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Purpose: This study aims to verify the stability of different types of fluoride in a dentifrice containing Brazilian red propolis (BRP).
Methods: The dentifrice formulation was developed with calcium carbonate (CaCO3) and sodium monofluorophosphate (MFP)
(patent INPI BR1020170110974). Nominal fluoride content was 1500 pg/g. Batches of five lots were selected and analyzed for
2 consecutive years (fresh, with 12 and 24 months). Dentifrices from each tube were analyzed in duplicate using an ion-specific
electrode (ISE). The concentrations of fluoride (total fluoride [TF], total soluble fluoride [TSF], and ionizable fluoride [IF]) were
determined, and the results were expressed in ppmF (pgF/g).

Results: After 12 months of aging, the samples showed TF concentration ranging from 1198.9 4 26.9 to 1443.6 4 33.4 ppm F, TSF
ranging from 869.6 £ 105.5 to 965.8 = 149.8 ppm F, and IF ranging from 223.5 + 14.8 to 269.7 = 10.1 ppm F. After 24 months of
aging, the samples showed TF concentration ranging from 763.5 £ 73.2 to 1083.1 & 32.4 ppm F, TSF ranging from 552.3 +39.9 to
758.4 & 141.1 ppm F, and IF ranging from 102.2 +4.0 to 174.7 4.9 ppm F.

Conclusion: Soluble fluoride remained relatively stable until 12 months of aging; however, at 24 months of aging, the concentra-
tion reduced.

Keywords: dental caries; dentifrices; natural products

1. Introduction

The incorporation of natural products in oral care formula-
tions has been an alternative to traditional active ingredients
[1, 2]. Resistance to synthetic antimicrobials and the search
for substances with biological properties with less adverse
effects have increased interest in natural products [3-5].
The high demand and investment in biotechnology of pro-
ducts derived from bees have contributed to launching

several products on the market, such as those incorporated
with propolis [3, 6].

Propolis is a complex, nontoxic resinous mixture which
is collected by bees of the Apis mellifera species from differ-
ent parts of plants that are associated with the salivary secre-
tions and enzymes of these bees, resulting in this material
that is rich in biological properties. This complex mixture is
used by bees to seal the hive and for its asepsis action through
its antimicrobial properties. Propolis has been used for
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centuries in traditional medicine to treat oral and systemic
diseases due to its biological activity and quantities of chem-
ical constituents (7, 8].

There is strong evidence regarding the therapeutic effect
of propolis extract on various microorganisms in dental bio-
film, in addition to presenting itself as a low toxicity clinical
option [9, 10]. The number of patents has been increasing,
and this product is used in several formulations such as cap-
sules, extracts, gels, dentifrice, sprays, and mouthwash, among
others. Some of the properties of propolis includes, antibacte-
rial, anti-inflammatory, antifungal, antiviral, antioxidant, and
antitumor properties [7, 11, 12].

The Brazilian red propolis (BRP) is found in Alagoas in the
northeast of Brazil, known for the red coloring coming from
the pigments of the local plants, and specifically Dalbergia
ecastaphyllum, which has its biological origin in this region
[8, 13]. This type of propolis is exclusive to this region, having
a high concentration of isoflavonoids in its composition, which
in turn led to the Brazilian National Institute of Industrial
Property (INPI) granting the title of geographical indication
for this location, ensuring an international certificate of being
the sole producer of this type of propolis in the world with its
quality assured throughout the year [7, 9, 10, 14, 15].

Dentifrices with antimicrobial bioactive molecules have
been widely studied and commercialized. It is expanding in
production and consumption in the international market, in
addition to an increasing modernization of derivative pro-
ducts and growing interest in the standardization of products
[7, 16, 17]. Among dental products with propolis, patents
about dentifrices have stood out in recent years due to the
product’s antimicrobial and anti-inflammatory action [11].

However, in addition to these properties, the presence
of fluoride is essential in order to control and prevent tooth
decay, with this element being the most evident in relation to
tooth decay. It is believed that fluoridated dentifrices are
considered the main reason for the decline in the prevalence
of caries in recent decades [18, 19] and are considered the
most accessible form of fluoride delivery [20-23].

