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The polyphenols of Eleusinian corocana (L.) Gaertn have various nutraceutical and therapeutic values in human health. 
It has been reported to possess potent anti-inflammatory, antioxidant, antimicrobial, antidiabetic, and gastroprotective 
effects. However, there is no experimental evidence to reveal its gastroprotective action. The present study was carried out 
to evaluate the protective effect of polyphenols from Ragi (PPR) against Aspirin plus pyloric ligation-induced gastric ulcers 
in Wistar albino rats. The Aspirin plus pyloric ligation induced a significant increase in the ulcer index, pH, total and free 
acidity of the gastric juice in the ulcer control group rats. Macroscopic examination of the internal aspects of stomach tissue 
in the ulcer control group rats showed more severe mucosal erosion, with large areas of haemorrhagic streaks. 
Histopathological examination of stomach tissue showed marked destruction of the epithelial layer (EL), submucosal 
oedema, cell infiltration, and severe congestion of blood vessels in ulcer control rats. Pre-treatment with polyphenols of Ragi 
and Pantoprazole significantly reduced pH (p <0.01), total acidity, and Ulcer index as compared to the ulcer control group (p 
<0.05). Aspirin plus pyloric ligation induced mucosal erosion and haemorrhagic streaks, which were significantly attenuated 
with polyphenols of Ragi and Pantoprazole group as compared with ulcer control (p <0.05). Histopathological examination 
revealed moderate protection in the polyphenols of the Ragi-treated group. The reference standard and polyphenols of Ragi 
group rats showed almost normal cytoarchitecture of the stomach. There was no epithelial destruction; however, we 
observed mild submucosal oedema and mild congestion in the blood vessels, and the severity of ulceration was considerably 
less in comparison to the ulcer control group. These results show that the polyphenols of Ragi have the potential to protect 
gastric tissue against NSAIDs and stress. The gastroprotective actions of polyphenols in Ragi might be due to their 
antioxidant, anti-inflammatory, and cytoprotective properties. Further studies are required to elucidate its dose-dependent 
actions and mechanism of action at the molecular level.  
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Introduction 
Nonsteroidal anti-inflammatory drugs (NSAIDs) are 

widely available over-the-counter drugs and are 
commonly used to treat pain, inflammation, and fever. 
Examples include Aspirin, Ibuprofen, Diclofenac 
sodium, Acyclofenac, and Indomethacin. Most NSAIDs 
work by reversibly inhibiting cyclooxygenase (COX) 
enzymes (COX1 and COX2), whereas Aspirin 
irreversibly inhibits these enzymes. This inhibition 
reduces the synthesis of prostaglandins (PGs)1. 
Prostaglandins play an essential role in maintaining 
normal body homeostasis. At the same time, they are 

involved in pathological processes such as pain, 
inflammation, and fever. PGs are also important in 
maintaining proper mucosal blood circulation, secreting 
bicarbonate, and gastric mucosa. Because of this 
protective role, regular or high-dose use of NSAIDs can 
reduce gastric mucosal defence, increasing the risk of 
gastric and duodenal ulcers. In addition to NSAIDs' use, 
the other common causes of peptic and duodenal ulcers 
include chemotherapeutic agents, radiation therapy, 
stress, anxiety, diseases, and H. pylori infections. Ulcer 
formation may lead to complications such as increased 
blood loss from the gastrointestinal tract (GIT), anaemia, 
generalised weakness, and gastritis2,3.  

Currently, a wide range of therapeutic agents is 
available in the market for the management of gastric 
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ulcers, including proton pump inhibitors, 
antihistamines (H2-receptor antagonists), 
prostaglandin analogues, antacids, and ulcer 
protective agents4. These drugs have shown promising 
effects in the control of different ulcer complications; 
however, the majority of these agents are associated 
with adverse effects during both short and long-term 
use. Proton pump inhibitors are highly effective anti-
ulcer drugs; however, they may cause serious 
complications such as bone fractures, Vitamin B12 
deficiency, dementia, kidney damage, and increased 
risk of infectious diseases5-8. Therefore, there is a 
continuous search for better-tolerated drugs with high 
efficiency and a better safety profile. Plants are rich 
sources of therapeutically diverse secondary 
metabolites, which generally have fewer side effects 
compared to synthetic molecules.  

