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ABSTRACT

The purpose of this study was to determine the effectiveness of stingless bee honey in healing incision wounds on rat skin based on collagen
formation. A total of 30 Sprague-Dawley rats were divided into 3 observation days (n= 10 rats). The incisions performed on all rats but given
different treatments. In negative control group, the incision wound was not treated, while in positive control, the incision was treated with
bioplacentom. Rats in treatment 1 and treatment 2, the incision wound were treated with 75% and 100% stingless bee honey treatment was given once
a day for 7 days. The results showed that the 75% and 100% stingless bee honey groups showed a significant effect on reducing the wound length and
increasing the collagen density (P<0.05). As conclusion, stingless bee honey is effective in increasing collagen density in the wound healing process
of rat.
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ABSTRAK

Tujuan dari penelitian ini adalah mengetahui efektivitas madu linot dalam penyembuhan luka insisi pada kulit tikus berdasarkan pembentukan
kolagen. Tikus Sprague-Dawley sebanyak 30 ekor digunakan pada penelitian ini dan dibagi menjadi 3 kelompok pengamatan dengan total 10
pengulangan. Insisi yang dilakukan pada tiap tikus diberikan perlakuan berbeda. Kontrol negatif insisi dan tanpa diberi apapun. Kontrol positif
insisi diberi bioplasenton. Perlakuan 1 insisi dan diberi madu linot 75%. Perlakuan 2 insisi dan diberi madu linot 100%. Pengobatan diberikan
sekali sehari selama 7 hari. Hasil uji kelompok linot 75% dan linot 100% berpengaruh nyata terhadap sisa panjang luka dan peningkatan kepadatan
kolagen (P<0.05). Kesimpulan dari penelitian ini adalah madu linot efektif untuk meningkatkan kepadatan kolagen pada proses penyembuhan luka.

Kata kunci: kolagen, luka insisi, madu linot

INTRODUCTION

Skin is the largest organ of the body that protects
and acts as a barrier against mechanical, environmental,
internal, external, and microbial damage, which results
in the possibility of skin injury is very high (Zhao et al.
2017). Wound is the destruction of the unity or
components of cells, tissues, which causes specific
tissue substance to be damaged or lost (Umar et al.
2012). Wounds also cause disturbances in body function
and structure, so wound healing must occur in order to
produce improvements in body function and integrity
(Lomban et al. 2020). Loss or damage to tissue integrity
will trigger the body's reaction to the healing process
(Amita et al. 2017).

An incisional wound is a type of wound caused by a
sharp object, such as a knife or surgical instrument, that
produces smooth and neat wound edges. Unlike other
wounds such as laceration wounds that have uneven
edges due to blunt trauma or abrasion wounds that only
injure the outermost layer of skin, incisional wounds
tend to be deeper and carry the risk of significant
bleeding (Balsa and Culp 2015). Although incisional
wounds are often easier to manage as the surrounding
tissue damage is minimal, the risk of infection and the
length of the healing process remain challenges in
wound care (Owens and Stoessel 2008).

Incisional wounds are often found in clinics or
hospitals as a result of either surgical procedures or
trauma. Data from public hospitals show that post-

operative incisional wounds are one of the most
common types of wounds with the incidence of surgical
wound infection reaching 2-5% in developing countries
(WHO 2001). In animals, incisional wounds are also
common, especially due to surgical procedures such as
sterilization or trauma from sharp objects. Balsa and
Culp (2015) reported that approximately 15-20% of
wounds found in pets were incisional wounds that
require special attention to prevent infection and
promote rapid healing.

Wound healing is a process of repairing damage to
the skin (Gunanti et al. 2021). Wound healing is
generally divided into several phases, including
haemostasis, inflammation, proliferation,  and
maturation (Pramono et al. 2016). The body heals
wounds naturally, but wound healing can be accelerated
by administering drugs or treatments (Purnama et al.
2017). The wound healing process can be observed
microscopically by observing histopathological changes
such as the level of cellular infiltration, collagen
production, neovascularization, and epithelial thickness
(Karayannopoulou et al. 2011).

