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INTRODUCTION

Irritable bowel syndrome is one of the most commonly

encountered gastrointestinal disorders, consisting of

abdominal pain and an erratic bowel habit.1 Charac-

teristically such patients describe episodes of pain

followed by diarrhoea and then periods of constipation.2

Mebeverine is a smooth muscle relaxant which has long

been used to treat such patients although the clinical

trials supporting its use are old and contain inadequate

numbers.3±5 It has a direct blocking effect on voltage

operated sodium channels, thus preventing muscle

contraction without signi®cantly affecting muscarinic

receptors.6 In man, mebeverine has been reported to

relieve gut spasm without interfering with normal

peristalsis.7 It also abolishes the increase in recto-

sigmoid activity produced by food intake.8

Previous studies in Nottingham have demonstrated

that lactulose, at a dose of 20 mL t.d.s., produces

diarrhoea which is characterized by an acceleration of

transit through the ascending colon with a pattern of

bolus movements suggestive of mass movements.9

Other authors have suggested that lactose ingestion in
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Background: In spite of its frequent use in the treatment

of irritable bowel disease little is known about me-

beverine's mode of action in man.

Aim: To examine mebeverine's effect on transit though

the gut during lactulose-induced diarrhoea.

Methods: Nine healthy volunteers undertook a two-way

randomized crossover study. Diarrhoea was induced

using lactulose pre-treatment (20 m t.d.s., 4 days) and

subjects received either mebeverine (135 mg t.d.s.) or

no treatment. Transit of two enteric-coated capsules

containing radiolabelled 8.4 mm tablets and 180±

250 lM ion exchange resin were followed using gamma

scintigraphy. Stool frequency and symptoms were

assessed by diary cards.

Results: Mebeverine reduced mean daily stool fre-

quency associated with lactulose ingestion from a

median of 2.25 (interquartile range (IQR) 1.75±

2.75) to 1.5 (IQR 1.25±2.25) movements. Me-

beverine signi®cantly reduced the number of mass

movements observed in the colon during the 11 h of

the study from 2 (2±2) to 1 (1±2), and the number

of retrograde movements from 1 (0±2) to 0 (0±0)

(P < 0.05). Mebeverine did not signi®cantly alter the

gastric emptying rate of the intact capsule (2.9

(1.9±3.2) to 2.8 (2.6±4.0) h) however it induced a

small but signi®cant acceleration in small intestinal

transit of the capsule (1.6 (0.8±2.0) h to 1.0 (0.52±

1.32) h, P � 0.02).

Conclusion: Mebeverine reduces the diarrhoeal effect of

lactulose by decreasing the mass movements induced in

the ascending colon. This effect may contribute to its

clinical effect in irritable bowel syndrome.
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subjects with hypolactasia may cause symptoms indis-

tinguishable from irritable bowel syndrome.10 We

therefore chose to use lactulose, a semi-synthetic non-

absorbable disaccharide of fructose and galactose, to

mimic such food-induced functional symptoms in

normal subjects and to examine the changes induced

in these symptoms by mebeverine.

The aim of this study was therefore to examine the

effect of mebeverine on transit through the colon in

lactulose-induced diarrhoea using gamma scintigraphy.

SUBJECTS AND METHODS

Twelve healthy volunteers (six male, six female, aged

18±25 years), free from gastrointestinal symptoms,

entered this unblinded randomized study which was

carried out in accordance with the Declaration of

Helsinki (Hong Kong amendment) and approved by

Nottingham University Ethics Committee. Permission to

administer radioisotopes was obtained from the Admin-

istration of Radioactive Substances Advisory Committee

(ARSAC) in the Department of Health. Female subjects

were pregnancy tested prior to administration of

radioisotopes.

Protocol

The study was performed as a randomized crossover

with parts A and B separated by a washout period of

2 weeks. During part A subjects ingested 20 mL t.d.s.

lactulose solution (Duphar Laboratories Ltd, South-

ampton, UK) before each meal for 4 days, while during

part B 135 mg mebeverine was taken in addition to

each dose of lactulose. During the study subjects were

asked to observe a 20 g ®bre diet and to exclude

cathartic foods such as beans, peas, lentils, spicy foods

or excessive alcohol. Subjects were given diaries in

which they had to record meal and drug dosing times as

well as the times at which they opened their bowels and

any other symptoms.

Radiolabelled dosage forms

The anion exchange resin (Amberlite IRA 410, Rohm

and Haas) was radiolabelled with sodium [99mTc]

pertechnetate and the cation exchange resin (Amberlite

IR 120, BDH Laboratories, Poole, Dorset) with [111In]

indium chloride and both were sieved to produce

particles 180±250 lm in size.

