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SUMMARY

Background: Zamifenacin is a new potent gut M3
selective muscarinic antagonist developed for possible
use in irritable bowel syndrome.
Methods: In this multicentre, double-blind, parallel
group, placebo-controlled study, the effect of a single
dose of zamifenacin 10 mg or 40 mg on both fasting
(30 min) and fed (60 min) colonic motor activity was
assessed in 36 patients with irritable bowel syndrome
(aged 25±68 years; 19 male). Colonic motility was
recorded using a ®ve-channel solid-state catheter
introduced by colonoscopy to a depth of 35 cm in an
unprepared colon.
Results: Zamifenacin 40 mg profoundly reduced colonic
motility, particularly after the meal (P < 0.05). This
was re¯ected by a signi®cant reduction in the mean
amplitude of contractions, number of contractions,

INTRODUCTION

The pathophysiology of irritable bowel syndrome is
poorly understood, but studies have suggested that
disordered motility of both the small1±3 and large
bowel,4±8 and abnormalities in gut visceral sensation,9±15 may play important roles. The most consistent
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percentage duration of contractions, activity index and
the motility index (P < 0.05). A smaller reduction in all
the motility parameters was obtained with 10 mg
zamifenacin, but these changes were not statistically
signi®cant. Three patients each on placebo and
zamifenacin reported side-effects, but these were mild
and transient.
Conclusion: A single 40 mg dose of zamifenacin
signi®cantly reduces colonic motility in irritable bowel
syndrome patients without signi®cant antimuscarinic
effects. The results of this study con®rm that the concept
of developing selective antimuscarinic agents may be a
promising approach to the treatment of irritable bowel
syndrome. Not only would such compounds bene®t
from not having the usual side-effects of anticholinergics but they might also offer much more in the
way of dose ¯exibility.

motor abnormality in the small bowel is a marked
increase in `cluster activity' seen in the wakeful state
but not during sleep,1±3 whilst in the colon motility in
many patients appears to be exaggerated, particularly
after meals.4±8 The main defect of visceral sensation
appears to be hypersensitivity, and this has been
demonstrated in the entire length of the gastrointestinal
tract in patients with irritable bowel syndrome.3, 9±15
Current therapy is far from satisfactory, ranging from
modi®cations in diet to pharmacological intervention.
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The most commonly used drugs are the antispasmodics
of which the antimuscarinic agents are an important
example. However, the ef®cacy and dosing of these
latter agents is signi®cantly limited by lack of end-organ
selectivity resulting in unacceptable atropine-like sideeffects.
Zamifenacin (UK 76, 654) is a new gut-selective M3
muscarinic receptor antagonist, equipotent to atropine
but with few of its side-effects.
The aim of this study was to assess the inhibitory effect
of zamifenacin on colonic motility in patients with
irritable bowel syndrome.

1042 kcal (503 kcal fat, 317 kcal carbohydrate, 222
kcal protein) consumed within 15 min. Only those
patients who satis®ed all inclusion/exclusion criteria
and exhibited an unequivocal colonic motor response to
the meal were randomized to treatment. Within 4 weeks
of screening, the patients underwent a second colonic
motility assessment, after dosing with either zamifenacin 40 mg, zamifenacin 10 mg or placebo, 30 min
before the start of recording.
Electrocardiograph, pulse and blood pressure measurements were taken pre-dose and 0.5, 1.0, 1.5, 2.0 and
2.5 h after dosing. In addition, throughout the study
the patients were asked to report any side-effects and to
indicate whether these were mild, moderate or severe.

MATERIALS AND METHODS

Patients

Measurement of colonic motility

Forty-eight patients (aged 25±68 years; 19 male) with
irritable bowel syndrome were screened for the study;
35 at the Manchester centre, ®ve at the Dundee centre
and eight at the London centre. All patients had a
history of abdominal pain, together with abdominal
distension and altered bowel habit (constipation, diarrhoea or alternating) for at least 2 years, and none had
any evidence of organic disease based on standard
investigations (criteria similar to those suggested by the
`Rome' Irritable Bowel Working Party16). No patient
was taking any drug known to affect gastrointestinal
motility nor were they dependent on, or abusing,
analgesic medication or minor tranquillizers. Patients
in whom anticholinergic drugs were contra-indicated or
who drank more than two units of alcohol per day were
excluded from the study. Female patients were either
post-menopausal or surgically sterilized.
All patients gave full informed consent for the study to
be carried out and the study was approved by all
relevant ethical committees.

