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RESUMO

OBJETIVO: Avaliar atividade antimicrobiana, propriedades mecanicas, capacidade de
liberacao de fltor e biocompatibilidade de cimentos de iondmero de vidro (CIV) modificados
com extrato etanolico da propolis vermelha (EEPV) em diferentes concentracdes.
METODOLOGIA: Foram utilizados dois CIV ortodonticos com adi¢do de EEPV em
concentragdes de 10%, 25% e 50%. Foram realizados testes de viabilidade celular contra
Streptococcus mutans e Candida albicans, resisténcia a tragdo diametral (TD), resisténcia a
compressao (RC), resisténcia de unido ao cisalhamento, microdureza, liberagdo de fluor e
analises morfologica e imunoistoquimica de biocompatibilidade em tecido subcutaneo de ratos.
A analise estatistica dos testes antimicrobianos, liberacao de flior, TD, RC e microdureza, foi
realizada por meio de 2-way ANOVA e teste de Tukey (p<0,05). Para o teste de resisténcia de
unido ao cisalhamento foi utilizada one-way ANOV A seguida do teste de Tukey (p<0,05). Para
os estudos morfologico e imunoistoquimico foi utilizado o teste de Kruskal-Wallis, seguido
pelo teste de Dunn (p<0,05). RESULTADOS: EEPV em concentragdes de 25% e 50% se
mostraram como agentes antimicrobianos promissores para adicdo em CIV contra C. albicans
(P <0,001) e S. mutans (P <0,001). A capacidade de liberagdo de ions fliior ndo foi afetada e a
adicdo de 25% de EEPV foi a concentragdo que menos afetou as propriedades mecanicas dos
cimentos (P> 0,05). Os cimentos também demonstraram serem biocompativeis em tecido
subcutineo de ratos. CONCLUSAO: Os cimentos com adi¢io de EEPV 25% demostraram
aumento significativo da capacidade antimicrobiana contra S. mutans e C. albicans, sem afetar
as propriedades mecanicas, a capacidade de liberagdo de flior e a biocompatibilidade dos

cimentos.

Palavras-chave: Cimento de Ionomero de Vidro, Propolis, Antimicrobiano,

Biocompatibilidade



ABSTRACT

OBJECTIVE: To evaluate the antimicrobial activity, mechanical properties, fluoride release
capacity and biocompatibility of glass ionomer cements (GICs) modified to contain the
ethanolic extract of red propolis (EERP) at different concentrations. MATERIAL AND
METHODS: Two orthodontic GICs containing EERP at 10%, 25% and 50%, were used. The
following assays were carried out: cell viability tests against Streptococcus mutans and Candida
albicans, diametral tensile strength (DTS), compressive strength (CS), shear bond strength,
microhardness, fluoride release capacity, and morphological and immunohistochemical
biocompatibility analysis in rat subcutaneous tissue. The statistical analysis of the antimicrobial
tests, fluoride release, DTS, CS and microhardness was performed using Two-way ANOVA
and Tukey's test (p<0.05). The shear bond strength data were analyzed by One-way ANOVA
followed by Tukey's test (p<0.05). The morphological and immunohistochemical findings were
analyzed by Kruskal-Wallis test followed by Dunn’s test (p<0.05). RESULTS: At the
concentrations of 25% and 50%, EERP was shown to be a promising antimicrobial agent
incorporated into GICs against C. albicans (P <0.001) and S. mutans (P <0.001). The fluoride
ion release capacity of the GICs was not affected, and the EERP concentration of 25% was the
one that least affected the mechanical properties of the cements (P> 0.05). In addition, the
experimental cements showed biocompatibility in rat subcutaneous tissue. CONCLUSION:
The GICs containing EERP at 25% showed a significant increase in their antimicrobial activity
against S. mutans and C. albicans, unaltered mechanical properties, fluoride release capacity

and tissue biocompatibility.

KEY WORDS: Glass ionomer cement; Propolis; Antimicrobial, Biocompatibility
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1 CONSIDERAGCOES INICIAIS
1.1 Cimentagdo de bandas ortodonticas

Afim de se obter a movimentacao dentaria ¢ a corre¢do de diversas maloclusdes, a
terapia ortodontica utiliza varios acessorios como braquetes, anéis e fios, para a aplicacdo de
forcas sobre os dentes (FARRET et al. 2011). Dentre os principais componentes utilizados
nessa terapia, as bandas ortodonticas constituem elementos de suporte ao aparelho fixo e
desempenham um importante papel na terapia ortodontica convencional (SFONDRINE et al.
2010).

As bandas ortodonticas sdo confeccionadas a partir de laminas metalicas de espessura
variavel, adaptadas e cimentadas a coroa dental de molares e pré-molares. Nelas sdo soldados
acessorios que recebem fios ortodonticos ou outros dispositivos, que, ao formarem um conjunto
mecanico, sdo capazes de liberar for¢as armazenadas e promover a movimentagdo dentaria
(VELLINI-FERREIRA, 2013).

A cimentacdo de bandas ortodonticas inicialmente era realizada com cimento de fosfato
de zinco, no entanto, este material apresentava somente unido mecanica ao esmalte e ao metal
e apresentava ainda alta solubilidade no meio bucal. Com o surgimento dos Cimentos de
Iondmero de Vidro (CIV), eles passaram a ser empregados para a cimentagdo de pecas
protéticas, dispositivos e bandas ortodOnticas, pois apresentavam varias caracteristicas
desejaveis, como unido quimica ao esmalte e ao ago inoxidavel, biocompatibilidade e liberacao
¢ absorgao continua de fluor (MILLETT et al. 2003; FARRET et al. 2011; PRABHAVATH et
al. 2015).

Essas caracteristicas sdo muito importantes para fornecer uma resisténcia de unido
adequada entre o dente e a banda e para reduzir a incidéncia de carie e doengas periodontais em
pacientes ortodOnticos, uma vez que, muitos pacientes apresentam dificuldade de higienizacao
devido a grande quantidade de dispositivos e de sitios de acimulo de biofilme (SFONDRINE
etal 2010; FARRET et al. 2012; PRABHAVATH et al. 2015).

1.2 Cimento de iondomero de vidro
O CIV ¢ composto de um po de vidro ion lixividavel e um polidcido liquido que sao

misturados em uma propor¢do pré-determinada. O p6 € preparado a partir de um vidro de

aluminio e silicato e serve como fonte de ions para as reacoes do cimento (BAIG; FLEMING,
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2015). O mesmo foi desenvolvido e patenteado no final da década de 1960 por Alan Wilson e
colaboradores como uma alternativa para substituicdo dos cimentos de silicato (WILSON;
BATCHELOR, 1967; WILSON; KENT, 1971). O acido fosforico foi entdo substituido por um
acido organico menos agressivo, o acido poliacrilico, que também era utilizado nos cimentos
de policarboxilato de zinco (ATKINSON; PEARSON, 1985).

A configuragdo destes cimentos envolve a neutralizagao do poliacido pelo vidro, com a
formacdo de unidades de poliacrilato metalico. Esta reacdo essencial levou estes materiais a
serem classificados como cimentos de reacdo acido-base (NICHOLSON, 1998)

Embora os primeiros CIV tivessem propriedades fisicas pobres, as suas propriedades de
adesdo a estrutura dental e liberacdo de ions fluoreto asseguraram a sua popularidade e
incentivaram o desenvolvimento de CIV com propriedades fisicas melhores (SHAHID et al.
2014). Uma grande variedade comercial de CIV estdo disponiveis para o cirurgido dentista e
devido a variagdes na proporcdao po/liquido e na viscosidade do material, estes cimentos
possuem varias aplicagdes clinicas, como agentes de cimentacdo, bases cavitdrias, restauragao
de dentes anteriores e posteriores, entre outras (BAIG; FLEMING, 2015).

Algumas desvantagens dos CIV convencionais que podem comprometer seu
desempenho mecanico, como a susceptibilidade a umidade durante a reagdo de presa inicial,
motivaram o desenvolvimento dos CIV modificados por resina, que tem a reacdo de
geleificagdo 4cido-base complementada por uma reagdo fisica pela adicdo de mondmeros
resinosos, reduzindo o tempo do processo e consequentemente a exposicdo a umidade
(FARRET et al. 2012).

Considera-se que as propriedades cariostaticas do CIV se devem principalmente a
incorporagao na estrutura dental do fluoreto libertado pelo cimento, a remineralizagdo dentaria,
tornando-a mais resistente ao ataque acido bacteriano (MOURA; SIMPLICIO; CURY, 2006;
NAKAIJO et al. 2009; ENAN; HAMMAD, 2013). A liberagao de flior a partir desses materiais
durante a formagao do biofilme permite que o cimento desempenhe um papel importante na
diminuigdo da viruléncia de biofilmes cariogénicos (CHAU et al. 2015). As propriedades
antimicrobianas dos CIV também sdo atribuidas ao efeito inibitorio, em curto prazo, que esses
cimentos possuem sobre a queda do pH e a taxa de produgio de acidos por Streptococcus orais
(NAKAIJO et al. 2009; BENGTSON et al. 2013; KLAI et al. 2014; FUCIO et al. 2016).

Outra propriedade importante dos CIV ortodonticos ¢ a sua biocompatibilidade, pois a
presenca de materiais cimentantes irritantes pode causar reagdes inflamatorias no tecido
gengival subjacente as bandas ortodonticas. Os CIV tém se mostrado biocompativeis sobre
fibroblastos gengivais humanos (RODRIGUEZ et al 2013), fibroblastos L1929 de
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camundongos, uma linhagem de células frequentemente utilizada para avaliagdo de
citotoxicidade de materiais odontologicos (DOS SANTOS et al. 2012) e em tecido subcutaneo
de ratos, que ¢ o método mais comumente utilizado para testes de avaliagdo de
biocompatibilidade /in vivo de biomateriais (SANTOS et al. 2014).

1.3 Adigdo de agentes antimicrobianos ao CIV

Com o objetivo de melhorar as propriedades antimicrobianas do CIV, agentes
antimicrobianos tém sido adicionados a sua composi¢cdo, uma vez que, a liberagdo continua
desses agentes contribui para a diminuicdo no niimero de bactérias préximas ao material,
dificultando a formagdo de lesoes cariosas (TURKUN et al. 2008; YESILYURT et al. 2009;
AHLUWALIA; CHOPRA; THOMAS, 2012; CASTILHO et al. 2013; HOOK et al. 2014;
MARTI et al. 2014; SAMPAIO 2015; HAFSHEJANI et al. 2017).

Virios tipos de materiais organicos e inorganicos podem ser adicionados ao CIV para
aumentar sua atividade antimicrobiana, no entanto, a adicdo do extrato etandlico de propolis
(EEP) apresenta-se como uma estratégia inovadora de incorporacao de agentes antimicrobianos
de liberagdo controlada ao CIV (HAFSHEJANI et al. 2017). Estudos recentes avaliaram o
efeito antibacteriano de CIV contendo EEP e verificaram que a adi¢do da propolis aumentou de
forma significativa o efeito antibacteriano do material (TOPCUOGLU et al. 2012;
HATUNOGLU et al. 2014; ELGAMILY et al. 2018).

O Streptococcus mutans é o principal agente etiologico, presente no biofilme da carie
dentaria (KLAI et al. 2014). Por esse motivo, testes com S. mutans tem sido utilizados para
mensuragdo do efeito antibacteriano de CIV contendo agentes antimicrobianos (FRENCKEN
et al. 2007; FARRET et al. 2011; TUZUNER et al. 2011; LEWINSTEIN et al. 2012;
TOPCUOGLU et al. 2012; HATUNOGLU et al. 2014; MARTI et al. 2014; DUQUE et al.
2017; MISHA; PANDEY; MANICKAM 2017; ELGAMILY et al. 2018). A Candida albicans
¢ um agente fingico muito comum na cavidade oral e também vem sendo utilizada para
avaliagdo do efeito antimicrobiano destes cimentos (TURKUN et al., 2008; DUQUE et al.
2017).

1.4 Atividade Biologica da Propolis Vermelha

A propolis € uma substancia resinosa coletada por abelhas, principalmente de folhas,

flores e caules, de muitas espécies de arvores. Este material ¢ transportado para a colmeia ¢
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misturado com cera de abelha, produzindo uma substincia fortemente adesiva. Esta resina ¢
utilizada na protecdo da colmeia contra a proliferagdo de microrganismos, incluindo fungos e
bactérias (DAS NEVES et al. 2016; BANKOVA, POPOVA & TRUSHEVA, 2016;
ANDRADE et al. 2017).

Comprovacdes cientificas relativas a prevencdo de doencas tém exacerbado o interesse
pelo uso terapéutico da propolis, devido as suas varias propriedades biologicas, tais como agdo
antimicrobiana, anti-inflamatoria, antioxidante, antiviral e cicatrizante (OLIVEIRA et al. 2006;
DUAILIBE; GONCALVES; AHID, 2007; NUNES et al. 2009; BATISTA et al. 2012; HEGDE
etal 2013; GRENHO et al. 2015)

Embora a propolis seja considerada uma mistura complexa, as suas atividades
biologicas sdo relatadas, principalmente, devido a presenga de flavonodides, acidos e éteres
fenolicos na sua composigdo (MACHADO et al. 2016). No entanto, a sua composi¢ao quimica
e atividade farmacologica podem variar amplamente de regido para regido (ALENCAR et al.
2007).

Park; Alencar; Aguiar (2002) classificaram amostras de propolis coletadas de diferentes
regides de todo o Brasil em 12 grupos, de acordo com a aparéncia e cor dos extratos. Entretanto,
uma nova propolis foi encontrada em colmeias situadas ao longo da costa e mangues no
Nordeste brasileiro, classificada como propolis do grupo 13. Esta propolis ¢ chamada propolis
vermelha, com origem botanica da Dalbergia ecastophyllum (DAUGSCH et al. 2008; DAS
NEVES et al. 2016; MACHADO et al. 2016; ANDRADE et al. 2017). Apesar de ainda ser
pouco explorada, a propolis vermelha apresenta bons resultados de atividade antioxidante,
antimicrobiana e antifungica (ALENCAR et al. 2007; DAUGSCH et al. 2008; NUNES et al.
2009; MACHADO et al. 2016; MARTINS et al. 2018).

