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Abstract: Ulcer is defined as a rupture in the skin or mucus membrane with loss of surface tissue. It has defects in the epithelium, 
caused by a lesion with a lost epithelial layer in the stomach or diffused loss of mucosal layer within the oral cavity. The present 
study aimed to investigate the preliminary screening of Momordica charantia Linn. leaves for oral and stomach ulcers. The leaves of 
Momordica charantia Linn. were extracted with different solvents with increasing polarity. Preliminary phytochemical tests were 
carried out to detect the presence of various chemical constituents in petroleum ether, chloroform, ethyl acetate, ethanol, and 
aqueous extracts. Initial screening was done for the antiulcer effect on ethanol-induced stomach ulcers and glacial acetic acid oral 
ulcers. The antiulcer effect was observed by they measured the ulcer index, percentage inhibition of ulcer, gastric pH, total acidity, 
and gastric volume. In addition, biochemical assessments of proinflammatory mediators (TNF-α, IL-6, and PGE-2) were performed 
in mucosal tissues. Results of phytochemical screening revealed the presence of steroids, terpenoids, alkaloids, flavonoids, tannins, 
glycosides, and phenolic compounds. Results of in vivo study showed that the antiulcer effect was observed in a dose-dependent 
manner. Ethanolic extract of Momordica charantia Linn. with 200 and 400mg/kg b.w. Doses have significant antiulcer potential and 
were comparable to the standard (Omeprazole and ORASORE Gel). A significant (p<0.05) reduction in ulcer index and percent 
inhibition was observed in the stomach and oral cavity ulcers. Furthermore, the practical (p<0.05) restoration of inflammatory 
mediators indicated a supporting mechanism of ulcer healing of ethanolic extract. In conclusion, the antiulcer effect was shown in 
a dose-dependent manner may be due to the presence of secondary metabolites like phenolic compounds viz., flavonoids, and 
tannins in the ethanolic extract of Momordica charantia Linn. 
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1. INTRODUCTION 
 
An ulcer is one of the most common diseases in the mucous 
membrane or soft tissues, generally by breakdown or rupture 
in different body organs. Oral ulcer in the oral cavity habitually 
occurs on the lip, cheeks, and tongue edges with white or 
yellow color and burning, painful condition. Ulcer in the tissue 
is inclined to many infections, inflammation, and necrosis in 
tissue 1. An oral ulcer may be acute or chronic and could be 
single or multiple. The ulcer area is covered with a yellowish 
fibro membrane layer during the healing process starts 2. A 
stomach ulcer is a gastric lesion occurring due to an imbalance 
between aggressive factors like pepsin and helicobacter pylori 
and defensive factors such as bicarbonate ions, prostaglandin, 
mucin, and another factor that has been concerned with the 
pathogenesis of stomach or gastric ulcer is oxidative stress in 
the gastric mucosa 3. Previous studies have shown a positive 
relationship between increased free radicals and the extent of 
gastric ulceration in experimental animals. Currently, several 
synthetic drugs are available to treat ulcers, including proton 
pump inhibitors and H-2 receptor antagonists that reduce 
gastric acid secretion; sucralfate, colloidal bismuth substrate 
acting as physical barriers or increasing the bicarbonate 
secretion, and mucous prostaglandin analogous are available 
for the treatment of peptic ulcers, but clinical evaluation of 
these drugs has shown the incidence of relapses and various 
side effects. It may cause nausea, dryness of mouth, atrophic 
gastritis, and osteodystrophy 4. A new approach for managing 
oral and stomach ulcers is using cytoprotective agents that can 
also modulate antioxidant defense. Most of the remedies were 
taken from plants and proved helpful in the indigenous system 
of medicine. Nature has always been a valuable source of 
drugs. Plants are a rich source of active principles and 
antioxidants. So there has been growing interest in identifying 
and syntonically authenticating agents that have traditionally 
been used in folk medicine to treat ulcers and other related 
diseases. The present study aimed to explore new therapeutic 
effects of Momordica charantia leaves for antiulcer potential. 
Momordica charantia Linn. belonging to the family 
Cucurbitaceae, known as bitter melon, is used not only as a 
vegetable but also in traditional medicine. The plant is widely 
grown in tropical and subtropical areas, including Africa, South 
America, and Asia. The leaves of Momordica charantia Linn. 
pharmacological scrutinizes been revealed to possess a range 
of anti-inflammatory and hypoglycemic activities 5. Momordica 
charantia Linn. (bitter melon) has been used traditionally for 
thousands of years. Every part of the plant exhibits 
pharmacological action, including the seeds, roots, and leaves 
which have anti-mutagenic activity, the juice of the leaves was 
applied externally to cure chronic disorders of the skin as well 
as in treating burns, boils, and eruptions. In addition, the 
ingestion of the plant may help to control excessive sugar in 
the urine and blood 6. Secondary plant metabolites such as 
flavonoids, alkaloids, tannins, and saponins are responsible for 
antiulcer activity 7

. Phytochemical screening of the leaves 
extract of Momordica charantia Linn. revealed the presence of 
saponins, steroids, tannins, glycosides, alkaloids, and flavonoids 
8. thus, it can reduce mucosal damage. The objective of the 
present research work was to investigate the therapeutic 
efficacy of Momordica charantia Linn. leaves extracts against 
oral and stomach ulcers. 
 
2. MATERIAL AND METHODS 
 
2.1 Plant material collection and authentication 
 

The fresh leaves of Momordica charantia Linn. were collected 
in the month of August 2018 from the herbal garden RKDF 
University, Bhopal, M.P. and identified & authenticated by the 
Department of Botany APS University, Rewa M.P., India. 
Herbarium specimens were prepared and deposited with 
voucher specimen No /B/PAN/484. 
 
2.2 Preparation of plant extracts 
 
The freshly dried leaves of Momordica charantia Linn. were 
shattered and screened with 40 mesh. Shade-dried coarsely 
powdered leaves (250 g) was loaded in Soxhlet apparatus and 
were successively extracted using an organic solvent with 
increasing polarity order i.e., petroleum ether (60-62°C), 
Chloroform, Ethyl acetate, Ethyl alcohol, and aqueous until the 
extraction was complete. After completion of extraction, the 
solvent was removed by distillation. The extracts were dried 
using a rotator evaporator. The residue was then stored in a 
desiccator, and the percentage yield was determined 9. 
 
2.3 Phytochemical screening 
 
Phytochemical screening was carried out to get the presence 
of various phytocompounds viz flavonoids, saponins, 
glycosides, alkaloids, carbohydrates, tannins, and phenols in 
different leaves extracts of Momordica charantia Linn. using 
standard methods 10. 
 
