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Abstract

The current use of ulcer drugs is limited due to its side effects and potentiality of relapse. This study aimed to ascertain the
antiulcer potentials of the tepal and skin extracts of banana Musa paradisiaca. The parts were processed and extracted using
methanol by maceration. Phytochemicals content of both parts were screened. Twenty-five albino mice were used in in vivo
analysis. The mice were treated with 100 mg/kg of tepal and skin extract as well as cimetidine for seven days followed by
administration of indomethacin. The animals were sacrificed, and the removed stomachs were prepared for the evaluation of
ulcer index and gastric wall mucus. pH and volume were measured from the gastric juice. The results revealed that banana’s
tepal and skin extracts contain phytochemicals like phenols, flavonoids and etc. The tepal and skin extracts prevented the
IND+PYL induced ulcer by 68.80 + 20.53% and 43.22 + 14.82% respectively. Significant rise (p <0.05) in gastric juice pH (3.79
+ 0.24) was noticed in the banana’s tepal treated group. However, the decrease in gastric juice volume and increased gastric wall
mucus by both tepal and skin were not statistically significant (p >0.05). Findings from this study shows that banana’s tepal and
skin were able to prevent IND+PYL induced ulcer by strengthening the gastric mucosa and decreasing the gastric juice acidity.
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Abstrak

Penggunaan ubat ulser pada masa kini adalah terhad disebabkan kesan sampingan dan potensi kambuh. Kajian ini bertujuan
menentukan potensi antiulser dari ekstrak jantung dan kulit pisang Musa paradisiaca. Bahagian — bahagian ini telah diproses dan
diekstrak menggunakan metanol melalui kaedah rendaman. Kandungan fitokimia kedua — dua bahagian telah disaring. Dua
puluh lima tikus albino telah digunakan dalam analisis in vivo. Tikus — tikus ini telah diberi rawatan dengan 100mg/kg ekstrak
jantung dan kulit pisang serta simetidin selama tujuh hari di ikuti dengan rawatan dengan indomethacin. Haiwan dikorbankan
selepas 8 hari rawatan, dan perut dikeluarkan bagi penilaian indeks ulser dan mukus dinding perut. pH dan jumlah jus gastrik
juga diukur. Hasil kajian mendapati bahawa ekstrak jantung dan kulit pisang mengandungi beberapa fitokimia seperti fenol,
flavonoid, dan lain — lain. Ekstrak jantung dan kulit ini menghalang ulser yang diaruh dengan IND+PYL masing — masing
sebanyak 68.80 + 20.53% dan 43.22 + 14.82%. Peningkatan yang signifikan (p <0.05) pada pH jus gastrik (3.79 + 0.24) telah
diperhatikan dalam kumpulan yang dirawat dirawat dengan jantung pisang. Walau bagaimanapun, penurunan dalam jumlah jus
gastrik dan meningkatkan mukus dinding perut oleh kedua — dua ekstrak adalah tidak signifikan secara statistik (p >0.05).
Dapatan dari kajian ini menunjukkan bahawa jantung dan kulit pisang dapat mencegah ulser yang diaruh dengan IND+PYL
melalui penambahan mukosa perut dan pengurangan keasidan jus gastrik.
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Introduction
Ulcers are simply lesions penetrating the thickness of the gastrointestinal tract (G.I.T) mucosa [1]. The etiology of
gastro-duodenal (peptic) ulcer has therefore developed when aggressive factors such as, increased HCL and pepsin
secretion, parietal cell mass, and gastrin production, dominate the defensive factors (PGs, increased mucous cells
etc) [2,3].

Indomethacin, a NSAID (methylated indole derivative), was introduced in 1963 for the management of
inflammatory diseases such as rheumatoid arthritis, degenerative joint diseases, gout, and acute musculoskeletal
disorders [4,5]. However it was later found to be injurious to tissues. These injurious effects have been ascribed to
the production of reactive oxygen species (ROS) [6,7], which lead to oxidative stress and initiation of lipid
peroxidation [7], infiltration of inflammatory cells [8,9]. Pylorus ligation also induced ulcers by increasing the
accumulation of gastric acid and pepsin that lead to auto digestion of the gastric mucosa and the breakdown of
gastric mucous [10]. Hence, indomethacin and pylorus ligation were used to induce ulcer in this research.

