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Abstract
Banana (Musa acuminata) peel is a rich source of many nutrients and considered high in carbohydrates. It
has been traditionaly used to treat diarrhea, anemia and ulcers. Some studies have shown that banana peels
possess antioxidant and antiinflammatory properties. This study was performed to evaluate the wound
healing activity of banan peels extract (BPE ) in rabbit. For inducing full-thickness wound in rabbits, the
excisional wound model was used. The animals were randomly divided into six experimental groups.
Negative control, standard and vehicle control groups and treatment groups. All the treatment were apllied
topically twice daily. Healing was assessed by wound contraction and re-epithelialization rate and the tensile
strength of wound tissue sample . Histopathological examination was also done.The BPE promoted wound
healing activity in full-thickness wound model. High rate of wound contraction (P<0.05), significant decrease
in epthelialization period (P<0.05) and high skin breaking strength (P<0.01) were obsereved in animals
treated with BPE. Histopathological sutudies also showed the wound healing activity of BPE.The results of
this study indicated that hydroalcoholic extract of banana peels has a strong potetial for wound healing and
it can be used for different types of wounds in human being too.
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Introduction
A wound is defined as physical injury that result in
an opening or break of the skin that causes
disturbance in normal skin anatomy and function
[1] Wound healing is body’s natural reaction to
tissue injury involving a series of cellular events that
generates
resurfacing,
reconstitution,
and
restoration of the tensile strength of injured skin.
Normal wound healing is a complex process consists
of four highly integrated and overlapping phases:
hemostasis, inflammation, proliferation, and tissue
remodeling or resolution [2]. Wound care is
constantly evolving with the advances in medicine
but wounds are still a significant health problem
worldwide, often having severe complications. In
recent years wound care professional revisited the
ancients healing methods by using traditional
medicine in wound management. Traditional
medicines which are more effective, nontoxic and
cost-effective are gaining popularity throughout the
world. The medicinal and biological effects of plants
has urged scientists to examine these plants with a
view to determine potential wound healing
properties [3]. Musa acuminata (Musaceae) is one
of the most widely distributed and consumed fruit
in the world. Considering the nutritional aspects, it
is one of the world’s leading food crops with a great
source of minerals, vitamins, carbohydrates,
flavonoids and phenolic compounds [4,5]. All parts
of banana plants have been used in traditional
medicine to treat a variety of diseases [6]. The fruit
has been used in diarrhoea, dysentery, intestinal
lesions in ulcerative colitis, diabetes and as a
dressing for burns [7], Banana leaves (ashes) are
used in eczema [8], Flowers are used in dysentery
and menorrhagia. Stem juice of fruited plant is used
for treating diarrhoea, dysentery, cholera, otalgia
and haemoptysis [7].
The peels of a variety of fruits have gained attention
as a natural source of antioxidants and
phytochemical content which are rich in
compounds with free radical scavenging activity
compounds [9]. The banana fruit, peel and trunk
from various species and sampling areas have been
reported to be rich in essential minerals, mainly
containing high concentrations of potassium [1012]. Banana peel is an underutilized source of
phenolic compounds is considered as a good source
of antioxidants for foods and functional foods
against cancer and heart disease [13]. The research
on banana (Musa acuminata) peel extract indicated
that banana peel is potential source of bioactive
compounds like flavonoids and polyphenols with
wide range of medicinal properties in particular the

204 (203-208)

high free radical scavenging activity [14]. Antifungal
and antibiotic principles are found in the peel and
pulp of fully ripe bananas [15]. The present study has
been aimed to evaluate the wound healing activity of
hydroacoholic extract of banana (Musa acuminata)
peels (BPE) on full thickness wounds in rabbit.

