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Background: Gastric ulcers pose a significant health risk due to an imbalance between protective and aggressive factors on the 
mucous membrane. Nonsteroidal anti-inflammatory drug (NSAID)-induced gastric damage affects 25% of users. Quinoxaline 
compounds, known for their diverse biological properties, have potential applications in cancer therapy and as antimicrobial agents 
targeting various pathogens.
Objective: Our study aimed to investigate the impact of DMQ on gastroprotective mechanisms in an experimental model of 
indomethacin-induced gastric ulcer.
Methods: Thirty male Wistar rats were randomly assigned to five groups. Group 1 served as the control, while Group 2 received a 
single oral dose of IND (30 mg/kg). Groups 3 and 4 received oral DMQ (30 mg/kg and 60 mg/kg, respectively) for three days, with the 
final dose administered intragastrically one hour before IND administration. Group 5 received esomeprazole (30 mg/kg) orally for 
three days, with the final dose given one hour before IND administration. Rats were sacrificed four hours after IND induction.
Results: Indomethacin-induced ulcers were associated with epithelial damage and blood streaks on the gastric mucosa. However, 
DMQ significantly decreased levels of inflammatory biomarkers (TNF-α, IL-6, Cox-2, IFN-γ, and IL-β1) while increasing gastro-
protective mediator prostaglandin E2 (PGE2) and mucin levels. Histopathological analysis revealed a significant reduction in ulcer- 
induced pathological alterations and upregulation of tumor suppressor genes (NF-κB levels) following DMQ treatment. Rats treated 
with Indo+DMQ showed a significant decrease in ulcer index compared to the Indo group, with mild injuries observed.
Conclusion: DMQ demonstrated promising gastroprotective effects against IND-induced gastric ulcers, as evidenced by alterations in 
histopathological data and upregulation of gene expression.
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Introduction
One of the most prevalent diseases affecting the gastrointestinal tract, Gastric Ulcers (GU) can have life-threatening 
implications and mortalities.1 As 10% of the global population is affected by GU, its control and earlier detection are 
regarded as major obstacles.2,3 Nearly 15 deaths per 15,000 challenges occur as a result of such events annually 
worldwide.1,4,5 An imbalance between gastrointestinal defensive factors and aggressive physical, pharmacological, or 
psychological variables on the epithelium of the mucous membrane is a common cause of benign lesions such as gastric 
ulcers.6 Helicobacter pylori infection, cigarettes, nonsteroidal anti-inflammatory drugs (NSAIDs) such as aspirin, ethanol, 
stress, free radicals, bile acids, protease enzymes, physical activity, prominent tobacco consumption, caffeine, colds, 
hunger, and sedentary lifestyle are among the triggers for the development of ulcers in the gastrointestinal system.6,7 In 
particular, the annual incidence of gastrointestinal toxicity stemming from NSAID drugs can be as elevated as 4–8%, and 
the risks are further exacerbated, particularly for individuals with a previous history of ulcer disease.8 NSAIDs rank 
among the most frequently utilized medications globally.9 Gastric damage induced by NSAIDs is recognized as the 
predominant side effect among approximately 25% of users of these medications.9 In the past, it has been demonstrated 
that indomethacin (Indo) is more likely to cause gastric harm compared to standard NSAIDs.10
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Previous studies on ulcers induced by Indomethacin have shown that it hinders the production of prostaglandin-E2 
(PGE2) and angiogenesis, promotes the generation of free radicals, triggers the expression of cyclooxygenase-2 (COX- 
2), and induces the release of cytokines responsible for pro-inflammatory processes.11–13 Furthermore, the abnormal 
induction of cyclooxygenase-2 (COX-2) and inducible nitric oxide synthase (iNOS) leads to inflammatory tissue damage 
by causing an overproduction of pro-inflammatory agents, such as prostaglandins and nitric oxide.14 The primary 
mechanism driving its anti-inflammatory effects involves the suppression of COX-2, NF-κB, PGE2, and various 
cytokines, including TNF-α (Tumor Necrosis Factor-alpha), IL-6 (Interleukin-6), interleukin-1β (IL1β), and NO.15–17 

