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Background/Aims: This study was conducted to investigate the inhibitory effect
of irsogladine maleate (IM) on gastric ulcers induced by ethanol and hydrochloric
acid (HCI).

Methods: Mice were pretreated with IM for 1 hours before ulcer induction. Gas-
tric ulcers were induced by oral administration of an ethanol/HC] mixture. To
clarify the action mechanism of IM, the roles of 3'5'-cyclic adenosine monophos-
phate (c(AMP), nitric oxide (NO), adenosine triphosphate-sensitive potassium
(Karp) channels, prostaglandins and transient receptor potential cation channel
subfamily V member 1 (TRPV1) were investigated, and lipid peroxidation in the
stomach of IM-treated and -untreated animals was also measured.

Results: IM significantly reduced the extent of ethanol/HCI mixture-induced
gastric ulceration. It exhibited dose-related gastroprotection against the ethanol/
HCl-induced lesions, while pretreatment with glibenclamide but not N(w)-ni-
tro-L-arginine methyl ester, reversed this action. While pretreatment with the
TRPV1 antagonist capsazepine failed to effectively block the gastroprotective ef-
fect of IM, the non-selective cyclooxygenase inhibitor indomethacin almost abol-
ished it. IM also decreased the level of thiobarbituric acid reactive substances.
Conclusions: We concluded that IM exhibited significant gastroprotective effects
in an ethanol/HCl-induced ulcer model, which appear to be mediated, at least in
part, by NO, cAMP, endogenous prostaglandins, K,rp channel opening, activa-
tion of TRPV1 channels, and antioxidant properties.
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INTRODUCTION

hol consumption can weaken the protective function
of the gastric mucosa. Alcohol is well-known to induce

Gastric ulcer is one of the most common digestive dis-
eases worldwide. Multiple pathogenic factors can cause
the disease including, chronic inflammation due to
exogenous factors, stress, smoking, nonsteroidal an-
ti-inflammatory drugs (NSAIDs), Helicobacter pylori, and
alcohol ingestion. Alcohol is one of the most common
pathogenic factors of gastric injury [1]. Excessive alco-

Copyright © 2021 The Korean Association of Internal Medicine
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0/) which permits unrestricted noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

damage to the gastric mucosa including edema, erosion,
ulcerative lesions, hemorrhage and infiltration of in-
flammatory cells in animal studies [2]. Ethanol and hy-
drochloric acid (HCI) could cause an imbalance between
some endogenous aggressive and protective factors.
Pathogenesis of gastric ulcer involves the generation of
oxygen-derived free radicals such as superoxide anion
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radical and hydroxyl radicals, lipid peroxides, and the
infiltration of neutrophils [3]. Infiltration of neutrophils
into the gastric mucosal tissue can be evaluated by mea-
suring myeloperoxidase (MPO) activity. Gastric mucosal
cells secrete antioxidant substances, such as superoxide
dismutase (SOD) and glutathione (GSH), to inhibit reac-
tive oxygen species (ROS). When the gastric mucosa is
injured, ROS are secreted continuously and cause lip-
id peroxidation, which suppresses antioxidant activity.
It has been known that lipid peroxidation is involved
in the pathogenesis of gastric mucosal lesions [4]. An-
tioxidant agents, such as vitamin E, catechin and astax-
anathin are also known to inhibit the product of lipid
peroxidation and subsequently, ethanol-induced gastric
ulcers in animal models [5,6]. The antioxidant activity
of 2,4-diamino-6(2,5-dichlorophenyl)-s-triazine maleate
(irsogladine maleate [IM]) has been reported to be ap-
proximately 100 times greater than that of vitamin E [7].
Additionally, IM treatment has been shown to amelio-
rate lesions of the small intestine in rats induced by in-
domethacin, and protects against neutrophil migration
and E-cadherin expression [8]. Therefore, it is necessary
to investigate the balance between ROS and antioxidant
activity in the study of ethanol-induced gastric mucosal
damage.

