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Introduction 
 
 
The overactive bladder syndrome (OAB) is defined by the symptom of urgency, 
with or without incontinence, usually accompanied by frequency and nocturia 
(Abrams, et al., 2002). OAB is present in about 16% of the general adult 
population (Milsom, et al., 2001;Stewart, et al., 2003). Epidemiological studies 
demonstrate that advancing age is a major risk factor for OAB (Milsom, et al., 
2001;Stewart, et al., 2003). Female gender is also a risk factor for bladder 
dysfunction but its association with OAB appears less consistent than that of age 
(Milsom, et al., 2001;Stewart, et al., 2003;Goepel, et al., 2002). Moreover, 
voiding dysfunction associated with benign prostatic hyperplasia was reported to 
be more pronounced in hypertensive than in normotensive patients (Michel, et 
al., 2004). While the basis for this association remains unclear, an animal model 
of arterial hypertension, the spontaneously hypertensive rat (SHR), was 
repeatedly shown to exhibit several features of OAB including increased urinary 
frequency and reduced bladder capacity (Persson, et al., 1998;Spitsbergen, et 
al., 1998). 
 
Spontaneous non-voiding contractions of the urinary bladder are thought to 
represent the pathophysiological basis of OAB. They could, in principle, result 
from a sensitized contractile system or a desensitized relaxant system in the 
bladder. The physiologically most important contractile system in the urinary 
bladder are muscarinic receptors, whereas the most important relaxant system 

are β-adrenoceptors (Andersson and Arner, 2004;Michel and Vrydag, 2006). 
Rats are the most frequently used laboratory species to study the regulation of 
bladder function by the autonomic nervous system. Several previous studies 
have investigated possible alterations of bladder contractility in females, aged 
animals or SHR but have not found increased contractility (Afiatpour, et al., 
2003;Spitsbergen, et al., 1998;Clemow, et al., 1997;Ordway, et al., 
1986;Schneider, et al., 2005a;Kories, et al., 2003;Rajasekaran, et al., 
2005;Schneider, et al., 2005b;Afiatpour, et al., 2003;Pagala, et al., 2001). On the 
other hand, few previous studies have looked at the effects of gender, age and 

hypertension on bladder relaxation by β-adrenoceptor agonists. 
 

A possible alteration of β-adrenoceptor function is a likely candidate for an 
involvement in bladder dysfunction, because numerous studies in rat tissues 

other than urinary bladder have demonstrated a reduced β-adrenoceptor function 
with age  
(Brodde, et al., 1995;Fraeyman, et al., 2000;Tsujimoto, et al., 1986) brodde 
frayman tsujimotoand hypertension (Brodde and Michel, 1992), albeit to a lesser 
extent with female gender (Engstrom, et al., 1997;Kahonen, et al., 
1998;Matsubara, et al., 2002),. Some studies support the idea that such 
regulation also occurs in human tissues other than the bladder (Feldman, 
1990;Naslund, et al., 1990;Wallukat, 2002;Watters, 2005).  
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Three subtypes of β-adrenoceptors exist, and most previous studies on β-
adrenoceptor desensitization in tissues other than the urinary bladder have 

focused on β1- and β2-adrenoceptors. While the β-adrenoceptor subtype involved 
in rat bladder relaxation has not been fully identified, the available data suggest 

that it involves at least partly a receptor distinct from β1- and β2-adrenoceptors, 

possibly a β3-adrenoceptor (Michel and Vrydag, 2006). In vitro studies have 

demonstrated that β3-adrenoceptors are considerably less sensitive to agonist-

induced desensitization than β1- and β2-adrenoceptors (Curran and Fishman, 
1996;Nantel, et al., 1993).  
 
Therefore, the present study was designed to investigate possible alterations of 

β-adrenoceptor-mediated relaxation of rat bladder in females, old animals and 
SHR as compared to males, young animals and normotensive Wistar-Kyoto rats 

(WKY), respectively. Due to the uncertainties related to the identity of the β-
adrenoceptor subtype involved in rat bladder relaxation, we have tested the 
endogenous agonist noradrenaline, the prototypical, non-subtype-selective 

agonist isoprenaline and two prototypical β3-selective agonists, BRL 37,344 and 
CGP 12,177. 
 