A previous study reported that a decrease in mucin levels leads to gastrointestinal injury due to indomethacin.5 All of 
these characteristics hold the potential to be advantageous in averting the onset and progression of gastric ulcers. The 
combined attributes encompassing these properties may contribute to a preventative effect against the initiation and 
development of gastric ulceration. The primary mechanism driving the anti-inflammatory effects of 3-DMQ involves the 
suppression of COX-2, NF-κB, PGE2, and various cytokines, including TNF-α (Tumor Necrosis Factor-alpha), IL-6 
(Interleukin-6), interleukin-1β (IL1β), and NO15–.17 Another study reported that level of mucin erosion has also been 
associated with gastrointestinal damage.5,18 The formation of stomach ulcers may be prevented by all of the above 
characteristics.

Annually, a significant number of people, approximately 200,000, require hospitalization due to ulcer diagnosis, with 
an additional 3 million individuals seeking treatment at polyclinics. The economic burden of treating this condition 
reaches around 4 billion dollars.19 Non-steroidal anti-inflammatory drugs (NSAIDs) are widely used worldwide, and 
gastric damage is recognized as their most prevalent and hazardous side effect.9 Indomethacin is a well-known NSAID, 
notorious for its high chance to induce gastric ulcers.11,20 Gastric ulcers occur when the equilibrium between defensive 
factors, such as mucus secretion, blood flow, cell renewal, prostaglandins (PGs), and nitric oxide (NO), is disrupted in 
favor of aggressive factors, including NSAIDs, acidity, oxidative stress, and ethanol.21,22 Indomethacin, a nonsteroidal 
anti-inflammatory drug, operates by inhibiting both COX and phosphodiesterase, resulting in the suppression of 
prostaglandin synthesis and release, ultimately reducing inflammation.

Indomethacin initiates a rise in lipid peroxidation and the creation of reactive oxygen species (ROS) within the gastric 
mucosa. The use of an Indomethacin-induced gastric ulcer model is a widely employed technique to induce gastric ulcers 
in rats.19 Currently, there are several synthetic antiulcer medications available, including drugs such as cimetidine, 
misoprostol, ranitidine, omeprazole, and esomeprazole, which are utilized for the management and treatment of NSAID- 
induced gastric ulcers. But, it is essential to note that each of these medications is associated with a spectrum of side 
effects, ranging from mild to severe. This has spurred the search for alternative antiulcer treatments that are non-toxic, 
readily accessible, and cost-effective.5,23,24

Quinoxaline compounds have a wide range of applications, possessing diverse biological properties and potential 
roles in cancer therapy, and the development of antimicrobial agents targeting bacteria, fungi, and viruses. The activities 
of these compounds are determined by the specific substituents and where they are located in the quinoxaline rings. 
Extensive research has focused on derivatives featuring a carbonyl group at the 2-position. The biological properties of 
many quinoxalines have been assessed in vitro, and some have found utility in veterinary medicine. For instance, 2,3- 
Dimethylquinoxaline presents itself in the form of yellow needle-shaped crystals.25

In this current study, the focus was on exploring the gastroprotective effects of DMQ (2,3-Dimethylquinoxaline) and 
investigating the potential underlying mechanisms using an experimental model of gastric ulcers induced by 
indomethacin.