The BRP dentifrice in the present study has already dem-
onstrated clinical and microbiological efficacy in treating gin-
givitis in orthodontic patients, reducing the marginal bleeding
rate and the colony count of Streptococcus mutans and gram-
negative bacteria [13]. However, quality control must ensure
appropriate fluoride concentrations which maintain the anti-
caries potential of the formulation. For a dentifrice to be
effective in controlling tooth decay, an adequate concentra-
tion of fluoride in soluble form must be present in the formu-
lation, such as fluoride ion like monofluorophosphate (MFP).
Only fluoride in soluble form can interfere in the dynamic
process of caries, reducing demineralization and favoring
the remineralization of dental hard tissues [18, 24, 25].
Thus, dentifrices must have a concentration of at least
1000 ppm of soluble fluoride to have the maximum poten-
tial to interfere with the caries process [19, 26, 27].

The need to evaluate total soluble fluoride (TSF) is essen-
tial because even though the total fluoride (TF) content (MFP)
of the dentifrice is high, it is important to note that fractions of
fluoride may be insoluble, such as precipitated CaF,. Products
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formulated with MFP and calcium-based abrasives (such as
the present formulated dentifrice) tend to precipitate CaF,
over time, and this is also influenced by storage conditions,
which decreases the amount of the soluble form. Therefore,
the TF content must be increased up to 1500 ppm F in these
cases [28].

Dentifrices with antimicrobial molecules are important
to oral care, but it is important to assure the anticaries activ-
ity and the remineralization process. Thus, the objective of
the present work was to analyze fluoride concentrations in
different forms in an experimental BRP dentifrice (patent
number INPI BR1020170110974) in order to verify the avail-
ability of active fluoride found in the product in fresh and
aged samples.

2. Material and Methods

2.1. BRP Extract and Dentifrice Preparation. The red propolis
extract was collected from the city of Marechal Deodoro
(south latitude 9°44.555’, west latitude 35°52.080’, and alti-
tude of 18.1 m above sea level), a region with a geographical
indication granted by the INPJ, in the state of Alagoas, Brazil.
The use of the extract for this study was authorized by regula-
tory agencies for the control of Brazilian Genetic Heritage and
Biodiversity Conservation under protocol number A854028.

The extraction was carried out by maceration in 80%
ethanol to obtain an ethanolic extract of BRP. Liquid-liquid
extraction of this crude extract was performed to eliminate
grease and waxes. The crude extract (80g) was solubilized
with absolute ethanol (350 mL), and then 150 mL of distilled
water was added followed by vigorous agitation for 2 min.
That extract was transferred to a separation funnel, and hex-
ane (500 mL) was added to eliminate the grease and wax. The
hexane layer was removed with a separation funnel, and then
ethyl acetate solvent was added in two liquid-liquid extrac-
tion steps to obtain an ethyl acetate extract enriched with
flavonoids and isoflavonoids from BRP, free of grease and
wax [29].

BRP extract at 1% concentration (previously studied
antimicrobial concentration) was incorporated into the fluo-
ridated dentifrice (1500 ppm MFP) in the pharmaceutics
laboratory of the pharmacy course of the Federal University
of Ceara, Brazil. The identification of the constituents was
performed by high-performance liquid chromatography (HPLC)
(Shimadzu, Kyoto, Japan) equipment with CBM-20A controller,
LC-20AT quaternary pump, diode array detector SPD-M 20A,
and Shimadzu LC version 1.21 SP1 software. Markers of BRP
were identified with the main constituents of quercetin, vestitol,
and neovestitol. Identification was performed by comparing
the chromatographic profile of the BRP samples in relation to
the standards of the isolated chemical constituents subjected
to the same analysis conditions. Thus, when there was a coin-
cidence between retention times, the UV absorption spectrum
was compared between the sample and standards, seeking to
establish similarity [29].

A previously studied (in vitro and in vivo) concentration
of 1% was used for the BRP dentifrice showing great antimi-
crobial and antibiofilm properties [13].
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2.2. Analysis of Fluoride Stability in BRP Dentifrice. A total of
three tubes of five different lots were selected among several
produced batches by randomization and analyzed at differ-
ent times (fresh, aged 12 months, aged 24 months). The
tubes were coded with letters to enable a blind analysis. All
the sample analyses were conducted in duplicate from each
dentifrice tube. The nominal fluoride content of dentifrices
was 1500 ppm F.

The initial analyses were carried out with fresh samples.
Next, the dentifrice tubes were packed into a box and stored
on a shelf for 24 months at room temperature (29 +2°C).
The second analysis was performed after 12 months and the
third after 24 months of storage (aged samples).

