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Abstract
Objective The study aims to assess the effects of a 10%  H2O2 bleaching gel with different  MnO2 concentrations on the 
bleaching efficacy (BE), degradation kinetics (DK) of  H2O2, and trans-amelodentinal cytotoxicity (TC).
Materials and methods Standardized bovine enamel/dentin disks (n = 96) were placed in artificial pulp chambers, and the 
bleaching gels were applied for 45 min. Thus, the following groups were established: (G1) no treatment (negative control/
NC); (G2) 35%  H2O2 (positive control/PC); (G3) 10%  H2O2; (G4) 10%  H2O2 + 2 mg/mL  MnO2; (G5) 10%  H2O2 + 6 mg/mL 
 MnO2; and (G6) 10%  H2O2 + 10 mg/mL  MnO2. After analyzing bleaching efficacy (ΔE00 and ΔWI), the degradation kinetics 
of  H2O2 and trans-amelodentinal cytotoxicity were determined (n = 8, ANOVA/Tukey; p < 0.05).
Results G6 presented BE (ΔE00 and ΔWI) statistically similar to G2, which represented conventional in-office bleaching 
(p = 0.6795; p > 0.9999). A significant reduction in the diffusion of  H2O2 occurred in G3, G4, G5, and G6 compared to G2 
(p < 0.0001). The highest DK of  H2O2 occurred in G6 (p < 0.0001), which had the lowest TC in comparison with all other 
bleached groups (p ≤ 0.0186).
Conclusion The addition of 10 mg/mL of  MnO2 in a 10%  H2O2 bleaching gel potentiates the degradation of this reactive 
molecule, which increases the BE of the product and decreases TC.
Clinical significance Replacing a 35%  H2O2 gel commonly used for conventional in-office dental bleaching by a 10%  H2O2 gel 
containing 10 mg/mL of  MnO2 reduces the cytotoxicity of this professional therapy, maintaining its excellent esthetic efficacy.

Keywords Tooth bleaching · Dental materials · Cell culture · Toxicity

Introduction

The main questions regarding in-office tooth bleaching are 
associated with the fact that it may cause bleaching sen-
sitivity (BS) of different intensities [1–3]. Studies show 
that 50 to 93% of patients subjected to in-office bleaching 
complain of BS [2, 4]. Rezende et al. [5] showed that the 
risk of patients experiencing this adverse effect at least 
once during the bleaching protocol is 61%, and on a sub-
jective pain intensity scale from 0 to 4, the mean was 2.8. 
Bleaching sensitivity relates to the ability of hydrogen per-
oxide  (H2O2) to diffuse in high concentrations through the 
enamel and dentin, damaging pulp tissue cells [6]. Several 
researchers showed in vitro that the higher the amount 
of  H2O2 in contact with pulp cells, the more intense the 
cellular oxidative stress produced [7–9]. In vivo, this may 
cause areas of coronal pulp necrosis and inflammation of 
different intensities [10, 11].
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A number of clinical protocols have been proposed to 
minimize the adverse effects of in-office tooth bleach-
ing. Among them are the use of desensitizing agents 
applied topically or incorporated into the bleaching 
gels [12], the prescription of analgesics or anti-inflam-
matories [13], and the application of bleaching gels 
with low  H2O2 concentrations [14, 15]. The first two 
strategies do not prevent  H2O2 diffusion through the 
enamel/dentin and consequent pulp damages. Using 
gels with low  H2O2 concentrations limits the chromatic 
change of dental tissues [6], which makes this treatment 
unfeasible because it requires several clinical sessions 
to promote a satisfactory whitening result. Recently, 
some studies have shown that the association between 
the application of ozone  (O3) and bleaching gels can 
enhance the esthetic efficacy and reduce BS in vivo [16, 
17]. Another option of strategy widely investigated is 
adding catalyzing agents in bleaching gels of several 
 H2O2 concentrations may result in a similar esthetic 
efficacy to that obtained with conventional in-office 
bleaching [18, 19]. This strategy aims to accelerate the 
process of  H2O2 decomposition by the catalyzing agent, 
which potentiates the production of other highly reac-
tive oxygen species (ROS) with an extremely short half-
life [20]. Thus, after efficiently and rapidly interacting 
with the chromophores in dental tissues, these new ROS 
are eliminated, decreasing the possibility of damage to 
pulp cells [7, 8, 21].

