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Pharmacological characterization of endothelin receptor subtypes
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1 Experiments have been conducted to investigate the actions of endothelins on the guinea-pig
prostate gland.

2 Saturation experiments with ['**I]-endothelin-1 (2800 pM) in guinea-pig prostatic homogenates
indicated the presence of high affinity binding sites with an equilibrium dissociation constant (K,) of
230450 pM, a maximum number of binding sites (Bm.) of 52416 fmol mg=' protein or
269+61 fmol g—' tissue and a Hill coefficient (ny) of 1.01+0.03 (2=3). Competition experiments
revealed that binding of ['**I]-endothelin-1 (20 pM) was inhibited with the following order of
potency: endothelin-1 > >BQ-788 (N-cis-2,6-dimethylpiperidinocarbonyl-L-y-methyl-Leu-D-Trp[1-
CO,CH;-D-Nle-ONa]) > BQ-123 (cyclo-D-Asp-L-Pro-D-Val-Leu-D-Trp) >sarafotoxin S6c.

3 At concentrations with negligible influence on smooth muscle tone, endothelin-1, endothelin-2
and sarafotoxin S6b (1 nM—0.1 uM) produced concentration-dependent potentiation of the
contractions evoked by electrical field stimulation with trains of 20 pulses at 10 Hz every 50 s,
0.5 ms pulse width and a dial setting of 60 V. In contrast, the endothelin ETy receptor-preferring
agonist endothelin-3 (1 nM—1 uM) was much less potent, and the endothelin ETy receptor-selective
agonists sarafotoxin S6¢c and BQ-3020 (Ac-[Ala'""*]-endothelin-1 (6-21)), up to 1 um, were without
effect.

4 The endothelin ET, receptor antagonist BQ-123 (1 uM) markedly inhibited the potentiation
induced by endothelin-1, endothelin-2 and sarafotoxin S6b while the endothelin ETg receptor
antagonist BQ-788 (1 uM) was less effective.

5 While our binding data indicates the presence of ET, and ETy binding sites in the guinea-pig
prostate, the endothelin-induced facilitation of neurotransmission to the prostatic smooth muscle is

mediated largely via activation of endothelin receptors of the ET, subtype.
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Trp[1-CO,CH;-D-Nle-ONa; BQ-3020, Ac-[Ala'""*]-endothelin-1 (6-21); ECE, endothelin converting enzyme
Introduction

Since the discovery of endothelin in the porcine vascular
endothelial cell cultures in 1988 by Yanagisawa et al. (1988),
the presence of this peptide and its receptors has been
demonstrated in a variety of tissues and organs (see reviews
by Huggins er al, 1993; Rubanyi & Polokoff, 1994;
Sokolovsky, 1995). The existence of three genes encoding a
family of structurally similar peptides, endothelin-1, -2 and -3,
has been described (Inoue et al., 1989). Endothelins have been
reported to have roles not only in smooth muscle contraction
of vascular and non-vascular tissues, but also in promoting cell
growth (see reviews by Battistini ez al., 1993; Hay, 1995) and in
the modulation of neuroeffector transmission in the airways
(Takimoto et al., 1993; Henry & Goldie, 1995; Fernandes et
al., 1996) and in the urogenital tract (urinary bladder: Saenz de
Tejada et al., 1992; Donoso et al., 1994; vas deferens: Wiklund
et al., 1989; Donoso et al., 1992; Lau et al., 1995; Maas et al.,
1995).

There is now a growing body of evidence that indicates the
presence of endothelins in the prostate. Endothelin precursors
and the endothelin converting enzyme (ECE-1) have been
reported to be expressed in the human prostate (Rossi et al.,
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1995; Prayer-Galetti et al., 1997; Walden et al., 1998). To date,
two major endothelin receptor subtypes have been identified
(Masaki et al., 1994), and both endothelin ET, and ETg
receptors are detected in human cultured prostatic smooth
muscle cells (Saita et al., 1997), but the ET, receptors are
predominantly expressed in prostatic membrane homogenates
(Le Brun et al., 1996) and slide-mounted prostatic sections
(Kobayashi et al., 1994a; Imajo et al., 1997). Quantitative
receptor autoradiographic studies by Kobayashi ez al. (1994b),
have, however, shown a preferential localization of endothelin
ET4 and ETg receptors in stroma and epithelium, respectively.