Since ancient times, honey has occupied an
important place in traditional medicine, the ancient
Greeks and Egyptians have used honey to treat wounds
and burns by applying topically to the skin (Lomban et
al. 2020). The use of honey as a therapy to treat wounds
has also been recognized worldwide (Meo et al. 2017).
Stingless bee honey is a thick, syrup-like liquid
produced by stingless bees (Puspita et al. 2018).
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Stingless bee honey is different from honey produced by
bees of the Apis genus in terms of color, taste, and
viscosity (Rao et al. 2016; Avila et al. 2018).

Stingless bee honey has been shown to have
therapeutic properties such as antioxidant, antibacterial,
anti-inflammatory  properties, and is a natural
moisturizer for wound healing applications. The high
level of polyphenolic compounds in stingless bee honey
translates well in promoting cell proliferation,
protecting cell structure, and countering free radicals in
the wound area. In addition, the antibacterial properties
of stingless bee honey can inhibit the activities of
bacteria and pathogenic organisms in the wound area
and accelerate wound healing through epithelialization
due to its low pH and high free acidity (Esa et al. 2022).
Due to its remarkable healing properties, various studies
on stingless bee honey have been developed to
investigate and evaluate its efficacy in the wound
treatment. These studies are still in the early stages of
development and the use of stingless bee honey has not
yet received sufficient clinical trials (Esa et al. 2022).

This study aims to assess the effectiveness of
stingless bee honey on the healing process of incision
wounds observed macroscopically and microscopically.
The study is expected to provide information about one
of the alternative drugs in wound management to help
repair damaged skin tissue. The results of this study are
also expected to be able to add scientific data on the
effectiveness of linot honey, especially in the wound
healing process.

MATERIALS AND METHODS
The research was conducted from November to

December 2023. Stingless bee honey was collected from
farmers in the Pocut Merah Intan Grand Forest Park,

Seulawah Valley District, Aceh Besar, Aceh. The honey
collected was uncooked harvested honey. Maintenance
and animal treatment as well as histopathological
examination and observation were carried out at
iRATco Laboratory Bogor. This research has obtained
permission from the Animal Ethics Commission (KEH)
SKHB IPB with certificate number
(095/KEH/SKE/VI11/2023).

Experimental Animal

This study used male Sprague-Dawley white rats,
aged 8-10 weeks, and having a body weight of 120-150
g. The 30 rats used in this study were divided into four
groups (Table 1). Rats were given food and drink ad
libitum. The treatment given to rats was skin incision on
the back and application of the stingless bee honey.

Incision Wound Preparation and Treatment

Incision wounds were made in the back area of the
rats. Prior to the incision, rats were anesthetized with a
combination of ketamine and xylazine, at a dose of 100
mg/kg and 3 mg/kg intraperitonially, respectively. The
hair around the incision site was shaved and cleaned
first. The rats' backs were then marked with a 1 cm long
line to make the incision. Each rat was wounded as
many as 4 incisions (Figure 1). The incision was made
along £ 1 cm to the hypodermis layer (subcutis). The
following step was the administration of treatment
according to the treatment group (Table 1) which was
carried out once a day for seven days.

Macroscopic Observation

To evaluate wound healing clinically, clinical
observations of the wound and measurements of the
remaining wound length were performed. Clinical
observations and wound measurements were made for

Tabel 1. Treatment groups in the study of the effectiveness of stingless bee honey on the healing of incisional wounds

Groups Treatments

Negative control
Positif control
Treatment 1
Treatment 2

Incision wound and not given any treatment
Incision wound and treated with bioplacentom
Incision and treated with 75% stingless bee honey
Incision and treated with 100% stingless bee honey
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Figure 1. Illustration of the position of the incision wound made on the back of the rat after the hair was shaved, according to the
treatment type. A= Negative control, b= Positive control, c= 75% stingless bee honey, d= 100% stingless bee honey
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each animal on days 3, 5, and 7 post-skin incision. The
residual wound length was measured using ImageJ
ver.1.54d (www.imagej.org) based on photographs of
each wound.

