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BACKGROUND

ABSTRACT

Background: With negative side effects of a lengthy healing time and high
complication rate, cleft palate surgery is employed to treat cleft palate, which is a
common congenital anomaly. Honey is believed to help accelerate wound healing
post-treatment. However, its effect on the increase in the transforming growth
factor (TGF)-f1 expression after palate surgery is unclear. Objective: This study
investigates the effect of forest honey on TGF-1 protein expression levels in the
wound healing palate model. Methods: This study evaluates the TGF-31 protein
expression of a palatoplasty wound model using enzyme-linked immunosorbent
assay. For this purpose, a punch biopsy model with 30 Sprague-Dawley rats is
treated with forest honey (TG), Aloclair Gel (PC), and distilled water (NC) for
3 days. Analysis of the TGF-f31 expression on day 4 is performed by statistical
one-way analysis of variance and post hoc least significance difference, with a
0.05 significant P-value. Online website software helped to predict the effect
of honey components on the TGF-1 expression. Results: Protein levels of
treatment group (T), negative control (NC), and positive control (PC) exhibit
mean levels of 16.13 = 1.06883 ng/L, 7.36 £ 0.16543 ng/L, and 15.03 £ 0.34221
ng/L, respectively. The differential expression T group exhibits a 2.19-fold change
in TGF-p1 relative to the NC group and a 1.07-fold change in the PC group
(P-value of 0.01). TGF expression in the PC group increases in comparison to
that in the NC group by 2.04-fold (P-value of 0.01). In-silico analysis revealed
that genistein promotes macrophage proliferation and activation via the increase
in the TGF-f1 expression. Conclusion: In summary, forest honey can boost the
TGF protein expression via genistein to increase macrophage proliferation and
activation.

Keyworps: Flavonoid, honey bee, palatoplasty, punch biopsy, TGF-31, wound
healing

this purpose,*! which involves the compression of the
adjacent tissues to seal the gap. However, this procedure

left palate occurs in 1 in 700 births worldwide.l'Z

Palatoplasty with reconstruction and gap closure with
surrounding tissues is the definitive therapy for cleft palate
(palate). Palatoplasty aims to separate the oral and nasal
cavitiesand formsa watertightand airtight velopharyngeal
valve to result in maxillofacial growth close to normal.
VY pushback palatoplasty is frequently employed for
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that cause; therefore, the possibility of bacterial infection
complications is increasing.[%7

Post-palatoplasty complications, especially exposed
bones, can cause wound infections, open scars, and
palate fistulas. Palatoplasty treats complications in
two ways: dental prosthesis and surgery to seal the
fistula in 6-12 months following palatoplasty.®*! Since
ancient times, honey has been used as an alternative to
accelerate wound healing, as well as to treat digestive
tract and respiratory infections.'”? Several studies have
reported that honey can accelerate wound healing
through the homeostatic, inflammatory, proliferative,
and remodeling phases.!'!:!Z

A type of honey with a high flavonoid contentis obtained
from the Pameungpeuk forest bee (Apis dorsata) due
to low exposure to air pollution. This honey exhibits a
high water content (24-26%), with a flavonoid content
of 60-460 g in 100 g honey.'*"¥! In addition, previous
studies have reported that Pameungpeuk forest honey
exhibits an inhibitor concentration (IC50) of 42.99 ppm
to measure antioxidant activity in counteracting free
radicals,>!9 including the category of very strong
in counteracting free radicals. In addition, the use of
flavonoid-rich Rambutan honey can induce cytokines;
as a result, it can respond to fibroblasts for wound
healing and reduce free radicals—alondialdehyde
(MDA).'" The flavonoid content of honey can increase
angiogenesis; thus, fibrosis and collagen formation
are enhanced.l'™?% Flavonoids exhibit antibacterial,
antioxidant, anti-inflammatory, and antidiabetic
roles.?!-2

Transforming growth factor-pf (TGF-B) is a protein
that plays an essential role in forming an extracellular
matrix (ECM) as well as stimulating the chemotaxis
of fibroblast cells.>*? The fibroblast process in
the proliferative phase leads to granulation tissue
formation, and the wound appears reddish. TGF-
[ has been identified to have three isoforms: one
isoform is TGF-f1, which can affect the proliferation
and differentiation of mesenchymal cells and increase
ECM production during wound healing.?®) A high
flavonoid content is thought to improve the wound
healing ability via cell proliferation, especially in
palatoplasty wound healing. However, the roles of
Pameungpuk forest honey treatment to increase TGF-
1 protein expression in wound healing the punch
biopsy palatoplasty model in the palate of Sprague-
Dawley rats are not clear.