Materials and Methods
Drugs and Chemicals
2,3-Dimethylquinoxaline, indomethacin, esomeprazole, and carboxymethyl cellulose sodium (CMC-Na) were acquired 
from Sigma-Aldrich in St. Louis, MO, USA. The research also used various ELISA kits, including Rat TNF-α ELISA 
Kit, Rat Interferon Alpha kit (Cat No. MBS267050), Rat Prostaglandin E2 (PGE2) ELISA Kit (Cat No. MBS262150), 
Rat Mucin ELISA (Cat No MBS1600651), Rat Interleukin 6 (IL-6) ELISA Kit (Cat No. MBS269892), Rat Inducible 
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Nitric Oxide Synthase (iNOS) Elisa kit (Catalog Number: MBS723326), Rat Cyclooxygenase 2 (COX2) ELISA kit 
(Catalog Number: MBS725633), and Rat IL-1 beta ELISA Kit (Catalog # MBS825017), all of which were also obtained 
from Sigma-Aldrich in St. Louis, MO, USA.

The study utilized commercially available chemicals like formalin, phosphate buffer, and other necessary compounds, 
all chosen for their high purity grades. It’s important to note that all chemicals used in the research were of analytical 
grade.

Animals
The research involving animals adhered to approved procedures established by the Research Ethics Committee of the 
Faculty of Pharmacy at King Abdulaziz University, with reference number PH-1443-23. Male Wistar rats, aged 10 weeks 
and weighing between 200 and 230 grams, were sourced from the animal facility at the Faculty of Pharmacy, King 
Abdulaziz University. These rats were kept in a controlled environment with a temperature range of 20–24°C and a 12- 
hour light and 12-hour dark cycle. They had unrestricted access to a standard diet and water. Before commencing the 
experiments, the rats were given a one-week period to acclimate to the conditions of our experimental facility.

Experimental Design
Thirty rats were assigned randomly to five groups, each containing six rats. Here’s a breakdown of the groups and their 
treatments: Control Group 1: Rats in this group were administered the vehicle (0.5% w/v carboxymethyl cellulose 
sodium, 10 mL/kg) orally. IND Group 2: Rats in this group received a single oral dose of Indomethacin (30 mg/kg). 
Group 3 IND + 2,3-Dimethylquinoxaline 30 mg/kg, Group 4: Rats in this group were given 2,3-Dimethylquinoxaline 
orally at a dose of 30 mg/kg for three consecutive days. On the third day, they received Indomethacin (30 mg/kg) orally, 
followed by the last dose of 2,3-Dimethylquinoxaline one hour later, IND + 2,3-Dimethylquinoxaline 60 mg/kg Group: 
Similar to Group 3, but the rats in this group received 2,3-Dimethylquinoxaline at a dose of 60 mg/kg. Group 5. IND + 
esomeprazole Group: Rats in this group were orally administered esomeprazole (30 mg/kg) for three consecutive days. 
On the third day, they received indomethacin (30 mg/kg) orally, followed by the last dose of esomeprazole one hour later. 
After 4 hours of Indomethacin administration, the rats in the treatment groups were euthanized for further analysis.

Gastric Ulcer Induction
In line with earlier studies, it was observed that Indomethacin (IND) led to the development of gastric ulcers.20 On the 
2nd day of the experiment, the rats underwent a 24-hour period of fasting, during which they were allowed access to 
water. On the third day, a dosage of 30 mg/kg of Indomethacin, suspended in a 0.5% carboxymethyl cellulose sodium 
(CMC-Na) solution, was administered via intragastric administration to all groups, except for the control group.

Mucin Protein Assessment
The sandwich technique was used to measure the mucin protein using a Rat MUC1 ELISA kit (Cat. No.# MBS1600651, 
Louis, MO, USA). Finely sliced stomach tissue was extensively rinsed in ice-cold phosphate-buffered saline (PBS) for 
removing any remaining blood. Following the measurement of the tissue pieces’ weight, homogenization was carried out 
in PBS using a glass homogenizer while the tissue weight (g) was w/v of PBS (mL) at a ratio of 1:9. Supernatant was 
obtained by centrifuging the homogenates for 5 minutes at 5000× g. At 37°C for 90 minutes, 100µL of both the standard 
and sample was added to each well. Following a one-hour incubation at 37°C and the discard the supernatant, 100 µL of 
detection antibody was aspirated and thoroughly cleaned three times. Following aspiration and five times of washing, 100 
µL of horseradish peroxidase (HRP) conjugate was added to the solution. Following a 15-minute incubation period at 37° 
C, 90 µL of substrate solution was added and the optical density (OD) at 450 nm was determined promptly.13