Na ultima década, a composi¢do quimica da propolis vermelha brasileira tem sido
revelada e relacionada as suas propriedades bioativas. Os principais componentes quimicos
encontrados neste tipo de propolis sdo classificados em flavonoides, terpenos, acidos
aromaticos e acidos graxos (ALENCAR et al. 2007, MENDONCA et al. 2015; FREIRES;
ALENCAR; ROSALEN, 2016; RUFANO et al. 2017; DO NASCIMENTO et al. 2018; SENA-
LOPES et al. 2018).

Os flavonoides representam o grupo fendlico mais comum e amplamente distribuido na
propolis vermelha. Estes estdo entre os compostos mais ativos nesta resina atuando em
diferentes processos e executando varias fungdes, incluindo agdo antimicrobiana, antioxidante
e anti-inflamatoria, além de efeitos inibitorios sobre células cancerosas (KOLE et al. 2011;
RUFANO et al. 2017).
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Os terpenos, também presentes na composi¢do da propolis vermelha, sdo uma classe
grande e diversificada de compostos volateis que sdo usados na industria de perfumaria, bem
como em aditivos alimentares. Entretanto, eles também possuem uma ampla gama de atividade
bioldgica, incluindo analgésica, anti-inflamatoria, efeitos quimiopreventivos do cancer e
atividades antimicrobiana, antifingica, antiviral e antiparasitdria (GUIMARAES; SERAFINI;
QUINTANS-JUNIOR, 2014; RUFANO et al. 2017).

O mecanismo de atividade antimicrobiana da propolis ¢ complexo e pode ser atribuido
a presenga de varios compostos bioativos, particularmente os isoflavonoides (BISPO JUNIOR
etal. 2012; FREIRES; ALENCAR; ROSALEN, 2016). A propolis vermelha tem demonstrado
efeito antimicrobiano sobre bactérias gram-positivas e gram-negativas, como Staphylococcus
aureus (ALENCAR et al. 2007; BISPO JUNIOR et al. 2012; REGUEIRA NETO et al. 2017;
SILVA et al. 2017; DO NASCIMENTO et al. 2018) e Pseudomonas aeruginosa (BISPO
JUNIOR et al. 2012; REGUEIRA NETO et al. 2017; DO NASCIMENTO et al. 2018), porém
algumas espécies bacterianas, como a Escherichia coli, mostram-se resistentes (BISPO
JUNIOR et al. 2012; SILVA et al. 2017).

A propolis vermelha apresenta também boas perspectivas de eficdcia anticarie para uso
clinico (FREIRES; ALENCAR; ROSALEN, 2016; MARTINS et al. 2018). Aplicagdes topicas
contendo neovestitol e vestitol, isolados da propolis vermelha, prejudicaram o actimulo de
biofilmes de S. mutans e mostram-se téo eficazes quanto o fluor na redugdo do desenvolvimento
de lesdes cariosas (BUENO-SILVA et al. 2013a). O EEPV também mostra-se eficaz na redugao
da colonizagdo de S. mutans, diminuigdo da concentra¢do de polissacarideos extracelulares e
na reducdo da desmineraliza¢do do esmalte dentario (MARTINS et al. 2018).

A atividade da propolis vermelha contra fungos também tem sido descrita em alguns
estudos. Fragdes de propolis vermelha tem apresentado excelente atividade antimicrobiana
contra C. albicans (BISPO JUNIOR et al. 2012) e uma agdo antifiingica do extrato etanolico
de propolis vermelha (EEPV) foi observada sobre cepas de C. albicans e Candida tropicalis
(DAS NEVES et al. 2016).

A Candida parapsilosis e a Candida glabrata ndo demonstraram capacidade de
desenvolver resisténcia fenotipica frente a um benzofeno rico em fragdes de propolis vermelha.
Também foi observado um sinergismo da propolis vermelha quando em combinagdo com o
fluconazol, sugerindo que a mesma poderia ser uma possivel estratégia terapéutica para o
tratamento de infec¢des relacionadas a Candida spp resistentes ao fluconazol (PIPPI et al.
2015). A isoflavona formononetina foi identificada como um dos principais componentes

envolvidos na agdo antifiingica da propolis vermelha (DAS NEVES et al. 2016).
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As propriedades anti-inflamatorias da propolis e seus derivados estdo sendo estudados
em diferentes modelos de inflamacdo (FREIRES; ALENCAR; ROSALEN, 2016). A propolis
vermelha tem apresentado efeitos anti-inflamatorios na atividade macrofdgica, reduzindo os
niveis de 6xido nitrico e diminuindo a liberacdo de citocinas e a expressdo de genes pro-
inflamatorios (BUENO-SILVA et al. 2017a). O neovestitol, isolado da propolis vermelha, tem
demonstrado ser um dos principais componentes responsaveis por essa atividade anti-
inflamatoria, tanto na inflamacdo aguda quanto na cronica (FRANCHIN et al. 2016; BUENO-
SILVA et al. 2017b).

Observou-se também uma importante atividade de inibicdo contra a migracdo de
neutrofilos causada pelo EEPV, neovestitol e vestitol em camundongos (BUENO-SILVA et al.
2013b). Objetivando elucidar as principais vias de a¢do da propolis vermelha brasileira na
modula¢do da migra¢do de neutrofilos durante o processo inflamatorio, verificou-se que a
propolis vermelha parece reduzir o rolamento e a adesdo de leucocitos, a liberagdo TNF-a, IL-
1B, CXCL1/ KC e CXCL2 / MIP-2, a quimiotaxia de neutréfilos induzida por CXCL2/MIP-2
e o influxo de calcio (BUENO-SILVA et al. 2016).

Observou-se também que a propolis vermelha possui a capacidade de inibir multiplas
vias de sinalizagdo em macrofagos envolvidos no processo inflamatorio ativado por
lipopolissacarideos, indicando que a propolis vermelha ¢ uma fonte de alimento notavel para a
descoberta de novos compostos bioativos e um potencial candidato a atenuar doencas
inflamatorias exacerbadas (BUENO-SILVA et al. 2015).

Estudos tem relatado também uma capacidade de acdo antioxidante da propolis
vermelha (MENDONCA et al. 2015; ANDRADE et al. 2017; SILVA et al. 2017; DO
NASCIMENTO et al. 2018), uma vez que a mesma contém uma extensa gama de compostos
antioxidantes que interagem com os radicais livres no organismo (FREIRES; ALENCAR;
ROSALEN, 2016; RUFANO et. al. 2017). Suas propriedades antioxidante e anti-inflamatoria
sdo as provaveis responsaveis também pela atividade fotoprotetora de formulagdes de aplicagdo
topica contendo extrato hidroalcoolico de propolis vermelha observada em um modelo animal
in vivo (BATISTA et al. 2018).

Um crescente niumero de publicagdes tem destacado também as propriedades
antiproliferativas da propolis vermelha brasileira. Esses estudos sdo baseados em ensaios
citotoxicos in vitro contra uma ampla gama de células tumorais, revelando o seu potencial no
desenvolvimento de novos agentes anticancerigenos (ALENCAR et al. 2007; FRANCHI et al.
2012; KAMIYA et al. 2012; BEGNINI et al. 2014; MENDONCA et al. 2015; FREIRES;
ALENCAR; ROSALEN, 2016; NANI et al. 2017).
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Em relagdo ao método de extracdo, a extragdo etanodlica tem sido relatada como o
método mais eficiente para a obtencao de extratos com o maior teor de compostos antioxidantes
e atividade biologica (MACHADO et al. 2016).

1.5 Analise das propriedades mecanicas

Através da andlise das propriedades mecanicas de diferentes materiais dentérios, pode-
se inferir que material estd mais adequado para executar fungdes clinicas, resistindo as forcas
mastigatorias, desgaste e aplicacdo de forcas ortodonticas. A andlise da resisténcia a
compressao, resisténcia a tracdo diametral e microdureza sdo essenciais para verificacdo e
comparagdo das propriedades de diferentes materiais dentdrios. Além disso, sempre que
possivel, ¢ interessante associar um teste, como resisténcia de unido ao cisalhamento, para
simular o tratamento ortodontico e para verificar o desempenho de um material sob condi¢des
semelhantes ao ambiente bucal (FARRET et al. 2012).

Um agente antibacteriano, quando adicionado a um CIV, ¢ considerado uma alternativa
de sucesso quando as propriedades mecanicas e biologicas do cimento ndo sdo afetadas. Por
esse motivo, s3o necessarias andlises das propriedades mecanicas de cimentos contendo agentes
antimicrobianos, para que ndo ocorra 0 comprometimento das suas principais caracteristicas
(TUZUNER et al. 2011; DEEPALAKSHMI et al. 2010; MARTI et al. 2014; BECCI et al.
2014).

Estudos verificaram que a adicdo de EEP verde alterou de forma negativa as
propriedades de solubilidade, absor¢do de agua, resisténcia a tragdo diametral e resisténcia a
compressao de CIVs restauradores (TROCA et al. 2011; SUBRAMANIAM et al. 2016) porém,
a adicdo de EEP amarela ndo afetou a resisténcia de unido ao cisalhamento dos cimentos
(PRABHAKAR; BALEHOSUR; BASSAPAR, 2016).

Observou-se também que a adicdo de EEP amarela a um CIV convencional, nas
concentragdes de 10%, 25% e 50%, aumentou a microdureza Vickers do material e nao afetou
a sua microinfiltragdo (ALTUNSOY et al. 2016). Além disso, a adicdo de EEP amarela
mostrou-se capaz de aumentar a capacidade de liberacdo de fluor de CIVs restauradores
(PRABHAKAR; BALEHOSUR; BASSAPAR 2016; ELGAMILY et al. 2018).
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1.6 Testes de biocompatibilidade

A biocompatibilidade refere-se a capacidade de um biomaterial de executar a sua
fung¢do, no que diz respeito a uma terapia odontologica, sem provocar quaisquer efeitos
indesejaveis, locais ou sistémicos, ao paciente (GONCALVES et al. 2014).

Estudos em tecido subcutdneo de ratos tem sido o método mais comumente utilizado
para avaliagdo da biocompatibilidade dos biomateriais /n vivo. Esses animais sdo muito
utilizados pelo fato de serem mamiferos de manuseio facil e seguro, além de possuirem um
metabolismo mais acelerado quando comparado a outros animais, 0 que permite obter
resultados relevantes em um curto periodo de tempo (GARCIA et al. 2010; SANTOS et al.
2014). Embora essa metodologia ndo reproduza com fidelidade as condi¢des bucais, ela fornece
informagdes preliminares sobre as propriedades biologicas dos materiais (BOAVENTURA et
al. 2012).

1.6.1 Avaliagdo morfologica

A inflamagdo ¢ uma resposta fisiopatologica decorrente de fatores quimicos, fisicos ou
biologicos; dentre estes, os biomateriais podem ser considerados agentes quimicos capazes de
desencadear reagdes inflamatorias e imunologicas nos tecidos circunjacentes (IBRAGUIMOV
etal. 2012).

No momento em que o agente quimico ¢ detectado, neutrofilos migram para o tecido
inflamado e através de quimiocinas inflamatorias liberadas, emitem sinais para o recrutamento
de mondcitos para os tecidos circundantes e em direcdo a superficie dos biomateriais
(IBRAGUIMOYV et al. 2012). Os mondcitos, ao migrarem pela circulagdo e extravasarem para
o tecido, se diferenciam em macrofagos (MCO) ou em células dendriticas, os quais sdo
responsaveis por potencializar a resposta pro-inflamatoéria (MURRAY; WYNN, 2012). Os
MCO atuam na apresentacao de antigenos, fagocitose de restos celulares e recrutamento de
outros tipos de células, tais como fibroblastos (IBRAGUIMOV et al. 2012).

A andlise da resposta inflamatoria nos testes de biocompatibilidade ¢ comumente
realizada por métodos histologicos, nos quais uma reacao inflamatoria mais intensa ¢ observada
na presenca de materiais irritantes ou menos compativeis (BOAVENTURA et al. 2012) e esta
metodologia vem sendo comumente utilizada em andlises da biocompatibilidade de materiais
odontologicos (SANTOS et al. 2014; SAMPAIO, 2015; LACERDA-SANTOS et al. 2016a;
LACERDA-SANTOS et al. 2016b; MESQUITA et al. 2017).
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1.6.2 Avaliagdo Imunoistoquimica

A quantificagdo dos MCO recrutados ¢ uma forma de avaliacdo da intensidade da
resposta inflamatoéria decorrente da acdo dos biomateriais, uma vez que essas reagdes siao
caracterizadas por um acumulo substancial de fagocitos (ZHOU et al. 2011; IBRAGUIMOV et
al. 2012). Porém, embora os elevados niveis de MO presentes na inflamagao sejam tipicamente
observados através de analises histologicas, critérios quantitativos precisos dificilmente podem
ser definidos por esse método (MANOLEA et al. 2009; ZHOU et al. 2011).

A imunoistoquimica ¢ um método que se destaca pela possibilidade de oferecer analises
quantitativas de estruturas identificaveis (MANOLEA et al. 2009). Essa técnica ¢ utilizada na
busca de antigenos em células ou tecidos, que vao desde aminodcidos e proteinas até agentes
infecciosos ¢ populacdes especificas (MATOS et al. 2010). Esse método é uma ferramenta
valiosa para a identificagdo e visualizacdo de antigenos de tecidos na pesquisa bioldgica e
diagnosticos clinicos, uma vez que ela pode caracterizar varios processos biologicos ou
patologicos, tais como cicatrizagao de feridas, resposta imune, rejeicao de tecidos e interagdes
entre o tecido e o biomaterial (AIKAWA, 2011).

A imunoistoquimica abrange muitos métodos usados para determinar constituintes
teciduais (os antigenos) com o emprego de anticorpos especificos. Os métodos que utilizam
enzimas como substdncias propiciadoras da visualizagdo do antigeno sdo os mais utilizados
atualmente, pois permitem a visualizagdo em microscopio 6tico comum € possuem como
principal vantagem a visualizagdo da estrutura geral do tecido em simultdneo com a marcagao
imunoistoquimica (MATOS et al. 2010).

