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ABSTRACT

PURPOSE: To investigate the efficacy of a 10% gel of unripe banana (Musa sapientum) peel in treating surgical wounds in rats.
METHODS: A longitudinal, prospective, randomized triple-blind study was conducted with 60 Wistar rats (Rattus norvegicus albinus)
weighing approximately 400g. The animals were randomly divided into: control group (treated with gel containing no active ingredient)
and study group (treated with 10% gel of unripe banana peel). The gel was applied every three days to a 4x4-cm surgical wound created
on the back of each animal (day 0) in both groups. Tissue samples were collected for histological analysis on days 14, 21 and 28.
RESULTS: On day 14, more extensive vascular proliferation (p=0.023), presence of mononuclear cells (p=0.000), fibroblast proliferation
(p=0.012), re-epithelialization (p=0.000), and decreased presence of polymorphonuclear cells (p=0.010) were observed in the study
group than in controls. No significant between-group difference in the presence of polymorphonuclear cells was found on day 21.
Fibroblast proliferation was significantly greater (p=0.006) in the study group than in the control group on day 28.

CONCLUSION: The 10% gel of unripe banana peel showed anti-inflammatory activity and stimulated wound healing in rat skin when
compared with a gel containing no active ingredient.
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Introduction

The prevalence of chronic wounds in the general
population is relatively high. This condition is associated with
several diseases and imposes a major social and economic burden
on patients and healthcare systems. Thus, the search for alternative
therapies for the management of chronic wounds is of fundamental
importance'?. There are many treatment options for chronic wounds
on the market, but it has been difficult to properly determine the
cost-benefit relationship and best treatment option for each type of
ulceration’. Despite the predominance of synthetic substances in
the therapeutic arsenal, including anti-inflammatory drugs, recent
years have witnessed a renewed interest in therapeutic practices
considered by many health professionals as popular or unscientific.
Many phytotherapeutics, including extracts of Aloe vera, passion
fruit (Passiflora edulis), aroeira (Schinus terebinthifolius), and
unripe banana (M. sapientum) have been tested and used in the
treatment of skin lesions*’.

Banana (Musa sapientum) is a common tropical fruit; it
was brought to Brazil by the Portuguese. Unripe banana extract
promotes increased incorporation of thymidine into cellular
DNA, which enhances cell proliferation®. Unripe banana peel
contains leucocyanidin, a flavonoid that induces cell proliferation,
accelerating the healing of skin wounds®. The pulp and peel
of unripe banana have been used in the treatment of cracked
nipples and peptic ulcers in humans®. The active agent in unripe
bananas is water soluble and becomes inactive in ripe bananas’.
Further studies are being conducted by this research team. If its
therapeutic efficacy is confirmed, unripe banana would be a new
and inexpensive treatment option for skin wounds, accessible to
the general population.

The purpose of this study was to investigate the efficacy
of'a 10% gel of unripe banana peel in treating skin wounds in rats.

Methods

This experimental, longitudinal, prospective, analytic,
randomized, triple-blind study was approved by the Animal
Care and Use Committee at Universidade do Vale do Sapucai
(UNIVAS), approval number 161/12.

The animals were obtained from the Laboratory Animal
Facility of UNIVAS. The use of laboratory animals followed the
principles of the Brazilian College on Animal Experimentation
(COBEA), the Federal Law number 11.794 (08/10/2008) and the decree
6.689 (15/07/2009). The study is classified as United States Department
of Agriculture (USDA) Category C for laboratory animal usage.

The sample consisted of 60 adult male Wistar
rats (Rattus norvegicus albinus) aged about 120 days and
weighing approximately 400 grams. All animals were marked
for identification. The rats were randomly divided into two
groups (study and control groups) of 30 animals each, and each
group was subdivided into three subgroups of 10 animals each
according to the time of euthanasia, using the BioEstat 5.0
software. The allocation sequence was concealed in sequentially
numbered, opaque, sealed envelopes. In this triple-blind study,
the investigator, pathologist and statistician were blind to group
assignment.

