
Folia biologica (Kraków), vol. 52 (2004), No 3-4

Ion Transport in the Colon of Rats Experimentally Infected

with Liver Fluke (Fasciola hepatica)

Danuta Izabela KOSIK-BOGACKA and Lidia KO£ODZIEJCZYK

Accepted September 6, 2004

KOSIK-BOGACKA D. I., KO£ODZIEJCZYK L. 2004. Ion transport in colon of rats
experimentally infected with liver fluke (Fasciola hepatica). Folia biol. (Kraków) 52: 243-246.

The effect of liver fluke infection (Fasciola hepatica) on ion transport in the rat proximal
colon was evaluated with electrophysiological methods using an Ussing apparatus. Rats were
orally infected with F. hepatica metacercariae. The experimental groups of rats at 4 weeks
post-infection (wpi) were in the acute stage of fasciolosis, while those at 7, 10 and 13 wpi
represented the chronic phase of liver fluke infection. The control group comprised
uninfected rats. The experiment consisted of recording transepithelial electrical potential
difference (PD) and transepithelial electrical resistance (R) in the colon of the rats. The
results revealed reduced PD levels in the colon of rats, especially during the acute phase of
fasciolosis. During its chronic phase, a gradual growth in the intestinal transepithelial
potential difference was found. Rat fasciolosis did not cause changes in colon sensitivity to
mechanical stimulation or in the value of electrical resistance. Only at 13 wpi was resistance
found to have dropped. The results have demonstrated that experimental fasciolosis leads to
activation of inflammatory mediators and thus to stimulation of nerve fibres, which modifies
ion transport in the epithelium of the host large intestine.
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The processes of ion transport in mammal intes-
tine have been targeted in a number of studies fo-
cusing on either physiology or pathophysiology of
the gastrointestinal tract (ARGENZIO et al. 1993;
FIELD & SEMRAD 1993; FRIELING et al. 1992;
THORBOLL et al. 1998). In the epithelium of the
colon, the processes of chloride ion secretion and
sodium ion absorption run in parallel, however
with differing intensity (KOSIK-BOGACKA et al.
2000, 2002, 2003). As a result of ion transport,
electrical charges concentrate on both sides of the
epithelium, which creates a measurable value, i.e.
transepithelial electrical potential difference.

It is known that the presence of parasites in the
host alimentary tract triggers a cascade of immu-
nological responses. These result in intensive
epithelial secretion of water and mucus as well as
in contractions of the smooth muscles of gastric
and intestinal walls (CIANCIO & CHANG 1992).
The problem of ion transport disturbances itself in
parasitic infections has not been fully studied, and
it presumably represents a significant aspect of
their pathogenesis, which has been exemplified by

relatively scarce reports on the effect of Crypto-
sporidium parvum (ARGENZIO et al. 1993) or Hy-
menolepis diminuta infections (PODESTA &
METTRICK 1977) on ion transport in the host ali-
mentary tract.

The aim of the present study was to evaluate the
effect of liver fluke (Fasciola hepatica) infection
on ion currents in the epithelium of the proximal
colon in rats. The experiments focused on both
major stages of rat fasciolosis: (1) the acute phase
related to juvenile flukes migrating to and growing
in the liver parenchyma and (2) the chronic phase,
during which the adult flukes occur in the bile duct.

Material and Methods

Animals

The experiment, after acceptance by Local Eth-
ics Committtee (No 18/02, of 12th March, 2002) was
carried out on 28 male Wistar rats at an age of approx.
5 weeks. The rats received standard feed and water



ad libitum throughout the experiment and were
housed in a room illuminated for 12 h a day.

Infection

The metacercariae were collected from
Lymnaea trunculata snails which had been in-
fected with F. hepatica and cultured according to a
modified method developed by TAYLOR and
MOZLEY (1948) at the laboratory of the Depart-
ment of Biology and Medical Parasitology, the
Pomeranian Medical University in Szczecin. The
rats were infected per os using a stomach tube with
a dose of 30 metacercariae. The metacercariae
were classified as viable if excretory granules were
present, which was tested under an optical micro-
scope (BORAY 1969). The rats were divided into
five groups. Group I comprised uninfected rats
(control group). Group II comprised rats at 4
weeks post-infection (4 wpi), which was a marker
of acute phase of fasciolosis. Group III were rats at
7 wpi, which delimited the beginning of the
chronic phase of infection. Groups IV and V com-
prised rats at, respectively, 10 and 13 wpi, i.e. at a
period that corresponds to adult flukes being lo-
cated in the common bile duct.

