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ABSTRACT

Objectives: The purpose of this present study was to analyze several fluoride-based varnishes: Silver diamine fluoride (SDF), nanosilver fluoride (NSF),
and propolis fluoride (PPF). Fluoride-based varnish is proven to act as antibacterial and remineralization agents that arrested caries progression with
minimal side effects. SDF, the golden standard for this study, was compared to NSF and PPF, which were made in our own laboratory, to evaluate their
ability to release calcium, phosphate, and fluoride ions and act as anticariogenic agents.

Methods: Human dentin discs were prepared and divided into control groups and treatment groups with SDF (38%), NSF (3.16%, 3.66%, and 4.16%),
and PPF (3%, 6%, and 10%). The dentin discs were demineralized using a demineralization solution (pH 4.4) for 96 h. Each dentin disc in the
treatment group received a topical application of various fluoride-based varnishes and then was subjected to pH-cycling for 8 days. The quantity
of calcium, phosphate, and fluoride ions on the dentin discs surface was compared after being detected using energy dispersive X-ray spectroscopy.

Results: The result revealed that the calcium ion levels in groups NSF and PPF increased significantly compared to SDF. The levels of phosphate ions
and fluoride ions in groups NSF and PPF increased significantly compared to SDF.

Conclusion: The study concluded that, in contrast to SDF, the prepared NSF and PPF fluoride-based varnishes were shown to release calcium,
phosphate, and fluoride ions in this study. Hence, NSF and PPF fluoride-based varnishes are promising as anticariogenic agents.

Keywords: Caries, Calcium ion, Phosphate ion, Fluoride ion, Silver diamine fluoride, Nano silver fluoride, Propolis fluoride, Demineralization,
Remineralization.
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INTRODUCTION

Dental caries is the most common oral health problem worldwide.
Around 60-90% of school children in the world experience dental
caries, and most of them do not have proper treatment [1]. Dental caries
is represented microscopically as the demineralization of the hard
tissue of the teeth. Caries is a multifactorial disease with factors that
include a host (saliva and teeth structure), cariogenic microorganism
(Streptococcus mutans), diet (carbohydrate), and time [2].

When caries reaches dentin, there are two different surfaces
microscopically: Infected dentin and affected dentin. Infected
dentin affects the outer surface and is irreversible, infected, unable
to remineralize, and must be cleaned. Affected dentin affects the
inner surface and is reversible, uninfected, and can be left. Affected
dentin does not have to be excavated because it has the ability to be
remineralized if there are enough fluoride, calcium, and phosphate ions
on the environment [3].

Silver diamine fluoride (SDF) [Ag(NH,),F] has an anticariogenic effect
because it releases fluoride ions rapidly to help remineralization. SDF
is recommended by dentist to prevent the progress of caries mostly
in Japan, Australia, and the United States. The product was cleared
for sale in the United States in August 2014 by the Food and Drug
Administration as a Class Il medical device [4].

Fluoride and silver interact to form fluorapatite, hydroxyapatite,
and silver phosphate, which increases mineral density, increases the
hardness of hydroxyapatite and fluorapatite crystals, and decreases the
depth of the cavity.

Unfortunately, this product stains the teeth and has a metallic taste.
One study states that calcium fluoride and silver phosphate cannot be
dissolved and precipitated at the dentin surface, hence acting as tooth
surface protector [5,6].

Nanosilver fluoride (NSF) is another anticariogenic agent formulated to
diminish the weakness of SDF. It forms black stains on the caries lesion
and could irritate soft tissue. The black stain is due to the oxidation of
silver ions on SDF, and the soft tissue irritation is reversible but may
cause pain. There has not been any research about the side effects of
NSF, but there are some studies regarding nanosilver, which is the main
component of NSE.

A study by Braydich-Stolle et al. stated that there was a change in the
mitochondria function of a rat liver in a cytotoxicity test using silver
nanoparticles. Another study stated that silver nanoparticles could have
serious toxic effects on the human male’s reproductive system [7-9].
NSF was made in our laboratory, following the formula that has been
reported, comparing to propolis fluoride (PPF) and SDF in their ability
to release calcium, phosphate, and fluoride ions as a parameter to
remineralize the tooth that was analyzed [10].

