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Summary

Gastric mucus plays an important role in gastric mucosal protection. Apart from its ,,barrier function, it has been
demonstrated that mucus protects gastric epithelial cells against toxic oxygen metabolites derived from the xanthine/
xanthine oxidase system. In this study, we investigated the effect of malotilate and sucralfate (mucus production
stimulators) and N-acetylcysteine (mucolytic agent) on ischemia/reperfusion-induced gastric mucosal injury. Gastric
ischemia was induced by 30 min clamping of the coeliac artery followed by 30 min of reperfusion. The mucus content
was determined by the Alcian blue method. Sucralfate (100 mg/kg), malotilate (100 mg/kg), and N-acetylcysteine
(100 mg/kg) were given orally 30 min before surgery. Both sucralfate and malotilate increased the mucus production in
control rats. On the other hand, N-acetylcysteine significantly decreased mucus content in control (sham) group.
A significant decrease of mucus content was found in the control and the N-acetylcysteine pretreated group during the
period of ischemia. On the other hand, sucralfate and malotilate prevented the decrease the content of mucus during
ischemia. A similar result can be seen after ischemia/reperfusion. In the control group and N-acetylcysteine pretreated
group a significant decrease of adherent mucus content was found. However, sucralfate and malotilate increased mucus
production (sucralfate significantly). Sucralfate and malotilate also significantly protected the gastric mucosa against
ischemia/reperfusion-induced injury. However, N-acetylcysteine significantly increased gastric mucosal injury after
ischemia/reperfusion. These results suggest that gastric mucus may be involved in the protection of gastric mucosa after
ischemia/reperfusion.
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Introduction

The gastric epithelium is covered by a
continuous layer of secreted mucus and bicarbonate
which have been widely implicated as an important pre-
epithelial protective factor against autodigestion of the
gastric mucosa by acid and pepsin (so-called barrier

function of mucus) (Copeman et al. 1994). The gastric
mucus occurs in three forms: a soluble mucin present in
gastric juice, insoluble (adherent) mucus covering
mucosal cells and mucus present in muciparous cells. The
adherent mucus is considered to be the main factor
protecting the gastric mucosa (Azzumi ef al. 1993). It has
been reported that a decrease in gastric mucus renders the
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mucosa more susceptible to injury induced by various
aggressive factors (Nosalova et al. 1991, Leonard et al.
1994, Farre et al. 1995).

It has been suggested that gastric mucus may
possess antioxidant properties (Cross et al. 1984,
Grisham et al. 1987). Hiraishi et al. (1993) described a
protective effect of mucus glycoproteins against oxygen
free radicals derived from the xanthine/xanthine oxidase
system.

Sucralfate has been shown to be effective in the
prevention and treatment of gastric and duodenal ulcers
in humans (Lam er al. 1985) and also in animals
(Tarnawski et al. 1985, Vistiovsky et. al. 1990). Several
mechanisms of action have been proposed for sucralfate,
including the enhancement of gastric mucus secretion
(Szabo and Hollander 1989). Malotilate, a synthetic
substance with properties comparable with those of
natural flavonoids, possesses a gastroprotective effect in
different models of gastric injury (Mirossay et al.
1996a,b, 1999). _

In the present study, we investigated the role of
mucus in ischemia/reperfusion-induced gastric mucosal
injury by using sucralfate and malotilate (stimulators of
mucus production), and N-acetylcysteine (NAC, a
mucolytic agent).

Material and Methods

Male Wistar rats weighing 180-200 g were used
in this study. All animals were housed in a wire-mash
floor cages to prevent the ingestion of hair and feces.
They were fasted for 24 h before the experiment but were
allowed free access to water. On the day of the
experiment, the animals were randomly divided into three
groups (28 rats per group). Group I — control (sham
operation); group II — only ischemia was performed,
group I -  animals subjected  to
ischemia/reperfusion. Each group was subdivided into

were

four subgroups (7 rats per subgroup) 1: pretreatment with
0.5 % methylcellulose (control); 2: pretreatment with
malotilate (100 mgkg') (Slovakofarma a.s); 3:
pretreatment with sucralfate (100 mg.kg™) (Slovakofarma
a.s); 4: pretreatment with NAC (100 mgkg™) (Sigma).
Malotilate, sucralfate and NAC were dissolved in
methylcellulose. All these substances were administered
orally, 30 min before surgery. The rats were then
anesthetized by an
pentobarbital sodium in the dose of 50 mgkg'. The
animals were subjected to 30 min ischemia induced by

intraperitoneal injection of

occlusion of the coeliac artery without reperfusion
(group II) or 30 min ischemia induced by occlusion of the
coeliac artery and followed by 30 min reperfusion
(group III). The coeliac artery was clamped using an
atraumatic microvascular clamp (Nakamoto et al. 1998).

Adherent gastric mucus was determined by the
method of Corne et al. (1974). Briefly, the stomach was
removed, opened along the great curvature and rinsed in
cold saline. The glandular part of the stomach was
excised, weighed and immersed for 2 h in 10 ml of 0.1 %
w/v Alcian blue (Sigma) in 0.16 mol.I"" sucrose solution.
The excess dye was removed by rinsing twice in
0.25 mol.I"" sucrose solution (15 min each). The mucus-
bound dye was extracted by immersing the gastric tissue
in 0.5 mol.I"" MgCl, solution which was intermittently
shaken for 1 min at 30 min intervals during a 2 h period.
The blue extract was shaken with diethylether. The
emulsion was then centrifuged at 3600 rpm for 10 min
and the optical density of the aqueous phase was
measured spectrophotometrically at 600 nm. The results
are expressed as absorbance per gram of tissue (A/g of
tissue).