 
 
 

Materials and Methods 
 
Animals 
 
All experiments had been approved by the institutional animal welfare committee 
according to the Dutch legislation for the protection of experimental animals 
(gender study) or by the state animal welfare board according to the 
corresponding German legislation (ageing and hypertension study), both of which 
are in agreement with NIH guidelines for the care and use of experimental 
animals. Six week old male and female Wistar rats (180-220 g) were obtained 
from Charles River (Maastricht, The Netherlands). Male Wistar rats aged 3 
months (12-14 weeks) or 23 months (22-24 months) were obtained from Charles-
River (Germany). Male WKY and SHR aged 12 weeks were obtained from 
Harlan-Winkelmann (Borchen, Germany). All animals were killed by decapitation 
under pentobarbital or light ether anaesthesia. 
 
 

Relaxation experiments 
 
The relaxation experiments for the gender study were performed as recently 
described (Frazier, et al., 2005). Briefly, the bladder strips from male and female 
rats were mounted under a resting tension of 10 mN in organ baths containing 7 
ml Krebs-Henseleit buffer of the following composition (mM): NaCl 118.5, KCl  
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4.7, MgSO4 1.2, Na4EDTA 0.025, CaCl2 2.5, KH2PO4 1.2, NaHCO3 25 and 
glucose 5.5 at 37oC, yielding a total potassium concentration of 5.9 mM. The 
organ baths were continually gassed with 95% O2/5% CO2 to maintain a pH of 
7.4. The bladder strips were equilibrated for 75 min during which the buffer 
solution was refreshed every 15 min. Following the equilibration, the tissues were 
challenged with 50 mM KCl for 6 min. Thereafter, they were again equilibrated 
with normal buffer and readjusted to the resting tension of 10 mN every 10 min 
until stabilization had occurred, usually within 45 min. After 10 min strips were 
pre-contracted with 50 mM KCl. After 30 min (20 min after KCl), when the KCl-
exposed strips had reached a stable tension, concentration-response curves for 
the β-adrenoceptor agonists noradrenaline (10 nM – 1 mM), isoprenaline (1 nM - 
1 mM), BRL 37,344 (1 nM- 100 µM) or CGP-12,177 (0.1 nM – 100 µM)) were 
generated by cumulative addition. At the end of the experiment, 10 µM forskolin 
was added to each preparation to assess receptor-independent relaxation. To 
avoid desensitization, only a single relaxation curve was generated in each 

bladder strip. Experiments in the absence of β-adrenoceptor agonist to assess 
run-down of muscle tone and/or vehicle effects were not performed in the present 
study, because we have previously demonstrated that these effects are only 
small (Frazier, et al., 2005). 
For the ageing and hypertension studies, this protocol was modified as follows: 
Experiments were performed in 10-ml organ baths. After 60 min of equilibration 
including washes with fresh buffer every 15 min, the bladder strips were 
challenged three times with a combination of 50 mM KCl and 0.1 mM carbachol 
with 5 min rest and washes between each challenge. CGP 12,177 and forskolin 
were not used in the hypertension study.  
 

 
 
Chemicals  
 
Pentobarbital was obtained from OPG Groothandel B.V. (Utrecht, The 
Netherlands). BRL 37,344 ((±)-(R*,R*)-[4-22[[2-(3-chlorophenyl)-2-
hydroxyethyl]amino] propyl] phenoxy]acetic acid sodium), CGP 12,177 ((±)-4-[3-
[(1,1-dimethylethyl)amino]-2-hydroxypropoxy]-1,3-dyhydro-2H-benzimidazol-2-
one HCl) and all other compounds were obtained from Sigma (Deisenhofen, 
Germany). The stock solutions for all four agonists (100 mM) were made in 
deionized water. The forskolin stock solution (10 mM) was prepared in dimethyl 
sulfoxide. 
 

