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Abstract

Background and aim: The loss of the integrity of the skin can cause damage and diseases for a person, which leads
to physical disabilities and even death; therefore, one of the most important issues that medical science has faced so
far is the issue of treating wounds. This study was conducted to compare the histopathological evaluation of skin
wound healing in male Wistar rats with a topical ointment of 10% hydroalcoholic extract of pistachio peel.

Materials and Methods: Twenty male rats were randomly allocated to two experimental groups (n=10). A skin
wound with a diameter of 2 cm was created in a circular shape on the back of all animals. Group 1 was considered as
control. Group 2 received Hydroalcoholic ointment prepared from the pure extract of pistachio peel. 24 hours after
wound formation, treatment with 10% ointment of purified pistachio peel extract began and continued until 21 days
and the healing process was evaluated on days 4, 7, 14, and 21. Animals were anesthetized, and the skin of specimens
was taken. In addition, the amount of wound contraction was obtained using the calculated surface of the wound and
was subjected to statistical analysis using SPSS and T-test.

Results: According to the result, hydroalcoholic extract of pistachio peel ointment is effective and accelerates the
healing of the wound. We found that the average wound size and the number of inflammatory cells were decreased in
treatment groups but the number of fibrocytes, fibroblast cells, formation and order of collagen fibers had increased
in the treatment groups.

Conclusion: This study suggests that topical treatment with hydroalcoholic extract of pistachio peel can be used as
clinical therapy and can enhance tissue healing.
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Introduction

Skin is the largest organ of the body and has a
critical role in different processes such as hydration,
protection from chemicals and pathogens, vitamin D
synthesis initialization, excretion and thermal
regulation. The loss of the integrity of the skin can
cause damage and diseases for a person, which leads
to physical disabilities and even death; therefore, one
of the most important issues that medical science has
faced so far is the issue of treating wounds. A wound
means the destruction of the anatomical and
functional structure of the skin (Tottoli et al, 2020;
Ghaderi & Afshar, 2014). Wound healing is a
complex and organized process characterized by
tissue  changes,  which include increased
vascularization, cell proliferation, and extracellular
matrix synthesis (Rosinczuk ef al., 2018; Bueno et al.,
2016). Several studies have drawn attention to the
protective effects of medical plants on wound healing
(Gal et al., 2009; Ghaderi & Afshar, 2014; Estevao et
al., 2013b). Herbal medications have special
characteristics which distinguish them from chemical
drugs. Several plants have been used to investigate
their therapeutic properties on wound healing, but the
therapeutic efficacy of these plants 1is still
controversial. Pistachio has been known for its
medicinal properties since ancient times and belongs
to the Anacardiaceae family, which grows in the
Mediterranean and Central Asian countries such as
Turkey, Iran, etc (Magiatis et al., 1999). Pistachio and
its skin are rich sources of phenolic, antioxidant and
anti-inflammatory compounds such as Gallotannins,
Myricetin, Gallic acid and Quercetin and are among
the top 50 rich sources of phenolic compounds; these
compounds are more found in pistachio skin than
pistachio kernel (Salari Sedigh et al, 2022). As
reported in traditional folk medicine, pistachio has a
variety of therapeutic and pharmacological effects
such as anti-inflammatory, antioxidants, antibacterial,
antimicrobial, and antifungal (Ghasemynasabparizi et
al., 2015; Assar et al., 2019; Oliveira et al., 2008).
Studies show that the tendency to investigate the
therapeutic properties of pistachio skin is higher than
other applications, and research on various
therapeutic effects is ongoing. For example, the
antibacterial effect of hydroalcoholic (methanolic)
extract prepared from fresh pistachio skin on gram-
positive bacteria isolated from clinical samples

Yousofi et al

showed that this extract is completely effective on the
mentioned bacteria (Peirovi-Minaee, 2021).

To the best of the authors' knowledge, there is no
standard treatment for skin wounds, and the current
drugs have various side effects. On the other hand,
there is no previous report about the evaluation of the
impacts of Pistacia peel extract on skin wound
healing. Thus, this study was designed to investigate
the effects of Pistacia peel extract on the healing of
skin wound in rats at different time points (days 4, 7,
14 and 21 of the experiment) by using histological
evaluations and measuring different cells involved in
the healing.

