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ABSTRACT

Aims: To explore possible changes in expression and/or function of α1- and β-adrenoceptor 
subtypes as a cause for bladder dysfunction in a rat model of bladder outlet obstruction 
(BOO). Methods: BOO was induced in rats by partial urethral ligature. Contraction and 
relaxation experiments were performed with isolated bladder strips from BOO, sham-
operated and non-operated (control) rats 7 days after BOO induction. mRNA expression 
of α1- and β-adrenoceptor subtypes was assessed by quantitative real-time PCR. Results: 
Receptor-independent contraction or relaxation did not differ between BOO and sham 
rats. The α1-agonists methoxamine and A-61,603 caused only weak contraction without 
major differences between groups. Against KCl-induced tone, the β-adrenoceptor 
agonists noradrenaline and isoprenaline caused similar relaxation in BOO and sham 
rats, whereas relaxation in response to the β3-selective BRL 37,344 was attenuated. 
Against passive tension, noradrenaline induced relaxation in sham and control rats; in 
contrast, noradrenaline induced contraction at low concentrations and relaxation at 
high concentrations in BOO rats. The contraction component was abolished by the 
α1-antagonist prazosin. The mRNA expression of α1D-adrenoceptors was increased in 
BOO, whereas none of the other receptor mRNAs were up-regulated. Conclusions: In 
a rat BOO model, weak contraction responses to α1-agonists and relaxation responses 
to β-agonists are not altered to a major extent. Nevertheless, relaxation responses 
to the endogenous agonist noradrenaline are turned into α1-adrenoceptor-mediated 
contraction responses in BOO, possibly due to an up-regulation of α1D-adrenoceptors.
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INTRODUCTION

Bladder outlet obstruction (BOO) is a frequent consequence of benign prostatic 
enlargement or urethral strictures. BOO leads to bladder enlargement, which involves 
both hyperplasia and hypertrophy at the cellular level (Levin et al. 2000;Holm et al. 
2003). However, the adaptive growth does not fully restitute bladder function as 
BOO is frequently accompanied by non-voiding contractions which can lead to clinical 
symptoms such as urinary frequency, urgency and nocturia (Saito et al. 1993;Lluel et 
al. 1998;Lluel et al. 2002;Usta et al. 2004). These storage symptoms cannot directly 
be explained by the presence of obstruction, indicating that the enlarged bladder may 
become intrinsically dysfunctional and prone to non-voiding contractions.

Non-voiding contractions could result from a hypersensitivity of the contractile system 
and/or a reduced sensitivity of the relaxant system. The main physiological stimulus 
for bladder smooth muscle contraction is activation of muscarinic receptors (Andersson 
2003). However, despite numerous studies, there is no consistent evidence for an 
increased muscarinic receptor function in patients or animals with BOO (Michel and 
Barendrecht 2008). If anything, particularly in severe BOO, muscarinic receptor function 
appears to be reduced. Thus, alterations of muscarinic receptor expression or function 
cannot explain bladder overactivity in BOO. Alternative hypotheses are that β-adrenergic 
relaxation of bladder smooth muscle is impaired and/or α-adrenergic contraction, which 
is very weak in the healthy bladder (Michel and Vrydag 2006), is enhanced in BOO. 
However, few previous studies have addressed this hypothesis (Moore et al. 2002;Hampel 
et al. 2002;Nomiya and Yamaguchi 2003), and no clear picture has emerged.

Against this background, the current study has investigated possible alterations of 
mRNA expression and responsiveness of α1- and β-adrenoceptors and their subtypes 
in a rat model of BOO associated with mild bladder enlargement. Specifically, we 
have investigated how this affects responses to noradrenaline, which not only is the 
endogenous agonist but also can activate both α1- and β-adrenoceptors.

MATERIALS AND METHODS

Animals and surgical procedure

All experiments had been approved by the institutional Animal Care Committee 
according to the Dutch legislation for the protection of experimental animals, which is 
in agreement with NIH guidelines for the care and use of experimental animals. Male 
Wistar rats (Charles River, Maastricht, Netherlands) were housed with access to food 
and water ad libitum under a 12 hour light/dark cycle; they were acclimatized to the 
facilities for 7 days before experimentation. 
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BOO was induced by a partial urethral ligation as described previously (Barendrecht et al. 
2007) with minor modifications. Under anesthesia with s.c. injection of buprenorphine 
(0.05 mg/kg) and subsequent inhalation of isoflurane (induction by 4%, followed by 
1.5-3% as needed) in oxygen the bladder was exposed by a lower abdominal incision 
followed by bilateral retraction of the prostate in order to expose the bladder neck and 
urethra. Special care was taken to avoid damaging the bladder and its innervation. The 
ureter and urethra were dissected bilaterally. A 19-G (Ø 1.1 mm) blunted needle was 
placed adjacent to the bladder outlet, and a sterile 2.0 silk ligature was placed snugly 
around the bladder neck and needle most proximal to the bladder. The needle was 
then carefully removed, and the abdominal incision was closed with sterile silk sutures 
for both the muscular layer and skin. Another group of rats (“sham”) received identical 
surgery but the ligature around the urethra was removed immediately after placement. 
A third group of rats (“control”) were left untreated. After 7 days the rats were killed by 
CO2/O2 inhalation, and the bladders were removed and weighed. Parts of each bladder 
(solely from the bladder free wall and excluding the trigonal area) were used for both 
the contraction/relaxation and the mRNA studies.

