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Abstract
Inflammatory markers has been implicated during NSAID-induced gastric ulcer as it enhances leukocyte adhesion which also contribute to lipid
peroxidation and decrease in antioxidants. Cucumis melo seeds (L. Indorous) is well known to contain some active component with strong anti-
inflammatory potentials. Therefore, this study aimed to investigate the effects of Cucumis melo seed extract (MECmS) on indomethacin-induced
stomach ulcers in male Wistar rats. Twenty-five male Wistar rats (n = 5, 130–150 mg) were randomly assigned to five groups: group 1 (water);
group 2 (indomethacin; 40 mg/Kg); group 3 (50 mg/Kg methanolic extract of Cucumis melo seeds; MECmS + indomethacin); group 4 (100
mg/kg MECmS + indomethacin); and group 5 (200 mg/kg MECmS + indomethacin). MECmS was administered 14 days prior to induction of
ulcers. Organs’ relative weights (RWO), total stomach acidity, ulcer score, and hematological parameters were assessed. MDA, catalase, protein
level, nitrite, and TNF-alpha were also measured. Induction with indomethacin led to significant (p<0.05) increase in gastric acidity, ulcer score,
relative stomach weight, MDA, TNF-alpha, and significant decrease in total protein, catalase, and nitrite level. Indomethacin also induced significant
necrosis of the tunic mucosal. Treatment with Cucumis melo seed extract reversed tunic mucosal necrosis and significantly induced the proliferation
of the gastric mucosal gland. Cucumis melo seed extract also significantly increased total protein, catalase, and nitrite level, while it significantly
reduced ulcer score, gastric acidity, MDA and TNF-alpha levels. Cucumis melo possess antiulcer and anti-inflammatory properties; hence can be
explored as a novel anti-ulcer drug.
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1. Introduction

One of the things that contribute to the development of ulcers is inflammation. Gastric ulcer disease can be caused by three major
factors; stress, non-steroidal anti-inflammatory drugs (NSAIDs), and Helicobacter pylori infection and they have an impact on the
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etiology of ulcer which can be duodenal, gastric or both [1, 2]. It is believed that an imbalance between factors affecting mucosal
integrity and aggressiveness causes stomach ulcers. Prostaglandin inhibition decreased bicarbonate concentration, and decreased
stomach blood flow are examples of mucosal integrity variables that are correlated with a decrease in gastric ulcer development,
while increased gastric acid and pepsin secretion are associated with an increase in aggressive factors [3].

Ibuprofen, naproxen, and indomethacin are frequently used as analgesics and anti-inflammatory and they act by preventing the
creation of prostaglandins [3–5]. Numerous scientific and epidemiological research have demonstrated the role that NSAIDs play in
reducing the rate of colorectal cancer (CRC) [6, 7]. In a study that employed meta-analysis, it was discovered that mortality rate and
CRC incidence can be reduced by 30–40% through the use of aspirin for period of roughly five years [8, 9]. However, it is impossible
to ignore its detrimental effects on the digestive system. NSAIDs generally are known for their ability to disruption prostaglandin
production by blocking cyclooxygenases’ ability to produce prostaglandin in the gastric mucosa [10]. Since Ibuprofen, indomethacin
and aspirin have been reported as examples of NSAIDs to cause gastric ulcers, lipid peroxidation (which is triggered by free radicals
and a reduced antioxidant system) is a crucial step in the toxicity mechanism of these drugs. This is linked to the radical destruction
of cellular antioxidant defence systems, which in turn causes oxidative damage in the stomach [11].

Studies have shown that TNF-α is upregulated in response to gastric mucosal injury induced by NSAIDs. TNF-α contributes
to the inflammatory response by promoting the recruitment of immune cells, enhancing the expression of adhesion molecules (like
ICAM-1), and inducing the release of other inflammatory cytokines (such as IL-1 and IL-6). This cascade exacerbates mucosal
damage and can lead to increased gastric permeability and epithelial cell apoptosis [12].