2.4 Determination of Total Phenolic and Flavonoid 

Content  
 
The total phenolic content of the ethanol extract of Momordica 
charantia leaves was determined by the standard method using 
Folin-Ciocalteu reagent 11. A reaction mixture contained 
500μ l of 0.1% diluted extract, 2.5 ml of 0.2M Folin-Ciocaletu 
reagent, and sodium carbonate solution (2 ml). The sample 
mixture was placed in the dark under suitable 
temperature/conditions for 30 min to proceed with the 
reaction. Measurements of absorbance of the sample mixture 
were taken at 760nm in a UV–Vis spectrophotometer 
(Shimadzu, USA). With the help of standard gallic acid, the 
total phenolic content was expressed as mg of gallic acid 
equivalents per gram of extract. The full range of flavonoids in 
the ethanol extract of Momordica charantia leaves was 
calculated using the colorimetric assay method of aluminum 
chloride. In this method, a small section was taken in a test 
tube containing 3.4 ml of 30% methanol solvent, 0.15 ml of 
0.5M sodium nitrite (NaNO2), and 0.15 ml of 0.3 M 
AlCl3.6H2O were mixed properly trough shaking. After 5 min, 
one ml of one M NaOH was added with continuous mixing, 
and absorbance was measured at 510 nm 12. With the help of 
pure quercetin, preparing a standard curve and the content 
were determined in the sample.  
 
2.5 Experimental animals 
 
Whole animal experiments were performed in accordance 
with the guidelines issued by the Institutional Animal Ethics 
Committee (IAEC), Vedica College of B. Pharmacy, RKDF 
University, Bhopal MP. The animals were used with permission 
number IAEC/VCP/2019/001/7, as per the Committee for the 
Purpose of Control and Supervision of Experiments on 
Animals (CPCSEA). Adult albino rats of both sex weighing 150 
to 180 g were used for the in-vivo antiulcer study. The animals 
were housed in clean polypropylene cages and maintained in a 
well-ventilated, temperature-controlled animal house with a 
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regular 12 hours’ light/dark schedule. The animals were fed 
with a standard rat pellet diet, and clean drinking water was 
made available ad libitum. 
 
2.6 Toxicity Study 
 
The acute oral toxicity studies were carried out per the 
guidelines of the Organization for Economic Co-operation and 
Development (OECD) 423. The acute toxicity of all extracts 
of Momordica charantia Linn. leaves were determined in albino 
rats. The animals were fasted overnight before the 
experiment. Animals were divided into 8 groups and the 
sections were administered orally to various groups of albino 
rats in doses ranging from 500, 1000, 1500, 2000, 2500, 3000, 
3500, and 4000 mg/kg for the acute toxicity study 13. 
Observation of all animals for any lethality in any of the groups 
after 7 days of treatment was noted. 
 
2.7 Experimental protocol  
 
Albino rats of 150-180g of both sexes were used for the study. 
All the animals were divided into 12 groups, with 6 in each 
group.  
Group I- indicated as Disease Control Saline 5 ml/kg p. o.;  
Group II-treated with Omeprazole 20 mg/kg p. o. for the 
ethanol-induced ulcer model and ORASORE Gel (Wings 
Biotech, Delhi) for the Glacial acetic acid-induced oral ulcer 
model 
Group III- treated with petroleum ether extract of Momordica 
charantia Linn. leaves (PEEMC) 200 mg/kg p. o.;  
Group IV- treated with petroleum ether extract of leaves of 
Momordica charantia Linn. leaves (PEEMC) 400 mg/kg p. o. 
Group V- treated with chloroform extract of leaves of 
Momordica charantia Linn. leaves (CEMC) 200 mg/kg p. o. 
Group VI- treated with chloroform extract of leaves of 
Momordica charantia Linn. (CEMC) 400 mg/kg p. o.  
Group VII- treated with ethyl acetate extract of leaves of 
Momordica charantia Linn. (EAEMC) 200 mg/kg p. o. 
Group VIII- treated with ethyl acetate extract of leaves of 
Momordica charantia Linn. leaves 400 mg/kg p. o. 
Group IX- treated with ethanol extract of Momordica charantia 
Linn. leaves (EEMC) 200 mg/kg p. o. 
Group X- treated with ethanol extract of Momordica charantia 
Linn. leaves (EEMC) 400 mg/kg p. o.  
Group XI- treated with aqueous extract of Momordica 
charantia Linn. leaves (AEMC) 200 mg/kg p. o. 
Group XII- treated with aqueous extract of Momordica 
charantia Linn. leaves (AEMC) 400 mg/kg p. o. 
 
2.8 Antiulcer activity 
 
Ethanol-induced ulcer  
 
Momordica charantia Linn. leaves extract of 200 mg/kg, 400 
mg/kg, and Omeprazole 20 mg/kg was administered orally to 
48 hours fasted Albino rats. The ulcer was induced by 
administering 1 ml of 80 % ethanol orally to each animal. [14] 
After 1 hour, the albino rats were anesthetized using diethyl 
ether and then euthanized by cervical dislocation. The stomach 

was removed and opened along the greater curvature. All the 
stomachs were gently rinsed with water to remove the gastric 
contents and blood clots. The stomach along the greater 
curvature is pinned on a soft board for evaluating gastric 
ulcers. Each stomach was examined for lesions in the four-
stomach portion and indexed according to severity. The ulcer 
scoring was done, and the percentage protection was 
calculated 14.  

 

Glacial acetic acid-induced oral ulcer model. 
 
The albino rats were anesthetized with 3% sodium 
pentobarbital at an injection dose of 30mg/kg. Then, 40% 
glacial acetic acid was administered into the buccal membrane 
for 60 sec using a glass rod of a diameter of 7 mm and length 
of 10 cm, then, the cauterization parts were rinsed for 1 min 
to form a white lesion. Congestion and red swelling were 
observed in the area of the buccal. Yellow or white pseudo 
membrane covered the treated parts, indicating that the oral 
ulcer model was successfully established 15. All groups were 
observed macroscopically and ulcer index and percentage 
inhibition were calculated. After a week of duration, oral 
mucosa tissue samples were collected from each group, and 
antioxidants and cytokines assays were analyzed.  
 