Endothelin-1 immunoreactivity is prominent in the gland-
ular epithelium (Langenstroer et al., 1993). It is possible that
endothelins play a physiological role in modulation of
secretion in the gland, or a physiological or pathophysiological
role to attenuate apoptosis (Wu-Wong et al., 1997a) or to exert
mitogenic effects in human prostatic smooth muscle cells (Saita
et al., 1998). In addition, endothelin-1 potently contracts the
human prostate in vitro. These contractions are shown to be
mediated by both endothelin receptor subtypes (Kobayashi et
al., 1994a) although it has also been proposed that in prostatic
stromal cells, contraction is mediated by ETy receptors (Webb
et al., 1995). Endothelins may thus play an important role in
the regulation of the contractile function of smooth muscle
cells associated with prostatic tension and secretory processes.
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Recent reports of upregulated endothelin binding sites in the
benign hyperplastic prostate (Kondo et al., 1995; Moriyama et
al., 1996) and of increased levels of endothelin-1 with
decreased expression of endothelin ETy binding sites in
prostate cancer (Nelson et al., 1996) suggest a possible
involvement of endothelins in prostatic disorders. Prayer-
Galetti et al. (1997) have proposed that zonal-specific
distribution of endothelin receptors in the human prostate
may be of relevance in the pathogenesis of benign prostatic
hyperplasia and prostate cancer.

The main aim of the present study was to examine the
actions of endothelins and to characterize endothelin
receptor subtype/s in the prostate, using the guinea-pig as
an experimental model. The guinea-pig prostate has a
substantial stromal component, which comprises predomi-
nantly smooth muscle cells (Ricciardelli et al., 1989). With
age, the guinea-pig prostate develops a stromal hyperplasia
which is histologically indistinguishable from that observed
in ageing men (Horsfall et al., 1994). The influences of
endothelins and related sarafotoxins on prostatic smooth
muscle contractility and on neurotransmission in the guinea-
pig isolated prostate were examined. Pharmacological tools
including the endothelin ETg receptor agonists sarafotoxin
S6c (Williams et al., 1991) and BQ-3020 (Ihara et al.,
1992b), and the endothelin ET, and ETjy receptor-selective
antagonists, BQ-123 (lhara er al., 1992a) and BQ-788
(Ishikawa et al., 1994), respectively, have been employed in
the characterization of endothelin receptor subtype/s in the
guinea-pig prostate gland.

Preliminary accounts of some of the results of this study
have been communicated to the Australian Neuroscience
Society (Pennefather et al., 1998; Lau et al., 1999).

Methods

Animals

Adult male Dunkin-Hartley and Monash strain guinea-pigs
(450-680 g) were housed in open runs at 22°C with a
12 h:12 h light:dark cycle. Rodent chow, fruits, vegetables
and water were provided ad libitum. Prior approval for animal
experimentation was obtained from the Monash University
Standing Committee on Ethics in Animal Experimentation
(SCEAE Approval No. 96/069). Guinea-pigs were killed by
cervical dislocation followed by exsanguination. The prostates
were rapidly dissected out and trimmed of connective tissue
and fat.

Radioligand binding studies

The ['*I]-endothelin-1 binding assay was conducted as
described previously by Williams ez al. (1991). Immediately
after removal from the guinea-pig, the whole prostate was
placed in ice-cold Tris buffer containing Tris HCI (50 mwm),
sucrose (250 mM) and the protease inhibitors pepstatin A
(7 ugml™") and leupeptin (0.5 ug ml=") at pH 7.4. The
prostate was blotted dry, weighed (mean weight=0.46+
0.02 g, n=18), finely minced with scissors and homogenized
twice for 10 s in 10 ml of ice-cold buffer with a 2 min interval
on ice using a Polytron homogenizer (setting 5). The
homogenates were centrifuged at 47,766 xg at 0—-4°C for
10 min. The supernatant was discarded, the pellets homo-
genized and centrifuged as before for a further 30 min. The
resultant pellets, containing membranes, were finally sus-
pended in 7 ml of Tris buffer.

