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The role of [3-adrenoceptors in mediating relaxation of porcine
detrusor muscle
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1 p-adrenoceptors mediate relaxation of bladder detrusor smooth muscle. This study investigates
the contribution of fs-adrenoceptors to relaxation of the pig urinary bladder.

2 Cell membranes were prepared from detrusor muscle of the pig bladder dome and competition
experiments with [?’H]-dihydroalprenolol (DHA), a non-selective p-adrenoceptor antagonist was used
as a specific radioligand to determine the presence of f-adrenoceptor subtypes. In functional
experiments, isolated detrusor muscle strips were used to determine the potency of agonists and the
affinity of antagonists.

3 In competition binding experiments, CGP20712A (f;-adrenoceptor selective) displaced [*H]J-
DHA from a single binding site with a low affinity. In contrast, displacement data for ICI 118551
(P-adrenoceptor antagonist) and SR59230A (fs-adrenoceptor antagonist) best fitted a two-site
model suggesting a predominant (70%) population of fs-adrenoceptors.

4 In functional studies, isoprenaline and salbutamol (f,-adrenoceptor agonist) relaxed KCl
precontracted muscle strips with high potency (pECsy 7.7 and 7.2, respectively), whilst CGP12177
and BRL37344 (f3-adrenoceptor agonists) had low potency and were partial agonists. CGP20712A
and atenolol (f;-adrenoceptor antagonists) antagonised responses with a low affinity. ICI118551
antagonized responses to isoprenaline and salbutamol with a high affinity (pKg=7.8 and 8.7,
respectively), but the Schild slopes were low suggesting that responses were mediated by more than
one ff-adrenoceptor. The Schild plot for SR59230A was biphasic, apparent pKy values for 3—10 nMm
SR59230A being 8.6 and those for 30 nM—1 uM being 7.7.

5 These data suggest that fi3-adrenoceptors are the predominant -adrenoceptor subtype present in
the pig bladder and that f-adrenoceptor mediated responses of this tissue are mediated via both the
f2- and fz-adrenoceptor subtypes.
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Introduction

For the pharmacological treatment of frequency, urgency
and/or urge incontinence due to bladder overactivity, antic-
holinergics have been the treatment of choice. However, these
drugs can exert severe side effects (accommodation paralysis,
constipation, tachycardia, dryness of mouth and blurred
vision) and some patients are refractory to their actions. Thus
there is an urgent need for new drug therapies with novel
mechanisms of action.

p-Adrenoceptors are found in the body of the bladder,
where they mediate relaxation of detrusor muscle (Andersson,
1993; Morita et al., 1990; Li et al., 1992). The $-adrenoceptor
subtype mediating relaxation appears to be species depen-
dent, the predominant receptor being the f;-adrenoceptor in
the cat and guinea-pig (Nergardh et al., 1977; Li et al., 1992)
and the fi,-adrenoceptor in the rat, rabbit and human (Elmér,
1974; Levin et al., 1988; Morita et al., 1993; Oshita et al.,
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1997). However, Nergardh er al. (1977) and Larsen (1979)
have reported that relaxation of the human bladder is
blocked by propranolol but not by practolol (f;-adrenocep-
tor antagonist) nor butoxamine (ff,-adrenoceptor antagonist),
suggesting the presence and functional characteristics of non
p1- non fr-adrenoceptors. Recently, relaxation of the rat
bladder smooth muscle has been reported to be mediated via
P1, P> and fz-adrenoceptors (Longhurst & Levendusky, 1999;
Oshita et al., 1997). Yamazaki et al. (1998) have also reported
that relaxation of the bladder smooth muscle is mediated
mainly via ff;-adrenoceptors in rabbits, both f;- and fs-
adrenoceptors in rats, and fs-adrenoceptors in dogs. Thus,
which f-adrenoceptor subtypes are present in the bladder and
act to mediate relaxation remains controversial.

Pigs have been reported to be similar to humans with
regard to urogenital adrenoceptor and muscarinic receptor
expression (Goepel et al., 1997; Sellers et al., 2000; Yamanishi
et al., 2000) and may be a useful large animal model to study
the physiology and pathophysiology of the bladder (Mills et
al., 2000). This study uses isolated muscle strips to identify
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the f-adrenoceptor subtype mediating relaxation of the pig
urinary bladder.

