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Abstract: 

Introduction:  Gastric ulcers are among the most prevalent gastrointestinal disorders. Both Lactobacillus 

acidophilus and Chlorella contain natural antioxidants and anti-inflammatory agents. 

Aim of the study: To investigate the possibility of protective properties of Chlorella and Lactobacillus 

acidophilus against indomethacin-induced stomach ulcers in adult albino rats compared to the usual treatment 

(Esomeprazole). 

Methods: Five groups were created from 25 mature male albino rats: Groups I (control) and II (only 

indomethacin): Oral 100 mg/kg, Group III (Esomeprazole + Indomethacin): 5 mg/kg Esomeprazole orally, Group 

IV (Chlorella + Indomethacin): 2000 mg/kg Chlorella orally, Group V (Lactobacillus acidophilus + 

Indomethacin): 10 billion CFU/rat orally. For ten days in a row, all rats in the experimental groups got their 

preventative medications, then on day 11, they were all given a single oral dosage of indomethacin. Six hours 

after indomethacin administration, the animals were euthanized, and their stomachs were harvested for ulcer 

index calculations, immunohistochemical labeling (NF-κB), and histological analysis (PAS reaction, H&E 

staining). A morphometric analysis (area percentage of PAS and NF-κB) was performed, followed by statistical 

evaluation. 

Results: When compared to control, the intake of indomethacin led to a significant increase in NF-κB expression, 

a significant decrease in PAS reactivity, and greater ulcer indicators. These disturbances were considerably 

lessened by pre-treatment with Esomeprazole, Chlorella, or Lactobacillus acidophilus. Interestingly, the most 

noticeable morphometric and histological improvements were seen by the Lactobacillus acidophilus group. 

Conclusions: Both Chlorella and Lactobacillus acidophilus offered substantial protective effects against 

indomethacin-induced gastric mucosal damage, exceeding those seen with Esomeprazole alone. Lactobacillus 

acidophilus exhibited a stronger prophylactic impact than Chlorella. 

Keywords: Indomethacin; Gastric Ulcer; Chlorella; Lactobacillus acidophilus; Esomeprazole; NF-κB. 
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1. Introduction 

Nearly 5% of people worldwide 

suffer from gastric ulcers, a common 

gastrointestinal ailment. An imbalance 

between the stomach's natural defenses and 

aggressive elements like gastric acid and 

pepsin causes these ulcers by damaging the 

mucosa and causing inflammation. Non-

steroidal anti-inflammatory medicines 

(NSAIDs) are well known for their 

ulcerogenic effects and are one of the major 

causes of stomach mucosal damage [1]. 

Indomethacin, an indole-derived 

substance with high gastrointestinal 

absorption after oral dosing, is one of the 

most often utilized NSAIDs in experimental 

ulcer models. 

Once absorbed, Indomethacin 

undergoes metabolic conversion, forming 

active metabolites that significantly 

contribute to ulcer development by 

impairing gastric mucosal defense 

mechanisms [2,3]. To counteract the effects 

of excessive gastric acid secretion, proton 

pump inhibitors (PPIs) such as 

Esomeprazole (ESP) are commonly 

prescribed. These medications are known for 

their potent acid-suppressive effects, which 

aid in reducing gastric acidity and 

accelerating ulcer healing [4]. Despite their 

efficacy in ulcer treatment, long-term PPI 

usage has been associated with potential 

adverse effects. Several studies have 

reported a possible link between prolonged 

esomeprazole consumption and an increased 

risk of developing dementia and kidney 

dysfunction [5]. Due to these concerns, 

researchers have been exploring alternative 

therapies, particularly plant-derived 

bioactive compounds, which have 

demonstrated promising potential in disease 

prevention and treatment. According to the 

World Health Organization (WHO), 10% of 

individuals worldwide manage digestive 

problems with herbal medications [6]. 

 Chlorella, a unicellular green alga 

that is rich in proteins, fibers, essential fatty 

acids, vitamins, minerals, and 

phytonutrients, is one promising natural 

compound with gastroprotective potential. 

In addition to its nutritional advantages, 

Chlorella has drawn interest for its 

pharmacological uses, especially in the 

treatment of peptic ulcers [7]. 

Various studies have demonstrated 

that Chlorella’s bioactive molecules possess 

antimicrobial properties, anticancer potential 

in breast cancer models, glucose and lipid 

regulation in obesity, antihypertensive 
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activity, and tumor-suppressive effects [8]. 

Additionally, a previous study reported that 

Chlorella supplementation contributes to 

lowering blood pressure and cholesterol 

levels, accelerating wound healing, and 

boosting immune function. It has also been 

recognized for its role in relieving symptoms 

of fibromyalgia, hypertension, and 

ulcerative colitis, making it a 

multifunctional therapeutic agent. The use of 

probiotics, which the Food and Agriculture 

Organization (FAO) and WHO define as 

living microorganisms that offer health 

advantages when taken in sufficient 

proportions, is another possible 

gastrointestinal therapeutic [10].  

These beneficial microbes help in 

modulating gut microbiota, thus supporting 

immune function and maintaining overall 

digestive health [11]. Probiotics, when 

administered in sufficient concentrations, 

are regarded as non-pathogenic, non-

carcinogenic, and non-invasive. Their key 

function involves temporarily colonizing the 

gastrointestinal tract, where they suppress 

the proliferation of harmful bacteria while 

maintaining microbial balance [12]. 

Considering the gastroprotective potential of 

Chlorella and probiotics, this study aims to 

investigate their effects in preventing 

Indomethacin-induced gastric ulcers and 

compare their protective benefits with those 

of Esomeprazole, a widely used antiulcer 

treatment.

2. Subjects & Methods 

2.1.  Subjects 

Twenty-five mature male albino rats, 

weighing between 220 and 280 grams and 

about four months of age, participated in this 

investigation. Within the Faculty of Science 

at Fayoum University, the animals were kept 

in clean, well-ventilated stainless-steel 

cages. They were provided with ad libitum, 

regular laboratory feed, and tap water.  

 

2.2. Methods 

Drugs 

 Indomethacin: (Indocid capsules) supplied 

from Kahira Pharmaceutical & Chemical 

Industries Company. Each capsule contained 

25 mg indomethacin. 

 Esomeprazole: (Esmorap capsules) supplied 

from AUG Pharma. Each capsule contained 

40 mg esomeprazole. 
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 Chlorella: supplied from the NOW Foods 

company, U.S.A., in powder form. 

 Probiotics (Lactobacillus acidophilus): 

(Lacteol fort sachets) supplied from Tenth of 

Ramadan for pharmaceutical industries & 

diagnostic reagent (rameda) 6th October 

City, A.R.E. Each sachet contains 10 billion 

CFU. 

Assessment of ESP, Chlorella, and LB's 

recurrent acute drug toxicity 

The acute toxicity of Esomeprazole, 

Chlorella, and Lactobacillus acidophilus 

was assessed following the Nuffield Council 

on Bioethics guidelines [13]. To guarantee 

fasting conditions, food was removed for a 

full day before to testing. After that, the 

animals were split up into three groups, each 

consisting of ten rats. For ten days in a row, 

each group was given an oral dosage of 

2000 mg/kg of Chlorella, 10 billion CFU/rat 

of Lactobacillus acidophilus, or 5 mg/kg of 

Esomeprazole.  

Design of experiments  

Five experimental groups, each with 

five rats, were randomly assigned to the 

animals:  

 Group I (Control): Three rats were given 1 

milliliter of distilled water, which serves as 

a solvent for the test substances, once a day 

for 11 days, while two rats were assigned to 

the normal control group.  

 Group II (group treated exclusively with 

Indomethacin): On Day 11, each rat was 

given a single oral dose of Indomethacin 

(100 mg/kg, dissolved in 1 ml of distilled 

water) through an intragastric gavage tube. 

Six hours following administration, the 

animals were slaughtered [1].  