['**I]-endothelin-1 binding was conducted in assay buffer
containing potassium phosphate (KH,PO, 50 mMm; pH 7.5)
with 0.1% bovine serum albumin (BSA). For the binding
assay, 100 ul of the membrane suspension was added to tubes
containing a final volume of 250 ul (approximately 60 ug of
protein as determined by the method of Lowry et al. (1951)).
Saturation experiments with ['*’]-endothelin-1 were per-
formed at eight concentrations in duplicate ranging from 2—
800 pM. In competition experiments, at least twelve concentra-
tions in triplicate of unlabelled endothelin-1 (10 pM—200 nM),
sarafotoxin S6¢ (50 nMm—5 uMm), BQ-123 (1 nM—20 uM) and
BQ-788 (0.5 nM—20 um) were used with ['**I]-endothelin-1
(20 pm). Non-specific binding was determined in the presence
of unlabelled endothelin-1 (200 nMm). Following a 60 min
incubation at 37°C, the binding reaction was terminated by
rapid filtration through Whatman GF/B glass fibre filters using
a Brandel M-48 cell harvester. The filters had been presoaked
overnight in 2% BSA to reduce non-specific binding to filters.
After washing twice with 5 ml of ice-cold buffer and partial
drying under vacuum, tissue-bound radioactivity was deter-
mined by a United Technologies Packard gamma counter with
an efficiency of 100%.

Functional studies

Preparations of the guinea-pig isolated prostate were mounted
vertically in 5-ml siliconised (Coatasil, Searle) organ baths
containing Krebs-Henseleit solution (pH 7.4, maintained at
37°C and bubbled with 5% CO, in O,) of the following
composition (mM): NaCl 118.1, KCl 4.87, KH,PO, 1.2,
NaHCO; 25.0, glucose 11.7, MgS0O,.7H,O 0.5, CaCl,.2H,0
2.5. Tissues were allowed to equilibrate for 30 min under a rest-
ing force of 0.5 g, with bath medium changes every 5—10 min.
Nerve terminals within the prostatic smooth muscle prepara-
tions of the guinea-pig were then electrically field stimulated with
trains of 20 pulses at 10 Hz every 50 s with a dial setting of 60 V
and 0.5 ms pulse width via two parallel electrodes incorporated
into the tissue holder, connected to a Grass S88 stimulator.
Isometric contractions of the prostatic smooth muscle were
recorded with Grass FT03C force-displacement transducers
connected to a MacLab data acquisition system (Chart 3.3)
interfaced with a Macintosh LC575 computer.

After the field stimulated preparations of the guinea-pig
prostate had been allowed to equilibrate for 30 min and when
the stimulation-induced contractions were stable, the effects of
endothelin receptor agonists including endothelin-1, endothe-
lin-2 (1 nM—0.1 uM), endothelin-3 (1 nM—1 uM), sarafotoxin
S6b (1 nM—0.1 um) and sarafotoxin S6¢c and BQ-3020 (1 nM —
1 uM) on prostatic smooth muscle tone and on field
stimulation-induced contractions were assessed. Log concen-
tration-response curves to the endothelin receptor agonists
were constructed cumulatively using half log unit increments
of agonist concentration. Increasing concentration of agonist
was added when responses to the previous concentration
reached a plateau; this usually occurred within 5 min for lower
concentrations, or after agonist exposure time of 10 min.

To investigate the endothelin receptor subtype/s involved in
mediating the agonist-induced influence on neurotransmission
to the smooth muscle of the prostate from the guinea-pig, log
concentration-response curves to the endothelin receptor
agonists were constructed in the absence and presence of the
subtype-selective endothelin receptor antagonists BQ-123
(ETa: 1 umM) or BQ-788 (ETg: 1 um), with antagonist
incubation period of 30 min. Control experiments were also
conducted in parallel in order to determine whether agonist
concentration-response curves, at 60—80 min intervals, were
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reproducible over the experimental period and to correct for
any tissue sensitivity changes due to time and/or vehicle. The
vehicle was 0.01% dimethyl sulphoxide (DMSO). The effects
of the endothelin receptor antagonists, alone and in
combination, on the magnitude of field stimulation-induced
contractions were examined after 15—30 min exposure of the
prostatic preparations to BQ-123 (1 uM) or BQ-788 (1 um).

In a separate series of experiments, the postjunctional
action of endothelin-1 was determined by generating discrete
concentration-contractile response curves to noradrenaline
(0.1 uM—1 mM), noradrenaline exposure time of 60 s with a
10 min dose-cycle, before and 10 min after incubating
prostatic preparations with endothelin-1 (10 nm).