Microscopic Observation with Masson's Trichrome
Stain

Skin sample collection was performed by
excisional biopsy. Biopsies were performed on four
incision wound sites of treated rats on the 3™, 5" and
7" observation days of each treatment group of 10 skin
samples. Then, the skin samples were put into 10%
Neutral Buffered Formalin (NBF). Samples that have
been obtained were included in the 10% NBF solution
for 24 hours, then the sample was dehydrated by
immersing the preparation in alcohol 70%, 80%, 90%,
absolute alcohol for 1 hour each, xylene 2 times for 40
minutes each and paraffin 2 times for 1 hour each
automatically on the tissue processor. Followed by
printing paraffin blocks on the embedding console, and
cutting the tissue using a microtome with a thickness
of 4-5 um. The cutting results were placed on a glass
object which was then dried in an incubator at 60° C.

Masson trichrome staining procedure was initiated
by deparaffinization process with xylol, then the tissue
slides were put into Bouin's solution for 1 hour at 56°
C, cooled and washed with running water until the
yellow color disappeared, then rinsed with aquabides.
The tissue slides were put into Weigert't iron
hematoxylin solution for 10 minutes and then washed
with running water for 10 minutes, then rinsed with
distilled water. Next, immersion in Biebrich Scarlet-
Acid Fuchsin solution for 2 minutes, rinsed again with
aquabides, and put into phosphomolymdic acid-
phosphotungstic solution for 10 minutes and then into
anillin blue solution for 5 minutes. The tissue slides
were rinsed with distilled water and was put into
glacial acetic acid solution for 3 minutes. The final
stage was dehydrated with 95%, 100% alcohol, then
cleaned with xylol twice, then mounted with canada
balsam. The staining results were observed using a
light microscope. The percentage of collagen density
was quantified using Imagel ver.1.54d application
(www.imagej.org).

Data Analysis

Wound length and collagen density percentage data
were tabulated using Microsoft Excel. All quantitative
data were analyzed using R software ver.3.5.3 (www.r-
project.org) using one-way ANOVA and presented as
mean and standard deviation.

RESULTS AND DISCUSSION

On day 3, all treatment groups showed open wound
edges and redness. The discharge of blood and fluid into
the extravascular area and cessation of lymphatic flow
indicated this response in the inflammatory phase. This
leads to the appearance of major inflammatory
symptoms such as redness, swelling and heat (Li et al.
2007).

The condition of the wound on day 5 in the negative
control group still showed redness and the edges of the
wound started to shrink but at the edges of the wound a
black crust formed. The positive control group showed
a wound condition that seemed dry, there was a little
redness and the wound started to shrink. The 75%
stingless bee honey group also showed a reduction in
wound size and the scabs had already fallen off, while
the 100% stingless bee honey group showed reduced
wound size and the absence of redness on the skin. In
the wound healing stage, scab formation is the first step
of the proliferation phase. Scab formation during wound
care helps the hemostatic process and protects the
wound from microorganism contamination (Henshaw et
al. 2014).

On day 7, the negative group found that the wound
edge area was still open although the size was smaller
than on days 3 and 5. In the control group, the wound
edge area had closed and there was no redness, swelling
and blood but there was still a little hardened crust on
the wound edge. In the 75% stingless bee honey group,
the wound area looked smaller, no redness, swelling and
closed, but there was still a slight crust. The 100%
stingless bee honey group on day 7 macroscopic
observation provided the best results, the wound area
looked smaller and had closed, no visible blood,
redness, swelling and crust.

In Figure 2 and Table 2, it can be seen that the
administration of linot honey on the length of the
remaining incision wound showed a significant effect
on the negative control, positive control, 75% and 100%
stingless bee honey on days 3, 5, and 7. The therapy
with stingless bee honey admiatration was significantly
able to reduce the length of the incision wound. The
treatment of 75% stingless bee honey and 100%
stingless bee honey had a significant effect on the length
and area of the wound as evidenced by the measurement
of the length of the remaining incision wound. The size
of the wound appears to be getting smaller and closed
on the treated wound.

Collagen growth was detected on the 3™ day after
treatment. Collagen density was higher in the 100%
stingless bee honey group compared to the other groups
(negative control, positive control and 75% stingless bee
honey). Collagen growth on day 5 had the similar
pattern as day 3, in wich higher collagen growth was
found in the 100% stingless bee honey group, followed
by the positive control group, 75% stingless bee honey,
and the control group. Observation on day 7 showed
collagen growth was faster in the treated group than in
the control group. However, collagen growth was found
to be more extensive in the 100% stingless bee honey
group compared to the positive control group (Figure 3,
Figure 4, and Table 3).

