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Abstract
Objectives The objective of this study was to evaluate the
bleaching effectiveness, hydrogen peroxide diffusion (H2O2),
and cytotoxicity of a bleaching gel with 35 % H2O2 either
associated with ferrous sulfate (FeSO4) or not.
Materials and methods Enamel/dentin discs adapted to artifi-
cial pulp chambers were placed in compartments containing a
culture medium (Dulbecco's Modified Eagle's Medium
(DMEM)) and distributed into the following groups: G1—
no treatment (negative control), G2—10 % carbamide perox-
ide (one application for 4 h), G3—35 % H2O2 (three applica-
tions for 15 min), and G4—35 % H2O2 + 0.004 g FeSO4

(three applications for 15 min). After treatments, the extracts
(DMEM + bleaching components that diffused across enamel
and dentin) were applied on human dental pulp cells (HDPCs)
and odontoblast-like cells (MDPC-23). Cell viability (MTT
assay, Kruskal–Wallis and Mann–Whitney, α =5 %), quanti-
fication of H2O2 diffusion, and color change of the enamel/
dentin discs (Commission Internationale de I'Eclairage
L*a*b* system) were assessed (analysis of variance and
Tukey's tests, α =5 %).

Results For both cells, a significant reduction in cell viability
was observed for G3 and G4 compared with G1 and G2. No
statistical difference was observed between G3 and G4. The
rate of H2O2 diffusion was significantly higher in G3 com-
pared with that in G2 and G4. The ΔE value for G4 was
statistically higher than that of the other groups.
Conclusions Chemical activation of H2O2 by FeSO4 im-
proves the bleaching effectiveness. However, this metal
ion has no significant protective effect against pulp cell
cytotoxicity.
Clinical relevance Although the chemical activation of H2O2

by adding FeSO4 to the bleaching agent improved the
bleaching effectiveness, this metal ion has no significant pro-
tective effect against pulp cell cytotoxicity.
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Introduction

Hydrogen peroxide (H2O2) is a reactive oxygen species wide-
ly used in dental bleaching, due to its capacity to dissociate
into other reactive oxygen species (ROS) with a high level of
oxidative activity, such as peri-hydroxyl ions (HO2

−), super-
oxide anions (O2

−), singlet oxygen (O2−), and hydroxyl ions
(HO−) [1]. These ROS oxidize the chromophores present in
the dentin structure, by breaking down the unsaturated bonds
in their chains, and reducing tooth light absorption [2].
However, when bleaching gels with high concentrations of
H2O2 are applied to the tooth surface, such as those proposed
for the in-office bleaching technique, a large quantity of H2O2

quickly diffuses through enamel and dentin and causes intense
pulpal damage and tooth sensitivity [3]. Thus, it is essential to
reduce H2O2 penetration into the pulp chamber in order to
achieve a safer and painless tooth bleaching treatment [4].
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New alternatives for in-office bleaching have been recently
evaluated [4–7], since this technique has wide clinical applica-
bility, because it is performed under complete professional
supervision [2]. Reduction in bleaching gel concentration
[5–7] and reduction in contact time with the dental structure
are two interesting options reported in the literature, regarding
the minimization of pulp cell toxicity and clinical tooth sensi-
tivity. These procedures decrease H2O2 diffusion through the
tooth structure, thereby reducing the toxicity to pulp cells
in vitro [2]. Clinically, both procedures may also decrease the
incidence and intensity of tooth sensitivity [6, 7]. However, the
bleaching effectiveness is harmed, and it is necessary to per-
form extra clinical sessions to obtain the desired esthetic out-
come [4, 5]. In addition, bleaching gels (35 and 20 % H2O2)
with high and stable pH (8.0–9.0) associated with calcium
gluconate seem to be an interesting alternative. This is because
these products result in effective tooth bleaching associated
with low rates of tooth sensitivity [6], which are approximately
three to four times lower than those previously reported in the
literature for highly concentrated bleaching gels [8, 9].

