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ABSTRACT

Purpose: We investigated the presence of functional 1, 2 and 3-adrenoceptor in urothelium and detrusor muscle of 

Materials and Methods: Expression of these adrenoceptors in surgically separated human urothelium and detrusor muscle 

produced by 
Results: 1, 2 and 3-adrenoceptor in both human urothelium and 

-adrenoceptors such as procaterol and 
isoproterenol evoked potent concentration-dependent relaxation of isolated human bladder strips with pD2

Conclusions: -

site of actions for the 
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INTRODUCTION

common form of pharmacologic treatment therapy 

mechanistic side effects related to effect of these 

evoked bladder contraction and alternative approach 
may be to develop drugs acting on the storage phase 

the muscarinic receptor antagonists act during the 

that bladder relaxation mediated by -adrenoceptors
will be a viable target, because increased relaxation 
of the detrusor smooth muscle will lengthen the dura-
tion of storage phase in micturition cycle and thereby 

evoked by -adrenoceptor agonists is mainly medi-
ated by 3-ad-
renoceptor agonist are said to stimulate the G protein 

-
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nophosphate and causes relaxation of smooth muscle 

-adrenoreceptor induced relaxation of bladder are 

-
der are represented by 

3-adrenoceptor agonists have been shown 

as compared with 1 and 2-adrenoceptor agonists,,
and this was observed in normal and neurogenic blad-this was observed in normal and neurogenic blad-

3-adrenoceptor agonists are expected to be 

-adrenoceptors 
in human bladder has been previously reported us-
ing receptor-binding studies, but the anatomical 

of -adrenoceptor are expressed in the urothelium hasare expressed in the urothelium has 
Expression of of -ad-

renoceptors in urothelium is favored by the mounting 
evidence in support of a important role played by 
bladder epithelial cells in modulating bladder activity 
in response to local chemical and mechanical stimuli 

n this study, we aimed to investigate thewe aimed to investigate theto investigate the 
presence of 1-, 2- and 3-adrenoceptor in separate 
tissue of urothelium and detrusor muscle from human 

3-adrenoceptors

, a selective a selective 3-adrenoceptor agonist 

MATERIALS AND METHODS

Human bladders - The human bladders were 

informed consent from the next of kin of the six organ 
donors using an honest broker system from the Health 

disease status of organ donors was not available to 

-
ventitia was removed and longitudinal detrusor strips 

sutures were tied to each end of the strips, and tissues 

were lowered into the myobath multi-channel tissue 

2

-

basal tension of 1-2 grams, muscle contractions were 
-

3-

Chemicals - KCl, procaterol, isoproternol 
and papaverine were obtained from Tocris bioscience 

solabegron (a selective 

-

were performed under certain conditions, includ-
C for 30 

Good separation of the bladder layers was evaluated 
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-

immediately after dissection and embedded in OCT 

as means 
-
-

or as percentage of the relaxation induced by 10-3

values (pD2

-

performed using GraphPad Prism software (version 

RESULTS

-

-
tor gene produced a single PCR product of expected 

urothelium and detrusor was demonstrated by lack 
of any smooth muscle tissue stain in H&E staining 

lack of contamination from detrusor 

by lack of immunoreactivity for nonvascular smoothnonvascular smooth 
desmin in urothelium (data 

was tested by relaxation of human bladder strips by 

drugs were expressed as a percentage of the 10-3

papaverine induced relaxation of tension produced 

Table 1 – Primer sequences.

Primer Sequence PCR Product

1

2

3

Figure 1 – Expression ß-adrenoceptors in human urothelium andadrenoceptors in human urothelium ands in human urothelium and 
detrusor. The representative ethidium bromide stained agarose 
gel of RT-PCR products for 1, 2 and 3-adrenoceptors show 
their mRNA expression in separated detrusor and urothelium 
tissue from 4 bladder specimens marked 1-4 on top. Lane from 
urothelium tissue of each bladder specimen is marked by U and 
lane for detrusor tissue is marked by D. Left lane is 100 bp DNA 
ladder in all gels and products of expected size are shown by bands 
for 1, 2 and 3-adrenoceptors in gels from top to bottom. Right 
most lane representative control with no template.
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myobath evoked concentration-dependent relaxation
of KCl precontracted human bladder strips and at-
tained

2

-
tracted muscle strips at >10

2 values were calculated 

to relax human bladder contraction in response to 

shifted to the right by both solabegron and isoprotere-isoprotere-
nol, at 10, at 10