Measurement and analysis of data

Binding data were analysed using software programs EBDA
and LIGAND (McPherson, 1985).

In functional studies, the effects of endothelin receptor
agonists on the magnitude of contractions evoked by trains of
stimuli were expressed as percentage increases in field
stimulation-induced responses. Mean peak force developed (in
g) of four field stimulation-induced contractions just prior to
and 5— 10 min after exposure to each concentration of agonists
were obtained in the absence and presence of antagonists. Mean
log concentration-response curves to agonists were constructed
by pooling data from individual curves. Agonist concentration
required to produce 50% of the increase in stimulation-induced
response induced by maximal concentration (0.1 uM) of agonist
examined, ECsy .1 .m) With 95% confidence limits (C.L.) and
degrees of freedom (d.f.), was derived from non-linear
regression analyses using the GraphPad PRISM software
program. The ECs, o vy values were then converted to the
negative logarithm and expressed as pECsg (0.1 ,m)-

Data are presented as mean values with vertical bars
representing standard error of the mean (s.e.mean); n
represents the number of experimental animals. Statistical
evaluation of data was performed with the GraphPad PRISM
software program using Student’s paired ¢-tests and one- or
two-way analyses of variance (ANOVA), where appropriate.
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In all cases, values of P<0.05 were considered statistically
significant.

Drugs

Endothelin-1, endothelin-2, endothelin-3, BQ-3020 (Ac-
[Ala'"']-endothelin-1 (6-21)), sarafotoxin S6b, sarafotoxin
S6c, BQ-123 (cyclo-D-Asp-L-Pro-D-Val-Leu-D-Trp and BQ-
788 (N-cis-2,6-dimethylpiperidinocarbonyl-L-y-methyl-Leu-D-
Trp[1-CO,CH;-D-Nle-ONa] were obtained from the American
Peptide Company. ['*I]-endothelin-1, at specific activity of
2000 Ci mmol~!, was prepared at the Baker Institute
(Australia). Pepstatin A and leupeptin were from Auspep.
(—)-Arterenol (noradrenaline) bitartrate was from Sigma.
Bovine serum albumin (BSA) was from Commonwealth Serum
Laboratory Ltd. (Australia). Stock concentrations of endothe-
lins (0.1 mMm), BQ-3020 (0.1 mM) and BQ-788 (1 mM) were
prepared in 5—10% dimethyl sulphoxide (DMSO). BQ-123,
sarafotoxins and leupeptin were dissolved in distilled water
and noradrenaline was dissolved and diluted in a catechola-
mine diluent (mM: NaCl 154.0, NaH,PO, 1.2 and ascorbic acid
0.2). Pepstatin A was first dissolved in equivalent volumes of
glacial acetic acid and ethanol and then made up to a desired
concentration of 1 mg ml~' in distilled water. Subsequent
dilutions of peptides were made in KH,PO, buffer with 0.1%
BSA and Krebs-Henseleit solution in binding and functional
experiments, respectively.

Results
Radioligand binding studies

Saturation experiments Specific binding of ['**I]-endothelin-1
(2—800 pM) to the guinea-pig prostatic homogenates was
saturable and of high affinity with a K, of 230+ 50 pM and a
Binax 0f 52416 fmol mg ™! protein or 269 +61 fmol g™ tissue.
The Hill coefficient (ny) was 1.014+0.03 (n=3), indicating the
presence of a homogeneous population of binding sites. Typical
saturation and Scatchard plots are shown in Figure 1. Non-

6 200 200
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0.15
°
c
3
m 0.05 .
A
1 I 0.00 . N Ny
600 800 0 20 40 60
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Figure 1 Saturation plot showing the specific binding of ['*’I]-endothelin-1, determined as the difference between total and non-
specific (in the presence of 200 nM endothelin-1) binding in the guinea-pig prostatic homogenates. Each data point represents the
mean of duplicate samples in a single experiment. Corresponding Scatchard transformation of specific ['**I]-endothelin-1 is shown in
the inset. These figures are representative of three similar experiments.
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specific binding, determined in the presence of unlabelled
endothelin-1 (200 nM), represented 20-50% of the total
binding of ['*’I]-endothelin-1, at the concentration range
employed (2—-800 pm) (Figure 1).

