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Abstract: The current study was aimed to evaluate effect of bell pepper alcoholic
extract ointment in wound healing of male wistar rats. Twenty for male Wistar rats were
randomly divided into four experimental groups. Experimental wound was induced on the
anterior dorsal side of each Wistar rat. Group A served as control and received basal formulation
ointment. Groups B, C and D received 2 and 4 and 6 percentage of bell pepper alcoholic extract.
Wound healing activity as a closure percentage was determined on days five, 15 and 25 post
operations. The number of fibroblast and macrophages, collagen deposition and
neovascularization were assessed on 4, 8, 15 and 25 days after wound incision. Data showed
that the wound area significantly decreased in bell pepper alcoholic extract treated groups
compared to control group on days five, 15 and 25 post operations, respectively (P<0.05).
Application of bell pepper alcoholic extract, increased fibroblast and macrophages distribution
and up regulated the new vessels formation and collagen deposition on days 4, 8, 15 and 25 and
30 after wound induction significantly (P<0.05). In conclusion we suggested that the bell pepper
alcoholic extract application at 2, 4, and 6 percentages was useful for wound healing in male
Wistar rats.
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Introduction

Wound healing is a complex
biological process involving cytokines with
four phases: Hemostasis, inflammation,
proliferation and remodeling. Understanding
the  molecular  mechanism of the
inflammation phase could improve wound
healing in the clinic as excess inflammation
is a critical point for dysregulation of normal
wound healing. A variety of medicinal plants
have been a source of healing in local
communities around the world for thousands
of years. It is still used as a primary health
care method for 85% of the world's
population (OKHOVATFARD  AND
REZAZADEH, 2023; BANIESMAEEILI et
al., 2023; KAZEMPOUR et al., 2023;
BAZARI MOGHADDAM et al., 2023;
RAMIREZ et al., 2023).

Medicines made from various
medicinal plants have many advantages such
as less toxicity, economic value and
cheapness, and sometimes they are more
effective than chemical medicines (ASKARI
et al., 2021; FADAEI RAIENI et al., 2020;
ZANGENEH et al., 2023; SHAHMORADI
et al., 2023; DARVISHI et al., 2023;
DASTYAR and LYSIUK, 2023). Perhaps
one of the reasons for the popularity of these
drugs these days is these advantages. A bell

pepper is the name for a plant species

(Capsicum annuum) cultivated for the bell-
shaped fruits that come in red, yellow, green,
and orange (ORTEGA et al., 2012).

They are excellent sources of
phytochemicals, such as anthocyanins,
vitamins,  phenolic acids, flavonoids,
carotenoids, and capsaicinoids (Oulai et al.,
2018). Numerous studies have demonstrated
the antibacterial activity of capsaicin and
dihydrocapsaicin ~ bioactive  compounds
isolated from bell pepper (EKOM et al., 2021).
Bell pepper fruits are traditionally used in
wound healing, but no scientific evidence is
found in the literature that supports its
activity (KOFFI et al., 2012). Some of study
observation further suggests the contribution
of the bell pepper fruit extract to the alteration
of the microbial membrane, and the resulting
leakage of intracellular materials may lead to
microbial death, justifying its bactericidal
effect.

The result of (Ekom et al., 2021)
study demonstrates the antibacterial and
therapeutic properties of the bell pepper fruit
extract in an infected wound in a rat model.
They also demonstrated that the gel based on
bell pepper fruit extract showed a significant
increase in the percentage of wound closure
and caused a significant reduction of the
number of colonies forming units of S. aureus
at the infection site (SAMROT et al., 2018).
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Considering the high availability and
lower side effects of plants and plant-derived
phytochemicals, interests are arising for herbal
therapies (Sharifi Hosseini et al., 2018) Properties
of different plants, many herbal extracts and their
constituents have been tested for their promoting
impact on wound healing. In spite of all the
information available in literature, effect of bell
pepper alcoholic extract on wound healing is not
completely studied. Hence, this study was aimed
to investigate the provoking effects of bell pepper
alcoholic extract ointment on wound healing
processing in male Wistar rats. To do that, the
tissue fibroblasts, fibrocytes, macrophages
distribution, vessel formation, and collagen and
epidermis regeneration in rat model were
analyzed.

Material and Methods

Fresh bell pepper was collected in
Isfahan province, Iran. The bell peppers were
identified in department of botany sciences
faculty, Isfahan, Iran. Fruit parts were chopped
and were dried and cleaned naturally on
laboratory benches at room temperature (23-24°C)
for 10 days until they were crisped and powdered
by using an electric blender. The hydro
distillation via clevenger type apparatus was
performed to obtain essential oil from bell pepper
(PIETRELLA et al., 2011). To assume wound
healing property of bell pepper ointment, twenty-
four male Wistar rats at 10 weeks old of ages,
220-240g of weight were used in this study. To
adapt experimental rats in new experiment

condition, they were kept one weeks prior the

study in a standard laboratory condition.
Experimental rats kept in temperature of 22 +3°C,
55 + 10% of humidity and a 12h light and dark
cycle.

During the study period experimental
rats had ad libitum chew pellets and fresh water.
All experiments were carried out based on the
guidelines of the Ethics Committee of the
International Association for the Study of pain
(Zimmermann, 1983) and current Iranian low for
laboratory animal care. All experiments approved
by ethic research committee of Islamic Azad
University. To do the study plan four topical
ointments were prepared. The control ointment
was base formulation comprising Eucerin (25%)
and Vaseline (75%) and three various bell pepper
topical ointments were prepared. Ointment A was
contained 2 g of bell pepper alcoholic extract
in base formulation, Ointment B was contained 4
g of bell pepper alcoholic extract in base
formulation and Ointment ¢ was contained 6 g of
bell pepper alcoholic extract in base
formulation (SASIDHARAN et al., 2010).

