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Colares VLP. Efeito do clareamento com peroxido de hidrogénio em
diferentes concentracdes no estresse oxidativo gengival: um estudo clinico

randomizado [disserta¢dao]. Sao Luis. Universidade CEUMA; 2018.

RESUMO

Objetivo: O presente trabalho determinou os efeitos do clareamento dental
com peroxido de hidrogénio (H,O;) em diferentes concentragdes (15 e
35%), na geracdo de estresse oxidativo através da quantificacdo de
marcadores no fluido crevicular de pacientes expostos ao agente clareador.
Materiais e Métodos: Foi realizado um ensaio clinico randomizado, duplo-
cego, de boca dividida, com 25 pacientes, que tiveram sua arcada dentaria
dividida aleatoriamente para aplicacdo das duas concentragdes de H,O, (15
e 35%). O fluido crevicular foi coletado em diferentes tempos (antes e apos
o clareamento) e analizado em ensaios de marcadores do estresse oxidativo
e andlise de protedmica. A andlise estatistica dos dados foi realizada por
andlise de variancia (ANOVA) de medidas repetidas, seguida por
Bonferroni. Para todos os testes, p<0,05 foi considerado como significante.
Resultados: Ambos agentes clareadores apresentaram efetividade
semelhantes no clareamento dental, sendo o clareamento mais efetivo 21
dias apds a 1* sessdo. A analise de marcadores de estresse oxidativo no
fluido crevicular demonstrou a ocorréncia da diminui¢do das concentragdes
de 6xido nitrico e H,O, em amostras coletadas de pacientes submetidos a
clareamento com H,0, 35%, 1-7 dias ap6s a 1? sessdo. Observou-se ainda,
que estes niveis sdo restaurados a concentracdes equivalentes a detectadas

em condig¢des basais (pré-clareamento), logo apos a 2% exposi¢do ao agente



clareador. Quando aplicado a 15%, o H,O, ndo causou alteragdes nos niveis
creviculares de NO e H,0,. Por outro lado, ambos agentes clareadores
promoveram migra¢do de neutrofilos (indicado pelo aumento da atividade
da enzima mieloperoxidase) para o fluido crevicular, indicando a ocorréncia
de um processo inflamatorio pos-clareamento que se estendeu por todo o
periodo de avaliagao.Conclusdo: O clareamento com agentes a base de H,O,
causa inflamacao independente da concentragdo utilizada. Sistemas
clareadores a base de H,O, 35% podem resultar em um quadro inflamatdrio
mais prolongado. Ambas as concentragdes de H,O, demonstraram eficacia
semelhante, sugere-se que o uso de concentracdes mais baixas, resultariam
em menores danos teciduais no paciente.

Palavras-chave: Clareamento dental; fluido gengival crevicular; estresse

oxidativo.
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Envolvimento do estresse oxidativo e nitrosativo na resposta crevicular
ao clareamento dental a base de peréxido de hidrogénio: um estudo
clinico randomizado

*artigo a ser submetido a revista Scientific Reports

RESUMO

Objetivo: O presente trabalho determinou os efeitos do clareamento dental
com H,0O, em diferentes concentragdes (15 e 35%), na geracdo de estresse
oxidativo e/ou nitrosativo através da quantificagdo de marcadores no fluido
crevicular de pacientes expostos ao procedimento. Materiais ¢ Métodos: Foi
realizado um ensaio clinico randomizado, duplo-cego, de boca dividida,
com 25 pacientes, que tiveram sua arcada dentaria dividida aleatoriamente
para aplicacdo das duas concentracdes de H,O, (15 e 35%). A coleta de
fluido crevicular foi realizada em diferentes tempos (antes e apds o
clareamento). A analise estatistica dos dados foi realizada por andlise de
variancia (ANOVA) de medidas repetidas, seguida por Bonferroni. Para
todos os testes, p<0,05 foi considerado como significante. Resultados: A
efetividade dos agentes clareadores foi avaliada onde foi possivel observar
que o clareamento dental com H,0, ¢ efetivo independente da concentracao
utilizada. A concentracdo de 35% de H,O, alterou a liberagdo de NO nos
niveis creviculares. Os niveis de H,O, também foram quantificados onde no
FGC onde nao foram observadas diferencas estatisticamente significantes
entre os grupos. Os niveis de atividade da MPO encontraram-se aumentados
quando comparados a amostras controle, independente do tempo. Estas
alteragcdes foram acompanhadas por alteragdes no perfil protedmico.

Conclusdo: O clareamento com agentes a base de H,O, causa inflamacao



independente da concentracdo utilizada. Sistemas clareadores a base de
H,0, 35% podem resultar em um quadro inflamatério mais prolongado.
Considerando a eficacia de ambas as concentragdes de H,O, no clareamento
dental, sugere-se que o uso de concentragdes mais baixas, resultariam em
menores danos teciduais no paciente.

Palavras-chave: Clareamento dental; fluido gengival crevicular; estresse
oxidativo.



INTRODUCAO

O clareamento dental ¢ um dos tratamentos estéticos mais solicitados nos
consultérios odontologicos, uma vez que dentes brancos, bem contornados e
corretamente alinhados apresentam-se como padrio de sorriso ideal'. As
técnicas de clareamento dental empregam diferentes agentes clareadores em
diferentes concentracdes, os quais podem ser aplicados sobre a estrutura
dental de diversas formas e tempos distintos™. Os agentes clareadores
utilizados comumente pelos profissionais sdo o perdxido de hidrogénio
(H,0,)* ou perdxido de carbamida (PC) em concentra¢des que variam de 10
a38%".

Embora um alto sucesso clinico seja observado com este procedimento’,

7,89
1%

alguns efeitos adversos como sensibilidade denta alteragdes nos tecidos

10,11

moles 14,15,16,

, efeito genotoxico'? em bactérias e células'®, danos a polpa

171819 “além de irritagdo gengival®? tém sido relatados com

efeito citotoxico
agentes clareadores. Ainda, possiveis efeitos pro-inflamatdrios desses
agentes clareadores tém sido estudados, embora as evidéncias acumuladas
sejam controversas' 2124324,

O clareamento dental realizado no consultério freqiientemente emprega
agentes a base de H20225. Estudos demonstram que quanto maior a
concentracdo deste agente clareador, maior sua eficacia, uma vez que a
existéncia de mais moléculas reativas do produto leva a maior formacao de
radicais livres e reacdes oxidativas, facilitando assim, a remocdo de

14,18,19

pigmentacdo dos dentes . Por outro lado, ¢ possivel que a formagdo

destes radicais livres possa impactar as respostas de estresse oxidativo e

17



nitrosativo do paciente, uma vez que o H,O, ¢ uma das principais moléculas
26

geradas nestas resposta”.

Embora ndo existam relatos de que o clareamento dental promova estresse

oxidativo e nitrosativo no tecido gengival e/ou outras estruturas dentais,

estudos sugerem que esta técnica pode ocasionar um processo inflamatorio

nestes tecidos>!*%%.

A resposta inflamatéria constitui 0 mecanismo
principal de defesa do corpo frente a uma agressdo, e tem a fungdo de
proteger o organismo. E caracterizada pela migracio de células de defesa
para o tecido afetado, onde os leucécitos como neutrofilos e macréfagos sao
de fundamental importancia nesse processo, uma vez que participam do
processo inflamatorio e iniciam e mantém respostas imunes, que podem
resultar em alteracdes teciduais deletérias ou regenerativas®*, levando ou a
ruptura ou a recuperacao tecidual.

Dentre estas alteragdes, destaca-se o papel do estresse oxidativo. Este, ¢é
caracterizado por um desequilibrio entre a geragdo excessiva de compostos
oxidantes frente a uma producdo insuficiente de mecanismos antioxidantes
de defesa26’29, resultando assim, em dano tecidual. Neste processo, ocorre a
produgdo exacerbada de espécies reativas de oxigénio (EROs), como H,0,,
anion superoxido (O,) e radicais hidroxila (HO’) composto este,

extremamente reativo e deletério’™!

. Ainda, a produgdo de 6xido nitrico
(NO) ocorre em paralelo como parte do estresse nitrosativo, pela acdo da
enzima Oxido nitrico sintase, decorrente da uniio da arginina com O,.
Uma vez formado, o NO pode reagir com o HO™ e originar peroxinitrito

(ONOQ"), que por sua vez causa dano tecidual, uma vez que promove

alteracdes no DNA e proteinas celulares, ocasionando apoptose destas

18



células e muitas vezes, a perda de funcao tecidual 14313233~ Além disso, o
H,0; liberado pode reagir com a mieloperoxidase (MPO), uma enzima
expressa em grandes quantidades em neutrofilos e utilizada como marcador
de influxo destas células para tecidos inflamados®**>*°. A ativacio da MPO
pode levar a produgdo de outro potente radical oxidante, o 4cido hipocloroso
(HOCI) a partir de H,O,, amplificando assim, a formagdao de EROs por
neutrofilos®”.

Considerando estas evidéncias, € possivel que o clareamento a base de H,O,
promova estresse oxidativo e nitrosativo apos sua aplicagdo. Assim, este
estudo teve como objetivo, determinar os efeitos do clareamento dental com
H,0, em diferentes concentragdes, na geracdo de estresse oxidativo e
nitrosativo, bem como suas consequéncias a nivel de fluido crevicular em

pacientes submetidos a este processo estético.

MATERIAIS E METODOS

Pacientes

O presente estudo clinico foi aprovado pelo Comité de Etica em Pesquisa
(CEP) da Universidade CEUMA (ntimero do parecer ¢ 1.307.220). A
pesquisa foi registrada no Registro Brasileiro de Ensaios Clinicos (Rebec)
sob numero RBR-4kkcd7. Apods a aprovagdo, foram selecionados 25
voluntérios (18-40 anos de idade) com boa saude geral e bucal. Ainda, os
voluntdrios apresentavam dentes antero-superiores com cor A3 ou mais
escura, com vitalidade pulpar e livres de doenga periodontal, restauragdes e
lesdes cariosas. Foram excluidos do estudo pacientes com ma higiene bucal,
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gestantes e lactantes; pacientes que realizaram clareamento dental
previamente; fumantes, individuos com restauracdes, tratamento
endodontico ou prétese dental nos dentes antero-superiores. Pacientes com
trincas, retragdes gengivais; lesdes cervicais ndo cariosas; fraturas;
sensibilidade dental espontanea; descoloragdo interna severa, aqueles que
apresentaram bruxismo ou que fizessem uso de aparelho ortodontico fixo, e
pacientes que fizeram uso de medicamentos analgésicos e/ou anti-
inflamatorios até 2 semanas antes do inicio do clareamento ou durante o
procedimento. Todos os voluntarios assinaram o Termo de Consentimento
Livre e Esclarecido e receberam profilaxia dental com pasta profilatica e

escova de Robson uma semana antes do inicio do clareamento.

Grupos experimentais

O estudo foi um ensaio clinico randomizado, duplo-cego, de boca dividida,
no qual a populacdo amostral foi de 25 pacientes, onde todos os pacientes
selecionados tiveram sua arcada dentaria dividida aleatoriamente para

aplicacdo das duas concentra¢des de H,O, (15 e 35%).

Procedimento clareador

Apos profilaxia, foi realizada a afericao basal de cor dos seis dentes antero-
superiores por comparagao com a escala de cor Vita Classic e Vita
Bleachedguide, e espectofotometria com Vita Easyshade Advance 4.0
(Vident, Brea, CA, EUA). A efetividade do procedimento foi acompanhada
por estas trés ferramentas, 7 e 21 dias apds a 1* sessdo de aplicagdo do

clareamento dental.
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Para aplicacdo do agente clareador, uma barreira gengival de resina
fotopolimerizavel (Top Dam, FGM) de 2 mm de espessura foi
confeccionada dos dentes 15 ao 25. A barreira foi aplicada também na linha
média. separando a hemi- arcada direita da esquerda, a fim de evitar
contaminagdo cruzada entre os agentes clareadores aplicados. Os géis
clareadores rotulados em A e B, foram aplicados aleatoriamente em cada
hemi-arcada, na superficie vestibular dos dentes, de forma uniforme por um

unico operador.

Os materiais clareadores foram preparados conforme orientagdo do
fabricante. Os géis Lase Peroxide Sensy 35% e Lase Peroxide Lite 15%
foram aplicados em duas sessoes (trés aplicagdes de 15 min por sessdo), sem
utilizagdo de luz e com intervalo de 7 dias entre as mesmas. A remog¢ao dos
géis clareadores foi realizada com canula de succdo e agua. Todos os
pacientes foram instruidos a realizar a escovacao regular dos dentes, com

creme dental sem agente clareador em sua composico ™.

