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Abstract:

The aim of the paper was to define which transepithelial ion transport pathways were activated during stimulation by movement

across the colonic epithelium. The experiments were performed with Ussing method on 241 specimens of isolated distal colon wall

from 51 rabbits. The tissue was stimulated by a flux from peristaltic pump which caused transient hyperpolarization of the isolated

tissue. In the control, the transepithelial potential difference (PD) and its changes during stimulation (dPD) were –3.16 ± 1.81 mV

and –2.16 ± 0.99 mV, respectively. Preincubation of the tissue in the presence of amiloride diminished the PD and dPD by about 50%

and 64%, respectively, and in the presence of bumetanide, both PD and dPD were lower by about 30%. The separate application

either of inhibitors only to the stimulation fluid usually diminished the hyperpolarization. The combined inhibition of adrenergic

(benextramine and timolol) and cholinergic (atropine and hexamethonium) transmission did not influence the hyperpolarization. It is

summarized that hyperpolarization depends on electrogenic sodium currents in the presence of bumetanide or electrogenic chloride

currents in the presence of amiloride. After simultaneous application of both inhibitors, small but significant hyperpolarization

reaction occurred which was caused by yet unidentified ionic currents. Participation of the sodium and/or chloride ions in

physiologically (without inhibitors) evoked hyperpolarization is variable and the two mutually excluding situations, when only one

ion transport is responsible for the whole reaction, are extremes of the range of possibilities. Usually, both these ion currents

participate in the hyperpolarization reaction.
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Abbreviations: dPD – changes in electrical transepitelial po-

tential difference during mechanical stimulation, PD – electri-

cal transepitelial potential difference

Introduction

Transepithelial ion transport is implicated in the inte-

grated function of the gastrointestinal tract. It partici-

pates in the absorption of nutrients, in the mainte-

nance of homeostasis (by secretory and absorptive

processes), in the formation of the electrical transepi-

thelial potential difference (PD) and consequently in

the formation of mucus film lining the intestinal epi-

thelium, which creates an effective barrier between

the intestinal wall and its contents [3].

Electrophysiological phenomena on the epithelial

surface are also involved in defensive response which

consists in augmentation of chloride secretion. In in-
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testinal infections, it contributes to diarrhea which re-

moves pathogenic bacteria. In health, it ensures the

lubrication during transit of the intestinal contents [5].

Changes in transepithelial potential difference dur-

ing transit of intestinal contents were explained to be

related to the neuronal activity evoked by motility of

intestinal muscularis propria and muscularis mucosa

or during physiological experiments by changes in in-

traluminal pressure or muscle tension [8, 9, 27, 28].

Changes in transepithelial potential difference were

also observed during gentle movement across the epi-

thelium without perturbations of transepithelial ten-

sion or pressure [23–25, 31], which was attributed to

superficial sensory receptor excitation with axon re-

flex [6, 7].

The aim of this study was to define which transepi-

thelial ion transport pathways participate in hyperpo-

larization during gentle washing of isolated colonic

wall and to determine whether cholinergic and/or ad-

renergic receptors contribute to this reaction.

Materials and Methods

The experiments were performed on 241 specimens

of isolated distal colon wall from 57 rabbits (4 to 5

specimens from an animal) from the university animal

breeding stock. For the experiments, rabbits (with free

access to water and food prior to the study) of both

sexes and weighing between 3.5–4.0 kg were used.

Rabbits were killed at about 9 a.m with CO2 as-

phyxiation. After incision of abdominal wall the distal

colon specimen about 10 cm long, starting 10 cm

proximally from anus, was gently excised and imme-

diately washed with Ringer solution (at room tem-

perature), cut longitudinally along mesocolonic bor-

der and divided into pieces of about 2.5 cm2. The ex-

periments were approved by the Bydgoszcz Universi-

ties’ Committee for Ethical Animal Experiments.

