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Abstract 

Gastric ulcer is a common gastrointestinal disorder characterized by oxidative stress, 

inflammation, and mucosal injury. This study investigated the gastroprotective and 

therapeutic effects of Phoenix dactylifera (Zaghloul) methanolic leaves extract against 

ethanol-induced gastric ulcer in rats, with a focus on biochemical, molecular, and 

histopathological outcomes. Phytochemical analysis revealed that the extract is rich in 

phenolic (2450.127 mg GAE/g) and flavonoid compounds (2230.00 mg CE/g), known 

for their antioxidant and anti-inflammatory activities. Ethanol administration resulted 

in significant oxidative stress evidenced by decreased total antioxidant capacity (TAC) 

and glutathione (GSH) levels and elevated malondialdehyde (MDA). Treatment with 

the extract restored TAC and GSH and reduced MDA levels. TNF-α and ICAM-1 were 

significantly elevated in the ulcerated rats while significantly reduced in the extract 

treated rats;TNF-α/IL-10 ratio was increased in the ulcerative group and reduced by 

treatment. Moreover, the extract modulated the expression of genes associated with 

cellular stress and tissue repair including E2F1, RAD21, NIBPL and Vimentin 

suggesting attenuation of epithelial injury and involvement in mucosal regeneration. 

Histopathological examination confirmed the biochemical and molecular findings 

demonstrating improved mucosal architecture, enhanced mucin production, and 

reduced fibrosis. Collectively, these results reveal the impact of ulcer induction and 

treatment onE2F1, RAD21, NIBPL and Vimentin and point out the gastroprotective 

and therapeutic effects of P. dactylifera leaves extract through its modulation of the 

expression of these genes along with its antioxidant, anti-inflammatory and mucosal 

healing properties highlighting its potential as a natural therapeutic agent against gastric 

ulceration. 
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Introduction 

Gastric ulcer (GU) persists as prevailing gastrointestinal disorder worldwide that has 

significant negative effects on all aspects of life 1. Moreover, untreated ulcers establish 

serious risk factors for severe health issues involving bleeding, perforation as well as 

gastric cancer (GC). However, gastric ulcer (GU) increases by millions every year 

globally indicating low quality management of this issue 2. Therefore, GU research 

rapidly develops focusing on the identification of new GU molecular mediators as well 

as new approaches for GU treatment and prevention 3. 

 

GU is a deep injury of the gastric mucosa that if not cured may reach deeper layers 

causing various adverse health effects and lowering the quality of the life of the GU 

patient 4.The mucosal layer of the gut is kept intact by many factors including the 

mucous secretion, epithelial barrier, blood flow, prostaglandins and bicarbonate 5.The 

elevation of the mucous destructive factors over the protective factors is a fundamental 

cause of GU that leads to the failure of the mucosal defensive barrier and the 

development of GU6,7.This is because the mucosal defensive barrier failure augments 

proliferation of the inner epithelial cells and interrupts tight junctions causing rupture 

of the epithelial layer, infiltration of the gastric fluids to deep submucosal layers causing 

their erosion and leading to ulcer formation  8. 

The imbalance between the pro-inflammatory and anti-inflammatory cytokines is a 

significant cause of GU. It activates neutrophils and impedes the antioxidant protective 

mechanisms 9. Also, the elevated production of reactive oxygen species (ROS) by the 

accumulated monocytes and neutrophils activate the lipid peroxidation and protein 

oxidation processes that cause cellular apoptosis and ulcer formation 10.ROS as well as 

the pro-inflammatory cytokines also induce apoptosis of the vascular endothelial cells 

of the gastric mucosa 11. Furthermore, unterminated inflammation can lead to GC 

progression 12. 

 

Cycloxygenase enzymes (COX) play fundamental role in the protection of the mucus 

layer. They enhance the production of prostaglandins (PGs) which stimulate mucous 
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and bicarbonate production, retain blood flow and enhance cells repair. Therefore, 

inhibition of COX enzymes is an important cause of GU that depletes the gastric 

mucosa protective factors13. 

 

It is well known that the cell cycle is a fundamental process involved in homeostasis 

and tissue repair. Furthermore, failure or dysregulation of the cell cycle can lead to the 

progression of cancer. DNA damage is a principal leading cause of cancer especially if 

the cell cycle proceeded without DNA damage repair. Chromosomal instability is 

another cause of cell cycle dysregulation being a hallmark of the abnormally 

proliferating cancer cells 14. Although untreated ulcer is a significant root of gastric 

cancer (GC) 2, many regulators of the cell cycle and DNA damage repair, that were 

implicated in cancer progression15, have not yet been studied in ulcer formation or 

treatment. 

 

Vimentin (VIM) is an important regulator of the inflammatory responses and ROS 

production 16. It is a member of the intermediate filaments (IFs) family that is found in 

mesenchymal derived cells, participates in the cytoskeleton formation and cellular 

homeostasis and determines the shape and mechanics of the cell 17.  VIM serves many 

cellular and physiological processes involving cell morphology, plasticity, migration, 

wound healing, tissue repair and immune system activation 18,19. However, the VIM 

function in intestinal disorders is poorly identified 20. 

 

The Early 2 factor(E2F) proteins are fundamental transcription factors that modulatethe 

cell cycle through various actions including the enhancement of DNA repair and 

replication 21. This family has been known to have a significant role in the detection 

and repair of damaged DNA 22. It involves eight members of which E2F1 is the most 

studied 23,24. 

 

A cluster of conserved proteins known as cohesins serves to hold each two sister 

chromatids together until their separation during the anaphase (Xu et al., 2015)25. These 

include the RAD21 protein which was known to be involved in DNA damage repair 

and inflammation modulation. RAD21 playsvariousadditional biological processes 

including centrosome biogenesis, gene transcription, cell apoptosis and hematopoiesis. 
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Its deregulation has been found to be involved in the progression of multiple cancers 

26,2 7. 

 

Nipped-B- like protein (NIPBL) is a Cohesin loading factor found in the nuclei of all 

eukaryotic cells and functions mainly in loading cohesin onto chromosomes. It is also 

involved in the regulation of gene expression 28 and its mutation was identified in the 

Cornelia de Lange syndrome (CdLS), a developmental disorder characterized by many 

abnormalities including gastrointestinal abnormalities. Also, it was implicated in the 

development of various cancers including colorectal cancer 25. 

 

Current medications for GU rely on anti-secretory regimens such as proton pump 

inhibitors, histamine-2 blockers and antacids. Although these drugs are effective in 

healing GU, they show low quality healing capacity, elevated recurrence rates and their 

long term use can cause adverse health effects 29,30.Therefore,several researches focus 

on medicinal plantsas promising and safe alternatives with comprehensive healing 

capability and fewer adverse effects 1,31.Numerous plant derivatives hold anti-ulcer 

activities such as reducing gastric acid release, improving mucosal protection, 

replenishingblood flow and displayingantioxidant features 32.  

Phoenix dactylifera L. is a date palm tree belonging to the Arecaceae family and 

commonly cultivated in North Africa and the Middle East. Different parts of this tree 

have been reported to have antioxidant, antibacterial and antifungal activities 33. The 

leaves on the contrary were deduced to be less beneficial and thereby little research 

have focused on its biological activities 34. A recent study revealed that the methanolic 

leaf extract of Zaghloul cultivar of the Egyptian date palm displayed strong in vitro 

antioxidant activity that was even higher than that shown by vitamin C 35. Another study 

released by Diab et al. 36revealed protective effects of the methanolic extract of 

Phoenix dactyliferaleaves against doxorubicin-induced renal and hepatic toxicities in 

rats. To the best of our knowledge, no literature investigated the anti-ulcer activity of 

Zaghloul leaf extract.  

Therefore, this study aimed to assess the protective and therapeutic effects of the 

methanolic extract of Zaghloul date palm leaves on ethanol induced ulcer in male 

Wistar albino rats. The study focused on measuring the oxidative stress markers (MDA, 

TAC& GSH activity), COXI &COXII enzymes, the inflammatory markers (ICAM-1, 
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TNF-α & IL-10) as well as the expression levels of Vimentin, E2F-1, RAD21 & 

NIPBL. 

Materials and Methods 

Phytochemical investigation  

Chemicals and reagents 

All chemicals and solvents used in the present study were of analytical grade 

and purchased from Merck & Co., Inc. (USA) and Sigma-Aldrich (USA). 

 

Plant material and extraction 

Fresh leaves of Phoenix dactylifera L. (Zaghloul date palm) were collected in 

December 2025 from a private farm located approximately 60 km along the 

Alexandria–Cairo desert road, Egypt. Botanical identification of the plant material was 

carried out by Prof. Dr. Abdelhalim Muhamed (Flora Department, National Agriculture 

Centre, Egypt). A voucher specimen (No. JSAP-2019) was deposited for future 

reference. The collected leaves were shade-dried, finely powdered using a mechanical 

grinder, and stored in tightly closed containers until use. The dried powdered leaves 

(500 g) were exhaustively extracted with 80% methanol at room temperature through 

repeated maceration until complete extraction was achieved. The combined extracts 

were concentrated under reduced pressure at 45 °C using a rotary evaporator to obtain 

the crude methanolic extract, which was then stored in a refrigerator until further 

phytochemical and biological investigations. 

Determination of total phenolic and flavonoid contents 

The total phenolic content (TPC) of the extract was determined using the Folin–

Ciocalteu reagent according to the colorimetric method. The absorbance of the 

developed blue color was measured spectrophotometrically, and the total phenolic 

content was calculated using a standard calibration curve of Gallic acid. The results 

were expressed as micrograms of gallic acid equivalents per gram of extract (μg GAE/g 

extract). Also, the total flavonoid content (TFC) was determined using a colorimetric 

assay based on the formation of a flavonoid–reagent complex. The absorbance was 

measured spectrophotometrically, and the flavonoid content was calculated using a 

calibration curve prepared with Catechin as the reference standard. The results were 

expressed as micrograms of catechin equivalents per gram of extract (μg CE/g extract). 
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All measurements were performed according to previously reported procedures (El 

Sawi et al., 2024)35 

 

Biological investigation 

Animals and experimental design 

Sample size: 

 
Following Aboul Naser et al. 37; Abdoulrahman, 38; Wetchakula et al. 39and 

Shareef et al. 40, this study involved 36 Wistar albino male rats weighing 120-140 g). 

 

Dosages and route of administration 
 

Ulcer was induced by a single oral dose of absolute ethanol (0.5 ml/100 g weight) given 

to24 hours fasting rats 37. Zaghloul extract was given orally at a dose of 400 mg/kg 36. 

Omeprazole standard drug was given orally at a dose of 40mg/kg 31. 

