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O R I G I N A L  A R T I C L E

INTRODUCTION

Peptic ulcer is a sore that forms in the lining of  the 
stomach or the duodenum. A peptic ulcer results from an 
imbalance between some endogenous aggressive factor(s) 
[hydrochloric acid, pepsin, refluxed bile, leukotrienes, 
reactive oxygen species (ROS)] and cytoprotective factors, 
which include the function of  the mucus-bicarbonate 
barrier, surface active phospholipids, prostaglandins (PGs), 
mucosal blood flow, cell renewal and migration, non-
enzymatic and enzymatic antioxidants and some growth 
factors.[1] The pathogenesis of  ulcers is multifactorial 
and includes diverse factors such as a stressful lifestyle, 

alcohol consumption, use of  steroidal and nonsteroidal 
anti-inflammatory drugs (NSAIDs) and drugs which 
stimulate gastric acid and pepsin secretion, Helicobacter 
pylori infections, smoking, lower socioeconomic status and 
family history.[2]

The main therapeutic target is the control of  gastric 
secretion using antacids, H2 receptor blockers like 
ranitidine, famotidine, anticholinergics like pirenzepin, 
telezipine or proton pump blockers like omeprazole, 
lansoprazole, etc.[3] The prevention or cure of  peptic 
ulcers is one of  the most challenging problem in medicine 
because gastric ulcer therapy faces drawbacks and most of  
the drugs currently available in the market show limited 
efficacy against gastric diseases and are often associated 
with severe side-effects.[4] 

Various plants are used to cure peptic ulcers. The medicinal 
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properties of  these plants are attributed mainly to the 
presence of  flavonoids, but they may be also influenced 
by other organic and inorganic compounds such as 
coumarins, alkaloids, terpenoids, tannins, phenolic acids 
and antioxidant micronutrients, e.g., copper, manganese, 
zinc.[5] Musa sapientum fruits have been reported to prevent 
various disorders. Green unripe Musa sapientum have been 
reported to have protective action against gastric mucosal 
injury in rats.[6] It has an effect on the healing of  the ulcer.[7] 

Herbal drugs are prescribed widely even when their 
biologically active compounds are unknown because of  
their effectiveness, lesser side-effects and relative low cost.[8] 

Although many natural foods promote mucous production, 
many people have recognized the value of  the banana as an 
antiulcerogenic agent. The most common form of  banana 
used is the plantain or vegetable banana. Plantains have to 
be cooked to be edible whereas sweet bananas are eaten 
raw. However, in terms of  both active phytochemicals 
and therapeutic efficacy, both varieties of  bananas seem 
to be similarly effective.[7] Hence our study was designed 
to assess the efficacy of  Musa sapientum powder against 
indomethacin-induced peptic ulcer in rats.

MATERIALS AND METHODS

Adult male albino rats weighing about 150-250 g were 
purchased from the animal house Mayavaram, Tamil Nadu, 
India and were maintained under standard conditions, fed 
with a standard diet (Hindustan Lever, India) and water ad 
libitum. The experiments were designed as per guidelines 
of  the institutional ethical committee. 

Drugs such as indomethacin and esomeprazole used in 
the experiment were purchased from Micro Labs Ltd. and 
Glenmark Pvt. Ltd. respectively and other chemicals used 
were of  analytical grade. 

Unripe plantain banana (Musa sapientum) was collected from 
Tiruchirapalli, Tami Nadu, India, made into pieces, shade 
dried, powdered and used for phytochemical analysis and 
as an anti-ulcerogenic agent. Five grams of  coarse powder 
was extracted by cold extraction process using ethanol, 
methanol, chloroform, benzene, ethyl acetate and water.

Phytochemical Screening 
Preliminary phytochemical screening of  the extract was 
carried out as per the methods and tests given by Dey and 
Raman.[9]

The phytochemical compounds in Musa sapientum were 
determined by using High-Performance Thin Layer 
Chromatography (HPTLC) Technique (CAMAG Linomat 
5 using the software win CAT Planar Chromatography 

Manager). The mobile phase was Chloroform: ethanol: 
water (7: 3: 0.5) for flavonoids.

