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RESUMO

O trauma dental é uma das principais causas da reabsorcéao radicular. A reabsorcéo
radicular € uma perda patoldgica progressiva da dentina e do cemento em um dente
permanente, que pode ocorrer dentro do dente, ou na superficie externa do dente.
Uma proposta de pasta obturadora densa, composta por Ca(OH),, gel de clorexidina
2% (CHX) e oxido de zinco (ZnO) vem sendo utilizada como protocolo para dentes
com reabsorcgéo radicular. Apesar das propriedades do Ca(OH),, CHX e ZnO serem
amplamente estudadas de forma individual, ha pouca informacéo na literatura sobre
0 mecanismo de acdo da associacdo entre Ca (OH),, CHX e ZnO. Portanto, o
objetivo do estudo foi avaliar propriedades bioldgicas e fisico-quimicas desta
associacdo. Neste estudo foram analisadas as propriedas de: atividade
antimicrobiana, radiopacidade, escoamento, liberacdo de ions calcio, avaliacdo de
pH, citotoxicidade, bioatividade e proliferagéo celular a partir de pastas intracanais,
como segue: Natrosol; Natrosol + ZnO; Natrosol + Ca(OH),; Natrosol + ZnO +
Ca(OH),; 2% CHX; 2% CHX + ZnO; 2% CHX + Ca(OH);; 2% CHX + ZnO + Ca(OH)..
Todos os ensaios foram realizados em triplicatas. Foi realizada uma analise
estatistica descritiva e inferencial. Os dados foram analisados estatisticamente,
seguindo o teste de normalidade (teste de Shapiro-Wilk). A analise estatistica foi
realizada com o software GraphPad Prism 7 (GraphPad Software Inc., La Jolla, CA,
EUA), com um nivel de significancia de 5%. O efeito antimicrobiano das pastas
contra E. faecalis dependia da presenca de CHX. Os halos de inibicdo mais
elevados para C. albicans foram associados com Ca(OH), + CHX. Apenas as pastas
com ZnO demonstraram uma radiopacidade superior a 3 mm Al, o Ca(OH), reduziu
a radiopacidade das pastas contendo ZnO. As pastas que nao continham Ca(OH),
nao liberaram ions de calcio. Existe uma tendéncia para aumentar o pH até 14 dias.
Os grupos com CHX apresentaram maior escoamento do que o natrosol quando
misturados apenas com Ca(OH), ou ZnO. O teste de proliferacdo celular mostrou o
fechamento continuo da ferida de acordo com o tempo em todos 0s grupos
avaliados, com excecdo da CHX. Todos os grupos que continham Ca(OH),
apresentaram maior formacdo de nédulos mineralizados de acordo com o tempo e
uma atividade enzimética aumentada, exceto para o grupo CHX. Todos 0s grupos
que continham Natrosol na sua composicdo apresentaram resultados acima ou
préximos da linha de controle para a citotoxicidade. O grupo CHX apresentou uma
taxa de viabilidade inferior a 50%, mas quando acompanhado de Ca(OH), ou ZnO
mostrou taxas de viabilidade semelhantes as da linha de controle. Concluiu-se que a
pasta obturadora composta por CHX + ZnO + Ca(OH), demonstrou efeitos
biolégicos favoraveis, como bioatividade, citotoxicidade e proliferacdo celular e
mostrou a liberacdo de Ca’, alto pH, atividade antimicrobiana principalmente devido
a presenca de CHX e Ca(OH)..

Palavras-Chave: Endodontia, obturacdo do canal radicular, hidroxido de célcio,
oxido de zinco, clorexidina, trauma dental.



ABSTRACT

Dental trauma is a major cause of root resorption. Root resorption is a pathological
progressive loss of dentine and cementum in a permanent tooth, that can occur
inside/internal the tooth, or on the external surface of the tooth. A proposal of dense
filling paste, composed of Ca (OH) 2, chlorhexidine gel 2% (CHX) and zinc oxide
(ZnO) has been used as a protocol for teeth with root resorption. Despite the
properties of Ca(OH),, CHX and ZnO have been extensively studied, there is little
information on the literature regarding the mechanism of action on the association
among Ca(OH),, 2% CHX and ZnO. Therefore, the aim of the study was to test
biological and physicochemical properties by this filling paste. In this study the
properties of antimicrobial activity, radiopacity, flow, calcium ions release, pH
evaluation, cytotoxicity, bioactivity and cell proliferation from intracanal pastes were
analyzed as follows: Natrosol; Natrosol + ZnO; Natrosol + Ca(OH),; Natrosol + ZnO +
Ca(OH)y; 2% CHX; 2% CHX + ZnO; 2% CHX + Ca(OH),; 2% CHX + ZnO + Ca(OH),.
All assays were performed in triplicate. A descriptive and inferential statistical
analysis was performed. The data were statistical analyzed, following the normality
test (Shapiro-Wilk test). Statistical analysis was carried out with the software
GraphPad Prism 7 (GraphPad Software Inc., La Jolla, CA, USA), at a 5% level of
significance. Antimicrobial effect of the pastes against E. faecalis depended on the
presence of CHX. The highest inhibition haloes for Candida albicans were associated
with Ca(OH), + CHX. Only pastes with ZnO demonstrated radiopacity higher than 3
mm Al, Ca(OH), reduced the radiopacity of the pastes containing ZnO. Pastes that
did not contain Ca(OH), had no calcium ion release. There is a tendency to increase
the pH up to 14 days.The groups with CHX had greater fluidity than natrosol when
mixed only with Ca(OH), or ZnO. Cell proliferation showed continuous closure of the
wound according to time in all evaluated groups, except for 2% CHX. All groups
containing Ca(OH), showed increased mineralized nodules formation according to
the time and an increased enzyme activity except for group 2% CHX. All groups
containing Natrosol in their composition showed results above or near the control line
to cytotoxicity. CHX group exhibited a viability rate lower than 50% but when
containing Ca(OH), or ZnO showed viability rates similar to the control line. It was
concluded that the filling paste formed by CHX + ZnO + Ca(OH), demonstrated
favorable biological effects such as bioactivity, cytotoxicity and cellular proliferation
and showed release of Ca, high pH, antimicrobial activity mainly due to the presence
of CHX and Ca(OH),.

Keywords: Endodontics, root canal obturation, calcium hydroxide, zinc oxide,
chlorhexidine, dental trauma.
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1 INTRODUCAO

Os traumatismos dentarios s&8o eventos indesejados, dolorosos e
estressantes, e que podem gerar diversas consequéncias no desenvolvimento dos
tecidos dentais e de suporte, ao longo da vida do paciente. Os traumatismo
acometem principalmente criancas e jovens entre 7 e 14 anos e, conforme a
intensidade e o tipo de trauma, 0 prognostico pode ser duvidoso e 0s danos
irreversiveis (ANDREASEN & ANDREASEN, 2001).

As principais consequéncias dos traumatismos dentarios sdo a necrose pulpar
e as reabsorcoes radiculares, que podem ser aceleradas pela presenca da infeccao
microbiana no interior dos canais radiculares. Reabsorcéo dentaria é toda a situacao
em que os tecidos dentarios mineralizados sao eliminados por células clasticas em
algum ponto da superficie externa ou interna do elemento dentério. O trauma dental
pode resultar no desenvolvimento de leses nos tecidos dentarios e nos tecidos de
sustentacao, de forma concomitante ou isolada (SILVEIRA et al., 2013).

De acordo com a severidade do trauma dentario podem ocorrer com
frequéncia complicacbes pulpares e periapicais como as reabsorc¢des radiculares
externas inflamatérias ou por substituicdo. As reabsor¢cdes externas s&o
caracterizadas pela perda progressiva de estrutura dental que ocorrendo em éarea
gue houve uma exposicdo da porcdo mineralizada da superficie dentaria ficando
sujeita a acdo de células clasticas e dos mediadores liberados pelos osteoblastos
(ASGARY et al., 2011).

A reabsorcéo radicular externa por substituicdo pode ser identificada como
sendo uma troca continua da substancia radicular por osso. O primeiro sinal dessa
alteracdo € detectado normalmente entre trés e quatro meses ap0s 0 reimplante
dentario e geralmente no terco apical da raiz dando origem a anquilose.
(ANDREASEN & HIGRTING-HANSEN, 1966).

