-phenylephrinee hydrochloride, yohimbine hydrochloride and L-NNA (N^-Nitro-
l-Arginine)) were obtained from Sigma (St. Louis, USA). (Arg8)-AVP was 
obtainedd from Bachem (Bubendorf, Switzerland) and l HCL from 
RBII (Natick, USA). All these drugs were dissolved in distilled water. 
Noradrenalinee bitartrate (Sigma (St. louis, USA)) was dissolved in distilled 
waterr containing ascorbic acid (100 mg/l) to prevent oxidation. Both 
SR-490599 and SR-121463 B were kind gifts of Sanofi (Toulouse, France). 
SR-490599 and SR-121463 B were dissolved in 100% DMSO to a concentration 
off 1 mM, and the solution was subsequently diluted with distilled water to the 
finall concentration needed. 

3.. Results 

ExperimentExperiment 1 

Inn our experiments the mesenteric arteries had a diameter of 529.9  14.9 uM 
(nn = 82) and we started our experiments at a baseline tension of 4.8  0.3 mN. 
Thee third potassium-induced contraction evoked a maximal force of 16.5  2.0 
mN.. The direct effect of AVP on the mesenteric artery was evaluated and the 
resultss are depicted in figure 1. Increasing concentrations of AVP resulted in a 
contractilee force of 93.5  6 .1% of the potassium induced contraction, with a 
pD22 of 8.8  0.0. The Vi-receptor antagonist SR-49059 (10 nM) decreased the 
potencyy to a pD2 of 7.6  0.0, with a comparable Emax of 85.7  6.4%, 
whereass the V2-receptor antagonist SR-121463 B (10 nM) did not influence 
thee concentration response curve (CRC) of AVP. 



FacilitationFacilitation in the mesenteric artery 53 3 
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Figuree 2. The effect of vasopressin (AVP 0.3 nM) on the frequency-response curve 
inducedd by electrical stimulation, in the presence or absence of Vi -receptor 
antagonistt SR-49059, or of the V2 -receptor antagonist SR-121463 B in the isolated 
ratt mesenteric artery. The stimulation frequency (in Hz) is shown on the abscissa. The 
increasee in contractile force (expressed as a ratio of S3/S2) is shown on the ordinate. 
Valuess are expressed as means  SEM. * p < 0.05 compared to control. (n=6-12). 

ExperimentExperiment 2 

Thee stimulation experiments showed comparable effects of the EFS S2 and S3 

(dataa not shown). In the presence of a sub-pressor concentration of AVP 0.3 

nM,, the ratio S3/S2 increased more than 3 t imes at the stimulation 

frequenciess of 2 and 4 Hz. This facilitation of the effect of the EFS was 

completelyy inhibited in the combined presence of both AVP 0.3 nM and the V i -

receptorr antagonist SR 49059 10 nM (figure 2). The V2 receptor antagonist 

SR-1214633 B (10 nM) appeared to reduce the effect of AVP, but the data do 

nott differ from the results obtained in the presence of only AVP 0.3 nM. 

3-3-
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Figuree 3. Influence of desmopressin (DDAVP: 30 pM-3 uM) on the contractile 
responsee of noradrenaline (NA 10 uM). The desmopressin concentration is shown on 
thee abscissa (expressed as log mol). The increase in contractile force (expressed as % 
off the maximal contractile force induced by noradrenaline 10 uM) is shown on the 
ordinate.. Values are expressed as means  SEM. Time corrected control without 
desmopressinn D (n = 7), desmopressin A (n=7). 

COO 3 
CO O 

CO O 2--

1--

0 0 

Control l 

Dess 0.03 nM 

Dess 0.3 nM 

Dess 3 nM 

Dess 30 nM 

Dess 300 nM 
sfl--

1 22 4 8 16 

stimm freq (Hz) 

Figuree 4. The effect of desmopressin on the frequency-response curve induced by 
electricall stimulation. The stimulation frequency (in Hz) is shown on the abscissa. The 
increasee in contractile force (expressed as a ratio of S3/S2) is shown on the ordinate. 
Valuess are expressed as means  SEM. ( n = 6 - l l ) . 
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ExperimentExperiment 3 

Thee characterisation of a possible V2 mediated facilitation was further 

investigated,, using the highly selective V2-receptor agonist desmopressin. 

Desmopressinn alone did not influence the resting tension of the mesenteric 

arteryy in the concentration range 30 pM to 300 nM (data not shown). The 

directt vasodilatary properties of desmopressin were evaluated after a 

precontractionn with noradrenaline (10 uM). The CRC of desmopressin (30 pM 

too 300 nM) showed in comparison with t ime-corrected control no observable 

effectt (figure 3). In the stimulation experiments this concentration range of 

desmopressinn did not influence the ratio S3/S2 (figure 4) . 

aa Control 

AA AVP 0.3 nM 

 AVP 0.3 nM 
+SR-490599 10 nM 

- ii 1 1 1 1 1 r-
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NANA (log M) 

Figuree 5. Effects of vasopressin (0.3 nM) on the concentration-response curve 
inducedd by exogenously administered noradrenaline (NA) in the isolated rat 
mesentericc artery. The NA concentration (expressed as log mol) is shown on the 
abscissa.. The increase in contractile force (expressed as a fraction of the standard 
contractionn to KPSS) is shown on the ordinate. Values are expressed as means
SEM.. * p < 0.05. (N = 6-8). 

