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Background: Topiramate (TPM), an antiepileptic drug, is also effective against alcohol dependency, a crucial
factor in forming gastric ulcers. There is an increased possibility of patients with compromised gastric conditions
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getting exposed to TPM, but its effect on gastric ulcers is unknown. This study investigates the implication of
acute TPM in ethanol-produced gastric ulceration in rats.

Material and methods: The effect of TPM studied in male 200—225 g Sprague Dawley rats against ethanol-induced
gastric ulcers and for gastric secretion and acidity. The factors assessed include gastric secretion and acidity,
gastric ulcer score, biochemical and histological changes, NF-kB, and p53 expression. The analysis of data
performed by using the Kruskal Wallis test and Dunnett’s multiple comparison tests.

Results: TPM pretreatment showed gastroprotective effects. It significantly reduced ethanol-induced increased
gastric secretion, acidity, and gastric ulcer index and prevented gastric mucus depletion. The ethanol-induced
inflammation and apoptosis were also significantly decreased by reducing the increased gastric myeloperox-
idase activity and the expression of NF-kB and p53. TPM pretreatment also reduced the ethanol-induced damage
to the gastric histology in rats.

Conclusion: TPM exerted a gastro-protective effect against ethanol-induced gastric ulcers mediated by reducing
the gastric ulcer index, preventing a decrease of the mucus levels, reduction in inflammation, damage to gastric
histology, and a decrease in the enhanced expression of NF-kB and TPM. Further detailed investigations are
essential to understand the chronic influence of TPM on gastric ulcers.

1. Introduction

Gastric ulcer formation is a significant cause of morbidity and a TPM

drugs’ effects on alcohol-induced compromised gastric conditions,
including gastric ulcers, have not received due importance.
(2,3:4,5-Bis-O-(1-methylethylidene)-beta-D-fructo-pyranose

burden on health care in almost all countries [1]. Consumption of fast
foods and alcoholic beverages are a few of the crucial causes attributed
to the formation of gastric ulcers. Regular alcohol use damages gastric
mucosa and is associated with gastric inflammation, ulceration, and
even carcinoma of the gastric tissue [2]. Alcohol causes gastric damage
through different mechanisms such as increased gastric secretion,
decreased mucosal protection, the release of pro-inflammatory cyto-
kines [3-6], and invasion of activated neutrophils, apoptosis, and
oxidative stress [7,8]. On the other hand, different drugs, such as TPM,
are effective against alcohol abuse and dependency. However, these

sulfamate) is a commonly used antiepileptic drug. In addition to its
antiepileptic activity, it helps manage other disorders [9]. TPM also acts
as an antioxidant [10], protects against free radical damage, loss of
pericytes, and learning in mice [11]. It reduces the expression of
pro-inflammatory markers and increases the expression of
anti-inflammatory pointers [12]. TPM is also used to treat alcohol use
disorders and is vital for alcoholism [13,14]. Therefore, people with
acute and chronic gastritis and gastric ulcers have a high possibility of its
use. However, the effect of TPM in gastric ulcers is not known. This
investigation studied the effect of TPM in ethanol-produced gastric
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ulcers in rats.
2. Material and methods

The Ethics committee of the Scientific Research Center of the Med-
ical Services Department approved this study (vide approval number
002/122018). All the experiments performed adhered to the institu-
tional and international guidelines for the care and use of experimental
animals. Male Sprague Dawley rats of 200-225 g maintained with op-
timum conditions segregated into different groups—each group with six
animals used for the study. TPM in doses of 50 mg, 100 mg, and 200 mg/
Kg body weight was administered orally. The doses of TPM were
selected based on earlier studies [15-17].

2.1. Gastric secretion and acidity

Pylorus ligation, as described by Shay et al. [18], was performed in
four groups. Animals in three groups were administered TPM in different
doses (50 mg, 100 mg, and 200 mg/Kg) one hour before ligation. The
control group animals received water in the same volume. The animals
were killed 6 h after the pylorus ligation, stomachs isolated, and the
gastric contents collected and measured as total gastric secretion. After
centrifugation, the total acid output of the gastric secretion was calcu-
lated by titrating with 0.01 N NaOH.

