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RESUMO

HENN, Sandrina. Efeito da adicao de um inibidor de metaloproteinase sobre a
resisténcia a microtracdo e citotoxicidade de um sistema adesivo
autocondicionante. 2009. 70f. Dissertacdo de Mestrado — Programa de Pés
Graduacao em Odontologia. Universidade Federal de Pelotas, RS, Brasil.

O objetivo do presente estudo foi avaliar a influéncia da incorporagdo de um
inibidor de metaloproteinase 2, (MMP-2) metacrilato de zinco (MZ), na
resisténcia de unido (UTBS) e citotoxicidade de um sistema adesivo
autocondicionante comercial, Clearfil SE Bond (CSE). O primer do sistema
adesivo autocondicionante foi modificado com o acréscimo de 1% ou 5% em
massa de MZ. Clearfil SE Bond sem MZ foi utilizado como controle. Para o
ensaio de resisténcia de unido, vinte e oito terceiros molares humanos foram
utilizados, formando quatro grupos (7 dentes por grupo): CSEcontrole, CSEzm1 €
CSEzys foram armazenados em agua destilada e CSEcux armazenado em
digluconato de clorexidina 2%. Os dentes foram restaurados, seccionados para
obtencéao de palitos e armazenados em estufa a 37°C por 24h, 6 ou 12 meses.
Apos, os palitos foram submetidos a ensaio de microtracdo (UTBS ) em
maquina de ensaios mecanicos. Para o ensaio de citotoxicidade, fibroblastos
de ratos imortalizados (3T3/NIH) foram expostos aos trés primers (CSE,
CSEzm1 € CSEzws) por 12h e 24h. Meio DMEM (Meio Essencial de Eagle
Modificado por Dulbecco) foi utilizado como controle. As células foram
plaqueadas em concentracdes de 2 x 10* células por poco e distribuidas em
duas placas de cultivo celular. Teste de viabilidade celular MTT (sal tetrazolium
[3-(4,5-dimetiltiazol-2-yl)-2,5-difeniltetrazolium brometo] foi utilizado para avaliar
funcdo metabdlica das células. A absorbéancia de cada poco foi medida em um
espectrofotobmetro a 570 nm. Os dados de uTBS foram analisados por Andlise
de Variancia uma Via e teste complementar de Tukey (a=0.05). Grupo
CSEcontror demonstrou silimar uTBS apdés armazenamento. O grupo CSEzus
revelou queda na pTBS apds 6 meses de armazenamento quando comparados
ao controle. Os valores de citotoxicidade foram submetidos ao teste néo
paramétrico Kruskal-Wallis e método Sudent-Newmans-Keuls). Houve reducao
na atividade mitocondrial para todos os primers testados quando comparados
ao controle contendo apenas DMEM. No entanto, os grupos CSEzui € CSEzus
apresentoaram efeito citotdxico inferior ao primer comercial. De acordo com as
limitacoes do presente estudo € possivel concluir que os possiveis mecanismos
de inibicdo de metaloproteinase testados, acréscimo de metacrilato de zinco ou
armazenagem em clorexidina pode afetar negativamente a resisténcia de uniao
do Clearfil SE Bond. No entanto, a citotoxicidade do primer comercial foi
diminuida com o acréscimo de Metacrilato de Zinco.

Palavras Chave: Ensaio de tracdo. Clearfii SE Bond. Materiais dentarios.
Citotoxicidade. Metaloproteinase da Matriz extracelular. Adesao.



ABSTRACT

HENN, Sandrina. The effect of a matrix metalloproteinase 2 (MMP-2)
inhibitor on the microtensile bond strength and cytotoxicity of a self-
etching primer. 2008, 25f. Dissertation (Master’'s degree) — Graduate Program,
School of Dentistry, Federal University of Pelotas, RS, Brazil.

The aim of this study was to investigate the effect of zinc methacrylate
(ZM) as a matrix metalloproteinase2 (MMP- 2) inhibitor on the microtensile bond
strength (UTBS) and cytotoxicity of a self-etching adhesive system (Clearfil SE
Bond — CSE). For mechanical test, the self-etching primer was modified with 1
or 5 % (wt) of ZM, while adhesive system served as control (CSE). Twenty-eight
human third molars were randomly assigned into four groups (n=7 teeth per
group): CSE, CSEzuws and CSEzus were stored in distilled water and CSEcpx
was stored in 2% chlorhexidine digluconate. After restorative procedures, teeth
were sectioned to obtain beams, stored at 37° C for 24 hour, 6 and 12 months.
After, U TBS was measured. For cytotoxicity test, mouse fibroblasts (3T3/NIH)
were exposed to extracts of three different primers (CSE, CSEzuws and CSEzus)
for 12 and 24h. Medium DMEM (Dulbecco’s Modified Eagle’s Medium) as used
as control. The cell was plated (2 x 10*well) in two 96 round-bottomed tissue
culture plates. The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) assay was used to asses cell metabolic function by mitocondrial
dehydrogenase activity. The absorption at 570nm was determined
spectrophotometrically. Data of uTBS were analyzed by One-Way Anova and
Tukey test (a=0.05). Control group show similar uTBS after storage times. The
CSEzws disclosed a decrease of bond strength after six moth storage and
statistically lower uTBS means when compared with control group (p<0.05)
Cytotoxicity was analyzed using Kruskal-Wallis test and Sudent-Newmans-
Keuls method. There was a reduction in cell viability after exposure in all tested
groups when compared to the Control. However, cytotoxicity of CSEzys and
CSEzws were lower than CSE. The addition of zinc methacrylate on self-etching
primer or storage in chlorhexidine may negatively affect yTBS of CSE.
However, cytotoxicity of the commercial primer may decreased with ZM
addition.

Keywords: matrix metalloproteinase, microtensile bond strength, self-etching,
zinc methacrylate.
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1 INTRODUGCAO GERAL

Os sistemas adesivos odontolégicos mudaram os conceitos de materiais
restauradores a partir da possibilidade de aderir um material restaurador aos
tecidos dentais. A hibridizacado, criacdo de uma camada hibrida nos tecidos
dentais duros, proposta por Nakabayashi (1982) pode ser reconhecida como
um marco histérico para a consolidacdo das restauracoes adesivas. A adesao
de materiais restauradores ao esmalte, dentina e/ou cemento tornou-se
possivel através da desmineralizacao da superficie e subsuperficie dentéria e
posterior infiltracdo de mondmeros seguida de polimerizagdo (NAKABAYASHI;
KOJIMA; MASUHARA, 1982).

Segundo De Munck et al. (2005), os sistemas adesivos atuais podem ser
classificados de acordo com o tipo de condicionamento € 0 numero de passos
utilizados. Assim, os sistemas adesivos apresentam-se como convencionais
de dois ou trés passos ou aucondicionantes de um ou dois passos. Nos
sistemas adesivos convencionais (total etching adhesives), o condicionamento
acido ocorre separado das etapas da aplicacao do primer e da resina adesiva.
O condicionamento é realizado normalmente com &cido fosférico com
concentracdes que variam entre 30 e 40%. Apds a aplicacdo, o acido fosférico
€ completamente removido através de lavagem abundante, o que torna essa
técnica mais sensivel. Estes sistemas podem estar disponiveis em dois frascos
(acido e primer/adesivo) ou trés frascos (acido + primer + adesivo) sendo
chamados respectivamente como sistemas adesivos de dois passos e trés
passos.

Por outro lado, os sistemas adesivos autocondicionantes (self-etch
adhesives) baseiam-se no uso de mondémeros acidos que condicionam e
infiltram os tecidos dentais duros simultaneamente. Estes sistemas dispensam
a etapa de lavagem, o que diminui o tempo clinico de aplicacdo do sistema
adesivo, mas principalmente reduz a sensibilidade da técnica e/ou minimiza o
risco de produzir erros durante a aplicagdo (DE MUNCK et al., 2005). Os
sistemas adesivos autocondicionantes podem ser classificados em dois passos
(2 frascos, primer e adesivo) ou de um passo (frasco unico, primer + adesivo ou
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ainda primer e adesivo em frasco separados) necessitando de mistura prévia
antes da apliacao (DE MUNCK, et al., 2005).

Atualmente sabe-se que sistemas adesivos em geral demonstram
resisténcia de unido satisfatéria nas avaliacdées imediatas. Contudo, existe uma
maior preocupacao frente a estabilidade desta resisténcia de unido através do
tempo (BRESCHI et al., 2008), visto que, apds envelhecimento a resisténcia de
unido desses sistemas diminui tanto in vitro quanto in vivo (DE MUNCK, et al.,
2005). Assim, geralmente os sistemas adesivos simplificados de um passo
demonstram menor durabilidade, enquanto sistemas adesivos de
condicionamento total de 3 passos e autocondicionantes 2 passos demonstram
desempenho superior aos primeiros (BRESCHI, et al., 2008).

A degradacéo da interface de unido vem sendo amplamente associada a
inUmeros fatores relacionados ao polimero. No entanto, o proprio substrato
pode ser um fator envolvido na queda da resisténcia de unido, ja que, a dentina
apresenta maior dificuldade de unido aos adesivos devido a grande presenca
de agua e grande quantidade de material organico, o que dificulta a penetracao
de sistemas adesivos devido a composicao hidrofébica (PERDIGAO et al.,
2000). Buscando minimizar essa dificuldade, surgiram os sistemas adesivos
com componentes hidrofilicos. No entanto, esses sistemas funcionam como
uma membrana permeavel, absorvendo agua do meio, possibilitando a
formacao de bolhas na interface de uniao, o que ira contribuir para a falha da
adesdo (TAY; PASHLEY, 2003). Alem disso, sistemas adesivos hidrofilicos,
permitem a transudagéo de fluido dentinario para a interface, ou seja, adesivos
hidrofilicos (simplificados) ndo promovem um selamento hermético em dentes
vitais (TAY; PASHLEY, 2003). Outro fator que contribui para a degradacao do
polimero é a presenca e nao volatizacdo adequada do solvente, trazendo
prejuizos para a polimerizagéo (YIU et al., 2005), além disso, a camada hibrida
apresenta sensibilidade a fen6menos mecanicos, como contragdo de
polimerizacao e fadiga (NIKAIDO et al., 2002). No entanto, o maior fator que
afeta a durabilidade da interface de uniao é a degradacéao hidrolitica dos seus
dois principais componentes: polimero e o coladgeno (DE MUNCK, et al., 2005).

