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Abstract. - OBJECTIVE: The objective of the
study was to assess the protective effects of
barbigerone in ethanol-induced gastric ulcers
in rats.

MATERIALS AND METHODS: Male Wistar
rats (18020 g) were used in the study (n=06). The
rats were randomly divided into different groups,
i.e., the normal group, ethanol control, and bar-
bigerone 10 and 20 mg/kg group. Various bio-
chemical parameters were assessed — total acid-
ity and pH values, oxidative stress biomarkers
such as superoxide dismutase (SOD), glutathi-
one (GSH), malondialdehyde (MDA), and cata-
lase (CAT) along with markers, i.e., tumor necro-
sis factor-a (TNF-a), interleukin-6 (IL-6), IL-1B, in-

pression of B-Cell Leukemia/Lymphoma 2 (Bcl-
2). Also, histopathology was performed.

RESULTS: Treatment with barbigerone in the
ethanol-induced-ulcer rats restored the levels of
biochemical parameters such as SOD, GSH, MDA,
CAT, and markers expression, including TNF-a, IL-
6, IL-18, ICAM-1, and Bcl-2 with protected against
cellular necrosis.

CONCLUSIONS: Barbigerone protective effects
can be attributed to its ability to reduce oxidative
stress and inflammation, as well as promote gas-
troprotection against ethanol-induced ulcers in rats.
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mation, Oxidative stress.
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Introduction

Alcohol consumption has been associated with
approximately 60 distinct medical conditions.
Consistent alcohol intake leads to erosive hem-
orrhagic gastritis and chronic gastric diseases.
Gastric ulcer, a lesion that develops in the diges-
tive tract, is attributed to excessive alcohol con-
sumption, smoking, uncontrolled use of non-ste-
roidal anti-inflammatory drugs (NSAIDs), and
infection with pathogenic organisms like Heli-
cobacter pylori'*. Another significant factor in
the formation of gastric ulcers is the disturbance
of the balance between protective and aggressive
physical, chemical, or psychological factors in
the lining of the gastric mucosa. Among these,
excessive alcohol consumption plays a pivotal
role in the development of benign lesions in
the gastric tract’. Consumption of ethanol leads
to microvascular injuries by restricting blood
flow and triggering immunological responses,
including the rapid activation of neutrophils. This
process induces oxidative stress by increasing
the expression of reactive oxygen species (ROS)
and pro-inflammatory cytokines, causing dam-
age to the gastric mucosa. The regulation of
alcohol-induced gastric ulcers involves pro-in-
flammatory cytokines, such as tumor necrosis
factor-o (TNF-0), interleukin-6 (IL-6), and IL-1f,
as well as oxidative stress molecules, including
nitric oxide (NO), malondialdehyde (MDA), glu-
tathione (GSH), catalase (CAT), and superoxide
dismutase (SOD). Ethanol disrupts the mucosal
lining, rendering it susceptible to proteolytic and
hydrolytic actions of pepsin and stomach ac-
ids. Ethanol-induced gastric ulcer rodent models
share several similarities with human gastric ul-
cer conditions, making them valuable for exper-
imental studies of anti-ulcer approaches drugs*>.
Gastric ulceration is one of the prominent causes
of gastrointestinal surgeries worldwide, owing to
its widespread prevalence and high morbidity and
mortality rates. Patients with gastric ulcers often
experience abdominal discomfort and nausea.
Postmeal burning sensations and abdominal pain
are characteristic symptoms of gastric ulcers. As
a result, patients with gastric ulcer experience
both a serious illness and emotional distress that
interferes with their daily activities®. Available
gastroprotection drugs mainly include inhibitors
of the proton pump, antagonists of the hista-
mine-2 receptor, and analogs of prostaglandin.
These drugs restrict mucosal damage and sta-
bilize gastrointestinal bleeding. However, these
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medications are complex, expensive, and have
many side effects. The medical ecosystem faces
significant challenges because of the low cure
rates and high disease recurrence rates of current
clinical therapies for gastric ulcers. Hence, it is
necessary to develop novel alternative therapeu-
tics for the management of gastric ulcer®”’.

