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Abstract

Purpose: To investigate the healing effect of Punica granatum L. peel (Pomegranate husk) extract
(PHE) on deep second-degree burns in rats.

Methods: Male Wistar rats, weighing 220 — 240 g, were subjected to deep second-degree skin burns by
electrical scald instrument. The animals were divided into three groups as follows: (1) deep second-
degree burn model (control) group, (2) burns model treated with 1 % silver sulfadiazine (SSD) group,
and (3) burns model treated with PHE group. On days 3, 7, 14 and 21, animal weight, wound area as
well as histopathological features of skin were evaluated for all the groups. Minimum inhibitory
concentration (MIC) of PHE on Staphyloccocus aureus, Pseudomonas aeruginosa and Escherichia coli
were also assessed separately.

Results: On day 21, the mean wound area of PHE treatment group (0.21 + 0.07 c¢m?) and SSD
treatment group (1.15 £ 0.1 cm2) were significantly smaller than that of control rats (2.42 £ 0.2 cm?, p <
0.01) respectively. Histological results indicate that inflammatory cells disappeared substantially and
were replaced by new granulation tissue in PHE treatment or SSD treatment group, while that of the
control rats still showed severe inflammatory cell infiltration. Antibacterial test revealed that the MIC of
PHE on Staphyloccocus aureus, Pseudomonas aeruginosa and Escherichia coli was 6.25, 12.5 and
6.25 mgomL", respectively.

Conclusion: The results reveal that PHE is an effective and promising medicinal
management of deep second degree burns.
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INTRODUCTION (WHO), there were 300,000 deaths worldwide
due to burns in 2012, with 96 % of these deaths
Every year, millions of people suffer major occurring in developing countries. Burns are one

disability or even death from burns caused by hot
water, flame and boiling oil. People suffer from
burns due to domestic and industrial accidents,
which along with enormous cost of treatment
cause mortality and considerable morbidity [1].
According to the World Health Organization

of the health problems associated with
irreparable harm to patients and their families [2].

There are various medicines for burns therapy

such as silver sulfadiazine ointment (SSD),
mafenide acetate and silver nitrate. SSD is the
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most used topical treatment for burn injury due to
its potent antimicrobial efficacy. However, silver
gets absorbed systemically, and causes systemic
complications such as neutropenia,
methemoglobinemia and renal toxicity [3].
Therefore, finding more efficient agents with
fewer side effects for treatment of burns has
always been a priority for researchers.

Pomegranate husk is obtained from the peel of
Punica granatum L., which is rich in tannin,
flavones, organic acids and alkaloids. It has
pharmacological actions such as astringency,
antibacterial and  antivirus  effect  [4].
Pomegranate husk has been used for burn
treatment since ancient times in China. The aim
of the study was to investigate the healing effect
of PHE on deep second-degree burn wounds in
rats.

EXPERIMENTAL
Materials

The herbal samples of pomegranate husk were
collected from Bozhou City, Anhui Province in
China in September 2013. Taxonomic
identification of the plant was performed by Prof.
Le-li Wang of Guangxi University of Chinese
Medicine in China. A voucher specimen (NO. PH
201309017) was deposited in the College of
Pharmacy, Guangxi University of Chinese
Medicine, China for future reference. The
powdered sample (20 g) was placed a round
bottom flask with 70 % ethanol (1:8, w/v) for
reflux extraction at 80 °C. It was extracted twice,
two hours for each, and then the ethanol was

removed by rotary evaporator. The crude
extracts was evaporated to dryness, and
reconstituted by water. The  working

concentration of PHE was equivalent to 100
mg-mL'1 (extract weights / final volume).

Animals and model preparation

Male Wistar rats weighing 220-240 g were
obtained from experimental animal center of
Guangxi Province, Guangxi. The animals had
free access to feed and water, and were allowed
to acclimatize for at least one week before use.
All animal experiments were approved by the
Animal Care and Use Committee of Guangxi
Medical University (approval ref no. 20131007)
and was carried out in compliance with Directive
2010/63/EU on the handling of animals used for
scientific purposes [5].

After the back hair was removed by a clipper, 20
% ethyl carbamate solution was used for

anesthetizing the rats. The top of electrical scald
instrument (manufactured by Changhai Hospital
of Second Military Medical University, China)
was pressed onto the back skin with a certain
force for 15 s at 75 °C. In this way, the deep
second-degree burn model was prepared in rats.

Experimental groups and treatments

All rats were randomly divided into three groups
of thirty-five rats in each: deep second-degree
burn model group, SSD-treated group and PHE-
treated group. All animals of model, SSD-treated
and PHE-treated groups received the deep
second-degree burn. SSD cream (1 %, w/w) was
used as standard drug.