Coleta do fluido gengival crevicular

Para analise de vias associadas ao estresse oxidativo e nitrosativo, coletou-
se o fluido gengival crevicular (FGC). Para isto, os tecidos moles foram
secos, protegidos com afastador gengival ArcFlex, isolados com roletes de

algodao e os dentes foram levemente secos com jatos de ar.

O FGC foi coletado dos dentes 11 e 21, em tiras de papel padrao (Perio-
paper, IDE Interstate, Amityville, NY, EUA). Para isto, as tiras foram

inseridas em cada sulco gengival com profundidade de 1-2 mm e o FGC foi
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coletado por 15 segundos. De cada dente, foram coletadas 2 tiras de FGC.
Apos a coleta, as tiras contento FGC foram imediatamente armazenadas em
tubos estéreis em freezer a -86°C para posterior analise dos niveis de 6xido
nitrico, perdxido de hidrogénio e mieloperoxidase. Tiras contaminadas com
sangue foram excluidas da coleta. A coleta foi realizada antes, 1, 7, 8 e 21
dias ap6s o inicio do procedimento clareador. Para aumentar a
confiabilidade, todas as aferi¢des clinicas e coletas de FGC foram realizadas

pelo mesmo examinador.

Dosagens bioquimicas em amostras de FGC

Processamento das amostras

Tiras contendo FGC (1 de cada dente) foram incubadas individualmente
com 160 pul de tampao fosfato-salina (PBS) por 10 min, sendo vortexadas a
cada 2 min de incubag¢do. Em seguida, as amostras foram centrifugadas a
3.000 rpm, por 5 min. O sobrenadante resultante foi entdo coletado e

utilizado para andlise dos niveis de NO, H,O; e atividade da MPO.

Quantificacao de NO, /NO;

O contetdo de NO, /NO3; em amostras de FGC foi mensurado pelo ensaio
de Griess coforme metodologia descrita previamente®®. O NOs~ foi reduzido
a nitrito (NO,") por incubac¢do de 80 pl da amostra com 20 pl de nitrato
redutase (1Ul/ml) e 10 ul de NADPH (1 mM) por 30 min, a 37°C em placa
de 96 pocos. Apos incubagdo, 100 pl de reagente de Griess (5% v/v H3POq

contendo 1% de sulfanilamida e 0,1% de dihidrocloreto de naftileno) foram
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adicionados por poco, e a reagdo foi incubada por 30 min a 37°C. As
absorbancias foram entdo, imediatamente lidas em 550 nm através de
espectrofotometria (MB-580/Heales). As absorbancias obtidas foram
comparadas a de uma curva padrao de nitrito (0-600 uM) e os resultados

foram expressos como NO* em uM.

Niveis de H,0,

A producdo de H,O; foi mensurada em amostras de FGC usando o kit de
ensaio H,O,/ peroxidase, de acordo com as instrugdes do fabricante (Sigma-
Aldrich). Para isto, 50 pl de amostra foram incubados com 46 pl de tampao
de ensaio, 2 ul de substrato fluorescente de peroxidase e 2 pl de substrato de
H,0,. Em seguida, a placa foi incubada a 37°C no escuro, € a absorbancia
foi lida em 570 nm, em diferentes tempos: 3 min (absorbancia inicial) e a
cada 10 min até uma das amostras apresentar absorbancia similar ao maior
ponto da curva padrdo. As absorbancias obtidas foram comparadas as de
uma curva padrao de H,O; (0-40 uM). Os resultados foram como niveis de

H202 cm ].LM

Atividade da MPO

A medida da atividade da MPO baseou-se na velocidade de oxidacdao do
substrato o-dianisidina na presenca de agua oxigenada, evidenciada pela
coloracdo”’. As amostras de FGC (25 pl) foram adicionadas de igual volume
de solugdo de fosfato de potassio (pH 6,0) contendo 0,5% de brometo de
hexadeciltrimetilamonia (HTAB, Sigma Chem. Co, EUA). Em seguida, as

amostras foram sonicadas por 20 segundos e aquecidas por 2 h a 60°C para

23



inativacdo da catalase endogena (Ohta, Kongo e Kishikawa, 2003). Apos
incubagdo, as amostras foram centrifugadas a 10.000 g por 5 minutos. Uma
aliquota de 10 pl do sobrenadante resultante foi incubada com 200 ul de
solucao de fosfato de potassio (5 mM, pH 6) contendo 16,7 mg/mL de o-
dianisidina (Sigma Chem. Co., EUA) e 0,0005% de H,O, por pogo, em
microplaca. A monitorizagdo da velocidade de formacao do produto de
oxidagdo da o-dianisidina foi realizada registrando-se o aumento da
absorbancia da mistura a 460 nm (leituras coletadas em intervalos de 10
segundos durante 10 minutos). A atividade de MPO foi calculada a partir da
velocidade maxima da reagdo por segundo e o resultado foi expresso em
porcentagem (%) da velocidade da rea¢do em relagdo a absorbancia inicial,

como indicativo do acamulo de neutrofilos.

Identificacido de proteinas do FGC por espectrometria de massas

Preparo das amostras

Para identificacdo das proteinas presentes, foi preparado um pool de tiras
por tempo experimental de cada agente clareador, resultando em 6 pools, os
quais foram incubados com 150 pl de uma solugdo contendo 80%
acetonitrila, 19,9% agua destilada e 0,1% acido trifluoroacético e sonicados
3 vezes, por 1 min para remog¢ao de todas as proteinas contidas nas tiras de
papel. Em seguida, as amostras foram liofilizadas e ressuspensas em 1000 pl
de agua destilada. A concentracdo de proteina total contendo em cada pool/
foi avaliada pela técnica do acido bicinconinico (Micro BCATM). Aliquotas

contendo quantidades iguais de proteina (10 pg/pool) foram liofilizadas e
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entdo, desnaturadas e reduzidas através da adicdo de 200 ul de tampao 1
(pH 7,8; contendo 4 M ureia, 10 mM de ditiotreitol (DTT), 50 mM
NH4HCOs3). Apos 2 h de incubagdo, 1000 pl de tampao 2 (pH=7,8; 50 mM
NH4HCOs3) foram adicionados a cada pool, ¢ a digestdo das proteinas foi
realizada durante 18 h a 37°C, por adicdo de 2% (w/w) de tripsina
(Promega, Madison, WI, EUA). Em seguida, as amostras foram secas em
SpeedVac, dessalinizadas através de ZipTip® para remogao de residuos de

tampao, e liofilizadas novamente.

Cromatografia liquida tandem espectrometria de massas

A identificacdo de proteinas foi realizada por separacdo dos peptideos, e as
analises espectrométricas foram feitas utilizando-se nano-HPLC Proxeon
(Thermo Scientific, Sao Jose, CA, EUA), o qual permite cromatografia
liquida in-line com coluna capilar. A coluna utilizada foi de 75 mm x 610
mm (Pico TipTM EMITTER, New Objective, Woburn, MA) preenchida
com resina C18 com poros de 5 um de didmetro e 200A (Michrom
BioResourses, Auburn, CA), acoplado a espectrometro de massas (LTQ-
Velos, Thermo Scientific, Sao Jose, CA, EUA). Realizou-se ioniza¢do por
eletrospray em modo de busca, na faixa de valores m/z 390-2000 em
tandem MS/MS. Para isto, quantidades iguais de amostras liofilizadas foram
ressuspensas em 20 pl de &cido formico 1% e entdo submetidas a nLC-ESI-
MS/MS. O HPLC de fase reversa nanoflow foi desenvolvido com um
gradiente linear de 85 min variando de 0 a 100% de solvente (0,1% &cido
férmico em acetonitrila), num fluxo de 200 nl/min, com pressdo maxima de

280 bar. A voltagem e temperatura do capilar de transferéncia de ions
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utilizadas foram 1,8 kV e 250°C, respectivamente. Cada espectro (MS)
obtido foi analizado por selecdo sequencial automatizada de sete peptideos
para CID, com exclusdao dindmica dos ions previamente selecionados. Os
dados de MS/MS foram confrontados com o banco de dados de proteinas
humanas (UniProt and TrEMBL, Swiss Institute of Bioinformatics, Geneva,
Switzerland, http://ca.expasy.org/sprot) usando o algoritmo SEQUEST no
software Proteome Discoverer 1.3 (Thermo Scientific, San Jose, CA, USA).
Os filtros utilizados no SEQUEST como critério aplicado aos espectros
MS/MS foram: 1.5; 2.5; 3.1; 3.1; 4.5 para o Xcorr aplicado em adi¢cdo ao
filtro Percolator. Os resultados das buscas foram filtrados com uma taxa de
falsas descobertas de 1% utilizando uma estratégia de pesquisa de banco de

dados inversa.

Analise Estatistica

Os dados estdo expressos como média + erro padrdo da média (EPM). A
analise estatistica dos dados foi realizada por analise de varidncia (ANOVA)
de medidas repetidas, seguida por Bonferroni. Para todos os testes, p<0,05

foi considerado como significante.

RESULTADOS

O clareamento dental com H,0; ¢é efetivo independente da concentracio
utilizada

A tabela 1 demonstra a efetividade dos agentes clareadores utilizados, a
partir de 7 dias apos a 1* sessdo em comparacdo com medidas basais dos

pacientes. A efetividade dos agentes clareadores foi semelhante, com a
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maior efetividade observada 21 dias apds a 1* sessdo, para ambas as
concentragdes de H,O, quando avaliada por Vita Bleachedguide. Nao foram
observadas diferengas entre os agentes clareadores ao longo do tempo,
através das aferigdes por Vita Classic e Vita Easyshade, embora a

efetividade de ambos tenha sido observada nas duas técnicas.

Migracao de neutroéfilos e niveis alterados de NO e H,O, sao detectados
em amostras de FGC apos o clareamento com H,0,

Os niveis creviculares dos marcadores de estresse oxidativo e nitrosativo,
H,0; e NO, foram analisados em amostras coletadas de diferentes tempos
experimentais. A figura 1A demonstra os niveis de NO em amostras de FGC
obtidas antes e apos o clareamento dental com H,0, (15-35%). Observou-se
que enquanto o clareamento com H,O, 15% nao altera a produgdo de NO, a
aplicacdo de concentracdo elevada de H,O, (35%) causa reducao (~31%)
deste mediador, tdo logo quanto 1 dia apds a 1* sessdo, permanecendo
elevado por 7 dias. Apds a 2% sessdo de clareamento, os niveis de NO
retornaram a niveis semelhantes aos observados em condigoes basais.

Os niveis creviculares de H,O, também foram quantificados em amostras de
FGC coletadas antes e 7 € 21 dias apos o clareamento. Embora ndo tenham
sido observadas diferencas estatisticamente significantes entre os grupos,
pacientes que receberam clareamento a 15% e 35% apresentaram reducgdo
dos niveis creviculares de H,O; (21% e 33%, respectivamente) 7 dias apos a
1* sessdo, tendo estes niveis retornado aos basais ao final dos 21 dias de

avaliagdo (figura 1B).

27



Ainda, observou-se aumento da velocidade de liberagcao de MPO (indicativo
de acamulo de neutréfilos) em amostras de FGC de pacientes submetidos ao
clareamento com H,0O, 15 e 35%. Os niveis de atividade da MPO
encontraram-se aumentados (22 vezes) quando comparados a amostras
controle, independente do tempo pds-clareamento ou da concentracdo do

agente clareador utilizada (figura 1C).

Analise proteomica do FGC antes e apdés-clareamento dental com H,0,

Foram detectadas 257 proteinas em amostras pré-clareamento obtidas de
pacientes expostos a H,O, 15%. Apds o clareamento, observou-se uma
redugdo desta quantidade de proteinas, tendo as amostras coletadas 7 dias
apos a 1" sessdo apresentado 222 proteinas (reducdo de 13,6%) e 21 dias
apos, 154 proteinas (reducdo de 40,1%). Dentre as proteinas detectadas
(Tabela 3), foi observado um aumento progressivo na quantidade de
proteinas relacionadas a sintese de NO (de 0% em condi¢des basais para
1,3% em 21 dias apos a 1* sessdo de clareamento), estresse oxidativo (de
3,9% em condi¢Oes basais para 5,8% em 21 dias apds a 1* sessdo de
clareamento), regulacdo de neutréfilos (de 2,3% em condigdes basais para
6,5% em 21 dias ap6s a 1* sessdo de clareamento) e sobrevivéncia celular
(de 9,7% em condigdes basais para 11,7% em 21 dias apos a 1* sessdo de
clareamento) (Tabela 2).

