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RESTLM O

Os objetivos do presente trabalho foram: a) avaliar os efeitos citotdéxicos de
aplicacGes sucessivas do agente clareador a base de perdxido de carbamida (PC) 10%
sobre células odontoblasticas; b) avaliar a toxicidade “in vivo” do tratamento clareador em
dentes de ratos Wistar; c) verificar se o acido ascorbico (AA) é capaz de reduzir os efeitos
toxicos do tratamento clareador na polpa de ratos Wistar; d) verificar a eficdcia da
laserterapia em diferentes parametros de aplicacdo na modula¢do da resposta de células
odontoblastdides frente a agressao causada pelos agentes clareadores. Para isso, no
Capitulo 1, foi avaliado a toxicidade de aplicagBes sucessivas de agentes clareadores a
base de PC10% e do perdxido de hidrogénio (PH) 35% sobre células odontobldstdides
MDPC-23. As células foram expostas ao subprodutos clareadores por 1h durante 1 ou 5
dias, e entdo foi avaliado o metabolismo celular, atividade da fosfatase alcalina (ALP) e os
danos a membrana celular. P6de-se observar que uma aplicacdo de PC10% ndo causou
danos as células odontoblastéides, no entanto, as aplicacGes sucessivas causaram severa
toxicidade a estas células. Tanto PC10% como PH35% causaram redugao na atividade da
ALP. No Capitulo 2, o objetivo foi avaliar se o AA seria capaz de reduzir a inflamacdo
causada pelo agentes clareadores na polpa de ratos Wistar. Grupos foram estabelecidos
com e sem administracdo de AA, e as solucgdes aplicadas 1h e 30min antes da realizacao
do procedimento clareador. Foi observado necrose do tecido pulpar dos ratos apds 6h e
24h o clareamento. O AA ndo foi capaz de impedir a necrose do tecido, no entanto,
melhor capacidade de reparacao foi verificada na polpa dental destes animais. No capitulo
3 e 4, foram analisados se 1 ou 3 sessdes de laserterapia poderiam modular a resposta
celular apds exposicao aos agentes clareadores. As células foram expostas ao agente
clareador, e ap6s isso, foram realizadas as sessdes de laserterapia (InGaAsP - 780nm -

doses de 4, 10 e 15J/cm2) com intervalo de 24 h entre cada uma delas. O clareamento
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causou reducdao do metabolismo celular e da atividade da FA; a laserterapia nao foi capaz
de modular positivamente o metabolismo celular. No entanto, a dose de 4 J/em?
aumentou a atividade da FA nas células com e sem exposicdao ao agente clareador. A
laserterapia ndo foi capaz de modular o metabolismo celular, nem a atividade de FA,
expressao génica de FA e coldgeno-I (COL-l). No entanto, a laserterapia causou reducdo da
expressao génica de fibronectina (FN), nas células sem exposicdo ao agente clareador.
Diante dos resultados obtidos, pode-se concluir que aplicagdes consecutivas de PC10%
podem causar extensos danos as células MDPC-23; o PH 35% causou necrose da camara
pulpar de ratos Wistar, e que o AA ndo foi capaz de impedir os danos causados pelo
tratamento clareador; uma aplicacdo do laser nas doses de energia avaliadas nao foi capaz
de modular a resposta celular apds o clareamento. Apenas trés aplicacdes de laser na
dose de 4 J/cm® foram capazes de aumentar a atividade da FA produzida pelas células
odontoblastdides.

Palavras-chave: odontoblastos, lasers, vitamina C
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ABSTRACT

The objectives of the present study were: a) to evaluate the cytotoxic effects
of consecutive applications of a bleaching agent based on 10% cabamide peroxide (CP) on
odontoblastic cells; b) to evaluate the “in vivo” toxicity of the bleaching treatment on the
pulp tissue of Wistar rats; c) to evaluate if the ascorbic acid (AA) is capable to reduce the
toxic effects of the bleaching treatment to the dental pulp of the Wistar rats; d) to analyze
the efficacy of the lasertherapy with different patterns on the odontoblastic cell response,
in face of the deleterious effects caused by the bleaching agents. At the Chapter 1, the
toxicity of consecutive applications of a 10%CP gel and 35% hydrogen peroxide (HP) on
odontoblast-like cells was evaluated. The cells were exposed to the bleaching products for
1h during 1 or 5 days, and the cell metabolism, alkaline phosphatase (ALP) activity and cell
membrane damage were evaluated. It could be observed that 1 application of 10%CP did
not cause deleterious effect to the odontoblastic cells, however, consecutive applications
caused severe toxicity to these cells. Both 10%CP and 35%HP promoted reduction on the
ALP activity. At the Chapter 2, the aim was to evaluate if AA would be able to reduce the
inflammation caused by the bleaching agents on the dental pulp of Wistar rats. Groups
were formed with and without AA administration, and the solutions were applied 1h and
30min before the bleaching procedure. Pulp necrosis was observed 6h and 24h after
bleaching. The AA was not capable to prevent the tissue necrosis, however, faster tissue
repair was observed in the dental pulp of the animals treated with AA. At the Chapters 3
and 4, were evaluated if 3 or 1 lasertherapy sessions would modulate the cell response
after exposition to bleaching agents. The cells were exposed to the bleaching agent, and
the lasertherapy was performed after this (InGaAsP — 780nm- doses 4, 10 e 15 J/cm?), with
interval of 24h between each session. The bleaching reduced the cell metabolism and ALP