1 g of  powdered drug was extracted with methanol. Filtered 
the extract and Concentrated the extract to 10 ml. Apply 
5 µl, 10 µl, 15 µl, of  Musa sapientum extract on a precoated 
silica gel 60F254 plate (E. Merck) of  uniform thickness of  
0.2 mm. Developed the plate in the solvent system to a 
distance of  7.8 cm. Observed the plate under ultraviolet 
(UV) light at 254 nm and 366 nm. And then scan the plate 
at 254 nm. Note the Retention factor (Rf) and colors of  
the resolved bands. 

Experimental Design
The rats were divided into four groups (n = 6). Group I 
served as a control and received 0.9% saline. Indomethacin 
was administered as an ulcer inducer except in the controls. 
Group II consisted of  indomethacin-induced ulcerogenic 
rats. Group III received aqueous extracts of  Musa 
sapientum, Group IV received standard drug esomeprazole 
subcutaneously for 21 days. Both Musa sapientum and 
esomeprazole were given as co-treatment.

Musa sapientum (100 mg/kg b.w) was used as an anti-
ulcerogenic drug.[10] Indomethacin (used as reference 
NSAID) was administered (20 mg/kg b.w) by oral gavages 
to induce gastric lesions in rats.[11] Esomeprazole was used 
as standard drug and was administered subcutaneously  
(20 mg/kg b.w) to experimental animals.[12] 

At the end of  the experimental period, rats were sacrificed 
by cervical decapitation. Blood was collected and an 
aliquot of  blood was used for hematological analysis. The 
remaining blood sampled was centrifuged and used for 
further analysis. Gastric tissues were dissected out, washed 
with ice cold saline, homogenized, centrifuged and used 
for mucosal and antioxidant profiles.

Estimation of Hemoglobin
Hemoglobin was determined by the method followed by 
Robert.[13]

Five milliliters of  buffered cyanide/ ferri cyanide reagent 
was pipetted into clean and dry test tubes; 0.02 ml of  
blood was added to the same tubes. The pipette was 
thoroughly flushed with reagent. The solution was mixed 
well and incubated at 30 0C. Absorbance A of  sample was 
read against distilled water after 3 min at 546 nm. The 
concentration ‘C’ of  hemoglobin was calculated as follows:

C = 36.77 × A (g/100 ml)

Total White Blood Count
(The total white blood cells (WBCs) were enumerated by 
the method of  Robert.)[13]
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Blood was drawn exactly to the 0.5 mark in a white blood 
cell diluting pipette. Immediately diluting fluid (Glacial 
acetic acid – 2 cc, gentian violet - 0.025 g, distilled water 
made up to –l00ml) was also drawn to the 11 mark. Mix 
the contents of  the pipette for 3-5 min, load a drop at the 
junction of  the cover glass and the Neubauer counting 
chamber. Count the white cells in the four large corner 
squares contain sixteen smaller secondary squares, each 
with an area of  0.04 mm2.

WBC per cu mm = 
Number of  WBC X dilution (20) 

Volume (0.4)

Estimation of Nitric Oxide in Serum and Gastric 
Mucosa
The serum and supernatant from tissue homogenate were 
taken for nitric oxide assay. Incubated the tubes at 250C 
containing 250 µl of  100 mM/l of  potassium phosphate 
buffer (pH 7.5), 50 µl of  12 mM/l of  beta Nicotinamide-
Adenine Dinucleotide Phosphate reduced (β-NADPH) and 
100 µl of  sample, add 40 µl of  500 U/l nitrate reductase and 
incubate the tubes in dark for 45 min. Optical density was 
read at 340 nm. oxidation of  β-NADPH was monitored 
by the decrease in absorbance. The results were expressed 
as µmol/l.
 β-NADPH

Nitrate ------------------------> Nitrite 
  Nitrate reductase

Estimation of Hexosamine
Hexosamine was estimated by the method of  Wagner.[15]

To 0.4 ml of  hydrolyzed sample, water was added to make up 
the solution to 1.0 ml and blank contained 1.0 ml of  water. 
To each tube, 0.6 ml of  acetyl acetone reagent (2% of  acetyl 
acetone in 0.5 N sodium carbonate) was added, corked and 
heated in a boiling water bath for 30 min and cooled. To this, 
2.0 ml of  Ehrlich’s reagent (320 mg of  p-dimethyl amino 
benzaldehyde dissolved in 21.0 ml of  isopropanol and 3.0 ml 
of  concentrated hydrochloric acid) was added. All the tubes 
were shaken well and read at 540 nm. Standards containing 
50-150 μg of  hexosamine were also processed in the same 
manner. The content of  hexosamine was expressed µg/100 
mg of  tissue. 

