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ABSTRACT
Objectives. To determine the functional effects of methoctramine as an M2 muscarinic receptor antagonist
on isolated detrusor strips in vitro and bladder overactivity in vivo in rats.
Methods. A total of 114 Sprague-Dawley rats were used in the present study. Isolated rat detrusor strips
were contracted by depolarizing the preparations with carbachol. Methoctramine was added to the tissue
bath in increasing concentrations, and contraction inhibition was assessed. Isovolumetric contractions were
evoked by electrical stimulation using a bipolar electrode. Efficacy against bladder instability was evaluated
using the obstructed hypertrophied bladder model in the rat. The acetic acid bladder cystometry model was
used to assess the efficacy of methoctramine in neurogenic detrusor overactivity.
Results. Methoctramine inhibited carbachol-induced bladder contractions significantly in isolated rat de-
trusor strips in a concentration-dependent manner. The amplitude of electrically evoked isovolumetric
contractions was decreased significantly after methoctramine exposure. In vivo methoctramine administered
intravenously significantly increased the voiding interval and bladder compliance. In addition, a decrease
occurred in the number of spontaneous contractions during the filling phase in a model of neurogenic and
obstruction-induced detrusor overactivity.
Conclusions. M2 antagonists in general may represent a new useful class of drug worth considering in the
treatment of bladder overactivity. UROLOGY 61: 671–676, 2003. © 2003, Elsevier Science Inc.

The etiology of 50% to 70% of all cases of uri-
nary incontinence is urge urinary inconti-

nence.1,2 Although urinary incontinence is rapidly
becoming recognized, its appropriate management
is still lacking.1,2 Previous studies have found that
the urinary bladder is enriched with muscarinic
receptors in the rat, rabbit, guinea pig, and human
bladder.3–6 Most muscarinic receptors in the rat
urinary bladder (70% to 90%) are of the M2 sub-
type.3–8 Methoctramine is a relatively selective
muscarinic M2 receptor antagonist.8–11 The role of
the muscarinic receptor in detrusor contraction
has been well documented.3,4,7,12 However, to our
knowledge, no studies have reported on data pro-
filing the in vivo efficacy of the M2 receptor antag-
onists in an animal model of pathologic detrusor

overactivity. We aimed to assess the functional role
of methoctramine, a muscarinic M2 receptor antag-
onist, in the rat urinary bladder in vitro and the in
vivo efficacy of this compound in experimental
models of detrusor overactivity.

MATERIAL AND METHODS

The experiment was done at the Health Research Center of
Dicle University. All animals were housed in a temperature
and light-controlled room with ad libitum access to water and
rat chow. The Animal Care Committee of Dicle University
Medical School approved all experimental procedures. A total
of 114 Sprague-Dawley rats were used in the present study. Six
Sprague-Dawley rats (12 strips) were used in the isolated rat
bladder strip section. A total of 108 Sprague-Dawley rats were
used in the isovolumetric contraction (n � 36), neurogenic
bladder overactivity model (n � 36), and obstructed hyper-
trophied bladder and cystometry evaluation (n � 36) sections.
Each section was divided into six groups. Nothing was given
to the control groups (n � 6), and methoctramine (Sigma
Chemical, St. Louis, Mo) was administered at 10�8 mol/kg
(group M1, n� 6), 10�7 mol/kg (group M2, n � 6), 10�6

mol/kg (group M3, n � 6), 10�5 mol/kg (group M4, n � 6),
and 10�4 mol/kg (group M5, n � 6). The rats were anesthe-
tized with ketamine hydrochloride 50 mg/kg and xylazine 3
mg/kg intramuscularly initially; the anesthesia was continued
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Reprint requests: Hayrettin Öztürk, M.D., Department of Pe-
diatric Surgery, Dicle University Medical School, Diyarbakır
21280, Turkey

Submitted: August 6, 2002, accepted (with revisions): October
1, 2002

BASIC SCIENCE

© 2003, ELSEVIER SCIENCE INC. 0090-4295/03/$30.00
ALL RIGHTS RESERVED doi:10.1016/S0090-4295(02)02260-4 671



with intravenous ketamine hydrochloride. The bladders were
exposed through a midline incision and the bladder dome was
cannulated with a 24-gauge angiocatheter inserted into the
dome of the bladder and fixed with 6-0 Vicryl. The femoral
vein was cannulated with polyethylene tubing to administer
the compound. The cannula was connected with a T-connec-
tor (model BPT 300), and intravesical pressures were recorded
using a pressure transducer (MP30, BIOPAC Systems soft-
ware).

