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Abstract:

The study was performed to check if the well-known intestinal spasmolytic effect of mebeverine is paralleled by any changes in

intestinal transepithelial currents.

The transepithelial potential difference related to ionic currents of the isolated rabbit distal colon wall was measured by means of

Ussing’s technique under control conditions and after gentle mechanical stimulation of intestinal epithelial surface by a flux from

peristaltic pump and with and without of mebeverine in stimulation fluid.

The transient hyperpolarization after mechanical stimulation was diminished after addition of mebeverine to the stimulation fluid

when chloride transport was inhibited by bumetanide (BUME) but in the presence of amiloride (AMI), a sodium ion transport

inhibitor, the drug did not influence the reaction.

It was inferred that mebeverine was able to modulate transepithelial sodium ion transport and in this way to modify interaction

between colonic wall and its contents during intestinal passage.
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Abbreviations: PD – transepithelial electrical potential differ-

ence (mV), dPD – changes in transepithelial electrical potential

difference during mechanical stimulation, R – transepithelial

electrical resistance (ohm/cm�)

Introduction

Mebeverine, a spasmolytic drug used in the treatment

of the irritable bowel syndrome, was widely studied

[1, 16]. Although the close functional interrelations

between intestinal muscle and epithelial structures

were well recognized and described as the ion

transport-motility relationship [3, 6, 14], yet the effect

of mebeverine on ion transport processes has been

barely noticed [9].

The mucus lining of the gastrointestinal tract ful-

fills important defensive and lubricative roles during

intestinal passage. The importance of electrogenic ion

transport for the intestinal mucosal film was stressed

by observation that a gentle mechanical stimulation of

epithelial surface hyperpolarized the transepithelial

potential difference of intestinal wall [11, 13], and it

was hypothesized that this electrogenic ion surge
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changed the viscosity between mucus and epithelial

surface [17, 18] and facilitated the movement of intes-

tinal contents along the epithelial surface. Such an

electrogenic ion transport change is easily recordable

electrophysiologically as the change in transepithelial

electrical potential difference (PD) [2].

The aim of the study was to investigate the effects

of mebeverine on changes in transepithelial electrical

PD during mechanical stimulation in the presence of

ion transport inhibitors (amiloride (AMI) and bume-

tanide (BUME) – for blocking the sodium and chlo-

ride ion transport pathways, respectively). Our experi-

mental model involved testing of the immediate ac-

tion of mebeverine on the colon tissue not incubated

in the presence of the drug. The study demonstrated

the modulatory action of mebeverine on transepithe-

lial sodium ion transport.

Materials and Methods

The experiments were performed on 48 specimens of

distal colon wall isolated from 12 rabbits from the

university animal breeding stock. Rabbits of both

sexes weighing between 3.5–4.0 kg were killed at

about 9 a.m. by means of CO2 asphyxiation. After in-

cision of abdominal wall, the distal colon specimen

about 10 cm long was gently excised and immediately

washed with Ringer solution, cut longitudinally along

mesocolonic border and divided into pieces of about

2.5 cm2. The experiments were approved by Commit-

tee for Ethical Animal Experiments of Bydgoszcz

University.

The experiments were performed with the Ussing

method [10] modified as previously described [7, 13,

18]. Briefly, after about 60 min of incubation, colon

specimens were mounted on a permeable and inflexi-

ble support in the modified Ussing apparatus filled

with bathing fluid and then the specimens were stimu-

lated by means of gentle washing with stimulation

fluid from the nozzle connected to a peristaltic pump.

The jet flux of stimulation fluid from the nozzle

washed the mucosal surface of the tissue. The stan-

dard stimulus lasted about 15 s and was composed of

7–8 jets of the total volume of 1.8 ml. The area of the

tissue under study was 1.0 cm2. The series of multiple

30 s tissue stimulations, described as “pharmacologi-

cal test”, with consecutive additions of BUME, amilo-

ride and both (all at concentrations of 0.1 mM) to

stimulation fluid were performed at the end of every

experiment.

The halves of the Ussing apparatus’ chamber were

connected with two pairs of agar bridges to Ag/AgCl

electrodes which were linked with the EVC 4000

voltage/current clamp amplifier (WPI, USA) and to

the data acquisition system MP 100 (BIOPAC Systems,

Inc. California) and subsequently to the computer.

