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Vasopressin-induced contraction in the rat basilar artery in vitro
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Abstract

Vasopressin([ Ar§] vasopressin -induced contraction was characterized using receptor agonists and antagonists for vasopressin ar
channel blockers in the rat basilar artery ring preparations. Vasopressin induced rhythmic contractions superimposed on a contraction ir
endothelium-intact preparations but not in denuded ones. Endothelium removal shifted the concentration—response curve for vasopressi
leftward and upward. In endothelium-denuded preparations, vasopressin V receptor antagonist shifted the concentration—-response curv
for vasopressin downward and rightward. Vasopressin V receptor agonist caused contraction but V receptor agonist did not. The
contractile response to vasopressin was partly inhibited by nifedipine, SK&F 96385[3¥4-methoxyphenyl propody -4-metho-
xyphenethyl -H-imidazol® and niflumic acid. In the absence of extracellula?'Ca , vasopressin produced a transient contraction.
Charybdotoxin produced an upward and leftward shift of the concentration—response curve for vasopressin. These results suggest the
vasopressin elicits contraction due to*Canflux through voltage-dependent and receptor-operated @hannels and to G4 release
from C&" stores by activating vasopressin V receptors in the rat basilar a@2901 Elsevier Science B.V. All rights reserved.
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1. Introduction pressin \{ receptor activatidn Katlsic et al., 1984; Suzuki
et al., 1992 , which releases nitric oxide from the endothe-
Vasopressin( Ar§] vasopresyin, a neuropeptide con-lium (Cosentino et al., 1993; Oyama et al., 1993 . This
sisting of nine amino acids, is well known to cause vaso- mechanism of relaxation has been shown to be abolished
constriction in a variety of vascular regions. There are two by subarachnoid hemorrhage Kim et al., 1989; Katusic et
types of vasopressin receptofs, V and V receptors . al.,, 1993 . It has been reported that vasopressin elicits
Vasopressin Y receptors present in renal collecting duct contraction in the human middle cerebral artéry Onoue et
cells are mainly responsible for antidiuretic effects through al., 1999 through vasopressin, V receptérs Martin de
cAMP formation, whereas vasopressin V receptors, pre- Aguilera et al., 199D and in rabbit basilar artéry Garcia-
sent in blood vessels, are responsible for vasoconstrictionVillalén et al., 1996 .
through inositol-trisphosphaté JP  formation and thus Intracarotid administration of vasopressin or vaso-
Ca&* mobilization from C& store6 Doyle and Ruegg, pressin agonist is shown to increase cerebral blood flow
1985 . with decreased cerebral vascular resistance in the rat
Increased vasopressin in brain circulation may play a (Kozniewska and Szczepanska-Sadowska, 1990 . How-
pathophysiological role in producing spasms of the brain ever, it has been reported that topical suffusion of vaso-
arteries and thus brain ischemia, because vasopressin conpressin decreases the diameter of the rat pial arterioles and
centrations in the cerebrospinal fluid and blood are in- basilar artery without vasodilation Faraci, 1989 , and that
creased by brain hemorrhage Cameron et al., 1984 andhe contractile effect is mediated by vasopressjn V recep-
subarachnoid hemorrhage Mather et al., 2981 . In thetors in the basilar artery Murray et al., 1992 . In an in
canine basilar artery, vasopressin has been reported tovitro study of isolated and cannulated middle cerebral
elicit endothelium-dependent relaxation through vaso- arteries of the rat, it has been reported that increasing the
concentration of vasopressin induces a triphasic response
of vasodilation, vasoconstriction and return to the control
" Corresponding author. Tel.+81-11-706-5219; fax: +81-11-706- diamgter, and that these responses are mediated by vaso-
5220, pressin \{ receptor§ Takayasu et al., 1993 . Moreover,
E-mail address: sito@vetmed.hokudai.ac.jp S.Jto . vasopressin induces rhythmic contractions in the rat basilar
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artery in vivo ( Fujii et al., 199D and in vitr6 Rusch and rounding tissues with the help of a binocular stereomicro-
