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Abstract: The aim of this research was to develop and characterize the chemical and cellular-viability
properties of an experimental high-concentration bleaching gel (35 wt%-H2O2) containing calcium-
polyphosphate particles (CaPP) at two concentrations (0.5 wt% and 1.5 wt%). The CaPP submi-
croparticles were synthesized by coprecipitation, keeping a Ca:P ratio of 2:1. The CaPP morphology,
size, and chemical and crystal profiles were characterized through scanning and transmission elec-
tron microscopy, energy-dispersive X-ray analysis, and X-ray diffraction, respectively. The assessed
bleaching gels were experimental (without CaPP); 0.5% CaPP; 1.5% CaPP; and commercial. The gels’
pH values and H2O2 concentrations (iodometric titration) were determined. The odontoblast-like
cell viability after a gel’s exposure was assessed by the MTT assay. The pH and H2O2 concentration
were compared through a repeated-measures analysis of variance (ANOVA) and a Tukey’s test and
the cell viability through a one-way ANOVA and a Tukey’s test using a GraphPad Prism (α < 0.05).
The CaPP particles were spherical (with Ca and P, 135.7 ± 80.95 nm size) and amorphous. The
H2O2 concentration decreased in all groups after mixing (p < 0.001). The 0.5% CaPP resulted in
more-stable pH levels and higher viability levels than the experimental one (p < 0.05). The successful
incorporation of CaPP had a positive impact on the bleaching gel’s chemical and cellular-viability
properties when compared to the experimental gel without these particles.

Keywords: hydrogen peroxide; bleaching; cell survival; pH; polyphosphates; submicroparticles

1. Introduction

Given the high levels of dissatisfaction (30%) with teeth darkening, bleaching gels
based on hydrogen peroxide have been extensively introduced into the market [1]. Their
chief mechanism of action is the oxidation of the organic molecules, which stain teeth, into
smaller and lighter compounds [2]. Along with their bleaching effect, both the H2O2 and
its reactive oxygen species (ROS) are responsible for the “nonspecific” oxidative action on
the organic and inorganic structural components of enamel [3–7] and dentin [8], generating
topographic and mineral changes in these structures, even applying more-neutral or -
alkaline gels [9–11].

Although enamel is a biologically inert biomaterial, remineralizing components that
dissolve through a chemical process can generate local precipitation of biosimilar Ca/PO4

3−

on the surface. This must be considered for the development of dental materials with
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predominant, as after 15 min, this gel had a lower pH than the experimental and 0.5% CaPP
gels. The commercial gel showed a pH decrease 15 min after mixing (5.17), which followed
the trend of previous assessments [15,30].

After the longest assessment time, 45 min after the preparation of the experimental gel
without CaPP, the lowest pH values were reached. The lower pH values have been related
to higher enamel alterations (e.g., lower microhardness, higher superficial roughness) and
to reduced bleaching efficacy [5,7]. Thus, the incorporation of CaPP into an experimental
bleaching gel could be regarded as positive for the pH of the bleaching gels and therefore
positive for the enamel properties in future in vitro/in vivo applications.

The H2O2 concentration was lower than 35 wt% 15 min after mixing the gels. However,
given the H2O2 instability, the exact concentration is difficult to determine by titration [31],
which can be considered a limitation of the current study. After gel preparation, the
H2O2 present in the bleaching gel starts to decompose into free radicals and H2O as time
passes [31]. Nevertheless, in the experimental gel containing CaPP, this reduction was not
as accentuated as in the experimental gel without CaPP and the commercial gel. This could
occur because of the H2O2 stabilization promoted by the phosphate molecules released
from the CaPP chain [31–34].

Given that CaPP is a biocompatible compound, its presence in bleaching gels, as ex-
pected, did not increase their cytotoxic potential [21,35,36]. Interestingly, lower amounts of
CaPP (0.5 wt%) were better at sustaining MDPC-23 cells’ viability compared to the experi-
mental gel without CaPP. CaPP chain cleavage not only provides ortho-phosphate units that
aid in the remineralization process but also generates “metabolic fuel” by supporting ATP
production [21]. This intracellular burst of energy could increase cell proliferation [37,38],
which could explain why this group presented the best results for cell viability at a concen-
tration of 10 µg/mL.

However, a higher polyphosphate concentration within the bleaching gel (1.5 wt%)
did not result in an increase in cell viability. The hydrolytic cleavage of the CaPP chain
led to a more acidic gel, as seen in our pH assessments. Under these conditions, cell
growth, proliferation, and differentiation were retarded [39]. It could also be speculated
that H2O2 decomposition into free radicals at this pH level is reduced; therefore, the free
remaining H2O2 cytotoxic potential could have affected cell viability [40,41], surpassing
the CaPP protective effect displayed at a lower CaPP concentration and a higher pH level
(0.5% CaPP).

