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Abstract
Objectives To evaluate human dental pulp stem cell viability
and capacity to recover from experimental dental bleaching
techniques.
Material and methods Enamel/dentin disks adapted to trans-
wells were positioned on previously cultivated dental pulp
stem cells. Bleaching gels containing 35, 17.5, 10, and 8 %
hydrogen peroxide (H2O2) were applied one or three times
(each application lasting 15 min) on enamel. Cell viability
(MTT assay) and morphology (SEM) were evaluated imme-
diately (T1) or 72 h (T2) post-bleaching.
Results The 35 % H2O2 gel promoted intense reduction in
viability (93–97 %) and morphological alterations of the cells
at T1, irrespective of frequency of application, with absence or
limited capacity for recovery being observed at T2. The other
bleaching gels presented significant lower toxicity when com-
pared with the 35%H2O2 gel, in a time/concentration fashion.
In T1, no significant difference was observed between the
negative control (without bleaching) and the 8 and 10 %
H2O2 gels applied on enamel for 15 min, in which the cells
presented elevated viability and morphology similar to the
negative control at T2.
Conclusions Bleaching gels with 8 and 10 % H2O2 in their
composition cause limited immediate toxic effect on pulp
stem cells, which recover their viability 3 days after treatment.

Clinical relevance This study presents proposals for in-office
dental bleaching to be performed with limited aggressive
effect on dental pulp stem cells. Therefore, we are able to
offer interesting clinical alternatives for bleaching vital teeth,
under professional supervision, maintaining the integrity and
reparative capacity of pulp-dentin complex.
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Introduction

Traditional in-office bleaching is based on high concentrated
hydrogen peroxide (H2O2) gels, applied for relative short
periods (30–45 min) on dental enamel. This type of clinical
esthetic procedure, which is performed under professional
supervision, results in rapid color change of the dental struc-
ture [1–4]. However, the high prevalence of post-bleaching
tooth sensitivity, which intensity varies from moderate to
intolerable, is the main adverse effect of this technique
[1–3]. Recent clinical studies have demonstrated that this
sensitivity is limited to the anterior teeth [5, 6], with it being
more intense in those teeth that have a small enamel/dentin
thickness, such as the incisors [6]. In a histological analysis of
human mandibular incisors submitted to this therapy, the
occurrence of areas of partial coronal pulp necrosis associated
with an inflammatory reaction in the subjacent tissue was
demonstrated [7]. These clinical data corroborate laboratory
studies, in which researchers demonstrated the occurrence of
intense trans-enamel and trans-dentinal cytotoxicity to pulp
cells when bleaching gels with elevated concentrations of
H2O2 were applied to tooth enamel [4, 8].
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Up to the present time, at-home bleaching using 10 %
carbamide peroxide (CP) has been considered the safest
bleaching therapy for the pulp-dentin complex [8–11].
However, this technique has several limitations, such as the
fact that the professional does not directly supervise the entire
treatment and the long bleaching time needed to achieve
significant color improvement as well as the risk of gel appli-
cation over exposed dentin and soft tissue [10]. Therefore,
alternative professional bleaching therapies, with the goal of
minimizing the toxic effect on pulp cells, have been the target
of diverse contemporary researches [4, 8]. Recently, it was
demonstrated that a reduction from 35 to 17.5 % in the
concentration of H2O2 in a bleaching gel, and a reduction in
the time of the product in contact with enamel, resulted in
effective bleaching associated with a reduction of around 60 to
95 % in H2O2 diffusion through the tooth structure, when
compared with the traditional therapy [14]. Consequently,
there was significant reduction in trans-enamel and trans-
dentinal cytotoxicity to pulp cells when these protocols were
tested. However, the dental pulp stem cells of human teeth,
which are fundamental for the maintenance of homeostasis
and the repair capacity of the dentin-pulp complex, continued
to be shown to be very sensitive to the techniques tested [4].
Therefore, in the present study, the immediate cytotoxicity and
capacity for recovery of human dental pulp stem cells exposed
to the experimental in-office bleaching techniques, with vari-
ations in the concentration of H2O2 and frequency of applying
the product on enamel, were evaluated. The hypothesis of this
study is that the concentration of H2O2 in the bleaching gel
and its contact time with dental structure has significant effect
on the immediate trans-enamel and trans-dentinal toxicity of
the bleaching procedure as well as on pulp cells proliferative
capability through time.

