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ABSTRACT

Background: Wound healing is an active and complex process. Wounds cause serious problems in many cases,
while there is no fast and reliable cure method. Numerous medicines, mostly as ointments, have been used to
treat wounds. However, they can have some defects, limitations, and side effects. Therefore, exploration for new
natural compounds for curing wounds is important. Traditional Iranian Medicine (TIM) is becoming popular,
which can return patients to health with minimal side effects. Pomegranate is well reported for its medicinal
properties. In TIM, Punica granatum fruits have been used to treat inflammatory disorders and wounds.
Methods: In this study, 60 Wistar rats (male, 180+10 g) were used. The rats were randomly divided into five
groups (each containing 12), including Eucerin as control; phenytoin as standard drug; the top layer of
pomegranate peel (peel), pomegranate pulp (pulp), and peel + pulp as investigation groups. The back skin of
deeply-unconscious animals was wounded (2 cm long). For 14 days from wound establishment, the wounds were
treated topically with the medicines above. Wound length and improvement percentage were investigated by
analyzing images of wounds. Three rats of each group were killed on days 3,7,10 and 14, and then the wounded
skin were cut at a certain area for pathological studies. Epithelization; neovascularization; fibroblast, PMN and
macrophage count were investigated. Results: All groups had significant (P<0.01) wound healing in comparison
with the control group on all days, but phenytoin and pulp were the most effective. Phenytoin and peel
significantly improved some histopathological parameters (P<0.05). Conclusion: Various parts of the
pomegranate skin have different effects on wound healing. The extract of the top layer of the peel significantly
improved the wound healing process, whereas that of the pulp showed no promising effects. Accordingly, the top
layer of the peel is suggested for further studies on wound healing.
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INTRODUCTION

After cancer and cardiovascular diseases, wounds
are the third costliest disorders [1]. In order for a
wound to be healed, and to rebuild tissues
damaged by physical, chemical, and pathogenic
organisms such as bacteria and viruses, the

healing is a complex pathophysiological process,
which includes multiple cellular and biochemical
reactions including inflammation;
neovascularization; and collagen deposition [3].
New therapeutic methods to achieve accelerated
wound healing, prevention of wound infection,
increased elasticity of the wound bed, and
decreased volume of scar tissue surrounding the
wound are always being studied [4]. Therefore,
many scholars carry out investigations focused on
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wound healing, results of which are the
introduction of new herbal and chemical
ointments, although none has been recommended
as a truly effective medicine [5].

Chemical medicines used for wound healing have
their own drawbacks. For example, betadine
generally has positive effects, but there are also
reports that it has delayed wound healing, due to
the death of fibroblasts and keratinocytes as well
as the suppression of lymphocytes [6].
Undesirable and unwanted effects of chemical
drugs has led today’s physicians to apply
therapeutic methods using natural and biological
materials. Accordingly, medicines and antibiotics
that are plant-based are becoming more popular,
so multiple centers have started working in this
field [7].

More than 90 percent of people in developed
countries believe medicinal plants are the reliable
sources for their primary health care needs [8].
Pomegranate (P. granatum, Lythraceae) is an
important medicinal plant, to which many
properties have long been attributed. In
Traditional Indian Medicine, people considered
pomegranate to be a pharmacy on its own. They
used the bark and the roots as anthelmintic
agents. The fruit skin is a strong astringent, which
was used to treat diarrhea, while the juice was
utilized as an antifever and tonic agent [9]. In
Traditional Greek Medicine, pomegranate flowers
were used to treat diabetes [10]. Nowadays,
numerous articles are being published on the
medicinal properties of pomegranate including
antioxidant, anticarcinogenic, and anti-
inflammatory effects. The studies are mostly
focused on prevention of cancer, cardiovascular
disease, diabetes, dental conditions, erectile
dysfunction, bacterial infections and antibiotic
resistance, and ultraviolet radiation-induced skin
damage as well as infant brain ischemia, male
infertility, Alzheimer's disease, arthritis, and
obesity [11].

There is no comparative report on the medicinal
effects of various parts of the pomegranate fruit.
Considering the multiple medicinal properties of
the fruit and the different medicinal components
of the peel and pulp, the present study was, for the
first time, carried out on the effects of the top
layer of the peel (peel) and the pulp on wound
healing in rats.

MATERIALS AND METHODS

Animals and keeping conditions

In this study, 60 male rats (180 + 10 g) were used.
The rats were kept at standard conditions: 23 + 1
°C; 12/12 hours light/dark. During the keeping
period, the food was served as special plates.
There were no limitations regarding food or water
[12].

Wounding and treatments

The experimental rats were anesthetized by intra-
peritoneal injection of thiopentone (25 mg/kg,
i.p.). Their backs were shaved and then cleaned
with 70% ethanol. A full-thickness incision was
made 2 cm apart from the dorsal region, on the
right. After being recovered from anesthesia, the
rats were housed in sterile cages, each in one. The
rats were randomly separated into 5 groups (12
rats in each group): group 1 (Eucerin); group 2
(Phenytoin); group 3: hydroalcoholic extract of
the top layer of pomegranate peel (peel); group 4:
hydroalcoholic extract of pomegranate pulp (the
membrane between the arils: Pulp); and group 5:
hydroalcoholic extract of the top Ilayer of
pomegranate (peel + pulp). The treatments were
applied topically twice a day. 3 rats from each
group in days 3, 7, 10 and 14 (from wound
establishment) were used for wound healing and
histopathologic studies.