Data analysis  
 
0% relaxation refers to the KCl-induced tone immediately prior to agonist 
addition, whereas 100% relaxation was defined as a remaining tension of 0 mN. 
For KCl-induced contraction and forskolin-induced relaxation, the mean of up to 
four bladder strips from a given animal was considered as one experiment, 
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whereas for the relaxation by the β-adrenoceptor agonists only a single strip was 
tested per animal. Concentration-response curves were analyzed by non-linear 
iterative curve fitting. Curve fitting and statistical analyses were performed with 
the Prism programme Graphpad Software, San Diego, CA, USA). Data are 
shown as means ± S.E.M. of n experiments. The statistical significance of 
differences in group means was determined by two-tailed t-tests. A p < 0.05 was 
considered as significant.  
 
 
 
 

RESULTS 
 
 
Gender study 
 
Male rats had slightly larger bladders than female rats, but this may relate to 
minor differences in body weight since the bladder/body weight ratio did not differ 
significantly between genders (Table 1). Accordingly, strips of similar size were 
prepared from male and female bladders (Table 1). In agreement with our 
previous studies (Kories, et al., 2003), the KCl-induced contraction was also 
similar male and female rats (2.3 ± 0.2 vs 2.0 ±0.1 mN/mm). 
 
 
Table 1 
Characterization of experimental animals 
 
 Gender study Ageing study Hypertension study 

 male female young old WKY SHR 

Body weight, g 220 ± 9 198 ± 5 421 ± 6 626 ± 23*** 309 ± 17 308 ± 6 

Bladder weight, mg 113 ± 6.9 87 ± 4.7* 97 ± 4.8 110 ± 4.9 80 ± 3.7 61 ± 1.5*** 

Bladder/body weight, 

mg/g 

0.52 ± 

0.04 

0.44 ± 0.03 0.24 ±0.01 0.18 ±0.01* 0.27 ±0.01 0.20 ±0.01*** 

Strip length, mm 16.8 ± 0.1 15.3 ± 0.6 21.1 ± 0.9 20.1 ± 0.9 19.5 ± 0.6 16.5 ± 0.5* 

Strip weight, mg 6.4 ± 0.6 6.4 ± 0.4 15.2 ± 0.6 18.5 ± 0.8* 9.8 ± 0.3 7.5 ± 0.2*** 

Data are mean ± S.E.M. of the number of 6, 8-9 and 9-11 animals per group in 
the gender, ageing and hypertension studies, respectively; strip length and 
weight were determined for four strips per animal. * and ***: p < 0.05 and < 
0.0001, respectively, vs male, young and WKY rats, respectively, in an unpaired, 
two-tailed t-test 
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The endogenous agonist noradrenaline, the synthetic agonist isoprenaline and 

the two β3-adrenoceptor agonists BRL 37,344 and CGP 12,177 concentration-
dependently relaxed bladder strips from both genders (Figure 1, Table 2).  
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Figure 1.  Relaxation of male and female bladder. 0% relaxation refers to the 
KCl-induced tone immediately prior to agonist addition, whereas 100% relaxation 
is defined as a remaining tension of 0 mN. Data are means ± S.E.M. of 6 
animals. A quantitative analysis of the data is shown in Table 2. 
 

Noradrenaline, isoprenaline and BRL 37,344 had similar potency in both 
genders. While all four agonists had numerically smaller maximum effects in 
female than in male rats, this reached statistical significance only for CGP 
12,177, which was a weak partial agonist in both genders (Figure 1, Table 2). 
Due to weak relaxation responses, the potency of CGP 12,177 could not reliably 
be calculated in female rats. The relaxation response to 10 µM forskolin was 
significantly less in female than in male bladders (61 ± 3% vs 68 ± 2%, n = 6 rats 
with four strips per rat, p < 0.05). 
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Table 2 
Relaxation of male and female bladder 
 

Male Female β-agonists 

Emax pEC50 Emax pEC50 

Noradrenaline 53 ± 6 5.60 ± 0.14 40 ± 4 5.41 ± 0.13 

Isoprenaline 58 ± 5 7.00 ± 0.34 55 ± 3 7.10 ± 0.45 

BRL 37,344 43 ± 2 6.75 ± 0.19 36 ± 6 6.47 ± 0.20 

CGP 12,177 21 ± 2 7.08 ±0.37  10 ± 3* n.d. 