Methods
Radioligand binding studies

Female pig urinary bladder was collected from the abattoir
and immediately placed into 50 mM ice-cold Tris buffer
(pH 7.4, 4°C). Strips of tissue were cut from the bladder
dome, the mucosa and serosa removed and the tissues minced
into small pieces using a razor blade. A crude membrane
fraction was then homogenized with an Ultra-Turrax homo-
genizer, filtered through muslin, and then further homogenized
with a Teflon homogenizer. Homogenates were centrifuged
twice at 45,000 x g for 10 min at 4°C and the subsequent pellet
re-suspended in 5 ml of Tris buffer. Membranes were used
immediately in radioligand assays performed in duplicate.

Saturation experiments were conducted using seven con-
centrations (0.25 to 16 nm) of [*H]-dihydroalprenolol (DHA),
a non-selective f-adrenoceptor antagonist used as a specific
radioligand. Samples (100 ul) of the membrane preparation
were incubated at 37°C for 30 min with a range of
radioligand concentrations to obtain a saturation curve.
Non-specific binding represented [PH]-DHA bound in the
presence of 10 uM of unlabelled propranolol. Incubations are
terminated by addition of ice-cold Tris buffer followed by
rapid filtration using a Brandel Cell Harvester. After washing
of the filters to remove unbound radioligand, the radio-
activity left was measured in a liquid scintillation analyser.

Competition binding experiments with [*"H]-DHA (1.3 nm)
used different concentrations of unlabelled 0.1 nM—2 mMm
CGP20712A (p,-adrenoceptor selective antagonist), 0.1 nM—
1 um ICI 118551 (fi,-adrenoceptor selective antagonist) and
0.1 nMm—1 um SR59230A (fs-adrenoceptor selective antago-
nist) to determine the ratio of p-adrenoceptor subtypes
present in this tissue.

In vitro functional studies

Fresh pig urinary bladders from female pigs were immediately
placed in cold (4°C) Krebs-bicarbonate solution (composition
in mMm: NaCl 1184, KCl 4.7, CaCl, 1.9, NaHCO; 24.9,
MgSO, 1.15, KH,PO, 1.15, glucose 11.7). Strips of tissue
(10 x 3 mm) were cut from the bladder dome and the mucosa
and serosa removed. The tissues were mounted in 30 ml organ
baths containing Krebs solution which was maintained at
37°C and continuously gassed with 95% O, and 5% CO,. The
tissues were subjected to a resting tension of 1 g and allowed
to equilibrate for 60 min, during which time they were washed
every 10 min and the resting tension was adjusted. Isometric
tension generated by the tissue was recorded via UF1 force
transducers to a PC via a Cambridge Electronic Design (CED)
interface using CHART software (CED).

After equibration the detrusor strips were precontracted with
50 mM potassium chloride. When the contraction had
stabilized, increasing concentrations of f-adrenoceptor ago-
nists were added cumulatively in 0.5 log unit increments and
concentration-relaxation curves (CRCs) obtained to noradre-
naline, isoprenaline (non-selective f-adrenoceptor agonists),
salbutamol (selective f,-adrenoceptor agonist) and the pfs-

adrenoceptor selective agonists (BRL37344 and CGP12177).
Experiments were performed in the presence of cocaine (10 uMm),
corticosterone (10 uM) and phentolamine (10 uM) to inhibit
amine uptake and antagonize a-adrenoceptors respectively.

Following the first CRCs to isoprenaline, tissues were
washed for about 30 min until a steady resting level of tension
was attained. Tissues were then equilibrated for 30 min with
Krebs solution containing the appropriate concentration of f3-
antagonist (propranolol, atenolol, ICI 118551 or SR59230A)
or vehicle (time control), before construction of a second CRC
to isoprenaline. In the control experiments, the two CRCs to
isoprenaline and salbutamol were reproducible, but the third
CRC varied probably because of tachyphylaxis. Thus two
CRCs on each tissue were used to calculate affinity (pKg)
values for each f-adrenoceptor antagonist.