Methods
Plant material
Banana fruits were purchased from local market,
Ahvaz, Iran. The plant was identified as Musa
acuminata in Department of Pharmacognosy, School
of Pharmacy, Jundishapur University of Medical
Sciences, Ahvaz, Iran. A voucher specimen of the
sample has been deposited in the herbarium of the
Department. The peels were separated from fruit
and washed. The peel was shade dried for two
weeks. Dried peels were ground to make a coarse
powder. The powdered peels (500 g) were soaked in
ethanol 70% for 72 hours in laboratory temperature.
The filtrated extract was evaporated under vacuum
below 45◦C to give a final yield of 25·5g. For use in
experiment, the dried powder was mixed with
eucerin for preparing the 3%, 5% and 10% creams.
Animals
Iranian rabbits of either sexes weighing 1300–1800g
were used for the study. They were individually
housed in stainless steel cages at a 12-hour cycle of
light and dark, room temperature was kept at
24±2◦C and humidity maintained at 50%. Standard
food, vegetables and water was provided ad libitum.
The rabbits were used after acclimatation to the
laboratory environment for a 7day period. Animal
procedures were in accordance to the guidelines for
animal care prepared by the Animal Ethical
Committee of Ahvaz Jundishapur University of
Medical
Sciences
(approval
code
no.
04/2015/CPCSEA/AJUMS).
Wounding procedure
Full thickness wounds were made in the skin of the
animals according to the model of Cross et al. [16]
Hairs of lower back and left flank of the animals were
fully shaved and sterilized with 70% ethanol, the
desired area was locally anaesthetized with the
subcutaneous injection of lidocaine (2%). A metal
template measuring 20x20 mm was placed on the
stretched skin and an outline of the template was
traced on the skin using a fine-tipped pen. The
wound was made by excising the skin, within the
border of the template to the level of loose
subcutaneous tissue (facia), using a size 15 scalpel
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blades and a forceps. A progressive decrease in the
wound area was monitored every day. The surface
area of healing wound was measured by tracing the
boundary of still open wound on transparent paper
and calculation of area was done by using a scale
graph paper. The percent wound contraction was
calculated using the following formula:
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Statistical analysis
Data were expressed as mean ± SE and statistical
significance between experimental and control
values were analyzed by one-way analysis of
variance (ANOVA) and followed by Dunnett,s test to
identify differences between groups. Values of
P<0.05 were considered as statistically significant.

Epithelialization period
It was evaluated by noting the number of days
required for the scar to fall off from the wound
surface exclusive of leaving a raw wound behind
[17].

Results
Wound contraction and epithelialization
There was no significant difference in wound
contraction between the non-treatment group and
eucerin-treated group throughout the study period.
The 10% cream of BPE improved the wound healing
at all times beginning on the 3rd day with statistical
significance (P < 0.05) achieved from 7th day as
compared with the eucerin-treated and no treatment
groups. Period of complete healing in non-treated
and eucerin-treated groups were equal over 21 days.
Healing in the group treated with phenytoin
cream1% was completed within 16 days. Healing in
animals treated with creams containing 3%, 5%,
and10% of BPE occurred after 19, 18 and 15 days,
respectively. A statistical significant decrease in
epithelialization time in BPE 10% (P<0.01) and
phenytoin treated groups (P<0.05) was observed as
compared with eucerin-treated and no-treatment
groups (Figure 1). The 10% cream of BPE healed the
wounds in a short duration compare to the other
experimental groups.

Histopathological studies
Histopathological studies were performed on
day7th of treatment. Skin specimens from treated
and untreated rabbits were collected and fixed in
10% buffered formalin and after the usual
processing, 5-µm thick sections were cut and
stained with haemtoxylin and eosin. Sections were
qualitatively assessed under light microscope.

Histopathological studies
The wound healing activity of the extract was
confirmed by histological investigation. On the 7th
day of treatment with 5% and 10% cream of BPE in
most samples, granulation tissue and reconstruction
of epidermis was initiated whereas in no treatment,
eucerin or 3% cream treated groups no sign of repair
was evident and still necrosis was observed (Fig.2).