Apesar do reconhecido efeito da degradacao do polimero sobre a queda
na resisténcia de unido ao longo do tempo (TAY; PASHLEY, 2003, YIU, et al.,
2005) atualmente a degradacao do colageno também vem sendo associada a
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queda da resisténcia de unido, (CARRILHO et al., 2007, NISHITANI et al.,
2006, TAY et al.,, 2006) ja que o colageno é também um componente
importante da camada hibrida. O colageno pode ser degradado através de
diversos mecanismos inclusive através da ac¢do de enzimas Metaloproteinases
da Matriz Extracelular (MMPs). Uma vez ativadas, as MMPs sédo capazes de
realizar a degradagdo enzimatica das fibras colagenas presentes na camada
hibrida (CARRILHO et al., 2007, CARRILHO, et al., 2007, HEBLING et al.,
2005, PASHLEY et al., 2004).

As MMPs constituem uma familia de 24 endoproteinases (RAFFETTO;
ROSS; KHALIL, 2007) com capacidade de juntas degradarem todas as
proteinas da matriz extracelular, como colageno, fibronectina e proteoglicanas
(BODE; MASKOS, 2003). Essas enzimas estdo associadas com o
remodelamento tecidual, processo de metastase tumoral (BIRKEDAL-HANSEN
et al., 1993) e na Odontologia, participam da formacao dos tecidos dentais,
apds isso, sdo incubadas pela mineralizacdo dos tecidos, permanecendo
inativas (MARTIN-DE LAS HERAS; VALENZUELA; OVERALL, 2000). No
entanto, estimulos especificos, como acidos liberados por bactérias em lesbes
cariosas (TJADERHANE et al.,, 1998) e a utilizacdo de sistemas adesivos
autocondicionantes, sdo capazes de ativar as enzimas, que passam entao a
degradar o colageno do local onde elas estao presentes (DONMEZ et al., 2005,
LEHMANN et al., 2009, NISHITANI, et al., 2006). A Metaloproteinase da Matriz
Extracelular 2 (MMP-2) ou gelatinase A, é a enzima em maior quantidade
encontrada na dentina (MARTIN-DE LAS HERAS; VALENZUELA; OVERALL,
2000).

Baseado nisso, a inibicdo das MMPs vem sendo discutida como um fator
importante para a longevidade dos sistemas adesivos, visto que, a inibicdo das
MMPs impediria a degradacao do colageno, mantendo um dos principais
componentes da camada hibrida (CARRILHO, et al., 2007, CARRILHO, et al.,
2007, HEBLING, et al.,, 2005). Alguns materiais foram identificados como
inibidores de MMPs. A clorexidina, ha algum tempo, ja demonstrou inibicdo da
atividade desta enzima (GENDRON et al., 1999) e por isso tem sido
preconizada a aplicagdo de digluconato de clorexidina 2% apds o

condicionamento acido com o objetivo de inibir as MMPs (BRACKETT et al.,
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2007, CARRILHO, et al., 2007, CARRILHO, et al., 2007, HEBLING, et al.,
2005).

Além da clorexidina, materiais utilizados na Odontologia contendo zinco
em sua composicao, tais como, sulfato de Zinco (Zn) (DE SOUZA; GERLACH,;
LINE, 2000), cimento de 6xido de Zn (SANTOS et al.,, 2004) e amalgama
contendo Zn mostraram-se com forte potencial inibidor de MMP-2 e MMP-9
(SOUZA; GERLACH; LINE, 2001). Mais recentemente, um polimero contendo
zinco em sua estrutura, Metacrilato de Zinco (MZ) (SIGMA-ALDRICH, Missouri,
EUA) foi testado e analisado por meio de zimografia e pode-se observar efeito
inibitério sobre MMP-2 (Figura 1) (HENN S, 2007).

MZ MZ MZ MZ MZ MZ 1
0.5 mM 1 mM 2mM 4 mM 8 mM 16 mM

Figura 1: Zimografia demonstrando a inibicdo de MMP-2 por metacrilato de zinco em
diferentes concentracdes, apds 24h de incubagdo. Como controle foi utilizado somente
o tampao Tris-CaCl, sem metacrilato de zinco e NEM e EDTA foram utilizados como
caracterizadores enzimaticos de metaloproteinase.

0.5mM j 0.5 mM

72kDa —P>
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A adicédo de um inibidor de MMP capaz de co-polimerizar em um sistema
adesivo parece promissora, visto que, as enzimas séo liberadas lentamente ao
longo do tempo (TJADERHANE, et al., 1998). O metacrilato de zinco (Figura 2),
além da capacidade inibitoria, possui grupo funcional metacrilato, podendo co-
polimerizar com outros componentes do sistema adesivo, como Bis-GMA,
HEMA e TEGDMA, proporcionando maior estabilidade ao polimero.

o) o
HE.,CTJLO,Zn%O J\W,CHE
CH, CH

Figura 2: Férmula quimica do mondmero metacrilato de Zinco destacando grupo
funcional metacrialato.
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No entanto, qualquer material que entre em contato com tecidos vivos
deve ser avaliado em relacdo a seu efeito citotoxico. Normalmente, sistemas
adesivos liberam monémeros residuais que podem causar citotoxicidade nas
células pulpares, pela geracao de espécimes 6xido reativas (DEMIRCI et al.,
2008). A citotoxicidade de qualguer material adicionado a um sistema adesivo
deve ser igual ou inferior a citotoxicidade de sistemas adesivos comerciais ja
utilizados clinicamente.

Portanto, o objetivo deste estudo foi avaliar através de resisténcia de
unido e teste de citotoxicidade a influéncia do acréscimo de um inibidor de

MMPs no primer de um sistema adesivo autocondicionante comercial.



2 PROJETO DE PESQUISA
2.1 INTRODUCAO

Sistemas adesivos odontolégicos sado amplamente utilizados na
Odontologia, buscando unir restauracdes adesivas aos tecidos dentais, através
da difusdo de mondmeros metacrilatos constituintes desses sistemas, nas
porosidades criadas € na malha de colageno exposta ap6s o condicionamento
acido, formando entdo, apbés a polimerizacdo, a camada hibrida
(NAKABAYASHI; KOJIMA; MASUHARA, 1982).

Os sistemas adesivos sao classificados de acordo com o método de
condicionamento da superficie € 0 numero de passos clinicos (DE MUNCK et
al., 2003). Assim sistemas adesivos convencionais sdo aqueles que utilizam o
condicionamento com acido fosférico, separado dos passos seguintes de
aplicacdo do primer e aplicacdo da resina adesiva (total etching). Os sistemas
adesivos convencionais sao divididos em dois (acido + primer e adesivo no
mesmo frasco) e trés passos clinicos (acido + primer + adesivo em frascos
separados).

Ja nos autocondicionantes (self-etching), a presenca de mondmeros
acidos polimerizaveis no primer condicionam a superficie a0 mesmo tempo em
que a infiltram. Desse modo a aplicacdo de primer autocondicionante simplifica
a uma unica etapa os 3 procedimentos clinicos; 1) condicionamento com acido
fosférico, 2) procedimento de lavagem para remocao do acido e 3) aplicacao de
primer. Os sistemas adesivos autocondicionantes por sua vez podem ser
divididos, segundo o modo de aplicacdo em: a) um passo (primer + adesivo em
frasco Unico) e dois passos (primer e adesivo em frasco separado) (DE
MUNCK et al., 2005).

Os sistemas adesivos autocondicionantes apresentam algumas
vantagens sobre os sistemas adesivos convencionais: apresentam uma técnica
simplificada de aplicacdo, reduzindo o tempo clinico e a sensibilidade da
técnica, visto que, dispensam etapa de lavagem do acido fosférico e secagem
da dentina (TAY; PASHLEY, 2003). Além disso, o uso de autocondicionantes
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reduz a sensibilidade pds operatéria, ja que, os monémeros infiltram ao mesmo
tempo em que desmineralizam os tecidos, assim, toda a superficie
desmineralizada sera infiltrada ndo permanecendo espagos onde foi realizada
a desmineralizagdo (VAN MEERBEEK et al., 2005). No entanto, apesar da
evolucdo desses sistemas, a durabilidade da interface adesiva em sistema
adesivos autocondicionantes ainda é um problema (REIS et al., 2005), tanto in
vitro e in vivo (DONMEZ et al., 2005, PEUMANS et al., 2005)

Os sistemas adesivos atuais apresentam resisténcia de unido
satisfatoria imediatamente apo6s a hibridizacdo. No entanto, sabe-se que esta
resisténcia diminui com o passar do tempo (DE MUNCK, et al., 2005). As falhas
dos adesivos dentinarios vém sendo amplamente associadas a degradagéo do
polimero. Entre os fatores conhecidos estdo; a) a presenca de solvente
decorrente de procedimento e volatilizacdo mal realizada, com prejuizos a
polimerizacado (YIU et al., 2005), b) a sensibilidade da camada hibrida a
fenbmenos mecanicos, como contracdo de polimerizacao e fadiga (NIKAIDO et
al., 2002) e principalmente c) a degradagao quimica por hidrélise, sendo este o
fator de maior importancia para a degradacao da adesao (DE MUNCK, et al.,
2005).

A camada hibrida desempenha um importante papel na manutencao da
adesdo. Atualmente, a degradagcdo da camada hibrida, além da degradacao
do polimero, também vem sendo associada a degradacao do colageno através
de enzimas presentes no hospedeiro, as Metaloproteinases da Matriz
Extracelular (MMPs) (PASHLEY et al., 2004).

As MMPs sao proteases zinco-dependentes encontradas em varias
regidbes do organismo. Constituem uma familia de aproximadamente 24
endoproteinases com capacidade de degradar diferentes tipos de colageno
(BIRKEDAL-HANSEN et al., 1993). Essas enzimas sdo capazes de degradar
componentes da matriz extracelular durante o desenvolvimento normal da
embriogénese, morfogénese ou remodelamento tecidual (STACK et al., 1996).
Estao presentes em processos inflamatérios e invasivos, atuando no processo
de metastase, facilitando a expansdao das neoplasias (TRYGGVASON;
HOYHTYA; PYKE, 1993). As MMPs também sao responsaveis pelo desarranjo
e remodelamento fisiolégico de matriz extracelular em varios tecidos, incluindo
dental (BIRKEDAL-HANSEN, et al., 1993).
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Na dentina humana higida foi identificada a capacidade de sintese pelas
células odontoblasticas de MMP-2 e MMP-9 (gelatinases A e B
respectivamente), havendo uma maior prevaléncia de MMP do tipo 2 (MARTIN-
DE LAS HERAS; VALENZUELA; OVERALL, 2000). Também em dentina
cariada, foram identificadas, MMP-2 (gelatinase A), MMP-9 (gelatinase B) e
MMP-8 (colagenase 2), sendo que a MMP 9 esta presente em maiores
quantidades que as outras enzimas (TJADERHANE et al., 1998).