Contraction/relaxation experiments

Bladder strips 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  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 (Frazier et al. 2006). In line 
with almost all previous studies in rat models of BOO (Michel and Barendrecht 2008), 
we had neither systematically removed the urothelium nor systematically documented 
its presence as both α1- and β-adrenoceptors are present in the urothelium (Ishihama 
et al. 2006;Otsuka et al. 2008), this should be kept in mind in the interpretation of 
our data. To allow near-physiological effects of noradrenaline, neither amine uptake 
blockers nor α2-adrenoceptor antagonists were included in the buffer. The organ 
baths were continuously 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, tissues were challenged with 50 
mM KCl for 6 min. Thereafter, they were again equilibrated with normal buffer and 
readjustment of passive tension to 10 mN every 10 min until stabilization had occurred, 
usually within 45 min. After another pre-contraction period with KCl and wash-out, 
another 45 min of equilibration followed. After this second equilibration, cumulative 
concentration curves for the α1- adrenoceptor agonist methoxamine (1 nM - 100 μM) or 
the α1A- adrenoceptor agonist A-61,603 (1 nM- 100 μM) were generated. Effects of the 
mixed α1/β-adrenoceptor agonist noradrenaline (0.1 nM – 100 μM) were studied both in 
the absence and presence of the α1-adrenoceptor antagonist prazosin (1 μM). To avoid 
desensitization, only a single relaxation curve was generated in each bladder strip.
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In some experiments the final KCl addition was not washed out. Rather, as previously 
described (Frazier et al. 2005), the strips were observed for 20 min, i.e. until a stable tension 
had been reached. Thereafter, concentration-response curves for the β-adrenoceptor 
agonists, isoprenaline and BRL 37,344 (β3-selective), and the α1/β-adrenoceptor agonist 
noradrenaline (all at 0.1 nM – 100 μM) were generated by cumulative addition. At the 
end of each experiment, 10 μM forskolin was added to assess receptor-independent 
relaxation. Experiments in the absence of β-adrenoceptor agonists were performed 
to assess run-down of muscle tone and/or vehicle effects. In line with our previous 
observations (Frazier et al. 2005), the KCl-induced tone remained stable (i.e. declined by < 
5%) in the absence of agonist during time periods corresponding to a full concentration-
response curve; furthermore, none of the vehicles substantially altered resting tension 
(data not shown). Therefore, no correction for such spontaneous decline was made in 
the analysis of the concentration-response curves. 

mRNA studies

The bladder samples retrieved from control, sham or BOO animals were immediately put 
into RNA later (Invitrogen, Breda, The Netherlands) and stored at -20º C until further 
use. Prior to the RNA extraction, each of the bladder samples was snap frozen in liquid 
nitrogen, ground into powder using a mortar and placed for 30 min in 1 ml of Trizol 
(Invitrogen) per 50-100 mg of tissue. The total RNA was isolated according to the 
manufacturer’s protocol with minor changes, using a second chloroform extraction to 
remove traces of phenol in the aqueous phase, a high salt solution (0.8 M sodium citrate, 
1.2 M NaCl) together with isopropanol to precipitate RNA and a second wash of the 
RNA pellet with 75% ethanol. The RNA concentration was determined by spectrometry 
using the Nanodrop (Isogen Life Science, Ijsselstein, The Netherlands). RNA purity was 
verified by gelelectrophoresis (Experion, Biorad Laboratories). One μg of RNA was treated 
with 1 μl DNase I, Amp Grade (Invitrogen) prior to the cDNA synthesis to eliminate 
genomic DNA contamination. cDNA was then synthesized by reverse transcription 
according to the manufacturer’s protocol using the iScript cDNA Synthesis kit (Bio-Rad 
Laboratories, Veenendaal, The Netherlands). For each sample, non-transcribed cDNA 
was made as a control to detect genomic DNA contamination. For relative quantitative 
PCR measurements, the cDNA of 1 μg total RNA was diluted 1:20.

Based on sequences from the GenBank database (Table 1) oligonucleotide primers were 
designed for the rat β1,2,3–adrenoceptor and α1A,1B,1D –adrenoceptor subtypes using 
D-LUX designer software (Invitrogen) and PerlPrimer (http://perlprimer.sourceforge.net) 
(Marshall 2004). Selectivity, sensitivity and efficiency of each primer set were tested. 
Intrinsic expression of elongation factor 1 (EF-1) and the ribosomal protein p0 were 
selected as endogenous controls to correct for potential variation in RNA input.