O antigeno CD68 ¢ uma glicoproteina expressa principalmente como uma molécula
intracitoplasmatica associado com granulos lisossomais, por isso o anticorpo anti-CD68 ¢
considerado como um marcador seletivo para mondcitos ¢ macréfagos (MANOLEA et al.
2009). O anticorpo anti-CD68 pode, assim, ser considerado um importante indicador da
intensidade da resposta inflamatoéria decorrente de biomateriais, uma vez que expressa
fortemente os macrofagos presentes nesse tipo de reagdo (YAMANAKA et al. 2011).

Estudos tem utilizado o anticorpo anti-CD68 como marcador para andlise da
biocompatibilidade de CIVs utilizados para cimentagdo ortodontica (ALMEIDA MESQUITA
etal. 2017), bem como para avaliar a biocompatibilidade de cimentos ionoméricos ortodonticos

contendo agentes antimicrobianos (SAMPAIO 2015).
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2 OBJETIVOS

2.1 Objetivo geral

Avaliar o efeito antimicrobiano, bem como, as propriedades mecéanicas e a
biocompatibilidade de cimentos de iondomero de vidro ortodonticos contendo extrato etandlico

de propolis vermelha, em diferentes concentracoes.

2.2 Objetivos especificos

- Avaliar in vitro o efeito antimicrobiano, contra Strepfococcus mutans e Candida
albicans, de CIVs convencionais ¢ contendo EEPV nas concentragdes de 10%, 25% ¢ 50%,

através de mensuracdes da viabilidade celular.

- Avaliar in vitro as propriedades mecanicas de resisténcia a tragao diametral, resisténcia
a compressao, resisténcia de unido ao cisalhamento, microdureza e liberagao de ions fliior de

CIVs convencionais e contendo EEPV nas concentra¢des de 10%, 25% ¢ 50%.

- Avaliar a biocompatibilidade /n vivo de CIVs convencionais e contendo EEPV nas
concentragdes de 10%, 25% e 50%, através de uma analise morfologica das seguintes alteragdes
teciduais: edema, necrose, resposta inflamatoria, células gigantes multinucleadas, reagdo de

granulagdo, fibroblastos e fibras colagenas, nos periodos de 7, 15 e 30 dias.

- Avaliar a biocompatibilidade /n vivo de CIVs convencionais e contendo EEPV nas
concentragdes de 10%, 25% e 50%, através de uma andlise imunoistoquimica, utilizando o
anticorpo anti-CD68 para a quantificacdo de macrofagos, em trés diferentes tempos (7, 15 e 30
dias).
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3 METODOLOGIA

3.1 Caracterizagao do estudo

Caracteriza-se como um estudo laboratorial, consistindo em uma avaliagdo /in vitro do
efeito antimicrobiano, das propriedades mecénicas e liberacdo de flior, assim como uma
avaliacdo /n vivo, histopatologica e imunoistoquimica, em tecido subcutdneo de ratos, da
biocompatibilidade de CIVs contendo EEPV, através de uma andlise descritiva

semiquantitativa e quantitativa, respectivamente, com comparagao entre os grupos.

3.2 Consideragoes éticas

O experimento animal foi encaminhado para o comité de ética em pesquisa animal das
Faculdades de Ciéncias Médicas do Centro Universitario UNIFACISA (FCM/UNIFACISA).
A pesquisa foi iniciada somente apés aprovagio pelo Comité de FEtica (protocolo
CEUA/082011), respeitando a lei 11.794/2008 que regulamenta pesquisas utilizando animais.
O estudo também buscou a autorizagao das institui¢des envolvidas (UEPB, FCM/UNIFACISA,
UFPB).

3.3 Local do estudo

As andlises do efeito antimicrobiano foram realizadas no Laboratério de Microbiologia
do Programa de Poés-graduacdo em Odontologia da Universidade Estadual da Paraiba
(PPGO/UEPB), Campina Grande — PB, e no Laboratorio de Microbiologia Oral do Centro de
Ciéncias da Saude da Universidade Federal da Paraiba (CCS/UFPB), Jodo Pessoa — PB.

As avaliagdes das propriedades mecanicas de resisténcia a tragdo diametral, resisténcia
a compressdo e resisténcia de unido ao cisalhamento, foram realizadas no laboratorio de
Biomateriais (LABIO) do Programa de Poés-graduagdo em Odontologia da Universidade
Federal da Paraiba (PPGO/UFPB), Jodo Pessoa - PB, e de microdureza, no Laboratorio de
Solidificacdo Répida (LSR) do Centro de Tecnologia da Universidade Federal da Paraiba
(CT/UFPB), Joao Pessoa - PB. A analise de liberac@o de fluor foi realizada no Laboratorio de
Microbiologia Oral do CCS/UFPB, Joao Pessoa - PB.

A etapa laboratorial /n vivo para avaliacdo da biocompatibilidade dos materiais foi
realizada no biotério da FCM/UNIFACISA, Campina Grande-PB, onde foi realizada a selegao

dos animais, a inser¢do dos materiais no tecido subcutdneo, o acompanhamento durante o
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periodo previamente estabelecido, o sacrificio dos animais e a bidpsia do tecido a ser avaliado.
O estudo morfologico dos tecidos foi realizado no Laboratorio de Histopatologia Oral do
Departamento de Odontologia da UEPB e a andlise imunoistoquimica no Laboratorio de

Imunoistoquimica do PPGO/UEPB, Campina Grande — PB.

3.4 Preparo do Extrato Etanolico de Propolis Vermelha

O presente estudo utilizou o EEPV, oriunda do litoral da Paraiba (Jodo Pessoa, Paraiba,
Brasil), obtido a partir da propolis vermelha bruta. Para cada 25 g de propolis, esta foi dissolvida
em 250 mL de solugdo hidroalcodlica a 80% (vol/vol). O extrato foi entdo filtrado duas vezes
em papel filtro para retirada do excesso de cera. Em seguida, o EEPV foi preparado nas
concentragdes de 10%, 25% e 50% em solucdo hidroalcodlica a 80%, e acondicionado em

frasco de vidro ambar, a temperatura ambiente (HATUNOGLU et al. 2014).

3.5 Manipulagdo dos cimentos

Para os grupos controle, os CIV utilizados neste estudo (Meron® e Riva®) foram
manipulados segundo as instrugdes dos fabricantes (Quadro 1). Para os grupos testes, as
solucdes de EEPV nas concentragdes de 10%, 25% e 50% foram incorporadas ao liquido dos
cimentos durante a sua manipulagdo em uma propor¢ao de uma gota do liquido (4cido tartérico)
para uma gota da solugdo de EEPV, utilizando o mesmo bico dosador, posteriormente

espatulado com o pd do cimento para a obtengdo de um material s6lido (FARRET et al. 2011).

Quadro 1 — Composigdo dos cimentos testados

CIVs Composicao Fabricante Lote
Meron®  P6: Vidro de fluorsilicato de aluminio, VOCO, Cuxhaven, 1627583
acido poliacrilico e pigmentos Alemanha
Liquido: Solugdo de acido tartarico.
Riva® Po6: Fluoreto de silicato de aluminio, SDI,  Bayswater, 150212
acido poliacrilico. Australia
Liquido: Solugdo de 4cido tartarico.

As amostras foram assim distribuidas em oito grupos: Grupo MC (Meron® Controle),
Grupo M10 (Meron® com EEPV a 10%), Grupo M25 (Meron®, com EEPV a 25%), Grupo
M50 (Meron® com EEPV a 50%), Grupo RC (Riva® Controle), Grupo R10 (Riva® com EEPV
a 10%), Grupo R25 (Riva®, com EEPV a 25%) e Grupo R50 (Riva® com EEPV a 50%)).
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3.6 Quantidade de amostras

Para os testes de atividade antimicrobiana foram preparados 24 espécimes (n=3) para
cada teste (antibacteriano e antifingico). Para andlise de liberagdao de fluor também foram
confeccionados 24 espécimes (n=3). Para as analises das propriedades mecénicas de resisténcia
a tracdo diametral, resisténcia a compressao e resisténcia de unido ao cisalhamento foram
confeccionados 80 espécimes (n=10) para cada teste, e para o ensaio de microdureza 40

espécimes (n=5) (Quadro 2).

Quadro 2 - Distribui¢do das amostras dos testes antimicrobianos, liberagdo de fluor, resisténcia
a tracdo diametral, resisténcia a compressdo, resisténcia de unido ao cisalhamento e
microdureza de acordo com os cimentos avaliados.

Grupos S. mutans C. albicans Fluor Tracao Compressao Cisalhamento Microdureza

MC 3 3 3 10 10 10 5

MI10 3 3 3 10 10 10 5

M25 3 3 3 10 10 10 5

M50 3 3 3 10 10 10 5

RC 3 3 3 10 10 10 5

R10 3 3 3 10 10 10 5

R25 3 3 3 10 10 10 5

R50 3 3 3 10 10 10 5
TOTAL 24 24 24 80 80 80 40

Para o estudo laboratorial in vivo de avaliagdo da biocompatibilidade, a populagdo foi
constituida de 108 ratos Wistar machos adultos com peso entre 200g ¢ 300g, distribuidos em
nove grupos, sendo dois grupos controles dos cimentos, seis grupos dos cimentos manipulados
com EEPV nas concentragdes utilizadas (como descritos anteriormente), € um grupo controle
com o tubo de polietileno vazio (Grupo C), com o objetivo de avaliagdo do efeito inflamatorio
causado pelo tubo. Cada grupo consistiu de 4 ratos para cada um dos periodos de
acompanhamento (7, 15 e 30 dias). Cada rato recebeu um implante do cimento a ser analisado
e o material biopsiado foi seccionado na regido mediana, totalizando 216 amostras de tecidos
para andlise (Quadro 3).

O estudo foi duplo-cego, cada material foi direcionado aos grupos I, II, III, IV, V, VI,
VII, VIII e IX de forma que examinador e orientador ndo tinham conhecimento de quais

materiais foram implantados em cada grupo.
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Quadro 3 - Distribuicdo das amostras do estudo laboratorial /n vivo de avaliagdo da
biocompatibilidade de acordo com os materiais testados.

Grupos Quantidade de ratos Total = Amostras de tecido Total
7 15 30 7 15 30
dias Dias Dias dias dias dias
C 4 4 4 12 8 8 8 24
MC 4 4 4 12 8 8 8 24
M10 4 4 4 12 8 8 8 24
M25 4 4 4 12 8 8 8 24
M50 4 4 4 12 8 8 8 24
RC 4 4 4 12 8 8 8 24
R10 4 4 4 12 8 8 8 24
R25 4 4 4 12 8 8 8 24
R50 4 4 4 12 8 8 8 24
Total 36 36 36 108 72 72 72 216

3.7 Critérios de inclusdo e exclusao

Para os testes de atividade antimicrobiana, liberacao de flior, microdureza, resisténcia
a tragdo diametral e resisténcia a compressao foram descartados os espécimes que apresentaram
imperfeicdes em sua superficie. Para o teste de resisténcia de unido ao cisalhamento foram
excluidos os dentes que apresentaram fraturas, sulcos profundos e manchas na superficie do
esmalte (FARRET et al. 2011).

Foram incluidos no estudo de biocompatibilidade ratos machos Wistar adultos com peso
entre 200 e 300g pertencentes ao Biotério da FCM/UNIFACISA. Foram excluidos os ratos que
ndo estavam no peso apropriado durante a insercdo dos cimentos. Os materiais biologicos
provenientes das bidpsias excisionais que ndo apresentaram quantidade ou qualidade suficiente
para a realizagdo das andlises morfologica e imunoistoquimica também foram excluidos do

estudo (SANTOS et al. 2014).

3.8 Analise de atividade antimicrobiana

Suspensodes de S. mutans (ATCC 25175) foram estabelecidas em densidade equivalente
a 1 x 108 UFC-S.mutans/mL e as suspensdes de C. albicans (ATCC 90028) foram estabelecidas
em densidade equivalente a 1 x 10° UFC-Candida/mL. O inoculo dos microrganismos foi

determinado com o auxilio de um espectrofotometro.
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Os espécimes dos cimentos (n=3 por microrganismo) foram preparados através da
inser¢ao do material em moldes de silicone (10 mm de didmetro X 5 mm de altura) e remocao
apos tempo de presa inicial (5 min).

Para a analise antibacteriana, os espécimes foram posicionados horizontalmente em uma
placa de 24 pogos e, em cada poco, biofilmes de S. mutans foram formados a partir da mistura
de 0,2 mL do indculo dos microrganismos em 1,8 mL de meio BHI suplementado com 1% de
sacarose (Merck & Co, NJ) e incubados a 37°C, por 24 h, em aerobiose. Os biofilmes foram
coletados, apds 24 h, por meio da transferéncia dos espécimes para tubos de polipropileno
contendo 2 mL de solugdo salina e submetidos a agitacdo vigorosa no vortex por 60 s para
obtencdo de suspensdes dos biofilmes. As suspensoes foram diluidas de maneira decimal
seriada, em concentragdes que variam de 10! a 10, Essas dilui¢des foram semeadas em placas
de agar BHI, utilizando-se 0 método da gota. As placas foram entdo incubadas a 37°C, em
aerobiose, por 24 h. A contagem de microrganismos viaveis foi realizada na dilui¢do onde
houve crescimento entre 6 e 60 colonias.

Para a andlise antifingica, os espécimes foram posicionados horizontalmente em uma
placa de 24 pogos e, em cada poco, biofilmes de C. albicans foram formados a partir da mistura
de 0,2 mL do in6culo dos microrganismos em 1,8 mL de meio RPMI 1640 suplementado com
100 mM de glicose (Merck KGaA, Germany) e incubados a 37°C, por 24 h. Os biofilmes foram
coletados, apds 24 h, por meio da transferéncia dos espécimes para tubos de polipropileno
contendo 2 mL de solugdo salina e submetidos a agitacdo vigorosa no vortex por 60 s para
obtencdo de suspensdes dos biofilmes. As suspensdes foram diluidas de maneira decimal
seriada, em concentragdes que variam de 10" a 107, Essas dilui¢des foram semeadas em placas
de Agar Sabouraud Dextrose, utilizando-se o método da gota. As placas foram entdo incubadas
a 37°C, por 24 h. A contagem de microrganismos viaveis foi realizada na diluigdo onde houve

crescimento entre 6 € 60 colonias.