2.9 Macroscopic evaluation  
 
The stomach was opened along the wider curvature, rinsed 
with saline and, extracted stomach contents and blood clots, 
and inspected for ulcer formation by a 10-lens magnifier 16. 
In the case of oral ulcer model, oral mucosal tissue was 
collected at the junction of the ulcer and normal mucosa from 
different treatment groups for morphological features of oral 
ulcer, e.g., hyperemia and the color of the oral mucosa. In 
addition, the number of ulcers were counted. 
Scoring of ulcers was observed as in the following manner: 
Standard color ….... (0) 
Red coloration…....... (0.5) 
Spot ulcer….........…. (1)  
Hemorrhagic streak… (1.5) 
Deep Ulcers….................… (2) 
Perforation…..........… (3) 
Each experimental animal's mean ulcer score is expressed as 
the ulcer index. The Percentage of protection against ulcers 
has been given as follows. The Ulcer Index (UI) was calculated 
using the formula: 
 

 
UI = UN + US + UP × 10-1 

 
 

Where- 
UI= Ulcer Index;  
UN = Average number of ulcers per animal;  
US = Average number of severity scores;  
UP = Percentage of animals with ulcers 
Percentage inhibition of ulceration
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2.10 Determination of total acidity in stomach ulcer 
model 

 
The total acidity of the gastric secretion was determined by 
taking an aliquot of 1 ml of gastric juice diluted with 1 ml of 
district water and was taken into 50 ml of the conical flask and 
titrated with 0.01N NaOH and phenolphthalein as indicator 
until the pink color was observed 17. The total acidity is 
expressed as mEquiv/l using the following formula: 
 

n×0.01×40×1000 

 
Where n is the volume of NaOH quantified, 40 is the 
molecular weight of NaOH, 0.01 is the normality of NaOH, 
and 1000 is the factor represented in liter. 
 
2.11 Determination of pH in stomach ulcer model 
 
An aliquot of 1 ml gastric juice was diluted with 1 ml of distilled 
water, and the solution's pH was measured using a pH meter. 
 

2.12 Measurement of gastric content in stomach ulcer 
 
The stomachs were removed and the volume of the gastric 
juice was collected and measured. 
 
2.13 Assessment of antioxidant parameters  
 
Assessment of stomach and oral mucosal tissues were 
collected from all experimental animal groups for antioxidant 
assay. Catalase was estimated following the breakdown of 
hydrogen peroxide according to method 17. The beers and 
Seizer method was used to determine the activity of the 
enzyme CAT. The activity was measured by reading 
absorbance at 240 nm at 30-second intervals for 3 min using a 
UV-visible spectrophotometer. Superoxide dismutase (SOD) 
was assayed 18 based on the enzyme's inhibition of epinephrine 
autoxidation. The SOD activity was measured as a degree of 
inhibition of auto-oxidation of epinephrine at an alkaline pH by 

the method.0.1 ml of tissue homogenate was added to the 
tubes containing 0.75 ml ethanol and 0.15 ml chloroform 
(chilled in ice) and centrifuged. Absorbance at 480 nm was 
measured by using Shimadzu UV visible spectrophotometer. 
Reduced glutathione (GSH) content was determined in tissue 
by an earlier reported method 19. Tissue homogenates were 
immediately precipitated with 0.1 ml of 25% TCA, and the 
residue was removed after centrifugation, and the absorbance 
was read at 412 nm using a UV visible spectrophotometer.  
 
2.14 Cytokines assays 
 
Cytokines parameters such as tumor necrosis factor-α  (TNF-
α ), Prostaglandin E2 (PGE2), and Interleukin-6 (IL-6) were 
assayed in the tissue samples by ELISA Reader 20. (Erba Lisa 
Scan EM, Mumbai). The assays were performed according to 
the protocol recommended by the manufacturer 
(TRANSASIA, Mumbai, India)  
 
3. STATISTICAL ANALYSIS 
 
Statistical analysis of the results was done by one-way analysis 
of variance (ANOVA) using GraphPad Prism 5 software, 
followed by the Bonferroni comparison test for significance. 
Significance has been set at (p<0.05) and compared to the 
inducer. Results were presented as Mean± S.D. 
 
4. RESULTS AND DISCUSSION 
 
4.1 Phytochemical Screening 
 
The plant material Momordica charantia Linn. leaves were 
collected and identified. Then, the powdered materials plants 
were successively extracted with petroleum ether, 
chloroform, ethyl acetate, ethyl alcohol, and water. Finally, the 
percent yields of each extract were calculated. The percent 
yields of extracts of Momordica charantia Linn. leaves were 12.8 
% w/w in petroleum ether, 11.2 % w/w in chloroform, 9.8 % 
w/w in ethyl acetate, 23.6 % w/w in ethanol, and 10.3 % w/w 
in aqueous (Table 1).

  
 

Table 1: Percentage yield of various extracts of Momordica 
charantia Linn leaves 

Extracts % Yield (w/w) 
Pet. Ether 12.8 

Chloroform 11.2 
Ethyl acetate 9.8 

Ethanol 23.6 
Aqueous 10.3 

 
The phytochemical analyses of all extracts were performed qualitatively for different phytoconstituents. The Momordica charantia 
Linn. leaves give positive tests of steroids, terpenoids, and fatty acids in petroleum ether, alkaloids, and terpenoid compounds in 
chloroform extract. 
 

Table 2: Qualitative tests of various extracts of leaves of Momordica charantia Linn leaves 

 
Phytoconstituents Tests 

Extracts 

Petroleum 
Ether 

Chloroform Ethyl 
Acetate 

Ethanol 
 

Aqueous  

Carbohydrates 

Molisch’s test _ _ _ _ + 

Fehling’s test _ _ _ _ + 

Tollen’s test _ _ _ _ + 
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Barfoed reagent test _ _ _ _ + 

Protein and amino acid 

Millon’s test _ _ _ _   _ 

Xanthoproteic test _ _ _ _   _ 

Ninhydrin test _ _ _ _   + 

Steroids and Terpenoids 

Liebermann-Burchard test + + _ + _ 

Salkowski test + + _ + _ 

Antimony trichloride test + + _ + _ 

Trichloro acetic acid test + + _ + _ 

Glycosides  

Keller–Killiani test _ _ _ + + 

Legal’s test _ _ _ + + 

Bontrager's test _ _ _ + + 

Alkaloids 

Mayer’s test _ + _ _ _ 

Dragendorff’s test _ + _ _ _ 

Wagner’s test _ + _ _ _ 

Hagger’s test  _ + _ _ _ 

Tannins & Phenolic compounds 

Ferric chloride test _ _ + + + 

Lead acetate test _ _ + + + 

Potassium chromatic test _ _ + + + 

Flavonoids 

Shinoda test _ _ + + + 

Ferric chloride test _ _ + + + 

Saponins      

Foam test _ _ _ _ + 

Test for fatty acid 

Spot Test + _ _ _ _ 

Saponification Test + _ _ _ _ 

 
- Negative, + Positive 

 

The ethyl acetate and ethanol extract contain flavonoids, tannins, Phenolic compounds, and glycosides. The aqueous extract was 
found the presence of saponins, glycosides, Tannins and Phenolic compounds, flavonoids and carbohydrates (Table 2).  
 