The solutions used in the experiments were (con-

centrations in mM): RH – Ringer solution (Na 147.2,

K 0.4, Ca 4.4, Cl 156.6, Hepes 10.0) buffered to pH

7.4; AMI, AMI 100 – amiloride (0.01 and 0.1, respec-

tively), dissolved in and diluted with Ringer solution,

AMI + BHTA – amiloride (0.01), benextramine

(0.01), hexamethonium chloride (0.01), timolol male-

ate (0.01) and atropine sulfate (0.01) dissolved in and

diluted with Ringer solution; AMI + DMSO – AMI

dissolved in DMSO (final concentration of 0.1%) and

diluted with Ringer solution; BUME, BUME 100 –

bumetanide (0.01 and 0.1, respectively) dissolved in

DMSO (final concentration of 0.1 and 1%, respec-

tively) and diluted with Ringer solution, BUME +

BHTA – bumetanide (0.01), benextramine (0.01),

hexamethonium chloride (0.01), timolol maleate

(0.01) and atropine sulfate (0.01) all dissolved in and

diluted with Ringer solution; DMSO, DMSO 100 –

dimethyl sulfoxide diluted with Ringer solution (final

concentration of 0.1 and 1%, respectively); all sup-

plied by Sigma-Aldrich Ltd., Poland.

Amiloride, a specific inhibitor of epithelial sodium

channel (ENaC) in apical membrane, and bumetanide,

a selective inhibitor of Na2ClK cotransporter in baso-

lateral membrane, were used for inhibition of transe-

pithelial sodium and chloride ion transport pathways,

respectively. Atropine, muscarinic receptor antago-

nist, benextramine, �-adrenoceptor antagonist, hex-

amethonium, nicotinic receptor antagonist and ti-

molol, �-adrenoceptor antagonist were added simulta-

neously to experimental fluids to inhibit adrenergic

and cholinergic transmission. Dimethyl sulfoxide

(DMSO) is mainly used as solvent for bumetanide but

is also irritant to sensory neurons.

After about 60 min of incubation in aerated Ringer

solution, colon specimens were mounted between

elastic gaskets to avoid the edge damage in the Ussing

apparatus filled with bathing fluid. To minimize bulg-

ing, specimens were put on the paper filter support.

The Ussing apparatus was equipped with the nozzle

(approximately 1.2 mm in diameter and set 12 mm

away from the tissue) 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 was 7–8 jets, with the total volume of

1.8 ml, which lasted about 15 s. The area of the tissue

under study was 1.0 cm2. The volume of Ussing half-

chamber was 10.0 ml [30]. The Ussing chambers were

permanently equillibrated with atmospheric pressure.

After an equilibration period of 20 min, electrical

parameters of the tissue were determined before, dur-

ing and after gentle washing. The experimental proce-

dures with different bathing and stimulation fluids

were applied. Each type of experiment was repeated

more than 20 times on the specimens from different

animals. The series of stimulations with consecutive

and cumulative additions of bumetanide, amiloride

and both (0.1 mM) to stimulation fluid were per-

formed at the end of every experiment with the aim to
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evaluate which of the transepithelial transport path-

ways that of sodium or that of chloride ion dominate

in the formation of transepithelial potential difference.

The chamber halves of the Ussing apparatus were

connected through two pairs of agar bridges to

Ag/AgCl electrodes which were linked with the EVC

4000 voltage/current clamp amplifier (WPI, USA).

The EVC apparatus was connected to the data acqui-

sition system MP 100 (BIOPAC Systems, Inc., Cali-

fornia) and subsequently to the computer. First pair of

electrodes was used for measurement of transepithe-

lial potential difference (PD), and the second pair

served to pass a current of ± 10 �A through the tissue.

Tissue resistance was then calculated according to

Ohm’s law.

All values are expressed as the mean ± SD. Mann-

Whitney’s U-test was used to determine the statistical

significance of differences between the means. A prob-

ability value of 0.05 or less (p � 0.05 or p � 0.01) was

considered to be statistically significant.