A reabsorcédo radicular externa inflamatéria € um processo que normalmente
se inicia a partir de les6es menores do ligamento periodontal ou cemento, em virtude
de traumatismo ou contaminagdo com bactérias que irdo induzir pequenas
cavidades de reabsor¢cbes na superficie radicular. Quando essas cavidades expdem
os tubulos dentinarios e se o canal estiver tecido necrético, toxinas penetrardo
provocando uma resposta inflamatéria, intensificando o processo reabsortivo que ira
avancar ao canal radicular (ANDREASEN & ANDREASEN, 2001).
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O uso de uma medicacdo intracanal entre as sessdes do tratamento
endodontico tem sido proposto nos casos de traumatismo de maneira a reduzir o
namero de microrganismos, aumentar o pH, induzir a neoformacédo dentinaria e
estimular o reparo dos tecidos periapicais (BARBOSA, 1999).

A pasta de hidréxido de célcio [Ca(OH),] é frequentemente utilizada na
Endodontia em funcdo da sua capacidade de atuar como barreira fisica, prevenindo
a reinfeccdo do canal, interrompendo o suprimento de nutrientes para as bactérias
remanescentes (LOPES & SIQUEIRA JR, 2011). O o6xido de zinco (ZnO) é um po
branco amarelado, inodoro, amorfo, insolivel na 4gua e no élcool, radiopaco e pode
ser considerado também antisséptico (SIQUEIRA JR et al.,, 2004). O gel de
clorexidina 2% (CHX) tem sido bastante utilizado na area da Endodontia tanto como
substancia quimica auxiliar na instrumentacdo dos canais radiculares quanto como
medicacéao intracanal (GOMES et al., 2003; SIQUEIRA JR et al., 2003; ERCAN et
al., 2004).

A utilizacdo de uma pasta obturadora composta por Ca(OH),, ZnO e CHX,
sem trocas e com selamento coronal, através de estudos tém demonstrado sucesso
clinico e radiografico em dentes imaturos traumatizados devido a formacao de uma
barreira apical. Embora as propriedades do Ca(OH),, ZnO e CHX quando
empregados como medicagdo intracanal j& tenham sido avaliados em estudos
prévios descritos na literatura, poucos sédo os estudos que avaliam a associacao de
todos estes componentes e a avaliacdo de suas propriedades bioldgicas, fisicas e
quimicas, o papel que eles desempenham no reparo tecidual, vantagens e

desvantagens.
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2 REVISAO DE LITERATURA

O hidréxido de calcio apresenta-se como um pé branco, com pH em torno de
12,8 por isso classificado como alcalino e também é pouco soluvel em agua
(solubilidade de 1,2 g/litro de &gua, a temperatura de 25° C). Trata-se de uma base
forte obtida a partir da calcinagdo (aquecimento) do carbonato de calcio, até sua
transformacdo em o6xido de calcio (cal viva). Com a hidratacdo do 6xido de calcio
chega-se ao hidréxido de calcio e a reacdo entre este e 0 gas carbonico leva a
formacao do carbonato de célcio (LOPES & SIQUEIRA JR, 2011).

O Ca(OH); é frequentemente utilizado como na odontologia, especialmente na
endodontia, devido a sua capacidade de atuar como barreira fisica, prevenindo a
reinfeccdo do canal, interrompendo o suprimento de nutrientes para as bactérias
remanescentes (LOPES & SIQUEIRA JR, 2011). O Ca(OH), apresenta 6tima agéo
biolégica, acdo antisséptica pelo pH elevado e inibicdo enzimética microbiana,
neutralizador de LPS bacteriano e promove a reparacdo tecidual por meio da
ativacdo enzimatica do hospedeiro. No entanto, ndo € eficiente a distancia e
apresenta rendimento razoavel contra Enterococcus faecalis. (ESTRELA et al.,
1994).

As propriedades Ca(OH), derivam de sua dissocia¢do ibnica em ions calcio e
ions hidroxila, esses ions que explicam as propriedades biolégicas e antimicrobianas
desta substancia, pois irdo agir sobre os tecidos e as bactérias. A variacdo do pH
pode modular o crescimento bacteriano, uma vez que exerce a¢ao sobre a atividade
enzimatica. Da mesma forma, pode afetar o metabolismo das células, alterando o
crescimento e a proliferacéo celular. Quando o Ca(OH); € colocado dentro do canal
radicular, 45,89% e 54,11% se dissociam respectivamente em ions hidroxila e ions
calcio. (ESTRELA & PESCE, 1996; ESTRELA et al.,1997).

Diversos trabalhos tém sugerido que o mecanismo de estimulacdo do reparo
pela deposicéo de tecido mineralizado depende do pH e da capacidade de liberagéo
de ions calcio. A liberacdo de ions célcio é capaz de reduzir a permeabilidade de
novos capilares em tecido granulomatoso de dentes despolpados, diminuindo a
quantidade de liquido intercelular. Além disso, uma alta concentragéo de ions calcio
pode ativar a pirofosfatase, uma enzima importante no processo de mineralizagéo,

formando barreiras de dentina, osteocementarias, selamento apical, selamento de
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tubulos dentinarios etc. (DUARTE et al., 2003; OKABE et al., 2006; GANDOLFI et
al., 2011).

Sabe-se que depois da instrumentacéo, irrigacdo e medicacdo com Ca(OH),,
um percentual maior de canais radiculares ndo apresentam crescimento bacteriano
quando comparados aqueles desprovidos de um curativo (CHU et al., 2006). Uma
das razdes relacionados a eficacia do Ca(OH), € a producdo de um meio alcalino
criado pela sua aplicacdo que restringe o crescimento bacteriano. Além da atividade
antimicrobiana, o Ca(OH), apresenta propriedades como: dissolucdo de
remanescentes organicos, acao anti-inflamatéria, inibicdo de reabsor¢cBes
inflamatérias e a funcdo de barreira fisica e ainda pode reduzir a dor existente e
prevenir os sintomas poés-operatérios (LOPES & SIQUEIRA JR, 2011).

Devido ao elevado pH do Ca(OH),, obtém-se liberacdo intensa de ions
hidroxila e ions calcio e a inibicdo de enzimas bacterianas, a partir da acdo em nivel
de membrana citoplasmatica, conduzindo ao efeito antimicrobiano. Da mesma
forma, o elevado pH do Ca(OH), promove ativacdo enziméatica tecidual, observada
por sua acdo sobre a fosfatase alcalina, promovendo um efeito mineralizador
(ESTRELA et al., 1994).

Estrela et al. (1995) realizou um estudo onde pode observar que o0 cemento
apical de dentes medicados com Ca(OH),;, em veiculo de solucdo salina ou
anestésica, necessitou 30 dias para atingir um pH de 7-8, e este permaneceu
inalterado por 60 dias. No grupo em que o polietilenoglicol foi utilizado, 45 dias foram
necessarios para que o mesmo pH fosse atingido, e permaneceu inalterado por 60
dias. As pastas intracanal mantiveram um pH de 12 durante 60 dias. Concluiram
com este estudo que uma liberacdo mais lenta de ions OH™ € observada com a
utilizacado de um veiculo viscoso.

A difusdo de ions hidroxila do Ca(OH), através dos tubulos dentinarios e o
possivel aumento do pH nos tecidos também foi analisada por Tronstad et al. (1981).
Em relacdo aos resultados obtidos, os autores concluiram que a colocacdo de
hidréxido de calcio no canal radicular pode influenciar as areas de reabsorcao,
impossibilitando a atividade osteoclastica e estimulando o processo de reparo. A
presenca de ions céalcio mostrou-se eficaz para a ativagdo do sistema complemento
na reagdo imunolégica e a abundancia destes ions célcio ativou a ATPase
(Adenosina trifosfatase) calcio dependente, & qual esta associada na formacdo de

tecido duro.
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Através da difusé@o de ions hidroxila pela dentina em uma concentracdo ibnica
suficiente para exercer agdo antimicrobiana, o hidréxido de célcio consegue ser
eficaz contra bactérias localizadas no interior dos tubulos dentinarios. A
permeabilidade dentinaria e a sua capacidade tampéo podem afetar a difusibilidade
dos ions no macico radicular. Nerwich et al. (1993) estudaram as mudancas de pH
na dentina radicular de dentes humanos extraidos durante um periodo de 4
semanas com medicacao intracanal de hidroxido de céalcio como curativo de demora.
Neste estudo eles concluiram que os ions hidroxila demoram de 1 a 7 dias para
alcancar a dentina radicular externa, e no tergo cervical obtiveram os valores mais
altos de pH quando comparados ao terco apical.

