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Abstract

Background: Fibroblasts play an important role in the process of wound healing
in the proliferation phase. Honey contains flavonoids, phenolic acids, vitamins
and enzymes that play a role in increasing fibroblasts. The aim of this research
was to determine the effect of Sumbawa forest honey on increasing the number of
fibroblast cells after Wistar rat tooth extraction on day 7. Method: This is a
laboratory experimental study with Post Test Only with Control Group design. In
this study used 24 male Wistar rats, divided into 4 groups, the negative control
(aquadest), the 50% Sumbawa forest honey, the 100% Sumbawa forest honey, and
the positive control (hyaluronic acid) were applied topically twice a day for 7 days
in dental sockets after tooth extraction in Wistar rats. The number of fibroblast
was counted by histopathology preparations under Olympus CX31 microscope
and ImagelJ software and analyzed using Independent sample t-test and Post Hoc
Least Significant Difference (LSD). Results: The result of this study showed the
group with 100% consentration of Sumbawa forest honey had significantly higher
number of fibroblas cells compared to the group with 50% consentration of
Sumbawa forest honey and the negative control (p<0.05). Conclusion: Sumbawa
forest honey concentrations of 50% and 100% have an effect in increasing the
number of fibroblast cells after tooth extraction of wistar rats and 100% have an
effect in increasing the number of fibroblast cells after tooth extraction of wistar
rats and the highest number of fibroblast cells was found in the group with
concentration of 100% Sumbawa forest honey.
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INTRODUCTIONS
Tooth extraction is one of the most widely performed procedures in the

world of dentistry.! Tooth extraction is performed by removing the tooth from the

socket in the alveolar bone with an indication that the tooth can no longer be
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treated.? Data obtained from the 2018 Riset Kesehatan Dasar (RISKESDAS)
shows that tooth extraction is second only to medication in overcoming dental and
oral problems, with a percentage reaching 7.9%.3 Tooth extraction will result in
the opening of the tooth socket, which has the potential to cause discomfort
experienced by the patient.*

The occurrence of wounds will be followed by a healing process that takes
place physiologically until the wound is completely closed and the tissue returns
to normal.> Wound healing takes place through a series of interactions between
various mediator cells, cytokines, and extracellular matrices that can be grouped
into 4 phases, namely the hemostasis phase, the inflammatory phase, the
proliferation phase, and the remodeling phase.® ’ In the first phase, known as the
hemostasis, injured blood vessels will experience bleeding. This bleeding serves
to activate intrinsic and extrinsic coagulation factors, which then trigger platelet
aggregation and clot formation. In addition, vasoconstriction, retraction at the
ends of the severed blood vessels, and hemostasis reactions occur.

Furthermore, the inflammatory phase takes place. with the aim of cleaning
dead tissue, preventing bacterial colonization. The next phase is the proliferation
phase, which is marked by the transition of the provisional matrix dominated by
platelets and macrophages. Furthermore, this process is gradually replaced by
fibroblast cell migration and extracellular matrix synthesis. The purpose of this
proliferation phase is to create a balance between scar tissue formation and tissue
regeneration. The final phase is the remodeling phase, which aims to maximize
the strength and structural integrity of the new tissue that fills the wound, as well
as supporting epithelial growth and scar tissue formation.

One of the important roles is fibroblasts, especially during the proliferation
phase. Fibroblasts are cells with high heterogeneity and plasticity, showing a
central role in this phase under macrophage regulation. Macrophages produce
growth factors such as PDGF (Platelet-Derived Growth Factor), FGF (Fibroblast
Growth Factor), and TGF-B (Transforming Growth Factor ), which stimulate
fibroblasts to proliferate, migrate, and form an extracellular matrix. This
extracellular matrix will fill the wound space and provide a foundation for

keratinocyte movement and become the most important component of skin
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wounds. Fibroblasts then differentiate into myofibroblasts, which contribute to
wound contraction. Fibroblasts are also the main source of collagen synthesis in
wound healing.®

The discomfort caused by the slow wound healing process has prompted
much research in dentistry to find the right ingredients to speed up the process.
Various studies have been conducted on the use of natural ingredients as a source
of active substances that can speed up the wound healing process, one of which is
honey. The use of natural ingredients as a treatment is widely chosen by the public
because it is considered safer for health and has fewer side effects compared to
drugs made from chemicals.®