Eleusinian corocana (L.) Gaertn (Finger millet) 
commonly known as Ragi, is extensively cultivated in 
Asia and African countries. It possesses high 
nutraceutical value and well-recognised therapeutic 
potentials. It offers several health benefits, including 
antidiabetic, anti-tumorigenic, wound healing, 
gastroprotective, anti-atherosclerotic, antioxidant, and 
antimicrobial effects9-11. It has been reported that 
these well-recognised biological effects of Finger 
millets are mainly attributed to their rich content of 
polyphenols and dietary fibers12. The whole Ragi 
flour is utilised to prepare traditional foods such as 
ambali (thin porridge), Ragi mudde (dumpling), and 
Ragi roti (unleavened breads). Regular consumption 
of Ragi may help protect against the development of 
serious health complications such as metabolic 
diseases, cardiovascular complications, and 
gastrointestinal cancers13,14.  

Overuse or high doses of synthetic drugs such as 
NSAIDs may lead to adverse effects in both the short 
and long term. Additionally, stress and environmental 
factors can further aggravate the formation of gastric 
ulcers. Therefore, the efficient utilisation of natural 
resources in pharmacology may provide a safer and 
more effective therapeutic alternative for patients. The 
present study is anticipated to evaluate the anti-ulcer 
activity of polyphenols derived from Ragi and to 
provide insights into the future development of value-
added formulations. Hence, this study is designed to 
screen the anti-ulcer activity of a polyphenol-rich 
extract from E. corocana in Aspirin plus pylorus 
ligation-induced gastric ulcers in Wistar albino rats. 

Materials and Methods 
 

Plant material collection and identification 
E. corocana  was purchased in November 2023 

from the local market at Nagamangala Taluk, Mandya 
district, Karnataka. The procured material was 
thoroughly washed with water, then with 50% 
ethanol, and shade-dried. A representative specimen 
was authenticated and deposited at the ICAR-All 
India Coordinated Research Project (AICRP), Pearl 
Millet Centre, University of Mysore, Manasagangotri, 
Mysore, Karnataka (ICAR-AICRP Mysore, 07/2025). 
 
Extraction of polyphenols from Finger millet 

The whole grain was pulverised and sieved to 
obtain polyphenol-rich seed coat fraction (PRSCF). 
About 100 g of PRSCF was weighed, refluxed with 
about 500 mL of 1% HCl-methanol solvent, filtered, 
and the extracts were pooled for experimental 
studies15. A yield of 0.32g/100g of Ragi was obtained. 
The yield was calculated and expressed as Gallic Acid 
equivalent (GAE) 
 
Experimental animals  

In the present study, we selected Wistar albino rats 
weighing 225±25 g, of either sex. Rats were housed in 
polypropylene cage bedded with sterilised husk, 6 in 
each cage. The rats were maintained in a 12-hour (light 
and darkness) cycle in a controlled environment with a 
temperature of 22±03ºC and a relative humidity of 55%. 
Rats were fed with rat pellets and water ad libitum. 
Experiments were conducted after obtaining Institutional 
Animal Ethics Committee (IAEC) permission 
(IAEC/AIMS/002/2023) dated 30.08.2023.  
 
Gastric ulcer induction in Wistar albino rats 

Selected rats were randomly assigned to the ulcer 
control, test drug, and reference standard groups, with 
six rats per group. Ulcer control group rats were 
administered 0.5% carboxylmethyl cellulose (CMC). 
Polyphenols of Ragi (PPR) were made into a 
suspension in 0.5% CMC and administered to the test 
group rats at a dose of 400 mg/kg body weight. The 
dose 400 mg/kg was selected based on acute oral 
toxicity studies and literature evidence supporting the 
gastroprotective efficacy of polyphenol of Ragi within 
this range. As the study was designed as an initial 
efficacy evaluation, a single effective dose was used. 
Pantoprazole was made into a suspension in 0.5% 
CMC and administered to the standard group rats at a 
dose of 20 mg/kg body weight16. Group-specific drugs 
were administered p.o. for seven consecutive days. 
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Aspirin was made into a suspension in 0.5% CMC 
and administered orally at a dose of 200 mg/kg for  
3 consecutive days after an hour of group-specific 
drugs starting from the fifth day. Experimental rats 
were kept in individual metabolic cages and fasted for  
18 hours, with only ad libitum access to water. On the 
day of pyloric ligation (7th day), an hour after the 
aspirin dose, all the rats were anaesthetised with a 
single intraperitoneal injection of Ketamine  
(50 mg/kg) and Xylazine (3 mg/kg i.m.). 