Preparation of hydroalcoholic extract

Fruit peel, pulp, and arils were carefully
separated. Maceration was used for the
preparation of the extract. 250 g shade-dried
sample was powdered, to which 2.5 L ethanol:
water (3:1) was added. The mixture was shaken at
ambient temperature for 72 h. After that, the
extract was filtered, concentrated as much as
possible using a rotary device (at 60 RPM and 45
°C), and then dried at ambient temperature.

Wound Healing

Wound healing process was studied from just
after the wounds were created until their
complete healing. In order to measure wound
healing percentage, wounds photos were taken.
The distance of camera from skin was fix in all
cases. Video Image Analyze software was then
used to compute the lengths of the wounds, and
wound healing percentage on different days was
calculated according to the following equations:
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W dsi ta _ Wound area onday X « 100
Ounc size percentage " Wound area on day 0

Wound healing percentage in day X = 100 -

Histological examinations

The wound (and the surrounding tissue) of each
rat was excised on the experimental days and then
fixed in 10% formalin. 5 um-thick sections were
stained according to hematoxylin-eosin (H&E)
method [13], to create microscopic slides. The
slides were then photographed using a modern
microscope (Olympus-BX51BX51, America, Center
Valley PA) at x200. Scale of epithelialization;
neovascularization and fibroblast, macrophage
and PMN (polymorphonuclear cells) proliferation
were scored as zero (-), minimal (+), slight (++),
moderate (+++) and severe (++++), according to
Siintar et al. [14].

Data analysis
Data were recorded and shown as mean #* SE and
analyzed by one-way analysis of variance and

o
80
£
Ew
=
E =
E «
s
‘5 30
0
- L]
10 & g g
0 i | ﬂ r-] | —
Eucerin - Phenytoin Pesl Pulp Pesl + Pulp
3th day
100
o0
* ®
F =
g w —
=
! ]
2 ol [
E
= 30
0
10
L]
Eucerin ~ Phenytoin  Peel Pulp  Pesl + Pulp
10th day

Tuckey test. P-values lower than 0.05 were
considered significant.

RESULTS

Wound healing percentage

The results for healing process are shown in Fig. 1.
All interventional groups had a significant
difference from eucerin’s on every experimental
day except pulp on day 3. In each day of the study,
groups pulp and pulp+peel were significantly
different from phenytoin’'s. The healing
percentage data on every experimental day are
shown in Table 1.

Histopathology

The histopathological results are presented in
tables 1-4. On day 3, there was no significant
difference between the groups (Table 2). On days
7, 10, and 14, there was significant difference in
some histopathological parameters between some
experimental groups as shown in Tables 3, 4, and
5.
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Fig 1. Comparison of wound healing percentages in different experimental groups on each experimental day. Data are shown as
means * SE. *: significant difference with eucerin (P< 0.01). &: significant difference with phenytoin (P< 0.01).
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Table 1. Comparison of wound healing percentages in different experimental groups on each experimental day. Data are shown
as means * SE. *: significant difference with eucerin (P< 0.01). &: significant difference with phenytoin (P< 0.01).

Post wounding days
Experimental groups 3th day 7th day 10th day 14 day
Eucerin 2.67 £17 12.33+0.33 45.33 + 0.44 75.17 +0.33
Phenytoin 9.17 £17" 29.33+0.17" 77.83+0.60" 96.00+0.29 "
peel 7.83+£17 "% 28.83+ 044" 77.67 017" 94.83+ 044"
Pulp 3.00£29" 14.00 £0.29 *& 55.50+0.29 & 78.17 £ 0.60 &
Peel + Pulp 3.67+£17% 17.50 +0.29 *& 68.83 + 0.44 & 80.83 +0.73 &

Table 2. Histopathological parameters on days 3. Scale of parameters were scored as zero (-), minimal (+), slight (++), moderate
(+++) and severe (++++).

Experimental Epithelialization Fibroblast Neovascularizati  Polymorphonuclear Macrophage
groups on cells (PMN)

Eucerin + - - 4+ 4+
Phenytoin ++ + + + ++
Peel ++ + + + ++
Pulp + - - ++ ++
Peel + Pulp ++ + + ++ ++

Table 3. Histopathological parameters on days 7. Scale of parameters were scored as zero (-), minimal (+), slight (++), moderate
(+++) and severe (++++). *: significant difference with eucerin (P< 0.05). €: significant difference with eucerin (P< 0.01). &:
significant difference with phenytoin (P< 0.05).