Among the several known catalyzing agents are man-
ganese oxides  (MnO2) [20, 22], which are abundantly 
found on the planet [23] and inexpensive [24]. The cata-
lyst potential of this transition metal is associated with 
the ability of the mineral phase of Mn particles to react 
with the  H2O2 molecule, stimulating its degradation and 
consequently producing other ROS in a process similar to 
the Fenton reaction [25]. Among the reactive molecules 
produced with  H2O2 degradation is the hydroxyl radi-
cal  (OH·), which may accelerate the chromatic change 
of darkened dental tissues [8]. Although this impor-
tant scientific knowledge is available in the literature, 
the adequate  MnO2 concentration added to a 10%  H2O2 
bleaching gel to obtain a satisfactory result after 45 min 
of product application on the enamel (one in-office 
bleaching session) remains unknown.

The present study aimed to assess the effects of a 10% 
 H2O2 bleaching gel with different  MnO2 concentrations on 
the bleaching efficacy, degradation kinetics of  H2O2/(OH·) 
production, and viability of odontoblast-like cells. The null 
hypothesis of this study was that incorporating  MnO2 into 
the bleaching gel does not affect esthetic efficacy,  H2O2 
decomposition, and trans-amelodentinal cytotoxicity of 
the products.

Materials and methods

Sample preparation

Ninety-six enamel/dentin disks were obtained from the 
buccal surface of the middle third of intact bovine incisors 
with a trephine diamond bur (Dinser brocas diamantadas; 
São Paulo, SP, Brazil) attached to a bench drill (FSB 16 
Pratika; Schultz, Joinville, SC, Brazil). The disk diameter 
was standardized at 5.6 mm, with a total thickness (enamel/
dentin) of 2.3 ± 0.2  mm; the disks have buccal enamel 
(0.97 ± 0.10 mm) and dentin (1.33 ± 0.10 mm), by wearing 
the dentin with sandpapers of granulations of 400 and 600 
(T469-SF-Noton; Saint-Gobam Abrasivos, Jundiaí, SP, Bra-
zil) [6–9].

Sample standardization

Prophylaxis of the enamel surface was performed with pum-
ice and water to eliminate superficial pigments. The dentin 
was treated with EDTA (ethylenediaminetetraacetic acid; 
Sigma-Aldrich, St. Louis, MO, USA), 0.5 N per 30 s for 
smear layer removal [5–8]. Then, the disks were positioned 
in a standardized way in a white silicone matrix, maintaining 
only the enamel surface exposed. The spectrophotometer 
was placed on each specimen aided by support provided by 
the appliance, and three initial readings were performed to 
obtain a mean color value for each sample, determined by 
L*a*b* coordinates. The L*a*b* coordinate values (Com-
mission Internationale de l'Éclairage) were measured with 
a UV–Vis reflection spectrophotometer (Color Guide 45/0; 
BYK-Gardner GmbH, Geretsried, BAV, Germany), with 
wavelengths ranging from 400 to 700 nm, standard D65 illu-
mination, and 45/0° illumination/observation angle [7, 8].

Sample distributions in the experimental groups

After analyzing the initial color, the disks were subjected 
to a staining protocol with immersion in 2 mL of black tea 
solution (Matte Leão, Curitiba, PR, Brazil) for 24 h [6]. To 
calculate the CIEDE2000, the enamel surface of the disks 
was subjected to prophylaxis with pumice and water, and 
then a color reading of the stained disks was performed to 
determine the mean values of L*a*b* variables [6]. The 
disks with similar mean CIEDE2000 values were distrib-
uted randomly according to the groups presented in Table 1.

Gel formulations and bleaching procedure

The 10%  H2O2 bleaching gel was prepared from the dilution of 
a stock solution of 35%  H2O2 (35% hydrogen peroxide; Neon, 

7278 Clinical Oral Investigations (2022) 26:7277–7286



1 3

São Paulo, SP, Brazil) in ultrapure water (ML Ultra-Pure 
DNase/RNase-Free Distilled Water; Thermo Fisher Scientific, 
Waltham, MA, USA). The thickener was prepared with 1% 
carbopol (polyacrylic acid Mv ~ 3,000,000; Sigma-Aldrich, St. 
Louis, MO, USA) diluted in ultrapure water (Thermo Fisher 
Scientific) with based pH (8.0).