Honey is a natural ingredient that is used as a medicine. Honey has several
important characteristics, including anti-inflammatory activity, antibacterial
effects, and antioxidant properties. Honey can also stimulate the removal of dead
tissue, reduce the odor of wounds, and maintain wound moisture so that it can
speed up the wound healing process.!! Honey contains many active compounds
that play a role in increasing the wound healing process, namely flavonoids,
phenolic acids, enzymes, and vitamins. Honey is divided into two types based on
the flower source, namely monofloral honey (for example, longan honey) and
multifloral (for example, forest honey). In Indonesia, the types of honey that are
marketed are often named according to their origin, for example, Sumbawa honey
or Lampung honey.*°

There are several studies examining the potential of various types of honey
in improving the wound healing process. Research by Muhammad et al. (2021)
proves that giving honey can accelerate the wound healing process by reducing
neutrophil cells.** Research by Rupan et al. (2019) showed that 15% concentration
of Manuka honey accelerates epithelialization and collagen tissue formation.
Another study conducted by Yuslianti et al. (2016) showed that flavonoids
contained in rambutan honey accelerate the wound healing process and prevent
oxidative stress, thereby inducing TGF-B1 (Transforming Growth Factor 1) to
inhibit the formation of MDA (Malondialdehyde).'® Based on research by Leila et
al. (2021), who studied the therapeutic effects of 80% concentration of Lotus

honey on hard palate wounds in mice, it showed that there was an increase in
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fibroblasts starting from day 3 and peaking on day 7 to day 14.1° According to
research conducted by Al-Jadi et al. (2014), Malaysian honey can stimulate
fibroblast proliferation because it contains hydrogen peroxide.®

There are many studies on honey, but studies that specifically examine
local honey from native Indonesian honeybees are still relatively few. One of the
local honeys produced is Sumbawa honey.'” 8 The author chose Sumbawa forest
honey with concentrations of 50% and 100% because there has been no research
on the effectiveness of Sumbawa forest honey on the number of fibroblasts.®? The
author chose an increase in fibroblast cells on day 7 because, based on research by
Yuslianti et al. (2016), fibroblast increase peaked on day 7.1 Currently, there has
been no research that discusses the effect of Sumbawa forest honey on increasing
fibroblast cells after tooth extraction. Therefore, the author wishes to conduct
research on the effect of Sumbawa forest honey on increasing the number of

fibroblast cells after tooth extraction in Wistar rats.

METHODS

The research method is an experimental laboratory with a posttest-only
control group design. The research sample for each group was determined using
the Federer so that 24 male Wistar rats were obtained and divided into 4 groups,
namely the negative group (aquadest), the 50% Sumbawa forest honey group, the
100% Sumbawa forest honey group, and the positive group (hyaluronic acid),
which was given 2 times a day for 7 days.

This study used Sumbawa forest honey produced by CV. Honeysia
Alamindo Barokah in Kembang Putihan, Guwosari, Special Region of Yogyakarta.
The preparation of a 50% concentration of Sumbawa forest honey was carried out
using a dilution formula so that 5 ml of Sumbawa forest honey was obtained
diluted with 5 ml of aquadest. Histopathological preparations were taken from the
results of decapitation.

Decapitation is the separation of the jaw of the experimental animal from
the head. In this study, the lower jaw was separated from the rat's head with a
scalpel and blade and then placed in a 10% formalin. Staining with Hematoxylin

Eosin (HE) and the number of fibroblasts were observed under an Olympus CX31
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microscope at 400x magnification in 3 fields of view and counted using ImageJ
software. Statistical analysis in this study used Shapiro-Wilk for normality testing,
Levene's test for homogeneity testing, independent sample T-test for hypothesis
testing, and post hoc least significant difference (LSD) test to determine

significant differences.

RESULTS

This study aims to determine the effect of Sumbawa forest honey on the
increase in the number of fibroblast cells after tooth extraction of Wistar rats. The
histological description of the number of fibroblast cells from each group is

shown in Figure 1.
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Figure 1. Histological Image of Post-Tooth Extraction Socket Tissue in Treatment
Groups: (A) Aquadest, (B) Sumbawa forest honey 50% concentration, (C) Sumbawa
forest honey 100% concentration, and (D) Hyaluronic acid, for 7 days in one field of

view with a microscope at 400x magnification.

