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ABSTRACT

Objective: Cocoa pod husk (Theobroma cacao L.) extract was applied to enhance bioavailability and drug effects due to antibacterial, antioxidant
and anti-inflamation agents. Recent years have seen significant development of nanomedicine in non-invasive therapy of oral infection. The aim of
this study was to develop the formula of nanoemulgel of Cocoa Pod Husk (CPH) extract for topical oral therapy compared its stability and evaluation
in gingivitis rats with gels preparations on different gelling agents.

Methods: The topical oral preparation were made in 4 formulations: F1 (CPH gel with gelling agent Sodium Carboxy Methyl Cellulose (Na-CMC)
3%); F2 (CPH gel with gelling agent Carbomer 1%); F3 (CPH nanoemulgel with gelling agent Na-CMC 3%); and F4 (CPH nanoemulgel with gelling
agent Carbomer 1%. The physical characterization test of preparations were evaluated the pH, homogeneity, viscosity, spreadability and adhesion
test. In vivo evaluation of gingivitis rats were observed using histological analysis of the fibroblast number and gingival collagen density in
experimental Wistar rats by Hematoxylin eosin and Masson trichrome staining.

Results: Four formulation (F1-F4) showed good stability in pH, viscosity, spreadability and adhesivity (p<0.05). The observation for 7 d after gel
application to gingivitis rats, showed that the number of fibroblast and collagen density increasing in the treatment group compared to the control
group (p<0.001). In the LSD test, F3 and F4 indicated the highest increase, however no significantly different (p>0.05).

Conclusion: Nanoemulgel with Na-CMC as gelling agent potential to be used as an effective carrier for the active ingredients of CPH extract.
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INTRODUCTION

Antimicrobial and anti-inflammatory agents are often necessary to
attenuate infection and inflammation in the oral tissues. Current oral
tissue regenerative therapy strategies involve minimally invasive
procedures to reduce the risk of infection and host rejection. The use
of nanoparticles as drug carriers and drug delivery systems has
grown in recent years. Topical application has proven to be effective
because it is more controlled, especially with the nanoparticle
delivery system [1]. Numerous problems affect oral health, and
intensive research is focused on essential oil-based nanoemulsions.
It is an ideal transport medium for the purpose of delivering drugs
or active compounds, which causes increased therapeutic efficacy by
maximizing drug penetration while minimizing side effects and toxic
reactions [2].

Nanoemulsions are delivery systems that enhance the distribution
and solubility of lipid medications to targeted locations. The globules
of a nanometric size in the oil phase normally facilitate efficient drug
delivery; therefore, the formulation of nanoemulsion is a promising
approach against oral infections [3, 4]. To improve retention in the
oral cavity and even enable sustained release of medication.
Nanoemulsion Gels (NEGs) are prepared by adding a thickening or
gelling agent to a nanoemulsion and offering a sustained release of
drugs, and their mucoadhesive nature facilitates a prolonged contact
time [5]. NEGs have improved bioavailability, reducing surface
tension and shielding incorporated drugs from enzymatic
degradation and hydrolysis. Furthermore, improved infusibility,
greater drug loading capacity, and permeability make NEGs the most
acceptable delivery system for dental drug delivery [6].

The process of inflammation in tissues can be inhibited by natural
ingredients containing active compounds, especially polyphenols.

One of the plants in Indonesia that has the potential to act as a
natural antioxidant, anti-inflammatory, and antimicrobial is
Theobroma cacao Linn [7]. Cocoa is rich in polyphenols containing
flavonol monomers ((+)-catechin and (-)-epicatechin), procyanidin
B1 and B2 oligomers, anthocyanidins, quercetin, and theobromine
[8]. Moreover, polyphenols have benefits for the wound healing
process by accelerating tissue regeneration. The polyphenol content
of cocoa pod as an anti-inflammatory stimulates macrophages to
produce growth factors and anti-inflammatory cytokines [9].