The MyiQ Single-Color Real-Time PCR Detection System (Bio-Rad Laboratories, 
Veenendaal, The Netherlands) was used to perform relative quantification of mRNA 
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following this thermal protocol: 95 °C for 3 min to denature, 40 cycles at 95 °C for 
10 sec followed by 60 °C for 45 sec for annealing and extension. . The final reaction 
mixture of 15 μl consisted of diluted cDNA, 1x iQ SYBR Green Supermix, 200 nM forward 
primer and 200 nM reverse primer. All the reactions were performed in 96-well plates, 
in duplicate. Controls for genomic DNA were included for each cDNA sample and also a 
negative control containing only both primers and the iQ SYBR Green Supermix.

Chemicals

BRL 37,344 ((±)-(R*,R*)-[4-[2-[[2-(3-chlorophenyl)-2-hydroxyethyl]amino]propyl]phenoxy]
acetic acid sodium), isoprenaline bitartrate, methoxamine HCl and noradrenaline bitartrate 
were obtained from Sigma (Zwijndrecht, The Netherlands). A-61,603 ((N-[5-(4,5-dihydro-
1-imidazol-2-yl)-2-hydroxy-5,6,7,8-tetrahydronaphthaloen-1-yl]methanesulfonamide 
hydrobromide) was purchased from Tocris Cookson Ltd (Avonmouth, UK). Prazosin HCl 
was obtained from Pfizer (Brussels, Belgium). The stock solutions for all the agonists 
(100 mM) were made in deionised water; the forskolin stock solution (10 mM) in 
dimethylsuphoxide and the prazosin stock (1 mM) in deionised sterile water.

Data analysis

Non-linear regression analysis was used to fit sigmoidal curves to the agonist 
concentration-response curves to determine agonist potency (-log EC50) and maximum 
effects (Emax). To quantify contractile force of different agonists, tension/contraction 
generated was normalized for the weight of the strip and expressed as mN/mg (Kories 
et al. 2003). To quantify relaxation effects, the force of contraction immediately prior to 
addition of the first agonist concentration within a given experiment was defined as 0% 
relaxation, and a force of contraction of 0 mN was defined as 100% relaxation. 

Table 1: Primer sequences for real-time quantitative PCR. 

Gene accession nr sequence amplicon size

α1A NM_017191 CGAATCCAGTGTCTTCGCAG 101

ACCATGTGTCTCTGTGCTGTCCC

α1B NM_016991 GTACTGCCCTTCTCCGCTACCC 101

cggtaACAGCACAGGACATCTACCG

α1D NM_024483 GAAGGTGATGGGTTATGGTG 152

GAAGCCATAGCTGAAGCCT

β1 NM_012701 cggttGTATGGGCCTACTCCTGGCG 114

AAGAGGTTGGTGAGCGTCTGC

β2 NM_012492 AAGTTCGAGCGACTACAAACCG 64

CTAGATCAGCACACGCCAAGGA

β3 NM_013108 CAACAGGTTTGATGGCTATGA 91

AAATTTCTCCAGAAGTCAGGCTCC

Non-capital letters indicate that these nucleotides are added to form a hairpin.
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The real-time PCR data were analyzed. using the Gene expression Macro software 
(Biorad Laboratories) based on published algorithms (Vandesompele et al. 2002). 
Potential variations in RNA input were corrected using the two reference genes EF-1 and 
p0. In paired experiments with control, sham and BOO animals, the corrected CT values 
of the sham animal was arbitrarily set to 1, and the control and paired BOO animals were 
expressed relative to this value. The data are expressed as mean relative expression s 
± SEM. For statistical analysis relative expression was log-transformed, and then one-
sample t-tests were performed using GraphPad InStat (GraphPad Software).

All data are expressed as mean ± SEM of n experiments. The primary comparisons 
were made between BOO and sham animals, with data from control rats shown for 
comparison only. Statistical significances of differences in Emax or –log EC50 for a given 
agonist between different treatment groups were assessed by two-tailed, unpaired 
t-test. All statistical analyses were calculated using the Prism program (GraphPad, San 
Diego, CA, USA), and a p < 0.05 was considered statistically significant.

RESULTS

Receptor-independent effects

In line with our previous observations (Barendrecht et al. 2007), the control and sham 
rats had rather similar bladder weights, whereas BOO was associated with a significant 
bladder weight increase of about 70% (Table 2). Accordingly, strips from BOO rats 
were significantly larger than those from the other two groups (Table 2). Confirming 
our previous observations (Barendrecht et al. 2007), a 7 day BOO did not significantly 
alter 50 mM KCl-induced contraction when normalized for strip weight (Table 2). The 
relaxation responses to 10 μM forskolin, added after the β-adrenoceptor agonists (see 
below), were also similar in all three groups (Table 2).