As metaloproteinases em condicées normais participam da formacao e
manutencdao do complexo dentino-pulpar e apds cumprirem sua fungao sao
confinadas pela mineralizacdo dos tecidos, permanecendo inativas (MARTIN-
DE LAS HERAS; VALENZUELA; OVERALL, 2000). No entanto, alguns
estimulos sdo capazes de ativa-las desencadeando a degradacao de fibras
colagenas, neste caso, mais especificamente o colageno do tipo IV. O
colageno € constituinte  importante da camada hibrida, assim,
metaloproteinases da matriz extracelular, por serem associadas a degradacao
do colageno (PASHLEY, et al., 2004), estao sendo relacionadas a degradacao
da interface de unido.

Diversos estimulos podem contribuir para a ativacdo desta substancia,
dentre eles, a desmineralizacdo por acido proveniente de bactérias em lesdes
cariosas (TJADERHANE, et al., 1998), o condicionamento com acido fosférico,
e os sistemas adesivos autocondicionantes (NISHITANI et al., 2006), todos tém
sido associados ao fato de serem acidos e assim capazes de ativar as MMPs.

A inibicAdo destas enzimas ocorre através de inibidores teciduais de
MMPs (TIMPs) presentes no organismo (GOMIS-RUTH et al., 1997). Além
deles, alguns materiais tém demonstrado capacidade de inibir a agcdo dessas
enzimas. A clorexidina (CHX) mostrou ser um potente inibidor de MMPs na
dentina quando aplicada apds o condicionamento com acido fosforico
(PASHLEY, et al., 2004). Estudo in vitro, demonstrou que a resisténcia de
unido da interface adesiva ndo apresentou reducéo significativa ao longo do
tempo (14 meses) em restauracoes, nas quais houve a aplicagao de CHX apés
condicionamento, quando comparadas ao controle (sem CHX), que diminui
significantemente a resisténcia de unidao (CARRILHO et al., 2007). Além disso,
0 uso de CHX como inibidor de MMP, também mostrou eficiéncia na prevencao
da degradacao do coldgeno da camada hibrida em estudos realizados in vivo,
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nos quais a avaliacdo foi realizada com 6 meses de acompanhamento
(BRACKETT et al., 2007, HEBLING et al., 2005). Ambos os estudos relacionam
a manutencao do colageno da camada hibrida ao uso de CHX como inibidor de
MMP.

Além da CHX, diversos materiais de uso Odontolégico contendo zinco
vém sendo associados a inibicdo de MMP-2. Tais como, cimentos de 6xido de
zinco, amalgama contendo zinco e sulfato de zinco (ZnSQO,) (DE SOUZA;
GERLACH; LINE, 2000, SANTOS et al.,, 2004, SOUZA; GERLACH; LINE,
2001). Além destes, um mondémero contendo zinco em sua estrutura, o
metacrilato de zinco (SIGMA-ALDRICH, Missouri, EUA), demonstrou através
de zimografia, possuir efeito inibidor de MMP 2 em diferentes concentragbes
utilizadas (0,5 mM, 1 mM, 2 mM, 4 mM, 8 mM e16 mM) (Figura 1) e néo
influenciou na resisténcia coesiva quanto utilizada concentragdes que variaram
entre 0.5 e 20% (HENN, S et al, 2007). O monémero avaliado, além de ter
demonstrado inibigdo de MMP, possui em sua estrutura um grupo funcional
metacrilato (Figura 2), também encontrado na estrutura de outros componentes
de sistemas adesivos, como HEMA e Bis-GMA, o que facilitaria a
copolimerizacdo deste monémero com os outros componentes do sistema, se

este fosse inserido em um sistema adesivo.

MZ MZ MZ MZ MZ MZ | EDTA
0.5 mM 1 mM 2mM 4 mM 8 mM 16 mM 0.5 mM

Figura 1: Zimografia demonstrando a inibicdo de MMP-2 por metacrilato de zinco (MZ)
em diferentes concentracdes, apds 24h de incubacdo. Como controle foi utilizado
somente o tampéao Tris-CaCl sem metacrilato de zinco e NEM e EDTA foram utilizados
como caracterizadores enzimaticos de metaloproteinase.
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66 kDa

—
62kDa —Pp
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Figura 2: férmula quimica do monémero metacrilato de Zinco.

Com base em algumas evidéncias torna-se estratégico a identificacao de
componentes e substancias com potencial de inibicdo de MMPs e uso para
uma incorporagdo desses inibidores na composicdo de materiais
restauradores. Hipoteticamente, um sistema adesivo com a presenca de um
material inibidor em permanente contato com a camada hibrida pode ser
relevante, visto que, no momento da ativacdo das MMPs, teoricamente, o
material inativaria as enzimas minimizando a degradacdo do colageno via
metaloproteinase, assim, minimizando a degradacao das fibrilas colagenas da
camada hibrida e favorecendo a manutencdo da interface de unidao, o que
poderia influenciar diretamente no sucesso em longo prazo da restauracéo
adesiva. O metacrilato de zinco parece ser um material favoravel para a
incorporacdo em um sistema adesivo com a finalidade de inibir
metaloproteinase, visto que, demonstrou efeito inibitério e podera copolimerizar
com outros componentes, devido ao grupo funcional metacrilato presente em

sua estrutura.



2.2 OBJETIVOS

2.2.1 OBJETIVO GERAL

O objetivo do presente estudo sera testar a hipétese nula de que a
presenca de metacrilato de zinco na composicdo de um sistema adesivo
autocondicionante nao afetara a resisténcia de unido a microtracdo em

diferentes concentracdes e meios de armazenamento.
2.2.2 OBJETIVOS ESPECIFICOS
a) Avaliar se a adicdo de metacrilato de zinco nas concentracoes de 1 e
5%, em um sistema adesivo autocondicionante afetara a resisténcia de

unido a dentina.

b) Avaliar se o armazenamento em digluconato de clorexidina 2%

influenciara na resisténcia de uniao a dentina.

c) Avaliar a camada hibrida formada pelos sistemas adesivos, com e sem a
adicao de metacrilato de zinco.

d) Avaliar o modo de fratura.



2.3. MATERIAIS E METODOS

2.3.1 Aspectos éticos

Este projeto foi aprovado pelo CEP (Comité de Etica em Pesquisa) da

Faculdade de Odontologia da Universidade Federal de Pelotas sob parecer n°®

004/2008 (parecer em anexo).

2.3.2 Incorporacao de metacrilato de zinco no primer do sistema adesivo

autocondicionante

Tabela 1- Descricao dos materiais utilizados.

Nome comercial Composicao (*) Marca comercial Lote
Primer
HEMA*, MDP**,
Dimetacrilato hidréfilico, N, N
dietanol p-toluidina,
Canforoquinona
Sistema adesivo Agua
autocondicionante Kuraray Medical Inc.,
Clerafil Self-Etching Adesivo Tokyo, Japan.
Bond HEMA*, MDP**, Bis-GMA***,
Dmetacnlato throf|I|co, N, N 51400
dietanol p-toluidina,
Canforoquinona
Silica coloidal silanizada.
. . . . o Sigma-Aldrich,
Metacrilato de Zinco Metacrilato de zinco 99% Missouri, EUA 1032PD
Resi Ester metacrilato Southern Dental
esina composta . . :
Glacier mulhfquonal e carga In'dust'nes, Bay,s'water, 050437
inorganica Victoria, Australia
Abreviagbes:*HEMA: 2-hidroxietil metacrilato, **MDP: 10-metacriloiloxidecil diidrogeno

fosfato, ***BisGMA- bisfenol glicidil metacrilato.

Um inibidor de MMPs, metacrilato de zinco, sera incorporado a um

primer de um sistema adesivo autocondicionante comercial, Clearfil Self-

Etching Bond (CSE). O metacrilato sera adicionado em concentragdes de 1% e

5% em massa, utilizando, para tal fim, balanga analitica de precisdo (Shimadzu

modelo AUW-220-D). Para isso, o primer do sistema adesivo sera dividido em

trés partes iguais de 0,5 ml cada. As partes serdo pesadas em balanca
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analitica e a massa do metacrilato sera determinada de acordo com a massa
de cada porcao do primer, visto que, a massa molar do primer nao é
conhecida. Em seguida, os frascos dos primers modificados serdo colocados
em cuba ultrassénica (Plana TC, CBU 100/ ILDG, Brasil) por 30 min para
proporcionar uma mistura homogénea. O pH do primer sera mensurado antes e
apds a modificacdo por acréscimo das concentracées de MZ com a utilizagao
de pHmetro digital dotado de sonda de pequenas dimensdes para mensuragao
em pequenas alicotas (Analyon, FM 608, Brasil). Todos os adesivos na forma
original e na forma experimental serdo realocados em embalagens apropriadas
com a presencga de codigos de modo que o operador ndo tenha conhecimento
de qual material esta aplicando no momento da hibridizacao.

2.3.3 Obtencao e restauracao dos dentes

A coleta de dentes devera ser realizada imediatamente ap6s a remocéao
cirrgica, com prévia autorizagdo do banco de dentes da escola. Os dentes
serdo armazenados em agua destilada em frezer até seu uso, nao
ultrapassando 3 meses apods a extragao.

Vinte e oito terceiro molares higidos serdo limpos e a raiz seccionada. O
esmalte oclusal sera removido através de lixas d’agua de SiC (carbeto de
silicio) com granulacdo nimero 180 montadas em uma maquina politriz com
abundante irrigacdo de agua. A dentina superficial exposta receberd um
polimento com lixas de SiC em sequéncia decrescente de granulometria (180,
320,400 e 600) com o objetivo de padronizar a lama dentinaria, simulando o
desgaste com broca. Os dentes serdo lavados e a dentina inspecionada em
estereomicroscépio 6tico com aumento de 40X para assegurar a auséncia de
esmalte remanescente na superficie.