IL-6 stimulates T and B cells and regulates
acute and chronic inflammation. In gastric ulcers,
IL-6 activates macrophages, lymphocytes, and
neutrophils, causing inflammation and triggering
ROS and lysosomal activities, resulting in tissue
injury to the mucosal layer. Pro-inflammatory
cytokine (TNF-a) induces an acute inflammatory
response and infiltration into the mucosal layer,
which causes gastric ulcer®. Moreover, elevated
TNF-a levels cause apoptosis in the mucosal
lining via the caspase-3 pathway, which is ac-
companied by inhibition of gastric microcircula-
tion and delayed ulcer healing. Furthermore, the
synergistic effects of TNF-o and IFN-y initiate
pathophysiological actions on the gastric ulcer,
such as neutrophil infiltration, apoptosis, cyto-
skeleton degradation, and proline and tyrosine
kinase stimulation®°.

Current drugs used to treat gastric ulcers in-
clude anticholinergics, H2-receptor antagonists,
proton pump inhibitors, anticholinergics, sucral-
fate, and bismuth, with some side effects. Ad-
ditionally, these drugs have several detrimen-
tal effects, such as gynecomastia, alterations in
hematopoiesis, arrhythmia, and hypersensitivity.
Phytochemicals as potential drugs could be con-
sidered a better alternative therapy for man-
aging ulcer disease. Therefore, the search for
novel pharmaceutical compounds through the
screening of various phytochemicals has led to
the development of safe gastroprotective drugs''.
Plant-derived compounds have been shown to
exhibit gastroprotective properties by reversing
the harm caused by ethanol administration in
animal models. Previous studies have shown that
these plant compounds prevent gastric injury by
regulating the release of pro-inflammatory cyto-
kines. Phytocompounds also promote antioxidant
activities and reverse the effects of ROS, NO,
GSH, and CAT activities'>'3.

Barbigerone is a flavonoid phytochemical pri-
marily present in the leguminous species Millettia
ferruginea. Flavonoids are natural polyphenols
that are abundantly found in plants. These sub-
stances have several therapeutic advantages, such
as antiviral, anti-inflammatory, antioxidative, and
anti-tumorigenic properties. Furthermore, earlier
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research'*'> has shown that flavonoids help main-
tain intestinal barrier function, regulate gastric
secretions, and modify the immune system, all
of which help protect the intestinal epithelium.
Flavonoids can reverse gastric ulcers by neutral-
izing acid secretion, increasing gastric mucus
and bicarbonate secretion, and decreasing the
pepsin effect. Moreover, flavonoids enhance the
anti-inflammatory, antioxidative, and antibacte-
rial defense mechanisms against gastric ulcer'®!5,
The present work was conducted to assess the an-
ti-ulcer action of barbigerone in ethanol-induced
gastric diseases in rats.

Materials and Methods

Animals

Male Wistar rats (180+20 g) were used in this
study and allowed to adapt to standard laboratory
settings. Animals were included in the investi-
gation when they were 8 weeks old after being
routinely examined and monitored for health.
Animals were kept in polypropylene cages sup-
ported by stop-and-feed grills with nozzle orific-
es. These cages were equipped with autoclaved
husks to protect the animals from common in-
fections. During the experiment, the animals
were subjected to 12 hours of light and darkness,
with temperatures between 23-28°C and humid-
ity levels between 45 and 65%. Animals were
fed, and drinking water was provided ad libitum
during the procedure. The current investigation
was approved by the Institutional Animal Care
and Use Committee (IACUC/TRS/PT/023/028),
and research was performed as per the criteria
mentioned in ARRIVE"., The animals used in
the study had not undergone any previous pro-
cedures.

Chemicals

Ethyl alcohol and barbigerone (98% purity, gift
sample) and kits for IL-1B, PGE2, IL-6, TNF-a,
ICAM-1, and expression of Bcl-2 were deter-
mined using a rat enzyme-linked immune-sor-
bent examination kit (ELISA, MSW Pharma,
Chandrapur, Maharashtra State, India).

Experimental Design
The current study’s protocols were based on

earlier research'"® and were modified to stan-

dardize the experiments.
A total of 24 rats were randomly segregated
into four groups (n=6).