ISOLATED RAT BLADDER STRIP
A total of 6 female Sprague-Dawley rats (12 strips) weighing

180 to 200 g were used. Methoctramine was given in two doses
(10�6 M or 10�5 M). The animals were killed with cervical
dislocation. The bladders were immediately removed and
placed into 20-mL organ baths containing low calcium tyrode
solution (NaCl 136.9 mmol/L, KCl 2.7 mmol/L, NaHCO3 11.9
mmol/L, glucose 5.5 mmol/L, NaH2PO4;2H2O 0.42 mmol/L,
MgCl2;6H2O 1.05 mmol/L, and CaCl2;2H2O 0.9 mmol/L).
The solution was aerated with atmospheric air and maintained
at 37 � 0.5°C (pH 7.4). The bladder dome was isolated from
the trigone region and cut into 4 � 10-mm strips. All tissues
were equilibrated for a period of 30 minutes during which they
were washed and the resting tension was adjusted every 10
minutes under that of 1 g. The responses of the tissue were
recorded isometrically with a force displacement transducer
connected to a polygraph (Model MP30, BIOPAC Systems).
Concentration-response curves were produced by exposing
strips to carbachol (carbamyl chloride, Sigma Chemical) in a
cumulative manner (as one-logarithmic unit increments from
10�9 M to 10�4 M). Each incremental concentration was
added when the response to the previous concentration stabi-
lized. After the completion of each concentration-response
curve of carbachol, the muscle strips were exposed to musca-
rinic receptor antagonist, methoctramine (either 10�6 M or
10�5 M), and a second concentration-response curve for car-
bachol was obtained (Fig. 1). In each set of experiments, the
responses obtained from the application of carbachol were
expressed as the percentage of the submaximal response to
carbachol in a medium not containing methoctramine. The
carbachol potency estimates were evaluated as pD2 (�log
EC50 or the negative log of the molar concentration producing
a half-maximal effect), obtained using nonlinear regression
analyses.

ISOVOLUMETRIC CONTRACTIONS
A total of 36 male Sprague-Dawley rats weighing 180 to

200 g were used. The bladders were inflated with saline to a
pressure of about 25 cm H2O. The abdominal cavity was then
filled with mineral oil. The bladder surface was directly stim-
ulated by a bipolar electrode (MAY ST95PT Micro Processor
Controlled Stimulator, Turkey) that has tiny clips on its tip.
This surface contact was maintained constantly during the

stimulation and between different preparations by way of
these clips. Bladder contractions were evoked by electrical
stimulation at 10 to 50 Hz and 10 to 50 V, with a 0.5-ms pulse
duration. The stimulus was maintained for 5 to 7 seconds or
until a maximal contraction was achieved. After two baseline
recordings were obtained, increasing cumulative intravenous
doses of methoctramine were administered at 10-minute in-
tervals.

NEUROGENIC BLADDER OVERACTIVITY MODEL
A total of 36 male Sprague-Dawley rats weighing 190 to

200 g were used. Voiding frequency was enhanced by stimu-
lating sensory afferents with a dilute acetic acid solution in the
cystometry infusate, as previously described by Birder and de
Groat.13 The bladder was flushed with normal saline and al-
lowed to equilibrate for 1 hour before cystometry was per-
formed. The cystometry recordings were monitored on a poly-
graph while infusing, by infusion pump (P6000, TIVA, Alaris
Medical Systems, Hampshire, UK), the bladder with saline
containing 0.25% acetic acid at a rate of 3 mL/hr for 1 hour.
The compound was then administered intravenously and cys-
tometry monitored for an additional 2 hours. The cystometry
parameters recorded were voiding interval, amplitude and
threshold pressure, bladder capacity and compliance, and the
number of spontaneous bladder contractions during the filling
phase. The control period was considered the 30 minutes of
acetic acid saline perfusion before dose administration. The
compound effect was analyzed 15 minutes after the dose for
105 minutes.

