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Abstract Despite the fact that dietary habits and lifestyles are incredibly advancing, gastric
ulceration is still a terrible complaint. Extensive use of non-steroidal anti-inflammatory
drugs (NSAIDs) and alcohol, in addition to stress, are all predisposing factors for ulcers.
Most medical treatments are always time consuming and not efficient or satisfactory to the
patients. Cardiovascular patients always need NSAIDs, or mostly cannot quit alcohols,
while using many cardiovascular drugs. We aim to study a possible benefit of a common
nitrogen oxide donor, anti-anginal drug, nicorandil [N-(2-hydroxyethyl) nicotinamide
nitrate ester], in managing acute gastric ulcers through studying its effect on some relevant
intermediates to ulcerogenesis as lipid peroxidation, tumor necrosis factor-alpha (TNF-α),
and nitric oxide (NO). In addition, gastric mucosal histology was studied to pursue the drug
effects on tissue level. Our study revealed that both indomethacin and alcohol induced
gastric ulcer mainly through up-regulation of gastric mucosal lipid peroxidation, local tissue
inflammation, leukocytic infiltration, and necrosis. Both ulcerogens significantly elevated
TNF-α and decreased NO, initiating ulcer formation. Nicorandil pretreatment depicted a
higher preventive index in indomethacin- (89.8%) and alcohol-induced (77.7%) acute
ulceration. On the tissue level, it also protected the gastric mucosa combating leukocyte
infiltration and tissue congestion. Nicorandil protected tissue necrosis through decreasing
oxidative stress, elevating NO levels, and down-regulating the ulcerogen-induced TNF-α
elevation and improved sub-mucosal blood supply. We conclude that nicorandil may be a
suitable bimodal treatment for cardiovascular patients who are at high risk of gastric ulcers
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by using variable analgesics to alleviate possible cardiac pain episodes, and probably
frequent doses will offer a more established and long-lasting protection.

Keywords Gastric ulcer . Indomethacin . Alcohol . Nicorandil . Lipoperoxidation .

Nitric oxide . TNF-α

Introduction

Gastric ulcers are known as erosions of the gastric mucosa that may penetrate the muscle
layer and perforate the stomach wall [1]. It is induced by predominance of aggressive
factors to defensive factors, as the balance between both factors is necessary for
maintaining intact and healthy gastric mucosa [2]. Of these aggressive factors are lipid
peroxides and inflammatory mediators. The most common lipid peroxide product is
malondialdehyde (MDA), which is well known to cause cross-linking and polymerization
of membrane components. Being diffusible, it also reacts with nitrogenous bases of DNA
leading to more complicated sequelae [3]. The mucosal content of MDA (known
alternatively as thiobarbituric acid reactive species, TBARS) was observed to increase
with the development of gastric ulcers [4, 5].

Mostly, lipid peroxidation is one of several factors that act to produce observable gastric
lesions. It initiates a series of complementary events disturbing the balance between the
aggressive and defensive factors leading ultimately to gastric ulceration [6]. Another
aggressive factor in ulcerogenesis is tumor necrosis factor-alpha (TNF-α), which is a potent
stimulator of neutrophil infiltration into gastric mucosa [7]. Overproduction of TNF-α
increases the risk of gastric ulcer and cancer [8]. The inhibition of TNF-α and neutrophil
infiltration will ultimately inhibit tissue destruction by reactive oxygen species [9]. TNF-α
is a pro-inflammatory cytokine secreted by macrophages increasingly during ulcerative
stress [10] and it is a potent stimulator of inducible nitric oxide (NO) expression [11]. NO
(commonly known as endothelium-derived relaxing factor) is about nine times more lipid
than water soluble, so it is highly diffusible. Because it is very difficult to measure NO in
biological fluids, it is usually measured after oxidative inactivation into nitrite (NO2

-) or
(NO3

-) [12]. Mostly, both NO and TNF-α are changed dually in inflammatory gastric
lesions [13].

The use of non-steroidal anti-inflammatory drugs (NSAIDs) is frequently associated with
gastrointestinal toxicity [14]. One of these NSAIDs is indomethacin; it was suggested to break
the mucosal barrier, leading to back diffusion of hydrogen ions and extensive mucosal damage
[15]. Indomethacin was also reported to up-regulate the synthesis of pro-inflammatory
molecules like TNF-α, contributing to mucosal injury [16]. It also decreases gastric mucosal
blood flow, epithelial cell turnover, and bicarbonate and mucous secretion [17].