A number of studies and investigations have been carried out on the
formulation and development of nanoemulgels for a wide range of
delivery systems, such as transdermal, vaginal, eye, dental, and nose-
to-brain, for the treatment of various local and systemic diseases
[10]. Formulation of nanoemulgel is to maintain the stability of the
compounds of Cocoa Pod Husk (CPH) extract as an anti-
inflammation agent. Nanoemulgel is an emulsion preparation with a
droplet size of 1-100 nm, which is suspended in a hydrogel [11].
Nanoemulgel is made from nanoemulsion mixed with a gelling agent,
which is the choice that is expected to increase the oral solubility
and bioavailability of the extracts of the natural compound. The
gelling agent commonly used is Sodium Carboxyl Methyl Cellulose
(Na-CMC) and Carbopol 940 (Carbomer). Na-CMC is a polymer from
nature and stable at pH 5-9, while the time required for Na-CMC to
develop into a good gel structure is shorter. Meanwhile, Carbopol is
a synthetic polymer of acrylic acid with a high molecular weight.
Carbopol 940 is better known as carbomer 940, with a
concentration range of 0.5%-2% [12].

The biological activities of cocoa pod husk extract have the potential
for drug discovery, which may be utilized for the future innovative
development of pharmaceutical, medical, and health. This study
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aims to analyze the formulation between gel and nanoemulgel
preparations of CPH extract (Theobroma cacao L.) with the gelling
agent’s Carbomer and Na-CMC to obtain a stable oral, topical
preparation, and an in vivo evaluation in gingivitis rats.

MATERIALS AND METHODS
Extraction of cocoa pod husk (Theobroma cacao L.)

Plant material consists of forastero-type cocoa pod husk
(Theobroma cacao L.) obtained from The Coffee and Cocoa Research
Institute in Jember, Indonesia. The material was identified at The
Integrated Agricultural Development Unit, Polytechnic State of
Jember (specimen no. 069/PL.17.8/PG/2022). A total of 5 kg of CPH
are cleaned and peeled. CPH was cut and dried for 2x24 h at 50 °C in
the oven, then milled to form a fine powder. As much as 50 g of CPH
pod powder with the addition of 300 ml of 70% ethanol wasput into
a container and then ultra-sonicated for 3x3 min in an ultrasonic
bath (Elma, Singen, Germany). Stirring was done every 3 min before
the re-ultrasound. The resulting solution is filtered, the filtrate is
collected, and the residue obtained is put into a container. The
residue in the container was then added with 300 ml of 70% ethanol
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and re-ultrasonic for 3x3 min. The resulting solution is filtered
again, while the filtrate is combined with the first filtrate. These
steps were continued until a total of 900 ml of 70% ethanol solvent
was obtained. After that, all the resulting filtrates were made more
concentrated using a vacuum rotary evaporator (B-one, Indonesia)
and evaporated in an oven at 40 °C until an extract with a constant
weight was obtained, i. e., CPH extract with a concentration of 100
mg/ml [3, 13]. Four formulations (F1-F4) were analyzed and
differentiated based on gelling agent composition and particle size
(table 1).

Gel formulation of CPH

To formulate Theobroma cacao extract gel, 96 ml of aquadest was
used in a measuring cup and poured into a mortar. Then, 4 g of Na-
CMC 3% (Sigma-Aldrich) or Carbomer 1% (Sigma-Aldrich) was
measured with an analytical scale (Ohaus, Parsippany, USA) and
then sown into a mortar containing aquadest. Let stand for about
10-15 min, stirred until it expands, and crushed to form a clear gel. A
total of 45 g of the clear gel was then placed into the mortar with the
addition of 5 g of cocoa pod extract 100 mg/ml. Finally, the mixture
was crushed to form a homogeneous CPH extract gel [13].

