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1 Isoproterenol relaxed KCl-precontracted rat bladder strips with a pD2 of 7.21 leaving a residual
contractile response of 3.2% after 30 mM. The selective b1-agonist, T-0509 (pD2 : 6.24, 10.1% residual
contraction after 100 mM), b2-agonist, terbutaline (pD2 : 5.43, 13.7% residual contraction after
100 mM), and b3-agonists, BRL 37344A (pD2 : 6.60, 17.3% residual contraction after 100 mM), and
SR 58611A (pD2 : 5.15, 34.0% residual contraction after 100 mM), also relaxed bladder strips.

2 The relaxant response to isoproterenol was weakly but signi®cantly antagonized by 1 mM
propranolol which produced a 3 fold shift of the concentration-response curve to the right, and
signi®cantly antagonized by the b1-selective antagonist, metoprolol (10 mM, 3 fold shift), and the b2-
selective antagonist, butoxamine (100 mM, 6 fold shift). A combination of 10 mM metoprolol and
100 mM butoxamine caused a 15 fold shift of the concentration-response curve for isoproterenol to
the right. Incubation with the b3-antagonist, SR 59230A (1 mM), caused a 6 fold shift of the
concentration response curve for isoproterenol to the right.

3 The non-conventional partial agonist, CGP 12177A, weakly relaxed KCl-precontracted bladder
strips (pD2 : 3.31, 51.3% residual contraction after 300 mM); the relaxation was resistant to blockade
by 1 or 10 mM propranolol.

4 In the presence of 200 mM propranolol, CGP 12177A (20 mM) or SR 59230A (10 mM)
antagonized surmountably the relaxant e�ects of BRL 37344A.

5 The data suggest that rat urinary bladder body contains b1, b2, and b3-adrenoceptors, all of
which mediate relaxation.
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Abbreviations: BRL 37344A, ((+)-R*,R*)-[4-[2-[[2-(3-Chlorophenyl)-2-hydroxyetheyl]amino]propyl]phenoxy]-acetic acid so-
dium); (+)-CGP-12177A, (4-[3-[(1,1-Dimethylethyl)amino]-2-hydroxypropoxy]-1,3-dihydro-2H-benzimidazol-2-
one hydrochloride); CR, concentration-ratio; RT±PCR, reverse transcription polymerase chain reaction; SR
58611A, (ethyl{(7S)-7-[(2R)-2-(3-chlorophenyl)-2-hydroxyethylamino]-5,6,7,8-tetrahydronaphthalen-2-yloxy}ace-
tate hydrochloride); SR 59230A, ((3-(2-ethylphenoxy)-1-[(1S)-1,2,3,4-tetrahydronaphth-1-ylamino]-2S-2-propanol
oxalate); T-0509, ([(7)-(R)-1-(3,4-dihydroxyphenyl)-2-[(3,4-dimethoxyphenethyl) amino]ethanol]-hydrochloride

Introduction

The function of the urinary bladder is the storage and periodic
emptying of urine. This is regulated by the sacral parasympa-
thetic (pelvic), thoracolumbar sympathetic (hypogastric), and

sacral somatic (pudendal) nerves (de Groat et al., 1993). The
primary role of the sympathetic pathways is to cause excitation
of the urethra and bladder neck and maintain closure of the

bladder outlet during the ®lling phase of the micturition cycle.
In part, this occurs because of the regional distribution of
adrenoceptors in the urinary bladder. a-Adrenoceptors
mediating smooth muscle contraction, predominate in the

bladder neck and urethra, but are sparsely distributed in the
bladder body (Edvardsen & Setekleiv, 1968; Levin & Wein,
1979). The role of the sympathetic pathways in the bladder

body is less clear. Sympathetic innervation of the bladder body
is sparse (Lincoln & Burnstock, 1993), although b-adrenocep-
tors mediating relaxation are present and predominate over a-
adrenoceptors. Some studies suggest that activation of b-
adrenoceptors during bladder ®lling promotes relaxation of
the bladder body and contributes to storage of urine at low
intravesical pressure (Andersson, 1993; Vaughan & Satchell,

1995). However, the lack of e�ect of b-adrenoceptor
antagonists on the human bladder in situ has been cited as

evidence against b-adrenoceptors having any major functional
role (Andersson, 1986).

