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Effects of Ro 47-0203 on endothelin-1 and sarafotoxin S6¢-induced
contractions of human bronchus and guinea-pig trachea
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Abstract

Endothelin exerts a variety of biological effects in the lung which indicate that this peptide may have a role in the pathophysiology of
a number of pulmonary diseases. In this study, the endothelin receptors on the human bronchus were compared with those on the
guinea-pig trachea using the novel, non-peptide antagonist Ro 47-0203 (4-fert-butyl-N-{6-(2-hydroxy-ethoxy)-5-(2-methoxy-phenoxy)-
2,2'-bipyrimidin-4-yl]-benzenesulphonamide, non-selective for endothelin ET, over endothelin ETy receptor) and the peptide antagonist
BQ123 (cyclo(-p-Val-Leu-p-Trp-D-Asp-Pro), endothelin ET, receptor selective). On the human bronchus and guinea-pig trachea, the
concentration-effect curve for endothelin-1 was shifted to the right by Ro 47-0203 (100 xM) with concentration ratios of 28.2 + 6.8 and
39.5 + 13.9, respectively but lower concentrations of the antagonist had no effect. Although the concentration-effect curve for sarafotoxin
S6¢ on the human bronchus was shifted to the right by Ro 47-0203 (30 and 100 M, concentration ratio: 6.88 + 1.72 and 69.7 + 17.2,
respectively), equivalent degrees of inhibition could be obtained on guinea-pig trachea with lower concentrations of antagonist (10 and 30
uM, concentration ratio: 6.90 + 1.58 and 75.8 + 14.1 respectively). The lack of effect of BQ123 (10 M) and the high concentrations of
Ro 47-0203 needed to show antagonism indicate that endothelin receptors on both tissues are probably the endothelin ETy subtype.
Although the antagonism by Ro 47-0203 is not classically competitive, the greater effect of Ro 47-0203 against sarafotoxin S6¢ on the
guinea-pig trachea may reflect a difference between the endothelin ET receptors on these tissues.
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1. Introduction 1993a). The possibility that antagonists of endothelin-1
may have therapeutic potential has prompted the develop-
ment of a number of receptor antagonists and many studies
of receptor subtypes in isolated tissues. Two subtypes of
the endothelin receptor, designated endothelin ET, and
endothelin ETy, have been identified from cDNA cloning
and expression studies (Arai et al.,, 1990; Sakurai et al.,
1990) and it is known that endothelin-1 is an agonist for
both subtypes whereas sarafotoxin S6c is a potent and
selective agonist for the endothelin ETy receptor (Wil-
liams et al., 1991). The receptor subtypes in human air-
ways remain to be determined, although autoradiographical

Endothelin-1 (Yanagisawa et al., 1988) is a potent
spasmogen of isolated airway smooth muscle and a potent
bronchoconstrictor in experimental animals (Hay et al.,
1993a). High levels of immunoreactive endothelin-1 have
been detected in bronchial epithelial cells (Springall et al.,
1991) and bronchial lavage fluid from asthmatics (Sofia et
al., 1993) and elevated plasma levels have been reported in
adult respiratory distress syndrome patients (Druml et al.,
1993). Since endothelin-1 has a number of other potent
effects in the airways, including stimulation of mucus
secretion (Mullc?l etal, 199.3) aqd proipﬂammatory me"ﬁa' analysis of [!**IJendothelin-1 binding indicated that the
tor production, it has been implicated in the pathophysiol- majority in the bronchi and peripheral lung are endothelin

ogy of asthma and other airway diseases (Hay et al, g1 (Goldie et al.. 1995; Knott et al., 1995). Since the
endothelin ET, receptor antagonist, BQ123 (Ihara et al.,

* Corresponding author. Tel.: (201) 235 4120; fax: (201)235 6596. 1992) did not block endothelin-1- or sarafotoxin S6c-in-
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Galbraith Road, Cincinnati, OH 45215-6300, USA. been concluded that the receptors are non endothelin ET,,
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perhaps endothelin ET; (Hay et al,, 1993b). However,
definitive characterization of the receptors in human air-
ways requires the use of a range of antagonists especially
as it is becoming increasingly clear that there may be
endothelin receptor subtypes that do not meet the criteria
for classification as endothelin ET, or endothelin ETy
(Bax and Saxena, 1994). The properties of Ro 47-0203, an
orally active, non-peptide endothelin antagonist, were re-
cently described showing that this compound has high
affinity for endothelin receptors in binding studies and, on
isolated tissues, has pA , values of 7.2 and 6.0 on endothe-
lin ET, and endothelin ETy receptors, respectively (Clozel
et al., 1994). In the present study, Ro 47-0203 has been
used to attempt to further characterize the endothelin re-
ceptors on human bronchus in comparison with those on
the guinea-pig trachea. A preliminary account of this work
was presented at the XIIth International Congress of Phar-
macology (Gater et al., 1994).