Materials and Methods
Animals and grouping

Twenty male rats with an average age of 6 months
and an average weight of 200 grams were kept for
three weeks in the same temperature and feeding
conditions temperature of 20 to 30 degrees Celsius
and 12 hours of light and 12 hours of darkness. Also,
they had access to water and food and were away
from pollution. Rats were studied in two groups.
Twenty male rats were randomly allocated to two
experimental groups (n=10). The first group without
treatment and the second group treated with
hydroalcoholic ointment were prepared from the pure
extract of pistachio peel.

Preparation of pistachio peel extract

Dried pistachios were collected from Sirjan, Iran.
To prepare the extract, Pistachio skin was pulverized
(100 g) and soaked in 500 mL of ethanol (70%) for
72 h. The extract was then concentrated in a rotary
under low pressure and stored at -20°C.

Wound induction

On the day of operation, rats were anesthetized by
intraperitoneal injection of ketamine (5%) 35 mg/kg
and diazepam 5 mg/kg. The backs of all animals were
completely shaved and the Skin wound was created in
a circular shape with a diameter of 2 cm. 24 hours
after the wound, treated with 10% pure pistachio peel
extract ointment, It was begun and continued until the
21day. The wounds were photographed using a digital
camera at a fixed distance of 20 cm on 4, 7, 14, and
21 days. The percentage of wound closure was
calculated using the following formula:
% wound Closure = Initial wound size - Wound size
at each time / Initial wound size x 100.
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Histopathological examinations

In this study, tissue samples were taken from the
rat of both groups on 4, 7, 14, and 21 days. Following
fixation of the tissue samples in 10% formalin,
samples were dehydrated using graded alcohol series.
Afterwards, skin samples were cleared in xylene and
then embedded in paraffin wax. Serial sections of 5-
um were prepared and stained with hematoxylin-
eosin (H&E) and Masson's trichrome for routine
histopathological evaluation. All slides were
investigated in a blinded manner by a pathologist.
Qualitative comparison based on the extent and
severity of the wound, edema cells, angiogenesis,
fibroblast cells and fibrocytes, and the formation and
order of collagen fibers were scored with number 1 as
the lowest score and 5 as the highest score.

A
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Statistical analysis

All the data analyses were performed using SPSS
software. Normal distribution was evaluated by the
Kolmogorov-Smirnov test. The Student T-test was
used to compare the means of the 2 groups with
normal distribution values. All values are expressed
as Mean+SEM. P-values less than 0.05 were
considered as statistically significant.

Results

The macroscopic wound assessment was
performed within 21 days and recorded in
photographs. According to the results of our research,
the extent and severity of the wound in the treated
group were significantly reduced compared to the
control group. The macroscopic alterations of the
wound area are displayed in Figure 1.
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Figure 1. The results related to the extent and severity score of the wound in two groups. A: The percentage of Wound closure on
days 0,4, 7, 14 and 21 in two groups. B: Photographs of the macroscopic observations of excision wound on days 0, 4, 7, 14 and
21. *P<0.05, **P<0.01, ***P < 0.001 versus control group.

A significant difference (P<0.05) was observed
between Pistachio peel extract -treated animals and
the control on the days 14 and 21, and the wound was
found to be almost healed on day 21 in the treated

group with no scar. The results related to the
formation and order of collagen fibers, number of
fibrocytes and fibroblast, angiogenesis, swollen cells
and wound area are presented in table 1. Also, the
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results related to the percentage of wound closure in
the treated groups on days 4 (P<0.01), 7 (P<0.05), 14 (
P<0.001), and 21 (P<0.05) have decreased
significantly compared to the control group. And the
average wound area in the treated group on days 4
(P<0.01), 7 (P<0.05), 14 (P<0.001), and 21 (P<0.001)
has decreased significantly compared to the control
group (Figure 2). Also a significant decrease in the
score of swollen cells in the treated group compared
to the control group was observed on day 21
(P<0.05). But there was no significant difference in
the angiogenesis score on different days in both
groups (Figure 3). The results of this research showed

Yousofi et al

that the number of fibrocyte and fibroblast cells in the
treated group increased significantly on days 14 and
21 compared to the control group (P<0.05) (Figure 4).
Furthermore, the formation and order of collagen
fibers also show a significant increase in the score of
this parameter in the treated group on days 14 and 21
(P<0.05) compared to the control group (Figure 5).
The microscopic photographs of histopathological
evaluation of wound healing are displayed in Figure
6. Therefore, according to the results of this research,
application of Pistachio peel extract exhibited a
considerable potential in wound healing activity.