Em seguida, a dentina sera lavada abundantemente e seca com filtro de
papel, entdo serdo aplicados os primers autocondicionante, vigorosamente com
agitacao por 20s, sobre a dentina seca, de acordo com os diferentes grupos
propostos. Um leve jato de ar sera aplicado por 5s a uma distancia de 10 cm
para evaporacdo do solvente. Em seguida uma fina camada do componente
adesivo sera aplica e fotoativada durante 20s com folopolimerizador tipo LED ,
Radii® (SDI — Southern Dental Industrer, Australia) com irradidncia de
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aproximadamente 1400 mW/cm?). Apds a aplicacdo do sistema adesivo sera
realizada a aplicacdo em incrementos de até 2 mm de um compdsito
restaurador Glacier cor B2 (SDI - Southern Dental Industrier, Australia)
utilizando o tempo de fotoativacdo de 20s por incremento. Os procedimentos
foram realizados de acordo com as recomendagdes dos fabricantes. Em
seguida, as amostras serdo seccionadas em forma de palito em cortadeira de
precisdao (ISOMET 1000, Buheler) e armazenadas em agua destilada ou CHX
(de acordo com o grupo), a uma temperatura de 37°C por 24h, 6 meses e 12

meses.
2.3.4 Armazenamento

Os palitos confeccionados a partir dos dentes restaurados de acordo
com o detalhamento do estudo, serdo colocados em agua destilada estéril e
armazenados em estufa a 37°C, com excecao dos palitos do grupo 4 que sera
armazenado em solucdo contendo digluconato de clorexidina 2%, visto que, é
um conhecido inibidor de metaloproteinase. O grupo 4 também permanecera
em estufa a 37°C. O meio de armazenamento sera trocado semanalmente,
para evitar contaminacao bacteriana. Além disso, o controle da contaminagao
sera realizado através da turbidez do meio, no qual sera realizada a
quantificacdo do inoculo bacteriano através de leitura mensal no
espectofotbmetro. Se em algum momento, for observada contaminacao do
meio, a ele sera adicionado um agente antibacteriano.

Os grupos serao armazenados por 24h, 6 meses e 12 meses.
2.3.5 Grupos experimentais

Os grupos experimentais utilizados neste estudo estdo descritos na
tabela 2. O numero de repeticoes sera definido baseado no delineamento
adotado pelas metodologias de microtragao (artigos publicados em Qualis A
Internacional) e com base em um estudo piloto, uma vez que torna-se inviavel
a realizacao de calculo amostral a partir de dados encontrados na literatura,
por se tratar de composicdo inédita até o presente momento (APENDICE).
Serao utilizados no minimo 7 dentes por grupo, sendo que a distribuicao dos
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dentes sera realizada de forma aleatéria por sorteio. O nimero de palitos para
cada grupo devera ser no minimo, igual ou superior a 20 (n=20) sendo esses
palitos provenientes de 7 diferentes dentes.

Tabela 2: Disposicado dos grupos gue serao utilizados na pesquisa.

Grupos Grupo 1 Grupo 2 Grupo 3 Grupo
CSE CSE 1% CSE 5% CSE CHX
(controle negativo) (controle positivo)
Primer P”"W‘?f P”"W‘?f Primer
autocondicionante autocondicionante

autocondicionante autocondicionante

Primer . contendo 1% de contendo 5% de .
sem me_tacrllato de metacrilato de metacrilato de sem me_tacrllato de
zinco ; ; zinco
zinco zinco
resina adesiva Resina adesiva resina adesiva resina adesiva
Bond Clearfil SE Bond Clearfil SE Bond Clearfil SE Bond Clearfil SE Bond
] , , - o
Armazenamento Agua agua agua Clorexidina 2%

2.3.6 Ensaio de microtracao e analise do modo de fratura

Apbés armazenagem, os palitos terdo suas areas mensuradas
individualmente com auxilio de um paquimetro digital com precisdo de 0,01
mm, sendo em seguida fixados em um dispositivo proprio para ensaios de
microtra¢do, com o auxilio de um adesivo a base de cianocrilato (Super Bonder
Gel, Loctite). Os palitos deverdo conter em torno de 0,7 mm? de &rea de
seccdo transversal. As amostras serdo tracionadas a uma velocidade de
0,5mm/min com uma célula de carga de 100N, até a fratura em uma maquina
de ensaios mecanico (Emic DL500, S&o José dos Pinhais, PR) e a resisténcia
de uniao sera mensurada (MPa). As amostras fraturadas correspondentes a
dentina serdo examinadas por meio de microscopia éptica (MO) acoplada em
microdurémetro (Futuretech FM, 700), com aumento de 100 e 500 vezes para a
determinagcdo do modo de falha de cada amostra. As espécimes
representativas de cada tipo de falha serao classificadas em coesivas (adesivo,
resina ou dentina), em adesiva e em mistas. Espécimes representativos serao

analisados em microscépio eletrénico de varredura.
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2.3.7 Tratamento estatistico

De posse dos resultados dos experimentos, o método estatistico mais
apropriado sera escolhido com base na aderéncia no modelo de distribuicéo
normal e igualdade de variancias. Atingindo esses requisitos sera utilizado
Analise de Variancia e teste complementar de Tukey. Durante a realizacao do
estudo piloto, e de posse de dados preliminares sera realizado o calculo
amostral que fornecera o parametro de numero de repeticbes que serao
utilizadas em cada grupo, de modo obter um poder do teste superior a 0,8.
Para todos os testes sera considerado o valor p<0,05, como estatisticamente
significante. Para a realizacao da analise estatistica, sera utilizado o programa
SigmaStat 3.01. (Systat, INC)
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2.5. ORCAMENTO

Quadro 1. Orcamento previsto para viabilizacdo do projeto.

Descricao Quantidade | Custo (unidade)| Custo (total)
Adesivo Clearfil SE Bond 2 um R$ 110,00 R$220,00
Metacrilato de zinco 1um R$ 150,00 R$ 150,00
Composito restaurador 4 um R$ 50,00 R$ 200,00
Cera pegajosa em bastao 2 cx R$ 25,00 R$ 50,00
Digluconato de Clorexidina 2% 500 mi R$ 20,00 R$ 20,00
Disco de precisao para corte 1 um R$ 1.600,00| R$ 1.600,00
Impressdes 10 um R$ 50,00 R$ 500,00
Lixas para desgaste (#600) 30 um R$ 1,00 R$ 30,00
Luvas para procedimento 1 cx R$ 12,00 R$ 12,00
Pincel descartavel 1 cx R$ 10,00 R$ 10,00
Servigo de revisao do inglés 2 revisao R$ 200,00 R$ 400,00
Inscricdes em congressos 5um R$ 100,00 R$ 500,00

Total| R$ 3692,00

Quadro 2: Equipamentos necessarios ja disponiveis para pesquisa.

Descricao

Quantidade

Custo (un)

Custo (total)

Maquina de ensaio universal

1

R$ 45,000,00

R$ 45,000,00

Microscépio eletbnico de

1

R$ 290,000,00

R$ 290,000,00

varredura
Cortadeira de precisao 1 R$ 45,000,00 | R$ 45,000,00
(ISOMET 1000)
Aparelho fotopolimerizador do 1 R$1350,00 R$ 1350,00
tipo LED Raddi

Total | R$ 381.350,00

Esse projeto sera custeado com

processo N°478731/2007-8.

recurso CNPq,

edital

Universal,




2.6. CRONOGRAMA

Quadro 2. Cronograma de execucéao do projeto.

Més/Ano

Revisao
de literatura

Qualifi
cacao

Teste
piloto

Testes
laboratoriais

Resultados
e analise estatistica

Redacao

Defesa

Submissao
do artigo

Dez/2007

X

Jan/2008

Fev/2008

Mar/2008

Abr/2008

Mai/2008

Jun/2008

Jul/2008

Ago/2008

Set/2008

Out/2008

XX X| X[ X| X X| X| X| X

Nov/2008

Dez/2008

Jan/2009

Fev/2009

Mar/2009

Abr/2009

Mai/2009

Jun/2009

Jul/2009

Ago/2009

Set/2009

X| X| X[ X| X| X| X| X| X| X
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ABSTRACT

The aim of this study was to investigate the effect of zinc methacrylate (ZM) as
a matrix metalloproteinase2 (MMP- 2) inhibitor on the microtensile bond
strength (UTBS) and cytotoxicity of a self-etching adhesive system (Clearfil SE
Bond — CSE). For mechanical test, the self-etching primer was modified with 1
or 5 % (wt) of ZM, while adhesive system served as control (CSE). Twenty-eight
human third molars were randomly assigned into four groups (n=7 teeth per
group): CSE, CSEzuws and CSEzus were stored in distilled water and CSEcpx
was stored in 2% chlorhexidine digluconate. After restorative procedures, teeth
were sectioned to obtain beams, stored at 37° C for 24 hour, 6 and 12 months.
After, uTBS was measured. For cytotoxicity test, mouse fibroblasts (3T3/NIH)
were exposed to extracts of three different primers (CSE, CSEzyi and CSEzus)
for 12 and 24h. Medium DMEM (Dulbecco’s Modified Eagle’s Medium) as used
as control. The cell was plated (2 x 10*well) in two 96 round-bottomed tissue
culture plates. The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) assay was used to asses cell metabolic function by mitocondrial
dehydrogenase activity. The absorption at 570nm was determined
spectrophotometrically. Data of uTBS were analyzed by One-Way Anova and
Tukey test (a=0.05). Control group show similar uTBS after storage times. The
CSEzws disclosed a decrease of bond strength after six moth storage and
statistically lower uTBS means when compared with control group (p<0.05)
Cytotoxicity was analyzed using Kruskal-Wallis test and Sudent-Newmans-
Keuls method. There was a reduction in cell viability after exposure in all tested
groups when compared to the Control. However, cytotoxicity of CSEzy and
CSEzws were lower than CSE. The addition of zinc methacrylate on self-etching
primer or storage in chlorhexidine may negatively affect yTBS of CSE.
However, cytotoxicity of the commercial primer may decreased with ZM

addition.