Propolis was chosen in this study as a natural product and is expected
to be safer than the silver or nanosilver used in SDF and NSF. This study
was also to observe the stability of the PPF mixture when used as a
fluoride varnish. PPF consists mainly of propolis and fluoride made in
the Laboratory of Bioprocessing in the Faculty of Chemical Engineering,
Universitas Indonesia. It contains flavonoid and cinnamic acid, which
act as antibacterial, antivirus, and antifungal agents.
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Flavonoid acts as an antibacterial by inhibiting the glucosyltransferase
enzyme. This enzyme helps glucan formation, which helps bacteria to
adhere to enamel and form a biofilm matrix. Pure propolis also contains
a low level of calcium that could help remineralization. Fluoride ions in
PPF act as a remineralization agent because of their ability to increase
tooth endurance to acid by forming fluorapatite. PPF was expected to
have fewer side effects of SDF and NSF [11-14].

Despite the advantages of SDF in preventing the progression of caries,
it also has disadvantages, so other agents with the same or better as
an anticariogenic but fewer disadvantages are needed. It is important
to determine whether NSF and PPF have a remineralization effect that
is as good as that of SDF through the release of calcium, phosphate,
and fluoride ions. This study was conducted to evaluate NSF and PPF
fluoride varnish in this regard and as an alternative therapy to prevent
the progression of caries.

MATERIALS AND METHODS

Materials

SDF was made from 6.816 g of AgNO, in a vial with 5 ml of distilled
water, which was then homogenized using a vortex. Then, 1.47 g of
NH,F was added into the vial and once again homogenized in pH 4.
Then, ammonia was added to the mixture up to 13.2 ml until pH 7 was
achieved. The vial was then covered with black plastic and kept at 8°C
in the refrigerator until use.

NSF was made in three different concentrations (3.16%, 3.66%, and
4.16%) by adding AgNO,. Gelatin (5 ml) was added as a stabilizer to
each concentration to avoid sedimentation by mixing it at 70°C. Glucose
(13.3 gin 40 ml distilled water) was then mixed well until nanoparticles
were formed. The nanoparticle suspension was combined with 4.4 g of
NH,F for 1 min and then maintained at 8°C.

PPF was made in three different concentrations. First, 5 g of NH,F was
added to 50 ml aquades and mixed until homogenous. A surfactant
solution was made from 96% ethanol and tween 80. The solution was
mixed by adding propolis at three different concentrations; PPF was
made into 3%, 6%, and 10% concentrations and kept at 8°C. SDF, NSE,
and PPF were made by the Laboratory of Bioprocessing in the Faculty
of Engineering, Universitas Indonesia.

Methods

This was an experimental laboratory study using human dentin discs.
Human premolar teeth were obtained from extracted teeth before the
orthodontic treatment of subjects, who were mostly aged 13-20 years
with no caries, calculus, or defects at the crowns of the teeth. Ninety
human dentin discs of 2 mm thickness were divided into negative
and positive control groups. The negative control was for dentin disc
without any treatment or demineralization, and the positive control
was for dentin disc that was demineralized.

Treatment of the groups with concentrations of SDF 38%, NSF 3.16%,
NSF 3.66%, NSF 4.16%, PPF 3%, PPF 6%, and PPF 10% was performed
first on the demineralized dentin discs. Each group consisted of 10
human dentin discs. The different concentrations of NSF and PPF were
based on a preliminary study and ranged to obtain a good fluoride
varnish with a lower concentration with a good efficacy. The dentin
discs of the negative control were soaked in distilled water solution.
The dentin discs in the positive control and the treatment group were
demineralized using demineralization solution (pH 4.4) for 96 h to get
white spot appearance. The dentin discs in the positive control group
were rinsed with distilled water solution and dried. The dentin discs
in the treatment group received the topical application of the fluoride-
based varnish. This varnish was applied using a special applicator
brush on all dried surfaces of the teeth. After the varnish had set, the
dentin discs in the treatment group were subjected to pH-cycling using
a demineralization solution (pH 4.4) for 30 min and a remineralization
solution (pH 7) for 10 min.
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This cycle was performed 6 times per day for 8 days at room
temperature. The quantity of calcium, phosphate, and fluoride ions (%)
on the surfaces of the dentin discs was detected using energy dispersive
X-ray (EDX). The data were analyzed using statistical tests. The Shapiro-
Wilk normality test showed that the positive control and the negative
control groups did not have normal data distribution (p<0.05), while
the data distribution in treatment group had a normal distribution
(p>0.05). Kruskal-Wallis and Mann-Whitney tests were used to analyze
the difference between treatment groups.