 

Experimental groups 
 

Rats were accommodated in laboratory for a week with free access to rat chow and 

water. Then, they were divided into 6 groups 6 rats each: Group1: the control group 

that received 1 ml distilled water daily for seven days, Group 2: ulcerative group that 

received 1 ml distilled water daily for six days and a single dose of ethanol at the 7thday, 

Group 3: extract group that was given the extract only for 7 days without ulcer induction 

or treatment. Group 4: protective group that received the extract daily for seven days, 

and one hour after the last dose was induced for ulcer. Group5: extract treated group 

that treated with the extract for 7 days after ulcer induction. Group6: standard 

Omeprazole (OM) group that was treated with Omeprazole for 7 days after ulcer 

induction. 

 

At the end of experiment, blood samples were collected from the orbital plexus of the 

eye in clean centrifuge tubes, left to clot & centrifuged at 3000rpm for 15 minutes for 

serum separation.  The serum was then transferred to clean Eppendorf tubes and stored 

at -80 for further investigations. 
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Then, rats were sacrificed by decapitationand, longitudinal sections from each stomach 

werestored at -80˚ C for gene expression analysis. Other stomach slices were fixed and 

stored in 10% formaldehyde for histopathological examinations. 

Biochemical Analysis 

Determination of oxidative stress markers 

Total antioxidant capacity (TAC) as well as the oxidative stress markers: Lipid 

peroxidation (Malondialdehyde; MDA) and glutathione (GSH) were determined 

according to Gawron et al. 41; Buege and Aust42 and Moron et al. 43, respectively. 

Determination of ICAM-1  

Serum levels of the intercellular adhesion molecule-1 (ICAM-1) were determined using 

a commercial enzyme-linked immunosorbent assay (ELISA) kit (RayBiotech, USA) 

according to the manufacturer’s instructions. Serum samples were diluted 1:50, and 50 

µL of each sample was added to antibody-precoated wells and incubated for 2 h. A 

labeled antibody specific for soluble ICAM-1 (sICAM-1) was then added, followed by 

substrate solution. Absorbance was measured at 450 nm. ICAM-1 concentrations were 

calculated from a standard curve generated by linear regression using sICAM-1 

standards and expressed as ng/mL. 

Determination of COX-I and COX-II 

Serum levels of cyclooxygenase-1 (COX-1) and cyclooxygenase-2 (COX-2) were 

measured using commercial ELISA kits according to the manufacturer’s instructions. 

Serum samples and standards were added to antibody-coated plates and incubated at 37 

°C, followed by washing and incubation with enzyme-conjugated antibodies. After 

addition of substrate and stop solutions, absorbance was read at 450 nm using a 

microplate reader. COX-1 and COX-2 concentrations were calculated from standard 

curves and expressed as ng/L. 

Determination of IL-10 and TNF-α 

Serum inflammatory cytokines were measured through the use of a commercial 

enzyme-linked immunosorbent assay (ELISA) (BT LAB Bioassay Technology 

Laboratory) according to the manufacturer's instructions. ELISA assays for IL-10 and 

TNF-α were performed using a microplate reader at 450 nm (Thermo Scientific, 

Waltham, MA). A duplicate set of each sample was also assayed. A standard curve was 
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constructed using various dilutions of IL-10 and TNF-α standard preparation. The 

levels of these cytokines were calculated according to standard curves. 

Analysis of gene expression of E2F1, RAD21, NIBPL and Vimentin genes 

Isolation of RNA: 

Stomach tissues were collected from different treated male rat groups. Total RNA was 

extracted using the TRIzol® reagent method (Invitrogen, Germany). Briefly, tissues 

were homogenized in liquid nitrogen and TRIzol®, followed by chloroform phase 

separation and isopropanol precipitation. The RNA pellet was washed with 75% 

ethanol, air-dried, and dissolved in DEPC-treated water. Genomic DNA was removed 

by treatment with RNase-free DNase I 44. RNA purity was assessed by the A260/A280 

ratio (1.8–2.1), and integrity was confirmed by agarose gel electrophoresis of 28S and 

18S rRNA bands 45. RNA samples were used immediately for reverse transcription or 

stored at −80 °C. 

Reverse transcription (RT) reaction 

First-strand cDNA was synthesized from stomach RNA using the RevertAid™ First 

Strand cDNA Synthesis Kit (MBI Fermentas, Germany). Total extracted RNA (5 µg) 

was reverse transcribed in a 20 µL reaction containing MgCl₂, 5× RT buffer, dNTPs, 

oligo(dT) primer, RNase inhibitor, and M-MuLV reverse transcriptase) (Hamza et al., 

2015). Reverse transcription was performed at 25 °C for 10 min, 42 °C for 60 min, 

followed by enzyme inactivation at 99 °C for 5 min. The resulting cDNA was 

immediately used or stored on ice for subsequent real-time PCR analysis. 

Real Time-Polymerase Chain Reaction (RT-PCR) 

Quantitative real-time PCR was performed using a StepOne™ Real-Time PCR System 

(Applied Biosystems, Thermo Fisher Scientific, USA). Reactions were carried out in 

25 µL volumes containing SYBR® Premix Ex Taq™, gene-specific forward and 

reverse primers, nuclease-free water, and cDNA template 46. Thermal cycling 

conditions consisted of an initial denaturation at 95 °C for 3 min, followed by 40 cycles 

of denaturation (95 °C for 15 s), annealing (60 °C for 30 s), and extension (72 °C for 

30 s). Melt curve analysis was performed from 60 to 95 °C to confirm primer 

specificity. Relative gene expression was calculated using the 2−ΔΔCTmethod 47,48. 
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Primer sequences are listed in Table 1. 

 

Table (1): Primers sequences used for qRT-PCR 

Gene Primer sequence NCBI Reference 

 

 

E2F1 

F: GGAGGCTGGATCTGGAAACT  

NM_001100778.1 R: CAAGAAGCGTTTGGTGGTCA 

 

 

RAD21 

F: CCCCAGAAGAACCTCCCAAT  

NM_001025701.1 R: CTCGCTGAAGACCATGAAGC 

 

NIBPL 
F:ATCCATCCGGTTCAGTGTGT 

 

NM_001427697.1 

R: CGGGATCTTTTAGGCACGTG 

 

Vimentin 
F:TGACATTGAGATCGCCACCT 

NM_031140.1 

R: TCATCGTGGTGCTGAGAAGT 

 

GAPDH 
F:  GAGACAGCCGCATCTTCTTG 

NM_017008.4 

R: TGACTGTGCCGTTGAACTTG 

 

E2F-1: E2F transcription factor1; RAD21: Double-strand-break repair protein; NIBPL: 
Nipped-B-like protein; GAPDH: glyceraldehyde-3-phosphate dehydrogenase. 
 

 

Histopathological investigation 
 

Stomach paraffin sections of 5 μm thick was prepared from the fixed stomach slices, 

stained with haematoxilin& eosin as well as PAS stain and examined under light 

microscope for detection of any pathological changes and determining the lesion score 

(Aboul Naser et al., 2020)37. 

 

Statistical Analysis 

 

SPSS computer program was used for data analysis using one-way ANOVA test. Data 

was expressed as the mean ± SD or mean ± SEM accompanied by post hoc test at least 

significant difference (LSD) between groups at p< 0.05. 
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Results 

Phytochemical investigation 

Extraction yield 

The dried powdered leaves (400 g) were extracted to yield 26 g of crude extract. 

Total phenolic and flavonoid content 

Quantitative phytochemical analysis of the Zaghloul cultivar revealed that the total leaf 

extract contained a high level of phenolic compounds, reaching 2450.127 μg gallic acid 

equivalents (GAE)/g extract. Similarly, the total flavonoid content of the extract was 

determined to be 2230.00 μg catechin equivalents (CE)/g extract. 

Biological investigation 

Oxidative Stress Markers 

Table 2 shows that the extract group showed no significant differences with the control 

group regarding TAC (1.7±0.24, p= 0.134), GSH (23.03±2.00, p= 0.117) and MDA 

(7.26±1.67, p= 0.304). The ulcerative group exhibited significant reduction in the mean 

levels of TAC (0.62±0.14, p< 0.003) and GSH (11.43.0±2.21, p< 0.01) compared to the 

control group which showed average levels (1.38±0.22) and (18.9±1.29) of TAC and 

GSH, respectively. MDA produced by the ulcerative group (14.48±1.74) displayed 

highly significant increase compared to that produced by the control group (8.67±1.68) 

(p< 0.002). The average levels of TAC in the protective (1.2±0.23. p< 0.05), extract 

treated (1.32±0.32, p< 0.005) and OM treated (1.27±0.25, p< 0.007) groups were highly 

significantly higher than that in the ulcerative group (0.62±0.14). The mean levels of 

GSH in the protective (26.67±3.25), extract treated (21.89±4.1) and OM treated 

(24.84±3.87) groups were highly significantly higher than that in the ulcerative group 

(11.43±2.2) (p< 0.001). MDA average levels were highly significant lower in the 

protective (9.4±1.65) (p< 0.003), extract treated (9.25±1.05) (p< 0.003) and OM treated 

(9.25±1.05) (p< 0.002) groups than that in the ulcerative group (14.48±1.74). No 

significant difference was found between the OM group and the protective or the extract 

treated groups 

 

Table (2) the average levels of the oxidative stress markers (TAC, GSH & 

MDA) in the different groups 
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Group 

 

Biomarker 

Control 

group 

Ulcerative 

group 

Extract 

group 

protective 

group 

Extract 

treated 

group 

OM treated 

group 

TAC 

(mM/L) 

1.38±0.22a 0.62±0.14b 1.7±0.24a 1.2±0.23a 1.32±0.32a 1.27±0.25a 

GSH 

(mg/dl) 

18.93±1.29a 11.43±2.2b 23.03±2.00a 26.67±3.25a 21.89±4.1a 24.84±3.87a 

MDA 

(nmol/ml) 

8.67±1.68a 14.48±1.74b 7.26±1.67a 9.4±1.65a 9.25±1.05a 8.29±1.73a 

 

ANOVA test with post hoc LSD. Significantly different groups have different 

characters (a or b). 

 

ICAM-1  

As shown in figure 1, the average level of ICAM-1 produced by the extract group 

(3.63±0.24) showed no statistical difference with that produced by the control group 

(3.87±0.27) (p= 0.557). The mean concentration of ICAM-1was increased significantly 

by 263.8% in the ulcerative group (10.21±0.38) compared to that of the control group 

(3.87±0.27) (P< 0.001). On the other hand, the protective and extract treated groups 

showed highly significant lower concentrations of ICAM-1 (6.27±0.30, 6.86±0.28, 

respectively) than that produced by the ulcerative group (10.21±0.38) (P< 0.001). The 

OM group showed highly significant decrease in concentrations of ICAM-1 

(5.32±0.15) versus that in the ulcerative group (10.21±0.38) (P< 0.001). 