* Group 1 (normal group): treated with normal
saline.

* Group 2 (ethanol-injected group): treated with
a single dose of 1.5 ml/kg of ethanol.

* Group 3 (ethanol + barbigerone: low dose):
treated with ethanol 1.5 ml/kg + 10 mg/kg of
barbigerone.

* Group 4 (ethanol + barbigerone: high dose):
treated with ethanol 1.5 ml/kg + 20 mg/kg of
barbigerone.

All groups received the dose as per the sched-
ule from the beginning to the seventh day. During
the experiment, the treatment group was given
barbigerone (10 and 20 mg/kg/day p.o.), and the
normal group had been supplied only saline. Af-
ter a 24-hour period of fasting, a single dose of
ethyl alcohol (1.5 ml/animal) was administered
orally on the eighth day to induce gastric ulcers
(Figure 1). All experimental animals were sacri-
ficed, their stomachs were excised, and the ulcer
index was calculated, followed by collection of
the gastric material for further analysis. The gas-
tric contents from each animal were extracted for
further analysis by excision of the stomach after
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sacrificing the animals. The pH of the collected
gastric matter was assessed after centrifugated
at 1,000 rpm for 10 min. Biochemical parameters
were obtained, followed by histopathological ex-
amination of gastric tissue.

Biochemical Examination

Ulcer index
The total ulcer area in the gastric tissue was
estimated using the following mathematical ex-
pression'’:
Ulcer Index = 10/x
Where X is a mucosal region with ulceration.
Ulcer scores were determined on the scale
mentioned below:
0 = Normal, 1 for superficial mucosal erosion, 2
for deep ulcer or transmural necrosis, and 3 for
ulcer with penetration or perforations

Estimation of pH

After centrifuging the gastric contents, the pH
of the supernatant was analyzed by a digital pH
analyzer.

Estimation of Total Acidity

To determine total acidity, 1,000 uL of gastric
supernatant was added to distilled water in a 1:1
ratio and transferred to a conical flask, which was
titrated with sodium hydroxide (0.01 N) using a
phenolphthalein indicator".

Determination of Pepsin Activity

As previously described, pepsin activity was
determined using the denatured hemoglobin hy-
drolysis method. P-Nitrophenyl sulfite (10 mg)
was mixed with acetonitrile (2 mL) and dis-
solved to prepare a stock solution. The solution
was then allowed to cool on ice for 3 hours. To
achieve a quantity of 1.5 X 0-4 M, a 100 mL
aliquot of the stock substrate solution was com-
bined with glycine hydrochloride (0.01 M) at
26°C with the pH maintained at 1.9. A pH level
of 1.8 to 2.0 was optimal for enzymatic hydro-
lysis, so a pH of 1.9 was maintained for the ex-
periments. The minimal turbidity of the solution
indicated that the substrate was not consumed
and could be utilized for the assay. A duration
of eight minutes was required for complete hy-
drolysis of the substrate.

Along with pepsin, the sample cuvette was
quickly set in a double-beam spectrophotometer
(25°C). A cuvette containing 1-10 units of pepsin
(with a gastric content of 5-100 units) was used to
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measure the absorbance at 320 nm. Instrumenta-
tion used during the procedure included a Beck-
man DBG and a Haake thermostatic water bath!’.

Determination of Biochemical Markers
of Gastric Ulcer

The excised stomach tissues from all experi-
mental rodents were stored at -80°C and subjected
to biochemical estimation as previously described.
In this experiment, gastric tissue (~50 mg) was
transformed into powder; later, it was homoge-
nized with Phosphate buffered saline (PBS) buffer
(500 pl). The prepared homogenate was used for
several biochemical analyses, including Glutathi-
one (GSH) estimation. The findings are presented
in milligrams of GSH per gram of tissue. Malond-
ialdehyde (MDA) present in the stomach was esti-
mated as per the process described earlier, and the
findings were measured as micrograms of MDA
in one gram of tissue'>?’. The Catalase (CAT) was
determined as a reduction in H,O, (hydrogen per-
oxide) and expressed in units of CAT in one mg
of gastric tissue (U/mg tissue) SOD activity was
assessed and expressed as units of SOD in one mg
of tissue (U/mg tissue)*..