IM is a drug widely used in Japan for the treatment
of gastric ulcers [7,9], which was first released as MN-
1695, but currently called IM. The therapeutic effect of
IM is associated with a marked increase in gastric mu-
cosal blood flow and an improvement in the function
of the gastric mucosal barrier, with no side effects on
systemic blood pressure and respiration [g]. In gastric
injury induced by monochloramine, IM significantly
increased the gastric blood flow and enhanced the im-
mune response, which greatly reduced gastric lesions
[10]. These effects were mediated by increased the in-
tracellular level of 3'5'-cyclic adenosine monophosphate
(cAMP) through inhibition of phosphodiesterase (PDE)
[11]. It is known that some of the protective effects of IM,
which are mediated by an increase in intracellular cAMP
level, are caused by an in increase in endogenous nitric
oxide (NO) concentration [12].

Many experimental models have been created and
used to study gastric mucosal injuries. Among them,
experimental models using ethanol/HCI to induce gas-
tric ulcers have been widely used to study the pathogen-
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esis and progression of gastric lesions and to evaluate
therapeutic approaches [7]. The anti-inflammatory and
protective effects of IM on the gastric ulcer induced by
NSAIDs are well known, but little is known about the ac-
tion mechanisms of IM on ethanol/HCl-induced gastric
ulcers [13,14]. Thus, the goal of the present study was to
examine the protective mechanisms of IM on ethanol/
HCl-induced gastric lesions in mice and to provide its
antiulcer mechanism of action.

METHODS

Animals

Male ICR mice, weighing 25 to 30 g (supplied by Samta-
koBio, Osan, Korea) were used in all experiments. The
animals were adapted for 7 days under, a controlled
temperature of 22°C + 2°C under a 12 hours light/dark
cycle (lights on from 8:00 AM to 8:00 PM) and free access
to food and water. All experimental procedures were
performed in agreement with the regulations stipulated
by the guide for the care and use of laboratory animals
prepared by our institute.

Ethanol and HCl-induced gastric ulcer

Acute gastric lesions were induced by oral administra-
tion of 0.1 mL/20 g of a mixture containing 0.15 M HCl
in 98% ethanol, a dose that induces significant gastric
ulceration. After 24 hours food deprivation, groups of
animals (n = 5/group) were orally administered different
doses of IM (1 mg/kg and 10 mg/kg or the vehicle 1.5%
carboxymethylcellulose solution dissolved in distilled
water). Then, 1 hour after oral treatment with the above
solutions, the animals were administered orally 0.2 mL
ethanol or the ethanol/HCI mixture and 1 hour later,
they were euthanized, the stomachs were removed, and
then incised along the greater curvature. The stomachs
were gently rinsed with saline solution to remove the
gastric contents and blood clots, and then images were
captured using a digital camera. The total and injured
stomach sizes were measured using a software (Angio-
genesis Image Analyzer, KURABO, Osaka, Japan) and
expressed as percentages of the mucosal lesions.

Histological analysis
After macroscopic analysis, a small portion of each
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stomach was fixed in 4% formalin solution for 24 hours.
Stomach tissue sections were dehydrated with graded
concentrations of ethanol, passed through xylene, and
embedded in paraffin. The paraffin sections (5 mm-
thick) were stained with hematoxylin and eosin (H&E).

Assessment of cAMP

To assay cAMP levels, the glandular segment of each
stomach was homogenized in an ice-cold 0.02% EDTA
solution (100%) and assayed for cAMP using a cAMP
enzyme immunoassay system (Amersham Biosciences)
according to the instructions provided by the manufac-
turer.

