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Abstract 

Contractions induced by [ArgS]vasopressin (vasopressin) and the effect of nonpeptide vasopressin receptor antagonists were 
studied in the human isolated coronary artery. Vasopressin induced contraction of coronary artery segments with a high pD z 
(9.25) but a low Ema ~ (11.8% of the response to 100 mM K÷). This response was not affected by removal of the endothelium. 
Contraction was antagonized by the vasopressin V 1 receptor antagonist SR 49059 ((2S) 1-[(2R 3S)-5-chloro-3-(2-chlorophenyl)-l- 
(3•4-dimeth•xybenzene-su•f•ny•)-3-hydr•xy-2•3-dihydr•-•H-ind••e-2-carb•ny•]-pyrr••idine-2-carb•xamide) (PA2: 9.76). OPC- 
31260 ([5-dimethy•amin•-•-{4-(2-methy•benz•y•amin•)benz•y•}-2•3•4•5-tetrahydr•-•H-benzazepine]: vasopressin V 2 receptor an- 
tagonist) and OPC-21268 (1-{1-[4-(3-acetylaminopropoxy) benzoyl]-4-piperidyl}-3,4-dihydro-2(1H)-quinolinone: reported vaso- 
pressin V 1 receptor antagonist)were less potent antagonists of vasopressin-induced contractions (pA 2:7.31 and 5.6, respectively). 
The antagonist potency order (SR 49059 > OPC-31260 > OPC-21268) corresponds to the reported affinity order for the human 
cloned vasopressin V 1 receptor. Therefore, the vasopressin V~ receptor antagonist SR 49059, but not OPC-21268, appears to be 
an appropriate tool to investigate further the role of vasopressin in pathological processes involving coronary vasoconstriction in 
humans. 
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I. Introduction 

[Arg8]Vasopressin (vasopressin) contributes to car- 
diovascular homoeostasis by inducing vasoconstriction 
and by stimulating renal water absorption. These ef- 
fects are mediated via vasopressin V 1 and V 2 receptors, 
respectively. In general, vasopressin V 1 receptors stim- 
ulate phospholipase C, resulting in the formation of 
inositol 1,4,5-triphosphate (IP 3) and 1,2-diacylglycerol, 
whereas vasopressin V 2 receptors activate adenylyl cy- 
clase (Manning and Sawyer, 1989). The human vaso- 
pressin V~ and V z receptors have both been cloned 
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(Thibonnier et al., 1994; Hirasawa et al., 1994). The 
existence of an additional vasopressin receptor subtype 
was postulated in rat adenohypophysis (Jard et al., 
1986). This receptor was cloned in humans and desig- 
nated vasopressin V 3 (De Keyzer et al., 1994) or vaso- 
pressin V~b receptor (Sugimoto et al., 1994). 

Antagonists for vasopressin receptors may be bene- 
ficial in the treatment of ischemic heart disease, hyper- 
tension, and congestive heart failure (see Lfiszlo et al., 
1991, for a review). Recently, two nonpeptide vaso- 
pressin antagonists were developed with apparent se- 
lectivity for vasopressin V 1 receptors: OPC-21268 
(Yamamura et al., 1991), and SR 49059 (Serradeil-Le 
Gal et al., 1994). However, Burrell et al. (1994) showed 
that OPC-21268 did not antagonize vasopressin-in- 
duced contractions of the human isolated internal 
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mammary artery. Another  putative vasopressin V 1 re- 
ceptor  antagonist ,  [d(CH2)ssarcosine7]vasopressin 
(SAVP), as well as the reported vasopressin V 2 recep- 
tor antagonist, OPC-31260 (Yamamura et al., 1992), 
acted as competitive antagonists of vasopressin-in- 
duced contraction of the human internal mammary 
artery (Burrell et al., 1994). 

In the present study, we investigated vasopressin-in- 
duced contraction of the human isolated coronary 
artery. We studied the effect of the vasopressin V~ 
receptor antagonist SR 49059, and compared it to the 
effect of OPC-21268 and OPC-31260. 

2. Materials and methods 

2.1. Preparation of  the tissue and experimental protocol 

2.3. Compounds 

Prostaglandin F2, ~ (tris salt), substance P acetate, 
and [ArgS]vasopressin (acetate salt) (Sigma Chemical 
Co., USA) were dissolved in distilled water. OPC-21268 
(1-{ 1-[4-(3-acetylaminopropoxy)benzoyl]-4-piperidyl}- 
3,4-dihydro-2(1H)-quinolinone),  OPC-31260 ([5-di- 
methylamino-l-{4-(2-methylbenzoylamino)benzoyl}- 
2,3,4,5-tetrahydro-lH-benzazepine]), and SR 49059 
((2S) 1-[(2R 3S)-5-chloro-3-(2-chlorophenyl)-l-(3,4-di- 
methoxybenzene-sulfonyl)-3-hydroxy-2,3-dihydro- 1 H- 
indole-2-carbonyl]-pyrrolidine-2-carboxamide) were 
synthesized by Sanofi Recherche, France, and dis- 
solved in dimethyl sulphoxide (DMSO) at a concentra- 
tion of 1 mM, and subsequently diluted in distilled 
water. 

