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Abstract: Considering that oral preparations made with peel green bananas
(e.g. flour and extracts) demonstrated healing effects on mucous membranes
and skin, this study evaluated the healing and the antimicrobial property
of a topical preparation based on extract of Musa sapientum L., Musaceae,
(apple banana) in surgically induced wounds in the skin of male Wistar
rats, 100 g. The extract was obtained by decoction, the presence of tannins
was detected by phytochemical screening and 10% of the extract was
incorporated into the carbopol gel (CMS gel). The processes of healing and
bacterial isolation were evaluated in the following experimental groups:
control (no treatment), treatment with placebo or with the CMS gel. The
healing of surgical wounds treated with the CMS gel was faster when
compared with the control and placebo groups and the treatment with CMS
gel also inhibited the growth of pyogenic bacteria and enterobacteria in the
wounds. The results indicate that the extract of Musa sapientum epicarp has

Revista Brasileira de Farmacognosia
Brazilian Journal of Pharmacognosy
21(3): 491-496, May./Jun. 2011

Article

Received 20 Apr 2010
Accepted 5 Oct 2010
Auvailable online 1 Apr 2011

Keywords:
Musa sapientum
apple banana
tannin

tissue repair

ISSN 0102-695X
doi: 10.1590/80102-695X2011005000052

healing and antimicrobial properties (in vivo), probably, due to tannins.

Introduction

Healing is a complex process of tissue repair,
where several cellular events occur synchronously to
ensure the integrity of the body (Amorim et al., 2006;
Amaral et al., 2006; Mandelbaum et al., 2003; Garros et
al.,2006). This process is triggered by tissue damage and
its evolution varies according to the anatomic location,
skin type, species, strain and metabolism (Amorim et
al., 2006; Mandelbaum et al., 2003; Marchionni et al.,
2000).

The banana (Musa spp.) originates from Asia,
but is widely grown in most countries, including Brazil
(Jesus et al., 2004). The consumption of this fruit is
great because of their nutritional value; its shell has
been studied for treatment of gastrointestinal disorders
(diarrhea, gastritis and gastric ulcers) (Best et al.,
1984; Dadoo et al., 1995; Goel et al., 1986; Lewis et
al., 1999; Pannangpetch et al., 2001) and commonly is
used to treat wounds, especially in nipple fissures that
arise during breastfeeding (Novak et al., 2003).

According to Santos & Mello (2002), the
healing property of the banana peel is related to the

presence of tannins in the fruit epicarp and according
to Ono et al. (1998), the alcoholic extract of banana
has antibacterial activity against Escherichia coli and
Staphylococcus aureus.

Thus, the objective of this study was to
evaluate the healing and antimicrobial properties of
the extract of Musa sapientum L., Musaceae, epicarp
(apple banana) in post-surgical wounds in rats.

Material and Methods
Extraction

The fruits of Musa sapientum var. paradisiacal,
Musaceae, were collected in Santa Lidia Bananas
Climatizadas, located at Av. Brazil, 233, Maua-SP,
and classified as green on the scale of Von Loesecke
(1950). After the botanical identification, done by the
Universidade Catdlica de Santos Herbarium (voucher
number: UNIS1294), the epicarps were separated,
cleaned with sodium hypochlorite 1% for 15 min,
washed in running water and cut into small pieces. The
extraction was performed by the method of decoction
using 250 g of sliced epicarps into 1.8 L of distilled

491



Evaluation of post-surgical healing in rats using a topical preparation based on
extract of Musa sapientum epicarp
Priscila B. Lino et al.

water; after, the plant material was kept in boiling
water for 2 h, with the use of a heating pad. Then, the
decoction product was filtered and stored at 4 °C. The
extraction process was repeated twice, using the same
epicarps for maximum extraction of metabolites from
the plant material (Costa, 2000). The decoction allows
the extraction of tannins and/or flavonoids, so the
phytochemical screening of secondary metabolites was
required.

Phytochemical screening for tannins and flavonoids

The phytochemical screening for tannins was
carried out by classical reactions as: gelatin 2.5%,
ferric chloride 1%, ferric sulphate 1%, iron alum 1%,
lead acetate 10%, caffeine 0.1% and potassium cyanide
10%. The presence of flavonoids was performed by
Shinoda’s test and aluminum chloride 5% reaction
(Costa, 2000).

Gel handling

The extract of M. sapientum epicarp 10% was
incorporated into the carbopol gel, according to this
formulation: aqueous extract of M. sapientum epicarp
10%, carbopol 0.7%, propylene glycol 3%, EDTA
0.1%, methylparaben 0.2%, deionized water g.s 100%
and triethanolamine q.s.

The resulting gel, called CMS, was submitted
to microbiological testing using: i. trypticase soy agar
(48 h of incubation at 35 °C), tryptose soy broth and
lactose broth (24 h of incubation at 35 °C) to search for
bacteria and ii. Sabouraud agar dextrose culture medium
(5 d of incubation at 25 °C) for fungi and yeasts.