Evaluation of role of NO, K
din, and TRPV1
To study the possible mechanism of action of IM, sep-

rp Channel, prostaglan-

arate experiments were conducted using the following
drugs: N(o)-nitro-L-arginine methyl ester (L-NAME), an
inhibitor of the NO synthase activity (20 mg/kg, intra-
peritoneal); glibenclamide, a blocker of adenosine tri-
phosphate-sensitive potassium (K,
kg, intraperitoneal); diazoxide, a K., channel opener (3

) channels (10 mg/

mg/kg, intraperitoneal); indomethacin (10 mg/kg, oral-
ly); capsaicin, a transient receptor potential cation chan-
nel subfamily V member 1 (TRPV1) activator (0.3 mg/kg,
intraperitoneal); capsazepine, a TRPV1 antagonist (5 mg/
kg, intraperitoneal), and misoprostol (100 pg/kg, orally).
L-NAME and glibenclamide were administered 30 min-
utes before IM (10 mL/kg, orally) with L-arginine (600
mg/kg, orally). Indomethacin was administrated 2 hours
before IM (10 mL/kg, orally) or capsaicin, and 1 hour af-
ter the induction of ulcers with 0.2 mL ethanol/HC], all
animals were euthanized, and their stomachs were re-
moved for examination.

Determination of thiobarbituric acid reactive sub-
stance levels

The in vitro model of lipid peroxidation was prepared
using a supernatant fraction of a stomach homogenate
prepared from male ICR mice. Stomach tissues were ho-
mogenized using a Hiscotron homogenizer in 5 volumes
of'ice-cold 1.15% sodium chloride. The stomach homog-
enate was centrifuged at 3,000 rpm for 10 minutes. A 945
mL volume of the stomach homogenate supernatant
was added to 5 mL of the test compound followed by 50
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mL FeSO,, and then the mixture was incubated at 37°C
for 1 hour. The reaction was stopped by adding 200 mL
of 35% perchloric acid (HCIO,), and then centrifuged at
3,000 rpm for 10 minutes. A 500 mL aliquot of the super-
natant was heated with 500 mL of thiobarbituric acid re-
active substances (TBARS), 750 mL phosphate buffer, and
100 mL sodium dodecyl sulfate (SDS) for 60 minutes at
100°C. After cooling, an equivalent amount of n-butanol
was added, the tube was shaken vigorously for 1 minute,
and then centrifuged for 10 minutes at 4,000 rpm. The
absorbance was measured spectrophotometrically at 532
nm. The tissue levels of TBARS were calculated from a
standard curve plotted using different concentrations of
1,1,3,3-tetraethoxy propane and expressed as nanomolar
per gram of tissue (nM/g tissue) [15].

Data analysis

All the data are shown as means + SD. A one-way anal-
ysis of variance followed by Dunn’s (post hoc) test were
performed to compare the drug-treated groups. The
number of preparations sampled from separate animals
was indicated by number and p < 0.05 were considered
statistically significant.

RESULTS

Macroscopic and histological effects of IM on
ethanol and ethanol/HCl-induced gastric mucosal
lesions
Macroscopic analysis of the gastric mucosa showed that
acute gastric mucosal lesions were induced by orally
administration of pure ethanol or ethanol/HCI (Fig. 1A-
1D). The gastric mucosal injury area was approximately
3.5 times larger following treatment with ethanol/HCl
than with ethanol alone (Table 1). Pretreatment with IM
(1 and 10 mg/kg) produced a significant dose-dependent
reduction in the ethanol/HCl-induced gastric mucosal
lesions compared with the vehicle-treatment (Table 1,
Fig. 1C and 1D). IM at the tested doses of 1 and 10 mg/
kg exhibited a significant, dose-dependent protective
effect against ethanol/HCl-induced gastric lesions, Fur-
thermore, compared to the vehicle group, the extent of
inhibition by 1 and 10 mg/kg IM was 15% and 84%, re-
spectively.