Por possuir uma baixa solubilidade e difusdo, o Ca(OH), necessita de um
longo tempo de acdo para que exercer sua atividade antimicrobiana nos tabulos
dentinarios infectados. Embora o tempo ideal necessério para ele descontaminar o
sistema de canais radiculares seja ainda desconhecido e bastante discutido, sua
acao antibacteriana pode ser confirmada clinicamente pela auséncia de exsudato
nos canais radiculares ou pela presenca de micro-organismos resistentes (LOPES &
SIQUEIRA JR, 2011).

A baixa solubilidade do Ca(OH), é responsavel por um efeito favoravel de
liberacdo lenta no interior dos canais radiculares. A liberacdo de ions hidroxilas pode
inativar ou levar a morte bactérias, bloquear o acumulo de exsudato promover um
preenchimento fisico do espaco do canal o que reduz os nutrientes e elimina o
espaco para a multiplicacao bacteriana (BYSTROM et al., 1985).

Normalmente a maioria das espécies bacterianas que coloniza os canais
radiculares consegue manter sua viabilidade até um pH 9. No entanto, alguns micro-
organismos, tais como Enterococcus faecalis e Candida albicans, séo resistentes ao
Ca(OH),. Estudos questionam a eficacia deste medicamento na reducéo do numero
de bactérias nos canais radiculares, mesmo depois de um tempo prolongado do
medicamento entre as sessOes (HELING et al., 1992; WALTIMO et al.,, 1999;
PETERS et al., 2002).

Além dos veiculos, algumas substancias quimicas podem ser adicionadas ao
Ca(OH),, no intuito de melhorar as suas propriedades fisico-quimicas para utilizacao
clinica. Dentre elas, podem ser citados o 6xido de zinco em p6 e o gel de clorexidina
2%.
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O oOxido de zinco € um produto sintético, de constituicdo inorganica
quimicamente inerte e € obtido a partir da fundicdo do zinco, quando de sua reagao
com o oxigénio. O oxido de zinco € um pdé branco amarelado, inodoro, amorfo,
insolivel na agua e no alcool, radiopaco e pode ser considerado também
antisséptico (SIQUEIRA JR et al., 2004). Ele pode estar presente na composicado de
cimentos endodonticos para obturacdo dos canais radiculares (P1ZZO et al., 2006) e
em cones de guta-percha (SPANGBERG et al., 1998).

Leonardo et al. (2000) verificaram que o Oxido de zinco associado a agua
destilada inibiu crescimento de Enterococcus faecalis apds 24 horas, no entanto, os
halos de inibigdo foram inferiores aos demais medicamentos.

Moorer & Genet (1982), ao avaliarem a contribuicdo do Oxido de zinco nas
propriedades antimicrobianas de cones de guta-percha, constataram que este
composto apresenta propriedades biolégicas que necessitam estudos adicionais,
desconsiderando a hipétese que este seja um composto inerte.

O Zinco é um elemento essencial para o corpo humano, é um importante
componente para a manutencéo da saude. O Zinco atua como co-fator de inmeros
fatores de transcricdo e sistemas enziméticos incluindo metaloproteinases de matriz
dependentes de zinco que aumentam o0 autodesbridamento e migracdo de
queratinécitos durante o reparo de feridas (LANSDOWN et al., 2007).

A aplicacdo topica de oxido de zinco demonstrou realizar a cicatrizacdo de
feridas crénicas e agudas. O ZnO pode reduzir a reacao inflamatéria no tecido de
granulacdo e também aumentar significativamente a re-epitelizacdo de feridas.
Porém pouco se sabe sobre o mecanismos molecular e celular pelo qual o ZnO
topico é capaz de promover a cicatrizagdo de feridas (AGREN et al. 1991). Também
foi demonstrado que o indice mit6tico das células basais epidérmicas é estimulado
pela aplicacéo tépica de oxido de zinco (JIN et al., 1994).

O ZnO é bastante insoluvel, na medida em que é dissolvido devagar mas
continuamente quando aplicado em feridas abertas. As metaloproteinases de matriz
estdo relacionadas com varios tipos de processos orais patoldgicos, tais como:
destruicdo do tecido periodontal, céaries radiculares, invasao tumoral e disturbios da
articulagcdo temporomandibular. Foi demonstrado por Souza et al. (2000) que a
metaloproteinase da matriz (MMP-2) e (MMP-9) s&o inibidos in vitro por uma solucao
de sulfato de zinco. MMP-2 e MMP-9, também conhecidos como gelatinases, sao

ativos na degradacao de fibrilares colagenos desnaturados, elastina, colageno IV e
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varios outros componentes da matriz extracelular. Santos et al. (2001), demonstrou
gue o ZnO pode exercer um efeito prolongado e constante no tecido em cicatrizagao
e que a inibicdo das atividades MMP-2 e MMP-9 pode ser um mecanismo pelo qual
0 Oxido de zinco topico melhora a cicatrizacao das feridas.

O hidréxido de célcio pode ser associado a diferentes veiculos, estes veiculos
podem ser hidrossollUveis (aquosos e viscosos) ou oleosos. Dentre 0s aquosos,
destacam-se a agua destilada ou estéril, o soro, a solucéo anestésica e a solucéo de
metilcelulose. Porém, os veiculos hidrossoliveis aquosos possibilitam uma
dissociacao idnica bastante rapida e efetiva, conferindo assim uma ac¢éo bactericida
mais rapida do medicamento. Quando o hidroxido de calcio é associado a esses
veiculos, a medicacdo deve ser renovada com frequéncia (LOPES & SIQUEIRA JR,
2011).

Tem sido demonstrado em alguns estudos in vitro que o tipo de veiculo
associado ao hidroxido de célcio esta diretamente relacionado com a concentracéo e
a velocidade de liberagdo dos ions OH’, conseqguentemente com a acao
antibacteriana desta medicacdo (FAVA & SAUNDERS, 1999). Os veiculos
hidrossollveis viscosos mais usados sao: glicerina (CALINSKAN & TURKUN, 1997),
cresatina (STEINER et al., 1968), polietilenoglicol e propilenoglicol (LEONARDO et
al., 1993). Estes tipos de veiculos retardam a dissociacdo i6nica do hidréxido de
calcio, provavelmente em razdo de seus elevados pesos moleculares. Os veiculos
oleosos sdo pouco sollveis em agua, isso reduz a velocidade da liberacao ibnica e a
sua difusdo junto aos tecidos. Os mais empregados sdo o paramonoclorofenol
canforado e o 6leo de oliva (LOPES et al., 1986).

A influéncia de veiculos ndo aquosos sobre a dissociacdo do hidroxido de
calcio por meio da mensuracéao da condutibilidade das solu¢des foi analisada in vitro
por Safavi & Nakayama (2000). As medidas para o hidroxido de calcio veiculado em
agua foi 7,3 £ 3 mS/cm. Para o hidroxido de célcio veiculado em glicerina ou
propilenoglicol foi zero, isso sugere que ndo ocorreu dissociacdo dos ions OH e
Ca*?, o que impede sua eficacia antimicrobiana como medicacéo intracanal.

A clorexidina foi desenvolvida na década de 40, como resultado de uma
pesquisa para a obtencdo de um agente antiviral, no entanto observou-se um
notavel efeito antibacteriano. Caracterizada como uma base forte, comumente é
preparada na forma de um sal de digluconato o que lhe confere uma maior

estabilidade e hidrossolubilidade.
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O gel de clorexidina 2% tem sido bastante utilizado na area da Endodontia
tanto como substancia quimica auxiliar na instrumentacdo dos canais radiculares
guanto como medicacédo intracanal (GOMES et al., 2003; SIQUEIRA et al., 2003;
ERCAN et al., 2004). A clorexidina € uma molécula com carga positiva que se liga a
superficie bacteriana carregada negativamente por acdo eletrostatica. Em baixas
concentragdes, a clorexidina é capaz de interferir na sintese de ATP das bactérias.
Por outro lado, quando em altas concentracfes, provoca a ruptura da membrana
bacteriana. Apresenta, portanto, uma agao antibacteriana de amplo espectro. Outra
propriedade da clorexidina é a substantividade ou efeito residual, 0 que permite que
esta solucdo mantenha uma concentragdo minima no meio em que esta presente
por um periodo de até 7 dias (DAMETTO et al., 2002).