 Group III (Esomeprazole pre-treated 

group): Each rat received a daily oral dose 

of 5 mg/kg (1 ml/rat) via intragastric 

gavage for 10 days in a row after a 40 mg 

capsule of Esomeprazole was dissolved in 

32 ml of distilled water. On Day 11, the last 

dose of Esomeprazole was given two hours 

before the intake of Indomethacin [14].  

 Group IV (Chlorella pre-treated group): 

500 mg of chlorella powder was dissolved 

in 2 ml of distilled water, and each rat 

received a daily oral dose of 2000 mg/kg (2 

ml/rat) via intragastric gavage for 10 days 

in a row. On Day 11, the last chlorella dose 

was given two hours before the intake of 

Indomethacin [15]. 

 Group V (Lactobacillus acidophilus pre-

treated group): For 10 days, each rat was 

given an oral dose of 10 billion CFU/rat (1 

ml/rat) by intragastric gavage after a 10 

billion CFU sachet of Lactobacillus 
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acidophilus was dissolved in 1 ml of 

distilled water. On Day 11, the last dose of 

Lactobacillus acidophilus was given two 

hours before the administration of 

Indomethacin [16].  

Rats were given free access to water 

but fasted for 24 hours before ulcer 

induction. Exactly two hours after the 

previous preventive therapy, indomethacin 

(100 mg/kg) was administered orally as a 

single dosage to prevent gastric ulcers. Six 

hours after the indomethacin was 

administered, the presence of stomach ulcers 

was evaluated [1].  

Sample Collection for Histopathological 

Analysis 

In order to anesthetize all of the rats, 

thiopental sodium (50 mg/kg) was given 

intraperitoneally on Day 11 of the 

experiment, six hours following 

indomethacin treatment.  

Following the extraction of the 

stomach tissues, they were saline-rinsed and 

dissected along the greater curvature. Using 

a digital camera, the mucosal surface was 

positioned upward and captured on camera. 

A calculation of the ulcer index was made. 

Immediately after being fixed in 10% 

buffered formalin, stomach specimens were 

prepared for paraffin embedding. Thin serial 

sections, 5 μm thick, were made in 

preparation for immunohistochemical and 

histological staining methods.  

Measurement of ulcer index 

A magnifying eyepiece on a 

microscope was used to evaluate the ulcer. 

The ulcer score was determined by 

averaging the number of stomach ulcers in 

each group. Each rat's ulcer score was 

multiplied by 100 to determine the ulcer 

index (UI). The ulcer score was calculated 

using the average number of stomach ulcers 

in the rats in each group (Table 1). The 

ulcer score of each rat was then multiplied 

by 100 to determine the ulcer index (UI). 

Subsequently, the ulcer group's UI minus the 

treated group's UI was divided by 100% to 

get the inhibition index, or percentage of 

ulcer inhibition [6]. 
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Table 1: Descriptive features of Ulcer scores. 

Score Features 

0 No ulcer 

1 Identify pinpoint ulcers and alterations that 

are restricted to the mucosa's outer layers. 

 

2 A less than 1 mm in size ulcer 

 

3 An ulcer that is larger than 1 mm but 

smaller than 2 mm 

 

4 Perforated ulcer or ulcer larger than 2 mm 

 

  

Histopathology 

Following a careful dissection of the 

stomach, each rat's fundic area was 

immediately preserved in 10% formalin for 

24 hours to preserve tissue integrity before 

further processing for histopathological 

evaluation. Following the collection of 

tissue samples, thin sections (5 µm thick) 

were produced for microscopic inspection 

and fixed in paraffin wax. Hematoxylin and 

eosin (H&E) staining was applied to these 

slices to evaluate general histological 

features. and examined for mucus content 

using Periodic Acid–Schiff (PAS) staining. 

Additionally, NF-κB expression was 

investigated by immunohistochemistry 

labeling using a rat polyclonal antibody 

(Bioss Antibodies, USA; catalog no. BS-

20159R). 

Morphometric study  

Quantitative image analysis was 

conducted using the "Top View" image 

analyzer system (China) at the Histology 

Department, Faculty of Medicine, Fayoum 

University. The system comprised a color 

video camera (Olympus), A color monitor, 

an IBM personal computer, and a light 

microscope (Olympus CXL-47, Olympus 

Optical Co. Ltd., Japan) equipped with a 

digital video camera (Olympus C5050). The 

image analyzer was automatically calibrated 

to convert pixel measurements into 

micrometers (µm) units.  

The following morphometric parameters 

were evaluated 

Mucosal Fold Depth: Measured in 

ten non-overlapping fields per section using 

a 20× objective lens (total magnification 

200×). PAS Reaction Area Percentage: 

Evaluated in ten non-overlapping fields 
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using a 20× objective lens (total 

magnification 200×). NF-κB 

Immunoreactivity Area Percentage: 

Assessed in ten non-overlapping fields per 

section using a 40× objective lens (total 

magnification 400×). 

2.3. Analysis of Statistics  

To evaluate group differences, the 

morphometric data were gathered, arranged 

in tables, and examined. Before statistical 

analysis, the normality of the data 

distribution was confirmed. To compare the 

experimental groups, the analysis used 

analysis of variance (ANOVA) and standard 

deviation (SD). P-values less than 0.05 were 

regarded as statistically significant. SPSS for 

Windows, Version 27, was used to do 

statistical calculations [17]. 

 

3. Results 

3.1. Ulcer index and inhibition index 

In the Indomethacin group, rats 

exhibited a high ulcer score (27.4 ± 7.2) and 

an ulcer index (UI) of 2740, indicating severe 

gastric damage. Pre-treatment with 

Esomeprazole, Chlorella, or Lactobacillus 

acidophilus before indomethacin intake 

significantly reduced ulcer severity. Among 

the tested protective agents, Lactobacillus 

acidophilus demonstrated the strongest 

gastroprotective effect, with an ulcer index of 

820 and a net preventive index of 70%. 

Chlorella-pretreated rats exhibited a UI of 

1060, yielding a 61.3% preventive index. Rats 

given esomeprazole had the lowest protective 

effect, with a 51.8% preventative index and a 

UI of 1320 (Table 2). 

Table 2: Mean ± SD of UC, UI, and the net preventative index. 

Groups Ulcer score Ulcer index Net preventive index 

Control ----- ---- ---- 

INDO 27.4 ± 7.2 2740* 0 

Esomeprazole + INDO 13.2 ± 3.2 1320*# 51.8% 

Chlorella + INDO 10.6 ± 1.5 1060*# 61.3% 

LB + INDO 8.2 ± 2.2 820*# 70% 
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* A significant difference from Control is shown by P < 0.05, while # a significant difference from INDO is indicated by P < 0.05.  

 

 

 

 

3.2. Histological results 

Gross examination 

Macroscopic images of the gastric 

mucosa revealed ulcerations of varying 

severity in the Indomethacin-treated group 

and all pretreated groups, while the control 

group exhibited intact mucosal surfaces 

(Figure 1). 
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Figure 1: Gross images of each group's stomach mucosa under examination: A) control group, with intact 

mucosa, B) Indo-only treated group showing high severity of ulcerations (arrows), while Esomeprazole 

pre-treated group, C) Chlorella pre-treated group, D) LB pre-treated group, E) showed less severity 

(arrows). 

3.3. Hematoxylin & Eosin (H&E) Results 

Histological analysis of the fundic 

region in the control group revealed intact 

mucosal architecture, with fundic glands 

which is tubular, arranged perpendicular to 

the epithelium surface. Gastric pits were 

observed as short and narrow structures, 

with glands extending deep into the lamina 

propria (Figure 2a). Surface mucus-

secreting cells were columnar in shape, 

possessing oval nuclei located at the basal 

region. Parietal cells had a polygonal 

appearance, with vesicular nuclei and 

acidophilic cytoplasm (Figure 2b). Chief 

(peptic) cells, located at the glandular base, 

exhibited basophilic cytoplasm (Figure 2c). 