Histological analysis showed that ethanol only slight-
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ly damaged the gastric mucosa (Fig. 1E), whereas etha-
nol/HCI extensively disrupted the superficial region of
the gastric gland with epithelial cell loss, edema, and
intense hemorrhage in the glandular portion of the
stomach (Fig. 1F). Furthermore, 1 mg/kg IM pretreat-
ment slightly reduced the gastric mucosal damage by
ethanol/HCI, while 10 mL/kg IM pretreatment restored

Table 1. Effect of IM on the level of gastric mucosal injury

area in ethanol/HCl-challenged mice

Gastric mucosal

Group T — Inhibition, %
Ethanol 2.62+0.95

Ethanol/HCl 9.28 £3.27

1mg/kg IM 7.86 + 2.4* 15.0 £ 4.3
10 mg/kg IM 1.42%0.4° 84.2+3.84

Values are presented as mean + SD (n =5).

IM, irsogladine maleate; HCI, hydrochloric acid.
< 0.05.

®p < 0.05 compared with control.
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the gastric mucosa closer to normal levels (Fig. 1G and
1H). Since the inhibitory effect of IM on the gastric ul-
ceration was significant at 10 mg/kg, we investigated
the gastroprotective mechanism using this model and
choosing a 10 mg/kg dose of IM.

Synergic effects of IM and SNAP on cAMP content
Previous studies showed that the effects of IM and NO
are mediated by cAMP signaling and IM and NO may
additively activate the cAMP signal pathway [11,12]. To
confirm this, the intracellular cAMP contents were mea-
sured. Table 2 shows that IM (10 mg/kg) or S-nitroso
acetyl penicillamine (SNAP, 100 pM) alone slightly, but
significantly increased cAMP and in combination, they
synergistically elevated the cAMP contents.

Effects of L-arginine and L-NAME on IM-induced
gastroprotection

Fig. 2 shows the effects of L-NAME pretreatment on
the gastroprotective effect of IM (10 mg/kg). Ethanol/
HCl-induced gastric mucosal lesion was 35.5% + 6.5% (n

Figure 1. Effect of irsogladine maleate (IM) on the macroscopic changes of gastric mucosal lesions induced by (A) ethanol and
(B-D) ethanol/hydrochloric acid (HCI) in mice. Stomach tissue treated without (B) and pretreated with IM at the doses of (C) 1
mg/kg or (D) 10 mg/kg, respectively, 1 hour before administration of ethanol/HCI. Six mice were used in each group. Histo-
logic appearance of gastric mucosal lesions induced by (E) ethanol and (F-H) ethanol/HCl in mice. Photomicrographs of H&E
staining of gastric mucosa (magnification x100): (E) ethanol, (F) ethanol/HCI, (G) ethanol/HCl + 1 mg/kg IM, (H) ethanol/HCI +

10 mg/kg IM.
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=5) of the total gastric size. Both IM (10 mg/kg) and L-ar-
ginine alone significantly decreased the mucosal lesions
to 8.4% + 21% and 10.4 + 3% (both, n = 5), respective-

Table 2. Effect of IM on the level of cAMP in ethanol/
HCI-challenged mice

Group cAMP, pmol/mg protein  Increase, %
Vehicle 3.4+0.6 100

10 mg/kg IM 5.8 £1.2° 165 + 24
SNAP 4.8+0.9 148 £16
SNAP + 10 mg/ 83+15° 243 + 20
kg IM

Values are presented as mean + SD (n = 5).

IM, irsogladine maleate; cCAMP, 3'5'-cyclic adenosine mono-
phosphate; HCI, hydrochloric acid; SNAP, S-nitroso acetyl
penicillamine.

*p<o0.05.