2.2. Induction of gastric ulcers

Ethanol is used for inducing experimental gastric ulcers in rats either
alone [19,20] or in combination with hydrochloric acid (HCL) [21,22].
Ethanol was used for the induction of gastric ulcers as we observed it to
be highly effective in producing gastric ulcers in fasted rats [7], the
ulceration was observed in all the animals administered ethanol.

Six groups, each comprising of six animals, were used for the in-
duction of gastric ulcers. Rats were housed in individual cages with the
required measures to avoid fighting and coprophagy. They had unlim-
ited drinking water access but deprived of food for 24 h. The first two
groups were the control and the drug (TPM 200 mg/Kg) alone. The
animals in groups 3, 4, and 5 were administered TPM (50 mg, 100 mg,
and 200 mg/Kg, respectively) by gavage. Group 6 was the ulcer alone
group and received water in the same volume as the TPM-treated ani-
mals. Thirty minutes after administering the drug, the experimental
gastric ulcer was induced in groups 3-6 by intra-gastric administration
of 1 mL of absolute ethanol, as described earlier [7]. The control, ethanol
alone, and TPM alone grouped animals received water.

Sixty minutes after the ethanol administration, the animals were
killed under deep anesthesia. The stomachs were rapidly removed,
opened, and cleaned with ice-cold buffered saline, and gastric mucosal
damage was examined for the number and severity of gastric lesions
(Schiantarelli et al. [23]). The observer was blind to the treatment
protocol.

2.3. Assessment of histological and biochemical changes

The same protocol used for the generation of gastric ulcers and TPM
dosage administration was followed to study ethanol and TPM’s effects
on histological and biochemical changes in the gastric tissue. The
collected stomachs were used for measuring the gastric wall mucus and
myeloperoxidase (MPO). Phosphate-buffered formaldehyde was used to
preserve the stomachs for histological studies.

2.4. Measurement of Gastric wall mucus and Myeloperoxidase (MPO)
activity

The method of Corne et al. [24], was used to measure the gastric wall
mucus, and MPO activity was determined by following the protocol of
Bradley et al. [25].
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2.5. Histology of ethanol-induced gastric lesions

The rats’ stomachs in the different groups were collected, opened,
and cleaned with saline and preserved in 10 % neutral buffered form-
aldehyde for 24 h and processed for histological assessment. The his-
tological changes were studied in hematoxylin and eosin-stained
sections by a qualified specialist, unaware of the different groups under
a light microscope.

2.6. NF-kB and p53 expression

Paraffin-embedded 5 p m thick stomach tissue sections were pro-
cessed for expression of NF-kB and p53 by immunohistochemistry. After
deparaffinization, the sections were dehydrated and rehydrated and
then heated in citrate buffer for antigen retrieval. The reaction was
blocked with normal goat serum (ab138478) and followed by treatment
with primary antibodies (anti-p53 antibody [PAb 240] dilution1:100
ab26 and anti-NF-kB p105/p50 (Abcam, ab131493), at four °C. The
sections were then processed with the specific HRP (ABC) detection IHC
kits and the immunoreactions observed with 3,3-diaminobenzidine.
Hematoxylin was used for counterstaining the slides. Microscopic
analysis was conducted blindly.

2.7. Statistical analysis

Data were analyzed by utilizing the SPSS software platform (Version
20) and applying the Kruskal Wallis H test and one-way analysis of
variance (ANOVA) followed by Dunnett’s multiple comparison tests.
P < 0.05 was considered statistically significant.

3. Results
3.1. Topiramate treatment and ethanol-induced gastric ulcers

Fig. 1 depicts the macroscopic changes observed in ethanol and TPM
pretreated rats in the gastric mucosa. Exposure of animals to ethanol
resulted in gastric mucosal edema and extensive erosion, visible as
elongated severe hemorrhagic lesions (Fig. 1B) compared to healthy
animals (Fig. 1A). The severity of the ethanol-induced gastric lesions
was reduced dose-dependently in TPM pretreated rats (Fig. 1 C-E).

Exposure to ethanol resulted in widespread gastric abrasions in the
rats with an ulcer index score of 7.5 + 0.22 (Fig. 2). TPM decreased the
acute gastric abrasions produced by ethanol dose-dependently. All TPM
doses significantly attenuated the development and severity of gastric
injuries, as evident (Fig. 2) from the ulcer score reduction.