Experimental Epithelialization Fibroblast Neovascularizati  Polymorphonuclear Macrophage
groups on cells (PMN)

Eucerin ++ + + ++ +4+++
Phenytoin +++ ++* ++ +++ +++
Peel ++++ ++* ++ +++ +++
Pulp ++ +& + ++ ++ &
Peel + Pulp +++ + & ++ ++ &

Table 4. Histopathological parameters on days 10. Scale of parameters were scored as zero (-), minimal (+), slight (++),
moderate (+++) and severe (++++). €: significant difference with eucerin (P< 0.01). &: significant difference with phenytoin (P<

0.01).
Experimental Epithelialization Fibroblast Neovascularizati  Polymorphonuclear Macrophage
groups on cells (PMN)
Eucerin ++ ++ ++ + ++
Phenytoin ++++ € ++++ € +++ ++ +
Peel +4+ &€ ++++ € +++ ++ +
Pulp ++ & ++ & ++ + +
Peel + Pulp ++ & ++ & ++ + ++

Table 5. Histopathological parameters on days 14. Scale of parameters were scored as zero (-), minimal (+), slight (++),
moderate (+++) and severe (++++). €: significant difference with eucerin (P< 0.01). &: significant difference with phenytoin (P<

0.01).
Experimental Epithelialization Fibroblast Neovascularizati  Polymorphonuclear Macrophage
groups on cells (PMN)
Eucerin ++ + + + +
Phenytoin +++ +++ € ++ -€ -€
Peel +H+ +++ € ++ -€ -€
Pulp ++ +& + +& +&
Peel + Pulp ++ ++ €& ++ -€ -€
DISCUSSION of the extract of peel or the extracts of both peel
and pulp (to a lesser extent) were effective in
This study reveals that the herbal medicines used improving the visual attributes of the wounds and
for wound healing can be helpful. However, the general health of the animals as well as in
different plant parts have very different effects. histopathological parameters. Regarding wound
For example, the extract of the top layer of peel healing, the best results were achieved in
was very effective in wound healing, while that of Phenytoin and Peel. Regarding pathological
pulp was not that promising. The ointments made parameters, there were significant differences
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among the experimental groups. Overall, the
groups were significantly different respecting
histopathological parameters. Phenytoin and Peel
significantly differed from the other groups when
wound condition was considered.

Wound contraction and connective tissue
deposition reduce wound surface area. With their
contractive properties, fibroblasts cells make
epidermis layer shrink, thereby decreasing wound
dimensions [15]. Of active factors in wound
healing are antioxidants, which pomegranate is
full of [16].

Reactive oxygen species (ROS) damage cells and
tissues, hence bad for wound healing [17]. The
ROS proxidize lipids, inactivate enzymes, and
break DNA down. Studies have shown that vitamin
C [18] and vitamin E [19] are effective
antioxidants to remove free radicals. The
antioxidant and anti-inflammatory properties of
pomegranate fruits, which can accelerate wound
healing process, can be attributed partly to these
vitamins. Besides, tannins and polyphenols like
ellagic acid, gallic acid, and coumaric acid are
found in pomegranate fruits [20-22]. Punicalagin
and Punicalin were also shown to have anti-
inflammatory, hepatoprotective, and
antigenotoxic properties [23].

We, for the first time, demonstrated that the
extract of the top layer of the peel is much more
effective than that of the pulp in wound healing.
Studies have proven that pomegranate peel shows
much more antioxidant properties that do the
pulp, which is due to their different contents of
phenolics, flavonoids, and proathocyanidins [24-
26]. In a study by Li et al. [25], phenolics,
flavonoids and proathocyanidins in the peel were
observed to be 10.2, 3.4, and 2 times as those in
the pulp, respectively.

The wound healing results of the present study
are in agreement with those (Abu-Al-Basal [27] on
Rosmarinus officinalis; Heersaiy et al. [28] on
Borago Officinalis; Tiimen et al. [29] on Pinus
pinaster Ait; OZBILGIN et al,, [30] on Tanacetum)
reported in literature. Many medicinal plants
effective in wound healing have a similar
property: a high content of phenolics. These
phytochemicals show a wide range of reactions to
oxygen-containing compounds and
macromolecules, making free radicals
nitrogenated [31]. Of the reasons for the wound
healing properties of the pomegranate peel is the

presence of phenolics. It is well documented that
some phenolic compounds increase the
expression of the gene responsible for the
production of connective tissue, while they
suppress the gene expression of the regulator of
collagen type 1. These are followed by
myofibroblast production and differentiation,
growth of connective tissue, and regimentation of
collagens [32].

The results of all of these studies indicate the
positive effects of these plants in the reduction of
inflammation and hence in the acceleration of
wound healing process. Prudente et al. (2013)
showed that herbal extracts accelerate the
inflammation stage and migration of inflammatory
cells [33].

Overall, it could be concluded that the extract of
pomegranate peel accelerates wound healing by
reducing the number of immune cells, accelerating
the second stage of the healing, and accelerating
the migration of fibroblast to the wounded tissue.
Fibroblasts produce collagens, elastin, and
proteoglycans. Collagens increase the elasticity of
the wound, thereby making it contracted [34].

CONCLUSION

Various parts of the pomegranate skin have
different effects on wound healing. The extract of
the top layer of the peel significantly improved the
wound healing process, whereas that of the pulp
showed no promising effects. Accordingly, the top
layer of the peel is suggested for further studies on
wound healing.
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