COX-1 & COX-2  

The mean concentrations of COX-1 and COX-2 in the extract group (9.38±0.25 with 

p=0.954 and 12.45±0.38 with p=0.914, respectively) were not statistically different 

from those of the control rats (9.36±0.21 and 12.39±0.26, respectively). The average 

concentrations of COX-1 and COX-2 exhibited highly significant reduction by 40.7% 

and 42.5% in ulcerative rats (3.81±0.24 and 5.26±0.32, respectively) compared to those 

in control rats (9.36±0.21 and 12.39±0.26, respectively) (p< 0.001). In contrast, the 

mean concentrations of COX-1 and COX-2 in the protective group (8.20±0.32 and 

9.68±0.36, respectively) and in the extract treated group (7.08±0.35 and 7.51±0.37, 

respectively) showed highly significant increase compared with those in ulcerative rats 

(3.81±0.24 and 5.26±0.32, respectively) (p< 0.001). Furthermore, OM treated rats 

exhibited significant raise in the average concentrations of COX-1 and COX-2 
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(8.31±0.31 and 10.09±0.39, respectively) compared with those in ulcerative rats 

(3.81±0.24 and 5.26±0.32, respectively) (p< 0.001), data are shown in figures 2&3. 

IL-10 & TNF-α 

The average levels of IL-10 and TNF-α in the control rats (15.26±0.57 and 55.43±4.41, 

respectively) were fairly like to those in rats treated with plant extract only (15.01±0.49 

and 53.69±3.81, respectively) (p=0.763, p=0.799, respectively). Contrariwise, the 

levels of IL-10 and TNF-α were increased significantly by 177.7% and 393.4% in the 

ulcerative rats (27.12±0.81 and 218.06±5.56, respectively) compared to those in control 

rats (15.26±0.57 and 55.43±4.41, respectively) (p< 0.001). The mean levels of IL-10 

and TNF-α in the protective group (18.42±0.54 and 123.27±5.08, respectively) and in 

the extract treated group (21.70±0.61 and 143.54±5.28, respectively) showed highly 

significant drop compared with those in ulcerative rats (27.12±0.81 and 218.06±5.56, 

respectively) (p< 0.001). Also, The OM treated group revealed significant decrease in 

the levels of IL-10 and TNF-α (17.54±0.43 and 119.75±4.59) compared with those in 

ulcerative rats (27.12±0.81 and 218.06±5.56, respectively) (p< 0.001), data are 

illustrated in figures 4&5. 

 

 

Treatment Mean SEM (% of control) (% of disease) Inhibition  
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Control group 3.87 0.27 100.0 0.00 0.00 

Ulcerative group 10.21 0.38 263.8 100.0 0.00 

Extract group 3.63 0.24 93.8 35.6 64.4 

Protective group 6.27 0.30 162.0 61.4 38.6 

Extract treated group 6.86 0.28 177.3 67.2 32.8 

OM treated (standard drug) group 5.32 0.15 137.5 52.1 47.9 
 
 

 

Fig. 1: Mean concentrations of serum ICAM-1 in the different groups. Data are 

presented as mean ± SEM.Significantly different groups havedifferent characters (a, 

b, c or d). 

 

 

 

Treatment Mean SEM (% of control) (% of disease) Inhibition  

Control group 9.36 0.21 100.0 0.00 0.00 

Ulcerative group 3.81 0.24 40.7 100.0 0.00 

Extract group 9.38 0.25 100.2 246.2 146.2 

Protective group 8.20 0.32 87.6 215.2 115.2 

Extract treated group 7.08 0.35 75.6 185.8 85.8 

OM treated (standard drug) group 8.31 0.31 88.8 218.1 118.1 
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Fig. 2: Mean concentrations of COX-1 in serum of different groups. Data are presented 

as mean ± SEM.Data are presented as mean ± SEM.Significantly different groups 

havedifferent characters (a, b, c or d). 

 

 

 
 

 

 
 

 
Treatment Mean SEM (% of control) (% of disease) Inhibition  

Control group 12.39 0.26 100.0 0.00 0.00 

Ulcerative group 5.26 0.32 42.5 100.0 0.00 

Extract group 12.45 0.38 100.5 236.7 136.7 

Protective group 9.68 0.36 78.1 184.0 84.0 

Extract treated group 7.51 0.37 60.6 142.8 42.8 

OM treated (standard drug) group 10.09 0.39 81.4 191.8 91.8 

 

Fig. 3: Mean concentrations of COX-2 in serum of the different groups. Data are 

presented as mean ± SEM.Data are presented as mean ± SEM.Significantly different 

groups havedifferent characters (a, b, c or d). 
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Treatment Mean SEM (% of control) (% of disease) Inhibition  

Control group 15.26 0.57 100.0 0.00 0.00 

Ulcerative group 27.12 0.81 177.7 100.0 0.00 

Extract group 15.01 0.49 98.4 55.3 44.7 

Protective group 18.42 0.54 120.7 67.9 32.1 

Extract treated group 21.70 0.61 142.2 80.0 20.0 

Omeprazole treated group 17.54 0.43 114.9 64.7 35.3 

 

Fig. 4:Mean concentrations of IL-10 in serum of the different groups assessed by 

ELISA. Data are presented as mean ± SEM. Data are presented as mean ± SEM. 

Significantly different groups have different characters (a, b, c or d). 
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Treatment Mean SEM (% of control) (% of disease) Inhibition  

Control group 55.43 4.41 100.0 0.00 0.00 

Ulcerative group 218.06 5.56 393.4 100.0 0.00 

Extract group 53.69 3.81 96.9 24.6 75.4 

Protective group 123.27 5.08 222.4 56.5 43.5 

Extract treated group 143.54 5.28 259.0 65.8 34.2 

OM treated (standard drug) group 119.75 4.59 216.0 54.9 45.1 

 

Fig. 5: Mean concentrations of TNF-αin serum of different groups assessed by ELISA. 

Data are presented as mean ± SEM.S significantly different groups have different 

characters (a, b, c or d). 
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Average levels of E2F1, RAD21, NIBPL and Vimentin genes in Stomach tissues  

E2F1 

As shown in figure 6, the mean level of E2F1 expressed by the extract group 

(1.07±0.06) was not statistically different from that expressed by the control group 

(1.00±0.05) (p= 0.447). Highly significant increase by 154% (1.54±0.09) was shown 

by the ulcer ulcerative group compared to the control rats (1.00±0.05) (p< 0.001). The 

Extract treated group expressed an average amount of E2F1 (1.65±0.09) that was not 

significantly different from that of the ulcerative group (1.54±0.09) (p=0.261). The 

mean levels of E2F1 expressed by the protective group (2.08±0.08) and the OM group 

(2.28±0.07) were highly significant elevated compared to that of the ulcerative 

group(1.54±0.09) (p< 0.001). 

RAD21 and NIPBL 
 

The mean expression levels of RAD21 and NIBPL genes in the stomach of the extract 

group (1.12±0.058 and 1.11±0.057, respectively) were fairly similar to those of the 

control group (1.00±0.057 and 1.00±0.067, respectively) (p= 0.412, p=417, 

respectively). The ulcerative group exhibited highly significant elevation of the 

expression levels of RAD21 and NIBPL (1.74±0.13 and 1.51±0.15, respectively) 

compared to the control rats (1.00±0.057 and 1.00±0.067, respectively) (p< 0.001). The 

Extract treated group showed highly significant elevation in the expression levels of 

RAD21 (2.41±0.11) and NIBPL (3.61±0.13) compared to the untreated rats (1.74±0.13 

and 1.51±0.15, respectively) (P<0.001). Additionally, the expression levels of RAD21 

and NIBPL genes in the protective group (3.56±0.09 and 3.93±0.14, respectively) and 

in the OM group (4.03±0.10 and 4.61±0.11, respectively) revealed highly significant 

increase compared to those in untreated rats (1.74±0.13 and 1.51±0.15, respectively) 

(P<0.001), data are shown in figures 7&8. 

 

Vimentin 

As shown in figure 9, the mean expression level of VIM gene in the extract group 

(1.15±0.07) was close to that of the control group (1.00±0.09) (p= 0.388). The 

ulcerative group showed highly significant increase (6.17±0.16) compared to the 

control rats (1.00±0.09) (P< 0.001). The extract treated group showed highly significant 

reduction in the mean expression level of VIM gene (3.51±0.15) compared to the 

ulcerative group (6.17±0.16) (P< 0.001). Also, the average expression levels of VIM 
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gene in the protective group (2.73±0.11) and in the drug treated group (2.24±0.10) 

revealed highly significant reduction compared with the ulcerative group (6.17±0.16) 

(P<0.001). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



19 
 

 

Treatment Mean SEM 
(% of 

control) 
(% of 

disease) Inhibition  

Control group 1.00 0.05 100 0.00 0.00 

Ulcerative group 1.54 0.09 154 100.0 0.00 

Extract group 1.07 0.06 107 69.5 30.5 

Protective group 2.08 0.08 208 135.1 35.1 

Extract treated group 1.65 0.09 165 107.1 7.1 

OM treated (standard drug) group 2.28 0.07 228 148.1 48.1 

 

 

 

 

 

 

 

 

 

Figure 6: The expression alterations of E2F1 gene in Stomach samples of the 

different groups. Data are presented as mean ± SEM.Data are presented as mean ± 

SEM.Significantly different groups havedifferent characters (a, b, c or d). 
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Treatment Mean SEM 
(% of 

control) 
(% of 

disease) Inhibition  

Control group 1.00 0.06 100 0.00 0.00 

Ulcerative group 1.74 0.13 174 100.0 0.00 

Extract group 1.12 0.06 112 64.4 35.6 

Protective group 3.56 0.09 356 204.6 104.6 

Extract treated group 2.41 0.11 241 138.5 38.5 

OM treated (standard drug) group 4.03 0.10 403 231.6 131.6 

 

 

 

 

 

 

 

 

 

 

Figure 7:The expression alterations of RAD21 gene in Stomach samples of 

the different groups. Data are presented as mean ± SEM.Data are presented as mean ± 

SEM.Significantly different groups havedifferent characters (a, b, c or d). 
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Treatment Mean SEM 
(% of 

control) 
(% of 

disease) Inhibition  

Control group 1.00 0.07 100 0.00 0.00 

Ulcerative group 1.51 0.15 151 100.0 0.00 

Extract group 1.11 0.06 111 73.5 26.5 

Protective group 3.93 0.14 393 260.3 160.3 

Extract treated group 3.61 0.13 361 239.1 139.1 

Omeprazole treated group 4.61 0.11 461 305.3 205.3 

 

 

 

 

 

 

 

 

 

Figure 8:The expression alterations of NIBPLgene in Stomach samples 

treated of the different groups. Data are presented as mean ± SEM.Data are presented 

as mean ± SEM.Significantly different groups havedifferent characters (a, b, c or d). 
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Treatment Mean SEM 
(% of 

control) 
(% of 

disease) Inhibition  

Control group 1.00 0.07 100 0.00 0.00 

Ulcerative group 4.38 0.15 438 100.0 0.00 

Extract group 1.11 0.06 111 25.3 74.7 

Protective group 2.32 0.14 232 53.0 47.0 

Extract treated group 2.82 0.13 282 64.4 35.6 

OM treated (standard drug) group 2.23 0.11 223 50.9 49.1 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: The expression alterations of Vimentingene in Stomach samples of 

the different groups. Data are presented as mean ± SEM. Data are presented as mean ± 

SEM.Significantly different groups havedifferent characters (a, b, c or d). 

