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Mechanism of rat uterine smooth muscle contraction induced
by endothelin-1
'Hajime Tsunoda, *Takashi Miyauchi, Kayo Fujita, Takeshi Kubo & *Katsutoshi Goto

Department of Obstetrics and Gynecology, Institute of Clinical Medicine, and *Department of Pharmacology, Institute of
Basic Medical Sciences, University of Tsukuba, Tsukuba, Ibaraki 305, Japan

1 Endothelin (ET)-1 has been demonstrated to cause contraction of uterine smooth muscle. We
investigated the role of ET receptor subtypes (ETA and ETB receptors) in ET-l-induced contraction of
rat uterine smooth muscle by using the ETA receptor antagonist BQ-123 and the ETB receptor agonist
BQ-3020.
2 ET-1 caused a contraction with superimposed oscillations of the rat isolated uterus suspended in
Krebs-Ringer solution; both the amplitude of contraction as well as the oscillation frequency increased
in a dose-dependent manner (l0"--1l0-M).
3 BQ-123 (10-6 M) markedly shifted the dose-response curve of ET-1 for both contractile effects and
oscillation frequency to the right.
4 BQ-3020 (10-"1-3 x 10-7 M) did not cause uterine contraction; neither did it affect the dose-response
curve of ET-1 for either the contractile effect or the increase in oscillation frequency. Thus, stimulation
of ETB receptors is not involved in these responses.
5 The present findings suggest that ET-1-induced contractile responses and the increase in oscillation
frequency in rat uterine smooth muscle is mediated through ETA receptors, and that ETB receptors. play
no role in these responses.
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Introduction

Endothelin (ET)-1, a potent vasoconstrictor peptide, was first
isolated from culture supernatant of endothelial cells (Yana-
gisawa et al., 1988). Further studies revealed the existence of
two related peptides, ET-2 and ET-3 (Yanagisawa & Masaki,
1989), and of two distinct ET receptor subtypes termed the
ETA receptor (ET-1 selective) and the ETB receptor (equally
sensitive to isopeptides of the endothelin family) (Arai et al.,
1990; Sakurai et al., 1990; 1992). These peptides produce
contractions of smooth muscle from various vascular and
nonvascular tissues, such as the uterus, trachea, and stomach
(Yanagisawa & Masaki, 1989; Sakurai et al., 1992). It has
been reported that ET-1-induced contraction of the porcine
coronary artery is mediated mainly through ETA receptors
(Ihara et al., 1992a), whereas ET-1-induced contraction of
the guinea-pig trachea has been shown to be mediated mainly
through ETB receptors (Takai et al., 1992).
Although it has been demonstrated that ET-1 causes con-

traction of the rat uterus (Bousso-Mittler et al., 1989), the
roles of the endothelin receptor subtypes (ETA and ETB
receptors) in this response have not been established. In the
present study, contraction of the rat uterus in response to
ET-l was analyzed by using the ETA receptor antagonist
BQ-123 (Ihara et al., 1992a) and the ETB receptor agonist
BQ-3020 (Ihara et al., 1992b).

Methods

Preparation and solutions

Virgin female Sprague-Dawley rats (200-250 g) were injected
subcutaneously with 0.2 mg of ,B-oestradiol 24 h before the
experiments. After anaesthetization with sodium pentobar-
bitone (50 mg kg-', i.p.), the uterine horns were removed and
mounted in an organ bath containing 5 ml of Krebs-Ringer
solution of the following composition (mM): NaCl 113, KCI

' Author for correspondence.

4.8, CaCl2 2.2, KH2PO4 1.2, MgSO4 1.2, NaHCO3 25 and
glucose 5.5. The Krebs-Ringer solution was maintained at
37C and aerated with a mixture of 95% 02-5% Co2.