Por outro lado, as mesmas amostras apresentaram um aumento transitorio de
proteinas relacionadas a danos em acidos nucléicos (de 3,9% em condigdes
basais para 4,5%) 7 dias apds a 1* sessdo de clareamento, tendo o numero

destas proteinas reduzido para 2,6% ao final do periodo de observagdo (21
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dias apos a 1* sessdo) (Tabela 2). Da mesma forma, houve reducgdo
transitoria no numero de proteinas associadas a regeneragao tecidual, sendo
registrado um quantitativo de 5,1% em condic¢des pré-clareamento, 2,3% e
6,5%, 7 e 21 dias apos a 1* sessdo, respectivamente (Tabela 2).

Avaliou-se também, as proteinas creviculares de pacientes submetidos a
clareamento dental com H;0, 35%. Foram detectadas 353 proteinas
creviculares nestes pacientes em condi¢des pré-clareamento. Como
observado em pacientes expostos ao agente clareador 15%, apos
clareamento dental com H,O, 35%, houve reducdo desta quantidade de
proteinas, tendo as amostras coletadas 7 dias apos a 1* sessdao apresentado
255 proteinas (reducdo de 27,8%) e 21 dias apos, 225 proteinas (reducao de
36,3%). Dentre as proteinas detectadas (Tabela 4), notou-se um aumento
progressivo na quantidade de proteinas relacionadas ao estresse oxidativo
(de 1,7% em condigdes basais para 2,7% em 21 dias apos a 1* sessdo de
clareamento). O niimero de proteinas associadas a regulacdo de neutréfilos
manteve-se estavel 7 dias apds a 1* sessdo, decaindo apds os 21 dias de
observagao (de 2,6% em condi¢des basais para 1,3% em 21 dias apos a 1?
sessdo de clareamento). O mesmo foi notado para proteinas envolvidas na
regeneragdo tecidual (de 5,4% em condigdes basais para 3,6% em 21 dias
apods a 1? sessdo de clareamento) (Tabela 2).

Entretanto, as mesmas amostras apresentaram um aumento transitorio de
proteinas relacionadas a danos em acidos nucléicos (de 2,0% em condigdes
basais para 3,1%) 7 dias apds a 1* sessdo de clareamento, tendo o numero
destas proteinas reduzido para 2,2% ao final do periodo de observagdo (21

dias apos a 1* sessdo) (Tabela 2). Da mesma forma, houve reducao
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transitoria no niamero de proteinas associadas a producdo de NO, sendo
registrado um quantitativo de 0,3% em condi¢des pré-clareamento, 0% e
0,4%, 7 e 21 dias apos a 1* sessdo, respectivamente (Tabela 2). Proteinas
associadas a sobrevivéncia celular mantiveram-se estaveis desde o basal até
o término de avaliagdo pds-clareamento (21 dias), variando de 8,5-8,9%
(Tabela 2).

Dentre as classes de proteinas estudadas, algumas delas atua em mais de
uma via, como pode ser observado através das tabelas 3 e 4. Ainda, através
dos diagramas de Venn (figuras 2 e 3), pode-se observar a dindmica de
alteracdo das proteinas ao longo do periodo observado, uma vez que
algumas grupos especificos de proteinas participam de uma determinada

resposta em tempos especificos.

DISCUSSAO

Evidéncias indicam que diferentes concentracdes de géis clareadores
contendo H,0, proporcionaram a mesma eficacia no clareamento dental’.
No presente estudo, confirmou-se a efetividade de agente clareadores a base
de H,O, Ambas as concentragdes avaliadas foram efetivas através da
andlise Vita Bleachedguide, Vita Classic e Vita Easyshade, embora
diferencas ao longo do tempo tenham sido detectadas somente através de
Vita Bleachedguide, com efetividade melhor evidenciada para os agentes
clareadores 21 dias apos a 1* sessdo.

Apesar de efetivos, existe controvérsia acerca da seguranga de utilizagdo de
agentes clareadores a base de H,O,, uma vez que alguns estudos sugerem a

existéncia de efeitos deletérios decorrentes da aplicacdo dos mesmos. Estes
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7,89
1%

efeitos deletérios incluem sensibilidade dental ™", efeitos citotoxicos e

genotoxicos'?, danos na polpa e irritacio gengival’*’

, dentre outros.
Evidéncias ainda atribuem efeitos pro- inflamatdrios aos agentes clareadores
deste tipo, principalmente a nivel de polpa dental'*'>'®. Ainda, estudos
sugerem que estes efeitos sdo concentragdo-dependente™*°. Entretanto, ndo
existem relatos de que o clareamento dental causa estresse oxidativo e/ou
nitrosativo nos tecidos dentais, e nem se estes ocorrem em uma intensidade
que pode ser detectada de maneira prolongada em amostras de FGC.
Demonstrou-se aqui, pela primeira vez, que o clareamento dental com H,0,
altera vias relacionadas ao estresse oxidativo e nitrosativo, € que estas
alteracdes podem ser detectadas em amostras de FGC, através de coleta
simples € nao invasiva (com periopaper), podendo assim, ser uteis no
acompanhamento de possiveis efeitos deletérios no paciente. O FGC ¢ um
exsudato de liquidos teciduais/plasma que atinge o sulco gengival,
composto por uma mistura complexa de substancias derivadas do soro
sanguineo, leucocitos, células estruturais do periodonto e microorganismos
bucais, assim ele detém um grande potencial para servir como indicador de
inflamagéo®'.

Observou-se uma redugdo significativa nos niveis de NO nas amostras de
pacientes submetidos a clareamento com H,O; 35%, mas ndo naqueles
submetidos a este agente em concentragdo reduzida (15%). Este efeito foi
observado tdo logo quanto 1 dia ap6s a 1? sessdo de clareamento, e manteve-
se reduzido por até 7 dias apds esta sessdo. Por outro lado, apos a 2* sessdo,
a liberagdo de NO retornou a niveis compativeis com os produzidos antes do

clareamento. Perfil semelhante foi observado na detec¢do de H,O, nas
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mesmas amostras de FGC. Por outro lado, ambas as concentragdes de
peroxido causaram aumento da atividade da MPO, e este efeito foi mantido
por todo o periodo de avaliagdo. Estes dados indicam que ambas as
concentragdes de H,O, sdo capazes de causar inflamagao tecidual, e que as
moléculas envolvidas neste processo diferem de acordo com a concentragdo
de agente clareador utilizado.

Estudos indicam que o H,O; 38% utilizado em consultério causa inflamagao
a nivel pulpar, resultando em migracdo de macréfagos, angiogénese e dano

de polpa**®

, € que este efeito ¢ concentragao-dependente, com danos mais
reduzidos quando menores concentracdes deste agente clareador sdo
utilizadas. Neste estudo, o clareamento dental ocasionou um processo
inflamatério que se perpetuou por 2 semanas pods-término dos
procedimentos, entretanto, mais estudos sdo necessarios para a determinagao
da extensdo da inflamacgdo, i.e., sua ocorréncia a nivel pulpar e/ou tecidos
moles.

A andlise protedmica do FGC demonstrou uma alteragdo nao apenas na
abundancia mas também nos tipos de proteinas associadas a sintese de NO,
H,0, e regulagdo de neutrofilos ao longo do periodo de clareamento dental
em comparacdo a condigdes pré-clareamento. Enzimas como MAPK
quinase 4, molécula adaptadora 1 contendo o dominio TIR, NADH
dehidrogenase [ubiquinona] flavoproteina 3 mitocondrial e nitrato redutase,
associadas com a sintese de NO, foram detectadas em ambos os grupos de
pacientes submetidos a agentes clareadores. Observou-se que enzimas

proteinas dessa classe sdo induzidas gradativamente ao longo do periodo de

tratamento em individuos submetidos a agentes clareadores 15%; e que
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pacientes submetidos a concentracdes elevadas de H,O, ndo expressam
estas proteinas 7 dias apos a 1? sessdo. Isso pode explicar a redugcdo na
producao de NO detectada pelo método de Griess, neste tempo de avaliagao.
Um aumento progressivo de proteinas associadas ao estresse oxidativo foi
detectado ao longo dos 21 dias de observagao pos-1* sessdao de clareamento
dental induzido por ambas concentracdes testadas de H,O,. Entretanto, os
niveis de H,O, encontraram-se reduzidos 7 dias ap6s aplicagao dos agentes
clareadores.  Oxidoredutases como JHDMID, NADH-ubiquinona
oxidoredutase de cadeia 2, NADH-ubiquinona oxidoredutase subunidade 5,
NADH dehidrogenase [ubiquinona] flavoproteina 3, dehidrogenase/redutase
2-isoforma 2, retinol dehidrogenase 14, proteina secretoria epididimal Li 55,
peroxiredoxin-5 mitochondrial e EGLN3, e a proteina antioxidante S100-A8
foram detectadas em ambos os grupos de pacientes, 7 dias apos a 1* sessao.
Apesar de oxidoredutases como cytocromo P450 2D6, NADH
dehidrogenase [ubiquinona] flavoproteina 3, EGLN3 e proteina secretoria
epididimal Li 55; e da proteina antioxidante S100-A8 serem detectadas 21
dias apo6s a 1 sessdo, proteinas sensoras e reguladoras da produgdo de
moléculas oxidantes (anexina, receptores de potencial transitorio V1 e M2)
também foram observadas nas mesmas amostras. Essa alteragdo na
expressao de reguladores de moléculas oxidantes pode explicar pelo menos
em parte o retorno dos niveis de H,O, a semelhantes aos basais, neste tempo
de observagdo. De fato, em condicdes pré-clareamento, amostras de FGC
apresentaram oxidoredutases, moléculas antioxidantes e
sensores/reguladores de estresse oxidativo (receptor canabindide tipo 1,

receptor para ACh alfa 4 neuronal e proteina transmembrana do tipo 1).
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Diferentes proteinas reguladoras de quimiotaxia, ativacao e degranulagao de
neutrofilos foram detectadas nas amostras de FGC tanto em condigoes
basais quanto pos-clareamento, sendo a maior abundancia de proteinas dessa
natureza encontradas em amostras de pacientes submetidos a clareamento
com H,O, 15%, 21 dias pos-inicio do tratamento. Em amostras obtidas de
ambas as concentragdes de H,O,, foram observadas proteinas associadas a
ativacdo e degranulacdo de neutréfilos (queratina 1, S100-A8, proteina
cationica de eosinodfilos, defensina 1 de neutrofilos, tirosina fosfatase beta
do tipo receptor, molécula adaptadora 1 contendo dominio TIR, resistina)
neste tempo de estudo, entretanto, proteinas associadas a quimiotaxia e
morte de neutrdfilos (inositol-trisfosphato 3-quinase B e anexina) foram
detectadas somente para a concentracdo de 15%. Em condig¢des preé-
clareamento, proteinas relacionadas a migragao, ativacao e degranulacao de
neutrofilos foram detectadas (beta-defensina 119, NF-kappa-B subunidade
p105, proteina quinase serina/treonina 10, hornerina, quinase dependende de
calcium/calmodulin tipo 1D, cadeia variavel de Ig 3-11, S100-A8, maltase-
glucoamilase, ATPase transportadora de fosfolipidios 8AI, N-
acetilgalactosamina-6-sulfatase e N-acilesfingosine amidohidrolase 1).

Para ambas as concentragoes de H,O,, houve aumento na abundancia de
proteinas relacionadas danos de 4cidos nucléicos 7 dias apos o clareamento
dental, porém somente para a concentragdao de 15% observou-se aumento na
propor¢ao de proteinas associadas a sobrevivéncia celular em comparagao
com condigdes pré-clareamento. Ainda, proteinas regenerativas teciduais
encontram-se reduzidas neste tempo de avaliacdo para o clareamento 15%,

mas ndo para o 35%. Por outro lado, proteinas de sobrevivéncia estdo
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aumentadas somente em pacientes submetidos ao clareamento com
concentracao reduzida de H,O,, 7 dias pés-clareamento.