The manganese oxide chemical activator  (MnO2; Santa 
Cruz Biotechnology, TX, USA) was incorporated into the 
bleaching gel thickener to maintain the concentrations of the 
chemical activator at 2 mg/mL, 6 mg/mL, or 10 mg/mL, and 
 H2O2 was added. These concentrations were preset with pilot 
studies. For the bleaching procedures, 20 µL of the experimen-
tal gels and the control were applied to the enamel of disks for 
15 min. This procedure was repeated twice more up to 45 min 
of bleaching treatment (one conventional in-office bleaching 
session).

Assessment of bleaching efficacy (ΔE00 and ΔWI)

Forty-eight disks (n = 8) randomly distributed among the 
study groups were stored for 72 h in an environment of 
100% humidity and 37 °C. Immediately after concluding 
the bleaching procedures, the disks were again stored with 
cotton soaked in distilled water in contact with dentin. 
A cotton soaked in saliva-like solution (3.9% monobasic 
potassium phosphate, 3.6% calcium chloride, 2% sodium 
chloride, 2% potassium chloride, 3.7% magnesium chlo-
ride, 0.2% Phenochem, 10% Natrosol gel, distilled water 
q.s.; Sigma-Aldrich) was placed on the enamel for addi-
tional 72 h in an incubator [7–9]. Finally, a new color read-
ing of the disks was performed to determine the poten-
tial post-treatment chromatic change with the following 
equations:

(I) CIEDE2000 equation

 (II) Whitening index equation
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Experimental protocol

Cell cultivation Immortalized odontoblast-like MDPC-23 
cells were used in this study. The cells were cultivated in 96- 
and 24-well plates (KASVI, Curitiba, PR, Brazil) with Dul-
becco’s Modified Eagle’s Medium (DMEM; Gibco, Grand 
Island, NY, USA) containing 10% fetal bovine serum (FBS; 
Gibco, Grand Island, NY, USA); 100 IU/mL and 100 g/
mL, respectively, of penicillin and streptomycin (Gibco); 
and 2 mmol/L of glutamine (Gibco), in a wet atmosphere at 
37 °C, 5%  CO2, and 95% air.

Experimental procedure Forty-eight disks (n = 8) were 
adapted in artificial pulp chambers (APC) with two silicone 
rings. After sealing the edges of disks with utility wax (Cera 
7 Rosa Wilson; Polidental, Cotia, SP, Brazil), the disk/APC 
sets were sterilized in ethylene oxide (Acecil; Central de 
Esterilização Comércio e Indústria, Campinas, SP, Brazil) 
(Fig. 1). Then, the disk/APC sets were placed in 24-well 
plates (KASVI) with 1 mL of DMEM without FBS so that 
the solution remained in contact with the dentin and enamel 
exposed to either receive the treatments or not (Table 1) 
[6–9].

Extracts Immediately after finishing the bleaching proce-
dures, the extracts (DMEM + bleaching gel components dif-
fused through enamel/dentin disks) were collected, homog-
enized, and divided into aliquots of 100 mL to perform the 
tests described below.

Quantification of  H2O2

To determine the amount of  H2O2 diffused through the 
enamel/dentin disks, an aliquot of 100 μL of the extracts 
was placed in 24-well plates with 900 μL of an acetate buffer 
solution (2 mol/M, pH of 4.5). Next, 500 μL of this solution 
was transferred to tubes with 100 μL of Leuco Crystal Violet 
reagent (0.5 mg/mL; Sigma-Aldrich), 50 μL of a horseradish 
peroxidase enzyme solution (1 mg/mL; Sigma-Aldrich), and 
2750 mL of distilled water. The absorbance of the solution 

ΔDWI = ΔWI after bleaching − ΔWI baseline

Table 1  Distribution of 
groups (n = 8) according to the 
treatments

Groups Treatments

G1 Negative control — no bleaching treatment performed
G2 Positive control — 35%  H2O2 commercial gel (whiteness HP — WHP, FGM)
G3 Bleaching gel produced in the laboratory with 10%  H2O2

G4 Bleaching gel produced in the laboratory with 10%  H2O2 + 2 mg/mL of  MnO2

G5 Bleaching gel produced in the laboratory with 10%  H2O2 + 6 mg/mL of  MnO2

G6 Bleaching gel produced in the laboratory with 10%  H2O2 + 10 mg/mL of  MnO2
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was measured in a spectrophotometer at a wavelength of 
596 nm (Synergy H1; Biotek Instruments, Winooski, VT, 
EUA). The optical density values were converted into μg 
of  H2O2 per mL of extract (standard curve), and they were 
transformed in percentage, with the positive control group 
(G2) representing 100% residual  H2O2 diffusion [6–9].