A small incision measuring 2 cm was made just 
below and lateral to the xiphoid process, and a portion 
of the abdomen was cut open. A cotton thread was 
passed around the pyloric sphincter and ligated 
without damaging blood vessels. Carefully relocate 
the stomach to the same anatomical position. The 
incision was closed by interrupted sutures in layers. 
The pyloric-ligated rats were kept in individual 
metabolic cages without access to food or water for 4 
hours. At the end of four hours, rats were sacrificed 
under inhalation of an overdose of CO2. Care should 
be taken during the isolation of the stomach and the 
collection of gastric juice. The oesophageal sphincter 
was ligated before the excision of the stomach to 
prevent loss of gastric contents during excision. The 
collected gastric juice was centrifuged at 2500 rpm 
for 20 min. The volume of gastric juice was expressed 
in mL/100g body weight. Stomach biopsies were used 
for histopathological studies17-19. 
 

Determination of ulcer index (Macroscopic examination of the 
stomach) 

The stomach was cut open along its greater 
curvature, and the inner surface was exposed. It is 
gently cleaned in running water and rinsed in ice-cold 
saline solution. Without tissue damage, the stomach 
tissue was spread on a wax board so that the mucus 
surface faced upwards, avoiding corrugation. Using a 
magnified lens, the ulcer index was scored according to 
the method described by Kulkarni and Goel. The ulcer 
scoring was carried out in the following pattern: 
reddish colour (0.5), small ulcer spots (1), hemorrhagic 
streaks (1.5), ulcers more than 3 mm and less than 5 
mm (2) and ulcers more than 5 mm (3). Mean ulcer 
score for each experimental group was calculated and 
expressed as the ulcer index20.  
 

Determination of gastric volume, pH, free and total acidity of 
gastric juice 

Supernatant of gastric juice was separated into a 
measuring jar, and the volume of gastric juice was 
expressed in mL/100g body weight. The pH of the 

gastric juice was measured using pH indicator paper 
(pH 1.0-14.0 purchased from MERCK, Life Sciences 
Private Limited, Mumbai)21. 
 
Estimation of free and total acidity in gastric juice 

The gastric juice (0.5 mL) was pipette into a small 
conical flask, and a few drops of methyl orange 
reagent were added. Gastric juice was titrated with 
0.01N sodium hydroxide (NaOH) till the colour of the 
solution turned yellowish. The volume of 0.01N 
NaOH was noted, and it corresponds to the free 
acidity of the gastric juice. Added 2-3 drops of 
Phenolphthalein indicator to the above solution and 
titrated again with 0.01N NaOH until a definite red 
tinge appears. The total volume of 0.01N NaOH was 
noted, and it corresponds to the total acidity of the 
solution. The acidity was calculated using the 
following formula22; 
ݕݐ݅݀݅ܿܣ  ൬݉ܮݍܧ ൰ =  100/0.1	ܺ	ܪܱܽܰ	݂݋	ݕݐ݈݅ܽ݉ݎ݋ܰ	ܺ	ܪܱܽܰ	݂݋	݁݉ݑ݈݋ܸ

 
Histopathological studies 

Histopathology of stomach tissue was carried out 
using a standard protocol. Stomach tissue was 
transferred to a fixative solution (10% buffered 
formalin). Stomach tissue was embedded in paraffin 
wax. Tissue was cut into 5 µm-thick sections using a 
rotary microtome. The sections were stained using a 
hematoxylin and eosin stain for examination under a 
compound microscope. Photomicrophotographs were 
captured using an automated scanner (MORPHLE 
slide scanner, Morphle Labs Pvt. Ltd)23. 
 
Statistical analysis  

Data obtained in the above experiment were 
expressed I n mean±SEM and analysed by one-way 
ANOVA followed by Dunnett’s t-test as a post hoc 
test. The Statistical analysis was carried out using 
SPSS (version 16). A p-value <0.05 was taken as the 
level of significance. 
 