Vinte ¢ um dias apdés o clareamento, ocorre retorno na abundancia de
proteinas relacionadas a danos de acidos nucléicos em ambas concentragdes
de H,0O,; entretanto, proteinas de regeneragdo e sobrevivéncia celular
(promotoras de angiogénese, re-epitelizagao, proliferagao de fibroblastos,
regeneragdo nervosa, osteoclastogénese, e producdo de dentina) e
encontram-se aumentadas somente na concentracdo menor do agente
clareador. Estes dados nos permitem sugerir a existéncia de um processo
inflamatorio mais exacerbado em pacientes com clareamento 35%, o qual se
perpetua por todo o periodo de observacao pos-inicio de tratamento.
Seguindo esta hipotese, e considerando que o NO e H,0; sdo produzidos
constitutivamente  por células do endotélio, neurdnios e/ou

e 45464
queratinocitos A

, sugere-se que o clareamento com H,0; 35% causa
dano de células produtoras de NO (neurdnios e células endoteliais) e que
ambas as concentragdes promovem dano de células produtoras de H,O,
como queratinocitos.; 7 dias apds o clareamento. Em tempos posteriores (21
dias pos-1? sessdo), observou-se restauragdo dos niveis creviculares de NO e
H;0,, e que isto pode estar relacionado a: i) aumento de proteinas de
sobrevivéncia celular e regeneragdo tecidual, além de ativagao de neutréfilos
no clareamento 15%, e ii) continuidade da ativagdo de neutrofilos ainda

presentes na regido, além da reconstituicdo de proteinas associadas a sintese

de NO, na presenca de redug@o na abundancia de proteinas regenerativas.
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CONCLUSOES
De acordo com nosso estudo, foi possivel concluir que:

1. O clareamento com agentes a base de H,O, causa inflamacgao
independente da concentracao utilizada.

2. Sistemas clareadores a base de H;O, 35% podem resultar em um
quadro inflamatorio mais prolongado.

3. Considerando a eficacia de ambas as concentracdes de H,O; no
clareamento dental, sugere-se que o uso de concentracdes mais baixas

resultariam em menores danos teciduais no paciente.
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Tabela 1. Efetividade do clareamento dental com agentes a base de HO, 15 ¢ 35% .

A efetividade foi avaliada qualitativamente por Vita Classic e Vita Bleachedguide, e quantitativamente por espectofotometria em Vita

Easyshade. A eficacia foi avaliada antes (basal) e em diferentes tempos apods o clareamento, realizado em 2 sessoes.

H,0, 15% H,0, 35%
(Média + EPM) (Média = EPM)
7 dias 21 dias 7 dias 21 dias

AE (Vita Easyshade) 5,9+0,7 6,6+0,77 5,87+0,97 6,88+0,6
ASGU (Vita Bleache) 2,22 +0,23 3,59+ 0,39* 2,4+0,25 4,00+0,30*
ASGU (Vita Classic) 4,72+0,46 5,27+0,52 5,04+0,53 5,86+0,51

Média + erro padrao da média (EPM); *p< 0.05; difere do clareamento no tempo 7 dias.
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Tabela 2. Abundancia de proteinas associadas a producio de NO, estresse oxidativo, regulacio de neutrofilos, danos em acidos

nucléicos, sobrevivéncia celular e regeneracio tecidual em amostras de FGC obtidas de pacientes submetidos a clareamento dental

com H,0; (15-35%) em diferentes tempos experimentais

Sintese de Estresse Regulacio de DZCI;:;::] Sobrevivéncia | Regeneraciao
NO oxidativo neutrofilos . celular tecidual
nucleicos

Basal 0% 3,9% 2,3% 3,9% 9,7% 5,1%

H;0: | 7 dias 0,5% 4,5% 3,2% 4,5% 10,4% 2,3%
15% 21

. 1,3% 5,8% 6,5% 2,6% 11,7% 6,5%

dias

Basal 0,3% 1,7% 2,6% 2,0% 8,5% 5,4%

H0; 7 dias 0% 2,4% 2,8% 3,1% 8,6% 5,1%
35% 21

dias 0,4% 2,7% 1,3% 2,2% 8,9% 3,6%

Os resultados estdo expressos como porcentagem (%) em relacdo ao niumero total de proteinas detectadas em cada tempo experimental
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Tabela 3. Identificacdo de proteinas associadas producio de NO, estresse oxidativo, regulacido de neutrofilos, danos em acidos

nucléicos, sobrevivéncia celular e regeneracio tecidual em amostras de FGC obtidas de pacientes submetidos a clareamento dental

com H,0; 15%, em diferentes tempos experimentais

Basal 7 dias 21 dias
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Abnormal spindle-like microcephaly-associated protein + +
Active regulator of SIRT1 +
Adenomatous polyposis coli protein
Alpha-ketoglutarate-dependent dioxygenase FTO
Alstrom syndrome 1, isoform CRA ¢ +
Annexin +

Ankyrin repeat and LEM domain-containing protein 2

Apolipoprotein A-I

ATP-binding cassette sub-family A member 12

ATP-dependent DNA helicase

Autophagy-related protein 16-1

BM-016

Breast and ovarian cancer susceptibility protein 2 truncated
variant

Cannabinoid receptor 1

c¢DNA, FLJ94365




c¢DNA FLJ55119, highly similar to Homo sapiens ZW10
interactor (ZWINT), transcript variant 3, mRNA

c¢DNA FLJ52316, highly similar to NADPH--cytochrome P450
reductase

c¢DNA FLJ35792 fis, clone TESTI2005759, highly similar to
Amphoterin-induced protein 2

CD45

cDNA FLJ54646

cDNA FLJ52401, highly similar to Integrin alpha-10

cDNA FLJ14215 fis, clone NT2RP3003665, highly similar to
Beta-ureidopropionase (EC 3.5.1.6)

Centriolin

Collagen alpha-6(VI) chain

Cytochrome P450 2D6

Cytoskeleton-associated protein 5

Cyclin-G2

Dehydrogenase/reductase (SDR family) member 2 isoform 2
variant

Disintegrin and metalloproteinase domain-containing protein 8

DNA ligase 1

Dual-specificity protein phosphatase 13 isoform B

Dynactin subunit 1

Dynactin subunit 2

E3 ubiquitin-protein ligase RBBP6

EGLN3 protein

Elongation factor 1-alpha 2

Eosinophil cationic protein

E3 SUMO-protein ligase RanBP2

Fanconi anemia group D2 protein

Frizzled-9
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GRAM domain-containing protein 4

G2/mitotic-specific cyclin-B3

Heat shock protein beta-7

Histone H4

Histone cluster 1, H1t

Histone H2A-Bbd type 1

Histone acetyltransferase p300

Hornerin

Inositol-trisphosphate 3-kinase B

JHDM1D protein

Keratin 1

Keratin, type II cytoskeletal 73

Keratin, type I cytoskeletal 14

Keratin, type II cytoskeletal 6B

Keratin, type II cytoskeletal 2 epidermal

Keratin, type I cytoskeletal 10

I+ [ +]+

Keratin, type I cytoskeletal 16

Keratin, type II cytoskeletal 6C

Keratin, type II cytoskeletal 2 oral

+ |+ |+ [+

KI67 Antigen

Kinesin-like protein KIF15

Leukocyte-associated immunoglobulin-like receptor 1

Maltase-glucoamylase

MB

Mediator of DNA damage checkpoint protein 1

Membrane-associated guanylate kinase, WW and PDZ domain-
containing protein 3

Microtubule cross-linking factor 1

MICOS complex subunit MIC60

Mitogen-activated protein kinase kinase kinase 4
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MMS19 nucleotide excision repair protein homolog

Mothers against decapentaplegic homolog 6

Monocarboxylate transporter 1

Myosin-9

Nanos homolog 3

N-acetylgalactosamine-6-sulfatase

N-acylsphingosine amidohydrolase 1

NAD-dependent protein lipoamidase sirtuin-4, mitochondrial

NADH-ubiquinone oxidoreductase chain 2

Netrin receptor UNC5D

Neutrophil defensin 1

Neuronal acetylcholine receptor alpha 4 subunit

Nicastrin

Nuclear receptor coactivator 1

Partner and localizer of BRCA2

Peroxiredoxin-5, mitochondrial

piRNA biogenesis protein EXD1

Phospholipid-transporting ATPase 8AI

Protein timeless homolog

Protein S100-A8

Protein NDRG4

Probable E3 ubiquitin-protein ligase HERC1

Protein phosphatase 1, catalytic subunit, alpha isoform

PSME2 protein

p53-induced death domain-containing protein 1

Rapamycin-insensitive companion of mTOR

Retinol dehydrogenase 14

Resistin

Receptor-type tyrosine-protein phosphatase beta

Ribosomal RNA processing protein 1 homolog B
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RNA polymerase II-associated protein 3

Serine/threonine-protein kinase mTOR

Serine/threonine-protein kinase SMG1

Serine/threonine-protein kinase 10

Smoothelin

Sorbitol dehydrogenase

Suppression of tumorigenicity 18 protein

Tetratricopeptide repeat protein 28

TIR domain-containing adapter molecule 1

Thymosin beta-4

Topoisomerase (DNA) II binding protein 1

Transmembrane protein 199

Tryptophan 2,3-dioxygenase

Transient receptor potential cation channel subfamily M

member 2

Tudor domain-containing protein 1

Uncharacterized protein DKFZp686C1178

Vacuolar protein sorting-associated protein 51 homolog

WD repeat domain phosphoinositide-interacting protein 1

5' exonuclease Apollo
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Tabela 4. Identificacio de proteinas associadas produciao de NO, estresse oxidativo, regulacio de neutrofilos, danos em acidos

nucléicos, sobrevivéncia celular e regeneracio tecidual em amostras de FGC obtidas de pacientes submetidos a clareamento dental

com H,0;35%, em diferentes tempos experimentais

Proteina

=]
®
w2
®
—

|
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=
&0
7

21 dias

Sintese de NO

Estresse oxidativo

Regulacio de

neutrofilos
Dano em acidos

nucleicos
Sobrevivéncia

celular
Regeneracio

tecidual
Sintese de NO

Estresse oxidativo

Regulacio de

neutrofilos
Dano em acidos

nucleicos
Sobrevivéncia

celular
Regeneracio

tecidual
Sintese de NO

Estresse oxidativo

Regulacio de
neutrofilos
Dano em acidos
nucleicos
Sobrevivéncia

celular

Regeneracio
tecidual

Abnormal spindle-like microcephaly-associated protein

+

+

Alternative protein HEPACAM?2

Ataxin-2

Autophagy-related protein 16-1

ATP-dependent DNA helicase

Alternative protein F7

Alternative protein COMP

B-cell lymphoma/leukemia 11B

Bcl-2-binding component 3

Beta-defensin 119

Bloom syndrome protein

Calcium/calmodulin-dependent protein kinase type 1D

c¢DNA FLJ78763

c¢DNA, FLJ96396, highly similar to Homo sapiens ERO1-like beta

(S. cerevisiae) (ERO1LB), mRNA
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c¢DNA FLJ53558, highly similar to Protein disulfide-isomerase A3
(EC5.34.1)

cDNA FLJ50692, highly similar to RADS51-associated protein 1

c¢DNA FLJ32673 fis, clone TESTI1000138, highly similar to
Proprotein convertase subtilisin/kexin type 4 (EC 3.4.21.-)

Cytochrome P450 2A6

c¢DNA FLJ35792 fis, clone TESTI2005759, highly similar to
Amphoterin-induced protein 2

c¢DNA FLJ42089 fis, clone TESOP2001166, highly similar to
Suppressor of cytokine signaling 4

c¢DNA FLJ53267, highly similar to Optineurin

c¢DNA FLJ77630, highly similar to Homo sapiens BPY?2
interacting protein 1, mRNA

Centrosomal protein 110kDa

Cytochrome c oxidase subunit 7A2, mitochondrial

Centromere protein C

Collagen alpha-3(IV) chain

Cytospin-A

Dehydrogenase/reductase SDR family member 4-like 2

DNA-binding protein Ikaros

DNA-binding protein inhibitor ID-1

Dynactin subunit 1

DNA repair protein-complementing XP-C cells

Dual-specificity protein kinase TTK

Enhancer of filamentation 1

Epididymis secretory protein Li 55

EGLN3 protein

Elongation factor 1-alpha 2

Eosinophil cationic protein

E3 ubiquitin-protein ligase RBBP6
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E3 ubiquitin-protein ligase PDZRN3

E3 ubiquitin-protein ligase CHFR

Fibronectin type III and SPRY domain-containing protein 1

Flavin-containing monooxygenase

Folliculin-interacting protein 2

Gasdermin-like isoform GSDML1

G2/mitotic-specific cyclin-B3

Heat shock protein beta-7

Histone H4

Histone cluster 1, H1t

Histone lysine demethylase PHFS8

Hornerin

Homeo box A3

Hydroxyacyl-coenzyme A dehydrogenase, mitochondrial

Immunoglobulin superfamily member 2

Immunoglobulin superfamily member 10

Immunoglobulin heavy variable 3-11

Immunoglobulin heavy variable 3-23

Inositol-trisphosphate 3-kinase B

Interleukin-1 receptor type 1

Keratin, type I cytoskeletal 9

+

Keratin, type I cytoskeletal 10

+

Keratin-associated protein 5-11

Keratin, type I cytoskeletal 14

Keratin, type II cytoskeletal 6B

Keratin, type II cytoskeletal 2 epidermal

Keratin, type II cytoskeletal 3

+ |+ T+

Keratin, type I cytoskeletal 23

Leucine-rich repeat protein SHOC-2

Leucine-rich repeat serine/threonine-protein kinase 1
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Meiosis-specific kinetochore protein