Tensile strength
The tensile strength of a wound represents the
degree of tissue integrity. The tensile strength
increment indicates better wound healing
stimulation by the applied drug. At the end of
healing period, a strip of repaired tissue measuring
20 × 5 mm was isolated and the tensile strength
was measured with tensiometer. Tensile strength
was calculated using the following formula [18]:

Tensile strength
The BPE (5% and 10%) significantly (P<0.01)
increased the tensile strength of wound samples
compare to the control groups (Table. 1)

The animals were divided into six groups (6 animals
per group) as standard, negative control, vehicle
control and three groups for testing wound healing
activity of banana peels extract. The standard group
was treated with phenytoin1% cream, the negative
control group received no treatment, vehicle
control group was treated with eucerine and test
groups were treated with 3%, 5% and 10 % creams
of BPE, respectively. All the treatments were
applied topically twice a day from the day 0, 4 h
after the creation of the wounds till the complete
healing.

Discussion
Wound represents a major health problem, both in
terms of morbidity and mortality. Treatment of injury
and physical damage are requires special care and
costs abundant. A therapeutic agent selected for
wound healing should improve the healing process
with minimum side effects. Plants products are
potential agents for wound healing and largely
preferred because of their widespread availability,
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cost effectiveness, non- toxicity and their
effectiveness as crude preparations [3]. Previous
studies have shown some species of banana such as
Musa sapientum has a potential for wound healing
[19,20] but to the best of our knowledge no study
have been done to evaluate the wound healing
effects of Musa acuminata. In the present study we
investigated the wound healing activity of Musa
acuminata and our results showed that 10% cream
made of hydroalcoholic extract of Musa acuminata
peels accelerate the wound healing process in full
thickness wounds. Healing was assessed by wound
contraction and epithelialization rate and the
tensile strength of wound tissue sample.
Histopathological studies was also performed.
Experimental and clinical evidence suggest that
chronic wound undergoes substantial oxidative
stress by neutrophils-derived oxidants and
myeloperoxidase inflammation [21] The over
production of reactive oxigen species (ROS) result in
oxidative stress with detrimental cytotoxic effects
causing delayed wound healing, therefore
elimination of ROS could be an important strategy
to improve healing of chronic wounds [22].
Previous studies have shown that Musa acuminata
is a potential source of bioactive compounds like
flavonoids and polyphenols with wide range of
medicinal properties in particular the high free
radical scavenging activity [13,23] and this may
explain in part the mechanism of healing effects of
banana peel extract on skin wounds. The
antibacterial, immunostimulatory and physiological
regulatory effects of banana peel extract were
reported by Rattanavichai et al. [24]. The healing
property of Banana Peel Extract may be due to the
fact that it offers antibacterial activity, stimulate the
immune system and regulate the physiological
process such as healing process.
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Table 1. Comparison of tensile strength of tissue sample in different groups
Groups
No-treatment
Eucerin
BPE3%
BPE5%
BPE10%
Phenytoin1%

Tensile strength (g/cm2 )
995± 33
998±32
1170±36
1311±45**
1323±41**
1289 ± 35*

*P< 0.05, **P < 0·001 (significant differences from no-treatment or eucerin treated groups)

Figure 1. Comparison of the wound healing in experimental groups. Data are expressed as mean ±
SE. Values significantly different from eucerin-treated or no-treatment are indicated as (aP<0.05,
b P< 0·01). BPE: Banana peel extract
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Figure .2 Histopathology of skin at day 7, stained with H&E (100x). (A) Skin of BPE10% treated
rabbits. Large amount of granulation tissue and extensive fibrosis can be seen. (B) Skin of
BPE5% treated rabbits. Large amount of granulation tissue and small numbers of inflammatory
cells can be seen. (C) BPE 3% treated, (D) Eucerin treated or (E) no treatment rabbits. Necrosis
and inflammation are still evident. (F) Skin of phenytion1% treated rabbit. Evidence of
epithelialization (arrows) with dermal proliferation of fibroblsats.
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