Chemical activation of H2O2 by metal salts has been also
proposed in the literature, with the goal of improving the clinical
effectiveness of bleaching procedure [10, 11]. Moreover, Torres
et al. [12] observed that the association ofH2O2withmanganese
gluconate or ferrous sulfate (FeSO4) resulted in an increase in
bleaching effectiveness associated with a reduction in H2O2

diffusion through the tooth structure. According to the authors,
metal ions boost H2O2 degradation, resulting in faster reactivity
of the ROS with the dental structure, so that the quantity of
unreacted free molecules that diffuse through the entire enamel
and dentin structure is minimized [12]. Thus, it is believed that
chemical activation of bleaching gels may reduce the oxidative
damage to the pulp cells caused by H2O2 and, consequently,
tooth sensitivity. Therefore, the aim of the present study was to
evaluate whether the addition of FeSO4 to an in-office bleaching
gel would improve its bleaching effectiveness and also interfere
in the H2O2 diffusion through enamel/dentin, and its consequent
toxicity to pulp cells. The null hypothesis of this study was that
the chemical activation of H2O2 using FeSO4 would have no
significant effect on bleaching effectiveness, H2O2 diffusion
across enamel and dentin, as well as on pulp cell cytotoxicity.

Materials and methods

Cell culture A human dental pulp cell (HDPC) primary culture
was obtained from the enzymatic digestion of pulp tissue from
the third molars donated by volunteers, after signing the term of
free and informed consent (Proc. 13/11, Research Ethics
Committee of the Araraquara School of Dentistry, SP, Brazil).
The pulp tissue was aseptically removed and cut up with a
scalpel blade to obtain small fragments. These were incubated
at 37 °C and 5 % CO2 for 24 h, in a 25-cm2 culture flask

(Corning Inc., Corning, NY, USA) containing Dulbecco's
Modified Eagle's Medium (DMEM) supplemented with 10 %
fetal bovine serum (FBS), 100 IU/mL penicillin, 100 μg/mL
streptomycin, 2 mmol/L glutamine (Gibco, Grand Island, NY,
USA), and 200 U/mL collagenase type II (Worthington
Biochemical Corporation, Lakewood, NJ, USA). After this,
the cells were trypsinized, cultivated, and subcultivated in cell
culture flasks with a complete DMEM culture medium without
collagenase. Cells between the fourth and sixth passages were
used in the study. In addition, an immortalized odontoblast-like
cell lineage (MDPC-23) was used, which was cultivated and
subcultivated in DMEM with 10 % FBS every 3 days, in 75-
cm2 flasks (Corning Inc.). To carry out the experimental pro-
cedure, the cells were separately seeded in 24-well plates at the
density of 2×104 cells/cm2 for 48 h at 37 °C and 5 % CO2, and
a pattern of 80 % confluence was obtained.