Mitochondrial fission 1 protein

Microtubule-actin cross-linking factor 1, isoforms 1/2/3/5

Mutant xeroderma pigmentosum group C

Microtubule cross-linking factor 1

Myocardin

MTCHI1 protein

Mucin-1

Nanos homolog 3

NADH-ubiquinone oxidoreductase subunit §

NADH dehydrogenase [ubiquinone] flavoprotein 3, mitochondrial

NT-3 growth factor receptor

Neutrophil defensin 1

Nuclear protein 1

Nuclear receptor coactivator 1

Nuclear factor NF-kappa-B p105 subunit

Nucleolar and coiled-body phosphoprotein 1

O(6)-methylguanine-induced apoptosis 2

Paired box protein Pax-1

Partitioning defective 3 homolog

Peroxiredoxin-5, mitochondrial

PRAME family member 14

Protein ALEX

Protein S100-A8

Protein rogdi homolog

Probable ribonuclease ZC3H12D

Protein scribble homolog

Poly [ADP-ribose] polymerase 4

Probable E3 ubiquitin-protein ligase HERC1

Protein phosphatase 1, catalytic subunit, alpha isoform
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Protein disulfide-isomerase A6

Pleckstrin homology domain-containing family M member 1

+

PH domain leucine-rich repeat-containing protein phosphatase 1

Ras-like protein family member 11B

Retinol dehydrogenase 14

Ribosomal RNA processing protein 1 homolog B

RNA-binding protein with multiple splicing 2

Serine-protein kinase ATM

Speedy protein C

Serine/threonine-protein kinase 10

Seven transmembrane helix receptor

Structure-specific endonuclease subunit SL.X4

Serine/threonine-protein kinase greatwall

Serine/threonine-protein phosphatase 2A 56 kDa regulatory
subunit gamma isoform

SH2 domain-containing adapter protein B

Sorting nexin-18

Spectrin beta chain, non-erythrocytic 1

Telomere-associated protein RIF1

Transcription activator BRG1

Transient receptor potential channel M2

Transient receptor potential channel V1

TRIO and F-actin-binding protein

Tyrosine--tRNA ligase, cytoplasmic

Thymosin beta-4

Transmembrane protein 199

Tyrosine-protein kinase receptor

Ubiquitin carboxyl-terminal hydrolase 3

Uncharacterized protein KIAA1109

Zinc finger and BTB domain-containing protein 38
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WD repeat-containing protein 81

60S ribosomal protein 128
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Figura 1. Analise bioquimica de marcadores em amostras de fluido
crevicular obtidas de pacientes submetidos a clareamento dental com
agentes a base de peroxido de hidrogénio (H,0,, 15-35%), realizado em
2 sessdes. Niveis de (A) 6xido nitrico (NO¥), (B) H,O, e (C) porcentagem
(%) de velocidade de liberagdo da mieloperoxidase (MPO) em amostras de
fluido gengival crevicular coletadas antes (basal) e em diferentes tempos

apos o clareamento, realizado em 2 sessdes. *p< 0.05; *difere do basal.
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Figura 2. Abundincia tempo-dependente de proteinas presentes em
amostras de fluido crevicular obtidas de pacientes submetidos a
clareamento dental com agentes a base de perdéxido de hidrogénio
(H20,, 15%), realizado em 2 sessdes. As proteinas foram classificadas de
acordo com sua funcdo biologica em: associadas com a sintese de NO,
estresse oxidativo, regulagdo de neutrofilos, dano em dacidos nucléicos,
sobrevivéncia celular e regeneracdo tecidual. As amostras de fluido gengival
crevicular foram coletadas antes (basal) e em diferentes tempos apos o

clareamento, realizado em 2 sessoes.
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Figura 3. Abundancia tempo-dependente de proteinas presentes em
amostras de fluido crevicular obtidas de pacientes submetidos 2a
clareamento dental com agentes a base de per6xido de hidrogénio
(H203, 35%), realizado em 2 sessdes. As proteinas foram classificadas de
acordo com sua funcdo bioldgica em: associadas com a sintese de NO,
estresse oxidativo, regulacdo de neutrédfilos, dano em acidos nucléicos,
sobrevivéncia celular e regeneracgao tecidual. As amostras de fluido gengival
crevicular foram coletadas antes (basal) e em diferentes tempos apos o

clareamento, realizado em 2 sessoes.
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APENDICE
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APENDICE 1

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Comité de Etica em pesquisa da Universidade Ceuma

Rua Josué Montello 1, Sdo Luis, MA 65075-120. (98) 3235-0465

Vocé esta sendo convidado (a) para participar, como voluntario (a), em uma
pesquisa. Apos ser esclarecido (a) sobre as informacgdes a seguir, no caso de
aceitar fazer parte do estudo, assine ao final deste documento, que estd em

duas vias. Uma delas ¢ sua e a outra ¢ do pesquisador responsavel.

INFORMACOES SOBRE A PESQUISA:

Titulo do Estudo: AVALIACAO DO FLUIDO GENGIVAL E DA
SENSIBILIDADE APOS CLAREAMENTO COM PEROXIDO DE
HIDROGENIO EM DIFERENTES CONCENTRACOES: ESTUDO

CLINICO RANDOMIZADO

O clareamento dental ¢ atualmente um dos procedimentos estéticos mais
requisitados pelos pacientes, visto que, ¢ possivel de uma forma pouco
invasiva conseguir um sorriso claro e harmonico. Entretanto pesquisas tem
sido realizadas no intuito de esclarecer os possiveis danos que o produto
utilizado no clareamento pode causar aos tecidos moles. Este estudo ¢
importante porque vai avaliar a efetividade dos produtos clareadores, bem
como a possibilidade de uma inflamacdo gengival provocada pelos agentes

clareadores a base de peroxido de hidrogénio (dgua oxigenada). Este estudo
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comegara em novembro de 2015 e terminard em janeiro de 2017.

O estudo serd feito da seguinte maneira: inicialmente serd utilizada uma
ficha para coleta de dados, onde serdo registradas informagdes pessoais
(nome, idade, sexo, endereco, telefone). Posteriormente sera realizado um
exame clinico para observar se o paciente se enquadra nos critérios de
inclusdo/exclusdo do trabalho. Trata-se de um estudo clinico, com coleta de
dados de pacientes antes, imediatamente apds, 24hs apds e 15 dias apds
clareamento dental com gel clareador. O procedimento bem como a coleta
serdo realizados com o uso de um protocolo e por um Unico pesquisador.

Os riscos que esta pesquisa apresenta sdo: durante e apds o tratamento
poderda haver sensibilidade dentaria e/ou pequena irritacdo gengival
transitéria no colo dos dentes; o efeito do tratamento nao ¢ permanente,
podendo haver uma recidiva da coloragao do dente com o passar do tempo,
dependendo dos

habitos alimentares do paciente, quando poderd haver necessidade de novo
tratamento.

Os beneficios que vocé devera esperar de sua participagdo neste estudo, sdo:
ter seus dentes mais claros e harmonicos esteticamente sem custos € que
como o protocolo do estudo consta que o clareamento sera realizado em
duas sessdes e que a coloracdo dos dentes obtida apos o clareamento ¢
variavel e ndo pode ser prevista, pois depende principalmente da causa do
escurecimento dos dentes; assim caso seja necessario serd realizada uma
terceira sessdo pds o término da pesquisa. Adicionalmente os pacientes
serem orientados sobre cuidados basicos de higiene oral e manutengdo da

saude bucal.

60



Sempre que vocé desejar serdo fornecidos esclarecimentos sobre cada uma
das etapas do estudo. A qualquer momento, vocé€ podera recusar a continuar
participando do estudo e, também, podera retirar seu consentimento, sem
que para isto sofra qualquer penalidade ou prejuizo, ou seja, sem qualquer
prejuizo da continuidade do seu acompanhamento odontolégico.

Sera garantido o sigilo quanto a sua identificacdao e das informagdes obtidas
pela sua participagdo, exceto aos responsaveis pelo estudo, e a divulgagao
das mencionadas informagdes sO sera feita entre os profissionais estudiosos
do assunto.

Vocé ndo serd identificado(a) em nenhuma publicagdo que possa resultar

deste estudo.

Assinatura Paciente

Pesquisador responsavel: Suellen Nogueira Linares Lima

Telefone: (98)996180199

Sao Luis, / /
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APENDICE 2

FICHA CLINICA

NOME:

COD. IDENT

DATA DE INICIO: / / IDADE:

DATA DE NASC: / / SEXO: ( )F( )M

NATURALIDADE: __NACIONALIDADE:

GRAU ESCOLARIDADE:

PROFISSAO:

ENDERECO:

BAIRRO: CEP:

ESTADO CIVIL:
( )SOLTEIRO ( ) CASADO ( )UNIAO ESTAVEL( )
DIVORCIADO ( )VIUVO

EMAIL:

TEL:( ) CEL:( )

DADOS SAUDE:

MEDICAMENTO
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Involvement of oxidative and nitrosative stress in the crevicular
response to hydrogen peroxide tooth whitening gels: a randomized

clinical study

*manuscript to be submitted to Scientific Reports
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INTRODUCTION

Tooth whitening is currently a widely performed procedure, especially in
the dental office. This is due to the increased awareness on that,
aesthetically, white and well aligned teeth are standards of an ideal smile'.
The techniques used for tooth whitening employ different whitening
products which can be applied to the dental surface in varying
concentrations and time of exposure®. The most commonly used whitening
products are those containing hydrogen peroxide (H,O,)* or carbamide
peroxide at different concentrations (10-38%)’.

Despite the clinical efficacy of the in office whitening procedures’, adverse

effects have been described for their usage including dental sensitivity”™’,

10,11

soft tissue alterations'™!", genotoxicity'” in bacterial and human cells", pulp

14,15,16 17,18,19

damage , Citotoxicity , in addition to gingival irritation®?’. The
inflammatory effects of tooth whitening products have also been studied;
however, the evidences gathered to date are controversial'*!"*%324,

H,0,-based tooth whitening products are most frequently used in office”™.
Their efficacy is suggested to be concentration-dependent. Indeed, the
higher the amounts of H,O, reactive molecules, the greater the production of
free radicals and oxidative reactions, that in turn, increase the removal of
pigmentation from the teeth'*'®'"*°. On the other hand, it is possible that
the produced free radicals induce tissue oxidative and nitrosative stress in

the patient undergoing dental bleaching, as endogenous H,O, is widely

known to participate in these responses™.
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Although there are no evidences on whether tooth whitening causes
oxidative and/or nitrosative stress in the gingival tissue or other dental
structures, it 1is possible an inflammation occurs following the
procedure®'***. The acute inflammatory response is a defense mechanism
to harmful agents, characterized by leukocyte (neutrophils and
macrophages) influx to the inflamed tissue; in order to protect the tissue
from harm, these cells produce a range of inflammatory mediators that may
result in either tissue damage or regeneration, depending on their
concentrations® .

Oxidative stress occurs during inflammation as a result of an excessive
generation of oxidants and reduced activation of antioxidant

26,29

mechanisms , leading to increased tissue damage. Oxidants include

reactive oxygen species such as H,O,, superoxide anion (O;") and hydroxil

radicals (HO"), this later, a highly reactive and deleterious oxidant’®>'. I

n
parallell to oxidative stress, nitric oxide (NO), is formed as the initial step to
nitrosative stress>’. NO can react with HO™ to produce peroxynitrite (ONOO™
), that in turn, causes tissue damage by altering DNA and cellular proteins

14,31,32,33

and sometimes, loss of function H,O, can also react with

myeloperoxidase (MPO), an enzyme produced in high amounts by
neutrophils and used as a marker of their influx to inflamed tissues***>~.
The activation of MPO can trigger the production of another oxidant,
hypochlorous acid (HOCI) from H,0,, amplifying the formation of reactive
oxygen species by neutrophils® .

We hypothesize that H,O, whitening products cause oxidative and/or

nitrosative stress following in office application. Therefore, the levels of NO
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and H,0O, were investigated in gingival crevicular fluid samples obtained
from patients undergoing dental bleaching. A proteomic analysis of these

samples was also performed.