®p < 0.01 compared with control.
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Figure 2. Involvement of nitric oxide (NO) in the gastro-
protection of irsogladine maleate (IM) in mice subjected to
ethanol/hydrochloric acid (HCl)-induced gastric damage.
N(w)-Nitro-L-arginine methyl ester (L-NAME) (20 mg/kg,
intraperitoneal), or vehicle were injected 30 minutes before
the administration of IM (10 mg/kg, orally) or water to each
group. Sixty minutes after, gastric mucosal lesions were in-
duced with ethanol/HCI (20 mL, orally) in all groups. Each
value represents the mean + SD of the percentage of ulcerat-
ed gastric area (n = 5/group).
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ly. L-NAME (20 mg/kg) slightly and, not significantly,
blocked the gastroprotection produced by IM and L-ar-

ginine (600 mg/kg), suggesting the likely involvement of
NO.

Effects of glibenclamide and diazoxide on IM-in-
duced gastroprotection
Fig. 3 presents the results of the effects of glibenclamide
and diazoxide on the gastroprotection by IM. IM (10 mg/
kg) or diazoxide (3 mg/kg) alone reduced the ethanol/
HCl-induced gastric mucosal lesions to 8.4% + 2.1% and
16.7% * 4.5% (both, n =5), respectively. Pretreatment with
the K, ., channel blocker, glibenclamide (10 mg/kg), also
slightly, and not significantly reduced the gastroprotec-
tive effect of IM and diazoxide, indicating a role for K, 1,
channels in the gastroprotection.

As shown in Fig. 4, IM (10 mg/kg) or capsaicin (0.3 mg/
kg) alone reduced the ethanol/HCl-induced gastric mu-
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Figure 3. Effects of the pretreatment with glibenclamide on
gastroprotection of irsogladine maleate (IM) in mice sub-

jected to ethanol/hydrochloric acid (HCl)-induced gastric

damage. Glibenclamide (10 mg/kg, intraperitoneal) or vehi-
cle was injected 30 minutes before the administration of IM
(1 mg/kg, orally) or water to each group. Sixty minutes after,
gastric mucosal lesions were induced with ethanol/HCI (20
mlL, orally) in all groups. Each value represents the mean +
SD of'the percentage of ulcerated gastric area (n = 5/group).
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cosal lesions to 9.5% + 2.7% and 11.4% + 3.3% (both, n =
5), respectively. Pretreatment with the TRPV antagonist
capsazapine (5 mg/kg) reduced the inhibitory effect of
IM or capsaicin slightly, but statistically significantly.

Effects of capsazapine and indomethacin pretreat-
ments on IM-induced gastroprotection

As shown in Fig. 4, IM (10 mg/kg) or capsaicin (0.3 mg/
kg) alone reduced the ethanol/HCl-induced gastric
mucosal lesions to 9.5% + 2.7% and 11.4% *33% (n = 5),
respectively. Pre-treatment with the TRPV antagonist
capsazapine (5 mg/kg), reduced the inhibitory effect of
IM or capsaicin slightly, but significantly.

As shown in Fig. 5, both IM (10 mg/kg) and misopros-
tol (100 pg/kg) alone significantly decreased the mucosal
lesion to 9.5% + 2.7% and 11.4% + 3.3% (n = 5), respective-
ly. When indomethacin (10 mg/kg) was pretreated with
IM or misoprostol and capsaicin, the inhibitory effect of
IM or misoprostol was slightly reduced, but the eftect
was statistically significant.
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Figure 4. Role of vanilloid receptors (transient receptor po-
tential cation channel subfamily V member 1 [TRPV1]) in
gastroprotection of irsogladine maleate (IM) in mice sub-
jected to ethanol/hydrochloric acid (HCl)-induced gastric
damage. Capsazepine (5 mg/kg, intraperitoneal) or vehicle
were injected 30 minutes before the administration of IM (1
mg/kg, orally) or water to each group. Sixty minutes after,
gastric mucosal lesions were induced with ethanol/HCI (20
mlL, orally) in all groups. Each value represents the mean =+
SD of the percentage of ulcerated gastric area (n = 5/group).
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Effect of IM on TBARS levels in ethanol/HCl- in-
duced gastric mucosal lesions

