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Traumatic ulcers are a disorder of the oral mucosa, the incidence of which reaches 83.6%
in both men and women. Chronic traumatic ulcers have malignant potential if not
properly managed. Propolis is a natural ingredient derived from the resin collected by
honeybees, which is widely used in alternative medicine because of its content. Liquid
smoke is a compound resulting from the condensation of a hot reactor containing various
chemical compounds that act as antioxidants, antiseptics, antibacterials, and as
preservatives. This research aims to evaluate whether a nanogel combining propolis
extract and liquid smoke can more effectively enhance the healing of chronic traumatic
ulcers compared to propolis alone. This study involved 36 male rats aged 2-3 months,
divided into three groups: a control group, a group given only propolis, and a group given
a combination of propolis and liquid smoke, with treatments administered twice daily for
7 days. The expression of TGF-B cells and macrophages in the healing process of
traumatic oral ulcers in rats showed significant differences between the administration of
nanogels with a combination of propolis extract and liquid smoke and the administration
of propolis extract nanogels. The average number of TGF-p cells and macrophages in the
experimental group treated with the combined nanogel of propolis extract and liquid
smoke increased significantly on the third day (P < 0.05), more rapidly than in the other
groups. Propolis extract and liquid smoke combination nanogel accelerate the healing
process of chronic traumatic ulcers to prevent malignancy.

1. INTRODUCTION

natural ingredients that have fewer side effects and are anti-
inflammatory.

Traumatic ulcers are one of the most common disorders of
the oral mucosa. The incidence of traumatic ulcers is as high
as 83.6% in both men and women [1]. The prevalence of
traumatic ulcers in one area of Indonesia, Minahasa, and
Manado, reached 93.3% and 90.01%, respectively, which is
relatively high compared to other oral lesions. Indonesians
often refer to ulcers as canker sores. Canker sores can cause
pain, difficulty speaking, and even difficulty swallowing,
affecting nutritional intake and the quality of life of those
affected [2].

Traumatic ulcers can be treated with topical anti-
inflammatory steroids, one of which is the gold standard,
triamcinolone acetonide 0.1%. This drug acts as an anti-
inflammatory agent in the healing process of traumatic ulcers,
but when used on the oral mucosa, it has several side effects,
such as irritation, itching, swelling, dryness, redness, and
burning in the treated area. In addition, long-term use can lead
to immune system resistance and epithelial cell atrophy. Based
on the above description, it is necessary to look for alternative
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Triamcinolone acetonide is a synthetic glucocorticoid
widely used for anti-inflammatory and immunosuppressive
properties. It is particularly effective in treating various oral
conditions, including traumatic ulcers, oral lichen planus, and
other inflammatory lesions, which have functions by binding
to glucocorticoid receptors, leading to the modulation of gene
expression that reduces inflammation and promotes healing
[3]. In the last five years, in the context of oral traumatic ulcers,
triamcinolone acetonide has often been administered topically
as a paste or through intralesional injections to alleviate pain
and accelerate the healing process [4, 5].

Common adverse effects associated with triamcinolone
acetonide include local skin necrosis, ulceration, and systemic
effects such as Cushing's syndrome [6, 7]. These side effects
underscore the importance of exploring alternative treatments,
especially for patients who may be at risk for adverse reactions.
For example, the use of autologous platelet-rich plasma (PRP)
has been shown to be effective in managing erosive lichen
planus and oral submucous fibrosis, presenting a promising
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alternative to traditional corticosteroid therapies [8].

Propolis, also known as bee glue, is a natural ingredient
derived from the resin collected by honeybees from various
plants, and is widely used in traditional medicine. Propolis is
a natural, non-toxic resin with antiviral, antifungal,
antimicrobial, anticancer, and anti-inflammatory properties
due to the presence of flavonoids, phenolic acids, and Caffeic
Acid Phenethyl Ester (CAPE), which represents 50% of the
total composition. This has led to propolis receiving attention
in both the dental and medical fields [9, 10]. Topical
administration of propolis can speed up the healing process of
traumatic ulcers by increasing the growth of macrophages and
transforming growth factor-beta (TGF-), which supports the
migration of immune cells to injured areas, the formation of
extracellular matrix components such as collagen, fibronectin,
and Vascular Endothelial Growth Factor (VEGF) for the repair
of injured tissue [11].