Hermsmeyer, 1985 . It is, therefore, of interest to quantita- scope and then ring preparations 2@én in length were
tively determine the effects of vasopressin on tension in prepared. The rat basilar artery was about 206 in
the endothelium-intact and denuded basilar artery of the diameter under the resting condition. The preparation was
rat. mounted in an organ bath 1.5)nl maintained &iGBWith
In cultured smooth muscle cells from the aorta and hot water circulated under the bath Fig) 1. Two fine
aortic smooth muscle cell line A7r5, it has been reported tungstic wires were passed through the lumen of the artery.
that vasopressin causes both increases i Gaflux and The tip of the tungstic wires was 30m in diameter. The
Ca* release from Ca  stords Capponi et al., 1985; wire was fixed to a strain gauge BG10, Kulite Semicon-
Doyle and Ruegg, 1985; Knot et al., 1991 , and that'Ca  ductor Products, USA, and the other was fixed to a
influx is mediated through receptor-operated channels micromanipulator. Great care was taken not to injure the
(Capponi et al., 1985; Wallnofer et al., 1987 . Vasopressin endothelium. Isometric contraction was measured continu-
has been shown to activate Cgpermeable non-selective  ously with the strain gauge, the output of which was
cation channel§é receptor-operated channels in A7r5 cellsamplified (DSA-601B, Strain meter, Minebia, Japan and
(Nakajima et al., 1996 . In the rat basilar artery, it remains displayed on a chart recorder Recti-Hori-8K, Sanei, Japan
obscure whether vasopressin exhibits? Canobilization and a hard disk of a personal computer through an inter-
from the stores ang'or C&* influx because of a lack of  face( MacLaly2e, AD Instruments, Australia .
functional and pharmacological studies in vitro. If vaso-
pressin activates receptor-operated channels like non-selec2.2. Experimental protocol
tive cation channels, it should produce membrane depolar-
ization, activating voltage-dependent®Cachannels. it has Each preparation was allowed to equilibrate for a period
also been reported that arterial smooth muscle cells haveof about 10 min under a resting tension of 30 mg, under
Ca*-activated CI' channels, the activation of which pro- which 80-mM KCI caused a maximal contraction. KCI 80
duces depolarization leading to the opening of voltage-de- mM) was repeatedly applied to the ring preparation for 2
pendent C& channels to produce contraction Criddle etmin until the contraction became constant. The amplitude
al., 1996 . Thus, it is worth studying the mechanism of of the contraction induced by 80-mM KCI varied from
contraction induced by vasopressin using various channelpreparation to preparation, so that the amplitude of the
blockers in the rat basilar artery. contraction induced by vasopressin was expressed as a
The present experiments were designed to determinepercentage of that of the maximal 80-mM KCl-induced
receptor subtypes responsible for vasopressin-induced coneontraction. In the endothelium-denuded preparations, a
striction using specific receptor agonists and antagonistshair was passed into the arterial lumen to rub its inner wall
and the involvement of endothelium in the effect of vaso- before making ring preparations. To test whether the en-
pressin in rat basilar artery ring preparations. Furthermore, dothelium was intact, acetylcholife IM) was applied to
we also examined the effects of various blockers such asall preparations precontracted with 5-hydroxytryptamine
nifedipine (a voltage-dependent L-type Ca  channel (0.1 wM) before the start of the experiments. The ring
blockep, SK&F 96365 ( a receptor-operated channel preparations in which acetylcholine relaxed to less than
blocker, 1{p-[3-(4-methoxyphenyl propody -4-metho- 50% of the precontraction induced by 5-hydroxytryp-
xyphenethy] -H-imidazole , niflumic acid (a Ca -
activated C  channel blocker , apamin and charybdotoxin
(C&" -activated K channel blockérs on vasopressin-in-
duced contraction to determine the mechanism of contrac-
tion induced by vasopressin in the rat basilar artery. ¢5% Oz - S%C02
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2. Materials and methods