The TBARS levels of the murine stomach homogenates
were measured to provide an index of lipid peroxida-
tion, which is known to be associated with gastric ulcers.
The TBARS level increased after 1 hour incubation with
FeSO, at 37°C in the vehicle-treated group. As shown in
Fig. 6, 1 mg/kg and 10 mg/kg IM significantly inhibited
the production of TBARS (from 57.2 + 8.4 to 405 + 7.4
and 28.9 + 5.4 nM/g tissue, n = 5). The antioxidant trolox
(a water-soluble vitamin E derivative) administered at 25
mg/mL also inhibited the production of TBARS (from
57.2 + 8.4 t0 39.22 + 6.2 nM/g tissue, n = 5).

DISCUSSION

In the present study, we investigated the anti-gastric
ulcer properties of IM using ethanol/HCl to induce
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Figure 5. Effect of pretreatment with indomethacin on the
gastroprotection of irsogladine maleate (IM) in mice sub-
jected to ethanol/ ydrochloric acid (HCl)-induced gastric
ulceration. Mice were pretreated with IM (10 mg/kg), in-
domethacin (10 mg/kg), misoprostol (100 mg/kg, orally) or
combination of indomethacin and misoprostol or IM. Sixty
minutes after, gastric mucosal lesions were induced with
ethanol/HCI (20 mL, orally) in all groups. Each value rep-
resents the mean + SD of the percentage of ulcerated gastric
area (n = 6/group).
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establish an experimental model of gastric ulcers. The
major findings of this study are as follows: (1) orally ad-
ministration of ethanol/HCl induced a more significant
gastric ulceration than ethanol did alone; (2) IM signifi-
cantly reduced the size of gastric mucosal lesions in a
dose-dependent manner; (3) IM increased the intracel-
lular NO and cAMP levels; (4) IM increased the endoge-
nous prostaglandins and activation of TRPV1 channels;
(5) IM reduced TBARS activity to produce antioxidant
activity.

In this study, different doses of IM were tested on eth-
anol/HCl-induced gastric ulcers to determine the possi-
ble effective doses required to induce anti-ulcer effects.
The results showed that pretreatment with IM reduced
the gastric damage induced by ethanol/HCI at the high-
er dose. The results of the macroscopic and histological
analysis showed that ethanol/HCl administration caused
gastric mucosa injuries characterized by hemorrhage,
mucosal edema, epithelial cell loss, and inflammatory
cell infiltration, in accordance with several previously
described studies [16-19]. The size of gastric ulcer caused
by ethanol/HCl was greatly reduced by pretreatment
with IM, which also inhibited the alterations. These re-
sults indicate the significant gastroprotective effect of
IM against ethanol/HCl-induced mucosal damage, and
IM probably act as a gastric mucosal protective agent.

1

Trolox
IM (mg/kg)

120 7

100
80
60
40
20
0

Control 1

TBARS (% of control)

Figure 6. The 1 mg/kg and 10 mg/kg IM significantly inhib-
ited the production of thiobarbituric acid reactive substanc-
es (TBARS). The antioxidant trolox administered at 25 mg/
mL also inhibited the production of TBARS.
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Intracellular cAMP is raised by increased synthesis via
the activation of adenylyl cyclase or decreased degrada-
tion via inhibition of PDEs, or both [11]. In this study, in-
tracellular cAMP contents were significantly increased
by IM alone or with SNAP compared with the control
group, however, increased cAMP content by SNAP alone
was not significant. Previous studies reported that the
inhibitory effect of IM on inflammation was associat-
ed with an increase in intracellular cAMP contents by
inhibition of PDEs [11,12]. Further studies to elucidate
the detailed cellular signaling pathway involving cAMP
and PDE contributing to the gastroprotection induced
by IM is needed.