Assessment of MPO Activity

MPO present in the gastric contents was as-
sessed according to the protocols discussed in the
literature. Gastric tissue pellets were initially sus-
pended in a solution of PBS (50 mM), and 0.5%
of CI9H42BrN (hexadecyl trimethyl ammonium
bromide), and the pH was maintained at 6.0. The
gastric tissue content was solubilized by sonica-
tion and the heat produced during the procedure
was stabilized by a cooling cycle, followed by
centrifugation at 25,000 pm and 4°C for 10 min.
MPO activity was estimated by recording the
absorbance at 460 nm using H202 (0.005%) and
o-dianisidine dihydrochloride.

Estimation of Nitric Oxide (NO)

In the current investigation, the activity of NO
was determined. The concentration of nitrite pro-
duced by the oxidation of NO is calculated using
the Griess method, which is based on a diazoti-
zation reaction.

Markers Estimation by ELISA

The activity of inflammatory biomarkers in the
stomach tissue was estimated by ELISA, accord-
ing to the manufacturer’s guidelines. The activity
of inflammatory molecules, such as IL-1B, IL-6,
PGE2, TNF-a, ICAM-1, and Bcl-2 was measured.
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Histopathological Investigation

A histopathological study was performed us-
ing the techniques described in the literature.
Tissue samples were prepared from glandular
sections of the stomachs of all experimental
groups, and tissue specimens were treated over-
night with 10% buffer solution (neutral forma-
lin) for histopathological analysis. Tissue speci-
mens were prepared from glandular sections of
the stomachs of all experimental groups, and all
tissue specimens were treated overnight with
neutral formalin (10%) buffer for histopatholog-
ical analysis. The tissue samples were placed in
paraffin using a microtome and sliced into 3 m
tissue block slices, followed by staining of each
segment with hematoxylin and eosin for histo-
logical observations.

Statistical Analysis

GraphPad Prism statistical tool (Version 8.0.2,
GraphPad Software Inc., San Diego, CA, USA)
was used to analyze the data obtained from all
experimental procedures. The findings were sub-
jected to standard error of the mean (SEM). The
ulcer score was analyzed using a non-parametric
test (Kruskal-Wallis) and the significance of the
other findings, and a one-way analysis of variance
(ANOVA) was used to compare the variables of
each experimental animal group using a posthoc
test (Tukey’s post hoc test). Statistical signifi-
cance was determined using a p-value <0.05.

Results

Determination of Ulcer Index

In this study, the control group (ethanol) demon-
strated an elevated ulcer index compared with
the normal group (p<0.01). Kruskal-Wallis test
revealed that the treatment with barbigerone at 10
and 20 mg/kg led to a remarkable reduction in the
ulceration index [F (3, 20)=248.3, (»<0.0001)] com-
pared to ethanol control as depicted in Figure 2.

Estimation of pH

In this study, the ethanol control group showed
a reduced pH on day 8 of the experiment, result-
ing in an acidic pH compared to the normal treat-
ment groups (p<0.01). The animal group that was
administered both doses of barbigerone showed
results in terms of alkaline pH [F (3, 20)=35.18,
(»<0.0001)], which were comparable to those of
the control treatment group (Figure 3).
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Figure 2. The consequence of barbigerone on the ulcer
index. #p<0.001 vs. normal, *p<0.05 vs. ulcer control
(Kruskal-Wallis test).

Total Acidity and Pepsin Assessment

The ethanol control group had notably higher
total acid and pepsin activities than the control
group (p<0.001). One-way ANOVA followed by
Tukey’s post hoc test revealed that the barbig-
erone-treated group (10 and 20 mg/kg) nota-

Figure 3. The consequence of barbigerone on pH. “p<0.001
vs. normal, *p<0.05 and ***p<0.0001 vs. ulcer control (One-
way ANOVA followed by Tukey’s test).
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bly recovered the total acid [F (3, 20)=26.43,
(p<0.0001)] and pepsin levels [F (3, 20)=49.59,
(p<0.0001)] compared to the ethanol-control
groups (Figures 4 and 5).