activity, and the lasertherapy was not able to influence positively the cell metabolism.
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Nevertheless, the energy dose of 4 J/cm? increase the ALP activity on cell with or without
exposition to bleaching agente when 3 session of laser were performed. The lasertherapy
was not capable to modulate the cell metabolism, ALP activity and gene expression of ALP
and colagen-l (COL-I). Nevertheless, one session of laser irradiation decreased the gene
expression of fibronectin (FN), on the cells without exposition to bleaching agent. It can be
concluded that consecutive applications of 10%CP can cause extensive damage to the
MDPC-23 cells; HP35% caused pulp necrosis at the teeth of the Wistar rats, and AA was
not capable to prevent the damages caused by the bleaching treatment; one application
of the laser, in the energy doses evaluated, was not capable to modulate the cell response
after bleaching. Three applications of laser with the energy dose of 4 J/cm? increased the

ALP activity produced by the odontoblast-like cells.

Keywords: odontoblasts, lasers, vitamin C
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INTRODILCGAO

O clareamento dental tem sido amplamente empregado como procedimento
odontoldgico estético, devido a sua facil realizacdo e por ser considerado um tratamento
seguro e nao invasivo. No entanto, os termos “seguro” e “ndo invasivo” para os agentes
clareadores se encontra sob questionamentos (Nour El-din et al., 2006), devido aos
diversos efeitos colaterais observados apds esse procedimento, como alteracdo da
microdureza do esmalte (Rodrigues et al.,, 2005; Zantner et al., 2007), reducdo da
resisténcia de unido a superficie recém-clareada (da Silva et al., 2010; Lima et al., 2010a),
efeitos tdxicos para as células pulpares (de Lima et al., 2009; Dias Ribeiro et al., 2009; Lima
et al., 2010c; Soares et al., 2011), inflamacao leve podendo acarretar em casos extremos,

necrose da polpa corondria (Robertson et al., 1980; Costa et al., 2010; Kina et al., 2010).

Os efeitos colaterais negativos observados para a técnica de clareamento de
consultorio foram avaliados por estudos prévios “in vitro” (Coldebella et al., 2009; Dias
Ribeiro et al., 2009; Trindade et al., 2009), os quais demonstraram que quando estes
agentes foram aplicados sobre discos de esmalte/dentina ocorreu expressiva redugdo no
metabolismo celular, bem como alteracdes importantes na morfologia de células
odontoblastdides em cultura (Coldebella et al., 2009; Dias Ribeiro et al., 2009; Trindade et
al., 2009). Os dados obtidos destes estudos in vitro foram complementados pelo estudo in
vivo de Costa et al. (2010), no qual foi observado necrose da regido superior da polpa
coronaria de incisivos inferiores humanos clareados com gel contendo 35% de perdxido de

hidrogénio (H,0,).

Enquanto os efeitos téxicos dos agentes clareadores de consultério estdo
demonstrados na literatura, os efeitos dos agentes de baixa concentracdo para utilizacao
caseira (H,0; ou peréxido de carbamida (PC) com concentragdes de 6-16%) sobre as

1



células pulpares ainda nao foram completamente elucidados. Estudos prévios
demonstraram que os agentes a base de peréxido de carbamida 16% causaram danos as
células odontoblastdéides com consequente redugdo na viabilidade celular (Lima et al.,
2010c; Soares et al., 2011), tanto quando aplicados sobre discos de dentina (Lima et al.,
2010c) ou mesmo sobre discos contendo esmalte e dentina (Soares et al., 2011). Esses
mesmos estudos observaram que quando o clareamento é realizado com perdxido de
carbamida a 10%, os danos as células ndao foram significativos, sugerindo que o
tratamento clareador com esses agentes provavelmente nao promove danos pulpares
relevantes. No entanto, nesses estudos foi avaliado o efeito de uma unica aplicacdo do
gel clareador com 10% de perdxido de carbamida sobre as células em cultura. Em geral, os
agentes clareadores caseiros sdo aplicados por um periodo minimo de duas semanas para

obtencao de resultados estéticos satisfatoérios.