The following solutions were used in the experi-

ments (concentrations in mM): RH – modified Ringer

solution (Na 147.2, K 0.4, Ca 4.4, Cl 156.6, Hepes

10.0) buffered to pH 7.4; AMI (0.1) dissolved in and

diluted with RH solution, BUME (0.1) dissolved in

DMSO (final concentration 1%) and diluted with RH

solution, M1 and M100 – mebeverine (0.001 and 0.1,

respectively) dissolved in and diluted with RH solu-

tion with the addition of AMI or/and BUME.
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Tab. 1. Effects of mebeverine on baseline transepithelial electrical
potential difference (PD), and the changes in transepithelial electri-
cal potential difference after mechanical stimulation (dPD) and tran-
sepithelial tissue resistance (R) under the conditions of inhibited so-
dium or/and chloride ion transport pathways

Control M1 M100

A

(n =11)
PD (mV) –0.57 ± 0.51 –0.37 ± 0.28 –0.43 ± 0.36

dPD (mV) –0.48 ± 0.37 –0.47 ± 0.33 –0.45 ± 0.31

R (� • cm�) 354 ± 105 361 ± 85 361 ± 83

B

(n = 14)
PD (mV) –2.35 ± 0.48 –2.26 ± 0.81 –2.23 ± 0.88

dPD (mV) –1.52 ± 0.43 –0.82* ± 0.42 –0.62* ± 0.48

R (� • cm�) 361 ± 76 357 ± 73 357 ± 73

C

(n = 7)
PD (mV) –0.22 ± 0.12 –0.27 ± 0.16 –0.25 ± 0.19

dPD (mV) –0.21 ± 0.14 –0.32 ± 0.19 –0.34 ± 0.19

R (� • cm�) 385 ± 98 376 ± 87 383 ± 90

Data are presented as the mean ± SD; n – number of experiments
given in parenthesis, PD – baseline transepithelial electrical potential
difference (mV), dPD – the difference between maximum value after
stimulation and baseline PD value (mV), R – transepithelial tissue re-
sistance (� � cm

��
. Experimental conditions: the tissue was investi-

gated in the following solutions (concentrations given in mM in paren-
thesis): A – RH solution with AMI (0.1) was incubation and bathing
fluid, stimulation fluids were: control – RH solution with AMI (0.1), M1
– RH solution with AMI (0.1) and mebeverine (0.001), M100 – RH so-
lution with AMI (0.1) and mebeverine (0.1); B – RH solution with
BUME (0.1) was incubation and bathing fluid, stimulation fluids were:
control – RH solution with BUME (0.1), M1 – RH solution with BUME
(0.1) and mebeverine (0.001), M100 – RH solution with BUME (0.1)
and mebeverine (0.1); C – RH solution with AMI (0.1) and BUME (0.1)
was incubation and bathing fluid, stimulation fluids were: control –
RH solution with AMI (0.1) and BUME (0.1), M1 – RH solution with AMI
(0.1) and BUME (0.1) and mebeverine (0.001), M100 – RH solution
with AMI (0.1) and BUME (0.1) and mebeverine (0.1). * – statistically
significant difference in comparison with the control group (p < 0.05)



All values are expressed as the mean ± SD Mann-

Whitney U-test was used to determine the statistical

significance of differences between means. A probabil-

ity value of 0.05 (p � 0.05) was considered to be sta-

tistically significant.

Results

Electrophysiological parameters of the isolated rabbit

distal colon wall are presented in Table 1. Gentle

washing of mucosal surface of the distal colon caused

a change in dPD observed as a transient hyperpolari-

zation which was variably influenced by AMI or/and

BUME additions to the experimental system (Fig. 1).

This reaction was diminished by mebeverine and the

addition of BUME to all experimental fluids did not

eliminate this diminution (Fig. 1C, D) but AMI did

(Fig. 1 A, B). The pharmacological test performed at

the end of most experiments (Fig. 1G, H) allowed for

assessment whether there is a dependency of the hy-

perpolarization reaction on ions. For the tissues incu-

bated in the presence of AMI or AMI and BUME, the

hyperpolarization reaction after mechanical stimula-

tion was usually not inhibited after addition of the

drugs to the stimulation fluid (Fig. 1H) but addition of

BUME or AMI (and both inhibitors) to the stimula-

tion fluid eliminated the reaction (Fig. 1G) in 10

specimens of a total of 14 when the specimens were

incubated in BUME solution only.

Discussion

The Ussing method for analysis of local ion transport

processes in isolated intact colon wall seems to give

the possibility of an insight into the complex physio-

logical role of ionic currents [2], particularly after ap-

plication of a jet-flux from a peristaltic pump as

a stimulation procedure [13, 17].

The stimulation applied in this study involved

a pulsative movement of fluid across the surface of

the tissue mounted on inflexible support (filter paper)

so the distension of the isolated colon wall was

avoided. To prevent of hydrostatic gradient across the

tissue, both half-chambers of Ussing apparatus were

equilibrated at the atmospheric pressure. Therefore,

most probably this kind of stimulation was elicited by

excitation of superficial sensory nerve endings with-

out activation of myenteric afferent neurons.

The hyperpolarization after this gentle mechanical

stimulation was influenced by incubation in the pres-

ence of ion transport inhibitors and blockers of adren-

ergic and cholinergic transmission [13]. The involve-

ment of intestinal intrawall nervous system in the

changes in ion transport related to motility is well ac-

knowledged [2, 3, 6, 12, 14, 19]. The chloride ion se-

cretory reaction of colonic mucosa to distension or

chemical stimulation was delineated with identifica-

tion of neurotransmitters, paracrine messengers and

receptors on target cells. [2]. The reaction described

in this article is different, as we investigated the tran-

sient transepithelial hyperpolarization of colonic mu-

cosa induced by movement across epithelial surface.