Isolation and incubation of large intestine

Control and infected rats were anaesthetized
with ketamine and colons were immediately ex-
cised, washed with Ringer solution (36oC) and
trimmed of fat. The proximal colons were cut into
suitable pieces and incubated in oxygenated
Ringer solution of the following ionic composition
(in mmol/l): Na+ (142.2); K+ (4.0); Ca2+ (4.4); Cl–

(155.6); HEPES, N-[2-hydroxyethyl]-piperazine-
-N’-[2-ethanesulphonic acid] (10.0).

Analytical equipment

A classical version of the Ussing apparatus was
applied in the experiment (KOEFOED-JOHNSEN &
USSING 1958), in which pieces of the intestine
were placed between two chambers in vertical po-
sition (Fig. 1). The measurements of voltage and
intensity of electric current were performed using
four Ag/AgCl electrodes. The EVC 4000 volt-
age/current clamp apparatus (manufactured by
WPI, USA) was applied in the laboratory as well as
a BD 111 recorder (Kipp & Zonen, The Nether-
lands) connected with the Ussing apparatus
through Ag/AgCl electrodes and agar bridges
filled with 3% KCl solution.

Electrophysiological parameters measurements

The experiments consisted of measuring transe-
pithelial electrical potential difference (PD in mV)
and transepithelial electrical resistance (R in Ùxcm2)

of an isolated intestinal wall. PD was determined
when compensation current intensity of the exter-
nal battery was I = 0 mA. R was determined with
an electric impulse of I = ±10 mA. Voltage
changes were measured, and then R was calculated
according to Ohm’s law. Electrical stability of the
measuring system was tested applying solutions
on a synthetic cellophane membrane placed in the
Ussing apparatus (blind sample). Mechanical
stimulation (MS) consisted of splashing the large
intestinal mucosa with a stream of Ringer solution
from a distance of 12 mm. A syringe was used for
this purpose with a bent intravenous needle of 1.2
mm internal diameter. As a standard, an injection
of 5 ml of fluid during 10 s was applied.

Statistical analysis of results

Statistical hypotheses were tested using ÷
2 test

for qualitative data evaluation, and using Student’s
t-test for quantitative data. The value of P<0.05
was adopted as the significance level. The analy-
ses were performed using “Statistica” software
package on a 386 SX PC.

Results

The electrophysiological characteristics of iso-
lated large intestines of control rats (group I) are
presented in Table 1. The value of transepithelial
electrical potential difference (PD) was –1.5 ±0.3
mV, while resistance was 207.2 ±7.1 Ù x cm2. Me-
chanical stimulation resulted in a temporary in-
crease in PD, i.e. hyperpolarization, which is
presented in Figure 2a. PD growth began immedi-
ately with the stimulation. The highest magnitude
of hyperpolarization occurred at the moment when
stimulation finished. As soon as the stimulus activ-
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Fig. 1. The Ussing chamber for measurements of transepithelial
electrophysiological parameters of isolated large intestine
(T). V, I – electrodes, A – air bubbling, R – jet flux from
syringe (mechanical stimulation), M – mucosal, S – antiluminal
side on the preparation.



ity ceased, the PD value returned to the initial
level. Numerical data depicting the effect of ex-
perimental fasciolosis on the studied electro-
physiological parameters of the isolated rat
intestine is presented in the further part of Table 1.
At 4 weeks post-infection with F. hepatica (group
II), the PD level of the intestine decreased by ap-
prox. 93% as compared with the control. The
hyperpolarization response resulting from me-
chanical stimulation was similar to that occurring
in the control group (Fig. 2b), and so was the value
of electrical resistance. In group III (7 wpi), the
levels of the studied parameters did not show sta-
tistically significant differences compared with
group II. In group IV (10 wpi), a three-fold in-
crease of PD was found, as compared with groups
II and III. The value of electrical resistance and
mechanical stimulation response did not reveal
any differences as compared with the control.

At 13 weeks post infection with F. hepatica
(group V), PD increased twice as much as in the
control group. The value of electrical resistance
decreased by about 20%, whereas sensitivity to
mechanical stimuli did not change.