2.1. Tissue preparation and experimental setup

All experiments were carried out under the regulations
of the Animal Research Committee of the Graduate School
of Veterinary Medicine. The experiments were performed
on isolated basilar arteries of male Wistar fats 250—-300 g
that were killed by a blow to the head and exsanguination. Q
The basilar artery was removed together with the brain and magnetic stirrer
placed in modified Krebs solution gassed with 9590 and Fig. 1. Experimental setup for tension recording in a ring preparation of
5%CQ, . The basilar artery was carefully freed from sur- the rat basilar artery.
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acrylic plate
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tamine were considered to be endothelium-intact arteries,2.3. Chemicals

and those in which acetylcholine failed to produce relax- ) ] ]
ation. to be endothelium-denuded ones. Materials used were: apamin, charybdotoxin, desmo-

Tissues were maintained in modified Krebs solution of Préssin ([ deamino-CYs p-Arg®lvasopressin ,[ @ Chs
the following composition( mM , NaCl 118, KCI 4.7, 1Y (Me)lvasopressii[B-mercaptoB,g-cyclopentamethy-
CaCl, 2.5, MgSQ 1.2, Nak PO 1.2, NaHGO 25, glu- Iene-propllony’l ,_O—M_e—Ty?'l , Ar§] vgsgpreséfln , 5-hydro-
cose 11.1 and HEPES 10. The solution was gassed withXYiryptamine, niflumic acid and uridine’¥riphosphate
5% CO, in O, and had a pH of 7.4 at &, In 80-mM (UTP), all from "S|g.ma( USA. Acetylchollne was pur-
KCI solution, NaCl was decreased to 42.7 mM. In?Ga chased from Daiichi Pharmaceutidal Japan , vasopressin
free solution, CaGl was omitted and 2-mM EGTA was ([Args]vasopr_essm was from Peptide In6., Japan ,2Ph_e ,
added. Five millliters of C&-free solution or 80-mm  Orrlvasotocir([ Phe , Ife , OFh vasopregsin from Penin-
KCl-solution were applied to the organ bath and the Suld Lab.(USA [ d CH)g p-lle?, IIe“]va;opressw([[z—
overflowing solution was aspirated with suction. For con- m(ircaptoﬁg’,,B—cyclopentamethylene-propmﬁyl p-lle?,
struction of concentration—response curves for vasopressin'€» Arg-lvasopressin from Bachen( Switzerland ,
and its analogues, they were added to the organ bathMifedipine from Wako( Japan and SK&F 96365 from
cumulatively. Drugs at 100-fold concentration were di- Biomol Res. Lab( USA .
rectly applie_d to the bathing solutioq mixed vvjth asmall 54 gatigtical analysis
magnetic stirrer. The bathing solution containing drugs
was washed out five times with 1.5 ml of modified Krebs All results are expressed as the meanS.E.M. Statisti-
solution. Receptor antagonists or various channel blockerscal significance was estimated by paired and non-paired
were applied 5 min before application of vasopressin or its Student’st-tests or by the Tukey—Kramer test after analy-
analogues. This time was enough to reach equilibrium sis of variancd ANOVA. .P values of less than 0.05 were
condition in vascular preparations. considered to be statistically significant.
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Fig. 2. Effects of vasopressin, vasopressin V and V receptor antagonists, and agonists in the basilar artery ¢f the rat. A Representative grace showin
vasopressin( AVP -induced contraction in the endothelium-infae) and denuded —) ring preparations( B Concentration—response curves for
vasopressin were constructed by the cumulative application of vasopressin in the pf€semce 6) and absencé®, n= 13) of the endothelium. The

ordinate scale shows the relative tensfon % of vasopressin-induced contraction to the peak amplitude of 80-mM KCl-induced contraction. §he absciss
scale shows the vasopressin concentration on a log scale. In the endothelium-denuded preparation, upper and lo¢@) muliczsse the peak and

bottom tensions of rhythmic activities, respectively) C The effects of vasopregsin V receptor antdgonisy)id CH (, Tyr Me vasgopressin, 1 nM,
n=7), and \, receptor antagonist,( d GH b;lle?, lle*lvasopressi( 1 nMO, n=5), on contraction induced by the cumulative application of
vasopressin in the endothelium-denuded preparation. The control concentration—respond® turae transferred froth B(. D Concentration—response
curves for vasopressin,V receptor agoriist, Phe 2Drn vasof@rjm =5), and \4 receptor agonist, desmopre<®) n= 4), were constructed by the
cumulative application of these agonists. The ordinate scale shows the peak tension % of contraction. The abscissa scale shows vasopressin or recept
agonist concentration on a log scale.
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3. Results receptor antagonisf, (d CBE o-lle?, lle*lvasopressir{ 1
nM) on vasopressin-induced contraction were examined in
3.1. Contractile response to vasopressin the endothelium-denuded arterial riflg Fig.)2C . These