Trans-enamel and trans-dentinal cytotoxicity A total of 36
enamel/dentin discs, measuring 5.6 mm in diameter and
3.5 mm thick, were obtained from the vestibular surface of
bovine incisors, by the same method as described by Soares
et al. [4]. The dentin surface of the discs was regularized with
400- and 600-grit abrasive papers and then treated with 0.5 N
EDTA for 30 s for smear layer removal. The discs were fitted to
artificial pulp chambers (APCs) [4], and the set was sterilized
with ethylene oxide (ethylene oxide sterilization chamber,
Acecil 1.900 lts, Campinas, SP, Brazil). The disc/APC sets were
then placed in 24-well plates (Corning Inc.) containing 1 mL of
DMEM (Gibco) without FBS (Gibco), in such a way that the
dentin surface remained in intimate contact with DMEM.
Bleaching was performed on the enamel surface according to
the following groups (n=9): G1—no treatment (negative con-
trol); G2—10 % carbamide peroxide (CP) (Whiteness Perfect,
FGM, Joinville, SC, Brazil), one application for 4 h; G3–35 %
H2O2 (Whiteness HP, FGM), three applications for 15 min; and
G4—35 % H2O2 + FeSO4, three applications for 15 min. For
G4, 0.004 g of FeSO4 was incorporated into one drop of
thickener and, afterwards, mixed with three drops of liquid
containing H2O2, immediately before gel application on the disc
surfaces. The products, composition, and application regimens
used in the bleached groups are summarized in Table 1. In a
previously study, the trans-enamel and trans-dentinal cytotoxic-
ity of Whiteness Perfect 10 % CP gel to MDPC-23 cells was
evaluated, and no significant reduction in cell viability was
observed [13]. Therefore, this product was considered the pa-
rameter of reference for noncytotoxic bleaching therapy.
Immediately after the bleaching procedure, two aliquots of
400 μL of the culture medium in contact with dentin from each
APC, which contained the components of the bleaching gel
capable of performing trans-enamel and trans-dentinal diffusion
(extract), were obtained, and each aliquot was applied to previ-
ously cultivated cells for 1 h. After this, cell viability was
analyzed by means of methyl tetrazolium assay (MTT)
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(Sigma Chemical Co., St. Louis, MO, USA) [4], and the absor-
bance of formazan crystals was measured in an ELISA micro-
plate reader at 570 nm (Tp Reader; Thermoplate, Nanshan
District, Shenzhen, China). The negative control group (G1)
was considered to present 100 % cell viability. Three indepen-
dent experiments were performed.

Quantification of H2O2 diffusion One aliquot of 100 μL of the
remaining extract from six wells (n =6) was transferred to tubes
containing 900 μL of acetate buffer solution (2 mol/L, pH 4.5)
immediately after the bleaching ended. This solution has the
capacity to prevent the degradation of H2O2 up to the time of
analyses. After this, one aliquot of 500 μL of the buffer solution
containing the extract was transferred to tubes containing violet
leukocrystal dye (0.5 mg/mL, Sigma Chemical Co.) and horse-
radish peroxidase enzyme (1 mg/mL, Sigma Chemical Co.).
The final volume of the reaction was adjusted to 3 mL with
deionized water, and the absorbance of the solutions was mea-
sured in an ELISA microplate reader at 600 nm. A standard
curve of known H2O2 concentrations was used for the conver-
sion of the optical density obtained in the samples into micro-
grams of H2O2, and the data were related to micrograms per
milliliter of extract.

Bleaching efficacy To analyze the effectiveness of the proposed
bleaching protocols, the enamel/dentin discs were submitted to

staining in a black tea solution (n =6). The dentin surface of
discs was treated with 35 % phosphoric acid (3M ESPE, St.
Paul, MN, USA) for 60 s and then washed with distilled water
for the same period. After this, the discs were incubated at 37 °C
for 6 days in a standardized solution of black tea [4, 14]. After
this period, the enamel was polished with a pumice stone
solution and the discs were submerged in water for 7 days to
eliminate the nonadhered pigments. Color analysis was per-
formed in a portable ultraviolet–visible reflectance spectropho-
tometer (Color guide 45/0, BYK-Gardner GmbH Geretsried,
Germany) at a wavelength ranging from 400 to 700 nm and
standard D65 illumination. The specimens were adapted to a
white silicone matrix, leaving only the enamel surface exposed.
The portable spectrophotometer was positioned over the sam-
ple, three readouts were performed in each analysis, and the
mean value was obtained. Color analysis was performed before
and 24 h after the bleaching treatment. The enamel surface of
the discs remained in contact with artificial saliva (3.9 %mono-
basic potassium phosphate, 3.6 % potassium chloride, 2 %
sodium chloride, 2 % potassium chloride, 3.7 % magnesium
chloride, 0.2 % Phenochem, 10 % Natrosol gel, distilled water
qsp, pH=7.0) [13], and dentin remained in a humid environ-
ment to prevent dehydration [4]. For color change analysis, the
CIE L*a*b* model of colors, established by the “Commission
Internationale de I'Eclairage—CIE” (International Commission
on Illumination), was used. This system of color evaluation