 



23 
 

Histopathological invstigation  

Histopathological examination of gastric sections revealed clear structural 

differences among the different experimental groups and control ones. The control 

group displayed completely normal gastric architecture which characterized by an 

intact columnar gastric epithelium, well-organized gastric glands and a thin, normal 

submucosal layer (Fig. 10A). On the other hand, the ulcerative(gastric ulcer) group 

showed severe pathological deteriorations including extensive mucosal destruction, 

epithelial and glandular degeneration, sloughing, ulceration and markedly thickened 

edematous submucosa infiltrated with lymphocytes and congested blood vessels (Fig. 

10B).Comparing with the ulcerative group, the Omeprazole-treated group 

demonstrated substantial recovery of gastric tissue. The mucosa and glands appeared 

nearly normal and the general structure of submucosal layer appeared nearly normal 

although it is remained mildly thickened with lymphocytic infiltration which confirms 

the expected therapeutic effect of the standard drug (Fig. 10C).The extract group 

exhibited identical normal gastric structure with fully preserved mucosa and normal 

submucosal thickness which confirms the absence of any detectable tissue toxicity from 

the extract (Fig. 10D).The protective group displayed some degenerative changes 

appeared in the mucosa and glands, submucosal edema and vascular dilation but the 

injury was clearly milder than that of ulcerative group indicating partial or incomplete 

prevention of ulceration (Fig. 10E).The extract treated group showed nearly complete 

restoration of epithelial integrity and glandular architecture following ulcer induction. 

Submucosal edema and vascular dilation persisted to some extent while the mucosal 

covering appeared markedly improved compared to the ulcerative group and superior 

to the prophylactic group indicating strong therapeutic effect of the extract (Fig. 10F). 

Examination of Periodic Acid–Schiff (PAS) stained gastric sections revealed 

differences in mucopolysaccharide content, reflecting mucosal integrity and mucin 

secreting cell activity. The control group demonstrated strong PAS positivity in the 

surface epithelium and moderate reactivity in gastric glands which is consistent with 

normal mucin production(Fig. 11A).The ulcerative group showed complete loss of PAS 

reactivity in both epithelium and glands due to extensive mucosal destruction 

confirming severe depletion of mucin-producing cells(Fig. 11B).The Omeprazole-

treated group restored strong PAS positivity in the epithelium and moderate reactivity 

in glands which approach the normal distribution and reflect the tissue recovery(Fig. 
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11C).The extract group displayed strong epithelial and moderate glandular PAS 

staining confirming preserved mucin production in the absence of injury(Fig. 11D).The 

protective group exhibited reduced PAS reactivity which was moderate in epithelium 

and weak in glands, suggesting partial preservation of mucin despite ulcer induction. 

This aligns with the incomplete morphological protection seen in H&E study (Fig. 

11E). The treatment group showed strong epithelial and moderate glandular PAS 

staining, indicating a notable restoration of mucin production. This profile closely 

resembled that of the Omeprazole group which supports the robust healing effect (Fig. 

11F). 

Examination of Masson’s Trichrome stained gastric sections clarified changes 

in collagen deposition and submucosal remodeling. The control group exhibited a 

normal fibroelasticsubmucosa with typical vascularity and intact epithelial and 

glandular components(Fig. 12A).The ulcerative group displayed massive submucosal 

thickening with intense fibroelastic tissue accumulation and vascular congestion 

reflecting active fibrosis and inflammatory remodeling after ulceration (Fig. 12B).The 

Omeprazole-treated group demonstrated nearly normal submucosal organization with 

mild accumulation of fibroelastic tissue consistent with partial reversal fibrotic 

remodeling of ulcer (Fig. 12C).The extract group showed normal connective tissue 

structure similar to the control confirming the absence of fibrosis or pathological 

remodeling (Fig. 12D).Both the prophylactic and treatment groups showed normal 

gastric wall and markedly thickened submucosa with congested vasculature indicating 

that the extract promoted mucosal healing but did not fully reverse submucosal vascular 

congestion (Fig. 12E, F). 

Histopathological scoring of gastric lesions demonstrated clear and statistically 

meaningful differences among the different experimental groups across all evaluated 

parameters (congestion, mucus depletion, inflammatory cell infiltration, epithelial 

injury, ulceration, and fibrosis) (Table 3). The scoring pattern strongly corroborates the 

qualitative histological findings. The control group showed a complete absence of 

pathological alterations, scoring 0 across all eight measured parameters, confirming the 

normal integrity of the gastric mucosa. In contrast, the ulcerative group exhibited the 

highest degree of tissue damage with markedly elevated scores across all categories. 

Congestion reached the maximum level (score 4), while mucus depletion, lymphocytic 

infiltration, epithelial degeneration, sloughing, ulceration and fibrosis all scored three 
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indicating 51–75% tissue damage. Neutrophil infiltration also showed a moderate score 

of two. This scoring profile confirms severe mucosal and submucosal injury and 

validates the ulcer induction model. The Omeprazole-treated group demonstrated 

substantial improvement showing minimal congestion and mucus depletion (score 1), 

absence of neutrophil infiltration (score 0), and only mild lymphocytic infiltration 

(score 1). Epithelial degeneration was absent, while sloughing scored only one. 

Ulceration and fibrosis both scored zero. This reflects a near-complete reversal of 

gastric damage and confirms the therapeutic effectiveness of the standard drug. The 

extract group exhibited a histopathological scoring pattern identical to the control with 

zero score across all parameters. This confirms that the extract does not induce any 

detectable gastric injury and is histologically safe when administered under normal 

conditions. The prophylactic group displayed a moderate protective effect, with mild 

congestion (score 1), moderate mucus depletion (score 2) and mild neutrophilic and 

lymphocytic infiltration (score 1). Epithelial degeneration was more pronounced (score 

2) while sloughing scored one and ulceration remained absent (score 0). Fibrosis scored 

one indicating early connective tissue remodeling. These findings show partial 

prevention of tissue damage with noticeable reduction compared to the positive control, 

although complete protection was not achieved. The treatment group showed a stronger 

effect than the prophylactic group and approached the healing profile of the 

Omeprazole group. Minimal congestion and mucus depletion were observed (score 1), 

with complete absence of neutrophil infiltration (score 0) and lymphocyte infiltration 

(score 0). Epithelial degeneration was mild (score 1), while sloughing, ulceration, and 

fibrosis all scored zero. This pattern demonstrates marked enhancement of mucosal 

repair following ulcer induction and confirms the therapeutic potency of the extract. 

Overall, the histopathological scoring data collectively support that Zaghloul date 

extract is completely safe, provides partial prophylaxis, and exhibits strong therapeutic 

healing, closely approximating the effect of Omeprazole. These quantitative scoring 

outcomes are in full agreement with the qualitative histological observations. 
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Fig (10): Photomicrograph of H & E stained gastric tissue sectionsof the experiment’s groups(x100) 
showing: A: Control group showed the wall of the stomachappeared with normal orientation in which 

the gastric mucosa covered by normal columnar epithelium (arrow) as well as the gastric glands (G). The 

gastric mucosa rests on thin layer of gastric submucosa (S).B:Positive control(Gastric ulcer) group 

showeddestructed and sloughed gastric mucosa. The gastric epithelium and the gastric glands suffered 

from severedegeneration and destruction (arrow), sloughing (D)and ulceration. The submucosal layer 

(S) appeared very thick and engorged with highly dilated and congested blood vessels (V), sever edema 

(E) and aggregations of lymphocytes (arrowhead).C: Standard drug (Omeprazolee) treated group showed 

more or less normal gastric wall with thick submucosal (S) layer containing lymphocytic infiltration (red 

arrow). the gastric mucosa composed of normal surface epithelium (arrow) and normal gastric glands 

(arrow head). D: Zaghloul date extract treated normal (Safety) group showed the wall of the stomach 

appeared with normal orientation in which the gastric mucosa covered by normal columnar epithelium 

(arrow) as well as the gastric glands (G). The gastric mucosa rest on thin layer of gastric submucosa (S). 
E:Zaghloul date extract prophylactic groupshowed the wall of the stomach appeared less normalwith 

degenerated (arrow) and desquamated (D) gastric mucosa as well as degenerated gastric glands (arrow 

head). The gastric submucosa (S) appeared with edema (E) and dilated blood vessels (V).F:Zaghloul 

date extract treated group showed the wall of the stomach appeared with normal epithelium (arrow) as 

well as normal gastric glands (arrow head). The gastric submucosa (S) appeared with edema (E) and 

dilated blood vessels (V). 
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Fig (11):Photomicrograph of PAS stained gastric tissue sections of the experiment’s groups (x100) 
showing:A:Control group showed the gastric mucosa showed a strong PAS reaction (arrow) and the 

gastric glands showed a moderate PAS reaction (arrowhead).The gastric submucosa (S) consisted of 

fibroelastic connective tissue showed weak PAS reaction.B:Ulcerative(Gastric ulcer) group showed 

highly destructed gastric mucosa (D) with destructed gastric epithelium (arrow) and gastric glands 

(arrowhead) showed negative PAS reaction. The gastric submucosa(S) appeared with weak PAS 

reaction.C:Standard drug (Omeprazolee) treated group showed a strong PAS reaction in the gastric 

mucosa (arrow) while the gastric glands showed a moderate PAS reaction (arrowhead). The gastric 

submucosa (S) showed a weak PAS reaction.D:Zaghloul date extract treated normal (Safety) group 

showed a strong PAS reaction (arrow) and the gastric glands showed a moderate PAS reaction 

(arrowhead). The gastric submucosa (S) showed weak PAS reaction.E:Zaghloul date extract 

prophylactic groupshowed a moderate PAS reaction in the gastric surface epithelium (arrow) and the 

gastric glands showed a weak PAS reaction (arrowhead). The gastric submucosa (S) showed a moderate 

PAS reaction.F:Zaghloul date extract treated group showed a strong PAS reaction in the gastric surface 

epithelium (arrow) and the gastric glands showed a moderate PAS reaction (arrowhead). The gastric 

submucosa (S) showed weak PAS reaction.     
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Fig (12): Photomicrograph of Masson’s Trichrome stained gastric tissue sections of the experiment’s 
groups (x100) showing, A: Control group showed normal gastric wall with normal the gastric epithelium 

and glands. The gastric submucosa(S) consisted of fibroelastic connective tissue containing numerous 

blood vessels. B: Ulcerativegroup showed highly destructed gastric epithelium and the gastric glands, 

sloughing and ulceration (D). The gastric submucosa appeared very thick (F) and engorged with highly 

congested blood vessels (V).C:Standard drug (Omeprazole) treated group showed more or less normal 

gastric wall with normalsubmucosallayer (S) with accumulated fibroelastic tissue (F).D:Zaghloul date 

extract treated normal (Safety) group showed normal gastric wall with normal the gastric epithelium and 

glands. The gastric submucosa (S) consisted of fibroelastic connective tissue containing numerous blood 

vessels.E:Zaghloul date extract prophylactic group showed normal gastric wall with very thick gastric 

submucosa (F)and engorged with highly congested blood vessels.F:Zaghloul date extract treated group 

showed normal gastric wall with very thick gastric submucosa (F) and engorged with highly congested 

blood vessels. 
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Table (3): Histopathological scoring of gastric lesions 

 

Histopathological scoring of gastric ulcer: 0= no change; 1< 25% tissue damage; 2= 

26:50% tissue damage;3= 51: 75% tissue damage; 4= 76: 100% tissue damage. 