Accelerated stability study

Gel CMS (30 g), stored in polyethylene bottles,
were placed in ovens at 25 and 40 °C for eighty days.
Samples of 1 g each were taken in the 24%, 48" ¢ 80
day for organoleptic characterization (color, odor and
homogeneity) and to analyze: pH (pH meter Tecnal
Tec-2), viscosity (Brookfield RVDV-I+Viscometer)
and loss of weight of the formulation (Gehaka AG
200 Analytical Balance). The tannin content was
determinate by spectrophotometer (Shimadzu UV-
1601) and the absorbance readings were made in the
wavelength of highest absorption (337.5 nm) (Anvisa,
2005).

Experimental procedure
A total of thirty rats (male, Wistar, 100 g),

raised at the University of Grande ABC Vivarium,
were placed in individual polypropylene cages with
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appropriate supply of water and food. The rats were
anesthetized with morphine (2 mg/kg) and tiletamine-
zolazepam (Zoletil®, 30 mg/kg) and the cervical dorsal
skin was shaved and cleaned (chlorhexidine 1%) to
perform an incision (£2 cm). These rats were distributed
in three groups with ten animals each: group 1 (control-
no treatment), group 2 (treatment with placebo gel,
once daily for seven days) and group 3 (treatment with
CMS gel, once daily for seven days).

To evaluate the process of healing, the
wound was measured (by the same individual) in the
1%, 3 and 7" postoperative day, using a universal
caliper. Immediately after the surgery and on the 7th
postoperative day, material from the surgical wound
was collected with sterile swabs for bacterial isolation.
This material was seeded into Brain Heart Infusion
Broth (BHI) agar and incubated at 37 °C for 24 h.
After this period, the material was seeded on blood
agar and MacConkey agar and incubated for 24 h at 37
°C (Gomes et al., 1999). Later, tests were performed
to identify the bacteria specific genus and species.
This study was approved by the Ethics Committee for
Animal Experiments of UniABC (CEUA-UniABC).

Statistics

The size of the wounds is presented as mean
values with their standard deviations (£SD). Statistical
comparisons between two mean values were made by
unpaired t test. When comparing more than two groups,
we used the ANOVA test. Differences were considered
significant if p<0.05.

Results

The reactions employed in phytochemical
screening revealed the presence of tannins and the
absence of flavonoids in the extract of Musa sapientum
L., Musaceae, epicarp.

The microbiological analysis did not identify
pathogenic microorganisms in the formulation of the
CMS gel. The stability studies demonstrated that the
CMS gel did not lose its initial characteristics and the
tannin content (Figure 1 and Table 1).

Figures 2 and 3 show two representative
experiments in which the process of wound healing is
studied in an animal treated with placebo gel (group
2) or with the gel CMS (group 3), respectively. These
figures indicate that in presence of placebo gel in the
3rd postoperative day the wound is open and with signs
of inflammation and in the 7" postoperative day the
wound has not healed completely. On the other hand,
in presence of gel CMS in the 3™ postoperative day
the wound do not have signs of inflammation and their
edges are close and in the 7% postoperative day the
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Table 1. Results of accelerated stability study performed in the gel of Musa sapientum L., Musaceae, epicarp (10%).

Features
Day  Temp. °C - - - - - -
Color Odor Homogeneity pH Viscosity Weigth of formulation Tannin content

= 25 2 + h 8.0 --- cw positive

& 40 2 + h 8.1 cw positive

= 25 2 + h 7.8 - cwW positive

& 40 2 + h 8.0 --- cw positive

= 25 2 + h 7.8 - cwW positive

2 40 2 + h 8.4 - cw positive
1: ligth brown; 2: brown; 3: dark brown; h: homogeneous (without phase separation); +: typical odor; -: reduction of odor; ---: stable; cw: constant
weigth.

Tannin content

Abgorbance
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Figure 1. Tannin content in the gel of Musa sapientum L., Musaceae, epicarp (10%). Absorbance readings in 337.5 nm were constant,
especially from the 15" day, indicating the stability of the tannin content in this gel over time.

tissue repair is complete.

Figure 4 gives the mean values of the wound in
the three experimental groups, with ten animals each.
In the 1%, 3 and 7" postoperative day, the average size
of the wound in group 1 (control) was 1.91+0.09 cm,
1.8+0.13 cm and 0.95+0.27 cm, respectively; in group
2 (treatment with placebo gel) it was 1.97+0.17 cm,
1.914£0.09 cm and 1.074£0.31 cm, respectively, and
complete healing in these two groups was observed only
on the 10th postoperative day. In group 3 (treatment with
CSM gel), the healing was significantly faster, since on
the 1%, 3 and 7" day, the average size of the wound
was 1.8+0.27 cm, 0.54+0.18 c¢cm and 0.08+0.09 cm,
respectively. Group 3 presented the smallest average
size of the wound on the 3" and 7th postoperative day
(»<0.01) when compared with groups 1 and 2.

Immediately after the incision (1% postoperative
day), no bacteria were isolated from any wound. On
the 7" postoperative day, the bacteria were isolated
from all wounds. The bacteria found are listed in Table
2 according to the percentage of animals that showed
each type of bacteria.