Data analysis

In functional studies, the relaxation by f-adrenoceptor
agonists was expressed as a percentage of maximum
relaxation induced by 30 uM isoprenaline. Agonist potencies
were expressed as mean pECsy+s.e.mean (—logarithm of the
molar concentration of agonist resulting in 50% of the
maximum response).

Antagonist dissociation constants (Kp) were determined
from the following equation: Kp=antagonist concentration
(molar)/(concentration ratio—1). pA, values for the f-
adrenoceptor antagonists were determined by Schild regression
and taken as the x-intercept on the Schild plot (Arunlakshana
& Schild, 1959). In radioligand binding studies the density of
receptors (Byax) and dissociation constants (Kp) were
calculated by Scatchard analysis of saturation curves and
linear regression analysis using PRISM software (Graphpad).
In displacement binding experiments the same software was
used to determine K; (inhibitory constant) values and analyse
the displacement data for one- or two-site binding. Protein
content of the membrane fractions was determined by the
method of Lowry et al. (1951). Student’s ¢-test was used to
determine the statistical analysis difference between the two
mean values. P values <0.05 were considered to be statistically
significant (‘n’ value refer to the number of animals).

Drugs and chemicals

[*H]-dihydroalprenolol (DHA) (specific activity 111.8 Ci m-
mol~") was purchased from NEN Life Science Products, Inc.
(Boston, MA, U.S.A.), and was stored at —20°C. Nora-
drenaline, (+)-Isoprenaline HCI, (+)-propranolol HCI and
atenolol were purchased from Sigma Chemical Co. (St Louis,
MO, U.S.A)). Salbutamol sulphate, BRL37344 and
CGP12177 were purchased from Tocris Cookson Ltd.
(Bristol, U.K.). SR59230A, 3-(2-ethylphenoxy)-1-[(1S)-
1,2,3,4-tetrahydronaphth-1-ylamino]-(2S)-2- propanol oxalate
was synthesized in our laboratory (Dokkyo University).

Results
Radioligand binding studies

In saturation binding experiments, binding of [*'H]-DHA was
saturable and displaceable by propranolol. Analysis of [*H]-
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DHA saturation curves (n=8) demonstrated a single
population of binding sites with a mean dissociation constant
(Kp) of 1.404+0.18 n™m and a density of
154.4446.2 fmol mg™' protein.

Competition experiments with CGP20712A (n=4) best
fitted displacement from a single binding site with a low
affinity (mean pKi value of 5.02+0.23), suggesting that f3;-
adrenoceptors were not present. In contrast, competition
curves for ICI 118551 were shallow (Hill slope of 0.56+0.09)
and in six out of eight experiments the data fitted a two-site
model of binding better than a single-site model. Similarly for
SR59230A, competition curves were shallow (Hill slope of
0.39+0.14) and data best fitted a two-site model of binding
in five of the eight experiments. The percentage of sites
having a high affinity for ICI118551 was 21% and the value
for SR58230A was 69% (Table 1).

Functional studies in vitro

Agonist potencies Isoprenaline (non-selective -adrenoceptor
agonist) induced relaxation with high potency with a mean
pECso values of 7.7+0.02 (n=24). Noradrenaline (non-
selective o- and f-adrenoceptor agonist) in the presence of
phentolamine, an o«-adrenoceptor antagonist, had a lower
potency with a mean pECso value of 5.8+0.05, but with a
mean maximum relaxation of 98% of that obtained to 30 um
isoprenaline (n=22). Salbutamol (f},-adrenoceptor agonist)
also induced relaxation with a high potency (pECsq value of
7.2+40.03) and with a mean maximum relaxation of 86 +1.9%
of that obtained to 30 uM isoprenaline (n=13). However the
ps-adrenoceptor agonists CGP12177 (n=4) and BRL37344
(n=7) had a lower potency (pECs50=4.0+0.12 and 6.9 +0.24,
respectively), and both were partial agonists with maximum

Table 1 Competition data for [*’H]-DHA binding to pig
detrusor membranes

pki-1 Pji-2 Fraction of high
Antagonists High affinity site Low affinity site  affinity site
CGP20712A 5.02+0.23
ICI118551 9.28+0.18 6.8940.11 0.2140.03
SR59230A 8.60+0.25 5.90+0.23 0.69+0.07

Hill slopes were less than unity for ICH118551 (0.56+0.09)
and SR59230A (0.39+0.14), but not for CGP20712A
(0.714+0.11). All experiments were performed in duplicate.

relaxation responses of 40+3.3 and 59+4+2.3% of that to
30 uM isoprenaline, respectively (Figure 1).