Discussion 

Mucosal lining and bicarbonate make together the mucosal defense mechanisms of the 

stomach. Elevated levels of mucosal destructive factors including oxidative stress, 

inflammation and increased acid and pepsin secretion attribute to mucosal corrosion 

and subsequently GU formation 13.  

GU increases by millions every year globally indicating low quality management of 

this issue 2. Therefore, GU research rapidly develops focusing on the identification of 

new GU molecular mediators as well as new approaches for GU treatment and 

prevention 3. 

A typical model of human acute GU can be induced in experimental animals by ethanol 

which is commonly used to assess potential therapeutic interventions 49. Ethanol 

directly injures the gastric mucosa and prompts oxidative stress and inflammation 50. 

Direct injury caused by ethanol includes gastric lesions through deep infiltration and 

dehydration of the gastric lining. Additionally, ethanol alters gastric blood flow and 

reduces the production of bicarbonate and mucin. Ethanol also causes indirect injuries 

by recruiting leukocytes, triggering gastric inflammation and increasing the oxidative 

stress leading to gastric tissue hemorrhage and necrosis 51. Oxidative stress is 

characterized by reduction of endogenous antioxidants including GSH and elevation of 

oxidation byproducts such as the lipid peroxidation product, MDA 52-54.  
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Cyclooxygenase (COX) enzymes are fundamental sentinels of the mucosal layer. They 

enhance the production of prostaglandins (PGs) which protect the stomach through the 

stimulation of mucus and bicarbonate secretion, maintenance of blood flow and 

enhancement of cell repair. Reduced levels of COX enzymes can lead to mucus erosion 

and subsequent GU formation 13. Ethanol administration has been reported to impair 

gastric mucosal protection by suppressing prostaglandin production and reducing COX 

enzyme activity 55. 

 
Inflammation is a basic leading cause of GU. The imbalance between the pro-

inflammatory and anti-inflammatory cytokines orchestrates serial events that contribute 

to mucosal damage. The pro-inflammatory cytokine, TNF-α, is a key player in GU 
development. It sustains the inflammatory environment through upregulating other 

inflammatory mediators. Also, it induces apoptosis of the epithelial cells aggravating 

the erosion of the mucosal barrier 56. ICAM-1 contributes to leukocyte adhesion and 

infiltration into the ulcerated tissue aggravating the inflammatory responses 52. 

Additionally, the downregulation of the anti-inflammatory cytokines such as IL-10 was 

considered a leading cause of GU development  56. 
 

The present study investigated the gastroprotective and therapeutic effects of Phoenix 

dactylifera L. (Zaghloul cultivar) leaves extract against ethanol-induced gastric ulcer in 

rats through phytochemical, biochemical, molecular, and histopathological approaches. 

The dose of the plant extract (400mg/kg) used in this study was selected following 36 

as a safe non-toxic dose. In our experimental design, a confirmatory group (the extract 

group) was established by giving the rats the extract only. This group showed that the 

extract did not display any harmful or toxic effect on the rats. This was investigated by 

the oxidative stress, inflammatory biomarkers and gene expression levels that were 

statistically near to that of the control group. Also, the microscopic examination 

confirmed identical normal gastric structure with fully preserved mucosa and normal 

submucosal thickness.  

In the present study, ethanol significantly caused GU damage as shown in the ulcerative 

group in which the levels of TAC and GSH were significantly reduced while the MDA 

level was significantly increased. Additionally, ICAM-1 and TNF-α were significantly 
elevated by 263.8% and 393.4%, respectively. COXI and COXII were significantly 

reduced by 40.7% and 42.5%, respectively compared to the control group. 

Histopathological examination revealed extensive mucosal destruction, epithelial and 

glandular degeneration, sloughing, ulceration and markedly thickened edematous 

submucosa infiltrated with lymphocytes and congested blood vessels, all of which 

confirming a successful model of GU. However, the level of IL-10 was significantly 

increased by 177.7% compared to the control group. 

The results of the phytochemical analysis of the leaves extract in our study revealed 

high contents of phenolic and flavonoid compounds. These classes of secondary 
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metabolites are well known for their antioxidant and anti-inflammatory properties and 

have been widely reported to play a key role in protecting gastric mucosa against 

oxidative stress and inflammatory damage. Polyphenols and flavonoids have been 

widely reported to exert gastroprotective effects by enhancing antioxidant defenses, 

reducing inflammatory cytokines, and preserving gastric mucosal integrity in 

experimental ulcer models 57. The high phenolic and flavonoid contents detected in the 

present study are consistent with previous reports on date palm leaves and likely 

contribute to the observed biological activities35. 

 

Our findings showed that oral administration of the extract before ulcer induction 

significantly protected the mucosal layer from damage. This was investigated by the 

significantly higher levels of TAC and GSH and lower level of MDA in the protective 

group. ICAM-1 and TNF-α levels were significantly reduced while COXI and COXII 

were significantly elevated compared to the ulcerative group. Further histopathological 

examination showed lower degenerative changes in the mucosa and glands, submucosal 

edema and vascular dilation compared to the ulcerative group. However, the average 

level of IL-10 was significantly decreased compared to the ulcerative group. 

Treatment of GU with the extract revealed its significant therapeutic roles against GU. 

The extract treated group showed significant increase in TAC and GSH mean levels 

and significant decrease in the average level of MDA. ICAM-1 and TNF-α were 
significantly reduced while COXI and COXII were significantly elevated compared to 

the ulcerative group.  Histopathological examination showed significant restoration of 

the epithelial integrity and glandular architecture. The mucosal covering appeared 

markedly improved compared to the positive control. However, the mean level of IL-

10 was significantly reduced compared to the ulcerative group. 

These findings suggest that the extract effectively attenuates oxidative stress in 

accordance with other findings that have been reported for several phenolic-rich plant 

extracts that ameliorate ethanol-induced gastric lesions by restoring antioxidant 

defenses and suppressing oxidative damage 58. This antioxidant activity may be 

attributed to the free-radical scavenging capacity of phenolic and flavonoid constituents 

present in the extract, which are known to enhance endogenous antioxidant systems and 

protect gastric mucosal cells from ethanol-induced oxidative injury 59. 

The reduction of TNF-α and ICAM-1 indicates a pronounced anti-inflammatory effect 

of the extract. The reduction in ICAM-1 suggests decreased leukocyte adhesion and 

inflammatory cell infiltration, whereas suppression of TNF-α reflects modulation of 
pro-inflammatory cytokine signaling. Similar anti-inflammatory effects have been 

reported for phenolic-rich plant extracts in experimental gastric ulcer models, and the 

observed activity in the present study was comparable to that of the reference drug 

Omeprazole60,61. 
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The restored levels of COXI and COXII enzymes reveal fundamental roles of the 

extract in the enhancement of the gastric mucosal protection and healing through 

remodeling the COXI and COXII enzymes pathways. Similar findings have been 

reported in experimental gastric ulcer models where natural compounds restored COX 

expression and prostaglandin synthesis, thereby improving mucosal defense 62. 

Partially disagree with our results, many researches focused on the alteration of the 

inflammatory markers during GU induction and treatment showed that GU increases 

the levels of the pro-inflammatory cytokine TNF-α and lowers the levels of the anti-
inflammatory cytokine IL-10. Whereas GU treatment was found to decrease TNF-α and 
elevate IL-10 63-66.  

On the other hand, compliant with our findings Gilani et al. 67 and Elbadr et al. 68 

investigated that both TNF-α and IL-10 were elevated due to GU induction and were 

reduced by GU treatment. Additionally, IL-10 has been proposed to be a predictor of 

the severity or mortality associated with acute or post-acute CoV-2 infection. Thereby, 

IL-10 was considered as an endogenous danger signal that is released by tissues 

undergoing damage to protect the body from harmful extra-inflammation 69. Also, the 

pro-inflammatory cytokines including TNF-α were reported to be released due to the 
activation of the M1 macrophages contributing to gastric ulceration, while the anti-

inflammatory cytokines such as IL-10 are produced by the M2 macrophages to diminish 

the severity of GU associated inflammation 12. These findings collectively suggest that 

IL-10 is a first aid in the anti-inflammatory strategies displayed by the body in response 

to the inflammatory disorders.  

Moreover, TNF-α/ IL-10 ratio was considered to serve as a more precise and 

informative index of pro- to anti-inflammatory immune homeostasis, a fundamental 

process in protecting the body from nonfunctional chronic inflammations 70. Several 

studies have investigated that the TNF-α/ IL-10 ratio may reveal the extent of severity 

of many inflammatory disorders as well as the degree of successful of a specific 

treatment. A Russian study on children suffering cystic fibrosis has revealed that the 

live rubella vaccine declined the TNF-α/IL-10 ratio 71.  Goswami et al. 72 observed an 

increase of the TNF-α/IL-10 ratio in the blood of acute myocardialinfarction patients. 

Kumari et al. 73 have reported that the elevated TNF-α/IL-10 ratio may be a 

fundamental cause of the progression of coronary artery disease. A recent study 

released by Al-Zubaidi et al. 74 has concluded that the TNF-α/IL-10 ratio may be 

efficiently used to determine the severity of tuberculosis and may also be a good 

biomarker for the evaluation of the early response to treatment.  

Consistently, our study showed that TNF-α/IL-10 ratio was equal to 3.7 in the control 

group and it was significantly increased to 8.1in the ulcerative group. Supportive to the 

previously mentioned conclusion of Al-Zubaidi et al. 74, the decreases to 6.8, 6.8 and 

6.7 values exhibited by the protective, extract and OM treated groups, respectively 

compared to the ulcerative group may confirm an early anti-inflammatory response 

triggered during the period of our treatment (7 days). This finding may confirm that 
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using the ratio between TNF-α and IL-10 is more reliable in determining the 

inflammatory state progression than using the absolute value of either of them alone. 

Therefore, the elevated TNF-α/IL-10 ratio may serve as an outstanding indicator for the 

progression of chronic inflammation and associated disorders such as gastric cancer. 