A acdo da clorexidina gel em incisivos reimplantados de macacos com
reabsorcdes radiculares inflamatérias durante o periodo de um més foi analisada por
Lindskog et al. (1998). Demonstraram que o uso da clorexidina como medicagéo
intracanal reduziu o processo de reabsorcdo, provavelmente devido a sua acéo
antibacteriana nos tubulos dentinarios e sobre as células do ligamento periodontal.

Devido as propriedades antimicrobianas da clorexidina ela pode ser
considerada uma substancia importante para a associagdo com o hidroxido de
calcio, tendo assim como objetivo aumentar as propriedades antimicrobianas do
hidroxido de calcio e manter as suas caracteristicas biologicas e mecéanicas
(GOMES et al., 2006).

Souza-Filho et al. (2008) avaliaram a efetividade da clorexidina gel 2%, do
hidréxido de célcio e suas associacfes com oxido de zinco e iodoférmio, sobre
alguns microrganismos, variacdes de pH do meio em diferentes periodos de tempo.
A atividade antimicrobiana foi determinada pelo método de difusdo em &gar. O pH
das pastas foi medido logo apos a preparacéo, apos 24h e uma semana mais tarde.
Obtiveram como resultados que a CHX gel 2% apresentou a maior zona de inibicao,
seguido de Ca(OH), + CHX gel 2% + iodoférmio, Ca(OH), + CHX gel 2%, Ca(OH),
+ CHX gel 2% + oxido de zinco, e Ca(OH), + agua. O pH médio de todos os
medicamentos manteve-se acima de 12,0 durante todo o experimento, exceto CHX
gel 2% (pH = 7,0). Os resultados deste estudo mostraram que todos o0s
medicamentos tinham atividade antimicrobiana, mas os mais eficazes contra os
microrganismos testados foram clorexidina gel 2%, seguido por sua combinacao

com hidréxido de calcio e lodoférmio.
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Silveira et al. (2011), avaliaram in vitro a atividade antibacteriana de quatro
formulacbes de pastas: Ca(OH), + 2% CHX, Ca(OH), + PMCC, Ca(OH), +
propilenoglicol, Ca(OH), + soro fisiolégico contra Enterococcus faecalis,
Staphylococcus aureus, Pseudomonas aeruginosa e Streptococcus mutans.
Observaram que todos o0s medicamentos intracanais mostraram atividade
antibacteriana. No entanto, a associagcdao de Ca(OH), + PMCC e Ca(OH), +
propilenoglicol apresentaram melhor resultado pois precisaram de menos tempo
para promover a eliminagéo do Staphylococcus aureus e Enterococcus faecalis.

Neelakantan et al. (2007) avaliou o efeito da atividade antimicrobiana de um
medicamento a base de hidroxido de célcio (Apex Cal) e gel de clorexidina 2%
contra patdogenos endodonticos selecionados (Enterococcus faecalis, Candida
albicans, Porphyromonas gingivalis e Prevotella intermedia). Observaram que o 2%
CHX demostrou as maiores zonas inibitérias, porém ambos os medicamentos
diminuiram seu efeito inibitorio com o passar do tempo e o Ca(OH), ndo demostrou
acao antimicrobiana apés 72 horas.

Silva et al. (2009) avaliou a resposta do tecido conjuntivo subcutaneo de
camundongos isogénicos frente a pastas a base de hidroxido de calcio associadas
ao digluconato de clorexidina. A pasta Calen® foi associada a CHX a 0,4% e o
UltraCal™ associado a CHX 2%. Os resultados demonstraram biocompatibilidade
da pasta Calen associada a CHX a 0,4% com o tecido adjacente, demonstrando
fibrosamento discreto, assim como tecido conjuntivo normal. Por outro lado a pasta
UltraCal™ observou-se infiltrado inflamatério e exsudato severo, sugerindo uma
agressao residual persistente do material testado. Concluiram que o uso de uma
determinada droga nédo s6 depende da sua compatibilidade biol6gica, mas também
do seu adequado uso e concentracgao.

Almyroud et al. (2002), realizou um estudo in vitro utilizando dentes humanos
gue contaminados com Enterococcus faecalis. Foram comparadas quatro tipos de
medicac¢bes intracanal (hidréxido de calcio, gel de clorexidina e clorexidina sob a
forma de um sistema de liberagao controlada (PerioChip®), e a combinacao de gel
de clorexidina com hidroxido de célcio) em diferentes periodos de tempo, 3, 8 e 14
dias. Foi observado que o hidroxido de calcio mostrou mais eficiéncia no terceiro e
oitavo dia, porém, no décimo quarto dia nao foi tdo eficaz, acredita-se que isso pode
ter sido causado pela diminuicdo do pH como resultado da desidratacdo da

medicacao intracanal.
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Basrani et al. (2004), avaliaram propriedades fisico-quimicas de medicacdes
intracanal a base de hidroxido de calcio e clorexidina. As medicacdes testadas foram
clorexidina 0,2% e 2%, hidroxido de célcio associado a agua e hidroxido de calcio
associado a clorexidina 0,2%. Observaram que a clorexidina ndo alterou o pH do
hidréxido de célcio, mantendo assim a acdo antimicrobiana associada a liberacéo de
ions hidroxila.

Gomes et al. (2006) avaliaram in vitro a atividade antimicrobiana do hidréxido
de célcio, do gel de clorexidina 2% e da associacdo das duas substancias sobre
bactérias e um tipo fungo. Observaram que a clorexidina apresentou os maiores
halos de inibicdo, e de no méaximo um minuto para eliminar todos os
microorganismos. A pasta de hidroxido de calcio teve acdo apenas em contato
direto, necessitando de 30 segundos a 24 horas para inibir o crescimento dos
mesmos microorganismos. E quando associados apresentaram zonas de inibicao
variando entre 2,84 e 6,5mm, sendo necessarios de 30 segundos a 6 horas para
inibir o crescimento dos microorganismos testes. Com esta pesquisa concluiram que
guando combinados os dois medicamentos, a acdo antimicrobiana da clorexidina
diminuiu, entretanto, aumentou a do hidroxido de célcio.

Delgado et al. (2010), avaliou a eficicia do hidroxido de calcio e do gel de
clorexidina 2% na eliminacdo da Enterococcus faecalis intratubular. Dentes humanos
unirradiculares contaminados com Candida albicans foram tratadas com hidréxido
de calcio, gel de clorexidina 2%, associacdo de hidroxido de calcio mais gel de
clorexidina 2%, ou solucao salina (0,9% de cloreto de s6dio) como controle positivo.
A atividade antimicrobiana do hidroxido de calcio e do gel de clorexidina 2% foi
avaliada pela contagem do numero de unidades formadoras de col6nias em
amostras obtidas com uma profundidade de 0-100 e 100-200 mm do sistema de
canais radiculares. Foi observada uma diminuicdo significativa do nuamero de
unidades formadoras de colénias de Enterococcus faecalis ap6s tratamento com
qgualquer um dos medicamentos, porém, o gel de clorexidina teve uma eficacia
antimicrobiana significativamente maior e ndo foram observadas diferencas entre as
propriedades antimicrobianas do gel de clorexidina com ou sem a adicdo do
hidroxido de célcio. O hidroxido de calcio combinado com clorexidina mostrou
atividade antimicrobiana semelhante a clorexidina quando usada sozinha.

Signoretti et al. (2011), realizaram um estudo com o objetivo de avaliar a

influéncia do gel de clorexidina 2% sobre o pH, liberacdo de calcio,e a capacidade
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do hidréxido de célcio na reducdo de endotoxinas. Neste trabalho a libertacdo de
calcio foi verificada por espectrofotometria de absorcdo atdémica e o pH foi medido
com um pHmetro. Para quantificacdo de endotoxinas, dentes humanos extraidos
previamente contaminados com endotoxina padrao foram preenchidos com: Grupo
1: solucéo salina; Grupo 2: Ca(OH), e Grupo 3: ge de clorexidina 2% durante 14
dias. Observaram nos resultados encontrados que o grupo 2 liberou mais célcio que
0 grupo 1 apoés 15 dias. Concluiram que o gel de clorexidina 2% néo interfere nas
propriedades quimicas mecéanicas do hidréxido de calcio.