A acdo dos materiais clareadores na polpa dental esta relacionada com a
concentragdao de PH no gel aplicado sobre o substrato bem como espessura de
esmalte/dentina do elemento dental (Hanks et al., 1993; de Lima et al., 2009; Costa et al.,
2010). Dentes posteriores, como pré-molares, apresentam baixa ou nenhuma resposta
inflamatodria pulpar frente ao tratamento clareador, mesmo quando este procedimento é
realizado com géis com alta concentragdo de PH na sua composicao (Costa et al., 2010;
Kina et al., 2010). No entanto, dentes anteriores, tais como incisivos, os quais sdo os
principais alvos do tratamento clareador, apresentam delgada espessura de esmalte e
dentina, o que favorece a exposi¢dao do tecido pulpar aos componentes tdxicos liberados

pelos agentes clareadores (Costa et al., 2010).

Tem sido demonstrado que agentes antioxidantes podem reduzir o dano
celular frente a acdao dos agentes clareadores, por inativagcdao das espécies reativas de
oxigénio liberadas por este produto (Lima et al., 2010 a,b). Porém, estes resultados foram
obtidos em analises in vitro, o que limita a aplicabilidade destes dados as diversas

situacdes clinicas, nas quais os agentes clareadores estao envolvidos.



O 4cido ascérbico (ascorbato na forma ionizada) é uma vitamina
hidrossoluvel com potencial antioxidante (Frei et al., 1988). Alguns estudos demonstraram
gue o aumento dos niveis plasmaticos desta substdncia reduz o estresse oxidativo
envolvido nos quadros de periodontites (Tomofuji et al., 2009) e aquele induzido por
arsénico (Nandi et al., 2005) e chumbo (Patra et al., 2001), sendo que este agente

antioxidante pode, também, atenuar o grau de aterosclerose (Ekuni et al., 2009).

Desde que o 4cido ascoérbico (AA) apresenta um importante papel na redugdo
de danos causados pelo estresse oxidativo as células, a avaliagao dos efeitos deste agente
antioxidante previamente ao tratamento clareador faz-se importante, visto que danos
pulpares devem ser prevenidos durante a realizacdo dos diferentes procedimentos

clinicos estéticos.

Outras alternativas podem ser avaliadas buscando uma melhor resposta
celular frente a agressao causada pelos agentes clareadores. A terapia utilizando laser de
baixa poténcia tem demonstrado importantes efeitos sobre células, como estimulagao da
sintese e deposicdo de matriz de coldgeno por fibroblastos (Romanos et al., 1995),
aumento da atividade mitocondrial (Karu et al., 1996), da sintese de ATP (Karu, et al.,
1995), bem como da proliferacdo de osteoblastos (Khadra et al., 2005). Foi demonstrado
também, a indugdo de dentinogénese reacional quando foi aplicada a LLLT em cavidades

Classe V preparadas em pré-molares humanos (Ferreira et al., 2006).

A obtengao de dados cientificos que caracterizem a resposta celular frente aos
diferentes tipos de técnicas de clareamento dental, como também o comportamento
celular apds exposicdo a diferentes parametros de utilizagdo do laser em baixa poténcia,
aliado a terapias que busquem prevenir os danos causados pelo clareamento dental
podera auxiliar no desenvolvimento de um protocolo seguro e eficiente capaz de prevenir,
ou pelo menos reduzir os efeitos deletérios para as células pulpares causados pelo
procedimento clinico de clarear dentes vitais. Diante disso, a presente tese avaliou o

efeito de sucessivas aplicacdes do perdxido de carbamida 10% no metabolismo de células
3



odontoblasticas; analisou o efeito dos acido ascorbico (agente antioxidante) na reducdo
dos danos causados a polpa dental de ratos Wistar; assim como a resposta de células

odontoblasticas a diferentes parametros de laserterapia.
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Toxic effects of daily applications of 10% carbamide peroxide on odontoblast-like
MDPC-23 cells

Abstract

The aim of this study was to evaluate the toxic effects of successive applications of 10%
carbamide peroxide (CP) gel on odontoblast-like MDPC-23 cells. Enamel-dentin discs were
adapted in artificial pulp chambers and individually placed in sterile 24-well acrylic plates.
The 10% CP was applied to enamel (8h) to obtain the extracts (culture medium +
components of bleaching agents diffused through the tooth). The extracts were applied to
the cells (1 h) once or five times, with 24 h of interval between each application. Teeth
without treatment were used as negative control, and the treatment with high
concentration agent (35% hydrogen peroxide - 3 applications of 15 min each) completes
the experimental groups. After the treatment, the cell metabolism (MTT), alkaline
phosphatase (ALP) activity, and plasma membrane damage (flow cytometry) were
analyzed. Reductions in cell metabolism (75%) and alkaline phosphatase activity along
with severe damage of the cytoplasmic membrane were noted after the application of
10% CP during 5 days. After 1 application of 10% CP, cell alterations were not observed

when compared with the negative control group. Intermediary values of toxicity were
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obtained after treatment with 35% HP (positive control); however, ALP activity was not
influenced (Mann-Whitney; p>0.05). These findings show that 1 application of 10% CP did
not cause toxic effects in MDPC-23 cells, but the increased application frequency of this
product promoted severe cytotoxic effects, indicating that daily application of bleaching

agents with low concentrations of CP can cause extensive damage to pulp cells.