At the end of the period of ischemia or
ischemia/reperfusion, the extent of gastric lesions was
measured, and the length of the lesions was expressed in
mm.

The statistical significance of the difference
between the means was estimated by Student's t-test. The
value of p<0.05 was considered as the level of minimal
statistical significance.

Results

The effect of tested drugs on adherent mucus
production is shown in Table 1. In sham operated animals
(group I) NAC significantly decreased the mucus content
in comparison with all other groups (p<0.05). During
ischemic conditions (group II) the content of mucus in the
control subgroup was significantly decreased (p<0.01).
No significant changes in adherent mucus content were
found in animals pretreated with malotilate and sucralfate
in comparison with group I. However, NAC significantly
decreased the gastric mucus content during ischemic
conditions (p<0.001). A similar result was found in group
III. After ischemia/reperfusion, adherent mucus was
significantly lower in the control subgroup (p<0.05).
However, there was a significantly higher amount of
adherent mucus in group III (p<0.05) in comparison with
group II. Sucralfate significantly increased the content of
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adherent mucus in comparison with both group I and II
(p<0.001). On the other hand, no significant changes in
mucus content occurred in all the groups after malotilate
administration. NAC significantly decreased the mucus

content in group III as compared to the NAC effect in
group 1 (p<0.001), but the mucus content was
significantly increaseq in comparison with group II
(p<0.05).

Table 1. Effect of methylcellulose, sucralfate, malotilate and N-acetylcysteine on gastric mucus content expressed as A/

g of tissue and as percentage of control values (Group I)

Agent Group I Group II Group III

A/g of tissue % Alg of tissue % A/g of tissue %
Methylcellulose
(control) 0.18 100 0.13 T2X* 0.154 86*"
Sucralfate 0.19 100 0.174 91 0.264 139%**
Malotilate 0.19 100 0.87 98 0.205 108
N-acetylcysteine  0.6° 100 0.079 49**x 0.105 65%***

Group I — sham operation, Group 1l — ischemia, Group III — ischemia/reperfusion, * p<0.05, ** p<0.01, ***
p<0.001, compared to group I, * p<0.05; """ p<0.001; compared to group I, $ p<0.05 compared to methylcellulose,

sucralfate, and malotilate in Group I

Figure 1 illustrates the effects of the tested drugs
on gastric lesions in all the experimental groups. No
gastric lesions were found in group I and II. However, a
significant increase in gastric mucosal injury was
observed after reperfusion of the ischemic gastric mucosa
(group III). The length of

average lesions in

methylcellulose-pretreated animals was more than
20 mm/rat. Sucralfate and malotilate significantly
decreased the length of gross lesions (p<0.001). On the
other hand, the administration of NAC significantly
increased the mean values of gastric lesions (p<0.001).

50

length of lesions (mmirat)

Discussion

An imbalance between mucosal defensive and
aggressive factors may result in acute gastric injury. It is
known that gastric mucosal perfusion is an essential
factor in the ability of the mucosa to protect itself against
injury (Cheung 1984) and that the gastric mucosal

Fig. 1. Effect of sucralfate (SU),
malotilate (MA), and
N-acetylcysteine (NAC) on the
length of gastric lesions in rats in
comparison with methylcellulose-

treated animals (C). Results are
S.D.
I — sham operation, II — ischemia,
III -  ischemia/reperfusion,
**x p<0.001

expressed as means =

defense is impaired during ischemic conditions mainly
because of an energy deficit (Mengury 1981). Although
the early restitution of blood flow is essential for
preventing further hypoxic injury, it has been found that
mucosal injury may be greater when the ischemia is
followed by a period of reperfusion. The main factors
believed to be responsible for ischemia/reperfusion-
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induced injury are oxygen free radicals (Zimmerman and
Granger 1994).

As has been mentioned above, gastric mucus
plays an important role in the protection of gastric
mucosa. It is known that many sugars (e.g. manitol,
glucose) are potent scavengers of oxygen free radicals.
On the basis of this fact, Cross ef al. (1984) hypothesized
that gastric mucus possesses antioxidant properties
because of its rich glycoproteins content. These authors
tested the antioxidative effect of mucus glycoproteins and
found that a 12 mg/ml solution of these proteins
scavenged the hydroxyl radicals as effectively as 10-15
mmol/l solutions of manitol or glucose. It had previously
been reported that gastric mucus contains glycoproteins at
concentrations as high as 50 mg/ml (Allen 1981). Later,
Hiraishi et al. (1993) confirmed the protective role of
mucus glycoproteins against oxygen free radicals in a
cultured gastric epithelial cell system. Gong et al. (1990)
reported that not only mucus glycoproteins possess
antiradical properties but also lipids bound to gastric
mucin protect the mucin against oxygen radical attack.
Our results and the above mentioned in vitro studies
indicate that gastric mucus may be involved in the
protection of gastric mucosa against oxygen free radicals
generated during ischemia/reperfusion.

Additionally to its antioxidant effect, the “barrier
function“ of mucin may play an important role in
protecting the gastric mucosa during ischemia/reperfusion
stress (IRS).

It was reported that endogenous luminal acid
plays little or no role in the gastric mucosal damage after
postischemic reperfusion and no measurable gross lesions
were observed in this model of gastric mucosal injury
(Kawai et al. 1994). On the basis of these results, Seno et
al. (1995) suggest that it is unlikely that gastric mucus
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