OBSTRUCTED HYPERTROPHIED BLADDER MODEL AND

CYSTOMETRY EVALUATION
A total of 36 male Sprague-Dawley rats weighing 200 to

220 g were used. Obstructed hypertrophied overactive blad-
ders were developed based on the method reported by
Malmgren et al.14 and Wojdan et al.15 After anesthetization,
the bladder and urethra were exposed through a midline inci-
sion and a 4-0 polypropylene ligature was tied around the
proximal urethra in the presence of a stainless steel rod 1 mm
in diameter. Bladder hypertrophy and overactivity resulted
from partial outlet obstruction during the following 6 to 9
weeks. After this period, the animals were again anesthetized
with ketamine hydrochloride. The ligature was removed and a
24F angiocatheter was placed in the bladder dome and secured
with a suture.

The urine volume was monitored with a plastic beaker at-
tached to an FTO3 force displacement transducer (Grass In-
struments). Cystometry evaluation of bladder function was
started by infusing, using an infusion pump (P6000, TIVA,
Alaris Medical Systems), the bladder with saline at a rate of 3
mL/hr. The cystometry parameters recorded were the number
of spontaneous bladder contractions during the filling phase,

FIGURE 1. Experimental protocol used for in vitro functional study in the isolated rat bladder.
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voiding amplitude, and voiding volume. The cystometry re-
cordings were made on a polygraph and included at least two
voiding intervals or 20 minutes. The rats rested for 2 hours,
and cystometry was repeated approximately 60 minutes after
administering the test compound.

STATISTICAL ANALYSIS
Data were entered and analyzed on a personal computer

using Statistical Package for the Social Sciences, version 9.0.
All values were expressed as the mean � standard error of
mean. The significance of the data obtained was evaluated
using analysis of variance, and the F value was found to be
significant. Differences between the means were analyzed us-
ing the post-analysis of variance (Tukey’s b) test and the
paired Student t test. P values of less than 0.05 were considered
significant.

RESULTS

A concentration-dependent contraction of de-
trusor muscle strips by carbachol was observed
(pD2 � 5.75 � 0.13). In our study, methoctramine
antagonized the contractile responses of bladder
smooth muscle strips of the rat to carbachol in
10�6 M and 10�5 M concentration (pD2 � 5.44 �
0.08 and 4.61 � 0.08, respectively) and were sig-
nificantly different from the control pD2 values (P
�0.05 and �0.01, respectively). Additionally, a
rightward displacement of the carbachol concen-
tration-response curves was observed (Fig. 2).

The mean isovolumetric contraction amplitude
was 24.2 � 5.17, 61.3 � 7.9, 54.1 � 5.4, 52.9 �
5.5, 45.1 � 3.6, 37.3 � 4.8, and 31.4 � 3.1 cm H2O
in basal, control, M1, M2, M3, M4, and M5 groups,
respectively. The contraction amplitude decreased

significantly in the M3 (by 26%), M4 (by 39%), and
M5 (by 50%) groups compared with the control
untreated group (P �0.05; Fig. 3).

The effect of methoctramine on the micturition
parameters in rat neurogenic bladder overactivity
model is summarized in Table I. The average void-
ing interval was significantly decreased in the
0.25% acetic acid plus control untreated group
compared with the baseline values (P �0.05). The
voiding interval increased significantly in the M3,
M4, and M5 groups in a dose-dependent manner
(P �0.05). In addition, a dose-dependent decrease
in the voiding amplitude, an increase in the blad-
der capacity and compliance, and a decrease in
voiding pressure threshold were observed (Table
I).

The effect of methoctramine on the micturition
parameters in the rat hypertrophied bladder model
is shown in Table II. The number of spontaneous
bladder contractions decreased significantly in the
M4 and M5 groups (P �0.05). The voiding ampli-
tude was decreased in a dose-dependent manner,
and no statistically significant difference was noted
in the voiding volume.