Table 2: Effects of BOO on bladder size and receptor-independent responses

control sham BOO

Body weight, g 280 ± 4 298 ± 5 290 ± 4

Bladder weight, mg 85.8 ± 4.0 91.3 ± 2.1 155.6 ± 11.1***

Strip weight, mg 7.7 ± 0.4 8.8 ± 0.5 16.4 ± 0.9***

KCl (50 mM) response, mN 24.1 ± 1.8 20.5 ± 1.3 32.4 ± 2.7***

KCl (50 mM) response, mN/mg 3.0 ± 0.2 2.2 ± 0.1 2.3 ± 0.2

Forskolin (10 μM) response, % relaxation 69 ± 3 65 ± 3 65 ± 4

Data are means ± SEM of 16-23 animals. The forskolin data were pooled from experiments in which the strips 
had previously been exposed tο isoprenaline, BRL 37,344 or noradrenaline. ***: p < 0.001 vs. sham group.
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Effects of α1-adrenoceptor agonists

Methoxamine (1 nM- 100 μM) caused only weak bladder contraction (Figure 1, Table 
3), which typically was less than 25% of the KCl responses (Table 2). These small signal 
sizes made exact quantification of the responses difficult. Moreover, the potency of 
methoxamine to elicit such weak contraction was low, and accordingly, concentration-
response curves could not be fitted to the experimental data in a meaningful way in several 
cases. Therefore, Emax and –log EC50 could not be calculated and our statistical comparison 
between groups was based upon the contraction caused by 100 μM methoxamine. With 
these caveats, the contractile response to methoxamine was somewhat weaker in BOO 
than in sham rats (Figure 1, Table 3). While A-61,603 (1 nM- 100 μM) also caused only 
weak bladder contraction (Figure 1), it was much more potent (EC50 about 30 nM) than 
methoxamine so that concentration-response curve parameters could be calculated (Table 
3). As compared to sham rats, A-61,603 was numerically (but not significantly) less potent 
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Figure 1: Effects of BOO on contractile responses to the α1-adrenoceptor agonists methoxamine (left panel) 
and A-61,603 (right panel). Data are means ± SEM of 6-10 animals. For a quantitative analysis of the data see 
table 3.

Table 3: Potency and efficacy of adrenoceptor agonists in control, sham and BOO bladder strips.

-log EC50, M Emax, mN/mg or %

control sham BOO control sham BOO

Contraction studies

Methoxamine could not reliably be calculated 0.29 ± 0.13 0.35 ± 0.06 0.17 ± 0.02**

A-61,603 7.5 ± 0.1 7.7 ± 0.2 7.2 ±  0.3 0.38 ± 0.09 0.30 ± 0.05 0.47 ± 0.45*

Relaxation studies

Isoprenaline 7.6 ± 0.1 7.8± 0.1 7.9 ± 0.2 55 ± 6 48 ± 4 48 ± 3

BRL 37,344 7.2 ± 0.3 7.1 ± 0.2 7.0 ± 0.4 31 ± 2 32 ± 4 20 ± 3*

37 ± 6 38 ± 6 39 ± 6 40 ± 6 41 ± 6 42 ± 6 43 ± 6

The methoxamine curves could not reliably be analyzed by curve fitting. Therefore, “Emax“ values of 
methoxamine represent responses to the highest tested agonist concentration, i.e. 100 μM, and no –log EC50 
values are given for this agonist. Data are means ± of 4-10 animals. * and **: p < 0.05 and 0.01, respectively, 
vs. sham group. Note that all relaxation responses were determined against 50 mM KCl-induced tone (Table 2). 
The control group iσ shown for comparison only and was not included in the statistical analysis.
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but significantly more efficacious in BOO (Table 3); thus, at most agonist concentration 
the overall response to A-61,603 was rather similar in both groups (Figure 1).

Effects of β-adrenoceptor agonists

In KCl pre-contracted strips all three agonists (all 0.1 nM – 100 μM) caused concentration-
dependent relaxation, and the order of potency was isoprenaline > BRL 37,344 > 
noradrenaline in all three groups (Figure 2, Table 3). The potency of each agonist was 
similar in sham and BOO rats; the Emax of isoprenaline and noradrenaline also did not 
significantly differ between groups, whereas that of BRL 37,344 was significantly lower 
in BOO than in sham rats (Table 3).
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Figure 2: Effects of BOO on bladder relaxation responses 
to the β-adrenoceptor agonists isoprenaline (left panel), 
BRL 37,344 (middle panel) and noradrenaline (right 
panel) against active tension induced by 50 mM KCl. 
Data are means ± SEM of 4-7 animals. For a quantitative 
analysis of the data see table 3.
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Effects of the mixed α1/β-adrenoceptor agonist noradrenaline