4.2 Total Phenolic and Flavonoid Content  
 
The results showed that the total phenolic content in the ethanol extract of Momordica charantia leaves was 64.71±2.08 mg gallic 
acid equivalent/g. The flavonoid content in ethanol extract of Momordica charantia leaves was found as 97.42±4.83 mg (quercetin 
equivalent) per 100 gm of ethanol extract (Table 3). 
 

Table 3. Total Phenolic and Flavonoid Content determination in ethanol extract  
of Momordica charantia leaves 

Quantitative test Methods Observation of extract 

Total Phenolic content Folin-Ciocaletu method 64.71±2.08 mg gallic acid equivalent/g 

Total Flavonoid Content Aluminum chloride method 97.42±4.83 mg (quercetin equivalent) per 100 gm 
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4.3 Acute toxicity study  
 

All extracts of Momordica charantia Linn. leaves were found 
safe in the dose used and there was no mortality up to an 
amount of 4000 mg/kg body weight. In the first to fourth step 
of the acute toxicity studies, no great signs of toxicity were 
observed at 2000 and 4000 mg/kg dosage. Therefore, there is 
a zero mortality 0/3 and total mortality 0/3, i.e., between 500 
and 4000 mg/kg. Based on the above study, the dose 200 and 
400 mg/kg p.o. was taken for the antiulcer activity. 
 

4.4 Determination of ulcer index 
 

The Momordica charantia Linn. leaves extracts were 
investigated for two different models i.e., Ethanol-induced 
stomach ulcer and Glacial acetic acid-induced oral ulcer model. 
Ethanol administration resulted in the production of gastric 
mucosal damage. The ulcer index of animals in ethanol induced 
ulcer model, in case of a disease control group of animals, was 
41.85±2.88. Ethanol extract of Momordica charantia Linn. 
leaves at the dose 200 mg/kg body weight and 400 mg/kg body 
weight treated animals showed 14.62±1.25 and 11.87±1.56, 
respectively that is significantly reduced the ulcer index at level 
(p<0.05) as compared to control group (Table 4 and figure 1). 
However, the reduction in ulcer index by other extracts was 
not found to be significant.

  

Table 4: Effect of different extracts of Momordica charantia Linn. leaves on Ulcer Index and percent inhibition 
in ethanol-induced ulcer model in albino rats 

Animal groups Ulcer Index % Inhibition 

Disease Control (Saline 5 ml/kg) 41.85±2.88 - 

Omeprazole (20mg/kg) 11.54±1.25* 72.42* 

PEEMC (200 mg/kg) 38.20±2.36 08.72 

PEEMC (400 mg/kg) 35.28±2.21 15.69 

CEMC (200 mg/kg) 29.55±1.72 29.39 

CEMC (400 mg/kg) 27.31±1.96 34.74 

EMC (200 mg/kg) 34.24±2.24 18.18 

EMC (400 mg/kg) 31.66±2.65 24.34 

EEMC (200 mg/kg) 14.62±1.25* 65.06* 

EEMC (400 mg/kg) 11.87±1.56* 71.63* 

AEMC (200 mg/kg) 28.30±2.27 32.37 

AEMC (400 mg/kg) 26.71±1.90 36.17 
 

n = 6, value represents Mean ± S.D. *P< 0.05 

 

 
 

Fig 1: Effect of different extracts of Momordica charantia leaves on Ulcer Index and percent 
 inhibition in ethanol-induced ulcer model 

 
Glacial acetic acid-induced oral ulcer shows the ulcer index of 
animals in the oral ulcer model, in the control group of animals, 
was 28.74±2.71. Ethanol extract of Momordica charantia Linn. 
leaves 200 and 400 mg/kg treated animals showed 11.75±0.84 

and 10.32±0.73, respectively and the ulcer index was 
significantly reduced (p<0.05) as compared to the control 
group (Table 5 and Figure 2). However, the reduction in ulcer 
index by other extracts was not found significantly.
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Table 5: Effect of different extracts of Momordica charantia Linn. leaves on ulcer index and percent inhibition 
in Glacial acetic acid-induced oral ulcer model in albino rats 

Animal groups Ulcer Index % Inhibition 

Disease Control (Saline 5 ml/kg) 28.74±2.71 - 

ORASORE Gel (Once a day) 09.62±0.89* 66.52* 

PEEMC (200 mg/kg) 25.34±1.56 11.83 

PEEMC (400 mg/kg) 22.64±1.82 21.22 

CEMC (200 mg/kg) 24.69±1.87 14.09 

CEMC (400 mg/kg) 21.45±2.32 25.36 

EMC (200 mg/kg) 20.96±1.65 27.07 

EMC (400 mg/kg) 19.64±1.28 31.66 

EEMC (200 mg/kg) 11.75±0.84* 59.11* 

EEMC (400 mg/kg) 10.32±0.73* 64.09* 

AEMC (200 mg/kg) 19.44±1.21 32.35 

AEMC (400 mg/kg) 18.55±1.62 35.45 
 

n = 6, value represents Mean ± S.D. *P< 0.05 

 

 
 

Fig 2: Effect of different extracts of Momordica charantia leaves on Ulcer Index and percent  
inhibition in Glacial acetic acid-induced oral ulcer model 

 
4.5 Gastric volume 
  
From the results, in control group the average gastric volume 
was found to be 5.08 ml, whereas the ethanolic leaf extract of 
Momordica charantia Linn. with dose of 200 mg/kg and 400 

mg/kg showed significantly reduced gastric volume of 2.48 and 
2.43, respectively as compared to control (Table 6 and Figure 
3). However, the gastric book shown by Omeprazole, a 
standard drug, was 2.72 ml, which is statistically significant 
(p<0.05) (Table 6 and figure 3).

 

Table 6: Effect of different extracts of Momordica charantia Linn. leaves on various ulcer parameters in ethanol 
induced ulcer model in albino rats 

Animal groups Gastric volume (ml) pH Total acidity 
(mEq/l) 

Disease Control (Saline 5 ml/kg) 5.08±0.06 2.4±0.06 605.45±35.25 

Omeprazole 20mg/kg 2.72±0.03* 4.6±0.02* 320.14±28.32* 

PEEMC (200mg/kg) 4.86±0.05 2.8±0.07 534.25±30.53 

PEEMC (400mg/kg) 4.35±0.02 3.0±0.04 526.99±28.42 

CEMC (200 mg/kg) 4.99±0.04 3.0±0.02 504.64±22.12 

CEMC (400 mg/kg) 4.10±0.02 3.2±0.04 490.25±17.34 

EMC (200mg/kg) 4.28±0.04 2.8±0.03 486.22±21.58 

EMC (400mg/kg) 4.03±0.02 2.9±0.05 475.20±16.52 

EEMC (200 mg/kg) 2.48±0.05* 4.2±0.02* 351.88±13.53* 

EEMC (400 mg/kg) 2.43±0.02* 4.8±0.06* 318.11±17.83* 

AEMC (200 mg/kg) 4.77±0.03 3.4±0.03 475.36±16.80 

AEMC (400 mg/kg) 4.52±0.02 3.6±0.02 410.28±19.85 
 

n = 6, value represents Mean ± S.D. *P< 0.05 
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Fig 3: Effect of different extracts of Momordica charantia leaves on various ulcer parameters  
in ethanol induced ulcer model 