Competition experiments In competition studies the specific
[**I]-endothelin-1 (20 pM) binding to the guinea-pig pro-
static homogenates was inhibited by endothelin-1, sarafotox-
in S6c, BQ-123 and BQ-788 (Figure 2). Individual
competition curves for endothelin-l and BQ-788 were
consistently better fitted by a one-site model whilst curves
for BQ-123 were better fitted by a two-site model.
Sarafotoxin S6c, at the highest concentration used (5 um),
caused approximately 70% inhibition of the specific ['*°I]-
endothelin-1 binding to the guinea-pig prostatic homo-
genates. The rank order of potency was endothelin-1
> >BQ-788 > BQ-123 >sarafotoxin S6¢c with respective mean
values of the negative logarithm of dissociation constants
(pK;) and slopes of the Hill plot (ny) from estimates of
individual experiments shown in Table 1.

Functional studies

Electrical field stimulation, delivered as trains of 20 pulses at
10 Hz every 50 s with 0.5 ms pulse width and a dial setting of
60 V, of nerve terminals within the prostate evoked regular
and reproducible contractions (0.12+0.2 g; n=12) of the
prostatic smooth muscle preparations from the guinea-pig. It
has previously been shown that neurotransmission to the
guinea-pig prostatic smooth muscle is predominantly sympa-
thetic and noradrenergic in nature (Ohkawa, 1983; Lau &
Pennefather, 1995; Najbar-Kaszkiel et al., 1997; Lau et al.,
1998).

Cumulative addition of endothelin-1, endothelin-2 and
sarafotoxin S6b (1 nM—0.1 uM) to the guinea-pig prostatic
smooth muscle preparations produced concentration-depen-
dent potentiation of the field stimulation-induced contrac-
tions, but had negligible effect on smooth muscle tone.
Endothelin-3 (1 nM—1 uM) was similarly without effect on

@® Endothelin-1 (n=4)
O Sarafotoxin S6c (n=3)
A BQ-123 (n=5)

A BQ-788 (n=4)

100 .
80
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40

20

% Specific ['%5]]endothelin-1 binding

AT 0 6§ 7 6 5 4
Log [ Peptide ] (M)

Figure 2 Competition of specific ['*’I]-endothelin-1 binding to the
guinea-pig prostatic homogenates by unlabelled endothelin-1 (n=4),
sarafotoxin S6¢c (n=3), BQ-123 (n=5) and BQ-788 (n=4). Non-
specific binding was determined in the presence of endothelin-1
(200 nM). Mean values+s.e.mean of 3-—5 separate experiments
performed in triplicates are shown.

smooth muscle tone and much less potent in producing
facilitation. Figure 3 shows a representative trace illustrating
the enhancing effects of endothelin-1 on field stimulation-
induced contractions of the guinea-pig prostatic smooth
muscle. Mean responses to endothelin-1, endothelin-2 and
sarafotoxin S6b at the maximal concentration (0.1 uM) of
agonist examined were not significantly (P>0.05, one-way
ANOVA) different (Table 2 and Figure 4). The three
agonists were equipotent in eliciting enhancement of
stimulation-induced contractions (Table 2 and Figure 4). In
sharp contrast, the endothelin ETg receptor agonists
sarafotoxin S6c and BQ-3020 (1 nM—1 uM) were without
effect on the field stimulation-induced contractions of the
guinea-pig prostatic preparations (Figure 4).

Table 1 2pK; and ny values for peptide ligands in inhibiting
specific ['**I-endothelin-1 binding to the guinea-pig prostatic
homogenates

Mean pK;+
Peptide n s.e.mean. ny+s.e.mean
Endothelin-1 4 9.60+0.12 0.97+0.10
BQ-123 5 6.4240.20 0.83+0.24*
BQ-788 4 7.2440.22 0.914+0.11
Sarafotoxin S6¢c 3 - -

n=Number of animals. *P<0.05, Slope significantly less
than one, analysis of data showed that competition of BQ-
123 for ['*I]-endothelin-1 binding was fitted better with a
two-site model than a one-site model, however, binding
parameters of the predominant (80%) binding site are
shown. —, Binding parameters for sarafotoxin S6c could
not be computed as complete inhibition of binding was not
achieved at the highest concentration examined (5 um).