3.2. Topiramate treatment and gastric secretion and acidity

Our results showed TPM to possess intense anti-gastric secretory
activity in pylorus-ligated rats (Fig. 3A). A total of 9.66 + 0.33 mL of
gastric secretion volume accumulated in untreated pylorus ligated ani-
mals. Pretreatment with TPM substantially reduced gastric secretion.
The gastric secretion was significantly reduced in TPM pretreated ani-
mals (100 mg/Kg (5.863 + 0.6 mL) and 200 mg/Kg (5.0 & 0.52 mL) of
TPM. Although gastric secretion decreased (8.0 + 0.57 mL) in the ani-
mals treated with the low dose of TPM, the difference was statistically
insignificant.

Pretreatment with TPM was also effective in reducing the gastric
acidity in pylorus-ligated rats. The gastric acidity in untreated control
(ethanol only) rats was 816.66 + 111.26 mEq.

The gastric acidity declined dose dependently in TPM pretreated
rats. (Fig. 3, B)
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Fig. 1. Gross macroscopic appearance of the gastric mucosa of Control (A), Ethanol (B), Topiramate 50 mg/Kg (C), 100 mg/Kg (D), 200 mg/Kg (E), and Topiramate
alone 200 mg/Kg (F) pretreated rats. Rats were pretreated with Topiramate 30 min earlier to ethanol exposure. Control, ethanol alone, and Topiramate alone

grouped animals were given water instead of the drug.
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Fig. 2. Topiramate pretreatment effects on gastric ulcer scores in ethanol-
induced wulcers in rats. Groups compared by Kruskal Wallis test.
F =3 = 21.60. P < 0.0001. Topi — Topiramate 50, 100, and 200 mg/Kg. Ani-
mals in the ethanol alone group received water instead of the drug.

3.3. Topiramate treatment and ethanol-produced changes in gastric wall
mucus

Gastric mucus acts as a crucial defensive barrier against chemical or
mechanical damage to the gastric mucosa. As compared to control ani-
mals, the Alcian blue binding capacity, a valuable indicator of mucus in
the gastric mucosa, was significantly (P < 0.001) depleted in ethanol-
treated rats (Fig. 4). While pretreatment with TPM at 100 mg/Kg and
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200 mg/Kg significantly restored the depleted mucus levels of the
gastric mucosa, suggesting an increase in mucus production and exert-
ing a positive effect against ethanol-induced depletion of gastric mucus.

3.4. Topiramate treatment and ethanol-produced changes in the
histopathology of stomach

Changes in the stomach’s histological architecture shown in Fig. 5A,
illustrates a typical gastric architecture in untreated healthy control
animals. Treatment with ethanol initiated mucosal erosion and marked
the hemorrhage’s appearance, with inflammation in the sub-mucosal
layer and infiltration of neutrophils resulting in gastric lesions’ forma-
tion with loss of glandular cells and the detachment of the surface
epithelium and a discontinuity in the mucosal lining (Fig. 5 B). Pre-
treatment with TPM substantially weakened the detrimental ethanol-
produced gastric mucosal changes wielding a gastroprotective effect
(Fig. 5 C-E). TPM pretreatment (100 mg/Kg and 200 mg /Kg) resulted in
a nearly typical gastric mucosal structure, with minimum infiltration of
inflammatory cells and a substantial improvement in the glandular
structure and arrangement (Fig. 5 D & E).

3.5. Topiramate treatment and ethanol-produced variations in p53 and
NF-kB expression

The immunohistochemical analysis results for the expression of p53
proteins and NF-kB in gastric tissue of rats also demonstrated a protec-
tive effect of TPM in ethanol-induced gastric ulcers. The results for p53
showed intense staining in ethanol-treated animals’ gastric tissue. The
intense staining indicates the immunoreactivity and overexpression of
p53 protein. In contrast, the healthy control animals showed no
immunoreactivity (Fig. 6 B & A). Pretreatment with TPM reduced the
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Fig. 3. Topiramate pretreatment effects on gastric secretion (A) and acidity (B)
rats. # P < 0.05 and # # # P < 0.0001 as compared with control animals using
ANOVA followed by post hoc comparison with Dunnett’s test. Topi - Top-
iramate 50, 100 and 200 mg/Kg. Animals treated with only ethanol were given
water instead of the drug.

overexpression of p53 protein (Fig. 6 C-E).