When noradrenaline was tested in the absence of pre-contraction, i.e. against a passive 
tension of 10 mN, it caused minor low potency relaxation in the control and sham group 
(Figure 3). In the BOO group, however, noradrenaline caused a high potency contraction, 
peaking at about 30 nM noradrenaline, which turned into a concentration-dependent 
relaxation at higher concentrations (Figure 3). The peak contraction was 0.89 ± 0.07 
mN/mg; although this is probably a composite of a contractile and a relaxant effect, 
it nevertheless is considerably more than the maximum effect of either methoxamine 
or A-61,603 (Table 3). To better understand this biphasic concentration-response 
curve, noradrenaline curves were also generated in the presence of 1 μM prazosin in 
BOO bladders (Figure 3). In the presence of prazosin the high potency contraction by 
noradrenaline disappeared, and only the low potency relaxation was maintained. The 
ability of noradrenaline to induce relaxation against passive tension in the presence of 
prazosin in the BOO group was similar to that causing relaxation against KCl-induced 
tension in all three groups.
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Figure 3: Effects of noradrenaline in the absence of pre-contraction i.e. based upon a passive tension of 10 
mN alone. Data are expressed as % relaxation relative to passive tension. Upper panel: comparison of control, 
sham and BOO rats. Lower panel: effect of 1 μM prazosin on noradrenaline effects in BOO rats. Data are 
means ± SEM of 6-14 rats. Data from the BOO group are replotted in both panels.

mRNA quantification

The mRNA expression of the six α1- and β-adrenoceptor subtypes in bladders from BOO 
rats was measured by real-time PCR and expressed relative to the expression in sham 
rats (which was arbitrarily set to 1) as assessed within the same experiment. In BOO 
rats the α1D-adrenoceptor mRNA expression was significantly increased, whereas that 
of β1-adrenoceptors was somewhat decreased (Figure 4); however, the relevance of the 
latter finding is difficult to judge as β1-adrenoceptors do not appear functionally relevant 
in the rat bladder (Michel and Vrydag 2006). The mRNA expression for the other four 
adrenoceptor subtypes was not significantly altered by BOO (Figure 4).
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DISCUSSION

BOO is a frequent consequence of benign prostatic enlargement or urethral strictures. 
Experimental models of BOO mimic the clinical condition by partial ligation of the 
urethra. Such models have been established in rats, mice, rabbits, guinea pigs, pigs and 
dogs (Michel and Barendrecht 2008). The bladder hypertrophy associated with human 
BOO develops over a period of months to years, and bladder size increases typically do 
not exceed 100% (Kojima et al. 1996). In contrast, most animal models involve a more 
severe BOO which leads to increases of bladder size of several hundred percent within 
weeks (Hampel et al. 2002); on the other hand, shorter periods of BOO (up to 1 week) 
typically increase bladder size by less than 100% (Barendrecht et al. 2007). Thus, longer 
term experimental BOO resembles more the chronic nature of the human condition, 
whereas short-term experimental BOO resembles more the degree of hypertrophy 
typically seen in patients. Moreover, the long-term BOO in animals often is associated 
with decompensated bladder function (Levin et al. 2000), a condition rarely seen in 
human BOO. With these limitations in mind, we have chosen a rat model of 7 day 
BOO to investigate possible alterations of expression and responsiveness of both the 
α1- and β-adrenoceptors in the detrusor. Synthetic agonists selective for certain receptor 
subtypes were used to gain mechanistic insight, whereas the endogenous mixed α1- 
and β-adrenoceptor agonist noradrenaline was used to approximate the physiological 
situation. All BOO data were compared to sham-operated animals, and a group of non-
operated animals was added for further descriptive comparison but not part of the 
statistical analyses. Finally, it should be considered that in line with previous studies 
(Kories et al. 2003) we have analyzed contractile responses upon correction for bladder 
strip weight, in order to adjust for the greater strip weight obtained from the enlarged 
BOO bladders. The receptor-independent contraction by KCl was greater in BOO than in 
sham rats when raw data were analyzed, but very similar in both groups after correction 
for bladder strip weight.
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Figure 4: Relative expression of adrenoceptor 
subtype mRNA in bladder of BOO as 
compared to sham operated rats. Data 
are expressed as folds of corresponding 
expression in sham-operated rats and are 
means ± SEM of 7 rats. Mean raw CT values 
for α1D-, β1-, β2- and β3-adrenoceptors in 
sham-operated rats were approximately 31 
(all SEM <1), whereas those for α1A- and α1B-
adrenoceptors were approximately 36 (both 
SEM <1). * p<0.05 vs sham.
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In line with many previous studies in the detrusor of multiple species (Michel and Vrydag 
2006), contractile responses to the synthetic α1-adrenoceptor agonists methoxamine 
and A-61,603 were only weak, i.e. even maximally effective agonist concentrations 
produced < 25% of KCl responses. This is in line with the rather low expression density 
of α1-adrenoceptors in the rat bladder (Hampel et al. 2002). These rather weak signals 
caused inherent difficulties in signal quantification. While methoxamine is slightly 
selective for α1A-adrenoceptors (Michel et al. 1995), A-61,603 is a highly α1A-selective 
agonist (Knepper et al. 1995). Nevertheless both agonists caused rather similar maximum 
contraction in rats without BOO, indicating that the small physiological α1-adrenoceptor 
bladder contraction is largely mediated by the α1A-subtype. This finding is in line with 
α1A-being the most abundant subtype in the rat bladder at the mRNA level (Hampel et 
al. 2002) and previous functional studies implicating α1A-adrenoceptors in rat bladder 
contraction (Lluel et al. 2003). While the contractile response to methoxamine was 
reduced in BOO, the response to A-61,603 was increased. Given the rather similar 
effects of both agonists on α1A-adrenoceptors, we cannot fully explain this difference 
but propose that it may be an artefact related to an overall small magnitude of the 
contractile responses. The combination of unchanged contractile KCl responses and 
unchanged α1A-adrenoceptor mRNA expression would also support the idea that the 
response to agonists acting on this receptor should not be changed dramatically in 
BOO. Irrespective of these considerations and based upon the overall small contractile 
responses to both agonists, the magnitude of the observed absolute differences is not 
likely to be functionally relevant. Similarly, a human study has found that contractile 
responses to the α1-adrenoceptor agonist phenylephrine were unchanged in BOO 
(Nomiya and Yamaguchi 2003).