Discussion

According to the literature, the anti-
inflammatory, antimicrobial and healing activities of
plants are related to secondary metabolites: tannins
and flavonoids (Ahmad & Beg, 2001; Giovanelli et
al., 2000; Lima et al., 2006; Perchellet et al., 1996;
Robbers et al., 1997). So, since our results indicate that
the tannins are present but the flavanoids are absent in
the extract of Musa sapientum L., Musaceae, epicarp,
it is probable that the biological activity of the CMS
gel found in the present study is related to tannins and
not to flavonoids. This result is in accordance with data
indicating that tannins are polyphenolic compounds
that, in addition to their astringent action, have the
ability to precipitate proteins, forming important
protective coatings in wound healing, that reduced the
volume of secretions and prevented the development
of micro-organisms, providing the more efficient tissue
regeneration (Costa, 2002).

The data indicate that the extract of M.
sapientum epicarp presents a healing property, because
a reduction of 70% in the size of the wounds on the 3rd
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Figure 2. Healing process in rat of Group 2 (treatment with placebo gel). A. 1% postoperative (po) day; B. 3" po day. The wound
is open (arrow) and with signs of inflammation; C. 7" po day. Inflammatory signs no longer exist, but the wound has not healed
completely (arrow).

Figure 3. Healing process in rat of Group 3 (treatment with gel of Musa sapientum L., Musaceae, epicarp - 10%). A. 1%
postoperative (po) day; B. 3" po day. The wound (arrow) does not show signs of inflammation and the edges are close; C. 7"
po day. The tissue repair is complete; the incision is almost imperceptible (arrow).
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day of treatment with the gel CMS was observed, while
the control and the placebo groups showed only 5.5%
and 3% of reduction, respectively (Figure 4). On the 7%
day of treatment with the CMS gel, the wounds were
almost healed (Figures 3 and 4) but in the control and
placebo groups, the wounds were reduced only to 50%
and 46% of the original size, respectively (Figure 4).

These results are consistent with studies that
demonstrate the healing effect of M. sapientum in
gastric ulcers (Goel et al., 1986; Lewis et al., 1999;
Mohan et al., 2006; Pannangpetch et al., 2001) and
other wounds (Agarwal et al., 2009).

In vivo, the CMS gel allowed the growth of
bacteria belonging to the normal microbiota of rat skin
(Grice et al., 2008), however the CMS gel inhibited
the growth of enterobacteria and pyogenic bacteria
(from the environment, feet and excreta of animals)
since these bacteria were not isolated in group 3, but
appeared in the other two groups (Table 3). In vitro the
CMS gel did not present antimicrobial activity, since

there was no area of inhibition of bacterial growth with
the various concentrations tested (50-200 pL, data not
shown). It is known that the bacteria can produce an
enzyme (tannase) that degrades tannins (Aguilar et
al., 1999) and therefore could limit the antimicrobial
activity of this compound. So, in the present study, it
is possible that the bacteria isolated from skin of rats
degraded the tannins in vitro, which did not occur in
vivo, because we observed inhibition of growth of some
bacteria and of healing activity.

In summary, the present study suggests
the CMS gel was produced following adequate
quality standards, as shown by the stability tests and
microbiological analysis. The results are compatible
with the anti-inflammatory, antimicrobial and healing
activities of the extract of M. sapientum epicarp related
to its content of tannins. These effects of tannins may
represent an important share in the healing of skin
wounds, with possible clinical use in animals and
humans.
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Figure 4. Mean values of the extent of the wound in Groups 1, 2 and 3. *p<0.001 vs I* postoperative day (po) day in groups 1, 2 and 3.
“p<0.001 vs 3"po day in groups 1 and 2. ¥p<0.001 vs 1* po day in groups 1, 2, 3 and vs 3" po day in groups 1 and 2. “p<0.001 vs 1* po day
in groups 1, 2, 3 and vs 3™ po day in groups 1 and 2. ®p<0.0001 vs 3" po day in groups 3. ®p<0.01 vs 7" po day in groups 1 and 2. O Group 1
(control, no treatment); [l Group 2 (treatment with placebo gel); [l] Group 3 (treatment with gel of Musa sapientum L., Musaceae, epicarp

10%).

Table 2. Qualitative search of bacteria isolated from rats wounds of Group 1 (control, no treatment), Group 2 (treatment with placebo gel) and Group
3 (treatment with gel of Musa sapientum L., Musaceae, epicarp 10%) on the 7th postoperative day, showing the percentage of animal with each type

of bacteria.
% of animals

Bacteria Group 1 Group 2 Group 3
Normal Microbiota

Staphylococcus aureus 90% 70% 70%

Staphylococcus epidermidis 30% 40% 60%

Staphylococcus saprophyticus 30% 30% 20%
Pyogenic bactéria

Streptococcus pyogenes 20% 10% -

Enterobacteria

Escherichia coli 80% 90% -

Yersinia enterocolitica - 10% -

Citrobacter diversus 20% - -

Citrobacter freundii 10% 10% -

Klebsiella pneumoniae - 10% -

Shigella spp. 10% - -

-1 was not observed the growth of the bacteria; n=10 animals/group.
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