2. Materials and methods
2.1. Tissue preparation for measurement of contraction

Human lung tissues from 16 donors (9 male, 7 female,
age range 18-65) with no known history of respiratory
disorders were obtained from the International Institute for
the Advancement of Medicine (Exton, PA, USA). Causes
of death were severe head trauma following motor vehicle
accidents, cerebral ischaemia or gunshot wounds. Lungs
were transported in physiological medium at 4°C and used
within 36 h of removal from the donor. Rings of bronchus
(internal diameter = 4-8 mm; width = 3—6 mm) were pre-
pared by insertion of a wooden probe into the lumen and
dissection from the surrounding tissue. Guinea-pig tracheal
rings containing 2—-4 bands of cartilage were prepared and
the epithelium removed by gently rubbing the luminal
surface with a moistened cotton swab. Histological exami-
nation confirmed that these procedures removed the epithe-
lium from human bronchial and guinea-pig tracheal rings.
Tissues were paired and suspended in organ baths for
isometric tension recording in warmed (37°C), aerated
(95% 0,-5% CO,) Krebs solution of the following compo-
sition (mM): NaCl 120, KCl 4.7, CaCl, 2.5, MgSO, -
7H,0 1.2, NaHCO, 25, K,HPO, monobasic 1.2, dextrose
10, pH 7.4. Indomethacin (3 wM) was included in the
Krebs solution throughout the experiment to eliminate the
effects of endogenous prostaglandins. All tissues were
maintained at a resting tension of 1.5 g and allowed to
equilibrate for at least 90 min.

2.2. Experimental protocol
At the end of the initial equilibration period, tissue

viability was assessed by the response to acetylcholine (1
mM) with preparations which did not generate more than

0.75 g tension being discarded from the study. After a
further 3045 min period, during which acetylcholine was
washed out, Ro 47-0203 (3-100 M), BQ123 (10 uM) or
vehicle were added for 30 min prior to establishing cumu-
lative concentration-effect curves for endothelin-1 (0.1-300
nM) or sarafotoxin S6¢ (0.01-300 nM). Responses to
endothelin-1 or sarafotoxin S6¢c were expressed as a per-
centage of the maximal contraction to acetylcholine (1
mM) which was added at the end of the experiment.

2.3. Analysis of data

For each individual tissue, effective concentration
(ECy,) values were calculated using regression analysis as
the concentration of endothelin-1 or sarafotoxin S6¢ which
caused 50% of the maximum response to the respective
agonist. In cases where a maximum response to endothe-
lin-1 or sarafotoxin S6c¢ could not be achieved, effective
concentration (EC,,) values were calculated by regression
as the concentration which caused 30% of the maximum
response to acetylcholine (1 mM) added at the end of the
experiment. The degree of rightward shift of the concentra-
tion-effect curve for endothelin-1 or sarafotoxin Sé6c¢ in
tissues treated with Ro 47-0203 or BQ123 was determined
as a concentration ratio by comparing EC;, (or, where
appropriate, EC,,) values relative to a paired, vehicle-
treated control tissue. On the guinea-pig trachea, the effect
of Ro 47-0203 on the concentration-effect curve for Séc
was also subjected to further analysis to obtain a pA,
value as described by Arunlakshana and Schild (1959).
Data were expressed as mean + S.E.M. or as mean with
95% confidence limits and were compared using paired or
unpaired Student’s r-test. Significance was accepted at
P < 0.05.

2.4. Materials

Endothelin-1 and sarafotoxin S6¢c were obtained from
Bachem (Torrance, CA, USA). Ro 47-0203 (bosentan;
4-tert-butyl-N-[6-(2-hydroxy-ethoxy)-5-(2-methoxy-phen-
oxy)-2,2-bipyrimidin-4-yl]-benzenesulphonamide) and
BQ123 (cyclo(-p-Val-Leu-D-Trp-b-Asp-Pro)) were synthe-
sised at Hoffmann-La Roche, Basel, Switzerland. Acetyl-
choline chloride and indomethacin were purchased from
Sigma Chemical Co. (St. Louis, MA, USA). Ro 47-0203
was dissolved in distilled water; solutions of indomethacin
and BQ123 were prepared in dimethylsulphoxide.