Estimation of Protein (Protein content was determined 
by the method of Lowry et al.,)
0.1 ml of  tissue homogenate was made up to 1.0 ml 
with distilled water and then 1.0 ml 10% Trichloro acetic 
acid (TCA) was added. The mixture was centrifuged, 
supernatant discarded and the precipitate was dissolved in 
1.0 ml of  0.1N sodium hydroxide. From this, aliquots were 
taken for the estimation; 4.5 ml of  alkaline copper reagent 

was added to all the tubes and the contents were allowed 
to stand at 37°C for 10 min. Then 0.5 ml diluted Folin's 
phenol reagent (1:10 dilution) was added and mixed. A 
series of  standards with a concentration range of  20-100 
g and a blank were processed in a similar manner.[16]

Total protein content in the plasma is expressed as g/dl.

Estimation of Sialic acid (Sialic acid was estimated by 
the method of Winzler.)
0.4 ml glycoprotein precipitate from the gastric mucosa was 
dissolved in 2.0 ml of  sulphuric acid and hydrolyzed. 0.2 ml 
of  the hydrolysate was treated with 0.25 ml of  periodate 
solution (22.5 mM in 0.1 N sulphuric acid) and left at 37°C 
for 30 min; 2.0 ml of  thiobarbituric acid was added and 
heated in a boiling water bath for exactly 8 min. The tubes 
were cooled, acidified n-butanol was added and the pink 
butanol phase was extracted by centrifugation. Standard 
solution containing 10-40 μg of  N-acetyl neuraminic acid 
in 0.1 N sulphuric acid was treated with periodate for 
condensation with thiobarbituric acid as indicated for test 
samples.[17] The absorbance was read at 540 nm against a 
blank treated in the same way. The levels of  sialic acid were 
expressed as µg/100 mg of  tissue.

Measurement of  volume and pH of  gastric juice (The 
gastric juice was collected according to the method of  
Shay et al.)[18] 

Rats were killed by decapitation 6 h after indomethacin 
administration. Their stomachs were removed following 
ligature of  the esophocardiac junction, washed with saline, 
dried between filter paper and opened along the greater 
curvature. The gastric juice was drained, the volume was 
measured and pH was determined.

Statistical Analysis
All results were expressed as Mean ± S.D. Student ‘t’ test 
was performed.

RESULTS

In the present study, preliminary phytochemical screening 
of  the Musa sapientum powder extract in different solvents 
like ethanol, methanol, chloroform, benzene, ethyl 
acetate and water was carried out. Of  these the ethanolic, 
methanolic and ethyl acetate extracts showed better 
results of  phytoconstituents than other solvents. The 
methanolic extract of  Musa sapientum was subjected to 
High-Performance Thin-Layer Chromatography (HPTLC) 
Technique. The plate was visualized at 254 nm, 366 nm 
and scanned at 254 nm. The analysis of  retention factor 
and colors of  the resolved bands indicated the presence 
of  a flavonoid at Rf  0.71 which may be leucocyanidin  
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[Figure 1a, 1b and 1c] by comparing with the peak of  
authenticated standard leucocyanidin [Figure 1d].

There was a significant decrease in the body weight (100%) 
in the ulcer induced group when compared to normal. 
Treatment with herbal drug of  Musa sapientum (200%) 
and standard antiulcer drug esomeprazole (57%) showed 
a significant weight gain. 

There was increase in the gastric volume (160.33%),  
(P < 0.001) and decrease in pH (51.61%), (P < 0.001) in 
the indomethacin administered group. On administration 
of  Musa sapientum and esomeprazole, the level of  gastric 
volume was significantly reduced (46.03%, 34.92%) and 
the pH was increased (93.33%, 76.66%) when compared 
to indomethacin-induced rats [Table 1]. 