The density of fibroblast cells was more visible in the Sumbawa forest
honey group with a concentration of 100% and hyaluronic acid compared to
aquadest and Sumbawa forest honey with a concentration of 50% (Figure 1.). The
100% Sumbawa forest honey group had the highest average number of fibroblast
cells, namely 148.27, while the lowest was in the aquadest group, 64.38 (Table 1).
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Table 1. Mean Number of Fibroblast Cells After Treatment

Group Mean Number of Fibroblast Cells +
SD
Sumbawa Forest Honey 50% 97,77 £ 10,28
Sumbawa Forest Honey 100% 148,27 + 26,29
Aquadest 64,38 £ 41,48
Hyaluronic Acid 115,05 £ 38,74

The research data was continued with the Shapiro-Wilk normality test.
This test was conducted to determine whether the research data was normally
distributed or not. The four groups showed a significance value (p) > 0.05 (Table
2.), which means that the data collected is normally distributed data.

Table 2. Shapiro-Wilk Normality Test Results

Group Significance Value
Sumbawa Forest Honey 50% 0,632
Sumbawa Forest Honey 100% 0,812
Aguadest 0,063
Hyaluronic Acid 0,180

*1f the p value is greater than 0.05, the data is considered normally distributed.

The next step in processing data using the independent sample t-test is to
do a homogeneity test using the Levene test following the completion of the
normality test. Table 2. displays the significant value of the Sumbawa forest
honey data with a 50% concentration of 0.134 and the Sumbawa forest honey with
a 100% concentration of 0.663, according to the Levene test homogeneity test
findings. Both groups' results demonstrate a significance value (p) > 0.05,
indicating that the collected data is homogeneous. Normal distribution and
homogeneity of data are prerequisites for the independent sample t-test hypothesis
test. Since these two conditions are satisfied, the hypothesis test may be conducted

using the independent sample T-test.
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Table 3. Independent Sample T-test Results

Group Receiving Levene-test Independent Samples
Treatment T-test
Sig. Sig.
Sumbawa Forest Honey 0,134 0,042
50%
Sumbawa Forest Honey
0,663 <0,001
100%

* If the p value is less than 0.05, it is considered that there is a significant difference.

A significant value of 0.042 (p <0.05) was obtained from the first
hypothesis test on 50% concentration Sumbawa forest honey, indicating that Ho
was rejected and H: was accepted (Table 3.). These findings suggest that
administering 50% Sumbawa honey to Wistar rats on the seventh day following
tooth extraction can significantly increase the quantity of fibroblast cells. Due to
the significance value of <0.001 (p <0.05) obtained from the second hypothesis
test, HO was rejected and H1 was accepted (Table 3.). These results suggest that
administering 100% Sumbawa honey can significantly increase the amount of
fibroblast cells in Wistar rats on the seventh day following tooth extraction.

To find out if there is a significant difference between the four groups, a
post hoc least significant difference test (LSD) is performed (Table 4.). There is a
substantial difference between the aquadest and Sumbawa forest honey groups
with a 100% concentration, as indicated by their values of (p) <0.001 (p<0.05)
(Table 4.). The value of (p) 0.012 (p < 0.05) for the aquadest and hyaluronic acid
group also suggests that there is a significant difference between the two groups.
At a value of (p) 0.012 (p < 0.05), the results of the Sumbawa forest honey group
with a 100% concentration and Sumbawa forest honey with a 50% concentration

also demonstrate a significant difference.
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Table 4. Fibroblast Cell Count Comparison of p Values Between Groups
Following Treatment

Sig. Value Between Honey Honey Hyaluronic
Aquadest _
Groups 50% 100% Acid
Aquadest 0,083 <0,001* *0,012
Honey 50% 0,083 0,012* 0,356
Honey 100% <0,001* 0,012* 0,084
Hyaluronic Acid 0,012* 0,356 0,084

* If the p value is less than 0.05, it is considered substantially different.

DISCUSSION

The average value between the treatment group and aquadest was
significantly different, indicating that Sumbawa forest honey had an impact on the
quantity of fibroblast cells following tooth extraction in Wistar rats on the seventh
day. With a 100% concentration of Sumbawa forest honey, the treatment group
had the greatest average number of fibroblasts, at 148.278. These findings are
consistent with the study by Al-Jadi et al. (2014), which found that honey
increases the number of fibroblasts.*

Fibroblasts are crucial to the process of wound healing. first the
inflammatory phase, which starts migrating to the wound site in response to
chemical cues from immune cells. Macrophages generate fibroblasts by producing
growth factors such transforming growth factor-p, platelet-derived growth factor
(PDGF), and fibroblast growth factor (FGF). In the presence of growth factors
generated by macrophages, fibroblasts generate extracellular matrix (ECM) and
matrix metalloproteiases (MMPs).