Since the subdivision of b-adrenoceptors into the b1- and b2-

subtypes by Lands and co-workers (Lands et al., 1967),
evidence has accumulated that suggests that additional b-
adrenoceptors exist. Thus, atypical b-adrenoceptors have been
found in white and brown adipocytes, cardiac tissues, and the
respiratory and gastrointestinal tracts (Arch & Kaumann,
1993). The evidence from these studies suggests that the
classi®cation of b-adrenoceptor subtypes must be expanded to

include b3-adrenoceptors, as well as other atypical b-
adrenoceptors (McLaughlin & MacDonald, 1990; Arch &
Kaumann, 1993; Martin et al., 1994; Koike et al., 1995;

Oriowo, 1995, 1997; Ten Berge et al., 1995; Kaumann &
Molenaar, 1996). For an e�ect to be mediated through b3-
adrenoceptors, the following criteria need to be met: (i) low

sensitivity to antagonists with high a�nity for b1- or b2-
adrenoceptors, (ii) stimulation by b3-selective agonists, (iii)
stimulation by non-conventional partial agonists (b-blocking
agents that exhibit agonist e�ects at concentrations consider-

ably greater than those causing blockade of b1- and b2-
adrenoceptors), such as CGP 12177A, and (iv) sensitivity to b3-
selective antagonists (Arch & Kaumann, 1993; Kaumann &

Molenaar, 1996). Some early studies suggested that atypical b-
adrenoceptors are present in the human urinary bladder, based
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on insensitivity of bladder strips to selective b1- and b2-
antagonists (NergaÊ rdh et al., 1977; Larsen, 1979). Recent
pharmacological studies have concluded that the relaxant

response of rat bladder to isoproterenol and other non-
selective b-agonists is mediated by b2- and b3-adrenoceptors
(Oshita et al., 1997; Yamazaki et al., 1998). Furthermore,
mRNA for b1-, b2-, and b3-adrenoceptors has been detected in

rat bladder using RT±PCR (Seguchi et al., 1998; Fujimura et
al., 1999). However, b1-adrenoceptor-mediated relaxation has
not been demonstrated. The objective of this study was to

evaluate the relative e�ects of stimulation of b1-, b2-, and b3-
adrenoceptors in the rat bladder.

Methods

Animals

Adult Sprague Dawley rats obtained from Charles River
Laboratories were used throughout the study. All animals

received food and water ad libitum. The protocols employed
for this investigation were approved by the Albany College of
Pharmacy Institutional Animal Care and Use Committee.

Tissue preparation

Rats were anaesthetized with Nembutal (50 mg kg71, i.p.).
The urinary bladder was removed and placed in ice-cold
Krebs-Henseleit bu�er of the following composition (mM):

NaCl 113, KCl 4.8, CaCl2 2.5, KH2PO4 1.2, MgSO4 1.2,
NaHCO3 25, dextrose 5.6, containing 10 mM indomethacin.
Four equally-sized longitudinal strips of approximately
2610 mm were cut from the bladder body, suspended on

000 sutures between a pair of platinum ring electrodes, 8 mm
apart, and placed in 10 ml organ baths containing Krebs-
Henseleit solution equilibrated with 95% O2, 5% CO2 at 378C.
The sutures were connected to Grass force displacement
transducers (FT03) and the resting tension was adjusted to
2 g. Responses were recorded on a Grass Model 7E polygraph.

All tissues were then given a 30 min equilibration period
during which they were washed and the resting tension was
adjusted every 10 min.