Data are means ± S.E.M. of 6 rats. *: p < 0.05 vs male rats in an unpaired, two-
tailed t-test, n.d.: could not be determined reliably due to weak relaxation 
response, the corresponding Emax can only be seen as a crude estimate 

 

 
Ageing study 
 
Old rats had a much greater body weight than young rats, but bladder weight did 
not increase to a similar extent and hence the bladder/body weight ratio was 
significantly smaller in old rats (Table 1). Accordingly, strips of similar length but 
slightly greater weight were prepared from old as compared to young bladders 
(Table 1). In agreement with our previous studies (Schneider, et al., 2005b), the 
KCl-induced contraction was similar in young and old rats (1.5 ± 0.1 vs. 1.3 ± 0.1 
mN/mm, respectively). 
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Figure 2. Relaxation of young and old bladder. 0% relaxation refers to the KCl-
induced tone immediately prior to agonist addition, whereas 100% relaxation is 
defined as a remaining tension of 0 mN. Data are means ± S.E.M. of 8-9 
animals. A quantitative analysis of the data is shown in Table 3. 
 
 
 
Table 3 
Relaxation of young and old bladder 
 

Young Old β-agonists 

Emax pEC50 Emax pEC50 

Noradrenaline 54 ± 4 5.55 ± 0.11 30 ± 5* 5.84 ± 0.14 

Isoprenaline 66 ± 4 6.67 ± 0.12      50 ± 7 6.29 ± 0.21 

BRL 37,344 50 ± 2 n.d.     34 ± 6* 5.16 ± 0.53 

CGP 12,177 31 ± 2 7.75 ± 0.21     21 ± 3* 7.88 ± 0.31 

Data are means ± S.E.M. of 8-9 rats. *: p < 0.05 vs young rats in an unpaired, 
two-tailed t-test n.d.: could not be determined reliably since no clear maximum 
response was measured, the corresponding Emax can only be seen as a crude 
estimate 
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The relaxation responses to all four β-adrenergic agonists in young rats (Figure 
2, Table 3) were largely consistent with those in the male rats of the gender study 
(Figure 1, Table 2). However, the concentration-response curve for BRL 37,344 
did not yield a clear maximum response in young rats within the tested 
concentration range, and hence did not allow for meaningful calculation of 
agonist potency (Figure 2, Table 3). The relaxation responses to all agonists 
were consistently weaker in old rats (Figure 2), and the quantitative analysis 
showed this to represent mainly a reduced maximum response with little if any 
change in agonist potency (Table 3).  The relaxation response to 10 µM forskolin 
was similar in young vs old rat male bladders (51 ± 2% vs 51 ± 3%, n = 7-8 rats 
with four strips per rat). 
 
 

Hypertension study 
 
SHR had similar body weight but significantly smaller bladder weight and hence 
a significantly smaller bladder/body weight ratio as compared to WKY (Table 1). 
Accordingly, strips from SHR bladder were somewhat shorter and lighter than 
those from WKY (Table 1). After normalizing for strip size, and in agreement with 
our previous studies (Schneider, et al., 2005a), the KCl-induced contraction was 
similar in SHR and WKY (2.0 ± 0.1 vs. 2.0 ± 0.1 mN/mm, respectively). 
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Figure 3. Relaxation of WKY and SHR bladder. 0% relaxation refers to the KCl-
induced tone immediately prior to agonist addition, whereas 100% relaxation is 
defined as a remaining tension of 0 mN. Data are means ± S.E.M. of 9-11 
animals. A quantitative analysis of the data is shown in Table 4. 
 

The relaxation responses to all agonists were somewhat smaller in WKY (Table 
4) than in young male rats in the other two studies, but agonist potency was quite 
similar to that in the other studies (Table 2-3). In agreement with parts of our 
ageing study, the concentration-response curves for BRL 37,344 did not reach 
clear maximum values in both strains (Figure 3) and hence did not allow for 
calculation of meaningful agonist potency. The relaxation responses to 
noradrenaline and isoprenaline were weaker in SHR (Figure 3), and the 
quantitative analysis showed this to represent mainly a reduced maximum 
response with little if any change in agonist potency (Table 4). The relaxation 
responses to BRL 37,344 were similar in both strains (Figure 3, Table 4). 
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Table 4 
Relaxation of WKY and SHR bladder  
 

WKY SHR β-agonists 

Emax pEC50 Emax pEC50 

Noradrenaline 32 ± 3 5.84 ± 0.13 23 ± 2* 5.88 ± 0.21 

Isoprenaline 34 ± 3 6.47 ± 0.16 22 ± 2* 6.71 ± 0.16 

BRL 37,344 19 ± 2 n.d. 19 ± 1 n.d. 