Table 1 Products, composition, and application regimens for bleached groups

Groups Products Composition Application regimens

G2 Whiteness Perfect (FGM,
Joinville, SC, Brazil)

Carbamide peroxide 10 %, neutral
carbopol, potassium nitrate,
sodium fluoride, glycol, water

• 30 mg of the bleaching gel was applied over enamel surface

• The product was left over enamel for 4 h at 37 °C

• The product was aspirated and analysis immediately performed

G3 Whiteness HP (FGM,
Joinville, SC, Brazil)

Hydrogen peroxide 35 %,
thickener, purple pigment,
glycol, water

• Three drops of liquid containing hydrogen peroxide (phase 1)
were mixed to one drop of thickener (phase 2)

• The gel was applied (30 mg) over enamel immediately after mixing

• The gel was left over enamel for 15 min at 37 °C

• The gel was aspirated

• The manipulation and application of gel were repeated two
more times, totalizing 45 min of treatment

• After the last application, the product was aspirated and
analysis was immediately performed

G4 Whiteness HP (FGM,
Joinville, SC, Brazil)

Hydrogen peroxide 35 %,
thickener, purple pigment,
glycol, water

• 0.004 g of FeSO4 was mixed to 1 drop of thickener (phase 2)

• Three drops of liquid containing hydrogen peroxide (phase 1)
were mixed to the FeSO4/thickenerFerrous sulfate (Labsynth,

Diadema, SP, Brazil)
• The resulting gel was applied (30 mg) over enamel immediately

after mixing
FeSO4·7H2O

• The gel was left over enamel for 15 min at 37 °C

• The gel was aspirated

• The manipulation and application of the gel were repeated two
more times, totalizing 45 min of treatment

• After the last application, the product was aspirated and
analysis immediately performed
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determines color in a quantitative manner by means of three
parameters (L* , a* , and b* ), where L* is the measure of
luminosity of the object and is quantified on a scale in which
black presents a value of L* equal to zero and totally reflected
light a value of L* equal to 100, a* is the measure of the
quantity of red (+a*) and green (−a*), and b* is the measure
of the quantity of yellow (+b*) and blue (−b*). The color
change (ΔE) was calculated by means of the following equa-
tion: ΔE*=[(ΔL)2+(Δa)2+(Δb)2]½, where ΔL =L*final−
L*initial, Δa =a*final−a*initial, and Δb=b*final−b*initial.

Statistical analysis Data was submitted to Levene's test to
verify homoscedasticity. Thereafter, the cell viability data of
the HDPC and MDPC-23 cells were submitted to the
Kruskal–Wallis and Mann–Whitney tests, while the quantifi-
cation data of H2O2 and of the elements that composed the
color analysis (ΔL ,Δa ,Δb , andΔE ) were evaluated by one-
way analysis of variance (ANOVA), complemented by the
Tukey multiple comparison tests of pairs. All the tests were
considered at a level of significance of 5 %.

Results

The cell viability results for the human pulp cells (HDPCs) and
MDPC-23 are presented in Fig. 1. Considering G1 as present-
ing 100 % cell viability, the percentage of reduction in viability
of the HDPC for groups G2, G3, and G4 was 24.6, 92.6, and
95.9 %, respectively. For MDPC-23 cells, the reduction in
viability for groups G2, G3, and G4 was 18.8, 77.3, and
62.3 %, respectively. This reduction was significant for the
groups treated with gel containing 35 % H2O2 in comparison
with the negative control (G1) and the group bleached with
10 % CP (G2), irrespective of the association with FeSO4, for