Embora as propriedades do hidroxido de calcio, do 6xido de zinco e do gel de
clorexidina 2% quando empregados como medicacdo intracanal ja tenham sido
avaliados em estudos prévios descritos na literatura, poucos sdo os estudos que
avaliam a associacdo de todos estes componentes e a avaliacdo de suas
propriedades fisico-quimicas e bioldgicas.

Gomes et al. (2009) avaliaram in vitro a acdo antimicrobiana de
medicamentos intracanal na superficie externa da raiz, com ou sem cemento. Neste
estudo utilizaram a clorexidina gel 2%, hidréxido de calcio + gel de clorexidina 2%,
hidroxido de calcio + gel de clorexidina 2% + éxido de zinco, e hidroxido de calcio +
solucdo salina contra o Enterococcus faecalis, Candida albicans, Actinomyces
viscosus e Porphyromonas gengivalis. Todos os medicamentos testados foram
ativos contra os microrganismos, porém o gel de clorexidina 2% mostrou-se o0 mais
eficaz, seguido do hidréxido de calcio + gel de clorexidina 2%, hidroxido de calcio +
gel de clorexidina 2% + Oxido de zinco, e hidroxido de célcio + solucdo salina. A
presenca da camada de cemento pode afetar a difusdo de substancias com os
tecidos periodontais. No entanto, neste estudo in vitro, zonas de inibicdo
semelhantes foram apresentadas pelas raizes com ou sem cemento, nas amostras
cheias contendo pasta de clorexidina.

Em 2007, Soares et. al., realizaram um estudo clinico onde o objetivo foi
investigar uma proposta de pasta obturadora utilizando a associa¢ao do hidroxido de
calcio, gel de clorexidina 2% e do Oxido de zinco para casos de dentes
traumatizados. Introduziram este protocolo intracanal sem substituicbes periodicas
em um total de 55 dentes unirradiculares, divididos em dois grupos: Grupo | — 15
dentes com 4pices incompletos e Grupo IllI- 40 dentes com apices completos,
pertencentes a 33 pacientes atendidos no Servico de Traumatismos Dentérios da

Faculdade de Odontologia de Piracicaba. No Grupo |, o periodo médio de
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permanéncia da pasta foi de 9,1 meses e no Grupo I, de 8,2 meses. Como
resultados observaram que este protocolo pasta obturadora por um longo periodo de
tempo pode ser proposto como alternativa para o tratamento de dentes
traumatizados desvitalizados, em especial, nos casos de rizogénese incompleta e
também nos casos de formagéo radicular completa.

As formulagBes de hidroxido de calcio sdo usadas durante o tratamento de
perfuracbes radiculares, fraturas de raiz e reabsor¢cdes radiculares, também
desempenha um papel fundamental na traumatologia dentaria, principalmente apos
avulsdo dentaria e lesdes por luxacdo. Os efeitos letais do hidroxido de célcio as
células bacterianas provavelmente deve-se a desnaturagédo de proteinas e danos ao
DNA e membranas citoplasmaticas. O Ca(OH), possui uma ampla gama de
atividades antimicrobianas contra patdégenos endoddnticos comuns, mas é menos
eficaz contra Enterococcus faecalis e Candida Albicans. A solubilidade aos fluidos
ainda é um problema do Ca(OH),. No entanto, combina¢des de Ca(OH), com
paramonoclorofenol canforado ou CHX tem um potencial medicamentoso intracanal
mais efetivo (MOHAMMADI & DUMMER, 2011).

De acordo com trabalhos encontrados na literatura (HERRERA et al., 2014;
SOARES et al., 2012; SOARES & SOUZA-FILHO, 2011) a utilizacdo de uma pasta
de obturacdo composta por hidroxido de calcio, 6xido de zinco e gel de clorexidina
2%, sem trocas e com selamento coronal, através de estudos tem demonstrado
sucesso clinico e radiografico em dentes imaturos traumatizados pela formacao de
uma barreira apical. A utilizacao deste protocolo em um estudo clinico com dentes
imaturos traumatizados mostrou fechamento apical ap6s nove meses e reducéo de
todos os sinais e sintomas apés a realizagdo deste tratamento (SOARES et al.,
2011). Uma das vantagens da utilizacdo desta pasta obturadora € a néo
necessidade de ser alterada durante o periodo que a apicificacdo esta ocorrendo se
a dissolucdo néo é observada radiograficamente durante o controle das visitas, iSso
ajuda a prevenir a infecgcdo durante a substituicdo da pasta e a reducéo do tempo
necessario para a formacdo de barreira apical. Além disso, radiografias mostraram
que o material ndo sofre dissolucdo. E provavel que, apés nove meses, apenas
oxido de zinco esteja presente, uma vez que o Ca(OH), deveria ter sido submetido a
completa dissolucao (SOARES et al., 2012).

Evidéncias demonstram as propriedades antimicrobianas, bioldgicas e fisicas

de pastas de hidréxido de calcio e clorexidina. Porém, pouco se sabe da influéncia
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de cada um dos componentes da pasta obturadora que € composta pela associacdo
do hidroxido de célcio, gel de clorexidina 2% e 6xido de zinco. Assim, neste trabalho
foram investigadas as propriedades fisico-quimicas e biologicas desta associacao
que tem sido sugerida como parte do protocolo terapéutico para o tratamento de

dentes traumatizados, especialmente em casos de reabsorgdes radiculares.
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3 OBJETIVO

Investigar in vitro as propriedades fisico-quimicas e biologicas de uma pasta
obturadora composta pela a associacéo do hidroxido de célcio, gel de clorexidina 2%

e O6xido de zinco.

3.1 Objetivos Especificos

a) Determinar o pH, a liberag&o de ions calcio, a radiopacidade e o escoamento
de pastas contendo associacbes de gel de clorexidina 2%, hidréxido de
calcio e/ou oxido de zinco.

b) Determinar os halos de inibicdo de crescimento de, Enterococcus faecalis e
Candida albicans promovido de pastas contendo associacdes de gel de
clorexidina 2%, hidroxido de célcio e/ou 6xido de zinco.

c) Determinar a citotoxicidade e a bioatividade celular de pastas contendo
associacoes de gel de clorexidina 2%, hidroxido de calcio e/ou 6xido de zinco.

d) Determinar a capacidade de proliferacdo celular (teste de scratch), expondo
as células as pastas contendo associacbes de gel de clorexidina 2%,

hidréxido de calcio e/ou 6xido de zinco.

Os achados estdo apresentados na forma de artigos. Os artigos 1 e 2
apresentados desta tese de doutorado seguem as normas exigidas pelo periédico
International Endodontic Journal para o qual serdo submetidos a publicacdo. As
figuras serdo excepcionalmente aqui mostradas junto ao manuscrito, para melhor

entendimento do leitor.
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Abstract

Aim To test physicochemical and antimicrobial properties by a intracanal paste composed by
Ca(OH),, 2% CHX and ZnO.

Methodology The study analyzed and compared antimicrobial activity, flow, radiopacity,
calcium ion release and pH evaluation from intracanal pastes, as follow: a) Natrosol; b)
Natrosol + ZnO; c) Natrosol + Ca(OH),; d) Natrosol + ZnO + Ca(OH),; e) CHX; f) CHX + ZnO; g)
CHX + Ca(OH);; h) CHX + ZnO + Ca(OH),. A descriptive and inferential statistical analysis
considering: growth inhibition zones, radiopacity, pH, calcium release and flow. Normality
test using the Shapiro-Wilk test with a significance level of 5%.

Results Antimicrobial effect of the pastes against E. faecalis depended on the presence of
CHX, the highest inhibition haloes for Candida albicans were associated with Ca(OH), + CHX.
Only pastes containing zinc showed radiopacity higher than 3 mm Al. Pastes that did not
contain Ca(OH), had no calcium ion release. Considering the same paste, there is a tendency
to increase the pH up to 14 days. The pastes with CHX had greater fluidity than natrosol
when mixed only with Ca(OH), or ZnO.

