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Abstract: Anabasis articulata, commonly known as ‘ajrem’ or ‘eshnan’, is widely used in traditional medicine across the 
Arab world to alleviate ailments such as eczema, fever, and inflammatory diseases. Despite its extensive use, no prior 
studies have investigated the gastroprotective properties of the decocted extract of A. articulata (DEAA) or explored its 
mechanisms of action. This study is the first to evaluate the gastroprotective effects of DEAA in ethanol-induced gastric 
ulcers in rats and to elucidate its mechanism of action through three major protective pathways. Rats received DEAA per 
os (p.o.) at doses of 50, 100, and 200 mg/kg. Mechanistic investigations included pretreatments with glibenclamide (a 
potassium ATP-channel blocker), indomethacin (a cyclooxygenase (COX) inhibitor), and N-nitro-L-arginine methyl ester 
(L-NAME, a nitric oxide synthase inhibitor). DEAA at 200 mg/kg demonstrated significant gastroprotective activity in the 
acute ulcer model. The gastroprotective effects of DEAA were not affected by these pharmacological inhibitors, confirm-
ing that its action is independent of the ATP-sensitive potassium channel (KATP channel), prostaglandin synthesis, and 
nitric oxide (NO) production. Further analysis revealed that DEAA protects the gastric mucosa by reducing basal gastric 
juice secretion, enhancing mucus secretion, and increasing the activity of antioxidant enzymes such as catalase (CAT) and 
superoxide dismutase (SOD). Additionally, DEAA mitigated inflammation by reducing neutrophil infiltration, as evidenced 
by decreased myeloperoxidase activity. These findings provide the first scientific validation of the gastroprotective effects 
of DEAA, independent of the three classical protective pathways. This study highlights the potential of A. articulata as a 
multi-targeted therapeutic agent for preventing and managing gastric ulcers. 
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INTRODUCTION

Oxygen is essential for our survival, development, 
and adaptability, but it also carries risks of toxicity, 
acidity, degradation, and degeneration. Dysregulation 
of oxygen metabolism results in oxidative stress [1], 
which stimulates the formation of partially reduced, 
highly toxic, free radicals or reactive oxygen species 
(ROS) and reactive nitrogen species (RNS). These 

molecules, both radical or non-radical, are continuously 
generated by several cell types in aerobic organisms 
[2]. Oxidative stress is responsible for the inability to 
counteract ROS-induced damage [3]. It has garnered 
substantial attention within the medical community 
due to its pivotal role in the pathophysiology of chronic 
diseases, including atherosclerosis, cancer, diabetes, 
rheumatoid arthritis, cardiovascular disease, and ag-
ing [4]. Many disorders are linked to inflammatory 
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processes, and a significant number of individuals 
globally suffer from chronic conditions such as gastric 
ulcers [5]. Gastric ulcers are among the most prevalent 
digestive disorders, affecting individuals of all ages 
worldwide. Their detrimental effects stem from a 
disruption of natural defenses, such as the mucosal 
bicarbonate barrier, prostaglandin E2, cell regenera-
tion, antioxidant markers, and endogenous factors 
such as increased hydrochloric acid, ROS production, 
and pepsin disruption [6]. The disturbed equilibrium 
primarily results from excessive exposure of the gas-
tric mucosa to non-steroid anti-inflammatory drugs 
(NSAIDs), smoking, nutritional deficiencies, stress, 
and alcohol consumption [7].

Medicinal plants, abundant in phenolic compounds, 
with diverse biochemical and pharmacological proper-
ties, including anti-inflammatory and antioxidant ef-
fects, are recognized as significant therapeutic resources 
and a natural pharmacy for human health preservation 
[8]. Flavonoids demonstrate gastroprotective, antise-
cretory, and antioxidant properties, while alkaloids 
and terpenoids exhibit gastroprotective qualities by 
influencing pH levels and ulcer indices. Tannins and 
saponins, present in numerous plants, possess an 
anti-ulcerogenic potential through the modulation 
of acid secretion [9].

Polyphenols, notably flavonoids and tannins, act 
in the gastrointestinal tract as antiulcer, antisecretory, 
and antioxidant agents [10]. Flavonoids help prevent 
ulcers primarily through their antioxidant action. 
This includes reducing free radicals, chelating ions 
and metals, inhibiting oxidative enzymes, enhanc-
ing antioxidants, and lowering lipid peroxidation 
[11]. Tannins are used in medicine mainly for their 
astringent properties; they interact with proteins in 
tissues, precipitating at ulcer sites to form a protective 
layer (tannin-protein/tannin polysaccharide complex) 
that prevents the absorption of toxic substances and 
enhances resistance to proteolytic enzyme activity, 
thus inhibiting stomach proteases such as pepsin [12].

Anabasis articulata, a Saharan plant belonging to 
the Chenopodiaceae family, has been utilized in tradi-
tional medicine by indigenous populations to treat fever, 
diarrhea, diabetes, asthma, rheumatism, and cancer. 
Plants in the Chenopodiaceae family are renowned for 
their wealth of bioactive substances. The Anabasis genus 

thrives in stony, sandy valleys frequented by camels 
and goats [13]. The continued reliance on traditional 
medicine is attributable not only to cultural factors and 
poverty but also to the lack of effectiveness of many 
existing drugs [14]. There is considerable interest in 
the biologically active compounds in plants and herbs 
for their safety and efficacy in preventing and treating 
human diseases [15].

In Algeria, Syria, Egypt, and Iraq, *Anabasis ar-
ticulata* is widely used in traditional medicine to treat 
asthma, fever, eczema, and kidney infections [16] and 
has also been applied as a plaster for scabies treatment 
[17]. The species serves as a remedy for diabetes [18] 
and also has cholinergic properties [19]. The aerial 
parts are used in decoction and as a poultice to treat 
dermatoses, skin diseases (eczema), headaches, and 
fever [20]. No scientific investigations have explored 
the antidiabetic and antiulcerogenic effects of the 
ethanolic extract of the leaf and flower mixture of A. 
articulata from Algeria. This study investigated the in 
vitro antioxidant and in vivo antiulcerogenic activities. 
The primary goal was to evaluate the gastroprotective 
effects of DEAA and to investigate its potential mecha-
nisms of action using an ethanol-induced gastric ulcer 
model in rats. This objective was successfully achieved, 
as the results show that DEAA, particularly at a dose 
of 200 mg/kg, significantly reduces ethanol-induced 
gastric damage. Rats were pretreated with distilled 
water, omeprazole, or DEAA (50, 100, and 200 mg/
kg) before ethanol administration. Additional tests 
involved pretreatments with L-NAME, glibenclamide, 
and indomethacin. Gastric acidity, mucus adherence, 
and stomach tissues were analyzed to assess lesions, 
histological changes, and antioxidant enzyme activities.

MATERIALS AND METHODS

Ethics statement

All experimental studies were approved by the 
Committee of the Algerian Association of Sciences 
in Animal Experimentation (http://aasea.asso.dz/
articles/) No. 8808/1988, associated with veterinary 
medical activities and protection of animal health 
(No. JORA 004/1988).
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Nomenclature

The medicinal plant used was Anabasis articulata 
(Forssk.) Moq., locally known as “El Ajrem”, belonging 
to the Chenopodiaceae family. The plant was identi-
fied by Professor B. Oujhih, an expert taxonomist at 
the Institute of Nutrition and Agronomy, University 
of Batna, Algeria. A voucher specimen was deposited 
in the laboratory under SNV 0045-2020.