Table 1: Formulation of CPH extract preparation

Material Formulation 1 Formulation 2 Formulation 3 Formulation 4
Extract CPH 10% 10% 10% 10%

Gelling agent Carbomer 1% Carbomer 1% Na-CMC 3% Na-CMC 3%
Propylene glycol 5g 5g 5g 5g

Nipagin - 0.02g - 0.02g

TEA - 036¢g - 036g

VCO - 04g - 04g

Tween80 - 24¢g - 24.g
Aquadest ad 100% 100% 100% 100%

Formula 1: Gel of CPH extract, carbomer as gelling base; Formula 2: Nanoemulgel of CPH extract, carbomer as gelling base; Formula 3: Gel of CPH
extract, Na-CMC as gelling base; Formula 4: Nanoemulgel of CPH extract, Na-CMC as gelling base

Nanoemulgel formulation of CPH extract

Dissolve 0.02 g nipagin with 1.58 ml hot distilled water in a mortar
and stir, sprinkle 0.4 g Na-CMC 3% or Carbomer 1% over the
distilled water and wait for 15 min, then stir the Na-CMC and TEA
0.36 g mixture until it is homogeneous and becomes a gel mass
(mixture 1). Then, dissolve the CPH extract with 96% ethanol (0.6
ml), stir until homogeneous, and add 0.4 g Virgin Coconut Oil (VCO)
and surfactant (Tween 80+Span 80) of 2.4 g and 2.6 g, respectively,
into the mixture. CPH extract solution was then stirred again until
homogeneous (mixture 2). Add mixture 2 to mixture 1, stir until
homogeneous, then mix in the remaining distilled water. Let stand
Turax nanoemulgel (IKA, T18 Basic) for 10 min. The preparation is
put into a small pot [14].

Particle size analyzer testing

Particle size measurement was carried out by diluting 0.5 g of sample
with 1 ml of distilled water. Then 1 ml was taken to test the particle
size. Particle size measurements were carried out using the particle
size analyzer Zetasizer (Malvern Panalytical, Kassel, Germany) to
determine the size of the globules formed in nanoemulgel [15].

Stability evaluation of preparation

Gel stability testing determines the physical stability of gel and
nanoemulgel preparations of ethanol extract of CPH with different
gelling agents, that were treated with storage at different
temperatures. Samples were stored at 4 °C for 24 h. After that, the
samples were removed and placed at 40 °C for 24 h. This treatment
is counted as one cycle, and repeated three times. Preparations were
observed for physical stability, such as organoleptic, homogeneity,
pH measurement, viscosity, spreadability, and adhesion [16, 17]:

Organoleptic test

The organoleptic test involves visually observing whether changes
occur in the gel preparation. Organoleptic observations were made

by observing the changes in shape, color, taste, and odor of CPH
extract gel preparations.

Homogeneity test

Homogeneity testing is visual and subjective. Homogeneity
measurements were carried out on gel preparations made before
and after being given storage conditions. Homogeneity tests were
taken with 0.25 g of gel preparation placed on a glass plate and then
rubbed and felt to be seen and felt flat or not. The homogeneity test
can be carried out by visually observing the uniformity of color and
base. If the color and base are evenly distributed, then the
preparation is considered homogeneous. Homogeneity evaluation
shows that the preparation must show a homogeneous composition
and no coarse grains.

pH measurement

pH measurement was done inserting the pH meter electrode (Mettler
Toledo S220, Merck) into the gel. pH value is displayed on the pH meter’s
screen. The recording of the pH value is awaited until the number on the
screen does not change (stable). A suitable gel preparation has a pH
value near the oral pH, which is between 6.0 and 7.0.

Determination of viscosity

The viscosity test determines the viscosity of the gel preparation by
using a viscometer (Haake 6R viscometer, Thermo Scientific, Germany).
The gel preparation sample was put into a glass beaker and placed under
a spindle hanger. The spindle was installed on the spindle hanger; then,
it was lowered to the limit and immersed in the extract gel preparation.
Next, the rotor was turned on while pressing the button. The spindle was
allowed to rotate, and the red needle was observed on the scale; then,
the number indicated by the needle was read.