Conclusions Ca(OH),-ZnO-chlorhexidine paste showed release of Ca, high pH, antimicrobial

activity mainly due to the presence of CHX and Ca(OH),.
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Introduction

Root resorption is a pathological progressive loss of dentine and cementum in a
permanent tooth, that can occur inside/internal the tooth, or on the external surface of the
tooth (Ahangari et al. 2015). It has an inflammatory origin and can be initiated and
maintained by many factors. Pulpal necrosis, dental trauma, periodontal treatment,
orthodontic movement and tooth whitening agents are the most commonly described
stimulant (Darcey and Qualtrough 2013).

Dental trauma is a major cause of resorption. Depending on the severity, it can cause
damage to the periodontal ligament cells. It may initiate a severe inflammatory response
over a diffuse area on the root surface. The inflammatory response can be exacerbated in
the presence of microorganisms, leading to an inflammatory external root resorption
(Asgary et al. 2011). The literature reported that the treatment for traumatized teeth with
periradicular periodontitis and/or external inflammatory root resorption is based on long-
term dressing of use of calcium hydroxide (Bystrom et al. 1985; Sjogren et al. 1997; Kinirons
et al. 2001). This protocol has some disadvantages such as the need for repeated clinical
sessions to replace the intracanal medication; the cooperation and motivation from the
patient; the possibility of increasing the the brittleness of the root dentin, which may cause
cervical root fractures (Cvek 1992; Andreasen et al. 2002).

The International Association of Dental Traumatology guidelines for the management
of traumatic dental injuries report that after the placement of an intracanal medicament for
up to 1 month, reimplanted teeth should be filled with an acceptable material. There is no
consensus on the filling material to be inserted in tooth that were avulsed and reimplanted.
Therefore, a biocompatible material should be placed to fill the root canal, especially if the
resorptive process reaches the root canal. Herrera et al. (2014), reported that a new
intracanal medicament protocol has been employed for teeth with apical root resorption
using an obturation paste composed by Ca(OH),, 2% chlorhexidine gel (CHX) and zinc oxide
(Zn0), which does not require repeated renewal. The combination of these materials results
in a dense filling paste that can remain in the root canal for a long period of time without
replacement and act as a root canal obturation (Marion, Jefferson J. C.; et al. 2014).

Soares et al (2015), investigated the subcutaneous tissue reaction of Wistar rats
(Norvegicus albinus) that received an intracanal medicament with with Ca(OH),, 2% CHX and

Zn0. They showed favorable results regarding biocompatibility and may be explained by the
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presence of zinc oxide that presented low tissue irritation and induced favorable tissue
repair. Gomes et al. (2009), assessed in vitro the antimicrobial action of intracanal
medicaments in the external root surface. This study concluded that medicaments
containing Ca(OH),, CHX and ZnO demonstrated diffused into the dentin and reached the
outer surface, exerting strongest antimicrobial action, mainly by the fact that contains
2%CHX in composition.

Despite the properties of Ca(OH),, CHX and ZnO have been extensively studied, there
is little information on the literature regarding the mechanism of action on the association
among Ca(OH),, 2% CHX and ZnO (de Jesus Soares et al. 2012; Herrera et al. 2014; Soares et
al. 2015). Therefore, the aim of the study was to test physicochemical and antimicrobial

properties by this intracanal paste.

MATERIALS AND METHODS

The present study was approved by the Research Board from the School of Dentistry,
Federal University of Rio Grande do Sul (Porto Alegre, Brazil, Protocol n. 31550).

The tested pastes were prepared according to group using: calcium hydroxide p.a.
[Ca(OH);] (Sigma Aldrich Brazil LTDA, SP, Brazil), zinc oxide p.a. [ZnO] (Sigma Aldrich Brazil
LTDA, SP, Brazil), 2% chlorhexidine gluconate gel [CHX] (Endogel, Itapetininga, SP, Brazil) or
Natrosol gel [Natrosol] (Endogel, Itapetininga, SP, Brazil) (hydroxyethyl cellulose is a
nonionic, highly inert and water-soluble agent).

This study analyzed and compared physicochemical and antimicrobial properties
from intracanal pastes, as follow:

a) Natrosol (75 pl);

b) Natrosol (75 pl) + ZnO (84 mg);

c) Natrosol (75 pl) + Ca(OH), (48 mg);

d) Natrosol (75 ul) + ZnO (84 mg) + Ca(OH), (48 mg);
e) 2% CHX (CHX) (75 pl);

f) 2% CHX (75 ul) + ZnO (84 mg);

g) 2% CHX (75 pl) + Ca(OH), (48 mg);

h) 2% CHX (75 ul) + ZnO (84 mg) + Ca(OH), (48 mg);
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Antimicrobial analysis

The agar diffusion method was used to measure the antimicrobial activity. The
test was performed in triplicate. The method was adapted from Athanassiadis et al. (2009).
The strains used in the analysis were Candida albicans (ATCC 10231), Enterococcus faecalis
(ATCC 29212). The subcultures were incubated at 372C for 48 hours prior to the testing of
the medicaments and their base components. Purity of strains was checked by subculture of
the inocula onto Brain Heart Infusion agar (Himedia Laboratories, Mumbai, India)
supplemented with 5% defibrinated sheep blood for E. faecalis or in Sabouroud Agar for C.
albicans. Agar well diffusion assays were performed in 90 mm diameter Petri dishes
containing Mueller Hinton Agar for E. faecalis and Sabouraud Dextrose Agar for C. albicans
to a depth of 4 mm. A direct colony suspension of each test isolate was prepared in 0.85%
sterile saline, and the turbidity was adjusted to a 0.5 McFarland standard for E. faecalis and a
1.0 McFarland standard for C. albicans. The agar plates were flooded with the test
suspension and the test medicament were manipulated and placed on wells (6 mm in
diameter) into center of the agar. The plates were then incubated at 372C for 24 hours for
both E. faecalis and C. albicans. After incubation, the diameters of the growth inhibition

zones were measured in millimetres to the nearest 0.1 mm using electronic calipers.

Radiopacity analysis

To evaluate the radiopacity, standardized cylindrical samples were obtained into
plastic rings measuring 4mm in diameter by 1.5mm in thickness. The pastes were poured
into the rings. Six specimens were prepared from each paste. Each sample was then
radiographed and images were captured using Digora® phosphor storage plates (Soredex;
Orion Corporation, Helsinki, Finland), alongside an aluminium stepwedge that was used as a
reference. The radiographs were obtained using a radiographic unit (Dabi Atlante Spectro
70X, Sao Paulo, Brazil) operating at 70 kV and 10mA, with a 0.3-s exposure time and a 30-cm
focal distance was set. The digital images were analyzed in Adobe Photoshop® software v.

10.0 (Adobe Systems, San Jose, CA) (Malka et al. 2015).

Flow analysis
The flow test was conducted according to ISO 6876:2001, as reported by Collares

et al (2013). A total of 0.5 ml of each intracanal paste was placed over a glass plate (40x40x5



30

mm) using a graduated 1.5ml syringe. Another plate with a mass of 20+2 g and a load of
100g was applied to the top of the material for 180+5s after mixing. Ten minutes after
mixing, the load was removed, and the major and minor diameters of the compressed
material were measured using a digital caliper. The results were recorded if both
measurements were consistent to within 1 mm. If the major and minor diameter discs were
not uniformly circular or did not agree within a range of 1Imm, the experiment was repeated.
For each experimental group, the test was conducted three times, and the mean value was

recorded for the flow.

Calcium lon Release and pH Evaluation

The evaluation of the calcium ion release and pH was performed as reported
previously by Linhares et al. (2013). The manipulated pastes were prepared and inserted in
polyethylene tubes with a 1.0 mm internal diameter and a 10.0 mm length with only 1 open.
After filling the tubes, they were weighed in order to standardize the mass of the pastes
inside each tube. Nine specimens of each paste were prepared. Each specimen was
immediately immersed in test tubes containing 10 mL deionized water (Permution, Curitiba,
PR, Brazil), which were then sealed with Parafilm (American National Can, Menasha,WI) and
incubated at 37 2C (Farmen, Sdo Paulo, SP, Brazil) throughout the study period. Evaluations
of calcium concentration and pH were performed at periods of 24 hours, 7 and 14 days. This
procedure was performed in triplicates.