Mechanical activity

The isometric contraction of the uterus was measured with a
force-displacement transducer (TB-612T, Nihon Kohden, To-.
kyo, Japan) connected to a polygraph system (amplifier,
AP-601G, Nihon Kohden; thermal-pen recorder, WT-687G,
Nihon Kohden). A resting tension of 1 g was applied to the
tissue, and an equilibration period of 2 h was allowed during
which the tissue was washed with fresh solution every 15 min.
After equilibration, a maximum response to KCI (50 mM)
was established repeatedly at 30 min intervals until d steady
response was obtained (usually, three to four times). There-
after, the dose-response relationship for ET-1 or BQ-3020
was determined by means of cumulative application. To
examine the effects of BQ-123 on the dose-response curve of
ET-1, BQ-123 (10-6 M) was applied 15 min before the cumu-
lative application of ET-1. For normalization, the responses
to ET-1 or BQ-3020 were expressed as % of the maximum
response to KCI. Since ET-1 also induced oscillation-like
contractions, we measured both the frequency of the oscilla-
tion and the increase in peak tension. To study the effect of
BQ-3020 on the ET-1-induced uterine contraction, the dose-
response curve of ET-1 in the presence of BQ-3020 was also
determined.

Statistical analysis

Values are expressed as mean ± s.e.mean. Statistical analyses
were performed by an unpaired Student's t test and a P value
of less than 0.05 was considered significant.

Drugs

ET-1 was purchased from Peptide Institute Inc. (Osaka.
Japan). The selective ETA receptor antagonist BQ-123 (cyclo
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Figure 1 Representative traces of the responses to increasing concentrations of endothelin- of the rat uterus in the absence (a) or
presence (b) of the ETA receptor antagonist BQ-123 (10-6 M). As shown in (c), although the ETB receptor agonist BQ-3020'caused
no contraction of the uterus, ET-1 caused a contraction of the same tissue. Numbers, which are not encircled, in the figure indicate
the - log molar concentration of endothelin-1. Encircled numbers in (c) indicate the - log molar concentration of BQ-3020. The
transverse bar indicates time.

(-D-Trp-D-Asp-Pro-D-Val-Leu)), and the selective ETB receptor
agonist BQ-3020 (N-acetyl-LeuMetAspLysGluAlaValTyrPhe-
AlaHisLeuAspIlelleTry) were synthesized at Tsukuba Research
Institute, Banyu Pharmaceutical Co., Ltd. (Tsukuba, Japan).

Results

ET-1 produced dose-dependent contraction of the rat uterus
(Figures la and 2a). This response to ET-1 included oscil-
lation-like contractions superimposed on an increase in base-
line tension. Since this oscillation-like response sometimes
lacked the relaxation phase and became a tetanic contraction,
we measured the contractile tension only at the peak of the
systolic phase for the analysis in Figures 2a, 3 and 4. The
dose-response relationship for the contractile effects of ET-1
on the rat uterus are shown in Figure 2a; the pD2 value was
9.99 ± 0.26, n = 7. In the presence of BQ-123 (10-6 M), an
ETA receptor antagonist, the dose-response curve for the
contractile effects of ET-1 was shifted significantly to the
right (Figures lb and 2a).
The calculated pKB value of BQ-123 for antagonizing ET-

1-induced contractile responses was 7.51 ± 0.04. ET-1 also
caused an increase in the oscillation frequency in a dose-
dependent manner (Figures la and 2b). Since ET-1-induced
uterine contraction sometimes lacked the relaxation phase
when ET-1 concentrations were high, we quantified oscilla-
tion frequency only up to a concentration of 10-8 M (Figure
2b). In the presence of BQ-123 (10-6 M), the dose-oscillation-
frequency curve for ET-1 was shifted significantly to the right
(Figure 2b). The calculated pKB value of BQ- 123 for

blockade of the ET-1-induced increase in oscillation fre-
quency was 7.39 ± 0.11.
BQ-3020 (10-"-3 x 10-7 M), a selective ETB receptor ago-

nist, produced no contraction of the uterine smooth muscle
(Figures Ic and 3). Furthermore, BQ-3020 (3 x 10-7 M) did
not modify the dose-response curve of ET-1 for either the
contractile effect or the increase in oscillation frequency
(Figure 4).

