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Abstract: Momordica charantia and Propolis (MCP) are reported to have antibacterial, antifungal, antioxidant and anti-
inflammatory properties. The present study determines the efficacy of the oral and topical administration of MCP on
wound healing in 60 adult male rats. The wounds in the control rats were left untreated, the rats in the MCP-oral group
were treated with oral MCP, and the animals in the MCP-topical group were treated by pouring MCP powder onto the
wound. The wound size was measured on the 3rd, 7th, 14th and 21st days, and tissue specimens were taken from five
animals in both groups. The tissue samples were evaluated histopathologically. Remission following treatment during the
follow-up period was described as a percentage of the original wound size for each rat. A two-way ANOVA was used for the
analysis of data. The mean wound surface area was measured as 1.69 cm?2. At the end of the experiment, the average
reduction was 81.40 % in MCP-topically and 87.85% in MCP-orally treated wounds. The lowest decrease in wound size was
measured in the control group (45.55 %). Wound size reduction was not significantly different between the MCP groups at
the end of the experiment. Re-epithelialization and neovascularization were complete in both the MCP-oral and MCP-
topical groups up to day 21. Overall, the treatments with oral and topical MCP were equally effective in wound healing.
MCP application can be considered for the acceleration of wound healing, in both oral and topical administrations.
Keywords: Momordica charantia, Propolis, Rat, Wound healing.

Momordica Charantia-Propolis Premiksinin Yara lyilesmesinde Oral ve Topikal Etkileri

Ozet: Momordica charantia ve Propolis'in (MCP) antibakteriyel, antifungal, antioksidan ve antienflamatuar 6zelliklere sahip
oldugu bildirilmektedir. Bu galismada, 60 yetiskin erkek sicanda MCP'nin oral ve topikal uygulanmasinin yara iyilesmesi
Gzerindeki etkinliginin belirlenmesi amaglanmistir. Calismada kontrol siganlarindaki yaralar tedavi edilmeden birakildi, MCP-
oral gruptaki siganlar oral MCP ile tedavi edildi ve MCP topikal grubundaki hayvanlar, yara tizerine MCP tozu doékiilerek
tedavi edildi. Yara boyutu 3., 7., 14. ve 21. giinlerde 6lguldi ve her iki gruptaki bes hayvandan doku ornekleri alindi. Doku
ornekleri histopatolojik olarak degerlendirildi. Takip siresi boyunca tedaviyi takiben remisyon, her sigan igin orijinal yara
boyutunun ylzdesi olarak tanimlandi. Verilerin analizi igin iki yénli bir ANOVA kullanildi. Ortalama yara yiizey alani 1.69 cm?
olarak 6lguldi. Deneyin sonunda ortalama azalma MCP-topikal grubunda %81.40 ve MCP-oral grubundaki yaralarda%87.85
idi. Yara boyutundaki en diistik azalma kontrol grubunda (%45.55) 6l¢tildi. Yara boyutundaki kiiglilme, deney sonunda MCP
gruplar arasinda onemli oOlgiide farkli degildi. 21. gline kadar hem MCP-oral hem de MCP-topikal gruplarda yeniden
epitelizasyon ve neovaskiilarizasyon tamamlandi. Genel olarak, oral ve topikal MCP ile yapilan tedaviler yara iyilesmesinde
esit derecede etkilidir. Momordica charantia ve Propolis'in hem oral hem de topikal uygulamalari yara iyilesmesinin
hizlandirilmasi igin distindlebilir.

Anahtar Kelimeler: Momordica charantia, Propolis Rat, Yara iyilesmesi.

Introduction

Wound healing is a process that includes medications are factors that limit their use (Kim,
hemostasis, inflammation, proliferation and 2017). Momordica charantia (MC) is a plant that is
maturation. The effects of various substances as an widely used in many countries as both a food
aid to tissue repair has been a subject of research ingredient and for its medicinal properties (Das,
for many years. Factors such as age, nutrition, 2015; Sahu, 2011), having anti-diabetic, anti-
radiation, medicine, hypertension, diabetes and bacterial, anti-oxidant, anti-inflammatory, anti-
obesity delay wound healing (Diegelmann, 2004). ulcer, anti- fungal, anti-depressant and analgesic
Although many drugs are used for the treatment of uses (Ahmad, 2012; Sahu, 2011; Zhang, 1992). It
wounds, allergic reactions and the cost of accelerates the regeneration process and tissue
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healing by producing growth factors and increasing
fibroblastic activity (Ono, 2009). According to
several experimental studies (Sankaranarayanan,
1993; Singh, 2017), the application of a MC powder
to a wound area increases wound contraction,
accelerates wound healing, shortens the
epithelization period, improves stress resistance
and hastens wound regeneration. Momordica
charantia is frequently used for the topical
treatment of skin wounds and orally for treatment
of disease such as gastric ulcers and diabetes
(Grover, 2004).