Before the immersion of the specimens, the water pH was measured, attesting a pH
of 7.0. In order to avoid contamination by calcium, plastic bottles and glassware were
cleaned by soaking them in a 10% (v/v) HNOjs solution for at least 24 h and rinsed abundantly
with ultrapure water before use. It was also analyzed a blank (pure water) for each period
aiming to control calcium contamination. The measurement of pH was performed with a
pHmeter (Q400A; Quimis, Diadema, Sdo Paulo, Brazil). The release of calcium ions was
measured using a high resolution continuum source atomic absorption spectrometer
(ContrAA 700 analytic Jena AG, Jena, Germany) equipped with an nitrous oxide-acetylene
flame and a 50 mm burner. The nitrous oxide (99.0% v/v, White Martins, Brazil) flow-rate
was 370 L h™! and acetylene (99.0% v/v, White Martins, Brazil) flow-rate was 180 L h™. The
observation height was 5.0 mm and aspiration rate 6.0 mL min™. The absorbance signal was

measured using the center pixels and the pixel +/- 1 of the main calcium analytical line at
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422.673 nm. The standard solution for calibration curve (0.05 — 1.5 mg L™*) were prepared
daily by appropriate dilution of a stock standard solutions of 1000 mg L™ Calcium (Specsol,
Brazil). The samples were analyzed in triplicate, and peak height was used to evaluate the
absorbance. Calcium concentration was calculated using the linear equation regression,
from the calibration curve (absorbance versus Ca concentration). When necessary, samples
were diluted with ultrapure water, in order to fit at the concentration range of calibration

curve.

Statistical analysis
A descriptive and inferential statistical analysis was performed, considering the
variables: growth inhibition zones, radiopacity, pH, calcium release and flow. The data were
tabulated in Microsoft Excel 2010 Software. A normality test was performed to determine
the distribution of the data, using the Shapiro-Wilk test. For statistical analysis, GraphPad
Prism Software (GraphPad Software, Inc., California, USA) was used, with a significance level
of 5%. The null hypotheses tested were:
a) there is no difference among the inhibition zones produced by different
pastes for each tested microorganism;
b) there is no difference among the radiopacity of the tested materials;
c) there is no difference among the pH values for the same pastes 24 hours, 7
days or 14 days after mixing;
d) there is no difference among the calcium ion release values for the same
pastes 24 hours, 7 days or 14 days after mixing;
e) there is no difference among the pH values for different pastes, in the same
period of evaluation (24h, 7 days, or 14 days);
f) there is no difference among the calcium release values for different pastes,
in the same period of evaluation (24h, 7 days, or 14 days);

g) there is no difference between the flow values in different pastes.

Results
Figure 1 shows the antimicrobial effect of the pastes against E. faecalis and C.
albicans. The antimicrobial effect of the pastes against E. faecalis depended on the presence

of CHX. The addition of ZnO and Ca(OH), decreases the antimicrobial property of CHX
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against E. faecalis (Fig. 1-A). The highest inhibition haloes for Candida albicans were
associated with Ca(OH), + CHX. All the pastes demonstrated antimicrobial activity for C.
albicans, except for the Natrosol + ZnO and Natrosol (Fig. 1-B).

The groups Natrosol, Natrosol + Ca(OH);, CHX, CHX + Ca(OH), demonstrated
radiopacity lower than 0.5 mm Al, therefore they were not considered in the figure 2. The
addition of Ca(OH), reduced the radiopacity of the pastes containing ZnO. However, it
remained higher than 3 mm Al (Fig. 2).

The pastes that did not contain Ca(OH), had no calcium ion release. Therefore, the
calcium ion release for the groups Natrosol, Natrosol + ZnO, CHX and CHX + ZnO were near
to zero in all experimental periods. The groups with Ca(OH), have a tendency to
demonstrate higher calcium levels over the time. In 14 days, calcium values were the same
for all groups that had Ca(OH), (Fig. 3). Considering the same paste, there is a tendency to
increase the pH up to 14 days. Pastes containing Ca(OH), shows pH higher than 11 during
the first 24 hours and pH higher than 12 at 7 and 14 days (Fig. 4).

The flowablity of the pastes was demonstrated in Figure 5. The groups with CHX had
greater fluidity than natrosol when mixed only with Ca(OH), or ZnO. The groups Natrosol +
Ca(OH),; Natrosol + Ca(OH), + ZnO and CHX and CHX + Ca(OH);, + ZnO showed no statistically

significant differences in flow test.
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Figure 1. Growth inhibition zones produced by the tested pastes. A) Enterococcus faecalis
(ATCC 29212); B) Candida albicans (ATCC 10231).
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Figure 3. Calcium ion release for groups tested in the periods of 24 hours, 7 days and 14
days. The groups Natrosol, Natrosol + ZnO, CHX and CHX + ZnO were staying near to zero in

all experimental periods.

Different lowercase letters indicate statistically significant

differences in the calcium ion release values of the same paste over the 3 periods
(Friedmann test, P>.05). Different uppercase letters indicate different calcium ion release
values for different groups at the same time (24h, 7 or 14 days). (Kruskal-Wallis test, Dunn
test, P>.05).
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Figure 4. pH values for groups tested in the periods of 24 hours, 7 days and 14 days.
Different lowercase letters indicate statistically significant differences in the pH values of the
same paste over the 3 periods (Friedmann test, P>.05). Different uppercase letters indicate
different pH values for different groups at the same time (24h, 7 or 14 days). (Kruskal-Wallis
test, Dunn test, P>.05). The dotted line indicates alkaline pH.
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Figure 5. Flow values, in millimeters, for groups tested, different letters indicate statistically
significant differences in the flowability among the pastes (Anova Tukey test, P>.05).

Discussion

Calcium hydroxide pastes exert a filling effect and function as a reservoir of calcium
ions and hydroxyl. The hydroxyl ions must diffuse in the dentin in sufficient concentrations
to reach the remaining microorganisms after the chemical-mechanical preparation and to
alter the pH on the external root surface. If alkalization of dentin is not sufficient to
eliminate microbial species that survive at high pH, an interesting alternative would be the
addition of substances/vehicles that act on the microbial cells by other mechanisms. Siqueira
et al. (2010), classify vehicles according to their antimicrobial property, in inert or
biologically active. The biologically active vehicles confer additional antimicrobial effects to
those provided by calcium hydroxide, in addition, the association of substances can improve
physicochemical properties of calcium hydroxide such as radiopacity, flow ability, release of
ions calcium.

Treatment plans for inflammatory external root resorption usually includes long-term
calcium hydroxide therapy (Heithersay 2007). However, there is no consensus on the
frequency for paste replacement and also on the need of paste replacement. An alternative

to achieve the goal of apexification and to reduce the intensity of the inflammatory process
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is the mixture of substances composed by Ca(OH),, CHX and ZnO (de Jesus Soares et al.
2012; Soares et al. 2015).

In this study, to test the antimicrobial effect of the pastes, the agar diffusion method
was used. The antimicrobial effect of the pastes to E. faecalis was observed only by the
presence of CHX, its antimicrobial spectrum produced the largest mean inhibition zones.
Accordingly to this study, it was observed that the antimicrobial action of CHX was reduced
when combined to other substances. When CHX was associated with ZnO it showed an
increase in the antimicrobial activity compared to pastes which contained Ca(OH), The
effect of CHX on the bacteria occurs by adsorption to the surface, damaging the cell wall and
to the cytoplasmic membrane, facilitating the entry into the cell, and by cytoplasmic
precipitation, avoiding the repair of the membranes and the cell wall. Furthermore, CHX has
a wide spectrum of antimicrobial activity with prolonged action (substantivity) (Davies 1973).
Zinc oxide has a remarkable antimicrobial and anti-biofilm activity against oral bacteria
(Tabrez Khan et al. 2013). In vitro studies have demonstrated that the associations with
some substances, such as Ca(OH),, urea and sulphate lauryl sodium, reduced the
antimicrobial activity of CHX (Hauman and Love 2003; de Souza-Filho et al. 2008).