The major idea behind treating ulcers is to lower the amount of acid that the stomach makes, to neutralize the acid
and to protect the injured area so it can have time to heal [1]. However, most of the commonly used antiulcer drugs,
namely antacids, H2- blockers and proton pump inhibitors, etc. that mainly act by reducing the aggressive factors
are reported to have adverse effects, development of tolerance and increased the incidence of relapses during ulcer
therapy [11]. The expensive costs and toxic effect of these agents, necessitate efforts to find a suitable protective
agent, for the treatment of peptic ulcer disease from natural products of plants, which afford better protection and
decrease the incidence of relapse that is affordable by all classes of people. Interestingly, herbal drugs mostly
augment the defensive factors such as mucin secretion, cellular mucus, bicarbonate secretion and mucosal blood
flow[12].

Banana is one of the oldest and well-known fruit worldwide. The leaf and stem of banana are use to treat diarrhoea;
the stem is good for asthenia and wounds, and the leaf for the treatment of inflammation, headache and rheumatism
[13]. Besides to its nutritional value, a number of biological activities studies have been carried out on banana and
these studies prove it to possess bioactivities including anti-hyperglycaemic, antiulcerogenic, antioxidant,
antihypertensive, cardiac depressant, diuretic, anti-tumoral, bronchodilatory, expectorant, oral contraceptive,
abortifacient, antibacterial, antifungal and etc. [14]. Therefore, this study was carried out to evaluate the antiulcer
effect of Musa paradisiaca tepal (a part mostly considered as a waste) and skin, against indomethacin plus pylorus
ligation induced gastric injury in mice.

The economy of developing countries has a lot to do with the health status of its citizen. The rising incidence of
ulcer has involved both adults and children. The solution to ulcer will help in controlling health status, societal and
physical well-being as well as economic uplift of individuals, families, companies and nation at large.

Materials and Methods

Collection and preparation

Banana fruit and tepal, were purchased from Kuala Terengganu, Malaysia; samples were identified and
authenticated by Dr. Khamsah Suryati Mohd from the Faculty of Bioresources and Food industry, Universiti Sultan
Zainal Abidin. The skin (peel) was removed from the fruit, sliced, and weighed using electrical balance (1.45kg). It
was then dried in a drier at 45°C; the dry weight is 0.41 kg. After drying, it was blended to powder, using an
electrical blender, and the weight is 0.21 kg. The tepal was also prepared in a similar way and weighed (3kg) and
dried at 40 C and then blended to powder (0.42 kg).

Extraction procedure
The prepared skin and tepal were extracted twice with methanol (10:2 mL/kg) by cold extraction technique. The
samples were put in the solvents for about 3 days at room temperature with regular shaking. All the extracts were
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vacuum filtered using Whatman number one filter paper and concentrated at 40 °C using a rotary evaporator. The
crude extracts were kept in a fresh vials and refrigerated at 4°C for further study.

Phytochemical screening of the extracts
The phytochemicals screening of the various solvents extract were carried out using standard procedures [15].

Test for glycosides
Small amount of the extracts was put in 1 mL of water in a test tube followed by the addition of 1 mL of NaOH. A
yellow precipitate indicates the presence of glycosides.

Test for phenols
The extract (5mg) was dissolved in distilled water and 3 mL of 10% lead acetate solution was added. A bulky white
precipitates indicated the presence of phenols.

Test for Flavonoi
A few drops of ¢ trated hydrochloric acid were added to a small amount of the extract. Immediate development
of red colour indicates the presence of flavonoids.

Test for Sapo»i
An amount I(E%f each extract was diluted with distilled water to 20 mL and shaken in a graduated cylinder for 15
min. The formation of foam of about 1cm indicates the presence of saponins.

Evaluation of antiulcer activity

Swiss albino mice of both sexes (30-35g), obtained from Universitl Sains Malaysia Pinang, were utilized in this
experiment. The animals were kept in cages with proper bedding. The bedding was regularly changed to prevent
coprophagy. The animals were put up in an ambient temperature of 22 £+ 1°C in a 12 hours light—dark bicycle. They
were fed a standard balanced diet and given free access to water ad libitum. All animals were fasted for 24 hours
[16] to ensure an empty stomach before use in the experiment. The experiments were designed and conducted to
meet the ethical norms approved by University Sultan Zainal Abidin, Malaysia, animal ethical committee
(UniSZA/AEC/14/006).