After at least a 10-h fast, a solid-state catheter (Gaeltec
Ltd, Isle of Skye, UK), with ®ve pressure transducers
situated 0, 5, 10, 15 and 20 cm from its distal end and
radially arranged around its circumference, was positioned colonoscopically in an unprepared bowel to a
distance of 35 cm from the anus with minimal air
in¯ation. During withdrawal of the colonoscope, suction
was applied to remove any air introduced into the colon
at endoscopy. No sedation was used and no patient
complained of undue discomfort during the procedure.
The solid-state catheter was connected to an IBM-PC
computer via an analog-digital converter (PC-Polygraph; Synectics Medical, Stockholm, Sweden), and
the data stored and analysed using Synectics Medical
software (Polygram Lower GI Edition, version 5.0).

Experimental protocol
This was a multicentre, randomized, double-blind,
placebo-controlled, parallel group study run in two
cohorts. The ®rst cohort was randomized to zamifenacin
40 mg or placebo, and the second to zamifenacin
10 mg or placebo. The two placebo groups were
combined for statistical analysis. Each patient underwent a screening assessment in which colonic motility
was measured over a 90-min period; 30 min basal and
60 min postprandial after a standard meal providing

Analysis of data
The preprandial period was de®ned as the 30 min prior
to the test meal, periprandial as the 30 min starting at
the beginning of the test meal and postprandial as the
®nal 30 min of the recording period. Each of these
periods was analysed to yield values for: (i) the number
of pressure waves greater than 20 mmHg; (ii) the mean
amplitude of pressure peaks; (iii) the percentage duration of activity calculated as the sum of the duration of
individual pressure waves expressed as a percentage of
each epoch; (iv) the motility index calculated as the
product of mean amplitude and percentage duration of
activity in each 30-min epoch; and (v) the activity index
(i.e. area under the curve calculated by integration of
the curve).
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The effect of the meal on colonic motility was assessed
by comparing the pre- and peri-meal periods, and
the peri- and post-meal periods using the Wilcoxon
matched-pairs signed-rank test.
The effects of zamifenacin 10 mg, zamifenacin 40 mg
and placebo on changes in colonic motility were
compared using the non-parametric Kruskal±Wallis
analysis of variance test on the changes between the
screening and study days. Paired comparisons between
each of the active treatment groups and the placebo
group were made using the Wilcoxon rank-sum test for
two independent groups. Prior to the main analysis
described, the placebo patients from the two consecutive
groups were compared using the Wilcoxon rank-sum
test and, as they were not signi®cantly different, they
were combined into one placebo group. Differences were
considered to be signi®cant at the 5% level.
RESULTS

Of the 48 patients who underwent the screening
assessment, 36 were randomized to treatment: nine
patients receiving 40 mg zamifenacin, nine patients
10 mg zamifenacin and 18 patients placebo control. Of
the 12 non-randomized patients, three had abnormal
laboratory results which were not related to the study
drug, ®ve did not meet selection criteria, one asked to be
withdrawn and three violated the protocol by testing
positive for substance abuse.
Figure 1 shows the effect of the standard meal on
colonic motility during the screening assessment in the
36 patients randomized to treatment. All parameters
signi®cantly increased in response to the meal (pre- vs.
peri-meal; P < 0.0001). However, during the post-meal
period there was a signi®cant decrease in all but mean
amplitude with respect to the peri-meal period; although all values remained higher than during the premeal period.
Compared with placebo, 40 mg zamifenacin reduced
all motility parameters measured pre-, peri- and postprandially, although the pre- and periprandial activity
index and the preprandial motility index did not reach

Figure 1. The effect of the standard meal on all the colonic
motility parameters assessed. Data are expressed as median plus
interquartile range. * Statistically signi®cantly different from
preprandial, P < 0.001. Statistically signi®cantly different from
periprandial, P < 0.02.
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statistical signi®cance (Figures 2 and 3). This reduction
in activity was particularly evident during the postprandial period. A smaller reduction in motility was
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Figure 2. The effect of the standard meal on colonic motility during the screening visit (top tracing) and the effect of 40 mg zamifenacin
pre- and post-meal ingestion (bottom tracing) in the same patient. Channels 1±5 represent motility recordings obtained from pressure
transducers situated 35, 30, 25, 20 and 15 cm from the anal verge.
Ó 1997 Blackwell Science Ltd, Aliment Pharmacol Ther 11, 561±568
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Figure 3. The changes in all colonic motility parameters from screening to study days for all three treatment groups (zamifenacin 40 mg,
zamifenacin 10 mg and placebo). Data are expressed as median changes from screening to study day plus interquartile range.
* Statistically signi®cant difference from placebo, P < 0.05.
Ó 1997 Blackwell Science Ltd, Aliment Pharmacol Ther 11, 561±568
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seen after 10 mg zamifenacin, although statistical
signi®cance was only found for the postprandial activity
index, percentage duration of peaks, the number of
peaks and the motility index (P < 0.05).
Side-effects
Three patients each on placebo and zamifenacin (two on
40 mg and one on 10 mg) reported side-effects. These
consisted of mild blurred vision, dizziness, nausea, dry
mouth, shivering and palpitations. One placebo patient
reported mild blurred vision and the rest headache,
vomiting and muscular pain.
Electrocardiograph measurements showed no evidence
of tachycardia and there were no clinically signi®cant
changes in blood pressure. There was only one report of
a possibly treatment-related laboratory test abnormality
and this occurred in one of the patients who had
received placebo treatment. This patient had raised
lactate dehydrogenase (LDH) accompanied by muscular
pain for 4 days after treatment. As there were no
abnormalities in liver function tests, the raised LDH may
have been of muscular origin.
DISCUSSION

