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Abstract Spontaneous microcontractions and electrical field
stimulation (EFS)-evoked contractions in isolated rat bladder
strips from normal and from 6 weeks partial bladder outflow
obstruction (pBOO) animals were studied to identify the poten-
tial site of action for the β3-adrenoceptor (AR) agonist
mirabegron in detrusor overactivity in rats. For this, effects of
the β-AR agonist isoprenaline and mirabegron were tested in
presence or absence of selective antagonists for β-AR subtypes,
namely CGP-20712A for β1-AR, ICI-118,551 for β2-AR, and
L-748,337 for β3-AR. In detrusor strips from both normal and
obstructed animals, EFS-induced contractions were weakly af-
fected by isoprenaline and even less so by mirabegron. In con-
trast, microcontraction activity was more potently reduced by
isoprenaline (pIC50 7.3; Emax ±85 %), whereas mirabegron
showed a small effect. In pBOO strips, concentration response
curves for isoprenaline and mirabegron at inhibition of EFS and
spontaneous microcontractions were similar to those in normal
strips. Isoprenaline-induced inhibition of microcontractions and
EFS was antagonized by the β1-AR antagonist, but not by the
β2- and β3-AR antagonists. In the context of β3-AR-mediated

bladder functions for mirabegron in other experiments, the cur-
rent data question a role for effects at spontaneous
microcontractions, or neurogenic detrusor stimulation in the
mode of action for mirabegron in vivo, since functional bladder
effects for mirabegron are reported to occur at much lower
concentrations.
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Introduction

The subtype of β-adrenoceptor (AR) that mediates relaxation
of the urinary bladder has been well studied and varies among
mammalian species. In humans, β3-AR activation has been
shown to produce relaxation of basal bladder tension in blad-
der that has been pre-contracted with carbachol or KCl
(Takeda et al. 1999; Rouget et al. 2014). This bladder relaxant
mechanismwas proposed to be the basis to explain the activity
of the recently introduced selectiveβ3-AR agonist mirabegron
(Takasu et al. 2007; Hatanaka et al. 2013) in the treatment of
symptomatic bladder overactivity (OAB; Sacco and Bientinesi
2012). OAB is considered a disease of impaired bladder stor-
age, with bladder instability as a prominent feature (Andersson
2003). Studies of filling cystometry in humans with and with-
out OAB and in animals under different conditions, including
partial bladder outlet obstruction (pBOO), have shown pat-
terns of small non-voiding bladder contractions, increasing
in intensity during bladder filling. These patterns of non-
voiding activity (NVA) are associated with urinary frequency
in both animals and humans and with frequency and urgency
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in humans. In pBOO rats, NVAwas found to be modulated by
anticholinergics (Lluel et al. 1998), and later Gillespie et al.
(Gillespie et al. 2012) showed that mirabegron also decreased
NVA in pBOO rats. Since NVA in vivo is likely to be the result
of afferent bladder activity and efferent motor activity as pro-
posed earlier (Drake et al. 2003), the possibility exists that the
phenomena of NVA and bladder relaxation may be two sepa-
rate components and may be differentially modulated by this
new drug in conditions of OAB. An extra level of complexity
may arise from findings that in isolated rat bladder tissue
mounted in organ baths under non-stimulated conditions in-
trinsic motor activity was found on top of tonic activity. This
activity is expressed as spontaneous microcontractions (MC)
with amplitudes in the range of 0.1–0.6 mN, and it was found
to be augmented by the cholinergic agonist carbachol and
reduced by the β-adrenergic agonist isoprenaline (Gillespie
et al. 2015). This points at the bladder being involved in com-
plex motor-sensory inhibitory systems.

In this paper, we studied one part, namely, the β-AR phar-
macology of inhibition of microcontractions in rat bladder as a
presumably local phenomenon in rat bladder strips and com-
pared this with electrical field stimulation (EFS)-induced con-
tractions in the same strips in normal rat bladders as well as in
bladders obtained from 6 weeks obstructed rats (pBOO).