Results

The Ussing method was used to study specimens of

distal colon wall from rabbits. The electrogenic ion

transport pathways, sensitive to amiloride or/and bu-

metanide inhibition, were evaluated in these experi-

ments by measuring the electrophysiological parame-

ters, which were shown in figures as single experi-

ments and summarized for whole experimental

groups in tables. Baseline values of electrical parame-

ters and the hyperpolarization reactions after gentle

mechanical stimulation of mucosal surface of the

specimens were stable at least throughout 3 h, as evi-

denced in preliminary experiments (not shown).

Under control conditions (incubation in Ringer so-

lution), the mean value of the baseline transepithelial

potential difference (PD), its changes after stimulation

(dPD) and the electrical resistance (R) of the isolated

colon wall was –3.16 ± 1.1 mV, –2.16 ± 0.99 mV and

375 ± 95 � × cm2, respectively (Fig. 1A, Tab.1, con-

trol RH).

Reactions to incubation with ion transport in-

hibitors

The incubation of isolated tissue in Ringer solution

with addition of amiloride or bumetanide (both at

0.01 mM) diminished PD and dPD (Fig. 2A and 2B,

Tab. 1, AMI and BUME) in comparison with control

conditions (p < 0.01). Both drugs had no effect on tis-

sue resistance. Two consecutive 30-min incubation

periods, first in Ringer solution with amiloride and

then without the drug highly augments PD, dPD and

resistance of the tissue (Fig. 1B, Tab. 1, RH after

AMI) in comparison with control conditions (p < 0.01).

The incubation of the isolated tissue in Ringer solu-

tion with simultaneous addition of amiloride and bu-

metanide almost completely, although not without ex-
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Fig. 1. The hyperpolarization of the isolated colon wall after gentle
washing of mucosal surface by pulsatory flow of bathing fluid. Pulsa-
tory washing is denoted by arrows. The single experiments are
shown. A – the tissue was incubated and studied in Ringer solution
(RH), B – amiloride (0.1 mM) was added to the incubation fluid (for
30 min) then further 30 min incubation was carried out in Ringer solu-
tion (RH) which was also used during measuring of the experimental
variables, C – ion transport inhibitors: bumetanide and amiloride
(0.01mM) (AMI+BUME) were added to all solutions of the experimen-
tal system



ceptions, diminished PD and dPD (Fig. 1C, Tab. 1,

AMI + BUME) in comparison with control conditions

(p < 0.01). The PD values were not different from

zero. The combined addition of benextramine, ti-

molol, atropine or hexamethonium to the experimen-

tal fluids together with amiloride or bumetanide had

no influence on PD and dPD values (Fig. 2E and 2F,

Tab. 1, AMI + BHTA and BUME + BHTA) in com-

parison with experimental groups with addition of

amiloride or bumetanide alone. The PD and dPD val-

ues in the presence of DMSO in the experimental flu-

ids were similar as in the presence of bumetanide

(Fig. 2C, Tab. 1, DMSO). The addition of DMSO to

the experimental fluids containing amiloride aug-

mented PD value in comparison with sole presence of

amiloride in the experimental fluids (Fig. 2D, Tab. 1,

AMI + DMSO).

Immediate responses to addition of ion trans-

port inhibitors

Without preincubation with any drug, the application

of bumetanide (0.1 mM) only to stimulation fluid usu-

ally augmented PD (p < 0.01) and only slightly influ-

enced dPD in comparison with control conditions

(Fig. 3A, BUME, Tab. 2, Bume 100). Similar effect

has been evoked by DMSO (Fig. 3A, DMSO and

DMSO100, Tab. 2, DMSO 100). Addition of amilo-

ride (0.1 mM) only to stimulation fluid usually caused

depolarization of baseline PD and also depolarization

of stimulated transepithelial potential difference in

comparison with control conditions (p < 0.01) (Fig.

3A, AMI 100, Tab. 2, AMI 100). In some experiments,

the tissues reacted differently to the stimulation fluid

with inhibitors then described in the foregoing para-

graphs. Such exceptions were observed 11 times in

these series of 48 experiments (Fig. 3B).

