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Objective: This study evaluated the color stability of enamel submitted
to 10% hydrogen peroxide (HP) followed by antioxidants agents, and the
pH and antioxidant activity (AA%) of these agents. Methodology: Bovine
enamel-dentin blocks were randomly distributed into groups (n=10/group):
GNC (negative control: no treatment); GPC (positive control: bleaching only);
TOC_10% (HP+10% a-tocopherol); GT_10% (HP+10% green tea extract);
GS_5% (HP+5% grape seed extract); SA_10% (HP+10% sodium ascorbate);
QUI_10% (HP+10% quinoa extract); and QC_1% (HP+1% quercetin). Color
(AE,,) and whiteness index (AWI;) changes were analyzed using a digital
spectrophotometer. The pH and AA% were determined using a pH meter
and the DPPH method, respectively. Data were analyzed by ANOVA/Tukey’s
and Dunnett’s tests (a=0.05). Results: At 14 days post-bleaching, GNC
promoted the lowest AWI and AE , (p<0.05), and no differences were found
between GPC and the remaining groups submitted to the antioxidant agents
(p>0.05). QC_1% and QUI_10% exhibited acidic pH levels (3.64 and 4.75,
respectively), whereas TOC_10% and GS_5% exhibited alkaline pH (7.07 and
7.64, respectively). No differences in AA% were found between the agents
(p>0.05), ranging from 92.6 to 97.6%. Conclusion: The antioxidant agents
did not interfere in bleached enamel color stability, showing satisfactory
antioxidant activity. However, QUI and QC gels displayed acidic pH. Clinical
significance: The antioxidants evaluated showed high AA% and no impact
on post-bleaching color stability, suggesting that their capacity to recover
bond strength demonstrated elsewhere would not compromise the esthetic
efficacy of tooth bleaching. However, those with acidic pH should be used
with caution due to potential enamel damage.
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Tooth bleaching is a widespread procedure due
to its proven conservative methods and long-term
effective outcomes to resolve dental discoloration.!
Evidence shows that tooth bleaching may impact the
patient’s quality of life.? This treatment consists of
applying hydrogen (HP) or carbamide (CP) peroxide
gels on the buccal surface of dental enamel.3
Traditionally, in-office bleaching is performed using
high concentrations of HP or CP, whereas at-home
therapy uses low-concentrated CP.3 More recently, low-
concentrated HP has been also employed in at-home
therapy due to its reduced application time compared
to CP.# Theoretically, HP would decompose into reactive
oxygen species (ROS) and penetrate towards dental
structure through the porosities of enamel prisms.> In
dentin, these ROS break down long-chained organic
molecules, the so-called chromophores, into smaller
ones, and teeth become whiter.®

Despite being minimally invasive, the bleaching gels
might cause microstructural changes in dental enamel,
such as decrease in the surface microhardness” and
the bond strength (BS),® hindering the quality of
immediate bonding procedures. Such impairment
of short- and long-term adhesion of the resin to the
enamel could be a consequence of the oxygen by-
products’ entrapment in the dental structure and
the formation of pores, preventing appropriate light-
curing of composite resin-based materials.® In this
critical scenario, it is important to highlight that tooth
bleaching is performed before restorative procedures,
as the color change promoted by HP or CP agents in
composite resins would not match the color of teeth,
rendering changes that are not acceptable.!® Therefore,
literature has already reported waiting times from
seven!! to 21 days®? between the last bleaching gel
application and the restorative procedures. However,
one must consider that the waiting time might not
be consistent with the patient’s desires and needs.!3

In this direction, several antioxidants have been
studied over the years to reverse the immediate
bleached enamel bond strength, such as sodium
ascorbate (SA),#161° a-tocopherol (TOC),!7181° green
tea extract (GT),*>'"18 grape seed extract (GS),?° and
quercetin (QC).t*2* In addition, some other natural
compounds show antioxidant activity, such as quinoa
(QUI), which can be a clinical option to reverse bond
strength.?? A recent literature review on the use of

antioxidants on bleached teeth concluded that the
efficacy of natural agents to recover the immediate
shear and tensile BS was consistent among the studies
published over the last 20 years.?

However, only a few studies analyzed the color
stability of bleached teeth that were treated with some
antioxidant agents.!® Most of the antioxidants (natural
or synthetic) present pigments in their composition,
such as sodium ascorbate (white-yellow crystals),
green tea (greenish powder), grape seed extract
(brown), a-tocopherol (yellow oil), quercetin (yellowish
powder), and quinoa (brown).® In addition, these
agents present a low-molecular weight,®*¢ which allows
their capacity to diffuse via the dental substrate. For
instance, a recent in vitro study demonstrated that the
application of sodium ascorbate, immediately after in-
office bleaching, significantly reduced the penetration
of hydrogen peroxide, but negatively affected the
whiteness index achieved by high-concentrated HP.¢
Thus, it is important to assess whether there is an
influence of these substances on post-bleaching color
stability. In other words, it is paramount to address
whether the recovery of the immediate bond strength
would not undesirably affect the esthetic efficacy of
bleaching procedures, thereby negatively affecting the
patient’s oral rehabilitation.

We found a lack of studies comparing these agents’
antioxidative activity (AA) and, mostly important, their
pH’s temporal evolution. Such assessment is important
since some agents are directed to be applied longer
and could incite changes on the surface of enamel
depending on their pH.° Therefore, the objective of this
study was to evaluate the pH, the antioxidative activity
(AA%), and the impact of different antioxidant agents
on the color stability of enamel bleached with 10% HP.
The null hypotheses evaluated were that antioxidants
(1) would not negatively impact the final esthetic
efficacy of a low-concentrated hydrogen peroxide
bleaching gel and would not present differences in
terms of (2) AA% activity and (3) pH.