Propolis, which is thought to accelerate wound
healing, is a resinous material that is collected from
plants by honeybees (Basim, 2006). In recent years,
propolis has come to be considered as a
complementary drug due to its therapeutic
properties, and has been the subject of
comprehensive researches. Many components have
been identified in the chemical composition of
propolis, such as polyphenols, flavonoids, serpens
guinones, coumaric acid, amino acids, steroids and
inorganic compounds. Propolis has various
biological properties, being antibacterial (Keskin,
2001) antifungal (Kog, 2005), antioxidant (Simdes,
2004), anti-inflammatory (Miyataka, 1997) and
immune-system stimulating (Gu, 2005). Propolis has
generally been applied topically to skin wounds by
researchers (Atayoglu, 2016; Ragab, 2015). Since
topical propolis has high potential for wound
healing, it can accelerate the healing process by
reducing the number of mast cells (Wang, 2008).
The use of topical drugs is described as the direct
application of a drug to the skin for the treatment
of skin damage. Topical drugs offer some
advantages, such as the absence of a first pass
metabolism, the absence of gastrointestinal
inadaptability and the more precise application to a
specific site (Singla, 2012). If animals feel
uncomfortable, however, any bandage applied after
a topical application should be removed (Anderson,
2000). As animals may aggravate the wound area
among the various drug delivery routes, the oral
route may be more advantageous. Studies have
reported that MC is always used topically on
wounds and orally for other diseases (Ahmad, 2012;
Sahu, 2011; Zhang, 1992). Propolis is already in use
topically in wound cases (Atayoglu, 2016; Ragab,
2015). A review of literature identified no scientific
investigation to date conducted of the effect of oral
administration of this premix on wound healing.
The present study aims to compare the efficacy of
the oral and topical administration of MCP on
excision wounds.

Material and Methods

The animal experiments were performed after
gaining approval from the Ethical Committee
(decision no: 2018/38) Ataturk University, Erzurum,
Turkey. Six months old, male, Sprague-Dawley rats
(N = 60) weighing 350-400 g were used for the
study. Rat chow and tap water were given ad
libitum. The rats were kept at 22.0 oC + 1.0 2C with
12 hours per day of light. The experimental rats
were divided randomly into three groups containing
twenty rats each, named the control, treatment
orally and treatment topically groups.

Xylazine HCl (8 mg/kg, Xylazinbio 2%, Bioveta,
Czech republic) and ketamine HCl (60 mg/kg,
Ketasol 10%, Richter pharma, Austria) were used
intramuscularly for anesthesia in all animals. The
rats were positioned in sternal recumbency and the
hair on the back was shaved. After the skin was
prepared with 70% ethanol, one (1) full-thickness
excision wound was made to the midline involving
the removal of a 1.3 cm x 1.3 cm (1.69 cm?) section
of skin by using punch biopsy.

The wounds in the control group was
untreated, while the wounds in the treatment
groups were treated topically and orally (250
mg/kg) with MCP (Kudret nari & Propolis capsule
375 MG*60 capsule, MC 200 mg, propolis 100 mg,
capsule 75 mg, Balen, Turkey). MCP capsule was
broken and the powder inside the capsule was
poured into the wound area in topically groups. In
groups orally, this powder was dissolved in 1 ml of
saline and administered by gavage. The wounds
were protected with a bandage (sterile gauze
compress, PAK, Istanbul, Turkey; and adhesive tape,
Cansin Plast, Kocaeli, Turkey). The medication was
applied daily until the end of study.

The unhealed wound area was measured on
the 3rd, 7th, 14th and 21st days under general
anesthesia using a transparent paper and a special
marker pen (Mahmood, 2010). The wound closure
was calculated as percentage reduction from the
wound size on day zero using the following formula:
(Agren, 1997)

100 x (wound size on d o — wound size on d )
wound sizeond g

Epithelization (%) =

On the 3rd, 7th, 14th and 21st days, the five
rats in each group were sacrificed with a lethal dose
mixture (Xylazine HCL and Ketamine HCL) and the
wounded areas were collected. The tissues
collected from the wound sites were fixed in a 10 %
neutral formalin solution for 72 hours. Skin
specimens were embedded in paraffin wax after
xylene and in a graded alcohol series. Sections
measuring 5-um thick were cut using a microtome
(Leica Microsystems, Wetzlar, Germany) and
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stained with Mallory’s triple stain, modified by
Crossman (Lemo, 2010). The stained specimens
were examined under a light microscope (Nikon
Eclipse i50, Tokyo, Japan) using an approximately 4x
objective lens, and photographic images were taken
for histological evaluation. The specimens were
evaluated and scored for acute inflammatory
reaction, thickness of granulation tissue, fibroblast
maturation, collagenation, re-epithelialization and
neovascularization. The scores were determined as
0: none, 1: mild, 2: moderate and 3: abundant
(Abramov, 2007)