This study was conducted at the Forensic Laboratory of Indonesian
Police and Oral Biology Laboratory at the Faculty of Dentistry,
Universitas Indonesia, Jakarta, Indonesia.

RESULTS AND DISCUSSION

Propolis is known to have an antibacterial activity [15]. The previous
study showed that propolis is good as an anticariogenic agent; however,
the composition of propolis is different due to its geographical
distribution [16]. Propolis extracted from Tetragonula sp. stingless
bee that is farmed in Universitas Indonesia was used in this study.
Preliminary study showed that this propolis has a strong antibacterial
effect on S. mutans and Enterococcus faecalis. This present observation
was to confirm that the mixture of propolis and silver nano fluoride-
based varnish has a potency as an anticariogenic by releasing three
main components: Calcium, phosphate, and fluoride ion.

These three ions play an important role in balancing demineralization
and remineralization processes and modifying the susceptibility of the
tooth to caries progression [17]. In the present study, NSF was made by
a modification of the procedures of Dos Santos et al., green synthesis
methods were used, and distilled water was chosen as the solvent,
gelatin as the stabilizer, and glucose as the reducing agent [18].

Gelatin is a natural protein, and it is nontoxic, biocompatible, and can
be ionized. Gelatin can stabilized a surface by the spatial arrangement
of the atoms inside a molecule, so its main function is as stabilizer. To
reduce silver cations to silver atoms, glucose was used as a reducing
agent. The gradual changes in color from light brown to a darker brown
were sign that the solution formed nanoparticles [19].

Calcium ion calculation on dentin disc surface

The pH-cycling process performed on the positive control and
treatment group is a method used to simulate teeth in the oral cavity.
This research was done by creating a negative control group (without
demineralization exposure), a positive control, and treatment groups
in a demineralization solution. There was a statistically significant
difference (p<0.05) between group NSF 3.16% (p=0.019) and 3.66%
(p=0.008) and PPF 3% (p=0.034) and 10% (p=0.019) compared to
the positive control. There was no statistically significant difference
between the negative control compared to group NSF 3.66% (p=0.705)
and PPF 10% (p=0.650). The mean of the total calcium ions (%) in group
NSF 3.16% was 10.7+5.43 and 3.66% was 10.64+4.31, and PPF 3% was
9.46+4.23 and 10% was 10.52+5.11, while the positive control group
was 5.36+3.36. The statistical test showed that there was no significant
difference between the total calcium ions (%) for each concentration of
NSF and PPF (Fig. 1).

The calcium ion number in the NSF group and PPF group was not dose
dependently. This method is a modification of two previous methods
conducted by Mei et al. and Reynolds et al. [20,21]. All the dentin discs
from the control and treatment groups were dried and tested with EDX.

The number of calcium ions was tested because when carious teeth are
remineralized, the amount of calcium will increase due to the formation
of hydroxyapatite crystals and fluorapatite. This research used SDF 38%
as the gold standard because it is proven to effectively arrest the dental
caries process [22-24]. Meanwhile, NSF 3.16%, NSF 3.66%, NSF 4.16%,
PPF 3%, PPF 6%, and PPF 10% were used as the new concentration of
varnishes because their efficacy as anticariogenic agents is still not yet
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Fig. 1: Distribution of calcium ion levels (%) on the control group and treatment group

known. Based on the results, the calcium ions in demineralized teeth
with NSF 3.66% and PPF 10% increased but not with SDF 38% while
NSF and PPF at each concentration had the same ability to increase the
calcium ions in demineralized teeth.