Specimens of enamel bovine blocks (n=80) were
randomly allocated into eight experimental groups
(n=10/group): GNC (negative control group - no
treatment); GPC (positive control group - bleaching
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only); TOC_10% (bleaching + 10% a-tocopherol);
GT_10% (bleaching + 10% green tea extract);
GS_5% (bleaching + 5% grape seed extract); SA_10%
(bleaching + 10% sodium ascorbate); QUI_10%
(bleaching + 10% quinoa extract); and QC_1%
(bleaching + 1% quercetin).

Color analyses (AE,,, AWI,) and pH measurements

007
of the experimental antioxidant’s gels, as well as
the percentage of antioxidant activity (AA%) were
obtained. Color analyses were performed at four time
points: after artificial staining and before bleaching
(T, - Baseline), after bleaching (T,), after antioxidant
application (T,), and 14 days after bleaching (T,).

A pilot study was conducted to determine the
number of specimens for the color analyses (AE,,,
AWI). Initially, five specimens were evaluated (n=5/
group), as previously described. Mean and standard
deviations of AE,, were obtained and statistically
analyzed (one-way ANOVA/Tukey’s test), and no
differences were found between groups. The mean
and standard deviations were used to determine the
sample size (G-Power program), with a 5% significance
level and 80% power test. The results indicated
n=10 as the number of specimens required, in line
with previous studies with similar methodologies.?3
pH measurements and the AA% of the experimental
antioxidant’s gels were performed based on previous
studies.>®>

This in vitro study was initiated by selecting 80
bovine teeth that were cleaned and disinfected using
a 0.1% thymol solution (Labsynth, Diadema, SP,
Brazil). The crowns were then separated from the
roots using a diamond disc (KG Sorensen, Sao Paulo,
SP, Brazil) mounted in a high-precision cutter (Isomet
1000, Buehler, Illinois, USA), with a continuous water
supply to ensure efficient cooling throughout the
process. Enamel blocks, measuring 5x5x3 mm, were
subsequently obtained from the central buccal surface
of the crown. The dentin surface of these blocks was
leveled using a polishing machine (#320) (Arotec, Sao
Paulo, SP, Brazil) to achieve parallelism with the outer
enamel surface. Following this procedure, enamel
was carefully abraded using silicon carbide sandpaper
(#600, 1200, and 2000) and then polished using a
polishing cloth and a diamond suspension, containing
abrasive particles of 6, 3, 1, and % pm, for 1 min.?3

A thin layer of nail polish was applied covering all
faces of the specimens, except for the buccal enamel,
which remained exposed. The exposed enamel surface
was then immersed in a buffered black tea solution
(Dr. Oetker, SP, Brazil, pH=7.0) for 24 h at room
temperature with continuous agitation. This solution
was prepared by diluting 2 g of black tea in 100
mL of distilled water for 5 min.?* Subsequently, the
specimens underwent gentle brushing with pumice
stone powder to remove non-adherent particles.
Afterward, the specimens were stored in artificial saliva
(containing 1.5 mM Ca, 0.9 mM P, 150 mM KClI, and
0.1 M Tris, pH 7.0)?*for 7 d (replaced every 2 d) at
37°C for color stabilization.

The negative control group (GNC - no treatment)
was immersed in artificial saliva?* in an incubator
throughout the study. The other groups were bleached
with a commercial bleaching gel (White Class 10%
HP, FGM, Joinville, SC, Brazil). The 10% HP gel was
weighed (0.1 g) and applied to the buccal surface of
enamel blocks for two consecutive weeks for 30 min/d,
following the manufacturer’s recommendations (Figure
1). In the positive control group (GPC), the specimens
were only bleached.