Animals in the control group were treated with natrosol
gel (hydroxyethyl cellulose) without the active ingredient and
those in the study group were treated with natrosol gel containing
10% of extract from unripe banana peel.

A 4 x 4-cm wound was created on the back of each
animal. The wound was cleaned every 3 days from the immediate
postoperative period to the day of euthanasia. The size of the
wound was then measured with a caliper (Figure 1). The wound
area was calculated by multiplying the longest length by the widest
width of the wound. Next, the wound was treated with 10% gel or
natrosol gel (control) and covered with gauze and adhesive tape.

Samples for histological analysis were collected on
postoperative days 14, 21 and 28, with the animals anesthetized
and alive. After sampling, the rats were euthanized by anesthetic

overdose.

Gel preparation

The gel used in the study was prepared from unripe
banana (M. sapientum) peels. Ripeness was determined according
to the scale devised by Loeseck®, which relates ripeness to the
color of the peel. Only completely unripe fruits were selected to
ensure homogeneity.

First, the fruits were washed with running water and
rubbed with a luffa sponge. After the first wash, the fruits
were allowed to dry at room temperature for 20 minutes. The
unripe bananas were then washed with 500 ml of distilled
water, dried with paper towel, and allowed to dry for another
20 minutes at room temperature. Next, the fruits were peeled
and the pulp was discarded; only the peels were used. The peels
were diced into cubes of approximately 1 mm?, transferred to
a ceramic mortar, and manually ground with a pestle for 60
minutes until complete homogenization. The peel of one unripe
banana yields about 50 g of ground peel. The ground peel was
placed in a watch glass and weighed on a precision balance
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model Gehaka BG2000. Following, 100g of gel (10% gel) was
prepared by mixing 10g of ground peel with 90g of natrosol
gel for five minutes to ensure homogenization. The prepared
formulation was placed in a previously sterilized, white 120-g
plastic container having a false bottom, stored at refrigeration

temperature, and used within 30 days.

Surgical procedure

Before the surgical procedure, the animals were
anesthetized with a mixture of ketamine hydrochloride (50 mg)
and 2% xylazine hydrochloride (20 mg) at 2 mg/kg body weight.
The hair of a 6 x 6-cm area (36 ¢cm?) in the dorsal region of the
animals was manually removed in the cephalo-caudal direction.
The incision lines were marked on the skin of the interscapular
region between the anterior limbs with a thin felt tipped pen. The
skin was cleaned with 0.9% saline and a 4 x 4-cm surgical wound
was created on the back of each animal (day 0). The incision was
deepened to the dorsal muscular fascia and the dorsal skin was

resected together with the panniculus carnosus (Figure 1).

FIGURE 1 — Surgical wound.

All animals received sodium dipyrone at 1 mg/kg body
weight three-times daily for postoperative analgesia during the

study period.

Treatment of surgical wounds

All animals in both groups were treated every 3
days from the immediate postoperative period to the day of

euthanasia. Before the treatment, the rats were anesthetized and

the wounds were cleaned with 0.9% saline. Then, natrosol gel
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(control group) or 10% unripe banana peel gel (study group)
was applied to the surgical wound using a disposable wooden
spatula, which was discarded after each application. The same
amount of gel (0.1 g) was used in each application. The wound
was covered with Transpore medical tape and a secondary

dressing of microporous adhesive tape.

Histological analysis

Samples for histological analysis were collected on
postoperative days 14, 21 and 28 with the animals anesthetized
and alive. The tissue from the wound site was removed together
with a 1 cm wide margin of normal skin, fixed in 10% buffered
formalin, pH 7.5, and sent to the pathology laboratory. Paraffin-
embedded specimens were cut into 3-um sections, mounted onto
slides, and stained with hematoxylin and eosin (HE). The slides
were photographed with a camera (model Canon PowerShot SX
100 IS) coupled to an optical microscope.