Control Pistachio 10%
4th Day 7th Day 14th Day 21st 4th Day 7th Day 14th Day 21st

Formation and order of 1+0.11 1.5+0.13 3+0.27 3+0.29 2+0.73 3.540.61 4+0.70 5+0.82
collagen fibers

Number of fibrocytes and 1+0.14 1.5+0.23 3+0.37 3+0.61 2.5+0.33 3.5+0.72 4+0.87 4+0.65

fibroblast

Angiogenesis 1+0.21 2+0.19 3+0.54 3+0.58 2+0.36 4.5+0.78 4+0.66 2+0.32

Swollen cells 5+0.36 4+0.39 4+0.43 3+0.71 3.5+0.29 3+0.65 3+0.53 1+0.19

Wound area (mm) 5+0.28 4+0.42 4+0.19 3+0.49 4+0.45 3+0.55 3+0.75 1+0.12

Table 1. The results related to the formation and order of collagen fibers, number of fibrocytes and fibroblast, angiogenesis,
swollen cells and wound area in two groups.
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Figure 2. The results related to the wound closure percent score and wound closure area score of the wound in two groups.
*P<0.05, **P<0.01, ***P < 0.001 versus control group.
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Figure 3. The results related to the swollen cells score and angiogenesis score in two groups
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Figure 4. The results related to the fibrocyte cells score and fibroblast cells score in two groups. * P<0.05 versus control group.

[ TMasticity and arder of collagen finers
54 A . .
P —*= Control
4+ o 3 : \
- p=lL054 &= Pistachio 107
- -
s
ol
2=
14
{' L] L T LI
= <] e 3
e el o = b
o A > e

Davs after wounding

Figure 5. The results related to formation and order of collagen fibers score in two groups. *P<0.05 versus control group.
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Figure 6. On day 4, a high level of edematous cells was seen. On the 7th day, the reduction of edema cells and the beginning of
angiogenesis were seen. On the 14th day, vessels can be seen in large numbers and fibrocyte and fibroblast cells increased. On the
21st day, the collagen fiber number increased and became more regular.

Discussion

Breakdown in natural anatomic structure and function
of the skin, known as skin wound, which could occur
through several causes including physical injuries,
may lead to the opening and disruption of the skin.
Wound healing is a dynamic, complex process that
involves soluble mediators, blood cells, extracellular
matrix and parenchymal cells. The process of wound
healing involves three overlapping phases of events,
including inflammatory, proliferative and remodeling
phases (Davoodi-Roodbordeii ef al., 2019).

We herein attempted to used 10% hydroalcoholic
extract of pistachio peel on an animal model of skin
wound to verify the hypothesis that this formulation
could demonstrate a distinguished treatment in
healing wounds by providing an enhanced tissue

repair. Our results revealed that the topical
administration of 10% hydroalcoholic extract of
pistachio peel on a rat excision wound model leads to
a significant improvement in wound healing after 4,
7, 14 and 21 days, a finding confirmed by an
increased wound closure percentage compared to the
control group. This enhanced potential of wound
healing may be due to anti-inflammatory,
antimicrobial properties of the plant, which are well
documented in the literatures (Aliyari et al., 2020;
Bakhshi & Bagherzade, 2021). In line with our
findings, Taghipour et al., evaluated the effects of
pistachio oil on skin burn wounds. They demonstrated
that 10% pistachio oil has beneficial effects on burn
wound healing compared to dexpanthenol (Taghipour
et al., 2018).
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According to this study's findings, pistachio extract
did not affect the angiogenesis. Our results were
similar to those obtained by Salari Sedigh et al., that
reported pistachio extract did not affect the number of
arteries (Salari Sedigh et al., 2022). Although, in a
study by Haghdoost et al., the effect of Pistacia
atlantica resin on burn wound healing were attributed
to the improvement of angiogenesis after 14 days
(Haghdoost et al., 2013).