A potential limitation to our choice for the rat to study β-
AR pharmacology of phenomena such as NVA and MC in
bladder function is that in rats both β2- and β3-AR are shown
to be involved in relaxation of bladder smooth muscle, while
mRNA for all β-AR subtypes was identified in rat bladder
(Fujimura et al. 1999). This is a general problem assessing
β3-AR functions across species and is extensively discussed
by Michel et al. (2010). Nevertheless, this limits our conclu-
sions for the present work to the rat. Further, because of lim-
itations in funding and time, we used single concentrations for
β-AR antagonists with selectivity for the rat β1-AR: CGP-
20712A, the β2-AR ICI-118,551, and the β3-AR L-748,337,
based on published work by Hatanaka et al. (2013) and Van
Wieringen et al. (2013).

Methods

All experiments were carried out at UROsphere, Toulouse, in
accordance with the European Community Council Directive
86/609/EEC and in accordance with a French Ministry for
Agriculture and Fisheries license which allows to use the type
of animal studies as described below.

Animals Female Sprague-Dawley rats (body weight 200–
270 g) were obtained from Charles River Laboratories
(Saint-Germain-sur-l’Arbresle, France). All animals were
group-housed in cages at least 4 to 5 days before the experi-
ments, with free access to food and water.

Surgical procedures for bladder outlet obstruction Rats
were anesthetized with isoflurane (3 %). The abdominal wall
was opened through a midline incision, and the bladder and
urethra were exposed. A constant degree of urethral obstruc-
tion was produced by a ligature around the urethra and a
metal rod with an outer diameter of 1 mm. The abdominal
wall was closed with sutures. Food and water were given ad
libitum. Following partial urethral obstruction, animals were
treated with one injection of long-acting tetramycine 5 % (v/
v) in physiological saline to prevent infections (0.1 mL/rat/
day s.c.). During the first 3 days after obstruction, the uri-
nary bladder was squeezed once a day to avoid urinary
retention and renal failure (two major causes of death for
acutely obstructed rats) and each animal received an injec-
tion of 1 % ketamine (w/v) (0.1 mL/rat/day s.c.). Control
animals were normal animals without surgery. In this study,
data from a total number of 53 normal rats and 13 pBOO
rats were used.