Histomorphological analysis was performed on
micrographs to determine fibroblast proliferation, vascular
proliferation and re-epithelialization, and quantify mononuclear
and polymorphonuclear cells and collagen fiber content. Ten
high-magnification fields of view (x40) were analyzed. The
occurrence of cells was graded as slight (<10 mononuclear or
polymorphonuclear cells), moderate (10 to 50 cells), or marked
(>50 cells). All histological examinations were performed by the
same pathologist, who was blinded to group allocation. Results

were recorded for subsequent analysis.

Statistical analysis

Wound contraction rates at different time points (days 14,
21 and 28) were compared between and within groups using the
chi-square test and Fisher’s exact test.

Comparisons of the characteristics of the animals (e.g.,
age and body weight) between groups were made before and after
the study intervention using Student’s t- test.

Statistical analysis was carried out using the Statistical
Package for the Social Sciences (SPSS) version 13.0. All statistical
tests were performed at a significance level a of 0.05 (p<0.05).

Results
No significant differences in age and body weight of the

animals were found between the study and control groups before

and after the study intervention.
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A

FIGURE 2 Marked vascular and fibroblast prolrferatron.

Histological analysis

On day 14, wound healing was more advanced in the
study group, which showed more extensive vascular proliferation
(p = 0.023), presence of mononuclear cells (p = 0.000), fibroblast
0.000)
compared with the control group (Figure 2). There was also a

proliferation (p = 0.012), and re-epithelialization (p =
smaller amount of polymorphonuclear cells in the study group
than in the control group (p = 0.010), suggesting a reduced

inflammatory response to injury (Table 1).

Wound healing was still more advanced in the study
group on day 21, which had more extensive vascular proliferation
(p = 0.008), presence of mononuclear cells (p = 0.000), fibroblast
0.000)
than the control group. However, no significant difference in the

proliferation (p = 0.005), and re-epithelialization (p =
presence of polymorphonuclear cells (p = 0.75) between groups
was observed at this time point (Table 1).

Fibroblast proliferation was significantly greater (p =
0.006) in the study group compared with the control group on day
28 (Figure 3), with no significant between group-differences in
other variables (Table 1).

) ’ : 3 (o
FIGURE 3 - Marked Vascular and ﬁbroblast prohferatlon and moderate
re-epithelialization.
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TABLE 1 — Histological results for both groups at the three time points.

Post-injury days

Variables Day 14 Day 21 Day 28
Groups Study Control Study Control Study Control
Vascular proliferation
Mild 1 2 3 0 1 2
Moderate 3 8 3 10 4 7
Marked 5 0 3 0 3 0
p-value 0.02%* 0.008* 0.12
Polymorphonuclear cells
Mild 7 1 6 5 2 0
Moderate 2 7 2 3 5 6
Marked 0 2 1 2 1 3
p-value 0.01* 0.75 0.21
Mononuclear cells
Mild 0 2 0 0 0 0
Moderate 1 8 0 10 2 3
Marked 8 0 9 0 6 6
p-value <0.001* <0.001* 0.56
Fibroblasts
Mild 0 3 1 1 0
Moderate 4 7 2 9 1 8
Marked 5 0 6 0 5 1
p-value 0.012%* 0.005%* 0.006%*
Collagen
Mild 3 2 2 3 2 1
Moderate 6 8 6 7 4 7
Marked 0 0 1 0 2 1
p-value 0.63 0.54 0.48
Re-epithelialization
Mild 0 10 0 10 2 4
Moderate 8 0 5 0 4 5
Marked 1 0 4 0 2 0
p-value <0.001* <0.001* 0.25

*Statistical significance (p<0.05)

Discussion

Brazilian socioeconomic status and biodiversity has
prompted an intensive search for reliable and less expensive
solutions to the most prevalent conditions. Skin wounds affect a
large part of the population, especially the poor. Brazil has the
largest biodiversity of the world. The use of this vast biodiversity
associated with a low-cost production of medications may provide
a solution for several public health problems in Brazil.