Materials and methods

Obtaining the specimens Enamel/dentin disks, from bovine
incisors, measuring 5.6 mm in diameter and 3.5 mm thick
were used in this study, as previously described [4, 8, 11]. The
enamel surface of the disks was cleaned with solution of
pumice stone and water using a low-speed hand piece. The
dentin surface was regularized by wear with 400 and 600 grit
water abrasive papers (T469-SF- Norton, Saint-Gobam
Abrasivos Ltda., Jundiaí, SP, Brazil), and the smear layer
created at the site was removed by application of an EDTA
solution (0.5 N) for 30 s. After the disks were abundantly
washed with water, and they were individually adapted in an
acrylic trans-well devices (Corning Inc., Corning, NY, USA)
with the aid of light polymerizing fluid resin (Top-dam®;
FGM, Joinville, SC, Brazil) [4], and the set was sterilize with
ethylene oxide.

Cell culture A primary culture of human dental pulp cells was
obtained by enzymatic digestion of the pulp tissue from the
third molars of volunteers, after they had signed the term of
free and informed consent (Proc. No. 13/11; approved by the
Research Ethics Committee of the Araraquara Dental School/
UNESP, São Paulo, Brazil). Immediately after the teeth were
extracted, the pulp tissue was aseptically removed,
fragmented, and incubated in DMEM culture medium
(Dulbecco’s Modified Eagle’s Medium; Sigma Chemical
Co., St. Louis, MO, USA) containing 10% fetal bovine serum
(FBS; GIBCO, Grand Island, NY, USA), 100 IU/mL and
100 μg/mL of penicillin and streptomycin, respectively,
2 mmol/L of glutamin (GIBCO), and 200 UI/mL of collage-
nase (Worthington Biochemical Corporation, Lakewood, NJ,
USA), at 37 °C and 5 % CO2, for the period of 24 h. After this
period, the cells were centrifuged and subcultured in cell
culture bottles in complete DMEM, without collagenase.
Stem cell characterization was performed by immunofluores-
cence assay. Cells in the third passage were seeded in 96-well
plates in a pattern of 80 % confluence. After this, the cells
were fixed in 4 % buffered paraformaldehyde, then perme-
abilized with 0.1 % Triton (Sigma Chemical Co.) and blocked
in 5 % BSA (Santa Cruz Biotechnology, Santa Cruz, CA,
USA). Next, the cells were incubated with the following
primary antibodies: Nanog, Oct 3/4, STRO-1, CD-44, and
CD-146 (1:50; Santa Cruz Biotechnology) at 4 °C for 12 h,
followed by incubation for 1 h with secondary antibody
conjugated with FITC (fluorescein isothiocyanate. 1:1000;
Santa Cruz Biotechnology) at room temperature. After this,
the cells were incubated with Hoechst (1:5000; Invitrogen San
Francisco, CA, USA) for nuclear contra-fluorescence. The
cells were analyzed in the IN Cell Analyser 2000 (GE
Healthcare Life Sciences, Freiburg, Germany), with six im-
ages being obtained per compartment, and the percentage of
positively marked cells was obtained by means of the IN Cell
Investigation software program (GE Healthcare Life
Sciences). Positive marking was observed in 57.7 % for CD-
146; 83.8% for Nanog; 97.2% for Oct 3/4; 72.8% for STRO-
1; and 83.9 % for CD-44. These data demonstrated that the
primary culture of pulp cells used represented a culture with
the predominance of stem cells [15, 16].