Introduction

Tooth bleaching has been widely used as an esthetic procedure, because it is
easy, safe, and non-invasive. Nevertheless, the terms “safe and non-invasive” as they
relate to bleaching agents are of concern (1), due to several side-effects of this procedure,
such as a reduction in enamel microhardness (2, 3), a decrease in the bond strength of
the resin materials to the bleached surface (4, 5), toxic effects in pulp cells (6-10), and

inflammation or pulpal necrosis (11, 12).

When applied to enamel/dentin discs, in-office bleaching agents promote a
significant reduction of cell metabolism, as well as important morphologic alterations in
odontoblast-like cells in culture, as has been demonstrated in previous studies (6, 7, 13,
14). The results obtained in these studies were corroborated by Costa et al. (11), who
demonstrated coronary pulp necrosis of human lower incisors after bleaching with 35%

hydrogen peroxide (H,0,).



The toxicity to pulp cells caused by bleaching agents with high concentrations
of CP has been well-documented; however, the effects of low-concentration bleaching
agents [H,0, or carbamide peroxide (CP) - 6-16%)], as used in the at-home technique, on
odontoblast cells have not been fully elucidated. Previous studies showed that 16% CP
promotes a significant reduction in cell metabolism and morphologic alterations in
odontoblast cells (9, 10), when applied to both dentin (9) and enamel-dentin discs (10).
These studies demonstrated that bleaching with 10% CP did not cause significant effects
on pulp cells, suggesting that such bleaching probably does not cause relevant alterations
in dental pulp. Nevertheless, in these studies, the effect of a single application of 10% CP
on cells in culture was evaluated. When used in compliance with manufacturer’s
instructions, at-home bleaching agents are customarily used for at least 2 wks to obtain
satisfactory esthetic results. Therefore, the objective of this study was to analyze the
trans-enamel and trans-dentinal effects of successive applications of 10% CP on
odontoblast-like MDPC-23 cells, evaluating the cell metabolism, alkaline phosphatase

activity, and cell membrane damage.

Materials and Methods

Preparation of discs

One hundred four sound bovine permanent incisors were collected and scaled

for the removal of periodontal tissue remnants and other debris. Teeth with enamel
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cracks, hypoplasia, calculus in the middle third of the root, or other morphological
alterations were excluded. Enamel/dentin blocks were cut transversely from the middle
third of the buccal surface of each tooth with a water-cooled, double-faced diamond disc
(KG Sorensen, Barueri, SP, Brazil). Next, the specimens were rounded with a high-speed,
water-cooled cylindrical diamond bur (1095; KG Sorensen) to obtain specimens having a
diameter of 5.2 mm and containing both enamel and dentin. Dentin surfaces were
polished with wet 400- and 600-grit silicon carbide paper (T469-SF- Norton; Saint-Gobain
Abrasivos Ltda., Jundiai, SP, Brazil). The final thickness of the enamel/dentin discs was 3.1
mm (1.5 enamel, 1.6 dentin), as measured with a digital caliper (Model 500-144B;
Mitutoyo Sul America Ltda., Sdo Paulo, SP, Brazil). A 0.5 mol Lt ethylenediamine
tetraacetic acid (EDTA) solution, pH 7.2, was applied to the dentin surface for 30s to
remove the smear layer, and the discs were then rinsed thoroughly with sterile deionized

water (15).

Artificial pulp chambers (APC)

Each enamel/dentin disc was adapted individually to artificial pulp chambers
with two compartments, which have been previously described (14). The discs were
positioned in the upper compartment of the artificial pulp chamber with their enamel side
facing upward to receive the bleaching treatments and were secured between two
silicone rings (Rodimar Rolamentos Ltda., Araraquara, SP, Brazil) that promoted a tight
seal between the upper and lower compartments of the device. In the lower

compartment, circular perforations permitted free contact of the culture medium with the
8



dentin surface of the disc. A 5-mm stainless steel matrix (Injecta Products Odontolégicos,
Diadema, SP, Brazil) was inserted between the silicone ring and the lateral wall of the
upper compartment of the APC. The APCs with the discs in position were autoclaved at
120°C for 15 min and received an additional seal with autoclaved number 7 wax (Wilson
Polidental, Cotia, SP, Brazil) in the region between the enamel/dentin disc and the

stainless steel matrix in a laminar flow chamber.

Culture of MDPC-23 cells

The odontoblast-like MDPC-23 cell line used in this study was kindly provided
by Dr. Carl T. Hanks and Dr. Jacques E. Nor, from the University of Michigan, USA. The cells
were cultured in Dulbecco’s Modified Eagle’s Medium (DMEM; Sigma Chemical Co., St.
Louis, MO, USA) supplemented with 10% fetal bovine serum (FBS, Gibco, Grand Island, NY,
USA), with 100 IU mL penicillin, 100 ug mL streptomycin, and 2 mmol/L glutamine (Gibco)
in a humidified incubator with 5% CO, and 95% air at 37°C (Isotemp, Fisher Scientific,
Pittsburgh, PA, USA). The MDPC-23 cells were sub-cultured every 3 days until an adequate
number of cells was obtained. The cells were then seeded (12,500 cells/cm?) in sterile 24-
well plates (Costar Corp., Cambridge, MA, USA), which were maintained in the humidified

incubator with 5% CO, and 95% air at 37°C for 72h.