Keywords
matrix metalloproteinase; microtensile bond strength; self-etching adhesive;

zinc methacrylate; cytotoxicity
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1. Introduction

The immediate bonding effectiveness of contemporary adhesive systems
may be considered favourable [1]. However, in long-term evaluations, the bond
strength of various adhesive systems dramatically diminishes [1] especially in
simplified adhesive systems based on self-etching primers [2].

Chemical and mechanical factors are responsible for the degradation of
adhesive bond strength. Water sorption by hydrophilic monomers present in
contemporary self-etching adhesive systems [3] dentin fluid movement [4]
smear layer undergoes fatigue load stress [5] and presence of solvent when
partially volatilized are well-known characteristics in adhesive systems that lead
to adverse effects on polymerization of the adhesive monomers [6].

Despite the chemical degradation of the smear layer [7], it has been
suggested that collagen degradation is related to the presence of an enzyme,
the matrix metalloproteinase (MMP) [8, 9]. The matrix metalloproteinase family
(MMPs) is zinc dependent proteinases with a role in degradation of collagen
and extracelllular matrix components [10]. Also, the matrix metalloproteinases
are involved in enamel and dentine formation. After mineralization, MMPs could
be trapped in the mineralization phase bound to matrix components or to
hydroxyapatite crystals, indeed remaining inactive [11].

However, some stimuli are capable of activating these enzymes. Mild
acids are known to activate matrix metalloproteinase. The pH levels present in
bone resorption lacunae and dental caries lesions are sufficient to activate the
latent MMPs [12]. Self-etching adhesives may activate latent MMP and increase
the activity to near-maximum levels and contribute to the degradation of resin-
dentin bonds over time [8, 13, 14]. Thus, the inhibition may prevent collagen
degradation in resin-dentin bond, thereby improving their longevity [9].

The proteolytic activity of the human matrix metalloproteinase is
regulated by endogenous tissue inhibitors of MMP (TIMPs) [15]. Chlorhexidine
also inhibits the MMP activity near zero-levels [9]. In vivo studies suggest that
the application of chlorhexidine after acid-etched dentin prior to the use of total-
etch adhesives may prevent the degradation of hybrid layers [16-18].

Additionally, it is known that the activity of oral tissue MMPs may be

modulated by materials containing zinc [19-21]. A zinc, containing monomer,
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Zinc methacrylate, has demonstrated inhibition of MMP [22] A feasible
alternative is to include MMP inhibitors in self-etching adhesives to inhibit the
enzymes immediately after they are exposed. Zinc methacrylate count a
functional methacrylate group, also found in other monomers present in
adhesive systems, with a highly promising possibility of use as a
copolymerizable material with the other methacrylate monomers. Thus, the
incorporation of zinc methacrylate is not expected to increase the cytotoxicity
effect, since polymerized dental resin materials usually release residual
monomers that may interact with pulp tissues [23].

Thus the aim of this study was to evaluate the effect of the addition of a
matrix metalloproteinase 2 (MMP-2) inhibitor, zinc methacrylate, in a
commercial self-etching primer, Clearfii SE Bond, on the microtensile bond
strength (UTBS) to dentine. The null hypothesis tested was that the addition of a
potential inhibitor would not affect bond strength and cytotoxicity of the adhesive

system.

2. Materials and methods

2.1. Self-etching primer formulation

Zinc Methacrylate powder (99%, 2-methylprop-2-enoic acid; zinc) was
obtained from Aldrich Chemical Co (Aldrich, USA) and was added in weight in
self-etching primer of the commercial adhesive Clearfii SE Bond (Kuraray,
Japan) in 1 and 5 (wi%) concentrations. The pH of all the materials was
recorded using a digital pHMeter (Analion FM 608, Brazil), calibrated in the
solutions 1 minute prior to the measurements (Table 1).

2.3 Microtensile bond strength (UTBS) evaluation
2.3.1 Specimen preparation

Twenty eight freshly human third molar were used in this study. After
surgical extraction, teeth were immediately cleaned and stored (-4° C) up to six
months (according to ISO TS11403;2003). The study was approved by the
Ethical Research Committee of Pelotas School of Dentistry / UFPel, Brazil
(protocol 004/2008). The teeth were randomly assigned into four groups with
seven teeth. The occlusal enamel was removed to expose a flat superficial
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coronal dentin, which was wet polished with 600-grit silicon carbide paper to
create a standardized smear layer. The bonding procedures were performed
according to manufacturers’ instructions. Water from the surface was removed
with absorbent paper leaving the surface visibly dried. Thus, the primers were
applied as follow: CSE (control-primer — without zinc), CSEzu; (primer
containing zinc methacrilate 1%), CSEzws (primer containing 5% zinc
methacrylate) and CSEgux (primer without zinc methacrylate, stored in
chlorhexidine). The primer was applied for 20 seconds and gently air-dried for
10s. One coat of a bond was applied and light-activated for 20 seconds with a
LED light curing unit (Radii, SDI, Australia) set at a power of 1400 mW/cm?
during the experiment (Ophir Optronics, MA, USA).

Composite resin was placed in increments (2 mm) and light-activated for
40 seconds each increment to built up a 4mm-height crown of resin composite
(Glacier, SDI, Germany). The specimens were stored at 37°C in sterile distilled
water or 2% solution of chlorhexidine digluconate (group CSE cux) for 24h.
Following storage, the restored teeth were sectioned in two perpendicular
directions to the bonded interface using a cooled diamond saw in a low-speed
precision cutter (Isomet 1000, Buehler, USA), yielding approximately ten beams
per tooth with a cross-sectional surface area of approximately 0.7 mm?Z.
Measurement of the bonding area was carry out using a digital caliper
(Mitutoyo, Japan). The beams were kept in distilled and sterile water or 2%
solution of chlorhexidine digluconate for 24h, 6 or 12 months. The solution was
changed once a week to avoid bacterial contamination.

2.3.2 Microtensile bond strength evaluation and fracture analysis

The microtensile bond strength test (WTBS) was performed in a
mechanical testing machine (Model DL500, EMIC, Brazil), at a cross-head
speed of 0.5 mm/min until failure. Twenty beams were tested for each group.
The bond strength values were calculated in MPa.

Half of the beams corresponding to the dentine in each beam was
removed from the microtensile device and evaluated under a light microscope

(Futuretech, Japan) at 100X and 500X magnification. The failure modes were
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classified as follows: adhesive failure, cohesive failure (in dentine, in adhesive

or composite) or mixed failure.
2.4 Cytotoxicity assay

2.4.1 Cell Culture

Mouse embrionyc fibroblasts cells line (NIH/3T3) was purchased from the
RJCB Collection (Rio de Janeiro Cell Bank, Rio de Janeiro, Brazil. The cells
were grown in Dulbecco’s Modified Eagle’s Medium (DMEM, - Gibco™, NY,
USA) supplemented with 10% fetal bovine serum (FBS, - Gibco™, NY, USA)
and 1% antibiotic-antimycotic solution (Sigma Chemical Co, St Louis, MO) and
maintained in a humidified atmosphere of 5% CO, at 37°C. Before the
cytotoxicity test (MTT assay), cells were tripsinized and plated (2 x 10%well) in
96-well round-bottomed tissue culture plates, and maintained for one day in a
humidified air 5% CO, atmosphere at 37°C. The study was carried out
according to the principles of the Declaration of Helsinki and with the approval

of the Human Research Ethics Committee.
2.4.2 Cytotoxicity assay (MTT assay)

The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay was used to assess cell metabolic function by mitocondrial
dehydrogenase activity. The primers were dissolved using 0.5% of dimethyl
sufoxide (DMSO, Vetec®), and supplement with DMEM and 10% FBS to obtain
the final extracts. Primer without zinc methacrilate was used as control. After
incubation of 24 h, the media was removed and replaced with 200 pL of the
extracts and maintained in a humidified air 5% CO. atmosphere at 37°C.
Cytotoxicity produced by different primers containing 1 or 5% of zinc
methacrilate were assessed at 12 and 24 h cell exposure time. After removing
the extracts, 180 pL of medium supplemented with 10% FBS and 20 uL of MTT
solution (5 mg of MTT/mL PBS) was added to each well. After 5 h of incubation
at 37°C in darkness the blue formazan precipitate was extracted from the
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mitochondria using 200 uL/well DMSO on a shaker for 5 minutes at 150 rpm.
The absorption at 570 nm was determined spectrophotometrically.

Statistical Analysis

Data were submitted to Normality Test and Equal variance test (p<0.05
indicates rejection) as conditional requisite for parametric statistics (Sigma Stat
3.01, Systat Inc, IL, USA). The significance level for all statistical tests was set
at p<0.05. Mictotensile bond strength means were compared using One-Way
ANOVA and Tukey’s test. Kruskal-Wallis non-parametric test and Sudent-
Newmans-Keuls method (Post-Hoc test) were used to compare median values

of citocicity test.

3. Results

3.1 uTBS evaluation

Comparisons of the pTBS means of groups used in this study are
showed in Table 2.

Analysis of variance showed that groups with addition of zinc
methacrylate on the self-etching primer showed lower bond strength were found
after 6 and 12 moths storage when compared with control group. CSEzus
showed statistically lower uTBS than groups CSEcontro, CSEzm1 and CSEcpx.
(p<0.05). The uTBS of group CSEzuws showed a statistically significant decrease

after 6 months storage time (p<0.05).

3.2 Optical Microscopy fractographic analysis

The modes of failure are shown in figure 1. Analysis of the surfaces
fractured during the microtensile bond strength test after 12 months of storage,
showed mixed failures and adhesive failures for all groups, however the group
CSEzvs presented predominance of adhesive failures.

3.3 Cytotoxicity test
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The effect of mitochondrial reducing activity after cell contact with the
extracts for 12 and 24 hours are presented in Table 3. Kruskal-Wallis Analisys
of variance on ranks showed statistically significant differences between groups
(p<0.001). The cell viability after exposing mouse’s fibroblasts 3T3/NIH to the
extracts of group CSEzm1 ana CSEzus when compared to CSE, commercial
adhesive was statistically higher (p<0.05) in 12h incubation time (Student

Newman-Keuls method).

4. Discussion
4.1 Bond strenght

The combined degradation of resin and collagen have been considered
the main factor responsible for the further degraded dental bonding strength
[24]. The detrimental process related to dental bonding adhesives is well known
and can be attributed to the acidity required for dentine infiltration of simplified
adhesive systems [1, 25]. Notwithstanding that studies have shown the
contributions of host-derived proteinases, a matrix metalloproteinase, in dentine
bonding degradation [9] the inhibition of these enzymes may theoretically
prevent the degradation of hybrid layers, corroborating for the longevity of the
adhesive restorations [9].