Estimation of Biochemical Markers

The effect of barbigerone treatment on GSH,
MDA, SOD, and CAT activities in rodents with
ethanol-induced gastric ulcers is shown in Fig-
ure 6 A-D. The ethanol control group showed a
significant increase in MDA levels (p<0.001).
SOD, GSH, and CAT expression markedly de-
creased (p<0.001) in the ethanol control group
compared to that in the normal group. One-way
ANOVA followed by Tukey’s post hoc test re-
vealed that both doses of barbigerone (10 and
20 mg/kg) resulted in a marginally maintained
increase in GSH [F (3, 20)=40.52, (p<0.0001)],
SOD [F (3, 20)=158.9, (»<0.0001)], and CAT [F
(3, 20)=23.55, (p<0.0001)] levels in the treat-
ment group and a decline in MDA expression
[F (3, 20)=10.35, (p=0.0003)] compared to the
ethanol control group (Figure 6A-D).

Assessment of Myeloperoxidase (MPO)
Activity

The ethanol control group displayed a consid-
erably elevated MPO level of MPO than the nor-
mal group (p<0.001). Animals that received bar-
bigerone at 10 and 20 mg/kg demonstrated mod-

100~ "

Total acidity (mEq/lt)

Figure 4. The consequence of barbigerone on total acidity.
#p<0.001 vs. normal, *p<0.05 and **p<0.001 vs. ulcer
control (One-way ANOVA followed by Tukey’s test).
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Figure 5. The consequence of barbigerone on pepsin
activity. “p<0.001 vs. normal, **p<0.001 and ***p<0.0001 vs.
ulcer control (One-way ANOVA followed by Tukey’s test).

erate MPO activity [F (3, 20)=12.82, (p<0.0001)]
compared to the ethanol control groups. Figure
7A depicts the MPO activity in ethanol-induced
gastric ulcers in rats.

Nitric oxide (NO) Assay

The effect of barbigerone treatment on NO
levels in ethanol-induced gastric ulcers in rats
is shown in Figure 7B. In the present study,
the NO activity in the ethanol-induced control
group was notably lower than that in the normal
group (p<0.001). One-way ANOVA followed
by Tukey’s post hoc test revealed that treatment
with barbigerone at 10 and 20 mg/kg signifi-
cantly restored NO levels [F (3, 20)=25.08,
(p<0.0001)] compared to the ethanol control

group.

Estimation of Markers

In this study, animals treated with ethanol
showed noticeably greater activities of TNF-a,
IL-6, IL-1B, and intercellular adhesion molecule-1
(ICAM-1) (p<0.001). Additionally, decreased ac-
tivities of B-Cell Leukemia/Lymphoma 2 (Bcl-
2) expression and prostaglandin E-2 (PGE2)
(p<0.001) were observed in the ethanol control
group compared to those in the normal treatment
group. Furthermore, treatment with barbigerone
(10 and 20 mg/kg) significantly upregulated Bcl-2
expression [F (3, 20)=28.40, (p<0.0001)] and PGE2
levels [F (3, 20)=11.13, (p=0.0002)], as well as sig-



Protective effects of barbigerone in ethanol-induced gastric ulcers

A 57 C 8
4- = 6- —_—
) )
E 3 £
2 = 41
8 21 >
2 o
2-
1-
0 0
&
$
N
< <
B 101 D 60
8-
=0
o < 40-
E 6 £
= £
<
2_
0
0
&
ée

Figure 6. A-D, Effect of barbigerone on biochemical markers, i.e., (A) SOD, (B) GSH, (C) CAT, and (D) MDA. *p<0.001 vs.
normal, *p<0.05, **p<0.001 and ***p<0.0001 vs. ulcer control (One-way ANOVA followed by Tukey’s test).
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Figure 7. A-B, The consequence of barbigerone on (A) MPO activity and (B) NO assay. p<0.001 vs. normal, *p<0.05 and
**p<0.0001 vs. ulcer control (One-way ANOVA followed by Tukey’s test).
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nificantly downregulated TNF-a [F (3, 20)=34.95,
(p<0.0001)], IL-6 [F (3, 20)=25.13, (p<0.0001)],
IL-1B [F (3, 20)=81.39, (»<0.0001)], and ICAM-1
[F (3, 20)=75.25, (p<0.0001)] (Figure 8 A-F).