The count of  WBC of  indomethacin administered group 
was significantly increased (81.55%) when compared to 

normal and moderate (32.38%) to mild (13.10%) decrease 
in count was observed in Musa sapientum and esomeprazole 
treated groups respectively. The level of  hemoglobin in 
the indomethacin administered group was significantly 
decreased (48.01%) when compared to normal and a 
significant (65.07%) to moderate (50%) increase in the 
level of  hemoglobin was observed in Musa sapientum and 
esomeprazole treated groups respectively [Table 2]. 

The gastric mucosal protein was significantly reduced 
(41.33%) in ulcerated rats when compared to normal. 
Treatment with Musa sapientum and esomeprazole 
significantly increased (60%, 41.81%) the mucosal protein 
when compared to the indomethacin administered group of  
animals. The gastric mucosal sialic acid was also significantly 
reduced (45.80%) in ulcerated rats when compared to 
normal. Treatment with Musa sapientum and esomeprazole 
significantly increased (62.34%, 42.25%) the mucosal sialic 
acid in indomethacin-induced ulcerated rats. Also, the level 
of  mucosal hexosamine was significantly reduced (18%) in 
ulcerated rats when compared to normal. Treatment with 
Musa sapientum and esomeprazole significantly increased 
(13.4%, 11%) the mucosal hexosamine in indomethacin-
induced ulcerated rats. 

The nitric oxide in the gastric mucosal tissues was 
significantly decreased (27.84%) in ulcerated rats when 
compared to normal. Treatment with Musa sapientum 
and esomeprazole significantly increased (34.96%, 
24.06%) the mucosal tissue nitric oxide in indomethacin-
induced ulcerated rats. The nitric oxide in the serum 
was significantly increased (45%) in ulcerated rats when 
compared to normal. Treatment with Musa sapientum and 
esomeprazole significantly decreased (26.79%, 20.68%) 
the nitric oxide in the serum in indomethacin-induced 
ulcerated rats [Table 3].

DISCUSSION

Peptic ulcer is a common disorder of  the gastrointestinal 
tract.[19] Antiulcer drugs are associated with severe side-
effects.[20] Clinical research has confirmed the efficacy of  
several plants for the treatment of  gastroduodenal diseases.[21] 

Preliminary phytochemical screening of  unripe plantain 
banana (Musa sapientum) revealed the presence of  primary 

Figure 1: HPTLC Peak Display and its table at three different volumes

a

b

c

d

Table 1: Profile of gastric juice 
Parameters Group I Group II Group III Group IV
pH 3.1 ± 0.28 1.5 ± 0.18*a

(51.61%)
2.9 ± 0.29**c

(93.33%)
2.65 ± 0.2**b

(76.66%)
Volume 2.42 ± 0.29 6.3 ± 0.43*a 3.4 ± 0.21**b 4.1 ± 0.21**a

(160.33%) (46.03%) (34.92%)
Values are means ± S.D n = 6, *Group I vs. Group II, **Group II vs. Group III, IV,  
a-P < 0.001; b-P < 0.05; c-not significant
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and secondary metabolites. Screening of  active compound 
using HPTLC revealed the presence of  a monomeric 
flavonoid Leucocyanidin.

Studies by David et al.,[22] reported that Leucocyanidin and 
its synthetic hydroxyl ethylated and tetra allyl derivatives 
were found to protect the gastric mucosa from aspirin-
induced erosions. Leucocyanidin and its hydroxyl ethylated 
and tetra allyl derivatives significantly increased mucus 
thickness. 

The mechanism by which indomethacin induces ulcer is 
by inducing H+/ K+ ATPase in gastric parietal cells. This 
increases the gastric acid secretion and decreases pH in 
ulcerated rats, whereas esomeprazole, a PPI (proton pump 
inhibitor) inhibits H+/ K+ ATPase in gastric parietal cells.[23] 