For the other groups (TOC_10%, GT_10%, GS_5%,
SA_10%, QUI_10%, and QC_1%), specimens were
treated with different antioxidant agents according to
the application time recommended by the literature
after bleaching (Figure 1). The selection of antioxidant
agents evaluated in this study was based on a recent
review of the literature on the use of antioxidants in
bleached teeth.® All the substances were applied in
gel form with the thickener carbomer 940.141517,21,22,25
Approximately 0.1 g of TOC_10%, GT_10%, GS_5%,
SA_10%, QUI_10%, and QC_1% (Quality Pharma, Sao
Paulo, Brazil) were applied to enamel buccal surface 24
h after bleaching during their respective recommended
application times and were rinsed with running distilled
water. The antioxidant gels were kept refrigerated, in
opaque packaging, and were only opened and removed
from the refrigerator at the time of their use, which
was immediate. After opening, they had a maximum
shelf life of 30 days, as indicated by the manufacturer.
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Groups Bleaching Gel Bleaching Protocol Bleafchlng Antlondapt_ e Antioxidant Protocol Antlc_mdant
Time Composition Time
GNC No gel No treatment - No antioxidant No treatment No treatment
10% Hydrogen 0.1g HP on the buccal 2 weeks
GPC Peroxide surface of bovine tooth 30 min/da No antioxidant No treatment No treatment
(White Class FGM) enamel Y
1g TOC'+ 10g of . .
0,
TOC 10% 10 /;eljggi?gen 0.1g on the buccal surface 2 weeks Carbomer 9402 o?\.;%e;mr;e:fltztretlr{e 120 min'
- . of bovine tooth enamel 30 min/day (Quality Pharma, Sao M
(White Class FGM) ’ bleaching time
Paulo, Brazil)
1g GT*+ 10g of Carbomer . .
0,
T 10% | Paeie" | 019 on the buccal surface | 2weeks 9402 e e ——
=17 . of bovine tooth enamel 30 min/day (Quality Pharma, Séo S
(White Class FGM) h bleaching time
Paulo, Brazil)
0.5g GS* + 10g of . .
0,
GS 5% 10 {;:ggi?sen 0.1g on the buccal surface 2 weeks Carbomer 9402 og.lg;r:qge:flt?retllze 10 min?
=7 . of bovine tooth enamel 30 min/day (Quality Pharma, Séo M
(White Class FGM) . bleaching time
Paulo, Brazil)
1g SA°® + 10g of Carbomer . .
0,
saion | Porouds | O:1g0n the buccal surface | 2 weeks %40: on evamelaftor the | 60 min'e
= . of bovine tooth enamel 30 min/day (Quality Pharma, Séo s
(White Class FGM) . bleaching time
Paulo, Brazil)
1g QUI® + 10g of . .
0,
Qul 10% 10 é’:ggir‘;)gen 0.1g on the buccal surface 2 weeks Carbomer 9402 og'lg;mge:fltaetretlze 10 minz
-0 . of bovine tooth enamel 30 min/day (Quality Pharma, Séo s
(White Class FGM) . bleaching time
Paulo, Brazil)
0.01g QC” + 10g of . :
0,
Qc 1% 10 /Poel-rlg)c(iiré)egen 0.1g on the buccal surface 2 weeks Carbomer 9402 o:.lg;r:qge:fltztretlr}:e 10 min?"
= . of bovine tooth enamel 30 min/day (Quality Pharma, Séo s
(White Class FGM) Paulo, Brazil) bleaching time

'a-tocopherol 10% extract; 2Polyacrylic acid polymer; 3Green tea extract 10%; *Grape seed extract 5%; *Sodium ascorbate 10%; ®Quinoa

extract 10%; "Quercetin 1%

Figure 1- Protocol for the Application of Bleaching and Antioxidant gels on the groups

pH was determined using a pH meter coupled to a
potentiometer (Orion Research Incorporated, Boston,
MA) previously calibrated with pH 4 and 7 standards.
The gels were diluted in distilled water in the following
proportion: 3 g of gel for 300 mL of distilled water. The
pH analyses were conducted under constant agitation
at 0, 5, 10, 60, 120, and 180 min, in triplicate,
according to the application time of each agent on
bovine enamel, as previously described.

To evaluate the AA%, the DPPH free radical assay
method was employed.>*> The gels reacted with 0.5mM
DPPH stabilized in ethanol solution. The reaction
mixture consisted of adding 0.5mL of the sample
diluted in ethanol (0.4g sample — 4mL ethanol) to
0.3mL of DPPH solution + 3mL of ethanol. DPPH is
reduced when it reacts with an antioxidant component,
which can donate hydrogen. The color changes
(from deep violet to light yellow) were measured
[Absorbance (Abs)] at 517 nm after 45 min of reaction
using a spectrophotometer (DU 800, Beckman Coulter,
CA, USA). The analysis was performed in triplicate
for each substance. The AA% of the substances were

determined according to the equation described?s:
AA%=100 — [(Sample Abs — White Abs)/Control Abs
x 100].

A digital hand-held spectrophotometer (Easyshade
Vita Zahnfabrik, Bad Sackingen, Germany) was used to
determine the color coordinates L*(black-white axis),
a*(red-green axis), and b*(yellow-blue axis) under
controlled lighting, temperature, and atmospheric
conditions. To ensure the accurate position of the
device tip, the spectrophotometer was fixed to a
laboratory clamp, orienting the tip downward. To
facilitate contact between the device tip and the
specimens, the set was positioned on a white opaque
ceramic surface mounted on a lifting platform (Jack
lift - Q219, Quimis). This assembly was then situated
within a color-matching lightbox, operating in standard
daylight mode (GTI Minimatcher Series, GTI Graphic
Technology Inc., Newburgh, NY, USA). Subsequently,
color measurements were conducted on each specimen
from various angles by rotating both the specimen
and the ceramic support, all without moving the
spectrophotometer.?* Color was analyzed at the
following time points: before bleaching (T, - Baseline),
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immediately at the end of bleaching protocol (T,), after
applying the antioxidant (T,), and 14 days after the
end of bleaching protocol (T,).

The color change (AE,,) was estimated using the
CIEDE,, formula: AE,(T,,—T,)=[(AL /K S)*+(AC"/
KS)?+(AH/K.S, )2+ RT*(AC /K.S)*(AH /K, S,) V2.
The customized Whiteness Index for Dentistry (AWI,)
was estimated following the equation: WI =0.511
L*—-2.324 a*—-1.100 b*, and the index difference
(AWI,) was determined by T,—T,. Color change values
(AE,,) adopted for perception (PT) and acceptance
(AT) limits (50:50%) were 0.81 (PT) and 1.8 (AT)
units. The AWI adopted for PT and AT limits (50:50%)
were 0.7 (PT) and 2.6 (AT) units.?”?® These A values
were calculated for three established time intervals:
immediately after bleaching (T, - T,), after antioxidant
application (T, - T,), and after 14 days from the
procedures (T, - T,).