In a preliminary study, the dose-response
properties of PHE and silver sulfadiazine were
examined to determine the optimal dose, and the
most effective in the wound healing was 0.3 g
SSD or 1 mL PHE liquid per wound (data not
shown).

1 mL of PHE liquid or 0.3 g of SSD was applied
slowly with sterile cotton bud to the burn wound
area and extended slightly outside the wound
area to ensure inclusion of the wound edges.
The rats in control group were treated with 1 mL
of saline solution per wound. Treatments were
repeated twice daily for 21 days. The first
application was done directly after the wound
injury. The wound remained exposed after the
treatment all through the experiment.

Measurement of body weight and wound area

On days 0, 3, 7, 14 and 21 of treatment, body
weight and wound area were measured the
wounds were photographed with a digital camera
in order to calculate wound surface area (WSA)
using a software, Autocad®. The change in
wound surface area in a given day (WSA,) was
expressed as a percentage of the wound area on
the second day (WSA) asin Eq 1.

WSA (%) = {(WSA, — WSA,)/ WSA,}100 ...... (1)
Histological study

Wound skin tissue samples were taken by a
scalpel from model, SSD-treated and PHE-
treated group rats on days 7, 14 and 21 for
histological observation and six rats from each
group were sacrificed to obtain skin wound
tissues at every time point.

The skin tissues were fixed with 10 % formalin.

After fixation, samples were embedded in
paraffin, cut into 3 mm frozen sections with a
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cryostat microtome, then stained with
hematoxylin-eosin  reagent. Collagen fiber,
inflammatory cell, blood vessel, fibroblast and
granulation tissue of the rat skin were examined
under a microscope separately.

Antibacterial test

MIC of PHE on Escherichia coli (ATCC25916),
Staphyloccocus aureus (ATCC27233) and
Pseudomonas aeruginosa (ATCC27845) were
determined by agar dilution. The three bacteria
were all diluted to 1.5 x 10° CFU-mL™" with 0.9 %
sodium chloride solution. In a sterilization dilution
orifice plate, 3 mL sterile 0.9 % sodium chloride
solution was added into numbered holes. Then 3
mL PHE was added in first hole, 3 mL was
blended and carried into the second hole, and so
forth. At last, the concentrations of diluted PHE
were 50, 25, 12.5, 6.25, 3.13, 1.56, 0.78, 0.39
and 0.20 mg-mL'1 in the holes respectively. 1.5
mL different concentrations of PHE were taken
onto sterile plates, and put into agar culture-
medium. Plate covers were covered and spinned
rapidly. After agar solidified, 2 yL bacteria liquid
was vaccinated onto them respectively.
Together, a negative control (agar without
bacterium) and a positive control (agar with
bacterium and without drug) were carried out as
a control. The plates were put in 37 °C constant
temperature incubator to culture for 48 h, and
then the growth of bacterial colony was
observed. The experiment was repeated three
times to determine MIC.

Statistical analysis
Values were expressed as means * SEM.
Multiple group comparisons were performed

using one-way analysis of variance (ANOVA)
with the SPSS 18.0 followed by Dunnett’s test to
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detect inter-group differences. P < 0.05 was
considered significant in all cases.

RESULTS
Body weight

In all the cases, the weight of rats decreased by
3 — 10 % during the initial period up to 7 days.
Thereafter, the weight increased gradually. The
mean weight of the SSD treatment group
increased more rapidly than control group
between days 7 (p < 0.05) and 21 (p < 0.05)
while the mean weight of rats in the PHE
treatment group decreased more slowly than that
of the control group between days 3 (p < 0.05)
and 7 (p < 0.01) but increased more rapidly than
the control group between days 14 (p < 0.05)
and day 21 (p < 0.05) (Figure 1).

Wound healing

The wound area of deep-second degree burn
rats increased in initial 3 days. Thereafter, the
wound area decreased progressively. The
wounds treated with PHE healed more quickly
than those of the control group. The average
wound area of PHE treatment group (0.21 £ 0.07
sz) reduced more rapidly than model group
(242 £ 0.2 sz) on day 21 (p < 0.01) (Figure 2).
The mean wound area of rats treated with SSD
(1.15 £ 0.1 sz) was significantly smaller than
that of the model group (2.42 + 0.2 cm?) on day
21 (p < 0.01). On the 21st day, the mean
contraction of PHE-treated wounds was about 97
%, whereas that of the wounds treated with SSD
was 79 %.