MATERIALS AND METHODS

Research design

In this study, the in-silico approach was employed to
determine the role of the active compounds present in
honey in the mechanism of cell proliferation response.
An in-vivo laboratory study with a post-test-only
group design with 30 Sprague-Dawley rats palatoplasty
model was conducted, in which 2-3-month-old
Sprague-Dawley male rats were used, with a weight
of 150-200 mg, under normal conditions. The normal
definitionis a state of calm, no injury, disability, or illness
with a weight loss of 10% during acclimatization in the
laboratory. Sprague-Dawley models were divided into
three treatment groups: forest honey treatment group
(T), Aloclair gel -treated positive control groupi?™*!
(PC), and distilled-water-treated negative control group
(NCQC). The Ethical Commission approved all research
procedures of the Faculty of Medicine, Jenderal
Soedirman University, on July 22, 2020, with reference
number 127/KEPK/VII1/2020.

In-silico analysis: Interactions of secondary

metabolites

Interaction prediction of the honey content with
TGF-p1 expression was performed using web
application software. Compounds in honey were
searched by literature review from https://www.ncbi.
nlm.here.gov/.’% Canonical SMILES was employed
to determine the bond structure using (http://www.
pubchem.ncbi.nlm.here.gov/) active compounds of
hones,*! and the relationship interaction between the
active compound of honey and TGF-f31 expression to
learn signal pathways and mechanisms of biological
function was analyzed using string (http://stitch.embl.
of/).B% Interaction relationship with protein signaling
pathways based on KEGG pathways was predicted
using http:///string.db.org/,*¥! and the significance of
the correlation was indicated by the significance value
of P <0.05.

Palatoplasty animal model

Sprague-Dawley rats were used as the animal model
for palatoplasty, which were treated in cages and under
experimental animal environments at temperatures of
16-27°C with 40-70% humidity and adequate lighting
to avoid stress on rats. In terms of food, AD II feed
(~20 g/head/day) was provided to Sprague-Dawley
rats every morning to maintain healthy conditions of
the animal model. Punch biopsy on the hard palate of
animal models was conducted by an aseptic technique
by smearing with povidone and anesthesia using
1-2 mg/kg ketamine via intravenous administration
and 5-10 mg/kg ketamine via intramuscular
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administration. Punch biopsy was conducted with a
width of 3 mm using a seamless Premier Uni-Punch
until the periosteal area was exposed, and the bone was
visible. Monitoring was conducted for 5-10 min after
the injury to determine ongoing bleeding. Markers of
the palatoplasty model were observed until bleeding
was not observed. As much as 30 mg of forest honey,
PC, and NC were applied topically to the wound
surface for 3 consecutive days in each group. On the
4th day, tissue samples were taken for the measurement
of TGF-p1 protein expression levels.

Enzyme-linked immunosorbent assay

A sandwich enzyme-linked immunosorbent assay
(ELISA) was employed for the analysis of TGF-f1
expression using rat transforming growth factor-
beta BT by utilizing the Lab ELISA kit (Bioassay
Technology, China), cat no. E0778Ra. At 37°C for
90 min, 0.1 mL of a dilution buffer was incubated,
followed by the addition of 0.1 mL of a biotin-labeled
antibody working solution and set at 37°C for 60 min.
The standard solution was diluted to determine the
absorbance at 450 nm using an automated ELISA plate
reader. For research procedures, recommendations of
the company were followed.

Statistical analysis

Statistical data were analyzed using SPSS version
22 software. Differences in the TGF-f1 expression
of punch biopsy wounds were analyzed by one-
way analysis of variance, followed by post hoc least
significance difference analysis to observe a significant
difference with a 95% confidence interval (CI) with
P < 0.05, indicative of the significance value. Graphs
and curves were rendered using Prism GraphPad
version 9.0 for Windows (GraphPad Software, San
Diego, CA, USA).