Study design

The experimental models were acclimatized for one week. They were then randomly grouped into five groups
comprising of five mice each. Group I served as normal control, which received 0.3ml/30g distilled water for 7
days. Group II or IND+PYL group was induced with indomethacin at a single dose of 48 mg/kg [17] body weight
(b.wt) on the 7™ day of the experiment. Group III or TPM group was also orally administered methanol extract of
the tepal at a dose of 100 mg/kg b. wt and then indomethacin at a single dose of 48 mg/kg on the 7™ day, one hour
after the last treatment. Group IV or SKM and V or CIM were treated in the same manner as group III. All animals
were allowed to fast overnight. On the 8" day, pylorus was ligated using silk sutures as per the method [18] under
light ether anaesthesia, taking care not to temper with the blood vessels. Then after the abdominal wall was closed
by suturing and the animals were allowed to recover from the anaesthesia for 4 hours, ketamine was used to
euthanize it. Each stomach was removed and opened along the greater curvature, washed with 0.9% saline and
examined for macroscopic mucosal lesions, with the aid of magnifying glass (x10), and then put inside a container
containing 10% formasaline and kept for histopathological studies. The gastric content was carefully collected for
analysis.

Calculation of macroscopic ulcer index (U.I)
The severity of the ulceration was graded according to the scale that is a modification of the score [19].

(0 - Normal gray colored stomach), (0.5 - Pink to red coloration of the stomach), (1 - Spot ulcer), (1.5 -

Haemorrhagic streak), (2 - Number of ulcers less than 5), (3 - Number of ulcers more than or equal to 5), (4 - Ulcer
with bleeding) and (5 - Perforation of the gastric/duodenal wall).
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Ulcer Index was calculated by summing the entire number of ulcers plus the severity of the ulcer. The preventive
index (P.I) of the extract administered was obtained by using the equation 1[20].

__ Ul of indomethacin group—U.I of test group

P.1

x 100 (1)

U.I of indomethacin group

Determination of gastric juice volume and pH
After the gastric contents were collected and centrifuged at 1000 rpm for 10 min. The volume of the supernatant
was determined in mL. The pH of the supernatant was measured using a pH meter [21,22].

Assessment of gastric wall mucus

Alcian blue binding to gastric wall mucus was determined by a modified method of Corne [23]. The stomach of
each mice was weighed and immediately transferred to 10 mL of 1% (w/v) alcian blue solution (in 0.16 M sucrose
solution, buffered with 0.05 mL sodium acetate, pH 5) for 2 hours at room temperature. After 2 hours, the stomachs
were removed, rinsed with 0.25 M sucrose solution to remove excess dye after 15 and 45 minutes, and the dye
complexed with gastric wall mucus was extracted with 10 mL of 0.5M MgCl, solution by intermittent shaking for 1
minute at 30 minutes’ intervals for 2 hours. The stomachs were removed and 5 mL of each aliquot of MgCl,
solution containing the alcian blue eluted from each stomach was shaken with 4 mL of diethyl ether. The aqueous
phase was separated out, centrifuged at 4000 x g for 16 min and the absorbance of the supernatant was measured at
580 nm. The amount of alcian blue bound per stomach in micrograms was determined using a standard calibration
curve. Alcian blue was the standard compound used.

Histopathological studies: Tissue preparation

After the lesions seen in the stomachs had been noted, each stomach was then placed in 10% formasaline. After 24
hours of fixation followed by embedding, using closed type automated embedding machine, in a paraffin block, it
was then trimmed and cut into sections of 5 microns, the ribbon obtained was put in a water bath (56°C), fished out
onto a glass slide and stained with haematoxylin-eosin stain for histological assessment of the gastric mucosa [24].

Results and Discussion
Phytochemicals present in Musa paradisiaca tepal and skin
The tepal and skin methanol extracts of Musa paradisiaca, prepared in this work showed the presence of the tested
phytochemicals like flavonoids, phenols and glycosides.