COMMENTS

has deter-deter-
-

renoceptor in the human bladder, but the anatomicalthe human bladder, but the anatomicalhuman bladder, but the anatomicalbladder, but the anatomicalanatomical
distribution of expression in bladder in terms of of expression in bladder in terms of 
urothelium and detrusor has not been determined 

 The 
-adrenoceptors expressed 

agonists on micturition is mediated principally by 

Our results on the 
-

der generally agree with the earlier study showing 
relaxation of human detrusor strip pre-contracted 

few notable 

Figure 2 – H & E staining of surgically separated tissue of 
detrusor (Panel A) and urothelium (Panel B). Absence of any 
smooth muscle cells in urothelium section verify lack of con-
tamination from detrusor in the expression studies demonstrated 
in Figure-1.

A

B
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differences are the use of different stimuli of KCl to 
evoke contraction prior to the addition of solabegron 

contracted muscle strips were produced at much 

lower concentration of 10

bladder was the lack of difference observed in this 

10

different experimental methodology followed in the 

measured prior to testing of drugs and no drugs were 

carbachol 10

explain different results, there could be differences in 
the sensitivities of bladder specimens used in the two 

activation by isoproterenol in rat urothelial cells can 

Figure 3 – Concentration dependent relaxation of the KCl-induced tone of human detrusor strips by Solabegron, Procaterol and Iso-
proterenol. Relaxation evoked by drugs in muscle strips pre-contracted with 30nM KCl is expressed as percentage of the relaxation 

2) were calculated by non-linear regression 
analysis using Graph Pad Prism.

Figure 4 – A representative trace for the response of a human 
detrusor strip to EFS (5, 10, 15 Hz) in the presence of oxygenated 
Krebs’ solution, and after 20 min incubation in Solabegron 
and Isoproterenol (10Isoproterenol (10 (10-8-10-4 M). Both the drugs suppressed 
EFS evoked detrusor contraction at 10-4 M concentration. The 
maximum suppression was observed at EFS induced contractions 
of lower frequencies as 5 Hz.
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in intracellular Ca2+ following activation of the 

induced by a chemical irritant, cyclophosphamide in 

; it is believed 

better explained by suppression of excitability of 
and/or the release of transmitters from bladder afferent 

information about -adrenoceptors expressed in the 
human urothelium might be involved in the regulation 

2--
and 3-adrenergic receptors existing in the human 
detrusor can produce direct relaxation of the detrusor 
smooth muscle without blocking voiding induced 

-adrenergic-stimu-
lated relaxation is mediated through the stimulation 

3-adrenoceptor activation 
in mediating the relaxation of human detrusor by 

3-adrenoceptor agonists was demonstrated by lackadrenoceptor agonists was demonstrated by lack agonists was demonstrated by lack 
of suppression of its effect by selective 1 and/or and/or 

2-adrenoceptor antagonists such as dobutamine and-adrenoceptor antagonists such as dobutamine and 
3-adrenoceptor is further 

-
ation by selective 

Considering the role of 3-adrenoceptors in 
modulating the controlof bladder smooth muscle tone 
in humans; these results support the hypothesis that 

a useful clinical strategy for 
-adrenoceptoradrenoceptor

antagonists blockers have also been advocated for 
stress urinary incontinence owing to inappropriate 

-
vents the reduction in urethral pressure after sacral 

-adrenoceptor an-adrenoceptor an- an-
tagonists are not particularly useful in treating bladder 

or direct acting smooth muscle relaxants, can produce 
the result of urinary retention and other mechanistic 

CONCLUSIONS

The present study demonstrates that stimula-
tion of 
bladder relaxation, suggesting that selective 3-adre-
noceptor agonist may be a valuable new treatment for 

1-, 2- and 
3-adrenoceptors in urothelium apart from detrusor 

may suggest additional mechanism of action for the 
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EDITORIAL COMMENT

Recent interest of the bladder physiology 
has focused on urothelial/suburothelial cells of the 

urothelium and the detrusor of human bladder, and 

subtypes are functionally expressed in the urinary 

about the urothelial muscarinic receptor subtypes 
have been reported, little remains known as regards 



83

3-
adrenoceptors are predominantly abundant in the 
human detrusor muscle of the urinary bladder, and 
play important roles in detrusor relaxation during uri-

3-adrenoceptor agonists could be highly promising 
agents to treat overactive bladder by a clinical trial 

-
ceptor subtypes in the urinary bladder may shed light 
on the pathological conditions such as overactive 
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