Antagonist affinities  Propranolol (30 nM—1 uM) antagonized
CRCs to isoprenaline in a competitive manner
(PKp=9.3+0.12) without affecting maximum responses and
the Schild plot having a slope close to unity (0.92+0.06)
(Figure 2, Table 2). The fp-adrenoceptor selective antagonist
atenolol (0.3—3 uM) antagonized responses to isoprenaline
with a low affinity (pKg=6.1+0.08) and without affecting
maximum responses. The resulting Schild plot had a slope
not significantly different from unity (0.83+0.12). Another
pi-adrenoceptor selective antagonist CGP20712A failed to
antagonise these responses below 30 um (Figure 3).

The fr-antagonist ICI118551 (30 nMm—1 uM) antagonized
responses to isoprenaline with a relatively high affinity
(apparent pKg=7.84+0.09) and without affecting maximum
responses, but the Schild slope was significantly (P <0.05) less
than unity (0.544+0.12) suggesting that responses were
mediated by more than one receptor (Figure 4). ICI 118551
had the same effects on concentration-relaxation curves to
isoprenaline  (apparent pKg=8.4+0.21 and Schild
slope=0.62+0.03) in the presence of the f;-adrenoceptor
antagonist CGP20712A (1 um). ICI118551 (3-30 nMm) also
antagonized responses to salbutamol with high affinity
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Figure 1 Mean cumulative concentration-relaxation curves to f-
adrenoceptor agonists (isoprenaline, n=24; salbutamol, n=13;
noradrenaline, n=22; BRL 37344, n=7; CGP 12177, n=4) and time
control (n=4). Responses are plotted as a percentage of the
maximum response to 30 um isoprenaline. The mean relaxant
responses to 30 uM isoprenaline were 75% (range 60—100%) of
responses to 50 mm KCl.

Table 2 In vitro antagonist affinity estimates using isoperenaline, salbutamol or noradrenaline as the agonist

Agonists Antagonists Concentrations K n pAST Schild slope
Isoprenaline Propranolol 30 nMm—1 pum 9.31+0.12 30 9.52 0.92+0.06
Atenolol 0.3-3 um 6.13+0.08 16 6.14 0.83+0.12
CGP20712A 30 um 5.18+0.26 16
ICI118551 30 nM—1 um 7.80+0.09 23 0.54+0.03*
ICI118551 +SR59230A** 30-300 nm 8.44+0.21 12 0.62+0.12%*
SR59230A 3-10 nMm 8.6+0.06 27 0.9340.03
30 nM—1 uMm 7.7+0.10 0.36 +£0.04*
Salbutamol ICI118551 3-30 nM 8.74+0.08 30 0.7740.20*
Noradrenaline SR59230A 3-30 nM 8.61+0.11 27 1.2440.04
30-300 nM 8.09+0.19 0.28 +£0.03*

Significantly (P<0.05) different from unity. °ICI 118551 (30—300 nm) was added in the presence of 1 um CGP20712A. °pA, value
(determined by Schild regression and taken as the x-intercept on the Schild plot) was measured only when the Schild slope was unity).
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Figure 2 (Lower panel) Effect of propranolol (30 nm to 1 um) on
concentration-response curves to isoprenaline in pig detrusor muscle.
(Upper panel) Schild plot for the antagonism of responses to
isoprenaline by propranolol. The slope of the plot is 0.92+0.06, and
the X-intercept (PA;) is 9.5.
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Figure 3 Effects of CGP 20712A (300 nMm—30 uM) on concentra-
tion-response curves to isoprenaline in pig bladder.

(apparent pKg=8.740.08), but the Schild slopes were again
low (0.77 +0.20).