Chemicals and instruments 

All analytical-grade chemicals used in this study were 
procured from E. Merck, Germany, including absolute 
ethanol (EtOH), L-NAME (N-G-nitro-L-arginine), 
indomethacin and Alcian blue, sucrose, magnesium 
chloride, sodium acetate, and sodium hydroxide.

Plant material

A. articulata was harvested in October-November 2020 
at the El Mergueb Natural Reserve of M’sila province 
(North Algeria) at 35° 42' N latitude and 4° 32' E lon-
gitude. The flowers and leaves of A. articulata were 
air-dried in the shade, crushed, and then powdered 
using an electric grinder.

Extraction procedure

Preparation of decocted extract

The decoction extract of the flowers and leaves of A. 
articulata (DEAA) was prepared according to Ferreira 
et al. [21]. Briefly, 100 g of powder was boiled for 10 
min in 1000 mL of distilled water. The mixture was 
filtered through muslin and then Whatman filter paper. 
The filtrate was poured into glass plates and dried in 
the oven (37°C).

Animal material

Albino rats weighing 120-200 g were maintained in 
polycarbonate cages for 7 days under laboratory condi-
tions (12/12 h light/dark cycle, 23±2°C) with ad libitum 
access to food and water before the beginning of the 
experimentation.

Antiulcerogenic in vivo investigations

Ethanol-induced gastric ulcer

The antiulcer activity of the DEAA was determined 
following the method used by Abdulla et al. [22]. Ulcers 
were induced by administering ethanol. All the animals 
(rats 5/group) were deprived of food for 24 h before 
the experiment but had free access to drinking water 
up to 1 h before the experiment. Group I: the ulcer 
control group was orally administered distilled water 
(5 mL/kg); Group II was treated with omeprazole (20 
mg/kg) as a reference drug; Groups III, IV, and V were 
treated with 50, 100, and 200 mg/kg DEAA, respec-
tively. One h after this pretreatment, all groups of rats 
received a dose of absolute ethanol (2.5 mL/kg) orally. 
The animals were killed by cervical dislocation 30 min 
after administration of a necrotizing agent. According 
to Bouaziz et al. [23], the evaluation of macroscopic 
gastric lesions using the percentage of ulceration was 
calculated using the following formula: 

% ulceration = (total ulcerated area /  
total mucosal area) × 100.

The total area of the lesions and the total area of 
the stomach were measured using Image J software.

Gastric ulcer induced by ethanol in animals 
pretreated with L-NAME, glibenclamide and 
indomethacin

Separate experiments were conducted to examine 
the roles of a non-selective inhibitor of nitric oxide 
synthase, L-NAME, the ATP-sensitive potassium chan-
nel (KATP) blocker glibenclamide, and the NSAID 
indomethacin, which inhibits the PGE2 synthesis. 
According to Ribeiro et al. [24], rats that fasted for 18 
h and were provided water ad libitum 1 h before the 
experiment were distributed into 8 groups of 5 animals 
each. Three groups were pretreated with L-NAME (10 
mg/kg intraperitoneally, i.p.), glibenclamide (10 mg/
kg i.p.), or indomethacin (10 mg/kg i.p) 30 min before 
receiving 200 mg/kg DEAA by gavage. Two additional 
groups were included, one received only 200 mg/kg 
DEAA, and one received only the vehicle (10 mL/kg, 
p.o.). Forty-five min later, all animals received absolute 
ethanol (4 mL/kg, p.o.) to induce ulcers. One h after 
ethanol treatment, the animals were killed.
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Collection of the gastric juice and measurement 
of gastric acidity

After the animals were killed, their stomachs were 
removed. The stomach contents were collected, and 
centrifuged at 4°C at 55.9 ×g, and the pH was deter-
mined using a digital pH meter [25].

Macroscopic gastric lesion evaluation

After collecting the gastric juice, the stomachs of each 
animal were removed, opened along the greater cur-
vature, washed with cold saline, and flattened stomach 
samples were photographed. The total area of the le-
sions and the total area of the stomach was measured 
using Image J software [23].

The percentage of ulceration was calculated ac-
cording to the following formula: 

% ulceration = (total ulcerated area /  
total mucosal area) × 100.

Determination of adhered mucus to gastric wall

A modified method of Corne [26] was utilized for 
determining gastric mucus. A segment of the glandular 
region of the stomach was weighed and transferred 
to a test tube containing 7 mL of 0.1% Alcian blue in 
0.16 M sucrose, 0.05 M sodium acetate, pH 5.8. After 
two consecutive rinses with 5 mL 0.25 M sucrose, 
5 mL of 0.5 M MgCl2 was added to each test tube for 
the extraction of mucus content with the dye. The 
glandular segment remained in this solution for 2 h, 
with intermittent agitation. Subsequently, 4 mL of the 
resultant blue solution was agitated vigorously with 
4 mL of ethyl ether until the formation of an emul-
sion and was centrifuged at 724.46 ×g for 10 min. 
The absorbance of the supernatant was measured at 
598 nm using a spectrophotometer. The concentration 
of Alcian blue was calculated through a calibration 
curve and the results were expressed in mg of Alcian 
blue/g of glandular tissue.

Histological evaluation of gastric lesions

For histopathological examination, the tissues were 
fixed in 10% formalin solution. The formalin-fixed 

stomach specimens were embedded in paraffin wax, 
and serially sectioned (3-5 μm), and stained with he-
matoxylin and eosin. The stained tissues were observed 
for pathological changes using light microscopy [27].

In vivo antioxidant activity

Preparation of the homogenate

Gastric tissue from treated and control rats were ho-
mogenized in lysis buffer (0.25 M sucrose, 0.05 M Tris-
HCL, 1 mM EDTA, pH 7.4). After 24 h of incubation 
at -20°C, samples were centrifuged at 894.4 ×g for 15 
min). The supernatant was collected and stored at 
-60°C until use [28].

Biochemical Procedures

Total protein was determined using the Bradford 
method [29], measuring absorbance at 595 nm. 

SOD activity was assessed according to the Misra 
and Fridovich protocol [30] by monitoring the inhibi-
tion of adrenochrome formation at 480 nm, with one 
unit of SOD defined as the amount inhibiting 50% of 
the reaction.

Catalase (CAT) is a heme enzyme that catalyzes 
the dismutation of hydrogen peroxide into water and 
molecular oxygen. CAT activity was measured by 
tracking the decomposition of H₂O₂ at 240 nm and 
expressed activity in μmol/s/μg of total protein. [31] 

Measurement of lipid peroxidation (MDA)

MDA levels were quantified using the double heating 
method described by Draper and Hadley [32]. Briefly, 
500 µg of total protein was mixed with a reaction solu-
tion containing 8.1% sodium dodecyl sulfate (SDS), 
20% acetate buffer (pH 3.5), and 0.8% thiobarbituric 
acid (TBA) for 3 min, followed by incubation at 95°C 
for 60 min. After cooling, the TBA-reactive substances 
were extracted with 1 mL of H₂O₂ and 2.5 mL of an 
n-butanol:pyridine mixture (15:1, v/v). The organic 
phase containing MDA was collected, and absorb-
ance was measured at 532 nm. MDA concentration 
was calculated using the molar extinction coefficient 
(ε MDA-TBA) and expressed as nmol of MDA per 
gram of total protein.
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Statistical analysis

Statistical comparisons were performed using Graph 
Pad Prism (version 7.00 for Windows). One-way analy-
sis of variance (ANOVA) followed by Tukey’s post 
hoc test were used. The statistics are presented as the 
mean±standard error of the mean (SEM) with n=5. 
When the P value was less than 0.05, a difference was 
considered significant.