In our present study the decrease in gastric volume and 
increase in pH in Musa sapientum-treated animals might be 
by inhibiting the Hcl secretion. Amr et al.,[24] in their studies 
reported that there was significant decrease in gastric 
volume and increase in pH when the ulcerated rats were 
treated with Cinnamon and Chamomile in dose-dependent 
manner. Our results are comparable with their report. 
The decrease in the level of  hemoglobin might be due 
to internal bleeding in the lesions of  the gastrointestinal 
(GI) tract and increase in the count of  WBC might be 
the function of  immune cells against the inflammation in 
ulcerated rats. In Musa sapientum-treated animals the results 
were reversed which might be due to the presence of  a 
flavonoid leucocyanadin, a compound which protects the 
gastrointestinal mucosa from lesions produced by various 
drugs like NSAIDs and other ulcerogenic agents, and was in 
agreement with the results of  standard drug esomeprazole. 
Green unripe plantains have been reported to have an 
active principle(s) which enhances the formation of  red 
blood cells in addition to the gastro-protective capacity 

against indomethacin-induced gastric mucosal injury in 
rats.[25] David et al.,[26] in their study stated that dried unripe 
plantain banana powder, leucocyanidin extracted from 
Musa sapientum and a purified synthetic leucocyanidin have 
a protective effect against aspirin-induced erosions. Our 
results are in agreement with their report. 

The decrease in the protein content of  the gastric mucosa 
in the indomethacin administered groups may be due to 
damage in the gastric mucosa which results, in the leakage 
of  protein into the gastric juice. Treatment with Musa 
sapientum increased the mucosal protein which indicates its 
ability to act at the cellular level in the mucus gland, i.e. it 
enhances cell proliferation and stimulates the growth of  
the gastric mucosa. This stimulatory effect of  banana on 
mucosal growth was responsible for the rapid healing of  
ulcers in rats treated with indomethacin and was congruent 
with the results of  esomeprazole. Musa sapientum increases 
mucus resistance to ulcerogenic substances thus enhanced 
the recovery from ulcers.[10] 

There was a significant decrease in the levels of  glycoproteins, 
viz. sialic acid and hexosamine, of  the gastric mucosa in the 
ulcerated group of  rats when compared to normal groups 
which might be due to damage in the mucosal layer. On 
treatment with antiulcer standard drugs (esomeprazole) and 
Musa sapientum, there was significant elevation in the level 
of  sialic acid and hexosamine when compared to the ulcer-
induced group. The mechanism of  action of  Musa sapientum 
is by stimulating the growth of  the gastric mucosa by 
increasing mucosal protein i.e. sialic acid and hexosamine, 
which in turn increase the production of  mucus and thus 
prevent erosion by the ulcer. These significant increased 
levels of  sialic acid and hexosamine correlated with the 
increased mass of  mucosa in the stomach of  animals 
treated with banana. The mode of  action of  the banana 

 Table 2: Effect drugs on blood cells and hemoglobin in ulcerated rats.
Parameters Group I Group II Group III Group IV
Total WBC count
per cu mm

5150 ± 341.5 9350 ± 369.68*a

(81.55%)
6322 ± 291.01**b

(32.38%)
8125 ± 1854**a

(13.10%)
Hemoglobin
(g/dl)

12.12 ± 0.50 6.3 ± 0.25*a

(48.01%)
10.4 ± 0.25**a

(65.07%)
9.45 ± 0.25**a

(50%)
Values are means ± S.D n = 6, *Group I vs. Group II, **Group II vs. Group III, IV, a - P < 0.001; b - P < 0.05

Table 3: Effect of drugs on gastric mucosal profile in ulcerated rats
Parameters Group I Group II Group III Group IV
Mucosal Protein (g/dl) 3.75 ± 0.91 2.2 ± 0.31*a (41.33) 3.52 ± 0.29**c (60) 3.12 ± 0.49**b (41.81)
Sialic Acid µg/100 mg of Tissue 110.25 ± 7.80 59.75 ± 7.27*a (45.80) 97 ± 6.16**b (62.34) 85 ± 2.94**b (42.25)
Hexosamine µg/100mg of Tissue 1730 ± 45.61 1419 .25 ± 26.28*a (18) 1610 ± 11.5**b (13.4) 1575 ± 13.34**b (11)
No (Tissue) µ mol/l 305.25 ± 5.43 220.25 ± 5.85*a (27.84) 297.25 ± 5.56**c (34.96) 273.25 ± 12.36**a (24.06)
No (serum) µ mol/l 65 ± 2.58 94.25 ± 3.20*a (45) 69 ± 1.63**c (26.79) 74.75 ± 2.5**b (20.68)