Compared to control animals, the ethanol-treated rats showed
intense expression of NF-kB (Fig. 7 B). Pretreatment with TPM markedly
down-regulated the ethanol-induced overexpression of NF-kB (Fig. 7
C-E).

3.6. Topiramate treatment and ethanol-produced changes in the gastric
MPO activity

Pretreatment with TPM significantly protected against ethanol-
induced gastric ulcers by decreasing the infiltration of activated neu-
trophils, as reflected in the results of the MPO activity in ethanol and
TPM-treated animals. Ethanol-induced increased MPO activity was
significantly reduced in TPM- treated rats (Fig. 8).

4. Discussion

Topiramate is a commonly used antiepileptic drug with potent
antioxidant, anti-apoptotic, and anti-inflammatory properties. It is also
effectively used for treating alcohol dependency. Since alcohol use is a
significant cause of gastric ulcers, people with gastric ulcers are likely to
get inadvertently exposed to TPM. However, the effect of TPM on gastric
ulcers remains unexplored. This study explored the pretreatment effect
of TPM on alcohol-produced gastric ulcers in rats.

Administration of ethanol produced gastric injury that manifests in
deep ulceration, as seen in the macroscopic appearance and the ulcer
scores (Figs. 1 and 2). TPM pretreatment attenuated ethanol-produced
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gastric hemorrhagic abrasions and ulcers dose-dependently. The high
TPM dose almost wholly prevented gastric lesions (Figs. 1 and 2), which
was also evident from the stomach’s histological architecture changes.
Ethanol-produced gastric lesions characterized by the interruption in the
mucosal layer, necrosis, edema, and leucocytes" infiltration were
significantly reversed by TPM pretreatment. Formation of the hemor-
rhagic lesions in the stomach involves diverse mechanisms, including
enhanced gastric secretion and acidity, reduction in the protective
mucosal barrier, disruption of micro-vessels, infiltration of activated
neutrophils, oxidative stress, increased pro-inflammatory factors, and
apoptosis [3-5,7,8]. A reduction in the severity of the hemorrhagic le-
sions in the TPM pretreated animals suggests an ameliorative influence
of TPM on the hemorrhagic mechanisms.

TPM pretreatment significantly decreased both gastric secretion and
acidity (Fig. 3.A & B). Gastric secretion and acidity play a vital role in
forming gastric ulcers by unsettling the normal physiological process
[26]. Different substances are involved in the stimulation of gastric
secretion by parietal cells. These include the cholinergic transmitter
acetylcholine, histamine and, carbonic anhydrases. Activation of the
different isoforms of carbonic anhydrase plays a dynamic role in gastric
secretion and ulcer formation. Both Helicobacter pylori infection and
chemically induced gastric ulcers [27,28] activate the carbonic
anhydrases.

Furthermore, cysteamine, a potent ulcerogenic compound, acts
through direct activation of the carbonic anhydrases in the gastric mu-
cosa parietal cells [29]. Calcium modulates the activation of carbonic
anhydrases. Increased blood calcium levels are associated with
increased carbonic anhydrase activity and a concomitant increase in
gastric acid secretion. On the contrary, calcium channel blockers and
carbonic anhydrase inhibitors decrease gastric secretion and heal gastric
ulcers [30,31]. The reduction in gastric secretion and acidity in TPM
pretreated rats is likely due to TPM’s multiple action mechanisms. TPM
is a carbonic anhydrase inhibitor, a calcium channel modulator, and an
active anticholinergic agent [11,30,31]. Therefore, the decreased gastric
secretion and the TPM’s gastro-protective effect may be attributed to
these modulating properties.

Ethanol-produced gastric ulceration also involves reducing gastric
mucus and permeability, resulting in increased leakage of hydrogen ions
from the lumen [32]. Mucus is one of the significant components of the
mucosal barrier that acts as a defensive shield against noxious sub-
stances in the gastric tissue and facilitates its normal functioning. Mucus
gel adhering to the mucous surface entraps bicarbonate secreted by the
gastric epithelium facilitating neutralization of the gastric luminal acid
[33,34]. Besides, the mucus acts as a barrier to the diffusion of low
molecular weight solutes, microorganisms, and toxins [35]. Further-
more, mucus may also act as an antioxidant and prevent oxygen-free
radical-mediated damage to the gastric mucosa [34,35]. This study’s
results, wherein TPM treatment significantly attenuated the
ethanol-produced depletion of mucus levels (Fig. 4), suggest that TPM
enhances the secretion of mucus. Our findings agree with earlier studies
in which an increase in mucus secretion stimulated by different com-
pounds attenuated experimental gastric lesions in rats [5,7].