Discussion

The studies of the epithelial ion transport can be per-

formed on cells or cellular membranes, on isolated or

cultured epithelia, and on the intact wall of an isolated

organ [1, 13, 21]. Transport processes can be studied

by means of chemical, immunological, isotopic or

electrophysiological methods [1, 8, 10]. The electro-

physiological analysis of local ion transport processes

in isolated colon wall performed in this study seemed

to give the possibility of the insight into the complex

physiological role of ion currents since the integrity of

the local neurohormonal control mechanism was fully

preserved in this intact tissue.
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Tab. 1. Baseline potential difference (PD) and changes in transepi-
thelial potential difference stimulated by gentle washing (dPD) and
tissue resistance of isolated distal colon wall before and after inhibi-
tion of Na

�
and Cl

�
ion transport pathways

Experimental
group

PD (mV) R (� x cm�) dPD (mV)

control RH
(n = 38)

–3.16 ± 1.81 375 ± 95 –2.16 ± 0.99

AMI
(n = 32)

–1.57 ± 0.82* 354 ± 125 –0.78 ± 0.26*

AMI + DMSO
(n = 12)

–3.28 ± 1.14** 467 ± 30 –1.65 ± 0.16**

AMI + BHTA
(n = 34)

–1.21 ± 0.21* 455 ± 119 –0.63 ± 0.26*

RH after AMI
(n = 28)

–8.50 ± 0.82* 458 ± 118 –4.92 ± 1.70*

BUME
(n = 30)

–2.33 ± 0.85* 298 ± 76 –1.47 ± 0.43*

DMSO
(n = 26)

–2.44 ± 1.08* 344 ± 95 –1.74 ± 0.77*

BUME + BHTA
(n = 36)

–2.75 ± 1.04 408 ± 99 –1.71 ± 0.91

AMI+BUME
(n = 20)

–0.50 ± 0.29* 285 ± 98 –0.34 ± 0.14*

The mean ± SD values are given; n – number of experiments given in
parenthesis, PD – transepithelial potential difference (mV), dPD – the
difference between maximum value after stimulation by gentle wash-
ing and control value (mV), R – transepithelial resistance (� x cm

�
).

The tissue was incubated for about 60 min and then investigated in
the following solutions (concentrations given in mM in parenthesis):
control RH – Ringer solution without additions, AMI – Ringer solutions
with addition of amiloride (0.01), AMI + DMSO – Ringer solutions with
addition of amiloride (0.01) and dimethyl sulfoxide (0.1%), AMI + BHTA
– Ringer solutions with addition of amiloride (0.01) and benextramine
(0.01), hexamethonium (0.01), timolol (0.01), atropine (0.01), RH af-
ter AMI – two consecutive 30 min incubation periods, first in Ringer
solution with amiloride (0.01) and second without it, BUME – Ringer
solution with addition of bumetanide (0.01), DMSO – Ringer solutions
with addition of dimethyl sulfoxide (0.1%), BUME + BHTA – Ringer
solutions with addition of bumetanide (0.01) and benextramine
(0.01), hexamethonium (0.01), timolol (0.01), atropine (0.01), AMI
+ BUME – Ringer solution with addition of amiloride (0.01) and bume-
tanide (0.01). * statistically significant difference in comparison with
control group (p < 0.01), ** statistically significant difference in com-
parison with AMI group (p < 0.05)



Characteristics of the experimental model.

Although the isolated colon wall from the rat,

guinea-pig and rabbit, mounted in the Ussing appara-

tus, has been widely studied [e.g. 7, 15, 29, 31], this

study was exclusively devoted to analysis of transient

hyperpolarization which occurred during gentle, pul-

satory washing of epithelial surface. In most studies,

voltage clamp was set to estimate ion transport pro-

cesses [2, 14, 28]. In this study, the experiments were

performed under the open-circuit condition in order to

fully preserve changes in regulatory processes related

to function of voltage-gated channels [3, 18]. The in-

hibitors of ion transport were added separately or si-

multaneously to the stimulation fluid and acted on the

tissue which was not previously in contact with either

drug or on the tissue preincubated with either drug. In

the former situation it usually evoked “immediate”

diminution or inhibition of hyperpolarization as in

Figure 3A (AMI 100) and 3B (BUME 100), but in the

latter condition the hyperpolarization was often un-

changed as in Figure 2A (BUME) and 2B (AMI).