both studied cell lineages (p <0.05). No significant difference
was observed between G3 and G4 and between G1 and G2 for
both cell lineages, when these groups were compared among
them (p >0.05). The data of H2O2 quantification in the extracts
are represented in Fig. 2. No peroxide was detected in the
negative control group, which was disregarded in the statistical
analysis. The group bleached with 10 % CP presented the
lowest H2O2 diffusion values (0.22±0.21 μg/mL), followed
by the group bleached with 35 % H2O2/FeSO4 gel (2.32±
0.56 μg/mL) and the group bleached with 35 % H2O2 (3.53±
0.73 μg/mL). All the groups presented a statistical difference
when compared (p <0.05). The results of ΔL , Δa , Δb , and
ΔE for the samples submitted to bleaching are presented in
Table 2. A significant increase was observed in the value ofΔL
and ΔE , for all the bleached groups when compared with the
negative control. A significant reduction of Δa and Δb in
comparison with the negative control was observed only for
the group bleached with 35%H2O2/FeSO4 gel (G4). When the
groups with and without FeSO4 were compared, a significant
difference was observed for ΔE only.

Discussion

In the presence of metal ions such as iron (Fe2+), the decompo-
sition of H2O2 is catalyzed according to the Fenton reaction,
generating the formation of Fe3+ and HO− [15]. Thus, one
observes that the main effect of the addition of FeSO4 to the
H2O2-based bleaching agents is to increase the formation of
OH- ions, thereby activating the oxidative capacity of these
dental products; this is becauseOH- is a free radical that presents
intense reactivity, rapidly interacting with adjacent molecules
[1]. Therefore, it is hypothesized that during the bleaching
procedures, there is an increase in the formation of OH- on the

Fig. 1 a Human dental pulp cell (HDPC) and b odontoblast-like cell
(MDPC-23) viability according to the experimental groups (n =9). The
values represent percentage of cell viability. The bottom and top lines of
the boxes represent the percentiles 25 and 75, respectively. Therefore, the

boxes represent 50 % of the data, while the bars represent the minimum
and maximum values of each group. The median is represented by the
horizontal line within each box . For each cell type, groups identified with
the same letter do not differ statistically (Mann–Whitney, p >0.05)
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tooth surface, resulting in a specific and fast reaction with the
local chromophores, improving the bleaching effectiveness and
reducing the quantity of unreacted H2O2 available for diffusion
into the dental structure. This may explain the results of previ-
ous studies [10, 12], and data obtained in the present research, in
which significant reduction inH2O2 diffusion was demonstrated
when the bleaching gel was associated with FeSO4 in compar-
ison with the gel in its pure form, in addition to a significant
increase in the value of ΔE (around 30 %). When compared
with the negative control, this group presented the best perfor-
mance in the parameters related to color, such as a significant
reduction inΔa andΔb , demonstrating a reduction in chroma,
and the highest ΔL values, related to an increase in luminosity
of the dental structure.

In the present study, the effect of FeSO4 on the trans-
enamel and trans-dentinal cytotoxicity of the bleaching gel
to two culture lineages obtained from dental pulp was also
evaluated. The viability of MDPC-23 odontoblast-like cells
bleachedwith 35%H2O2/FeSO4 gel was 15% higher than the
viability observed for that bleached with 35 % H2O2 gel. For
HDPCs, no protective effect was observed. However, for both
cell lineages, no significant difference was observed when the
group bleached with 35 % H2O2/FeSO4 was compared to that
bleached with 35 % H2O2 gel. This discrepancy in the results
of H2O2 diffusion and toxicity may be due to the fact that the
test used detected only the presence of H2O2 in the extract and
did not have the capacity to detect the presence of other ROS