 

Figure 2: Photomicrographs of fundic sections from control rats’ gastric mucosa, illustrating the normal 

histological structure: (a) The tubular fundic glands are uniformly arranged, oriented at a right angle to the 

epithelium surface, and feature narrow, short pits (P). There are three separate zones within the glands: the 

outer base (B) middle neck (N), and the inner isthmus (I), all of which are embedded within the lamina 

propria down to the muscularis mucosa (M) and submucosa (S), which are also visible. (b) Surface mucus-

secreting cells appear columnar, with basally positioned oval nuclei (arrowhead). Parietal cells exhibit 

acidophilic cytoplasm, vesicular nuclei, with a polyhedral shape (arrows). (P) The gastric pits can be easily 
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identified. (c) The base of the fundic glands displays parietal cells (arrows) and peptic cells with basophilic 

cytoplasm (curved arrows) in their typical form (a: H&E, X100, b & c: X400). 

 

Gastric mucosal sections from INDO-

treated rats exhibited disruption of structural 

organization, with epithelial exfoliation and 

loss of surface mucus-secreting cells. Certain 

regions showed mucosal erosion, 

hemorrhage, and hemosiderin deposition 

(Figure 3a). Parietal cells displayed 

ballooning and vacuolation, with pyknotic 

nuclei displaced eccentrically. Observations 

also included red blood cell extravasation and 

disorganized glandular bases with densely 

stained nuclei (Figures 3b, 3c). Partial 

restoration of gastric mucosal integrity was 

observed in rats pretreated with 

esomeprazole.

 

Figure 3: Photomicrographs of fundic sections from the gastric mucosa of Indomethacin (INDO)–treated 

rats, demonstrating structural alterations and mucosal damage: (a) Disruption of the fundic mucosal 

architecture, characterized by sloughing of the surface epithelium (arrowhead). Evidence of hemorrhage and 

hemosiderin deposition (H) is observed. (b) The fundic mucosa exhibits severe disorganization, with 

desquamation and further sloughing of the epithelial lining (arrowhead). Parietal cells display ballooning, 

with eccentric, darkly stained nuclei (arrows), while other cells exhibit vacuolated cytoplasm (curved 

arrows). (c) Glandular bases appear highly disorganized, with dark-stained nuclei. Parietal cells display 

small, dark nuclei and vacuolated cytoplasm (curved arrow). Extravasation of red blood cells (RBCs) is 

evident (arrow). (a: H&E, X100, b & c: X400) 
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Fundic glands, which are tubular and 

extend into the lamina propria, down to the 

muscularis mucosa, though small areas of 

mucosal erosion remained. Surface mucus-

secreting cells appeared preserved and intact. 

Several parietal cells exhibited small, dark-

stained nuclei with vacuolated cytoplasm. 

The glandular base retained a relatively 

normal structure, though some parietal cells 

still showed dark-stained nuclei and 

vacuolation (Figure 4). 

 

 

Figure 4: Photomicrographs of fundic sections from esomeprazole (ESP) pre-treated rats’ gastric mucosa, 

illustrating partial restoration of mucosal structure: (a) The tubular fundic glands exhibit a restored, 

organized arrangement, extending into the lamina propria, down to the muscularis mucosa (M). A small area 

of erosion (E) is still observed. (b) Columnar mucus-secreting cells on the surface seem intact and well-

organized (arrowhead). Numerous parietal cells have tiny, dark-stained nuclei and cytoplasmic vacuolation 

(arrows). (c) Bases of fundic glands showing partial structural restoration, though some parietal cells still 

display darkly stained nuclei and vacuolated cytoplasm (arrows). (a: H&E, X100, b & c: X400) 

 

Fundic sections from rats pretreated 

with Chlorella showed a tubular fundic gland 

configuration that was well-preserved, 

reaching the muscularis mucosa through the 

lamina propria. Several parietal cells 

displayed small, eccentrically positioned 

dark-stained nuclei with vacuolated 

cytoplasm, while others appeared 

morphologically normal. The glandular base 

showed restoration, with chief and parietal 

cells exhibiting a typical structure. The 

lamina propria showed a blood vessel 

congestion (Figure 5). 
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Figure 5: Photomicrographs of fundic sections from the gastric mucosa of Chlorella pre-treated rats, 

illustrating preserved mucosal structure with mild alterations: (a) The tubular fundic glands display a 

regular, well-organized arrangement, extending into lamina propria, down to the muscularis mucosa (M). 

Mild glandular widening is observed, along with blood vessel congestion within the lamina propria (star). 

(b) Several parietal cells exhibit small, eccentric, darkly stained nuclei and vacuolated cytoplasm (arrows), 

while others retain central vesicular nuclei with acidophilic cytoplasm (curved arrows). The surface 

columnar mucus-secreting cells appear intact and well-structured (arrowhead). (c) The fundic gland bases 

appeared to be restored, with peptic cells maintaining their normal morphology (curved arrow) and parietal 

cells appearing intact (arrow). Blood vessel congestion is still seen in the lamina propria (star). (a: H&E, 

X100, b & c: X400) 

 

Fundic mucosal sections from rats 

receiving Lactobacillus acidophilus displayed 

near-normal histological features, with 

regularly arranged tubular glands extending 

into the lamina propria, down to the 

muscularis mucosa. parietal cells and surface 

columnar mucus-secreting cells retained a 

normal structure and distribution. The 

glandular base appeared restored, with chief 

and parietal cells displaying typical 

histological characteristics. Some parietal 

cells had nuclei that were darkly stained with 

vacuolated cytoplasm (Figure 6). 
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Figure 6: Photomicrographs of fundic sections from Lactobacillus acidophilus (LB) pre-treated rats’ gastric 

mucosa, demonstrating near-normal mucosal structure: (a) The tubular fundic glands exhibit a normal and 

well-organized arrangement, extending into lamina propria, down to the muscularis mucosa (M). (b): While 

parietal cells appear intact (arrows), some of them show vacuolated cytoplasm, small and dark-stained 

nuclei, and (curved arrows). surface columnar mucus-secreting cells display a regular morphology 

(arrowhead), (c) The fundic gland bases appeared to be restored, with parietal cells (arrows) and peptic 

(chief) cells (curved arrow) maintaining normal appearance. However, some parietal cells exhibit vacuolated 

cytoplasm (arrowheads). (a: H&E, X100, b & c: X400). 

 

3.4. Periodic acid Schiff's Reaction results 

Histological examination of fundic 

sections revealed that the experimental 

groups' PAS reactions varied in intensity: The 

Control group displayed a reliable, strong 

positive reaction within the neck region and 

gastric pits (Figure 7a). In certain areas, the 

group treated with indomethacin (INDO) 

exhibited a negative reaction, while other 

regions exhibited a very mild positive 

reaction (Figure 7b). The group which 

received esomeprazole (ESP) beforehand 

showed a consistent, significant positive 

reaction in the stomach pits, but only a weak 

reaction in the neck area. (Figure 7c). 

Chlorella & Lactobacillus acidophilus (LB) 

pre-treated groups both displayed a reliable, 

strong positive reaction in the gastric pits 

(Figure 7d, e).  
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Figure 7: Photomicrographs of fundic sections from the gastric mucosa, demonstrating variations in PAS 

reaction intensity across different experimental groups: (a) Control group displaying a reliable, strong 

positive reaction in the neck region (curved arrow) and gastric pits (arrow). (b) In certain locations, the 

group treated with indomethacin (INDO) demonstrates a negative reaction, whilst in other areas, there is a 

very slight positive reaction (arrow). (c) stomach pits (arrow) show a consistent, strong positive reaction in 

the (ESP) pre-treated group, while the neck region shows a mild reaction (curved arrow). (d) A dependable, 

robust positive reaction is shown by the chlorella-pretreated group in the neck area (curved arrows) and the 

stomach pits (arrow). (e) A consistent, robust positive reaction in the neck area (curved arrows) and stomach 

pits (arrow) is shown by the Lactobacillus acidophilus (LB) pre-treated group (PAS, X200). 