Many proteins such as VIM, RAD21, E2F1 and NIPBL were reported to be involved 

in fundamental cell cycle activities and their dysregulation has been implicated in the 

progression of various diseases including intestinal diseases and gastric cancer (GC). 

To the best of our knowledge, our study is the first attempt to investigate the roles of 

these proteins in GU induction and/or healing. 

 
VIM is a key type III intermediate filament protein found in cells of mesenchymal 

origin such as macrophages, fibroblasts, endothelium and vascular smooth muscle cells. 

It plays fundamental roles in retaining cell shape, cytoplasm integrity as well as wound 

healing 20,75, 76. However, it has been found to be implicated in numerous pathological 

conditions involving inflammatory, intestinal, infectious, vascular diseases as well as 

malignancies and diseases characterized by fibrosis 76. 

Inflammation which is a hallmark of ulceration was reported to trigger disassembly of 

the intracellular VIM filaments via post-translational modifications. The modified VIM 

oligomers accept new antigenic and immunogenic properties as well as extra affinity to 

be secreted to the extracellular space as ECV 77. Recently, ECV was found to be 

associated with many biological processes involving cell signaling, tissue repair and 

immune responses. ECV acts as a damage-associated molecular pattern protein 

(DAMP) that modulates the immune system functions 18. The elevated levels of ECV 

were reported to disrupt the structure and function of tissues in diseases like 

inflammatory and neoplastic diseases. ECV was also reported to trigger macrophages 

to activate NF-κB leading to the release of pro-inflammatory cytokines such as TNF-α 
exacerbating the inflammation and causing tissue damage 18,77. 

Furthermore, TNF-α has been reported to stimulate the secretion of VIM by 
macrophages creating a cycle that aggravate the inflammatory response 78. Also, VIM 

was reported to influence the neutrophil functions being a new molecular target for 

therapeutic approaches that aim to regulate the neutrophilic activity in different 

pathological conditions 18. Additionally, Håversen et al. 79 have investigated that VIM 

plays a principal role in regulating macrophages inflammatory activities during 

atherogenesis. Also, VIM expression was suggested to be a significant biomarker for 

poor prognosis in GC 75. 

In accordance, our study showed that VIM was up-regulated in response to ethanol 

induction of GU. Here, the ulcerative group displayed highly significant increase in 

VIM compared to the control group. The protective and OM treated groups showed 

highly significant reduction of VIM level while the extract treated group showed lower 

effect with significant reduction of VIM level compared to the ulcerative group. 

Therefore, our study suggests VIM down regulation as a promising approach for ulcer 
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management.  Furthermore, histopathological investigations in our study revealed that 

the protective and treated groups displayed marked reduction in neutrophils, 

macrophage and lymphocytes infiltration along with significant reduction in fibrosis 

suggesting VIM as a fundamental mediator of the major changes associated with 

ulceration. 

Recent researches focused on the E2F1, RAD21and NIPBL proteins revealed their key 

roles in fundamental cellular activities such as DNA duplication, mitotic division, 

regulating expression of many genes including genes involved in DNA damage repair, 

chromatin assembly and condensation, chromosome separation and checkpoint control.  

 
E2F1 is the principal member of the Early 2 factor(E2F) family that modulates the cell 

cycle through various actions including the enhancement of DNA replication and repair 

21. This family has been known to have significant roles in the detection and repair of 

damaged DNA, cell proliferation and apoptosis. Additionally, E2F1 was reported as a 

principal modulator of metabolic activities in normal as well as pathological conditions 

22,80. 

 
In the present study, the average expression level of E2F1 gene was increased 

significantly by 154% in ulcer-induced rats compared to the control group. The extract 

treated group showed no significant alteration compared to the ulcerative group. On the 

other hand, rats protected by the plant extract before ulcer induction and those treated 

with Omeprazole revealed significant increase in the expression levels of E2F1 gene 

compared to the ulcerative group.  

 
The elevated expression of E2F1in the ulcerative group comes in accordance to Stevens 

and Thangue22whoreported E2F1 to be up regulated in response to DNA damage. 

 

The further increase in E2F1 in the protective and OM groups along with the unchanged 

expression in the extract treated group compared to the ulcerative rats may indicate that 

E2F1 is produced for damaged DNA repair and tissue regeneration through indirect or 

multistep pathway that involves one or more molecules that have been protected by the 

extract before GU induction and reserved by OM treatment but could not be reserved 

by the extract treatment. According to Lin et al. 81, E2F1was reported to be selectively 

induced in response to DNA damage in a process mediated by ATM-dependent 

phosphorylation. The ATM/ATR and Chk2 kinases dependent phosphorylation of E2F-

1 was reported to stabilize E2F1 and prevent its normal turnover. Another study 

released by Stevens and Thangue 22 has investigated the activation of E2F1in response 

to DNA damage via checkpoint kinase. Therefore, it may be suggested that the earlier 

administration of the extract prevented an inhibitory or degradation pathway of the 

ATM/ATR and Chk2 kinases and Omeprazole treatment reserved these molecules 

preventing E2F1 turnover and enhanced its production leading to its exceeded 
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expression levels in both the protective and Omeprazole treated groups. However, 

further studies are needed to clarify more details about the exact anti-ulcer mechanism 

of E2F1and how it can it be modulated for efficient anti-ulcer approach.   
 

Similarly, RAD21 and NIPBL showed significant increase in the ulcerative group. 

Extra induction of RAD21 and NIPBL was shown in the protective and OM treated 

groups, the extract treated group also exhibited further increase in RAD21 and NIPBL 

levels but its effect was less than that of the protective and OM treated groups.  
 

RAD21is a component of the cohesin complex which is essential for the cohesion of 

sister chromatids after DNA replication 82. Additionally, RAD21 was known to be 

involved in DNA damage repair and inflammation modulation. Deardorff et al. 83 have 

investigated that mutations in RAD21lead to extreme defects in functions and worsen 

cognitive and structural clinical findings due to the impairment of DNA damage 

response and disruption of transcription.According to Murrell and Gibson 84, RAD21 

can enhance inflammatory response, DNA repair and cell division contributing to 

regeneration of the damaged epithelia of the mucosal layer. Furthermore, it was found 

that Caspase cleaves RAD21 producing a pro-apoptotic carboxyl-terminal product that 

augments the cell death signal 85. 
 

The sister chromatid cohesion 2 (SCC2) human homolog (NIPBL) is a cohesin loading 

factor that functions mainly in the deposition of cohesin onto the sister chromatids 

supporting their cohesin. Additionally, NIPBL was investigated to be involved in DNA 

repair, cell apoptosis, regulation of gene expression, cell cycle and development. Also, 

NIPBL mutation was identified in the Cornelia de Lange syndrome (CdLS), a 

developmental disorder characterized by many abnormalities including gastrointestinal 

abnormalities 25,28 
 

collectively, these findings suggest that RAD21 and NIPBL are pleiotropic proteins 

produced at first for inflammation modulation, and after returning immune homeostasis 

contributes to the regeneration of the damaged tissues through enhancement of 

apoptosis of severely damaged cells and thereby decreasing inflammatory stimulants 

(DAMPs) and associated extra inflammatory responses, then increases epithelial cell 

proliferation and subsequently DNA replication which requires augmented levels of 

RAD21 and NIPBL for sister chromatid cohesion after DNA replication. Therefore, the 

extra increase in RAD21 and NIPBL due to our treatments may reflect successful return 

to homeostasis through decreasing the oxidative stress and inflammation as well as the 

enhancement of cell proliferation and tissue regeneration. 

 
Histopathological examination confirmed the previously mentioned biochemical and 

molecular findings. Severe mucosal destruction, epithelial degeneration and 

inflammatory infiltration are hallmark features of ethanol-induced gastric ulcer models 

and have been consistently reported in the literature 86. Treatment with plant extracts 

rich in phenolics and flavonoids has been shown to ameliorate these histological 

changes by promoting restoration of mucosal architecture, reducing inflammatory cell 
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infiltration and preserving epithelial integrity. In the present study, Zaghloul leaves 

extract markedly improved gastric architecture, enhanced mucin production as 

evidenced by PAS staining and reduced fibrosis in treated animals demonstrating its 

capacity to promote gastric mucosal healing and preserve tissue structure. These 

histological observations align with similar reports where antioxidant and anti-

inflammatory phytochemicals attenuated ethanol-induced gastric injury and facilitated 

tissue repair 87. 

Overall, the gastroprotective and therapeutic effects of Phoenix dactylifera leaves 

extract can be attributed to its antioxidant, anti-inflammatory and mucosal protective 

properties which collectively contribute to attenuation of oxidative damage, modulation 

of inflammatory mediators and enhancement of tissue repair mechanisms 35,88. 

Conclusion 

The present study suggests that Vimentin plays fundamental roles in the development 

of gastric ulcer enhancing the associated inflammatory, oxidative stress as well as the 

histological changes. E2F1, RAD21 and NIPBL are suggested to be produced in 

response to DNA and tissue damage triggered by GU induction to induce the 

regenerative process which was supported and enhanced by the extract and the standard 

drug which led to extra production of these proteins. Phoenix dactylifera (Zaghloul 

cultivar) leaves extract exhibited significant gastroprotective and therapeutic activities 

against ethanol-induced gastric ulceration. The extract exhibited notable antioxidant 

effects by restoring total antioxidant capacity and glutathione levels while reducing 

lipid peroxidation. In addition, it showed pronounced anti-inflammatory activity 

through the suppression of inflammatory mediators such as TNF-α and ICAM-1, 

reduction of TNF-α/Il-10 ratio and the restoration of cyclooxygenase enzymes involved 

in gastric mucosal defense. Gene expression analysis further indicated that the extract 

modulated stress- and regeneration-related genes including E2F1, RAD21, NIPBL 

and Vimentin, suggesting attenuation of epithelial injury and inflammatory tissue 

damage. Histopathological evaluation confirmed these findings by demonstrating 

improved gastric architecture, enhanced mucin production and reduced tissue damage 

in treated animals. 

Further studies are recommended to isolate the active constituents and explore the 

underlying molecular mechanisms and clinical applicability. 

Ethical Approval: The study is reported in accordance with ARRIVE guidelines. 

Anesthetic procedures, handling of the animals, and their termination were compiled 

with the ethical guidelines set by the Medical Ethical Committee of the National 

Research Centre, Egypt. 

Consent to participate: The research does not involve human subjects. 



37 
 

Consent to publish: There are no conflicting interests that could have influenced the 

research results presented in this paper.  

Clinical trial: Not applicable. 

Author contributions SE, AME & MME conducted the phytochemical 

characterization, interpreted the results, and assisted in the preparation of the 

manuscript. HFA, HSK, WK, KAH, MBS & MIM conducted the biological 

investigations, performed the statistical analysis of the collected data, interpreted the 

results and prepared the manuscript. MSS performed and wrote the results of the 

histopatholpogiacl analysis. All authors wrote, reviewed and approved the final version 

of the manuscript. 