This study has shown that zamifenacin, a selective M3
muscarinic receptor antagonist, is effective at reducing
distal colonic motility, particularly postprandially, in
patients with irritable bowel syndrome. In addition, the
atropine-like side-effects usually associated with such
drugs were minimal, suggesting that zamifenacin has
much greater gut selectivity than conventional anticholinergics.
It is now believed that both abnormal motility and
visceral sensitivity of the small and large bowel play
important roles in the pathophysiology of irritable bowel
syndrome.1±15 Motility disturbances tend to be more
prevalent following stimulation of the intestine by, for
example, meal ingestion,5, 6 balloon distension,9, 11±13
or intravenous infusion of cholecystokinin or pentagastrin.17 In particular the colonic motor response to food
appears to be exaggerated,4±8 and in some patients
associated with abdominal pain.8 However, abnormal
motility does not always correlate well with symptomatology and this could be accounted for by disordered
visceral hypersensitivity. It is now known that the
whole of the gastrointestinal tract is more sensitive in
patients with irritable bowel syndrome than in normal

healthy volunteers,9±15 and it may be that this could
lead to contractions whose amplitudes are within the
normal range being perceived as painful events. A
further confounding factor may be the effect of exogenous stimuli such as stress. Many patients claim that
stress exacerbates their symptoms, and it has been
shown that stress increases colonic motility in patients
with irritable bowel syndrome,2, 18, 19 although in some
studies this response has been shown to be no more
exaggerated than in normal healthy volunteers.4, 20
Emotion, in the form of anger, has also been shown to
enhance rectal visceral sensitivity.21 The role of frank
psychopathology is far less clear, as although it is
common in hospital attenders with irritable bowel
syndrome it is now known that non-consulters with
irritable bowel syndrome exhibit the same prevalence of
psychological problems as the normal population.22±24
These various observations have led to therapy being
directed at either increasing stool bulk, controlling
stress and anxiety levels, reducing motility and normalizing gut visceral sensitivity, although it should be noted
that this latter approach is still at a developmental
stage. Unfortunately the conventional treatments that
are at present available suffer a number of drawbacks.
Bulking agents can often exacerbate symptoms, and
results from controlled trials of antidepressants have
been con¯icting; some demonstrating an improvement
in both the overall well-being and irritable bowel
syndrome symptomatology, while others show either
only an increase in ability to cope with symptoms or no
improvement at all.25±29 Anxiolytic drugs have not
been fully assessed but there is no convincing evidence
that these are effective in irritable bowel syndrome.30
Antimuscarinics at doses that are effective at reducing
motility are often associated with unwanted atropinelike side-effects. Thus, although most trials have shown
some improvement in well-being,31±37 only a few have
shown a bene®cial effect on abdominal pain and in most
of these it was relatively minor.31±35 Various serotonin
(5HT) receptor subtypes may be involved in the
perception of visceral sensation and, to date, attempts
to modulate hypersensitivity have largely focused on
the 5HT3 receptor.38±41 However, although granisetron
has been shown to reduce rectal sensitivity to balloon
distension in patients with irritable bowel syndrome,42
other studies have not been able to show an effect of
either oral or intravenous ondansetron on rectal and
stomach visceral sensation in normal healthy volunteers.43, 44 Furthermore, clinical trials of ondansetron
Ó 1997 Blackwell Science Ltd, Aliment Pharmacol Ther 11, 561±568
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on diarrhoea-predominant irritable bowel syndrome
have been rather disappointing.40, 41 Thus, there is
currently a strong need for more effective forms of
therapy for irritable bowel syndrome particularly as it
represents such a large work load for gastroenterologists
as well as primary care physicians.45±47
The results of this study show that a selective M3
receptor antagonist can signi®cantly inhibit food-stimulated distal colonic motility with relatively minor
anticholinergic side-effects. Therefore the development
of such compounds, which may not only reduce the
strength of abnormal contractions but also minimize the
perception of normal motility in a viscerally hypersensitive subject, is a promising approach to the treatment
of irritable bowel syndrome.
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