Fluoride was assayed according to the method of Cury
et al. [30]. Dentifrices from each tube were analyzed using an
ion-specific electrode (ISE) (Orion 96-09, Orion Research
Inc., Beverly, EUA) previously calibrated with standard solu-
tions of 100.00 pg/mL of fluoride (Analyze, Parand, Brazil)
ranging from 0.25 to 32.0 ppm F. The TF, TSF, and ionizable
fluoride (IF) concentrations were determined, and the results
were expressed in ppm F (ug F/g).

Blanks were used to desensitize the electrode between
one reading and to act as an indicator of fluoride ion con-
tamination. The curve pattern reading was performed in
triplicate, and thus, the mean was obtained. An amount
between 90 and 110 mg (£ 0.01 mg) of each dentifrice was
weighed and homogenized in 10 mL of distilled water. This
procedure was repeated twice for each tube. Duplicates of
0.25 mL of the suspension were pipetted and transferred to
test tubes to determine TF. The rest of the suspension was
centrifuged (3000g for 10 min at room temperature) to
precipitate the insoluble fluoride that was attached to the
abrasive. Duplicates of 0.25mL of the supernatant were
transferred to test tubes to determine the concentration
of TSF and IF. Next, 0.25mL of 2M HCI was added to
the tubes for analysis of TF and TSF, and they were incu-
bated at 45°C for 1h. Then, all samples were neutralized
with a volume of 0.5 mL of 1M NaOH and buffered with 1 mL
of TISAB II. Lastly, 0.5 mL of 1 M NaOH, 1 mL of TISAB II,
and 0.25 mL of 2 M HCl were added to the IF tubes for imme-
diate reading (Figure 1).

2.3. Data Analysis. Millivolt potentials were converted to pg
of fluoride using a standard curve with a correlation coeffi-
cient of > 0.99 and used to determine the F concentration in
each dentifrice, expressed as ppm (ug F/g).

The results were initially analyzed by the Kolmogorov—
Smirnov test to verify the distribution normality. Descrip-
tive statistics were performed. Parametric analysis of vari-
ance (ANOVA) and paired t-tests were applied in the
intragroup comparison to compare the means. The proba-
bility a of the type I error (significance level) was set at 0.05
(5%) in all cases, and a two-tailed p-value less than 0.05 was
considered statistically significant. GraphPad Prism version
5.00 software for Windows (GraphPad Software, San Diego,
California, USA, 2007) was used for both statistical proce-
dures and graphing.

3. Results

Fluoride values in ppm can be seen in Tables 1, 2, and 3. The
TF concentration of fresh and aged samples after 12 and 24
months of aging is shown in Table 1, the TSF concentration
in Table 2, and the IF concentration in Table 3.

The TF after 12 months of storage was statistically sig-
nificantly reduced in 60% of the samples (p <0.05). A reduc-
tion in TF in three (A, D, and E) of the five samples was
found after 12 months of storage compared to the TF fresh
(Table 1). After 24 months, in 60% of the samples, a signifi-
cant reduction can be observed (p <0.05) compared to the
previous 12 months (A, B, and E).

On Table 2, only sample B showed a significant reduction
(p <0.05) regarding the TSF after 12 months of storage.
All samples showed a significant reduction in TSF after
24 months of storage (Table 2).

A significant reduction in IF was found in 80% of the
samples after 12 months of storage. All samples showed
reduced IF after 24 months of storage (Table 3).

4. Discussion

The results of the present study show that the fluoride content
of dentifrices was influenced by the storage time, being more
critical with the storage period of 24 months. The fluoride
content was within the expected standards in the fresh sam-
ples. After 12 months of storage, a significant reduction was
observed in TF (3 samples) and IF (4 samples). Four samples
(A, C, D, and E) showed stable values regarding TSF after
12 months of storage. Furthermore, most samples showed a
significant reduction in TF, TSF, and IF after 24 months of
storage (p <0.05).

The present study evaluated the concentration of differ-
ent types of fluoride through a specific ion electrode, as well
as in several studies reported in the literature [18, 19, 21-24,
26, 28-31] being the first one that analyzed the fluoride
concentration in an experimental herbal toothpaste. Fresh
BRP dentifrice samples showed TF values close to 1500 ppm
F and TSF above 1000 ppm F. Even commercial dentifrices
produced by large industries can present TF values below the
declared, as found in the study by Ricomini Filho et al. [19]
with the top 5 selling Brazilian dentifrices with different abra-
sives, which all dentifrices showed TF concentrations below
1500 ppm F and TSF concentrations above 1000 ppm F.