The ointment was evaluated for primary
skin irritation test on shaved back of the
experimental rats for checking any abnormality
of ointment (Laila et al., 2011). The experimental
Wistar rats were starved for 12 hours prior to
wounding. All of them anesthetized by
intraperitoneal injection of ketamine 5%,
90mg per each kg by Ketaset 5% from
Alfasan, Woerden, Netherlands Company

and xylazine hydrochloride 2%, 5mg per
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each kg by Rompun 2% from Bayer,
Leverkusen, Germany, Company. The fur was
aseptic and predetermined area marked on the
back of experimental rats and they were fixed on
the surgery table in ventral posture, then two
circular wounds each about 200 mm?were made
on the back of each experimental Wistar rat
(MORTON AND MALONE, 1972).

Prepared  ointments applied  for
evaluating its impact on wound healing
(Shanbhag et al., 2006). Rats were kept
individually under hygienic and controlled
conditions in polypropylene cages with stainless
steel top. The ointments were topically applied
once a day, starting 24 hours post operation, on
the wound area until wound completely healed.
All of treated rats were monitored for any wound
fluid or other abnormalities (SASIDHARAN et
al., 2010).

Wound contraction percentage and
wound closure time were used to assess wound
healing property. A graph paper and permanent
marker were used to measure size and the wound
size was computed on days 5, 15 and 25 post
operations (FARAHPOUR and HABIBI, 2012).
Percent wound contraction was calculated from
the days of measurement of wound areas. The
wound healing percentage was calculated by the
Walker formula (WALKER and MASON, 1968).

The specimens from skin were taken on days 4,

8, 15, 25 and 30 after wound infection. Tissue
samples were excised and fixed in neutral
buffered formalin 10 percentage.

After that the sample tissues were
processed routinely and the sections were
microscopically evaluated to assess the
predominant stage of wound healing include
fibroblast, neovascularization, immune cells
distribution and macrophages (Sasidharan et al.,
2010). Data were assayed and analyzed by two-
way analysis of variance (ANOVA process)
using SPSS version 22.

Statically analysis

Obtained data result presented as mean +
SEM and for treatment showing a main effect by
ANOVA, means have compared by Dunnett's test
and the (P<0.05) were considered as significant
differences between treatments.

Result

The results of bell pepper alcoholic
extract ointment application on wound excision
and contraction area are presented in table 1. As
result shown, wound area significantly decreased
in treated animals by 2,4 and 6 percentage of bell
pepper alcoholic extract ointment compared to
control groups on days 5, 15 and 25 post
operation (P<0.05). The wound closure was
nearly completed in bell pepper alcoholic extract
treated groups compared to control animals on
day 25 and at the days 30.
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Table 1: Effect of the bell pepper alcoholic extract ointment on wound excision area (mm?)

Day Control Bell pepper 2% Bell pepper 4% Bell pepper 6%
5 142442 132+4° 125+2¢ 112+3¢
15 8732 65+2.5" 48+2° 36+2¢
25 21422 5+1.5P 4+1.2° 1+0.5°
30 2+0.2° 1+0.3° 0 0

Values are presented in mean £ SEM. There are significant differences. Between groups with different

codes in a the same rows (superscript letters a and b; P<0.05).

Data already showed that the number of
fibroblast and macrophages was increased as well
as vessel formation compared to control group on
days 4, 8, 15 and 25 after incision (P<0.05). Also,
there was significant difference for fibroblasts
and macrophages distribution between 2, 4and 6
percentage of bell pepper extract treated groups
(P<0.05). The collagen bundles were well
organized between vessels compared to control
group on day 8 (P<0.05). Additionally, the
mature  collagen bonds formation and
angiogenesis significantly increased in 3%
treated group on day 15 post wound induction
(P<0.05).

Discussion

The present investigation illustrated the
wound healing properties of bell pepper
alcoholic extract ointment in Wistar rats. Our
data showed that, the bell pepper alcoholic
extract improved wound contraction and is
useful for wound healing in male rats. Wound
healing is a dynamic cellular and physiological
process which is mainly depends on rapid

reformation of damaged tissue into normal

condition. In this regard, down-regulation of
inflammation  associated  with  provoked
angiogenesis, even in early stages, promotes
proliferative machinery such as fibroblasts,
fibrocytes physiologic and compensatory
functions (KUMAR et al., 2006).

Histological studies showed that,
application of bell pepper alcoholic extract
significantly increased fibroblast and fibrocytes
distribution in wound area. Our data showed that
mean distribution of mast cells increased in bell
pepper treated rats were indicating the bell
pepper alcoholic extract role in elevating mast
cells proliferation. Bell pepper alcoholic
extract have antioxidant, antimicrobial and
antifungal agent’s roles. Based on findings of
current study we think wound healing properties
of bell pepper alcoholic extract was not related
only to the antioxidant activity and impress its
effect by all mechanisms.

Conclusion

In conclusion we conclude that bell

pepper alcoholic extract ointment application

increased fibroblast proliferation and collagen
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synthesis which finally shortened wound area. In
According to the current study results, topical
administration of bell pepper alcoholic extract
ointment decreased inflammatory cells and
afterward increased in fibroblast migration and
wound contraction. However, delayed
inflammatory phase during healing process
increases abnormal cellularity in proliferation
phase.

The bell pepper alcoholic extract
ointment works as antioxidant, antimicrobial and
antifungal agents. The wound healing properties
of bell pepper alcoholic extract ointment was
not related only to the antioxidant activity and
impress its effect by all mechanisms. Further
studies are needed to clear pharmacological
properties and physiological mechanisms by
those phenolic compounds in bell pepper
alcoholic extract act and distinguish its potential
for clinical use in clinical trials.
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