A second possibility investigated in the present study was that storage symptoms 
associated with BOO could originate from a dysfunction of β-adrenoceptors, which are 
a physiological mediator of bladder smooth muscle relaxation and hence urine storage 
(Andersson 2003;Yamaguchi and Chapple 2007). While bladder relaxation in humans 
involves predominantly β3-adrenoceptors, relaxation in the rat may also involve other 
subtypes, particularly β2-adrenoceptors, but the degree of involvement of such additional 
subtypes is under discussion (Michel and Vrydag 2006). We have used isoprenaline, 
which similarly activates all subtypes, and BRL 37,344, which has some selectivity for the 
β3-subtype (Vrydag and Michel 2007). In line with the possible involvement of subtypes 
distinct from β3-adrenoceptors in rat bladder relaxation and with several previous studies 
(Michel and Vrydag 2006), the maximum response to BRL 37,344 was smaller than 
that of isoprenaline in all groups. While isoprenaline-induced relaxation was similar in 
sham and BOO rats that by BRL 37,344 was attenuated, indicating a possibly selective 
desensitization of the β3-adrenoceptor response. However, this was not accompanied 
by reduced mRNA expression of this subtype. Alternative explanations for the molecular 
basis of the reduced BRL 37,344 response are not easy to establish, as neither suitable 
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radioligands (Niclauß et al. 2006) nor validated selective antibodies (Vrydag and Michel 
2007) exist for the β3-adrenoceptor.

Taken together the above findings suggest that a 7 day BOO with mild bladder 
enlargement in rats is associated with no major difference in α1A-mediated contraction and 
a possible attenuation of β3-mediated relaxation. The endogenous agonist noradrenaline 
acts on both α1- and β-adrenoceptors. In control and sham rats the β-adrenoceptor 
component apparently dominates as noradrenaline induced potent relaxation against 
KCl-induced tone and against passive tension. While noradrenaline caused a very similar 
relaxation against KCl-induced tone in BOO rats as in control or sham animals, the 
relaxation response against passive tone was turned into a biphasic response in BOO 
rats with contraction at low and relaxation at high noradrenaline concentrations. As the 
α1-adrenoceptor antagonist prazosin turned the noradrenaline-induced contraction in 
BOO into relaxation, the contractile response is clearly mediated by an α1-adrenoceptor. 
Moreover, the response in BOO rats in the presence of prazosin was rather similar to 
that seen in control animals in the absence of prazosin. A similar conversion of relaxant 
to contractile noradrenaline effects had previously been reported from a more severe rat 
BOO model of longer duration (Moore et al. 2002).

In principle, the altered response to the mixed α1/β-adrenoceptor agonist noradrenaline 
in BOO could be explained by a reduced β-adrenoceptor function and/or an increased 
α1-adrenoceptor function. Given that even a 7 day BOO can already be associated 
with partial bladder denervation (Barendrecht et al. 2007), it is feasible that enhanced 
noradrenaline responses at least partly reflect greater availability at the receptor due to 
impaired neuronal uptake. However, such increased agonist availability might influence 
the extent of the response but is unlikely to cause major shifts in the roles of α1- vs. 
β-adrenoceptors. While some of our data argue in favour of an attenuated β-adrenoceptor 
function in BOO, others do not. Thus, a reduced BRL 37,344 response would indicate 
that at least the β3-adrenoceptor component of detrusor relaxation is attenuated. On the 
other hand, relaxation responses to noradrenaline against KCl-induced contraction were 
not attenuated in our BOO model. However, the contractile response to noradrenaline 
was seen against passive tension only, and previous studies show that β-adrenoceptor-
mediated bladder relaxation against KCl-induced tone and against passive tension involve 
distinct intracellular mechanisms (Frazier et al. 2005;Uchida et al. 2005). Therefore, a 
reduced β-adrenoceptor function may contribute to the contractile noradrenaline effect 
in BOO but this alone is unlikely to explain it. With regard to a possible enhancement of 
α1-adrenergic contraction, our study also provides arguments in favour and against this 
explanation. The lack of consistent enhancements of the responses to methoxamine and 
A-61,603 would argue against it. However, the present and a previous study (Hampel 
et al. 2002) have found that during BOO a selective up-regulation of α1D-adrenoceptors 
occurs, at least at the mRNA level. In contrast to both methoxamine and A-61,603 
which both are at least somewhat α1A-selective, noradrenaline is somewhat α1D-selective 
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(Michel et al. 1995;Knepper et al. 1995). Thus, it could be that the contractile response 
to noradrenaline in BOO observed in this and a previous study (Moore et al. 2002) is 
related to the up-regulation of α1D-adrenoceptors observed in this and a previous study 
(Hampel et al. 2002), and hence not readily detectable with α1A-selective agonists.  