Liquid smoke is a compound resulting from simultaneous
condensation through pyrolysis techniques from the hot
reactor and condensation in the cooling system. Liquid smoke
contains various chemical compounds such as alcohol,
aldehydes, ketones, organic acids, phenols, carbonyls, tar, and
water, which act as antioxidants, antiseptics, antibacterials,
and as preservatives [12]. Phenol and acetic acid are
compounds that play a role in inhibiting and preventing fat
oxidation by stabilizing free radicals and increasing blood
flow so that they can help the wound-healing process in
traumatic ulcers [13].

The use of nanotechnology in the manufacture of medicinal
preparations causes the active substance content in propolis
extract and liquid smoke to dissolve more easily because of its
very small size, thus allowing the content to go to a more
specific area [14]. The development of nanostructured lipid
carriers for propolis has been reported to improve the
antioxidant activity of its components, further supporting its
use in wound healing and oral ulcer treatment [15]. The
application of nanotechnology in formulating liquid smoke
can enhance its stability and bioavailability, making it more
effective in medicinal applications. By utilizing nanoparticles
to encapsulate liquid smoke, researchers can improve its
delivery to specific sites, such as inflamed tissues or ulcers,
thereby enhancing its therapeutic potential [16]. The
combination of propolis and liquid smoke in nanocarrier
systems could provide a synergistic effect, leveraging the
unique properties of both substances to address oral ulcers
more effectively.

The selection of gel form as a medicinal preparation is based
on the numerous benefits that gels offer, including cooling and
moisturizing properties, ease of use, and the ability to
penetrate the skin. These attributes can help to reduce pain and
accelerate the healing process around wounds [17]. This
research aims to evaluate whether a nanogel combining
propolis extract and liquid smoke can more effectively
enhance the healing of chronic traumatic ulcers compared to
propolis alone.

2. MATERIALS AND METHODS

The type of research used is a true experimental design in
vivo laboratory with a research randomized post-test only
control group design. The research was conducted at the Oral
Biology Laboratory of the Faculty of Dentistry Universitas
Brawijaya and the Physiology and Anatomical Pathology
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Laboratory of the Faculty of Medicine Universitas Brawijaya.
2.1 Research population and sample

The samples used were 36 male Wistar white rats (Rattus
Norvegicus) obtained from the Malang Murine Farm. The rats
were 2-3 months old, weighed about 250-350 grams, and were
in healthy condition. They were kept at the Oral Biology
Laboratory, Faculty of Dentistry, Brawijaya University,
Malang. The experimental animals were divided into 3 groups:
KT with topical drug administration of triamcinolone
acetonide 0.1%, KP with the administration of propolis extract
nanogel, and KA with administration of a mnanogel
combination of propolis extract and liquid smoke. Each dose
of triamcinolone was 0.1%, propolis was 5%, and a
combination of propolis extract nanogel and liquid smoke 5%
in a 3:2 ratio was administered twice daily. The selection of
these doses on the basis of research has resulted in a
composition that has proved to be quite optimal and stable [14,
18].

2.2 Research design

The production of nanogel from a combination of propolis
extract and liquid smoke begins with the extraction process of
propolis and liquid smoke solution with 70% ethanol solvent.
The maceration method was chosen because it does not require
heating at high temperatures, so the chemical compounds
contained in the material are not damaged [18]. Ethanol was
chosen as the solvent in the extraction process because ethanol
has polar properties, so this solvent is often used in the
flavonoid 1identification process [19]. Ethanol with a
concentration of 70% was chosen because, based on research
by Muli and Maingi [20], this concentration works to dissolve
the most active ingredients and can produce products with the
greatest antioxidant activity compared to other concentrations.
The preparation of nanogels was then carried out using the
sonication method, and the preparation of nanogels was done
using the gelling agent Carbopol 940. Preparation of nanogels
by mixing Carbopol 940 as a gelling agent, glycerin,
propyleneglycol, methylparaben, triethanolamine, and
distilled water and then mixing using a stirrer. The propolis
used was obtained from PT. Kembang Joyo Sriwijaya,
Karangploso, Malang, East Java. The liquid smoke used was
produced by PT. Lubna Company, Semarang, Indonesia.