RESULTS

Ethanol-induced gastric ulcer

Intragastric administration of absolute ethanol to the 
untreated group of rats (negative control) produced 
large band-like hemorrhagic erosions in the glandular 
stomach. Pretreatment with the DEAA at the tested 
doses (50,100 and 200 mg/kg p.o.) and omeprazole 
(20 mg/kg) offered varying degrees of protection to 
the mucosa against ethanol-induced damage (Fig. 1). 
Oral administration of the DEAA resulted in gastric 
ulceration rates of 37.75±6.28%, 16.034±1.308%, and 
5.16±0.33%, respectively, compared to the negative 
control (45.92±1.87%), and to the group pretreated 
with omeprazole (positive control) with 4.54±2.22% 
ulceration.

Macroscopic examination

The assay revealed the effect of ethanol on gastric tis-
sues in the presence of the DEAA at different doses, as 
shown in Fig. 2. Absolute ethanol produced extensive 
visible hemorrhagic necrosis of gastric mucosa in the 
untreated group (the vehicle) (Fig. 2B). The positive 

Fig. 1. Ethanol-induced gastric ulcer: percentage of inhibition of 
ulceration pretreated with the DEAA; ns – no significant differ-
ence, *P<0.01 and ***P<0.001 were considered significant when 
compared to omeprazole.

Fig. 2. Macroscopic examination of the stomach after gastric ulcer induction by ethanol. A – Control group; B – pretreated 
with the vehicle as the negative control; C – pretreated with omeprazole (20 mg/kg) as the positive control. D1, D2 and D3 – 
Groups pretreated with DEAA 50, 100, and 200 mg/kg, respectively.
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control group treated with 20 mg/kg of omeprazole 
showed milder injuries to the gastric mucosa (Fig. 2C) 
compared to the untreated group. Oral administration 
of the DEAA (Fig.2D) reversed the ethanol-induced 
gastric injury in a dose-dependent manner, signifi-
cantly reducing the gastric ulcer area. The protective 
properties of the DEAA at 200 mg/kg was similar to 
that of the positive group (Fig. 2C).

Mechanism of the gastroprotective effect

In a series of experiments, the mechanisms of gas-
troprotective effect of the DEAA were evaluated at a 
dose of 200 mg/kg to rats pretreated with L-NAME, 
glibenclamide, and indomethacin.

Measurement of gastric acidity

Fig. 3 shows the effect of administering A. articulata 
extract (200 mg/kg DEAA), omeprazole (20 mg/kg 
p.o.), vehicle, and groups pretreated with L-NAME, 
glibenclamide, and indomethacin with and without 
200 mg/kg DEAA on gastric juice acidity in rats.

Oral administration of the DEAA in animals pre-
treated with L-NAME, glibenclamide, and indometha-
cin significantly reduced the acidity of the gastric juice 
(pH=3.85±0.35, 3.64±0.26, 4.09±0.33, respectively). The 
acidity in the normal group (4.89±0.08) was similar 
to that of the omeprazole group (pH=4.66±0.21; no 
significant difference). The pH of the gastric juice 
was acidic for the groups pretreated with L-NAME, 
glibenclamide, and indomethacin without the DEAA 
(2.25±0.36, 2.11±0.18, 2.97±0.29, respectively).

Macroscopic gastric lesion evaluation of 
mechanism

A macroscopic examination of the effect of 200 mg/kg 
DEAA in the absence or presence of different phar-
macological substances (L-NAME, glibenclamide, and 
indomethacin) on ethanol-induced gastric mucosa 
damage is shown in Fig. 4. The protective properties 
of the DEAA (Fig. 4D) were similar to those of the 
positive group (Fig. 4B) when compared to the nega-
tive control (Fig. 4C). L-NAME caused severe damage 
to the gastric mucosa when administered without the 
DEAA (Fig. 4E1). However, in the presence of the 
DEAA (Fig. 4E2), the extent of damage was reduced, 

resulting in moderate lesions compared to the negative 
control. Glibenclamide caused significant damage to 
the stomach mucosa (Fig. 4F1), in comparison to the 
group without ulcers induced by ethanol. Pretreatment 
with both glibenclamide and the DEAA provided 
significant protection (Fig. 4F2), as observed in the 
control positive group (omeprazole) (Fig. 4F2). The 
administration of indomethacin resulted in moderate 
to severe gastric injury in response to ethanol-induced 
ulcers (Fig. 4G1). In contrast, pretreatment with both 
indomethacin and the DEAA had a milder effect (Fig. 
4G2) compared to indomethacin alone. The protection 
provided by the DEAA against ethanol-induced ulcers 
in the presence of indomethacin was similar to the 
positive control group (omeprazole) and DEAA alone.

Histological evaluation of gastric lesions

Ethanol administration induced macroscopic lesions 
in gastric tissue, such as petechiae, hemorrhaging, 
and edema. These lesions are likely linked to mucus 
depletion from the gastric mucosa veins and arter-
ies, leading to hemorrhage, inflammation, and tissue 
damage. To confirm the antiulcer results, the stom-
achs were also examined histopathologically (Fig. 5). 

Fig. 3. Gastric acidity (pH) in the presence and absence of 200 
mg/kg DEAA in rats pretreated with L-NAME, glibenclamide and 
indomethacin. The results are expressed as means±SEM; ns – no 
significant difference, n=5, ***P<0.001.
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Fig. 4 : Gastric ulcer induced by oral administration of absolute ethanol (2.5 mL/kg) in rats pretreated with L-
NAME, glibenclamide, and indomethacin. A – Normal group; B – pretreated with 20 mg/kg omeprazole (posi-
tive control); C – pretreated with vehicle (negative control); D – pretreated with 200 mg/kg DEAA. E1, F1, G1 – pre-
treated with L-NAME, glibenclamide, and indomethacin, respectively in the absence of 200 mg/kg DEAA. E2, F2, 
G2 – pretreated with L-NAME, glibenclamide, and indomethacin, respectively, in the presence of 200 mg/kg DEAA.

Fig. 5. Histological evaluation of gastric lesions in ethanol-induced gastric ulcers in animals pretreated with L-NAME, glibenclamide, 
and indomethacin. A – normal group; B – pretreated with 20 mg/kg omeprazole (positive control); C – pretreated with the vehicle 
(negative control); D – pretreated with 200 mg/kg DEAA. E1, F1, G1 – pretreated with L-NAME, glibenclamide, and indomethacin, 
respectively, in the absence of 200 mg/kg DEAA. E2, F2, G2 – pretreated with L-NAME, glibenclamide, and indomethacin, respective-
ly, in the presence of 200 mg/kg DEAA; dep – detachment of the surface epithelium, infiltration of inflammatory cells; cg – congestion.
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Histological observation revealed that the stomachs of 
healthy animals showed no damage and a normal his-
tological structure in the mucosa, muscularis mucosa, 
and submucosa (Fig. 5A). However, 30 min after ethanol 
exposure, rats presented microscopic-level damage to 
gastric tissue. Ethanol-induced histopathological injury 
was caused by severe detachment of the surface epithe-
lium, edema, formation of hemorrhagic and gastric 
lesions, and an inflammatory process marked by neu-
trophil infiltration (Fig. 5C). The stomach of rats in the 
positive control group pretreated with omeprazole (Fig. 
5B) maintained an intact histological mucosal structure, 
with mild edema, inflammatory cell infiltration, and 
mildly dilated blood vessels in the submucosa compared 
to ulcer control rats. Rats pretreated with DEAA (Fig. 
5D) exhibited significant protection, marked by reduced 
edema and leukocyte infiltration. 