Ethanol is another common ulcerogen known to induce gastric ulcer in a dose-dependent
fashion. It causes mucosal cellular injury through activation of matrix metalloproteinase
enzymes, TNF-α release, lipid peroxidation, and protein carbonyl formation [18]. Thus,
ethanol was frequently used as an experimental inducer of acute gastric ulcers [19].

Nicorandil [N-(2-hydroxyethyl) nicotinamide nitrate ester] is a potent NO donor,
generally accepted as an effective therapy for the treatment of ischemic heart diseases. It
also acts as a potassium channel opener [20]. It is effective in the treatment of several
diseases as bronchial asthma, urinary incontinence, erectile dysfunction, and neurodegen-
erative diseases [21, 22]. It was reported by Patel and co-workers [23] that nicorandil
depicted a gastroprotective potential in many drug-induced ulcers.
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Our study was conducted to elucidate the different mechanisms underlying a possible
gastroprotective action of nicorandil due to its complex nature as a NO donor, estimating
some specific parameters known to mediate gastric ulcers as TBARS, NO, and TNF-α,
challenged by two common ulcerogens indomethacin and ethanol. Histological changes of
gastric mucosa will be examined in all groups in comparison to non-treated controls.

Materials and Methods

Materials

Forty male Wistar rats weighing 100–110 g (8–10 weeks old), were randomly classified into
five groups (eight rats per each). Animals were held in polyethylene cages, given free access
to tap water, and fed with standard commercial rat chow. Animals were left to accommodate
for 1 week before dosing and kept on 12 h light/12 h dark regular cycle in partially humid and
well-aerated room. The animals of the first group were not given any medication and served
as control. The second group was given a single indomethacin (Nile Co., Egypt) dose (40 mg/
kg), dissolved in sterile water, intraperitoneally [24]. Animals of the third group were given
a single nicorandil (Torrent Pharmaceuticals, India) dose (10 mg/kg), intraperitoneally [25],
30 min before a single indomethacin dose as in group two. The fourth group animals were
given a single oral ethanol 100% (Prolabo) dose as 1 ml/100 g [19]. The fifth group animals
were given a single nicorandil dose, 30 min before a single ethanol dose.

All animals given ethanol were killed 1 h after the end of dosing, while animals given
indomethacin were killed 3 h after the end of dosing. Blood samples were taken,
centrifuged, sera were kept frozen (at −80 °C) and stomach tissues were excised, washed
with ice-cold saline, opened along the greater curvature, re-washed by cold saline, and
scored for macroscopical mucosal lesions. Then, the tissue was divided into two parts; one
was kept frozen for biochemical assays of TBARS and NO in the scraped mucosa and the
other portion was kept in 10% formalin saline for histological examinations.

Methods

Both mucosal lesions, counted as ulcer index (UI) and the severity factor, were determined
according to the method of Peskar et al. [26]. The severity factor was measured by the gross
lesion size. It was considered 0 if no lesions, 1 when lesion size is smaller than 2 mm, 2
when lesion size is 2–4 mm, or 3 if the lesion exceeds 4 mm. The mean lesion score for
each group is the UI of the group. The preventive index of nicorandil was calculated from
the equation of Hano et al. [27], as follows:

UI of control group� UI of drug treated groupð Þ � 100

UI of control group

TBARS-mucosal content was spectrophotometrically estimated as malondialdehyde in
10% tissue homogenate in saline [28]. Serum TNF-α was determined by ELISA (R & D,
USA), according to the method of de Kossodo et al. [29]. Mucosal content of NO was then
spectrophotometrically determined in the tissue homogenates utilizing copper–cadmium
alloy as a reducing agent. This method basically relied on the reduction of nitrate into stable
nitrite (Gries reaction) [30]. Formalin-preserved tissues were stained by hematoxylin–eosin
and examined microscopically for tissue changes per drug challenges.
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Statistical Analysis

Data were analyzed using one-way analysis of variance. Graph Pad Prism (version 3.02 for
Windows) software, San Diego, CA, USA, was used. A p value less than 0.05 was
considered significant.