MATERIAL AND METHODS

Patients

The study was approved by the Human Research Ethics Committee of the
Universidade CEUMA (protocol number 1.307.220) and was registered
under the Brazilian Register of Clinical Assays (protocol number RBR-
4kked7). A total of 25 healthy subjects (18-40 years old) presenting
pigmented (color equal to or darker than A3) upper anterior teeth with pulp
vitality, were recruited for participation in the study. All subjects presented
good general and oral health and hygiene, with no history of periodontal
disease or gingival retractions, dental restorations or carious lesions,
bruxism, dental sensitivity and had not recently taken analgesic and/or anti-
inflammatory drugs. Smokers, pregnant or lactating women, those who had
previously undergone tooth whitening or endodontic treatment or had dental
prosthesis or orthodontic appliances in the upper anterior teeth were
excluded from the study. A written informed consent was obtained from
each participant. A prophylaxis was performed in each participant on the

week just prior to the beginning of the tooth whitening procedure.

Experimental groups
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This study was a randomized and double-blinded clinical trial. The mouth of
each participant was split with an equal allocation rate of 1:1 for one of two
treatments (H,O,, 15 and 35%). For this, treatments were labeled A and B,
and were randomically assigned to each side of mouth of each subject by
computer-generated tables prepared by a third person not involved in the
research protocol (www.sealedenvelope.com). Details of the allocated group
were recorded on cards contained in sequentially numbered, opaque, sealed
envelopes. The envelopes were opened on the day of bleaching to prevent
disclosure of the randomization scheme. All gels were prepared according to
the manufacturer’s instructions by a third person who handled over to the
operator, the gels according to their previous allocation as A or B. The study
was conducted at the clinic of the School of Dentistry of Local University

from March 2016 to August 2016.

Tooth whitening procedure

After prophylaxis, the initial color was registered and then, the bleaching
procedure was performed. Before applying the whitening gel, the gingival
tissue of the upper anterior teeth was isolated using a light-polymerized
resin dam (Top Dam; FGM Prod. Odontol. Ltda., Joinville, SC, Brazil). The
H,0;-containing bleaching products (Lase Peroxide Lite 15% and Lase
Peroxide Sensy 35%; DMC Equip., Sao Carlos, SP, Brazil) were applied for
15 min, three times in each session, without using light. Two bleaching
sessions were performed with a 1-week interval between them. Participants
were instructed to brush their teeth regularly using toothpaste without a

desensitizing or bleaching agent. Bleaching efficacy was determined by
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comparison between the initial color shade and the one achieved post each
session; by using the qualitative Vita Classic, Vita Bleachedguide and Vita
Easyshade 3D (Vita Zahnfabrik, Bad Séckingen, Germany) and the
quantitative Vita Easyshade spectrophotometry (Vident, Brea, CA, USA)
techniques. All patients were evaluated over 21 days post first session.

Efficacy results were calculated as previously described*®.

Coleta do fluido gengival crevicular

Gingival crevicular fluid (GCF) samples were collected for analysis. For
this, the soft tissues were isolated with cotton rolls and the upper anterior
teeth were gently dried with air for 5-10 s. The GCF was collected from the
teeth number 11 and 21, by using Perio-paper strips (IDE Interstate,
Amityville, NY, USA). Two strips were individually inserted into the sulcus
of each tooth (1-2 mm depth), for 15 s. Strips containing blood were
discarded and a novel sample was then collected from a different site of the
same tooth. After sample collection, strips were immediately placed in
sterile Eppendorf tubes and the GCF samples were stored at -80 °C for
further analysis. Samples were collected prior to (baseline), 7 and 21 days

after the beginning of the dental bleaching procedure.

Biochemical analysis of GCF samples

Sample preparation

Paper strips containing GCF samples (1 from each tooth) were incubated

with 160 pl of phosphate-buffered saline (PBS) for 10 min, with vortexing
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at every 2 min of incubation. Then, samples were centrifuged at 3.000 rpm,
for 5 min. The resulting supernatant was collected and kept at -800C for

further analysis of NO, H,O, and MPO levels

Quantification of NO, /NO3

The NO,/NO;™ content was measured by the Griess assay as an indicator of
NO production in GCF samples, according to the method described
preview’®. For this, 80 pl of sample were incubated with 20 pl of 1 U/ml
nitrate reductase (Sigma-Aldrich) and 10 pul of 1 mM NADPH (Sigma-
Aldrich) for 30 min at 37°C, in a 96-well plate. Then, 100 pl of Griess
reagent (Sigma-Aldrich) was added and incubated for 15 min at 37°C.
Absorbance at 550 nm was measured immediately using a
spectrophotometer (Plate reader MB-580; Heales, Shenzhen, China). After
subtraction of background readings, the absorbance in each sample was
compared with that obtained from a sodium nitrite (0—100 uM) standard

curve. Results are expressed as levels of NO™ in pM.

Levels of H,O,;

H,0; production was measured by using a H,O,/peroxidase assay kit
(Amplex Red H,O,/Peroxidase assay kit; Molecular Probes, Invitrogen), as
previously described®®. Briefly, 50 pl of GCF were incubated with 50 pl of a
solution containing NaPO4 0.05 M (pH 7.4), HRP 0.2 U/ml and Amplex
Red Reagent (10-acetyl-3,7-dihydroxyphenoxazine) 25.7 mg/ml, for 2h, at

37 °C. After incubation, the reaction was read at 560 nm. Absorbance
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readings were compared with a H,O, standard curve (0-40 uM). Results are

expressed as levels of HO; in uM.

MPO activity

MPO activity in GCF samples was assessed as an indicative of neutrophil
influx, by measuring the speed of oxidation of o-dianisidine in the presence
of H,0,%°. Samples (25 pl) were added of an equal volume of a potassium
phosphate solution (5 mM; pH 6.0) containing 0.5% HTAB (Sigma Chem.
Co, USA). Then, the samples were sonicated for 20 s and incubated at 60°C
for 2h, for inactivation of endogenous catalase. Then, samples were
centrifuged at 10,000 g for 5 min. An aliquot (10 pl) of the supernatant was
incubated with 200 pl of potassium phosphate (pH 6) containing 16.7 mg/ml
o-dianisidine (Sigma Chem. Co., EUA) and 0.0005% H,O, per well in a 96-
well plate. The speed of the formation of the oxidation product of o-
dianisidine was read at 460 nm every 10 s for 10 min. MPO activity was
calculated by comparing the initial and each registered absorbance. The
results are expressed as the percentage (%) of maximum speed of reaction in

comparison with the initial absorbance of each sample.

Proteomic analysis

Sample preparation

For proteomic analysis, a pool of strips (1 of tooth) obtained from each
time-point after exposure with the different bleaching products, were

incubated with 150 pl of a solution containing 80% acetonitrile, 19.9%
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distilled water and 0.1% trifluoroacetic acid, and were then, sonicated 3
times for 1 min. Samples were dried and ressuspended in 1000 ul of
distilled water. Protein concentrations were then, determined in each pool of
sample by using the Micro BCA assay kit (Thermofisher, USA). Aliquots
containing 10 pg/pool of sample were dried, denaturated and reduced by
addition of 200 pl of buffer 1 (pH 7.8; containing 4 M urea, 10 mM DTT
and 50 mM NH4HCOs). After 2 h, samples were added of 1000 pl of buffer
2 (pH=7.8; 50 mM NH4HCO3) and the proteins were digested for 18 h at
37°C, with 2% (w/w) sequencing-grade trypsin (Promega, Madison, WI,
USA), samples were desalted (Zip Tip C-18, EMD Millipore Inc.,

Germany) and submitted to mass spectrometric analysis (LC-ESI-MS/MS).

Liquid cromatography by mass spectrometry

Samples were resuspended in 97.5% distilled water/2.4% ACN/0.1% formic
acid and then subjected to RP nLC-ESI-MS/MS, using a LTQ-Velos
(Thermo Scientific, San Jose, CA, USA) mass spectrometer. LC aligned
with the CI8 column of capillary-fused silica (column length 10 mm,
column id 75m, 3 m spherical beads, and 100 A° pores size) was used,
linked to the MS through ESI. The survey scan was set in the range of m/z
values 390-2000 MS/MS. Peptides were eluted from the nanoflow RP-
HPLC over a 65 min period, with linear gradient ranging from 5 to 55% of
solvent B (97.5% ACN, 0.1% formic acid), at a flow rate of 300 nL/min,
with a maximum pressure of 280 bar. The electrospray voltage was 1.8 kV
and the temperature of the ion-transfer capillary was 300°C. After a MS

survey scan range within m/z 390-2000 was performed and after selection
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of the most intense ion (parent ion), MS/MS spectra were achieved via
automated sequential selection of the seven peptides with the most intense
ion for CID at 35% normalized collision energy, with the dynamic exclusion
of the previously selected ions. The MS/MS spectra were matched with
human protein databases (Swiss-Prot and TrEMBL, Swiss Institute of
Bioinformatics, Geneva, Switzerland, https://ca.expasy.org/sprot/) using
SEQUEST algorithm in Proteome Discoverer 1.3 software (Thermo
Scientific, USA). The searches were performed by selecting the following
SEQUEST parameters: (1) trypsin as protease enzyme, (2) 2 Da precursor
ion mass tolerance, (3) 0.8 Da fragment ion mass tolerance, and (4) dynamic
modifications of oxidized cysteine and methionine and phosphorylated
serine and threonine. A maximum of four dynamic modifications per
peptide were accepted. The SEQUEST score filter criteria applied to the
MS/MS spectra for peptides were absolute XCorr threshold 0.4, fragment
ion cutoff percentage 0.1, and peptide without protein XCorr threshold 1.5.
Any nontryptic peptides passing the filter criteria were discarded. Only
proteins for which two or more peptides were identified are reported in this

study.

Statistical analysis

The results are presented as the mean + standard error (SE). Statistical
comparison was performed by analysis of variance of repeated measures

followed by the Bonferroni test. p<0.05 were considered significant.

RESULTS
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The efficacy of H,O;-containg products does not depend on the used
concentration

Table 1 demonstrates the efficacy of H,O;-containing dental bleaching
products, 7 and 21 days post the 1% application, in comparison with baseline
measurements. Both concentrations of H,O, (15-35%) presented similar
efficacy, 7 and 21 days post-initial application, when evaluated by the Vita
Bleachedguide technique. Although effective, the dental bleaching products
did not produced differences over time, when evaluated by the Vita Classic
and Vita Easyshade techniques.

Neutrophil migration and altered levels of NO and H,0, are detected in
GCF samples after H,O; bleaching

Figure 1A depicts the levels of NO in GCF samples obtained before and
post-dental bleaching with H,O, (15-35%). Whilst no differences were
observed in the levels of this inflammatory mediator over time following
application of 15% H;,0,, the application of 35% H,0O, caused reduction
(~31%) in the GCF concentration of NO from the day 1 to7™ post-1®
session. After the 2™ bleaching session, the GCF levels of NO were similar
to those detected at baseline conditions.

The levels of H,O, were also evaluated in the GCF samples. Although not
significant, patients who undergone tooth whitening (15%-35%) presented
with lower crevicular levels of H,O, (21% and 33%, respectively), 7 days
post-1% session. As for NO, these levels returned to baseline conditions at
21 days post-1* session (figura 1B).

Also, increased speed of MPO release was observed in GCF samples of

patients who had undergone bleaching with H,O,, independent of the used
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concentration. Indeed, MPO levels were raised by 22-fold in comparison
with baseline measurements (figura 1C).

Proteomic analysis

Proteomic analysis detected 257 proteins in baseline samples obtained from
subjects exposed to 15% H,0,. Post-bleaching, there was a declining in
protein abundance with subjects presenting 222 (13.6% reduction) and 154
(40.1% reduction) proteins. Amongst the detected proteins (Table 3), there
was a progressive increase in the percentage of proteins related with NO
synthesis (from 0% at baseline conditions to 1.3% at 21 days post-1"
session), oxidative stress (from 3.9% at baseline conditions to 5.8% at 21
days post-1* session), neutrophil regulation (from 2.3% at baseline
conditions t06.5% at 21 days post-1* session) and cell survival (from 9.7%
at baseline conditions to 11.7% at 21 days post-1* session) (Table 2).

On the other hand, the same samples presented with a transient increase of
proteins related with nucleic acid damage (from 3.9% at baseline conditions
to 4.5% at 7 days post-1* session), with this group of proteins representing
2.6% of the total proteins detected at the end of the observation period (21
days post-1* session) (Table 2). Similarly, there was a transient reduction in
the percentage of proteins associated with tissue regeneration, as 5.1% were
observed in pre-bleaching conditions and 2.3% and 6.5% were registered at
days 7 and 21 post-1* session, respectively (Table 2).