RESuLTS

Palatoplasty animal model

In this study, an animal model for palatoplasty using
a 3-mm-diameter punch biopsy was developed. The
findings indicated that punch biopsy is conducted
until the palatal mucosa is split to the diameter of the
tool and stained with blood. The palatoplasty model
was successfully performed once palatal bleeding of
experimental animals had ceased, and medication was
administered [Figure 1].

Treatments of forest honey (T), Aloclair as the
positive control (PC), and Aquadest as the negative
control (NC) with a dose of 30 mg were given to each
group, followed by covering all parts of the surface
of the wound of the punch biopsy. Then, 200 mg of
the damaged tissue was collected from each group
for the investigation of the TGF expression on the
4th day.

Expression of TGF-§ protein
Expressionanalysisusing ELISArevealedthemeanlevels
of TGF-f on forest honey-treated group (T), distilled
water negative control group (NC), and Aloclair-gel-
treated positive control group (PC) as 16.13+1.06883,
7.36+0.16543, and 15.03%£0.34221 ng/L, respectively.
The average difference between groups was 1.1 between
T and PC, 5.77 between T and NC, and 3.67 between
PC and NC [Figure 2].

Statistical analysis revealed significant differences in
TGF-B1 levels in the Experimental Animal Intervention
Group (P-value <0.05) in Figure 3. Overexpression of
TGF-p1 in the honey treatment group with a 2.19-fold
change in comparison to the distilled water-treated
group (NC) and 1.07 in comparison to the Aloclair-gel-
treated group (PC) (P < 0.01) was noted. In addition,
the TGF-B1 expression of the Aloclair-gel-treated

Figure 1: Punch biopsy method and honey treatment conducted for the palatoplasty animal model. (A) Inaction anesthesia administration.
(B) Intervention of punch biopsy. (C) Procedure of punch biopsy. (D) Treatment with forest honey
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Figure 2: Mean levels of TGF-f in the Experimental

Animal Intervention Group; negative control group (NC);
7.36£0.16543 ng/L; Aloclair Gel positive control group (PC)
15.03+0.34221 ng/L; and forest honey treatment group (T)
16.131£1.06883 ng/L
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Figure 3: Significance of TGF-1 levels in the Experimental
Animal Intervention Group. PC exhibits an increase of 2.19 times
compared with the negative control group (NC) and 1.07 times
from Aloclair gel positive control group (PC). PC exhibits an
increase of 2.04 times from NC (*P < 0.05 and **P < (0.001)

group (PC) increased in comparison to that of the
distilled water-treated group (NC) 2.04 (P-value
<0.01). Results of this study revealed that the 95% CI
of the optical density values did not overlap for all
sample groups. However, the increase in the number
of samples can increase the precision of the statistical
protein expression of each group.

Role of genistein in the TGF-B1 protein expression

In-silico analysis revealed that genistein is the key
compound in forest honey that plays a direct role in
TGF-f expression. Genistein directs the target analysis
of several proteins such as CDK4, eMtor, CDKNIA,
TRP53,SRC, ERBB2, PTK2, FOXO1, ESR1,CCNDI,
ESR2, and PPARG, affecting the signaling pathway of
TGF-p1 expression; hence, the mechanism occurring
in the cell changes. The analysis revealed that genistein
affects the regulation of cell proliferation. In addition,
changes in the TGF expression were affected by the
interaction of receptors FOXO1 and SMAD3, as well
as AKT1 and USP15, which are regulators of TGF-f31
receptor signaling pathways [Figure 4].

DiscussioN

The high incidence of abnormalities in the cleft
palate is commonly treated by palatoplasty, which
uses the punch biopsy method. However, potential
complications caused by open wound infections, palate
fistulas, alveolar arch deformities, and dental crowding
worsen post-treatment problems. The complications
increase when treatment to accelerate wound healing
is insufficient. Honey is a natural ingredient known
to speed up wound healing due to its high flavonoid
content.® Quercetin, genistein, naringin, and apigenin
are flavonoid compounds that play a role in increasing
TGF-B levels.’>* Previous studies have reported that
honey can accelerate burns via the acceleration of the
inflammatory phase and stimulation of fibroblasts.!'7-37-3