As previously described, CaPP, as a long-chain bioinorganic polymer, is a promis-
ing bioactive compound in bioremineralization [19,23,42]. This characteristic behavior
would be useful to reduce the enamel mineral loss associated with high-concentration
bleaching gels, while the presence of the ions would have a potential effect on reducing
dental sensitivity, which remains the most common clinical symptom of the bleaching
treatment [1,5]. Although the successful incorporation of CaPP did not negatively alter
the experimental gels’ chemical and biological properties compared to commercial and
experimental bleaching gels based on 35% H2O2 without these particles, further studies
should be conducted to determine the effect of CaPP on the bleaching efficacy and the
enamel chemical and mechanical properties of this type of experimental bleaching gel
when compared to commercially established treatments.

4. Conclusions

In the present study, calcium-polyphosphate fine particles were successfully synthe-
sized through the coprecipitation method [21] and incorporated into bleaching gels based
on 35 wt% H2O2. The incorporation of CaPP, even in smaller concentrations (0.5% w/t),
stabilized the pH, reduced the cytotoxic potential, and retained similar hydrogen perox-
ide concentration values compared to the experimental bleaching gel without CaPP after
45 min of mixture in vitro. Because the CaPP gel’s retained similar chemical and biological
properties to the commercial bleaching gel without CaPP, their remineralizing potential
turns them into a promising clinical alternative to conventional bleaching gels.
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5.1.2. Transmission Electron Microscopy (TEM) and Dynamic Light Scattering (DLS)

Morphological and size examinations of CaPP were performed using a transmission
electron microscope (Phillips CM 200, Phillips, Amsterdam, the Netherlands) at 200 kV
with a LaB6 filament. The sample was prepared, and the obtained images were analyzed to
estimate the particle size on the basis of an average diameter of 60 particles (ImageJ; public
domain image software).

To determine the particle hydrodynamic radius, CaPP was diluted in distilled water
(1 mg/mL), stirred for 15 min (50 ◦C), and centrifuged for 10 min (10,000 rpm). The
supernatant was analyzed using a laser diffraction particle analyzer (Zetasizer Nano ZS90;
Malvern Instruments Ltd., Worcestershire, UK) with the following parameters: 10 runs of
10 s, at 25 ◦C, with 60 s of stabilization, and a 90◦ scattering angle.

5.1.3. X-ray Diffraction (XRD)

The CaPP powder crystallinity pattern was recorded on a diffractometer (D8 Advance;
Bruker, MA, USA) with Cu-Kα radiation (40 kV, 30 mA) and an equipment geometry of
2θ. Continuous readings were performed with a step of 0.02◦ and an accumulation time of
0.3 s (interval of 4◦/min).

5.2. Experimental Bleaching Gel Containing Calcium-Polyphosphate Particles (HP-CaPP)

Formulations of high-concentration H2O2-based bleaching gel (H2O2—35 wt%) with
two separate components were proposed: A—H2O2 (pH ≈ 1.8); B—thickener and calcium-
polyphosphate particles (CaPP) (pH ≈ 12) [5]. Three types of experimental bleaching gels
were manipulated: without CaPP (experimental) and containing 0.5 and 1.5 wt% CaPP
(CaPP 0.5% and CaPP 1.5%). In addition, Whiteness HP Maxx (FGM Dental Products, SC,
Brazil) was used as a commercially available control.

The reagents of component A were stirred for 60 min (≈10 ◦C) in the dark to prevent
H2O2 decomposition [31,43]. For the gels containing CaPP in component B, CaPP was
first diluted in distilled water and stirred in a water bath for 15 min (50 ◦C). After cooling
down, the remaining reagents of component B were homogenized (Speed Mixer DAC 150.1;
FlackTek, Inc., SC, USA) at 2000–2500 rpm for 10 min (Table 3).

Table 3. Composition of the experimental bleaching gels (components A and B).

Component A Component B

H2O2 (50% sol) H2O distilled

Carbopol 940 CaPP (0.5 or 1.5 wt%)

Glycerol Carbopol 940

Propylene glycol Glycerol

Citric acid Propylene glycol

- NaPP

NaOH to adjust the pH ≈ 1.8 NaOH to adjust the pH ≈ 12

For all gel analyses, experimental components A and B were mixed in a 3:1 weight
proportion, while the commercial control bleaching gel was prepared according to the
manufacturer’s instructions. All gels were kept under refrigeration (8 ± 1 ◦C) before the
experiment and were brought to room temperature 30 min before mixing.