3. Resuits

3.1. Effect of Ro 47-0203 on endothelin-1-induced contrac-
tions

On both the human bronchus and guinea-pig trachea,
Ro 47-0203 (100 uM) caused significant ( P < 0.05) right-
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Fig. 1. Effect of Ro 47-0203 on log concentration-effect curves for
endothelin-1 on (a) human bronchus and (b) guinea-pig trachea. (@)
Control; (M) Ro 47-0203, 30 uM; (a) Ro 47-0203, 100 uM. Contrac-
tions are expressed as a percentage of the maximal response to acetyl-
choline (1 mM) and are given as means + S.E.M. from 4—10 preparations.
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ward shifts of the endothelin-1 concentration-effect curves
(Fig. 1). There was no significant (P > 0.05) difference
between the concentration ratio for Ro 47-0203 on human
bronchus (28.2 + 6.8, n=4) and on guinea-pig trachea
(39.5 + 13.9, n = 5). At lower concentrations, Ro 47-0203
(10 and 30 uM) had no significant (P > 0.05) effect on
the concentration-effect curve for endothelin-1 on either
human bronchus (concentration ratio= 1.12 +0.52 and
1.13 + 0.41, respectively, n=4; Fig. 1) or guinea-pig
trachea (concentration ratio = 2.22 + 0.42 and 2.02 + 0.54,
respectively, n = 4-5; Fig. 1).

3.2. Effect of Ro 47-0203 on sarafotoxin S6c¢-induced
contractions

On the human bronchus, there were significant (P <
0.05) rightward shifts of the concentration-effect curves for
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Fig. 2. Effect of Ro 47-0203 on log concentration-effect curves for sarafotoxin S6¢ on human bronchus. (@) Control; (M) Ro 47-0203: (a) 10 uM, (b) 30
M, (c) 100 uM. Contractions are expressed as a percentage of the maximal response to acetylcholine (I mM) and are given as means + S.E.M. from 4

preparations.
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Fig. 3. Effect of Ro 47-0203 on log concentration-effect curves for sarafotoxin S6¢ on guinea-pig trachea. (@) Control; (M) Ro 47-0203: (a) 3 uM, (b) 10
1M, (c) 30 uM. Contractions are expressed as a percentage of the maximal response to acetylcholine (1 mM) and are given as means + S.E.M. from 5~6

preparations.
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Fig. 4. Effect of BQ123 on log concentration-effect curves for endothelin-1
on (a) human bronchus and (b) guinea-pig trachea. (@) Control; (W)
BQI123, 10 M. Contractions are expressed as a percentage of the
maximal response to acetylcholine (1 mM) and are given as meanst
S.E.M. from 3-6 preparations.

sarafotoxin S6c¢ following Ro 47-0203 (30 and 100 uM,
Fig. 2) which corresponded to concentration ratios of
6.88 + 1.66 (n=4) and 69.7 + 17.2 (n = 4) respectively.
Ro 47-0203 (10 M) had no significant (P > 0.05) effect
against sarafotoxin Sé6c¢ on the human bronchus (concentra-
tion ratio = 1.02 + 0.52, n = 4; Fig. 2) but caused a signif-
icant rightward shift of the concentration-effect curve on
the guinea-pig trachea (concentration ratio: 6.90 + 1.58,
n = 6). Indeed, even at a lower concentration, Ro 47-0203
(3 uM) caused a small, but significant (P < 0.05), inhibi-
tion of sarafotoxin S6c-induced contractions of guinea-pig
trachea (concentration ratio: 2.70 + 0.55, n=4). At the
highest concentration of Ro 47-0203 (30 uM), the concen-
tration ratio against sarafotoxin S6c was 75.8 + 14.1 (n =
6) on this tissue (Fig. 3) which was significantly (P < 0.05)
greater than that observed for the same concentration on
human bronchus. Schild plot analysis of the data for Ro
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Fig. 5. Effect of BQ123 on log concentration-effect curves for sarafotoxin
Sé6c¢ on (a) human bronchus and (b) guinea-pig trachea. (@) Control; (W)
BQI123, 10 uM. Contractions are expressed as a percentage of the
maximal response to acetylcholine (1 mM) and are given as means+
S.E.M. from 4-6 preparations.