The GCF samples obtained from patients undergone 35% H,O, bleaching
were also evaluated. From the 353 proteins detected at pre-bleaching
conditions, 255 (27.8% reduction) and 225 (36.3% reduction), were

observed for days 7 and 21 post-1* session. Of the detected proteins (Table
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4), a progressive increase was observed in the percentage of proteins
associated with oxidative stress (from 1.7% at baseline conditions to 2.7% at
21 days post-1% session). The percentage of proteins associated with
neutrophil regulation was stable until the 7t day post-1" session of
bleaching, diminishing after 21 days (from 2.6% at baseline conditions to
1.3% at 21 days post-1* session). A similar profile was noted for proteins
involved in tissue regeneration (from 5.4% at baseline conditions to 3.6% at
21 days post-1* session) (Table 2).

On the contrary, the same samples exhibited a transient increase of proteins
associated with damage of nucleic acids (from 2.0% at baseline conditions
to 3.1%), 7 days post-1* session, with their levels returning to 2.2% at the
end of the observation period (21 days post-1* session) (Table 2). A similar
response was observed for proteins associated with NO production, with
these proteins representing 0.3% of the detected proteins at baseline
conditions, and then, 0% and 0.4%, at days 7 and 21 pos‘[-lSt session,
respectively (Table 2). Proteins associated with cell survival remained
estable throughout the bleaching procedure (8.5-8.9%) (Table 2).

Amongst the evaluated classes of proteins, some of them participate in
different processes, as observed in tables 3 and 4. The Venn diagrams
(figures 2 and 3), show the dynamics of the detected proteins over the
observation period, with different proteins participating in a process in
specific time-points.

DISCUSSION

Previous studies showed that H,O,-containing tooth whitening products

present similar efficacy irrespective of the concentration used’. Here, the
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efficacy of the products tested was confirmed as by Vita Bleachedguide,
Vita Classic and Vita Easyshade analysis, although time-dependent effects
were only observed by using the Vita Bleachedguide technique. Indeed, this
analysis showed a greater efficacy 21 days post-1* session

Although effective, the safety of the application of H,O, gels is of debate, as
deleterious effects in the patient’s tissues/cells have been suggested for these
products including dental sensitivity’™’, cytotoxicity and genotoxicity'?,

pulp damage and gingival irritations™*’

, amongst others. Evidences also
suggest that inflammation may occur following the application of dental
bleaching, specially at pulp level'*'>'®. These effects are suggested to be
concentration-dependent35’40; however, there are no reports on that H,O,
triggers oxidative and/or nitrosative stress in dental tissues, and neither if
they are relevant enough to be detected in a timely manner in GCF samples.

Here, we demonstrated for the first time that tooth whitening products
containing H,O, alter these inflammatory pathways, and that these
alterations can be detected in GCF samples, following a non-invasive and
simple collection (with perio-paper); they therefore may be useful in the
follow-up of possible deleterious effects in patient tissues. The GCF is an
exsudate rich in serum, leukocytes, structural cells and microorganisms, and
is possibly useful to indicate an ongoing inflammation post-dental
procedures’’.

A significant reduction in the levels of NO was detected only in patients
who underwent bleaching with 35% H,0,. This effect was observed as soon

as 1 day after the 1* session of dental bleaching and remained low for 7

days post-session. On the other hand, after the 2™ session, the levels of NO
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returned to those observed at baseline conditions. A similar profile was
observed for the levels of crevicular H,O; for both bleaching products. On
the contrary, MPO activity was raised in patients undergoing bleaching
irrespective of the H,O, concentration used, or the time of evaluation. These
data indicate that both lower and elevated concentrations of H,O, cause
inflammation; however, the molecules involved in this process may differ
depending on the used concentration.

Previous studies demonstrated that the in office application of 38% H,0,
causes pulp inflammation characterized by leukocyte migration,
angiogenesis and tissue damage'>*’; and that this effect is concentration-
dependent with less damage occurring with the lowest concentrations of this
bleaching product. Our study demonstrates increased inflammation
following tooth whitening with both lower and higher concentrations of
H,0, and that this process continues for at least 2 weeks after the procedure
terminated. This inflammatory process may result from pulp inflammation;
however, possible damage may also occur at soft tissue level.

The proteomic analysis of the GCF samples showed that dental bleaching
causes alterations in the abundance of proteins associated not only with NO
and H,O, synthesis, but also with neutrophil influx.. Enzymes such as
MAPK kinase 4, TIR-domain containing adaptor molecule 1, mitocondrial
NADH dehydrogenase [ubiquinone] flavoprotein 3 and nitrate reductase,
associated with NO synthesis, were detected in patients of both groups of
bleaching. Proteins of this class are gradually increased by bleaching 15%;

whilst those undergoing 35% bleaching do not express NO-related proteins
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7 days post-1* session. This can be related to the lower detection of NO by
the Griess method at this time-point.

An increased percentage of proteins associated with oxidative stress was
observed during the 21-day observation period. However, the levels of H,O,
were found to be reduced at the day 7 post-1*' session, irrespective of the
bleaching concentration. Oxidoreductases such as JHDMI1D, NADH-
ubiquinone oxidoreductase chain 2, NADH-ubiquinone oxidoreductase
subunit 5, NADH dehydrogenase [ubiquinone] flavoprotein 3,
dehydrogenase/reductase 2-isoform 2, retinol dehydrogenase 14, epydidimal
secretory protein Li 55, mitochondrial peroxiredoxin-5 and EGLN3, and the
antioxidant protein S100-A8 were detected in both groups of patients at the
day 7 post-1* session. Despite the detection of oxidoreductases such as
cytocrome P450 2D6, NADH dehydrogenase [ubiquinone] flavoprotein 3,
EGLN3 and the epydidimal secretory protein Li 55; and the antioxidant
protein S100-A8; at 21 days post-1st session, the samples also presented
proteins involved in the sensing and production of oxidant molecules
(annexin and transient receptor potential channels M2 and V1). This
alteration in the expression of regulators of oxidant molecules over time,
explains, at least in part, the profile of H,O, release in patients after
bleaching. Indeed, in pre-bleaching conditions, there is also the expression
of oxidoreductases, antioxidant molecules and sensors/regulators of
oxidative stress (canabinoid receptor 1, neuronal Ach receptor alpha 4 and
transmembrane protein type 1).

Different proteins that regulate neutrophil chemotaxis, activation and

degranulation were detetcted in GCF samples in both pre- and post-
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bleaching conditions. The largest abundance of proteins of this class were
observed for patients who had undergone 15% H,0,, 21 post-1% session.
Samples from both concentrations of H,O,, presented proteins associated
with the activation and degranulation of neutrophils (keratin 1, S100-AS,
eosinophil cationic protein, neutrophil defensin, tyrosine-phosphatase beta
receptor-like, TIR-domain containing adaptor molecule 1 and resistin) at
this time point, however, proteins related with neutrophil chemotaxis and
death (inositol-trisphosphate 3-kinase B and annexin) were only detected for
the 15% concentration. Pre-bleaching conditions presented proteins
associated with neutrophil migration, activation and degranulation (beta-
defensin 119, NF-kappa-B subunit p105, kinase serine/treonine protein 10,
hornerin, calcium/calmodulin-dependent kinase type 1D, Ig variable chain
3-11, S100-A8, maltase-glucoamylase, phospholipid-transporting ATPase
8AI, N-acetylgalactosamin-6-sulphatase and  N-acylesphingosine
amidohydrolase 1).

For both H,O, concentrations tested, there was an increase in the abundance
of proteins related with nucleic acid damage, 7 days post-1* session, but an
increase in the percentage of cell survival proteins was only observed
following 15% bleaching in comparison with pre-whitening conditions.
Tissue regeneration proteins were reduced at 7 days for the 15% but not
35% bleaching.

Twenty one days following the 1% session of bleaching, there was a
restoration in the percentage of proteins related to nucleic acid damage for
both concentrations of H,O,. On the other hand, those involved in tissue

regeneration and cell survival (angiogenesis, re-ephitelization, fibroblast
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proliferation, neuronal regeneration, osteoclastogenesis and dentin
production) were increased only for those undergoing bleaching with the
lowest concentration of H,O,. These evidences allow us to suggest the
existence of an inflammatory process more exacerbated following tooth
whitening with 35% H,0,, which lasts for the whole observation period.

According to these findings, and considering that both NO and H,O, are
constitutively produced by endothelial cells, neurons

and/keratinocytes* %

, we can suggest that the 35% H,0O, bleaching
damages the NO-producing cells (neurons and endothelial cells) and that
both concentrations of H,O, causes damage in H,O,-producing cells such as
keratinocytes, 7 days post-1* session. In later time-points (21 days post-1*
session), it was observed the restoration of the crevicular levels of NO and
H,0;; this can be related with: 1) increased numbers of cell survival and
tissue regeneration proteins, in addition to increased activation of
neutrophils with 15% bleaching, and ii) ongoing neutrophil activation and
restoration of proteins associated with NO synthesis, at the same time a

reduction in the abundance of regenerative proteins, following bleaching

with either products.

CONCLUSIONS
Overall, our results suggest that:

1. In office tooth whitening procedures employing H,O, present
good efficacy, however, they cause inflammation irrespective of the used
concentration.

2. The inflammation caused by 35% H,O, lasts for longer.
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3. Considering the clinical efficacy of both H,O, concentrations,
patients may benefit better from using lower concentrations of this

bleaching product, as its usage may result in less tissue damage.
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Table 1. Clinical efficacy of tooth whitening products containing different concentrations of H,O, (15-35%)
Clinical efficacy was determined by qualitative (Vita Classic and Vita Bleachedguide) and qualitative (spectrophotometry by Vita Easyshade).

Data was collected before (baseline) and at different time-points after the bleaching process initiated.

15% H,0, 35% H,0,
(Mean = SE) (Mean = SE)
7 dias 21 dias 7 dias 21 dias

AE (Vita Easyshade) 59+0.7 6.6+0.77 5.87+097 6.88+0.6

ASGU (Vita Bleache) 2.22+0.23 3.59+0.39* 24+0.25 4.00+0.30*

ASGU (Vita Classic) 4.72+0.46 527+0.52 5.04+0.53 5.86+0.51
Mean + standard error (SE); *p< 0.05; differs from day 7.
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Tabela 2. Abundance of proteins associated with NO synthesis, oxidative stress, neutrophil regulation, nucleic acid damage, cell

survival and tissue regeneration in GCF samples obtained from patients undergoing dental bleaching with H,O, (15-35%).

Samples were collected prior (baseline) and at different time-points after the bleaching process initiated

Nucleic

NO Oxidative Neutrophil . . Tissue
. . acid Cell survival .
synthesis stress regulation regeneration
damage
Baseline 0% 3.9% 2.3% 3.9% 9.7% 5.1%
(1)
rllf(f; 7 days 0.5% 4.5% 3.2% 4.5% 10.4% 2.3%
21 days 1.3% 5.8% 6.5% 2.6% 11.7% 6.5%
Baseline 0.3% 1.7% 2.6% 2.0% 8.5% 5.4%
(1)
I?Ii(/)(; 7 days 0% 2.4% 2.8% 3.1% 8.6% 5.1%
21 days 0.4% 2.7% 1.3% 2.2% 8.9% 3.6%

Results are expressed as percentage (%) in relation with the total number of proteins detected in each time-point
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Tabela 3. Identification of proteins associated with NO synthesis, oxidative stress, neutrophil regulation, nucleic acid damage, cell

survival and tissue regeneration in GCF samples obtained from patients undergoing dental bleaching with 15% H,0,.