arising from its degradation [16]. As there is increased decom-
position of H2O2 in the presence of FeSO4, one believes that
the ROS formedmay also have crossed the enamel/dentin disc
to cause oxidation of cellular components. Therefore, in spite
of this discrete reduction in toxicity, the bleaching gel with
35 % H2O2, irrespective of the association with FeSO4, pro-
moted an intense reduction in viability of both the studied cell
lineages when compared with the negative control and the
group bleached for 4 h with 10 % PC gel, which is, at present,
considered as the safest treatment modality for dental pulp
[13, 17]. Other in vitro studies, using a methodology sim-
ilar to that used in the present study, observed a reduction
in cell metabolism of around 40 % when the products
resulting from trans-enamel and trans-dentinal diffusion of
a gel containing 35 % H2O2 were applied on MDPC-23
cells for 1 h [4, 18]. Trindade et al. [19] demonstrated a
reduction of around 92 % in cell viability after 24-h contact of
extracts with MDPC-23 cells, confirming that the products
released by bleaching gels remain active for long periods and
that cell toxicity is proportional to the time of contact of cells
with these products.

As regards the 10 % CP gel evaluated in this study, no
significant reduction in cell viability was observed when it
was compared with the negative control group, as has also been
reported in a previous study [13]. It may be suggested that this
low cytotoxicity was due to the reduced diffusion of H2O2

through enamel and dentin found in this study. However, the
10 % CP gel used in the present investigation contained fluo-
ride and potassium nitrate in its composition (Table 1).
Pretreatment of enamel with fluoride has been indicated to
prevent mineral loss during tooth-bleaching procedures, there-
by reducing the H2O2 diffusion into the pulp chamber and
consequently the occurrence of postoperative tooth sensitivity.
In a recent study, the effect of fluoride on the trans-enamel and
trans-dentinal cytotoxicity of a 16 % CP bleaching gel was
assessed using the same methodology design used in the pres-
ent investigation. The authors showed that 0.2 and 0.05 %
fluoride application (1 min) immediately after the bleaching
procedure decreased the enamel mineral loss. On the other
hand, the fluoride pretreatment of enamel did not prevent the
trans-enamel and trans-dentinal cytotoxic effects caused by the
bleaching agent to the cultured MDPC-23 cells [17].
Furthermore, a clinical study observed no reduction in the

Fig. 2 Quantification of hydrogen peroxide (micrograms per milliliter)
in the extract of different experimental groups. Columns and error bars
represent mean and standard deviation, respectively, n =6. Different
letters indicate that the groups are statistically different (Tukey's test,
p >0.05)

Table 2 Color analysis of
dental enamel after application
of different bleaching agents

Numbers are mean±standard de-
viation, n =6. For each element of
color analysis, groups identified
with same letter do not differ sta-
tistically (Tukey's test, p >0.05)

Group Color element

ΔL Δa Δb ΔE

Control 0.74±1.28 c −0.18±0.44 b −0.66±0.82 b 1.62±0.74 c

10 % CP 4.02±1.31 b −0.71±0.57 ab −3.01±1.38 ab 4.83±1.20 c

35 % H2O2 7.65±1.77 a −0.88±0.50 ab −3.77±2.72 ab 8.90±200 b

35 % H2O2 + FeSO4 9.88±1.83 a −1.35±0.62 a −5.77±3.25 a 11.65±3.29 a
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prevalence of tooth sensitivity when fluoride was associated
with at-home bleaching treatment [20]. With regard to potassi-
um nitrate, clinical studies have demonstrated that the applica-
tion of a desensitizer containing 5 % potassium nitrate and 2 %
sodium fluoride did not influence the prevalence of tooth
sensitivity immediately before tooth bleaching; however, the
duration of sensitivity decreased in patients who used the
desensitizer [8, 21]. It has been suggested that potassium ions
can block the synapse between nerve cells, reducing the nerve
excitation associated with pain [22]. Therefore, it may be
suggested that the reduced tooth sensitivity duration reported
in these previous in vivo studies was caused, at least in part, by
a reduction in the transmission of pain mediated by potassium
nitrate present in the desensitizer. Thus, one could expect that
the low toxicity associated with the use of 10%CP observed in
this studywas related to the low rates of H2O2 diffusion through
enamel and dentin.