Experimental procedure The cells (passage 3) were seeded in
24-well plates (60,000 cells per well) and remained in an
incubator at 37 °C and 5 % CO2 for 24 h, obtaining 80 %
confluence. After this period had elapsed, the culture medium
was replaced with 300 μL of DMEM without FBS, and the
disk/trans-well set was placed on the compartment in which
the cells were seeded, so that the dentin surface was kept in
intimate contact with the culture medium and the enamel
surface remained exposed in order to receive the bleaching
gels. Gels with decreasing concentrations of H2O2 were ob-
tained by diluting the liquid of a 35 % H2O2 bleaching gel
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(Whiteness HP, FGM, Joinvile, Brazil), immediately before
the bleaching procedure, thereby obtaining the following ex-
perimental groups: G1—negative control (without treatment),
G2—35 % H2O2 gel applied for 3×15 min, G3—35 % H2O2

gel applied for 1×15 min, G4—17.5 % H2O2 gel applied for
3×15 min, G5—17.5 % H2O2 gel applied for 1×15 min,
G6—10 % H2O2 gel applied for 3×15 min, G7—10 %
H2O2 gel applied for 1×15 min, G8—8 % H2O2 gel applied
for 3×15 min, and G9—8 % H2O2 gel applied for 1×15 min.
A total of 16 disk/trans-well set were used for each experi-
mental group. Twelve of them were used to evaluate the cell
viability and the other 4 were assigned to cell morphology
analysis. Immediately after conclusion of the bleaching pro-
cedure, the disk/trans-well set was removed, the culture me-
dium was aspired, and the cells were washed with buffered
saline solution (PBS). Cell viability and morphology were
evaluated in two distinct time intervals: T1—immediately
after the bleaching procedure and T2—72 h after conclusion
of bleaching. For the cells evaluated at T2, the culture medium
with 10 % FBS was changed every 24 h. For each time
interval, six disk/trans-well set were used for cell viability
and two were used for cell morphology analyses.

Cell viability A total of 6 disk/trans-well sets were used for
each experimental group in each time interval of analysis (n=
6). For each period, the cells were incubated with MTT
solution (5 mg/mL) diluted in DMEM (1:10), and were incu-
bated at 37 °C and 5 % CO2 for 4 h. Next, the formazan
crystals formed in the viable cells were dissolved in acidified
isopropanol, and the absorbance was measured in an Elisa
reader at 570 nm (Tp Reader, Thermoplate, Nanshan District,
Shenzhen, China) [8, 9]. The mean absorbance value of the
negative control group in time interval T1 was considered
100 % cell viability, with the percentage cell viability for each
experimental group at T1 and T2 being calculated from this
parameter.

Cell morphology In order to perform this analysis, the cells
were seeded on glass slides placed at the bottom of 24-well
plates. In each time interval of analysis (n=2), the cells were
fixed in 2.5 % glutaraldehyde (Sigma Chemical Co.), and then
post-fixed in 1 % osmium tetroxide (Sigma Chemical Co.),
dehydrated in increasing concentrations of alcohol (30, 50, 70,
90, and 100 %) and submitted to chemical drying in HMDS
(1,1,1,3,3,3-hexamethyldisilazane; Sigma Chemical Co.).
Lastly, the slides with the cells were fixed on metal stubs, kept
in a desiccator for 72 h, sputter-coated with gold and finally
analyzed by scanning electron microscopy (JEOL JSM 6610;
JEOL Ltd., Akishima, Tokyo, Japan).

Statistical analysis Two independent experiments were per-
formed to demonstrate the reproducibility of the results, and
the data of cell viability were complied and submitted to

statistical analysis. The effect of the factors “time interval of
evaluation”, “H2O2 concentration,” and “frequency of appli-
cation” on the response variable (cell viability) was evaluated
in the following manner: initially, the different H2O2 concen-
trations were compared within each time interval and frequen-
cy of application. Next, the effect of frequency (one vs. three
applications) was analyzed for each time interval and concen-
tration; finally, the effect of time interval (immediate vs. 72 h)
was investigated within each concentration and frequency of
application. The Kruskall Wallis and Mann-Whitney statisti-
cal test were applied at a level of significance of 5 %. The
statistical software program SPSS 20.0 (IBM SPSS Statistics
for Windows, IBM Corp., Armonk, NY, USA) was used for
the analyses.

Results

The cell viability values are shown in Table 1. It was possible
to observe that the factors H2O2 concentration and frequency
of application had a significant effect on stem cell viability
immediately after performing tooth bleaching. In general, the
higher the concentration and longer the frequency of
bleaching gel application on the tooth surface, the more in-
tense was the reduction in cell viability at T1 and the lower the
cell capacity to recover at T2.