Spreadability test

A total of 1 g of gel nanoemulgel was placed on a glass plate, another
glass was placed on it and left for 1 min. The initial diameter was
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measured without load, then 50 g, 100 g 150 g and 200 g of
additional load were added in sequence and allowed to stand for 1
min. Each formulation was determined three times for the accuracy

and consistency of the results. The constant diameter was calculated.

Adhesion test

0.25 g emulgel was smeared on top of the glass object. Then, another
glass object was placed on it. The glass object was installed on the
test equipment and given a load of 0.5 kg for 5 min. Then, release
with a weight of 80 g. The time was recorded until the two glass
objects were released.

In vivo evaluation in gingivitis rats

Twenty-five samples of healthy male Wistar rats (Rattus norvegicus),
aged 12-14 w, 200-250 g, were housed in a room under controlled
temperature with a 12 h light-dark cycle and a humidity of 55 to
70%. All rats were kept for one week for adjustable feeding before
the experiment, and food and water were provided ad libitum. All
rats were induced Porphyromonas gingivalis (ATCC 33277) once
every 3 d for 14 d to provide the model of gingivitis. The buccal
sulcus of the left maxillary first molar was given 100 mg/ml CPH
extract once a day for 7 d in 5 groups: F1 group with CPH in Na-CMC
3% gel application; F2 group with CPH in carbomer 1% gel
application; F3 group with CPH in Na-CMC 3% nanoemulgel

3
i
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application; F4 group with CPH in carbomer 1% nanoemulgel
application, and the control group without gel application.

The number of fibroblasts and collagen density in the gingiva was
carried out on day 7. The observations use binocular microscope
and optilab camera with a magnification of 400X. Samples were
observed using Hematoxylin eosin staining for inflammatory cells.
Masson’s trichrome staining for gingival collagen density. Density
quantified as average blue pixel density was determined based on
Adobe Photoshop CS6 software [18]. Ethical approval with number
1760/UN25.8/KEPK/DL/2022 was obtained from the Health
Research Ethics Commission of the Faculty of Dentistry, University
of Jember.

Statistical analysis

Differences in the mean value were analyzed using the one-way
analysis of variance (Anova) test and in vivo analysis followed by the
post-hoc Least Significant Difference (LSD) test to further examine
differences.

RESULTS AND DISCUSSION
Size distribution of nanoemulgel

Fig. 1 and table 2 showed an analysis of the nanoemulgel size
distribution of the CPH ethanol extract.

Fig. 1: Particle size analyzer (PSA) results of nanoemulgel with Na-CMC (a) and carbomer as gelling agent (b)

Table 2: The particle size distribution of nanoemulsion with different gelling agent

Gelling agent Particle size (nm)" Percentages of particle size distribution<100 nm
Na-CMC 3% 90.76+28.6 98.1%
Carbomer 1% 33.16+£11.5 99.9 %

*All the values were expressed in mean+SD, n=3

The results showed the difference in size and percentage of particle
size distribution of nanoemulsion preparations with different gelling
agents. Carbomer gives a smaller homogeneous globule size of
nanoemulgel (33.16 nm) than Na-CMC (90.76 nm). Nevertheless,
both have good requirements for nanoemulgel preparation with
particle size<100 nm.

Nanoparticles have different physicochemical properties, including
charged surfaces, the ability to agglomerate, the possibility of
conjugating other groups to the surfaces, and controlled synthesis that
facilitates the obtaining of specific shapes and sizes. These properties
allow nanoparticles to possess a more reactive nature in comparison
to conventional particles within the biological environment [19].
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Physical stability of nanoemulgel of CPH extract

The stability showed that the nanoemulgel CPH extract was brown
in color, semi-solid, and with a characteristic cocoa odor. The
stability shown from the organoleptic gel preparation after
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applying the freeze-thaw method for six cycles stated that the two
nanogel formulas of ethanol extract of cacao pod husk did not
experience separation. This means that, from an organoleptic
perspective, the two CPH ethanol extract gel formulas are declared
stable.