Preparations and experimental setup Rats were killed by
CO2-induced asphyxiation. The whole urinary bladder was
isolated and freed from connective and fat tissues, the dome
and base removed, and the bladder bisected into two equally
sized strips without attempts to remove urothelium/mucosa,
with mean size approximately 5–6 mm length and 3–4 mm
width. Strips were mounted in 5-mL glass organ baths con-
taining a Krebs-Henseleit solution of the following composi-
tion (mM): NaCl 114, KCl 4.7, CaCl2 2.5, MgSO4 1.2,
KH2PO4 1.2, NaHCO3 25, glucose 11.7, ascorbic acid 1.1
(pH 7.4), and gassed with 95 % O2 and 5 % CO2 at 37 °C.
Experimental setup was performed as depicted in Fig. 1: (1)
normal or pBOO strips were allowed to equilibrate with re-
peated washings and tension adjustment under a resting ten-
sion of 9.8 mN for approximately 90 min and were then ex-
posed to electrical field stimulation (EFS: positive polarity,
25 V, frequency of 15 Hz, square pulses of 0.1 ms in trains
of 5 s). (2). Accordingly, EFS were generated as a frequency
response curve by stimulating at 1, 3, 10, 20, 30, and 40 Hz
(one stimulation at each frequency) with 6-min interval be-
tween stimulations. (3). Analysis of spontaneous (basal) MC
with/without antagonist or solvent was done after spontaneous
activity resumed in a stable fashion following EFS. (4) At this
point, the first data were collected for normalization of theMC
responses, and subsequently, experiments to modulate spon-
taneous MC with the β-AR agonists (isoprenaline or
mirabegron) were done. (5) EFS frequency response (1, 3,
10, 20, 30, and 40 Hz and finally at (6) forskolin 10 μM)
was tested to obtain full relaxation. Steps 1–6 were done in
each preparation with one agonist/strip, usually in n = 6–9.
Isometric force measurements were done with calibrated
EMKA transducers (EMKA Technologies, Paris, France)
and recorded using a data acquisition system (PowerLab
16s, AD Instruments, Sydney, Australia).
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Data collection and statistics Briefly, EFS data sets for nor-
mal and pBOO strips were generated as frequency response
curve at 1, 3, 10, 20, 30, and 40 Hz (one stimulation at each
frequency). Following this treatment force data (in mN) were
generated for pBOO and normal strips and analyzed by two-
way ANOVA in GraphPad 6.0 (GraphPad Inc., La Jolla, USA).
Data on agonist effects for cumulative concentrations of iso-
prenaline or mirabegron (10-9 to 10−4 M) on MC and 15 Hz
EFS with/without β-AR antagonists (steps 3–5) were
expressed as follows: MC activity was expressed as integral
of area under the MC versus time registrations for min-max
during 400 ms in mN s, as motivated in a previous paper (Gil-
lespie et al. 2015). As noticed in this study, basal MC is very
variable between strips yet stable within each strip. This
prompted to compare treatments within each strip, using nor-
malization to basal MC. In the present study for normal blad-
ders mean MC for 72 strips was 75.7, with range of 5.4–194.2,
and SD of 40.2 mN s. Responses to 15 Hz EFS for isoprenaline
and mirabegron were determined by measuring the amplitude
of responses and expressed as a percentage of control response
(before agonist addition). Individual data per strip for MC and
15 Hz EFS were fitted for log concentration-response analysis.
Data were fitted in GraphPad using the “Sigmoidal 4PL” option
as themost adequate in this package, since this fitting procedure
allowed to statistically compare curves for top and bottom
values as well as IC50 and Hill slope. Where concentration-
response curves for agonist with/without antagonist had Hill
slopes not different from unity, statistical significance for dif-
ference in pIC50 values was calculated with an F test for the
sum of squares. Accordingly, pKB values were estimated using
the Schild equation according to MacKay (1978). These proce-
dures were used to generate the data given in Table 1. Graphical
interpolations using the “Sigmoidal 4PL”methodwere used for
all concentration-response curves for isoprenaline, while those
for mirabegron were fitted with the “log inhibitor versus re-
sponse” option in GraphPad. Since both methods are based

on least square regression, the choice of method was based on
the D’Agostino and Pearson test for Gaussian scatter. Graphs
are depicted in Figs. 4, 5, and 6. Because different curve-fitting
procedures were used to fit the data for isoprenaline and
mirabegron and difference in maximum inhibitory effect was
noted for these agonists, an unpaired two-tailed t test with
Welch correction in GraphPad was used for testing differences
in column statistics for the data points for both curves, with
P < 0.05 as criterion for significance.

Drugs and chemicals used Isoflurane was purchased from
Baxter (Maurepas, France) and saline (NaCl 0.9 %),
tetramycine, and ketamine from Centravet (Lapalisse, France).
Salts for preparing the Krebs-Henseleit solution (NaCl, KCl,
CaCl2, MgSO4, KH2PO4, glucose) were obtained from
Prolabo-VWR international (Fontenay-sous-bois, France).
NaHCO3 and isoprenaline were purchased from Sigma-
Aldrich (Saint Quentin Fallavier, France). CGP-20712A ((±)-
2 - h y d r o x y - 5 [ 2 - { [ 2 - h y d r o x y - 3 - [ 4 - [ 1 -m e t h y l -
4 - ( t r i f l u o r o m e t h y l 0 - 1 H - i m i d a z o l - 2 -
y l ) p h e noxy ] p r o py l ] am i no ] e t hoy} - b e n z am i d e ]
methanesulfonate, ICI-118,551 ((−)-1-(2,3-[dihydro-7-methyl-
1H-inden-4-yl] oxy)-3-([1-methylethyl]-amino)-2-butanol, and
L-748,337 (S)-N-[4-[2-{[3-[3-(acetamidomethyl)phenoxy]-2-
hydroxypropyl]amino}-ethyl]phenyl] benzenesulfonamide
were purchased from Tocris (Bristol, UK). Mirabegron was
provided by Astellas.