Results 

Effect of Polyphenols of Ragi (PPR) on volume of 
gastric juice, pH, free acidity, total acidity, and ulcer 
index in Aspirin + Pyloric ligation induced gastric 
ulcer in Wistar albino rats.  

Repeated administration of polyphenols of Ragi 
(PPR) decreased the gastric juice volume by 24.5%, 
whereas the reference standard drug (Pantoprazole) 
decreased it by 26.4% in comparison to the ulcer 
control group. However, a decrease in gastric juice 
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volume was not statistically significant (Table 1). 
There was a significant increase in the pH of the 
gastric juice both in the test (PPR 400 mg/kg) and 
reference standard group (Pantoprazole 20 mg/kg) in 
comparison to the ulcer control group (p <0.01) 
(Table 2). Treatment with polyphenols derived from 
Ragi (PPR 400 mg/kg) considerably reduced free 
acidity and total acidity of gastric juice by 46.4 and 
10.5%, respectively. In contrast, the reference 
standard Pantoprazole significantly reduced free 
acidity and total acidity of gastric juice (p <0.05; 
90.47% and 64.57%, respectively) compared with the 
ulcer control group (Table 3). Ulcer index was 
significantly reduced in the treatment of polyphenols 
of Ragi (p <0.05) as well as the reference standard 

drug (p <0.001) in comparison to the ulcer control 
group. These results showed promising evidence of 
anti-ulcer activities of polyphenols of Ragi in Aspirin 
plus pyloric ligated gastric ulcer induced in Wistar 
albino rats (Table 4).  
 
Effect of PPR on ulcer index in Aspirin + pyloric ligation-
induced gastric ulcer 

Macroscopic examination of internal aspects of 
stomach tissue in the ulcer control group rats showed 
more intense mucosal erosion with large areas of 
haemorrhagic streaks. Polyphenols of Ragi pre-
treatment reduced the intensity of gastric mucosal 
erosion. We could observe only a few small 
haemorrhagic spots in two rats. Pantoprazole showed 

Table 1 — Effect of PPR on volume of gastric juice in Aspirin + Pyloric ligation induced gastric ulcer in Wistar albino rats 

Group Volume of Gastric juice (mL) % change 
Ulcer control 3.75±0.271 

 
 

Test drug (PPR 400mg/kg) 2.76±0.436 24.5 
Reference standard (Pantoprazole 20mg/kg) 2.83±0.714 26.4 

Data expressed in Mean ± SEM (n = 6), PPR- Polyphenols of Ragi. 
 

Table 2 — Effect of PPR on pH of gastric juice in Aspirin + Pyloric ligation induced gastric ulcer in Wistar albino rats 

Group pH % change 
 

Ulcer control 1.80±0.280 
 

 

Test drug (PPR 400 mg/kg) 3.08±0.583 ** 71 
 

Reference standard (Pantoprazole 20 mg/kg) 5.66±0.586 ** 214 
Data expressed in Mean ± SEM (n =6), p <0.01** in comparison to the ulcer control group. PPR- Polyphenols of Ragi 
 

Table 3 — Effect of PPR on free acidity and total acidity of gastric juice in Aspirin + Pyloric ligation induced gastric ulcer in Wistar albino rats 

Group Free acidity (mEq / dL) % change 
 

Total acidity 
(mEq / dL) 

% change 
 

Ulcer control 8.40±1.50  
 

17.5±2.17  
 

Test drug (PPR 400 mg/kg) 4.50±0.84 
 

46.4 15.66±2.31 10.5 

Reference standard (Pantoprazole 20
mg/kg) 

0.80±0.12* 90.47 6.2±0.37 * 64.57 

Data expressed in Mean ± SEM (n =6), p <0.05* in comparison to ulcer control group. PPR- Polyphenols of Ragi 
 

Table 4 — Effect of PPR on Ulcer index in Aspirin + Pyloric ligation induced gastric ulcer in Wistar albino rats 

Group Ulcer index % change 
 

Ulcer control 20.8±9.44  
 

Test drug (PPR 400 mg/kg) 1.916±0.768* 90.45 
Reference standard (Pantoprazole
20 mg/kg) 

0.33±0.16** 98.35 

Data expressed in Mean±SEM (n=6), p <0.05, p <0.01** in comparison to ulcer control group. PPR- Polyphenols of Ragi 
 



INDIAN J NAT PROD RESOUR, MARCH 2026 
 
 

112

complete protection against Aspirin + pyloric 
ligation-induced gastric ulcer in Wistar albino rats 
(Figs. 1-3).  
 