The selective f3-antagonist SR59230A at low concentra-
tions (3—10 nM) antagonized responses in a competitive
manner (Schild slope 0.93+0.03) and with a high affinity
(pKp=8.61+0.06). At higher concentrations (30 nM—1 uM)
SR59230A antagonized responses with an apparently lower
affinity (apparent pKg=7.7+0.10) and the Schild plot had a
low slope (0.36+0.04) (Figure 5). SR59230A had similar
effects on CRCs to noradrenaline: SR59230A at low
concentrations (3—30 nM) antagonized responses with a high
affinity (pKg=8.61+0.11) and with a Schild slope of
1.244+0.04, but at higher concentrations (30—300 nM) it
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Figure 4 (Lower panel) Effects of ICI 118551(30 nM—1 um) on
concentration-response curves to isoprenaline in pig bladder. (Upper
panel) Schild plot for the antagonism of responses to isoprenaline by
ICI 118551. The slope of the plot is 0.54+0.12.
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Figure 5 (Lower panel) Effects of SR59230A (3 nM—1 um) on
concentration-response curves to isoprenaline in pig bladder. (Upper
panel) Schild plot for the antagonism of responses to isoprenaline by
SR59230A.
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antagonized responses with an apparently lower affinity
(apparent pKg=8.09+0.19) and the Schild plot had a low
slope (0.28 +£0.03).

Discussion

Levin et al. (1988) have demonstrated a predominance of fi>-
adrenoceptors using radioligand binding studies in human
detrusor smooth muscle, and Goepel et al. (1997) have
reported that f,-adrenoceptors predominate in the pig and
human detrusor. In our present radioligand binding studies,
displacement of [?’H]-DHA with CGP20712A had a very low
affinity (pK;=15.0), indicating that f;-adrenoceptors were not
present in pig bladder. Displacement with ICI 118551 and
SR59230A demonstrated that the fraction of high affinity site
(B>-, and fz-adrenoceptors, respectively) was 0.21 and 0.69,
respectively. Thus our results suggested that about 70% of the
p-adrenoceptor subtypes appeared to be ff3-adrenoceptors.

In preliminary functional experiments in vitro, both
potassium chloride and carbachol were examined as pre-
contracting agents. In these experiments, the tension
developed to 50 mM potassium chloride was more stable
and was maintained for longer than that following contrac-
tion with carbachol. Thus subsequent experiments were
performed using 50 mM potassium chloride to precontract
tissues. In our functional studies, isoprenaline and the f»-
adrenoceptor selective agonist salbutamol demonstrated
relaxation with high potency (pECsq 7.7 and 7.2, respec-
tively). However CGP12177, which is a partial f3-adreno-
ceptor agonist and an antagonist at f§;- and f-adrenoceptors,
and also BRL37344, a selective f3-adrenoceptor agonist
(Kaumann & Molenaar, 1996) exhibited low potency on the
bladder. The maximum relaxation effects of these agonists
were 40—60% of those to isoprenaline, being comparable to
those for the human bladder reported by Takeda et al.
(1999). In our present study, §;-adrenoceptors did not appear
to be involved in mediating responses because the fi-
adrenoceptor antagonists, atenolol and CGP20712A antag-
onized isoprenaline-relaxation responses with a low affinity.
The present study in pig detrusor smooth muscle therefore
suggests an involvement of f,-adrenoceptors and an addi-
tional non-f;, non-fB, adrenoceptor, because ICI118551, a
selective ff,-adrenoceptor antagonist (Kaumann & Molenaar,
1996) antagonized responses to isoprenaline with a high
affinity (pKg=7.8), but the Schild slope was significantly less
than unity. ICI118551 had the same effects on concentration-
relaxation curves to isoprenaline in the presence of the f3;-
receptor antagonist CGP20712A (1 um). The non-f;, non-f,
adrenoceptor would appear to be the f;-adrenoceptor
subtype, since SR59230A antagonized responses at low
concentrations yielding a high affinity estimate (pKg=38.6)
comparable with values obtained for this antagonist at rat
colonic fiz-adrenoceptors (8.7, Manara et al., 1996). Further-
more, the Schild plot for SR59230A over these low
concentrations had a slope of unity. At higher concentrations
(>30 nM) SR59230A antagonized responses less than that
expected for an action of isoprenaline at one receptor and the
Schild slope for antagonism with SR59230A at concentra-
tions above 30 nM was significantly less than unity, again
suggesting the involvement of more than one receptor. It is
interesting to note that SR59230A did not appear to have a

uniform effect on the concentration-response curves to
isoprenaline, but produced a greater antagonism of responses
to higher isoprenaline concentrations than responses to
low concentrations of this agonist (see Figure 5). This again
would suggest the involvement of both f,- and fs-
adrenoceptors in mediating responses.