Histopathological Examinations

Normal histology and elongated villi were
observed in the normal control group without
exfoliation markings (Figure 9A). Villi in the
ethanol control group exhibited histopathologi-
cal alterations, including lesions, hemorrhages,
and cellular necrosis (Figure 9B). Both doses
of barbigerone (10 and 20 mg/kg) significantly
protected against cellular necrosis caused by
ethanol-induced ulcers in rats (Figure 9 C-D).

Discussion

Globally, excessive alcohol consumption has
been linked to gastrointestinal disorders, such

as gastric ulcers. Several in vivo preclinical ex-
periments were performed in the current study
using an animal model of alcohol-induced gas-
tric ulceration. This study aimed to assess the
applicability of ethanol-induced gastric ulcers
in experimental animals. Recent studies®* have
also demonstrated the gastroprotective effects
of plant-derived compounds as a novel ther-
apeutic approach for treating gastric ulcers.
Additionally, ethanol-induced experimental an-
imal models have revealed detrimental impacts
of alcohol intake on the gastrointestinal tract®.
Several molecular mechanisms contribute to
the pathophysiology of gastric ulcers that alter
the mucosal membrane and harm the epithelial
lining of the gastric mucosa®**. Histopatholog-
ical findings, such as decreased epithelial cells,
migration of inflammatory cells, hemorrhage,
and mucosal erosions, are defining charac-
teristics of alcohol-induced gastric damage?®.
Alcohol also modifies the microscopic and
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Figure 8. A-F, The consequence of barbigerone on (A) TNF-a, (B) IL-6, (C) IL-1B, (D) PGE-2, (E) ICAM-1, and (F) Bcl-2.
#p<0.001 vs. normal, *p<0.05, **p<0.001 and ***p < 0.0001 vs. ulcer control (One-way ANOVA followed by Tukey’s test).
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Figure 9. A-D, Histopathological changesin glandular stomach of rat stained with H&E 200x in ethanol-induced in gastric
tissue; (A) Normal control- showing normal histoarchitecture (B) ethanol control- showing lesions and necrosis, histoarchitec-
ture alterations (C) barbigerone 10 mg/kg - showing mild lesions and necrosis (D) barbigerone 20 mg/kg- showing reducing
cellular necrosis and lesions.

macroscopic morphology of gastric tissue, re-
sulting in submucosal edema and hyperemia,
respectively?’.

This study examined barbigerone as a potential
gastroprotective medication for ethanol-driven
gastric ulcers. The present study included sev-
eral comparative analyses between the animals
of the normal control, ethanol control, and bar-
bigerone-treated groups, which suggested that
experimental rats treated with ethanol developed
symptoms of gastric ulcers, such as an elevated
ulcer index, increased MPO activity, and total
acidic content. Additionally, biochemical analysis
of experimental animals revealed abnormalities
in the levels of biochemical indicators, such as
SOD, GSH, MDA, and CAT, as well as inflam-

matory markers, such as TNF-a, ICAM-1, PGE2,
IL-6, and IL-1PB. Additionally, histopathological
examination demonstrated that acute alcohol
administration led to chronic mucosal injuries,
characterized by lesions in the gastric villi. Ear-
lier studies?® have reported that oral ethanol ad-
ministration in rats causes injury to the gastric
mucosa by damaging the vascular and endo-
thelial cells. Ethanol also triggers inflammato-
ry pathways, microcirculatory disturbances, and
hypoxia. Earlier studies’ also showed that ethanol
causes edema of submucosal cells and results in
cellular necrosis in experimental animals. Fur-
thermore, ethanol administration to lab animals
elevates the expression of cytokines such as IL-
6, IL-1B, and TNF-a, resulting in inflammation.
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Ethanol overconsumption has also been reported
to contribute to hemorrhagic injury in the gastric
mucosal layer by impairing the mucosal barrier
of the gastrointestinal tract®.