100s
01g

L]
1 3 10 30 100
Endothelin-1 (nM)

Washout

Figure 3 Representative trace showing the enhancing effect of
endothelin-1 (1 nM—0.1 uM) on contractions evoked by trains of
stimuli (0.5 ms pulse width, a dial setting of 60 V, 20 pulses at 10 Hz
every 50 s) of the guinea-pig prostatic preparation.

Table 2 Potencies of agonists in facilitating neurotransmis-
sion to the guinea-pig prostatic smooth muscle

PECs 0.1 u™m)
(95% confidence
limits; d.f.)

Em:lx (0.1 um)
Agonist n (% increase)
Endothelin-1 13 115.214+13.26 7.89 (7.73, 8.05; 61)
Endothelin-2 15 123.54+12.77 7.64 (7.52, 7.77; 69)
Sarafotoxin S6b 16 138.99+23.46 7.69 (7.52, 7.86; 78)

n=Number of animals. Ena.x (0.1 ,n) Tepresents the magni-
tude of the effect as per cent increase in field stimulation-
induced response produced by a concentration (0.1 um) of
agonist and pECsy (0. vy is the negative logarithm of
agonist concentration producing 50% of the increase
induced by a concentration (0.1 um) of agonist.
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In time and/or vehicle control experiments, neither the
magnitude of field stimulation-induced contractions
(P>0.05, Student’s paired ¢-tests) (Table 3) nor the log

O Endothelin-1 (n=13)
@ Endothelin-2 (n=15)
A Endothelin-3 (n=4)
A Sarafotoxin 6b (n=16)
V Sarafotoxin 6¢ (n=3)

180

8
[72]
c
[}
@
c @ 120 endothelin-2, in the field stimulated preparations of the
) g M BQ-3020 (n=3) guinea-pig prostate (Figure 5B).
§ S Application of exogenous noradrenaline (0.1 uM—1 mM)
5 'g produced concentration-dependent contractions of the guinea-
[ =—
— 1
X § 6o
:E
= Table 3 The effects of vehicle (0.01% DMSO), BQ-123 and
=] BQ-788 on the field stimulation-induced contractions in
:ﬁ guinea-pig prostatic preparations
Of Treatment Change in force
(g)*
A 5 5 7 £
i Control 0.1340.02
Log [ Agonist] (M) 0.01% DMSO 0.14+0.03
BQ-123 alone 0.1440.03
Figure 4 Mean log concentration-response curves for the facilitatory BQ-788 alone 0.124+0.03
effects of endothelin-1 (n=13), endothelin-2 (n=15), endothelin-3 BQ-123 and BQ-788 in combination  0.1140.02

(n=4), sarafotoxin S6b (n=15), sarafotoxin S6¢ (n=3) and BQ-3020
(n=3) on the field stimulation-induced contractions in guinea-pig
prostatic preparations.

A. BQ-123 (1 uM)

concentration-response curves to the endothelin receptor
agonists (P>0.05, two-way ANOVA) were affected in the
presence of 0.01% DMSO. Exposure of the prostatic
preparations to BQ-123 (1 uM) or BQ-788 (1 um) alone and
in combination had no significant (P>0.05, Student’s paired
t-tests) effect on the magnitude of field stimulation-induced
contractions (Table 3). The agonist-induced enhancements
were, however, markedly attenuated in the presence of BQ-
123 (1 um) (Figure 5A). BQ-788 (1 uM) caused a slight but
significant (P<0.05, Student’s paired ¢-tests) inhibition of
the enhancing effects of endothelin-1 (30 and 100 nM) and
sarafotoxin S6b (10 and 30 nM), but not those of

*Force developed in response to field stimulation. n=4-8.

g 120, (a) 180 (b) 210~ (c)

§ O Control O Control l O Control

7]

o @ +BQ-123 - +BQ-
£2 4 120l @ +BO-123 a0l @ *BQ123
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XG5 40 60} 701
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) 5 7 5 ] 5 7 5 5 5 4 5
B. BQ-788 (1 uM)

2 150¢ (a) 150 (b) 120- (c)

c
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[ - o,
.5; j00L @ *+BQ-788 100l @ +BQ-788 sol @ +BQ-788
i3 :