Investigations into natural products often, is guided by ethno-pharmacological knowledge, and has brought
tremendous contributions to drug production by providing novel chemical structures and mechanisms of action
[25,26]. Tepal methanol extract showed the presence of glycosides and phenols in abundance. Flavonoids and
saponins were also detected in this extract. Skin methanol extract also contains glycosides and phenols yet saponins
are absent (Table 1).

Table 1. Phytochemicals from the tepal and skin methanol extracts of Musa paradisiaca

Extract Glycosides Phenols Flavonoids Saponins

Tepal ++ ++ + +
Skin + + ++ -

Note: ++ = present in abundance. + = present. - = Absent

Plant secondary metabolites, are important sources of many food ingredients and plant chemicals (phytochemicals)
[27]. Recent researches showed that many phytochemicals can protect humans against various diseases [28]. Many
phytochemicals are present in herbs, and each has its distinct work. The health benefits attributed to these
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phytochemicals include; antioxidant, antimicrobial, anti-inflammatory, cancer preventive, antidiabetic and
antihypertensive effects [29,30].

Preliminary phytochemical screening of dried leaves and fruit peels of Musa paradisiaca unveil the presence of
some glycosides, anthocyanins, tannins, flavonoids as well as carbohydrates [31-33]. These phytochemicals have
been reported to play multiple biological and pharmacological roles (antibacterial, antihypertensive, antidiabetic and
anti-inflammatory activities [34].

Several phytochemicals in different parts of banana from different solvent extracts have been reported by several
researchers. Many flavonoids and related compounds (Leucocyanidin, quercetin, and its 3-O-galactoside, 3-O-
glucoside and 3-O-rhamnosyl glucoside) were isolated from the unripe pulp of plantain [35,36]. Serotonin,
norepinephrine, tryptophan, indole compounds, tannin, starch, iron, crystallizable and non-crystallizable sugars,
vitamin C, B-complex vitamins, fats, mineral salts were detected in the fruit pulp of M. paradisiaca var. sapientum
[37]. The preliminary phytochemical screening carried out indicated M. paradisiaca var. sapientum peels contain
some secondary metabolites such as glycosides, alkaloids, saponins, volatile oil, flavonoids and tannins [38]. The
phytochemical screening of ethanolic and methanolic extracts of Musa paradisiaca confirmed the presence of some
secondary metabolites. Ethanolic extract was found to have alkaloids, flavonoids, steroids, tannins, glycosides etc.,
whereas the methanolic extract revealed the presence of alkaloids, saponins, xanthoproteins and glycosides [39].

The roles of these phytochemicals as both therapeutics and nutrients makes these parts (tepal and skin) of the plant
have medicinal and nutritional values. This work confirmed the presence of most of these phytochemicals in the
parts above.

Effect of Musa paradisiaca tepal and skin on ulcer index

Ligation of pylorus causes erosion due to stimulation of acid and pepsin in the abdomen [18], leading to
autodigestion of the gastric mucosa and the breakdown of the gastric mucosal barrier [40]. Prostaglandins (PGs)
shows a protective effect on the stomach mucosa and causes an increase in bicarbonate secretion, maintain mucosal
blood flow and repair. Hence, the increase in mucosal lesions is caused by suppressing PGs synthesis by NSAIDs.
For this reason, indomethacin plus pylorus ligation model was used in our study to induce severe ulceration in mice.
The number of lesions seen on the gastric mucosa is an indication of the severity of ulcer disease [41]. Non-
parametric Kruskal-Wallis followed by Mann-Whitney tests were used for the statistical analysis.

According to this result (Table 2), administration of indomethacin coupled to ligation of the pylorus in IND+PYL
group showed significant increase in ulcer index (16.20 = 5.70) when compared to the normal control group (p =
0.005). Pre-treatment with cimetidine significantly (p = 0.009) decreases the ulcer index. Tepal pre-treatment also
significantly decreases (p = 0.027) the ulcer index when compared to the induced group. However, the decrease in
ulcer index in skin pre-treated group is not significant (p = 0.074). The cimetidine pre-treated group decreased the
ulcer index to 3.6 + 1.20 giving 72.14% protection. Meanwhile, the tepal and skin extracts reduced the ulcer index
to 3.60 £ 1.20 and 6.90 + 2.10 giving 68.80% and 43.22% protection respectively. This protection (preventive
index) observed in both the tepal and skin is not statistically significant from the protection observed in cimetidine
(p = 0.249).