Bleaching procedure

Bleaching gels containing 10% carbamide peroxide (CP-Whiteness Perfect;

FGM, Joinville, Brazil) or 35% hydrogen peroxide (HP-Whiteness HP; FGM, Joinville, Brazil)
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were evaluated. For the bleaching procedure, the artificial pulp chambers with the
enamel/dentin discs in position were placed individually in the wells of sterile 24-well
plates, containing 1 mL of DMEM culture medium without FBS. The enamel surface of
each disc (facing upward) was washed with 1 mL of sterile deionized water and dried with
absorbent paper, and then the bleaching treatment was performed according to group
(n=26): G1, control (without treatment); G2, 10% CP (1 application/8h per day during 5
days); G3, 10% CP (1 application/8h); and G4, 35% HP (3 consecutive applications of 15
min, totaling 45 min of contact with the enamel). For all groups, after the end of the
bleaching treatment, the gel was aspirated, and the enamel surface was thoroughly rinsed
with 1 mL of sterile deionized water with concomitant aspiration. For experimental groups
3 and 4, aliquots of 500 uL of the extract obtained from the bleaching agents diffused by
the enamel/dentin were collected and applied to the wells after the end of the treatment.
For Group 2, after each 8-hour bleaching time in a humidified incubator with 5% CO, and
95% air at 37°C, the extracts were collected and applied for 1h to the wells of 24-well
plates containing previously cultured MDPC-23 cells, and this procedure was repeated
during the 5 days of the bleaching treatment, simulating the daily applications of home
bleaching. After each 8-hour bleaching time, a 100-uL quantity of artificial saliva was
applied to the enamel surface, which remained in contact with the enamel for 16h in the
incubator, corresponding to the time for remineralization of the dentin substrate to occur
(16). In the control group (G1), the enamel surface remained in contact with deionized

water (8h per day) and saliva (16h per day) for 5 days.
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Analysis of cell metabolism (MTT assay)

In each group, 10 wells were used for analysis of cell metabolism by the
cytochemical demonstration of succinic dehydrogenase (SDH) activity, which is a measure
of the mitochondrial respiration of the cells by the methyl tetrazolium (MTT) assay, as
described previously by Mosmann (1983) (17) and as used in several studies (6, 18, 19).

The absorbance values were obtained and statistically analyzed.

Alkaline phosphatase (ALP) activity

Ten wells per group were used to evaluate the total protein expression and
ALP activity by means of a colorimetric endpoint assay (ALP Kit; Labtest Diagndstico S.A.,
Lagoa Santa, MG, Brazil) with a thymolphthalein monophosphate substrate. This is a
phosphoric acid ester substrate that is hydrolyzed by ALP and releases thymolphthalein,
which gives a bluish color to the solution. The intensity of the resulting color is directly

proportional to the enzymatic activity and can be analyzed by spectrophotometry.

The culture medium was aspirated, and the cells were washed with sterile PBS
at 37°C. A 1-mL quantity of 0.1% sodium lauryl sulfate (Sigma Chemical Co.) was added to
each well and maintained for 30 min at room temperature to produce cell lysis. Next,
Falcon tubes (test, standard, and blank) were properly labeled, and a 50-uL quantity of

substrate (thymolphthalein monophosphate 22 mmol/L — Kit’s reagent #1) and 500 uL of
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buffer (300 mmol/L, pH 10.1 — Kit’s reagent #2) were added to each tube. A 50-uL quantity
of the standard solution 45 U/L (Kit's reagent #4) was added only to the standard tube.
Thirty min after cell lysis, the tubes were placed in a double boiler (Fanem, Guarulhos, SP,
Brazil) at 37°C for 2 min. The samples were homogenized, and a 50-uL quantity from each
plate was transferred to the test tubes and maintained in the double boiler under gentle
agitation. After 10-minute incubation, 2 mL of color reagent (sodium carbonate 94 mmol/L

and sodium hydroxide 250 mmol/L — Kit’s reagent #3) were added.

The absorbance of the test was measured at a 590-nm wavelength with a
spectrophotometer (Micronal B382, Sao Paulo, SP, Brazil). ALP activity was calculated by
multiplication of the absorbance values by the calibration factor, and the final values were

normalized.