Tt is well known that NO produced by the activation of’
NO synthase in epithelial cells is involved in the regula-
tion of gastric mucosal integrity [11,20]. Furthermore, it
is important in the regulation of acid and alkaline secre-
tins, mucus secretion, and gastric mucosal blood flow
and gastric microcirculation. To investigate the role
of NO in the gastroprotection of IM, L-NAME, the NO
synthase inhibitor, was used to evaluate the protective
effect of IM on ethanol/HCl-induced gastric ulcers. In
the present study, IM- and L-arginine-induced gastro-
protection was slightly reversed by L-NAME, suggesting
that the gastroprotective effect of IM is mediated, in
part, by NO. Previous reports suggest that IM and NO
exhibit gastroprotective effects by increasing intracellu-
lar cAMP levels, supporting our present finding [11,12)].

It is well known that endogenous prostaglandins act
a protective factor to protect physiological functions
of the stomach by activating K, channels. Previous
studies have also suggested the participation of K,
channels in the indomethacin- and ethanol-induced
ulcer models, in which prostaglandins were shown as
probable activators of these channels [21,22]. The pres-
ent results showed that the gastroprotective effect of IM
was K, channel-dependent, since it was reversed by
pretreatment with glibenclamide, a potent antagonist of
K, rp channels. These observations suggest that prosta-
glandins synthesis is likely involved in the IM-induced
gastric ulcer improvement.

It has been suggested that capsaicin-sensitive afferent
neurons play a role in gastroprotection by interacting
with or without TRPV1 and this effect involves endoge-
nous prostaglandins [23,24]. To verify whether the gastro-
protective effect of IM was related to TRPV1, capsaicin,
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a TRPV1 activator and capsazepine, a TRPV1 blocker,
were used in this experiment. In the present study, IM
and capsaicin significantly reduced the gastric ulcer in-
duced by ethanol/HCI, which was not significantly af-
fected by the combined use of capsazepine, suggesting
capsaicin-sensitive afferent neurons have no role in the
gastroprotection by IM. In a recent study, activation of
TRPV1 by capsaicin has been shown to increase gastric
protection by increasing calcitonin gene-related pep-
tide, and this effect was not affected by capsazepine.

Oxidative stress is known to be one of the main caus-
es of many gastrointestinal diseases including stomach
ulcers [25]. Oxidative stress is caused by the generation
of free radicals and reactive metabolites, such as NO,
superoxides, hydroxyl radicals and hydrogen peroxide.
The occurrence of stomach ulcers is highly correlat-
ed with lipid peroxidation in mucosal cells due to in-
creased superoxide anions. Previous studies have shown
that ethanol/HCI generates superoxide anions and hy-
droperoxy free radicals, which cause gastric ulcers [4,6].
It is also reasonable to assume that MPO may be an
important source of ROS. In this study, ethanol/HCl
significantly increased the lipid peroxidation and MPO
activity compared with the sham treated group, and IM
significantly reduced the production of TBARS in a con-
centration-dependent manner. Furthermore, a similar
effect was demonstrated by trolox, suggesting that the
antioxidant activity of IM might be mediated by inhibi-
tion of lipid peroxidation.

KEY MESSAGE

1. Alcohol is one of the most common pathogenic
factors of gastric injury. Excessive alcohol con-
sumption can weaken the protective function
of the gastric mucosa. Alcohol is well-known to
induce damage to the gastric mucosa including
edema, erosion, ulcerative lesions, hemorrhage
and infiltration of inflammatory cells in animal
studies

2. Irsoglandine maleate significantly reduced the
gastric ulcers induced by ethanol/hydrochloric
acid (HCI) which was caused by an increase in
the protective mechanism of the gastric mucosa.

3. Furthermore, this protective effect could be re-
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lated to an enhanced gastric mucosal defensive
mechanism, at least in part, involving the actions
of nitric oxide and 3'5'-cyclic adenosine mono-
phosphate (cAMP), endogenous prostaglandins,
adenosine triphosphate-sensitive potassium
(Karp) channel opening, activation of and tran-
sient receptor potential cation channel subfamily
V member 1, and antioxidant properties.
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