COMMENT

The most frequently reported type of inconti-
nence is urge urinary incontinence and the associ-
ated unstable bladder.1 Antimuscarinic agents are
the most accepted therapeutic drugs in the man-
agement of neurogenic and idiopathic detrusor

FIGURE 2. Contractile responses of rat bladder strips to carbachol in absence (circles) and presence of methoc-
tramine 10�6 M (triangles) and 10�5 M (squares). Note rightward displacements of carbachol concentration-
response curves. Data expressed as the mean, and vertical bars show standard error of the mean.
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overactivity.12 Oxybutynin has been shown to have
good efficacy.16 However, the clinical efficacy and
usefulness of these compounds has been limited by
their antimuscarinic side effects, resulting from a
lack of selectivity for the bladder.12 Recently, it has
been difficult to characterize the muscarinic recep-
tor subtypes that mediate the functional responses

of muscle preparations. However, the development
of a number of relatively subtype-selective musca-
rinic antagonists has meant that it is now much
easier to characterize pharmacologically the func-
tional responses to muscarinic stimulation.

Muscarinic receptor type 2 (M2) is the predomi-
nant choline receptor present in the urinary blad-

FIGURE 3. After dosing, a significant decrease occurred in contraction amplitude in the methoctramine-treated
groups in the bladder isovolumetric contraction model. *P �0.05 control versus M4 or M5 group; †P �0.05 M4
versus M5 group, analysis of variance Tukey’s b test.

TABLE I. Effect of methoctramine on voiding parameters of neurogenic bladder overactivity in
rat model

Group n
Mean Voiding
Interval (min)

Mean Voiding
Amplitude
(cm H2O)

Mean Voiding
Threshold
(cm H2O)

Mean Capacity
(�L)

Mean Compliance
(�L/cm H2O)

Control 6 2.3 � 0.1 29.3 � 1.3 5.3 � 0.2 136 � 31 35 � 4.4
M1 6 2.7 � 0.5 28.5 � 1.5 5 � 0.3 140 � 17 32 � 3.7
M2 6 3 � 0.5 28.2 � 1.2 4.9 � 0.4 138 � 20 35 � 5.5
M3 6 3.8 � 0.2* 25.7 � 1.5 4.2 � 0.2* 178 � 19 43 � 7.4
M4 6 4.3 � 0.3* 22.7 � 1.4* 3.1 � 0.1* 182 � 44 56 � 3.3*
M5 6 6.2 � 0.4* 20.2 � 1.6* 3 � 0.2* 244 � 14* 79 � 5.9*

Data presented as the mean � standard error of the mean.
*Versus control, analysis of variance Tukey’s b test, P � 0.05.

TABLE II. Effect of methoctramine on voiding parameters of obstructed hypertrophied bladder
in the rat model

Group n

Mean Contractions During
Filling (n)

Mean Voiding Amplitude
(cm H2O) Mean Voided Volume (mL) Mean

Bladder
Weight (g)Pretreatment

Post-
treatment Pretreatment

Post-
treatment Pretreatment

Post-
treatment

Control 6 14.2 � 0.8 14.1 � 2.2 26.2 � 1.4 28.7 � 1.1 1.2 � 0.2 1.4 � 0.2 0.9 � 0.1
M1 6 14.8 � 1.7 14.5 � 1.3 29.8 � 3 29.4 � 2.7 1.1 � 0.1 1.6 � 0.3 1.3 � 0.1
M2 6 15.3 � 1.5 14.9 � 0.7 29.3 � 2.5 28.5 � 1.6 1.9 � 0.2 1.9 � 0.1 0.8 � 0.2
M3 6 12.5 � 1.3 11.5 � 0.7 24.2 � 1.2 22.8 � 0.9 1.7 � 0.1 1.4 � 0.3 1.2 � 0.1
M4 6 14 � 1.1 10 � 0.7* 28.5 � 2.4 24.2 � 1.7 2 � 0.2 2.3 � 0.5 1 � 0.1
M5 6 11.4 � 1.1 5 � 0.8* 26.5 � 1 23.4 � 0.7 1.8 � 0.2 1.6 � 0.4 0.9 � 0.1