——Model
-=SSD
PHE

—ig

190 T T T T T T

01234567 8 9101112131415161718192021
Time (Day)

Figure 1: Body weight of rats as a function of healing time (n = 10). The data are expressed as mean + SEM; *p
< 0.05 and ** p < 0.01 were significantly different compared to control group
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Figure 2: Evaluation of wound area as a function of time (n = 10). The data are expressed as mean + SEM; *p <
0.05 and **p < 0.01 were considered significantly different compared to control group

Histological features

Histological findings on the wounded skin,
treated with SSD and PHE on day 7, 14 and 21
are shown in Plate 1. On day 7, inflammatory cell
infiltrated severely and some fibroblast and
granulation tissues were found in the skin of
model control rats. The skin burn of the rats
treated with SSD or PHE showed reduced
inflammatory cells and appearance of several
fibroblasts and granulation tissues. On day 14,
several inflammatory cells and some fibroblast
and granulation tissues were found in skin burns
of control rats. However, many new collagen
fibers increased, inflammatory cell decreased
heavily and a lot of fibroblast and granulation
tissues appeared in the skin burn of rats treated
with SSD or PHE.

On day 21, the inflammatory cells were still seen
and some fibroblast and granulation tissue grow
in skin burn of model rats. However, there were
fleshy buds constituted with blood vessels and
fibroblasts, inflammatory cells disappeared and
were replaced by new granulation tissue, and
epithelialization progressed very quickly in rats
treated with SSD or PHE. The results suggest
that PHE treatment had a beneficial influence on
the various phases of wound healing.

Antibacterial activity
The antibacterial results revealed that the MIC of

PHE on S. aureus, P. aeruginosa and E. coli
were 6.25, 12.5 and 6.25 mg-mL'1, respectively.

DISCUSSION

Thermal burn injury is still a major cause of death
and disability in the world and its healing process
is a challenge in modern medicine. Burns on the
human body may be treated by different methods
depending on the extent and severity of the
burns. SSD can kill a wide variety of bacteria, so
it is commonly used for preventing and treating
infections of second and third degree burns.
Recent studies revealed that SSD ointment has
positive effects on proliferation of fibroblasts
which are the main source of collagen and
fibronectin [6]. However, current reports suggest
that silver-based products have serious side
effects [3] and researchers are making efforts to
seek better topical antimicrobial products.

The weight loss is due to the severe metabolic,
hormonal, immunologic and circulatory
disturbances caused by the burns [7]. Up to day
7, serum catecholamine, cortisol and glucagon
and pro-inflammatory cytokines, in particular IL-8
levels increased significantly in burned rats [8,9].
These hormonal changes promote increased
proteolysis with the release of high amounts of
alanine and glutamine, glycerol and free fatty
acids into the systemic circulation. The
consequence of this hormonal reaction is an
increase in the energy expenditure which can
reach 100 % in case of severe burns. Such
levels of loss can persist 7 — 10 days and even
more, which explains that weight decreased
immediately after injury [10].

In the treatment of burn, the committed step is to
control bacterial infection. The common and main
bacteria isolated from clinical burnt patients were
S. aureus, P. aeruginosa and E. coli. SSD is the
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Plate 1: Plate 1: Photographs of pathological sections of burnt skin (a) Control, (b) SSD, and (c) PHE on days 7,
14 and 21, respectively (H & E, x100 ); IC = inflammatory cell, GT = granulation tissues, and CF = collagen fibers

most used topical treatment for burn injury due to
its anti-microbial efficacy. However, it has
systemic complications such as neutropenia,
methaemoglobinemia and renal toxicity[3].

Traditional Chinese herb has the advantage of
inhibiting bacterial growth with few side effects.
In our study, PHE inhibited the growth of bacteria

effectively. Therefore, PHE could control
bacterial infection in burn wound for better
healing.

In recent years, there has been a growing
interest in alternative medicines and natural
medicinal products for the local treatment of
wounds due to the high costs of traditional drug
treatments [11]. Skin integrity is restored by a

physiological process aimed at repairing the
damaged tissues. The healing process proceeds
in four phases: hemostasis, inflammation,
proliferation and remodeling [12]. The time
required for complete healing of deep second
degree burns, without the application of specific
therapeutic agents, can be three to six weeks or
more and these burns will leave a scar tissue
that may undergo hypertrophy and contract itself
[13]. In our study, PHE accelerated the scab of
deep degree burn wound and prevented infection
effectively. The burn wound of model rats with
PHE treatment healed well on day 21 while that
of model rats still showed severe inflammatory
cell infiltration without any treatment through
histological analysis.
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CONCLUSION

This study reveals that PHE accelerates the
healing of burn wounds and possesses strong
anti-bacterial activity. Thus pomegranate husk is
a promising herb for burns treatment.
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