Analysis of cell membrane damage

Cell membrane damage was determined with propidium iodide (PI) staining by
flow cytometry (n=6). After treatment, a 200-uL quantity of trypsin was added to each
well, and the cells were centrifuged (2000 rpm/2 min). The supernatant was discarded,
and a 300-pL quantity of ligation buffer (10 mM of HEPES, pH 7.4, 150 mM of NaCl, 5 mM
of KCI, 1 mM of MgCl,, and 1,8 mM of CaCl,) was added. The cells were treated with 1
ug/mL of PI, and the intensity of stained cells was determined immediately in a FACS

Canto System (Becton Dickinson, San Jose, CA, USA).

12



Three independent experiments (MTT, ALP activity, and cell membrane

analysis) were undertaken at different times to demonstrate reproducibility.

Statistical Analysis

After exploratory data analysis for evaluation of the homogeneity of variances,
and normality of errors, the data obtained from MTT assay and flow cytometry were
analyzed by analysis of variance (one-way ANOVA). Multiple comparisons were performed
by Tukey’s test. The alkaline phosphatase activity was statistically analyzed by Kruskal-
Wallis and Mann-Whitney tests. Both multiple-comparison tests were evaluated at a

significance level of 5%.

Results

The results obtained for cell metabolism are presented in Fig. 1. One
application of 10% CP did not cause a significant reduction in the metabolism of MDPC-23
cells, compared with the negative control group (Tukey, p>0.05). However, in the groups
with application of 10% CP on 5 consecutive days, a reduction in cell metabolism was
observed (75%), statistically superior to that in the other groups (Tukey, p<0.05). When

35% HP was applied, a reduction in cell viability (45%) was noted, statistically significant
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compared with that in the negative control group (G1) and the group with 1 application of

10% CP (G3).
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Figure 1 — Graphic representation of the cell metabolism (absorbance - nm) as a function of the

different treatments. Different letters indicate statistical differences. (Tukey; p>0.05)

In the evaluation of ALP (Fig 2), the group 2, with 5 consecutive applications of
10% CP demonstrated a significant reduction in the activity of this protein, compared with
the other experimental and control groups. The ALP activity was significantly similar

among the other groups (G1, G3, and G4).
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Figure 2 — Graphical representation of the ALP activity (absorbance — nm, U/L) after treatments
with the different bleaching agents. Different letters indicate statistical differences (Mann-

Whitney; p<0.05).

The results of the membrane cell damage, analyzed by flow cytometry, are
presented in Fig. 3. The daily application of 10% CP caused a high intensity of propidium
iodide (around 67%), suggesting the disruption of the plasma membrane and cell necrosis.
The single application of 10% CP and the positive control (35% HP) caused cellular damage
similar to that seen in G2; however, the PI fluorescence intensity was lower than seen
with daily application of the at-home agent. All experimental and positive control groups
were different from the negative control (without treatment) in this evaluation (Mann-

Whitney; p<0.05).
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Figure 3 — Intensity of propidium iodide (%) in the analysis of cell membrane damage. Different

letters indicate statistical diferences (Tukey; p<0.05).

Discussion

The at-home bleaching technique, with low concentrations of carbamide or
hydrogen peroxide, seems to be a safer alternative to in-office tooth bleaching, which
requires products with high concentrations of those agents, due to their demonstrated

high toxicity to dental pulp cells (6, 7, 10).

Recent studies have shown that the bleaching treatment with 10% CP did not
cause damage to dental pulp cells (7, 9, 10); however, these studies evaluated the toxicity
after only 1 application of the product to the tooth surface. The present study analyzed

the toxic effect of daily application of the 10% CP to odontoblast cells.
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Odontoblast-like cells were used in this study since these are the first pulp
cells to be reached by the products of the materials that diffuse through the tooth
structure into the pulp space (6, 8, 14). The MDPC-23 cells present an odontoblast
phenotype, expressing pulp proteins such as sialoprotein and dentin phosphoprotein (20,
21), and have been widely used for evaluation of the biocompatibility of dental materials

(6,7, 14).

In the present study, significant reductions in cell viability (75%) and ALP
activity were noted after 5 daily exposure to the extracts obtained from the bleaching gel.
In addition, numerous cells showed damage to the plasma membrane, suggesting cell

death by necrosis.

The toxic effects observed are probably due to the H,0, released from the
bleaching agents, which diffuse through the dental hard tissue to the pulpal space, as
demonstrated in previous studies (22-24). The products diffused by the enamel and dentin
reached the culture medium, forming the extract applied to the cells in the different
groups. The H,0, and other molecules released from bleaching agents, such as hydroxyl
radicals (OH’), are reactive oxygen species (ROS), which cause oxidative stress when in
contact with the cell membrane, characterized by the imbalance between the ROS and

antioxidizing agents (25).

The results of the present study showed that a single application of 10% CP

(8h) does not cause a significant reduction in the metabolism of MDPC-23 cells. These
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results are corroborated by previous studies of the same cell line (9, 10). The absence of
toxicity after a single application of 10% CP to enamel-dentin discs can be related to the
minimal concentration of H,0, released from the bleaching agent (3.5%), forming an
extract with a very low amount of ROS diffused, incapable of causing significant damage to
odontoblasts. However, the cumulative effect caused by daily application was capable of
promoting an intense reduction in cell viability, even with low concentrations of H,0, in

the extract.