Histological observation confirms the ability of 200 
mg/kg DEAA to reduce ethanol-induced gastric damage 
to the superficial layer of the gastric mucosa and reduce 
edema and leukocyte infiltration in the submucosa. 
There was severe submucosal edema and leukocyte 
infiltration in rats pretreated with L-NAME (Fig. 5E1) 
alone, and in rats pretreated with both L-NAME and 
the DEAA (Fig. 5E2), compared to the negative control 
(Fig. 5C). In rats pretreated with glibenclamide (Fig. 
5F1), there was a moderate disruption of the surface 
epithelium and significant leukocyte infiltration and 
congestion of blood vessels in the submucosal layer 
compared to the vehicle-treated negative control rats. 
Glibenclamide in the presence of the DEAA (Fig. 5F2) 
significantly reduced edema, leukocyte infiltration, and 
blood vessel congestion in the submucosa compared to 
glibenclamide alone. Indomethacin administration in the 
presence of the DEAA (Fig. 5G2) significantly reduced 
leukocyte infiltration and blood vessel congestion in the 
submucosa compared to indomethacin alone (Fig. 5G1).

Evaluation of the percentage of ulceration

Fig. 6 shows the mechanisms of the gastroprotective 
effect of the DEAA. Pretreatment with the DEAA in the 
presence of L-NAME, glibenclamide, and indomethacin 
significantly reduced the ethanol-induced ulcerative 
injuries (9.16±1.12, 11.16±1.29, 5.46±1.93%, respec-
tively) compared to the groups treated with L-NAME, 
glibenclamide, and indomethacin without DEAA 

Fig. 6. Gastroprotective effect of 200 mg/kg DEAA in the pres-
ence of L-NAME, glibenclamide, and indomethacin. The results 
are expressed as the means±SEM; ns – no significant difference, 
n=5. ***P<0.001.

Fig. 7. Evaluation of gastric wall mucus adhesion with and without 
200 mg/kg DEAA in rats pretreated with L-NAME, glibenclamide, 
and indomethacin. The results are expressed as the means±SEM; 
n=5, ***P<0.001
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pretreatment (57.92±1.17, 69.92±2.17, 48.16±1.82%, 
respectively). There was, however, a significant dif-
ference between the gastroprotective effects of groups 
pretreated with L-NAME, glibenclamide, and indo-
methacin in the absence of DEAA compared to the 
omeprazole group and the group that received DEAA.

Determination of adhered mucus to gastric wall

The effects of DEAA on the gastric mucus content 
are shown in Fig. 7. When DEAA was combined 
with L-NAME, glibenclamide, and indomethacin, 
the production of gastric mucus content was increased 
(190±2.01, 176±2.11, 212±2.61 µg/g, respectively) 
compared to the vehicle of each group (89.43±4.12, 
63.12±2.54, 95.65±3.12 µg/g tissue). The elevated gas-
tric mucus content exhibited a substantial protective 
effect against ulceration.

Evaluation of in vivo antioxidant activity

Table 8 shows the impact of the DEAA on CAT and 
SOD activities, as well as MDA levels in the stomach 
tissue of rats pretreated with various substances for 
ethanol-induced gastric mucosal lesions. In the as-
sessment of superoxide dismutase (SOD) activity, 
statistical analysis showed that all groups treated with 
the DEAA exhibited a significant increase in SOD 
activity (1.309±0.11 IU/min/μg of total protein for 
the DEAA, 1.204±0.32 IU/min/μg of total protein for 
indomethacin+DEAA, 1.138±1.38 IU/min/μg of total 
protein for glibenclamide+DEAA, and 1.008±1.01 IU/
min/μg of total protein for L-NAME+DEAA) compared 
to the vehicle-treated animal groups (0.821±0.78; 
0.712±0.27; 0.613±0.54; 0.454±1.43 IU/min/μg of total 
protein for indomethacin+vehicle; untreated group; 
glibenclamide+vehicle; L-NAME+vehicle, respectively.

Analysis of CAT activity revealed significant 
decreases in all DEAA untreated groups as follows: 
1.12±0.89, 1.25±1.33, 1.43±0.67, and 1.98±0.65 
μmol/s/μg of total protein in L-NAME+vehicle; 
glibenclamide+vehicle; indomethacin+vehicle; 
untreated group, respectively. L-NAME+DEAA; 
glibenclamide+DEAA; indomethacin+DEAA; DEAA, 
and omeprazole (20 mg/kg) significantly reversed 
the ethanol-induced decrease in CAT activity, with 
values of 2.08±2.13, 2.31±1.35, 2.65±0.07, 2.74±0.29, 
and 2.92±0.21 μmol/s/μg of total protein, respectively.

Measurement of lipid peroxidation

The ethanol groups in the absence of the DEAA showed 
an increase in MDA levels: 49.32±0.53 nmol/µg of total 
protein for glibenclamide+vehicle, 32.16±0.41 nmol/µg 
of total protein for the untreated group, and 31.28±0.33 
nmol/µg of total protein for the indomethacin+vehicle 
group. The groups that received the DEAA and the 

Fig. 8. Evaluation of the absence and presence of 200 mg/kg DEAA 
in rats pretreated rats with different pharmacological substances 
on A, B, C – SOD, CAT activities, and MDA levels, respectively.
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positive control attenuated the ethanol-induced damage. 
The DEAA prevented the increase in lipid peroxidation 
more effectively (17.45±0.96 nmol/µg of total protein) 
than was observed in the positive control (omeprazole 
at 20 mg/kg, 21.03±0.09 nmol/µg of total protein).

DISCUSSION

This study aimed to explore the gastroprotective effects 
of the decocted extract of Anabasis articulata (DEAA) 
and its potential mechanisms of action in ethanol-
induced gastric ulcers in rats. To our knowledge, there 
have been no previous studies investigating the gastro-
protective properties of the DEAA or its interaction 
with pharmacological inhibitors. Our results showed 
three important findings: (i) the DEAA exhibited 
significant gastroprotective effects at a dose of 200 
mg/kg, effectively reducing gastric ulceration; (ii) the 
gastroprotective effects of the DEAA were independent 
of KATP channels, COX pathways, and NO synthesis, as 
demonstrated by pharmacological inhibition tests; (iii) 
the DEAA’s mechanism of action involved enhancing 
antioxidant enzyme activity, increasing mucus secretion, 
and reducing inflammation by inhibiting neutrophil 
infiltration, thereby providing substantial protection 
to the gastric mucosa. In this study, we utilized a rat 
model of ethanol-induced gastric ulcer to evaluate the 
potential antiulcer effects of the tested compounds. 
Ethanol is known to be a major cause of gastric ulcers in 
humans, and this model is frequently used in research 
to study gastroprotective agents. Gastric ulceration, 
a benign lesion of the mucosal epithelium caused by 
excessive acid secretion, is a key feature of this model, 
which serves as a practical tool for investigating the 
effectiveness of antiulcer drugs [33].