Storage conditions, temperature, and the natural aging
process itself influence the soluble fluoride concentration
in the dentifrice. The increase in temperature decreases
the fluoride stability in dentifrice [25]. Therefore, it is impor-
tant to evaluate aged samples in order to check if fluoride
levels are maintained. In the present study, in which the
samples were stored at room temperature (29 = 2°C), most
samples showed TF values close to 1500 ppmF and TSF close
to 1000 ppm F after 12 months of storage. In other studies,
the influence of these factors on fluoride concentrations is
also perceived. In a study in Brazil, seven dentifrices were
analyzed at the time of acquisition and after 12 months of
storage at room temperature (28.9=+1.16°C) and under
refrigerated air 26.3 £ 0.88°C. It was observed that the TSF
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Sample A Sample B Sample C Sample D Sample E

3 tubes of each sample

— Analysis: 0, 12 months, 24 months

Duplicate
90 to 110 mg of dentifrice vigorously
homogenized in 10 mL of distilled
water
Suspension
Duplicate
Remaining suspension
Total fluoride aliquots
0.25 mL of suspension
0.25 mL 2.0 M HCI . .
Centrifugation
11 h; 45°C 3000 g; 10 min; room temperature
+0.5mL 1.0 M NaOH
+ 1.0 mL TISABII Supernatant
Duplicate
Analysis Total soluble fluoride aliquots

Tonic fluoride aliquots
0.25 mL of supernatant

0.25 mL of supernatant +0.25 mL 2.0 M HCl
+0.5mL 1.0 M NaOH

+ 1.0 mL TISABII

+0.5mL 2.0 M HCI +0.5mL 1.0 M NaOH
+ 1.0 mL TISAB II

. v

Analysis Analysis

11h;45°C

FIGURE 1: Analysis of fluoride stability in samples.

TaBLE 1: Average and standard deviation of the samples in relation to the total fluoride of the fresh and aged samples.

TF fresh sample TF 12 months
Sample Mean + SD (ple)n F) Mean + SD (ppm F) TF 24 months (ppm F)
A 1410.6 £26.9 1278.6 + 88.3* 1083.1+324 "
B 1441.7 £ 151.1 1241.8£21.9 820.4+192.8"
C 1473.54+108.5 1443.6 +33.4 1037.4 +283.3
D 1408.1 +£29.3 1198.9 +£163.3* 1000.9 £+ 254.1
E 1409.9 +68.9 1320.9 £+ 30.2* 7635+ 7321

Abbreviation: TF, total fluoride
*p<0.05 denotes statistical difference in the TF fresh samples in relation to TF 12 months.

! P <0.05 denotes statistical difference in the TF 12 months in relation to TF 24 months.
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TaBLE 2: Average and standard deviation of the samples in relation to the total soluble fluoride of the fresh and aged samples.

TSF fresh sample

TSF 12 months TSF 24 months

Sample Mean £ SD (ppm F) Mean £ SD (ppm F) Mean £ SD (ppm F)
A 1031.6 +59.1 9342 +77.5 7584 4+141.1"
B 1000.3 £33.4 912.0 £53.9* 562.1+723"
C 1059.4 +50.1 869.6 +105.5 556.9+383 "
D 1065.0 £11.0 965.8 £149.8 552.3+39.9 "
E 1039.3+77.4 925.1+£81.7 588.1+£53.0"

Abbreviation: TSF, total fluoride

*p <0.05 denotes statistical difference in the TSF fresh samples in relation to TSF 12 months.
[ P <0.05 denotes statistical difference in the TSF 12 months in relation to TF 24 months.

TaBLE 3: Average and standard deviation of the samples in relation to the ionizable fluoride of fresh and aged samples.

IF fresh sample

IF 12 months IF 24 months

Sample Mean = SD (ppm F) Mean + SD (ppm F) Mean = SD (ppm F)
A 387.9 +55.1 269.7 £10.1* 1502+ 84"
B 359.9 4+ 10.1 2235+ 14.8* 1747 +49"
C 352.7+£7.6 246.8 4 33.1* 10224+40"
D 319.3 +56.5 242.0 +26.8* 1302+7.6"
E 3355+ 63.8 2533+ 35.1 1421+81"

Abbreviation: IF, total fluoride.