Morphology and Histopathological Analysis
After the stomachs of animals were sliced, they were cleaned with normal saline (0.9% NaCl). The photos were taken 
using digital photography. The stomachs were then analyzed using a microscope to detect any hemorrhagic lesions 
present in the glandular mucus layers.13
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As previously mentioned, the stomach samples were preserved in a solution containing 10% formalin and saline. 
Subsequently, the gastric tissues were washed, dehydrated using alcohol with progressively higher concentrations, 
subjected to xylene for clarification, and subsequently enclosed in paraffin wax for embedding. Thin sections, about 5 
µm in thickness, were prepared and subjected to examination after staining with hematoxylin and eosin (H & E) to 
identify any structural alterations. The examination of the tissues was carried out using a light microscope. A scoring 
system was employed in the study, ranging from 0 to 4, to evaluate histopathological changes. This scoring system was 
used by a histopathologist who was unaware of the specific treatments and assessed factors such as edema in the gastric 
mucosa, infiltration of inflammatory cells, gastric hemorrhage, and necrosis.26,27

Determination of Analyses of Pro-Inflammatory Markers
The content of IL-6 (Cat No.# MBS269892) and TNF-α (Cat. No.# MBS2507393), Rat Interferon Alpha (IFN-α), (Cat 
No.# MBS267050), Rat IL-1 beta ELISA Kit (Catalog # MBS825017), TNF-α in the supernatant of stomach tissue 
homogenate, was quantified using enzyme-linked immunosorbent assay (ELISA) kits. These measurements were 
performed in accordance with the manufacturers provided protocol. All of them were gained from Sigma-Aldrich in 
St. Louis, MO, USA.

Determination of Prostaglandin E2 (PGE2) and Cyclooxygenase 2 (COX2)
Assessment of PGE2 activity in gastric tissue homogenates was conducted using the Rat Prostaglandin E2 (PGE2) 
ELISA Kit. (Cat No.# MBS262150 St. Louis, MO, USA), Rat Cyclooxygenase 2 (COX2) ELISA kit (Competitive 
ELISA) (Cat No.# MBS725633, St. Louis, MO, USA). Following a rinse in TBS, the samples underwent incubation with 
either biotinylated secondary antibodies, either anti-mouse or anti-rabbit, were utilized based on the reactivity of the 
primary antibody. These antibodies operate on a competitive inhibition enzyme immunoassay technique. Total RNA 
extraction and cDNA synthesis from stomach tissues.

The genomic DNA was extracted from the cell homogenate using the QIAmp DNA Mini kit from Qiagen, located in 
Valencia, CA. RNA isolation was carried out using the RNA assay kit, also from Qiagen, following the manufacturer’s 
provided protocols. To assess the concentration and quality of DNA and RNA, the ratio of optical density at 260/280 nm 
was measured using Nano-Drop equipment from Nano Drop Technologies in Wilmington, DE.

For the purpose of detecting gene mutations, the DNA extracted from the cells was subjected to amplification using 
the AmpliTaq Gold® Fast PCR Master Mix from Applied Biosystems, based in Carlsbad, CA. Subsequently, direct 
sequencing was performed using the designated primer sets.