The data obtained were submitted to exploratory
analysis using the SPSS 23 software program (SPSS
Inc., Chicago, IL, USA). The Shapiro-Wilk and Levene
statistical tests determined the normal distribution of
the results. Then, one-way ANOVA test with Tukey’s
and Dunnett’s tests were applied to compare the
control groups (GNC and GPC), with a significance
level of 5% for all the variables tested.

Figure 2 shows the mean and standard deviations
of color change (AE,,) according to the respective
treatments and time intervals: (A) immediately after
bleaching (T, - T,); (B) after antioxidant application
(T, - T,); (C) and after 14 days from the procedures
(T, - T,). GNC resulted in the least significant color
change in bovine specimens, with a statistically
significant distinction observed across all evaluated
groups and time intervals (p=0.000). However, an
exception emerged during the time interval following
the application of the antioxidant (T, - T,), in which
the QC_1% group exhibited no statistical difference
from GNC (p>0.05) (Figure 2B). When examining
the time interval 14 days after the completion of
the bleaching treatment (T, - T,) (Figure 2C), the
QC_1% group showed a statistical difference from
the GNC group (p<0.05), while remaining statistically
similar to all other experimental groups evaluated and
GPC (p>0.05). This suggests that 14 days after the
bleaching treatment, the antioxidant gels evaluated
do not significantly impact the color stability of the
bleaching treatment and exhibit statistical similarity
to the GPC group (p>0.05).

The variation in the AWI was statistically different
only for GNC in comparison to the other groups,
regardless of the evaluated times (p<0.05) (Figure
3 A-C). This implies that the various antioxidants
evaluated did not influence the color stability of enamel
treated with low-concentration HP bleaching.

The QC_1% antioxidant gel displayed the most
acidic pH, with values ranging from 3.64 to 3.67,

Figure 2- Mean and standard deviation of the color variation (AE,)) according to the respective treatments and time intervals: (A)
immediately after bleaching (T, — T,), (B) after antioxidant application (T, — T,), and (C) after 14 days from the procedures (T, — T,).
Different letters indicate statistical differences between groups (p<0.05).
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indicating its potential for erosive effects. In contrast,
the GS_5% solution exhibited the least acidic pH
and was the most alkaline among the gels examined
(Table 1). In terms of pH changes over the assessment
period, a consistent pattern of gel stability was evident
(Figure 4).

All antioxidant gels under examination exhibited
a notably high level of antioxidant activity (AA%),
with values ranging from 92.61+2.4 (QC_1%) to
97.66+2.33 (TOC_10%) with no statistically significant
distinctions among them (Figure 5).

Tooth bleaching, without further antioxidant
application, achieved satisfactory mean AE,,and AWI

in this study. The following application of all the AA into
the enamel surface did not significantly affect those
esthetic parameters except for the QC_1%, which
presented significantly lower AE,, than all the other
groups evaluated, but only at T, (immediately after

Table 1- Mean and standard deviation of the pH values of the
studied antioxidant gels. Different letters indicate statistical
difference (p<0.05).

Antioxidant Gels pH p value
TOC_10% 7.07 (0.02)~
GT_10% 5.65 (0.03)8
GS_5% 7.64 (0.02)¢
0.001
SA_10% 6.83(0.01)°
QUI_10% 4.75 (0.09)F
QC_1% 3.64 (0.01)"

Figure 3- Mean and standard deviation of the Whitening Index for Dentistry (AWI), according to the respective treatments and time
intervals: (A) immediately after bleaching (T, — T,), (B) after antioxidant application (T, — T;), and (C) after 14 days from the procedures
(T, —T,). Different letters indicate statistical differences between groups (p<0.05).

Figure 4- Mean of the pH values of the antioxidant gels according to the evaluation times.
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Figure 5- Mean and standard deviation of the antioxidant activity
(AA%) values of the antioxidant gels. Same letters indicate no
statistical difference (p>0.05).

bleaching). However, all the bleached groups did not
exhibit significant differences after 14 days in artificial
saliva, thereby showing that the final esthetic efficacy
of bleaching with 10% hydrogen peroxide was not
affected by any of the tested antioxidants application.
Therefore, the first null hypothesis was accepted. We
highlight that both color evaluation methods (AE,
and AWI,) were selected for this analysis, as they
represent the most current indices used for color
assessment in dentistry.?”:28

We found scarce evidence of the antioxidant
effect on color outcomes from tooth bleaching.8®
However, several authors have already demonstrated
the positive effect of sodium ascorbate, a-tocopherol,
grape seed extract, and green tea on the recovery of
enamel bond strength following treatment of enamel
with peroxides.'42! In this context, our investigation
could answer this open question, addressing that these
widely investigated antioxidants would not downgrade
the highly acceptable esthetic outcomes reached by
at-home bleaching.