antagonists had no effect on resting tension. Vasopressin

Vasopressin( 1 nM elicited contraction regardless of V, receptor antagonist reduced the maximal contraction
the presence or absence of the endothelium Fig) 2A .induced by vasopressin to 73t67.7% of the maximal
Excess KCI also caused contraction in the presence and30-mM KCl-induced contraction=7, p<0.01) and
absence of the endothelium. Vasopressin produced a susincreased mean E§ value for vasopressin to 8:8415
tained contraction, on which regular and rhythmic contrac- nM ( p < 0.09 . Vasopressin)/ receptor antagonist did not
tions were superimposed in 35 out of 49 ring preparations have any effect on either paramefer 104.9.1% of the
with endothelium. The peak and bottom tensions of the 80-mM KCl-induced contraction, 0.32 0.10 nM, n=5).
oscillatory contractile response to vasopressin were 29.4 The effects of a selective vasopressip V receptor ago-
2.9 mg and 15.% 2.6 mg (n=35), respectively. The nist, [Phé , Orf] vasotocin, and,V receptor agonist,
remainder elicited a sustained contraction without rhyth- desmopressin, on tension were also examined in endothe-
mic contractions. The amplitude of the maximal contrac- lium-denuded basilar arteries. The, V receptor agonist
tion was 38.2+ 6.2 mg(n= 14), which was not signifi- caused a concentration-dependent contraction Fig. 2D .
cantly different from the peak amplitude of the oscillatory The maximal contraction induced by the V receptor ago-
response. In the endothelium-denuded ring artery, the max-nist was similar in magnitude 112492.1% of the 80 mM
imal amplitude of vasopressin-induced sustained contrac-KCl-induced contractionn=5) to that by vasopressin.
tion was 39.7 3.8 mg(n=30). In some cases, sponta-
neous and transient relaxations, which returned to the
original tone, occurred during the contraction.

Excess KCI( 80 mM for 2 min elicited a biphasic 'ft e
contraction with a transient peak followed by a sustained < 1% control |
contraction. The peak amplitude of contractile responses to 5 // "
80-mM KClI in ring preparations with endothelium 679 s 50 / :
4.2 mg,n=49, p<0.09 was significantly greater than _% / J _j ;
that without endotheliun( 51.8 4.9 mg, n=30). The 2 0 — — J - _I
removal of the endothelium appeared to decrease the con- 0.1 1 10
tractile activity of basilar arterial smooth muscles. In the AV (nM)

B
following experiments, therefore, contractile responses to g 100 Ca?* (-)
vasopressin were expressed as percentages of the peak g
tension induced by 80-mM KCI, which was obtained atthe 2 g
beginning of all experiments. Vasopressin was cumula- H \
tively applied to the basilar artery at 3-min intervals by E, 0 — J o~ e, _]wmg
increasing concentrations from 1 pM to 30 nM. Vaso- £ 'o=1' l1= o 1min
pressin elicited a concentration-dependent increase in con- ’ AVP (nM)
traction with regular and oscillatory contractions in six out C 120 5 control I
of nine preparations with endothelium. The ]
. - ) Ca?+(-) _T_
concentration—response curves for vasopressin in the basi- 100
lar artery with and without endothelium are shown in Fig. g
2B. Although vasopressin elicited contraction at lower  § 80
concentrations in the endothelium-denuded arterial ring £ go
than in the endothelium-intact one, the contraction reached e o
a maximum at 10 nM in both preparations. However, the § 40
maximal tension was larger in the endothelium-denuded * 20 %
ring than in the endothelium-intact one. The meangfEC **
value for vasopressin was smaller in the endothelium-de- 0 =
nuded preparatior( 0.300.08 nM, n=13, p<0.05 01 AV;(nM) 10
than in the endothelium-intact ofe 0.54.09 nM,n=9). Fig. 3. Effect of extracellular G4 removal on AVP-induced contrac-
tion. Typical traces showing contractions induced by AVP at concentra-

