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Abstract

Several studies indicate that oxytocin and vasopressin receptors in the human uterus are heterogeneous. We have investigated whether
oxytocin and vasopressin bind to separate receptors or one class of receptors in human uterine smooth muscle cells.
w3 x Ž . Ž .H d CH Tyr Me AVP, the vasopressin V receptor selective radioligand, was used for comparison of vasopressin binding sites in2 5 1A

human uterine and vascular smooth muscle cell membranes. Both membrane preparations exhibited one class of high-affinity binding
sites with K values of 6.44 and 0.47 nM, B values of 166 and 34.8 fmolrmg protein for uterine and vascular smooth muscle cells,d max

ŽŽ . wŽ . Ž Žrespectively. In vascular preparations, the selective vasopressin V receptor antagonist, SR 49059 2S 1- 2 R 3S - 5-chloro-3- 2-chlo-1A
. Ž . x .rophenyl -1- 3,4-dimethoxybenzenesulfonyl -3-hydroxy-2,3-dihydro-1 H-indole-2-carbonyl -pyrrolidine-2-carboxamide , showed high

affinity with K value of 0.98 nM, confirming that these receptors belong to the vasopressin V receptor subtype. On the contrary, ini 1A
w3 x Ž . Ž .uterine preparations, binding of H d CH Tyr Me AVP was more effectively displaced by oxytocin and the oxytocin receptor selective2 5

Ž � w w . x x 4 Ž . .antagonist, L-371257, 1- 1- 4- N-Acetyl-4-piperidinyl oxy 2-methoxybenzoyl piperidin-4-yl -4H-3,1-benzoxazin-2 1H -one , than vaso-
pressin and SR 49059, suggesting that binding may be due to cross-reaction with the oxytocin receptors. These results suggest that human
uterine smooth muscle cells express only a high density of oxytocin receptors. q 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

The neurohypophysial nonapeptide oxytocin has a key
function in controlling uterine myometrium contraction

Ž .during labor Soloff et al., 1979 . In all mammalian species
studied thus far, uterine sensitivity to oxytocin and oxy-
tocin receptor numbers increase during pregnancy, reach-
ing maximum response just prior to the onset of parturition
ŽCaldeyro-Barcia and Sereno, 1959; Alexandrova and

.Soloff, 1980a,b; Maggi et al., 1990; Tence et al., 1990 .
This indicates the key role oxytocin plays in the initiation
of labor, both before and at term. Since uterine contrac-
tions during labor can be inhibited by specific oxytocin

Žreceptor antagonists Akerlund et al., 1987; Lopez Bernal
.et al., 1989; Pettibone et al., 1989; Williams et al., 1995 ,
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these antagonists are potential agents for preventing pre-
Ž .mature birth Fuchs et al., 1982 . Another neurohy-

pophysial nonapeptide, arginine vasopressin, which differs
from oxytocin by two amino acids, is involved in the
regulation of vascular tone by inducting vascular smooth

Ž .muscle cell contraction Altura, 1975; Penit et al., 1983 .
The vascular vasopressin receptor is the vasopressin V1A

subtype. Furthermore, several authors have reported that
Žvasopressin also has significant uterotonic activity Maggi

.et al., 1988; Chan et al., 1990 which was apparently
confirmed by the reports of separate oxytocin and vaso-
pressin V -like receptors in the human and rabbit uterus1A
ŽGuillon et al., 1987; Ivanisevic et al., 1989; Maggi et al.,

.1988, 1990; Tence et al., 1990; Bossmar et al., 1994 .
However, oxytocin is able to displace receptor-bound
w3 xH vasopressin and vasopressin can displace receptor-

w3 x Žbound H oxytocin Atke et al., 1995; Audugier and
.Barberis, 1985; Fuchs et al., 1984 , leaving the question

open whether oxytocin and vasopressin bind to separate
uterine receptors or only one class of uterine receptors

0014-2999r99r$ - see front matter q 1999 Elsevier Science B.V. All rights reserved.
Ž .PII: S0014-2999 99 00403-3



( )A. Tahara et al.rEuropean Journal of Pharmacology 378 1999 137–142138

with affinity for both peptides. Previous investigations
have characterized oxytocin and vasopressin receptors in
rat and human uterine and mammary gland tissue, in the
present study, the vasopressin binding sites in human
uterine smooth muscle cells were characterized using radi-
oligand binding assays. These data were then compared
with those of vasopressin V receptors from human vas-1A

cular smooth muscle cells.