Although mRNA encoding for the f3-adrenoceptors as
well as ff;- and fr-adrenoceptors has been found in the
bladders of several species including human (Takeda et al.,
1999; Fujimura et al., 1999; Igawa et al., 1999), the functional
role of fs-adrenoceptors in the bladder still remains unclear.
Igawa et al. (1999; 2001) have reported that neither
dobutamine (ff;- and f§,-adrenoceptor agonist) nor procaterol
(B--adrenoceptor agonist) at concentrations up to 10 um
produce any significant relaxation of human bladder and
that BRL 37344 and CGP 12177A (fs-adrenoceptor agonists)
only induced significant relaxation at concentrations greater
than 1 uM, the mean pD, (pECsg) values for these agonists
being 6.4 and 5.7, respectively. The pECs, value of BRL
37344 we obtained in pig bladder (6.9) is similar to that of
Igawa et al. (1999), but the value for CGP 12177A (4.0) was
substantially lower. These authors have also reported that, in
the presence of CGP 20712A (100 nM) and ICI 118551
(100 nMm), SR58894A (f3-antagonist) antagonised isoprenaline
concentration-relaxation curves in a concentration-dependent
manner, but with a low affinity (pA, value of 6.2) and
produced a Schild plot with a low slope (0.68) (Igawa et al.,
1999). The pA, value of 6.2 obtained by these authors for
SR58894A is close to that obtained on the guinea-pig trachea
(Po-receptors) and far less than that obtained at the f;-
receptors of the rat proximal colon (pA, value of 8.1)
(Manara et al., 1996). Takeda et al. (1999) have reported that
BRL37344 and CGPI12177A exhibited relaxant effects in
human detrusor smooth muscle with pD, values of 6.3 and
5.9, respectively, and intrinsic activity values relative to
isoprenaline of 0.48 and 0.50, respectively. However they
have reported that ZD-7144, another putative [f3-agonist
elicited only a slight effect (intrinsic activity value relative to
isoprenaline being 0.09). Therefore it is still unclear whether
ps-adrenoceptors have a major role in f-adrenoceptor
mediated relaxation of the human bladder.

In our studies, propranolol antagonised concentration-
relaxation curves to isoprenaline in a competitive manner
with high affinity (pKg=9.31). Propranolol has been reported
to be highly selective for f;-, and f,-adrenoceptors over the
p3-subtype (Seguchi ez al., 1998), and it is surprising that the
Schild plot had a slope close to unity. However, Nergardh et
al. (1977) and Larsen (1979) have suggested the presence of
non f;-, non fr-adrenoceptors in the human detrusor,
reporting that isoprenaline-induced relaxation was antago-
nized by propranolol but not by practolol (f,-antagonist) or
butoxamine (f,-antagonist). These results may show similar-
ity between pig and human bladder, with both species
apparently possessing a non f3;-, non-ff,-adrenoceptor which
has a high affinity for propranolol.

The possibility of heterogeneity of fs-adrenoceptors has
also been suggested (Longhurst & Levendusky, 1999; Blin et
al., 1994). Longhurst & Levendusky (1999) have reported
that BRL 37344 relaxed rat urinary bladder with high
potency, but SR 58611A, another f3-adrenoceptor agonist
was less potent and they speculated the existence of atypical
p-adrenoceptors in rat bladder, in addition to the f3-subtype.

British Journal of Pharmacology vol 135 (1)
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In conclusion, our data suggest that both f,- and f5-
adrenoceptors are present in the pig urinary bladder with
the f;-adrenoceptor subtype predominating (70%). Our data
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