Degradation kinetics of  H2O2

This step aimed to assess whether the presence of the cata-
lyst in bleaching gels induced a higher  OH· production in a 
15-min interval. To quantify the  OH· release of the bleaching 
gel selected, the fluorescent probe of the OxiSelect Hydroxyl 
Radical Antioxidant Capacity (HORAC) Activity Assay kit 
(Cell Biolabs, San Diego, CA, USA) was used, which princi-
ple is based on the oxidation of the probe through the  OH· by 
transferring an oxygen atom. Thus, the reaction fluorescence 
decreases in the presence of  OH·. For this analysis, 20 mL 
of the samples was incubated with 140 mL of the probe, and 
fluorescence was monitored at 480-nm excitation and 530-
nm emission (Synergy H1; Biotek Instruments) for 15 min 
of incubation at room temperature [6–9].

Assessment of trans‑amelodentinal cytotoxicity

Cell viability (MTT test An aliquot of 100 mL of extracts was 
applied for 1 h to MDPC-23 cells (n = 8) previously culti-
vated in 96-well plates. Then, the extracts were aspirated, 
and the cells were incubated for 4 h in contact with 90 µL 
of DMEM + 10 µL of MTT (3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide; Sigma-Aldrich) solution 
at a concentration of 5 mg/mL of PBS and 10:1 ratio. Next, 
the formazan crystals were diluted in 100 μL of 0.04 N 
HCI-acidified isopropanol, and absorbance was measured 
at 570 nm (Synergy H1; Biotek Instruments). The mean 
absorbance value obtained in the negative control group rep-
resented 100% of cell viability, which parameter was used to 
calculate cell viability in the other groups [6–9].

Intracellular ox ygen reactive species (oxidative 
stress‑H2DCFDA probe Cells cultivated in 96-well plates 
(KASVI) were pretreated with the carboxy-H2DCFDA flu-
orescent probe (Invitrogen, San Francisco, CA, USA) at a 
concentration of 5 mM, for 30 min at 37 °C, and exposed 
to 100 μL of extracts. Immediately after, fluorescence was 
assessed at 492-nm excitation and 518-nm emission (Syn-
ergy H1; Biotek Instruments), and the values were normal-
ized with the mean of the negative control group [6–9].

Live/Dead analysis This assay was performed with the Live/
Dead Cell Viability/Cytotoxicity kit (Invitrogen) (n = 4), 
which uses the Ethyl homodimer-1 (EthD-1) fluorescence 
probe that connects DNA bands only to cells with membrane 
ruptures. The second probe was Calcein AM (CA), which is 
hydrolyzed with cytoplasmic esterases in viable cells [6–9].

Statistical analysis

The number of replicates and the sample size for each experi-
ment were confirmed to obtain at least 80% power, using for 
this purpose the G*Power software (version 3.1, University 
Dusseldorf, Dusseldorf, Germany). The quantitative data were 
assessed for adherence to the normal curve, and all data pre-
sented normality (Shapiro–Wilk, p > 0.05) and homogeneity of 
variance (Levene, p > 0.05). Thus, these data were subjected to 
a one-way or two-way fixed analysis of variance, complemented 
by Tukey’s post-test. These analyses were performed using the 
SPSS (version 26.0, IBM, Chicago, IL, USA) and GraphPad 
Prism (version 9.0, GraphPad, San Diego, CA, USA). All sta-
tistical inferences were based on a 5% significance level. The 
groups were considered statistically different when p < 0.05.

Results

Assessment of bleaching efficacy (ΔE00 and ΔWI)

All bleached groups, regardless of  H2O2 concentration or 
the presence of a catalyst (G2, G3, G4, G5, and G6), showed 

Fig. 1  Illustrative image of the 
experimental procedure
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higher ΔE00 and ΔWI values than those of the negative con-
trol (G1) (p < 0.0001) (Fig. 2A and B). The results of the 
ΔE00 analysis indicated that the presence of a catalyst sig-
nificantly increases the bleaching efficacy of the 10%  H2O2 
gel (G4, G5, and G6) compared to the same gel without the 
catalyst (G3) (p < 0.0001) (Fig. 2A). In G6 the color change 
was statistically similar to G2 (PC), which represented 
the conventional in-office bleaching protocol (p = 0.6795) 
(Fig. 2A). The ΔWI results showed that the presence of the 
catalyst significantly changes the bleaching potential of the 
10%  H2O2 gel (p < 0.0001), and G6 (10 mg/mL) presented a 
similar result to G2 (PC) (p > 0.9999) (Fig. 2B).

