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ABSTRACT

Green banana (Musa cavendishii) is used in the traditional medicine in Sudan to treat peptic ulcer disease. The aim 
of this study was to evaluate the gastro-protective effect of aqueous extract of green banana pulp powder on aspirin-
induced ulcer in albino rats. The effect was studied using aspirin-induced gastric damage in rats and compared 
between groups which were: group 1 (negative control) received water only, group 2 (positive control) received 
aspirin. Groups 3 and 4 were received 0.5 g/kg and 1 g/kg of banana extract before aspirin 100 mg/kg, respectively. 
Groups 5 and 6 were received 0.5 g/kg and 1 g/kg of banana extract of banana extract after aspirin 100 mg/kg, 
respectively. The results indicate that there was a significant difference (p<0.05) in ulcer index between M. cavendishii 
extract treated groups 3, 4, 5, 6 with ulcer index (15.0 ± 1.31), (09.5 ± 0.64), (09.0 ± 0.79) and 0 respectively when 
compared to the control group with ulcer index (25.5 ± 1.45). The histopathological assessment showed significant 
improvement as partial erosion of mucosa with  groups  3  and  4,  while  group  5 and 6 showed total gastric 
aspirin induced-ulcer protection. The study concluded that banana pulp powder suspension showed significant 
gastro-protective effect in all groups of rats, promotes ulcer healing and strengthens the mucosa. This study confirmed 
the use banana in folk medicine for the management of gastric ulcer. The mechanism of protection afforded by 
bananas has to be further elucidated.
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INTRODUCTION

Gastric ulcer is one of most common diseases of the upper gastro-
intestinal tract that affects millions of people worldwide [1].  It is 
an erosion in the gastric wall that develops through the muscles of 
mucosa into the deep layers of the wall and this ulcer may affect 
a major blood vessel lead to potentially life-threatening bleeding 
[2]. The incidence of gastric ulcers is related to a many causing 
factors such as non-steroidal anti-inflammatory drugs (NSAIDs), 
Helicobacter pylori infection and drinking alcohol [3]. The most 
clinically used drugs for management of gastric ulcers include 
antacids, acid inhibitory agents, cytoprotective agents, histamine 
(H

2
) receptors antagonist, muscarinic receptors (M

1
) antagonists, 

H. pylori eradication drugs and triple therapy regimen [4]. Most
of these drugs are chemical and/or synthetic drugs with known

adverse effects such as bowel upset, damage of the gastric mucosal 
tissues, stimulation of the gastro-intestinal tract, gynaecomastia 
and other adverse effects [5]. Natural products as vegetables, fruits, 
spices, medicinal plants and crude drug materials are provides a 
potential source of active constituents to manage gastric ulcers 
in an in vitro, in vivo and clinical ulcer models that mediated by 
different mechanisms of action with less adverse effects and relative 
low cost [6]. Banana, Musa cavendishii Lamb. of the family Musaceae, 
common name: Dwarf Cavendish; is an edible banana plantain 
widely distributed worldwide and the shortest used for banana large 
scale production [7]. It is used in the traditional medicine to treat 
peptic ulcer disease. This plantain banana is collected green and 
cooked as a food in the most world developing countries. Previous 
studies were indicated that banana plantain (M. sapientum) pulp 
and peel extracts have been reported to protect the gastric mucosa 
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from erosions and ulcer healing effect [8-11]. Therefore this study 
aimed to evaluate the gastro-protective potentials of unripe banana 
(M. cavendishii) pulp powder on aspirin-induced gastric ulcer in 
albino rats.

MATERIALS AND METHODS

Plant materials

The green banana fruits (10 kg) were purchased from the local 
market in Wad-Medani, Sudan. It was authenticated by Agricultural 
Research Corporation, department of Horticultural in Wad-
Medani. The pulp was cut into small slices and then dried in an 
air-open shade at room temperature for 7 days. The dry slices were 
powdered using electrical blender (Moulinex Blender the genuine 
400 W, France) and was stored in well-closed glass container until 
use.

Experimental animals

Thirty six healthy adult albino rats (150-250 g) were selected from the 
animal house, housed in clean cages in animal house with standard 
environmental condition (temperature 23-27°C, with dark and 
light cycles of 14 hours and 10 hours respectively), with standard 
chow feeding and drinking water and were left to accommodate 
under daily observation for one week prior to experiments.

Acute toxicity studies of banana powder extract 

The acute toxicity study was carried for banana aqueous powder 
suspension using  randomly selected three albino rats. The dose (3 
g/kg body weight) of the plant sample was administered to rats 
using intra-gastric tube for three days and then observed for 24 
hours for behavior as well as mortality [12].