Effect of PPR on histopathological examination of stomach 
tissue in Aspirin + pyloric ligation induced gastric ulcer 

Histopathological examination of stomach tissue 
showed marked destruction of the epithelial layer 
(EL), submucosal oedema, cell infiltration and severe 
congestion of blood vessels in ulcer control rats. The 
reference standard group rats pre-treated with 
Pantoprazole showed almost normal cytoarchitecture. 
There was no epithelial destruction; however, we 
observed mild submucosal oedema and mild 
congestion in the blood vessels. The test group rats 
pre-treated with polyphenols from Ragi showed mild 
submucosal oedema and congestion of blood vessels; 
however, the severity of ulceration was considerably 
less in comparison to the ulcer control group (Fig. 4). 
 
Discussion 

NSAIDs or Aspirin-like drugs are commonly used 
to treat diseases associated with pain, inflammation 
and fever. Aspirin causes its anti-inflammatory action 
by inhibiting prostaglandin synthesis. However, the 
constitutive type of prostaglandins (PGE2) is required 
to protect the gastric mucosa and epithelial barriers of 
gastric tissue against gastric juice. PGE2 is 

responsible for increased turnover of mucus and 
bicarbonate levels, as well as inhibiting excessive 
secretion of gastric juice. Thus, inhibiting the 
synthesis of PGE2 may significantly contribute to the 
formation of gastric ulcers. Infection with 
Helicobacter pylori plays a crucial role in the 

 
 

Fig. 1 — Macroscopic examination of internal aspects of stomach
tissue in ulcer control group rats (A) (1-6), Hemorrhagic spots- H. 
 

 
 

Fig. 2 — Macroscopic examination of internal aspects of stomach
tissue in PPR (400 mg/kg) group rats (B) (1-6), Hemorrhagic 
spots- H.  
 

 
 

Fig. 3 — Macroscopic examination of internal aspects of stomach
tissue in pantoprazole (20 mg/kg) group rats (C) (1-6).  
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pathogenesis of peptic ulcer disease. The organism 
survives in the acidic gastric environment by 
producing urease and disrupting the mucosal barrier 
through the release of cytokines and inflammatory 
mediators. This results in increased gastric acid 
secretion, oxidative stress and mucosal inflammation, 
ultimately leading to ulcer formation. Additionally, 
the pyloric ligation can also aggravate the formation 
of gastric ulcers by the accumulation of gastric acid 
and pepsin, which leads to auto-digestion of the 
gastric mucosa and breakdown of the gastric mucosal 
barrier. This results in increased protein content in the 
gastric juice and gastric erosion in the ulcer control 
group1,24. 

In the present study, there was a considerable 
decrease in gastric juice volume, free acidity, and total 
acidity in the PPR (24.5%) and Pantoprazole (26.4%) 
treatment groups compared to the ulcer control. Pre-
treatment with PPR and Pantoprazole significantly 
reduced the pH of gastric juice as compared to ulcer 
control (p <0.01). These data can support the anti-
ulcer activities of PPR by its antisecretory property. 
Repeated administration of PPR significantly reduced 
the ulcer index score. Macroscopic examination of 
internal aspects of stomach tissue in the ulcer control 
group rats showed more intense mucosal erosion with 

large areas of haemorrhagic streaks. Pre-treatment of 
polyphenols of Ragi significantly reduced the 
intensity of gastric mucosal erosion. We could 
observe only a few small haemorrhagic spots in two 
rats. Pantoprazole showed complete protection against 
Aspirin + pyloric ligation-induced gastric ulcer in 
Wistar albino rats. Histopathological examination of 
stomach tissue showed marked destruction of the 
epithelial layer (EL), sub-mucosal oedema, cell 
infiltration and severe congestion of blood vessels in 
ulcer control rats. The reference standard group rats 
pre-treated with Pantoprazole showed almost normal 
cytoarchitecture. There was no epithelial destruction; 
however, we could observe mild submucosal oedema 
and mild congestion in the blood vessels. The test 
group rats pre-treated with polyphenols of Ragi 
showed mild submucosal oedema and congestion of 
blood vessels; however, the severity of ulceration was 
considerably less in comparison to the ulcer control 
group. These results indicate the cytoprotective 
activities of polyphenols of Ragi against Aspirin + 
pyloric ligation-induced gastric ulcer.  