47-0203 on guinea-pig trachea yielded a pA , value of 5.62
(95% confidence limits, 5.40-5.85) but the line had a
slope which was significantly different from unity (slope
= —1.63; 95% confidence limits, —1.16 to —2.11).

3.3. Effect of BQI23 on endothelin-1 and sarafotoxin
S6¢-induced contractions

BQI123 (10 wM) had no significant (P > 0.05) effect
on the concentration-effect curve for endothelin-1 on either
human bronchus (concentration ratio: 1.28 £+ 1.16, Fig. 4)
or guinea-pig trachea (concentration ratio: 0.70 + 0.30,
Fig. 4). BQ123 also had no significant (P > 0.05) effect
on responses to sarafotoxin S6c on either tissue (human
bronchus: concentration ratio = 0.91 + 0.25; guinea-pig
trachea: concentration ratio = 1.21 + 0.18; Fig. 5).

4. Discussion

This study represents the first characterisation of the
endothelin receptor on the human bronchus using Ro
47-0203, a non-peptide, mixed endothelin receptor antago-
nist. It has previously been reported that Ro 47-0203
inhibits specific binding of ['**TJendothelin-1 to endothelin
ET, and ETjy receptors (K, = 4.7 and 95 nM respectively)
and is a competitive antagonist of endothelin ET, (rat
aorta, pA, = 7.2) and endothelin ETy (rat trachea, pA, =
6.0) receptor-mediated contractile responses (Clozel et al.,
1994). We have demonstrated that high concentrations of
Ro 47-0203 are required to inhibit endothelin-1 and sarafo-
toxin Séc¢ contractions of the human bronchus and guinea-
pig trachea and that the selective endothelin ET, receptor
antagonist, BQ123, had no effect. Although these results
suggest that the receptor on both tissues is probably the
endothelin ETj; subtype, the inhibitory effects of Ro 47-
0203 do not meet the criteria for reversible, competitive
antagonism and may indicate some complexities in the
interaction between ligands and the endothelin receptors
on these tissues.

Recent studies have indicated the presence of both
endothelin ET, and endothelin ETy receptors on the hu-
man bronchus (Goldie et al., 1995) although detailed infor-
mation on the distribution of endothelin receptors through-
out the human airways is not currently available. The
results from the present study confirm and extend the
observation that the receptor subtype mediating contraction
of human bronchus is probably endothelin ET (Hay et al.,
1993b). The finding that a high concentration of BQ123
(Thara et al., 1992) had no effect on responses to either
endothelin-1 or sarafotoxin S6¢ supports previously re-
ported data (Hay et al., 1993b) suggesting that endothelin
ET, receptors do not have a role in endothelin-induced
contraction of this tissue. Further evidence for a functional
endothelin ETy receptor is provided by the finding that Ro
47-0203 had no effect on endothelin-1 or sarafotoxin S6c
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responses until a concentration 100-fold in excess of that
needed to inhibit the endothelin ET,-receptor mediated
contractile response to endothelin-1 on the rat aorta was
reached (Clozel et al., 1994). The concentrations of Ro
47-0203 which were effective on the human bronchus
were also in excess of that shown to inhibit sarafotoxin
S6¢ contractions of rat trachea (Clozel et al., 1994) or
guinea-pig trachea (present study). Since Ro 47-0203 is a
mixed endothelin receptor antagonist, it remains possible
that the effects at these high concentrations may be a
consequence of interaction with an endothelin ET, recep-
tor which is insensitive to BQI23, in addition to an
endothelin ET receptor. Interestingly, an endothelin-1-in-
duced contraction of human bronchus that is resistant to
blockade by BQI123 has recently been described under
conditions in which endothelin ETy receptors were desen-
sitised (Goldie et al., 1995). Interaction with both endothe-
lin ET, and endothelin ET} receptors may also account for
the fact that the antagonism by Ro 47-0203 did not appear
to be classically competitive. As significant shifts of the
agonist concentration-effect curves were only observed at
one or two concentrations of antagonist, it was not possible
to conduct Schild plot analysis of this data. However, for
both endothelin-1 and sarafotoxin S6c on the human
bronchus, an increase in concentration of Ro 47-0203 did
not elicit the equivalent increment in concentration ratio
which would be predicted for competitive antagonism.
Studies with antagonists which are more selective for the
endothelin ETy receptor subtype (Ishikawa et al.,, 1994,
Tanaka et al., 1994) are needed to further characterise the
receptor on human bronchus.