In this study, the potential of forest honey to increase
TGF-31 levels in post-palatoplasty wounds was
discovered. Expression increased with a 2.19-fold
change compared to the NC and 1.07 compared to
Aloclair (PC), with a significance value of P < 0.05.
In-silico analysis revealed that quercetin in honey can
regulate the mechanisms of TGF-f1 in several signaling
pathways and affect keratosis stimulated by MMP-9.
In addition, the high flavonoid content can increase
the expression of TGF-f by increasing the capacity
and activity of macrophages, thereby demonstrating
potential to be an immunomodulator. In addition,
flavonoids have been widely reported to operate as
immunomodulators, enhancing PDGF, TGF-, and
VEGTF via the secretion of cytokines on macrophage
activity.-3%

Similarly, Rambutan honey used to expedite wound
healing and prevent stress-induced fibroplasia
via TGF-1 inhibits the synthesis of radicals—
malondialdehyde (MDA)—in the oral mucosal'”
and angiogenesis in burn healing,*” and it inhibits
the effect of bacteria,**? virus,® and fungi.®
Increased macrophage activity triggers an earlier
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Figure 4: Mechanism prediction of genistein induces TGF-f31 protein expression. (A) Genistein protein target prediction. (B) Biological
process gene influenced by genistein. (C) Regulation of the protein expression of the TGF-$1 protein receptor. (D) USP15 as a protein

receptor of TGF-f1 targeted multiple proteins in proliferation

increase in blood vessels to accelerate the proliferative
and inflammatory phases. Macrophages exchange
on day 3 from M1 (proinflammatory) to M2 (anti-
inflammatory), accelerating the proliferative phase,
thus accelerating wound healing.™! Anti-inflammatory
work produces proinflammatory mediators to stimulate
cells associated with inflammation such as lymphocytes,
macrophages, and mast cells. In addition, quercetin
(3,3",4,5,7-pentahydroxyflavone) is a flavonoid in honey
that exhibits the same role for wound healing and anti-
inflammatory via the induction of Smad3 (pSmad) for
the enhancement of phosphorylation.“*4” Quercetin
increases the expression of TGF-f, which helps the
fibroblast activity, ECM deposition, and granulation
tissue formation. It also increases expression of TGF-
[3, which is secreted in wound tissues for the activation
of macrophages and fibroblasts. TGF-f is required for
the chemical attraction of monocytes, for stimulation
of ECM production, and induction of myofibroblast
formation in wound healing.?>#41 Genistein interacts
with Aktl, and Foxol affects proliferation via the

phosphorylation of Smad2 and Smad3 to increase
TGF-p1 expression.’0-4

In contrast, Aloclair gel (polyvinylpyrrolidone-sodium
hyaluronate) is the standard treatment given after
the oral surgical procedure against post-operative
infections®! derived from an aloe vera extract. The
flavonoid content of aloe vera can induce TGF-f1 in
modulating anti-inflammatory and immunomodulatory
effects. The mannose-6 phosphate content of aloe
vera can stimulate macrophages to produce TGF-
1.5 However, the topical application of honey can
render chemical debridement of dead cells, reduce
pain, and stimulate granulation and epithelialization
of wounds.P® Therefore, high-dose administration can
lead to the dehydration of granulation tissues, whereas
low-dose administration does not affect wound healing.

In conclusion, the role of flavonoid content of honey
via the induction of the increased expression of TGF-
B protein was confirmed. Flavonoid compounds that
enter the body interact with several proteins and
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stimulate the immune system, such as AKT1, Foxo 1,
and macrophages, thereby expanding proliferation by
the phosphorylation process of Smad2 and Smad3 in
the TGF-f signaling pathway.’"-®!l Therefore, honey
demonstrates the potential for use as an alternative or
additional topical wound treatment after palatoplasty
biopsy. It can render the chemical debridement of
dead cells, reduce pain, and stimulate granulation and
epithelialization of wounds. However, the drawback
of this study was that it did not use the optimal dose
variation of honey for palatoplasty wound healing by
increasing the expression of TGF-f protein.

CONCLUSION

Forest honey can increase the expression of TGF-
[ protein of punch biopsy wounds in the palate of
Sprague-Dawley rats due to its flavonoid content.
Genistein can accelerate wound healing via the
induction of the TGF-f signaling pathway mechanism
to increase proliferation and macrophage activation.
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