 

3.5. NF-κB immunoreaction results 

Control rats' fundic sections displayed 

a negative NF-κB immunohistochemistry 

reaction (Figure 8a). NF-κB cytoplasmic 

immunohistochemistry reaction was strongly 

positive in the Indomethacin-treated group 

(Figure 8b). The cytoplasmic 

immunohistochemistry reaction for NF-κB in 

the surface epithelium and the basal portion 

was positive in fundic sections from both the 

esomeprazole and chlorella pretreatment 

groups (Figures 8c, d). However, a faint 

positive cytoplasmic immunohistochemistry 

reaction for NF-κB was observed in the 
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fundic mucosa of the Lactobacillus acidophilus pre-treated group (Figure 8e).  

 

 

Figure 8: Photomicrographs of fundic sections from (a) control rats showing negative 

immunohistochemical reaction for NF-κB. (b) INDO INDO-treated group revealed a strong 

positive cytoplasmic immunohistochemical reaction for NF-κB (arrows). (c) The esomeprazole pre-

treated group showed a positive cytoplasmic immunohistochemical reaction for NF-κB in the 

surface epithelium and the basal part (arrows). (d) The Chlorella pre-treated group showed positive 

cytoplasmic immunohistochemical reaction for NF-κB in the surface epithelium and the basal part 

(arrows). (e): LB pre-treated group revealed a weak positive cytoplasmic immunohistochemical 

reaction for NF-κB (arrows) (NF-κB, X200). 

 

3.6. Morphometric results 

Mucosal depth in the INDO group 

was substantially lower (P <0.05) than in the 

control and other pre-treated groups. 

Furthermore, compared to the control group, 

the Chlorella+INDO group showed a 

substantial increase in mucosal depth (P < 

0.05). In comparison to the control group, 

there was no discernible change in mucosal 
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depth in either the ESP+IND or LB+INDO groups (Table 3). 

 

Table 3: Mean ± SD of Mucosal depth in micrometre in all examined groups. 

Group Control Indo ESP + Indo Chlorllea + Indo LB + Indo 

Mucosal 

Depth 
323.06 ±22.7 211.96 ±25.04 * 333.42 ±27.01 # 417.44 ±10.09 *# 302.54 ±42.36 # 

ANOVA test results show that the P value is significant at < 0.05. *Noteworthy distinction from Control. # noteworthy distinction from INDO  

 

Compared to the control group, the 

INDO group and other pre-treated groups had 

a significantly decreased area percentage of 

PAS reaction (P <0.05). Comparing all 

groups to the INDO group revealed a 

substantial increase (P < 0.05) in the area % 

of PAS reaction. Compared to the 

ESP+INDO and Chlorella +INDO groups, the 

LB+INDO group exhibited the highest value 

and a significantly higher area percentage of 

PAS reaction (P <0.05). The area % of PAS 

reaction was considerably elevated when the 

Chlorella +INDO group was contrasted with 

the ESP+INDO group. The INDO group and 

other pre-treated groups exhibited a 

considerably higher area percentage of NF-κB 

reaction (P <0.05) in comparison to the 

control group. Comparing the INDO group to 

all pre-treated groups revealed a substantial 

decrease in the area percentage of NF-κB 

reaction (P <0.05). Compared to the 

ESP+INDO and Chlorella +INDO groups, the 

LB+INDO group displayed the lowest value 

and a significantly reduced area percentage of 

NF-κB reaction (P <0.05). However, this area 

percentage was much lower in the Chlorella 

+INDO group than in the ESP+INDO group 

(Table 4). 

  

Table 4: Mean ± SD of area percentage of PAS & NF-κB +ve reaction in all examined groups: 

Group Control Indo ESP + Indo Chlorllea + Indo LB + Indo 

PAS 14.04 ± 0.20 1.77 ± 0.06* 4.30 ± 0.29*#@& 5.72 ± 0.41*#@$ 7.38 ± 0.87*#&$ 

NF-κB 6.33 ± 0.42 23.82 ± 0.20* 16.61 ± 0.38*#@& 13.21 ± 0.23*#@$ 10.45 ± 0.46*#&$ 

 Using the ANOVA test, the P value is significant at less than 0.05. *Considerable variation from Control. # noteworthy distinction from INDO @ 

noteworthy distinction from LB +Indo & A notable distinction from Chlorella +Indo $ A notable distinction from ESP +Indo.    

 

4. Discussion 

A peptic ulcer (PU) is a prevalent 

condition affecting the gastrointestinal 

system in humans. It is known to occur 

when there is an imbalance between harmful 

and protective factors in the digestive tract. 

Previous studies have indicated that around 

25% of gastric ulcer cases result from the 

use of NSAIDs, so their prevention and 

management are considered very important 

challenges [18]. 
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Indomethacin has a documented 

higher risk of stomach ulcers than other 

commonly used NSAIDs. To cause gastric 

ulcers, indomethacin was chosen for this 

experiment even though the usage of 

recently developed NSAIDs is growing 

daily. This is because indomethacin is still 

widely used in rural areas because it is 

inexpensive. Moreover, it's one of the most 

popular NSAIDs for producing stomach 

ulcers in experiments [19]. 

The current treatment of gastric 

ulcers with antisecretory drugs, such as PPI 

and H2 antagonists, as long-term treatment, 

is associated with many side effects [20]. 

So, it was challenging to find other natural 

treatments to avoid these side effects. 

Several studies have been conducted to 

determine the physiological and biochemical 

roles of chlorella, including enhancing 

immunological function, preventing ulcers, 

acting as an antidiabetic, and treating 

dyslipidemia [21]. 

By preventing gastrointestinal 

illnesses, probiotics have long been known 

to strengthen human immunity. As a result, 

they work by producing antimicrobial 

chemicals, enhancing the function of the 

intestinal barrier, and immunomodulating 

[22]. All pre-treated groups in this study 

showed a substantial decrease in ulcer index 

as compared to the Indomethacin (INDO) 

group. The reversal of INDO's inhibitory 

action on PGE₂ production or the 

rebalancing of aggressive and protective 

gastric factors could account for this 

decrease [23]. Mucosal depth measurements 

in the Indo group were significantly lower 

than those in the control and other pre-

treated groups. 

 The ESP +INDO and LB +INDO 

groups did not differ significantly from the 

control. Mucosal depth significantly 

increased in the Chlorella +INDO group 

when compared to the control and other pre-

treated groups; this was consistent with the 

findings of previous studies [24, 25]. 

Hematoxylin and eosin-stained sections of 

the INDO group revealed several deep 

erosions, a malformed fundic gland 

architecture, and a loss of surface columnar 

mucus-secreting cells, together with blood 

vessel congestion and RBC extravasation.  

The same results were found when 

these findings were compared to those of 

Emami et al. (2017) [26]. Wang et al. (2018) 

demonstrated how NSAIDs interfere with 

prostaglandin formation by inhibiting the 

COX enzymes, COX-1 and COX-2, which 

is the main cause of NSAID-induced 
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stomach ulcers [27]. As concurred with 

Patrick et al. (2018), who reported similar 

observations, the glandular mucosa 

displayed multifocal ulcerative patches, 

which were typified by an accumulation of 

hemosiderin pigment and necrotic tissue as 

well as desquamation of the epithelial lining 

coupled with hemorrhages [28]. Another 

study showed that one of the most harmful 

effects of NSAIDs on the digestive system is 

the acceleration of tissue oxidation [29]. 

Additionally, the generation of lipid 

peroxidation, superoxide radicals, and 

protein oxidation is accelerated by oxidative 

damage, causing erosion, bleeding, and 

ulcers in the stomach mucosa. Apoptosis 

was also evident in parietal cells. These 

findings were in line with those of Kang et 

al. (2017), who noted decreased nuclei and 

apparent cytoplasmic vacuolation as 

indicators of parietal cell degeneration [30]. 