*p <0.05 denotes statistical difference in the IF fresh samples in relation to IF 12 months.
[ p <0.05 denotes statistical difference in the IF 12 months in relation to IF 24 months.

in most dentifrices was not stable when stored, with the great-
est loss occurring at room temperature and reaching values of
40%. In the dentifrices formulated with MFP/calcium carbon-
ate (CaCOs), there was already 17% insoluble fluoride at the
time of purchase. This increased to 40% after a year at room
temperature, and it increased by 35% under refrigerated air.
However, the TSF concentrations necessary to present anti-
caries potential were reached [31]; similar was observed in the
study by Hashizume et al. [24] with the best selling dentifrices
in Japan, analyzed at the time of purchase and after 1 year of
storage at room temperature (21.8 £3.6°C). All dentifrices
showed similar TF concentrations in fresh and aged samples
according to Japanese legislation (content of less than
1000 ppm F). Dentifrices with silica as an abrasive showed
stable fluoride concentrations. Some dentifrices with abrasive
dicalcium phosphate showed a reduction in soluble fluoride
concentration over time, forming insoluble fluoride [18-31].
However, all the analyzed dentifrices (fresh or aged) presented
sufficient soluble fluoride concentrations to show anticaries
activity. In the present study, due to the observed reduction in
TF, it is assumed that part of the MFP may have reacted with
propolis.

In a study by Fernandez et al. [23] a total of 30 dentifrices
were analyzed in Chile after 1 year of storage at room tem-
perature. The results showed that five presented between
30% and 50% of insoluble fluoride, four of which were for-
mulated with MFP and calcium-based abrasive. Furthermore,
a reduction in TSF below 1000 ppm F was found in two pro-
ducts [23]. This result is interesting, as it demonstrates the

maintenance of appropriate amounts of TSF when stored for
up to 12 months, especially those formulated with MFP and
calcium-based abrasive.

The propolis dentifrice, despite the reduction in TSF,
maintained values close to 1000 ppm F after 12 months of
storage.

The results indicate that 24 months of aging led to a
decrease in TF, TSF, and IF in the samples. The TSF, which
has the potential to interfere in the caries process, was close
to 1000 ppm F at 12 months of storage and below 1000 ppm
F after 24 months of storage. A similar result was found
in the study by Cury et al. [26] with the four best selling
MFP/CaCQj; dentifrices in Brazil. These dentifrices maintain
1000 ppm of FST for a period of 1 year after manufacture;
however, the TSF concentration close to the maturity date
(36 months) was 44% lower, demonstrating that these denti-
frices do not maintain a maximum desirable TSF concentra-
tion in this time.

Only one study that evaluated fluoride concentrations
in commercial dentifrices incorporated with antimicrobial
molecules was found. In this study, carried out in Brazil, it
was observed that the dentifrices generally showed TF con-
centrations lower than those declared on the packaging;
however, the TSF content remains close to 1000 ppm F [28].

Regarding the IF, the storage period led to a significant
reduction. A few studies on the literature have evaluated the
IF concentration, just in Chile and Brazil [27-31]. A similar
result was observed in the study by Conde et al. [30], where
the four dentifrices also based on MFP/CaCO; showed a



reduction in IF after 1 year of storage. This reduction occurs
because the MFP undergoes hydrolysis over time and reacts
with the calcium in the abrasive. It is noteworthy that only
few studies in the literature have evaluated the IF present in
dentifrices.

Brazilian regulation only requires that the TF content be
declared on the dentifrice packaging (which must not exceed
1500 ppm F) [26]. Thus, the dentifrice manufacturers them-
selves do not assess or declare the fluoride content that can
interfere with the caries process, the soluble fluoride.

The dentifrice evaluated in this study, which has already
shown clinical and microbiological efficacy [13], demon-
strates to maintain appropriate amounts of TSF when stored
for up to 12 months. It is not a big problem since dentifrices
have a high turnover in the establishments and it would
hardly take more than a year to be sold. According to Conde
etal. [31], the estimated time that dentifrices stay in a super-
market is ~3 months; thus, this time would be sufficient to
prevent a loss of soluble fluoride. As it is an experimental
dentifrice, few batches were analyzed in this study. Thus,
more samples must be analyzed and in different storage
conditions for greater quality control.

5. Conclusion

In conclusion, the fluoride values in fresh samples were as
expected; however, the fluoride content was influenced by
the storage time. The TSF values remained relatively stable
after 1 year of aging; however, 2 years of aging of the denti-
frice led to a reduction in TF, TSF, and IF.
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