Experimental design

Rats were divided into six groups, each one contain five rats. The 
modified experiment was carried out daily for 30 days. Group 1 
were set (negative control) received  water  only,  group  3  (positive  
control)  were  received  oral  daily  dose of aspirin 100 mg/kg of 
body weight administered by intra-gastric feeding tubes. Group 3 
were received daily dose of 0.5 g/kg of banana extract and 100 
mg/kg of aspirin two hours before the extract, also group 4 were 
received 1 g/kg of banana and 100 mg/kg of aspirin two hours 
before receiving extract. Group 5 were received 0.5 g/kg of banana 
extract and 100 mg/kg of aspirin two hours after the extract 
and group 6 were received 1 g/kg of banana and 100 mg/kg of 
aspirin two hours after receiving extract. Animal’s body weight was 
measured every three days for 30 days [13].

Ulcer index and toxicity score

The stomachs were washed with normal saline then put in 
Whatman filter paper (Whatman® glass microfiber filters, 90 mm 
Grade GF/B; Aldrich, Germany). Ulcers were scored using bench 
magnifier under 5X magnification using the ulcer scoring criteria, 
the numbers of ulcer spots per stomach were calculate. The ulcer 
index is a method to determine the degree of gastric mucosal 
erosion (number and depth of the ulcers) and the following criteria 
were used to grade the incidence or severity of the lesions as: (0=No 
ulcer, normal gray colored stomach); (1=Superficial ulcer as spot 
ulcer); (2=Deep ulcer) or (3=Perforation) [14,15]. Ulcer index was 
calculated from severity score by using the equation as follows:

Ulcer index (UI) = (UN + US + UP) × 10-1

Where: 

UN=Average number of ulcer per rat. US=Average severity scores.

UP=Percentage of rats with ulcers.

Then ulcer index was calculate and compared the treated groups 
with control groups.

Also, the toxicity score was measured for each rat then the means 
were calculated.

Histopathological study

Histopathological study was conducted after rat scarifying then the 
stomachs randomly were taken (two from each group) and preserved 
in 10% neutral buffered formalin solution for 24 hours [16]. Then 
biopsies were taken in 10% normal saline and examined grossly 
for size and adequacy of sampling. One block was taken from each 
specimen, placed into a tissue cassette and prone to tissue processing 
under standard conditions using an automatic tissue processor 
machine then placed in paraffin. The blocks were constructed 
with embedded paraffin and sections were cut at 4-6 µm thickness 
using standard microtome. The sections were counterstained with 
hematoxylin and eosin stain, Mayer’s hematoxylin (H&E) and 
then mounted on cover slip using DPX (Distyrene, Plasticizer and 
Xylene) mounting media (Sigma-Aldrich). The findings of sections 
were reviewed using light microscope (Olympus Corp., Tokyo, 
Japan), and results were reported [17].

Data analysis

All the calculated data were presented as means ± Standard Error 
of Means (SEM) and analyzed using analysis of variance (ANOVA). 
Comparisons with the control groups were made using One-way 
ANOVA. The level of statistical significance was set at p<0.05.

RESULTS AND DISCUSSION

Acute toxicity study

In clinical toxicity study, no any signs of abnormalities or death 
before and after treatment with aqueous extract of M. cavendishii 
fruit pulp (3 g/kg body weight for 24 hours) were recorded. Hence, 
according to the Hodge and Sterner toxicity scale, M. cavendishii 
was in non-toxic herbal drug category [18].

Effect on body weight

The body weights mean ± SEM of animals in all the six groups 
were measured at 0 day showed a range of 174.3 ± 3.2 to 184.4 
± 2.9 g/rat. There was a significant decrease in the body weight 
in group that received banana extract (P<0.05) when compared to 
control group (Figure 1). Group 4 was showed higher decrease in 
body weight followed by group 3, Group 5 and group 6 as show in 
Figure 1. However, control groups (group 1 and 2) were showed 
no increase in their body weight. This result was similar to study 
carried out by Escobar et al. on Wistar rats treated with flour M. 
cavendishii which showed a potential weight control [19].

Effect on ulcer index and toxicity score

Aspirin inhibitory effect on cyclooxygenase (COX) enzyme leading 
to decreased prostaglandin production and increase gastric acidity 
which can greatly increase the risk of ulceration [20]. Ulcer index 
is a visual indicator used to measure the gastric ulcer and/or injury 
in the model or evaluation method for the extent of ulcer, which is 
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M. cavendishii extract two hours after aspirin showed the higher
protection effect for gastric mucosa with no ulcer or necrosis
and normal mucosal layer as shown in Figure 3E and Figure 3F,
respectively. The results of this study show that unripe banana has
more protective effect for peptic ulcer when administered after
aspirin because of the possibility of wash the banana from the
stomach when administered before aspirin.