In our study, ulceration percentages were observed 
at 5.16±0.33% following administration of 200 mg/kg 
of the DEAA. In contrast, the negative control group 
showed a much higher ulceration rate of 45.92±1.87%, 
while the omeprazole-pretreated group exhibited only 
4.54±2.22%. These results suggest that the DEAA pro-
vides significant protection against ethanol-induced 
gastric lesions. Ethanol induces mucosal microcircula-
tory disruptions and ischemia, generates free radicals, 
and releases endothelial factors, which contribute to its 
ulcerogenic effects [34]. The increase in ulcer indices 
observed in rats treated with ethanol may result from 

free radical production or suppression of prostaglan-
din synthesis [35]. Flavonoids are known to enhance 
mucosal prostaglandin levels, which are critical for 
gastroprotection. Lowered prostaglandin levels lead 
to decreased protection and increased gastric output, 
facilitating ulcer formation [36].

The complex etiology of gastric ulcers necessitates 
pharmacological agents targeting multiple pathways 
to understand their mechanisms and develop new 
treatments. Rats pretreated with L-NAME, glibencla-
mide, and indomethacin were used to investigate the 
effects of a DEAA on ethanol-induced gastric lesions. 
Ethanol directly contacting stomach mucosa can re-
sult in damage due to its irritant properties, causing 
hemorrhagic lesions in the gastric lining as reported 
in previous studies [24]. The gastric mucosa defends 
itself by maintaining blood flow, secreting mucus, and 
promoting cell growth to preserve integrity during 
exposure [37,38]. Endogenous prostaglandins enhance 
mucosal protection by stimulating the production of 
NO, hydrogen sulfide, and carbon monoxide, all of 
which are involved in maintaining mucosal integrity 
and promoting gastroprotection [39].

NO plays a crucial role in the gastrointestinal tract 
by regulating blood flow, mucus secretion, mast cell 
activity, and smooth muscle tone [40]. Our findings 
suggest that the DEAA (200 mg/kg) prevents the inhibi-
tion of NO production caused by L-NAME treatment, 
highlighting the importance of NO in the gastroprotec-
tion provided by the DEAA. Furthermore, the DEAA 
offered protection against the effects of glibenclamide, 
a KATP channel blocker that inhibits prostaglandin 
generation. Prostaglandins are essential for regulating 
mucosal blood flow and enhancing epithelial resistance 
to cytotoxic injury [41]. As an NSAID, indomethacin 
primarily induces gastric injury by inhibiting COX1 
isozymes, thereby reducing prostaglandin production 
[42]. The results indicated that the DEAA (200 mg/
kg) significantly protected the stomach from lesions 
caused by ethanol and indomethacin. This protective 
effect was not hindered by pharmacological pretreat-
ments with glibenclamide, indomethacin, or L-NAME.

Ethanol-induced gastric lesions are character-
ized by inflammation, oxidative stress, free radical 
production, and apoptosis [43]. Ulcer indices, such 
as pH and lesion counts, serve as indicators of gastric 
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injury caused by toxins. An increase in gastric acid-
ity, indicated by a lower pH, is associated with greater 
gastric damage [44]. Our findings are consistent with 
this, as both the pH and lesion numbers decreased fol-
lowing DEAA treatment, suggesting a protective effect 
against ethanol-induced gastric damage. The imbal-
ance between free radical production and scavenging 
abilities may contribute to the observed decrease in 
gastric acidity [45].

The connection between ROS and ethanol-induced 
gastric mucosal damage has been well established. 
Increased ROS contribute to oxidative injury, cell 
death, and epithelial damage [46]. ROS also reduce 
prostaglandin synthesis, impair mucus formation, and 
increase gastric acid output, all of which exacerbate 
ulcer formation [47]. Gastric mucus, composed of 
mucin glycoproteins, is the first line of defense against 
gastric acid [48]. Our study showed that ethanol treat-
ment significantly reduced gastric mucus content, but 
DEAA administration (200 mg/kg) enhanced mucus 
production, contributing to its gastroprotective effects. 
Increased mucus secretion helps maintain the gastric 
mucosa’s integrity by reducing the back diffusion of 
hydrogen ions, improving buffering capacity, and 
minimizing friction during peristalsis [49].

Histological examination confirmed that ethanol 
treatment caused significant hemorrhagic lesions, 
including epithelium disintegration, necrosis, edema, 
and blood vessel congestion. In contrast, DEAA treat-
ment (200 mg/kg) reversed these changes, significantly 
reducing the gastric ulcer area compared to the negative 
control. These findings align with previous reports 
indicating that ethanol induces gastric mucosal dam-
age by disrupting cellular membranes and damaging 
microvessels, leading to bleeding and necrosis [44, 50].

Our results indicate that the gastroprotective effect 
of the DEAA may be attributed to its high content of 
phenolic compounds and flavonoids. These compounds 
enhance prostaglandin levels, which are crucial for 
maintaining gastric mucosal integrity and reducing 
histamine release from mast cells [10]. Ethanol induces 
oxidative stress by generating ROS, leading to lipid 
peroxidation and protein oxidation, both of which 
contribute to ulcer formation [51]. The generation of 
free radicals plays a key role in gastric damage, while 
inflammatory mediators further contribute to tissue 

disruption [45]. Gastric lesions, hemorrhage, and 
necrosis arise due to blood flow stasis and microvas-
cular disruption, subsequently leading to neutrophil 
infiltration [52].

Previous studies have shown a connection between 
ethanol-induced gastric damage and ROS generation 
[53], with inflammatory mediators playing a central 
role in the damage process. Our findings are consistent 
with these studies, showing that ROS-induced oxidative 
stress contributes to both acute and chronic ethanol-
induced gastric ulcers. Scavenging free radicals is a 
key mechanism in ulcer healing, with enzymes such 
as SOD, CAT, and GPx playing vital roles in protecting 
gastric tissue [54]. Excessive ROS generation depletes 
these antioxidants, leading to lipid peroxidation and 
further damage. MDA, a product of lipid peroxida-
tion, serves as a key indicator of oxidative stress and 
tissue damage [55].

Concurrent treatment with L-arginine mitigated 
the damaging effects of ethanol and pharmacological 
agents (L-NAME, glibenclamide, and indomethacin), 
which resulted in increased MDA levels and decreased 
antioxidant enzyme activity. However, DEAA (200 
mg/kg) treatment resulted in a reduction in gastric 
mucosal lesions, lowered MDA levels, and improved 
antioxidant enzyme activity, consistent with previ-
ous reports [56]. The use of NOS inhibitors, such as 
L-NAME, exacerbates gastric mucosal damage and 
impairs blood flow [57].

Several studies have described the role of KATP 
channels in gastric protection [58], and the findings 
indicate that KATP channels may contribute to the 
gastroprotective effect of the DEAA. Pretreatment 
with the KATP channel blocker glibenclamide di-
minished the gastroprotective effect of the DEAA, 
indicating that KATP channels are likely involved 
in its protective mechanism. NSAIDs, which inhibit 
prostaglandin production, are known to cause gastric 
ulcers [59]. Our study confirmed that prostaglandins 
play a crucial role in the gastroprotective activity of the 
DEAA, as evidenced by the inhibition of ulceration 
following pretreatment with L-NAME, glibenclamide, 
and indomethacin.
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CONCLUSION

This study is the first to comprehensively evaluate the 
gastroprotective effects of a DEAA in ethanol-induced 
gastric ulcers in rats, focusing on three key mechanisms: 
KATP channels, cyclooxygenase pathways, and nitric 
oxide synthesis. The DEAA significantly reduced the 
severity of gastric lesions, enhanced gastric mucus pro-
duction, and improved tissue integrity without affecting 
gastric acidity. Mechanistically, the protective effects of the 
DEAA were not mediated by nitric oxide, ATP-sensitive 
potassium channels, or prostaglandins, as confirmed 
by pharmacological inhibition using glibenclamide, 
indomethacin, and L-NAME. Additionally, the DEAA 
demonstrated antioxidant properties by increasing SOD 
and CAT activities, reducing MDA levels, and inhibit-
ing neutrophil infiltration, as evidenced by decreased 
myeloperoxidase activity. These findings suggest that 
DEAA could be a cost-effective, safer natural alternative 
for preventing and treating gastric ulcers compared to 
conventional treatments. This study reveals the multi-
targeted mechanisms of DEAA, suggesting its potential 
uses in functional foods and pharmaceuticals.