The greater susceptibility to H2O2 of HDPCs in compari-
son with the MDPC-23 lineage has been observed in other
studies. Min et al. [23] related the occurrence of around 65 %
reduction in the viability of HDPCs treated with 0.5 mM of
H2O2 for 1 h, while Lee et al. [24] observed a reduction of
around 35 % in MDPC-23 viability after 24 h of treatment
with the same concentration of H2O2. The difference in re-
sponse to H2O2 of distinct cell lineages has also been observed
by Zhu et al. [25]. The same concentration of H2O2 (0.5 mM)
resulted in almost total reduction in the viability of HDPCs
and in an immortalized pre-osteoblast lineage (MC3T3-E1),
after 24 h of contact. On the other hand, the absence of a
significant reduction in cell viability was observed for primary
culture lineages of human fibroblasts (HGF) and in an immor-
talized mouse fibroblast culture (L929). These results were
directly related to the quantity of ROS produced by the cells
(intracellular activity) after contact with H2O2. The HDPCs
and MC3T3-E1 cultures produced a significantly larger quan-
tity of ROS than the HGF and L929 after contact with H2O2.
These data demonstrate that H2O2 induces an intense oxida-
tive stress in human pulp cells.

In the face of intense oxidative stress, the intracellular pro-
tection mechanisms, such as the production of antioxidant
enzymes, are incapable of completely eliminating the local
ROS. As a consequence of this imbalance, cell membrane
lesion occurs by lipid peroxidation, formation of protein aggre-
gates, and the release of enzymes present in the lysosomes,
generating a complete destructuring of cell function and induc-
tion of cell death by necrosis [1, 25]. Oxidative stress mediated
by H2O2 arising from bleaching gels is also capable of activat-
ing proteolytic enzymes present in dentin, such as cathepsins
and metalloproteinases, in addition to increasing the expression
of these enzymes by the pulp cells, which promotes degradation
of the extracellular matrix of the pulp tissue [26]. Consequently,
depending on the intensity and amplitude of the cell damage
and alterations in the extracellular matrix, the toxicity of the

H2O2 present in high concentrations in in-office bleaching gels
may cause effects ranging from pulp inflammatory reaction
through to extensive areas of tissue necrosis [3].

In conclusion, the null hypothesis was partially rejected
since a significant increase in bleaching effectiveness as well
as reduction on H2O2 diffusion occurred when FeSO4 was
added to the bleaching gel. However, this metallic ion did not
significantly reduce the trans-enamel and trans-dentinal cyto-
toxicity of the bleaching gel to cultured pulp cells. In general,
the data obtained in the present study must be interpreted with
caution, seeing that an in vitro model was used to evaluate
esthetic clinical procedures widely applied in vital teeth.
Within this context, and knowing that under physiological
conditions the vital tooth presents continuous exudation of
fluid through the dentinal tubules, we may suggest that
transdentinal diffusion of H2O2 may be reduced, limiting its
deleterious effects on the pulp [5]. Thus, further studies in
human teeth are needed to evaluate the capacity of
transenamel and transdentinal diffusion of ROS released from
in-office bleaching gels, to determine whether the concentra-
tion of these toxic agents that reach the pulp are capable of
causing tissue damage, and finally to observe whether the
addition of metal ions, such as FeSO4, to gels may interfere
in the adverse effects caused by professional bleaching
therapy.

Conclusion

According to the methodology used in the present study, it
was concluded that the addition of FeSO4 to a bleaching gel
with a high concentration of H2O2 improved the bleaching
effectiveness of the dental product and reduced the H2O2

diffusion across enamel and dentin. Nevertheless, this chem-
ical activation of bleaching gel did not significantly prevent
the toxicity of the product to cultured pulp cells.
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