Results

Administration of indomethacin significantly up-regulated stomach mucosal lipid perox-
idation, serum TNF-α, but down-regulated mucosal NO levels with a significant elevation
of ulcer index. Pretreatment with nicorandil significantly decreased TBARS and TNF-α but
increased NO values. It significantly decreased ulcer index and severity factor presenting a
highly significant ulcer prevention (89.8%). Ethanol administration significantly elevated
both TBARS and TNF-α with non-significant decrease of NO values. It also significantly
elevated both ulcer index and severity factor. Nicorandil pretreatment significantly
decreased TBARS and TNF-α with significant increase of NO values, decreasing both
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Fig. 1 Stomach mucosal TBARS
content and serum TNF-α level
in rats given a single dose of
nicorandil (IP) before indometh-
acin (IP) and ethanol (per oral)
single doses (mean±SE), N=8.
**Significantly different from
control at p<0.01. #Significantly
different from indomethacin
group at p<0.001. @Significantly
different from alcohol group at
p<0.001
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Fig. 2 Stomach mucosal NO
(nmol/g wet tissue) in rats given a
single dose of nicorandil (IP)
before indomethacin (IP) and
ethanol (per oral) single doses
(mean±SE), N=8. *Significantly
different from control at p<0.05.
**Significantly different from
control at p<0.01. #Significantly
different from indomethacin
group at p<0.001. @Significantly
different from alcohol group at
p<0.001

452 Appl Biochem Biotechnol (2009) 152:449–459



ulcer index and severity factor with a significant preventive index (77.7%) (Figs. 1, 2,
and 3a,b).

Histological examination of the stomach revealed the following: Control group (Fig. 4):
normal microscopic structures of examined stomach were seen without any abnormalities.
The parietal cells located in the upper half of gastric glands were spherical to pyramidal in
shape with eccentric nuclei and pale eosinophilic vacuoles in the cytoplasm. Chief cells,
which reside primarily in the lower half of the gastric glands, were filled with zymogenic
granules. In indomethacin-treated group (Fig. 5), the gastric mucosa was focally necrotic,
ulcerated, and infiltrated with intense leukocytes (mostly lymphocytes and few eosinophils)
beside extensive hemorrhages. The epithelial lining of gastric mucosa adjacent to the ulcers
showed over-distended cytoplasm with mucus. The sub-mucosal blood vessels were
congested and the muscular coat was hypertrophied and partially hyalinized. Nicorandil-
pretreated indomethacin group showed rarely vacuolated surface epithelium of gastric
mucosa. The mucosa, sub-mucosa, and lamina propria were slightly infiltrated with
eosinophils, lymphocytes, and macrophages. Congested capillaries, extravasated eryth-
rocytes, and edema were also seen at the mucosa and the lamina propria (Figs. 6 and 7). In
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Fig. 4 Control group
(H & E, ×300)
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ethanol-treated group, the stomach showed severe desquamation, erosions, and ulcerations
with golden yellow pigment of hemosiderosis. Moderate lymphocytic infiltrations were
observed among the gastric glands and invaded to include the eroded and ulcerated areas.
Edema, congestion of the gastric blood vessel, and few leukocytes were detected in the sub-
mucosa and lamina propria (Fig. 8). In nicorandil-pretreated ethanol group, the stomach
showed mild mucosal congestion, slight desquamation of the lining epithelium, and few
lymphocyte infiltrations (Fig. 9).

Histological Results

In Fig. 5, stomach of untreated indomethacin group shows gastric ulcer (arrow) with
necrosis of the mucosa, hemorrhage, and intense leukocyte infiltration (arrowhead). In
Fig. 6, stomach of nicorandil plus indomethacin-treated group shows congested capillaries
in the sub-mucosa (arrows). In Fig. 7, stomach of nicorandil plus indomethacin shows focal
hemorrhage (arrowhead), mucosal edema, and leukocyte infiltration (arrow). In Fig. 8,
stomach of untreated ethanol group shows ulcer (arrow) with golden yellow pigment on the
mucosal surface. In Fig. 9, stomach of nicorandil-treated ethanol shows mucosal congestion
(arrow) and few leukocyte infiltration.

Discussion

The diversity of etiological factors underlying gastric ulcers and the complex nature of
pathways participating in healing always make peptic ulcer treatment a complicated

Fig. 5 Indomethacin-treated
group (H & E, ×100)

Fig. 6 Nicorandil-pretreated
indomethacin group
(H & E, ×300)
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challenge. Maintaining equilibrium between aggressive and defensive factors is always a
critical objective in peptic ulcer management [31]. Our finding revealed that indomethacin
administration induced a significant and severe mucosal ulceration, associated with
significant lipid peroxidation. This was manifested as mucosal necrosis, hemorrhage, and
leukocytic infiltration. This effect on mucosal oxidative stress and histological derangement
is in accordance with the report of Valecheva-Kuzmanova et al. [32]. Meanwhile, it
significantly up-regulated serum TNF-α. Indomethacin-induced serum TNF-α and mucosal
TBARS up-regulation at the ulcer site seems mostly to be responsible for ulcerogenesis
[33].