One possible explanation for these 

vacuolations is the release of lysosomal 

enzymes that accumulate in parietal cells 

and cause the permeability of the cellular 

membrane to be disrupted. This is caused by 

oxygen-free radicals, which allow water and 

electrolytes to enter the cells more easily. 

This causes the cells to enlarge and 

organelles to break down, resulting in 

cytoplasmic vacuolation [31].  

Moreover, the fundic glands' basal 

regions displayed apoptotic peptic cells. In 

accordance with those results of Abdel-

Tawab et al. (2020) [32], who revealed that 

changes in the peptic cells as a result of 

lipase and pepsin's strong activity on the 

mucosal lining [32. 33].  

Regarding the ESP +INDO group, 

examining the stomach's fundic sections 

revealed that the gastric mucosa's general 

architecture had been restored; however, 

there were still some places that had 

erosions. Some parietal cells had small 

nuclei which are darkly stained and had 

vacuolated cytoplasm. These findings were 

in line with Rani et al. (2018), who revealed 

the same observations [14]. There are 

several possible explanations for the gastro-

protective benefits of ESP, including both 

acid-dependent and acid-independent 

systems. A previous study found that 

esomeprazole offers a protective effect 

through suppression of stomach acid 

production [34]. While another study 

revealed that there was a free radical 

scavenging property associated with 

esomeprazole and another PPI [1]. This was 

accomplished by increasing the expression 

and activity of the cytoprotective protein 

HO-1 in stomach epithelial and endothelial 
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cells. In the Chlorella +INDO group, the 

stomach mucosa showed a considerable 

protective effect. When the stomach's fundic 

sections were examined, the gastric 

mucosa's typical architecture was restored, 

and the pits were somewhat widened. 

Congested blood vessels were observed in 

the lamina propria. Fundic glands were 

restored, but some parietal and peptic cells 

showed small nuclei which are darkly 

stained and had vacuolated cytoplasm. 

These results were in the same line with 

Mohammed Ali et al. (2020), who explained 

this protective effect by the flavonoid 

content of chlorella, which has a strong anti-

ulcerogenic action [35]. The flavonoids 

quercetin, rutin, and kaempferol caused 

suppression of stomach electrogenicity. 

Also, this protection is mediated by a 

significant inhibition of platelet-activating 

factor with a subsequent decrease in the 

secretion of histamine. Furthermore, another 

study demonstrated that quercetin promotes 

local prostaglandin production, reduces the 

secretion of histamine from gastric mast 

cells, and blocks the H+/K+ proton pump, 

resulting in a reduced amount of secreted 

gastric acid. Lactobacillus acidophilus was 

used in the current experiment to find out 

whether it has any protective role against 

INDO-induced gastric ulcers. Probiotics 

have been an increasingly popular therapy 

option in recent years, especially for the 

prevention of gastrointestinal tract disorders 

[37].  

In the present work, when comparing 

pre-treated groups, the LB+INDO group 

showed better gastroprotective benefits. The 

architecture of the gastric glands returned to 

almost normal. Mucus neck cells and 

surface mucus cells appeared to be normal, 

as well as the majority of the parietal cells 

with acidophilic cytoplasm. Examination of 

the majority of gland bases revealed 

restoration of the normal morphology of 

parietal and peptic cells. This was in line 

with Mousa et al. (2023), who found 

comparable outcomes [38]. The study of 

Gwee et al. (2018) could support the earlier 

findings by indicating that lactate may have 

several gastroprotective benefits, including 

anti-inflammatory and anti-apoptotic 

qualities, in addition to preserving the 

integrity of the stomach mucosal barrier 

[39]. According to earlier research, lactate 

may lessen local inflammation by lowering 

the amounts of IL-1β, TNF-α, IL-1α, and IL-

6 in stomach tissue [40, 41]. 

According to a previous study, Bcl-2 

is one of the main elements influencing cell 

death [42]. Important members of the Bcl-2 
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family, the Bcl-2 and Bax proteins, are 

crucial for determining how long a cell has 

been around. They found that Bcl-2 inhibits 

apoptosis, whereas Bax causes it [43]. 

Therefore, a mismatch between the 

expression of the anti-apoptotic Bcl-2 family 

members and the apoptotic Bax proteins 

causes apoptosis.  

Accordingly, increased Bcl-2 

expression and decreased Bax expression 

may be responsible for the probiotic's anti-

apoptotic activity in this investigation. This 

was in line with Mandi et al. (2019), who 

verified probiotics' anti-apoptotic properties 

[41].  

In PAS-stained sections of the INDO 

group, there was weak PAS reactivity in the 

eroded surface epithelium, while the 

ulcerated areas had a total loss of PAS 

reaction. The INDO group's decreased 

stomach mucosal glycoprotein content was 

consistent with [44]. 

 Different studies explained that the 

topical irritant properties of NSAIDs can 

decrease the stomach's mucus gel layer's 

hydrophobicity, which is a major defense 

against acid-induced stomach injury [45-47]. 

They proposed that these alterations resulted 

from reduced PG synthesis and mucus 

production due to injury to the mucus neck 

cells and surface epithelial cells. This 

reduces the capacity of pepsin and HCL to 

diffuse from the lumen into the mucosa. 

Acid and pepsin back-diffusion into the 

tissues causes further release of these 

substances, which in turn reduces stomach 

motility and mucosal blood flow. 

 Comparing the ESP+INDO group to 

the INDO group, it was found that the area 

percentage of the PAS reaction had 

significantly increased. This outcome was 

consistent with that of Tayeby et al. (2017), 

who found that PPI medication preserved 

the glycoproteins of the stomach mucosa 

[48]. The present result was likewise in 

agreement with Sengul et al. (2019), who 

discovered that the administration of PPI 

considerably raised the PAS reaction 

intensity of the mucosa's surface mucus and 

mucus neck cells [45]. 

Proton pump inhibitor treatment 

retained the stomach mucosal glycoprotein 

by its impact on raising the stomach NO 

level, which lowers the secretion of gastric 

acid and raises mucus secretion [49]. 

It was found that the Chlorella 

+INDO group's area percentage of PAS 

response was significantly greater than that 
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of the INDO and ESO+INDO groups. This 

result was consistent with Alese et al. 

(2018), who revealed improvement in mucus 

secretion [50]. The gastroprotective effects 

of microalgae are possibly due to their 

relatively high antioxidant capacity, as it has 

high phenolic acids and flavonoid content, 

leading to increased mucus secretion and 

substantially reduced plasma gastrin levels 

[3]. Antioxidants and flavonoids are 

abundant in chlorella. In addition to 

decreasing lipid peroxidation, flavonoids 

improve DNA synthesis, which prolongs the 

lifetime of collagen fibrils. Additionally, 

essential fatty acids can also be found in 

abundance in chlorella. It was established 

that eicosapentaenoic acid (EPA), alpha-

linolenic acid, and gamma-linoleic acid 

(GLA) promote cell migration toward the 

injured sites and can enhance re-

epithelialization [7]. 

The area percentage of PAS reaction 

increased significantly when the LB+INDO 

group was compared to the INDO group and 

other pretreatment groups. which concurred 

with the similar conclusions in previous 

studies [51-53], which claimed that 

probiotics also significantly affect the 

integrity of the stomach mucosal barrier by 

enhancing mucus secretion, preventing 

apoptosis, and encouraging cell 

proliferation. Consuming probiotics raised 

the expression of the gene for inducible 

nitric oxide synthase (iNOS), according to 

experimental studies on the subject [54]. 

When compared to all other groups, 

the Indomethacin (INDO) group exhibited a 

significant increase in area % in terms of 

NF-κB immunoreactivity. 