  
4.6 the pH of gastric contents 
 

In control animals, without any drug treatment, the average 
pH was 2.4, the ethanol extract of Momordica charantia Linn. 
leaves 200 mg/kg and 400 mg/kg have shown a significant 
increase in pH 4.2 and 4.8, respectively as compared to control 
(Table 6 and Figure 3). On the other hand, the rise in pH 
shown by Omeprazole, a standard drug was 4.6, which is 
statistically significant (p<0.05). This has revealed that the 
extract i.e., EEMC at a dose 400 mg/kg body weight is more 
potent than Omeprazole. 
 

4.7 Total acidity of gastric contents  
 

The disease control group showed gastric total acidity 
605.45±35.25 mEq/litre. After treatment with 200 and 400 
mg/kg of ethanolic leaf extract of Momordica charantia Linn. 
showed significant decrease in total acidity 351.88±13.53 and 
318.11±17.83 mEq/litre, respectively when compared with 
control group of animals. Other extracts, i.e., petroleum 
ether, chloroform, ethyl acetate and aqueous extracts did not 
show significant reduction in the total acidity (Table 6 and 
Figure 4). This indicates that the ethanol extracts of Momordica 
charantia Linn. leaves showed a significant effect in various 
ulcer parameters when compared with standard animal 
groups. They also exhibit better antisecretory activity as 
evidenced by a reduction in the mean volume of gastric 
secretion, rise in pH and reduction in total acidity7.

 

 
 

Fig 4: Effect of different extracts of Momordica charantia leaves on total acidity  
in ethanol induced ulcer model  

 
4.8 Effect of different extracts on oxidative status in 

ethanol induced ulcer model and Glacial acetic 
acid-induced oral ulcer model in albino rats 

 
Momordica charantia Linn. leaves the decreasing level of SOD 
48.35±2.74, CAT 32.56±1.24 and GSH 45.27±2.84 in Ethanol-

induced stomach ulcer model was slightly improved in 
treatment group with ethanol extract at 200 mg/kg dose. But 
a significant improvement in level of SOD 51.56±3.25, CAT 
34.43±1.59 and GSH 48.89±2.16 were found in treatment 
group of 400mg/kg dose. as well as standard drug treated 
group when compared to control group (Table 7 and Figure 
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5). In Glacial acetic acid induced oral ulcer model significant 
improvement in level of SOD 60.25±1.14, CAT 37.47±1.51 
and GSH 50.43±2.34 were found in treatment group of 
400mg/kg dose by producing natural antioxidants (SOD, CAT, 
GSH), the cell reacts to increased concentrations of free 
radicals 21. which can reduce or remove free-radical harm to 
cellular structures (Table 8 and Figure 6). In particular, 
glutathione peroxidase catalyzes the conversion of hydroxide 
ions to water. SOD able to converts ions from superoxide to 
hydrogen peroxide and is then converted by catalase to 
oxygen and water 22. Superoxide dismutase occurs in a variety 
of different isoforms, each specializing in particular areas of the 

cell 23. The cell increases the expression of antioxidant 
enzymes when subjected to rising ionizing radiation levels. 
However, if these cellular defenses are overcome by the 
amount of ROS, the cell will experience damage (dose-
dependent) that can lead to carcinogenesis, teratogenesis, 
necrosis or apoptosis. Anti-inflammatory and antioxidant 
compounds can control free radical generation, eliminate free 
radicals and induce natural development of antioxidant (such 
as SOD, GSH, and CAT). They improve DNA repair, 
suppresses many inflammatory reactions, or stay cell division, 
allowing cells to undergo apoptosis process longer7.

 

Table 7: Effect of different extracts of Momordica charantia Linn. leaves on antioxidants level of stomach 
tissues of albino rats in ethanol induced ulcer model in rats. 

Animal groups Antioxidants level 

SOD (μ g/50 mg tissue) CAT (μ mol/50 mg 
tissue) 

GSH (μ mol/50 mg 
tissue) 

Disease Control (Saline 5 
ml/kg) 

16.24±1.73 14.62±2.14 25.43±2.15 

Omeprazole 20mg/kg 56.43±4.35* 34.24±2.35* 47.37±3.16* 

PEEMC (200mg/kg) 22.25±1.26 16.84±1.23 26.52±1.15 

PEEMC (400mg/kg) 23.82±1.12 18.58±1.54 27.46±1.43 

CEMC (200 mg/kg) 19.65±1.84 19.45±2.14 27.41±1.46 

CEMC (400 mg/kg) 21.26±1.57 21.34±2.15 28.72±1.43 

EMC (200mg/kg) 23.56±1.45 23.41±1.54 26.56±1.15 

EMC (400mg/kg) 24.62±1.26 24.23±1.16 24.87±1.14 

EEMC (200 mg/kg) 48.35±2.74* 32.56±1.24* 45.27±2.84* 

EEMC (400 mg/kg) 51.56±3.25* 34.43±1.59* 48.89±2.16* 

AEMC (200 mg/kg) 24.64±1.16 15.81±1.43 19.34±1.85 

AEMC (400 mg/kg) 24.82±1.74 16.52±1.16 20.75±1.16 
 

n = 6, value represents Mean ± S.D. *P< 0.05 
 

 
 

Fig 5: Effect of different extracts of Momordica charantia leaves on antioxidants level of stomach tissues  
of rats in ethanol induced ulcer model  
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Table 8: Effect of different extracts of Momordica charantia Linn. leaves on antioxidants level of oral mucosal 
tissue of albino rats in Glacial acetic acid-induced oral ulcer model 

Animal groups Antioxidants level 

SOD (μ g/50 mg tissue) CAT (μ mol/50 mg 
tissue) 

GSH (μ mol/50 mg 
tissue) 

Disease Control (Saline 5 
ml/kg) 

16.24±1.14 18.85±1.25 28.74±2.51 

ORASORE Gel 
(Once a day) 