3.2. The effects of vasopressin receptor antagonists and tions of 0.1(n=3), 1(n=6) and 10 nM(n=4) in the presencé A and
agonists absence B of extracellular €& (.)C Columns show the relative peak

tension induced by vasopresgin % of 80-mM KCl-induced contraktion at
. . various concentratiors 0.1 nM,= 3; 1 nM, n=6; 10 nM, n=4) in the
The effects of a selective vasopressin V' receptor antag-presencé open and abserice hatthed of extracellufdr C® <.0.05;
onist, [d CH,); , TyA( Me] vasopressit 1 nM and,V  **Pp<0.01 compared with control responses.
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The mean EG, value for the ,V receptor agonist was nM (n=6, P<0.09 and the maximal contraction was
0.95+ 0.32 nM, n=5). The \, receptor agonist had no significantly decreased to 81£29.0% of the 80-mM

effect on tension developmetin = 4). KCl-induced contraction. The percentage of inhibition by
nifedipine was estimated at each concentration of vaso-

3.3. The effects of Ca?* removal and nifedipine on vaso- pressin and plotted against a log concentration of vaso-

pressin-induced contraction pressin( Fig. 4D . The contractile responses to low con-

centrations of vasopressin were abolished by nifedipine.

The effect of CA" removal on contraction induced by However, increasing the concentrations of vasopressin re-
vasopressin was examined in the endothelium-denudedsulted in decreases in the inhibitory effect of nifedipine.
arterial ring. Vasopressin at 0.1 nM caused a contraction
that was abolished by removal of extracellular CaHow- 3.4. The effects of SK&F 96365 and niflumic acid on
ever, increasing the concentration of vasopressin to 10 nMvasopressin-induced contraction
elicited a transient contraction 30 s after removal of extra-
cellular C&" ( Fig. 3 . SK&F 96365, an inhibitor of receptor-operated chan-

The effect of an L-type CGd channel blocker, nifedip-  nels, has been reported to inhibit voltage-dependeft Ca
ine, on vasopressin-induced contraction was studied in thechanneld Merritt et al., 1990 . In the present experiments,
denuded basilar artery of the endothelium. Nifedipine we first tested the specificity of this compound using
caused a concentration-dependent inhibition of contrac-80-mM KCl-induced contraction in the endothelium-de-
tions induced by 1 nM vasopresdin Fig. 4A,B . Maximal nuded basilar artery. SK&F 96365 inhibited the 80-mM
inhibition was obtained with 0.4-M nifedipine. In the KCl-induced contraction at concentrations ranging from 10
presence of this concentration of nifedipine, vasopressinto 100 w.M. Therefore, we examined the effect of SK&F
elicited a concentration-dependent contraction but nifedip- 96365 on vasopressin-induced contraction in the presence
ine caused a downward and rightward shift of the concen- of nifedipine, by which L-type C& channels had already
tration—response curve for vasopreséin Fig) 4C . There-been blocked. Vasopressin-induced contraction was sup-
fore, the mean Eg value was increased to %1106 pressed to about 40% of 80-mM K-induced contraction by
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Fig. 4. Effects of nifedipine on AVP-evoked contraction in the endothelium-denuded prepatation. A Representative traces showing the ifddbstory ef

of nifedipine(0.01, 0.1 and M) on the contraction of rat basilar artery induced by 1-nM vasopressin )JAVD . B Columns indicate the relative peak
contractile responses to 1-nM vasopredsin % of 80-mM KCl-induced contraction in the presence of nifedipine 0.01, OuMarahd its absence

(contro) (n=6). (O) Concentration—responses curves for vasopressin were constructed by the cumulative application of vasopressin in the presence of 0.1
M nifedipine (O, n=6). The control concentration—response cu(@) was transferred from Fig. 2B. The ordinate scale shows the relative peak
tension of vasopressin-induced contracion % of 80-mM KCl-induced contraction . The abscissa scale shows vasopressin concentration or{@)log scale.
The percent inhibition of contraction induced by various concentrations of vasopressin piiOnifedipine. “ * P < 0.01 compared with the absence of
nifedipine.
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0.14.M nifedipine. Further application of SK&F 96365 imal amplitude of contraction induced by vasopressin to
produced a concentration-dependent inhibition of the con- 132.6+ 9.4% (n = 9) of 80-mM KCl-induced contraction
tractile response to vasopress$in Fig. 5A,B . (110.0+ 3.3% for the control,n= 13). Spontaneous and