Both modes of application of inhibitors were used to

evaluate whether hyperpolarization during movement
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Fig. 2. The influence of inhibition of ion transport and of blocking of cholinergic and adrenergic receptors on the hyperpolarization of the iso-
lated colon wall during gentle washing of mucosal surface. Pulsatory washing is denoted by arrows. The single experiments are shown. The
transepithelial ion transport pathway inhibitors were added separately or together with blockers of neuronal autonomic transmission to incuba-
tion, bathing and stimulation fluids as follows: A – bumetanide (0.01 mM) (BUME), B – amiloride (0.01 mM) (AMI), C – dimethyl sulfoxide (0.1%)
(DMSO), D – dimethyl sulfoxide with amiloride (0.1% and 0.01 mM, respectively) (AMI + DMSO10), E – benextramine, hexamethonium, timolol
and atropine with bumetanide (0.01 mM for all) (BUME + BHTA), F – benextramine, hexamethonium, timolol and atropine with amiloride
(0.01 mM for all) (AMI+BHTA)



across epithelial surface depended on Cl– and/or Na+

currents. Two concentrations of amiloride and bume-

tanide (0.01 or 0.1 mM) were used which are compa-

rable with other studies [2, 9, 16, 28, 29]. The concen-

tration of inhibitors (amiloride or/and bumetanide)

of 0.1 mM was used in order to block the specific

transepithelial ion transport pathways (for Na+ or/and

Cl–) totally, but the concentration of 0.01 mM was

used to evoke the reaction of the tissue to diminution

of the specific transport pathway.

The stimulation applied in this study was the pulsatory

movement of fluid across the surface of the tissue mounted

on inflexible support so the distension of the isolated colon

wall was avoided. To prevent hydrostatic gradient across

the tissue both chambers of Ussing apparatus were

permanently equillibrated with atmospheric pressure.

The baseline electrical values

The baseline electrical values reported in this paper

were relatively low in comparison with the already

published data what can be explained by morning na-

dir in the intestinal sodium reabsorption [16].

In the series of experiments presented in Table 1

with a single or combined application of amiloride

and bumetanide to all experimental fluids, the dimi-

nution of transepithelial potential difference was ob-

served for every inhibitor, but the PD was not differ-

ent from 0 only in the presence of both drugs at sub-

maximal concentration. In these experimental settings,

both Cl– and Na+ transepithelial pathways partici-

pated in maintenance of the PD. This observation is in

accordance with previously published results [18].

The immediate effects of application of inhibitors

(Tab. 2, Fig. 3A) confirmed that the PD value was

usually amiloride-sensitive, although there were ex-

ceptions from this rule as indicated in a previously

published article [17]. The decrease in net transepi-

thelial sodium currents after mucosal application of

amiloride was also observed in the guinea-pig [9] and

rat colon [30]. It clearly contrasted with experiments

with no significant effect of amiloride and bume-
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A

Fig. 3. The influence of sequential single or combined additions of
ion transport pathway inhibitors to the stimulation fluid only on the hy-
perpolarization reaction of the colon wall during stimulation by gentle
pulsatory washing of its mucosal surface. Pulsatory washing is de-
noted by arrows. The single experiments are shown. At the end of ex-
periment each tissue sample was sequentially and cumulatively
stimulated with: RH – Ringer solution, DMSO – dimethyl sulfoxide
(0.1%), BUME – bumetanide (0.01 mM), DMSO 100 – dimethyl sulfox-
ide (1%), BUME100 – bumetanide (0.1 mM), AMI100 – amiloride
(0.1 mM), or AMI+BUME – amiloride and bumetanide, both (0.1 mM).
When only amiloride exerts its inhibitory effect as in A (AMI 100), the
PD is supposed to be formed by Na