Hearts  were obtained from 14 organ donors, who 
had died of non-cardiac disorders (5 cerebrovascular 
accident, 7 polytrauma, 2 cerebral hypoxia; 9 male, 5 
female; age 10-54 years). The hearts were provided by 
the Rot terdam Heart  Valve Bank (Bio Implant Ser- 
vices Foundation) after removal of the valves for trans- 
plantation purposes. The study was approved by the 
Joint Medical Ethics Committee of the Erasmus Uni- 
versity Rot terdam and the University Hospital Rotter- 
dam 'Dijkzigt'. Ring segments (4 mm) of the right 
epicardial coronary artery were suspended in 15 ml 
organ baths containing Krebs bicarbonate solution 
(37°C; aerated with 95% 0 2 and 5% CO2; composition 
in mM: NaC1 118, KC1 4.7, CaCI 2 2.5, MgSO 4 1.2, 
KH2PO 4 1.2, NaHCO 2 25, and glucose 8.3; pH: 7.4). 
The endothelium was left intact, as verified by observ- 
ing relaxation to substance P (1 nM) after precontrac- 
tion with prostaglandin F2~ (1 ~M). In some ring 
segments the endothelium was removed using a cotton 
swab. 

Changes in tension were recorded using a Harvard 
isometric transducer. Tissues were stretched to a stable 
tension of 20 mN and were subsequently exposed to 
100 mM K ÷. After a washout period of 30 min, seg- 
ments were incubated with vehicle (controls) or an 
antagonist for 30 min, before a cumulative concentra- 
tion-response curve was obtained. 

2.2. Analysis o f  data 

Curves were analyzed by means of a computerized 
curve fitting technique (De Lean et al., 1978) to obtain 
the pD 2 value ( - l o g  [ECs0], mol / l ) .  All data are 
presented as means + S.E.M. PD2, and maximal effects 
(Ema x) of agonist-induced contractions in the absence 
and presence of an antagonist were compared using a 
paired Student's t-test. A P-value less than 0.05 was 
assumed to denote a significant difference. 

3. Results 

100 mM K ÷ caused a mean contractile response of 
endothelium-intact coronary artery segments of 40 + 4 
mN (n = 14). In these preparations, 1 nM substance P 
caused 73 + 7% relaxation after precontraction of the 
segments with 1 g M  prostaglandin F2~. Removal of 
the endothelium reduced relaxation to 10 + 7% of the 
response to_ prostaglandin F2~ (n = 8). 

Vasopressin induced concentration-dependent con- 
tractions (pD2:9.25 + 0.15; Em~x: 11.8 + 1.8% of the 
response to 100 mM K+; n = 14). Removal of the 
endothelium did not result in a significantly altered 
response to vasopressin (pD2:9.30 + 0.32; Em~: 14.8 + 
4.3%; n = 8). Furthermore,  we did not observe relax- 
ation after adding 0.1-1 nM vasopressin to coronary 
artery segments (n = 3) precontracted with 0.1 ~ M  
prostaglandin F2~ (precontraction: 15.4 + 1.1% of the 
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Fig. 1. Original tracing of the response of an endothelium-intact 
coronary artery segment. No relaxation was observed after adding 
0.1-1 nM vasopressin to the coronary artery segment precontracted 
with 0.1 ~M prostaglandin F2=. The segments subsequently relaxed 
completely in response to 1 nM substance P. The mean response 
(±S.E.M.) of 3 segments is also indicated (e, A; expressed as 
percentage of the reference contractile response to potassium, 100 
mM). W, wash with Krebs bicarbonate solution. 
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Fig. 2. Contractions of  the human isolated coronary artery to vasopressin in the absence (control: o) or presence of the vasopressin receptor 
antagonists SR 49059, OPC-31260 and OPC-21268 (n = 5-7). Concentrations of receptor antagonists were 3 nM (0) ,  0.01 /zM (11), 0.03/zM 
(O), 0.1 /zM (~,), 0.3/~M (v ) ,  1 /xM (zx) or 3 /zM (A). 

response to 100 mM K÷). By contrast, addition of 1 
nM vasopressin induced an additional contractile re- 
sponse of 6.7 + 2.9% of the response to 100 mM K ÷. 
All three segments subsequently relaxed completely 
after addition of 1 nM substance P (Fig. 1). 

In endothelium-intact coronary artery segments, SR 
49059 (3-30 nM) and OPC-31260 (0.3-3/zM) induced 
a concentration-dependent, parallel rightward shift of 
the vasopressin concentration-response curve, with as- 
sociated pA 2 values of 9.76 + 0.16 and 7.31 5: 0.18, 
respectively (n = 7, Fig. 2). Schild analysis revealed 
that the slopes for SR 49059 and OPC-31260 (1.08 5: 
0.10 and 1.07 5: 0.07, respectively) were not signifi- 
cantly different from unity, indicating that these com- 
pounds antagonized the response to vasopressin in a 
simple competitive manner. OPC-21268 caused a sig- 
nificant rightward shift only at the highest concentra- 
tion used (3/xM). An apparent pA 2 of 5.6 5:0.3 (n = 6) 
was calculated, assuming a Schild plot slope of unity. 