2. Materials and methods

2.1. Materials

Oxytocin and vasopressin were obtained from Peptide
Ž . w 4 7 x ŽwInstitute Osaka, Japan . Thr ,Gly oxytocin 4-

x . Ž .Threonine,7-glycine oxytocin Lowbridge et al., 1977 ,
Ž . Ž . Žwd CH Tyr Me AVP b-mercapto-b ,b-cyclopenta-2 5

1 2 8 x .methylenepropionyl ,O-Me-Tyr , Arg -Vasopressin
Ž . Žw 1Kruszynski et al., 1980 and dDAVP deamino-Cys ,D-

8 x . Ž .Arg -Vasopressin Zaoral et al., 1967 were purchased
Ž . Ž X wŽfrom Sigma St. Louis, MO, USA . YM087 4 - 2-methyl-

w x w x .1,4,5,6-tetrahydroimidazo 4,5 - d 1 benzazepine- 6 -yl car-
x . Žbonyl -2-phenylbenzanilide monohydrochloride Tahara et

. ŽŽ . wŽ . Ž Žal., 1997 , SR 49059 2S 1- 2 R 3S - 5-chloro-3- 2-
. Ž .chlorophenyl -1- 3,4-dimethoxybenzenesulfonyl -3-hydro-

xxy-2,3-dihydro-1 H-indole-2-carbonyl -pyrrolidine-2-
. Ž .carboxamide Serradeil-Le Gal et al., 1993 , SR 121463A

Ž w Ž .1- 4- N-tert-butyl-carbamoyl -2-methoxybenzene sulfo-
x w Ž .nyl -5-ethoxy-3-spiro- 4- 2-morpholinoethoxy cyclohex-
x . Žane indol-2-one; equatorial isomer Serradeil-Le Gal et

. Ž � w wŽ .al., 1996 and L-371257 1- 1- 4- N-Acetyl-4-piperidinyl -
x x 4oxy -2- methoxybenzoyl piperidin- 4 -yl - 4H-3,1-benzoxa-
Ž . . Ž .zin-2 1H -one Williams et al., 1995 were synthesized at

Ž .Yamanouchi Pharmaceutical Ibaraki, Japan . The struc-
tures of these compounds were determined by 1H-nuclear
magnetic resonance, mass spectrometry and elemental
analysis. Their purity was determined to be )98% by
high-pressure liquid chromatography. These antagonists

Ž .were initially dissolved in dimethyl sulfoxide DMSO at a
concentration of 10y2 M and diluted to the desired con-
centration with assay buffer. The final concentration of
DMSO in the assay buffer did not exceed 1%, which did

w3 x Ž . Ž . w3 xnot affect H d CH Tyr Me AVP binding. H d-2 5
Ž . Ž . Ž .CH Tyr Me AVP specific activity, 30.8 Cirmmol was2 5

Žobtained from DuPont-New England Nuclear Boston, MA,
.USA . Fetal calf serum and trypsin–EDTA were from
Ž .Gibco Grand Island, NY, USA . Bovine serum albumin

Ž .was from Nacalai Tesque Kyoto, Japan . All other chemi-
cals were of the highest reagent grade available.

2.2. Cell culture

Human uterine and vascular smooth muscle cells im-
Ž .ported from Clonetics San Diego, CA, USA were pur-

Ž .chased from IWAKI Tokyo, Japan . The cells were grown
Ž .at 378C in Smooth Muscle Cell Basal Medium SmBM

Ž .Clonetics supplemented with 0.5 mgrml human epider-
mal growth factor, 5 mgrml insulin, 1 mgrml human
fibroblast growth factor, 5% fetal calf serum and antibi-

Ž .otics GA-1000 in a humidified atmosphere of 5% CO in2

air. Cells were subcultured every 7 days into a 150 cm2

culture dish using 0.05% trypsin–0.53 mM EDTA, and the
culture medium was changed every 3 days. Cells at pas-
sage 5–10 were used for the experiment and were identi-
fied histochemically using anti-a-actin and factor VIII
antibodies.

2.3. Membrane preparation

Uterine and vascular smooth muscle cells in a 500 cm2

culture dish were washed twice with phosphate-buffered
Ž .saline PBS , scraped into a solution containing 250 mM

Ž .sucrose, 10 mM MgCl and 50 mM Tris–HCl pH 7.4 ,2
Žand homogenized with a Polytron Kinematica; Lucerne,

.Switzerland at 48C. After centrifugation at 2000=g for
10 min at 48C, the supernatant was centrifuged at 40 000=

g for 20 min at 48C. The resulting pellet was resuspended
Ž .in 50 mM Tris–HCl pH 7.4 containing 10 mM MgCl2

and stored in small aliquots at y808C until use. Protein
was determined by the Coomassie blue method using
bovine serum albumin as a standard.