�
transport in such a tissue. When

only bumetanide exerts its inhibitory effects as in B (BUME 100), the
PD is supposedly formed by Cl

�
transport in such a tissue. The ob-

served two different types of reactions with the same sequence of
stimulations as in A and B presumably reflected the locally occurring
physiological variations in transepithelial ion transport processes

Tab. 2. Immediate effect of amiloride or bumetanide on transepitelial
potential difference during (dPD) and after (PD) mechanical stimula-
tion

Experimental
group

dPD (mV) PD (mV) R (� x cm�)

control RH
(n = 28)

–2.16 ± 0.99 –3.16 ± 1.18 342 ± 100

DMSO 100
(n = 19)

–2.08 ± 1.34 –5.31 ± 2.01* 292 ± 50

BUME 100
(n = 28)

–1.47 ± 0.43* –4.87 ± 0.70* 267 ± 88

AMI 100
(n = 28)

+2.76 ± 1.43* –0.6 ± 0.52* 258 ± 81

The mean SD values are given; n – number of experiments given in
parenthesis, dPD – the difference between maximum value after me-
chanical stimulation and control value (mV), PD – baseline value of
transepithelial potential difference (mV), after stimulation procedure,
R – transepithelial resistance (� x cm

�
) after stimulation procedure.

The tissue was incubated for about 60 min, Ringer solution was the
incubation and bathing fluids; the stimulation fluid contained: (con-
centrations given in mM in parenthesis) control RH – Ringer solution,
DMSO 100 – Ringer solution with dimethyl sulfoxide (1%), BUME 100
– Ringer solution with bumetanide (0.1), AMI 100 – Ringer solutions
with amiloride (0.1). * statistically significant difference in comparison
with control group (p < 0.01)



tanide on the baseline transepithelial ionic currents in

human [29]. In the rat colon, a decrease in the baseline

transepithelial ionic current was caused by bume-

tanide [18] or furosemide application [9].

The hyperpolarization during the pulsatory

washing

The stimulation of isolated tissue by gentle washing

caused its transient hyperpolarization which could be

modified by ion transport inhibitors and other drugs.

Similar responses were also observed during disten-

sion, stroking or electrical stimulation [9, 21, 30]. Al-

though significantly diminished, the hyperpolariza-

tion reaction is preserved after the incubation of the

tissue in the presence of amiloride (Tab.1, AMI), and

also although the application of amiloride (0.1 mM)

to intact tissue often completely abolished the hyper-

polarization (Fig. 3A, AMI 100), in another tissues

the reaction was preserved (Fig. 3B, AMI 100). In con-

trast, the hyperpolarization was not diminished after

application of bumetanide (0.01 and 0.1 mM) for in-

cubation (Tab. 1, Fig. 2A – BUME), but even baseline

value of PD indicated hyperpolarization (Tab. 2,

BUME 100, Fig. 3A, BUME and BUME 100). In sig-

nificant number of experiments, the disappearance of

hyperpolarization (and/or depolarization of PD) was

observed after application of bumetanide to naive tis-

sue (Fig. 3B, BUME 100). So although the activation

of electrogenic Cl– secretion was responsible for reac-

tion after application of different modes of stimula-

tions [6, 9, 19, 29, 32], in this study the participation

of both Cl– and Na+ ions in formation of PD and dPD

is plausible.

Some further particulars about mutual substitution

and additivity of sodium and chloride ions in forma-

tion and maintenance of transepithelial potential dif-

ference were provided by incubation of the tissue

specimens for two consecutive periods of 30 min, first

with amiloride (the Cl– transport was augmented) and

then without it (the Na+ current was added to already

existing Cl– current). Under such conditions, the PD

and dPD were both maximal (Tab. 1, RH after AMI,

Fig. 1B).