Ethylcellulose tablets were manufactured using a

tablet press and radiolabelled by incorporating the

technetium-labelled anion exchange resin (approxi-

mately 0.1% w/w). Three of the 8.4 mm 99mTc-labelled

tablets (2 MBq per capsule) and 150 mg of 111In-

labelled resin (0.5 MBq per capsule) were ®lled into

each size 00 hard gelatin capsule (Elanco Qualicaps).

The capsule was then coated by dipping three times in

15% hydroxypropylmethylcellulosphethalate in acetone

which was designed to disintegrate a pH of approxi-

mately 8. Total radiation exposure from the isotopes

was 0.74 mSv per subject for the entire study.

Scintigraphic study

The scintigraphic study was carried out on day 4 of

each treatment. Treatment was continued during the

scintigraphic study day. Subjects attended the study

centre at approximately 07.30 hours, having fasted

from 21.00 hours the previous evening. Each was given

half a piece of toast to eat in order to disrupt the fasted

pattern of gastric motility and reduce the variability in

transit associated with the different phases of the

migrating myoelectric complex. Anatomical reference

markers containing a small quantity of 99mTc

(< 0.25 MBq) were taped to the abdomen. The subjects

then swallowed two radiolabelled capsules with a glass

of water. Thirty-second anterior and posterior images of

each subject were taken using in IGE Maxicamera II

(IGE Ltd., Herts, UK) ®tted with a medium energy

parallel hole collimator (300 keV maximum energy).

Separate views were acquired using 20% symmetrical

energy windows centred on the 141 keV and 245 keV

photopeaks of 99mTc and 111In, respectively. The images

were coded and stored in a 128 ´ 128 matrix using a

dedicated Nuclear Diagnostics computer system (Grave-

send, Kent, UK) for later analysis by an operator who

was unaware as to which treatment had been given.

Images were taken every 30 min, until both capsules

had left the stomach, after which a breakfast of orange

juice, toast with margarine and jam or marmalade and

decaffeinated tea or coffee was given to encourage rapid

transit to the colon. Imaging resumed half-hourly until

the capsules had reached the caecum, when images

continued at hourly intervals. A 600 kcal lunch

(sandwiches with ham/cheese/egg, 1 packet of crisps,

choice of fruit and orange squash drink) was given at

approximately 13.30 hours, afternoon tea and biscuits

at approximately 16.00 hours and a 1000 kcal supper
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(prawn cocktail, steak, chips and vegetables and a cold

sweet) at 18.00 hours. Other than the standard meals

provided, subjects were allowed only water ad libitum.

Imaging ®nished at approximately 23.00 hours and the

subjects were allowed home. Subjects returned the next

morning for a 24-h image of 2 min duration.

Analysis of scintigraphic images

Analysis of the data was carried out by investigators

blinded to the treatment. The position of each tablet was

noted for each image and a region of interest pro-

gramme used to count the amount of each isotope in

the stomach and seven regions of the colon. Region 1

was nearest the caecum and consisted of the lower half

of the ascending colon, Region 2 was the upper half of

the ascending colon, Regions 3 and 4 referred to the

right and left halves of the transverse colon, 5 and 6 to

the upper and lower descending colon and 7 to the

rectum. The geometric mean of the counts for the

anterior and posterior pairs of images was calculated to

correct for depth effects.11 Data was corrected for decay

of the isotope and scatterdown.

Transit through the ascending colon was de®ned as

the difference between the time when 50% of the dose

had entered the ascending colon and when 50% had left

this region. A retrograde movement of the colonic

contents was de®ned as movement of a radiolabelled

tablet or tablets to a previous region. Mass movements

were identi®ed when counts in any region (most

commonly the ascending colon) fell by more than

20% between two consecutive images.12

Statistics

Results are expressed in the text as median and

interquartile range (IQR). Owing to the small numbers

involved, paired comparisons were assessed using the

non-parametric Wilcoxon test.

RESULTS

Lactulose, as expected, induced bloating, abdominal

pain, ¯atulence and diarrhoea but 10 subjects were able

to complete the 2 ´ 4-day treatment. Two of the twelve

subjects failed to attend the ®rst study day. In 19 out of

20 cases the enteric coating on the capsule was

successful and release of the tablets and ®ne resin

occurred at the base of the ascending colon. Transit

data was not obtained for one subject because on one

occasion the capsule remained in the stomach through-

out the imaging period. Data analysis was performed on

nine volunteers for whom complete data sets were

recorded.