The experimental animals were anaesthetised with an
intramuscular injection, and then traumatic ulcer wounds were
created by thermal induction using a 3 mm diameter cement
stopper, 100°C in 40 seconds. After the creation of a traumatic
ulcer, each experimental animal was treated twice daily
according to the treatment group by swabbing the labial
mucosa of the experimental animal with a cotton swab. The
rats were then decapitated using the cervical dislocation
technique on the necks of the rats on days 3, 5, and 7 according
to group allocation. The labial mucosal tissues of the rats were
harvested by excision to obtain injury induced mucosal tissues
[21].

2.3 Observation of macrophage cells
expression

and TGF-$

Macrophage expression assay using the hematoxylin and
eosin (HE) staining method. Macrophages stained with HE
appear brown, so they are easy to see at (400x) using a
microscope and image raster software to obtain calculation



results, and the results are averaged and then compared
between one group and another.

TGF-B  expression  was  determined by  the
immunohistochemical staining method using TGF-f or anti-
TGF-B monoclonal antibodies in 36 mucosal tissue samples.
Dripping SA-HRP (Streptavidin Conjugated with Horseradish
Peroxidase) and incubated for 40 min. In histological
preparations, these cells are shown as brownish spots. TGF-f
expression was observed using a digital microscope with high
magnification (400x). The examination and calculation of
TGF-p cell expression were conducted by observing cells that
expressed TGF- with the appearance of brown colour, using
a microscope and imageraster software. Slides were then
photographed in five different fields of view, and the results
were averaged and then compared between one group and
another.

2.4 Data analysis

Data analysis was performed using normality and

homogeneity tests from SPSS 27 for Mac. The one-way
ANOVA hypothesis test is performed if the data are normally
distributed. If the data are not normally distributed, the
Kruskal-Wallis test is used, followed by the Mann-Whitney
test.

3. RESULTS

The expression of macrophages and TGF-B cells in the
treatment group with topical application of nanogel combined
with propolis extract and liquid smoke showed a greater
increase compared to the treatment group with topical
application of propolis nanogel and the control group. The
average results of TGF-p cell and macrophage expression with
topical application of a gel combination of propolis extract and
liquid smoke are shown in the following graphic (Figure 1 and
Figure 2).
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Figure 2. Comparison of macrophage levels on days 3, 5 and 7
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Based on Figure 1, observations on the 3™ day showed that
the combination group (KA) had an average total TGF-f is
highest, namely 49.73; the control group (KT) had an average
number of TGF-B; the lowest is 14.16, and the propolis group
(KP) is between the two. Observation on the 5" day of the
average amount of TGF-p; the highest was the propolis group
with 36.64, then the control group with 18.39, and the lowest
was the combination group with 4.34. Observation on the 7th
day of the average amount of TGF-f: the highest was the
propolis group with 22.73, then the control group with 19.31,
and the lowest with the combination group with 5.63 (Figures
3,4,5).

The Kruskal-Wallis test results obtained showed that there
were significant differences (P<0.05) in TGF-pB expression of
each group on days 3, 5, and 7 with the value of P=0.002 (day
3), P=0.007 (day 5) and P=0.001 (day 7). The number of
macrophages in the rats treated with propolis and liquid smoke
was significantly different from that in the control group, with
a significant increase in the propolis and liquid smoke treated
groups (Figure 2). After treatment with propolis and liquid
smoke for three days (5.95 +3.99) and five days (7.40 £5.49).
The number of macrophages following five days of treatment
with propolis and liquid smoke was significantly higher than
after three days (P = 0.014) (Figure 2).
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Figure 3. Comparison of histology images on day 3 immunohistochemistry staining at 400x magnification showing TGF-3
expression: (a) KA3 group, (b) KP3 group, (c) KT3 group
f: Cell growth code.