Similarly, the results of another experiment**-!
revealed that alcohol administration to animals
noticeably elevated the ulcer index, indicating
the applicability of ethanol-induced gastric ul-
cer disease models. The findings of preclinical
experiments help the present work validate an
experimental model to assess the gastroprotec-
tive properties of barbigerone against ethanol-in-
duced gastric ulceration in rats. Earlier studies'*>?
postulated that flavonoids extracted from plants
elevate the pH of gastric matter in ethanol ad-
ministered to experimental animals, ultimately
reversing ulceration in the stomach. The current
investigation demonstrated the gastroprotective
properties of barbigerone by balancing the pH of
gastric juices in ethanol-induced gastric ulcer-
ation in rats. The results of this study support the
gastroprotective properties of barbigerone against
ethanol-induced gastric ulcers by modifying the
pH of the gastric material in rats. Pepsin activity
was elevated in the ethanol-treated experimental
group. Previous research® has demonstrated that
ethanol administration to animals increases pep-
sin activity. Moreover, it was previously report-
ed** that plant-derived compounds reduce ulcer
severity in experimental animals by increasing
the pH and reducing the total acidity as well as
pepsin activity. Alcohol consumption is crucial
in the progression of gastric ulcers because in-
flammation in the stomach damages the mucosal
layer by causing the migration of inflammatory
cytokines in the gastric lining***’. The results of
this study support that ethanol dosing in animals
elevates the effects of inflammatory cytokines
in accordance with earlier studies. In contrast,
the experimental group treated with barbigerone
showed a decline in the activity of inflammatory
cytokines. Earlier research®* in ethanol-induced
gastric ulcer animal models postulated that ox-
idative stress stimulates ROS and NO release.
ROS activates pathways such as mitogen-activat-
ed protein kinase (MAPK) and redox-sensitive
signal transduction, which regulate the expres-
sion of genes that code for pro-inflammatory
cytokines. ROS and neutrophil infiltration were
found to contribute to the pathogenesis of gastric
ulceration by causing mucosal damages®,

Previous studies®” have shown that ethanol-in-
duced rats show higher levels of lipid peroxida-
tion as a result of ROS generation. Addition-
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ally, ethanol causes severe oxidative stress by
significantly decreasing the levels of antioxi-
dant enzymes such as SOD, CAT, and GSH.
Furthermore, ethanol administration increases
the expression of lipid peroxidation biomarker
(MDA)*4, Our study also showed that SOD,
CAT, and GSH activities were reduced in the
ethanol control group. Simultaneously, MDA
levels were elevated in the ethanol-treated rats.
These observations support the involvement of
alcohol in the development of lipid peroxida-
tion-mediated gastric injury in ethanol-driven
gastric ulcerations. These results confirmed the
involvement of alcohol in lipid peroxidation-me-
diated gastric injury, resulting in ethanol-in-
duced gastric ulcerations. Similarly, barbigerone
significantly reduced MDA levels and balanced
the activities of GSH, SOD, and CAT in labora-
tory animals at both doses (10 and 20 mg/kg)*.
Additionally, the observations of the current
study imply that MPO is essential for neutro-
phil migration in gastric mucosa. Our findings
also confirmed that ethanol administration led
to an increase in MPO activity, which was
balanced by barbigerone treatment in experi-
mental animals. Another study® postulated that
ethanol administration caused gastric damage
by disturbing NO synthase. Additionally, NO
synthase generates large amounts of NO, caus-
ing vascular microcirculation disturbances that
lead to gastric injury**. In our study, animals
treated with barbigerone showed a decline in NO
activity compared to ethanol-induced rats. Sev-
eral inflammatory markers, including TNF-q,
ICAM-1, IL-6, and IL-1B, have been implicated
in the pathogenesis of ethanol-triggered gastric
ulcers by inducing apoptosis of gastric epithelial
cells, accelerating the migration and activation
of inflammatory cells and disrupting the gastric
mucosal barrier**. Treatment with barbiger-
one (10 and 20 mg/kg) lowered gastric TNF-q,
ICAM-1, IL-6, and IL-1fB expression markedly
compared with the ethanol control group. Treat-
ment with barbigerone at both doses (10 and 20
mg/kg) significantly mitigated the inflammatory
response by suppressing the levels of inflamma-
tory cytokines, such as IL-6, IL-1B, and TNF-a.
The findings of this study are in accordance with
previously reported studies*. Barbigerone may
indirectly influence the expression of TNF-q,
ICAM-1, IL-6, and IL-1B by reducing oxidative
stress, as these factors are often upregulated in
response to oxidative stress. Barbigerone may
exert its anti-inflammatory effects by targeting
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multiple signaling pathways and molecular tar-
gets crucial in the pathogenesis of ethanol-trig-
gered gastric ulcers*#7:43,