Quantification of  H2O2 and analysis of its 
degradation kinetics

There was a significant reduction in the trans-ame-
lodentinal diffusion of  H2O2 in G3, G4, G5, and G6 
(10%  H2O2) compared to G2 (35%  H2O2) (p < 0.0001). 
Regardless of the catalyst concentration added to the gel 
(G4, G5, and G6), the amount of  H2O2 diffused was sta-
tistically lower than G3, in which the 10%  H2O2 with-
out catalyst addition was used (p ≤ 0.0359) (Fig. 3A). 
The quantification analysis of  OH· radicals showed a 
higher production rate in G4, G5, and G6 than in G3 
(p < 0.0001). However, G6 (10%  H2O2 + 10  mg/mL 
 MnO2) presented a statistically higher f luorescence 
value than the other groups (p < 0.0001), which indi-
cates that the  MnO2 concentration in the bleaching gel 

is directly related to the rate of  H2O2 decomposition 
(Fig. 3B).

Assessment of cytotoxicity

The cells in G1 (NC) represented 100% viability. Thus, 
all bleached groups (G2, G3, G4, G5, and G6) showed 
lower cell viability than G1 (p < 0.0001) (Fig. 4A). When 
using 10%  H2O2 bleaching gels with or without  MnO2 (G3, 
G4, G5, and G6), the viability (p < 0.0001) and oxidative 
stress (p < 0.0001) values were lower than using 35%  H2O2 
gels (G2) (Fig. 4A and B). However, the lowest oxidative 
stress value (p ≤ 0.0772) and highest cell viability level 
(p ≤ 0.0186) occurred in G6 compared to all the other 
bleached groups (Fig. 4A and B). The Live/Dead assay 
showed that cells of all bleached groups had increased pos-
itive staining for EthD-1 (red) compared to G1 (Fig. 4C). 
However, there was a higher number of viable cells — 
stained with Calcein AM (green) — in groups that used 
only 10%  H2O2 gels with or without  MnO2 (G3, G4, G5, 
and G6) than G2 (Fig. 4C).

Discussion

The bleaching efficacy analyzed in this laboratory study 
allowed determining that the  H2O2 concentration in the 
bleaching gel plays an essential role in the esthetic outcome 

Fig. 2  Analysis of bleaching efficacy, ∆E00 (A), and ∆WI (B). The bars represent the mean values and standard deviations of color change. The 
numbers show the mean values of each group. Different letters indicate a statistically significant difference (ANOVA/Tukey; p < 0.05)
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of this therapy. There was an approximate reduction of 44% 
in ΔE00 and 54% in ΔWI when the 10%  H2O2 bleaching gel 
was used (G3) compared to the 35%  H2O2 commercial gel 
(G2), which represented the positive control group. How-
ever, adding a catalyzing agent  (MnO2) to the gel, especially 
at a concentration of 10 mg/mL, significantly increased the 
bleaching potential of the product, and the esthetic outcome 
was comparable to that of G2. This positive effect obtained 
by adding  MnO2 to the 10%  H2O2 bleaching gel seems to be 
related to the catalytic ability of transition metals when in 
contact with oxidative agents, and this action is more intense 
the higher the local catalyst availability [20, 26]. In this con-
text, researchers could show that bleaching efficacy enhances 
when using different transition metals such as ferrous sul-
fate, manganese chloride, and titanium dioxide [8, 19]. The 
exposure of oxidative agents such as  H2O2 to transition met-
als produces a catalytic reaction similar to the Fenton reac-
tion [25]. Previous studies also showed that the contact of 
peroxidase or catalase with  H2O2 causes an enzymatic redox 
reaction, which catalyzes this toxic molecule and limits the 
indirect cell damage from bleaching gels [8, 21].