Notably, mucosal injury is also facilitated by nitric oxide (NO), a modulator of gastrointestinal (GIT) mucosal defense. NO
synthesis is mediated by nitric oxide synthase (NOS). It can be either inducible (iNOS) or constitutive (cNOS). The iNOS is usually
found in the neutrophils and macrophages [13], while the cNOS which has two isoforms, neuronal (nNOS) and endothelial (eNOS)
can be found in the stomach mucosa [14]. The properties of the NOS synthesized vary in the digestive system, while iNOS has a
cytotoxic property, cNOS is cytoprotective [15]. Low concentrations of nitric oxide produced by cNOS help to preserve the integrity
of the epithelial tissues by enhancing the blood flow to the mucosa in the GIT system [16]. Nitric oxide’s anti-inflammatory properties
are due to its ability to prevent leucocyte activation, adhesion, and migration [17].

Mechanisms of interventions utilized in conventional medicine against ulcers include H2 histamine receptor inhibitors (such as
Cimetidine), mucosal defense agents (such as Sucralfate), gene therapy, prostaglandin analogs and proton pump inhibitors (PPIS;
such as Omeprazole) [18]. Each of these drugs comes with mild to severe side effects, which has led to a search for nontoxic,
readily available, and affordable antiulcer drugs [19, 20]. Medicinal plants that have been researched for their antiulcer ability
include; Spondias mombin, Ficus exasperate, and Cucumis melo (L. Inodorous) to name a few. It has been discovered that Cucumis
melo also known as honeydew melon, is useful in the treatment of experimentally induced ulceration brought on by NSAIDS such as
ibuprofen [3]. Studies have shown that both the Cucumis melo pulp and its methanolic extract include substances such as polyphenols,
terpenoids, cardiac glycosides, alkaloids, and steroids, which are elements that are likely conferring its antiulcer capacity on C. melo
[21–23]. According to reports, C. melo is said to possess anti- ulcer properties due to its ability to reduce the lipid peroxidation,
total stomach acidity, ulcer score, ulcer index, and H+/K+ ATPase activity, cucumis melo considerably preserves the integrity of
the gastric mucosa during ibuprofen induced gastric ulceration [3]. However, there is unclear evidence about the effect of C. melo
on inflammation during GIT ulceration. Therefore, this study investigated the impact of the methanolic extract of Cucumis melo
(MECmS) on inflammation and ulcers in the gastrointestinal tract induced by indomethacin.

2. Materials and methods

2.1. Chemicals and reagents

Normal saline, Methanol, 30% Trichloroacetic acid (TCA), 10% formalin, 40mg/kg indomethacin stock solution, Phosphate
buffer (0.01M, pH 7.0), Dichromate/acetic acid, 0.1M NaOH solution, NaH2PO4, Griess reagent, 0.75% Thiobarbituric acid (TBA),
N-Hexane, Xylazine, 0.15M Tris-KCl buffer, ketamine, 0.3mM Adrenaline, Na2HPO4 Phenolphthalein, 5% K2Cr2O7 (Dichromate
Solution), NaOH, potassium iodide, CuSO4. 5H2O, (BDH Chemicals, England), 0.05M Carbonate buffer (pH 10.2), KI (BDH
Chemicals, England), 0.2M H2O2 (Hydrogen peroxide).

2.2. Collection, Authentication and Methanolic extraction of Cucumis melo L.

Cucumis melo was acquired from a fruit farm in Jos and authenticated at the Herbarium and Ethnobotany Unit, Department of
Medicinal Plant Research and Traditional Medicine, National Institute for Pharmaceutical Research and Development (NIPRID) by
Akeem A. Lateef. A Specimen with voucher number: NIPRD/H/7216 was deposited at the Herbarium. The seeds were allowed to
air dry, and pulverized using an electric blender. 200 g of the air-dried seeds were defatted with n-hexane using a Soxhlet extractor
for 24 hours at a boiling point between 40 – 60 ◦C. After being defatted and dried, the marc was packed and extracted for 10 hours
using methanol. In order to allow the methanol to fully escape, the concentrated methanol extract was exposed to air.
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Figure 1. demonstrates the impact of MECmS on relative stomach weight change following ulcer induction. Bars are indicative of mean values ±
SEM of group values. is used to express all data as mean SEM. *indicates a significant (p<0.05) difference from group 1. **Noteworthy in contrast
to group 2.