3.9 Testes de resisténcia a tracdo diametral e de resisténcia a compressao

Para os testes de resisténcia a tragdo diametral (TD) e de resisténcia a compressao (RC)
os espécimes foram preparados através da inser¢do do material em moldes cilindricos de
silicona (6 mm de didmetro x 3 mm de altura para TD e 4 mm de didmetro x 8 mm de altura
para RC). Apos a insercao do material, uma tira de poliéster foi colocada sobre a superficie
superior e uma placa de vidro foi pressionada manualmente para se obter uma superficie regular

do espécime. Depois de 5 min (tempo de presa inicial), os espécimes foram armazenados a 37
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°C em 100% de umidade por 24 h e suas dimensdes foram medidas com um paquimetro digital
(Mitutoyo, IL).

Os ensaios mecanicos foram realizados em uma maquina universal de ensaios Instron
3365® (Instron Corporation, USA), com célula de carga de 5 Kg e velocidade de 0,5 mm/min.
A carga foi aplicada ao longo do didmetro do espécime e a forca maxima antes da ruptura foi
registrada. Em seguida, as equacdes subsequentes foram aplicadas a cada espécime para se
obter os resultados dos testes de TD e RC, sendo, TD = 2F / ndt e RC =4F / nd*>, em que F é a
carga de ruptura, d ¢ o didmetro et a altura dos espécimes (FARRET et al. 2011).

3.10 Analise de microdureza

Para os testes de microdureza, os espécimes foram preparados através da inser¢do do
material em moldes cilindricos de silicona (6 mm de diametro X 3 mm de altura) seguindo os
mesmos procedimentos para a manipulacdo, insercao e cura anteriormente descritos, seguidos
de polimento da superficie dos espécimes utilizando uma lixa 200 em politriz metalografica
(Aerotec, Cotia, SP, Brasil). As medi¢gdes de microdureza Vickers foram realizadas utilizando
um microdurometro HMV® (Shimadzu Corporation, Japao) com 200g de carga ao longo de 15
s. Em cada espécime, foram realizados trés entalhes equidistantes, obtendo-se 15 medi¢des por
grupo (FARRET et al. 2011).

3.11 Teste de resisténcia de unido ao cisalhamento

Para o teste de resisténcia de unido ao cisalhamento foram utilizados 80 incisivos
bovinos, mantidos em solugdo de timola 0,1% até o momento do experimento. Os dentes foram
segmentados utilizando um disco diamantado (KG Sorensen, Brasil) acoplado a uma peca reta
de baixa rotagdo ao redor do tergo cervical das raizes e no ter¢o incisal da coroa. Cada dente foi
entdo posicionado horizontalmente em matrizes cilindricas de tubos de PVC (20 mm de
didmetro x 10 mm de altura) e fixados com resina acrilica (VIPIFlash, Brasil). As superficies
vestibulares foram polidas com taga de borracha (KG Sorensen, Brasil), e pedra-pomes (S.S.

White, Brasil) em baixa rotagdo por 10 s, lavadas e secas, pelo mesmo tempo.

Matrizes metélicas (n=80) para bandas ortodonticas (Morelli, Brasil) foram cortadas (5
mm de altura x 10 mm de comprimento) e braquétes metalicos (Morelli, Brasil) foram soldados
sobre elas, utilizando uma maquina de solda a ponto (Kernit, Idaiatuba, SP, Brasil). Os CIVs

foram manipulados e cada matriz foi cimentada no centro da superficie vestibular do dente.
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Apo6s 5 min de tempo de presa inicial, os espécimes foram armazenados a 37°C em 100% de
humidade durante 24 h. Os testes foram realizados em uma maquina universal de ensaios
Instron 3365® (Instron Corporation, USA), usando uma matriz com um cinzel de carga de 5
Kg a uma velocidade de 1 mm/min. Os resultados foram obtidos em N e divididos pela area da
base do braquete, fornecendo resultados em Mpa (FARRET et al. 2011).

Apos a realizacao do ensaio, a superficie vestibular de cada corpo de prova foi avaliada
em lupa estereoscopica (Carl Zeiss, Gottingen, Alemanha) com aumento de 8 vezes, para ser
quantificado o Indice de Remanescente do Adesivo (IRA): 0 = nenhuma quantidade de cimento
aderido ao esmalte; 1 = menos de metade do cimento aderido ao esmalte; 2 = mais de metade

do cimento aderido ao esmalte; 3 = todo o cimento aderido ao esmalte (PITHON et al. 2011).

3.12 Analise de liberagao de ions flior

Os espécimes (n=3) foram confeccionados utilizando moldes de silicone (10 mm de
didmetro X 5 mm de altura) e armazenados a 37°C e com 100% de umidade por 30 min. Apos
esse periodo, cada espécime foi pesado com auxilio de uma balanga analitica de precisao (Marte
Shimadzu, Japao) e colocado em 2 mL de dgua deionizada por meio do sistema de purificagdo
Milli-Q e mantido em estufa a 37 °C. A liberagdo de fluor foi medida apds 24 h, utilizando-se
um eletrodo ion seletivo conectado a um analisador de ions (Thermo Scientific Orion, USA)
previamente calibrados com padrdes de 0,2 a 5,0 ppm de F em TISAB II a 50%. As leituras
foram feitas em milivolts (mV) e transformados em pg/mL (ppm F) por regressdo linear da
curva de calibragdo (LACERDA-SANTOS et al. 2015).

3.13 Estudo laboratorial /n vivo de avaliagdo da biocompatibilidade

Para a confecgdo dos espécimes, os cimentos foram manipulados e introduzidos, com
auxilio de seringa (Centrix®, USA), nas aberturas das extremidades de tubos de polietileno (5
mm de didmetro X 3 mm de altura), previamente desinfetados e autoclavados, utilizados como
veiculo de inoculacdo dos materiais testados. Ap6s o tempo de presa inicial, os espécimes foram
inseridos no tecido subcutdneo dos ratos. Para o grupo controle, foram utilizados tubos de
polietileno vazios que correspondem ao trauma induzido e possivel contamina¢do dos mesmos.

Para a inser¢do dos espécimes, os ratos foram sedados (tiopental sodico, 50 mg/kg) e
foi realizada tricotomia da regido dorsal de cada animal para eliminagdo dos pelos (4x4 cm).

Para antissepsia do campo operatorio foi utilizado digluconato de clorexidina a 2% (Magquira,
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Brasil) e para anestesia local Lidocaina 3% com vasoconstritor (DFL, Brasil). Foi realizada
uma incisdo de aproximadamente 8§ mm de comprimento. Com o auxilio de uma tesoura de
ponta romba, o tecido subcutaneo foi divulsionado lateralmente formando uma loja cirtirgica,
com aproximadamente 18 mm de profundidade. Cada rato recebeu um implante do material
correspondente ao seu grupo.

ApoOs o implante dos materiais, as lojas cirGrgicas foram suturadas e em seguida os
animais receberam pentabiotico veterinario (0,2 ml Wyeth Laboratory®, EUA) e uma injegao
de dipirona sodica (0,3 ml/100g, Novalgina®, Brasil). Todos os procedimentos do presente
estudo foram realizados em conformidade com o guia Canadian Council on Animal Care
(1981). Apods 7, 15 e 30 dias, os animais foram sacrificados pela técnica do deslocamento
cervical apds sedacao (tiopental sodico 50 mg/kg), para obtencdo das bidpsias excisionais das

areas dos implantes, abrangendo tecido normal circundante suficiente (SANTOS et al. 2014).

3.14 Estudo morfologico

As amostras de tecido excisionado foram preparadas em laminas de vidro através da
coloragdo de rotina em Hematoxilina e Eosina (H/E) e posteriormente avaliados por um tnico
avaliador, previamente treinado e calibrado, em um microscopio 6ptico Leica DMS00® (Leica
Microsystems, DE), em aumentos de 100x, 400x e 1000x. Foram avaliados os seguintes
parametros histopatologicos: infiltrado inflamatorio, reagao de células gigantes multinucleadas,
edema, necrose, reacdo de granulacdo, fibroblastos e fibras colagenas. Cada um desses
parametros recebeu os seguintes escores, de acordo com a intensidade: 1- ausente/escasso
(<25% de toda a area), 2- leve (26% a 50% de toda a area), 3 — moderado (51% a 75% de toda
area) e 4 — intenso (>75% de toda a &rea). Para cada amostra do estudo, foram analisadas cinco
secgOes representativas da condicdo histologica do tecido, quando todas as cinco secdes de
tecido demonstraram a mesma condi¢do histologica, as pontuagdes representam: 1, ausente

(5,00); 2, escasso (10,00); 3, moderada (15,00); e 4, intensa (20,00) (SANTOS et al. 2014).

3.15 Estudo imunoistoquimico

Os espécimes de tecido excisionado, fixados em formol a 10% e emblocados em
parafina, foram submetidos a cortes de 3 um de espessura, os quais foram estendidos em
laminas de vidro previamente preparadas com adesivo a base de 3-aminopropyltrietoxy-silano

(Sigma Aldrich Chemical CO, St Louis, MO, USA). Posteriormente, o material foi submetido
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ao método da imunoperoxidase pela técnica baseada em polimeros de dextrano (Polymer/HRP)

utilizando como anticorpo primario o anti-CD68 (Quadro 4).

Quadro 4 - Especificidade, clone, fabricante, dilui¢do, recuperacdo antigénica e tempo de
incubacao do anticorpo primario utilizado no estudo.

Especificidade Clone Fabricante Diluicao Recu_p eracao Incubacao
Antigénica
: 0

CD68 EDI  Abcam  1:1500  CUrato.pH 6,95, 60 min

30 min, Steamer

A técnica seguiu o protocolo utilizado no Laboratorio de Imunoistoquimica do
PPGO/UEPB, conforme descrito a seguir:
- Duas passagens em Xilol (15 minutos cada)
- Reidratagdo em etanois:
- Alcool etilico absoluto I (5 minutos);
- Alcool etilico absoluto II (5 minutos);
- Alcool etilico absoluto III (5 minutos);
- Alcool etilico 95°;
- Alcool etilico 80°;
- Remocgao de pigmentos formoélicos com hidroxido de amonia a 10% em etanol 95°, a
temperatura ambiente (10 minutos);
- Lavagem em dagua corrente (10 minutos);
- Passagens rapidas em 4gua destilada (2 trocas);
- Recuperagdo antigénica (Quadro 4);
- Lavagem em agua corrente (10 minutos);
- Passagens rapidas em agua destilada (2 trocas);
- Duas incubagdes em solugao de peroxido de hidrogénio 3% 10 volumes, em propor¢ao de 1/1,
para o bloqueio da peroxidase endogena tecidual (10 minutos cada);
- Lavagem em é4gua corrente (10 minutos);
- Passagens rapidas em agua destilada (2 trocas);
- Incubacao dos cortes com os anticorpos primarios, em solugao diluente (Antibody diluent with
background reducing components, Dako North America Inc., Carpinteria, CA, USA), a
temperatura ambiente;

- Duas passagens em solugao de Tween 20 a 1% em TRIS-HCI pH 7,4, a temperatura ambiente
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(5 minutos cada);
- Incubacdo com anticorpo secundério (ADVANCE™ HRP Link, Dako North America Inc.,
Carpinteria, CA, USA), a temperatura ambiente (30 minutos);
- Duas passagens em solugdo de Tween 20 a 1% em TRIS-HCI pH 7,4, a temperatura ambiente
(5 minutos cada);
- Incubagiio com anticorpo polimerizado a peroxidase (ADVANCE™ HRP Enzyme, Dako North
America Inc., Carpinteria, CA, USA), a temperatura ambiente (30 minutos);
- Duas passagens em solu¢do de Tween 20 a 1% em TRIS-HCI pH 7,4, a temperatura ambiente
(5 minutos cada);
- Revelacdo da reagdo com solugdo cromogena de 3,3-diaminobenzidina (Liquid DAB+
Substrate, Dako North America Inc., Carpinteria, CA, USA) (8 minutos);
- Lavagem em dgua corrente (10 minutos);
- Passagens rapidas em 4gua destilada (2 trocas);
- Contracoloragdo com hematoxilina de Mayer, a temperatura ambiente (5 minutos);
- Lavagem em agua corrente (10 minutos);
- Desidratagao em alcool absoluto:
- Alcool etilico absoluto I (5 minutos);
- Alcool etilico absoluto II (5 minutos);
- Alcool etilico absoluto III (5 minutos);
- Trés passagens em xilol (2 minutos cada);

- Montagem em resina Permount® (Fisher Scientific Inc., Fair Lawn, NJ, USA).

Como controle positivo foram utilizados espécimes de tecido subcutaneo de rato livres
da insercdo de material ortodontico e para o controle negativo o anticorpo primario foi

substituido por albumina de soro bovino (BSA) a 1% em solugdo tampao.

3.15.1 Analise imunoistoquimica

Apobs o processamento dos cortes histologicos e tratamento imunoistoquimico, cada
espécime foi analisado sob microscopia de luz por um avaliador previamente treinado e
calibrado. A analise foi do tipo quantitativa. Sob aumento de 100x foram selecionados 5 campos
de maior imunorreatividade ao anticorpo. Sob aumento de 400x, cada um destes campos foi
fotomicrografado (Leica DM500®, DE) e as imagens obtidas foram transferidas para um

computador de uso pessoal. Com o auxilio do programa ImageJ® (National Insitute of Menthal
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Health, USA), em cada um destes campos foi realizada a contagem das células CD68+. Os
valores obtidos foram somados, estabelecendo-se o numero total de células CD68+, e
posteriormente, calculada a média por campo, para cada caso (ALMEIDA MESQUITA et al.
2017).

3.16 Analise estatistica

Os resultados obtidos foram organizados em um banco de dados com o auxilio do
programa Microsoft Excel, versdo 2010 e em seguida exportado para o programa Statistical
Package for the Social Sciences (versao 20, SPSS, Inc., USA), no qual foram realizadas as
analises estatisticas, tomando como base os niveis de significancia de 95% (p<0,05) para

determinagdo de significancia estatistica.