Data collection and analyses. The statistical
analysis involved a two-way ANOVA, to assess the
effect of treatment. Histopathological scores were
reported in median values in a univariate analysis
(SPSS version 16.0, Chicago, IL). Values of P <0.05
were considered statistically significant (Dogan,
2017)

Results

Wound size. When the wounds were first
created, the surface area measured was 1.69 cm?.
The wound size was found to have decreased in all
wounds at the end of the study. In the entire
sample, the mean percent reduction in wound size
compared to the original wound area was 30.33% +
1.51 (range 27.28% — 33.37%), 48.13% + 1.51 (range
45.08% — 51.17%), 73.73% * 1.51 (range 70.68% —
76.77%) and 87.40% + 1.51 (range 84.35% —
90.44%) on days 3, 7, 14 and 21, respectively.
Overall, within the 21 days, tissue repair in the
MCP-orally group was faster than that in the MCP-
topically group, as reflected by the lower reduction
in wound size when compared to the original
wound size (81.40% versus 87.85%). The
experimental wounds on the 21 day were more
advanced in healing response in the MCP-treated
groups (84.62%) when compared to the control
group (45.55%) (P < 0.0001) (see Table 1).

Table 1. Wound healing rate

Effects % reduction in P>F
wound size after
21 days

Treatment 0.0001
Untreated 45.55+1.31°

MCP-oral 87.85+1.312

MCP-topical 81.40+1.312

Day 0.0001
3 30.33#1.51¢

7 48.13+1.51¢

14 73.73%£1.51°

21 87.40+1.51°

The original wound size was 1.69 cm?.
>dindicates statistical different among rows with the main effect
categories (P <0.05).

Wound macroscopy. Mild erythema was
observed on the wound edges in the untreated rats
and the topical MCP rats on day 3. On day 7, a thin
layer of tissue was observed at the base of the
wound in both MCP groups. Wound contraction on
day 14 was recorded to be highest in the MCP-orally
treated wounds, followed by the MCP-topically and
untreated wounds. On day 21, the highest wound
contraction was noted in the topical MCP group
(see figure 1).

Day 21

MCP-oral MCP-topical Untreated

Figure 1. Macroscopy images of wounds in rats
Histopathology

Quantitative microscopy. Overall, more
prominent necrotic areas, lymph follicles and dense
hemorrhagic areas were detected in the control
group. Acute inflammatory reaction scores were
higher in the control and MCP oral groups than MCP
topical group on the 14th day (1.00 versus 0.00),
though acute inflammatory reaction was not
observed in all groups at the end of the study. On
day 21, the amount of collagen was found to have
increased in both MCP groups (1.00 versus 2.00).

Figure 2. Microscopy images of wounds in rats at
the end of the study.
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On the 14th day, granulation tissue was
determined as the highest score (score of 2) in all
three groups. However, on 21 days, while the score
was 1 in the MCP-orally and control groups, it was 0
in  MCP-topically group. Fibroblast maturation
(median score of 1) was observed on day 3 in the
MCP-orally group and on day 7 in the MCP-topically
group. Neovascularization had increased in both the
MCP groups by the end of the study period (1.00
versus 3.00). Reepithelization was prominent in the
MCP-orally group on day 3, while full re-
epithelialization and neovascularization  was
recorded in both the MCP groups by the end of the
study (median score of 3) (see Table 2). In general,
when the MCP treatments are compared with the
untreated control wounds, equally effective
histopathological parameters were reported in both
MCP groups at the end of the study. (see Figure 2).

Discussion

Wound healing is a basic response to tissue
damage. Although there have been many studies of
this subject, the best curative agent is still under
discussion. Although the wound healing process has
improved, studies have reported that healing times
have not been shortened (Pillai, 2010). The main
approach to wound healing should involve the
prevention if the invasion of damaged tissue by
microorganisms, and improving the damaged tissue,
for which many medical products have been used.
Propolis, or bee glue, is used primarily for the
therapeutic treatment of wounds and burns (Oryan,
2018), and MC is used to achieve the same effect.
The efficacy of the topical use of these on wounds
has been studied (Hussan, 2014; Ragab, 2015). No

Table 2. Median histopathological evaluation scores of wounded tissue by treatment group.