2.3. Animals

Twenty-five male Wistar rats weighing between 130 and 150 grams were acquired from the Department of Physiology at Baze
University College of Medicine in Abuja. The National Institutes of Health’s guides for laboratory animal care, National Institutes
of Publications No. 8023, revised 1978, was followed for both animal maintenance and experimental techniques. Animals in the
control and experimental groups were housed separately in closely monitored environments in compliance with the National Research
Council’s Guide for the Care and Use of Laboratory Animals and EU Directive 2010/63/EU for animal research.

2.4. Animal grouping

1. water, rat pellets (Negative Control)
2. 40 mg/kg Indomethacin induced ulceration without treatment (Positive Control)
3. 50 mg/kg of methanolic Cucumis melo seed extract + Indomethacin; 40 mg/Kg
4. 100 mg/kg of methanolic Cucumis melo seed extract + Indomethacin; 40 mg/Kg
5. 200 mg/kg of methanolic Cucumis melo seed extract + Indomethacin; 40 mg/Kg
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Figure 2. Impact of Cucumis melo seeds methanolic extract on stomach acidity following ulcer induction. The mean SEM, p<0.05, is used to express
all values. * Significant in relation to group 1; ** Significant in relation to group 2.

2.5. Pretreatment with MECmS and Induction of Gastric Ulcer

MECmS were administered orally for a duration of 14 days prior to ulcer induction. Gastric ulcer was induced with 40 mg/Kg
of Indomethacin after a 24-hours fast (rats had unlimited access to water during the fast). Rats were euthanized after 6 hours of
receiving indomethacin. The blood was collected and organs of interest were harvested and stored for further analysis [24].

2.6. Assessment of gastric ulceration by scoring

The ulcer index was used to grade and express gastric lesions in the fundic stomach, following the method outlined by Adinortey
et al. [25]. The total sum of all scores divided by the overall number of animals produces the mean ulcer index.

zero = no damage; one = blood at the lumen; two = pinpoint erosions; three = one to five small erosions <2 mm; four = more
than five tiny erosions <2 mm; five = one to three big erosions >2 mm; and six = more than three large erosions >2 mm.

2.7. Measurement of gastric acid secretion

A 10 ml beaker was filled with 1 ml of gastric content, diluted with 0.01M sodium hydroxide (NaOH) and 2-3 drops of phenolph-
thalein until the solution took on a pink hue. It was noted and read how much of NaOH had been added. Equation (1) was used to
determine the gastric acidity of the stomach contents:

Acidity =
Volume o f NaOH x NaOH Normalcy x 100g

0.1
. (1)
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Figure 3. The impact of Cucumis melo seeds methanolic extract on ulcer score following ulcer induction. Every value is given as mean SEM, p<0.05.
* as significant as group 1; ** as significant as group 2.

2.8. Measurement of relative stomach weights

The relative weighted stomach was evaluated using equation (2).

Relative weight o f S tomachs =
A
B

x 100, (2)

where A = weight of stomach; b = weight of animal.

2.9. Measurement of hematological parameters

The hematological parameters; PCV, red blood cell (RBC), white blood cell (WBC), neutrophil, monocyte, lymphocyte, and
eosinophil were measured using an auto-analyzer instrument (SFRI blood cell Counter, H18 light, France).

2.10. Assessment of Biochemical parameters

A section of the stomach tissue was excised to be used for histological analysis, while the remaining stomach tissue was homog-
enized in phosphate buffer and centrifuged in a cold centrifuge. The supernatant fraction was obtained and stored in the freezer.
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Figure 4. demonstrates how the MECmS affects the quantity of protein following the formation of ulcers. Every value is presented as mean SEM,
with p<0.05. * Significant compared to group 1; ** significant compared to group 2.