In the rat aorta, activation of G&activated CI' chan- transient relaxations superimposed on the sustained con-
nels has been reported to lead to the opening of voltage-de+raction induced by vasopressin disappeared with this toxin.
pendent C& channels to produce contraction Criddle etAn EC,, value was decreased to &2.11 nM by charyb-
al.,, 1996 . The effects of niflumic acid, a €a -activated dotoxin (0.27+ 0.06 nM for the contrdl . Apamin at 0.1
Cl~ channel blocker, on vasopressin-induced contractionsuM had neither effect on the resting tension nor the
were examined in the endothelium-denuded arterial ring concentration—response curve for vasopresSin=4).
(Fig. 5C,D . Niflumic acid partly inhibited contractile re- Apamin failed to affect spontaneous and transient relax-
sponses to vasopressin. The rate of tension development, aations superimposed on the sustained contraction induced
which contraction attained a maximum, and maximal ten- by vasopressin.
sion were decreased by niflumic acid in a concentration-
dependent manndm = 4). However, niflumic acid, even

at 10 uM, failed to abolish vasopressin-induced contrac- 3.6. Endothelium+-dependent relaxation by vasopressin

tion.
In endothelium-intact preparations, vasopressin pro-
) ) duced regular and rhythmic contractions superimposed on
3.5. The effects of apamin and charybdotoxin on vaso- a sustained contraction. In the endothelium-denuded ring,
pressin-induced contraction however, vasopressin elicited a sustained contraction with-

out regular and rhythmic contractions. In some cases,
The effects of apamin, an SKchannel inhibitor, and  transient relaxations, which returned to the original tone,
charybdotoxin, a BK channel inhibitor, on vasopressin- sometimes occurred during the sustained contraction in
induced contraction were examined in the endothelium-de- response to vasopressin. Therefore, endothelium-dependent
nuded basilar arter¢ Fig.)6 . Charybdotoxin at 10 nM for relaxation by vasopressin was investigated in the basilar
5 min slightly increased tension, being less than 5% of artery precontracted by UTP at M. Acetylcholine at 1
80-mM KCl-induced contraction, and it increased the max- wM elicited rapid relaxation, but vasopressin, vasopressin
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Fig. 5. Effects of SK&F 96365 and niflumic acid on vasopressin-evoked contraction in the endothelium-denuded prepajation. A Representative traces
showing the inhibitory effect of SK&F 96365 10, 30 and 1@M) on the contraction of rat basilar artery induced by 1-nM vasopressin in the presence of
nifedipine (0.1uM). (B) Columns represent the relative peak contractile responses to 1-nM vasofiressin % of 80-mM KCl-induced cdntraction in the
presence of SK&F 96366 10, 30 and 1aM) and nifedipine( 0.1uM), in the presence of nifedipine 0iM) but not SK&F 96365 in the absence of

both drugs( contrgl(n = 3). (C) Representative traces showing the inhibitory effects of niflumic @cid 1, 3 apdvOon the contraction of rat basilar

artery induced by 1-nM vasopressifi.) D Columns indicate the relative peak contractile responses to 1-nM vadopressin % 80-mM KCl-induced
contraction in the presence of niflumic adid 1, 3 anduli) and its absencé contialn = 4). “P < 0.05 compared with the absence of niflumic acid.

*“P < 0.01 compared with the absence of SK&F 96365 in the presence of nifelipine .
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Fig. 6. Effects of apamin and charybdotoxin on vasopressin-evoked contraction in the endothelium-denuded preparation. Concentrations#uesponse ¢
for vasopressin were constructed by the cumulative application of vasopressin in the presengeMfapamin( A, n=4) and 0.01uM charybdotoxin

(B, n=9). The control concentration—response cur(@) were transferred from Fig. 2B. The ordinate scale shows the relative peak tension of
vasopressin-induced contraction % of 80-mM KCl-induced contraktion . The abscissa scale shows the vasopressin concentration on a log scale.