Data are means ± S.E.M. of 9-11 rats. *: p < 0.05 vs WKY in an unpaired, two-
tailed t-test, n.d.: could not be determined reliably since no clear maximum 
response was measured, the corresponding Emax can only be seen as a crude 
estimate 
 

 
DISCUSSION 
 
 
 
The present studies were designed to investigate the possible effect of gender, 

age and hypertension on β-adrenoceptor-mediated relaxation of rat bladder. 
Some methodological considerations should be kept in mind in the interpretation 
of these data. 
 
 

Methodological considerations 
 
The rat bladder expresses all three cloned β-adrenoceptor subtypes at the 
mRNA level (Fujimura, et al., 1999;Matsubara, et al., 2002;Seguchi, et al., 1998); 
while the β3-adrenoceptor subtype has been claimed to be the most abundant 
one (Fujimura, et al., 1999), no quantitative data have been reported. The 
subtype expression at the protein level has not been determined, since the most 
available radioligands are not suitable to detect β3-adrenoceptor, due to their 
poor affinity to β3- as compared to β1- or β2 adrenoceptors (Baker, 

2005;Hoffmann, et al., 2004). The functional identification of β-adrenoceptor 
subtypes involved in rat bladder relaxation has relied on the rank order of 

potency of subtype-selective β-adrenoceptor agonists, some highly β3-selective 
agonists and, to a more limited extent, antagonist potency. All studies agree that 
a β3-like component is involved, and several studies additionally point to a β2-
adrenoceptor component (Fujimura, et al., 1999;Longhurst and Levendusky, 
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1999;Woods, et al., 2001), but a definitive identification has not been made 
(Michel and Vrydag, 2006). These controversies may partly relate to limitations of 
the available tools since, e.g., the prototypical β3-adrenoceptor agonist BRL 

37,344 also has muscarinic receptor antagonist (Kubota, et al., 2002) and α1-
adrenoceptor antagonist properties (Leblais, et al., 2005). CGP 12,177 is a 
prototypical β3-adrenoceptor agonist, but may also act via a distinct binding site 
on β1-adrenoceptors (Joseph, et al., 2004a;Joseph, et al., 2004b); moreover, 
CGP 12,177 is only a weak partial agonist in the urinary bladder (Longhurst and 
Levendusky, 1999;Longhurst and Levendusky, 1999;Yamazaki, et al., 
1998;Yamazaki, et al., 1998). Given the uncertainties regarding the receptor 
subtype being involved and the suitability of the tools to study it, we have 
performed parallel experiments with the endogenous agonist noradrenaline in 
order to reflect the physiological situation, with the synthetic agonist isoprenaline 

in order to capture all possibly involved β-adrenoceptor subtypes, and with BRL 
37,344 and CGP 12,177. 
 

Previous studies on bladder relaxation have largely tested the effects of β-
adrenoceptor agonists against passive tension or against KCl-induced tone. 
While the two approaches do not always yield the same answers (Frazier, et al., 
2005), we have chosen for the latter because the increased basal tone in the 
presence of KCl yields a larger signal/noise ratio, and hence allows for a more 
sensitive detection of the effects of partial agonists. 
 