A andlise de distribuicdo dos dados foi realizada através do teste de Kolmogorov-
Smirnov. Para andlise do efeito antimicrobiano, dada uma distribuigao ndo normal, os dados
sofreram transformacao logaritmica (logio), sendo a distribuicdo normal confirmada pelo

mesmo teste estatistico.

Nos testes de andlise antimicrobiana, liberagdo de flor, TD, RC ¢ microdureza, a
analise comparativa entre grupos foi realizada por meio da andlise de varidncia a dois fatores
fixos (2-way ANOVA) e teste de comparagdes multiplas de Tukey para comparagdes post-hoc
(p<0,05). Para os resultados do teste de resisténcia de unido ao cisalhamento foi utilizada a da
andlise de varidncia a um fator fixo (one-way ANOVA) seguida do teste de comparagdes
multiplas de Tukey (p<0,05). Para os resultados do IRA e dos estudos morfologico e
imunoistoquimico foi utilizado o teste ndo paramétrico de Kruskal-Wallis, seguido pelo teste

de comparagao multipla de Dunn (p<0,05).
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ABSTRACT

This study evaluated the antimicrobial activity, mechanical properties and fluoride release
capacity of glass ionomer cement (GIC) used for cementing orthodontic bands, modified by
ethanolic extract of red propolis (EERP) in different concentrations. Two orthodontic GICs
containing EERP at 10%, 25% and 50%, were used. The following assays were carried out: cell
viability tests against Strepfococcus mutans and Candida albicans, diametral tensile strength
(DTS), compressive strength (CS), shear bond strength, microhardness and fluoride release
capacity. The statistical analysis of the antimicrobial tests, fluoride release, DTS, CS and
microhardness was performed using Two-way ANOVA and Tukey's test (p<0.05). The shear
bond strength data were analyzed by One-way ANOVA followed by Tukey's test (p<0.05). At
the concentrations of 25% and 50%, EERP was shown to be a promising antimicrobial agent
incorporated into GICs against C. albicans (P <0.001) and S. mutans (P <0.001). The fluoride
release capacity of the GICs was not affected, and the EERP concentration of 25% was the one
that least affected the mechanical properties of the cements (P> 0.05). The GICs containing
EERP at 25% showed a significant increase in their antimicrobial activity against S. mutans and

C. albicans, unaltered mechanical properties and fluoride release capacity.

KEY WORDS: Glass ionomer cement; Propolis; Antimicrobial.
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INTRODUCTION

Orthodontic bands play an important role in conventional orthodontic therapy.
Cementation of bands on posterior teeth is necessary to improve anchorage and retention of
fixed appliances (1) . However, the presence of these devices may cause biofilm accumulation
in the region and demineralization of enamel adjacent to the orthodontic bands. Been a major
concern for dental surgeons, especially in patients with poor oral hygiene (2)

In the last decades, glass ionomer cements (GIC) have been widely used for cementing
orthodontic bands due to their various clinical properties (1,3, 4). With the advent of GIC for
band cementation, caries and periodontal disease rates in orthodontic patients decreased
considerably, due to the lower amount of microleakage and their fluoride release capacity (5).
However, these cements can be modified in their composition by the addition of antimicrobial
agents aiming to improve their antimicrobial properties (4,6-8).

Due to it antibacterial activity against microorganisms of the oral cavity (9,10), studies
have suggested the incorporation of ethanolic extract of propolis (EEP) to the GIC in order to
increase its potential (7,8,11-13). The use of this material in the cementation of orthodontic
bands may contribute to a decrease in the number of bacteria in the region (6).

The propolis is a resinous composition produced by honeybees from plant exudates,
found in the stem, leaves and flowers, being used in the hive to prevent microbial
contaminations (14). The interests in its therapeutic use has been exacerbated by scientific
evidence regarding the prevention of diseases due to its various biological properties, such as
antimicrobial, anti-inflammatory, antioxidant, antiviral and healing action (15-17).

Red propolis is found in the northeastern region of Brazil, especially in the costal areas,
and has been the target of numerous chemical and pharmacological studies that aroused great
interests in the world scientific community because of its good biological, antimicrobial and
antifungal activity (14). Therefore, it presents as a promising antimicrobial agent for
incorporation in orthodontic GIC.

The addition of antimicrobial agents to the GICs can, however, result in changes in their
physical and biological properties. Thus, this article proposed to evaluate the antimicrobial
activity, mechanical properties and fluoride release capacity of GIC used for cementing the
orthodontic bands, modified by ethanolic extract of Red Propolis (EERP) in different

concentrations.
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MATERIALS AND METHODS
Preparation of the Ethanolic Extract of Red Propolis

The present study used the EERP, from the coasts of Paraiba (Jodo Pessoa, Paraiba,
Brazil), obtained from crude extract red propolis. For each 25 g of propolis, this was dissolved
in 250 mL of 80% (vol/ vol) ethanol solution. The extract was then filtered twice on filter paper
to remove excess wax. Then, the EERP was prepared at the concentrations of 10%, 25% and

50% and placed in an amber glass bottle at room temperature (8).
Preparation of Propolis Containing GIC

Two orthodontic GICs, Meron® (VOCO) and Riva® (SDI), were used. For the control
groups the cements were handled according to the manufacturers instruction’s (Figure 1). For
the tests groups, the 10%, 25% and 50% concentrations of EERP were incorporated into the
liquid of the cements during their manipulation in a ratio of one drop of the liquid (tartaric acid)
to one drop of the EERP solution, using the same dosing nozzle, then spatulated with the cement
powder to obtain a solid material (5). The samples were thus distributed into eight groups: MC
(Control), M10, M25, M50, RC (Control), R10, R25 and R50.

Analysis of antimicrobial activity

The specimens of the cements (n = 3 by microorganism) were prepared by inserting the
materials into silicone molds (10 mm X 5 mm). Suspensions of S. mutans (ATCC 25175) and
C. albicans (ATCC 90028) were established at densities equivalent to 1 x 108 CFU-S.mutans /
mL and 1 x 10° CFU-Candida / mL, respectively, with spectrophotometer.

The specimens were positioned horizontally in a 24-well plate and, in each well, S.
mutans and C. albicans biofilms were formed from the mixture of 0.2 mL of the inoculum of
the microorganisms in 1.8 mL of supplemented BHI medium with 1% sucrose (Merck & Co,
Kenilworth, Nova Jersey, USA) for S. mutans and RPMI 1640 medium supplemented with 100
mM glucose (Merck KGaA, Darmstadt, Hesse, Germany) for C. albicans, and incubated at 37
° C for 24 h in aerobiosis.

In order to measure the cellular viability of the microorganisms adhered to the
specimens, the biofilms were collected after 24 h by transferring the specimens to
polypropylene tubes containing 2 mL of saline solution and subjected to vigorous vortexing for
60 s to obtain suspensions of biofilms. The suspensions were diluted serially, in concentrations

ranging from 107! to 10, These dilutions were seeded on BHI agar plates for S. mutans, and on
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Sabouraud Dextrose Agar plates for C. albicans, using the drop method (10 pl). The plates were
then incubated at 37 ° C in aerobiose for 24 h. The counting of viable microorganisms was

performed in the dilutions where there was growth between 6 and 60 colonies.

Analysis of mechanical properties

For diametral tensile strength (DTS) and compressive strength (CS) tensile test’s, the
specimens (n = 10) were prepared by inserting the material into cylindrical silicone molds (6
mm % 3 mm TD and 4 mm x 8§ mm RC). After insertion of the material, a polyester strip was
placed on the upper surface and a glass plate was manually pressed to obtain a regular surface
of the specimen. After 5 min, the specimens were stored at 37°C in 100% moisture for 24 h and
their dimensions were measured with a digital caliper (Mitutoyo, Kawasaki, Kanagawa, Japan).

The assays were performed in a universal Instron 3365® tests machine (Instron
Corporation, Norwood, Massachusetts, USA), with a loading cell of 5 kg and a speed of 0.5
mm / min. The load was applied along the diameter of the specimen and the maximum force
before rupture was recorded. Subsequent equations were then applied to each specimen to
obtain DTS and SC tests results, where DTS = 2F / ndt and SC = 4F / nd2, where F is the
bursting load, d is the diameter and t height of the specimens.

For Vickers Microhardness test’s, the specimens (n = 5) were prepared by inserting the
material into cylindrical silicone molds (6 mm % 3 mm) following the same procedures for
manipulation, insertion and cure previously described, followed by polishing of the surface of
the specimens. Vickers microhardness measurements were performed using an HMV®
microdurometer (Shimadzu Corporation, Kyoto, Japan) with 200g load over 15 s. In each
specimen, three equidistant notches were performed, obtaining 15 measurements per group.

For the shear bond strength tests, 80 bovine incisors were used, kept in 0.1% thymol
solution until the moment of the experiment. The teeth were segmented using a diamond disc
(KG Sorensen, Cotia, Sao Paulo, Brazil) coupled to a straight piece of low rotation around the
cervical third of the roots and in the incisal third of the crown. Each tooth was then positioned
horizontally in cylindrical arrays of PVC tubes (20 mm x 10 mm) and fixed with acrylic resin
(VIPI, Pirassununga, Sdo Paulo, Brazil). The buccal surfaces were polished with a rubber bowl
(KG Sorensen, Cotia, Sao Paulo, Brazil), and pumice (S.S. White, Juiz de Fora, Minas Gerais,
Brazil) at low spin for 10 sec, washed and dried, for the same time.

Metal matrices for orthodontic bands (Morelli, Sorocaba, Sao Paulo, Brazil) were cut
(5 mm x 10 mm) and metal brackets (Morelli, Sorocaba, Sao Paulo, Brazil) were welded over

them. The GICs were manipulated and each matrix was cemented to the center of the buccal
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surface of the tooth. After 5 min, the specimens (n = 10) were stored at 37°C in 100% moisture
for 24 h. The test’s were run on a universal Instron 3365® tests machine (Instron Corporation,
Norwood, Massachusetts, USA) using a die with a 5 kg loading chisel at a speed of 1 mm / min.
The results were obtained in N and divided by the base area of the bracket, providing results in
Mpa.

After the tests, the vestibular surface of each tests specimen was evaluated in a
stereoscopic magnifying glass (Carl Zeiss, Gottingen, Germany) with 8-fold increase, to
quantify the Adhesive Remnant Index (ARI): 0 = no cement adhered to the enamel; 1 = less
than half of the cement adhered to the enamel; 2 = more than half of the cement adhered to the

enamel; 3 = all the cement adhered to the enamel.

Fluoride release analysis

The specimens (n = 3) were made using silicone molds (10 mm X 5 mm) and stored at
37 ° C and at 100% moisture for 30 min. After this period, each specimen was weighed with a
precision analytical balance (Mars Shimadzu, Kyoto, Japan) and placed in 2 mL of deionized
water by the Milli-Q purification system and maintained in an oven at 37 ° C. The fluoride
release was measured after 24 h using a selective ion electrode connected to an ion analyzer
(Thermo Scientific Orion, USA) previously calibrated with standard’s of 0.2 to 5.0 ppm F in
TISAB II at 50 %. The readings were made in millivolts (mV) and transformed into pg / mL

(ppm F) by linear regression of the calibration curve.
Statistical analysis

Statistical analysis of the data were performed using the Statistical Package for the
Social Sciences (version 20, SPSS, Inc., USA) based on the 95% significance levels (p <0.05)
for statistical significance determination.

Data distributions analysis was performed using the Kolmogorov-Smirnov tests. For
analysis of the antimicrobial effect, given a non-normal distributions, the data underwent log
transformation (logio), the normal distributions being confirmed by the same Statistical tests.

In the tests of antimicrobial analysis, fluoride release, DTS, CS and microhardness, the
comparative analysis between groups was performed by two-way ANOVA and Tukey's
multiple comparisons tests for post- hoc (p <0.05). For the results of the tests of shear bond
strength was used the analysis of variance to a fixed factor (one-way ANOVA) followed by the
tests of Tukey (p <0.05). The Kruskal-Wallis non-parametric tests was used for the ARI results,

followed by Dunn's multiple comparison tests.
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RESULTS
Antimicrobial activity

At cell viability tests (S. mutans and C. albicans), no statistically significant differences
were observed between Meron® and Riva® materials (p> 0.05) (Tables 1 and 2). For the
different concentrations of propolis, there was a decrease in the cell viability of S. mutans, with
the groups of concentrations 25% and 50% differing significantly from each other (p <0.05)
(Table 1). A decrease in the cellular viability of C. albicans was also observed, with the groups
25% and 50% differing significantly from the control group (p <0.05) and with no statistical
difference between the 10%, 25% and 50% groups (Table 2).

Mechanical properties

Results of the DTS tests showed significant differences between the materials, being
Meron® cement more resistant (p <0.05). The different concentrations of propolis,
concentrations of 10% and 50% presented a decrease in TD resistance with a significant
difference in relation to the control (p <0.05) (Table 3).

At CS results, no statistically significant differences were observed between the
Meron® and Riva® materials (p> 0.05). For the different concentrations of propolis, there was
no significant statistical difference with the control, however, the concentration of 50%
presented a decrease in CS with a significant difference in relation to the concentration of 25%
(p <0.05) (Table 4).

Vickers Microhardness analysis, no statistically significant differences were observed
between Meron® and Riva® materials (p> 0.05), as well as between the different
concentrations of propolis and controls (p> 0.05) (Table 5). For the results of shear bond
strength, significant differences were observed between the materials, with Riva® cement
appearing with greater resistance (p <0.05), and for the different concentrations of propolis
there was no significant statistical difference between groups (p > 0.05) (Table 6). Regarding

ARI results, no significant statistical differences were also observed (p> 0.05) (Table 7).