Determination of Genes Expression Using Real Time Polymerase Chain Reaction 
(PCR)
Real-time PCR reactions were performed utilizing Strata Gene and following the SYBR® Green JumpStart™ Taq 
ReadyMix™ protocol from Sigma Aldrich, Germany. The reaction mixture for both genes comprised 0.5 μL of each primer 
NF-κB (Sense “5-GAAATTCCTGATCCAGACAAAAAC-3”, antisense 5’-ATCACTTCAATGGCCTCTGTGTAG-3’), 
GAPDH (Sense “5-GTCTCCTCTGACTTCAACAGCG-3”, antisense 5’- ACCACCCTGTTGCTGTAGCCAA). 7.5 μL 
SYBR-Green Ready Mix, 1 μL of cDNA and final volume of 16 μL was maintained up to 16ul. Samples were analyzed in 
sets of three replicates, and the average Ct (cycle threshold) values for both genes were computed. The NFKB and GAPDH 
gene reactions were executed in distinct tubes. For each experiment, a negative control was also included and tested three 
times. The thermal cycler settings were as follows: the protocol involved an initial denaturation step at 95°C for 10 minutes, 
succeeded by 40 cycles of denaturation at 95°C for 30 seconds, annealing at 57°C for 60 seconds, elongation at 72°C for 60 
seconds, and a final extension step at 72°C for 3 minutes. The ΔΔCq method was employed to ascertain the relative gene 
expression.12
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Statistical Analysis
The data acquired in this study were analyzed using licensed software, specifically version 5.02 of Graph Pad Prism. The 
results were presented as the mean ± standard error of the mean (SEM). To assess the significance, we applied the one- 
way analysis of variance (ANOVA) method to compare different variables across each experimental group. Subsequently, 
a post hoc test (Tukey’s test) was conducted to further analyze the differences. In the context of statistical analysis, the 
p-value served as an indicator of significance, with a p-value of less than 0.05 signifying a statistically significant result.

Results
Effect of 2,3-Dimethylquinoxaline on Gastric Tissue Levels of Inflammatory Cytokines 
(Levels of TNF-α, IL-6, and IL-1β)
The administration of indomethacin orally resulted in a notable elevation in the gastric concentrations of pro-inflamma-
tory cytokines, including TNF-α, IL-1β, and IL-6. However, treated rats with DMQ 40% decreased gastric concentration 
of TNF-α, IL-1β, IL-6 as compared to animal treated with indomethacin. Pre-treated DMQ caused a remarkably reduced 
45% in gastric level of TNF-α, IL-6, and IL-1β (Figure 1).

Figure 1 (A) Plasma TNF-α levels between different groups. Group G1 – Control, G2 - Indomethacin 30 mg/kg, G3- Indomethacin+ 2,3-Dimethylquinoxaline (30 mg/kg 
body weight), G4 - Indomethacin+ 2,3-Dimethylquinoxaline (60 mg/kg body weight), G5 - Indomethacin+ esomeprazole 30 mg/kg. (B) Plasma IL-β1 levels between different 
groups. Group G1 – Control, G2 - Indomethacin 30 mg/kg, G3- Indomethacin+ 2,3-Dimethylquinoxaline (30 mg/kg body weight), G4 - Indomethacin+ 2,3- 
Dimethylquinoxaline (60 mg/kg body weight), G5 - Indomethacin+ esomeprazole 30 mg/kg. (C) Plasma IL-6 levels between different groups. Group G1 – Control, G2 - 
Indomethacin 30 mg/kg, G3- Indomethacin+ 2,3-Dimethylquinoxaline (30 mg/kg body weight.), G4 - Indomethacin+ 2,3-Dimethylquinoxaline (60 mg/kg body weight), G5 - 
Indomethacin+ esomeprazole 30 mg/kg.
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Effect of 2,3-Dimethylquinoxaline on s IFN-ɤ
Oral induction of Indo exhibited a significant reduction (43%) in the gastroprotective level of IFN-ɤ as compared to 
control group (Figure 2). However, pretreatment with DMQ (30 mg and 60 mg/kg) or esomeprazole significantly 
decreased the IFN-ɤ level which is nearly equal to control group (Figure 3).