Table 3: The physical stability of gel formulation containing CPH extract

Stability test F1 F2 F3 F4

Organoleptic Brown color, smell specialty Brown color, smell specialty Brown color, smell Brown color, smell specialty
cacao cacao specialty cacao cacao

Homogeneity Homogenous Homogenous Homogenous Homogenous

pH Standard of oral pH Standard of oral pH Standard of oral pH Standard of oral pH

Viscosity thick tends to thin thick thick tends to thin thick

F1: Formulation 1 (CPH gel with gelling agent Carbomer 1%; F2): Formulation 2 (CPH nanoemulgel with gelling agent Carbomer 1%); F3:
Formulation 3 (CPH gel with gelling agent Na-CMC 3%); F4: Formulation 4: (CPH nanoemulgel with gelling agent Na-CMC 3%)

This homogeneity test is visual and subjective, with the parameter
being the absence of coarse grains in the preparation. Based on the
homogeneity test results, both Carbomer and Na-CMC show that the
nanoemulgel preparation is considered homogeneous. The pH
evaluation results were in the range 6.6-6.8, which means that the
nanoemulgel preparation meets the requirements for the pH of the
oral cavity environment (pH 6-7) (table 3-4).

The decrease in viscosity can be caused by storage factors,
namely temperature and pressure. An increase in temperature
can cause degradation of the base and reduced interatomic
forces, causing the attraction between atoms to weaken and

decrease the viscosity value. The gelling agent was well
dispersed and stable in water so that the consistency of a gel
tends not to be thick. Gel spreadability is inversely proportional
to gel viscosity. The higher the spreadability value,the lower the
viscosity; and the lower the gel spreadability value,the higher
the viscosity (table 4 and table 5).

Formulation 1 had the lowest viscosity, while Formulation 3 had the
highest. A good gel has a viscosity between 2,000 and 4,000 cps. The
CPH formulation had a viscosity between 2833 and 3233 cps, so the
results of this study indicate that the CPH formulation meets the
requirements of a fairly good oral gel.

Table 4: Statistical analysis of Anova

Groups pH p-value Viscosity (cps) p-value Adhesion (sec) p-value
F1 6.70+0.08 0.0816 2833+152 0.037* 7.03+0.48 0.001*
F2 6.60+0.09 3000+200 7.20+0.33

F3 6.60+0.08 3173+351 8.23+0.28

F4 6.85+0.13 3233+330 9.06+0.37

All the values were expressed in mean+SD, n=3. (*) indicated significant difference.

Previous studies showed that the nanoemulgel had improved
permeability and efficiency both in vitro and in vivo, in addition to
the ability to increase the solubility of pharmaceuticals. The
nanoemulgel could be readily wiped off whenever necessary and
had a longer residence period in the oral mucosa because its
appearance and degree of greasiness were not objectionable, and its
flow behavior was good [20]. For this reason, many water-in-oil
emulsions were frequently utilized in nanoemulgels to deliver
hydrophobic medicines effectively. Because of their improved
thixotropic and nonstaining qualities, long shelf life, emollient
nature, and ease of spreadability, the demand for and application of
nanoemulgels has increased significantly [21].

A hydrogel nanoemulsion system was developed and characterized
for topical formulation purposes. CPH extract is known to have
biological properties such as being antibacterial, antioxidant, and
anti-inflammatory. Oil-in-water nanoemulsion was formulated from
VCO as the oil phase and a mixed surfactant consisting of Tween 80
and Span 80, using a high-speed homogenization method. VCO was
selected as the oil phase, where the extract was dissolved within. In
addition to having a role as an oil phase in (o/w) nanoemulsions.
The fatty acids contained also have antimicrobial effects by
disrupting bacterial, fungal, and viral cell membranes [22]. The

nanoemulsion formula with the gelling agent Carbomer and Na-CMC
has a particle size distribution below 100 nm [23]. Nanoemulgel of
CPH extract was into the nano size range 1-100 nm.