However, gastro-protective effect could be attributed to reduce 
the gastric acid secretion, protect the mucosal tissues that line the 
stomach or to eliminate H. pylori. This gastro-protective effect of M. 
cavendishii extract may a fucntion of bioactive compounds which 
have shown anti-ulcer properties include carotenoids, flavonoids, 
saponins, tannins, and flavonoids [22-24]. Moreover, M. cavendishii 
extract improved mucosal tissues protection and promote healing 
of ulcers due to the presence of aqueous polysaccharides which is 
one of the major mucosal coating agents.

Figure 1: Effect of banana extract on body weight.

commonly used in the ulcer pharmacology studies [21]. The gastro-
protective effect of M. cavendishii extract of different doses on ulcer 
in albino rats before and after two hours aspirin administration 
is shown in Table 1. The oral administration of aspirin damages 
the mucosal lining resulting in gastrointestinal bleeding with ulcer 
index of 25.5 ± 1.45 in group 2. This results revealed that there 
was significant difference (p<0.05) in ulcer index between group 
1 (negative control) with ulcer index 0 and M. cavendishii extract 
treated groups (treated before administration of aspirin) 3 and 4 
with ulcer index 15.0 ± 1.31, 09.5 ± 0.64, respectively. Also, there 
was significant difference (p<0.05) in ulcer index between group 
1 (negative control) with ulcer index 0 and M. cavendishii extract 
treated groups 5 and 6 (treated after administration of aspirin) 09.0 
± 0.79 and 0 respectively. 

This obtained results showed that the percentage of gastroprotectice 
effect of M. cavendishii extract two hours before administration 
of aspirin was 41% ± 1.5% and 64% ± 2.2% for groups 3 and 4, 
respectively. This activity of the extracts is a dose-dependent at 
measured doses which showed a significant increase (p<0.05) when 
administered two hours after, groups 5 (0.5 g/kg) and 6 (1.0 g/kg) 
with gastric lesion protection of 66% ± 1.8 and 100% respectively. 
The result of this study support the findings of Onasanwo et al. in 
2013, they found that the ulcer healing potentials is dose-dependent 
for M. sapientum peels extract on aspirin-induced ulcer in rats [11]. 
Also, gastro-protective against toxicity of aspirin was calculated as 
shown in Table 1 and Figure 2. Group 2 had mucosal erosion, 
mild glandular dysplasia, inflammation of epithelial and squamous 
metaplasia noted when compared to extract treated groups (Groups 
3, 4, 5 and 6).

Histopathological effects

Microscopic studies of gastric mucosa were performed on all groups 
to prove the results. Group 1 (negative control) showed organized 
glandular structure and normal submucosa (Figure 3A). Group 
2 (positive control) that administered asprin 100 mg/kg, showed 
severe ulceration seen as epithelial cell loss, necrosis and bleeding 
(Figure 3B). Groups 3 and 4 treated with M. cavendishii extract two 
hours before aspirin showed significant improvement as partial 
erosion of mucosa induced by asprin as shown in Figure 3C and 
Figure 3D, respectively. While, group 5 and 6 that treated with 
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Table 1: Gastro protective effect of banana extract on aspirin induced 
ulcer in rats.

Group
Ulcer 

index ± 
SEM

Toxicity score ± SEM

Inflammation Hyperplasia Necrosis

Group 1

(Negative control) 0.0 ± 0.00 0.0 ± 0.00 0.0 ± 0.00 0.0 ± 0.00

Group 2

(Treated with 
aspirin 100 mg/kg)

25.5 ± 1.45 2.80 ± 0.15 1.90 ± 0.10 2.6 ± 0.21

Group 3

(Treated with extract 
0.5 g before aspirin 

100 mg/kg)
15.0 ± 1.31 0.25 ± 0.09 0.25 ± 0.06 0.25 ± 0.1

Group 4

(Treated with extract 
1 g before aspirin 

100 mg/kg)
09.5 ± 0.64 0.10 ± 0.01 0.05 ± 0.01 0.1 ± 0.01

Group 5

(Treated with extract 
0.5 g after aspirin 

100 mg/kg)
09.0 ± 0.79 0.05 ± 0.001 0.10 ± 0.01

0.05 ± 
0.001

Group 6

Treated with extract 
1 g after aspirin 100 

mg/kg)
0.0 ± 0.00 0.005 ± 0.001 0.01 ± 0.001

0.05 ± 
0.001

SEM:  Standard Error of Means

Figure 2: Gastroprotective effect of banana extract on aspirin toxicity score.

Group number
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CONCLUSION 

The result revealed that M. cavendishii pulp powder is an effective 
gastro-protective agent against aspirin induced ulcer which 
promotes ulcer healing and strengthens the mucosa against the 
damaging effects of aspirin. The study confirmed the application 
of the plant in folk medicine for the management of gastric ulcer.
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