Discussion

In the uninfected rats (control), transepithelial
electrical potential difference (PD) of the large in-

testine during mechanical stimulation underwent
short-term reversible changes in the form of hyper-
polarization (Table 1, Fig. 2a). This may demon-
strate the role of C-fibre endings in the response to
mechanical stimulation. During the stimulation,
sensory terminals release nonadrenergic and non-
cholinergic neurotransmitters (NANC), which
stimulate ion transport in epithelial cells (BEVAN

& GEPPETTI 1994). A similar type of response to
mechanical stimulation was previously described
in isolated caecum of rabbit (KOSIK-BOGACKA et
al. 2000, 2002, 2003). Mechanosensitivity of the
large intestine did not reveal significant changes
during fasciolosis, as the values of responses to
mechanical stimulation of the infected and control
rats were similar (Table 1). Mechanical damage to
host liver as a result of migrating juvenile F. hepat-
ica in the liver lead to typical pathomorphological
changes, such as necrosis, fibrosis, cirrhosis, as
well as inflammation of bile ducts in its chronic
phase (DAWES 1963; DOW et al. 1967; KO£ODZIEJ-

CZYK 1994; RUSHTON & MURRAY 1977; THORPE

1965; URQUHART 1956). It has been known that
inflammatory reaction leads to the secretion of
neuropeptides of the NANC system from C-fibre
endings, whose role consists of preserving tissue
integrity and repairing damage done to tissue
(COOKE 1994; FRIELING et al. 1992; SENGUPTA &
GEBHART 1994; THORBOLL et al. 1998). Then, lo-
cal congestion appears, accompanied by increased
permeability of epithelial blood vessels and the
release of inflammatory mediators. As a conse-
quence, muscle contractions occur and mucus se-
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Table 1

Basic electrophysiological parame-
ters of large intestine incubated in
Ringer solution of control and Fas-
ciola hepatica infected rats

Experimental
group

PD (mV) R (Ùxcm2) dPD (mV)

Group I (control)
n=9

-1.5±0.3 207.2±7.1 -0.7±0.1

Group II (4 wpi)
n=4

-0.1±0.1* 224±0.0 -0.5±0.2

Group III (7 wpi)
n=4

-0.1±0.1* 190.5±5.0 -1.1±0.4

Group IV (10 wpi)
n=4

-0.3±0.1* 189.5±11.5 -0.6±0.3

Group V (13 wpi)
n=7

-0.6±0.2* 162±8.2* -0.4±0.1

The mean SEM given. PD denotes the value of transepithelial
electrical potential difference before mechanical stimulation,
dPD denotes difference between the value during mechanical
stimulation and the control PD value, R – value of electrical
resistance in rat large intestine, n – number of colon preparations,
* – significantly different from control group (P<0.05).

Fig. 2. The hyperpolarization of isolated large intestine
(dPD) after mechanical stimulation: a – control rat, b –
infected rat (4 wpi). Stimulation was 10 s of jet rising. The
start and finish of stimulation are denoted by the pair of
arrows. Single experiments are shown.



cretion and ion transport intensifies (FIELD &
SEMRAD 1993; GRUBB 1999; MAGGI 1991). In the
rats infected with F. hepatica, C-fibres were not ir-
ritated, even in the phase of acute fasciolosis, or
the amount of secreted neurotransmitters was very
small and, consequently, did not stimulate ion
transport.

In the infected rats, contrary to dPD, a significant
decline in the PD value of the large intestine was
found, especially during acute fasciolosis (4 wpi,
Table 1). This fact evidently demonstrates that
liver fluke infections contribute to ion transport in-
hibition in the colon epithelium of the host. This is
probably related to activation of inflammatory me-
diators in the host as a consequence of parasitic in-
fection. On the other hand, in the chronic phase of
fasciolosis (beginning 7 wpi), a gradual decrease
of the colon transepithelial electrical potential dif-
ference was recorded. Presumably, this is related
to intensification of repair processes in the host
liver during this period of infection (MAFFEI

FACINO et al. 1989; THORPE 1965) and, thus, to a
reduced secretion of inflammatory mediators. On
the whole, during experimental fasciolosis, the
value of electrical resistance (R) did not change ei-
ther. Due to the fact that electrical resistance de-
pends on the permeability of tight junctions, it can
be concluded that the presented PD changes during
mechanical stimulation of isolated rat colon re-
sulted from changes in electrogenic ion transport,
with a constant level of passive ion currents in the
extracellular fluid. R level decreased at 13 wpi
only, which may have resulted from increased per-
meability of the tight junctions and, probably, was
related to intensified inflammatory processes in
the bile duct. Diarrhoeas observed in infected rats
represented a confirmation of an increased perme-
ability of tight junctions.

The conclusion is that during rat fasciolosis,
ionic currents in the epithelium of the colon become
inhibited with preserved tight junction continuity
and sustained sensitivity to mechanical stimulation.
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