In the present study, a lower amount of  H2O2 was diffused 
through the enamel/dentin disks in G3 (10%  H2O2) than in 
G2 (35%  H2O2). This information confirmed that the amount 
of  H2O2 diffused and reaching the culture medium (extract) 
is directly related to the concentration of this molecule in the 
bleaching gel. It is worth noting that the trans-amelodentinal 
diffusion was even lower when adding the catalyzing agent, 
regardless of the concentration (G4, G5, and G6), to the 10% 
 H2O2 gel. Previous studies showed that, besides the con-
centration of  H2O2 in the bleaching gel, the time of product 
application to the enamel is also directly related to the rate of 

trans-amelodentinal diffusion of this molecule [6, 27]. The 
higher the amount of  H2O2 in the extract, the more intense 
the oxidative stress and the lower the viability of pulp cells 
[6, 8, 9]. Therefore, the present investigation showed that the 
highest  H2O2 catalysis in G6 resulted in the lowest diffusion 
of this reactive molecule, which caused reduced toxicity in 
MDPC-23 cells. The increased degradation kinetics of  H2O2 
caused by the presence of  MnO2 in the gel generates several 
by-products, such as the hydroxyl radical  (OH·), singlet oxy-
gen  (O−

2), and peri-hydroxyl  (HO2) that present a half-life of 
 10−9 s,  10−5 s, and 7 s, respectively [20, 28]. Therefore, these 
free radicals produced by  H2O2 catalysis tend to react fast 
with organic compounds and decompose, and their diffusion 
within the pulp chamber is unexpected. In the present study, 
the concentration of 10 mg/mL of  MnO2 added to the 10% 
 H2O2 gel (G6) determined the best bleaching efficacy out-
come, which was comparable to that obtained with the 35% 
 H2O2 gel (G3). This investigation did not assess concentra-
tions of  MnO2 higher than 10 mg/mL, which may character-
ize a limitation of the study. One may expect that increasing 
catalyst concentrations in the gel might further benefit the 
esthetic outcome of the treatment. However, this possibil-
ity may not be true, since the excess of free radicals causes 
these molecules to interact with each other, particularly due 
to their instability. Consequently, a few free radicals would 
be available to react with the chromophores in the dental 
tissues, whose degradation would be harmed [29, 30].

Several clinical studies indicate bleaching sensitivity as 
the main side effect of this esthetic therapy [1–3]. The dis-
comfort reported by most patients subjected to conventional 
in-office bleaching has been related, at least partially, to the 
intense oxidative stress induced by  H2O2, which produces 

Fig. 3  A Analysis of  H2O2 diffusion. The bars represent mean val-
ues and standard deviations of cell viability and oxidative stress. The 
numbers show the mean values of each group. Different letters indi-
cate a statistically significant difference (ANOVA/Tukey; p < 0.05). 
B  Analysis of OH.· radical production. The data were normalized 

with the negative control at each analysis time interval. Uppercase 
and lowercase letters show a statistical difference between the anal-
ysis time intervals and among the groups, respectively. The curly 
brackets indicate the same behavior for the groups selected (ANOVA/
Tukey, p < 0.05)
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irreversible pulp cell lesion [31]. In the present study, 
immortalized MDPC-23 cells, which present an odontoblas-
tic phenotype, were used to assess the potential trans-ame-
lodentinal cytotoxic effect of bleaching gels with different 
 MnO2 concentrations. This is because odontoblasts are the 
first pulp cells to come into contact with components of den-
tal materials that can diffuse through the hard tissues of the 
tooth to reach the pulp [32, 33]. Overall, this investigation 
showed that a number of MDPC-23 cells were irreversibly 
damaged when applying the 35%  H2O2 bleaching gel (G2) 

for 45 min to the enamel/dentin disks. Clinical/histopatho-
logical studies with human teeth showed that cell death after 
conventional in-office tooth bleaching was not limited to the 
monolayer of odontoblasts that internally lines the dentin 
[10, 11]. The extensive and deep areas of cell death observed 
after a single 45-min session of 35%  H2O2 bleaching gel 
application resulted in the partial necrosis of the coronal 
pulp, associated with inflammation of the subjacent viable 
pulp [10, 11, 34, 35]. In the present study, the cytotoxic 
effects of the bleaching protocols were evaluated using the 

Fig. 4  A Analysis of cell viability and B oxidative stress. The bars 
represent mean values and standard deviations of cell viability 
and oxidative stress. The numbers show the mean values of each 
group. Different letters indicate a statistically significant difference 