Contractile studies

After the equilibration period, strips were contracted by

adding 5 mM carbachol or 40 mM KCl, 4 mM CaCl2
hypertonically to the organ baths. After a period of about
10 min, during which the contractile response stabilized,

cumulative concentration-e�ect curves to isoproterenol or
other agonists were generated. Drugs were added at 2 ± 3 min
intervals in 0.5 log unit increments as described by van Rossum

(1963). After addition of the highest concentration of agonist,
maximal relaxation was determined by addition of 10 mM
pinacidil or cromakalim. Then tissues were washed at least
twice with normal Krebs. Subsequent recontraction with KCl

and relaxation with b-agonists was repeated after incubation
with antagonists or Krebs bu�er for 30 min. Responses to
BRL 37344A were measured on unpaired strips because of the

potential for tachyphylaxis.

Drugs

Butoxamine hydrochloride, carbamylcholine chloride (carba-
chol), cromakalim, indomethacin, (+)-isoproterenol hydro-
chloride, (+)-metoprolol tartrate, DL-propranolol

hydrochloride, and terbutaline hemisulfate were obtained from
Sigma Chemical Company (St. Louis, MO, U.S.A.). BRL
37344A ((+) - R*,R*) - [4 - [2 - [[2 - (3 - Chlorophenyl)-2-hydro-

xyetheyl]amino]propyl]phenoxy]-acetic acid sodium), (+)-
CGP-12177A HCl (4-[3-[(1,1-Dimethylethyl)amino]-2-hydro-
xypropoxy]-1,3-dihydro-2H-benzimidazol-2-one hydrochlor-
ide), and pinacidil were obtained from RBI (Natick, MA,

U.S.A.). SR 58611A (ethyl{(7S)-7-[(2R)-2-(3-chlorophenyl)-2-
hydroxyethylamino] - 5,6,7,8 - tetrahydronaphthalen-2-ylox-
y}acetate hydrochloride) and SR 59230A ((3-(2-ethylphenoxy)-

1-[(1S)-1,2,3,4-tetrahydronaphth-1-ylamino]-2S-2-propanol
oxalate) were kindly provided by Sano® Recherche (Milan,
Italy). T-0509 ([(7)-(R)-1-(3,4-dihydroxyphenyl)-2-[(3,4-di-

methoxyphenethyl) amino]ethanol]-hydrochloride was kindly
provided by Tanabe Seiyaku Co., Ltd. (Osaka, Japan).

Statistical analyses

Data are normalized relative to the contractile response to
carbachol or KCl before addition of the b-agonist and the

maximal relaxation in the presence of pinacidil or cromakalim,
and are expressed as means+s.e.mean with N=number of rats
and n=number of strips. Contractile responses were normal-

ized for changes in tissue size by dividing the change in tension
by the cross-sectional area. Cross sectional area was calculated
from the equation; mm2=strip mass (g)/ density

(1.05 g ml71)6initial strip length (mm). Geometric mean EC50

values were obtained by probit analysis (Fleming et al., 1972;
Kenakin, 1984) and are reported as pD2 values (7log

EC50=pD2). Apparent pA2 values were estimated from the
shift of an agonist concentration-e�ect curve by a single
concentration of antagonist from the equation; pA2=log (CR-
1) 7log[antagonist]. Comparisons between responses before

and after incubation with antagonists were done by the
Student's t-test. Comparisons between groups were made
using analysis of variance followed by Newman-Keul's

multiple range test. In all cases, a P value 50.05 was
considered signi®cant.