Studies have been indicating the viability of short-term application of
chlorhexidine to acid-etched dentine prior to hybridization with dental adhesives,
advocating that chlorexidine arrests degradation of collagens fibrils in dentine
hybrid layer [16-18, 26]. However, until now, it is not clear how durable the MMP
inhibition is after dentine treatment with chlorexidine in vivo., The incorporation
of MMPs inhibitors as an attempt to provide long-term inibition of MMPs can be
a reasonable strategy to be investigated.

Self-etching primers are known MMP activators, as it is sufficiently acid
to activate MMP in dentine [8]. On the other hand a recent study showed that
some adhesive monomers may have active role in MMP inhibition, since MMP-
2 were inhibited by HEMA in a dose-dependent manner [27]. The efforts to
incorporate MMP inhibitors in self-etching primer of Clearfil SE can be

considered viable if there is a inhibition of the enzymes as they are activated,
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preventing the degradation of the collagen and increasing the longevity of resin
monomers. However, incorporation of MMPs inhibitors makes sense only if
properties like mechanical strength, chemical stability and citotoxicity are not
dramatically affected in adhesive systems. Strategies in development of new
dentine adhesives should consider that chlorhexidine cannot be stabilized in the
polymer matrix due to the hydrophilicity of the molecule, while Zinc metacrylate
has one functionalized molecular ending that can be integrated with
methacrylates after resin polymerization.

Zinc is a known inhibitor of human gelatinases (MMP-2 and MMP-9) [19-
21], but the mechanism of the enzyme inactivation remains unclear. A study
showed that the inhibition is due to the formation of zinc monohydroxide that
bridges the catalytic zinc ion to a side chain in the active site of the enzyme
[28]. A zinc methacrylate also demonstrated strong inhibition potential of MMP
[22]. This monomer possesses a functional methacrylate group also found in
other monomers constituents of the adhesive system. This is the rationale why
it can be capable of copolymerizing with the system in which it was added,
resulting in an integrated system. Besides, this monomer showed improved
degree of conversion [29]. Yet, zinc methacrylate addition would not influence
the mechanical properties of the adhesive system.

The null hypothesis tested was rejected since the addition of zinc
methacrilate affected microtensile bond strength and citotoxicity of self-etching
adhesive. The presence of zinc methacrylate can hinder the acid monomers
infiltration and dentin demineralization, due to the high concentration used. The
concentrations were chosen due to previous studies that revealed the potential
inhibition [22] and did not influence the ultimate tensile strength considering
these concentrations. Lower concentrations have been used and may not
decrease the bond strength. Therefore, considering experimental groups our
results corroborate the theory that the major factor affecting durability in vivo is
still the hydrolysis of the interface components [1, 30].

It can be hypothesised is that zinc methacrylate in the used
concentrations considerably affect the efectiveness of water as solvent in the
primer. In the self-etching primers, water is extremely important because the
demineralization of dentine is induced by the hydrated hydrogen ion
(hydroniumion H30+) [31]. In the absence of water, this ion cannot be formed.
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Water is essential to ionize the acid functional groups of self-etching adhesive
monomers [32]. Likewise, the water concentration present in the primer solvent
exerts is a significant influence on the bond strength in the self-etching adhesive
system [31].

Moreover, the ZM added might have increased primer viscosity,
decreasing its moisturizing capacity. A correct monomer dispersion through
dentine is mandatory for a successful adhesion [33]. The higher the substrate
moisture, the higher will be the probability of obtaining an effective adhesion
[34]. Additionally, zinc methacrilate is a hydrophobic monomer (Sigma-Aldrich),
which is a contributing fact in the reduction of the amount of hydrophilic
monomers. The decrease of moisture and the reduction of hydrophilic
monomers hinder substrate penetration of modified primers.

In this study, a group was stored in 2% chlorhexidine digluconate solution
in order to investigate the effect of chlorhexidine in permanent contact with
dentine hybrid layers in vitro. In this study, the results of group stored in CHX
after six months revealed reduced pTBS compared with CSE group (control).
Despite differences among in vivo and in vitro models, our findings suggest that
the contact with chlorhexidine did not improve bond strength for adhesive
systems used as previously suggested [16-18, 26]. It is known that Clearfil SE
Bond is a two-step mild self-etching adhesive that has shown stability of bond
strength after a storage of one year [30,35] when investigated in microtensile
bond tests. In addition, bonding mechanism of Clearfil SE Bond was suggested
to result from the simultaneous demineralization and infiltration of enamel and
dentine which allow uniform hybridization decreasing exposure of collagen
fibrils without further infiltration of monomers as found in total etching technique.
Thus, availability of chlorhexidine simulated in one group (ie. storage of beams
in CHX solution) did not result in a benefit over microtensile bond strength.

Other important factor to be discussed is the pH of the self etching
primer. Contemporary self-etching systems may be classified as mild, moderate
and aggressive based on their ability to penetrate dentine smear layers and
their depth of demineralization into the subsurface dentin. In this study, the pH
increased after addition of 1% (2.35) and 5% (2.69) zinc methacrilate when
compared wiht commercial Clearfil SE Bond (2.27). However, all values may stil
be considered into the classification of mildly or moderate acidic [36]. The small
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increase in pH might have influenced the decreased bond strength, since as
higher the pH, smaller the depth of penetration into the surface dentin (um) [36].

4.2 Citotoxicity

Regarding cytotoxicity, the present findings suggest that the addition of
5% zinc methacrilate in self etching primer present less cytotoxic effect when
compared with commercial Clearfil SE Bond. Previous data showed that ZM in
a 5% concentration improves the degree of conversion when incorporated in
bond bottle of CSE [29]. Probably the increase of conversion degree will
improve reticulation and linking of citotoxic components (i.e. HEMA and acidic
monomers). However it is important to highlight that the addition of 5%wt of ZM
resulted in a decrease of bond strength when compared with control and during
the storage period. Additionally, the predominant failure pattern found in that
group was an adhesive failure, which means that bonding resin does not fill the
requirements for a safe clinical use.

Considering the target of desired long-term adhesion to tooth tissues [1]
the inclusion of the MMP inhibitor, zinc methacrilate in the concentration used in
the study, did not contribute to an increased durability of the bond strength. It
seems rational to understand that efforts in investigations of biological effects of
dental polymers also require advances in chemical stability of adhesive
systems. News studies are necessary to evaluate the effect of MMP inhibition
potential in vitro and in vivo and the real effect over clinical longevity of

adhesive restorations.

5. Conclusion

These findings showed that addition of zinc methacrylate or storage in
chlorhexidine may negatively affect bond strength of this commercial self-
etching adhesive system. However, the cytotoxicity of a commercially available
primer was decreased with the addition of zinc methacrylate.
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Table 1
Design of study, composition, storage media and pH of groups.
Adhesive Groups
Systems CSE CSE zu CSE zus CSE cnx
Clearfil SE Clearfil SE Clearfil SE Clearfil SE
Primer Primer + Primer + Primer
Primer’ 1% ZM 5% ZM
Bond? Clearfil SE Clearfil SE Clearfil SE Clearfil SE
Bond Bond Bond Bond
Stora_ge water water water chlorhexidine*
media
Primer pH 2.27 2.35 2.69 2.27

ZM: zinc methacrylate; CSE: Clearfil SE; pH: potential hydrogenyonic. * 2% digluconate
chlorhexidine. 1- Composition of CSE Primer; Dimethacrylate monomer, 2-hydroxylethyl
methacrylate, water, 2- composition of Bond of CSE; 10-methacryloyloxydecyl dihydrogen
phosphate, 2-hydroxylethyl methacrylate, bis-GMA, hydrophobic dimethacrylates,
submicron silica fillers, N,N-diethanol-p-toluidine, CQ (Batch number 51400)
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Table 2

Microtensile bond strength (WTBS) means in MPa (x S.D.).

Storage time
Groups

24 hours 6 months 12 months

CSEzwi  34.2(145) ab 359(197) b  246(143) be
CSExvs  *244(71) b  16.1(165) ¢ 16.2 (15.7) ¢

CSEcux ~ 37.4(128) a 367(17) b  31.8(133) ab

Asterisk represents that group has statistically higher mean in line (p<0.05), comparisons
between times for CSEzys were made using Kruskall-Wallis and Tukey’s Test. Different
letters in columns represent differences statistically significant (p<0.05)between means
(One-Way Anova and Tukey’s test). S.D.= standard deviation.
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Table 3

Absorbancy median values of cytotoxicity test .

Grupos Tempo de exposicao
12h 24h
**DMEM (control) 1.944 a *2.447 a
CSE 0.196d *0.212¢
CSEzum1 0.205c 0.220 c
CSEzus 0.357 b 0.324 b

Diferentes letras na mesma coluna sao estatisticamente diferentes de acordo
com Kruskal-Wallis e teste SNK. (p>0.05). Asteriscos representam diferenca
siginificante na mesma linha.**DMEM: Dulbecco’s Modified Eagle’s Medium.
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Apéndice A - Distribuichio do padrdao de falhas dos grupos apds
armazenamento de 24h (Figura 3) e 6 meses (Figura 4).

55% 10% 30%
csece | N
30% 650% 10%
3 i H mixed
8 55% 35% 10%

B cohesive in dentin

45% 30% 10%  15%

= cohesive inresin
T

0% 20% 40% 60% 80% 100%

Percentage of failure

Figure 3: Failure pattern distribution from different groups tested after storage
for 24 hours.
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Figure 4: Failure pattern distribution from different groups tested after storage
for 6 months.



APENDICE B — Relatério da analise estatistica.