Funding: The authors acknowledge the Algerian Ministry of 
Higher Education and Scientific Research (MESRS) and General 
Directory of Scientific Research and Technologic Development 
(DGRSDT), for financing this work.

Acknowledgments: The authors thank the Algerian Ministry of 
Higher Education and Scientific Research (MESRS) and the General 
Directorate of Scientific Research and Technological Development 
(DGRSDT) for supporting this research study. 

Author contributions: All authors participated in the formation 
and design of this study. YM: Conceptualization, investigation, 
methodology, formal analysis, writing the original draft. AB: 
supervision, proposed the subject, designing the study review 
and editing, validation and approval of the final version of this 
article. CH: histological investigation. LZ; supervision, data cu-
ration, providing the reagents and materials. HD: Supervision, 
methodology, conducting the experiments. BY: conducting the 
experiments. NB: supervision, data curation, providing reagents 
and materials. SD, AB, and NB: conducting the experiments. SK: 
supervision, review and editing, validation. SD: supervision, review 
and editing, validation. All authors have read and approved the 
final version of this article.

Conflict of interest disclosure: There is no conflict of interest 
to declare.

Data availability: The raw data underlying this article is available 
as an online supplementary research dataset: https://www.serbiosoc.
org.rs/NewUploads/Uploads/Makhlouf%20et%20al_Research%20
Dataset.pdf

REFERENCES

1.	 Gibson BR, Lawrence SJ, Leclaire JPR, Powell CD, Smart KA. 
Yeast responses to stresses associated with industrial brewery 
handling: FEMS Microbiol Rev. 2007;31(5):535-69. 

	 https://doi.org/10.1111/j.1574-6976.2007.00076.x 
2.	 Phaniendra A, Jestadi DB, Periyasamy L. Free Radicals: Prop-

erties, Sources, Targets, and Their Implication in Various Dis-
eases. Ind J Clin Biochem. 2015;30(1):11-26. 

	 https://doi.org/10.1007/s12291-014-0446-0
3.	 Vona R, Pallotta L, Cappelletti M, Severi C, Matarrese P. The 

Impact of Oxidative Stress in Human Pathology: Focus on 
Gastrointestinal Disorders. Antioxidants. 2021;10(2):201. 

	 https://doi.org/10.3390/antiox10020201 
4.	 El-Bahr SM. Biochemistry of Free Radicals and Oxidative 

Stress. Sci Int 2013;1(5):111-7. 
	 https://doi.org/10.5567/sciintl.2013.111.117 
5.	 Kangwan N, Park JM, Kim EH, Hahm KB. Quality of healing 

of gastric ulcers: Natural products beyond acid suppression. 
WJGP. 2014;5(1):40. 

	 https://doi.org/10.4291/wjgp.v5.i1.40 
6.	 Farzaei MH, Abdollahi Mohammad, Rahimi Roja. Role of 

dietary polyphenols in the management of peptic ulcer. WJG. 
2015;21(21):6499. 

	 https://doi.org/10.3748/wjg.v21.i21.6499 
7.	 Xie JH, Chen YL, Wu QH, Wu J, Su JY, Cao HY, Li YC, Li YS, 

Liao JB, Lai XP, Huang P and Su ZR Gastroprotective and 
anti-Helicobacter pylori potential of herbal formula HZJW: 
safety and efficacy assessment. BMC Complement Altern 
Med. 2013;13(1):119. 

	 https://doi.org/10.1186/1472-6882-13-119.
8.	 Salehi B, Azzini E, Zucca P, Varoni EM, Kumar NVA, Dini 

L, Panzarini E, Rajkovic J, Fokou PVT, Peluso I, Mishra AP, 
Nigam M, El Rayess Y, El Beyrouthy M, Setzer WN, Polito L, 
Iriti M, Sureda A, Quetglas-Llabrés MM, Martorell M, Mar-
tins N, Sharifi-Rad M, Estevinho LM and Sharifi-Rad J. Plant-
Derived Bioactives and Oxidative Stress-Related Disorders: A 
Key Trend towards Healthy Aging and Longevity Promotion. 
Sci Int 2020;10(3):947. 

	 https://doi.org/10.3390/app10030947 
9.	 Shahzad N, Ibrahim IAA, Alzahrani AR, Al‑Ghamdi SS, 

Alanazi IMM, Ahmad MdP, Singh AK, Alruqi MA, Shahid 
I, Equbal A, Azlina MFN. A comprehensive review on phy-
tochemicals as potential therapeutic agents for stress-induced 
gastric ulcer. JUmm Al-Qura Univ Appll Sci. 2024;10:793-808. 

	 https://doi.org/10.1007/s43994-024-00140-2 
10. Dhiman A, Nanda A, Ahmad S. A quest for staunch effects of 

flavonoids: Utopian protection against hepatic ailments. Arab 
J Chem. 2016; 9:S1813-23. 

	 https://doi.org/10.1016/j.arabjc.2012.05.001 
11. De Lira Mota KS, Dias GEN, Pinto MEF, Luiz-Ferreira Â, 

Souza-Brito ARM, Hiruma-Lima CA, Barbosa-Filho JM and 
Batista LM. Flavonoids with Gastroprotective Activity. Mol-
ecules. 2009;14(3):979-1012. 

	 https://doi.org/10.3390/molecules14030979 
12. De Jesus NZT, Falcão HDS, Gomes IF, Leite TJDA, Lima 

GRDM, Barbosa-Filho JM, Tavares JF, Silva MSD, Athayde-
Filho PFiD and Batista LM. Tannins, Peptic Ulcers and 
Related Mechanisms. IJMS. 2012;13(3):3203-28. 

	 https://doi.org/10.3390/ijms13033203 

https://www.serbiosoc.org.rs/NewUploads/Uploads/Makhlouf%20et%20al_Research%20Dataset.pdf


121Arch Biol Sci. 2025;77(2):109-122�

13. Chopra RN. Glossary of Indian medicinal plants. Publication 
and Information Directorate Hill Side Road; 1956. 35 p.

14. Senhaji S, Lamchouri F, Toufik H. Phytochemical Content, 
Antibacterial and Antioxidant Potential of Endemic Plant 
Anabasis aretioïdes Coss. & Moq. (Chenopodiaceae). Biomed 
Res Int. 2020;2020:1-16. 

	 https://doi.org/10.1155/2020/6152932 
15. Djeridane A, Hamdi A, Bensania W, Cheifa K, Lakhdari I, 

Yousfi M. The in vitro evaluation of antioxidative activity, 
α-glucosidase and α-amylase enzyme inhibitory of natural 
phenolic extracts. Diabetes Metab Syndr: Clinical Research 
& Reviews. 2015;9(4):324-31. 

	 https://doi.org/10.1016/j.dsx.2013.10.007 
16. Khamees A Haseeb, Kadheem E Jawad, Sahib H Bahaa, 

Ahmed O Hussein. A Review on Medicinal Plants with 
Antiangiogenic Activity Available in Iraq. JPRI. 2019;31(6):1-
10. https://doi.org/10.9734/jpri/2019/v31i630331 

17. Nouidjem Y, Hadjab R, Khammar H, Merouani S, Bensaci E. 
Diversity, Ecology and Therapeutic Properties of the Medici-
nal Plants in Ziban Region (Algeria). JBM. 2021;8(1):29-39.  
https://doi.org/10.35691/JBM.1202.0163 

18. Kambouche N, Merah B, Derdour A, Bellahouel S, Bouayed 
J, Dicko A, Younos C and Soulimani R. Hypoglycemic and 
antihyperglycemic effects of Anabasis articulata (Forssk) 
Moq (Chenopodiaceae), an Algerian medicinal plant. AJB. 
2009;8(20):5589-94.