The endothelin receptor population in guinea-pig tra-
chea is not homogeneous and there are some regional
variations in endothelin receptor distribution throughout
guinea-pig airways (Hay et al., 1993b; Battistini et al.,
1994) which may further complicate interpretation of re-
sults with agonists or antagonists possessing affinity for
more than one endothelin receptor subtype. In common
with the human bronchus, high concentrations of Ro 47-
0203 were needed to antagonise endothelin-1 on the
guinea-pig trachea and BQ123 had no effect. The observa-
tions with BQI23 support the view that most of the
contractile response to endothelin-1 in this tissue is medi-
ated through endothelin ET, receptors (see Battistini et al.,
1994). These findings are at variance with another study
which indicated that part of the endothelin-1-induced con-
traction of guinea-pig trachea may be mediated through
endothelin ET, receptors (Hay et al., 1993b) since en-
dothelin-1 was antagonised by BQ123. The reason for this
difference between the present study and that of Hay and
co-workers (Hay et al., 1993b) is not readily apparent.
However, at the high concentrations of Ro 47-0203 used in
the present study, it remains possible that inhibition of
endothelin-1 contractions may be a consequence of antago-
nism at both endothelin ET, and endothelin ETy receptors.
Sarafotoxin S6c was a potent spasmogen on guinea-pig

trachea but, in common with other studies (Hay et al.,
1993b), caused a smaller maximum response than endothe-
lin-1. Given the selectivity of BQ 123 and sarafotoxin S6c
for the endothelin ET, and endothelin ET, receptor re-
spectively, it was not surprising that this response was not
inhibited by BQI123. Interestingly, Ro 47-0203 inhibited
sarafotoxin S6c contractions of the guinea-pig trachea at
concentrations that had no effect on the human bronchus.
However, analysis of the data for Ro 47-0203 against
sarafotoxin S6c on the guinea-pig trachea revealed a Schild
plot with a slope that was significantly greater than unity
indicating that the antagonism was not classically competi-
tive. Thus, while it is possible that the difference in
potency of Ro 47-0203 against sarafotoxin S6¢ on these
tissues may suggest that there are some differences be-
tween the endothelin ETy receptors. other factors should
also be considered.

There are a number of reports of complexities in the
binding kinetics of endothelin receptors that have made it
difficult to interpret the effects of endothelin receptor
antagonists in isolated tissue systems. Kinetic analysis has
shown that ['**I]endothelin-1 binding to membrane prepa-
rations is not readily reversible with a dissociation half-life
of at least 30 h (Waggoner et al., 1992). It is also clear that
the rate of association of endothelin with the receptor is
slow and that the endothelin receptor can be internalised,
down regulated or desensitised (Huggins et al., 1993; Bax
and Saxena, 1994). In addition, a recent study of endothe-
lin ETg receptors on porcine cerebellum showed that
binding of endothelin antagonists was more readily re-
versible than agonist binding which may result in a time-
dependent reduction in antagonist potency (Wu-Wong et
al., 1994). Further studies are needed to determine the
importance of these properties to agonist and antagonist
interactions with endothelin receptors on airway tissues.
Furthermore, it is possible that Ro 47-0203 may have
non-specific effects either on receptors other than those for
endothelin or on smooth muscle contractility. However,
both explanations seem unlikely since Ro 47-0203 had no
affinity for a wide range of receptors and ion channels in
binding studies (Clozel et al., 1994) and, in the present
study, there was no reduction in the magnitude of the
contractile response to acetylcholine at the end of the
experiment relative to the initial response (data not shown).

In conclusion, using Ro 47-0203. a non-peptide en-
dothelin receptor antagonist, we have provided further
evidence that endothelin-induced contraction of the human
bronchus and guinea-pig trachea is probably mediated
through an endothelin ETj receptor subtype. We have also
shown that there may be a difference between the endothe-
lin ET, receptor subtypes on these two tissues which
merits further exploration with more selective antagonists.
However, as the inhibitory effects of Ro 47-0203 were not
consistent with classical, competitive antagonism there
may be a complex interaction between ligand and endothe-
lin receptors on airway smooth muscle.
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