1. DADOS MICROTRACAO

Descriptive Statistics:

Data source: Dados Microtraciao

Column Size  Missing Mean Std Dev Std. Error
CSE24h 20 0 41,026 14,866 3,324
CSE6m 20 0 54,863 21,934 4,905
CSE12m 20 0 41,599 21,441 4,794
CSE24h_1% 20 0 34,220 14,512 3,245
CSE6bm_1% 20 0 35,878 19,671 4,399
CSE12m_1% 20 0 24,633 14,290 3,195
CSE24h_5% 20 0 24,381 7,074 1,582
CSE6bm_5% 20 0 16,125 16,542 3,699
CSE12m_5% 20 0 16,211 15,714 3,514
CSE24h_CHX 20 0 37,370 12,847 2,873
CSE6m_CHX 20 0 36,673 17,000 3,801
CSE12m_CHX 20 0 31,799 13,258 2,965
Column Range Max Min Median 25%
CSE24h 53,320 67,220 13,900 44,775 28,820
CSE6m 84,010 103,330 19,320 51,045 36,890
CSE12m 61,870 68,390 6,520 44,515 15,635
CSE24h_1% 53,430 69,270 15,840 33,765 22,385
CSE6m_1% 69,490 76,360 6,870 33,855 23,965
CSE12m_1% 50,010 58,500 8,490 23,740 12,555
CSE24h_5% 27,390 39,420 12,030 24,175 17,320
CSE6m_5% 53,530 53,560 0,0300 11,185 5,290
CSE12m_5% 47,250 47,930 0,680 9,500 4,390
CSE24h_CHX57,460 71,910 14,450 34,445 31,430
CSE6m_CHX 54,920 65,570 10,650 34,390 22,745
CSE12m_CHX49,060 57,000 7,940 32,345 24,760
Column Skewness  Kurtosis K-S Dist. K-S Prob.
CSE24h -0,234 -0,519 0,148 0,287
CSE6m 0,344 -0,510 0,110 0,681
CSE12m -0,432 -1,291 0,181 0,086
CSE24h_1% 0,925 0,473 0,188 0,062
CSE6m_1% 0,291 -0,513 0,0998 0,769
CSE12m_1% 0,936 0,402 0,163 0,173
CSE24h_5% 0,253 -0,488 0,140 0,369
CSE6m_5% 1,511 1,296 0,226 0,009
CSE12m_5% 0,936 -0,545 0,201 0,033
CSE24h_CHX 1,194 2,197 0,252 0,002
CSE6m_CHX 0,178 -0,819 0,0952 0,802
CSE12m_CHX -0,218 -0,303 0,118 0,597

One Way Analysis of Variance

Data source: COMPARACOES ENTE GRUPOS PARA 24 HORAS

Normality Test:

Passed (P =0,136)

C.I. of Mean
6,958
10,265
10,035
6,792
9,206
6,688
3,311
7,742
7,354
6,012
7,956
6,205

75%
51,035
73,945
59,295
38,150
50,665
32,885
29,585
19,035
29,295
40,875
47,280
40,025

Sum Sum of Squares

820,510
1097,260
831,970
684,390
717,570
492,660
487,610
322,490
324,220
747,410
733,460
635,980

37860,971
69339,769
43343,073
27420,967
33097,341
16015,746
12838,985
10399,169

9947,577
31066,831
32389,413
23563,080
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Equal Variance Test: Passed (P =0,149)

Group Name N  Missing Mean Std Dev SEM

CSE24h 20 0 41,026 14,866 3,324

CSE24h_1% 20 0 34,220 14,512 3,245

CSE24h_5% 20 0 24,381 7,074 1,582

CSE24h_CHX 20 0 37,370 12,847 2,873

Source of Variation DF SS MS F P
Between Groups 3 3061,058 1020,353 6,311 <0,001
Residual 76 12287,177 161,673

Total 79 15348,235

The differences in the mean values among the treatment groups are greater than would be expected by
chance; there is a statistically significant difference (P = <0,001).

Power of performed test with alpha = 0,050: 0,930

All Pairwise Multiple Comparison Procedures (Tukey Test):

Comparisons for factor:

Comparison Diff of Means p q P P<0,050

CSE24h vs. CSE24h_5% 16,645 4 5854 <0,001 Yes
CSE24h vs. CSE24h_1% 6,806 4 2394 0,335 No
CSE24h vs. CSE24h_CHX 3,655 4 1,286 0,800 Do Not Test
CSE24h_CHX vs. CSE24h_5% 12,990 4 4,569 0,010 Yes
CSE24h_CHX vs. CSE24h_1% 3,151 4 1,108 0,862 Do Not Test
CSE24h_1% vs. CSE24h_5% 9,839 4 3461 0,077 No

A result of "Do Not Test" occurs for a comparison when no significant difference is found between two
means that enclose that comparison. For example, if you had four means sorted in order, and found no
difference between means 4 vs. 2, then you would not test 4 vs. 3 and 3 vs. 2, but still test 4 vs. 1 and 3
vs. 1 (4 vs. 3 and 3 vs. 2 are enclosed by 4 vs. 2: 4 3 2 1). Note that not testing the enclosed means is a
procedural rule, and a result of Do Not Test should be treated as if there is no significant difference
between the means, even though one may appear to exist.

One Way Analysis of Variance

Data source: COMPARACOES ENTE GRUPOS PARA 6 MESES

Normality Test: Passed (P =0,058)

Equal Variance Test: Passed (P =0,261)

Group Name N  Missing Mean Std Dev SEM

CSE6m 20 0 54,863 21,934 4,905

CSE6m_1% 20 0 35,878 19,671 4,399

CSE6m_5% 20 0 16,125 16,542 3,699

CSE6m_CHX 20 0 36,673 17,000 3,801

Source of Variation DF SS MS F P
Between Groups 3 15025,257 5008,419 14,003 <0,001
Residual 76 27183,213 357,674

Total 79 42208,470



The differences in the mean values among the treatment groups are greater than would be expected by
chance; there is a statistically significant difference (P = <0,001).

Power of performed test with alpha = 0,050: 1,000

All Pairwise Multiple Comparison Procedures (Tukey Test):

Comparisons for factor:

Comparison Diff of Means p q P P<0,050
CSE6m vs. CSE6m_5% 38,738 4 9,160 <0,001 Yes
CSE6m vs. CSE6m_1% 18,985 4 4489 0,011 Yes
CSE6m vs. CSE6m_CHX 18,190 4 4301 0,017 Yes
CSE6m_CHX vs. CSE6m_5% 20,548 4 4,859 0,005 Yes
CSE6m_CHX vs. CSE6m_1% 0,794 4 0,188 0,999 No
CSE6bm_1% vs. CSE6m_5% 19,754 4 4,671 0,008 Yes

One Way Analysis of Variance

Data source: COMPARACOES ENTE GRUPOS PARA 12 MESES

Normality Test: Passed (P =0,667)
Equal Variance Test: Passed (P =0,153)

Group Name N  Missing Mean Std Dev SEM

CSE12m 20 0 41,599 21,441 4,794

CSEI2m_1% 20 0 24,633 14,290 3,195

CSE12m_5% 20 0 16,211 15,714 3,514
CSE12m_CHX 20 0 31,799 13,258 2,965

Source of Variation DF SS MS F P
Between Groups 3 6968,255 2322752 8,550 <0,001
Residual 76 20645,619 271,653

Total 79 27613,874

The differences in the mean values among the treatment groups are greater than would be expected by
chance; there is a statistically significant difference (P = <0,001).

Power of performed test with alpha = 0,050: 0,989

All Pairwise Multiple Comparison Procedures (Tukey Test):

Comparisons for factor:

Comparison Diff of Means p q P P<0,050
CSE12m vs. CSE12m_5% 25,388 4 6,889 <0,001 Yes
CSE12m vs. CSE12m_1% 16,965 4 4,603 0,009 Yes
CSE12m vs. CSE12m_CHX 9,799 4 2,659 0,245 No
CSE12m_CHX vs. CSEI12m_5% 15,588 4 4230 0,019 Yes
CSE12m_CHX vs. CSE12m_1% 7,166 4 1,944 0,519 No
CSE12m_1% vs. CSE12m_5% 8,422 4 27285 0,376 No

One Way Analysis of Variance
Data source: COMPARACOES ENTE TEMPOS PARA CSE

Normality Test: Passed (P =0,353)
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Equal Variance Test: Passed (P =0,136)

Group Name N  Missing Mean Std Dev SEM

CSE24h 20 0 41,026 14,866 3,324

CSE6m 20 0 54,863 21,934 4,905

CSE12m 20 0 41,599 21,441 4,794

Source of Variation DF SS MS F P
Between Groups 2 2451,678 1225,839 3,165 0,050
Residual 57 22074,301 387,268

Total 59 24525,979

The differences in the mean values among the treatment groups are greater than would be expected by
chance; there is a statistically significant difference (P = 0,050).

Power of performed test with alpha = 0,050: 0,414

The power of the performed test (0,414) is below the desired power of 0,800.

Less than desired power indicates you are more likely to not detect a difference when one actually exists.
Be cautious in over-interpreting the lack of difference found here.

All Pairwise Multiple Comparison Procedures (Tukey Test):

Comparisons for factor:

Comparison Diff of Means p q P P<0,050

CSE6m vs. CSE24h 13,837 3 3,145 0,076 No
CSE6m vs. CSE12m 13,264 3 3,014 0,093 Do Not Test
CSE12m vs. CSE24h 0,573 3 0,130 0,995 Do Not Test

A result of "Do Not Test" occurs for a comparison when no significant difference is found between two
means that enclose that comparison. For example, if you had four means sorted in order, and found no
difference between means 4 vs. 2, then you would not test 4 vs. 3 and 3 vs. 2, but still test 4 vs. 1 and 3
vs. 1 (4 vs. 3 and 3 vs. 2 are enclosed by 4 vs. 2: 4 3 2 1). Note that not testing the enclosed means is a
procedural rule, and a result of Do Not Test should be treated as if there is no significant difference
between the means, even though one may appear to exist.

One Way Analysis of Variance
Data source: COMPARACOES ENTE TEMPOS PARA CSE
Normality Test: Passed (P =0,134)

Equal Variance Test: Passed (P =0,290)

Group Name N  Missing Mean Std Dev SEM

CSE24h_1% 20 0 34,220 14,512 3,245

CSE6m_1% 20 0 35,878 19,671 4,399
CSEI2m_1% 20 0 24,633 14,290 3,195

Source of Variation DF SS MS F P
Between Groups 2 1474,097 737,048 2,758 0,072
Residual 57 15233,542 267,255

Total 59 16707,639

The differences in the mean values among the treatment groups are not great enough to exclude the
possibility that the difference is due to random sampling variability; there is not a statistically significant
difference (P =0,072).
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Power of performed test with alpha = 0,050: 0,342

The power of the performed test (0,342) is below the desired power of 0,800.