Funding: No financial assistance was received either from government or any private 

agency for the present work. 

Competing interests: No conflict of interest has been identified. 

Availability of data and materials: The datasets used and/or analyzed during the 

current study are available from the corresponding author on reasonable request. 

 

 

 

References 

1. Chen, Y., Lin, Y., Tsai, C. & Lu, Y. The role of p38 MAPK in acteoside-mediated 

gastric ulcer protection. International Journal of Medical Sciences, 23(3), 916-926 

(2026).  

 

2. Al-Ashmawy, G.M.,El-Sheikh, N.A.& Fahmy, A.E. Natural Compounds and Green 

Extraction: A Sustainable Approach for Management of Peptic Ulcer. AlSalam 

International Journal of Pharmacy, 1(1), 9-18 (2025). 

 

3. Liu, H. et al. Protective effects of an alcoholic extract of Kaempferi  agalanga L. 

rhizome on ethanol-induced gastric ulcer in mice. Journal of Ethnopharmacology, 

325, 117845(2024). 

 

4. Gong, H.  Zhao, N., Zhud, C., Luo, L. & Liu, S. Treatment of gastric ulcer, 

traditional Chinese medicine may be a better choice. Journal of Ethnopharmacology, 

324, 117793(2024). 

 

5. Liu, z. et al. Bibliometric and visualization analyses of gastric ulcer knowledge areas 

and emerging trends, 2004–2024. Frontiers in Medicine, 12,1530835 (2025). 

 



38 
 

6. Zhou, D. et al. Gastroprotective effect of gallic acid against ethanol-induced gastric 

ulcer in rats: involvement of the Nrf2/HO-1 signaling and anti-apoptosis role. 

Biomedical Pharmacology, 126, 110075 (2020). 

 

7. Sultan A. et al. Characterization of avocado seeds aqueous extract and its therapeutic 

effects on gastric ulcer. Nutrition & Metabolism, s12986-026-01080-w (2026). 

 

8. Kim, J. Y. et al. Gastroprotective effects of Cudraniatri cuspidata leaf extracts by 

suppressing gastric cAMP and increasing gastric mucins. Prev. Nutr. Food. Sci., 25 

(2), 158-165 (2020). 

 

9. Liang, J. et al. Prophylactic efficacy of patchoulene epoxide against ethanol-induced 

gastric ulcer in rats: Influence on oxidative stress, inflammation and apoptosis. 

Chemico-Biological Interactions, 283, 30-37 (2018). 

10.  

11. Abdelwahab, S.I. Protective mechanism of gallic acid and its novel derivative against 

ethanol-induced gastric ulcerogenesis: involvement of immunomodulation markers, 

Hsp70 and Bcl-2-associated X protein. Int. Immunopharm., 16 (2), 296-305 (2013). 

12.  

11. Chen, H. et al. Protective effects of pogostone from Pogostemonis herba against 

ethanol-induced gastric ulcerin rats. Fitoterapia, 100 110 -117(2015). 

 

12. Shen, C. et al. The Role of Triterpenoids in Gastric Ulcer: Mechanisms and 

Therapeutic Potentials. International Journal of Molecular Sciences, 26,3237 (2025). 

 

13. Agrawal, R. K. Pathophysiology, risk factors, and advances in the management of 

peptic ulcers: A comprehensive review. African Research Journal of Medical Sciences, 

2(1), 1-9(2025). 

 

14. Negoto, T. et al. Profiling chromosomal-level variations in gastric malignancies. 

Cancer Science, 113, 3864-3876 (2022). 

 

15. Alhmoud, J. F., Woolley, J. F., Al Moustafa, A. &Malki, M. I. DNA Damage/Repair 

Management in Cancers. Cancers, 12, 1050 (2020). 

 

16. Huynh, T. N. et al. Vimentin regulate smitochondrial ROS production and 

inflammatory responses of neutrophils. Frontiers in Immunology, 15,1416275 (2024). 

 

17. Tran, Q.D. et al. Continuous self-repair protects vimentin intermediate filaments 

from fragmentation. PNAS Biophysics and Computational Biology, 122 (24), 

e2417660122 (2025). 

 

18. Suprewicz, L. et al. Extracellular vimentin as a modulator of the immune response 

and an important player during infectious diseases. Immunology & Cell Biology, 102, 

167-178 (2024). 

 

19. Faik, R. &Al-Ghaban, N.M.H. Localization of E-cadherin and 

Vimentin in Mucosal Ulcer Healing Treated by Vitis vinifera Seeds Oil in 

Rat Model. Dentistry, 3000, 1: a001. 



39 
 

 

20. Wang, L. et al. Vimentin Suppresses Inflammation and Tumorigenesis in the 

Mouse Intestine. Frontiers in Cell & developmental Biology, 10, 862237 (2022). 

21. Fouad, S., Hauton, D. &D’Angiolella, V. E2F1: Cause and Consequence of DNA 

Replication Stress. Frontiers in Molecular Biosciences, 7, 599332(2021). 

 

22. Stevens, C. & La Thangue, N. B. The emerging role of E2F-1 in the DNA damage 

response and checkpoint control. DNA Repair,3, 1071-1079(2004). 

 

23. Chan, A. B., Huber, A. & Lamia, K. A. Cryptochromes modulate E2Ffamily 

transcription factors. Scientific Reports, 10, 4077(2020). 

 

 

 

24. Fouad, S., Hauton, &D’Angiolella, V.  E2F1: Cause and Consequence ofDNA 

replication stress. Molecular Biosciences, 7, 599332 (2020). 

 

25. Xu, W. et al. Enhanced expression of cohesin loading factor NIPBL confers poor 

prognosis and chemotherapy resistance in non-small cell lung cancer. Journal of 

Translational Medicine, 13,153(2015). 

 

26. Sobhi, O. et al.Genetic relationship between Hashimoto‘sthyroiditis and papillary 
thyroid carcinoma with coexisting Hashimoto‘s thyroiditis. PLoS ONE, 15(6), 
e0234566 (2020). 

 

27. Gou, R. et al. RAD21 Confers Poor Prognosis and affects ovarian Cancer Sensitivity 

to Poly (ADP-Ribose)Polymerase inhibitors Through DNA Damage Repair. Frontiers 

in Oncology, 12, 936550 (2022). 

 

28. Zhou, H. et al. Downregulation of Cohesin Loading Factor Nipped-B-Like Protein 

(NIPBL) Induces Cell Cycle Arrest, Apoptosis, and Autophagy of Breast Cancer Cell 

Lines. Medical Science Monitor, 23, 4817-4825 (2017). 

29. Houglum, J.E., Harrelson, G.L. &Seefeldt, T.M.  Drugs for Treating 

Gastrointestinal Disorders, in Principles of Pharmacology for Athletic Trainers. 

Routledge, 186-209 (2024). 

30.Sutrisna, E., Ariesto, M. R., Sulistyo, H. &Purnawan, I. Gastroprotective effects of 

Aleurites moluccanus (Candlenut) oil against aspirin-induced gastric injury in rats: A 

dose-dependent histopathological evaluation. Journal of Applied Pharmaceutical 

Science, 16(03), 449-455 (2026). 

31. de Oliveira, B. M. et al. Gastroprotective and gastric healing effects of the aqueous 

extract of Caseariasyl vestris in rodents: Ultrasound, histological and biochemical 

analyzes. Journal of Ethnopharmacology, 298, 115660 (2022). 

 

32. Elnour, A.A.M. & N.H. Abdurahman, Current and potential future biological uses 

of Saussure acostus (Falc.) Lipsch: A comprehensive review. Heliyon, 2024. 10(18): 

p. e37790. 

 

33. Zhang, Y., Patankar, H., Aljedaani, F. &Blilou, I.A framework for date palm 

(Phoenix dactylifera L.) tissueregeneration and stable transformation. Physiologia 

Plantarum, 176, e14189 (2024). 



40 
 

 

34. Abd El Aty, A. A. Hafr Al Batin Phoenix dactylifera L. Leaves extract as efficient 

catalyst for green synthesis of new silver n  anoparticles with broad spectrum 

antimicrobial activity: Characterization and evaluation Compared to Fungi. Arabian 

Journal for Science and Engineering, https://doi.org/10.1007/s13369-025-10084-2 

(2025). 

 

35. El Sawi, S., El-Feky, A. M., Elbatanony, M. M., El-khonezy, M. I. & Aly, H. F. 

Phytochemical profiling of three Egyptian Phoenix dactylifera L. cultivars’ leaves with 
comparative positive impacts in controlling the streptozotocin diabetic rats. Egyptian 

Pharmaceutical Journal, 23, 654-669 (2024). 

 

36. Diab, H. A., Al-amyel, F. B., Said, G. A., Sanusi, H. M. & Arafat, M. R. Influence 

of Phoenix dactylifera leaf extract on doxorubicin-induced nephrotoxicity and 

hepatotoxicity in rats. Mediterranean Journal of Pharmacy & Pharmaceutical Sciences, 

4 (1), 75-83 (2024). 

 

37. AboulNaser, A., Younis, E., El-Feky, A., Elbatanoni, M. & Hamed, M. 

Management of Citrus sinensis peels for protection and treatment against gastric ulcer 

induced by ethanol in rats. Biomarkers, 25 (4), 349-359 (2020). 

 

38. Abdoulrahman, A. Anti-ulcer effect of Ranunculus millefoliatus on absolute 

alcohol-induced stomach ulceration. Saud Journal of Biological Sciences, 30 (8), 

103711 (2023). 

 

39. Wetchakula, P., Anonga, S., Goonc, J.A. &Sanpinit, S. Anti-oxidative stress and 

gastroprotective effect of Tri-Tharnthip tea against ethanol-induced gastric ulcer in rats. 

South African Journal of Botany, 170, 130-136 (2024). 

 

40. Shareef, S.H.et al. In Vivo antiulcerogenic effect of Morinda elliptica stem extract 

against ethanol-induced gastric ulcer in rats. Asian Journal of Natural Products 

Research, 1-19 (2025). 

 

41. Gawron, A. et al. Total antioxidant capacity of blood plasma in healthy men and in 

men with coronary heart disease, 62 (3), 4-31(2005). 

42. Buege, J.A. & Aust, S.D. Microsomal lipid peroxidation. Methods in enzymology, 

52, 302-310 (1978). 

43. Moron, M.S.; Depierre, J.W. &Mannervik, B. Level of glutathione, glutathione 

reductase and glutathione-S-transferase activities in rat lung and liver. Biochemica et 

biophysica acta- general subjects, 582(1), 67-78 (1979). 

44. Salem, N.A., Wahba, M.A., Eisa, W.H., El-Shamarka, M. &Khalil W. Silver oxide 

nanoparticles alleviate indomethacin-induced gastric injury: a novel antiulcer agent. 

Inflammopharmacology, 26, 1025-1035(2018). 