The gastric mucosal integrity depends on the balance between HCL, pepsin (aggressive factors) and the protective
factors as mucus and bicarbonate secretion, prostaglandins, mucosal blood flow, nitric oxide [42]. Hence, the main
guidelines for the treatment are aimed not only at blocking the acid secretion, but also on the increased production
of factors responsible for protecting the gastric mucosa, thus preventing epithelial damage [43]. The present study
proves the preventive effect of Musa paradisiaca tepal and skin methanol extracts, as they significantly decreased
the induced ulcer.
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Table 2. Effect of tepal and skin pre-treatments on ulcer index and preventive index in IND+PYL induced ulcer

Ulcer Index Preventive index
Sample (n=5) (Mean = SE) (Mean + SE)
Control 0.00+0.00° Nil
IND+PYL 16.20+5.70™ Nil
Tepal pre-treated 3.80+1.60° 68.80+20.53°
Skin pre-treated 6.90+2.10° 43.22+14.82°
Cimetidine pre-treated 3.60+£1.20° 72.14£13.49°

“®Man-Whitney U test showed that, tepal methanol and cimetidine showed significant decrease in
ulcer index. However, the decrease in skin extract is not statistically significant, when compared to
the induced group (IND+PYL) *. ““Man-Whitney U test showed a significant formation of ulcer in
IND+PYL group when compared to the normal control group. “Kruskal-Wallis test showed no
significant difference in ulcer prevention (Preventive ulcer index) exerted by the tepal, skin as well
as the standard cimetidine drug.

Effect of Musa paradisiaca tepal and skin on gastric juice volume and pH

The current study showed that, the methanolic skin and tepal extracts of Musa paradisiaca, as well as cimetidine,
lower the volume of the gastric juice compared to the induced group (IND+PYL). The volume of the gastric juice
was found to be 0.86 + 0.13mL in the induced (IND+PYL) group, but tepal brought it down to 0.40 = 0.04mL.
Cimetidine and skin also reduced the volume to 0.46 = 0.08 mL and 0.64 + 0.13 mL respectively (Figure 1),
although not statistically significant.

Significant increase in pH was observed in the tepal and cimetidine pre-treated groups as presented in Fig. 1. The
pH value in the induced group (IND+PYL) was found to be 2.48 = 0.2. This is significantly (p = 0.012) increased to
3.79 £+ 0.24 by the tepal extract in a similar way to the standard drug, cimetidine, 3.98 £+ 0.11 (p = 0.009) when
compared to the induced group. The increase in pH by the skin extract is not statistically significant (p = 0.203)
when compared to the induced group. This may be due to its less chemical components than the tepal or may be
higher dosage is needed. However, it also increases the gastric juice pH to 2.99 +0.32  (Figure 1).
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Figure 1. Gastric juice pH and volume
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Tepal methanol (TPM), cimetidine (CIM) and skin methanol (SKM) pre-treated groups showed no significant
gastric juice volume reduction when compared to the induced group (INDO+PYL).

CIM and TPM showed a significant rise in pH when compared to the induced group (INDO+PYL). SKM showed
no statistical significance when compared to the induced group.

Effect of Musa paradisiaca tepal and skin on gastric wall mucus

Figure 2 showed the impact of the tepal and skin extracts on the measured gastric wall mucus. Both the tepal and
skin showed increased gastric mucus but not statistically significant (p = 0.339) when compared to the induced
group (IND+PYL). The group pre-treated with the standard cimetidine drug also decreases the gastric mucus in a
similar way to the tepal and skin.

The research shows the effects of tepal and skin against indomethacin plus pylorus ligation induced gastric ulcers.
The gastric ulcers in the pylorus ligated animal are mainly due to increased gastric HCL secretion leading to the
destruction of mucosal barrier and autodigestion of the gastric mucosal layer. In ulcer induced models there is,
normally, a significant increase in the level of acid and pepsin [44]. Indomethacin also increases pepsinogen

secretion [45].
350 - a a a
a
300 -
250 +
200 -
150 -
100 -
50 -
0
TPM

INDO+PYL SKM CIM
Group (n=4)

Gastric wall mucus (Alcian blue
Hg/wet glandular tissue)

Figure 2. Increase in gastric wall mucus by the extracts.

