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ABSTRACT

Background: Cleft palate is a craniofacial disorder with definitive therapy using the V-Y pushback technique palatoplasty, which
has the impact of leaving the bone exposed on the palate with long wound healing and a high risk of infection. Forest honey has high
antioxidants and the ability to accelerate wound healing. Purpose: This study aims to determine the effect of forest honey on vascular
endothelial growth factor (VEGF) expression to accelerate the wound healing process after palatoplasty biopsy. Methods: Posttest
only control group design using Sprague Dawley palatoplasty was performed on 15 rats which were divided into three groups, namely
the honey treatment (KP), Aloclair as a positive control (KPP), and aquadest as a negative control (KKN). As much as 25 mg of honey
was given therapeutically, and VEGF expression analysis post-biopsy palatoplasty was measured using the ELISA test. ANOVA analysis
was carried out to determine the significant differences between each treatment, and in silico analysis was conducted to determine the
compounds’ role in honey on the mechanism of VEGF expression. Results: Statistical analysis of VEGF expression in the KP group
was 41.10 ng/ml = 0.26, the KKP was 39.57 + 0.27, while the KKN was 33.26 + 0.62 (p<0.01). In silico study, genistein (C15SH1005)
targets several signaling pathways such as PI3SK-Akt, AMPK, and mTOR, affecting accelerated proliferation and angiogenesis.
Conclusion: In wound healing acceleration, forest honey induced VEGF expression through the genistein mechanism of angiogenesis
and cell proliferation.
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INTRODUCTION hearing loss, and reducing the psychological impact on

the patient.> Palatoplasty will cause injury, which will

The cleft palate’s abnormal formation causes an abnormal
palate cleft, which is usually congenital. The cleft palate
is a craniofacial abnormality that occurs in 1:1000 births.!
The highest incidence occurs in Asians and is dominant
in boys compared to girls with a 2.5:1 ratio.> One of the
therapies used to treat cleft palate is the use of definitive
cleft palate therapy.

The definitive therapy for cleft palate is reconstructive
surgery to close the cleft by connecting existing tissue
and is called palatoplasty.®* Palatoplasty is a surgical
procedure to repair the cleft palate in the mouth aimed
at improving facial appearance, improving swallowing
function, helping improve speech function, reducing

occur in the wound healing process through four phases:
hemostasis, inflammation, proliferation, and remodeling.
An essential factor in wound healing is the positive
regulator and stimulation of the angiogenesis mechanism,
which considerably impacts epidermal repair, granulation
tissue, and quality repair formation.”™'°

Vascular endothelial growth factor (VEGF) is an
angiogenesis regulatory protein that plays a role in the
angiogenic response stage by stimulating the degradation of
the extracellular matrix around endothelial cells, increasing
the proliferation and migration of endothelial cells, and
helping the formation of blood vessel structures.”!!!? In
addition to its role in angiogenesis, VEGF is also unique
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in its effects on multiple components in the wound healing
cascade, epithelization, and collagen deposition. Therefore,
VEGF is one of the potential targets for the surgical wound
healing response. After a cleft palate biopsy, postoperative
wound care is critical to speed up the healing process.
Alternative treatments, especially bee honey, can develop
for wound healing along with topical antimicrobial agents
obtained from natural ingredients, which have no side
effects.!

Honey contains energy, carbohydrates, amino
acids, proteins, and various active compounds such as
alkaloids, flavonoids, steroids, triterpenoids, quinones,
and hydrogen peroxide (H,0,), which have anti-
inflammatory, antibacterial, anti-allergic, antioxidant, and
anti-carcinogenic functions.'* In addition, the contents
of honey can stimulate VEGF expression to affect the
angiogenesis process. As previously reported, flavonoids
could increase VEGF expression in oral aphthous ulcers,
new blood cell formation, and pseudotubule formation
in the aortic ring test.$*1215-18 Therefore, we aimed to
determine the role of forest honey administration on VEGF
expression for wound healing in a palatoplasty model in
Sprague Dawley.

MATERIALS AND METHODS

True experimental research laboratories in vivo were
conducted with the Sprague Dawley animal model with
posttest only control group design. Fifteen samples from
each group, namely the treatment group, were given black
honey (KP), the positive control was given Aloclair, and the
negative control was given aquadest. The analysis showed
the difference in VEGF level against the treatment given.
After obtaining the feasibility of all the methods carried out,
the study was performed. The ethical approval was issued
by the Ethics Committee Faculty of Medicine Jenderal
Soedirman University on July 22, 2020, with reference
number 127/KEPK/VII/202.