Results

In preliminary experiments, we tested the relative ability of

isoproterenol to relax KCl- or carbachol-precontracted rat
bladder strips. There were no signi®cant di�erences in the
contractile responses to 40 mM KCl+4 mM CaCl2
(20.33+1.83 mN/mm2; N=6, n=12) or to 5 mM carbachol
(26.88+3.47 mN/mm2; N=6, n=12). However, while iso-
proterenol almost completely relaxed KCl-precontracted strips

with a pD2 of 7.24, it was signi®cantly less potent at relaxing
carbachol-precontracted strips (pD2 : 5.32) and there was a
35% residual contraction at the highest concentration used

(Figure 1). Over the same time period, there was approxi-
mately a 20% decline in the contractile response to KCl and to
carbachol (Figure 1).

Because of these di�erences in the ability of isoproterenol to

stimulate relaxation in strips precontracted with carbachol or
KCl, in all further studies relaxations were therefore measured
after precontraction with 40 mM KCl+4 mM CaCl2. The

contractile response to hypertonic addition of 40 mM

KCl+4 mM CaCl2 to the organ baths was 24.98+1.19 mN/
mm2 (N=26; n=99). After relaxation with maximal concen-

trations of b-adrenoceptor agonists, addition of 10 mM
pinacidil or 10 mM cromakalim to the bath resulted in further
relaxation to or below the basal tone level recorded before
addition of KCl.
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Isoproterenol relaxed KCl-precontracted bladder strips in a
concentration-dependent manner (residual contraction
3.2+1.0% after 30 mM) with a pD2 of 7.21+0.07. The b1-

agonist, T-0509, b2-agonist, terbutaline, and b3-agonists, BRL
37344A and SR 58611A, all relaxed KCl-precontracted
bladder strips in vitro in a concentration-dependent manner
(Figure 2). The rank order of agonist potency at relaxing

bladder strips was isoproterenol=BRL 37344A=T-05094ter-
butaline=SR 58611A (Table 1).

Responses to isoproterenol were reproducible when re-

peated in the absence of antagonists (Figure 3). The responses
to isoproterenol were weakly but signi®cantly antagonized by
1 mM propranolol (Figure 3), which caused a 2.6 fold shift to

the right of the pD2 values for paired strips giving an apparent
pA2 of 6.19+0.06. Responses to isoproterenol were surmoun-
tably antagonized by the b3-antagonist, SR 59230A at a

concentration of 1 mM (Figure 4), which caused a 5.7 fold shift

Figure 1 Responses of 40 mM KCl+4 mM CaCl2- or 5 mM
carbachol-precontracted rat bladder body strips to time and to
isoproterenol. Data are expressed as a percentage of the initial
response to KCl or carbachol and maximal relaxation in the presence
of pinacidil. Each point represents the mean+s.e.mean where N=6
and n=12.

Figure 2 Responses of KCl-precontracted rat bladder body strips to
isoproterenol, T-0509, terbutaline, BRL 37344A, and SR 58611A.
Data are expressed as a percentage of the initial response to KCl and
maximal relaxation in the presence of pinacidil or cromakalim. Each
point represents the mean+s.e.mean where N=19, n=67 for
isoproterenol, and N=n=5 or 6 for the other agonists.

Table 1 Relative potencies of b-agonists at relaxing KCl-
precontracted rat bladder body strips

Residual
contraction

Agonist pD2 95% CL (%)

Isoproterenol
BRL 37344A
T-0509
Terbutaline
SR 58611A

7.21+0.07
6.60+0.35
6.24+0.17
5.43+0.13
5.15+0.17

7.0877.34
5.6477.57
5.8176.67
5.0975.76
4.7375.57

3.2+1.0
17.3+3.8
10.1+1.5
13.7+3.6
34.0+3.7

Values indicate the means+s.e.mean where N=19, n=67
for isoproterenol, and N=n=5 or 6 for the other agonists.
Residual contraction is response remaining after adminis-
tration of maximal concentration of agonist.

Figure 3 Responses of KCl-precontracted rat bladder body strips to
cumulative addition of isoproterenol in the absence and presence of
propranolol. The responses to isoproterenol before and after 30 min
incubation in Krebs bu�er containing vehicle (repeat) or 1 mM
propranolol are shown. Data are expressed as a percentage of the
initial response to KCl and maximal relaxation in the presence of
cromakalim. Each point represents the mean+s.e.mean where N=5
and n=5±9.