Figure 1. The effect of lactulose alone or with mebeverine on

average daily stool frequency. Median data shown by bars and

dotted line.
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Stool frequency

Lactulose signi®cantly increased stool frequency, which

rose from a baseline of 1.00 (IQR 1.00±1.00) bowel

motions per day to 2.25 (IQR 1.75±2.75) bowel

movements per day (P � 0.003). Mebeverine signi®-

cantly reduced the number of bowel movements to 1.5

(IQR 1.25±2.25) (P � 0.03) per day (Figure 1).

Gastric emptying and small intestinal transit

Mebeverine did not signi®cantly alter gastric emptying

rate of the intact capsule (2.9 (1.9±3.2) to 2.8 (2.6±

4.0) h) but did produce a small but signi®cant acceler-

ation in small bowel transit, which fell from a mean of

1.6 (0.8±2.0) h to 1.0 (0.52±1.32) h (P � 0.03)

(Figure 2).

Figure 2. The effect of lactulose alone or with mebeverine on small

intestinal transit time. Median data shown by bars and dotted line.

Figure 3. The effect of mebeverine on (A) number of mass

movements and (B) number of retrograde movements observed in

the colon after lactulose treatment during the scintigraphic study

period (9 h).
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Effect of mebeverine on the ascending colon

Once in the ascending colon, the capsule disintegrated,

releasing the 8.4 mm tablets and the 180±250 lM resin

together, allowing clear visualization of the ascending

colon and tablets.

Mebeverine signi®cantly reduced the number of mass

movements in the colon from 2 (2±2) to 1 (1±2)

(P � 0.013), and the number of retrograde movements

from 1 (0±2) to 0 (0±0) (P � 0.05) (Figures 3A and B).

After lactulose treatment, the tablets and resin passed

through the ascending colon at similar rates with a

mean residence time of 4.3 (3.4±6) and 4.5 (3.5±7.2) h,

respectively. After mebeverine treatment, transit of the

resin (4.6 (4.3±6.6) h) was signi®cantly slower than

transit of the tablets (3.5 (3.2±6.7) h). When comparing

transit with and without mebeverine, although transit of

resin was slower in six out of nine comparisons, this was

not statistically signi®cant because of the small numbers.

DISCUSSION

Our study shows that mebeverine reduces the increased

stool frequency induced by lactulose. It appears to do

this by reducing the number of mass movement, which

we have previously shown to be associated with

accelerated ascending colon transit during lactulose

treatment.9 These movements are probably the scinti-

graphic counterpart of the high amplitude propagated

contractions (HAPCS) reported by others to be associ-

ated with diarrhoea.13 These show a characteristic

diurnal rhythm, occurring after meals and on awaken-

ing, often being followed by an urge to defaecate.14

Inhibiting these contractions would be predicted to slow

transit and reduce defaecation, as we observed.

We believe that this model of lactulose-induced accel-

erated transit is a useful tool with which to study

irritable bowel syndrome. Several studies have suggested

that in a proportion of patients with irritable bowel

syndrome, symptoms are induced by speci®c foods,

including diary products, some cereals and fructose or

sorbitol-containing substances.15, 16 Indeed lactose in-

tolerance is an important exclusion to make in diagnos-

ing irritable bowel syndrome, because both may be

associated with erratic diarrhoea and abdominal pain.10

Other low molecular weight, poorly absorbed carbohy-

drates such as sorbitol and fructose can induce identical

symptoms.17 The mechanism of action is poorly under-

stood but events in the proximal colon are probably

crucial because it is here that rapid fermentation occurs

with the production of hydrogen gas and acidi®cation of

the lumen.18 These changes are presumably responsible

for the mass movements observed by inducing propul-

sive colonic contractions. Mebeverine, by inhibiting

these contractions, may well slow transit through the

proximal colon and hence alter stool output and

frequency. Transit through the proximal colon appears

to be critical for determining stool frequency and output

in irritable bowel syndrome19 possibly because the left

colon functions more as a propulsive conduit than a

storage organ.20, 21 We also observed a small decrease in

small intestinal transit time with mebeverine. Although

the effect is small, it is supported by the recent work of

Evans and co-workers who reported that mebeverine

reduced the rate of small intestinal transit in patients

with irritable bowel syndrome22 as assessed by contin-

uous 48-h ambulant motor activity in the small bowel.

Interestingly, in Evans' study, mebeverine did not affect

small bowel motility in the healthy volunteers used as

controls, an observation which supports our use of

lactulose as a provocative stimulus, because an effect of

the drug was clearly seen in this model of diarrhoea.
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