 

Gender study 
 
Radioligand binding studies in rabbits, reflecting the β1- and β2-components of 

total β-adrenoceptor expression only, detected gender differences in β-
adrenoceptor expression in the bladder base of certain age groups, but not in 
other age groups and not in the detrusor of any age group (Latifpour, et al., 
1990;Morita, et al., 1998). One study reported similar isoprenaline-induced 
relaxation of the bladder of control, ovariectomized and estrogen-treated 
ovariectomized rats, whereas the potency of BRL 37,344 was greater in the 
ovariectomized than in the other two groups (Matsubara, et al., 2002). The 

present study found numerically weaker relaxing effects of all four tested β-
adrenergic agonists in female than in male rats, but the difference reached 
statistical significance only for the weak partial agonist CGP 12,177. The latter 
two studies suggest that female gender or estrogen exposure may attenuate 

bladder relaxation responses, particularly when β3-selective agonists are used, 
but the overall differences are too small to be consistently detectable. Moreover, 
the relaxing effects of a single high concentration of forskolin were significantly 
smaller in female than in male rats in the present study. Since forskolin uses the 
same molecular pathways to mediate bladder relaxation as isoprenaline (Frazier, 
et al., 2005), these data suggest that minor if any attenuations of the response to 

the various β-adrenergic agonists in female rats may reflect a generally reduced 

ability to relax rather than a specific β-adrenoceptor desensitization. Taken 
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together, these data suggest that gender-related differences in β-adrenergic 
relaxation play only a minor, if any role, in possible gender differences in bladder 
dysfunction. Thus, the reported gender differences in the prevalence of OAB 
and/or urgency incontinence (Milsom, et al., 2001;Stewart, et al., 2003;Goepel, et 
al., 2002) may be too small to allow detection of pathophysiological correlates in 
experimental studies. 

 
 
Ageing study 
 
Studies on the effects of ageing on muscarinic receptor-mediated bladder 
contraction in rats have yielded very controversial results. A recent analysis 
demonstrates that such controversy can largely be explained by strain 
differences with Wistar rats, i.e., the strain used in the present study, most 
closely resembling the situation in humans, i.e., a lack of major functional 
alterations despite a somewhat reduced receptor expression (Schneider, et al., 
2005b). Several previous studies have investigated effects of age on the 

expression of β-adrenoceptors in the bladder. A binding study with [3H]-
dihydroalprenolol reported that the number of β-adrenoceptors increased with 
age in rabbit bladder dome and base (Latifpour, et al., 1990). In contrast, a study 
using [125I]-iodopindolol in 1- vs 3- vs 22-months-old male Fischer 344 rats 
reported an age-related decrease in receptor density (Nishimoto, et al., 
1995;Nishimoto, et al., 1995). Consistent with these findings, a study using [3H]-

dihydroalprenolol found a reduction of β-adrenoceptor density in bladder from old 
(63-68 years) as compared to young (24-32 years) patients (Li, et al., 2003). 

However, it should be noted that both radioligands are unsuitable to detect β3-
adrenoceptors under the conditions being used because of their low affinity for 
this subtype (Hoffmann, et al., 2004). 
 

Previous studies on age-related changes in β-adrenoceptor function in the 
bladder have yielded conflicting results. Thus, one study each in male Sprague-
Dawley rats (Lluel, et al., 2003), male Fischer 344 rats (Kolta, et al., 1984) and 
female Wistar rats (Lluel, et al., 2000) reported a lack of alterations with age for 

isoprenaline and, in some cases, other β-adrenoceptor agonists. On the other 
hand, another study in male Fischer 344 rats reported a reduced bladder 
relaxation in response to noradrenaline or isoprenaline against KCl-induced tone, 
which involved a reduction in agonist potency and maximum effects; isoprenaline 
effects against field stimulation-induced tone were similarly reduced (Nishimoto, 
et al., 1995). Moreover, a study in humans also reported reduced relaxation 
responses to isoprenaline and BRL 37,344 in aged patients, which also involved 
reductions in both efficacy and potency of the agonists (Li, et al., 2003). The 
present data are in line with the latter two studies, since all four agonists had 
weaker relaxing effects in aged than in young male Wistar rats, although the 
difference failed to reach statistical significance for isoprenaline. Moreover, in our 
rats the desensitized responses involved reductions of efficacy only, whereas no 
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consistent alterations of agonist potency were seen. The reasons for these 
conflicting data remain unclear. In contrast to conflicting data on the effect of age 
on contraction (Schneider, et al., 2005b), the discrepancies with regard to 
relaxation apparently cannot be attributed to strain differences. In the absence of 
studies reporting enhanced relaxation and in light of the only human study, the 

overall balance of data suggest a desensitization of β-adrenoceptor-mediated 
bladder relaxation with age; however, the magnitude of this desensitization may 
be too small to be consistently detectable. 
 