4. Discussion 

We showed that vasopressin induced contractions of 
the human isolated coronary artery with a high pD z 
but with a low maximal response. Contraction was not 
affected by removal of the endothelium. In contrast to 
OPC-21268, SR 49059 was a potent antagonist of con- 
tractions induced by vasopressin. 

The vasopressin V 1 receptor antagonist OPC-21268 
was previously found to have a pK i value of 7.24 for 
rat vasopressin V] receptors expressed in cell lines 
(Hirasawa et al., 1994), which would appear to be 
inconsistent with the presently observed pA 2 value in 
human isolated coronary arteries (pAz: 5.6). The latter 
pA 2 value should perhaps be regarded with some 
caution, since it was calculated on the basis of a single 
antagonist concentration, which induced only a small 
rightward shift. However, it is obvious that the affinity 

of OPC-21268 for the vasopressin receptor inducing 
contraction in this blood vessel is relatively low. Simi- 
larly, OPC-21268 has relatively low affinity for the 
human cloned vasopressin V 1 receptor (pKi: 4.3; Thi- 
bonnier et al., 1994). SR 49059 was shown not to 
discriminate between rat and human vasopressin V~ 
receptors (PKi: 9.10 and 8.49-8.89, respectively; Ser- 
radeil-Le Gal et al., 1994; Hirasawa et al., 1994). 
Therefore, the pA 2 values obtained for OPC-21268 
(5.6) and SR 49059 (9.76) in our human coronary artery 
bioassay are in agreement with affinity estimates for 
the human, but not rat, cloned vasopressin V t receptor. 
Apparently, rat and human vasopressin V~ receptors 
have a distinct pharmacological profile, which raises 
the question whether these receptors are species ho- 
mologues or separate receptor entities. The effect of 
OPC-31260 may also be explained by its affinity for the 
human vasopressin V~ receptor (PKi: 6.47-6.60; Hira- 
sawa et al., 1994; Serradeil-Le Gal et al., 1994). The 
observed pA 2 value of 7.31 for OPC-31260 would rule 
out involvement of the human vasopressin V 3 receptor, 
for which OPC-31260 has low affinity (K i > 1000 nM; 
De Keyzer et al., 1994). 

It was observed that the maximal effect of vaso- 
pressin reached only 11.8% of the contractile response 
to 100 mM K ÷. This is less than in the human internal 
mammary artery (approx. 50% of the maximum re- 
sponse to noradrenaline; Burrell et al., 1994) or the 
human middle cerebral artery (approx. 120% of the 
response to 30 mM K÷; Onoue et al., 1994). In the 
human basilar artery, a maximal response of approx. 
15% of the response to 30 mM K ÷ was reached (Onoue 
et al., 1994). In dogs, it was shown that vasopressin 
caused myocardial ischemia by constricting especially 
small coronary arteries (Maturi et al., 1991). In accor- 
dance, the present data suggest that a major propor- 
tion of a yet hypothetical role of vasopressin in patho- 
logical processes involving coronary vasoconstriction is 
likely to occur in small coronary artery segments. We 



202 W.A. Bax et al. / European Journal of Pharmacology 285 (1995) 199-202 

are not  aware of endogenous  hormones  which contract  
h u m a n  isolated epicardial  coronary  artery with similar 
or higher  potency (pD 2) t han  vasopressin.  

We  also invest igated whether  the response  to vaso- 
pressin  was modu la t ed  by the presence  of endothe l ium.  
Al though  removal  of the endo the l i um resul ted in a 
slightly, bu t  non-s ignif icant ly  e n h a n c e d  contract i le  re- 
sponse to vasopressin,  we observed no relaxat ion in 
response  to vasopressin in endo the l ium- in tac t  vessel 
segments  p recont rac ted  with p ros tag land in  F2~ (Fig. 1). 
The  presen t  data  therefore  provide no evidence for 
modu la t ion  by endothe l ia l  vasopress in  receptors  of va- 
sopress in- induced contract ion,  as was also conc luded  
in recent  studies with h u m a n  cerebral  and  omenta l  
ar ter ies  ( O n o u e  et al., 1994; Mar t lnez  et al., 1994). 

In  summary,  vasopress in  induced  endo the l ium- inde -  
p e n d e n t  cont rac t ion  of the h u m a n  isolated coronary 

artery, med ia ted  via a receptor  sensitive to the vaso- 
pressin  V 1 receptor  an tagonis t  SR 49059 but  not  to 
OPC-21268. This is consis tent  with the b ind ing  charac- 
teristics of the recent ly c loned h u m a n  vasopressin V t 

receptor.  Therefore ,  SR 49059 appears  to be an appro-  
pr ia te  tool to investigate fur ther  the role of vasopressin 
in pathological  processes involving coronary  vasocon- 
str ict ion in humans .  
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