The rise in the gastric wall mucus (GWM) by both the TPM and SKM is not statistically significant when compared
to the induced group (INDO+PYL).

The volume of acid present in gastric secretion which comprises HCL, pepsinogen, mucus, bicarbonate, intrinsic
factor and protein reflects acid volume. Exposure of the open lumen of the stomach to accumulating acid could
facilitate ulceration [46]. Another aggressive factor responsible for ulcers is the amount of “acid present in the
gastric juice. Over secretion of histamine contributes to increased secretion of gastric juice” [47]. When the
concentration of hydrogen ions in gastric juice decreases, it indicates high pH. The genesis of ulcer and gastric
damage is made easy by hydrogen ions that serve as another aggressive factor [48].

Administration of tepal, skin and cimetidine at a dose of 100 mg/kg decreased gastric juice volume and increased
gastric the juice pH when compared to the ulcer induced group. The increase in pH implies a decrease in gastric
acidity which can occur through the decline in pepsin activity. Hence, the extracts prevent ulcer possibly by
preventing overproduction of gastric acid.
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Mucus serves as the first line of defence against ulcerogenic agents. It is secreted by the mucous neck cells and
shields the gastric mucosa. Mucus secretion is an essential factor in the protection of the gastric mucosa from the
gastric erosions and has been regarded as a significant defensive entity in the gastric mucus barrier [49]. Increased
mucus secretion by the gastric mucosal cells can protect gastric ulceration by several mechanisms, like decreasing
of stomach wall friction during peristalsis and gastric contractions, increasing the buffering of acid in gastric juice
and by acting as an effective barrier to back diffusion of H' ions [50]. Musa paradisiaca skin and tepal was found to
augment the gastric mucus by decreasing the gastric juice acidity and lowering its volume, which are all evident in
this work.

Topical and systemic effects of NSAIDs in the gastrointestinal mucosa are associated with mucosal damage in both
the upper and lower GIT [51]. The systemic effects of NSAIDs involve the inhibition of prostaglandin production
(by affecting COX-1 function), which defect bicarbonate and mucus secretion. Indomethacin induce a direct
irritation effect by increasing free radical formation and H" ion transport [52]. Indomethacin causes ulcer mainly on
the glandular (mucosal) part of the stomach [53]. The extracts (100 mg/kg) may also offer gastroprotection by
enhancing the mucus wall thickness and antioxidant activity, since it was found to have an excellent DPPH radical
scavenging activity [54] as well as the augmentation of the gastric wall mucus. It is possible that the cytoprotective
action M. paradisiaca is mediated via the action of endogenous prostaglandin, which stimulate mucus secretion and
plays an important role in ensuring mucosal integrity against the actions of various deleterious agents [55].

Several studies on the antiulcer efficacy of different parts of Musa paradisiaca var. sapientum were carried out, and
it conforms to the current finding. A study conducted by Koffuor [56], showed that, the aqueous extract of Musa
paradisiaca (0.2 — 0.8 mg/kg) treated mice gave a significant (P<0.001) reduction in the gastric ulceration, induced
by acetic acid, similar to the esomeprazole treated group. 'Jl%lower extract of Musa paradisiaca has been
described to possess antioxidant as well as antiulcer activity [57,58]. Methanolic extract of M. sapientum var.
paradisiaca showed antiulcer and mucosal defensive factors in normal and non-insulin dependent diabetes mellitus
rats [59]. Studies with M. paradisiaca var. sapientum have shown its ulcer protective and healing activities through
its predominant effect on various mucosal defensive factors and they resolved that its antioxidant activity may be
implied in its ulcer protective activity [57]. A previous study reported that dried unripe banana powder contains
flavonoid leucocyanidin and a significant protective role against aspirin-induced erosions was seen [55].

The significant increase in the antiulcer activity of Musa paradisiaca skin and tepal, could also be attributed to the
presence of flavonoids and glycoside, which are shown to be present in the both tepal and skin extracts. In this
study, the tepal extract showed better antiulcer activity as well as more abundant glycosides and phenols than the
skin extract. The skin extract that showed antiulcer activity and also contains abundant flavonoids (Table 1). Among
the phytochemicals present in the extracts, saponins and flavonoids are referred to as antiulcer compounds [60].
These phytochemical constituents of the extracts could explain its antiulcer activity. Furthermore, several plants
containing high amounts of saponins have been shown to possess antiulcer activity in several experiments [61,62],
probably acting as an activator of mucus membrane protective factors [63]. Moreso, the gastroprotective effect of
flavonoids has been previously reported [64].