Figure 4. Comparison of histology image on day 5 immunohistochemistry staining at 400x magnification showing TGF-
expression: (a) KA5 group, (b) KP5 group, (c) KT5 group

Figure 5. Comparison of histology image on day 7 immunohistochemistry staining at 400x magnification showing TGF-
expression: (a) KA7 group, (b) KP7 group, (c) KT7 group

The Pearson test results showed that the expression of
macrophages and TGF-p cells differed significantly (P=0.004
and P<0.05, respectively). Thus, it was concluded that there
was a positive correlation between increased macrophage cell
expression and TGF-f cell expression. In the fibrosis process,
macrophages secrete fibroblast growth factor, platelet-derived
growth factor (PDGF), and TGF-B (transforming growth
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factor), so the amount of TGF-B in this study also increased in
line with the increase in the number of macrophage cells. The
nanogel application was performed twice a day to observe the
activity of the active ingredients contained in the propolis
extract and liquid smoke [14].

Based on the results of the study, TGF-p tends to decrease
because in the healing process, after passing the peak period,



TGF-B will decrease to continue the healing process, while
macrophages have a tendency to increase because
macrophages function to excrete hugeamounts of pro-
inflammatory cytokines include TGF-p.

4. DISCUSSION

Based on the research results, the treatment group given the
nanogel combination of propolis extract and liquid smoke
experienced an increase in the average number of
macrophages and TGF-B cells were highest compared to the
propolis extract nanogel group alone and the control group.
This is due to the active ingredient content of propolis and
liquid smoke, which can accelerate the wound healing process
when combined in the right dose. These results are also in line
with research by Ernawati and Puspa [11] on propolis's content
in treating traumatic ulcers and research by Arundina et al. [2]
on liquid smoke, which can accelerate wound healing. This
research shows that topical application of liquid smoke and
propolis increased the infiltration of macrophages,
lymphocytes, IL-6, and TGF-B expression and fibroblasts
number in traumatic ulcers. Therefore, it accelerated the
healing of traumatic ulcers.

In the nanogel group with the combination of propolis
extract and liquid smoke, the increase in the number of
macrophages and TGF- cells was highest on day 3 and then
decreased on days 5 and 7. This shows that the combination
nanogel group experienced a peak inflammatory phase on day
3. The inflammatory phase occurs in the first 72 hours after
injury and can last for approximately 2-4 weeks, along with
other wound healing phases [22-24]. This process also occurs
simultaneously with angiogenesis, granulation formation,
epithelialization, and wound retraction. The large increase in
TGF-f cells is caused by phagocytic cells, namely
macrophages, which have peak concentrations in wounds
during the inflammatory phase. Macrophages store and
produce large amounts of growth factors such as TGF-p, FGF,
and EGF to regulate inflammatory responses, stimulate
angiogenesis, and increase granulation tissue formation [25].
Increased TGF-f in ulcer conditions can potentially accelerate
the healing process into the next phase, the proliferative phase.
Thus, after reaching peak concentration and ensuring that all
bacteria and excess debris in the wound area have been cleared,
the number of macrophages and TGF- decrease on days 5 and
7 to continue the process of re-forming vascular channels,
granulation tissue, and re-epithelialization of the wound
surface [24].

The propolis extracts nanogel group experienced an
increase in the number of macrophages and TGF-B cells on
days 3 and 5, then a decrease on days 7. On day 3, the propolis
extract nanogel group was in the inflammatory phase.
However, phagocytic cell activity was still high, so they
experienced an increase in the number of macrophages and
TGF-B cells on day 5. Meanwhile, the control group showed
increased expression of macrophages and TGF-B from day 3
to day 7 (Figure 1). This indicates that the inflammatory phase
lasted longer in the control group than in the treatment group.

Considering that this research was conducted on the 3™ to
7% day after induction of a traumatic ulcer, i.e., the time when
the inflammatory and proliferative phase occurs. Generally,
the amounts of macrophages and TGF-f are highly expressed;
a decrease in the average number of macrophages and TGF-f
cells in the treatment group showed that the inflammatory and
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proliferative phase had passed. This is consistent with research
by Gilbert that an increase in macrophages and TGF-$ in
wound conditions results in an acceleration of the wound
healing process to the next stage [26]. In addition, the results
of the macrophage TGF-f computational analysis are also
supported by the clinical appearance of lesions from the
combination nanogel group, which began to become weak on
day 5, and lesions from the propolis extract nanogel group,
which began to become weak on day 7.