Making animal models of palatoplasty in Sprague
Dawley rats used a punch biopsy with asepsis on the hard
palate using povidone with cotton pellets. Anesthetic
ketamine was given at a dose of 1-2 mg/kg intravenously or
5-10 mg/kg intramuscularly. Punch biopsy was performed
using a seamless Premier® Uni-Punch width of 3 mm on
the hard palate to the exposed periosteum. The bone was
seen without any bleeding again, resembling the V-Y
pushback technique. Maintenance was carried out in 25 cm
x 12 cm x 15 cm / 0.0045 m? with sufficient light and air
conditions and far from noisy conditions. The environment
for rearing experimental animals has a temperature of
around 16-27°C with a humidity of 40%—70%. Animal
models are standard fed AD II and drink aquadest ad
libitum, with the amount of feed every morning being
about 20 g/head/day.

After punch biopsy, applying forest honey treatment to
the wound covered the entire area with a laboratory spatula

topically. According to previous research, the dosage
was done with 25 mg of honey, which is the maximum
concentration.'” The positive control group (KKP) was
treated with Aloclair and the negative control group (KKN)
with aqueduct at the same dose. Treatment was given
routinely in the morning until the fourth day. The tissue
around the punch biopsy wound was taken using blade no.
15, as much as 15 mg.

VEGF level analysis was carried out to determine
changes in expression using ELISA. Expression level testing
was carried out using the indirect sandwich technique using
the BT Lab kit (cat no. EO659Ra). A standard dilution buffer
was constructed with serial concentration as the horizontal
axis, and the optical density (OD) value was taken as a
vertical axis. The OD was detected at a wavelength of
450 nm.2*2! All procedures followed all advice from the
company.

Statistical data analysis was performed using SPSS
version 25 (IBM Inc, Chicago, IL, USA) for Windows.
Expression data analysis was carried out based on mean
+SD. One-way ANOVA was conducted to analyze the
differences between the treatment groups. A confidence
interval (CI) of 95% with P<0.05 shows statistical
significance, graph and curve performed using GraphPad
Prism software version 9.0 for Windows (GraphPad
Software, San Diego, CA, USA).

In silico analysis was carried out using web server-based
online database software and Pubmed to analyze the content
of compounds contained in forest honey.”? Analysis of
compounds and chemical bond structures used http://www.
pubchem.ncbi.nlm.nih.gov/ using canonical smiles.>® The
analysis of the compound and target protein mechanism
used http://stitch.ernbl.de/,24 while the interaction
mechanism and the mechanism that was influenced by
chemical compounds found in forest honey were analyzed
using http:///string.db.org/ in the Kyoto Encyclopedia of
Genes and Genomes (KEGG) section pathways.”

RESULTS

Animal models of palatoplasty were performed using
punch biopsy methods with a seamless Premier® Uni-
Punch 3 mm on the palates of the rats. More minor diameter
biopsy wounds can heal independently, but a biopsy
diameter greater than 3 mm can cause scarring, requiring
1-2 stitches to be sutured. The wound was characterized
by exposure to the palate and normal bleeding from the
wound and surface. The effect of giving forest honey on
VEGEF levels in wounds was measured using ELISA by
reading the OD value with a wavelength of 450 mm. The
absorbance value used is the average of the two repetitions.
VEGEF levels in the treatment group given forest honey
were 41.10 + 0.26 ng/ml, in the positive control group
given Aloclair they were 39.57 + 0.27 ng/ml, and in the
negative control group they were negative 33.26 = 0.62
ng/ml (Figure 1).
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The Post hoc LSD test conducted expression change
analysis to determine significant differences between the
groups. The results showed that there was a very significant
difference in each group. The negative control group, the
positive control group, and the treatment group obtained a
significant difference (p<0.01). Statistical results analyzed
of VEGEF level expression were KP (treatment group) =
41.10 ng/ml 0.26, KKP = 39.57 0.27, and KKN = 33.26
0.62 (p< 0.01).

In a silico study, we analyzed genistein (C,sH,,05), as
one of the honey’s ingredients which has been promising,
by targeting several signaling pathways such as PI3K-Akt,
AMPK mTOR, prostate cancer, and insulin resistance.
Changes in the mechanism can trigger accelerated
proliferation and angiogenesis (Figure 2).
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Figure 1. Statistical analysis of VEGF expression. KP
(group treatment with honey), KKP (Aloclair/
positive control), KKN (aquadest/negative control)
(p=0.01).