Phenolic compounds cause the augmentation of mucus production and anti-inflammatory action due to their free
radical scavenging activity [65]. The tepal and the skin extracts of Musa paradisiaca were found to have a large
amount of total phenolic content [54]. The presence of phenolic compounds in the extracts may be a contributing
factor towards the significant reduction of ulcer index observed in the pre-treated groups. Musa paradisiaca
contains a glycoside called “aucubin” which has antihistaminic activity [66]. Thus, the antihistaminic activity may
be one of the mechanisms through which plant extracts prevent ulcer progression.

Mucosal defence and repair mechanisms are relevant in protecting the integrity of the mucosal layer, and resultant
inhibition of these mechanisms could lead to necrosis. Examples of such defense mechanisms include preepithelial
factors (mucus-bicarbonate-phospholipid barrier), surface epithelial cells connected by tight junctions, bicarbonate
and mucus production, prostaglandins, heat shock proteins and blood flow through the mucosal vessels [67]. The
extracts in effect, may directly protect the mucosal layer from harmful substances such as NSAIDs (indomethacin),
acids and alcohol and stimulate mucosal regeneration.
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Macroscopic observation

Figure 3 showed the representative stomachs of mice after indomethacin plus pylorus ligation induced gastric ulcer.
Oral administration of indomethacin (48 mg/kg) and ligation of pylorus produced superficial or deep erosions,
bleeding, and antral ulcers. This is similar to the reports of Zhu and Kaunitz [3] and Lanza [68] in which
prostaglandin and protective mucus function were inhibited by NSAIDs.

Nevertheless, pre-treatment with Musa paradisiaca skin and tepal significantly reduced the ulcer severity. Tepal and
cimetidine were able to cause a significant reduction in ulcer indices compared to the ulcer induced group which
caused a significant increase in the ulcer indices. Moreover, tepal and cimetidine have the same protective action
against the induced ulceration. The decrease in ulcer indices is in line with those of Goel [69] who reported the
reduction in ulcer indices on treatment with vegetable Musa paradisiaca in aspirin induced rats [69].

(A) ; (B)

® (E)

Figure 3. Gross view of mice stomachs after pre-treatment and ulcer induction.
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A: control stomach, showing normal gastric mucosa. B: ulcer induced stomach, showing various lesions and some
inflammation. C: Tepal pre-treated stomach, showing a highly significant preventive effect against the IND+PYL
induced ulceration. D: Skin pre-treated stomach, showing a mild preventive effect against IND+PYL induced
ulceration. E: Cimetidine pre-treated stomach, showing prevention against the IND+PYL induced ulcer in the
similar way as in C.

Histopathological studies

This study also showed that, the administration of indomethacin at 48 mg/kg body wt. and the ligation of the
pylorus, induced histological lesions in mucosal and submucosal regions as revealed by histological examinations
compared to control group (Figure 4). This finding conforms to that of several studies in which ulcer was induced
using indomethacin [8, 70,717

(D) ()

Figure 4. The histological view (x 100) of the stomach of mice
Control group showing intact mucosa (A). IND+PYL (B) induced highlighting the areas of congestion and erosions.

Tepal pre-treated (C) showing intact mucosa. Skin pre-treated (D), with intact mucosa and decreased oxyntic cells
in superficial half of mucosa and cimetidine (reference drug) pre-treated (E) also showing intact mucosa.
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Conclusion

In the present study, it was found that, the tepal extract has the highest preventive ulcer index that is statistically not
significant when compared to standard drug (cimetidine), against the indomethacin plus pylorus ligation induced
ulceration. Also the same tepal and the skin extract showed a promising reduction of gastric juice volume,
increasing pH and strengthening of the gastric wall mucus. Phytochemical screening revealed the presence of
flavonoids, saponins, glycosides and phenols in the extracts, which are especially higher in the tepal extract, which
could be the reason for its higher antiulcerogenic action recorded in this work. Further investigations are needed to
confirm the use of these parts of banana for ulcer treatment.
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