One possible explanation for these results is that the reduced time between
the bleaching sessions prevented cell healing, showing that the increased application
frequency of 10% CP can cause relevant deleterious effects in the pulp cells. In addition,
the daily application of 10% CP caused a significant reduction in ALP activity, not observed
in the other experimental groups. Part of these results is due to the reduced number of
viable cells, resulting in lower ALP activity, protein that is involved in the mineralization of
dentin matrix (28). Another observation is that the interaction between the ROS, released
from the bleaching agents, and the protein chain can promote a breakdown of the amino
acid sequence near the active center of the molecule, causing protein fragmentation (26)

and, consequently, reduction of activity.

The reduced cell metabolism and ALP activity were complemented by the
results of the flow cytometry, where a higher Pl intensity was observed in the group with
daily application of 10% CP, compared with the other groups. Propidium iodide is a

nucleus marker that exclusively penetrates cells with plasma membrane damage. The
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damage is caused by the ROS released from the bleaching agents, which break down the
double bonds of unsaturated carbons of the membrane, triggering an autocatalytic
reaction known as lipid peroxidation (27). The high PI intensity, indicating cell necrosis
after bleaching, combined with the significant reduction in odontoblast viability and ALP
activity, demonstrates that the daily application of low-concentration bleaching agents

possibly promotes critical pulp damage in vivo.

A significant reduction in cell metabolism (45%) was observed after the
bleaching protocol with 35% H,0,, corroborating the in vitro toxicity of this technique, as
demonstrated in previous studies (7, 13, 14). The toxicity was possibly caused by the high
amount of ROS released from the bleaching agent and diffused through the tooth
structure, resulting in the cell damage observed. The toxicity presented by this protocol
was statistically high compared with that in the group with 1 application of 10% CP or with
the negative control; however, the severity was lower than in the group with 5
applications of the at-home bleaching agent tested. It should be noted that the daily
application of 10% CP promoted a cumulative toxic effect, probably preventing cell healing
during the sessions, as previously described, and this can be one factor accounting for the

high severity observed in this group.

Another possible reason relates to methodology. Due to the different
bleaching protocols, the treatment with daily application of 10% CP began 72h after the
cells were seeded, with a confluence rate lower than that on the day of application of the

35% H,0,. In light of this fact, fewer cells were available on the last day of application of
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10% CP (day 5), when the cell metabolism analysis was performed promoting intense
reduction in the cell viability for group 2, statistically superior to that achieved with 35%

H20,.

Despite the severe reduction in cell metabolism caused by the products
released from the bleaching agents after the daily application of 10% CP, a single
application of the same product during 8h did not cause significant damage to the
odontoblast cells. These results demonstrate the lower toxicity of the at-home bleaching
agent tested compared with the 35% H,0,, used for in-office bleaching, when the

products are applied for a similar period.

The at-home technique requires daily use of low-concentration bleaching
agents, and the results of the present study demonstrate that the consecutive application
of these products can promote higher toxicity to the pulp cells, indicating that these low-
concentration agents should be used with caution. Some changes in protocol, such as
reduced time of contact of the bleaching gel with the tooth surface, as well as an increase
in the interval between the sessions, can be an interesting alternative to reduce the toxic
effects of the at-home bleaching agents on the pulp cells. Moreover, the presence of
intrapulpal pressure, dentinal fluid, immunological and lymphatic systems, production of
antioxidizing agents, and other factors can modulate the effects of different treatments on
pulp cells, and for this reason results of in vitro studies cannot be extrapolated to in vivo
situations (28). Accordingly, in vivo studies should be performed to evaluate the effects of

at-home bleaching techniques with carbamide peroxide for long periods.
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Conclusion

Based on the results obtained in the present study, it may be concluded that a
single application of 10% CP did not result in toxic effects on MDPC-23 cells. Nevertheless,
the increased application frequency of those products promoted severe toxic effects on
odontoblast-like cells, indicating that the daily application of at-home bleaching agents

can cause a significant deleterious effect on pulp cells.
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CAPI7LL O 2

Resposta pulpar a procedimentos clareadores realizados em dentes de ratos tratados

com acido ascorbico
Resumo

Tem sido demonstrado que o clareamento dental acarreta danos as células e
tecido pulpar, e que esta toxicidade pode ser reduzida, in vitro, pelo uso de um agente
antioxidante. No entanto, a efetividade destes agentes in vivo ainda nao foi avaliada.
Diante disso, o objetivo do presente estudo foi avaliar a resposta da polpa dental de ratos
ao tratamento clareador, com ou sem administragao via oral prévia de um agente
antioxidante (acido ascdrbico - AA). Para isto, quarenta ratos machos foram divididos
aleatoriamente em 8 grupos (n=5), de acordo com a administracdo do agente antioxidante
(dgua destilada; AA) e os periodos de avaliacdo (6h; 24h; 3d; 7d). O tratamento clareador
foi realizado com um gel contendo 35% de perdxido de hidrogénio (PH), o qual foi
aplicado por 10 min sobre o esmalte da face vestibular dos primeiros molares inferiores.
Apds o tratamento clareador e decorridos os periodos de avaliagcdo propostos, os animais
foram sacrificados, e as mandibulas processadas para analise microscépica. Nos periodos