According to previous literature, ethanol ad-
ministration leads to abnormalities in the rat
gastric tissue, such as necrosis of the mucosa,
submucosal edema, and hemorrhage, which sup-
ported our results®. In the present study, histo-
pathological analysis of rat gastric tissues demon-
strated histopathological alterations, including
lesions, hemorrhage, and cellular necrosis, in the
control group. Our results showed that barbiger-
one treatment successfully reversed histopatho-
logical abnormalities in the gastric tissue. PGE2
exerts diverse effects on the gastrointestinal tract.
A significant role of PGE2 in ulcer prevention and
healing is that it regulates gastric acid secretion
and the release of cytotoxic substances, as well
as stabilizing the mast cell membrane and stim-
ulating tissue repair. Gastric ulceration is caused
by decreased PGE2 levels in the mucosa, which
also aggravates pre-existing gastric ulcers®. The
present study showed that the ethanol control
group had reduced PGE2 levels, while barbig-
erone treatment moderated PGE2 levels in the
gastric studies®>2,

Bcl-2 plays a crucial role in the pathogenesis
of ethanol-triggered gastric ulcers in rats. Bcl-2
expression was decreased in the gastric mucosa
of animals with alcohol-triggered gastric ulcers.
Decreased Bcl-2 expression contributes to gastric
epithelial cell apoptosis, which leads to gas-
tric ulcer development and progression®. Bcl-2
exerts its anti-apoptotic function by inhibiting
mitochondrial outer membrane permeabilization,
which leads to the release of cytochrome c and
other proapoptotic factors from the mitochondrial
intermembrane space into the cytoplasm. Thus,
promoting the expression of Bcl-2 can downreg-
ulate apoptosis®™>*, Treatment with barbigerone
significantly upregulated Bcl-2 expression. By
modulating Bcl-2 expression, barbigerone may
promote cell survival and inhibit apoptosis in
the gastric mucosa, thus potentially protecting
against ethanol-induced ulcers. Anti-inflamma-
tory, antioxidant, and anti-cancer properties of
barbigerone have been reported*#735%,

Barbigerone, as a natural compound, may help
in conditions such as gastric ulcers by preventing
ethanol-triggered gastric ulcers in rats by restor-
ing SOD, GSH, MDA, CAT, lipid peroxidation,
and the expression of markers, including PGE2,
TNF-a, IL-6, ICAM-1, 1IL-1B, and Bcl-2, with
protection against cellular necrosis.

Limitations

The study’s limitations include its short dura-
tion and small sample size. Further studies using
cell-based assays, western blot analyses, and gene
expression analyses are required to understand
how barbigerone affects cellular processes and
molecular mechanisms. Moreover, sex hormones
can potentially influence the outcome of the study
involving animal studies. Thus, further studies
should be performed to estimate the effects of sex
hormones on the observed effects.

Conclusions

The findings of the present study suggest that
barbigerone has gastroprotective properties. Bar-
bigerone demonstrated its effectiveness as an
anti-ulcer agent and may be due to a reduction
in ethanol-triggered gastric ulcers. The healing
effect of barbigerone may be attributed to the
activation of SOD, CAT, and GSH, as well as
the inhibition of inflammatory molecules such as
TNF-a, ICAM-1, PGE2, IL-6, IL-1p, and apopto-
sis by Bcl-2 regulation.
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