Nevertheless, we highlight that 1% quercetin
showed similar results to GNC in terms of color change
(AE,,) immediately after bleaching (T,). However,
at T,, AE,, and none of the AWI results indicated
significant differences among QC_1%, GPC, and all
the antioxidants’ groups. The final AWI showed mean
differences that were higher than the perceptibility and
acceptability thresholds.?® A feasible explanation for
the AE, result could be the color (yellowish powder)
and low pH of QC_1% during the application, which

was confirmed in this study. The more acidic pH can
alter the dental enamel microstructure, allowing the
gel to penetrate deeper and, due to its color, affecting
the reflection pattern and altering color analysis.?®
Another fact is that the standard deviation for this
group was high, and this large variation possibly
favored the similarity with the GNC group. Notably,
quercetin has been evaluated by Shamsedin, et
al.?t (2017), who pointed out that this flavonoid
could reverse the post-bleaching bond strength of
orthodontic brackets under the same QC concentration
(1%), which was confirmed by the high AA activity
herein evaluated. However, the authors did not state
any concerns about the color stability of this acidic
compound. Based on our findings, further studies are
paramount to determine the ideal quercetin solution
concentration and pH to be used after tooth bleaching.
Another flavonoid with scarce evidence in the
literature is quinoa. Previous studies on quinoa mainly
focus on its dietary benefits, nutritional value, and
disease prevention potential.3>® However, the scarcity
of studies in Dentistry limits our understanding of its
possible applications in this field, despite its recognized
antioxidant potential. Regardless of its brownish color
and acidic pH, which was higher than that observed
for quercetin, quinoa did not affect the tooth bleaching
efficacy. The AA% analysis confirmed that quinoa
presents a noticeably high antioxidant activity. None
of the antioxidants studied presented significant
differences among each other, accepting the second
null hypothesis. According to previous research,3! the
interaction of an antioxidant with the DPPH radical
depends on its molecular structural form, that is, the
number of reduced DPPH molecules is directly linked to
the amount of hydroxyl groups (OH"-) available since it
is a redox in which the antioxidant undergoes oxidation
(loss of electrons) and the DPPH radical undergoes
reduction (gain of electrons). In this direction, it is
expected that future studies will show that the natural
compound quinoa, which is widely used in other areas
and food industry,°32 is not only able to uphold enamel
color change but also to recover the bond strength.
An interesting behavior was observed in the present
study regarding the AE,, values of the negative control
group, which exceeded the perceptibility threshold?7:28,
such as the other experimental groups. However,
when examining the AWI values, a different pattern
is evident compared to the other groups, with the
means showing negative values. This indicates that the
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samples in this group showed a darker appearance,
which may be justified by the lack of whitening
treatment and its stabilization via interaction with
artificial saliva. There was no color maintenance of
the specimens in a positive direction, as observed.33

Another crucial factor for clinical applicability
analysis is checking the pH of the antioxidant. The
critical pH for demineralization in enamel is 5.5 and
in dentin is 6.5. Thus, applying substances to the
dental structure with pH values below this threshold
could lead to greater demineralization, porosity,
and consequently greater dental sensitivity to the
patient.?° In this sense, the third and final hypothesis
was rejected, as there was a statistical difference in
the pH of the antioxidant gels evaluated in this study.
Due to their high acidity, QUI_10% and QC_1%
should be used with caution as they can lead to
enamel demineralization, turning dental enamel more
susceptible to extrinsic pigmentation and sensitivity.3*
On the other hand, given that both were applied for
only 10 min, the lingering question of whether there
might be adverse implications for an erosive process
persists, considering this relatively brief duration.

Among all these substances, ascorbic acid is by far
the most extensively studied.3® It is one of the salts
derived from vitamin C. Tocopherol (TOC), derived
from vitamin E, is mentioned less frequently in the
literature. Although this study does not have the main
objective of evaluating the increase in bond strength
after the use of antioxidants on bleached enamel,
both flavonoids mentioned above are cited in studies'”
as effective substances for reversing bond strength
when applied after the bleaching protocol. These
antioxidants have more neutral intrinsic colors (white
to yellow and pale yellow, respectively). Therefore,
when using them on the surface of the bleached
enamel, it was expected that the color stability after
bleaching would not be affected, a fact that was
confirmed via color evaluations.

However, a recent study® investigated the effect
of applying 10% SA gel for 10 min after in-office
bleaching with 35% HP on color stability and showed
that 10% SA interfered with the bleaching process. The
authors attributed this interference to the capacity of
SA to reduce the diffusion of HP via enamel and dentin,
thus compromising the effectiveness of bleaching.
Despite this interference, significant bleaching effects
were observed in both groups (with and without SA
application) since the difference between the group

means for AE, did not exceed the perceptibility and
acceptability values of 50:50%. This suggests that,
although some significant differences were observed
between the groups, the research results cannot be
fully interpreted without comparing perceptibility and
acceptability thresholds. However, this relationship was
not observed for AWI, as the difference between the
means of this variable exceeded the perceptibility and
acceptability.?® Despite the discrepancies between the
results of this study and the previous study*¢ regarding
AWI
in the bleaching protocol and the dental substrate

o it is important to consider the differences
used. The authors of the previous used enamel from
human molars, and there is no detailed information
on the composition of the 10% SA gel, or the amount
applied to the enamel surface. Therefore, further in
vitro studies should be conducted considering all these
variables to achieve a comprehensive understanding
of their impact on whitening efficacy.

Contrary to expectations, both GT and GS, as they
have darker intrinsic tones (greenish and brownish,
respectively), raised the assumption that they could
affect the color stability of the enamel. However,
like other antioxidants, these gels also did not cause
changes in the color stability of the enamel subjected
to bleaching with 10%HP. In this context, although
antioxidant agents are low-weight molecules capable
of penetrating the enamel pores after bleaching,®1¢ it
appears that the time used for applying gels to the
enamel surface is insufficient for the molecules to reach
the dentin and cause color changes. Consequently, this
favors the use of these substances to increase the bond
strength of the bleached enamel without compromising
the color stability in the bleaching treatment.