The hyperpolarization depends on both sodium ion re-

absorption and/or chloride ion secretion. The ques-

tion: transepithelial transport of which ion does take

part in the formation of transepithelial potential dif-

ference, was resolved by means of the “pharmacologi-

cal test” which was performed at the end of every ex-

periment. The tissues were stimulated with RH solu-

tion with addition of BUME (0.1) or AMI (0.1) and

both inhibitors. Two types of tissue response have

been obtained. One was typical of the tissues incu-

bated in RH solution with addition of BUME (0.1

mM) (Fig. 1G) and the other was typical of tissues in-

cubated in RH solution with addition of AMI (0.1

mM) or both inhibitors (Fig. 1H). Based on the results

showing that AMI inhibited dPD of the tissues incu-

bated in the presence of BUME, it can be concluded

that sodium ion currents were responsible for dPD

formation. In that experimental series, only in 4 tis-

sues incubated in RH solution with addition of

BUME, the response to mechanical stimulation was

not inhibited by AMI as demonstrated in Figure 1H,

so we infer that usually, although not without excep-

tion, the sodium ion transport did form the dPD reac-

tion and was influenced by mebeverine.

In the presence of BUME in all experimental flu-

ids, the PD and dPD values depended on electrogenic

sodium ion current, although not without exceptions,

and in the presence of AMI these values were deter-

mined by electrogenic chloride ion current. After ap-

plication of both these transepithelial ion transport in-

hibitors simultaneously, the hyperpolarization de-

pended on unidentified small ionic current [13].
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Fig. 1. Effects of mebeverine on the changes in transepithelial electrical potential difference (dPD) after mechanical stimulation under the con-
ditions of inhibited sodium or/and chloride ion transport pathways. The examples of a single reaction are shown. Experimental conditions: the
tissue was investigated in the following solutions (concentrations given in mM in parenthesis): A, B – modified Ringer solution (RH) with addi-
tion of AMI (0.1) to the incubation and bathing fluid, stimulation fluids were: AMI – RH solution with AMI (0.1), M1 – RH solution with AMI (0.1)
and mebeverine (0.001), M100 – RH solution with AMI (0.1) + mebeverine (0.1); C, D – RH solution with BUME (0.1) to the incubation and bath-
ing fluid, stimulation fluids were: BUME – RH solution with BUME (0.1), M1 – RH solution with BUME (0.1) + mebeverine (0.001), M100 – RH so-
lution with BUME (0.1) + mebeverine (0.1); E, F – RH solution with AMI (0.1) + BUME (0.1) was the incubation and bathing fluid, stimulation flu-
ids were: AMI + BUME – RH solution with AMI (0.1) + BUME (0.1), M1 – RH solution with AMI (0.1) + BUME (0.1) + mebeverine (0.001), M100 –
RH solution with AMI (0.1) + BUME (0.1) + mebeverine (0.1). G – the tissues were incubated in RH solution with BUME (0.1) or H – AMI (0.1) +
then were stimulated by: RH – modified Ringer solution, BUME – RH solution with BUME (0.1), AMI – RH solution with AMI (0.1), AMI + BUME –
RH solution with AMI (0.1) + BUME (0.1). � – beginning of the stimulation, duration of stimulation was 15 s in A – F, 30 s in G and H. Vertical bars
are tissue responses to current stimuli of ± 10 µA (measurements of transepithelial tissue resistance – R)



Mebeverine was added only to the stimulation fluid

and immediately diminished the hyperpolarization re-

action during stimulation, on the condition that

BUME was present in the whole experimental system

(Tab. 1B, Fig. 1C, D). The reactions of 4 tissues (of

a total of 14) studied in the presence of BUME were

not influenced by the addition of mebeverine to the

stimulation fluid (result not shown) and it was shown

by the subsequent stimulation in the presence of AMI

(pharmacological test) that the hyperpolarizations

were not dependent of sodium ion transport, as in Fig-

ure 1H. So it can be concluded that mebeverine influ-

enced the hyperpolarization reaction after mechanical

stimulation by affecting electrogenic sodium ion cur-

rent. The effect of mebeverine on diminution of tran-

sepithelial potential difference was studied by Green-

wood and Mandel [9] but they did not identify an ion

whose trasepithelial ion transport pathway was in-

volved.

Although it can be argued that the presented ex-

periments are not relevant to the therapeutic situation,

further experiments on the tissues incubated in the

presence of the drug should be conducted to simulate

a clinical trial. The experiments presented in this

communication were designed to show the action of

mebeverine on transepithelial transport under condi-

tions of a marked experimental variability generated

by local intrawall nervous system. The action of me-

beverine on transepithelial phenomena most probably

is mediated by neural elements located in the isolated

colon wall and the kind of neurotransmission in-

volved is of NANC type (non-adrenergic, non-

cholinergic) [13]. The studies directly addressing the

problem of intestinal neuronal elements also justify

this conclusion [4, 5, 8, 15].
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