Samples were collected prior (baseline) and at different time-points after the bleaching process initiated

Baseline 7 days 21 days
= = =
A 2 @ = 4 i
2| ¢ = = T | 82| 2| ¢ |= <= | R 2| ¢ |= = = | =
8| S |2EE8el 2| 5| 8| 2882|585 8| 5|E8Ce 2] 5
Protein S| S|=ESHE | S| €| s|=ESHE | 5| €| o |2ESY E| =
S| 2I2E2E 5| || 2|28 E 5| || 2|e=5e g 5] %
| =E|ESEE 3| Y| | E|EEEE 2| Y| | E|EEEE Z| Y
S EI3HER s || S| EIBHEER || S| EI2HES =5
SIEZ5Z | S| |2 | 8752 |&|8|2|%1752 |8 &
o 2 = 2 o 2
= = =
Abnormal spindle-like microcephaly-associated protein + +
Active regulator of SIRT1 + +
Adenomatous polyposis coli protein +
Alpha-ketoglutarate-dependent dioxygenase FTO +
Alstrom syndrome 1, isoform CRA ¢ +
Annexin + | + +
Ankyrin repeat and LEM domain-containing protein 2 +
Apolipoprotein A-I +
ATP-binding cassette sub-family A member 12 +
ATP-dependent DNA helicase +
Autophagy-related protein 16-1 + +
BM-016 + | +
Breast and ovarian cancer susceptibility protein 2 truncated + | +
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variant

Cannabinoid receptor 1

c¢DNA, FLJ94365

c¢DNA FLJ55119, highly similar to Homo sapiens ZW10
interactor (ZWINT), transcript variant 3, mRNA

c¢DNA FLJ52316, highly similar to NADPH--cytochrome P450
reductase

c¢DNA FLJ35792 fis, clone TESTI2005759, highly similar to
Amphoterin-induced protein 2

CD45

cDNA FLJ54646

cDNA FLJ52401, highly similar to Integrin alpha-10

cDNA FLJ14215 fis, clone NT2RP3003665, highly similar to
Beta-ureidopropionase (EC 3.5.1.6)

Centriolin

Collagen alpha-6(VI) chain

Cytochrome P450 2D6

Cytoskeleton-associated protein 5

Cyclin-G2

Dehydrogenase/reductase (SDR family) member 2 isoform 2
variant

Disintegrin and metalloproteinase domain-containing protein 8

DNA ligase 1

Dual-specificity protein phosphatase 13 isoform B

Dynactin subunit 1

Dynactin subunit 2

E3 ubiquitin-protein ligase RBBP6

EGLN3 protein

Elongation factor 1-alpha 2

Eosinophil cationic protein
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E3 SUMO-protein ligase RanBP2

Fanconi anemia group D2 protein

Frizzled-9

GRAM domain-containing protein 4

G2/mitotic-specific cyclin-B3

Heat shock protein beta-7

Histone H4

Histone cluster 1, H1t

Histone H2A-Bbd type 1

Histone acetyltransferase p300

Hornerin

Inositol-trisphosphate 3-kinase B

JHDM1D protein

Keratin 1

Keratin, type II cytoskeletal 73

Keratin, type I cytoskeletal 14

Keratin, type II cytoskeletal 6B

Keratin, type II cytoskeletal 2 epidermal

Keratin, type I cytoskeletal 10

I+ [ +]+

Keratin, type I cytoskeletal 16

Keratin, type II cytoskeletal 6C

Keratin, type II cytoskeletal 2 oral

+ |+ |+ [+

KI67 Antigen

Kinesin-like protein KIF15

Leukocyte-associated immunoglobulin-like receptor 1

Maltase-glucoamylase

MB

Mediator of DNA damage checkpoint protein 1

Membrane-associated guanylate kinase, WW and PDZ domain-
containing protein 3
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Microtubule cross-linking factor 1

MICOS complex subunit MIC60

Mitogen-activated protein kinase kinase kinase 4

MMS19 nucleotide excision repair protein homolog

Mothers against decapentaplegic homolog 6

Monocarboxylate transporter 1

Myosin-9

Nanos homolog 3

N-acetylgalactosamine-6-sulfatase

N-acylsphingosine amidohydrolase 1

NAD-dependent protein lipoamidase sirtuin-4, mitochondrial

NADH-ubiquinone oxidoreductase chain 2

Netrin receptor UNC5D

Neutrophil defensin 1

Neuronal acetylcholine receptor alpha 4 subunit

Nicastrin

Nuclear receptor coactivator 1

Partner and localizer of BRCA2

Peroxiredoxin-5, mitochondrial

piRNA biogenesis protein EXD1

Phospholipid-transporting ATPase 8AI

Protein timeless homolog

Protein S100-A8

Protein NDRG4

Probable E3 ubiquitin-protein ligase HERC1

Protein phosphatase 1, catalytic subunit, alpha isoform

PSME2 protein

p53-induced death domain-containing protein 1

Rapamycin-insensitive companion of mTOR

Retinol dehydrogenase 14
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Resistin

Receptor-type tyrosine-protein phosphatase beta

Ribosomal RNA processing protein 1 homolog B

RNA polymerase II-associated protein 3

Serine/threonine-protein kinase mTOR

Serine/threonine-protein kinase SMG1

Serine/threonine-protein kinase 10

Smoothelin

Sorbitol dehydrogenase

Suppression of tumorigenicity 18 protein

Tetratricopeptide repeat protein 28

TIR domain-containing adapter molecule 1

Thymosin beta-4

Topoisomerase (DNA) II binding protein 1

Transmembrane protein 199

Tryptophan 2,3-dioxygenase

Transient receptor potential cation channel subfamily M

member 2

Tudor domain-containing protein 1

Uncharacterized protein DKFZp686C1178

Vacuolar protein sorting-associated protein 51 homolog

WD repeat domain phosphoinositide-interacting protein 1

5' exonuclease Apollo
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Tabela 4. Identification of proteins associated with NO synthesis, oxidative stress, neutrophil regulation, nucleic acid damage, cell

survival and tissue regeneration in GCF samples obtained from patients undergoing dental bleaching with 35% H,0,.

Samples were collected prior (baseline) and at different time-points after the bleaching process initiated

Baseline 7 days 21 days
" g " g - 3
Protein S| o |EE|ITH | 2| E| o |ESHW | E| S| o |EE|ITH 2| =
S| 2 |IEE2E 5| L|E|2IE=eE 5| | E| 2|8 5]
> | E|ES2E 2| | =|E|EE2E 2| ¥ | E|EESE 3|
SRR E AR R R AR B -
SIEZ=Z 7| S| g2 | B 752" |&| 8|2 |21752 |8 ¢8
= B C B S 2
) ) =
Abnormal spindle-like microcephaly-associated protein + +
Alternative protein HEPACAM?2 +
Ataxin-2 +
Autophagy-related protein 16-1 +
ATP-dependent DNA helicase + + +
Alternative protein F7 +
Alternative protein COMP +
B-cell lymphoma/leukemia 11B + +
Bcl-2-binding component 3 +
Beta-defensin 119 + +
Bloom syndrome protein +
Calcium/calmodulin-dependent protein kinase type 1D +
cDNA FLJ78763 +
c¢DNA, FLJ96396, highly similar to Homo sapiens ERO1-like beta +
(S. cerevisiae) (ERO1LB), mRNA
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c¢DNA FLJ53558, highly similar to Protein disulfide-isomerase A3
(EC5.34.1)

cDNA FLJ50692, highly similar to RADS51-associated protein 1

c¢DNA FLJ32673 fis, clone TESTI1000138, highly similar to
Proprotein convertase subtilisin/kexin type 4 (EC 3.4.21.-)

Cytochrome P450 2A6

c¢DNA FLJ35792 fis, clone TESTI2005759, highly similar to
Amphoterin-induced protein 2

c¢DNA FLJ42089 fis, clone TESOP2001166, highly similar to
Suppressor of cytokine signaling 4

c¢DNA FLJ53267, highly similar to Optineurin

c¢DNA FLJ77630, highly similar to Homo sapiens BPY?2
interacting protein 1, mRNA

Centrosomal protein 110kDa

Cytochrome c oxidase subunit 7A2, mitochondrial

Centromere protein C

Collagen alpha-3(IV) chain

Cytospin-A

Dehydrogenase/reductase SDR family member 4-like 2

DNA-binding protein Ikaros

DNA-binding protein inhibitor ID-1

Dynactin subunit 1

DNA repair protein-complementing XP-C cells

Dual-specificity protein kinase TTK

Enhancer of filamentation 1

Epididymis secretory protein Li 55

EGLN3 protein

Elongation factor 1-alpha 2

Eosinophil cationic protein

E3 ubiquitin-protein ligase RBBP6
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E3 ubiquitin-protein ligase PDZRN3

E3 ubiquitin-protein ligase CHFR

Fibronectin type III and SPRY domain-containing protein 1

Flavin-containing monooxygenase

Folliculin-interacting protein 2

Gasdermin-like isoform GSDML1

G2/mitotic-specific cyclin-B3

Heat shock protein beta-7

Histone H4

Histone cluster 1, H1t

Histone lysine demethylase PHFS8

Hornerin

Homeo box A3

Hydroxyacyl-coenzyme A dehydrogenase, mitochondrial

Immunoglobulin superfamily member 2

Immunoglobulin superfamily member 10

Immunoglobulin heavy variable 3-11

Immunoglobulin heavy variable 3-23

Inositol-trisphosphate 3-kinase B

Interleukin-1 receptor type 1

Keratin, type I cytoskeletal 9

+

Keratin, type I cytoskeletal 10

+

Keratin-associated protein 5-11

Keratin, type I cytoskeletal 14

Keratin, type II cytoskeletal 6B

Keratin, type II cytoskeletal 2 epidermal

Keratin, type II cytoskeletal 3

+ |+ T+

Keratin, type I cytoskeletal 23

Leucine-rich repeat protein SHOC-2

Leucine-rich repeat serine/threonine-protein kinase 1
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Meiosis-specific kinetochore protein

Mitochondrial fission 1 protein

Microtubule-actin cross-linking factor 1, isoforms 1/2/3/5

Mutant xeroderma pigmentosum group C

Microtubule cross-linking factor 1

Myocardin

MTCHI1 protein

Mucin-1

Nanos homolog 3

NADH-ubiquinone oxidoreductase subunit §

NADH dehydrogenase [ubiquinone] flavoprotein 3, mitochondrial

NT-3 growth factor receptor

Neutrophil defensin 1

Nuclear protein 1

Nuclear receptor coactivator 1

Nuclear factor NF-kappa-B p105 subunit

Nucleolar and coiled-body phosphoprotein 1

O(6)-methylguanine-induced apoptosis 2

Paired box protein Pax-1

Partitioning defective 3 homolog

Peroxiredoxin-5, mitochondrial

PRAME family member 14

Protein ALEX

Protein S100-A8

Protein rogdi homolog

Probable ribonuclease ZC3H12D

Protein scribble homolog

Poly [ADP-ribose] polymerase 4

Probable E3 ubiquitin-protein ligase HERC1

Protein phosphatase 1, catalytic subunit, alpha isoform
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Protein disulfide-isomerase A6

Pleckstrin homology domain-containing family M member 1

+

PH domain leucine-rich repeat-containing protein phosphatase 1

Ras-like protein family member 11B

Retinol dehydrogenase 14

Ribosomal RNA processing protein 1 homolog B

RNA-binding protein with multiple splicing 2

Serine-protein kinase ATM

Speedy protein C

Serine/threonine-protein kinase 10

Seven transmembrane helix receptor

Structure-specific endonuclease subunit SL.X4

Serine/threonine-protein kinase greatwall

Serine/threonine-protein phosphatase 2A 56 kDa regulatory
subunit gamma isoform

SH2 domain-containing adapter protein B

Sorting nexin-18

Spectrin beta chain, non-erythrocytic 1

Telomere-associated protein RIF1

Transcription activator BRG1

Transient receptor potential channel M2

Transient receptor potential channel V1

TRIO and F-actin-binding protein

Tyrosine--tRNA ligase, cytoplasmic

Thymosin beta-4

Transmembrane protein 199

Tyrosine-protein kinase receptor

Ubiquitin carboxyl-terminal hydrolase 3

Uncharacterized protein KIAA1109

Zinc finger and BTB domain-containing protein 38
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WD repeat-containing protein 81

60S ribosomal protein 128
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Figure 1. Biochemical analysis of gingival crevicular fluid markers in
patients undergoing a 2-session tooth whitening with products
containing hydrogen peroxide (H,0;, 15-35%). Levels of (A) nitric oxide
(NO%), (B) H,0, and (C) percentage (%) of the speed of myeloperoxidase
(MPO) release in gigival crevicular fluid samples collected before (baseline)
and at different time-points after dental bleaching. *p< 0.05; *differs from

baseline.
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Figure 2. Time-dependent abundance of proteins detected in gingival
crevicular fluid samples obtained from patients undergoing a 2-session
tooth whitening with hydrogen peroxide (H,O;, 15%). Proteins were
classified by biological function as associated with: NO synthesis, oxidative
stress, neutrophil regulation, nucleic acid damage, cell survival and tissue
regeneration. Samples were collected before (baseline) and at different time-

points after dental bleaching.
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Figure 3. Time-dependent abundance of proteins detected in gingival
crevicular fluid samples obtained from patients undergoing a 2-session
tooth whitening with hydrogen peroxide (H,O,, 35%). Proteins were
classified by biological function as associated with: NO synthesis, oxidative
stress, neutrophil regulation, nucleic acid damage, cell survival and tissue
regeneration. Samples were collected before (baseline) and at different time-

points after dental bleaching.
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