Results

Normal and pBOO preparations responded to EFS in a
frequency-dependent manner (Fig. 2); however, the ampli-
tudes of EFS-induced contractions, normalized for bladder
weight differences, were significantly reduced (P < 0.0001
for 3–40 Hz) in pBOO preparations (Fig. 3).

Fig. 1 Study protocol for in vitro
experiments with normal and
pBOO rat strips. Explanatory text
is given in the “Methods” section
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A distinct feature of all preparations under resting and non-
stimulated conditions was microcontractile (MC) activity (see
Fig. 2 for MC activity in between EFS-induced contractions).
While the recordings from Fig. 2 may suggest differences in
MC activity between pBOO and control preparations, a com-
parison of the integral of MC activity between control and
pBOO preparations normalized for bladder weight differences
in 24 strips for each category revealed no statistical differences

(P > 0.05). In addition, the ratio for integral of MC activity
versus EFS at 40 Hz for pBOO and control rats (n = 24) was
also not statistically significant (P > 0.05).

In concentration-response curves in normal bladder strips
(Figs. 4 and 5), the MC curves for isoprenaline and mirabegron
(straight curves) were significantly different (P < 0.05; unpaired
t test), and the different pharmacological characteristics for iso-
prenaline and mirabegron show clearly: isoprenaline acted as a
potent agonist, with almost full decrease of MC at the highest
concentrations tested, while mirabegron showed a low potency
and low efficacy. Hill slopes for concentration-response for iso-
prenaline were not different from unity, while those for
mirabegron were different from unity. On EFS contractions

Table 1 Data for inhibition of concentration-response curves for
isoprenaline and mirabegron at spontaneous microcontractions and
15 Hz EFS in absence or presence of antagonist drugs for β1

(CGP20712A), β2 (ICI 118,551), and β3 ARs (L-748,337) in selective
concentrations for rat β-adrenergic subtype receptors

Inhibition of microcontractions Inhibition of EFS at 15 Hz

Control +Antagonist +Antagonist

pIC50 ± SD (n) pIC50 ± SD (n) pIC50 ± SD (n) pIC50 ± SD (n)

Normal rats

IPE 7.30 ± 0.11 (9) CGP (10−7 M) 6.62 ± 0.11 (6)* 6.66 ± 0.13 (12) CGP (10−7) 6.03 ± 0.13(6)*

ICI (10−7 M) 7.15 ± 0.13 (6) ICI (10−7 M) 6.80 ± 0.16 (6)

7.29 ± 0.12 (9) L-748 (10−6 M) 6.99 ± 0.08 (9) 6.28 ± 0.22 (4) L-748 (10−6 M) 6.04 ± 0.21 (9)

Mirabegron 5.87 ± 0.87 (6)

pBOO rats

IPE 7.28 ± 0.10 (6) CGP (10−6 M) 6.57 ± 0.13 (6)* 6.54 ± 0.44 (6) CGP (10−6 M) 6.13 ± 0.17 (6)

L-748 (10−6 M) 7.25 ± 0.60 (6)

Mirabegron data for inhibition of MC are given in italics since the concentration-response curve indicated partial agonism

n number of preparations used, pIC50 -log IC50, IPE isoprenaline, CGP CGP20712A, ICI ICI 118,551, L-748 L-748,337

*P < 0.05 versus control curve

Fig. 2 The effects of electrical field stimulation on bladder strips isolated
from normal bladders and from bladders following 6 weeks of partial
bladder outflow obstruction (pBOO); a and b show original records
from control and pBOO bladder strips, respectively. Strips were
stimulated where indicated by the arrows at frequencies shown