Researchers'#!> have reported that the bond
strength values were higher than the control group
(only bleached) when 10% GT was applied after
enamel bleaching for 60 minutes. The same was
not observed at 15 and 30-minute intervals or
even at concentrations of 20% and 30%. According
to De-Carvalho, et al.'> (2016), it is speculated
that the antioxidant in gel form with these higher
concentrations produces more substance powder.
This could lead to greater material deposition on the
enamel if not completely removed by washing and
conditioning, resulting in lower bond strength values.
However, other researchers3® used it for 10 min and
obtained a significant increase in bond strength.
Lack of standardization occurred with all antioxidant
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substances involved.

Furthermore, the bleaching treatment performed
was home bleaching with 10% hydrogen peroxide
(HP), in contact with dental enamel for 30 min/d
for 14 d. However, there are too many variations in
the bleaching protocols mentioned in the literature
associated with antioxidants. For example, Vidhya, et
al.?> (2011) used 38% HP for 10 min; Khamverdi, et
al.’¢(2013), 40% HP for 10 min; Sasaki, et al.t” (2009),
10% Carbamide Peroxide (CP) for 2 h/14 d and Berger,
et al.'* (2013), 10% CP for 8 h/14 d. This protocol
divergence complicates proper applicability and should
be carefully considered in future studies related to
the topic. However, it is worth noting that, clinically,
the use of these antioxidants is still unfeasible due
to the various application methods addressed in the
literature. Moreover, some of these antioxidants hold
a very long-acting time, such as a-tocopherol (TOC),
which requires about 120 min in contact with the
dental structure for its efficacy.!” In addition, these gels
are usually prepared in pharmacies and, therefore,
present a short shelf life.

Considering the limitations of this study, it is
essential that additional in vitro and, subsequently, in
situ studies are conducted. These future studies should
establish standards for the time and concentration
of antioxidants and the bleaching protocol, ensuring
the safety of using these flavonoids in human dental
enamel. One might say that the use of black tea to
stain specimens before bleaching procedures could be
a limitation since hydrogen peroxide-based products
act by breaking down the intrinsic pigments in dentin.
However, artificial staining with black tea has been
widely used in various whitening studies’233 to
standardize color parameters. In this context, we
highlight that all specimens were subjected to the
same protocol and then randomized into groups with
no differences in the initial mean values of the L*, a*,
and b* coordinates. Additionally, the evaluation of the
enamel surface must be conducted considering that
some of the antioxidants evaluated show a low pH,
which could induce demineralization on the surface.
This is essential to obtain more accurate conclusions,
increasing the clinical application of these substances.

The antioxidant gels studied showed satisfactory

AA% and demonstrated that they did not alter the color
stability of enamel bleached with 10% HP. However,
quinoa and quercetin exhibited low pH levels and their
use must be cautious as they can cause structural
changes in tooth enamel.

The authors would like to thank the Laboratory
of Oral Biochemistry and Dr. Cinthia P.M. Tabchoury,
Associate Professor in the Physiological Sciences
Department from Piracicaba Dental School (University
of Campinas, Piracicaba, Brazil) for the assistance
during the DPPH methodology. This study was in part
financed by the Coordination of Higher Education
and Graduate Training (CAPES) - Financial Code
001. It was also funded by the National Council for
Scientific and Technological Development (CNPq)
via the Institutional Program for Scientific Initiation
Scholarships (PIBIC) 2021-2022.The authors declare
that they do not have any financial interest in the
companies whose materials are included in this article.

The authors declare that they have no known
competing financial interests or personal relationships
that could have appeared to influence the work
reported in this paper.

All data generated or analyzed during this study
are included in this published article.

Pereira, Rodrigo Chiles: Data curation (Equal);
Investigation (Equal); Methodology (Equal);
Visualization (Equal); Writing - original draft (Equal).
Souza, Leticia Vasconcelos Silva de: Data curation
(Equal); Formal analysis (Equal); Investigation
(Equal); Methodology (Equal); Supervision (Equal);
Writing - original draft (Equal); Writing - review
& editing (Equal). Kury, Matheus: Data curation
(Equal); Formal analysis (Equal); Investigation
(Equal); Methodology (Equal); Supervision (Equal);
Writing - review & editing (Equal). Matos, Iago
César Ribeiro Teles: Formal analysis (Equal);
Investigation (Equal); Methodology (Equal); Writing
- review & editing (Equal). Carneiro, Reginna
Vyctoéria da Trindade Souza de Melo: Data curation
(Equal); Investigation (Equal); Methodology (Equal).
Berger, Sandrine Bittencourt: Conceptualization

J Appl Oral Sci. 9/11 2024;32:€20240056



(Equal); Resources (Equal); Supervision (Equal);
Validation (Equal); Writing - review & editing (Equal).
Cavalli, Vanessa: Conceptualization (Equal);
Funding acquisition (Equal); Methodology (Equal);
Project administration (Equal); Resources (Equal);
Supervision (Equal); Validation (Equal); Writing -
review & editing (Equal).