41 
 

45. Hamed, M.A. et al. Bioactive compounds and therapeutic role of Brassica oleracea 

L. seeds in rheumatoid arthritis rats via regulating inflammatory signaling pathways 

and antagonizing interleukin-1 receptor action. Biomarkers, 26(8), 788-807(2021). 

46. Elhinnawi, M.A.et al. Novel pregnenolone derivatives modulate apoptosis via Bcl-

2 family genes in hepatocellular carcinoma in vitro. Journal of Steroid Biochemistry 

and Molecular Biology, 183, 125-136(2018). 

47. Tiwary, S.K. et al.Gene expression study in venous ulcer. Acta Phlebologica, 

25(3),163-169 (2024). 

 

48. Wu, J. et al. Oral Treatment with the Vimentin-Targeting Compound ALD-R491 

Mitigates Hyperinflammation, Multi-Organ Injury, and Mortality in CLP-Induced 

Septic Mice. Life, 15,1563 (2025). 

 

49. Yu, S. et al. Protective effect of polyphenols purified from Mallotusoblong folius 

on ethanol-induced gastric mucosal injury by regulating Nrf2 and MAPKs. Pathways, 

11(12), 2452(2022). 

50. Li et al. Polysaccharides from Hippophaer hamnoides L. protected against ethanol-

induced gastric ulcer in mice and its impact on metabolites and gut microbiota. Food 

Research International, 221, 117336 (2025). 

 

51. Ali, D. E. et al. In vivo anti-gastric ulcer activity of 7-O-methyl aromadendrin and 

sakuranetin via mitigating inflammatory and oxidative stress trails. Journal of 

Ethnopharmacology, 335, 118617(2024). 

 

52. Asaad, G.F. & Mostafa, R.E. Lactoferrin mitigates ethanol-induced gastric ulcer via 

modulation of ROS/ICAM-1/Nrf2 signaling pathway in Wistar rats. Iranian Journal of 

Basic Medical Sciences, 25, 1522-1527 (2022). 

 

53. Mustafa, A.J. & Ismail, P.A. Association of potent inflammatory Cytokine and 

Oxidative DNA Damage Biomarkers in Stomach cancer patients. Baghdad Science 

Journal, 19 (6), 1313-1325 (2022). 

 

54. Ma, C. et al. Canolol alleviates ethanol-induced gastric ulcer by inhibiting p38 

MAPK/NF-κB/NLRP3 pathway. Journal of Agricultural and Food Chemistry, 73(15), 
9103-9111(2025). 

55. Lutnicki, K., Szpringer, E., Czerny, K. &Ledwożyw, A. Effects of ethanol and 
arachidonic acid pathway inhibitors on the effectiveness of gastric mucosa 

cytoprotection. Folia Morphologica ,60(1),47-56 (2001). 

56. Joshi, D.C., Joshi, N., Kumar, A. & Maheshwari, S. Recent advances in molecular 

pathways and therapeutic implications for peptic ulcer Management: A Comprehensive 

Review. Horm Metab Res, 56, 615-624 (2024). 



42 
 

57.Emmanuel P.I. et al. Gastroprotective effects of Combretum paniculatum 

(Combretaceae) leaf extract and fractions on absolute ethanol-induced gastric ulcer in 

rats. Future Journal of Pharmaceutical Sciences, 8(1), 54 (2022). 

58. Ghareeb, M.A. et al. Ipomoea carnea mitigates ethanol-induced ulcers in irradiated 

rats via Nrf2/HO− 1 pathway: An in vivo and in silico study. Scientific Reports, 14(1), 
3469 (2024). 

59.El-Feky, A.M., Aboul Naser, A.F. & Hamed, M.A. Solanumme longena Peels 

against Ethanol Induced Gastric Ulcer in Rats via Regulating Mucosal Enzymes, 

Oxidative Stress and Inflammatory Mediators' Pathways. Egyptian Journal of 

Chemistry, 67(10), 587-600 (2024). 

60. Kwiecien, S., Brzozowski, T. &Konturek, S.J. Effects of reactive oxygen species 

action on gastric mucosa in various models of mucosal injury.Journal of physiology 

and pharmacology, 53(1), 39-50 (2002). 

61. Raish, M. et al. Gastroprotective effect of sinapic acid on ethanol-induced gastric 

ulcers in rats: involvement of Nrf2/HO-1 and NF-κB signaling and antiapoptotic role. 
Frontiers in Pharmacology, 12,622815 (2021). 

62. Bjarnason I. et al. Mechanisms of damage to the gastrointestinal tract from 

nonsteroidal anti-inflammatory drugs. Gastroenterology, 154(3), 500-514 (2018). 

63. El-shafey, R.S. et al. The ameliorative impacts of wheat germ oil against ethanol-

induced gastric ulcers: involvement of anti-inflammatory, antiapoptotic, and 

antioxidant activities. Toxicology Research, 11, 325-338 (2022). 

 

64. He, J.Y.et al. Tormentic acid, a triterpenoid isolated from the fruits of Chaenomeles 

speciose, protected indomethacin-induced gastric mucosal lesion via modulating miR-

139 and the CXCR4/CXCL12/PLC/PKC/Rho a/MLC pathway. Pharm. Biol., 61, 1343-

1363 (2023). 

 

65. Jabbara, A.A.J. et al. Mechanisms of anti-ulcer actions of Prangos pabularia (L.) 

in ethanol-induced gastric ulcer in rats. Saudi Pharmaceutical Journal, 31, 

101850(2023). 

 

66. Susam, S.İlhan, N., Tedik, F., Berk, B. &İlhan, A.S. The protective effect of 
Tangeretin and Pomegranate separately and in combination on ethanol-induced acute 

gastric ulcer model. Cukurova Med Journal, 48(3), 859-867 (2023). 

 

67. Gilani, S.J. et al. Protective effect of Fustin against ethanol-activated gastric 

ulcervia downregulation of biochemical parameters in rats. American Chemical 

Society, 7, 23245-23254 (2022). 

 

68.Elbadr, M.M., Sabra, M.S., Ahmed, D.H., Hassane in, K.M.A. & Abdellah, E.S. The 

role of nuclear factor kappa B signaling in the therapeutic effect of Tadalafil against 

dexamethasone-induced gastric ulcer in rats. Journal of Advanced Veterinary Research, 

14 (6), 996-1003 (2024). 

 



43 
 

69.Carlini, V. et al. The multifaceted nature of IL-10: regulation, role in immunological 

homeostasis and its relevance to cancer, COVID-19 and post-COVID conditions. 

Frontiers in Immunology, 14,1161067 (2023). 

 

 

70. Tsurumi, A., Que, Y.A., Ryan, C.M., Tompkins, R.G. &Rahme, L.G. TNF-α/IL-10 

Ratio Correlates with Burn Severity and May Serve as a Risk Predictor of Increased 

Susceptibility to Infections. Frontiers in Public Health, 4,216(2016). 

 

71. Shmarina G.V. et al. Tumor necrosis factor-alpha/interleukin-10 balance in normal 

and cystic fibrosis children. Mediators Inflamm, 10(4), 191-7 (2001).  

 

72. Goswami, B., Rajappa, M., Mallika, V., Shukla, D.K. & Kumar, S. TNF-alpha/IL-

10 ratio and C-reactive protein as markers of the inflammatory response in CAD- prone 

North Indian patients with acute myocardial infarction. Clin Chim Acta, 408(1–2), 14-

18(2009). 

 

73. Kumari, R. et al. TNF-alpha/IL-10 ratio: an independent predictor for coronary 

artery disease in North Indian population. Diabetes & Metabolic Syndrom, 12 (3), 221-

225 (2018). 

 

74. Al-Zubaidi, M.I., Lafi, S.A. &Abdulateef, Y.M.Cytokine Dysregulation in 

Pulmonary Tuberculosis: The role of TNf-α/IL-10 and TNf-α/TGF-β ratios as severity 
indicators. Human Immunology, 86(2), 111256 (2025). 

 

75. Yin, S., Chen, F. & Yang, G. Vimentin immunohistochemical expression as a 

prognostic factor in gastric cancer: A meta-analysis. Pathology - Research and Practice, 

214, 1376-1380(2018). 

 

76. Alieva, I. B. et al. Unique Role of Vimentin in the Intermediate Filament Proteins 

Family. Biochemistry (Moscow), 89 (4), 726-736 (2024). 

 

77. Yuan, Z., Smith, P. & McCulloch, C.A. Extracellular vimentin amplifies 

inflammation: Perspectives for immune injury and therapeutics for periodontitis. The 

FASEB Journal, 39, e70286 (2024) 

 

78. Mor-Vaknin, N., Punturieri, A., Sitwala, K. & Markovitz, D.M. Vimentin is 

secreted by activated macrophages. Nat Cell Biol, 5, 59-63 (2003). 

 

79. Håversen, L. et al. Vimentin deficiency in macrophages induces increased oxidative 

stress and vascular inflammation but attenuates atherosclerosis in mice. Scientific 

Reports, 8, 16973(2018).  

 

80. Denechaud, P.D., Fajas, L. & Giralt, A. E2F1, a Novel Regulator of Metabolism. 

Frontiers in Endocrinology, 8, 311(2017). 

81. Lin, W. C., Lin, F.T.& Nevins, J.R. Selective induction of E2F1 in responseto DNA 

damage, mediated by ATM-dependent phosphorylation, 

Genes Dev., 15, 1833-1844(2001). 



44 
 

82. Cekaite, L., Clancy, T. &Sioud, M. Increased miR-21 expression during human 

monocyte differentiation into DCs. Frontiers in Bioscience E2, 818-828 (2010). 

 

83. Deardorff, M.A. et al. RAD21 Mutations Cause a Human Cohesinopathy. The 

American Journal of Human Genetics, 90, 1014-1027 (2012). 

84. Murrell, R.N. & Gibson, J.E. Brevetoxin 2 alters expression of apoptotic, DNA 

damage, and cytokinegenes in Jurkat cells. Human and Experimental Toxicology, 30(3) 

182-191 (2010). 

 

85. Chen, F. et al. Caspase proteolysis of the cohesion component RAD21 promotes 

apoptosis. J Biol Chem, 277, 16775-16781 (2002). 

 

86. Toktay, E. &Selli, J. Histopathological overview of experimental ulcer models. The 

Eurasian Journal of Medicine, 54(Suppl 1), S120 (2022). 

87. Cheng, Y.T., Lu, C.C. & Yen, G.C. Phytochemicals enhance antioxidant enzyme 

expression to protect against NSAID‐induced oxidative damage of the gastrointestinal 
mucosa. Molecular Nutrition & Food Research, 61(6), 1600659 (2017). 

88. Chiu, H.F., Venkatakrishnan, K., Golovinskaia, O. & Wang, C.K. Gastroprotective 

effects of polyphenols against various gastro-intestinal disorders: a mini-review with 

special focus on clinical evidence. Molecules, 26(7), 2090 (2021). 

 