Figure 4 Responses of KCl-precontracted rat bladder body strips to
cumulative addition of isoproterenol in the absence and presence of
SR 59230A. The responses to isoproterenol before and after 30 min
incubation with 1 mM SR 59230A are shown. Data are expressed as a
percentage of the initial response to KCl and maximal relaxation in
the presence of pinacidil. Each point represents the mean+s.e.mean
where N=9 and n=7±29.
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to the right of the pD2 values for paired strips with an apparent
pA2 of 6.54+0.13. The relaxant e�ects of isoproterenol were
only partially blocked by high concentrations of the b1-

antagonist, metoprolol (CR: 3.0+0.9; apparent
pA2 : 5.02+0.25), and of the b2-antagonist, butoxamine (CR:
6.0+1.8; apparent pA2 : 4.66+0.15) (Figure 5). A combination
of metoprolol and butoxamine caused a further rightward shift

of the isoproterenol concentration curve (CR: 15.1+7.6)
(Figure 5).

The non-conventional partial agonist, CGP 12177A,

weakly relaxed KCl-precontracted rat bladder strips with a
pD2 of 3.31+0.20 (N=7, n=21), leaving a residual
contraction of 51.3+1.9% (Figure 6). The response to CGP

12177A was resistant to inhibition by high concentrations of
propranolol. After incubation with 1 and 10 mM propranolol,

the pD2 values for CGP 12177A were 3.98+0.35 and
3.80+0.39, respectively.

Relaxant responses to BRL 37344A were una�ected by

200 nM propranolol, a concentration which should block b1-
and b2-adrenoceptors (Figure 7). However, a combination of
propranolol and either 20 mM CGP 12177A or 10 mM SR
59230A caused signi®cant surmountable antagonism, indicat-

ing a b3-adrenoceptor-mediated e�ect (Figure 7). The
combination of propranolol and CGP 12177A caused a 9.9
fold shift and of propranolol and SR 59230A caused a 15.7

fold shift. Similar 12.8 and 10.7 fold shifts in the concentra-
tion-response curve to isoproterenol were produced by the
combinations of propranolol and CGP 12177A and propra-

nolol and SR 59230A (data not shown).

Discussion

The results of several studies have suggested that atypical b-
adrenoceptors are present in the urinary bladder. Larsen

suggested that the human bladder contained neither b1- nor b2-
adrenoceptors, based on the failure of 10 mM butoxamine or
10 mM practolol to alter the relaxant response to isoproterenol

(Larsen, 1979. Similarly, NergaÊ rdh and co-workers found the
human bladder to be relatively insensitive to b1- or b2-selective
agonists or antagonists (NergaÊ rdh et al., 1977). In other

species, isoproterenol-induced relaxation of the urinary
bladder has been attributed to stimulation of predominantly
the b1- [guinea-pig (Li et al., 1992) and cat (NergaÊ rdh et al.,

1977)], b2- [bovine (Garcia-SacristaÂ n et al., 1985), horse
(Labadia et al., 1988), human (Morita et al., 1993), pig
(Larsen, 1979), rabbit (Morita et al., 1990, 1993), and rat
(ElmeÂ r, 1974)], or both b1- and b2-adrenoceptors [dog (Morita

et al., 1993) and sheep (Rivera et al., 1991; Morita et al.,
1993)]. Recently, Oshita and co-workers and Yamazaki and
co-workers suggested that b2- and b3-adrenoceptors were

primarily responsible for b-adrenoceptor-induced relaxation
in the rat bladder (Oshita et al., 1997; Yamazaki et al., 1998).
Although b1-adrenoceptors have been identi®ed in rat detrusor

using reverse transcription polymerase chain reaction (RT±
PCR) techniques (Seguchi et al., 1998; Fujimura et al., 1999),

Figure 5 Responses of KCl-precontracted rat bladder body strips to
cumulative addition of isoproterenol after b1- and b2-blockade. The
responses to isoproterenol before and after 30 min incubation with
10 mM metoprolol, 0.1 mM butoxamine, or 10 mM metoprolol plus
0.1 mM butoxamine are shown. Data are expressed as a percentage of
the initial response to KCl and maximal relaxation in the presence of
pinacidil. Each point represents the mean+s.e.mean where N=7 and
n=5±27.