Based on the results of collagen growth (collagen
density) on the 3™ day, there was a significant
difference between the negative control group and the
group treated with 100% stingless bee honey (P<0.05).
On the 5" day, there was also a significant difference
(P<0.05) between the negative control group and the
group treated with stingless bee honey (75% and 100%).
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On the 7" day, there was also a significant difference
(P<0.05) between the negative control group and the
positive control group and the group treated with
stingless bee honey (75% and 100%). Further tests
using the Tukey post-hoc method showed that there was
a significant difference in collagen growth between
groups at each observation time (P<0.05). Collagen area
growth was lower in the control group compared to
other treatment groups.

Based on collagen growth data, it is identified that
the administration of stingless bee honey has a
significant effect among groups on days 3, 5, and 7.
Collagen formation increased until day 7. Stingless bee
honey has been shown to increase collagen production
in wound healing. Bioactive compounds found in
stingless bee honey, such as flavonoids, polyphenols,
and phenolic acids, play a role in stimulating the
proliferation of fibroblasts, which are responsible for
collagen synthesis. Mohammad et al. (2021) reported
that stingless bee honey can increase the expression of
genes associated with the production of collagen types |
and 111, which are important for the formation of new
connective tissue. In addition, the antioxidant properties
of flavonoids and polyphenols reduce oxidative stress at
the wound site, prevent cell damage, and support an
optimal environment for collagen synthesis. Another
study by Zulkhairi et al. (2018) also confirmed that
topical application of stingless bee honey to wounds
significantly increased collagen levels compared to
conventional treatment. It was assumed that stingless
bee honey not only accelerates wound healing, but also
improves the quality of scar tissue by increasing
collagen production.
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Stingless bee honey has long been used in traditional
medicine due to its unique bioactive compound content.
This honey contains various active ingredients that
contribute to the wound healing process, including
flavonoids, polyphenols, hydrogen peroxide, phenolic
acids, enzymes, and peptides (Esa et al. 2022).

Flavonoid are known as powerful antioxidant
compounds that reduce oxidative stress at the wound
site. Oxidative stress can damage healthy cells and slow
down the healing process. Flavonoids also have anti-
inflammatory properties, reducing swelling and wound
pain (Biluca et al. 2020). Polyphenol act not only as
antioxidants but also have significant antibacterial
effects. Polyphenols inhibit the growth of pathogenic
bacteria such as Staphylococcus aureus and Escherichia
coli, which responsible for wound infections (Rao et al.
2016). Hydrogen peroxide compounds are produced
naturally through the action of the glucose oxidase
enzyme found in honey. Hydrogen peroxide acts as an
effective antibacterial agent and assist in create a sterile
environment in the wound (Mohammad et al. 2021).
Phenolic acid compounds have anti-inflammatory and
antibacterial properties, reducing inflammation and
preventing infection. Phenolic acids also stimulate cell
proliferation, which is important for wound closure
(Zulkhairi et al. 2018). Enzymes such as glucose
oxidase and antimicrobial peptides found in stingless
bee honey promote tissue regeneration and aid wound
healing by inhibiting bacterial growth (Biluca et al.
2020). The combination of these compounds makes
stingless bee honey an effective natural ingredient for
accelerating wound healing. Research conducted by
Biluca et al. (2020) showed that stingless bee honey has
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Stingless bee honey 75%
Stingless bee honey 100%
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Figure 2. The length of the residual wound on days 3, 5, and 7 observed macroscopically and quantified with ImageJ

Tabel 2. Mean wound length (£SD) of white rats after stingless bee honey administration

Wound lenght (mm)

Groups Day-3 Day-5 Day-7
Negative control 0.838+0.099% 0.836+0.098° 0.768+0.068°
Positive control 0.746+0.128% 0.098+0.078% 0.647+0.058°
Stingless bee honey 75% 0.739+0.058% 0.705+0.106° 0.577+0.051°
Stingless bee honey 100% 0.692:0.089° 0.629+0.103" 0.620+0.060°

a2 bpjfferent superscripts within the same column indicated significantly differences (P<0.05)
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higher antioxidant and antibacterial properties than
regular honey, making it ideal for wound care.