Studies have shown that the seed coat fraction of 
Ragi is a rich source of polyphenols25,26,27,28. Extraction 
with methanol plus 1% HCl is considered a very 
effective solvent for the extraction of polyphenols from 
Finger millets and yields the highest proportion of 
polyphenols (13%). HPLC analysis revealed the 
presence of phenolic constituents in the polyphenolic 
fraction of the seed coat of Ragi29. Reverse phase- high 
performance liquid chromatography (RP-HPLC), 
electrospray ionisation mass spectrometry (ESI-MS) 
and NMR studies revealed the presence of phenolic 
compounds such as gallic, protocatechui,  
p-hydroxybenzoic, vanillic and ferulic acids and 
cinnamic acid derivatives such as syringic, trans 
cinnamic and p-coumaric acids. It also revealed the 
presence of flavonoid compounds such as quercetin. 
Finger millet is also reported to contain high molecular 
weight polyphenols, such as proanthocyanidins, which 
are biologically active. It is reported to have anti-
inflammatory, antioxidant, and antimicrobial activities 
in several in vivo studies30. It has a wide range of 
therapeutic properties, such as anti-tumorigenic, 
antidiabetic, anti-atherosclerotic, potent antioxidant, 
and antimicrobial activities. Epidemiological studies 
revealed that the regular consumption of whole grain 
cereal and their products can protect against the risk of 
cardiovascular diseases. Type 2 diabetes, 
gastrointestinal cancers, and a wide range of  

 
 
Fig. 4 — Photomicrograph representative of histopathology of
stomach tissue of different treatment groups. (a-b) Ulcer control,
(c-d), Test drug PPR 400 mg/kg, and (e-f), Standard Pantoprazole
20 mg/kg, EL- Epithelial layer, ML- Muscular layer, SM-
Submucosal layer, BV- Congested blood vessels.  
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disorders. It has been reported by Shobana et al.  
that the hypoglycaemic, hypocholesterolaemic, 
nephroprotective, and anti-carcinogenic properties of 
Finger millet31. The polyphenols extracted from  
Finger millet seed coat showed potent antioxidant 
activity determined by β- carotene- linoleic acid, DPPH 
(1,1-diphenyl-2 picrylhydrazyl), hydroxylquenching, 
2,2-azinobis-3-ethylbenzothiazine -6- sulfonate (ABTS) 
tests32. The polyphenols showed a significant 
antibacterial activity on Escherichia coli, Bacillus  
cereus, Staphylococcus aureus, Listeria monocytogenes, 
Streptococcus pyogenes, Proteus mirabilis, 
Pseudomonas aeruginosa, Klebsiella species. The 
antibacterial activities were largely confined to the 
Quercetin fraction of the millet polyphenols10.  

As per the phytochemical evidence, the polyphenols 
may contribute to their anti-ulcer and cytoprotective 
activities. The polyphenols are reported to have potent 
antioxidant and cytoprotective activity. This might 
have contributed to its anti-ulcer activity against 
Aspirin plus pyloric ligation-induced gastric ulcer.  
 
Conclusion 

The polyphenols of Finger millets have 
antisecretory properties by decreasing gastric acid 
secretion. Besides its antisecretory actions, 
macroscopic and histopathological examinations 
also revealed cytoprotective effects. Several studies 
have shown the potent antioxidant properties of 
polyphenols of Finger millets. This might be 
attributed to its generalised cytoprotective actions 
against Aspirin plus pyloric ligation-induced gastric 
ulcers. Polyphenols have demonstrated promising 
anti-Helicobacter pylori activity through multiple 
mechanisms, such as inhibiting bacterial growth, 
suppressing urease activity, and attenuating 
inflammation and oxidative stress. Their 
antioxidant and cytoprotective properties also help 
in preserving gastric mucosal integrity. Polyphenols 
may serve as adjunctive agents along with 
conventional treatment to combat bacterial load and 
gastric mucosal damage. Further studies are 
required to confirm its gastroprotective action by 
estimating protein, mucus in gastric juice, and 
antioxidant parameters to support its 
gastroprotective action. 
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