Values are means ± S.D n = 6, *Group I vs. Group II, **Group II vs. Group III, IV, a - P < 0.001; b -P < 0.05; c- not significant, figures in parentheses indicates in percentage.
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appears to be unlike that of  conventional anti-ulcerogenic 
drugs in that it promotes mucus secretion by stimulating 
the growth of  mucosal cells The regenerated mucosa cells 
would rapidly seal damaged areas with a secretory layer of  
mucus and prevent further erosions due to gastric HCl 
and pepsin.[6] 

The beneficial effect of  the administration of  dried banana 
powder might be due to its enhanced mucosal resistance. 
Musa sapientum also promotes healing of  ulcers by the 
presence of  water-soluble polysaccharides (e.g. Pectin) in 
unripe plantain banana.[27]

The level of  NO was significantly elevated in the 
serum in ulcerated rats when compared to normal rats. 
Administration of  Musa sapientum and antiulcer drugs 
decreases the level of  NO in serum when compared to 
ulcerated rats. The level of  NO in tissue was significantly 
reduced when compared to normal whereas treatment 
with Musa sapientum and antiulcer drugs brought the level 
of  NO in tissue to near normal. 

Nishida et al., [28] in their study reported that NO 
produced by Constitutive Nitric Oxide Synthase (cNOS) 
is cytoprotective and NO produced by inducible nitric 
oxide synthase (iNOS) is cytotoxic Tarek et al.,[29] in 
their study reported that the ulcerated rats exhibited 
marked reduction in tissue NO, which further adds to 
the enhanced neutrophil infiltration. It was reported that 
indomethacin caused up-regulation of  endothelin-1[30] that 
leads to decreased production of  gastric mucosal cNOS. 
In addition, the neutrophil-derived HOCl was reported to 
inhibit cytoprotective eNOS.[31] On the contrary, the study 
by Tarek et al.,[29] demonstrated that indomethacin produced 
a marked elevation in serum NO, the observed increase in 
myeloperoxidase MPO activity may facilitate the increase 
in serum NO as the MPO/H2O2 system serves as a major 
catalytic sink for NO preventing NO feedback inhibition.[32] 
Tarek et al.,[29] in their results reported that indomethacin-
induced gastric injury might be mediated, at least in part, 
by the reduction in tissue cNOS-derived NO content and 
enhanced production of  iNOS-derived NO in serum. Our 
findings concerning NO are in agreement with the widely 
accepted fact that, in the digestive system, NO produced 
by cNOS is cytoprotective and NO produced by iNOS is 
cytotoxic. 

The antiulcer property of  herbal plants has been studied 
and reported by many ethanobotanists.[33-36] But studies 
by Ratnasooriya[37] and Arambewela et al.,[38] reported that 
even nutraceautical products like black tea and the ginger 
family have antiulcer property. 

Vimal et al.,[39] in their studies with polyherbal drugs with 

the composition of  Asparagus racemosus Wild (AR), Centella 
asiatica Linn (CA). Convolvulus pluricaulis (CP), Emblica 
officinalis (EO), Ocimum sanctum (OS) and Withania somnifera 
Dunal (WS), reported that the polyphenols, flavonoids 
etc., present in these plants have antiulcer activity. The 
possible mechanism of  antiulcer activity may be by the 
presence of  polyphenols in poly herbal drug which 
inhibited acetylcholine synthesis. Free radicals are involved 
in the progression of  ulcers. Extract from Cassia auriculata 
possesses maximum in vitro free radical scavenging activity 
along with an ameliorative effect on various ulcerative 
parameters.[40]

Musa sapientum being a nutraceautical, can be consumed 
as food rather than as a drug which enhances the satiety 
value for the patients.

CONCLUSION

Our results showed protective effects against indomethacin-
induced gastric erosions in animal models by Musa sapientum 
as shown by the absence of  mucosal damage at the 
dosage of  100 mg/kg/ day. The active components such 
as leucocyanidin may be responsible for the antiulcer 
properties and protect the mucosa by stimulation of  cell 
proliferation, promoting mucus secretion, increasing mucus 
resistance, inhibiting the Hcl secretion and thus healing 
the ulcer.
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