[3 ] ( ) ( )2.4. H d CH Tyr Me AVP binding assay2 5

For saturation binding studies, membrane preparations
w3 xwere incubated with various concentrations of H d-

Ž . Ž . ŽCH Tyr Me AVP 3–80 nM for uterine and 0.2–6.02 5
.nM for vascular smooth muscle cell membranes . For

w3 x Ž . Ž . Žcompetition studies, H d CH Tyr Me AVP 10 nM for2 5

uterine and 0.5 nM for vascular smooth muscle cell mem-
.branes was added to membrane preparations, which were

then incubated with various concentrations of test com-
Žpound in 250 ml of assay buffer 50 mM Tris–HCl, pH

7.4, containing 10 mM MgCl and 0.05% bovine serum2
.albumin . Binding reactions were initiated by the addition

of the membrane preparation and assay mixtures were
incubated for 60 min at 308C, which allowed equilibrium
to be established. After incubation, the reaction was termi-

Žnated by addition of 3 ml of ice-cold Tris buffer 50 mM
.Tris–HCl, pH 7.4, and 10 mM MgCl followed immedi-2

ately by rapid filtration through Whatman GFrC filters.
The filters were counted with a liquid scintillation counter
ŽPackard Tricarb scintillation counter; Packard Instrument,

.CT, USA . Nonspecific binding was determined in the
Ž . Ž . Ž .presence of excess d CH Tyr Me AVP 1 mM . The2 5

Ž .inhibitory dissociation constant K was calculated fromi
Ž w x .the following formula: K s IC r 1q L rK , wherei 50 d

w xL is the concentration of radioligand present in the test
mixture and K is the dissociation constant of radioligandd

Žobtained from Scatchard plot analysis Cheng and Prusoff,
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.1973 . Data were analyzed using GraphPad PRISM soft-
Ž .ware GraphPAD Software, San Diego, CA, USA .

3. Results

[3 ] ( ) ( )3.1. Saturation of H d CH Tyr Me AVP binding2 5

Saturation experiments using increasing concentrations
w3 x Ž . Ž .of H d CH Tyr Me AVP showed that specific binding2 5

was saturable for both uterine and vascular smooth muscle
Ž .cell membrane preparations Fig. 1 . Scatchard analysis of

this data indicated the presence of one class of high
Žaffinity binding sites for both membrane preparations Fig.

.1, insets . For uterine smooth muscle cell membranes,
K s6.44"0.79 nM and B s166"4.64 fmolrmgd max

protein, while for vascular smooth muscle cell membranes,
K s0.47"0.08 nM and B s34.8"1.99 fmolrmgd max

Ž .protein. The Hill coefficient n for binding ofH

w3 x Ž .Fig. 1. Saturation equilibrium specific binding of H d CH -2 5
Ž . Ž . Ž .Tyr Me AVP to A human uterine and B vascular smooth muscle cell

w3 x Ž .membrane preparations. Increasing concentrations of H d CH -2 5
Ž . ŽTyr Me AVP were incubated with membrane preparations uterine: 0.1

.mg proteinrtube, vascular: 0.25 mg proteinrtube for 60 min at 308C.
Inset, Scatchard linear transformation of the data. Results represent data
from four independent determinations performed in duplicate.

w3 x Ž . Ž . Ž .Fig. 2. Displacement of specific H d CH Tyr Me AVP binding to A2 5
Ž .human uterine and B vascular smooth muscle cell membrane prepara-

tions by oxytocin and vasopressin receptor ligands. Membrane prepara-
Ž .tions uterine: 0.1 mg proteinrtube, vascular: 0.25 mg proteinrtube

w3 x Ž . Ž . Žwere incubated with H d CH Tyr Me AVP uterine: 10 nM, vascular:2 5
.0.5 nM in the presence or absence of increasing concentrations of

w3 xunlabelled ligands for 60 min at 308C. Specific binding of H d-
Ž . Ž .CH Tyr Me AVP is expressed as a percentage of control binding.2 5

Results are representative data from four independent determinations
performed in duplicate.

w3 x Ž . Ž .H d CH Tyr Me AVP did not significantly differ from2 5

unity for either membrane preparation.