19. Tilyabaev Z, Abduvakhabov AA. Alkaloids ofAnabasis 
aphylla and their cholinergic activities. Chem Nat Compd. 
1998;34(3):295-7. https://doi.org/10.1007/BF02282405 

20. Hammiche V, Maiza K. Traditional medicine in Central 
Sahara: Pharmacopoeia of TassiliN’ajjer. J Ethnopharmacol. 
2006;105(3):358-67. https://doi.org/10.1016/j.jep.2005.11.028 

21. Ferreira A, Proença C, Serralheiro MLM, Araújo MEM. The 
in vitro screening for acetylcholinesterase inhibition and 
antioxidant activity of medicinal plants from Portugal. J. 
Ethnopharmacol. 2006;108(1):31-7. https://doi.org/10.1016/j.
jep.2006.04.010 

22. Abdulla MA, Ahmed KAA, AL-Bayaty FH, Masood Y. Gas-
troprotective effect of Phyllanthus niruri leaf extract against 
ethanol-induced gastric mucosal injury in rats. Afr J Pharm 
Pharmacol. 2010:4:226-30.

23. Bouaziz A, Bentahar A, Djidel S, Dahamna S, Khennouf S. In 
vitro antioxidant activity and gastroprotective effect of etha-
nolic extract from Cucumis melo L. var. inodorus fruit on 
ethanol-induced gastric ulcer in rats. J Drug Delivery Ther. 
2020;10(5-s):302-7. 

https://doi.org/10.22270/jddt.v10i5-s.4529 
24. Ribeiro ARS, Diniz PBF, Pinheiro MS, Albuquerque-Júnior 

RLC, Thomazzi SM. Gastroprotective effects of thymol on 
acute and chronic ulcers in rats: The role of prostaglandins, 
ATP-sensitive K+ channels, and gastric mucus secretion. 
Chem Biol Interact. 2016;244:121-8. 

	 https://doi.org/10.1016/j.cbi.2015.12.004 
25. Ahmed O, Nedi T, Yimer EM. Evaluation of anti-gastric ulcer 

activity of aqueous and 80% methanol leaf extracts of Urtica 
simensis in rats. Metabolism Open. 2022;14:100172. 

	 https://doi.org/10.1016/j.metop.2022.100172 
26. Corne SJ. A method for the quantitive estimation of gastric 

barrier mucus. J Physiol. 1974;242:116-7.

27. Almasaudi SB, El-Shitany NA, Abbas AT, Abdel-dayem UA, 
Ali SS, Al Jaouni SK, and Harakeh S. Antioxidant, Anti-
inflammatory, and Antiulcer Potential of Manuka Honey 
against Gastric Ulcer in Rats. Oxid Med Cell Longev. 
2016;2016:1-10. 

	 https://doi.org/10.1155/2016/3643824 
28. Pallotti F, Lenaz G. Isolation and Subfractionation of Mito-

chondria from Animal Cells and Tissue Culture Lines. Meth-
ods Cell Biol. 80;2007:3-44. 

	 https://doi.org/10.1016/S0091-679X(06)80001-4
29. Bradford MM. A rapid and sensitive method for the quantita-

tion of microgram quantities of protein utilizing the principle 
of protein-dye binding. Anal Biochem. 1976;72(1-2):248-54.

30. Misra HP, Fridovich. The Role of Superoxide Anion in the 
Autoxidation of Epinephrine and a Simple Assay for Super-
oxide Dismutase. JBC. 1972;247:3170-5.

31. Aebi H. Catalase. Methods Enzymatic Analysis. 1974:673-84.
32. Draper HH, Hadley M. [43] Malondialdehyde determi-

nation as index of lipid Peroxidation. Methods Enzymol. 
1990;186:421-31. 

	 https://doi.org/10.1016/0076-6879(90)86135-I 
33. Beiranvand M. A review of the most common in vivo models 

of stomach ulcers and natural and synthetic anti-ulcer com-
pounds: A comparative systematic study. Phytomed Plus. 
2022;2(2):100264. 

	 https://doi.org/10.1016/j.phyplu.2022.100264
34. Prazeres LDKT, Aragão TP, Brito SA, Almeida CLF, Silva 

AD, De Paula MMF, Farias JS, Vieira LD, Damasceno BPGL, 
Rolim LA, Veras BO, Rocha IG, Neto JCS, Bittencourt MLF, 
Gonçalves RDCR, Kitagawa RR, and Wanderley AG. Anti-
oxidant and Antiulcerogenic Activity of the Dry Extract of 
Pods of Libidibia ferrea Mart. ex Tul. (Fabaceae). Oxid Med 
Cell Longev. 2019;2019(1):1983137. 

	 https://doi.org/10.1155/2019/1983137 
35. Kouitcheu Mabeku LB, Nanfack Nana B, Eyoum Bille B, Tch-

uenteu Tchuenguem R, Nguepi E. Anti - Helicobacter pylori 
and antiulcerogenic activity of Aframomum pruinosum seeds 
on indomethacin-induced gastric ulcer in rats. Pharm Biol. 
2017;55(1):929-36. 

	 https://doi.org/10.1080/13880209.2017.1285326 
36. Adefisayo MA, Akomolafe RO, Akinsomisoye OS, Alabi QK, 

Ogundipe L, Omole JG, and Olamilosoye KP. Protective 
Effects of Methanol Extract of Vernonia amygdalina (del.) 
Leaf on Aspirin-Induced Gastric Ulceration and Oxidative 
Mucosal Damage in a Rat Model of Gastric Injury. Dose 
Response. 2018;16(3):155932581878508. 

	 https://doi.org/10.1177/1559325818785087 
37. Czekaj R, Majka J, Magierowska K, Sliwowski Z, Magiero-

wski M, Pajdo R, Ptak-Belowska A, Surmiak M, Kwiecien 
S, Brzozowski T. Mechanisms of curcumin-induced gastro-
protection against ethanol-induced gastric mucosal lesions. 
J Gastroenterol. 2018;53(5):618-30. https://doi.org/10.1007/
s00535-017-1385-3

38. Forssell H. Gastric Mucosal Defence Mechanisms: A Brief 
Review. Scand J Gastroenterol. 1988;23(sup155):23-8. 

	 https://doi.org/10.3109/00365528809096277 
39. Magierowski M, Magierowska K, Hubalewska-Mazgaj M, 