1- Fioresta R, Melo M, Forner L, Sanz JL. Prognosis in-home dental
bleaching: a systematic review. Clin Oral Investig. 2023;27(7):3347-
61. doi: 10.1007/s00784-023-05069-0

2- Zhong BJ, Yang S, Hong DW, Cheng YL, Attin T, Yu H. the efficacy of
at-home, in-office, and combined bleaching regimens: a randomized
controlled clinical trial. Oper Dent. 2023;48(3):E71-E80. doi:
10.2341/22-099-C

3- Takamizawa T, Aoki R, Saegusa M, Hirokane E, Shoji M, Yokoyama
M, et al. Whitening efficacy and tooth sensitivity in a combined in-office
and at-home whitening protocol: a randomized controlled clinical trial.
J Esthet Restor Dent. 2023;35(6):821-33. doi: 10.1111/jerd.13033
4- Paula AM, Hanzen TA, Oliveira M, Loguercio AD, Reis A. Evaluation
of different protocols with 4% hydrogen peroxide in bleaching efficacy
and tooth sensitivity - a single-blind, randomized clinical trial. Oper
Dent. 2023;48(3):268-76. doi: 10.2341/22-051-C

5- Garcia EJ, Oldoni TL, Alencar SM, Reis A, Loguercio AD, Grande RH.
Antioxidant activity by DPPH assay of potential solutions to be applied
on bleached teeth. Braz Dent J. 2012;23(1):22-7. doi: 10.1590/s0103-
64402012000100004

6- Rodriguez-Martinez J, Valiente M, Sanchez-Martin MJ. Tooth
whitening: from the established treatments to novel approaches to
prevent side effects. J Esthet Restor Dent. 2019;31(5):431-40. doi:
10.1111/jerd.12519

7- Peruchi V, Ribeiro RA, Mendes Soares IP, Oliveira Fernandes
L, Oliveira JR, Pires ML, et al. Influence of coating dental enamel
with a TiF4-loaded polymeric primer on the adverse effects caused
by a bleaching gel with 35% H202. J Mech Behav Biomed Mater.
2024;153:106497. doi: 10.1016/j.jmbbm.2024.106497

8- Olmedo DE, Kury M, Resende BA, Cavalli V. Use of antioxidants to
restore bond strength after tooth bleaching with peroxides. Eur J Oral
Sci. 2021;129(2):e12773. doi: 10.1111/e0s.12773

9- Feiz A, Mosleh H, Nazeri R. Evaluating the effect of antioxidant
agents on shear bond strength of tooth-colored restorative materials
after bleaching: a systematic review. J Mech Behav Biomed Mater.
2017;71:156-64. doi: 10.1016/j.jmbbm.2017.03.010

10- Della Bona A, Pecho OE, Ghinea R, Cardona JC, Paravina RD,
Perez MM. Influence of bleaching and aging procedures on color and
whiteness of dental composites. Oper Dent. 2019;44(6):648-58. doi:
10.2341/18-209-L

11- Lopes AL, Ribeiro ME, Barbosa JH, Costa da Rocha MP, Silva e
Souza MH Jr, Loretto SC. Does the elapsed time from bleaching and
the use of sodium ascorbate influence the bond strength of resin
cement to bleached enamel? Materials (Basel). 2023;16(18):6328.
doi: 10.3390/mal6186328

12- Pathak K, Kumar P, Choudhary A, Shekh TM, Gosai P, Patnana AK.
Comparative analysis of shear bond strength of composites to the
sodium ascorbate hydrogel-treated bleached enamel surfaces: an in
vitro analysis. Int ] Clin Pediatr Dent. 2021;14(6):741-7. doi: 10.5005/
jp-journals-10005-2068

13- Ferretti MA, Kury M, Mendonga BC, Giannini M, Cavalli V, Aguiar
FH. Bleaching combination techniques. RGO. 2021;69:€20210036. doi:
10.1590/1981-863720200003620190149

14- Berger SB, Carreira RP, Guiraldo RD, Lopes MB, Pavan S, Giannini
M, et al. Can green tea be used to reverse compromised bond strength
after bleaching? Eur J Oral Sci. 2013;121(4):377-81. doi: 10.1111/
€0s.12062.

15- De Carvalho HC, Guiraldo RD, Poli-Frederico RC, Maciel SM, Moura
SK, Lopes MB, et al. Correlation between antioxidant activity and
bonding strength on bleached enamel. Acta Biomater Odontol Scand.
2016;2(1):102-7. doi: 10.1080/23337931.2016.1222283

16- Mena-Serrano A, Granda-Albuja MG, Naranjo J, Fierro EA, Favoreto
MW, Loguercio AD, et al. Effects of the application of sodium ascorbate
after in-office bleaching on the penetration of hydrogen peroxide, color
change, and microtensile bond strength. Braz Dent J. 2023;34(5):87-
94. doi: 10.1590/0103-6440202305214

17- Sasaki RT, Florio FM, Basting RT. Effect of 10% sodium ascorbate
and 10% alpha-tocopherol in different formulations on the shear bond
strength of enamel and dentin submitted to a home-use bleaching
treatment. Oper Dent. 2009;34(6):746-52.