[
h-]
c.c
R§5 50} 50 40k
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oL oL oL
E R 7 B X 3 o7 ] ) 5 7 5

Log [ Endothelin-1] (M)

Log [ Endothelin-2] (M)

Log [ Sarafotoxin S6b] (M)

Figure 5 The effects of (A) BQ-123 (1 um) and (B) BQ-788 (1 uM) on the mean log concentration-response curves to (a)
endothelin-1 (n=4-5), (b) endothelin-2 (n=4-5) and (c) sarafotoxin S6b (n=5-38) in field stimulated preparations of the guinea-
pig prostate. *P<0.05, 2-way ANOVA and Student’s paired z-tests.
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Figure 6 The effects of endothelin-1 (10 nM) on the mean log
concentration-contractile response curves to noradrenaline in guinea-
pig prostatic preparations (n=3).

pig prostatic smooth muscle preparations; these were not
modified by the presence of endothelin-1 (10 nM) (Figure 6).

Discussion

Radioligand binding and functional experiments have been
conducted to characterize the endothelin receptor subtype/s
present and their role in smooth muscle contraction in the
guinea-pig prostate gland. The major findings from this study
are (1) that guinea-pig prostatic homogenates contain both
endothelin ET, and ETg binding sites and (2) that endothelin-
induced facilitation of neuromuscular transmission to the
smooth muscle of the prostate from the guinea-pig is mediated
predominantly through activation of the endothelin ET,
receptors.

Saturation binding experiments in the guinea-pig prostatic
homogenates revealed that ['*°I]-endothelin-1 binding involved
an apparently single class of saturable and high affinity binding
sites. The mean K, value of 230450 pM obtained is well
within the range of K, values previously reported in the human
prostate (70 pM: Saita et al., 1997; 550 pM: Imajo et al., 1997;
720 pM: Kobayashi et al., 1994a).

In competition binding studies, the rank order of affinity of
endothelin-1> >BQ-788 > BQ-123 >sarafotoxin S6c in inhi-
biting ['**I]-endothelin-1 binding to the guinea-pig prostatic
homogenates indicated the presence of both endothelin ET,
and ETjp binding sites. Endothelin-1 is known to bind to ET,
and ETg receptors with equally high affinity. Reported pK;
values ranged from 9.24—10.64 at cloned human ET,
receptors transfected into Chinese hamster ovary cells, and
from 9.92—-10.97 at ETjy receptors in similar cells (Williams et
al., 1993; Latifpour et al., 1995). The pK; value (9.60) obtained
for endothelin-1 in the present study approximates these
ranges. Additionally, similar affinity constants were obtained
for the radiolabelled (230 pM) and unlabelled (250 p™m)
endothelin-1 in saturation and competition experiments,
respectively.

Analysis of binding data indicated that specific ['*I]-
endothelin-1 binding to the guinea-pig prostatic homogenates
was inhibited by the endothelin ET, receptor-selective
antagonist BQ-123 in a biphasic manner; the predominant
proportion (80%) of binding yielding a pK; value of 6.42. The

endothelin ETy receptor-selective antagonist BQ-788 com-
peted for ['**I]-endothelin-1 binding with a pK; value of 7.24.
These estimates are somewhat lower than those reported at
corresponding cloned ET, and ETp receptor systems. Values
ranging from 7.1-7.9 have been reported for BQ-123, and
from 8.7-9.2 for BQ-788 at cloned ET, and ETjy receptors,
respectively (Williams et al., 1993; Buchan et al., 1994;
Ishikawa et al., 1994; Latifpour et al., 1995). In the human
prostate pK; values of 8.26 (Kobayashi et al., 1994a), 8.89
(Imajo et al., 1997) and 9.29 (Saita et al., 1997) were reported
for BQ-123 and values of 8.77 (Saita et al., 1997) and 9.15
(Walden et al., 1998) for BQ-788. The reasons for the lower
values we have obtained remain uncertain. It may be that these
antagonists are binding to more than one receptor subtype in
the guinea-pig prostate gland, but, as outlined by De Lean et
al. (1982) further resolution of the binding profile would
require 15—18 data points to validate this. Furthermore,
differences in binding profiles may be influenced by the use of
different preparations (intact cells vs cell membranes, Hara et
al., 1998) and incubation conditions (temperature and time).
The present study employed conditions similar to those
described by Williams et al. (1991). Bovine serum albumin is
included in the binding buffer in this study and that by
Williams et al. (1991); serum albumin has been proposed to
decrease the potency of antagonists in inhibiting endothelin
receptor binding (Wu-Wong et al., 1997b).