Acute

Granulation Fibroblast . Re- Neo-

Effects Inflammatory . . Collagenation e N
. tissue maturation epithelization vascularization
reaction

Treatment
Untreated 1.50° 1.00 1.50 1.00° 1.00¢ 1.00°
MCP-oral 1.50° 1.00 1.50 1.50° 2.002 2.00°
MCP-topical 1.00° 1.00 1.50 1.50° 1.50° 2.00°
Day
3 3.0° 0.5¢ 0.5¢ 0.5¢ o 1.0¢
7 2.0° 1.5b 1.0° 1.0° 1c 1.5¢
14 0c 2.0° 2.0° 2.0° 2.0° 2.0°
21 0° 0.5¢ 2.0° 2.0° 2.52 2.52

The scores?® were 0= none, 1=mild, 2= moderate, and 3= abundant.
*dindicates statistical different among rows with the main effect categories (P <0.05).

studies reporting on the use of this premix (MC and
propolis) were identified in a review of literature. In
this study, MCP was administered both orally and
topically to compare its efficacy on wound healing.
Oral and topical use were compared in the present
study due to the lack of studies into the oral
administration of MCP for wound treatment in
literature.

Various medicinal plants have been used to
promote wound healing (Kim, 2011). The use of
such products has increased significantly in recent
years in animals. Among such substances, propolis
is a resinous material collected by honeybees from
living plants, while MC is a type of creeper plant,
and both are known to be strong antioxidants, anti-
inflammatories and antibacterial. Studies of wound
healing have reported the success of these
substances on wound healing processes as a result
of their wound healing effects (Atayoglu, 2016;
Hussan, 2014). In present study, the epithelization
percentage was considered a clinical healing
parameter. The epithelialization rate was calculated
to be approximately 70% within 3 weeks in both
MCP groups, but did not reach 100% in either of the
MCP-group rats. Wounds treated with MCP-topical
reached a greater percent contraction than the

MCP- orally group. It has been reported that wound
contraction is very important in clinical evaluations
of wound healing (Oryan, 2018). In this study, in
both the MCP-orally and MCP- topically groups,
there was no significant difference in the
contraction rate of the wounds, and also in this
study, histopathological parameters explained the
changes in the wound site. The acute inflammatory
reaction score on the 3rd day following wound
creation may indicate the success of wound
induction. The absence of any chronic inflammation
at the end of the study may indicate that 21 days is
a sufficient follow-up period. In parallel, it is
reported that proliferation, granulation and
contraction occur between 4-21 days in the wound
healing process (Keast, 2000).

Throughout the study, the increased
collagenation, fibroblast maturation, granulation
tissue amount, neovascularization and re-
epithelization scores noted in reply to medication
were prominent in wound healing. Collagen tissue
plays important roles in all stages of wound healing.
Tissue synthesized by fibroblasts is particularly
active in the proliferative and remodeling phases,
and forms the basis of the intracellular matrix
formation (Baum, 2005). In the present study, it was
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observed that this parameter increased in MCP
groups up until the end of the experiment. As
collagen synthesis begins on day 3 in injured tissue
(Ramos, 2007), the histopathological findings on the
third day were compared. While no collagen tissue
was observed in the control group, it was observed
at level 1 in the MCP groups. In a wound healing
process, fibroblasts secrete an extracellular matrix
that joins the edges of the wound (Otranto, 2010).
This stage can be clinically monitored in terms of
granulation tissue formation (Velnar, 2009),
however, fibroblast maturation and the formation
of granulation tissue between the MCP-oral and
MCP-topical treatment groups were not statistically
significant. Re-epithelialization is required for
complete closure of the wound (Otranto, 2010). In
the present study, it was high score in MCP groups
than in the control group, however, both of MCP
groups were not significant each other.

In conclusion, the clinical and histological
effects of the oral and topical administration of
MCP in wounds inflicted on healthy rats were
compared with control wounds. Our findings
suggest that an MCP premix may be useful in
wound healing. In the MCP groups, the level of
reduction of wound size when compared to the
untreated group showed a statistically significant
difference, while no statistically significant
difference was noted between the MCP-oral and
MCP-topical groups. Histopathological changes such
as inflammatory reaction, granulation tissue
formation, collagenation, fibroblast maturation,
reepithelization and neovascularization scores were
similar in the MCP-oral and MCP-topical treatment
groups. Oxidative stress must be determined in
acute and chronic inflammatory conditions such as
wound healing and degenerative processes.
Accordingly, to further examine the potential effect
of MCP on wound repair in different laboratory
animals, future studies should take into account
blood and tissue chemistry variables and should
associate any changes with oxidative status and
tissue regeneration ability.
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