Effect of 2,3-Dimethylquinoxaline on Plasma PGE2
Oral induction of Indo exhibited a remarkable reduction in the gastroprotective activity of PGE2 as comparison to 
control. However, pretreated DMQ (30 mg and 60 mg/kg) or esomeprazole significantly increased the PGE2 level which 
is nearly equal to control group (Figure 4).

Figure 2 (A) Plasma COX-2 levels between different groups. Group G1 – Control, G2 - Indomethacin 30 mg/kg, G3- Indomethacin+ 2,3-Dimethylquinoxaline (30 mg/kg 
body weight), G4 - Indomethacin+ 2,3-Dimethylquinoxaline (60 mg/kg body weight), G5 - Indomethacin+ esomeprazole 30 mg/kg. (B) Plasma iNOS levels between different 
groups. Group G1 – Control, G2 - Indomethacin 30 mg/kg, G3- Indomethacin+ 2,3-Dimethylquinoxaline (30 mg/kg body weight.), G4 - Indomethacin+ 2,3- 
Dimethylquinoxaline (60 mg/kg body weight), G5 - Indomethacin+ esomeprazole 30 mg/kg.

Figure 3 Plasma IFN - ɤ levels between different groups. Group G1 – Control, G2 - Indomethacin 30 mg/kg, G3- Indomethacin+ 2,3-Dimethylquinoxaline (30 mg/kg body 
weight), G4 - Indomethacin+ 2,3-Dimethylquinoxaline (60 mg/kg body weight), G5 - Indomethacin+ esomeprazole 30 mg/kg.
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Effect of 2,3-Dimethylquinoxaline on Mucin Content
Our results presented that the Indo group significantly markedly reduced mucin level as compared to the control, whereas 
the decline was markedly reversed by DMQ (30 or 60 mg/kg) and esomeprazole (30 mg/kg) treatments (Figure 5).

Effect of 2,3-Dimethylquinoxaline on mRNA Expression Levels of NF-κB Marker 
Genes
In Indo group, NF-κB expression activity were significantly higher in comparison with the control group while 
pretreatment with DMQ (30 or 60 mg/kg) caused significant decrease ie, 40% in NF-κB expression activity in 
comparison to indomethacin-treated group, which is nearly equivalent to control or standard group (Figure 6). 
Furthermore, esomeprazole (30 mg/kg) exhibited decreases expression of NF-κB corresponding to control group.

Figure 4 Plasma PGE2 levels between different groups. Group G1 – Control, G2 - Indomethacin 30 mg/kg, G3- Indomethacin+ 2,3-Dimethylquinoxaline (30 mg/kg body 
weight.), G4 - Indomethacin+ 2,3-Dimethylquinoxaline (60 mg/kg body weight), G5 - Indomethacin+ esomeprazole 30 mg/kg.

Figure 5 Mucin content between different groups. Group G1 – Control, G2 - Indomethacin 30 mg/kg, G3- Indomethacin+ 2,3-Dimethylquinoxaline (30 mg/kg body weight), 
G4 - Indomethacin+ 2,3-Dimethylquinoxaline (60 mg/kg body weight), G5 - Indomethacin+ esomeprazole 30 mg/kg.
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Effect of DMQ Pretreatment on Stomach Morphology
Figure 7A indicates that there was no damage and the stomach mucous membrane in the control group remained in a 
healthy state. In spite of this, the Indo group showed 0.5–5 mm bloody streaking wounds (Figure 7B), as indicated by a 

Figure 6 NF-κB mRNA expression between different groups. Group G1 – Control, G2 - Indomethacin 30 mg/kg, G3- Indomethacin+ 2,3-Dimethylquinoxaline (30 mg/kg 
body weight), G4 - Indomethacin+ 2,3-Dimethylquinoxaline (60 mg/kg body weight), G5 - Indomethacin+ esomeprazole 30 mg/kg.