Fig. 3 EFS-response histograms for normal (diagonal striped) and
pBOO (checkered) bladder strips (n = 20 and 15, respectively),
corrected for bladder weight. Statistical difference for P < 0.0001 is
indicated with * (two-way ANOVA multiple comparisons test). At
1 Hz, no statistical significance resulted (P = 0.06)
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(dashed curves), isoprenaline only partially inhibited tonic con-
tractile effects, while mirabegron showed similarly shallow
concentration-response curves for reduction of EFS and MC.
The potency of isoprenaline to reduce MC was apparently
higher than for EFS contractions (see Table 1 for pIC50

values). The β3-AR blocker L-748,337 at 10−6 M did not an-
tagonize isoprenaline or mirabegron effects at EFS andMC (see
Table 1 for pIC50 values for isoprenaline and mirabegron where
appropriate). A statistically significant shift to the right for the
concentration-response curve for isoprenaline at MC was ob-
served with the β1-AR blocker CGP-20712A at 10−7 M
(P < 0.0001), but not for the β2-AR blocker ICI-118,551 at
10−7 M (Fig. 4). Estimation of a pKB value for CGP-20712A
on isoprenaline-induced effects on MC resulted in a value of
7.58 (calculated according to MacKay 1978). Remarkably, in-
creasing the concentration of CGP-20712A to 10−6 M did not
further increase the shift of the concentration-response curve for
inhibition of MC by isoprenaline (data not shown). For isopren-
aline concentration-response curves at 15 Hz EFS, a significant

shift of concentration-response curves after pre-incubation with
CGP-20712A (P = 0.0074), with calculated pKB of 7.51. For
ICI-118,551 at 10−7 M, no statistically significant shift resulted.

In pBOO strips, concentration-response curves for iso-
prenaline as well as for mirabegron for MC and EFS
shown in Fig. 6 appeared to be more shallow and SD
values for mean data points were higher than in normal
control rats. For isoprenaline MC and EFS curves the best
fit was obtained with GraphPad’s sigmoidal 4PL curve
fitting option, while for mirabegron the “log inhibitor ver-
sus response” package was used based on the D’Agostino
and Pearson test results (Fig. 6b). Concentration-response
curves for isoprenaline with and without CGP20712A at
10−6 M at MC had Hill slopes not different from unity,
and the displacement to the right was significant
(P = 0.0002). Unfortunately, data for isoprenaline with
CGP20712A at 10−7 M did not survive QC check and
was deleted from the data set. Isoprenaline with L748,
337 at 10−6 M did not show significant displacement versus
isoprenaline control curves (Table 1).

Data with β1 and β3-AR antagonists at pBOO bladder
strips did not reveal significant differences over those obtained
in normal control rat bladder strips.

Discussion

The current data set confirms the observations on the occur-
rence of microcontractions in bladder strips from normal rats
and the capability for inhibition of this phenomenon by iso-
prenaline and mirabegron as shown earlier by our group (Gil-
lespie et al. 2015). The present study was conducted to reveal
the pharmacological identity of the β-AR subtype involved in
inhibition of spontaneous MC to contribute to the over-
arching question in this series of manuscripts as follow-up to

Fig. 4 Normal rat strips: agonist-induced inhibition of microcontractions
(straight lines) and EFS contractions at 15 Hz (dashed lines). Curves for
isoprenaline control (circle) and after antagonist pre-incubation with
CGP-20712A 10−7 M (triangle); ICI-118,551 10−7 M (square). Data
are depicted as mean ± SD, with n = 6–9

Fig. 5 Normal rat strips: a Agonist-induced inhibition of
microcontractions (straight lines) and b EFS contractions at 15 Hz
(dashed lines). Curves for isoprenaline are given in open symbols and
for mirabegron in filled symbols, with isoprenaline control indicated as