Release of fluoride

For the fluoride ion release analysis, no statistically significant differences were
observed between the Meron® and Riva® materials (p> 0.05), as well as between the different

concentrations of propolis and the controls (p> 0.05) (Table 8).
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DISCUSSION

The EERP led to a decrease in cell viability of S. mutans in the groups with their
addition. The cements with concentrations higher than 25% presented better antimicrobial
activity, differing statistically from the control group. Hatunoglu et al. (8) also demonstrated
an increase in antimicrobial activity against S. mutans of GIC with addition of ethanolic extract
of yellow propolis at concentrations of 25% and 50% by means of minimum inhibitory
concentration measurement tests. An antimicrobial action against S. mufans was also
demonstrated by the addition of lyophilized of ethanolic extract of yellow propolis to the GIC
powder at concentrations of 0.75% and 1.25% by agar diffusion and bacterial adhesion tests
(13).

A decrease in the cellular viability of C. albicans was also observed in the groups of the
cements with 25% and 50% concentrations of EERP differing significantly from the control
group. This is probably due to the antimicrobial action that EERP exerts on Candida spp
(14,18). As shown by Freires ef al (19) that showed same results with a propolis species from
Northeast’s Brazil (19). And Haghdoost et al (20), using a germ tube formation assay, where
ethanolic extract of yellow propolis significantly decreased Candida formation in a direct
concentration dependency (20).

Regarding the evaluation of the mechanical properties, it was observed that the 25%
EERP showed no significant alteration of the DTS and CS, unlike the other concentrations.
Troca et al. (7) also observed a significant decrease in the resistance to DTS of restorative GICs
containing ethanolic extract of green propolis, in addition to an increase in water absorption
and solubility of the cement. Another study also verified the decrease in CS and increase in the
solubility of cements containing ethanolic extract of green propolis (21). This can be attributed
to propolis interference with the reaction of glass particles and polyacrylic acid, thus increasing
the number of unreacted particles in the structure (7, 21).

For Vickers Microhardness, no significant difference between the groups were found,
which shows that the addition of EERP in the concentrations of 10%, 25% and 50%, did not
affect the microhardness of the cements. Altunsoy et al. (12) have verified that the addition of
EEP to a conventional GIC at the same concentrations increased the Vickers microhardness of
the material and did not affect its microleakage.

In order to analyze mechanical properties of orthodontic cements, whenever possible, it
is also interesting to associate a shear bond strength test, to simulate orthodontic treatment and

verify the performance of a material under conditions similar to the oral environment (5). In the
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present study, the results of the tests of shear bond strength and ARI did not show significant
differences between the cements with addition of EERP and conventional cements. Similar
results were found in studies that verified the shear strength of a GIC with a liquid containing
1% ethanolic extract of yellow propolis (22) and a GIC with 10%, 25% and 50% concentration
(8). These findings suggest that the addition of ethanolic extract of propolis does not affect the
shear bond strength of the GIC.

In relation to fluoride release, this study did not observe an alteration of the fluoride
release capacity of the materials modified by the red propolis, regardless of the concentration.
The fluoride released by the GIC can reduce the enamel demineralization in areas with high
risk of caries, and this release of fluoride, together with the chemical properties of the cement,
made these materials the most suitable for cementing orthodontic bands (3). The use of the
selective ion electrode is an accurate method to estimate the amount of fluoride release, as it
shows a direct estimate of free fluorine ions (22). In the present study, the addition of EERP to
the GIC did not affect the fluoride release capacity of the cements. Other studies, however,
found an increase in the fluoride release of a GIC with its liquid containing 1% ethanolic extract
of yellow propolis (22) and a GIC with its powder containing 1.25% lyophilized ethanolic
extract of yellow propolis (13).

Regarding the two brands of cement tested, it was observed that the Meron® cement
showed a higher resistance to DTS. For the other tests, no significant differences were observed
between the cements, this is probably due to the similarities in their compositions.

Finally, the results of the present study demonstrated that EERP, at concentrations of
25% and 50%, is shown as a promising antimicrobial agent for addition in orthodontic GICs.
The fluoride ion release capacity was not affected and the addition of 25% EERP was the on
with least effect on the mechanical properties of the cements. However, further studies using
other concentrations of EERP are recommended, as well as other mechanical and clinical trials.
In addition, only the ethanolic extract was used in this study, other forms of red propolis should
be incorporated into the GIC and studied.

In summary, it can be observed that the 25% concentration has been shown to be able
to increase the antimicrobial capacity of cements against S. muntans and C. albicans, without

affecting its mechanical properties and its ability to release fluoride.
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RESUMO

Este estudo avaliou a atividade antimicrobiana, propriedades mecanicas e capacidade de
liberagdo de fltior de cimentos de iondmero de vidro (CIV) utilizados na cimentag¢do de bandas
ortodonticas, modificados com extrato etandlico da propolis vermelha (EEPV) em diferentes
concentragdes. Foram utilizados dois CIV ortodonticos com adicdo de EEPV em concentragdes
de 10%, 25% e 50%. Foram realizados testes de viabilidade celular contra Streptococcus
mutans (n=3) e Candida albicans (n=3), resisténcia a tragdo diametral (TD), resisténcia a
compressao (RC), resisténcia de unido ao cisalhamento, microdureza e liberacao de flior. A
analise estatistica dos testes antimicrobianos, liberagcao de flior, TD, RC e microdureza, foi
realizada por meio de 2-way ANOVA e teste de Tukey (p<0,05). Para o teste de resisténcia de
unido ao cisalhamento foi utilizada one-way ANOVA seguida do teste de Tukey (p<0,05).
EEPV em concentracdes de 25% e 50% se mostraram como agentes antimicrobianos
promissores para adigdo em CIV contra C. albicans (P <0,001) e S. mutans (P <0,001). A
capacidade de liberacdo de ions flior ndo foi afetada e a adicdo de 25% de EEPV foi a
concentracao que menos afetou as propriedades mecanicas dos cimentos (P> 0,05). Os cimentos
com adi¢do de EEPV 25% demostraram aumento significativo da capacidade antimicrobiana
contra S. mutans e C. albicans, sem afetar as propriedades mecéanicas e a capacidade de

liberacado de fluor.
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Table 1 - Mean, standard deviation (SD) for comparison between groups for cellular viability

test with S. mutans (logio UFC/mL).

Meron Riva Total

Mean (SD) Mean (SD) Mean (SD) p*

Control 8.27 (0.26) 8.19 (0.25) 8.23 (0.24)* -
RP10% 8.17 (0.23) 7.96 (0.22) 8.06 (0.24)* -
RP25% 7.38 (0.13) 7.42 (0.08) 7.40 (0.10)° -
RP50% 7.23 (0.14) 6.89 (0.17) 7.06 (0.23)° -

Total 7.76 (0.51) 7.61 (0.55) - 0.470

p* - - 0.,001 -

* 2-way analysis of variance with Tukey's multiple comparison set. Different letters indicate statistical difference
between the lines (p <0.05).

Table 2 - Mean, standard deviation (SD) for comparison between groups for cellular viability

test with C. albicans (logio UFC/mL).

Meron Riva Total

Mean (SD) Mean (SD) Mean (SD) p*

Control 7.32(0.42) 7.08 (0.60) 7,20 (0.49)* -
RP10% 6.90 (0.42) 6.52 (0.06) 6,73 (0.35)* -
RP25% 5.38 (0.55) 6.32 (0.17) 5,85 (0.63)° -
RP50% 5.47 (1.09) 6.29 (0.45) 6,04 (0.81)° -

Total 6.33 (0.48) 6.51 (0.55) - 0.434

p* - - 0.004 -

*2-way analysis of variance with Tukey's multiple comparison set. Different letters indicate statistical difference
between the lines (p <0.05).

Table 3 - Mean, standard deviation (SD) for comparison between groups for Diametral Tensile

Strength (Mpa)
Meron Riva Total
Mean (SD) Mean (SD) Mean (SD) p*
Control 27.93 (6.09) 16.83 (6.33) 22.67%(8.29) -
RP10% 17.19 (6.49) 14.00 (8.70) 15.59° (7.65) -
RP25% 27.28 (5.51) 12.81 (6.22) 20.05% (9.37) -
RP50% 23.68 (6.73) 10.27 (5.53) 16.98° (9.12) -
Total 24.024(7.37) 13.398 (6.95) - 0.001
p* - - 0.008 -

* 2-way analysis of variance with Tukey's multiple comparison set. Different letters indicate statistical difference
between the lines (p <0.05).
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Table 4 - Mean, standard deviation (SD) for comparison between groups for Compression
Strength (Mpa)

Meron Riva Total

Mean (SD) Mean (SD) Mean (SD) p*
Control 27.83 (5.71) 20.97 (4.12) 24.58%(6.02) -
RP10% 25.34 (7.68) 22.37 (8.77) 23.93%(8.12) -
RP25% 28.93 (6.61) 26.06 (5.97) 27.49*(6.30) -
RP50% 18.65 (7.66) 20.96 (5.79) 19.80° (6.69) -

Total 25.35(7.74) 22.68 (6.47) - - 0.095
p* - - 0.008 -

* 2-way analysis of variance with Tukey's multiple comparison set. Different letters indicate statistical difference
between the lines (p <0.05).

Table 5 - Mean, standard deviation (SD) for comparison between groups for Vickers

Microhardness (HV)
Meron Riva Total

Mean (SD) Mean (SD) Mean (SD) p*
Control 74.86 (16.49) 84.62 (8.43) 79.74 (13.38) -
RP10% 97.58 (17.85) 87.60 (9.02) 92.59 (14.33) -
RP25% 88.62 (13.98) 89.94 (8.02) 89.28 (10.77) -
RP50% 74.66 (12.90) 85.54 (10.94) 80.10 (12.65) -

Total 83.93 (17.31) 86.93 (8.67) - 0.461
p* - - 0.067 -

* 2-way analysis of variance with Tukey's multiple comparison set. Different letters indicate statistical difference
between the lines (p <0.05).

Table 6 - Mean, standard deviation (SD) for comparison between between groups for the Shear
Bond Strength (Mpa)

Meron Riva
Mean (SD) Mean (SD) p*
Control 0.160 (0.046)* 0.218 (0.066)® 0.033
RP10% 0.149 (0.072) 0.180 (0.081) 0.383
RP25% 0.118 (0.040) 0.169 (0.083) 0.104
RP50% 0.130 (0.063) 0.174 (0.071) 0.160

p* 0.373 0.455 -

*2-way analysis of variance with Tukey's multiple comparison set. Different letters indicate statistical difference
between the lines (p <0.05).




49

Table 7- ARI scores and mean values presented by groups*®

Grupos ARI Scores p*
0 1 2 3

MC 0 1 4 5 24
M10 0 1 1 8 2.7
M25 1 1 2 6 2.3
M50 2 1 1 6 2.1

P valor* - - - - 0.575
RC 2 0 4 4 2.0
R10 2 1 2 5 2.0
R25 1 3 0 6 2.1
R50 5 0 2 3 1.3

P valor* - - - - 0.469

0, no remaining adhesive; 1, less than half the remaining adhesive; 2, more than half of the remaining adhesive; 3,

all remaining adhesive. b ARI - Adhesive Remaining Index. * TeSDe of Kruskal-Wallis and multiple comparison
of Dunn (P <0.05).

Table 8 - Mean, standard deviation (SD) for comparison between group for fluoride release test

(ng/ml)

Meron Riva Total
Mean (SD) Mean (SD) Mean (SD) p*
Control 4.53 (0.05) 4.68 (0.11) 4.60 (0.11) -
RP10% 4.47 (0.03) 4.50 (0.01) 4.48 (0.02) -
RP25% 4.54 (0.04) 4.60 (0.01) 4.57 (0.04) -
RP50% 4.53 (0.05) 4.56 (0.04) 4.55 (0.04) -
Total 4.52 (0.05) 4.58 (0.08) - >0.05

p* - - >0.05 -

*2-way analysis of variance with Tukey's multiple comparison set. Different letters indicate statistical difference
between the lines (p <0.05).



Figure 1 — Composition of tested Glass Ionomer Cements

GIC’s Composition Brand
Meron® Powder: Fluorsilicate glass, aluminum, VOCO, Cuxhaven,
polyacrylic acid and pigments Germany
Liquid: Tartaric acid solution
Riva® Powder: Aluminum silicate fluoride, SDI, Bayswater,

polyacrylic acid. Australia

Liquid: Tartaric acid solution.

Lot
1627583

150212

50
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ABSTRACT

Purpose: This study evaluated the biocompatibility in rat subcutaneous tissue of conventional
orthodontic cements (Riva® and Meron®) and modified by ethanolic extract of red propolis
(EERP) in different concentrations and at different time intervals. Material and Methods: One
hundred and eight male adult Wistar rats were used, distributed in nine groups of cements
handled with EERP at the concentrations used (C, MC, M10, M25, M50, RC, R10, R25 and
R50) was sacrificed in 3 times (7, 14 and 21 days). Histological and immunohistochemical
analyzes were performed. The statistical analysis of findings was performed using by Kruskal-
Wallis test followed by Dunn’s test (p<0.05). Results: The highest concentrations led to a
greater inflammation in the initial times (P <0.05) without differences after 30 days. For
collagen, in the initial times there was less collagenization in relation to group C. However over
time the addition of propolis resulted in a healing compatible with group C. CD68
immunostaining was more expressive for the groups with the highest concentration, R50 and
M50, with a statistically significant difference (p = 0.001). Conclusion: The orthodontic
cements with the addition of EERP were found to be biocompatible in rat subcutaneous tissue.
Riva cement with 50% EERP addition showed the highest response in tissue inflammation, but

with a satisfactory tissue repair.

Keywords: Glass ionomer cements; Propolis; Biocompatibility
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INTRODUCTION

Glass Ionomer Cements (GIC) were developed in the late 1960s and their properties of
adhesion to dental structure and release of fluoride ions ensured their popularity among dental
professionals'®. These cements have several clinical applications due to variations in the powder
/ liquid ratio and the viscosity of the material, among them is the orthodontic cemention?.

The GICs are used for cementing orthodontic bands because they present several
desirable characteristics, such as chemical bonding to enamel and stainless steel,
biocompatibility and continuous fluoride release and absorption®!'®. These characteristics are
very important to provide adequate bonding strength between the tooth and the band and to
reduce the incidence of caries and periodontal diseases in orthodontic patients'®.