61.23±2.24* 39.82±2.14* 51.32±3.12* 

PEEMC (200mg/kg) 23.65±1.15 19.80±1.16 31.46±1.96 

PEEMC (400mg/kg) 24.45±1.16 21.82±1.31 32.66±1.42 

CEMC (200 mg/kg) 18.59±1.44 22.25±1.45 30.46±2.41 

CEMC (400 mg/kg) 19.51±1.15 23.46±1.95 31.56±1.64 

EMC (200mg/kg) 20.53±1.61 20.87±1.48 29.53±1.31 

EMC (400mg/kg) 21.72±1.56 20.53±1.12 30.48±1.52 

EEMC (200 mg/kg) 59.56±1.12* 33.65±1.56* 48.72±2.56* 

EEMC (400 mg/kg) 60.25±1.14* 37.47±1.51* 50.43±2.34* 

AEMC (200 mg/kg) 23.93±1.43 19.73±1.34 20.32±1.41 

AEMC (400 mg/kg) 24.72±1.41 20.51±1.36 23.41±1.44 
 

n = 6, value represents Mean ± S.D *P< 0.05 
 

 
 

Fig 6: Effect of different extracts of Momordica charantia leaves on antioxidants level of oral  
mucosal tissue of rats in Glacial acetic acid-induced oral ulcer model 

 
The GSH detoxification system is important in cellular defense against a large group of injurious agents 24. GSH can protect against 
free radicals and cell death after various inflammation reactions25. The endogenous protection mechanism, like the GSH and 
antioxidant enzymes, defends against oxidative damage under normal conditions. GSH is a flexible protector and performs its 
protective function by free radical scavenging, restoring the damaged molecules by contributing hydrogen, reducing peroxides and 
retaining protein thiols in a reduced state 26. 
 
4.9 Effect of different extracts on proinflammatory 

mediators in ethanol induced ulcer model and 
Glacial acetic acid-induced oral ulcer model in 
albino rats 

 
Inhibitory effect of ethanol extract on the tissue level of 
proinflammatory mediators (TNF-α , IL-6, and PGE2) were 
measured in the stomach tissue of albino rats by ELISA (Table 
9 and 10). Results were confirmed that Momordica charantia 
Linn. leaves extracts treatment groups were showed 
significant decrease in the tissue level of proinflammatory 

mediators i.e., TNF-α , IL-6, and PGE2 when compared to the 
control group of animals. Ethanolic extract of Momordica 
charantia Linn. leaves at both doses 200 and 400 mg/kg showed 
significant reduction of tissue cytokines level such as TNF-α  
18.25±0.56 and 15.23±0.91, respectively, IL-6 16.23±0.95 and 
13.54±0.82, respectively and prostaglandin E2 24.52±1.22 and 
22.09±1.54 pg/L. This significant reduction was comparable to 
standard group of animals also. All other extracts were not 
showed significant reduction in the cytokines level of treated 
animals (Table 9 and Figure 7). 

 
 



 
ijlpr 2023; doi 10.22376/ijlpr.2023.13.1.P73-86                  Pharma 

 

P-83 

 

Table 9: Effect of different extracts of Momordica charantia Linn. leaves on proinflammatory mediators in 
stomach tissue of albino rats in ethanol induced ulcer model in albino rats 

Animal groups TNF-α (pg/L) IL-6 (pg/L) PGE2 (pg/L) 

Disease Control (Saline 5 ml/kg) 39.23±1.78 29.23±1.06 51.23±2.32 

Omeprazole 20mg/kg 17.65±0.59* 12.52±0.56* 22.32±1.06* 

PEEMC (200mg/kg) 37.23±1.27 23.54±1.24 42.23±2.12 

PEEMC (400mg/kg) 32.56±2.30 22.32±1.05 38.54±2.14 

CEMC (200 mg/kg) 27.53±1.78 25.63±1.33 36.47±2.32 

CEMC (400 mg/kg) 24.32±1.65 23.54±1.54 33.79±1.56 

EMC (200mg/kg) 28.56±1.23 20.62±1.88 36.25±1.28 

EMC (400mg/kg) 27.62±1.89 20.85±1.72 32.46±1.45 

EEMC (200 mg/kg) 18.25±0.56* 16.23±0.95* 24.52±1.22* 

EEMC (400 mg/kg) 15.23±0.91* 13.54±0.82* 22.09±1.54* 

AEMC (200 mg/kg) 27.32±1.23 27.23±1.05 31.22±2.12 

AEMC (400 mg/kg) 26.53±1.37 24.85±1.91 30.54±1.98 
 

n = 6, value represents Mean ± S.D. *P< 0.05 
 

 
 

Fig 7: Effect of different extracts of Momordica charantia leaves on proinflammatory mediators  
in stomach tissue of rats in ethanol induced ulcer model  

 

Table 10: Effect of different extracts of Momordica charantia leaves Linn. on proinflammatory mediators in 
oral mucosal tissue of glacial acetic acid induce oral ulcer model in albino rats 

Animal groups TNF-α (pg/L) IL-6 (pg/L) PGE2 (pg/L) 

Disease Control (Saline 5 ml/kg) 47.53±1.24 36.12±1.08 58.65±3.30 

ORASORE Gel  
(Once a day) 

17.53±0.89* 15.23±0.94* 25.32±1.25* 

PEEMC (200mg/kg) 42.65±1.54 27.65±1.20 47.53±2.41 

PEEMC (400mg/kg) 39.34±2.69 24.82±1.09 45.22±1.89 

CEMC (200 mg/kg) 27.53±1.82 25.73±1.23 41.25±1.65 

CEMC (400 mg/kg) 25.65±1.26 24.65±1.08 38.52±1.82 

EMC (200mg/kg) 28.65±1.24 23.54±1.32 34.56±2.04 

EMC (400mg/kg) 26.35±1.98 21.56±1.04* 32.54±1.45* 

EEMC (200 mg/kg) 18.56±0.54* 17.32±0.98* 23.54±1.84* 

EEMC (400 mg/kg) 16.49±0.87* 14.65±0.62* 21.36± 1.93* 

AEMC (200 mg/kg) 32.56±2.41 21.54±1.08 37.23±2.02 

AEMC (400 mg/kg) 30.12±1.48 20.45±1.90 32.23±1.97 
 

n = 6, value represents Mean ± S.D. *P< 0.05 

0

10

20

30

40

50

60

C
y

to
k

in
e

s 
a

ss
a

y
s

Animal Groups

TNF-α(pg/L)

IL-6 (pg/L)

PGE2 (pg/L)



 
ijlpr 2023; doi 10.22376/ijlpr.2023.13.1.P73-86                  Pharma 

 

P-84 

 

 
 

Fig 8: Effect of different extracts of Momordica charantia leaves on proinflammatory mediators  
in oral mucosal tissue of glacial acetic acid induce oral ulcer model in rats 