p53 is an important transcription factor and tumor suppressor that
plays a crucial role in coordinating many cellular signaling pathways
that mediate cellular response to stress [36,37]. Helicobacter
pylori-infected human gastric mucosa, and H. pylori-associated chronic
gastritis [37], increasingly express p53. The expression of p53 is
increased in gastric ulcers and carcinoma [38,39]. Our observation of
increased expression of p53 in ethanol-treated rats (Fig. 6) may result
from the gastric mucosa’s immediate response to ethanol stimulation. A
recent study reported a ten times higher expression of p53 in rats’
stomachs administered a single dose of ethanol compared to healthy
animals [8]. Other studies also show an association between gastric
ulceration and increased expression of p53 and caspase3 activities in
different models of gastric ulcers [40]. One of the critical functions of
p53 is to activate the process of apoptosis. Induction of p53 alters the
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Fig. 4. Topiramate pretreatment effects on ethanol-produced changes in the gastric mucous levels of rats. * * P < 0.001 when related to normal control animals and
# # P < 0.001 when related to animals treated with ethanol by using Dunnett’s multiple comparison test. Topi - Topiramate 50, 100 and 200 mg/Kg. Control, ethanol
alone, and Topiramate alone grouped animals were given water instead of the drug.

REDOX metabolism resulting in increased oxidative stress before
apoptotic cell death onset [41].

On the other hand, p53 mediated apoptosis and cell death in ethanol-
produced gastric injuries get reduced in an antioxidant’s presence [8].
The intense antioxidant activity and anti-apoptotic effects [10,16] of
TPM may be responsible for the decreased expression of p53 in TPM
pretreated rats.

Alcohol damages the stomach through NF-kB expression [6,42], a
transcription factor that regulates the expression of inflammation and
cell injury-associated genes [6]. In healthy resting cells, NF-kB in the
cytosol is in an inactive form bound with inhibitor — kB (I-kB). Inflam-
mation and inflammatory stimuli enable I-kB’s phosphorylation and its
dissociation from NF-kB, which then is translocated into the nucleus.
Activated NF-kB is detected only in ulcerated tissue and sustained until
gastric ulcers [43]. It is a signal pathway that plays a vital role in gastric
ulcers and gastric pathology through involvement in multitudes of ac-
tions. The activation of NF-kB results in the up-regulated expression of
many mediators of inflammation [6,42]. The exposure of rats to ethanol
in our study also resulted in overexpression of NF-kB compared to the
control animals, while pretreatment with different TPM doses markedly
down-regulated the overexpression of NF-kB (Fig. 7). The
down-regulation of NF-kB and its downstream targets help in the
amelioration of ethanol-produced gastric ulcers [6,44].

Another mechanism that plays a critical role in ethanol-produced
damage is the infiltration of activated neutrophils. Infiltration of acti-
vated neutrophils into the gastric mucosa triggers an oxidative burst that
stimulates gastric mucosal lesioning [45]. Myeloperoxidase (MPO), the
marker enzyme for activation of neutrophils, is a valuable indicator of
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gastric ulcers’ inflammatory activity [7,40]. Compounds that reduced
the activation and infiltration of neutrophils and increased MPO activity
protect against ethanol-produced gastric damage [6,7,40]. We also
observed a significantly increased MPO activity in ethanol-treated rats.
Pretreatment of rats with TPM significantly and dose-dependently
reduced the alcohol-produced increase in MPO activity (Fig. 8). There-
fore, suggesting that TPM’s protective effect may also be due to its
anti-inflammatory potential, as evidenced by the reduction in the
ethanol-produced increase in MPO activity and NF-kB expression,
valuable indicators of inflammation [6]. Furthermore, TPM has potent
antioxidant and anti-inflammatory activity and suppresses lymphocytes’
accumulation in ischemia-reperfusion injury [11,46].

5. Conclusion

In conclusion, this study shows that pretreatment with TPM atten-
uates ethanol-produced gastric ulcers in rats. The protective action of
TPM was associated with the regulation of gastric secretion, strength-
ening of the mucosal barrier, inhibition of neutrophil infiltration,
inflammation, and apoptosis.
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