Fibroblasts also create type 11l collagen, which will eventually replace the
extracellular matrix. During the remodeling phase, type | collagen will take the
place of type Il collagen. Matrix metalloproteinases (MMPSs), which are released
by fibroblasts, endothelial cells, and macrophages, mediate these collagen
alterations.3! 32 These collagen fibers will be positioned, put together, and tidied

along the wound line in order to make the two wound edges closely spaced.’
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An increase in fibroblasts can speed up the healing of damaged tissue and make
the entire process run more smoothly. Honey's components, which include
pyruvate kinase enzymes, hydrogen peroxide, phenolic acid, flavonoids, and
vitamin C, contribute to the growth of fibroblasts and hasten the healing of
wounds.*3 44

Flavonoids were found in Sumbawa honey according to a phytochemical
examination conducted by Adalina et al. (2019). The presence of flavonoids can
promote tissue regeneration and wound healing processes.*® This also supports the
findings of Yuslianti et al. (2016), who found that flavonoids in honey have
antibacterial, anti-inflammatory, and antioxidant qualities. They can also promote
the growth of collagen and fibroblasts.'® According to Suparwitri et al. (2024),
flavonoids boost fibroblast activity, which in turn raises TGF-f1 throughout the
wound healing process.5

The phenolic acid content of honey can promote angiogenesis and
neovascularization by inducing VEGF and PDGF and enhancing fibroblast and
endothelial cell motility, according to Melguizo et al. (2021).5° Hydrogen
peroxide content promotes the growth of fibroblasts, inflammatory cells, and
vascular endothelial cells, according to research by Dunnill et al. (2017).> A
study by Mohammed et al. (2016) found that vitamin C phagocytoses neutrophils
during the inflammatory phase and collagen maturation during the proliferation
phase, whereas Kim et al. (2023) demonstrated that the pyruvate kinase enzyme
promotes angiogenesis.>? 53

At a 100% concentration, Sumbawa forest honey differs significantly from
aquadest (p) <0.001 (Table 4.). These findings demonstrate that, in comparison to
aquadest, applying 100% Sumbawa forest honey helps hasten the healing process
of wounds. These findings support a study by Nasution et al. (2021) that found
that 100% honey administration can hasten wound healing through chemical and
physical actions that can boost fibroblastic activity.’®* Masir et al. (2012) also
talked about how honey's flavonoid content can promote the growth of Fibroblast
Growth Factor (FGF), which in turn can increase the activity of fibroblast cells to
produce collagen and form connective tissue, thereby suppressing the

inflammatory process and promoting wound healing.66:67.68
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The difference between aquadest and Sumbawa wild honey at 50%
concentration was not statistically significant (p = 0.083; Table 4.). These findings
suggest that giving 50% Sumbawa forest honey does not effectively increase the
number of fibroblast cells in comparison to aquadest. The physical properties of
honey, including its acidity, osmotic effects, and chemical effects, result in a
higher average number of fibroblast cells in the 100% Sumbawa forest honey
group than in the 50% Sumbawa forest honey group. Increased honey
concentrations also result in faster wound healing times because honey's increased
sugar content and more acidic pH promote better wound healing.®’

The value (p) <0.001 of 100% Sumbawa forest honey is higher than the
value (p) 0.012 of hyaluronic acid (Table 4.). According to these findings,
Sumbawa forest honey at a 100% concentration is more effective than hyaluronic
acid at promoting the growth of fibroblast cells. The effectiveness of 50%
Sumbawa forest honey was found to be similar to that of hyaluronic acid, as
evidenced by the fact that there was no significant difference between the two
substances (p = 0.356; Table 4.).

One of the study's limitations is that the samples were treated for a
duration of 12 hours, which is not equivalent to giving them twice a day due to the
research location's operational hours (lab operational hours 08.00-17.00). Also, a
phytochemical analysis of Sumbawa forest honey at 50% and 100%
concentrations was not done in this study; this can be done in the future to see if
the concentration content has changed. To find out if it has the same effect and
may be used as a medication to treat wounds in dentistry, this research must also

be conducted clinically on humans.

CONCLUSION
Based on the research results, it can be concluded that Sumbawa forest honey at
50% and 100% concentrations has an effect on increasing the number of fibroblast

cells after tooth extraction in Wistar rats.
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SUGGESTIONS

To be used as an alternative wound-healing medication in dentistry, this study

must do phytochemical analysis of Sumbawa forest honey at concentrations of

50%, 100%, treatment duration with the same dose, and continued clinically in

humans.
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