This result is different to that of Mei et al, who stated that the
application of SDF 38% could remineralize the dentin [20]. This may be
because the EDX method only measures the tooth surface covered with
varnish containing silver and fluoride and the calcium ions thus cannot
be detected optimally. Research by Targino et al. showed parallel results
with this research, wherein NSF was proven to be similarly effective to
SDF in arresting the dental caries process without leaving black stains
on the teeth [25].

Phosphate ion calculation on dentin disc surface

Fig. 2 showed that there was a statistically significant difference (p<0.05)
between the negative control group (p=0.002) and the SDF group
(p=0.019) compared to the positive control. There was no statistically
significant difference between group NSF 3.16% (p=0.131), PPF 3%
(p=0.059), and 10% (p=0.174) compared to the negative control. The
mean of the total phosphate ions on the negative control group was
6.89+1.76, the SDF group was 1.92+1.28, and the positive control group
was 3.85+1.83. The statistical tests showed that there was no significant
difference between the total phosphate ions for each concentration of
NSF and PPF. The increasing phosphate ion numbers in the NSF group
were not directly proportional to increasing silver concentration. The
increasing phosphate ion number in the PPF group was also not directly
proportional to increasing propolis concentrations.

Fluoride ion calculation on the dentin disc surface

There was a statistically significant difference (p<0.05) between the
negative control group (p=0.007) and group NSF 3.66% (p=0.027)
compared to the positive control. There was a statistically significant
difference between SDF (p=0.466) and NSF 4.16% (p=0.091) compared
to the negative control. The mean of the total fluoride ions on the
negative control group was 0.02+0.054, NSF 3.66% was 0.39+0.24,
and the positive control group was 0.17+0.14. There was a statistically
significant difference in the total fluoride ions between NSF 2.16% and
4.16% and between 3.66% and 4.16%. The statistical tests showed that
there was no significant difference between total fluoride ions for each
concentration of PPF. The increasing number of fluoride ions in the NSF
group and PPF group were not dose dependently (Fig. 3). Statistically,
there were no significant differences in the numbers of phosphate ions
in each concentration of NSF and PPF (Fig. 4).

The increase of phosphate ions in PPF and NSF was opposite to the
increasing concentration of silver and propolis, respectively. Statistically,
there was a significant difference in the numbers of fluoride ions (%)
for each concentration of PPF. The increasing numbers of fluoride ions
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Fig. 2: Distribution of phosphate ion levels (%) in the control
group and the treatment group
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Fig. 3: Distribution of fluoride ion levels (%) in the control group
and the treatment group

in NSF and PPF had an inverse relationship to the concentration of
silver and propolis.

Based on the comparison of total ions (calcium, phosphate, and fluoride),
NSF can increase the number of fluoride ions in demineralized teeth as
it is seen to have a statistically significant differences when compared
with the positive control, while SDF showed no significant differences
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Fig. 4: Comparison of total distribution of calcium, phosphate, and fluoride ions in the control group and the treatment group

when compared to the positive control. All fluoride-based varnish in
this present study had an ability to increase calcium, phosphate, and
fluoride ions from demineralized teeth.

Fluoride ion is known to bind calcium and phosphate ions in their
environment, i.e., saliva, to form calcium fluoride (CaF,). CaF, easily
dissolves in water, although SDF varnish that is high in pH can
cause CaF, to not easily dissolve. CaF, is important as a fluoride
reservoir when the oral environment becomes acidic, because of the
metabolism of bacteria. CaF, will be prevented from dissolving by
the protein phosphate coating in saliva [26-28]. Huang et al. in 2014
found that propolis contains a small amount of metal compounds
[29], this is in accordance to this study. Moreover, scientists have
shifted their interest from chemical or physical methods to biological
methods as it does not involve a combination of abusive or toxic
chemicals to human health or any involvement of immense machines
or equipment [30].

CONCLUSION

This study concludes that NSF and PPF were proven to have the
ability to release calcium, phosphate, and fluoride ions and revealed
similarities to SDF. NSF and PPF fluoride-based varnishes have potency
as an anticariogenic and were shown to release ions that are needed
to remineralize the surface of dentin. NSF and PPF fluoride-based
varnishes are promising as anticariogenic agents.
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