The endothelin ETy receptor agonist sarafotoxin Sé6c, at the
highest concentration tested, caused approximately 70%
inhibition. Taken together with the data for the endothelin
antagonists, its low potency suggests that either low affinity
ETjy as well as ET sites are present in the guinea-pig prostate.
Additionally, atypical ETg receptors or subtypes of endothelin
ETjy receptors may be present in this tissue as proposed for
other tissues including the human bronchus (Hay et al., 1998;
see Bax & Saxena, 1994 for a review).

The results from our binding experiments indicated that the
prostate gland of guinea-pig, as that in man, contains both
endothelin ET, and ETg receptors. The guinea-pig prostate,
like the human prostate, is composed primarily of glandular
and stromal components. Although differential distribution
and proportion of endothelin receptor subtypes between
smooth muscle cells and other components in the guinea-pig
prostatic homogenates may exist, the prostatic stroma from
the guinea-pig has been shown to comprise predominantly
(95%) smooth muscle cells (Ricciardelli ez al., 1989; Horsfall et
al., 1994). In the human prostate, ET, receptors were
originally shown to be mainly localized to the stromal
compartment (Kobayashi et al., 1994a), although more recent
studies by Webb et al. (1995) and Walden et al. (1998) indicate
that ETg receptors are the predominant subtype present in the
stromal cells.

High levels of immunoreactive endothelin-1 have been
shown to be present in human prostatic secretory epithelium
(Langenstroer et al., 1993), suggesting that the prostate may
contribute to the bulk of immunoreactive endothelin-1 found
in the human seminal fluid (Casey et al., 1992). Exogenous
application of endothelin-1 has been shown to potently
contract human isolated prostate (Langenstroer et al., 1993;
Kobayashi et al., 1994a; Webb et al., 1995). In our hands, the
endothelin receptor agonists endothelins-1, -2 and -3,
sarafotoxins S6b and S6¢c and BQ 3020 were without direct
effect on the contractility of guinea-pig prostatic smooth
muscle. This, together with the lack of effect of BQ-123 and
BQ-788 on the magnitude of field stimulation-induced
contractions of the guinea-pig prostatic smooth muscle
suggests that endogenous endothelins are normally not



W.AK. Lau et al

Endothelin receptors in the guinea-pig prostate 1097

involved in neurotransmission to the smooth muscle of this
tissue. However, endothelin-1, endothelin-2 and sarafotoxin
S6b produced concentration-dependent potentiation of the
field stimulation-induced contractions of these preparations.
These three endothelin agonists were equally efficacious and
potent in facilitating neurotransmission. In contrast the
endothelin ETy receptor-preferring agonist endothelin-3 was
much less effective, and the endothelin ETy receptor-selective
agonists sarafotoxin S6c and BQ-3020 were completely
inactive up to 1 uM. This series of experiments using agonists
indicates that endothelins modulate neuromuscular transmis-
sion to the smooth muscle of the prostate from the guinea-pig
through activation of ET, receptors.

The involvement of ET, receptors in facilitating neuro-
transmission to the prostate is further substantiated by findings
that the endothelin ET, receptor-selective antagonist BQ-123
markedly attenuated the endothelin-induced facilitation. The
finding that the endothelin ETy receptor-selective antagonist
BQ-788, at 1 uM, reduced responses to endothelin-1 and to
sarafotoxin S6b, might be attributable to an action at ET,
receptors since it has been reported to have an ICsy within the
micromolar range at this subtype, while its K, value at ETy
receptors is in the low nanomolar range (see review by
Opgenorth et al., 1995).

Neurotransmission to the guinea-pig prostatic smooth
muscle is predominantly sympathetic and noradrenergic
(Ohkawa, 1983; Lau & Pennefather, 1995; Najbar-Kaszkiel et
al., 1997; Lau et al., 1998). Since endothelin-1 was without
appreciable influence on noradrenaline-induced contractions of
the guinea-pig prostatic smooth muscle, it seems unlikely that
endothelin-induced facilitation is due to a postjunctional
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