 These findings align with the study 

a previous study, which reported that INDO 

markedly upregulated NF-κB expression by 

approximately 101% relative to the control 

group [55]. Similarly, a previous study 

indicated that NSAIDs cause reactive 

oxygen species (ROS) generation and 

inflammatory reactions by impairing the 

protective phospholipid barrier of the 

stomach and interfering with oxidative 

phosphorylation in mitochondria [56]. The 

mechanism of this process, as indicated 

previously, is one of the key processes is 

oxidative stress and NF-κB production via 

the Nrf2/HO-1 pathway [57]. By elevating 

inflammatory cytokines, decreased Nrf2 

expression worsens inflammation and raises 

the production of ROS. 

In response to oxidative stress, NF-

κB is activated with subsequent 
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downregulation of Nrf2 expression, which 

raises ROS and inflammatory cytokines. 

This, in turn, increases inflammation. In the 

same line, one of the possible mechanisms 

was the elevated phosphorylation of the 

MAPK cascade in ulcerated stomach tissue, 

including that of JNK, ERK, and p38. In the 

end, the phosphorylated MAPK cascade 

amplifies the activation of IκB-α, which 

triggers the NF-κB activity [58]. In contrast 

to the INDO group, there was a notable drop 

in the area percentage of NF-κB 

immunoreaction in the ESP-INDO group.  

This mechanism was validated in a 

previous study, which showed that the 

inhibition of proinflammatory proteins, 

including TNF-α, interleukins (such as IL-

1β and IL-6), nitric oxide synthase, and 

proteins of cell adhesion molecule 1, was 

connected to the anti-inflammatory activity 

of esomeprazole [59]. 

 The Chlorella +INDO group showed 

a significantly lower area percentage of NF-

κB immunoreaction than the INDO and 

ESO+INDO groups. This result was 

reported before, where the same observation 

was made [60, 61].  Furthermore, certain 

phenolics, including gallates, which are 

strong TNF-α inhibitors, may be responsible 

for Chlorella vulgaris's anti-inflammatory 

qualities. Among other compounds, 

triterpenoids can reduce the expression of 

mediators of inflammation.  

Additionally, it has been shown that 

ergosterol and peroxide-derived ergosterol 

from Chlorella vulgaris reduce pro-

inflammatory cytokines [62]. NF-κB is 

strategically located at the intersection of 

inflammation and oxidative stress. It has 

been suggested that ROS could play a 

significant role as a secondary mediator in 

NF-κB activation in response to different 

stimuli. The Nrf2/HO-1-dependent pathway 

to avoid cellular damage was successfully 

initiated by Chlorella vulgaris treatment, as 

evidenced by the significant increase in Nrf-

2 and HO-1 expression [63, 64]. The area 

percentage of NF-κB reaction was 

significantly lower in the LB+INDO group 

than in the INDO group and other 

pretreatment groups. That aligned with 

Ofusori et al. (2020) [65]. The prior findings 

may be explained by raising the levels of the 

anti-inflammatory cytokine IL-10 and 

lowering the levels of various pro-

inflammatory cytokines in the serum, 

according to Fang et al. (2023), who 

discovered a protective effect of 

Lactobacillus acidophilus in ulcerative 

colitis [66].  
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5. Conclusion 

As a pre-exposure prophylactic 

against Indomethacin (INDO)-induced 

stomach ulcers in rats, the results of this 

study show that oral treatment of 

Lactobacillus acidophilus and Chlorella 

offers considerable gastroprotection. Their 

protective benefits outweighed those of the 

standard esomeprazole medication. 

Compared to Chlorella, Lactobacillus 

acidophilus is more effective. Both 

medicines' positive effects seem to be partly 

explained by their capacity to maintain 

gastroprotective systems and reduce 

oxidative stress. Therefore, Chlorella and 

Lactobacillus acidophilus could be useful 

therapeutic agents for preserving the delicate 

equilibrium between defensive and 

aggressive stomach forces. 

AI deceleration: Not applicable  

Ethical approval: Ethical committee 

No.102 on 15 January 2023, Faculty of 

Medicine, Fayoum University, approved this 

study. 

Funding: There are no funds for this 

research.  

Conflicts of Interest: None of the authors 

of the current study discloses any conflicts 

of interest.  

 

References 

1. Boushra AF, Elsayed AM, Ibrahim NA, 

Abdelwahed MK, Ahmed EI. A comparative study 

on the possible protective effect of esomeprazole, 

spirulina, wheatgrass on indomethacin-induced 

gastric ulcer in male albino rats. Molecular Biology 

Reports. 2019 Oct;46:4843-60. 

2. Altuner D, Kaya T, Suleyman H. The protective 

effect of lercanidipine on indomethacin-induced 

gastric ulcers in rats. Brazilian Archives of Biology 

and Technology. 2020 Aug 31;63:e20190311. 

3. Aleid IS, Alfheeaid HA, Aljutaily T, Alhomaid 

RM, Alharbi HF, Althwab SA, Abdel-Rahman HA, 

AlGeffari MA, Barakat H. Gastroprotective effects 

of spirulina platensis, golden kiwifruit flesh, and 

golden kiwifruit peel extracts individually or in 

combination against indomethacin-induced gastric 

ulcer in rats. Nutrients. 2021 Oct 3;13(10):3499. 

4. El-Ashmawy NE, Khedr EG, El-Bahrawy HA, 

Selim HM. Nebivolol prevents indomethacin-

induced gastric ulcer in rats. Journal of 

immunotoxicology. 2016 Jul 3;13(4):580-9. 

5. Abd El-Rady NM, Dahpy MA, Ahmed A, Elgamal 

DA, Hadiya S, Ahmed MA, Sayed ZE, Abdeltawab 

D, Abdelmohsen AS, Farrag AA, Ashmawy AM. 

Interplay of biochemical, genetic, and 

immunohistochemical factors in the etio-

pathogenesis of gastric ulcer in rats: a comparative 

study of the effect of pomegranate loaded 

nanoparticles versus pomegranate peel extract. 

Frontiers in physiology. 2021 Mar 23;12:649462. 



FUMJ, 2025                                                                                                                                 Sadeq et al., 2025 

24 
 

6. Mehdinezhad N, Aryaeian N, Vafa M, Saeedpour 

A, Ebrahimi A, Mobaderi T, Fahimi R, Sajadi 

Hezaveh Z. Effect of spirulina and chlorella alone 

and combined on the healing process of diabetic 

wounds: an experimental model of diabetic rats. 

Journal of Diabetes & Metabolic Disorders. 2021 

Jun;20:161-9. 

7. de Melo RG, de Andrade AF, Bezerra RP, Viana 

Marques DD, da Silva VA, Paz ST, de Lima Filho 

JL, Porto AL. Hydrogel-based Chlorella vulgaris 

extracts: a new topical formulation for wound 

healing treatment. Journal of Applied Phycology. 

2019 Dec;31:3653-63. 

8. Rani K, Sandal N, Sahoo PK. A comprehensive 

review on chlorella-its composition, health 

benefits, market and regulatory scenario. The 

Pharma Innovation Journal. 2018;7(7):584-9. 

9. Skrypnik K, Bogdański P, Schmidt M, Suliburska 

J. The effect of multispecies probiotic 

supplementation on iron status in rats. Biological 

trace element research. 2019 Dec;192:234-43. 

10. Inatomi T, Honma M. Effects of probiotics on 

loperamide-induced constipation in rats. Scientific 

Reports. 2021 Dec 16;11(1):24098. 

11. Celikkaya ME, Akcora B, Hakverdi S, Ozer B, 

Ulutas KT, Duran N. Effects of probiotic use on 

bacterial translocation in created rat models with 

biliary obstructions. The Eurasian Journal of 

Medicine. 2019 Jun;51(2):106. 

12. Nuffield Council on Bioethics. The Ethics of 

Research Related to Healthcare in Developing 

Countries: A Follow-up Discussion Paper Based on 

the Workshop Held in Cape Town, South Africa 

12-14th February 2004. Nuffield Council on 

Bioethics; 2005. 