The evaluation of the biocompatibility of orthodontic GICs is important because the
presence of cement materials may cause inflammatory reactions in the gingival tissue
underlying the orthodontic bands>!*. In vitro studies have demonstrated that conventional GICs
are biocompatible on human gingival fibroblasts'” and mouse L929 fibroblasts®. The same
could be verified in rat subcutaneous tissue, which is the most commonly used method for
evaluating the in vivo biocompatibility of biomaterials'®,

Several types of materials are being added to the composition of ionomeric cements in
order to increase their antimicrobial activity. Among them, the addition of propolis ethanolic
extract (PEE) is an innovative strategy for the incorporation of controlled release antimicrobial
agents into the GIC'?. Scientific evidence has exacerbated the interest in the therapeutic use of
propolis due to its various biological properties, including its antimicrobial action’. The
brazilian red propolis has botanical origin of Dalbergia ecastophyllum and although it is still
little explored, it presents good results of antibacterial and antifungal activity"'*.

Recent studies have evaluated the antibacterial effect of GIC containing PEE and found
that the addition of propolis significantly increased the antibacterial effect of the material’-!!-2!,
However, it is necessary to evaluate the biocompatibility of these cements since the addition of
an antibacterial agent to the GIC can affect its biological properties’.

In the light of the above, this studies proposes to evaluate the biocompatibility in rat
subcutaneous tissue of conventional orthodontic cements modified by ethanol extract of red

propolis (EERP) in different concentrations and at different time intervals.
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MATERIALS AND METHODS

Preparation of the Ethanolic Extract of Red Propolis

The present study used the EERP, from the coast of Paraiba, obtained from crude red
propolis. For each 25 g of propolis, this was dissolved in 250 mL of 80% (vol / vol) ethanol
solution. The extract was then filtered twice on filter paper to remove excess wax. Then, the
EERP was prepared at the concentrations of 10%, 25% and 50% in 80% hydroalcoholic solution

and placed in an amber glass bottle at room temperature!!.

Manipulation of cements

Two orthodontic GICs, Meron® (VOCO, Cuxhaven, Germany) and Riva® (SDI,
Bayswater, Australia) were used. For the control groups the cements were handled according
to the manufacturers instructions (Figure 1). For the test groups, the 10%, 25% and 50%
concentrations of EERP were incorporated into the liquid of the cements during their
manipulation in a ratio of one drop of the liquid (tartaric acid) to one drop of the EERP solution,
using the same dosing nozzle, then spatulated with the cement powder to obtain a solid

material®.

Animal model and experimental groups

For this study, 108 adult male Wistar rats weighing between 200g and 300g were
distributed in nine groups, two cement control groups (MC and RC), six groups of cements
handled with EERP at the concentrations used (M10 , M25, M50, R10, R25 and R50), and a
control group with the empty polyethylene tube (Group C) for the purpose of evaluating the
inflammatory effect caused by the tube. Each group consisted of 4 rats for each of the follow-
up periods (7, 15 and 30 days). The animal experiment was approved by the Ethics Committee
on Animal Research of the Academic Unit of Biologic Sciences, CSTR\UFCG, Protocol
CEP/No0.082011.

For the preparation of the specimens, the cements were handled and introduced with the
aid of a Centrix syringe (DFL, Rio de Janeiro, RJ, Brazil) into the end openings of polyethylene
tubes (5 mm X 3 mm), previously disinfected and autoclaved, used as inoculation vehicle of
the materials tested. After the initial prey time, the specimens were inserted into the

subcutaneous tissue of the rats.
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For insertion of the specimens, rats were sedated (sodium thiopental, 50 mg / kg) and
tricotomy of the dorsal region of each animal was performed to eliminate hairs (4x4 cm). For
antisepsis of the operative field, 2% chlorhexidine digluconate (Maquira, Maringd, PR, Brazil)
and for local anesthesia Lidocaine 3% with vasoconstrictor (DFL, Rio de Janeiro, RJ, Brazil)
were used. An incision of approximately 8 mm in length was performed using a No.15 scalpel
blade (Embramac; Itapira, SP, Brazil) adapted to a scalpel handle. With the aid of blunt-tipped
scissors (Duflex, SS White: Rio de Janeiro, RJ, Brazil), the subcutaneous tissue was laterally
parted to make a tunnel in the lateral direction, forming a surgical recesses, each approximately
18 mm deep. Each mouse received an implant from the material corresponding to its group.

After implantation of the materials, the surgical recesses were sutured and the animals
received veterinary pentabiotic (0.2 ml Wyeth Laboratory®, USA) and one injection of sodium
dipyrone (0.3 ml/ 100 g, Novalgina®, BR). All procedures in the present study were performed
in accordance with the Canadian Council on Animal Care (1981). After 7, 15 and 30 days, the
animals were sacrificed by the technique of cervical displacement after sedation (sodium
thiopental 50 mg / kg), to obtain the excisional biopsies of the implant areas covering sufficient
normal surrounding tissue. The study was double blinded, each material was directed so that

examiner and supervisor were not aware of which materials were implanted in each group'®.

Morphological analysis

Excised tissue samples were prepared on glass slides by routine staining in Hematoxylin
and Eosin (H / E) and then evaluated by a single, previously trained and calibrated test (kappa
=0.7) in a Leica DM500® optical microscope (Leica Microsystems, Wetzlar, Germany), in
magnification of 40x, 100x and 400x. The following histopathological parameters were
evaluated: inflammatory infiltrate, multinucleated giant cell reaction, edema, necrosis,
granulation tissue, young fibroblasts and collagen fibers. For each sample, five sessions of the
tissue were evaluated and each of the parameters received the following scores according to the
intensity: 1 - absent / scarce (<25% of the entire area), 2 - mild (26% to 50% the entire area), 3

- moderate (51% to 75% of all area) and 4 - intense (> 75% of the entire area)'®.

Immunohistochemical Analysis

Excised tissue specimens, fixed in 10% formaldehyde and embedded in paraffin, were
subjected to 3 pm thick slices, which were spread on glass slides previously prepared with 3-

aminopropyltriethoxysilane based adhesive (Sigma Aldrich Chemical, St. Louis, Missouri
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USA). Subsequently, the material was subjected to the immunoperoxidase method using the
dextran polymer-based technique (Polymer / HRP) using the anti-CD68 as the primary antibody
(Figure 2).

As a positive control, free subcutaneous tissue specimens were used from the insertion
of material and for the negative control the primary antibody was replaced with 1% bovine
serum albumin (BSA) in buffer solution.

After immunohistochemical treatment, each specimen was analyzed under light
microscopy by a previously trained and calibrated evaluator. Under a magnification 100x, five
fields of immunoreactivity to the antibody were selected. Under a magnification of 400x, each
of these fields was photomicrographed (Leica DM500®, DE) and the images obtained were
transferred to a personal computer. With of the ImageJ® program (National Insitute of Menthal
Health, USA), in each of these fields the CD68 + cells were counted. The obtained values were
summed, establishing the total number of CD68 + cells and later, calculated by means of field,

for each case.

Statistical analysis

The results were organized and exported to the Statistical Package for the Social
Sciences (version 20, SPSS, Inc., USA), in which statistical analyzes were performed, based on
the 95% significance level (p <0 , 05) to determine statistical significance. Data distribution
analysis was performed using the Kolmogorov-Smirnov test. Non-parametric Kruskal-Wallis

test was used, followed by Dunn's multiple comparison test (p <0.05).

RESULTS

Morphological analysis

The morphological analysis showed that in the Meron ciment in the initial
concentrations, M10 and M25, had a little inflammatory infiltrate, lower edema, necrosis and
granulation tissue when compared to group C. For Riva cement, in the lower concentrations,
R10 and R25 groups demonstrated a higher inflammatory infiltrate when compared to the
control in the 7-day time period (P value), a similar condition evidenced only in the M50 group
(Figure 3A-D). For Edema, only the R25 group differed statistically from the control (put P
value) at the time of 7 days (Figure 3A-D).
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The morphological analysis showed significant inflammatory infiltrate in the R10, R25
and M50 groups at 7 days (p = 0.002) and in the R50 group at 15 days (p = 0.025) and 30 days
(p = 0.006), differing significantly from the group C. Edema and necrosis were more expressive
in the R25 group at 7 days with statistical difference in relation to the MC, M25 and C groups
(p =0.001). The M25 group had the highest amount of granulation tissue in the time of 7 days,
differing significantly from group C (p = 0.005), and group R50 at the time of 30 days, differing
from MC and C groups (p = 0.012). In relation to the number of multinucleated giant cells, the
R10 group exhibited a larger quantity, with a statistical difference in relation to the R25 and C
groups in 15 days (p = 0.005) (Table 1).

The addition of propolis did not interfere in the repair process, demonstrated by the
number of fibroblasts, in the initial times, but the RS0 group presented the highest amount, with
a significant difference in relation to the group C in the time of 30 days (p = 0.007). For
collagen, in the initial times there was less collagenization in relation to group C. However over

time the addition of propolis resulted in a healing compatible with group C (Table 1).

Immunohistochemical Analysis

Immunostaining was more expressive for the groups with the highest concentration,
R50 and M50, with a statistically significant difference (p = 0.001), for time 7 days. For the 15-
day time, the R50 group showed the highest immunostaining, but no significant difference with
the M, R10 and M25 groups, however the groups differed statistically from the control group
(p = 0.001). In the 30-day period only the R50 group showed a greater number of
immunostaining cells with significant difference in relation to group C (p = 0.009) (Table 2)

(Figure 3E-P).

DISCUSSION

A more intense inflammatory reaction was observed in the tissues exposed to the
materials of groups R10, R25 and M50 in 7 days, remaining in the R50 group at times of 15
days and 30 days, however, no differences were observed between these and the cement control
groups (RC and MC). Similar results were observed in a study evaluating the biocompatibility
of orthodontic GICs in subcutaneous tissue of rats, where the events of inflammatory infiltrate
and edema were expressive within 7 days and gradually became less intense over time®. This

inflammatory reaction can be caused by small amounts of aluminum and / or iron ions present
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in the composition of the GICs, since these components have been identified as substances
capable of causing oxidative stress within the cells and interfering in the cellular response'2.

Groups with EERP-containing materials also showed a slower tissue repair reaction
(young fibroblasts and collagenization) in relation to group C, in the 7-day time, but without
statistical difference with the RC and MC groups. The same was no longer observed in the time
of 30 days, where the tissue response was similar between the groups. This process in which
there is an increase in the number of fibroblasts and collagen fibers replacing the areas of
inflammatory response, edema and necrosis are described as a favorable tissue response in
relation to the biological compatibility of materials®.

The circulatory changes (edema) and the presence of necrotic tissue were more
expressive in the R25 group at 7 days, differing from group C, but it was not present at the time
of 15 and 30 days. Other studies, however, did not find significant differences between the
tested materials and the control groups for these two parameters'*!41%,

In relation to the granulation tissue, the M25 group had a larger amount in the time of 7
days, differing significantly from the C group, and the R50 group in the time of 30 days,
differing from the MC and C. Lacerda-Santos et al.'? also observed a granulation tissue densely
present in two groups at 7 days, persisting significantly at 15 days. However, these results differ
from other studies found in the literature, where there were no significant differences between
the presence of granulation tissue in the groups of the tested materials and the control group, at
intervals of 7, 15 and 30 days>'*!®,

Regarding the presence of multinucleated giant cells, the R10 group showed a
significant amount in relation to the R25 and C groups in 15 days. Santos et al.’ also observed
a significant difference between groups in the amount of giant cells at all time intervals.
Mesquita et al.'* found a significant difference between the groups only in the interval of 30
days. However, other studies did not find significant differences between the groups regarding
the number of multinucleated giant cells'>!*!8, The presence of these cells in the tissues reflects
the body's efforts to isolate the foreign body'?.

In the present study, the histological parameters were evaluated after time intervals of
7, 15 and 30 days, as also observed in other studies*®!2!4!¥ The first analysis was performed
after 7 days because it is only after this period that a more organized inflammatory reaction can
be expected'*!8. The analyze after 30 days are for the purpose of checking the tissue repair
capacity after the aggressive provocation initially caused by the materials tested*. When

different histopathological parameters of rat subcutaneous tissue are observed at various time
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intervals after being in contact with the tested materials, they allow a more accurate evaluation
because of the dynamism of the inflammatory reactions®.

Immunostaining was more intense in the initial time periods, with the R50 and M50
groups presenting statistical difference in relation to group C, in the time of 7 days, and the
groups R10, R50, M and M25, in the time of 15 days , also in relation to group C, remaining
until the time of 30 days only for the R50 group. However, no statistically significant
differences were observed between the cements containing EERP and the control cements (RC
and MC) in the evaluated periods.

This initial inflammatory response reflects the attempt of the tissue to induce the
degradation process of the materials by means of the macrophages recruited into the
surrounding tissue and towards the surface of the cements. Activated macrophages play an
important role in the phagocytosis of these foreign materials, in the recruitment of fibroblasts
and in the release of inflammatory mediators'*.

However, the addition of antimicrobial agents in their composition may interfere with
their biological properties. The authors concluded that an orthodontic GIC containing 18%
chlorhexidine caused a toxic effect on subcutaneous tissue of rats, but it was not observed in
cements containing lower concentrations of this antimicrobial agent 2.

Propolis-based preparations have been studied for a wide range of applications in
various dentistry specialties due to their richness of natural components that give it an
antibacterial, antiviral, antifungal, anti-inflammatory, analgesic and healing effect among
others??. A study that investigated the response of human pulp tissue to propolis found that it
was similar to the tissue response to Dycal and MTA . However, there are still few studies in
the literature that evaluate the biocompatibility of orthodontic GICs with addition of EEP,
especially EERP.

In the present study, the method used to evaluate the biocompatibility of the cements
containing EERP was through implantation of the material into subcutaneous tissue of rats.
Although this methodology does not faithfully reproduce conditions in the oral cavity, it
provides important preliminary information on the biological properties of the materials and
characteristic tissue reactions®!14.18:24,

In the present study, immunohistochemical methods of assessing biocompatibility
through the specific identification of macrophages using the CD68 antibody were used,
similarly to other studies'*?*. The immunohistochemical method is considered a more sensitive

system for the quantification of inflammatory cells than the traditional methods, since the
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technique facilitates the identification of cells, allowing specific evaluations of cellular
responses with precision and reliability?:.