At T1 (immediately after the bleaching procedure), the
35 % H2O2 bleaching gel promoted intense reduction in cell
viability when a single 15-min application of the product was
made on enamel, with this effect being even greater when
three applications were made. The reduction in H2O2 concen-
tration to 17.5 % in the gel diminished the toxic effect of the
product in both techniques tested, with significant difference
being observed when compared with the 35 % H2O2 gel. A
statistically similar result to that of the negative control was
observed for the gels with concentrations of 8 and 10 % H2O2

when one 15-min application was made. It should be pointed
out that there was no statistical difference when the two gels
were compared with one another. Nevertheless, the increase in
frequency of application (3×15min) resulted in a greater toxic
effect, seeing that the cell viability values for both groups (8
and 10 % H2O2) were significantly lower than those for the
negative control group. However, the two gels applied accord-
ing to the tested techniques presented a significantly higher
cell viability than that observed for the 35 % H2O2 gel.

At T2 (72 h after the bleaching procedure), it was possible
to observe that the cells that had remained viable immediately
after bleaching presented the capacity to recover, since the cell
viability values were significantly higher than those observed
at T1, with the exception of the treatment performed with
35 % H2O2 gel applied three times×15 min. All the groups
presented a significantly lower cell viability value than the
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negative control group. Cell viability of over 100 % was
observed for the 8 and 10 % H2O2 gels applied on enamel
for 15 min. When the 8 % H2O2 gel was applied three times×
15 min, the cell viability value in T2 was similar to that found
for the negative control in T1.

Representative images of cell morphology resulting from
the tooth bleaching protocols tested in the two time intervals
of analysis are represented in Fig. 1. At T1, it was possible to
observe changes in the cell morphology for the groups sub-
mitted to the bleaching protocols tested. In these groups, the
number of cells that remained adhered to the glass substrate
exhibited contraction of the cytoplasm, characterizing smaller
cells than those observed for the control group. The most
intense morphological alterations in the cells occurred when
the 35%H2O2 bleaching gel was applied three times×15min,
particularly in T2. In the other bleached groups, the cells
presented ample cytoplasm in T2, almost covering the glass
substrate. The groups bleached with 8 and 10 % H2O2 gels
applied on the enamel one time for 15 min exhibited a cell
morphology at T2, similar to that observed in the negative
control at T1.

Discussion

Dental pulp is a highly specialized connective tissue almost
completely covered by mineralized tissue [17]. At the periph-
ery of pulp, in an intimate relationship with dentin, there are
the odontoblasts, terminal cells, whose main function is the
physiological deposition and mineralization of the dentin ma-
trix, or in response to external injuries [18]. In addition, these
cells participate in regulation of the immune/inflammatory

response of pulp tissue [19]. Thus, the odontoblasts are con-
sidered the central cells in the process of repair and mainte-
nance of the dentin-pulp complex vitality [18]. As is the case
with the odontoblasts, the stem cells present in the pulp are
also primordial for the homeostasis of this tissue. Under
normal conditions, these cells are capable of differentiating
to replace cells that die by apoptosis [20]. However, when the
pulp suffers an intense injury capable of causing the death of a
large number of odontoblasts, the reparative dentinogenesis
process is triggered, which involves recruitment, proliferation,
and differentiation of stem cells into odontoblast-like cells
[17, 20]. Therefore, the pulp stem cells are intimately related
to the capacity of pulp tissue repair in the face of traumas of
different origins [20]. Diverse studies have demonstrated that
these cells express Nanog, Oct3/4, STRO-1, CD-44, and CD-
146 markers [15, 16]. Therefore, positive response of around
58 to 97 % for these markers in the cell culture used in this
study confirms the presence of a dominant population of stem
cells, validating the scientific data obtained.