de 6 e 24hs pds-clareamento, os dentes dos animais submetidos ou ndo a administracao
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de AA apresentaram necrose da polpa coronaria. No periodo de 3 dias, foi observado
inicio do processo de reparacao do tecido pulpar, sendo que aos 7 dias o reparo tecidual
era praticamente completo. De acordo com a metodologia empregada neste estudo in
vivo, foi possivel concluir que o clareamento dental por 10 min., realizado com gel
contendo 35% de PH, causa necrose da polpa corondria, sendo que a resposta tecidual

nao foi significativamente alterada com a administragao prévia de AA.

Introdugao

Diversos estudos tém avaliado o clareamento de dentes vitais, ndao s6 em
relacdo a sua eficiéncia [1, 2], mas também os seus possiveis efeitos colaterais, tais como
a influéncia sobre a resisténcia de unido de materiais resinosos a estrutura dental clareada
[3, 4], efeitos toxicos sobre células pulpares [5-9], e possiveis danos a polpa dental [10,

11].

O clareamento dental ocorre devido a acdo dos radicais livres oriundos dos
agentes clareadores sobre moléculas de pigmentos presentes no esmalte e/ou dentina. A
degradacdo dos pigmentos em cadeias menores resulta em menor absorcdo de luz,
promovendo um aspecto mais claro a estrutura dental [12]. Os radicais livres originados
dos géis clareadores, quando em contato com as células pulpares, atacam as duplas
ligacGes dos acidos graxos insaturados da membrana plasmatica, causando uma lesdo
oxidativa denominada peroxidagao lipidica, sendo que esta reagdo autocatalitica pode

causar extensa lesdo ou mesmo morte celular [13].
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A acdo dos materiais clareadores na polpa dental esta relacionada com a
concentragdo de perdxido de hidrogénio no gel aplicado sobre o substrato bem como
espessura de esmalte/dentina do elemento dental [5, 10, 14]. Dentes posteriores, como
pré-molares, apresentam baixa ou nenhuma resposta inflamatdria pulpar frente ao
tratamento clareador, mesmo quando este procedimento é realizado com géis com
elevada concentragdo de PH na sua composigao [10, 11]. No entanto, dentes anteriores,
tais como incisivos, 0s quais sao os principais alvos do tratamento clareador, apresentam
delgada espessura de esmalte e dentina, o que favorece a exposi¢ao do tecido pulpar aos

componentes téxicos liberados pelos agentes clareadores [10].

Tem sido demonstrado que agentes antioxidantes podem reduzir o dano
celular frente a acdao dos agentes clareadores, por inativagcdo das espécies reativas de
oxigénio liberadas por este produto (Lima et al., 2010 a,b). Porém, estes resultados foram
obtidos em analises in vitro, o que limita a aplicabilidade destes dados as diversas

situacdes clinicas, nas quais os agentes clareadores estao envolvidos.

O 4cido ascérbico (ascorbato na forma ionizada) é uma vitamina
hidrossoluvel com potencial antioxidante [15]. Alguns estudos demonstraram que o
aumento dos niveis plasmaticos desta substancia reduz o estresse oxidativo envolvido nos
guadros de periodontites [16] e aquele induzido por arsénico [17] e chumbo [18], sendo

gue este agente antioxidante pode, também, atenuar o grau de aterosclerose [19].
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Desde que o acido ascorbico (AA) apresenta um importante papel na reducdo
de danos causados pelo estresse oxidativo as células, a avaliacdo dos efeitos deste agente
antioxidante previamente ao tratamento clareador faz-se importante, visto que danos
pulpares devem ser prevenidos durante a realizacdo dos diferentes procedimentos
clinicos estéticos. Assim, o objetivo do presente estudo foi avaliar e comparar a resposta
do tecido pulpar de dentes de ratos que receberam administracdo oral de um agente
antioxidante (AA), e cujos dentes foram posteriormente submetidos ou ndo ao

procedimento clareador.

Materias e Métodos

Quarenta ratos machos adultos Wistar (~300 g) foram mantidos em gaiolas
plasticas, com acesso a comida e agua ad libitum. Estes animais foram aleatoriamente
divididos em 8 grupos (n=5), de acordo com os tratamentos estabelecidos (Tabela 1).
Todos os procedimentos para este estudo foram aprovados pelo Comité de Etica em

Experimentagdo Animal da Universidade Estadual de Campinas (protocolo #2515-1).
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Tabela 1 — Distribuicdo dos grupos de acordo com os tratamentos e periodos de

avaliacao
Solugao
administrada
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