Figure 6 Responses of KCl-precontracted rat bladder body strips to
cumulative addition of CGP 12177A. The responses to CGP 12177A
before and after 30 min incubation with 1 mM or 10 mM propranolol
are shown. Data are expressed as a percentage of the initial response
to KCl and maximal relaxation in the presence of pinacidil. Each
point represents the mean+s.e.mean where N=7 and n=6±21.

Figure 7 Responses of KCl-precontracted rat bladder body strips to
cumulative addition of BRL 37344A after b1- and b2-blockade. The
responses to BRL 37344A before and after 30 min incubation with
200 nM propranolol, 200 nM propranolol+20 mM CGP 12177A, and
200 nM propranolol+10 mM SR 59230A are shown. Data are
expressed as a percentage of the initial response to KCl and maximal
relaxation in the presence of pinacidil. Each point represents the
mean+s.e.mean where N=6 and n=5 or 6.
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functional responses to b1-adrenoceptor stimulation have not
been demonstrated. Our data con®rm that b-adrenoceptor-
mediated relaxation of rat bladder strips occurs in response to

stimulation of b2- and b3-adrenoceptors, but also to
stimulation of b1-adrenoceptors.

Our preliminary studies to ®nd an appropriate agonist to
precontract the bladder strips in order to monitor relaxant

e�ects of the b-adrenoceptor agonists revealed some important
di�erences between e�ectors. Isoproterenol was able to
completely relax strips precontracted with KCl, but could

only partly relax carbachol-precontracted strips with a 100 fold
lower potency. The mechanisms responsible for these
di�erences will be investigated in future studies, but one

possible cause is a functional antagonism of b-adrenergic
relaxation caused by stimulation of the muscarinic M2-
receptor (Caul®eld, 1993; Longhurst et al., 1995; Hegde et al.,

1997). This has previously been proposed to occur in the rat
bladder (Hegde et al., 1997). The dramatic di�erence in
isoproterenol's e�cacy under these two experimental condi-
tions suggests that muscarinic agonists should not be used to

precontract tissues containing heterogeneous populations of
muscarinic receptors when responses to agonists which cause
relaxation by increasing cyclic AMP levels are to be studied.

For an e�ect to be mediated through b3-adrenoceptors, we
used the criteria described by Kaumann (Arch & Kaumann,
1993; Kaumann & Molenaar, 1996). Relaxant responses to

isoproterenol and the b3-selective agonist, BRL 37344A, were
resistant to blockade by concentrations of propranolol which
normally block responses in tissues known to contain b1- and

b2-adrenoceptors. In addition, isoproterenol-induced relaxa-
tion was resistant to the b1- and b2-selective antagonists,
metoprolol and butoxamine, ful®lling criterion (i) of low
sensitivity to antagonists with high a�nities for b1- or b2-

adrenoceptors. Although these compounds blocked responses
at higher concentrations, the shifts in the concentration-
response curves were minor in comparison with those normally

found in tissues where b1- or b2-adrenoceptors predominate.
The low apparent pA2 value for propranolol of 6.19 is similar
to the values obtained in other smooth muscles where atypical

b-adrenoceptors have been reported (Arch & Kaumann, 1993),
as well as the value of 6.6 obtained in rat detrusor by Oshita et
al. (1997).