open circle and mirabegron control as filled circle. Isoprenaline and
mirabegron after pre-incubation with L-748,337 10−6 M are indicated
as (open diamond and filled diamond, respectively. Data are depicted as
mean ± SD, with n = 6–10
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our earlier work (Gillespie et al. 2012) on what phenomenon
would be leading in the mode of action for the β3-AR agonist
mirabegron in modulating bladder hyperactivity in animals as
mimic for bladder overactivity in man. The implications of
local bladder processes versus afferent-efferent modulation
of the bladder in establishing the mode of action for
mirabegron are discussed elsewhere (Eastham et al. 2015).
The design of our studies was to perform β-AR agonist/
antagonist experiments on MC activity under stable isometric
conditions with frequency-response of EFS to check strip ho-
mogeneity and submaximal neurogenic contractions to com-
pare the drug effects seen on MC without otherwise changing
the baseline of the preparation as with direct-acting contractile
cholinergic agonists or KCl. In addition, EFS stimulates neu-
ronal release of mediators, and for similar stimulation condi-
tions to our protocol, detrusor strips from normal rats are re-
ported to be non-adrenergic but mainly cholinergic, with a
smaller purinergic component (Rouget et al. 2014). For pBOO
rat bladder strips subjected to 16 Hz EFS contractions, the
cholinergic component was found to shift a little more to-
wards a cholinergic dominance (Pinna et al. 2006). The
non-adrenergic nature of EFS responses in rat detrusor is in
agreement with histochemical findings (Watanabe and
Yamamoto 1979) showing little, if any, adrenergic nerve ter-
minals. The EFS frequency-contraction response data with
our study protocol were consistent with those of Rouget
et al. (Rouget et al. 2014), and inhibition of EFS by isopren-
aline was comparable with data in mentioned paper. Our data
indicate that the isoprenaline inhibition of EFS is likely a β1-
AR-mediated response, since concentration-response curves
were shifted by the β1-AR antagonist CGP-20712A at
10−7 M and not by 10−6 M of the β3-AR antagonist L-748,
337. We assume that the low efficacy and potency of
mirabegron for inhibition of EFS contraction could also be
a β1-AR-mediated effect, since mirabegron is a selective β3-
AR agonist with high potency and efficacy in CHO cells with

rat transfected β3-ARs, but with a measurable but low poten-
cy and efficacy at transfected rat β1-ARs (Hatanaka et al.
2013). Data for another β-AR agonist, CL-316,243, a rela-
tively selective and potent agonist at rat β3-AR (Woods et al.
2001), with a similar EFS protocol as we have used showed
low-potency inhibitory responses at EFS in Rouget’s study.
In addition, their pA2 for the β3-AR antagonist L-748,337
with CL-316,243 on EFS-stimulated rat detrusor was lower
than that obtained with mirabegron and L-748,337 in rat
bladder tissue (VanWieringen et al. 2013). In our understand-
ing, these observations can be interpreted as effects via the
β1- rather than the β3-AR component of this drug.

Although the magnitude of spontaneous MC and EFS pre-
sents differently in the tracings of normal and pBOO bladders
(Fig. 2a, b), expressing the data on a mg/tissue basis (pBOO rat
bladders are usually three- or more-fold heavier than those for
control) shows that there is a pronounced loss of response for
EFS with pBOO conditions, but MC activity is similar for both
conditions. While we did not test tetrodotoxin sensitivity of the
EFS conditions we employed, to check the neurogenic nature of
the contractile responses, our data for EFS in this respect confirm
published data: A reduced neurogenic response following EFS
in pBOO animal detrusors and in detrusor muscle strips from
obstructed patients has been published widely, and this phenom-
enon is supposed to be due to a reduced cholinergic nerve den-
sity in obstructed urinary bladders, decreased mitochondrial
function, and decreased ability of the sarcoplasmic reticulum to
store and release Ca2+, which apparently are mechanisms ex-
tending over species (Sibley 1997; Levin et al. 1999). In spite
of this, in our data set the efficacy of the β-adrenergic mecha-
nism for inhibition of responses remained stable as seen by a
similar pIC50 for isoprenaline at EFS in pBOO and control rat
bladder strips. To our understanding, this indicates that the gross
product of β-AR numbers activated and the sensitivity of the
cellular transduction machinery that determines the efficacy of
the inhibitory mechanism are unaltered for EFS in pBOO