CONCLUSIONS

In conclusion the available data do not support major changes in either α1-adrenoceptor-
mediated contraction or β-adrenoceptor-mediated relaxation of the detrusor in a rat 
model of BOO. However, in line with previous findings (Moore et al. 2002), the rather 
subtle alterations in overall α1- and/or β-adrenoceptor function during BOO are sufficient 
to shift the balance between them in a way that responses to the endogenous mixed 
α1/β-adrenoceptor agonist noradrenaline are turned from relaxation to contraction. Our 
data show that even with relatively mild bladder enlargement an up-regulation of α1D-
adrenoceptors occurs which may contribute to such conversion. These findings cannot 
necessarily be directly extrapolated to the human situation. Thus, based upon a single 
study it appears that no such up-regulation of α1D-adrenoceptors occurs in human BOO 
and accordingly the contractile response to phenylephrine, which has a similar selectivity 
profile amongst α1-adrenoceptor subtypes as noradrenaline (Michel et al. 1995), is not 
altered (Nomiya and Yamaguchi 2003). This may relate to the observation that in contrast 
to the rat, not α1A- but rather α1D-adrenoceptors dominate in the human bladder (Michel 
and Vrydag 2006). Nevertheless, our findings may have implications for human bladder 
dysfunction as α1-adrenoceptor antagonists can relieve lower urinary symptoms despite 
generally having poor effects on obstruction (Kortmann et al. 2003). Accordingly, 
symptom relief and improvement of obstruction upon treatment with such drugs are 
at best loosely related (Barendrecht et al. 2008). Therefore, the beneficial effects of 
α1-adrenoceptor antagonists in male lower urinary tract symptoms are likely to involve 
effects not only on the prostate but also on the detrusor. Additional studies, particularly 
in humans are required to fully elucidate the role of bladder α1-adrenoceptors and their 
potential alterations in BOO.

proefschrift Barendrecht.indb   108 20-10-2008   13:11:39



109

C H A P T E R

6

Effects of chronic BOO 

REFERENCE LIST

Andersson,KE. Urinary bladder contraction and relaxation: physiology and pathophysiology. 
Physiol Rev. 2003;84: 935-986.

Barendrecht,MM, Abrams,P, Schumacher,H, De la Rosette,JJ, Michel,MC. Do α1-adrenoceptor 
antagonists improve lower urinary tract symptoms by reducing bladder outlet resistance? 
Neurourol. Urodyn. 2008;27: 226-230.

Barendrecht,MM, Chichester,P, Michel,MC, Levin,RM. Effect of short-term outlet obstruction on 
rat bladder nerve density and contractility. Auton Autacoid Pharmacol 2007;27: 47-54.

Frazier,EP, Mathy,MJ, Peters,SL, Michel,MC. Does cyclic AMP mediate rat urinary bladder 
relaxation by isoproterenol? J. Pharmacol. Exp. Ther. 2005;313: 260-267.

Frazier,EP, Schneider,T, Michel,MC. Effects of gender, age and hypertension on β -adrenergic 
receptor function in rat urinary bladder. Naunyn Schmiedebergs Arch. Pharmacol. 2006;373: 
300-309.

Hampel,C, Dolber,PC, Smith,MP, Savic,SL, Th,rJ, Thor,KB, Schwinn,DA. Modulation of bladder 
α1-adrenergic receptor subtype expression by bladder outlet obstruction. J. Urol. 2002;167: 
1513-1521.

Holm,NR, Horn,T, Smedts,F, Nordling,J, de la,RJ. The detrusor muscle cell in bladder outlet 
obstruction--ultrastructural and morphometric findings. Scand. J. Urol. Nephrol. 2003;37: 
309-315.

Ishihama,H, Momota,Y, Yanase,H, Wang,X, de Groat,WC, Kawatani,M. Activation of α1D 
adrenergic receptors in the rat urothelium facilitates the micturition reflex. J. Urol. 2006;175: 
358-364.

Knepper,SM, Buckner,SA, Brune,ME, DeBernardis,JF, Meyer,MD, Hancock,AA. A-61603, a potent 
α1-adrenergic receptor agonist, selective for the α1A receptor subtype. J. Pharmacol. Exp. Ther. 
1995;274: 97-103.

Kojima,M, Inui,E, Ochiai,A, Naya,Y, Ukimura,O, Watanabe,H. Ultrasonic estimation of bladder 
weight as a measure of bladder hypertrophy in men with infravesical obstruction: a preliminary 
report. Urology 1996;47: 942-947.