V, and V, receptor agonists at concentrations up to 1 nM suggested that receptor-operated® Cahannels play an
did not. Vasopressin and,V receptor agonist produced important role in vasopressin-induced contraction but not
contraction under this condition. voltage-dependent & channéls Capponi et al., 1985;
Wallnofer et al., 1987; Nakajima et al., 1996 . In the rat
basilar artery, nifedipine abolished contractions induced by
4. Discussion low concentrations of vasopressin but not contractions
induced by high concentrations. The nifedipine-resistant
Vasopressin has been reported to cause contraction viecontraction induced by vasopressin was completely abol-
the activation of vasopressin,V receptors in the basilar ished by SK&F 96365, a receptor-operated Cahannel
artery of the rat( Rusch and Hermsmeyer, 1985; Faraci, inhibitor. These results suggest the involvement of recep-
1989, rabbit( Gafcia-Villdlon et al., 1996 and human tor-operated Ca channels in vasopressin,V receptor
(Martin de Aguilera et al., 1990 . This was confirmed in stimulation in the rat basilar artery. The receptor-operated
the present experiments, in which vasopressin V , but notC&* channels are considered to be non-selective cation
V, receptor antagonist inhibited the vasopressin-induced channels associated with inward currents in smooth muscle
contraction, and vasopressin V , but nof V receptor ago- cells(Zholos et al., 2000 . Therefore, the activation of this
nist elicited contraction regardless of the presence or ab-channel may cause €a influx and depolarization result-
sence of the endothelium, indicating that the contractile ing in further increases in G& influx through L-type
effect of vasopressin was attributable to vasopressin V voltage-dependent €a channels.
receptor activation on the smooth muscle cells of the rat It has been reported that there are’Gactivated Ct
basilar artery. channels on arterial smooth muscles that are activated by
In the A7r5 smooth muscle cell line, vasopressin has noradrenaline and that the activation of 2Cactivated
been reported to produce P formation resulting in an Cl- channels leads to the opening of voltage-dependent
increase in intracellular Ga by C&* release from intra- Ca&* channel§ Criddle et al., 1996 . Vasopressin has been
cellular C&* stored Doyle and "Ruegg, 1985 . In the reported to activate Ga-activated CI channels in the
present study, high concentrations of vasopressin elicited aA7r5 smooth muscle cell liné Van Renterghem and Laz-
transient contraction in the absence of extracellula¥*Ca  dunski, 1993 . In the rat basilar artery, vasopressin-induced
suggesting that vasopressin elicits?’Caelease from the  contraction was partly inhibited by niflumic acid, a Ca
stores. It may be possible that contraction observed in theactivated CI' channel inhibitor. If vasopressin-induced
absence of extracellular €ais due to C&'-independent  depolarization was only due to the activation of?Ga
mechanism such as G protein-dependént Somlyo andactivated CI' channels, niflumic acid would inhibit vaso-
Somlyo, 2000 or protein kinase C-dependentCa  sensi-pressin-induced contraction to the same extent as nifedip-
tization (Morgan and Leinweber, 1998 . It is reported that ine did. However, the inhibitory effect of nifedipife about
vasopressin increases intracellular’Cavia Ca&* influx 60%) on contraction induced by vasopressin at 1 nM was
insensitive to dihydropyridine derivatives in the A7r5 cell much greater than that of nifulmic acid about 20% . These
line and cultured rat arterial smooth muscle cells and results suggest that the activation of*Cactivated CI
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channels producing depolarization is only partly involved Faraci, F.M., 1989. Effects of endothelin and vasopressin on cerebral
in the contractile effect of vasopressin. blood vessels. Am. J. Physiol. 257, H799-H803. _
In some bpreparations. spontaneous and transient I’elaX-FuJ"’ K., Heistad, D.D., Faraci, F.M., 1990. Vasomotion of basilar
. prep . » SP . . . arteries in vivo. Am. J. Physiol. 258, H1829-H1834.
ation OCCL_me_d during S_UStamEd ContraCt'pn '_nduced BY Garcia, M.L., Knaus, H.-G., Munujos, P., Slaughter, R.S., Kaczorowski,
vasopressin in endothelium-denuded arterial rings. Vaso-  G.J., 1995. Charybdotoxin and its effects on potassium channels. Am.
pressin has been reported to activate ‘Cactivated K J. Physiol. 269, C1-C10. ; ;
channels because of an increase in intracellulat" Oa Gar;'ag/,',“aro”’ g-'—-'lg(ggméa' t]-'--'l';‘?ﬁma”dezv ,N-t'h'\"ontg?' I'--' Gomezi
. ., Dieguez, G., . Regional differences in the arterial response to