(ANOVA/Tukey; p < 0.05). C Fluorescence microscopy images of the 
Live/Dead assay (10 ×). The microscopy images show green-stained 
cells (Calcein AM) as viable and red-stained cells (EthD-1) in a cell 
death process
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MTT assay. In spite of this laboratory test determining the 
level of mitochondrial respiration of cells exposed to experi-
mental materials or their components, it does not provide 
data concerning the mechanism of cell damage or death [36]. 
Previous studies demonstrated that mechanisms of action 
linked to COX-2, IL-6, IL-1β, and TNF-α can be triggered 
when pulp cells are exposed to  H2O2 [37, 38]. The authors 
also showed that  H2O2 induces oxidative stress and apop-
tosis in pulp cells. These negative side effects are widely 
reported in vitro and in vivo when bleaching gels with high 
concentrations of  H2O2 are used, decreasing the amount of 
cells in the pulp that, in turn, may reduce the potential of 
regeneration of this specialized connective tissue [10, 32]. 
In the present investigation, the cytotoxicity data obtained 
show the direct relationship between the rate of cell viability 
and  H2O2 concentration in the bleaching gel. When a pure 
bleaching gel with 10%  H2O2 (G3) or containing 10 mg/mL 
of  MnO2 (G6) was applied to the enamel/dentin disks, the 
cell viability index was around 24% and 44% higher than 
in G2, respectively. However, considering that gels with a 
reduced amount of  H2O2 present low bleaching efficacy [15, 
39], which determines the need for complementary sessions 
to reach a satisfactory result [5], using catalysts may have 
become an interesting strategy to obtain an excellent esthetic 
outcome and simultaneously reduce the common side effects 
of this professional therapy [7, 19].

Besides the low cost, manganese-derived ionic com-
pounds work as enzymatic cofactors, and this metal has the 
potential to work as a central element for producing several 
other chemical groupings [24, 40, 41]. Combining that with 
the interesting esthetic outcomes obtained in this study, add-
ing  MnO2 to bleaching gels with low  H2O2 concentrations 
seems an attractive and promising strategy. The amount of 
10 mg/mL of  MnO2 in the bleaching gel worked decisively 
to maintain the viability of MDPC-23 cells. This catalyst 
increased the degradation kinetics of the  H2O2 molecule, 
limiting the trans-amelodentinal diffusion of this toxic mol-
ecule and consequently reducing the cellular oxidative stress 
index. In this context, the null hypothesis of this study was 
rejected.

Besides the excellent results obtained with this investiga-
tion, it is worth noting the limitations of in vitro studies, con-
sidering that scientific data from laboratory studies should 
not be immediately extrapolated to clinical conditions [32, 
33, 42]. As much as several contemporary laboratory pro-
tocols attempt to simulate specific clinical conditions, this 
objective has not been completely fulfilled [42]. The pulp 
of vital teeth is characterized as a specialized connective 
tissue with inherent regeneration potential. Besides con-
taining cytoplasmic prolongations of odontoblasts, colla-
gen, and other structures, the dentinal tubules have a den-
tinal fluid that exerts constant exudation pressure. All these 
factors combined, which have not been fully mimicked in 

the laboratory, interfere with the inward diffusion of com-
ponents released from dental materials to the pulp tissue. 
Consequently, greater pulp cell damages are expected from 
in vitro tests of indirect cytotoxicity of dental materials and 
new treatment protocols than those of in vivo tests [32, 42]. 
Another limitation of this study is related to the fact that all 
analyses of cytotoxicity were performed immediately after 
the bleaching procedure. Take into consideration that pulp 
reaction at long term is a fundamental aspect for clinical 
practice, more studies are necessary to determine the cyto-
toxic effects of the proposed tooth bleaching protocols over 
time. Thus, in spite of the interesting data obtained in this 
investigation, further in vitro and in vivo studies are needed 
to assess how safe is to use catalyzing agents, such as  MnO2, 
for in-office dental bleaching.

Conclusion

The methodology used in the present study concludes that 
adding  MnO2 to the 10%  H2O2 bleaching gel favors  H2O2 
degradation, significantly increasing the esthetic efficacy of 
the procedure. The concentration of 10 mg/mL of  MnO2 
determines an esthetic outcome similar to the one obtained 
with conventional in-office bleaching and, at the same time, 
reduces the cytotoxicity of this professional therapy.
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