BRL 37344A was a potent relaxant of rat bladder strips, as

previously reported by Oshita et al. (1997), ful®lling criterion
(ii) of stimulation by b3-selective agonists. We found that the
potency of BRL 37344A was slightly less than that of

isoproterenol, while Oshita et al. (1997) found BRL 37344A
to be more potent. The di�erences may be due to the fact that
the Krebs bu�er used by Oshita et al. (1997) contained

desmethylimipramine, deoxycorticosterone, and phentola-
mine, while ours contained only indomethacin. The response
to BRL 37344A was resistant to pretreatment with low

concentrations of propranolol but attenuated by both CGP
12177A and SR 59230A, a further indication of the
involvement of b3-adrenoceptors. However, the b3-agonist,
SR 58611A was considerably less potent at relaxing bladder

strips than was either isoproterenol or BRL 37344A, with an
EC50 value of 7.1 mM. There are relatively few reports on the
e�cacy of this compound in smooth muscle preparations. EC50

values of 6.85 mM and 5.48 mM have been reported for b3-
adrenoceptor-induced relaxant e�ects of SR 58611A on
guinea-pig common bile duct and colon (De Ponti et al.,

1995b), and 7.6 mM on dog colon (De Ponti et al., 1995a);
values which are similar to those obtained in this study. SR
58611A at concentrations up to 100 mM has been reported to
have no e�ect on resting tone of guinea pig bladder (De Ponti

et al., 1995b), yet in in our study SR 58611A caused 60% of
maximal relaxation of KCl-precontracted rat bladder strips
(Figure 2). However, EC50 values for SR 58611A in the

nanomolar range have been reported in rat colon (Biancetti &
Manara, 1990; Kaumann & Molenaar, 1996). The reasons for
these di�erences in potency are not readily apparent, but have
been suggested to result from b3-adrenoceptor heterogeneity

and/or tissue or species-related di�erences due to variations in
the b3-adrenoceptor amino acid sequence (Blin et al., 1994; De
Ponti et al., 1995b). Therefore, the low potency of SR 58611A

compared to BRL 37344A in our system may indicate that
atypical b-adrenoceptors exist in rat bladder, in addition to the
b3-subtype.

Oshita did not examine the responses to selective agonists
for the other b-adrenoceptor subtypes. (Oshita et al., 1997).
Instead, experiments demonstrating that adrenaline and

noradrenaline relaxed rat bladder strips and that propranolol
and ICI-118,551 caused only a slight inhibition of isoproter-
enol-induced relaxation were used as evidence for the presence
of b2-adrenoceptors. A more detailed study by Yamazaki and

co-workers looked at inhibition of rat bladder spontaneous
activity by a number of b-agonists (Yamazaki et al., 1998). Our
®ndings are similar to theirs, in that both b2- and b3-

adrenoceptor agonists relaxed rat bladder strips. However,
they found that the b1-agonist, dobutamine, was a poor
relaxant of rat bladder smooth muscle. Although dobutamine

is generally considered to be a b1-selective agonist, some
studies have shown that it also has b2-agonist and a1-partial
agonist actions (Ozaki et al., 1982; Ru�olo et al., 1984; Aikawa

et al., 1996). In preliminary studies, we found that dobutamine
caused a signi®cant relaxation of KCl-precontracted rat
bladder strips with an EC50 value of 6 mM (data not shown),
similar to that obtained with terbutaline. However, because of

the uncertain selectivity of dobutamine, we also examined the
ability of the b1-selective antagonist, T-0509, to relax KCl-
precontracted rat bladder strips. T-0509 was a potent full

agonist, causing relaxation of rat bladder smooth muscle with
an pD2 value of 6.24. Although the pD2 value is about one log
unit less than that reported for T-0509-stimulated relaxation of

guinea-pig trachea (Yabana et al., 1992), it was not
signi®cantly di�erent from the pD2 values we obtained for
isoproterenol on paired strips in the same experiment.
Furthermore the pD2 value for isoproterenol-induced bladder