Less than desired power indicates you are more likely to not detect a difference when one actually exists.
Be cautious in over-interpreting the lack of difference found here.

One Way Analysis of Variance

Data source: COMPARACOES ENTE TEMPOS PARA CSE,ys

Normality Test: Failed (P <0,050)

Test execution ended by user request, ANOV A on Ranks begun
Kruskal-Wallis One Way Analysis of Variance on Ranks

Data source: Copy of Copy of Data 1 in SANDRINA ESTAT FINAL

Group N  Missing Median 25% 75 %
CSE24h_5% 20 0 24,175 17,320 29,585
CSE6m_5% 20 0 11,185 5,290 19,035
CSE12m_5%20 0 9,500 4,390 29,295

H = 10,042 with 2 degrees of freedom. (P =0,007)

The differences in the median values among the treatment groups are greater than would be expected by
chance; there is a statistically significant difference (P = 0,007)

To isolate the group or groups that differ from the others use a multiple comparison procedure.

All Pairwise Multiple Comparison Procedures (Tukey Test):

Comparison Diff of Ranks q P<0,05
CSE24h_5% vs CSE6m_5% 308,000 3,944 Yes
CSE24h_5% vs CSE12m_5% 298,000 3,815 Yes
CSE12m_5% vs CSE6m_5% 10,000 0,128 No

Note: The multiple comparisons on ranks do not include an adjustment for ties.
One Way Analysis of Variance

Data source: COMPARACOES ENTE TEMPOS PARA CSEcyx
Normality Test: Passed (P =0,124)

Equal Variance Test: Passed (P =0,225)

Group Name N  Missing Mean Std Dev SEM

CSE24h_CHX 20 0 37,370 12,847 2,873
CSE6m_CHX 20 0 36,673 17,000 3,801
CSE12m_CHX 20 0 31,799 13,258 2,965

Source of Variation DF SS MS F P
Between Groups 2 368,560 184,280 0,878 0,421
Residual 57 11966,531 209,939

Total 59 12335,091
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The differences in the mean values among the treatment groups are not great enough to exclude the
possibility that the difference is due to random sampling variability; there is not a statistically significant
difference (P =0,421).

Power of performed test with alpha = 0,050: 0,049
The power of the performed test (0,049) is below the desired power of 0,800.

Less than desired power indicates you are more likely to not detect a difference when one actually exists.
Be cautious in over-interpreting the lack of difference found here.

2. DADOS CITOTOXICIDADE

Descriptive Statistics:
Data source: CITOTOXICIDADE

Column Si

N

e Missing Mean  Std Dev Std. Error C.I. of Mean

12hCSE 8 0 0,195 0,0146 0,00515 0,0122
12hCSE1% 8 0 0,207 0,0125 0,00442 0,0104
12hCSE5% 8 0 0,365 0,0689 0,0244 0,0576
12hCONTR 8 0 1,857 0,315 0,111 0,264
24hCONTR 8 0 2,474 0,151 0,0534 0,126
24hCSE 8 0 0,213 0,0153 0,00542 0,0128
24hCSE1% 8 0 0,216 0,0115 0,00408 0,00965
24hCSE5% 8 0 0,338 0,0368 0,0130 0,0308

Column Range Max Min Median 25% 75%
12hCSE ~ 0,0420 0,216 0,174 0,196 0,182 0,206
12hCSE1% 0,0360 0,226 0,190 0,205 0,198 0,217

12hCSE5% 0,163 0,448 0,285 0,357 0,304 0,434

12hCONTR 0,962 2,054 1,092 1,944 1,893 2,020

24hCONTRO0,456 2,741 2,285 2,447 2,361 2,575

24hCSE  0,0500 0,237 0,187 0,212 0,205 0,224

24hCSE1% 0,0310 0,228 0,197 0,220 0,206 0,226

24hCSE5% 0,113 0,424 0,311 0,324 0,319 0,343

Column Skewness  Kurtosis K-S Dist. K-S Prob. Sum Sum of Squares
12hCSE 0,0835 -1,092 0,160 0,669 1,556 0,304
12hCSE1% 0,401 -0,803 0,149 0,725 1,654 0,343
12hCSE5%  0,0868 -2,172 0,230 0,236 2,922 1,100
12hCONTR -2,613 7,092 0,386 <0,001 14,858 28,291
24hCONTR 0,605 -0,327 0,197 0,432 19,792 49,125
24hCSE -0,137 0,292 0,125 0,797 1,704 0,365
24hCSE1% -0,667 -1,122 0,228 0,249 1,728 0,374
24hCSE5% 2,245 5,296 0,308 0,024 2,707 0,925

Kruskal-Wallis One Way Analysis of Variance on Ranks

Data source: Data 1 Comparacoes citotoxicidade primer

Normality Test: Failed (P <0,050)

Group N  Missing Median 25% 75 %
12hCSE 8 0 0,196 0,182 0,206
12hCSE1% 8 0 0,205 0,198 0,217
12hCSE5% 8 0 0,357 0,304 0,434
12hCONTRS8 0 1,944 1,893 2,020



24hCONTRS
24hCSE 8
24hCSE1% 8
24hCSE5% 8

[=Nelele)

2,447
0,212
0,220
0,324

2,361
0,205
0,206
0,319

H = 56,154 with 7 degrees of freedom. (P =<0,001)

2,575
0,224
0,226
0,343

68

The differences in the median values among the treatment groups are greater than would be expected by
chance; there is a statistically significant difference (P = <0,001)

To isolate the group or groups that differ from the others use a multiple comparison procedure.

All Pairwise Multiple Comparison Procedures (Student-Newman-Keuls Method) :

Comparison

24hCONTR vs 12hCSE
24hCONTR vs 12hCSE1%
24hCONTR vs 24hCSE
24hCONTR vs 24hCSE1%
24hCONTR vs 24hCSE5%
24hCONTR vs 12hCSE5%
24hCONTR vs 12hCONTR
12hCONTR vs 12hCSE
12hCONTR vs 12hCSE1%
12hCONTR vs 24hCSE
12hCONTR vs 24hCSE1%
12hCONTR vs 24hCSE5%
12hCONTR vs 12hCSE5%
12hCSE5% vs 12hCSE
12hCSE5% vs 12hCSE1%
12hCSE5% vs 24hCSE
12hCSE5% vs 24hCSE1%
12hCSE5% vs 24hCSE5%
24hCSE5% vs 12hCSE
24hCSE5% vs 12hCSE1%
24hCSE5% vs 24hCSE
24hCSE5% vs 24hCSE1%
24hCSE1% vs 12hCSE
24hCSE1% vs 12hCSE1%
24hCSE1% vs 24hCSE
24hCSE vs 12hCSE
24hCSE vs 12hCSE1%
12hCSE1% vs 12hCSE

Note: The multiple comparisons on ranks do not include an adjustment for ties.

A result of "Do Not Test" occurs for a comparison when no significant difference is found between the

Diff of Ranks

412,500
359,500
326,500
309,500
164,000
156,000
64,000
348,500
295,500
262,500
245,500
100,000
92,000
256,500
203,500
170,500
153,500
8,000
248,500
195,500
162,500
145,500
103,000
50,000
17,000
86,000
33,000
53,000

q
7,833

7,793
8,245
9,360
6,181
7,800
4,753
7,555
7,463
7,939
9,253
5,000
6,832
6,478
6,154
6,426
7,675
0,594
7,515
7,368
8,125
10,805
3,882
2,500
1,262
4,300
2,451
3,936

P<0,05

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

No
Yes
Yes
Yes
Yes
Yes

No

Do Not Test

Yes

Do Not Test

Yes

two rank sums that enclose that comparison. For example, if you had four rank sums sorted in order, and

found no significant difference between rank sums 4 vs. 2, then you would not test 4 vs. 3 and 3 vs. 2,

but still test 4 vs. 1 and 3 vs. 1 (4 vs. 3 and 3 vs. 2 are enclosed by 4 vs. 2: 4 3 2 1). Note that not testing
the enclosed rank sums is a procedural rule, and a result of Do Not Test should be treated as if there is no

significant difference between the rank sums, even though one may appear to exist.
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Apéndice D — Trabalhos realizados para investigacao do metacrilato de zinco.

Trabalhos envolvendo o metacrilato de zinco.

1.

2.

Desenvolvimento de uma resina adesiva experimental contendo Zinco
com capacidade de inibicao de Metaloproteinase da Matriz 2. Trabalho
de Conclusao de Curso, defendido em margo de 2007.

Addition of zinc methacrylate in dental polymers: MMP-2 inhibition and
ultimate tensile strength evaluation. Enviado para revista Acta

Biomaterialia.

Degree of conversion, citotoxicity and antimicrobial activity of an
experimental dental resin adhesive containing zinc methacrylate. Em

fase final de redagéo.

Participacdo em congressos de trabalhos envolvendo metacrilato de zinco.

1.

2.

Desenvolvimento de um sistema adesivo contendo um inibidor de

metaloproteinase. Grupo de Materiais Dentarios (GBMD), 2008.

Avaliacdo da incorporacdo de um inibidor de Metaloproteinase na
citotoxidade e no grau de conversao de uma resina adesiva
experimental. Apresentado na 252 Reunido da Sociedade Brasileira de
Pesquisa Odontolégica (SBPqO), 2008. Trabalho premiado na categoria

Painel Iniciante - Issao.

Efeito da adicdo de um inibidor de metaloproteinase na resisténcia de
uniao de um sistema adesivo autocondicionante. Apresentado na 252
Reunidao da Sociedade Brasileira de Pesquisa Odontolégica (SBPgO),
2008.



4.

5.
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Efeito antibacteriano e resisténcia coesiva de uma resina adesiva
experimental contendo zinco. Apresentado na 252 Reunido da
Sociedade Brasileira de Pesquisa Odontolégica (SBPqO), 2008.

Caracterizacdao de um polimero contendo zinco com capacidade de
inibicdo de metaloproteinase da matriz 2. Apresentado na 24a Reuniéao
Anual da Sociedade Brasileira de Pesquisa Odontolégica (SBPqO),
2007.

Potencial inibitério da metaloproteinase da matriz 2 por um polimero
contendo zinco em sua composicao.. In: XVI CIC - Congresso de
Iniciacdo Cientifica, 2007, Pelotas. XVI CIC - Congresso de Iniciacao
Cientifica, 2007.