Fig. 6 pBOO rat strips: a, b Agonist-induced inhibition of
microcontractions (straight lines) and EFS contractions at 15 Hz
(dashed lines). As for Fig. 5, curves for isoprenaline are indicated with
open symbols and for mirabegron with filled symbols. Curves for agonists

after pre-incubation with the β-AR antagonist L-748,337 10−6 M are
depicted as open diamond or filled diamond and for CGP-20712A
10−6 M as inverted filled triangle
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conditions. ForMC apparently similar reasons apply, since pIC50

values for IPE were similar for normal and pBOO strips as well.
Isoprenaline was found to have >0.5 log unit higher po-

tency and a higher efficacy for the inhibition of spontaneous
MC than for neurogenic contractions induced by EFS at rat
detrusor in our study (Table 1; Figs. 4, 5, and 6). Findings of
higher potency for β-AR agonists to induce relaxation under
“resting” tension compared to relaxation of agonist- or
depolarisation-induced contractions is a well documented
phenomenon in various smooth muscle tissues, including
bladder (Michel and Sand 2009) and airways (Naline et al.
2007). Usually, reasons for such phenomena are related to
difference in receptor reserve as discussed by Ruffolo (1982)
and Gunst et al. (1989). Unfortunately, our data set does not
allow in-depth discussion of this observation but suggests
that since our observation of differences in potency for in-
hibition of β-AR are in the same tissue and with the same
full agonist (isoprenaline) MC and EFS are two different
systems with different sensitivity for β-AR modulation of
rat bladder functions.

Like for EFS, inhibition of spontaneous MC at rat detrusor
was not sensitive to blockade by the β2-AR antagonist ICI-
118,551 and the β3-AR antagonist L-748,337. Based on the
observations of a rightward shift of the concentration-response
curve to isoprenaline by the β1-AR blocker CGP-20712A in
both normal and pBOO strips, it seems plausible to assume
that the inhibition of isoprenaline in both spontaneousMC and
EFS contraction is mediated by the same β-AR, which is
neither a β2 nor a β3-AR. In this study, the shift of the inhibi-
tion curve to isoprenaline in the presence of CGP-20712Awas
parallel, but the pKB value was low compared to the pKB value
of 8.81 reported for CGP-20712A at human recombinant β1-
AR (Baker 2005). Based on similar observations, Mallem
et al. (2004) proposed a low affinity state of the β1-AR for
studies in endothelium-denuded rat aortic rings and other rat
tissues where CGP12177 was used as β-AR agonist and
10 μMof CGP20712A as the antagonist. A paper by the same
group suggested that CGP20712A can reveal different affinity
states of the β1-AR (Baker et al. 2003). In data by Granato
et al. (2015), PGE2-augmented MC at rat bladder strips were
found to be inhibited by isoprenaline via a β1-AR as conclud-
ed by a pKB value for the antagonism found for the selective
β1-AR blocker metoprolol of 7.25, in line with literature data
for the affinity of metoprolol for the β1-AR (Baker 2005). In
addition, in the latter experiments also no shift for a β2- or a
β3-AR antagonist on isoprenaline was found. Therefore, we
assume that the molecular identity of the β-AR modulating
MC in rat bladder is a β1-AR.

Our results indicate that spontaneous MC and neurogenic
responses in rat bladder strips behave as different systems with
a different sensitivity of β1-AR-mediated inhibition, which
fundamentally remain similar under conditions of pBOO, a
pathophysiological mimic of detrusor instability.

Further, it should be noted that in the context of the in vivo
situation it is not likely that effects at spontaneous MC or at
neurogenic detrusor stimulation play a role in the mode of
action for mirabegron in vivo, since all effects for mirabegron
in the present paper are low-potency β1-AR-mediated effects
at high concentrations. Such concentrations are well over
those affecting β3-AR-mediated bladder functions in a
decerebrated perfused rat model (Sadananda et al. 2013).

Therefore, the site of action of mirabegron for its inhibition
of non-voiding activity described in cystometric studies in
conscious pBOO rats (Gillespie et al. 2012) is probably not
by direct activation of β-adrenoceptors in rat detrusor, as pre-
viously hypothesized. Further studies on location of β3-AR
and on functional β3-AR-mediated effects in the rat would be
necessary to understand mirabegron’s mechanism of action on
the urinary bladder function in vivo.
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