2.11. Lipid peroxidation
Lipid peroxidation was assessed by measuring the malonaldehyde (MDA); a product of lipid peroxidation in the stomach tissue.

This was carried out in accordance with Varshney and Kale’s work [26]. The protein content of the stomach tissue was evaluated
using the Biuret method [27]. Catalase was assessed utilizing Clabiorne’s technique.

2.12. Tumor Necrosis Factor Alpha Concentration (TNF-α)
Colorimetric assay using Cloud-clone SEA133RA 96 Test kits. ELIZA kits were utilized to test the levels of tumor necrosis

factor alpha (TNF-α).

2.13. Nitrite level
Evaluation of the nitrite level was done according to the modified method of Ignarro et al. [28], which was first described by

Griess in 1879.

2.14. Histological evaluation
Portions of stomach’s tissues which were excised for histological examination were preserved in 10% buffered formalin. Tissues

were dehydrated and embedded in paraffin wax and sectioned at 5µm using a LICA microtome. The sections were mounted, deparaf-
finized by immersion in xylene, and rehydrated through a series of graded alcohols, then water. Thereafter, the slides were stained
with standard hematoxlin and eosin (H&E) dyes and examined under a light microscope. Lesion scores were compared using the
following semi-quantification technique.
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Figure 5. demonstrates how a methanolic extract from Cucumis melo seeds affects catalase activity following ulcer induction. The mean ±SEM,
p<0.05, is used to express all values. Significant differences between groups 1 and 2 are indicated by an asterisk (**).

3. Statistical analysis

Every piece of data is displayed as mean ± standard error of mean (SEM). The means were compared using one-way ANOVA
while Bonferroni Post Hoc analysis was used for pair-wise comparisons. Differences (F values) were considered to be significant
when p value is less than 0.05; p<0.05. All statistical analysis were carried out using Graph Pad Prism version 5.0.

4. Results

4.1. Cucumis melo seeds decreased organ toxicity in indomethacin-induced ulcers

A significant (p<0.05) increase in the relative stomach weight of rats in group 2 (untreated ulcer group) was observed in com-
parison to group 1 (normal rats) as shown in Figure 1. Pretreatment with MECmS led to a significant decline in the relative stomach
weight as compared to group 2, and this was observed in all the doses of MECmS administered. Also, induction of ulcer with
Indomethacin led to a significant rise in the total gastric acidity of rats in group 2, which was not observed in groups pretreated with
MECmS when compared with the normal rats (Figure 2). Furthermore, the significant increase observed in the ulcer score of group
2 following indomethacin administration, was not seen in groups pretreated with MECmS.
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Figure 6. Impact of MECmS extract on MDA protein expression following ulcer induction. Every value is given as mean± SEM, p<0.05. * as
significant as group 1; ** as significant as group 2.

4.2. The impact of Cucumis melo seeds methanolic extract on ulcer score

According to Figure 3, group 2’s ulcer score increased significantly (p<0.05) when compared to group 1. When compared to
group 2, the administration of a MECnS significantly reduced the stomach ulcer score in groups 3, 4, and 5. p<0.05.

4.3. Impact of Cucumis melo seeds on hematological parameters in indomethacin-induced ulcers

The effect of Cucumis melo methanolic extract on hematological biomarkers is displayed in Table 1. There was a significant
decrease in the hemoglobin and red blood cells after inducing ulcers while white blood cells (WBC), neutrophils, lymphocytes, and
N/L ratio significantly increased when compared to the normal rats. Supplementation with 100mg/Kg MECmS prior to indomethacin
administration, resulted in a significant decrease in WBC, neutrophils, lymphocytes, and N/L ratio in comparison with the untreated,
ulcer control group. In addition, 100mg/Kg MECmS, significantly raised the PCV and hemoglobin levels when compared with
untreated ulcer groups. 50mg/kg MECmS also modulated hematological parameters when compared to the untreated, but not sig-
nificantly, except for N/L ratio which was significantly abated. Similarly, 200mg/kg MECmS modulated hematological parameters
when compared to the untreated, but not significantly, except for PCV that was significantly elevated.