13. Radwan DM, Ebrahim NA, Farag EA, Sofi MA. 

Histological Study on the Possible Protective 

Effect of Co-enzyme Q10, Evening Primrose and 

Esomeprazole on Indomethacin Induced Gastric 

Ulcer in Adult Male Albino Rats. Nat Sci. 

2019;17(12):220-40. 

14. Zainul Azlan N, Abd Ghafar N, Mohd Yusof YA, 

Makpol S. Toxicity study of Chlorella vulgaris 

water extract on female Sprague Dawley rats by 

using the Organization for Economic Cooperation 

and Development (OECD) Guideline 420. Journal 

of Applied Phycology. 2020 Oct;32(5):3063-75. 

15. Ouwehand AC. A review of dose-responses of 

probiotics in human studies. Beneficial Microbes. 

2017 Apr 26;8(2):143-51. 

16. Petrie A, Sabin C. Medical statistics at a glance. 

John Wiley & Sons; 2019 Jul 23. 

17. Jafari A, Andishfar N, Esmaeilzadeh Z, Khezri 

MR, Ghasemnejad‐Berenji M. Gastroprotective 

effect of topiramate on indomethacin‐induced 

peptic ulcer in rats: Biochemical and histological 

analyses. Basic & Clinical Pharmacology & 

Toxicology. 2022 May;130(5):559-68. 

18. Tastekin E, Ayvaz S, Usta U, Aydogdu N, Cancilar 

E, Puyan FO. Indomethacin-induced gastric 

damage in rats and the protective effect of donkey 

milk. Archives of Medical Science. 2018 Apr 

1;14(3):671-8. 

19. Almasaudi SB, El-Shitany NA, Abbas AT, Abdel-

Dayem UA, Ali SS, Al Jaouni SK, Harakeh S. 

Antioxidant, anti‐inflammatory, and antiulcer 

potential of manuka honey against gastric ulcer in 

rats. Oxidative medicine and cellular longevity. 

2016;2016(1):3643824. 

20. Emami S, Olfati AO. Effects of dietary 

supplementing of Spirulina platensis and Chlorella 

vulgaris microalgae on hematologic parameters in 

streptozotocin-induced diabetic rats. Iranian 



FUMJ, 2025                                                                                                                                 Sadeq et al., 2025 

25 
 

Journal of Pediatric Hematology and Oncology. 

2017 Jul 10;7(3):163-70. 

21. Wang Y, Guo Y, Chen H, Wei H, Wan C. Potential 

of Lactobacillus plantarum ZDY2013 and 

Bifidobacterium bifidum WBIN03 in relieving 

colitis by gut microbiota, immune, and anti-

oxidative stress. Canadian journal of microbiology. 

2018;64(5):327-37. 

22. Patrick AT, Samson FP, Madusolumuo MA. 

Antiulcerogenic Effects of Aqueous Stem-Bark 

Extracts of Pterocarpus erinaceus on Indomethacin-

Induced Ulcer in Albino Rats. J Biochem Cell Biol. 

2018;1(107):2. 

23. Martins CF, Trevisi P, Coelho DF, Correa F, 

Ribeiro DM, Alfaia CM, Pinho M, Pestana JM, 

Mourato MP, Almeida AM, Fontes CM. Influence 

of Chlorella vulgaris on growth, digestibility and 

gut morphology and microbiota of weaned piglet. 

Scientific Reports. 2022 Apr 9;12(1):6012. 

24. Kang HK, Park SB, Kim CH. Effects of dietary 

supplementation with a chlorella by‐product on the 

growth performance, immune response, intestinal 

microflora and intestinal mucosal morphology in 

broiler chickens. Journal of animal physiology and 

animal nutrition. 2017 Apr;101(2):208-14. 

25. AbdelAziz EY, Tadros MG, Menze ET. The effect 

of metformin on indomethacin-induced gastric 

ulcer: Involvement of nitric oxide/Rho kinase 

pathway. European Journal of Pharmacology. 2021 

Feb 5;892:173812. 

26. Abdel-Tawab MS, Tork OM, Mostafa-Hedeab G, 

Hassan ME, Elberry DA. Protective effects of 

quercetin and melatonin on indomethacin induced 

gastric ulcers in rats. Reports of biochemistry & 

molecular biology. 2020 Oct;9(3):278. 

27. Shaik RA, Eid BG. Piceatannol affects gastric 

ulcers induced by indomethacin: association of 

antioxidant, anti-inflammatory, and angiogenesis 

mechanisms in rats. Life. 2022 Feb 28;12(3):356. 

28. Sallam AA, Darwish SF, El-Dakroury WA, 

Radwan E. Olmesartan niosomes ameliorates the 

Indomethacin-induced gastric ulcer in rats: Insights 

on MAPK and Nrf2/HO-1 signaling pathway. 

Pharmaceutical Research. 2021 Nov;38:1821-38. 

29. Mohammed Ali AM, Abd-Elgwwad SK, Hasan 

RA, Abd-Elgalil MM. Trio-clar versus Portulaca 

oleracea and/or Foeniculum vulgare extracts on 

induced gastric ulcer in adult female albino rats. A 

histological study. Egyptian Journal of Histology. 

2020 Dec 1;43(4):1008-33. 

30. Bjarnason I, Scarpignato C, Holmgren E, 

Olszewski M, Rainsford KD, Lanas A. 

Mechanisms of damage to the gastrointestinal tract 

from nonsteroidal anti-inflammatory drugs. 

Gastroenterology. 2018 Feb 1;154(3):500-14. 

31. Mousa HR, Fahmy N. Gastroprotective and healing 

effect of naringin and quercetin in experimentally 

induced gastric ulcer by diclofenac sodium in adult 

Male albino rat: a histological and 

immunohistochemical study. The Egyptian Journal 

of Hospital Medicine. 2023 Jan 1;90(1):213-25. 

32. Gwee KA, Goh V, Lima G, Setia S. Coprescribing 

proton-pump inhibitors with nonsteroidal anti-

inflammatory drugs: risks versus benefits. Journal 

of pain research. 2018 Feb 14:361-74. 

33. Mehreen T, Aamir S, Shah NA, Shahid M, Javaid 

I, Roghani M, Roghani A, Roghani F. Effect of the 

Flavonoid 6-Aminoflavone in aspirin-induced 

gastric ulcer in Sprague-Dawely rats: A 

histomorphological study. Journal of Ayub 

Medical College Abbottabad. 2022 Oct 11;34(4 

(SUPPL 1)):940-3. 

34. Magdi A, Mahmoud ES. A comparative study on 

the protective role of obestatin, quercetin and their 



FUMJ, 2025                                                                                                                                 Sadeq et al., 2025 

26 
 

combination on the injured rat gastric mucosa 

induced by stress. The Medical Journal of Cairo 

University. 2019 Dec 1;87(December):4155-63. 

35. Kaur L, Gordon M, Baines PA, Iheozor-Ejiofor Z, 

Sinopoulou V, Akobeng AK. Probiotics for 

induction of remission in ulcerative colitis. 

Cochrane Database of Systematic Reviews. 

2020(3). 

36. Chen YH, Tsai WH, Wu HY, Chen CY, Yeh WL, 

Chen YH, Hsu HY, Chen WW, Chen YW, Chang 

WW, Lin TL. Probiotic Lactobacillus spp. act 

against Helicobacter pylori-induced inflammation. 

Journal of clinical medicine. 2019 Jan 14;8(1):90. 

37. Huang Y, Zhang J, Dong R, Ji X, Jiang Y, Cen J, 

Bai Z, Hong K, Li H, Chen J, Zhou J. Lactate as a 

metabolite from probiotic Lactobacilli mitigates 

ethanol-induced gastric mucosal injury: an in vivo 

study. BMC Complementary Medicine and 

Therapies. 2021 Dec;21:1-0. 

38. Sengul E, Gelen SU, Yıldırım S, Çelebi F, Çınar A. 

Probiotic bacteria attenuates cisplatin-induced 

nephrotoxicity through modulation of oxidative 

stress, inflammation and apoptosis in rats. Asian 

Pacific Journal of Tropical Biomedicine. 2019 Mar 

1;9(3):116-22. 