5.2.1. Evaluation of pH

The pH values of 4 g of each bleaching gel were recorded using a benchtop digital pH
meter (mPA210; MS TECNOPON, Piracicaba, SP, Brazil), which was previously calibrated
with buffered solutions (pH 4, 7, and 10) at 25 ◦C. The pH values of the gels were recorded
in triplicate 5, 10, 15, 30, and 45 min after the mixture of both components. The mean of the
three measurements was considered the final value for each assessment time.
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5.2.2. Hydrogen Peroxide Concentration of the HP-CaPP—Titrimetric Analysis (Iodometric)

The gels’ respective H2O2 concentrations were determined by employing iodometric
titration with a hydrogen peroxide test kit (Hanna Instruments; Barueri, SP, Brazil) and a
standardized sodium thiosulfate solution (Na2S2O3; 0.1 N). In brief, iodide ions (I–) can be
oxidized by H2O2 to iodine (I2), which in the presence of starch forms a blue charge-transfer
complex by the imprisonment of polyiodide species within the helix structure of amylose. I2
can be reduced by titration with a standard Na2S2O3 solution to I–, which is colorless [31,44].
The H2O2 concentration can be calculated by the volume of the standard Na2S2O3 solution
required to change the color of the bleaching solution using Equation (1) [45].

C =
[(0.1M × V)/2]× 34.0147g/mol

Vf
(1)

where C = final concentration; V = volume of the Na2S2O3 (0.1 N) solution used; and
Vf = final volume of the diluted H2O2 solution used to conduct the titration.

All bleaching gels were diluted in distilled water (1 mg/mL of H2O2) and remained at
room temperature in static and dark conditions. At defined times, samples were collected
from the upper area of the samples (15, 30, 45, 90, and 150 min after mixing) and further
diluted to obtain 0.2 mg/mL H2O2 solutions in three 25 mL glass vials [31]. The titration
procedure was performed on the three samples, and the mean was considered the final
value of each sample/time assessed.

5.2.3. Odontoblasts-like Cells (MDPC-23) Viability in the HP-CaPP Bleaching Gel

The MTT reduction method was performed to determine the viability of MDPC-23
cells after exposure to the bleaching gels. The MDPC-23 cells were cultured in Dulbecco’s
modified Eagle’s medium (DMEM, Sigma-Aldrich, St. Louis, MO, USA) supplemented
with antibiotics, 100 IU/mL penicillin and 100 µg/mL streptomycin (Vitrocell Embrio-
life, Campinas, Brazil), 2 mmol/L glutamine, and 10% fetal bovine serum (FBS—GIBCO;
Thermo Fisher Scientific, Waltham, MA, USA) at 37 ◦C in a 5% CO2 atmosphere [39,46].

After reaching 80% confluence, the MDPC-23 cells were washed with 0.25% trypsin/EDTA
(GIBCO; Thermo Fisher Scientific, Waltham, MA, USA) to separate them from the plate.
The separated cells were centrifuged at 3000 rpm for 5 min at 4◦C. A Neuberger chamber
was used to count the cells. The supernatant was discarded; the cells were passed to a
new medium (DMEM), transferred to 96-well cell culture plates (Corning Costar Corp.,
Cambridge, MA, USA) at a concentration of 5 × 104 cells/mL, and subsequently incubated
in a 5% CO2 atmosphere at 37 ◦C for 24 h.

After the incubation period, the cells were exposed to diluted bleaching gels (10,
50, and 100 µg/mL) with DMEM for 45 min. The wells were then washed twice with
phosphate buffered saline (PBS—pH = 7.4), and 200 µL of MTT diluted in DMEM medium
at 0.3 mg/mL (Invitrogen; Thermo Fisher Scientific, Waltham, MA, USA) was added.
After 3 h of incubation in a 5% CO2 atmosphere at 37 ◦C, the wells were washed twice
with PBS and filled with 200 µL of ethanol. Finally, the absorbance values were obtained
using a microspectrophotometer (ASYS UVM340; Biochrome Ltd., Cambridge, England) at
570 nm [39,47].

5.3. Statistical Analyses

Shapiro–Wilk and Levene tests were used to verify the normality and homoscedasticity
of variances of the cell viability, pH, and concentration data. The cell-viability data were
compared through a one-way analysis of variance (ANOVA) and a post hoc Tukey’s test.
The IC50 values were determined by logistic regression analysis. The respective pH values
and concentrations were assessed through a repeated-measures ANOVA and a post hoc
Tukey’s test (significance level 5%) using GraphPad Prism 8.0.2 software for Windows
(GraphPad Software, San Diego, CA, USA).
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Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/gels9010042/s1, Figure S1: Bleaching gels appearance after
manipulation from left to right—experimental; 0.5% CaPP; 1.5% CaPP; commercial.
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