With regard to the underlying mechanisms of the desensitization, a possible role 
for an altered receptor expression cannot be assessed with any certainty at the 
moment, because relaxation largely involves an atypical receptor, possibly the 

β3-adrenoceptor, for which no validated tools of quantification at the protein level 
exist (see above). Other molecular mechanisms of desensitization include an 
altered expression and/or function of G-proteins or adenylyl cyclase, and/or 
alterations in the responsiveness of the contractile fibres to relaxing stimuli. In 
this context it was reported in male Fischer 344 rats that ageing is accompanied 

by an increased expression of α-subunits of Gs, Go and Gi proteins, with the latter 
two increasing more than Gs and hence shifting the overall balance towards 
inhibition rather than stimulation of adenylyl cyclase; accordingly, an age-related 
reduction of isoprenaline-stimulated cAMP formation was also been found in that 
study (Derweesh, et al., 2000). The idea that such alterations of signal 
transduction may play a greater role in functional desensitization than a reduced 
receptor expression is also supported by the observation that a similarly reduced 
relaxing response was seen with forskolin in male Fischer 344 rats (Nishimoto, et 
al., 1995). That study also found unchanged relaxing responses to dibutyryl-
cAMP, indicating that an alteration prior to cAMP formation rather than in cAMP 
responsiveness is involved. Our study did not detect differences in forskolin-
induced bladder relaxation, and a previous report from our group based upon the 

same batch of rats did not detect alterations of the expression of α-subunits of 
Gs, Gq, Go and Gi proteins in the bladders of aged animals (Schneider, et al., 
2005b). This controversy may reflect the overall minor and inconsistent effects of 

age on β-adrenoceptor-mediated bladder relaxation. 

 
 
 
Hypertension study 
 
To the best of our knowledge, no previous studies have investigated possible 

alterations of β-adrenoceptor-mediated relaxation in the bladder of SHR or other 
animal models of hypertension. The current study demonstrates impaired bladder 
relaxation responses to both isoprenaline and noradrenaline in SHR, and this 
involved reduced maximum responses rather than alterations of agonist potency. 
However, no such difference was observed for BRL 37,344. Interestingly, the 
vascular relaxation response to BRL 37,344 was also reported to remain 
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unchanged in SHR (Mallem, et al., 2002), although vasodilatation in response to 

β2-adrenoceptor agonists was consistently found to be reduced (Brodde and 
Michel, 1992). In light of the conflicting results reported regarding the regulation 

of β-adrenergic function in the bladder of female and aged animals (see above), 
these results need to be interpreted with caution until confirmed by other 
investigators. 
 
 
 

Conclusion 
 
 

Taken together, only small, if any differences in β-adrenoceptor-mediated 
bladder relaxation, appear to exist between genders, and this is compatible with 
the relatively small gender differences in OAB prevalence (Milsom, et al., 
2001;Stewart, et al., 2003;Goepel, et al., 2002). Conflicting data also exist with 
regard to aged animals, but the overall balance of data points to a mild blunting 

of bladder β-adrenoceptor function with age. This would be compatible with an 
increased prevalence of OAB in aged humans (Milsom, et al., 2001;Stewart, et 

al., 2003;Goepel, et al., 2002). A decreased β-adrenoceptor function was also 
seen in the SHR bladder in the present study, but these findings await 

independent confirmation. Conflicting data with regard to the regulation of β-
adrenoceptor function in the bladder, particularly with age, as compared to that in 

cardiovascular tissues, may reflect that β3-adrenoceptors play a more important 
role in the bladder (Michel and Vrydag, 2006), and that this subtype is less 

susceptible to agonist-induced regulation than β1- or β2-adrenoceptors (Nantel, et 
al., 1993;Curran and Fishman, 1996). From a clinical perspective, these data 

suggest that the efficacy of a β-adrenoceptor agonist for the treatment of OAB is 
unlikely to be affected to a major extent by gender, age or hypertension. 
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