3.2. characterization of human uterine and Õascular
[3 ] ( ) ( )H d CH Tyr Me AVP binding sites2 5

w3 x Ž . Ž .To characterize the H d CH Tyr Me AVP binding2 5

sites in human uterine and vascular smooth muscle cell
membrane preparations, the abilities of a variety of vaso-
pressin and oxytocin receptor agonists and antagonists to

w3 x Ž . Ž .displace H d CH Tyr Me AVP were investigated. Typ-2 5

ical displacement curves are shown in Fig. 2, and K i

values are summarized in Table 1. For human vascular
smooth muscle cell membranes, the V receptor selective1A

antagonist, SR 49059, and the V rV receptor antagonist,1A 2

YM087, showed high affinity with K values of 0.98"i

0.18 and 5.67"0.81 nM, respectively. In contrast, the V2

receptor selective antagonist, SR 121463A, and oxytocin
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Table 1
K values of oxytocin and vasopressin receptor ligands for human uterine and vascular smooth muscle cell membrane preparations and human oxytocini

and vasopressin V receptors1A

Values are mean"S.E.M. obtained from four independent determinations performed in duplicate. Corresponding values for human oxytocin and
vasopressin V receptors are taken from previously reported data.1A

3 3 3 ew x Ž . Ž . w x w xNo. Compound H d CH Tyr Me AVP H oxytocin H vasopressin2 5

Uterine smooth Vascular smooth Oxytocin Vasopressin V1A

muscle cells muscle cells receptors receptors
a1 vasopressin 5.02"0.83 0.48"0.08 7.0"1.6 0.56"0.11

a2 oxytocin 1.69"0.04 14.9"2.31 1.9"0.11 5.46"1.97
aŽ . Ž .3 d CH Tyr Me AVP 4.19"0.59 0.37"0.08 5.9"1.0 0.77"0.182 5

a4 dDAVP 154"31.3 38.5"11.0 140"16 62.4"17.6
4 7 aw x5 Thr ,Gly oxytocin 21.1"2.24 198"27.2 22"3.9 231"50.9

b6 SR 49059 54.1"14.6 0.98"0.18 130 0.53"0.08
c7 SR 121463A 1260"217 493"116 1213"383 304"7.29

8 YM087 38.0"2.84 5.67"0.81 4.30"0.99
d9 L-371257 1.35"0.25 2060"259 46"0.25 1450"641

a Ž .Jasper et al. 1995 .
b Ž .Serradeil-Le Gal et al. 1993 .
c Ž .Serradeil-Le Gal et al. 1996 .
d Ž .Williams et al. 1995 .
e Ž .Tahara et al. 1998 .

receptor selective antagonist, L-371257, exhibited much
lower affinity with K values of 493"116 and 2060"259i

nM, respectively. For human uterine smooth muscle cell
membranes, SR 49059, SR 121463A and YM087 showed
low affinity with K values of 54.1"14.6, 1260"217i

and 38.0"2.84 nM, respectively, however, L-371257 ex-
hibited high affinity with K value of 1.35"0.25 nM. Ini

human vascular smooth muscle cell membranes, the order
Ž . Ž .of potency was d CH Tyr Me AVP s vasopressin )2 5

w 4SR 49059 ) YM087 ) oxytocin ) dDAVP ) Thr ,
7 xGly oxytocin)SR 121463A)L-371257, while in hu-

man uterine smooth muscle cell membranes, L-371257s
Ž . Ž . w 4oxytocin) d CH Tyr Me AVP s vasopressin) Thr ,2 5

7 xGly oxytocin ) YM087 ) SR 49059 ) dDAVP )

SR 121463A. To put these receptor affinities in perspec-

tive, Table 1 also includes previously published data from
different sources on oxytocin receptor binding affinity in
membranes derived from human uterus and vasopressin
V receptor binding affinity in membranes derived from1A

human V receptors expressed on Chinese hamster ovary1A
Ž .CHO cells. For the entire series of oxytocin and vaso-
pressin receptor ligands tested, there was a highly correla-
tion between the pK values determined on human uterinei

smooth muscle cell membranes and the corresponding
Žvalues measured on human uterus oxytocin receptors Fig.

.3C . No such correlation was found when comparing the
ligand specificity of human uterine smooth muscle cell
membranes to those of human vascular smooth muscle cell
and human vasopressin V receptor-expressing CHO cell1A

Ž .membranes Fig. 3A,B .