4.4. Cucumis melo seeds enhanced antioxidant status and prevent oxidative stress in indomethacin-induced ulcers

The effect of Cucumis melo seeds on antioxidant enzyme; catalase (CAT), total protein levels and lipid peroxidation marker
(MDA) is showcased in Figures 4, 5 & 6. Induction of ulcer using indomethacin caused a significant decrease in CAT activity, total
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Table 1. Effect of pretreatment with Cucumis melo seeds on hematological parameters in indomethacin-induced ulcer.
Parameters Group 1 Group 2 Group 3 Group 4 Group 5
PCV 55.13±2.81 40.33±4.18∗ 43.63±1.73∗ 62.00±6.35∗∗ 47.00±1.73**
Hemoglobin 18.38±0.94 13.44±1.39* 14.54±0.58 20.67±2.18** 15.67±0.58
RBC 9.65±0.58 6.20±0.55* 6.90±0.55 10.16±0.84** 6.95±0.14
WBC 3.08±0.34 6.40±0.17 6.20±2.07 4.34±0.64* 6.03±0.33
Neutrophils(N) 0.00±0.00 36.67±3.33* 32.00±0.00 3.85±0.20** 34.33±4.33
Lymphocytes(L) 0.00±0.00 57.33±3.93* 58.00±0.00 86.90±0.64** 58.33±4.41
N/L Ratio 0.00±0.00 0.625±0.0.96* 0.55±0.00** 0.44±0.0027** 0.61±0.13
All values are presented as Mean ±SEM, P<0.05; * significant as compared to group 1, **
significant compared to group 2. PCV- pack cell volume, RBC- red blood cells, WBC- white
blood cells, N/L ratio- Neutrophils-Lymphocytes ratio.

protein concentration and a significant rise in MDA levels when compared to normal rats. Administration of all doses of MECmS
prevented the significant decrease in protein and CAT activity while significantly inhibiting lipid peroxidation (MDA levels) in
comparison with untreated ulcer group. It is noteworthy that 100 mg/Kg MECmS significantly inhibited rise in MDA levels in
pretreated rats as comparable to normal rats.

4.5. Cucumis melo seeds inhibits inflammation and protects the GIT lining in indomethacin induced gastric ulceration

Induction of gastric ulcer with indomethacin triggered significant increase in the TNF-α concentration and significant decrease
in nitrite levels in untreated group. Intervention with MECmS significantly impeded the elevation of TNF-α levels while enhancing
nitrite oxide concentration in treated ulcer groups as shown in Figures 7 & 8.

4.6. Cucumis melo attenuates visible ulceration of the gastric mucosa in indomethacin-induced gastric ulceration

. Sections of the stomach displayed in Figure 9, an intact gastric mucosa in A(group 1:normal rats), while erosion of the gastric
mucosa with the presence of more than 10 petechial hemorrhages was observed in untreated ulcer groups(B:group 2). In C- E (group
3-5), the groups pretreated with varying doses of MECmS, show a significant decrease in peechail hemorrhage and erosion in the
gastric mucosa of the rats.

Figure 9a shows Group 1 (normal rats) with intact gastric mucosa, Figure 9b also displayed Group 2 (untreated ulcer group) and
the group had petechial hemorrhages with severely eroded gastric mucosa, Figure 9c shows Group 3 pretreated with 50mg/kg MCmS
+ indomethacin and it presented some ulceration with moderately eroded mucosa, Figure 9d shows Group 4 (100 mg/kg MCmS +
indomethacin) wih mildly eroded mucosa with little ulceration, and Figure 9e shows Group 5 (200mg/kg + indomethacin) displayed
no visible ulceration with light erosion of the gastric mucosa.