Among the various active ingredients found in
stingless bee honey, flavonoids and polyphenols are
considered to be the compounds that have the greatest
influence on the wound healing process. Both
compounds have high antioxidant and anti-
inflammatory properties, reducing cell damage caused
by free radicals and increasing tissue regeneration.
Flavonoids have been shown to stimulate angiogenesis
(formation of new blood vessels) and cell proliferation,
which are important in wound healing. Flavonoids are
also able to increase the production of collagen, the
main structural protein needed to repair damaged tissue
(Mohammad et al. 2021). Polyphenols have remarkable
antimicrobial effects that prevent infection and support
a sterile wound environment. Polyphenols reduce
inflammation by inhibiting the production of pro-
inflammatory cytokines, accelerating the inflammatory
phase of wound healing (Rao et al. 2016). Mohammad
et al. (2021) observed that stingless bee honey has a
higher concentration of flavonoids and polyphenols than
regular honey. Therefore, stingless bee honey is

Groups

Negative control

Positive control

Stingless bee honey 75%

Stingless bee honey 100%

considered very effective in healing chronic wounds,
such as diabetic wounds and burns.

The active ingredients in stingless bee honey play an
important role in various stages of wound healing,
including inflammation, proliferation, and remodeling.
In the inflammatory phase, flavonoids and polyphenols
act as antioxidants, reducing oxidative stress and
inflammation. This removes dead cells and bacteria
from the wound and prepares the wound for the
proliferative phase (Zulkhairi et al. 2018). In the
proliferative phase, flavonoids and phenolic acids
stimulate  fibroblast  proliferation and collagen
production, which are important in wound closure and
new tissue formation. Hydrogen peroxide helps
maintain a sterile wound environment and prevents
infection that can hinder the healing process (Biluca et
al. 2020). In the remodeling phase, polyphenols and
peptides help improve tissue architecture and reduce
scarring. The antioxidant properties of flavonoids also
help prevent excessive tissue damage and smooth scar
tissue (Rao et al. 2016). Another study by Zulkhairi et
al. (2018) showed that stingless bee honey can increase
wound healing up to 30% faster than traditional

Figure 3. Collagen density in white rat incision wounds after administration of stingless bee honey. The presence of collagen is indicated
by the blue color in the tissue. Magnification 100x. Red arrow= Epithel, Yellow arrow= Inflammatory cell

Table 3. Collagen density (+ SD) in incision wounds of white rats after administration of stingless bee honey

Collagen density (%)

Groups Day-3 Day-5 Day-7
Negative control 55.36%8.17° 60.98+8.57% 79.11+1.69°
Positive control 52.95+6.97% 67.32+6.54% 86.75+1.74°
Stingless bee honey 75% 63.78+9.65" 74.69+6.76™ 90.64+2.13°
Stingless bee honey 100% 69.28+11.82° 79.94+9.22° 94.65+4.06"

aab.b.be. ¢ dnyifferent superscripts within the same column indicated significantly differences (P<0.05)

39



M. Ridha Mahlana et al.

801

601

Collagen Density (%)

Group
Negative control
Positive control

Stingless bee honey 75%
Stingless bee honey 100%

5

Day

3

7

Figure 4. Collagen density of total collagen area in white rat incision wounds after administration of stingless bee honey on days 0,
3, 5, and 7. *= Significant (P<0.05); **= Significant (P<0.01); ***= Significant (P<0.001); ****= Significant approaching zero

treatments. This was due to the combined antioxidant,
antibacterial, and anti-inflammatory properties of the
active ingredients in stingless bee honey.

CONCLUSION

The administration of 75% stingless bee honey is
equivalent to the positive control group on the 3rd and
5th observation days, which is characterized by reduced
remaining wound length and increased collagen density
compared to the negative control. On day 7, the 100%
stingless bee honey group appeared to perform better
than the other groups. The application of 100% stingless
bee honey is able to accelerate incision wound healing
based on collagen density.
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