Figure 7 Rat stomach macrophotographs are shown. (A) No lesions or redness were visible on the stomach mucosa in the control group. (B) Rats administered with Indo 
showed a mucous surface ulceration that was severely bleeding. Surface injuries in (C) Indo + DMQ (30 mg/kg) are visible. (D) Indo + DMQ (30 mg/kg) demonstrates little 
damage with healthy mucosa. (E) The mucosal layer that is injured is efficiently restored to normal with Indo + esomeprazole; there is no redness or damage visible. The 
information is displayed as mean ± SD. Significant differences were found between the groups as follows: a) with the control group, b) with Indo (p < 0.05), and c) with Indo + 
DMQ (10mg/kg) (p < 0.05).
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significant rise in the index of ulcers (Figure 7F). In contrast to the Indo group, the Indo+ DMQ (30 mg/kg) group 
showed a lower occurrence of bloody streaking (Figure 7C). After receiving the Indo+ DMQ treatment (60 mg/kg), the 
rats showed a notable reduction in their ulcer index in comparison to the Indo group. Additionally, there was evidence of 
mild injuries, as indicated by the obstruction of superficial blood vessels (Figure 7D). Having no noticeable reduction in 
ulcer index in comparison to the control group, esomeprazole treatment protected the layer of the gastric mucosa 
(Figure 7E and F).

Effect of DMQ on Histopathological Analysis
Examinations of photomicrographs of excised stomach tissues showed that DMQ had a protective effect against 
ulcers induced by Indo. Hematoxylin and eosin staining was employed for this purpose. Additionally, in the group 
treated as the normal control (Figure 8G1), the epithelial tissue appeared normal, and there were very few 
inflammatory cells present. Histopathological studies revealed reduction in the total number of inflammatory cells 
and hemorrhage in the 30 mg/kg treatment group III as compared to indomethacin treated group II. However, 
restoration of normal epithelial tissue and negligible inflammatory cells were seen in 60 mg/kg treated group IV 
which was similar to control group (group I).

Figure 8 Images of histopathological examination of epithelial tissue. (G1) Negative control; (G2) Ulcer control (G3) Low dose treated; (G4) High dose treated; (G5) It is 
obvious that with high doses in G4 and G5 that there is restoration of the normal surface epithelial layer (labeled Ε) with less hemorrhage (labeled H) and less inflammatory 
cells (labeled IC) in comparison to G2 and G3 when low dose is administered. Note that G1 is the negative control.
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Discussion
Gastric ulcers are a prevalent ailment influenced by numerous mucosal factors.13,28,29 The inhibitory effects of 
indomethacin on prostaglandin synthesis and the generation of free radicals are considered crucial biochemical events 
in the development of gastric ulcers.5,18,30 An understanding of these processes is crucial for the development of new 
antiulcer medications. Given the side effects and high costs associated with synthetic drugs, it is worth exploring natural 
plant-based products, considered to be safe, efficacious, and reasonably priced for treating gastric ulcers.5

Indomethacin is known to have a higher propensity to induce ulcers compared to other NSAIDs, making it a preferred 
choice for experimental induction of gastric ulcers.11 In our study, we hypothesize that oral administration of indo-
methacin (30 mg/kg) to rats leads to elevated gastric acidity and ulceration compared to the control group. These findings 
align with previous reports that demonstrated how indomethacin elevates gastric acidity, leading to ulcer formation.18,31 

The effect of 2,3-Dimethylquinoxaline (DMQ) on the induced gastric ulcer model was effectively assessed. The efficacy 
of DMQ in treating ulcers was determined through in vivo pharmacokinetics. In our study, ulcer symptoms were 
alleviated in rat groups pre-treated with either esomeprazole or DMQ.