Kories,C, Czyborra,C, Fetscher,C, Schneider,T, Krege,S, Michel,MC. Gender comparison of 
muscarinic receptor expression and function in rat and human urinary bladder: differential 
regulation of M2 and M3 receptors? Naunyn Schmiedebergs Arch. Pharmacol. 2003;367: 
524-531.

Kortmann,BB, Floratos,DL, Kiemeney,LA, Wijkstra,H, De la Rosette,JJ. Urodynamic effects of 
alpha-adrenoceptor blockers: a review of clinical trials. Urology 2003;62: 1-9.

Levin,RM, Haugaard,N, O'Connor,L, Buttyan,R, Das,A, Dixon,JS, Gosling,JA. Obstructive response 
of human bladder to BPH vs. rabbit bladder response to partial outlet obstruction: a direct 
comparison. Neurourol. Urodyn. 2000;19: 609-629.

Lluel,P, Barras,M, Palea,S. Cholinergic and purinergic contribution to the micturition reflex in 
conscious rats with long-term bladder outlet obstruction. Neurourol. Urodyn. 2002;21: 142-153.

Lluel,P, Duquenne,C, Martin,D. Experimental bladder instability following bladder outlet 
obstruction in the female rat. J. Urol. 1998;160: 2253-2257.

Lluel,P, Salea,S, Rbiere,P, Barras,M, Teillet,L, Corman,B. Increased adrenergic contractility and 
decreased mRNA expression of NOS III in aging rat urinary bladders. Fundam. Clin. Pharmacol. 
2003;17: 633-641.

Marshall,OJ. PerlPrimer: cross-platform, graphical primer design for standard, bisulphite and real-
time PCR. Bioinformatics. 2004;20: 2471-2472.

Michel,MC, Barendrecht,MM. Physiological and pathological regulation of the autonomic control 
of urinary bladder contractility. Pharmacol. Ther. 2008;117: 297-312.

proefschrift Barendrecht.indb   109 20-10-2008   13:11:39



110

Chapter 6

Michel,MC, Kenny,B, Schwinn,DA. Classification of α1-adrenoceptor subtypes. Naunyn 
Schmiedebergs Arch. Pharmacol. 1995;352: 1-10.

Michel,MC, Vrydag,W. α1-,α2- and β -adrenoceptors in the urinary bladder, urethra and prostate. 
Br. J. Pharmacol. 2006;147 Suppl 2: S88-119.

Moore,CK, Levendusky,M, Longhurst,PA. Relationship of mass of obstructed rat bladders and 
responsiveness to adrenergic stimulation. J. Urol. 2002;168: 1621-1625.

Niclauß,N, Michel-Reher,MB, Alewijnse,AE, Michel,MC. Comparison of three radioligands for the 
labelling of human β -adrenoceptor subtypes. Naunyn Schmiedebergs Arch. Pharmacol. 2006;374: 
79-85.

Nomiya,M, Yamaguchi,O. A quantitative analysis of mRNA expression of α1 and β -adrenoceptor 
subtypes and their functional roles in human normal and obstructed bladders. J. Urol. 2003;170: 
649-653.

Otsuka,A, Shinbo,H, Matsumoto,R, Kurita,Y, Ozono,S. Expression and functional role of 
β -adrenoceptors in the human urinary bladder. Naunyn Schmiedebergs Arch. Pharmacol. 2008;in 
press.

Saito,M, Longhurst,PA, Tammela,TL, Wein,AJ, Levin,RM. Effects of partial outlet obstruction of 
the rat urinary bladder on micturition characteristics, DNA synthesis and the contractile response 
to field stimulation and pharmacological agents. J. Urol. 1993;150: 1045-1051.

Uchida,H, Shishido,K, Nomiya,M, Yamaguchi,O. Involvement of cyclic AMP-dependent and 
-independent mechanisms in the relaxation of rat detrusor muscle via β -adrenoceptors. Eur. J. 
Pharmacol. 2005;518: 195-202.

Usta,C, Kukul,E, Yalcinkaya,M. Doxazosin effects on cholinergic and adrenergic responses in 
rat isolated detrusor smooth muscle preparations from obstructed bladder. J. Pharmacol. Sci. 
2004;95: 305-310.

Vandesompele,J, De Preter,K, Patty,F, Poppe,B, van Roy,N, De Paepe,A, Speleman,F. Accurate 
normalization of real-time quantitative RT-PCR data by geometric averaging of multiple internal 
control genes. Genome Biol. 2002;3: research0034.1-0034.11.

Vrydag,W, Michel,MC. Tools to study β3-adrenoceptors. Naunyn Schmiedebergs Arch. Pharmacol. 
2007;374: 385-398.

Yamaguchi,O, Chapple,CR. β3-Adrenoceptors in human urinary bladder. Neurourol. Urodyn. 
2007;26: 752-756.

proefschrift Barendrecht.indb   110 20-10-2008   13:11:39