Discussion

We have shown that the ETA receptor antagonist, BQ-123,
effectively antagonized ET-l-induced contraction of the uter-
ine smooth muscles, and that the ETB receptor agonist BQ-
3020 produced no contractile response on the tissues. Since it
has been demonstrated that the potency of BQ-3020 with
respect to stimulation of ETB receptors is almost the same as
that of ET-1 (Ihara et al., 1992b), the dose of BQ-3020 used
in the present study (10-11-3 x 10-7 M) was considered to be
appropriate for the stimulation of ETB receptors. We have
also shown that BQ-123 effectively antagonizes the ET-1-
induced increase in the oscillation frequency of the rat uterus.
These data suggest that only ETA receptors play a role in
uterine contraction induced by ET-1 in rats, and that ETB
receptors are not involved in this response. The pKB value
(7.51) of BQ-123 for blockade of the ET-l-induced increase
in the contraction was similar to that for antagonism of the
ET-1-induced increase in the oscillation frequency (7.39).
These pKB values are similar to the pA2 value (7.4) which has
been determined for blockade of ET-1 by BQ-123 on the
porcine isolated coronary artery (Ihara et al., 1992a). Thus, it
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ENDOTHELIN RECEPTOR SUBTYPES IN UTERINE CONTRACTION
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Figure 2 Dose-response curves for the contractile effects (a) and
increase in oscillation frequency (b) induced by ET-1 on the rat
uterus in the absence (0; n = 7) or presence of the ETA receptor
antagonist BQ-123 (o0-6 M; V; n = 7). In (a), the contractile effects
on the rat uterine smooth muscle are expressed as % of maximum
contraction to 50 mM KCI. In (b), oscillation frequency was cal-
culated per min for each dose until the contraction of some tissues
became tetanic (up to 10-8M). Points and vertical lines represent
means ± s.e.mean, respectively.
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Figure 3 Effects of increasing doses of the ETB receptor agonist
BQ-3020 (V; n = 7) or ET-1 (0; n = 7) on the rat uterus. Points
show means and vertical lines s.e.mean.

is suggested that the ET-l-induced increase in both the con-
traction and the oscillation frequency is mediated through
ETA receptors.
The ETA receptor shows far higher affinity for ET-1 than

ET-3, whereas the ETB receptor exhibits a high affinity for
both ET-1 and ET-3 (Arai et al., 1990; Sakurai et al., 1990;
1992). Bousso-Mittler et al. (1989) and Sakata & Kuraki
(1992) demonstrated that the potency of ET-1 for causing
contraction of the rat uterus is markedly higher than that of
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Figure 4 Dose-response curves for the contractile effects (a) and
oscillation frequency (b) of ET-1 on the rat uterus in the absence (M;
n = 7) or presence (V; n = 7) of the ETB receptor agonist BQ-3020
(3 x 10-7 M). In (b), oscillation frequency was calculated per min for
each concentration until the contraction of some tissues became
tetanic (up to 108 M). Points and bars represent means ± s.e.mean,
respectively.

ET-3. Based on these results, they speculated that the ET-1-
induced contraction of the rat uterus is mediated mainly
through ETA receptors. The present data obtained using an
ETA receptor antagonist support this conclusion.
An important finding in the present study is that BQ-3020,

a selective ETB receptor agonist, had no effects per se on rat
uterus. Further, neither the increases in the contractile ten-
sion nor the increases in oscillation frequency induced by
ET-1 were affected by BQ-3020 in the rat uterus. Therefore,
it can be concluded that activation of ETB receptors neither
stimulates the rat uterus nor affects the ETA receptor-
mediated uterine contraction. However, since the expression
of ETB receptor mRNA has been demonstrated in the rat
uterus (Sakurai et al., 1990), it is possible that ETB receptors
may play a role other than inducing contraction of the
smooth muscle in this tissue.

It has been shown that ET-1 is produced by human
endometrial tissues (Economos et al., 1992). Furthermore,
Usuki et al. (1990) reported that the maternal circulating
ET- 1 level increases at the end of pregnancy and during
labour, and that a large amount of immunoreactive ET-1
exists in human amniotic fluid. These findings suggest that
ET- 1 may have a role in the modulation of the uterine
function. Since ET- I showed extremely potent contractile
effects on estrogen-dominated uterine smooth muscles in rats
through activation of ETA receptors, possible alteration in
the function and expression of ET receptor subtypes during
the later stages of pregnancy may be relevant to the marked
increase in drug sensitivity in this period. This possibility is
now under investigation in our laboratory.
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