The concept that PD is a result of a simultaneous or

alternating Cl– secretion and Na+ reabsorption is sup-

ported by disturbances of ion transport pathways in

cystic fibrosis [15].

The application of gentle, pulsatory washing as

stimulus to the mucosal surface of colon wall shed

some additional light on the involvement of different

neuronal receptors in the regulation of the enteric ion

transport. This type of stimulation may be related to

activation of extrinsic, primary afferents (C-fibers

endings), which are localized closely to epithelial

cells and are able to release the neuropeptides [5, 26,

28, 34]. This type of reaction as mediated by SP and

CGRP was distinguished from Cl– secretory reactions

mediated by acetylcholine and VIP [5].

Two types of experiments support the hypothesis

that the observed hyperpolarization is related to

NANC (nonadrenergic, noncholinergic) neurotrans-

mission. First, simultaneous addition of blockers of

adrenergic (benextramine and timolol) and choliner-

gic (atropine and hexamethonium) transmissions to

the experimental fluids did not inhibit the reaction

during pulsative washing (Tab. 1, AMI + BHTA and

BUME + BHTA, Fig 2 E and 2 F) and second, the ef-

fect of an irritant substance, DMSO which added to-

gether with amiloride to the experimental fluids partly

compensated for inhibitory influence of the drug (Tab.

1, AMI + DMSO and Fig. 2D) by putative augment-

ing the tachykinins/CGRP release from C-fiber end-

ings after gentle washing.

It is possible that hyperpolarization evoked by

movement across the epithelial surface, observed in

this study, is one of the components of the intestinal

reaction related to “minute-to-minute control of mu-

cosal secretory behavior” and to “coordinated secre-

tory response which proceeds the motility response

and facilitates propulsion of the contents through the

lumen” [13]. Some regulatory factors connecting the

changes in physiological stimuli to the ion transport have

already been delineated [3– 5, 7, 12, 13, 29, 30, 34].

The physical variable which may “facilitate the

propulsion” would be the transepithelial potential dif-

ference, involved in the regulation of a liquid mucosal

film on the epithelial surface.

The tissue resistance

The tissue resistance reflects functional integrity of

the tight junctions. It is just the characteristic of

paracellular ion permeability [14, 20], and is indica-

tive of tissue viability [2]. The paracellular pathway

in the rabbit colon has been described as moderately

tight [33] in accordance with our studies carried out on

intact preparation. Presence of amiloride or/and bu-

metanide in the incubation and/or stimulation fluids

seemed to have little or no effect on electrical resis-
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tance. The recently published data showed that the co-

lon electrical resistance was somewhat lower in hu-

mans [14]. The differentiated epithelial cells in tissue

culture (flat monolayers of HT-29/B6) had transepi-

thelial resistance of 349 ± 32 � × cm2 [14], also

clearly in the range of values observed in this study.

The small difference of resistance value could emerge

from different tissue preparation. The exact role of the

tight junctions which are the main component of the

tissue resistance should be further studied during this

type of tissue stimulation.

Conclusions

1. The stimulation of the mucosal surface of the

isolated colon wall by means of gentle pulsatory

short-lived washing causes transient hyperpolariza-

tion of the tissue.

2. The hyperpolarization of the tissue depends on

electrogenic sodium ion current in the presence of bu-

metanide in experimental fluids or electrogenic chlo-

ride ion current in the presence of amiloride therein.

After application of both these transepithelial ion

transport inhibitors simultaneously, the reaction dis-

appears or in some tissues the small hyperpolarization

persists, which points to an involvement of an addi-

tional unidentified small ionic current in the hyperpo-

larization.

3. Participation of the sodium and/or chloride ions

in physiologically (without inhibitors) evoked hyper-

polarization is variable and the two mutually exclud-

ing situations, when only one ion transport is respon-

sible for the whole reaction, are extremes of the range

of possibilities. Usually, both these ion currents par-

ticipate in the hyperpolarization reaction.
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