ExperimentExperiment 4 

AA possible postsynaptic facilitating effect of AVP was assessed by means of 

CRCC of the constrictor effects of exogenous noradrenaline. This resulted in a 

dose-dependentt increase in contractile force (pD2 6.3  0.0 -log M) and Emax 

118.77  5.7 % (of the potassium induced contraction). AVP (0.3 nM) 
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o o 
CS S 
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56 6 FacilitationFacilitation in the mesenteric artery 

facilitatedd the effect of exogenously administered NA in a concentration of 100 
nMM (figure 5), which was prevented by the Vi-receptor antagonist SR-49059 
100 nM. 

4.. Discussion 

Thee present study confirms that AVP facilitates the influence of the vascular 
sympatheticc nervous system at the level of the nerve terminal. 18;20;21;37 Our 
resultss indicate that this effect can be attributed to the Vi-receptor. In the 
experimentss evaluating the direct effects of AVP on the mesenteric artery, the 
Vi-receptorr antagonist SR-49059 could competitively antagonize the potent 
vasoconstrictorr effect of AVP (figure 1). This in contrast to the V2 -receptor 
antagonistt SR-121463 B, which did not modify the CRC of AVP. EFS resulted in 
aa reproducible increase in contractile force provoked by the second and third 
periodd of stimulation. Therefore we used the second period of stimulation as a 
referencee for the third stimulation. Earlier published results obtained in our 
laboratoryy demonstrate that, under similar conditions, EFS mediated 
vasoconstrictionn could be abolished by tetrodotoxin (1 uM) and could be 
blockedd by more than 90% by prazosin (0.1 uM), indicating that the 
stimulation-inducedd contractions are caused mainly by noradrenaline release 
fromm the sympathetic nerve endings. 38 

Thee subpressor concentration of AVP potentiated the responses to EFS and the 
Vi-antagonistt SR-49059 could block this effect (figure 2). However, the 
stimulationn effect curve, in the presence of the V2-receptor antagonist, proved 
moree difficult to interpret. In the presence of SR-121463 B (10 nM), the 
facilitatingg effect of AVP (0.3 nM) after EFS seemed to be decreased. These 
resultss must be evaluated in combination with the following two experiments: 
Thee V2-agonist desmopressin (30 pM-3 uM) did not influence EFS (figure 4) at 
alll and furthermore, we have excluded any direct vasodilator effects mediated 
byy the V2-receptor (figure 3). This last experiment was performed in an 
analogouss setting as used in earlier experiments on desmopressin mediated 
relaxationn in the rat aorta. 35;39 However, in the mesenteric artery we could 
demonstratee no direct V2-vasodilator effect. Therefore we assume that the V2-
receptorr is not involved in AVP-induced facilitation of the sympathetic nervous 
system.. A possible nonspecific blockade by SR-121463 B of a Vi-receptor in 
ourr stimulation experiments seems a likely explanation for the loss of 
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significancee of the AVP-induced facilitation. Our results in combination with the 
inn vivo studies in animals and humans both in low and high AVP-states 
suggestt a limited physiologic and clinical significance of extrarenal V2-
receptors.. 40 This limited importance of the vascular V2-receptor is 
encouragingg for the ongoing clinical trials with selective V2-antagonists 
regardingg their side effect profile. These clinical trials aim at decreased water 
absorptionn by blockade of the V2 in the renal collecting duct in patients with 
disorderss of water retention, such as congestive heart failure and liver 
cirrhosiss and in patients with the syndrome of inappropriate antidiuretic 
hormonee secretion. Our data of course do not rule out the possibility of an 
increasedd release of AVP due to selective blockade of the V2-receptor in clinical 
setting. . 

Wee have previously shown in the in vivo model of the pithed rat that AVP-
mediatedd facilitation of the sympathetic nervous system is completely pre-
synapticallyy mediated. 18 The effect of exogenous noradrenaline in the isolated 
ratt mesenteric preparations under isometric conditions has been depicted in 
figuree 5. The contractile force induced by a concentration 100 nM 
noradrenalinee could be increased by the sub-pressor concentration of 0.3 nM 
AVPP and this effect could again be completely blocked in the presence of 
SR-490599 10 nM. From our findings in this model we conclude that the Vi-
mediatedd facilitation occurs at least partly at the post-synaptic level. These 
resultss confirm earlier reports of post-synaptic facilitation by AVP of the effects 
off exogenous noradrenaline in the mesenteric artery. 31;41 

Inn summary, these results exclude a role of the V2-receptor in vascular 
responsess to sympathetic nervous system stimulation. Furthermore, we 
confirmm that in the mesenteric artery the facilitating effect of AVP is, at least 
partly,, post-synaptically mediated. Sympathoinhibitory properties of the new 
non-peptidee Vi-antagonists are likely to contribute to their possible 
therapeuticc effect, in particular in conditions in which the sympathetic nervous 
systemm is activated, such as congestive heart failure and hypertension. 
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