Ž . Ž .Fig. 3. Ligand selectivity of human uterine smooth muscle cell receptors; comparison with A human vascular smooth muscle cell, B human vasopressin
Ž . Ž . Ž .V and C human oxytocin receptors constructed from data given in Table 1 . pK ylog K values for binding of oxytocin and vasopressin receptor1A i i

Ž .agonists and antagonists tested key to symbols in legend to Table 1 to human uterine smooth muscle cells are plotted against corresponding values
determined for human vascular smooth muscle cell, human vasopressin V and oxytocin receptors.1A
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4. Discussion

Previous investigations have demonstrated that oxytocin
induces rise in intracellular Ca2q concentration in rat and

Žhuman uterine smooth muscle cells Arnaudeau et al.,
.1994; Holda et al., 1996 . However, these studies did not

examine which subtype of the oxytocin–vasopressin recep-
tor family mediates this response. It has been reported that
oxytocin induces rise in intracellular Ca2q concentration

Ž .via the human V receptors Tahara et al., 1998 . Re-1A

cently, several newly developed antagonists with high
selectivity for oxytocin or vasopressin receptor subtypes
are valuable in further studying the expression and func-
tional role of oxytocin and vasopressin binding sites in the
human uterus. In the present study, the direct characteriza-
tion of vasopressin and oxytocin binding sites in human
uterine smooth muscle cells was performed.

The present study clearly demonstrates the existence of
w3 x Ž .specific, high-affinity binding sites for H d CH -2 5

Ž .Tyr Me AVP in human uterine and vascular smooth mus-
cle cells. The K value obtained in human vascular smoothd

muscle cell membrane is in good agreement with that
Žreported for the vasopressin V receptors Serradeil-Le1A

.Gal et al., 1995 , however, that obtained in human uterine
smooth muscle cell membrane is lower than that reported

Ž .for the vasopressin V receptors. Tahara et al., 1998 and1A

is in agreement with that reported for the oxytocin receptor
Ž .expressed in CHO cells Thibonnier et al., 1998 . Further-

more, the rank order of potency for several ligands particu-
larly SR 49059, the vasopressin V receptor selective1A

antagonist, and L-371257, the oxytocin receptor selective
antagonist, were markedly different between uterine and
vascular smooth muscle cells. The K value for SR 49059i

is 0.98 nM while the value for L-371257 is 2060 nM in
vascular smooth muscle cells. However, the K value fori

SR 49059 is 54.1 nM and the value for L-371257 is 1.35
nM in uterine smooth muscle cells, indicating that the
w3 x Ž . Ž .H d CH Tyr Me AVP binding sites in human uterine2 5

smooth muscle cells consist of oxytocin receptors. For the
entire series of oxytocin and vasopressin receptor ligands
tested, there was a highly correlation between pK valuesi

determined with human uterine smooth muscle cell mem-
branes and the corresponding values measured for oxy-

Ž .tocin receptors in human uterus rs0.965 . No such
correlation was found when comparing the ligand speci-
ficity of oxytocin receptors in human uterine smooth mus-
cle cell membranes with those of vasopressin V recep-1A

tors in human vascular smooth muscle cell and human
vasopressin V receptor-expressing CHO cell membranes1A
Ž .r-value of 0.035 and 0.038, respectively .

To date, several lines of evidence raised the question of
possible heterogeneity in uterine oxytocin and vasopressin
receptors. Binding studies using tritiated oxytocin or vaso-
pressin revealed the presence of at least two categories of
sites linking oxytocin and vasopressin V receptors in the1A

Žhuman and rabbit uterus Pliska et al., 1986; Guillon et al.,

.1987; Maggi et al., 1988, 1990; Tence et al., 1990 . In
Ž .contrast, Anouar et al. 1996 reported that in the rat uterus

vasopressin binds to a receptor that is different from both
the classical vasopressin V subtype from vascular tissue1A

and the classical oxytocin receptor as described in the
literature, suggesting that oxytocin and vasopressin bind to
a receptor that might be different from those currently
characterized. Likewise, another study group recently iden-
tified separate uterotonic oxytocin receptors and decidual
prostaglandin-releasing oxytocin receptors in pregnant rats
Ž .Chan et al., 1993; Chen et al., 1994 . However data from
the present study suggest that, unlike rat uterine tissue,
human uterine smooth muscle cells do not have a specific
vasopressin binding site and express only a classical oxy-
tocin receptor. The uterine and vascular smooth muscle
cells used in the present study are stable cell line and not
human tissues, they cannot be compared to rat and human
uterine tissues done. However, human uterine smooth mus-
cle cells should prove useful in further characterizing the
binding and biochemical function of oxytocin and its
analogues, as well as aiding evaluation of human oxytocin
receptor antagonists.
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