strip relaxation under our experimental conditions was 2 log
units less than that obtained in guinea-pig trachea by Yabana
et al. (1992). Therefore, we believe that the data support the

presence of functional b1-adrenoceptors in rat bladder.
The reason(s) for the wide discrepancies of both pD2 values

as well as pA2 values between species and organ systems is

unclear. In some instances it may result from the character-
istics of the preparation used to measure the response
(inhibition of spontaneous activity or relaxation of a

precontracted strip). As shown in this study and others,
agonists may selectively relax preparations precontracted with
some agents (such as KCl) but not others (such as carbachol).
This may be related to the transduction mechanisms activated

by both the contracting and relaxing agonists and/or the
relative magnitude of the physiological and biochemical
response. In general, b-agonists appear to be more potent at

e�ecting contractile responses, such as stimulation of cardiac
muscles, than at relaxing smooth muscles (Arch & Kaumann,
1993). Similarly, b-agonists appear to be more potent at

inhibiting spontaneous activity than relaxing precontracted
smooth muscles. Therefore, although di�erences in potency
ratio within a given species and tissue preparation can provide
information on receptor characteristics, it is di�cult to
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compare these values directly with those reported in the
literature using di�erent experimental conditions.

CGP 12177A was a partial agonist, causing approximately

50% relaxation of rat bladder strips and ful®lling criterion (iii)
of stimulation by non-conventional partial agonists (b1- and
b2-antagonists which are partial agonists at atypical b-
adrenoceptors). The response to CGP 12177A was resistant

to blockade by high concentrations of propranolol. In the
presence of 200 nM propranolol, a concentration which would
be expected to block b1- and b2-adrenoceptors, CGP 12177A

caused signi®cant rightward shifts of the concentration-
response curves for both isoproterenol and BRL 37344A,
indicating that the relaxation was mediated by b3-adrenocep-

tors.
The selective b3-antagonist, SR 59230A, inhibited both

isoproterenol and BRL 37344A-induced relaxation of rat

bladder strips ful®lling criterion (iv) of sensitivity to b3-
antagonists. Like SR 58611A, there are relatively few reports
of the e�ects of SR 59230A on b-adrenoceptor-induced
smooth muscle relaxation. In human and rat colon prepara-

tions, SR 59230A inhibits b-agonist-stimulated inhibition of
motility with pA2 values in the nanomolar range (De Ponti et
al., 1995a, 1996). The concentrations of SR 59230A used in

this study are similar to those used previously to characterize
b3-adrenoceptors in rat colon and heart (Kaumann &

Molenaar, 1996); mM concentrations inhibited colon motility
but had little e�ect on the third cardiac b-adrenoceptor.
Although mM concentrations of SR 59230A have been reported

to a�ect b2-adrenoceptors, the cumulative evidence of
responsiveness to BRL 37344A, SR 58611A, and CGP
12177A, as well as inhibition of responses by CGP 12177A
and SR 59230A, suggests to us that the e�ects we are observing

are not the result of stimulation of b2-adrenoceptors.
In conclusion, the resistance of isoproterenol-induced

relaxation to propranolol, the relatively high potency of the

b3-adrenoceptor agonist, BRL 37344A, the partial agonist
actions of CGP 12177A, and the competitive antagonism of
propranolol-resistant responses by SR 59230A and CGP

12177A suggest that the rat urinary bladder contains b3-
adrenoceptors and/or atypical b-adrenoceptors. Furthermore,
the responsiveness of the bladder strips to the b1-adrenoceptor

agonist, T-0509, and the b2-adrenoceptor agonist, terbutaline,
indicates that b1- and b2-adrenoceptors also mediate a
functional response in the rat bladder. However, the functional
signi®cance of the b-adrenoceptor subtypes in the urinary

bladder still remains to be determined.

This work was supported in part by USPHS grant DK51384.
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