4.7. MECmS repairs the gastric mucosa of the indomethacin-induced gastric ulceration

Findings from the histological examination of the stomach tissues are revealed in Figure 10. The micrograph section of A(Group
1) shows normal histo-architecture, the gastric mucosa is thick (black star). There is mild localized loss of the mucosa epithelium
(thin, black arrow). The mucous (red arrow) and parietal (green arrow) cells in the stomach glands appear normal. The B(Group 2)
shows notable vascular alterations, including a wide-area of severe, tunic mucosal necrosis (thick black arrow) and the formation of
modest numbers of inflammatory cells (An arrow should describe this on the H&E micrograph).

In C(Group 3) contains large areas of moderate epithelial loss (thick black arrow). A significant proliferation of the stomach’s
mucosal glandular cells was noticed (red arrow). The tunic submucosa (black star) appears modestly enlarged due to oedema fluid
and the deposition of mononuclear cellular aggregates. The stomach mucosa in D(group 4), is thick (black star), with few regenerative
glands with flattened epithelium and dilated lumens (thin black arrow). The parietal (green arrow) and mucous (red arrow) cells of
the stomach glands exhibit various degeneration. Blood vessels are moderately congested (thick black arrow). E(Group 5) shows
focus of necrosis as well as loss of gastric mucosa tips (arrow to indicate this). There are regenerated gastric glands with dilated
lumens (red arrows). There is a slight buildup of inflammatory cells near the base of the tunic mucosa (thin black arrow) as shown in
Figure 10.

5. Discussion

In this study, the anti-ulcer potential of methanolic extract obtained from Cucumis melo on indomethacin-induced ulcers in
the stomach of male Wistar rats was successfully investigated. Indomethacin, an NSAID, is used to treat pain, inflammation, and
hyperpyrexia in newborns, as well as patent ductus arteriosus [29]. Indomethacin is also said to have some anticancer properties
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Figure 7. MECmS on TNF-α levels in indomethacin-induced stomach ulcers; all results are mean± SEM, p<0.05. * -significant as compared to
group 1, ** significant compared to group 2.

[30, 31]. Despite its multiple benefits, Indomethacin produces upper gastrointestinal discomfort, which can lead to ulcers, preventing
its use [32, 33].

The increase in the stomach relative weight of animals treated with indomethacin is most likely due to bleeding, edema, necrosis,
and inflammation caused by indomethacin-induced damage to the stomach mucosa. Pretreatment with MECmS dramatically reduces
stomach weight. The findings from this study revealed that the methanolic extract of Cucumis melo increases blood flow by increasing
RBC, PCV, and haemoglobin levels (Table 1). Increased blood flow aids in the flow of nutrients and oxygen to the site of injury,
improving hemodynamics is important in the healing process, and this helps to increase the rate of healing in the stomach mucosa
[34]. The increased neutrophils, lymphocytes, and white blood cells upon induction with indomethacin is indicative of gastric tissue
inflammation. This could have led to the recruitment of the body’s cellular defense mechanism and infiltration of inflammatory cells
at the site of injury as shown in Figure 10 [35]. The administration of MECmS decreased the WBC, lymphocytes, and neutrophils,
especially the 100 mg/Kg, thereby significantly abating inflammation.The increased gastric acidity and ulcer score as shown in
Figures 2 and 3 are abated by MECmS may be attributed to its ability to increase the proliferation of the mucosal glandular cells.
The gastric mucosal glands play important roles in protecting the stomach lining as they secret mucus and bicarbonate, hydrochloric
acid, intrinsic factor, pepsinogen, and various hormones which work together to break down food, absorb nutrients, and protect the
stomach’s lining [36]. In the pathophysiology of stomach ulceration, a rise in total gastric acidity has been identified as the primary
cause of gastrointestinal damage. Gastric acidity is linked to increased H+ concentration and low pH. It is reported that an imbalance
in gastric acidity termed the “offensive and defensive” factors results in ulceration [37]. In this study, indomethacin increased the total
gastric acidity probably through its ability to alter defensive factors such as blood flow (decreasing the RBC, HB, PCV), and mucosal

10



Adebayo-Gege et al. / African Scientific Reports 3 (2024) 189 11

Figure 8. Cucumis melo methanolic extract on the nitrite level in stomach ulcers caused by indomethacin. Every value is given as mean SEM,
p<0.05. * -significant as compared to group 1, ** significant compared to group 2.

glandular cells (responsible for mucosal bicarbonate secretion). This is in consonance with previous researches we conducted [3, 37].
Pretreatment with MECmS before gastric ulcerative induction using indomethacin, showed that it was able to reduce total gastric
acidity by enhancing the proliferation of mucosal glandular cells and increasing blood flow (Figure 10 and Table 1).