Polymorphonuclear migration is an early and critical event in the pathogenesis of gastric
mucosal injury caused by indomethacin. TNF-α was previously reported to be a pro-
inflammatory cytokine that causes polymorphnuclear neutrophil migration, through up-
regulating the expression of adhesion molecules in both neutrophil and endothelial cells
[34]. Probably, prostaglandins inhibition by NSAIDs is responsible for the TNF-α rise, as
these class of drugs markedly reduce prostaglandin synthesis, which were known to be
potent inhibitors of TNF-α release from both macrophages [35] and mast cells [36].

On the other hand, the up-regulatory action of indomethacin to serum TNF-α is possibly
responsible for the decrease in mucosal NO. This action depicted an agreement with
reported results of Bauer et al. who registered that TNF-α is a potent inhibitor to
constitutive NO [37]. NO mediated a protective effect in the stomach, mostly through
modulation of cytokine production. One of the suggested pathways through which TNF-α
contributes to mucosal injury induced by NSAIDs is through activation of caspases
triggering apoptosis. NO can inhibit activation of these caspases through S-nitrosylation;
this had been speculated to be a major reason why NO donors could protect against
mucosal damage [38–40]. Histological studies on the gastric mucosa although showed that

Fig. 8 Ethanol-treated group
(H & E, ×500)

Fig. 7 Nicorandil-pretreated
indomethacin group
(H & E, ×300)
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nicorandil had corrective action against indomethacin-induced inflammatory infiltration and
congestion at the ulcer site through increased blood supply. This nicorandil gastroprotective
action was previously depicted by Ismail and co-workers [41], whose results coincide with
the present results, except the effect of nicorandil on NO, as they noticed that it was
consequently decreased. This contradiction is mostly referred to the ulcerogen in our study,
taking into account that nicorandil is a classical NO donor.

This significant up-regulation of TNF-α, induced by alcohol treatment, is in accordance
with the results of Kiefer and co-workers [42] in a study on group of alcohol abusers.
Additionally, the highly significant alcohol-induced mucosal lipoperoxidation coincided
with the findings of Khalil et al. [43], who tried different natural product extracts for
protection against alcohol-induced gastric oxidative stress. The effect of alcohol on the
gastric mucosa initiating ulcers is mediated also by its depressive action on mucosal NO
content as seen in our results and in other recent publication [44].

Collectively, alcohol is considered a more potent ulcerogenic model if compared to
indomethacin through their effects on mucosal TBARS and NO levels and inflammatory
cytokine activation. These actions were mirrored on the mucosal tissue histology as
polymorphonuclear infiltration and stomach lining epithelial derangements.

In addition, the association between the severity of gastric ulceration, up-regulated tissue
lipoperoxidation, and TNF-α values was previously registered by Singh et al. [45], who
found that antioxidant treatment could alleviate alcohol-induced gastric ulceration. Up-
regulation of TNF-α was mostly depicted to be responsible for recurrence of healed ulcers
[46].

Pretreatment with nicorandil decreased leukocyte infiltration probably through elevated
NO levels at the ulcer sites, with a concomitant significant reduction of TBARS and TNF-
α, when compared to indomethacin- and alcohol-treated animals. The lower preventive
index of nicorandil in ethanol, in comparison to indomethacin-induced ulcers, may be
attributed to the lower ability of the drug to reduce the rise in TBARS contents at the ulcer
sites [47].

In conclusion, alcohol is a more powerful inducer of gastric ulcer than indomethacin.
Gastric damaging action is mediated by elevated mucosal TBARS with a reduction of NO
content, with a consequent elevation of serum TNF-α, which all participate in gastric
necrosis, inflammation, congestion, and ulcer development. Nicorandil represents a more
suitable cardiovascular therapy for patients who are at risk of gastric ulcers, through
decreasing both drug-induced lipoperoxidation and TNF-α, with a parallel increase in NO
availability. It is recommended as a more effective and convenient gastroprotective drug for
cardiovascular patients using NSAIDs and/or alcohol; this may be a useful drug for possible
acute ulcer seizures.

Fig. 9 Nicorandil-pretreated
ethanol group (H & E, ×300)
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