39. Gelen V, Sengül E, Gedikli S, Gelen S, Atila G, 

Makav M, Uslu H, Aydın K. The Protective Effects 

of Probiotic Bacteria on Indomethacin-Induced 

Gastric Ulcer in Rats. Research Square. 2021 Feb 

5. 

40. Wu Y, Duan Z, Qu L, Zhang Y, Zhu C, Fan D. 

Gastroprotective effects of ginsenoside Rh4 against 

ethanol-induced gastric mucosal injury by 

inhibiting the MAPK/NF-κB signaling pathway. 

Food & Function. 2023;14(11):5167-81. 

41. Tayeby F, Salman AA, Kamran S, Khaing SL. 

Ulcer prevention effect of 3, 4, 5-tihydroxy-N0-

[(2-methyl-1H-Indol-3yl) Methylidene] 

Benzohydrazide in HCl/Ethanol-Induced gastric 

mucosal damage in rats. International Journal of 

Medical Sciences. 2017;14(13):1317. 

42. Ruiz-Hurtado PA, Garduño-Siciliano L, 

Dominguez-Verano P, Martinez-Galero E, 

Canales-Martinez MM, Rodriguez-Monroy MA. 

Evaluation of the gastroprotective effects of 

Chihuahua propolis on indomethacin-induced 

gastric ulcers in mouse. Biomedicine & 

Pharmacotherapy. 2021 May 1;137:111345. 

43. Alese MO, Adewole OS, Ijomone OM, Ofusori 

DA, Alese OO. Mucus secretion and collagen 

fibres integrity are compromised in aspirin induced 

gastric lesion; protective role of Musa paradisiaca. 

Italian journal of anatomy and embryology. 2018 

Nov 23;123(2):136-48. 

44. Zaghlool SS, Abo-Seif AA, Rabeh MA, 

Abdelmohsen UR, Messiha BA. Gastro-protective 

and anti-oxidant potential of Althaea officinalis 

and solanum nigrum on pyloric 

ligation/indomethacin-induced ulceration in rats. 

Antioxidants. 2019 Oct 25;8(11):512. 

45. da Luz BB, Maria-Ferreira D, Dallazen JL, de 

Oliveira AF, Telles JE, Beltrame OC, Cipriani TR, 

de Paula Werner MF. Effectiveness of the 

polyphenols-rich Sedum dendroideum infusion on 

gastric ulcer healing in rats: Roles of protective 

endogenous factors and antioxidant and anti-

inflammatory mechanisms. Journal of 

Ethnopharmacology. 2021 Oct 5;278:114260. 

46. Mahmoud MF, Abdo W, Nabil M, Drissi B, El-

Shazly AM, Abdelfattah MA, Sobeh M. Apple 

(Malus domestica Borkh) leaves attenuate 

indomethacin-induced gastric ulcer in rats. 

Biomedicine & Pharmacotherapy. 2023 Apr 

1;160:114331. 



FUMJ, 2025                                                                                                                                 Sadeq et al., 2025 

27 
 

47. ElKalawy S, Abd Elkader D, Ibrahim E, Swifi S. 

Comparative Histological and 

immunohistochemical study on the effect of 

curcumin and wild honey versus omeprazole on a 

rat model of gastric ulcer. Journal of Medical 

Histology. 2018 Dec 1;2(2):103-14. 

48. Nabil M, El Raey MA, Abdo W, Abdelfattah MA, 

El-Shazly AM, Sobeh M, Mahmoud MF. Gastro-

protective effects of Albizia anthelmintica leaf 

extract on indomethacin-induced gastric ulcer in 

wistar rats: In silico and in vivo Studies. 

Antioxidants. 2021 Jan 26;10(2):176. 

49. Côco LZ, Aires R, Carvalho GR, Belisário ED, 

Yap MK, Amorim FG, Conde-Aranda J, Nogueira 

BV, Vasquez EC, Pereira TD, Campagnaro BP. 

Unravelling the gastroprotective potential of Kefir: 

exploring antioxidant effects in preventing gastric 

ulcers. Cells. 2023 Dec 8;12(24):2799. 

50. Barboza KR, Coco LZ, Alves GM, Peters B, 

Vasquez EC, Pereira TM, Meyrelles SS, 

Campagnaro BP. Gastroprotective effect of oral 

kefir on indomethacin-induced acute gastric lesions 

in mice: Impact on oxidative stress. Life Sciences. 

2018 Sep 15;209:370-6. 

51. Raeesi M, Eskandari-Roozbahani N, Shomali T. 

Gastro-protective effect of Biebersteinia multifida 

root hydro-methanolic extract in rats with ethanol-

induced peptic ulcer. Avicenna journal of 

phytomedicine. 2019 Sep;9(5):410. 

52. Maciel FR, Punaro GR, Rodrigues AM, Bogsan 

CS, Rogero MM, Oliveira MN, Mouro MG, Higa 

EM. Immunomodulation and nitric oxide 

restoration by a probiotic and its activity in gut and 

peritoneal macrophages in diabetic rats. Clinical 

Nutrition. 2016 Oct 1;35(5):1066-72. 

53. El-Demerdash AA, Menze ET, Esmat A, Tadros 

MG, Elsherbiny DA. Protective and therapeutic 

effects of the flavonoid “pinocembrin” in 

indomethacin-induced acute gastric ulcer in rats: 

Impact of anti-oxidant, anti-inflammatory, and 

anti-apoptotic mechanisms. Naunyn-

Schmiedeberg's archives of pharmacology. 2021 

Jul;394:1411-24. 

54. Tandoh A, Danquah CA, Ossei PP, Benneh CK, 

Ayibor WG, Woode E. Protective effects of 

andrographolide against diclofenac-induced gastric 

damage. Scientific African. 2021 Sep 1;13:e00944. 

55. El-Shafey RS, Baloza SH, Mohammed LA, Nasr 

HE, Soliman MM, Ghamry HI, Elgendy SA. The 

ameliorative impacts of wheat germ oil against 

ethanol-induced gastric ulcers: Involvement of 

anti-inflammatory, antiapoptotic, and antioxidant 

activities. Toxicology Research. 2022 

Apr;11(2):325-38. 

56. Xie W, Huang X, Chen R, Chen R, Li T, Wu W, 

Huang Z. Esomeprazole alleviates the damage to 

stress ulcer in rats through not only its 

antisecretory effect but its antioxidant effect by 

inactivating the p38 MAPK and NF-κB signaling 

pathways. Drug Design, Development and 

Therapy. 2019 Aug 22:2969-84. 

57. Paz MF, de Alencar MV, de Lima RM, Sobral AL, 

do Nascimento GT, Dos Reis CA, Coêlho MD, do 

Nascimento ML, Gomes Júnior AL, Machado KD, 

de Menezes AA. Pharmacological effects and 

toxicogenetic impacts of omeprazole: genomic 

instability and cancer. Oxidative medicine and 

cellular longevity. 2020;2020(1):3457890. 

58. Ofusori AE, Moodley R, Jonnalagadda SB. 

Antiulcerogenic effects of Celosia trigyna plant 

extracts on ethanol-induced gastric ulcer in adult 

Wistar rats. Journal of traditional and 

complementary medicine. 2020 Nov 1;10(6):586-

93. 



FUMJ, 2025                                                                                                                                 Sadeq et al., 2025 

28 
 

59. Farag MR, Alagawany M, Mahdy EA, El-Hady E, 

Abou-Zeid SM, Mawed SA, Azzam MM, 

Crescenzo G, Abo-Elmaaty AM. Benefits of 

Chlorella vulgaris against cadmium chloride-

induced hepatic and renal toxicities via restoring 

the cellular redox homeostasis and modulating 

Nrf2 and NF-KB pathways in male rats. 

Biomedicines. 2023 Aug 29;11(9):2414. 

 