KEGG Pathways

pathway description

hsa04151 PI3K-Akt signaling pathway
hsa04152 AMPK signaling pathway
hsa04150 mTOR signaling pathway
hsa05215 Prostate cancer

hsa04931 Insulin resistance

DISCUSSION

Cleft palate craniofacial deformity or palatoschisis affects
the sufferer because it will cause eating disorders, speech
disorders, psychological disorders, and impaired tooth
growth. The cause of cleft palate is due to the interaction
between genetic and non-genetic (environmental) factors.
Surgical treatment (palatoplasty) is performed to treat
palatoschisis. One of the techniques is called a punch biopsy,
which is simple and easy, and the diameter of the biopsy is
small, so there is no need for suturing the wound.?® However,
palatoschisis needs to be treated as early as possible and
antibacterial properties used to speed up wound healing.

The increased expression of VEGF in the administration of
honey indicated an increasing amount of neovascularization
compared to the control group. Honey is considered one
of the candidates among natural ingredients, which the
data shows accelerates wound healing after palatoplasty
surgery due to its high content of flavonoids and H,0, 27~%°
The content of flavonoids in wild honey shows a rate of
20.43%. Flavonoids are known to have anti-inflammatory
and antioxidant properties and induce VEGF. The dynamic
content of flavonoids in honey, such as quercetin,*
apigenin,®' genistein,*? and kaempferol,® can activate
hypoxia-inducible factor-1 (HIF-1), which then induces
VEGF.*

The content of flavonoids in honey such as quercetin,
apigenin, genistein, and kaempferol has been widely
reported to have arole in wound healing. Quercetin is often
recommended as a drug for oral ulcers to increase collagen
in wounds and accelerate angiogenesis.*>*> Quercetin is
known to increase VEGF by activating HIF-1. In addition,
apigenin and genistein pass through the phosphatidyl-
inositol-3-kinase (PI3K) pathway by binding to protein
kinase 1 (AKT1), and increasing endothelial nitric oxide

RICTOR
PPP2CA

count in gene set false discovery rate

10 of 348 4.95e-15
7 of120 8.19e-12
7 of 148 2.26e-11
6 of 97 2.57e-10
6 of 107 3.62e-10

Figure 2. In silico analysis of the role of genistein, which is one of the ingredients in forest honey and plays an essential role in the

mechanism of angiogenesis and cell proliferation.
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synthase (eNOS) to increase VEGF expression.** This
plays an essential role in the mechanism of angiogenesis and
cell proliferation. In a previous study, Hu reported that the
kaempferol content in honey could increase the activation of
VEGEF receptor-2 (VEGFR-2) receptors to increase VEGF
protein expression and keratinocyte cell migration so that
re-epithelialization occurs.>?

In this study, to determine the role of honey on VEGF
expression through in vivo and in silico analysis, we found
that genistein compounds directly target PI3K and AKT,
thereby influencing the angiogenesis pathway. The process
of the angiogenesis mechanism is mainly mediated through
the interaction of VEGF-A with VEGFR-2. Other VEGF
ligand and receptor variants play a secondary role in this
process.” One of the wound healing process effects is
hypoxia due to the lack of oxygen in the cells around the
wound. Hypoxia stimulates the VEGF Flt-1 receptor, and
then hypoxia can regulate the expression of VEGF and its
receptors so that angiogenesis occurs through HIF-1 by
inducing VEGF.*!

This study proved that forest honey had increased
VEGF expression in palatoplasty of wound healing in
animal models. The 25 mg of forest honey increased VEGF
expression higher than the positive and negative controls
with a fold change of 1.038 times higher (41.10 ng/ml)
than the positive control given Aloclair (39.57 ng/ml),
and the control negative in the form of aquadest (33.26
ng/ml). Thus, we recommend alternative natural treatment
using forest honey to support the acceleration of post-
biopsy wound healing. Forest honey affects the increased
expression of VEGF protein in punch biopsy wounds of the
palate in Sprague Dawley rats. The use of 25 mg of honey
affected VEGF protein expression with a fold change of
1.038 times compared to the positive control and 1.235
times that of the negative control group.

In conclusion, we have confirmed the role of forest
honey in accelerating wound healing in a palatoplasty
animal model—the ability of forest honey to increase
VEGEF protein expression. Analysis in silico indicated the
role of genistein in forest honey that has affected the cell’s
angiogenesis and proliferation mechanism.
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