Propolis extract contains various active ingredients such as
flavonoids, the most abundant of which is 50%, phenols,
tannins, alkaloids, and CAPE. The content of active
ingredients stimulates the migration of macrophages for the
production of cytokines and growth factors such as IL-1, IL-4,
IL-8, TGF-p and EGF, which functions for the induction of
fibroblasts in the production of ECM as well as the induction
of fibroblast proliferation and migration [27]. Growth factors
produced by macrophages contribute to several cellular
processes, namely inflammation, migration, and proliferation
[28]. Liquid smoke contains active ingredients, one of which
is phenol. According to research by Arundina et al. [2], phenol
increases the number of macrophage cells, lymphocytes,
fibroblasts, and TGF-B by inhibiting the production of pro-
inflammatory cytokines.

The combination of Propolis Extract and Liquid Smoke is
expected to produce a synergistic effect, enhancing the activity
of their active ingredients to increase TGF-B levels. This
increase in TGF-f is anticipated to boost cellular activity in
the wound healing process. This is in line with research by
Valluru et al. [29] that TGF-f induces angiogenesis, induces
the expression of adhesion molecules as a chemoattractant,
and triggers pro-inflammatory molecules for leukocyte and
fibroblast migration. These cells have a strong anti-
inflammatory effect and are said to be a potent fibrogenic
substance that can increase collagen in the ulcer healing
process [30]. So, in this case, increased expression of
macrophages and TGF- may help speed up the healing of
traumatic ulcers. In addition, the compound is being produced
in the form of nanoparticles in gel form in the hope that they
will penetrate more easily into specific areas. This is similar to
research by Elkhateeb et al. [31] that nano preparations make
the active ingredient content more soluble due to their small
particle size, and research by Kurniawan and Dwiaprinia [17]
on the advantages of gel medicinal preparations, namely that
they are cooling and easily penetrate the skin.

The results of this study indicate that the application of the
nanogel combination of propolis extract and liquid smoke to
Wistar rats induced by traumatic ulcers by applying it twice a
day can accelerate the inflammatory and proliferative phases,
as seen by the increase in the number of macrophages and
TGF-B cells in the oral mucosa of experimental rat with
traumatic ulcers. The clinical implications of propolis and
liquid smoke in the treatment of traumatic ulcers are
significant. This combination of drugs has been demonstrated
to have a dual effect in the management of wounds, both aiding
infection control and supporting the healing process. The
maintenance of a moist wound environment is essential for
effective healing; the use of this drug, therefore, facilitates this
process. This drug's benefits in facilitating healing are well-
documented, and the practical advantages of this treatment are
evident. However, the limitations of this study must be
acknowledged: specifically, the minimum, optimum dose, and
toxic dose have not yet been determined. It was therefore
concluded that the nanogel combination of propolis extract



and liquid smoke affected increasing the number of
macrophages and TGF-f cell expression in the healing process
of traumatic oral mucosal ulcers in rats. This research
hypothesis can, therefore, be accepted. It is recommended that
further research be undertaken to determine the minimum,
optimal, and toxic doses in this research area.

5. CONCLUSIONS

The study shows that the use of nanogel with propolis
extract and liquid smoke, propolis extract nanogel alone, and
a standard topical medication (triamcinolone acetonide 0.1%)
resulted in significant changes in macrophage numbers and
TGF-B cell expression during oral mucosal ulcer healing in
rats in each group on days 3, 5 and 7 with the value of P=0.002
(day 3), P=0.007 (day 5) and P=0.001 (day 7). Compared to
the other treatments, the nanogel containing liquid smoke and
propolis extract showed significant differences (P<0.05 TGF-
B expression on days 3, 5, and 7). On day 3, both nanogel
treatments showed an initial increase in immune cells,
followed by different patterns on subsequent days. These
findings suggest that propolis extract and liquid smoke-
containing nanogel may be an effective way to accelerate the
healing of traumatic oral mucosal ulcers.
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