18- Marcomini N, Albaricci MC, Costa JL, Besegato JF, Godoy EF,
Dantas AA, et al. Effects of alpha-tocopherol antioxidant on fracture
strength and adhesion of endodontically treated teeth restored after
dental bleaching. Eur J Oral Sci. 2024;132(1):e12965. doi: 10.1111/
€0s.12965

19- Moradian M, Saadat M, S Shiri MH, Sohrabniya F. Comparative
evaluation of the postbleaching application of sodium ascorbate, alpha-
tocopherol, and quercetin on shear bond strength of composite resin
to enamel. Clin Exp Dent Res. 2022;8(6):1598-604. doi: 10.1002/
cre2.655

20- Brock T, Soveral AB, Dieterich JR Jr, Becker AL, Favero E, Oliveira
AJ, et al. Effect of antioxidants on adhesive bond strength to bleached
enamel. J Dent. 2024;143:104880. doi: 10.1016/j.jdent.2024.104880
21- Shamsedin M, Arash V, Jahromi MB, Moghadamnia AA, Kamel
MR, Ezoji Fet al. Efficacy of quercetin flavonoid in recovering the
postbleaching bond strength of orthodontic brackets: a preliminary
study. J Orthod Sci. 2017;6(1):16-21. doi: 10.4103/2278-0203.197394
22- Enciso-Roca EC, Aguilar-Felices EJ, Tinco-Jayo JA, Arroyo-Acevedo
JL, Herrera-Calderon O. Biomolecules with antioxidant capacity
from the seeds and sprouts of 20 varieties of Chenopodium quinoa
Willd. (Quinoa). Plants (Basel). 2021;10(11):2417. doi: 10.3390/
plants10112417

23- Matos IC, Kury M, Melo PB, Souza LV, Esteban Florez FL, Cavalli V.
Effects of experimental bleaching gels containing co-doped titanium
dioxide and niobium pentoxide combined with violet light. Clin Oral
Investig. 2023;27(8):4827-41. doi: 10.1007/s00784-023-05113-z
24- Kury M, Antonialli FM, Soares LE, Tabchoury CP, Giannini M,
Esteban Florez FL, et al. Effects of violet radiation and nonthermal
atmospheric plasma on the mineral contents of enamel during in-office
dental bleaching. Photodiagnosis Photodyn Ther. 2020;31:101848. doi:
10.1016/j.pdpdt.2020.101848

25- Vidhya S, Srinivasulu S, Sujatha M, Mahalaxmi S. Effect of grape
seed extract on the bond strength of bleached enamel. Oper Dent.
2011;36(4):433-8. doi: 10.2341/10-228-L

26- Mensor LL, Menezes FS, Leitdo GG, Reis AS, Santos TC, Coube CS,
et al. Screening of Brazilian plant extracts for antioxidant activity by
the use of DPPH free radical method. Phytother Res. 2001;15(2):127-
30. doi: 10.1002/ptr.687

27- Paravina RD, Ghinea R, Herrera L], Bona AD, Igiel C, Linninger M,
et al. Color difference thresholds in dentistry. J Esthet Restor Dent.
2015;27 Suppl 1:S1-9. doi: 10.1111/jerd.12149

28- Pérez MM, Herrera LJ, Carrillo F, Pecho OE, Dudea D, Gasparik
C, et al. Whiteness difference thresholds in dentistry. Dent Mater.
2019;35(2):292-7. doi: 10.1016/j.dental.2018.11.022

J Appl Oral Sci. 10/11 2024;32:€20240056



29- Kuhar M, Cevc P, Schara M, Funduk N. In vitro permeability and
scanning electron microscopy study of acid-etched and ground enamel
surfaces protected with dental adhesive coating. J Oral Rehabil.
1999;26(9):722-30. doi: 10.1046/j.1365-2842.1999.00439.x

30- Ren G, Teng C, Fan X, Guo S, Zhao G, Zhang L, et al. Nutrient
composition, functional activity and industrial applications of quinoa
(Chenopodium quinoa Willd.). Food Chem. 2023;410:135290. doi:
10.1016/j.foodchem.2022.135290

31- Sirivibulkovit K, Nouanthavong S, Sameenoi Y. Paper-based DPPH
assay for antioxidant activity analysis. Anal Sci. 2018;34(7):795-800.
doi: 10.2116/analsci.18P014

32- Abdelaleem MA, Elbassiony KRA. Evaluation of phytochemicals and
antioxidant activity of gamma irradiated quinoa (Chenopodium quinoa).
Braz J Biol. 2021;81(3):806-13. doi: 10.1590/1519-6984.232270
33- Maciel CR, Amorim AA, Oliveira RF, Vivanco RG, Pires-de-Souza
FC. Whitening efficacy of popular natural products on dental enamel.
Braz Dent J. 2022;33(3):55-66. doi: 10.1590/0103-6440202204863

34- Mortazavi V, Fathi M, Soltani F. Effect of postoperative bleaching
on microleakage of etch-and-rinse and self-etch adhesives. Dent Res
J (Isfahan). 2011;8(1):16-21.

35- Murad CG, Andrade SN, Disconzi LR, Munchow EA, Piva E, Pascotto
RC, et al. Influence of 10% sodium ascorbate gel application time on
composite bond strength to bleached enamel. Acta Biomater Odontol
Scand. 2016;2(1):49-54. doi: 10.3109/23337931.2016.1152901
36- Khamverdi Z, Rezaei-Soufi L, Kasraei S, Ronasi N, Rostami S.
Effect of Epigallocatechin Gallate on shear bond strength of composite
resin to bleached enamel: an in vitro study. Restor Dent Endod.
2013;38(4):241-7. doi: 10.5395/rde.2013.38.4.241

37- Kury M, Rueggeberg FA, Soto-Montero JR, André CB, Resende BA,
Giannini M, et al. Characterization and effectiveness of a violet LED
light for in-office whitening. Clin Oral Investig. 2022;26(5):3899-910.
doi: 10.1007/s00784-021-04357-x

J Appl Oral Sci.11/11 2024;32:€20240056



	_heading=h.30j0zll
	_heading=h.3znysh7
	_heading=h.2et92p0
	_heading=h.tyjcwt