 
Glacial acetic acid-induced oral ulcer model also characterized 
by the marked expression of some proinflammatory cytokines. 
Inhibitory effect of ethanol extract on the tissue level of 
proinflammatory mediators (TNF-α , IL-6, and PGE2) were 
measured in oral mucosa of albino rats. Ethanolic extract of 
Momordica charantia Linn. leaves at both doses 200 and 400 
mg/kg showed significant reduction of tissue cytokines level 
such as TNF-α  18.56±0.54 and 16.49±0.87, respectively, IL-6 
17.32±0.98 and 14.65±0.62, respectively and prostaglandin E2 
23.54±1.84 and 21.36±ss 1.93 pg/L. This significant reduction 
was comparable to standard group of animals also. Other 
extracts of Momordica charantia were not showed significant 
reduction in the cytokines level (Table 10 and Figure 8) in the 
Glacial acetic acid-induced oral ulcer model. The results were 
demonstrated that ethanol extract of Momordica charantia 
Linn. leaves inhibit the increased levels of cytokines. 
Therefore, the inhibitory effects on the production of 
inflammatory cytokines account for its anti-oral ulcer activity 
27. Flavonoids are believed to act as health-promoting 
substances as they have antioxidant and anti-inflammatory 
properties 28. In the inflammation phase, macrophages and 
neutrophils are attracted to the injured tissues that release 
inflammatory mediators, such as tumor necrosis factor-alpha 
(TNF-a) and interleukin-1 (IL-1) 29. Neutrophils contain high 
levels of destructive proteases and oxygen free radicals that 
are released into the wound area when cells die. This can 
cause extensive tissue damage and prolong the inflammatory 
phase. These free radicals are produced during oxidative 
stress, which causes lipid peroxidation, DNA breakage, and 
scavenging enzymes inactivation. In case of hemorrhoid, one 
of the major causes of delayed healing is the persistence of 
inflammation or an inadequate angiogenic response 30, 31. It has 
been postulated that an anti-inflammatory response after 

cutaneous wound induction is a prerequisite for healing 32, 33. 
Potent antioxidant, anti-inflammatory agents such as 
flavonoids can play an important role in restoring physiological 
conditions, allowing a major improvement in ulcer healing 34. 
 
5. CONCLUSION  
 
Present study was concluded that ethanolic extract of 
Momordica charantia Linn. leaves showed significant antiulcer 
effect in both type of ulcer i.e., oral and stomach ulcer through 
possible antioxidant mechanism. The antiulcer effect may be 
due to the presence of reported flavonoids. Study confirms 
the traditional claim of Momordica charantia Linn. for 
management of ulcer proven. 
 
6. ACKNOWLEDGEMENT 
 
The authors are greatly thankful to the research facilities 
provided by RKDF University, Bhopal MP-462033, India. 
 
7. AUTHORS CONTRIBUTION STATEMENT 
 
Mr. Punit Singh has compiled the whole data and arranged as 
per journal guidelines. All data was compiled, and results of 
each observation were discussed by both authors. Dr Mohan 
Lal Kori was read whole manuscript and checked for 
calculation and grammatical corrections and given necessary 
input towards design the final editing of manuscript. 
 
8. CONFLICT OF INTEREST  
 
Conflict of interest declared none.

 
 
 
 
 
 
 
 
 



 
ijlpr 2023; doi 10.22376/ijlpr.2023.13.1.P73-86                  Pharma 

 

P-85 

 

9. REFERENCES 
 
1. Miao M, Peng M, Xing Z, Liu D. Effect of Shuangjinlian 

mixture on oral ulcer model in rat. Saudi J Biol Sci. 
2019;26(4):790-4. doi: 10.1016/j.sjbs.2019.02.005, 
PMID 31049005. 

2. CoĪkunmeriç N, Üstündağ Okur N, Okur ME, Ayla ĩ, 
YoltaĪ A, Karavana SY. Promising nanogels loaded with 
usnic acid for oral ulcer treatment: development, 
characterization, and in vivo evaluation in rabbits. 
Pharm Dev Technol. 2021;26(4):431-43. doi: 
10.1080/10837450.2021.1885441, PMID 33567946. 

3. Nair V, Arjuman A, Gopalakrishna HN, Dorababu P, 
Mirshad PV, Bhargavan D et al. Evaluation of the 
antiulcer activity of NR-ANX-C (a polyherbal 
formulation) in aspirin & pyloric ligature induced gastric 
ulcers in albino rats. Indian J Med Res. 2010;132:218-
23. PMID 20716823. 

4. McQuaid KR. Drugs used in the treatment of 
gastrointestinal disease. In: Katzung BG, editor. Basic 
and clinical pharmacology. 10th ed. New York: 
McGraw-Hill; 2007. p. 1009-40. 

5. Gao Y, Liu P, Wang D, Liu J, Yang Lintong, Kang Y et 
al. Isolation and characterization of a novel protein 
from Momordica charantia L. positively regulates lipid 
metabolism activity in vivo and in vitro. J Funct Foods. 
2022;96. doi: 10.1016/j.jff.2022.105218. 

6. Polito L, Bortolotti M, Maiello S, Battelli MG, Bolognesi 
A. Plants producing ribosome-inactivating proteins in 
traditional medicine. Molecules. 2016;21(11):1560. 
DOI: 10.3390/molecules21111560, PMID 27869738. 

7. Abebaw M, Mishra B, Gelayee DA. Evaluation of 
antiulcer activity of the leaf extract of Osyris 
quadripartite Decne. (Santalaceae) in rats. J Exp 
Pharmacol. 2017;9(9):1-11. doi: 10.2147/JEP.S125383, 
PMID 28144167. 

8. Mada SB. Garba1 A, H. Mohammed HA, Muhammad A, 
Olagunju A and Muhammad AB Antimicrobial activity 
and phytochemical screening of aqueous and ethanol 
extracts of Momordica charantia L. leaves J Med Plants 
Res. 2013;7(10):579-86. doi: 10.5897/JMPR012.1161. 

9. Nawaz H, Shad MA, Rehman N, Andaleeb H, Ullah N. 
Effect of solvent polarity on extraction yield and 
antioxidant properties of phytochemicals from bean 
(Phaseolus vulgaris) seeds. Braz J Pharm Sci. 2020;56:1-
9. doi: 10.1590/s2175-97902019000417129. 

10. Savithramma N, Linga RM, Suhrulatha D. Screening of 
medicinal Plants for secondary metabolites. Middle East 
J Scienti Res. 2011;8(3):579-84. 

11. Bozin B, Mimica-Dukic N, Samojlik I, Goran A, Igic R. 
Phenolics as antioxidants in garlic (Allium sativum L., 
Alliaceae). Food Chem. 2008;111(4):925-9. doi: 
10.1016/j.foodchem.2008.04.071. 