In vivo studies have demonstrated that in addition to the
primary odontoblasts, pulp stem cells are lethally attacked
when the traditional in-office bleaching therapy is performed
on the healthy tooth surface [7, 21, 22]. The occurrence of
damage of such magnitude promotes early pulp tissue aging,
since a large number of stem cells, which would be used for
odontoblast replacement throughout the life of the dental
organ, are lost, thereby reducing the healing capacity of the
dentin-pulp complex [20]. Therefore, new parameters for in-
office tooth bleaching have been the target of various contem-
porary researches, with the aim of minimizing the damage to
pulp cells [4, 8, 11], and the consequent tooth sensitivity
related by patients [12, 13]. Recently, Soares et al. [4]

Table 1 Effect of concentration and frequency of application of hydrogen peroxide on the viability of dental pulp stem cells immediately or 72 h after
contact with bleaching agent

Period H2O2 concentration Frequency

3×15 min 1×15 min

Immediate 0 97.9 (97.2–102.1) Aa 97.9 (97.2–102.1) Aa

35 % 3.3 (2.7–3.7) Db 7.2 (6.1–7.5) Ca

17.5 % 14.9 (13.0–18.3) Cb 24.9 (15.3–28.3) Ba

10 % 27.3 (22.4–46.8) BCb 62.8 (56.7–67.7) Aa

8 % 40.3 (36.6–44.0) Bb 63.8 (61.5–70.2) Aa

72 h 0 203.7 (191.9–205.1) Aa* 203.7 (191.9–205.1) Aa*

35 % 3.1 (3.1–3.1) Db 33.5 (22.1–38.3) Ca*

17.5 % 44.7 (43.2–76.0) Ca* 67.8 (55.1–78.5) Ca*

10 % 43.3 (40.3–50.2) Cb* 102.2 (93.2–116.6) Ba*

8 % 90.9 (85.3–93.0) Ba* 114.4 (109.5–121.7) Ba*

Values are median (percentile 25−percentile 75), n=6. Comparisons are possible within each time interval of analysis, separately. Capital case letters
allow comparisons in the columns within each time interval of analysis (immediate or 72 h) and lower case letters on the lines. Groups identified with
different letters differ statistically (Mann-Whitney, p<0.05)

*p<0.05 (statistical difference (Mann-Whitney) between the time intervals of analysis for the same concentration and frequency of application)
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demonstrated that some factors, such as (1) reduction in the
time of 35 % H2O2 bleaching gel application from 45 to 15 or
5 min, and (2) a 50 % reduction in the concentration of H2O2

present in this type of gel, are capable of significantly
diminishing the toxicity of the bleaching procedure to pulp
cells in culture. However, the authors showed that human pulp

cells were highly sensitive to the 35 and 17.5 % H2O2, applied
for 45, 15, or 5 min, with the cell viability reduced by 65 to
97 %. In this study, the authors showed that when 17.5 %
H2O2 bleaching gel was used, a greater reduction on H2O2

diffusion (60–95 %) through enamel and dentin occurred
compared to the traditional protocol (35 % H2O2; 3×

Fig. 1 SEM Images MEV (×500) representative of the control and
bleached groups, for each hydrogen peroxide concentration, and frequen-
cy of application (3×15 min or 1×15 min), in both time intervals of
analysis, immediate (T1) and 72 h post-treatment (T2). A-1 The cells
exhibited ample cytoplasm, covering the entire glass slide (horizontal
arrows). A-2 A larger number of cells may be observed. B-1 The cells
featured intense alterations in morphology, characterized by contraction
in cytoplasm (oblique arrows) and reduction in the number of adhered
cells, and it is possible to observe exposed areas of the glass slide
(asterisk). B-2 A similar feature as B-1 is observed, demonstrating that

cells presented no recovery in themorphology at T2.C-1, D-1 contraction
in cytoplasm (oblique arrows) and large cells free areas (asterisk) are
observed. C-2, D-2 The cells exhibit ample cytoplasm, covering almost
the entire glass surface. E-1, F-1, G-1, H-1, I-1 The cells exhibit contrac-
tion on cytoplasm, and discrete reduction on the number of cells is
observed, exposing some areas of the glass slide (asterisk). E-2, F-2,
H-2Cells with a wide cytoplasm, almost covering the entire glass surface,
are observed. G-2, I-2 a great number of cells with wide cytoplasm are
observed, featuring the same morphology as the control group at T1 (A-1)
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15 min). However, when the contact time was reduced to
5 min, the bleaching effectiveness was intensely impaired
[14]. Also, evenwith this intense reduction onH2O2 diffusion,
the immediate cytotoxicity of the 17.5 % H2O2 gel to the
human dental pulp cells was high. However, the cells present-
ed an interesting proliferative capability through time, which
was up to 50 % 3 days after bleaching [4]. Therefore, in the
present study, the effect of bleaching gels containing even
lower concentrations of H2O2 in their composition (8 and
10 %), on the vitality, and recovery of human dental pulp
stem cells was evaluated as well as the effect of the frequency
of application of these gels within these parameters, and data
was compared to the 35 and 17.5 % H2O2 gels previously
investigated.