As non-ionic surfactants, Tween 80 and Span 80 were used in some
mole ratios to obtain the proper value of hydrophilic-lipophilic
balance surfactants that form the most stable nanoemulsion. Due to
its inconvenient use, the low viscosity of nanoemulsion limits its
application in transdermal delivery. It was reported that gels are the
best formulation, have better controlled release, have absorption
properties, and are bioavailable [24]. Incorporating nanoemulsion
into gel makes it a dual control release system, which possesses both
advantages of nanoemulsions and gels. Apart from better
penetration ability, it is also thixotropic, greaseless, non-staining,
and easily spreadable, unlike any other topical formula that requires
excess rubbing [25].

Spreadability and adhesion of CPH gels

Requirements for good spreadability of semi-solid dosage forms for
topical use range from a diameter of 5-7 cm [26]. The Spreadability
evaluation results are in this value range, meaning that the gel and
nanoemulgel preparations meet the requirements for a good
preparation (table 5).

Table 5: Spreadability of CPH extract formulation

Load (g) Spreadability (cm)

F1 F2 F3 F4 p-value
0 5.25+0.81 5.25+1.03 5.05+0.32 4.95+1.88 0.051
50 5.35+1.23 5.30+2.86 4.95+0.67 4.83+0.36 0.016*
100 5.37+1.44 5.25+2.11 4.93+1.67 4.75+1.76 0.047*
150 5.35+0.88 5.15+1.67 5.18+0.33 4.70+2.19 0.033*
200 5.30+0.23 5.24+1.33 5.27+2.33 4.95+1.33 0.057

All the values were expressed in mean+SD, n=3. (*) indicated significant difference.
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The desirable spreadability of the nanoemulgel is one of the
essential criteria for selecting a topical delivery system [27]. The
greater the spreadability of the gel, the easier it is to use and the
better it is at releasing active substances. There are no specific
criteria regarding spreadability. Spreadability is inversely
proportional to the viscosity ratio of the preparation [28]. A larger
value shows better spreadability that the content of the formulation
spreads easily (table 5). The nanoemulgel formulations were
optimized based on viscosity and spreadability, and it was observed
that the spreadability of the nanoemulgel decreased with an
increase in the polymer concentration [29].

Gel adhesion testing determines the ability of the gel to adhere to the
place of application (>4 s). Gels with high adhesion will stick longer,
whereas gels with low adhesion will quickly disappear from the
surface. The viscosity test value was directly proportional to the
adhesion test. The high viscosity is related to the large adhesive
power and vice versa (table 3). Nanoemulgel with gelling agent

160 142+4.67

Number of fibroblasts

o 8888

140
120 107+1.33
100 I
FC F1 F2
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carbomer (F4) shows the highest adhesive power, followed by
nanoemulgel with gelling agent Na-CMC (F3), Carbomer gel (F2) and
Na-CMC gel (F1) with significant difference p<0.001.

Fibroblast cells in gingivitis rats

The observation was conducted 7 d after gel application to gingivitis rats
in fig. 3 and fig. 4 showed the increase in the treatment group (F1-F4)
compared to the control group without gel application (FC) (p<0.001). In
the LSD test, F3 and F4 indicated the highest increase, however not
significantly different (p>0.05). CPH extract is known to have anti-
inflammatory and antibacterial effects. In cocoa pods, flavonoids,
saponins, and tannins can shorten the inflammatory process and
accelerate tissue regeneration by increasing the number of fibroblasts.
Gingival fibroblast cells in Hematoxylin eosin staining showed an
increase of fibroblast number on day 7 in all groups, which indicates that
the fibroplasia process was occurring. These fibroblasts then play a role
in the synthesis of collagen, which is the main element of the matrix.

155+5.67

).