Plantain banana (M. sapientum var. paradisiaca) has been
intensively studied in the past 30 years. Unripe banana has been
found to be helpful in treating peptic ulcers”. Further research has

been conducted based on its healing properties, especially studies
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on skin wounds, which are very common and require prolonged
treatments that often burden the health care system and the patient.

No study was found in the literature identifying the
components of M. sapientum var. paradisiaca specifically
responsible for its healing properties. However, studies on the
properties of the banana, showed that especially its pulp is rich
in flavonoids such as leucocyanidin, which has anti-inflammatory
and anticancer activities®!°.

Histological analysis

In the beginning of the inflammation phase of wound

healing there is an increase in vascular permeability, extravasation
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of plasma, erythrocytes, platelets, and leukocytes, especially
neutrophils, monocytes and macrophages'>"®. The inflammatory
response is an important step of wound healing that prepares the
environment of the wound for the repairing process. In this study,
the use of the 10% gel of unripe banana peel significantly increased
the inflammatory response on postoperative day 14 in the study
group compared to the control group. This increase in inflammatory
response may contribute to a reduction in healing time. However, this
stage should not be very intense, because an excessive inflammatory
response can cause delay in wound healing and favor an imbalance
between synthesis and degradation of collagen, promoting matrix
degradation''. Lack of neutrophils in the blood seems not to affect
tissue repair in the absence of infection'>4,

Re-epithelialization begins few hours after injury with
the migration of epithelial cells from the margins and epidermal
appendages located in the center of the wound. Fibroplasia and
vascular proliferation are of fundamental importance in wound
healing because they are involved in the formation of granulation
tissue, which gradually fills the wound cavity four days after
injury. Although total re-epithelialization was not achieved
with the use of unripe banana peel gel, re-epithelialization was
significantly greater in the study group compared with that of the
control group on postoperative days 14 and 21, showing that the
gel stimulated wound contraction. Wound chronicity began on day
28, with a reduction in the inflammatory process and significant
increase in fibroblast proliferation in the study group compared
to that of the control group. Fibroblasts produce new extracellular
matrix required for cell growth, while new blood vessels carry
oxygen and nutrients required for cell metabolism'®. After platelets
leave the vascular bed, neutrophils and mononuclear cells also
migrate toward the wound area in response to chemotactic agents®.
Macrophages produce various growth factors, such as platelet-
derived growth factor (PDGF), transforming growth factor-beta
(TGF-P), fibroblast growth factor (FGF), and vascular endothelial
growth factor (VEGF), which are the main cytokines necessary to
stimulate granulation tissue formation'’.

In the present study, 10% unripe banana peel gel
positively affected wound healing, which is in agreement with
other studies in the literature. The gel concentration was chosen
based on a previous study, in which the 10% gel resulted in
epithelialization of wounds healed by secondary intention'.
Samples for histological analysis were collected on postoperative
days 14, 21 and 28. No sampling was performed before day 14
because a previous 7-day study on the effect of unripe banana peel
gel on wound healing in rats' has shown no significant differences

in the studied parameters between the study and control groups.

Therefore, in this study, a longer study period was evaluated, with
sampling beginning on day 14.

Although the present study was performed in acute
wounds, the 10% gel may be used in chronic wounds. This may
be inferred by comparing the evolution of the wounds at different
time points (i.e., at 14, 21 and 28 days of treatment). Other study
has evaluated the effect of unripe banana peel gel at a different
time interval', suggesting that our findings may also be relevant to
the treatment of chronic wounds. Further studies are necessary to

confirm the beneficial effects of this gel and extend our results.

Conclusion

The 10% gel of unripe banana peel showed anti-
inflammatory action and stimulated wound healing in rat skin

when compared with a gel containing no active ingredient.
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