According to the results obtained, the dental pulp stem cells
presented an intense reduction in viability with the 35%H2O2

gel was used, irrespective of the frequency of application.
After 72 h, a small recovery in cell viability was observed
only when this gel was applied for 15 min. These data were
corroborated by the SEM images obtained, in which intense
alteration in cell morphology was observed, in addition to a
reduction in the quantity of cells that remained adhered to the
glass substrate; these results determined that part of the cells in
contact with the H2O2 that diffused through the enamel and
dentin died and became detached from the substrate on which
they were cultivated (glass slides). Various other studies, using
a methodology similar to that used in this investigation, have
demonstrated that when a bleaching gel containing 35 %
H2O2 was applied on enamel for 45 min, it caused intense
damage to odontoblast-like cells, with the toxicity being pro-
portional to the time the product was in contact with the tooth
surface [4, 8, 11]. However, the reduction in the contact time
from 45 to 15 min led to a reduction in the toxic effect, since
the odontoblast-like cells presented around 70 to 99 % cell
viability [8, 11]. In the present study, a reduction in cell
viability of around 97 % was observed when dental pulp stem
cells were submitted to these therapies, demonstrating the
greater susceptibility of these cells to bleaching treatment
when compared with cells with the odontoblastic phenotype,
as observed in previously studies [4, 8].

It has been demonstrated that the cytotoxicity of bleaching
gels to pulp cells in culture is caused by the direct action of the
H2O2 and its byproducts (relative oxygen species—ROS), and
by oxidative cell stress induced by these ROS, whose intensity
is proportional to the time the product is in contact with the
tooth surface and the H2O2 concentration in the bleaching gel
[4]. These parameters have a direct influence on the diffusion
of H2O2 and its degradation byproducts through the mineral-
ized structures of the tooth [4, 14]. Depending on the intensity
of the oxidative stress generated, the process of lipid peroxi-
dation is initiated, due to the reaction of ROS with the fatty
acids of cell membranes [23, 24]. Consequently, the cells
suffer rupture of these membranes, which induces cell death

by necrosis [4]. In the in vivo situation, this oxidative stress
triggers an inflammatory tissue reaction [7, 21, 22], and in-
crease in the expression of metalloproteinases and cathepsins
by local pulp cells, promoting degradation of the cell matrix
[25]. Also, the cells that die by necrosis release their lysosomal
enzymes, which lead to cell matrix decomposition, resulting
in extensive tissue damage [23, 24], such as was demonstrated
recently in the pulp of anterior teeth submitted to professional
bleaching treatment [7]. Therefore, there is a clear risk of
performing the in-office bleaching technique traditionally
used in teeth with reduced enamel and dentin thickness, such
as incisors, which allows intense diffusion of H2O2 and its
degradation byproducts into the pulp chamber, with conse-
quent extensive and irreversible tissue damage [7, 22].

The reduction in concentration of the bleaching gel in the
present study caused a significant drop in the toxic effect when
compared with the gel containing 35 % H2O2. The 17.5 %
H2O2 gel promoted a reduction in toxicity of around 3 to 4
times when compared with the gel containing 35 % H2O2,
whereas the gels containing 8 and 10 % H2O2, promoted a
reduction of around 8 to 12 times in this toxic effect. For the
three experimental concentrations tested, the frequency of
bleaching gel application on enamel showed a direct effect on
toxicity. In the period of 72 h post-bleaching, it was observed
that the cells submitted to the experimental protocols with gels
containing 17.5, 10, and 8 %H2O2 presented a greater capacity
for recovery than that observed for the gel containing 35 %
H2O2 applied on enamel for 15 min. The 8 and 10%H2O2 gels
showed the best results, with cell viability values close to or
higher than 100 % being observed, in addition to morphology
similar to that of the negative control at T1. In negative control
group, high cell viability was observed in T2 (203.7 %). This
was expected since the cells were not exposed to toxic solutions
and consequently had their proliferative potential unchanged
with time. Nevertheless, in spite of the cell viability observed
for the 8 and 10 %H2O2 gels did not reached the same value as
negative control at T2, values similar to control group at T1
were observed, demonstrating that cells exposed to these gels
were able to recover its initial viability.