Nitric oxide has a dual effect on the gastric mucosa by either enhancing the gastric mucosa defence or increasing reactive oxygen
species which damages the gastric mucosa. In this study, nitrite level was used to quantify the nitric oxide level because of its
instability. The nitrite level in indomethacin-induced group (group II) was significantly decreased, while it was enhanced by the
administration of MECmS in all the treatment groups. It is suggested that increase in nitrite level may have led to an increased nitric
oxide levels, which possibly conferred protection of the gastric mucosa by triggering blood flow in the gastrointestinal tract.

Increased MDA content in the stomach of indomethacin-ulcerated rats indicates increased lipid peroxidation and overproduction
of free radicals, which causes mucosal injury. Indomethacin increased gastric oxidative stress, by increasing MDA, and decreasing
antioxidant enzymatic activity (CAT) in the stomach, an important factor in the mechanism of indomethacin-induced toxicity [38].
These findings are in harmony with the reports by Ajeigbe et al. [39]. The administration of MECmS prevented lipid peroxidation by
increasing antioxidant activities such as catalase and protein levels, which is indicative of its gastro-protective properties Adebayo-
Gege et al. [3, 37] revealed that Cucumis melo contains phytochemicals such as terpenoids, cardiac glycosides, steroids, phenols,
flavonoids, and alkaloids. Phenolic acids are said to be strong antioxidant and beneficial to general health, with a alkaloids, tannins
and flavonoid contents that are active in mopping and chelating reactive oxygen species [3, 37]. These bioactive compounds present
in Cucumis melo is suggestive of its strong antioxidant properties.

Indomethacin increased TNF-α level in group 2 compared to other groups, indicating cytokine invasion and stimulation of gastric
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Figure 9. Gross morphology showing effect of MCmS on the stomach mucosa of the indomethacin-induced gastric ulceration.
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Figure 10. Gross morphology showing effect of MCmS on the stomach mucosa of the indomethacin-induced gastric ulceration.

mucosal inflammatory pathways, which is consistent with previous studies [40]. Treatment with MECmS inhibited indomethacin-
stimulated gastric mucosal inflammation by decreasing the TNF-α level. This can also be attributed to anti-inflammatory phyto-
chemicals in the seeds such as amentoflavone and Gallic acid [41, 42]. The gross morphology of the gastric mucosa of the groups
pretreated with Cucumis melo, showed a decrease in the hemorrhage streaks and erosion compared to the indomethacin-induced
group, which was confirmed by the histological examination. The histological analysis affirmed that indomethacin disrupts the gas-
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tric mucosa by generating a locally broad focus of severe tunic mucosal necrosis (Figure 10), and the buildup of moderate numbers
of inflammatory cells. However, treatment with MECmS promoted gland regeneration, reduction in inflammatory cells, and epithe-
lial layer degradation. This was validated by the gross morphology results, which displayed significant healing of the ulceration in
MECmS-treated groups.

6. Conclusion

Findings from this study show that methanolic extracts of Cucumis melo seeds possess antiulcer properties due to their ability to
reduce total gastric acidity, pro-inflammatory cytokine (TNF-α), ulcer score, and lipid peroxidation. Furthermore, this suggested that
Cucumis melo seeds have both anti-secretory and anti-inflammatory properties, which showcases it as a therapeutic agent that can be
explored against gastric ulceration.

Data availability

The data underlying the findings of this study can be obtained upon request from the corresponding author.
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