12. Park Y, Jung S, Kang S, Heo BG, Arancibia-Avila P, 
Toledo F et al. Antioxidants and proteins in ethylene-
treated kiwifruits. Food Chem. 2008;107(2):640-8. doi: 
10.1016/j.foodchem.2007.08.070. 

13. OECD Guidelines for the Testing of Chemicals, Section 
4, Test No. 423: acute Oral toxicity; 2002. Available 
from: http://1-14.doi.org/10.1787/9789264071001 
[cited 17/11/2022]. 

14. Rahman Z, Dwivedi DK, Jena GB. Ethanol-induced 
gastric ulcer in rats and intervention of tert-
butylhydroquinone: involvement of Nrf2/HO-1 
signalling pathway. Hum Exp Toxicol. 2020;39(4):547-
62. doi: 10.1177/0960327119895559, PMID 31876185. 

15. Wu W, Ruan J, Li D, Tao H, Deng C, Wang R et al. 
Effect of dexamethasone on levels of inflammatory 
factors and EGF mRNA in rabbits suffering from oral 
ulcers. Trop J Pharm Res. 2021;20(2):351-7. doi: 
10.4314/tjpr.v20i2.19. 

16. Nie SN, Qian XM, Wu XH, Yang SY, Tang WJ, Xu BH 
et al. Role of TFF in healing of stress-induced gastric 
lesions. World J Gastroenterol. 2003;9(8):1772-6. DOI: 
10.3748/wjg.v9.i8.1772, PMID 12918118. 

17. Dashputre NL, Naikwade NS. Evaluation of antiulcer 
activity of methanolic extract of Abutilon Indicum Linn 
leaves in experimental rats. Int J Pharm Sci Drug Res. 
2011;3(2, Apr):97-100. 

18. BEERS RF Jr, SIZER IW. A spectrophotometric method 
for measuring the breakdown of hydrogen peroxide by 
catalase. J Biol Chem. 1952;195(1):133-40. doi: 
10.1016/S0021-9258(19)50881-X, PMID 14938361. 

19. Misra HP, Fridovich I. The Role of Superoxide Anion in 
the Autoxidation of Epinephrine and a Simple Assay for 
Superoxide Dismutase. J Biol Chem. 
1972;247(10):3170-5. doi: 10.1016/S0021-
9258(19)45228-9. 

20. Lodhi S, Vadnere GP, Patil KD, Patil TP. Protective 
effects of luteolin on injury-induced inflammation 
through reduction of tissue uric acid and 
proinflammatory cytokines in rats. J Tradit 
Complement Med. 2020 Jan;10(1):60-9. DOI: 
10.1016/j.jtcme.2019.02.004, PMID 31956559. 

21. Pham-Huy LA, He H, Pham-Huy C. Free radicals, 
antioxidants in disease and health. Int J Biomed Sci. 
2008;4(2):89-96. PMID 23675073. 

22. Wang Y, Branicky R, Noë A, Hekimi S. Superoxide 
dismutases: dual roles in controlling ROS damage and 
regulating ROS signaling. J Cell Biol. 2018;217(6):1915-
28. doi: 10.1083/jcb.201708007. PMID 29669742. 

23. Holley AK, Miao L, St Clair DK, St Clair WH. Redox-
modulated phenomena and radiation therapy: the 
central role of superoxide dismutases. Antioxid Redox 
Signal. 2014 Apr 1;20(10):1567-89. doi: 
10.1089/ars.2012.5000. PMID 24094070. 

24. Kennedy L, Sandhu JK, Harper ME, Cuperlovic-Culf M. 
Role of glutathione in cancer: from mechanisms to 
therapies. Biomolecules. 2020;10(10):1429. doi: 
10.3390/biom10101429, PMID 33050144. 

25. Biaglow JE, Varnes ME, Epp ER, Clark EP. The role of 
thiols in response to radiation and drugs. In: Cerutti PA, 
Nygaard OF, Simic MG, editors. Anticarcinogenesis and 
radiation protection. Springer; 1987. 

26. Bump EA, Brown JM. Role of glutathione in the 
radiation response of mammalian cells in vitro and in 
vivo. Pharmacol Ther. 1990;47(1):117-36. doi: 
10.1016/0163-7258(90)90048-7, PMID 2195553. 

27. Chen P, Yao H, Su W, Zheng Y, Fan W, Zhang L et al. 
Pharmacodynamic and metabolomics studies on the 
effect of Kouyanqing granule in the treatment of 
phenol-induced oral ulcer worsened by sleep 
deprivation. Front Pharmacol. 2020;11(11):824. doi: 
10.3389/fphar.2020.00824, PMID 32694994. 

28. Serafini M, Peluso I, Raguzzini A. Flavonoids as anti-
inflammatory agents. Proc Nutr Soc. 2010;69(3):273-8. 
doi: 10.1017/S002966511000162X, PMID 20569521. 

29. Koh TJ, DiPietro LA. Inflammation and wound healing: 
the role of the macrophage. Expert Rev Mol Med. 



 
ijlpr 2023; doi 10.22376/ijlpr.2023.13.1.P73-86                  Pharma 

 

P-86 

 

2011;13:e23. doi: 10.1017/S1462399411001943, PMID 
21740602. 

30. Gugliandolo E, Cordaro M, Fusco R, Peritore AF, 
Siracusa R, Genovese T et al. Protective effect of snail 
secretion filtrate against ethanol-induced gastric ulcer 
in mice. Sci Rep. 2021;11(1):3638. doi: 10.1038/s41598-
021-83170-8, PMID 33574472. 

31. Ożarowski M, Karpiński TM. Extracts and flavonoids of 
Passiflora species as promising anti-inflammatory and 
antioxidant substances. Curr Pharm Des. 
2021;27(22):2582-604. doi: 
10.2174/1381612826666200526150113, PMID 
32452323. 

32. Costa ACF, de Sousa LM, Dos Santos Alves JM, Goes 
P, Pereira KMA, Alves APNN et al. Anti-inflammatory 

and hepatoprotective effects of quercetin in an 
experimental model of rheumatoid arthritis. 
Inflammation. 2021 Oct;44(5):2033-43. doi: 
10.1007/s10753-021-01479-y, PMID 34080090. 

33. Jain AP, Bhandarkar S, Rai G, Yadav AK, Lodhi S. 
Evaluation of Parmotrema reticulatum Taylor for 
antibacterial and anti-inflammatory activities. Indian J 
Pharm Sci. 2016;78(1):94-102. doi: 10.4103/0250-
474x.180241, PMID 27168687. 

34. Khémiri I, Bitri L. Effectiveness of Opuntia ficus indica 
L. inermis seed oil in the protection and the healing of 
experimentally induced gastric mucosa ulcer. Oxid Med 
Cell Longev 201s9. 2019;2019:1568720. doi: 
10.1155/2019/1568720, PMID 31827668.

 