Previous studies have demonstrated that low concentra-
tions of H2O2 are capable of stimulating cells to express
proteins related to the deposition and mineralization of dentin
matrix, in addition to intensifying the deposition of minerali-
zation nodules; these positive cellular effects were associated
with the low intensity oxidative stress generated by the re-
duced quantity of H2O2 [26, 27]. Therefore, it may be specu-
lated that this ROS at low concentration may stimulate the
process of odontoblastic differentiation, and consequently, the
healing capacity of the dentin-pulp complex. These data dem-
onstrated that human dental pulp cells are capable of regulat-
ing low intensity oxidative stress, which results in an increase
in their rate of proliferation and modulation of their secretory
activity [26, 27].
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In spite of the interesting results observed in the present
study when low concentrations of H2O2 were used, it must be
pointed out that the efficacy of the bleaching procedure may
be compromised in a short-term analysis [11]. Nevertheless,
Soares et al. [14] have demonstrated that the gel containing
17.5 % H2O2 obtained the same bleaching effect observed for
gel with 35 % H2O2 when the number of sessions was in-
creased. Furthermore, Sulieman et al. [28] observed that gels
with 25, 10, 15, and 5 % H2O2 were capable of achieving the
same standard of bleaching (B1, VITA scale) as the gel with
35 % H2O2 by increasing the number of sessions. Other
in vivo studies observed a bleaching effect similar to that of
the conventional protocol when gels with 15–20%H2O2 were
used, with the advantage of a reduction in the prevalence and
intensity of tooth sensitivity [12, 13]. Therefore, the use of
bleaching gels with low concentrations of H2O2 appears
to be an interesting alternative for professional tooth
bleaching and is able to be used for teeth with a small
enamel and dentin thickness, such as the mandibular
incisors, which are more susceptible to the damage
resulting from the traditional therapy [7]. Additionally,
based on the fact that the cells subjected to the
bleaching protocols with gels containing low concentra-
tions of H2O2 exhibited a greater capacity for recovery
compared to the gel containing 35 % H2O2, it may be specu-
lated that in clinical situation, the slight initial damage caused
by the gels containing 17.5, 10, and 8 % H2O2 to pulpal cells
would be significantly minimized, with pulp tissue presenting
regenerative capability through time.

Although interesting, the scientific data obtained in
this study must be carefully analyzed, considering that
in in vivo situations, the presence of organic and inor-
ganic components within the dentinal tubules, as well as
the exudation of dentinal fluid may reduce the trans-
enamel and trans-dentinal diffusion of toxic products
released from dental materials [29]. Similarly, the regen-
erative capacity of pulp cells in vivo is greater than when
these cells are cultivated in a laboratory, which may be
explained by the fact that the presence of extracellular
matrix in vital pulp tissue minimizes the direct damage
caused by toxic agents to these specific types of cells
[30]. Because of the limitations previously cited, the
results of the present investigation cannot be directly
extrapolated to the clinical situation. Therefore, further
in vivo studies are needed to evaluate the bleaching
effectiveness, tooth sensitivity, as well as the response
of pulp tissue to different bleaching therapies. This is
justified due to the fact that tooth bleaching is a well-
established esthetic clinical procedure worldwide; never-
theless, safer and effective bleaching techniques that
prevent post-treatment sensitivity must be established,
benefiting patients and appreciating the technical skill
and scientific knowledge of dentists.

Conclusions

According to the results of the present investigation, gels with
17.5, 10 and 8 % of H2O2 minimized significantly the imme-
diate trans-enamel and trans-dentinal cytotoxicity of bleaching
to the dental pulp stem cells compared to the traditional in-
office protocol (35 % H2O2 3×15 min). This immediate
cytotoxicity was concentration dependent, and the lower the
H2O2 concentration, the higher the late proliferative capability
of pulp cells.
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