The first stage of wound healing is the inflammatory
phase, in which edema occurs ((Davoodi-Roodbordeii
et al., 2019). Prolonged or excessive edema should be
prevented, since it can increase the risk of tissue
ischemia and infection and thereby delay the healing
process (Aliyari et al., 2020). Edema is defined by
visible swelling of the skin caused by the
uncompensated filtration of fluid from the blood to
tissues due to increased vasodilatation, extravascular
osmotic activity, and microvascular permeability.
This vascular effect appears as a post-wound acute
inflammatory response. The results of this research
showed that a significant decrease in the score of
swollen cells in the treated group. The suggested
mechanism for anti-inflammatory effects of pistachio
ointment is by inhibiting Cox-2 which leads to
decreasing prostaglandin E2 (PGE2) and TNF-a in
the wound healing area (Rahimi et al, 2013). Also,
Pistachio consists of high amounts of antioxidants
and essential materials that are known for
accelerating the healing process. Previously, it is
reported two major Iranian native Pistachio species
such as (Pistacia Atlantica and Pistacia khinjuk)
possess antibacterial activity in wound healing. Also,
the antibacterial property of pistachio is effective in
reducing and scavenging the superoxide anions.
Therefore, both antibacterial and anti-inflammatory
properties of pistachio are responsible for wound
healing (Meftahizade, 2011). In our study, the score
of swollen cells in the treated group compared to the
control group was decreased, which could be because
of Oleanonic acid in pistachio, which inhibits
phospholipase A2-induced edema (Estevao et al.
2013a). The second phase of wound healing is the
proliferative phase. In this phase, wound closure
occur via keratinocytes and fibroblasts (Karina
Samudra et al., 2019). Fibroblasts are critical in all
three phases, playing a key role in the deposition of
extracellular matrix (ECM) components, wound
contraction and remodeling of new ECM (desJardins-

J Altern Vet Med 2022; 5(14): 826-835

Park et al., 2018) Fibroblasts also secrete growth
factors to stimulate the wound repair and synthesize
ECM such as collagen and fibronectin for ECM fibers
generation and rearrangement (Worthen et al., 2020).
The results of our research showed that the number of
fibrocyte and fibroblast cells in the treated group
increased significantly on days 14 and 21. In addition,
topical administration of 10% hydroalcoholic extract
of pistachio peel was found to significantly increase
the formation and order of collagen fibers compared
to the control wounds. Similar observations have also
been reported by Pourjabali et al., who concluded that
there was a significant difference in the thickness of
skin and collagen diameter, and reduction of edema
between experimental and control groups (Pourjabali
et al., 2022). Collagen is the main structural protein
component of connective tissue. Chvapil et al.,
demonstrated that collagen sponge enhances the
connective tissue formation and increases the
vascularization of the repaired tissue. Therefore it is
known that collagen effectively increases the process
of healing. Collagen also enhances suitably
modulated collagen lysis and favours a more orderly
fibroblast proliferation, probably by acting as a
recruiting factor for these cells and taking part in their
metabolism directly (Chvapil et al., 1986; Siintar et
al., 2011). In the present study, the order of collagen
fibers and numbers of fibroblasts showed a significant
increase. Hence, the wound healing effects of 10%
hydroalcoholic extract of pistachio peel used in this
study were most likely due to their effects on the
stimulation of collagen activity and fibroblast
proliferation. However, further studies are required to
clarify the efficacy and action mechanism of
hydroalcoholic extract of pistachio peel on wound
healing.

Conclusion

The study and evaluations of medicinal plants are
essential because of alternative therapies and their
therapeutic application. Hence, synthetic drugs may
have side effects but the drugs of plants are safe, so
they can be used to treat wounds. In this study, both
macroscopic and microscopic findings showed that
pistachio peel ointment had a curative effect on
wound healing. By the present study, we recommend
further research needed to clarify possible interaction
on wound healing pathways of pistachio peel
ointment.
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