When different histopathological parameters of rat subcutaneous tissue are observed at
various time intervals after being in contact with the tested materials, they allow a more accurate
evaluation because of the dynamism of the inflammatory reactions?>. However, given the study
limitations and the differences between the animal tissue and the human gingival tissue, it is
recommended to carry out new studies, such as clinical trials, in order to enable the use of the

material during clinical dental care.

CONCLUSION

The results of the present study showed that the tissues exposed to cements containing
EERP presented a tissue reaction similar to that of the tissues exposed to cements that did not

contain propolis, demonstrating that they are biocompatible in rat subcutaneous tissue.
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Meron®  Powder: Fluorsilicate glass, aluminum, VOCO, Cuxhaven, 1627583
polyacrylic acid and pigments Germany
Liquid: Tartaric acid solution

Riva® Powder: Aluminum silicate fluoride, SDI, Bayswater, 150212
polyacrylic acid. Australia

Liquid: Tartaric acid solution.

Citrato, pH 6,
95° 30 min

CD68 EDI1 Abcam 1:1500 60 min
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FIGURE LEGENDS

Figure 1 - Composition of the tested cements

Figure 2 - Specificity, clone, manufacturer, dilution, antigen retrieval and incubation time of

the primary antibody used in the study.

Figure 3: A-D) Photomicrography, at the period of 7 days, of R25, M50, R50 and control
groups, respectively (HE, 100x, scale: 200 um). A) R25 group evidencing cavity surrounded
by intense chronic inflammatory infiltrate and areas of edema. B and C) M50 and R50 groups,
respectively, showing cavity surrounded by moderate chronic inflammatory infiltrate and
granulation reaction. D) Control group exhibiting cavity surrounded by necrosis area and

moderate chronic inflammatory infiltrate.

E-P) Immunostaining of CD68 at period of 7, 15 and 30 days, respectively (ADVANCED,
100x, scale 200 um). E-H) At period of 7 days, R25, M50, R50 and control groups, respectively,
exhibiting intense immunostaining of CD68. 1-K) At the period of 15 days, R25, M50 and R50
showing moderate immunostaining of CD68. L) Scarce immunostaining of control group at
period of 15 days. M-O) At the period of 30 days, R25, M50 and R50 showing light

immunostaining of CD68. P) Scarce immunostaining of control group at period of 30 days.
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Table 1: Mean of the scores attributed to the cements for the morphological analysis, after the

intervals of 7, 15 and 30 days.

Groups P*

Evento/

Tempo RC R10 R25 R50 MC M10 M25 M50 Cc
Inflammatory Infiltrate

7days  17.50*B  20.00° 20.00° 17.50*% 13.75"B 17.50"® 17.50°® 20.00° 10.00* 0.002
15days  13.75B 12.50°F  12.50°F  16.25° 10.00°% 11.254% 13.7548 12.50"%  7.50"  0.025
30 days  10.00*F 11.25%F 11.25%8  15.00° 10.00°® 11.254% 10.00*® 10.00*®  7.50*  0.006
Edema

7days  10.00°B  10.00"® 12,50° 8.75"F  500% 7.50°B 500" 625" 500" 0.001
15 days 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 1.000
30 days 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 1.000
Necrosis

7 days 10.004%  10.00%®  11.25%  8.75%B 5.00" 7.5048 5.00" 6.2548 5.00"  0.001
15 days 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 1.000
30 days 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 1.000
Granulation Tissue

7 days 15.0048 18,7548 187548 17.5048 137548  16.25"%  20.00° 16.25*® 11.25"%  0.005

15 days 12.50 11.25 12.50 13.75 8.75 12.50 12.50 10.00 7.50 0.072
30 days  10.00*%  10.00°%  10.00°%  12.50° 6.25% 8.754B  10.004B  7.504B 6.25"  0.012
Multinucleated Giant Cells

7 days 6.25 8.75 6.25 8.75 7.50 6.25 8.75 8.75 5.00 0.224

15days  7.50°B  13.75%  5.00*  7.50"®  6.25"F  6.25°% 112548 875  500* 0.005
30 days 7.50 8.75 7.50 7.50 5.00 6.25 6.25 7.50 5.00 0.371
Young Fibroblasts

7 days 12.50 12.50 11.25 11.25 13.75 15.00 13.75 13.75 15.00 0.215

15 days 15.00 15.00 16.25 15.00 15.00 15.00 16.25 15.00 16.25  0.606
30 days  15.00%F  15.00°% 13.7548  17.50° 11.25%% 16.254% 13.75% 13.75%  10.00"* 0.007
Collagen fibers

7 days 10.00° 10.00° 10.00® 10.00° 12.50*® 11.25"B 10.00° 10.00° 15.00* 0.007

15 days  15.004B 11.258  17.50"® 16.25"B 16.25° 15.00"® 13.75"B 17.50"® 18.75* 0.021
30 days 17.50 18.75 16.25 17.50 18.75 17.50 18.75 18.75 20.00  0.585

P * = Kruskal-Wallis non-parametric test, followed by Dunn's multiple comparison test. Means followed by

different letters express a statistically significant difference (P <0.05).
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Table 2: Immunohistochemical analysis of CD68, after the time intervals of 7, 15 and 30 days

Groups P*

RC R10 R25 R50 MC M10 M25 M50 Cc

Macrophages

7days 84.3%B 956 117.6"B 14528 98.34F  111.5F  88.8%F  172.3%  20.2*  0.001

15days 42.1*°* 9728  52.7°B  1258% 8518 33548  77.3%  41.94% 13.6* 0.001

30days 582°F  63.14B  4].8°B 95.08  62.0°B  51.8"B 45148 5514 10.6*  0.009

P * = Kruskal-Wallis non-parametric test, followed by Dunn's multiple comparison test. Means followed by
different letters express a statistically significant difference (P <0.05).
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6 CONSIDERACOES FINAIS

A adi¢do de EEPV 25% demonstrou ser capaz de aumentar a capacidade antimicrobiana
dos cimentos contra S. muntans e C. albicans, sem afetar as suas propriedades mecanicas e sua
capacidade de liberacao de fltior. Os cimentos ortodonticos com adigdo de EEPV demonstraram

também serem biocompativeis em tecido subcutaneo de ratos.
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The Journal of Adhesive Dentistry is a bi-monthly journal

that publishes scientifically sound articles of interest to

practitioners and researchers in the field of adhesion to
hard and soft dental tissues. The Journal publishes several
types of peer-reviewed original articles:

1. Clinical and basic science research reports — based
on original research in adhesive dentistry and related
topics.

2. Reviews topics — on topics related to adhesive
dentistry

3. Short communications — of original research in ad-
hesive dentistry and related topics. Max. 4 printed
pages, including figures and references (max.
characters 18,000). High priority will be given to the
review of these papers to speed publication.

4a.Invited focus articles — presenting a position or
hypothesis on a basic science or clinical subject of
relevant related topics. These articles are not
intended for the presentation of original results, and
the authors of the articles are selected by the
Editorial Board.

4b.Invited commentaries — critiquing a focus article by
addressing the strong and weak points of the focus
article. These are selected by the Editorial Board in
consultation with the focus article author, and the focus
article and the commentaries on it are published in
sequence in the same issue of the Journal.

5. Invited guest editorials — may periodically be solicited
by the Editorial Board.

6. Proceedings of symposia, workshops, or conferences
— covering topics of relevance to adhesive dentistry
and related topics.

7. Letters to the Editor — may be submitted to the editor-
in-chief; these should normally be no more than 500
words in length.

SUBMISSION INSTRUCTIONS
Submission of manuscripts in order of preference:

1. Submission via online submission service
(www.manuscriptmanager.com/jadd). Manuscript
texts should be uploaded as PC-word files with tables
and figures preferably embedded within the PC-word
document. A broad range of file formats are
acceptable. No paper version required but high
resolution photographs or illustrations should be sent
to the editorial office (see below). Online
submissions are automatically uploaded into the
editorial office’s reviewer assignment schedule and
are therefore processed immediately upon upload.

2. Submission via e-mail as a PC-word document
(wintonowycz@quintessenz.de). lllustrations can be
attached in any format that can be opened using
Adobe Photoshop, (TIF, GIF, JPG, PSD, EPS etc.) or as
Microsoft PowerPoint Documents (ppt). No paper
version required but high resolution photographs or
illustrations should be sent to the editorial office.

3. One paper copy of the manuscript plus a floppy
diskette or CD-ROM (mandatory) containing a PC-word
file of the manuscript text, tables and legends.
Figures should be included on the disk if possible in
any format that can to be opened using Adobe
Photoshop, (TIf, GIf, JPG, PSD, EPS etc.) or as a
Microsoft PowerPoint Document (ppt)
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Illustrations that cannot be sent electronically will be
scanned at the editorial office so that they can be sent to
reviewers via e-mail along with the manuscript to expedite
the evaluation process.

Resubmitted manuscripts should also be submitted in
the above manner. Please note that supplying electronic
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versions of your tables and illustrations upon
resubmission will assure a faster publication time if the
manuscript is accepted.

iew/editing of ipts. Manuscripts will be reviewed
by the editor-in-chief and at least two reviewers with expertise
within the scope of the article. The publisher reserves the
right to edit accepted manuscripts to fit the space available
and to ensure conciseness, clarity, and stylistic consistency,
subject to the author’s final approval.
Adherence to guidelines. Manuscripts that are not prepared
in accordance with these guidelines will be returned to the
author before review.

MANUSCRIPT PREPARATION

The Journal will follow as much as possible the
recommendations of the International Committee of
Medical Journal Editors (Vancouver Group) in regard to
preparation of manuscripts and authorship (Uniform
requirements for manuscripts submitted to biomedical
journals. Ann Intern Med 1997;126: 36-47).

Title page. The first page should include the title of
the article (descriptive but as concise as possible) and
the name, degrees, job title, professional affiliation,
contribution to the paper (e.g., idea, hypothesis,
experimental design, performed the experiments in
partial fulfillment of requirements for a degree, wrote the
manuscript, proofread the manuscript, performed a
certain test, consulted on and performed statistical
evaluation, contributed substantially to discussion, etc.)
and full address of all authors. Phone, fax, and e-mail
address must also be provided for the corresponding
author, who will be assumed to be the first listed author
unless otherwise noted. If the paper was presented
before an organized group, the name of the organization,
location, and date should be included.

3-8 keywords.

Structured abstract. Include a maximum 250-word
structured abstract (with headings Purpose, Materials
and Methods, Results, Conclusion).

Introduction. Summarize the rationale and purpose of
the study, giving only pertinent references. Clearly
state the working hypothesis.

Materials and Methods. Present materials and
methods in sufficient detail to allow confirmation of the
observations. Published methods should be referenced
and discussed only briefly, unless modifications have
been made. Indicate the statistical methods used, if
applicable.

Results. Present results in a logical sequence in the
text, tables, and illustrations. Do not repeat in the text
all the data in the tables or illustrations; emphasize
only important observations.

Discussion. Emphasize the new and important aspects
of the study and the conclusions that follow from them.
Do not repeat in detail data or other material given in the
Introduction or Results section. Relate observations to
other relevant studies and point out the implications of
the findings and their limitations.

Acknowledgments. Acknowledge persons who have
made substantive contributions to the study. Specify
grant or other financial support, citing the name of the
supporting organization and grant number.
Abbreviations. The full term for which an abbreviation
stands should precede its first use in the text unless it
is a standard unit of measurement.

Trade names. Generic terms are to be used whenever
possible, but trade names and manufacturer should be
included parenthetically at first mention.

Clinical Relevance. Please include a very brief
(2 sentences or 3 lines) clinical relevance statement.

REFERENCES

* All references must be cited in the text, according to
the alphabetical and numerical reference list.

The reference list should appear at the end of the
article, in alphabetical and numerical sequence.

Do not include unpublished data or personal com-
munications in the reference list. Cite such references
parenthetically in the text and include a date.

Avoid using abstracts as references.

Provide complete information for each reference,

.

including names of all authors. If the reference is part
of a book, also include title of the chapter and names
of the book's editor(s).

Journal reference style:

1. Turp JC, Kowalski CJ, Stohler CS. Treatment- seeking
patters of facial pain patients: Many possibilities,
limited satisfaction. J Orofacial Pain 1998;12:61-66.

Book reference style:

1. Hannam AG, Langenbach GEJ, Peck CC. Computer
simulations of jaw biomechanics. In: McNeill C (ed).
Science and Practice of Occlusion. Chicago:
Quintessence, 1997:187-194.

ILLUSTRATIONS

All illustrations must be numbered and cited in the text

in order of appearance.

Submitted figures should meet the following minimum

requirements:

— High-resolution images should have a width of
83 mm and 300 dpi (for column size).

— Graphics (bar diagrams, schematic representations,
drawings) wherever possible should be produced in
Adobe lllustrator and saved as Al or EPS files.

— Al figures and graphics should be separate files —
not embedded in Word or Power Point documents.

Upon article acceptance, high-resolution digital image

files must be sent via one of the following ways:

1. As an e-mail attachment, if the files are not excessively
large (not more than 10 MB), to our production
department: Steinbrueck@quintessenz.de

2. Online File Exchange Tool: Please send your figures with
our Online File Exchange Tool. This web tool allows you
to upload large files (< 350.0 MB) to our server. Please
archive your figures with a maximum size of 350 MB
first. Then upload these archives with the following link:
http://files.qvnet.de/JAD/, password: IAAD. Please
name the archive with your name and article number
s0 we can identify the figures.

Line drawings—Figures, charts, and graphs should be
professionally drawn and lettered large enough to be read
after reduction. Good-quality computer-generated laser
prints are acceptable (no photocopies); also provide
electronic files (eps, ai) if possible. Lines within graphs
should be of a single weight unless special emphasis is
needed.

Legends—Figure legends should be grouped on a sep-
arate sheet and typed double-spaced.

TABLES

e Each table should be logically organized, on a separate
sheet, and numbered consecutively.

e The title and footnotes should be typed on the same
sheet as the table.
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PERMISSIONS & WAIVERS
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