13943.37 . 149+2.88
£
F3 F4

Fig. 3: Number of gingival fibroblast in control group (FC) and F1, F2, F3, F4 groups, all the values were expressed in mean+SD, n=3

Fig. 4: Histological of fibroblast cells in gingivitis rats on HE staining (400x, scale 100 pm), (A) Control group without gel aplication; (B) F1
group with CPH in Na-CMC 3% gel aplication; (C) F2 group with CPH in Carbomer 1% gel aplication; (D) F3 group with CPH in Na-CMC 3%
nanoemulgel aplication; (E) F4 group with CPH in Carbomer 1% nanoemulgel application

The statistical analysis compares the control and treatment groups,
revealing the increase in the number of fibroblasts in the treatment
groups. The results of this study indicate that fibroblasts around the
inflammation site will produce collagen, which is an undifferentiated
mesenchymal cell. Fibroblasts will produce mucopolysaccharides,
proline, and aminoglycoside acid, which are the basic ingredients of
collagen fibers [30].

Collagen density of gingivitis rats

The collagen density pattern shows the same results with an
increase in fibroblasts. There were significant differences between
the control and CPH formulation groups. Fig. 5 and fig. 6 show that

the application with nanoemulgel had a higher density than other
groups (p<0.05).

Catechins and anthocyanins in high concentrations act as anti-
inflammatory agents by inhibiting the release of arachidonic acid and the
release of lysosomal enzymes from the membrane by blocking the
cyclooxygenase pathway. The tannins have the ability to be an
antibacterial agent, thereby inhibiting bacterial growth and playing a
role in fibroblast migration and proliferation [31]. The ability of the
active substances contained in Theobroma cacao to increase the density
of collagen is due to the anti-inflammatory effect of polyphenols and
flavonoids, which consist of catechins, anthocyanins, and tannins.
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Fig. 5: The gingival collagen density in control group (FC) and F1, F2, F3, F4 groups, all the values were expressed in meanSD, n=3

Fig. 6: Histology of collagen density of gingivitis rat in Masson trichrome staining (400x).(A) Control group without gel aplication; (B) F1 group
with CPH in Na-CMC 3% gel aplication; (C) F2 group with CPH in Carbomer 1% gel aplication; (D) F3 group with CPH in Na-CMC 3% nanoemulgel
aplication; (E) F4 group with CPH in Carbomer 1% nanoemulgel aplication. The collagen density expressed in blue stain, scale 100 pm

The increase in average density in the treatment group was also due
to the ability of flavonoids, especially quercetin contained in
Theobroma cacao, which could stimulate the induction of
Transforming Growth Factor-f (TGF-). TGF-B has a role in stimulating
collagenization, and TGF-f has three isoforms, namely TGF-31, TGF-
2, and TGF-B3. TGF-B is the main component. This function increase
the migration and proliferation of fibroblasts in the area of
inflammation. An increase in growth factor secretion can accelerate
fibroblast migration and proliferation; furthermore, fibroblasts play a
very important role in the formation of collagen [32].

In vitro and in vivo studies showed that the gel has good
biocompatibility and is a suitable drug carrier. Topical medication or
oral gel is used to localize wounds, relieve pain, prevent
contamination, and speed healing [33]. Local delivery of polyphenols
for bone regeneration is starting to be developed, so gel
preparations were chosen for this research. Several studies have
shown the results of an increase in bone mass and osteoblast
proliferation, as well as a decrease in the inflammatory process
associated with bone resorption, after topical application of the
extract gel [34]. The study of Morsy (2023) showed the efficacy of
nanoemulgel in preventing radiation-induced oral mucositis and
regulation of oral microbial dysbiosis [35].

CONCLUSION

The stable nanoemulgel containing Theobroma cacao as an active
ingredient was successfully formulated and characterized. The
difference in gelling agents influenced the physical properties of pH,
viscosity, spreadability, and adhesion. Nanoemulgel-containing CPH
ethanol extract (Theobroma cacao) using Na-CMC 3% and Carbomer
1% gelling agent can produce the formula with good stability in
topical oral application and the potential to be used as an effective
carrier for the active ingredients.
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