Adamski J, Bakalarz D, Sliwowski Z, Pajdo R, Kwiecien S, 
Brzozowski T. Interaction between endogenous carbon mon-
oxide and hydrogen sulfide in the mechanism of gastropro-



122 Arch Biol Sci. 2025;77(2):109-122

	 tection against acute aspirin-induced gastric damage. Phar-
macol Res. 2016;114:235-50. 

	 https://doi.org/10.1016/j.phrs.2016.11.001 
40. Falcão HDS, Maia GLDA, Bonamin F, Kushima H, Moraes 

TM, Lima CAH, Takayama C, Ferreira AL, Brito ARMS, Agra 
MDF, Filho JMB, Batista LM. Gastroprotective mechanisms 
of the chloroform and ethyl acetate phases of Praxelis clema-
tidea (Griseb.) R.M.King & H.Robinson (Asteraceae). J Nat 
Med. 2013;67(3):480-91. 

	 https://doi.org/10.1007/s11418-012-0705-4 
41. Makmun D. Gastroduodenal Mucosal Integrity and Influ-

encing Factors. Indonesian J Gastroenterol Hepatol Digest 
Endoscopy. 2005;6(3):75-9.

42. Yokota A, Taniguchi M, Tanaka A, Takeuchi K. Development 
of intestinal, but not gastric damage caused by a low dose of 
indomethacin in the presence of rofecoxib. Inflammophar-
macol. 2005;13(1-3):209-16. 

	 https://doi.org/10.1163/156856005774423755 
43. Dovhanj J, Švagel D. Oxidative stress pathway driven by 

inflammation in gastric mucosa. In: Tonino P, editor. Gas-
tritis and Gastric Cancer-New Insights in Gastroprotection, 
Diagnosis and Treatments. InTech; 2011. 

	 https://doi.org/10.5772/23875
44. Aboul Naser A, Younis E, El-Feky A, Elbatanony M, Hamed 

M. Management of Citrus sinensis peels for protection and 
treatment against gastric ulcer induced by ethanol in rats. 
Biomarkers. 2020;25(4):349-59. 

	 https://doi.org/10.1080/1354750X.2020.1759693 
45. Repetto MG, Llesuy SF. Antioxidant properties of natural 

compounds used in popular medicine for gastric ulcers. Braz 
J Med Biol Res. 2002;35(5):523-34. 

	 https://doi.org/10.1590/S0100-879X2002000500003 
46. Nakamura H, Takada K. Reactive oxygen species in can-

cer: Current findings and future directions. Cancer Sci. 
2021;112(10):3945-52. https://doi.org/10.1111/cas.15068 

47. Palle S, Kanakalatha A, Kavitha ChN. Gastroprotective 
and Antiulcer Effects of Celastrus paniculatus Seed Oil 
Against Several Gastric Ulcer Models in Rats. J Diet Suppl. 
2018;15(4):373-85. 

	 https://doi.org/10.1080/19390211.2017.1349231 
48. Moraes TM, Kushima H, Moleiro FC, Santos RC, Rocha 

LRM, Marques MO, Vilegas W, Hiruma-Lima CA. Effects of 
limonene and essential oil from Citrus aurantium on gastric 
mucosa: Role of prostaglandins and gastric mucus secretion. 
Chem Biol Interact. 2009;180(3):499-505. 

	 https://doi.org/10.1016/j.cbi.2009.04.006 
49. Zakaria ZA, Balan T, Azemi AK, Omar MH, Mohtarrudin N, 

Ahmad Z, Abdullah MNH, Desa MNM, Teh LK and Salleh 
MZ. Mechanism(s) of action underlying the gastroprotec-
tive effect of ethyl acetate fraction obtained from the crude 

methanolic leaves extract of Muntingia calabura. BMC Com-
plement Altern Med. 2016;16(1):78. 

	 https://doi.org/10.1186/s12906-016-1041-0 
50. Park SW, Oh TY, Kim YS, Sim H, Park SJ, Jang EJ, Park JS, 

Baik HW and Hahm KB. Artemisia asiatica extracts protect 
against ethanol‐induced injury in gastric mucosa of rats. J 
Gastro Hepatol. 2008;23(6):976-84. 

	 https://doi.org/10.1111/j.1440-1746.2008.05333.x 
51. Sadek SA. Sepia officinalis ink mitigates gastric ulcer via mod-

ulation of antioxidant/anti-inflammatory pathways. Beni-Suef 
Univ J Basic Appl Sci. 2022;11(1):63. 

	 https://doi.org/10.1186/s43088-022-00242-y 
52. Tarnawski AS, Ahluwalia A, Jones MK. The Mechanisms of 

Gastric Mucosal Injury: Focus on Microvascular Endothe-
lium as a Key Target. Curr Med Chem. 2012;19:4-15.

53. Rostami-Motamed H, Taati M, Dezfoulian O, Alirezaei M, 
Moghaddasi M. The Effects of Moderate Exercise on Eth-
anol-Induced Gastric Injuries in Rats. Zahedan J Res Med 
Sci. 2015;17(10):e2195. https://doi.org/10.17795/zjrms-2195 

54. Boligon AA, De Freitasa RB, De Bruma TF, Waczukc EP, 
Klimaczewskic CV, De Ávilac DS, Athaydea ML, De Freitas 
Bauermannb L. Antiulcerogenic activity of Scutia buxifolia on 
gastric ulcers induced by ethanol in rats. Acta Pharmaceutica 
Sinica B. 2014;4(5):358-67. 

	 https://doi.org/10.1016/j.apsb.2014.05.001 
55. Ermis A, Aritici Colak G, Acikel-Elmas M, Arbak S, Kolgazi 

M. Ferulic Acid Treats Gastric Ulcer via Suppressing Oxida-
tive Stress and Inflammation. Life. 2023;13(2):388. 

	 https://doi.org/10.3390/life13020388 
56. Gamal G, Abo-El-Seoud KA, Attia G. Triterpenoids from 

the aerial parts of Anabasis articulata (Forssk) Moq: gastro-
protective effect in vivo with in silico studies, cytotoxic and 
antimicrobial activities. Nat Prod Res. 2022;36(16):4076-84.  
https://doi.org/10.1080/14786419.2021.1961769 

57. Nishio H, Hayashi Y, Terashima S, Takeuchi K. Role of 
endogenous nitric oxide in mucosal defense of inflamed 
rat stomach following iodoacetamide treatment. Life Sci. 
2006;79(16):1523-30. https://doi.org/10.1016/j.lfs.2006.04.013 

58. Medeiros JVR, Gadelha GG, Lima SJ, Garcia JA, Soares PMG, 
Santos AA, Brito GAC, Ribeiro RA and Souza MHLP. Role of 
the NO/cGMP/K ATP pathway in the protective effects of silde-
nafil against ethanol‐induced gastric damage in rats. British J 
Pharmacol. 2008;153(4):721-7. 

	 https://doi.org/10.1038/sj.bjp.0707605 
59. Watanabe T, Fujiwara Y, Chan FKL. Current knowledge 

on non-steroidal anti-inflammatory drug-induced small-
bowel damage: a comprehensive review. J Gastroenterol. 
2020;55(5):481-95. 

	 https://doi.org/10.1007/s00535-019-01657-8 

SUPPLEMENTARY MATERIAL

RESEARCH DATASET

The raw data underlying this article is available as an online supplementary research dataset:
https://www.serbiosoc.org.rs/NewUploads/Uploads/Makhlouf%20et%20al_Research%20Dataset.pdf