Data presented as the mean � standard error of the mean.
*Versus pretreatment paired Student’s t test, P � 0.05.
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der. In the normal bladder, M2 receptors modulate
detrusor contractions by several mechanisms and
may contribute more to the contraction of the blad-
der in pathologic states such as bladder denerva-
tion or spinal cord injury.12 Hegde et al.3 suggested
that M2 receptors can cause contractions of the rat
bladder in vitro and may also mediate reflex blad-
der contractions in vivo. It was also claimed that
muscarinic M2 receptor activation could contract
the bladder indirectly by reversing sympathetically
(ie, beta-adrenoceptor) mediated relaxation. This
dual mechanism may allow the parasympathetic
nervous system, which is activated during voiding,
to cause more efficient and complete emptying of
the bladder.3 In another study, Somogyi et al.17

concluded that M2 receptors are present prejunc-
tionally and that activation of M2 receptors leads to
a decrease in acetylcholine release from nerve ter-
minals in the rat urinary bladder. Methoctramine,
which is the prototype poly methylene tetramine,
is a relatively selective muscarinic M2 receptor an-
tagonist.8,10,11 Methoctramine produces concen-
tration-dependent antagonism of the recontractile
responses.3 Yamanishi et al.5 investigated the role
of M2 receptors in the contraction of the pig uri-
nary bladder on normal detrusor activity in vitro.
They found that methoctramine caused antago-
nism of responses to carbachol. In their study,
methoctramine was found to be more potent, and
the affinity value increased significantly. In our
study, carbachol induced a concentration-depen-
dent contraction of detrusor muscle strips in the
rat. The contractile responses of the bladder
smooth muscle strips of the rat to carbachol were
antagonized by 10�6 �M and 10�5 �M concentra-
tions of methoctramine. Isovolumetric contraction
amplitude decreased significantly at the highest
dose of methoctramine (by 50%). In the present
study, the effects of methoctramine on isovolumet-
ric bladder contractions were consistent with the
data generated from isolated strips. Methoctramine
inhibited contractions significantly, suggesting
that the compound has the direct ability to inhibit
bladder smooth muscle contractility when admin-
istered parenterally. Recently, the muscarinic re-
ceptor population of the bladder was found to be
predominantly of the M2 receptor subtype with a
minor population of M3 receptors, such that the
M2/M3 ratio is three times greater in the rat bladder
than in the pig and human bladders.5,18 Therefore,
the changes in the noncholinergic component of
the rat bladder might be more evident.

Bladder overactivity due to outlet obstruction
may arise from a myogenic or neurogenic mecha-
nism.19,20 In denervation hypertrophy and a super-
sensitivity of the rat urinary bladder, Braverman et
al.8 found that methoctramine inhibits the carba-
chol-induced contractions and concluded that M2

receptors might directly mediate smooth muscle
contractions. We used the model of neurogenic
bladder overactivity previously described by Birder
and de Groat.13 In our study, rats given methoctra-
mine responded with an increase in the voiding
interval, a decrease in the voiding threshold pres-
sure, an increase in bladder capacity and compli-
ance, and elimination of spontaneous bladder con-
tractions in a dose-dependent manner. An
explanation for the observations using methoctra-
mine would be that the compound increases blad-
der compliance and capacity, resulting in an in-
creased voiding interval by the direct inhibition of
bladder smooth muscle tone. The decrease in iso-
volumetric contraction amplitude and spontane-
ous bladder contractions might support this con-
clusion.

CONCLUSIONS

Our data show that methoctramine antagonizes
carbachol-induced bladder contractions and may
increase bladder capacity and compliance and in-
hibit bladder overactivity in the rat model. Func-
tional characterization of the muscarinic receptor
subtypes in the human bladder may allow for the
clinical application of subtype-selective agents in
the treatment of a variety of voiding dysfunctions
while potentially minimizing the side effects of
current cholinergic-based therapy. Therefore, M2
antagonists in general may represent a new useful
class of drug worth considering in the treatment of
bladder overactivity.
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