the '_A‘7r5 smooth muscle cell line _KnOt etal, 1991 and vasopressin: role of endothelial nitric oxide. Br. J. Pharmacol. 118,
porcine coronary artery Wakatsuki et al., 1992 . Charyb- g4 1854,
dotoxin caused an upward and leftward shift of the con- Katusic, z.S., Shepherd, J.T., Vanhoutte, P.M., 1984. Vasopressin causes
centration—response curve for vasopressin and inhibited endothelium-dependent relaxations of the canine basilar artery. Circ.
spontaneous and transient relaxations during sustained con. tRﬁS- §5Sv5iﬂ5_n57%-H Cosenting. .. Mitrovic. B.S.. 1693, Subarach

. . atusic, Z.S., Milde, J.H., Cosentino, F., Mitrovic, B.S., . Subarach-
_tractlon: Althou,gh Charydetoxm blOCk_S KV1.3 channels noid hemorrhage and endothelialarginine pathway in small brain
in addltlon. to hlgh—conductance C*aa}ctlvated K chan- . stem arteries in dogs. Stroke 24, 392-399.
nels( Garcia et al., 1995 , it seems likely that vasopressin-kim, P., Lorenz, R.R., Sundt, T.M., Vanhoutte, P.M., 1989. Release of
induced depolarization is reduced by the activation of endothelium-derived relaxing factor after subarachnoid hemorrhage. J.
Ca*-activated K" channels. Neurosurg. 70, 108-114.

. . . Knot, H.J., de Ree, M.M., Gahwiler, B.H.,”"Ruegg, U.T., 1991. Modula-
Vasopressin has been reported to elicit endothelium-de tion of electrical activity and of intracellular calcium oscillations of

pendent relaxation in the basilar artery of the dog  smooth muscle cells by calcium antagonists, agonists, and vaso-

(Cosentino et al.,, 1993; Oyama et al., 1993 and rat pressin. J. Cardiovasc. Pharmacol. 18, S7-S14.

(Takayasu et al., 1993 . In the rat isolated basilar artery Kozniewska, E., Szczepanska-Sadowska, E., 1990. V -like receptors me-

with endothelium precontracted by UTP, however, vaso- diate cerebral blood flow increase following vasopressin administra-
. d it eceptor agonist failed to produce relax- tion in rats. J. Cardiovasc. Pharmacol. 15, 579-585.

pl’QSSIh andits ¥ r _p . g . : P ~ Marfin de Aguilera, E., Vila, J.M., Irurzun, A., Martinez, M.C.,

ation. In the endothelium-intact arterial ring, vasopressin  \jarinez-Cuesta, M.A., 1990. Endothelium-independent contractions

has been reported to elicit spontaneous and rhythmic con-  of human cerebral arteries in response to vasopressin. Stroke 21,

tractions in the rat basilar artery in vio Fuijii et al., 1990 1689-1693.

and in vitro( Rusch and Hermsmeyer, 1985 . This was the Mather, H.M., Ang, V.', Jenkins, J.S.,_ 1981. Vasopressin in plasma and
in th t experiments. and the spontaneous and CSF of patllents with subarachnoid hemorrhage. J. Neurol., Neuro-

case in the present exp , a p _ surg. Psychiatry 44, 216-219.

rhythmic contractions disappeared in the endothelium-de- yieritt, 3.€., Armstrong, W.P., Benham, C.D., Hallam, T.J., Jacob, R.,

nuded preparation. It seems likely that the endothelium  Jaxa-Chamiec, A., Leigh, B.K., McCarthy, S.A., Moores, K.E., Rink,

may p|ay an important role in generating rhythmic activity_ T.J., 1990. SK&F 96365, a novel inhibitor of receptor-mediated
calcium entry. Biochem. J. 271, 515-522.
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nisms in differentiated smooth muscle. Acta Physiol. Scand. 164,
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