Here, the histopathology data on gastric tissue in ulcer model revealed evident ulcer injury. Additionally, these 
alterations were consistent with the increased gastric level of the inflammatory marker TNF-α quantified. It has been 
documented that TNF-α plays an important role in the pathogenesis of indomethacin-induced gastric ulcers, particularly by 
activation of neutrophil infiltration.11 It is worth noting that TNF-α production, typically inhibited by PGE2, increases in 
this context.32,33 TNF-α is a significant mediator in NSAIDs-induced gastropathy, and it may also activate pro-apoptosis 
caspases that regulate apoptosis of gastric epithelial cells in NSAID-treated rats.34,35 A rat TNF-α kit was used to determine 
TNF-α levels in plasma, revealing a notable decrease in IL-6 and TNF-α levels between the group treated with indometha-
cin and DMQ (60 mg/kg body weight) (group IV). This suggests the potential of 2,3-dimethylquinoxaline in reducing the 
inflammatory response in ulcers, while slight differences were observed between group II and group III due to the higher 
mucosal damage caused by indomethacin. Biomarker analysis indicated that a 60 mg/kg dose of DMQ is needed for 
maximum anti-ulcer activity. As other studies showed, to suppresses pro-inflammatory markers (TNF-α, IL-6 IL-β1).13

Clinical biomarkers like COX-2, iNOS, TNF-α, IL-1, IL-6, and mucin were used to assess the pharmacodynamic 
activity of DMQ in ulcer treatment. Rats were divided into five groups, and in this context, histopathological studies 
showed a decreased in the total number of inflammatory cells and hemorrhage in the 30 mg/kg (DMQ) treatment group 
(group III) compared to the indomethacin-treated group (group II). However, the 60 mg/kg (DMQ) treated group (group 
IV) showed the restoration of normal epithelial tissue and minimal inflammatory cells, similar to the control group (group 
I). Omeprazole also displayed an anti-inflammatory effect, evident in the histopathological results and the reduction of 
TNF-α levels in stomach tissue, consistent with a previous study showing that omeprazole administration reduced serum 
TNF-α in an ethanol-induced ulcer model.36 Our findings corroborate previous studies, indicating that administering 
tetramethylpyrazine beforehand resulted in increased mucin levels and decreased TNF-α and IL-6 levels. Additionally, 
their research suggested that the group treated with tetramethylpyrazine showed enhancements in both morphological and 
histopathological aspects compared to the peptic ulcer group induced by indomethacin.37

It is also believed that NSAID-mediated gastropathy may be facilitated by a reduction in mucin levels in the stomach 
mucosa. As a result of maintaining mucus formation, reactive oxygen metabolites may be partially but significantly 
protected from causing damage.9,38 Based on our findings, the amount of gastric mucus was decreased by stomach ulcers. 
As a result, the mucosal membrane may be less likely to prevent the mucosa from harm and hydrogen ion back diffusion, 
which could impede epithelial healing.

The measurement of gastroprotective mediator PGE2 suggested a huge decrease in the indomethacin group, while rats 
pre-treated with omeprazole or DMQ showed a huge improvement in gastric PGE2 levels.11,13,18 Reduced PGE2 
synthesis plays a role in NSAID-induced gastric ulcers, as PGE2 is responsible for protecting the gastric mucosa by 
enhancing mucus secretion, keeping blood flow, and reducing acid secretion.10,11,39 PGE2 has also been reported to 
inhibit TNF-α production, consistent with our findings.36 Several key cytokines, including TNF-α, IL-6, IL-10, PGE2, 
and IL-1β, which are released by macrophages during inflammation, contribute to the understanding of the study.40 Based 
on these findings, a 60 mg/kg dose of DMQ proved to be significant in all the parameters mentioned above. Pretreatment 
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with esomeprazole increased gastric PGE2 levels, aligning with other reports that documented esomeprazole’s ability to 
raise PGE2 levels in rats with IND-induced ulcers.36 Omeprazole has been found to possess anti-ulcerative activity 
through the alpha-2 adrenergic receptor, which is directly related to gastroprotective cyclooxygenase-1 (COX-1) and 
PGE2.41,42 Additionally, omeprazole upregulates cyclooxygenase-2 (COX-2) and PGE2, contributing to ulcer healing 
through re-epithelization.38
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