Zn0 powder has been used for a long time as an active ingredient for dermatological
applications in creams, lotions and ointments on account of its antibacterial properties
(Sawai 2003). Jones et al. (2008), investigated in vitro the antibacterial activity and efficacy
of regular zinc oxides, demonstrated that ZnO nanoparticles have a wide range of
antibacterial effects on a number of other microorganisms. The synthesized of ZnO
nanoparticles are able to slow down the bacterial growth as a result of disorganization for
example the E. coli membranes, which increases the membrane permeability leading to the
accumulation of nanoparticles in the bacterial membrane and cytoplasm regions of the cells
(Brayner et al. 2006). A little is known about the antibacterial activity of nanoparticles of
Zn0, possibilities of membrane damage caused by direct or electrostatic interaction
between ZnO and cell surfaces, cellular internalization of ZnO nanoparticles, and the
production of active oxygen species such as H,0, in cells due to metal oxides have been
proposed (Fu et al. 2005). A plausible mechanism of ZnO inactivation of bacteria involves the
direct interaction between ZnO nanoparticles and cell surfaces, which affects the

permeability of membranes where nanoparticles enter and induce oxidative stress in
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bacterial cells, subsequently resulting in the inhibition of cell growth and eventually in cell
death (Xie et al. 2011).

As expected, the pastes containing ZnO showed higher levels of radiopacity. When
the Ca(OH), was mixed the radiopacity values decreased, once calcium hydroxide has
radiopacity values similar to dentin. Zinc oxide can act as a radiopacifier compound that
could react with the Ca(OH),, modifying physical or antimicrobial properties, provides root
canal sealing and, as a consequence, prevents contamination and allows periapical repair
(Ordinola-Zapata et al. 2015).

To establish the pH variations and calcium ions release from calcium hydroxide
pastes, this study used polyethylene cylindric tubes, which waere chosen to standardize the
amount of the pastes. Atomic absorption spectrometry to determine calcium ions release
has been successfully used in previous studies (Signoretti et al. 2011; Linhares et al. 2013).
The antimicrobial action of calcium hydroxide is related to its alkaline pH. The change of
dentinal pH caused by hydroxyl ions is slow and depends on several factors that can alter the
rate of ionic dissociation and diffusion (Gomes et al. 2006). Pastes prepared with Ca(OH),
and sterile water have an alkaline pH (>12.0). A tendency of an increase in the pH for the
pastes was observed from the initial period to the 14-days period. The pastes containing
Ca(OH); had pH values higher than 11 during the first 24 hours and pH higher than 12 at 7
and 14 days.

Tronstad et al. (1981) evaluated changes in pH in monkey teeth after four weeks of
insertion of calcium hydroxide pastes. The pH values in the circumpulpal dentine and in the
peripheral dentin oscillated between 8-11 and 7.4-9.0, respectively. The pH of the cement
was not altered, however, in areas of reabsorption without cement, alkaline pH was still
detected. Nerwich et al. (1993), showed in an in vitro study that the pH change in dentin
occurs after application with a peak of 10-8 in the cervical region and 9-7 in the apical
region. However, in the external region of the root the time is variable, from 24 hours to 2-3
weeks after insertion, with values close to 9.0 — 9.3. Ordinola-Zapata et al. (2015),
demonstrated that pH level of calcium hydroxide pastes associated with radiopacifying
agents (iodoform, zinc oxide, and barium sulfate), favored an alkalinity and maintained
their pH around 9.0, with the exception of when BaSO,4 was added. Probably, the BaSO4 was

responsible for a reduction in the solubility of the paste.
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The high pH values observed in the pastes that had calcium hydroxide has an
important effect over both bacterial growth and the root resorption process. Growth at pH
8.5 was found to be stressful for microorganisms and this increase in pH is directly related to
the maintenance or not by a persistent endodontic infection (Kayaoglu et al. 2005). This high
pH demonstrated by the pastes with Ca(OH), has a destructive effect on bacterial cell
membranes and protein structure. The pH effect is important to explaining the arresting and
healing effect of calcium hydroxide on inflammatory root resorption. The presence of
calcium ions is necessary for the activity of the complement system in the immunologic
reaction calcium-dependent ATP-ase, which has been associated with hard tissue formation
(Tronstad et al. 1981). The vehicle associated with the Ca(OH), determines the velocity of
ionic dissociation, solubility, and diffusibility (de Andrade Ferreira et al. 2004). Some vehicles
provide faster dissociation, and, consequently, faster alkalinity of dentin and periapical
region, they may make the paste more caustic and aggressive in direct contact with (Fava
and Saunders 1999). The pastes that did not contain Ca(OH), showed levels of calcium ions
release near to zero in all experimental periods. The groups with Ca(OH),, have a tendency
to higher calcium levels over the time and in fourteenth day calcium values were the same
for all groups.

Natrosol is a biocompatible carbon polymer and a water-soluble substance that was
used as a gel base for chlorhexidine gluconate (Ferraz et al. 2001).

Duarte et al. (2009), believe that the CHX gel added to Ca(OH), seems to interfere in
Ca”" ion release by the reaction of Natrosol and affirmed that calcium ions play an essential
role in tissue mineralization by encouraging fibronectin gene expression. In this study, the
paste with Ca(OH),, CHX and ZnO increased the ions release in longer periods of evaluation.

The ability to penetrate accessory canals and dentinal tubules in order to fill the
smallest voids and prevent fluid percolation through the root canal system, is a concern in
endodontics, and this ability is related to flow. The flow and film thickness are directly
influenced by the composition of the paste, temperature and relative humidity (Collares et
al. 2013). The paste composed with Ca(OH),, CHX and ZnO showed low flowability (Fig. 5.).
This characteristic may favor its insertion inside the root canal, allowing for its complete
filling, without voids. The provisional obturation paste may be kept for long periods of time
inside root canal without changes, promoting decrease in clinical symptoms and signals.

Additionally, it favors radiographic visualization (10,13). The maintenance of intracanal
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medicament for long periods of time is also supported in literature (Steiner et al. 1968;

Chawla 1986; Felippe et al. 2005).

Conclusion

Despite the fact of being an in vitro study, after comparing the physicochemical
properties and antimicrobial action, it was concluded that the Ca(OH),-ZnO-chlorhexidine
paste showed release of Ca, high pH, antimicrobial activity mainly due to the presence of
CHX and Ca(OH),. Although ZnO has promoted a reduction in the antimicrobial effect, it is
important because it provides radiopacity, and it also contributes for the high density to the

pastes.
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Abstract

Aim To analyze the bioactivity, cytotoxicity and cellular proliferation by a intracanal paste
composed by Ca(OH),, 2% CHX and ZnO.

Methodology The study analyzed and compared bioactivity, cytotoxicity and cellular
proliferation properties from intracanal pastes, as follow: a) Natrosol; b) Natrosol + ZnO; c)
Natrosol + Ca(OH),; d) Natrosol + ZnO + Ca(OH),; e) CHX; f) CHX + ZnO; g) CHX + Ca(OH);; h)
CHX + ZnO + Ca(OH),. Data were statistical analyzed, following the normality test (Shapiro-
Wilk test), with a significance level of 5%.

Results MTT assay demonstrated that all groups containing Natrosol in their composition
showed results above or near the control line. SRB assay showed that all groups containing
Natrosol, and also CHX + Ca(OH), and CHX + Ca(OH), + ZnO showed viability rates similar to
the control line. Cell proliferation assay demonstrated the continuous closure of the wound
according to time in all evaluated groups except for CHX group. ALP assay demonstrated
increased enzyme activity according to time for all evaluated groups except for CHX. Alizarin
Red S assay showed increased mineralized nodules formation according to the time at all
groups containing Ca(OH), on its composition. Groups Natrosol and CHX did not show
production of mineralized nodules for any tested period.

Conclusions Paste with CHX + ZnO + Ca(OH), demonstrated favorable biological effects such

as bioactivity, cytotoxicity and cellular proliferation.
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Introduction

Traumatic dental injuries can cause damage to the periodontal ligament cells, and
severe inflammatory response, which leads to root resorption (Asgary et al. 2011). A high
prevalence of ankylosis and inflammatory resorption and has been reported, especially in
cases of intrusive luxation or avulsion (Hecova et al. 2010). External root resorption due to
dental trauma in permanent teeth, can be classified into three various types such as surface
resorption, replacement resorption/ankylosis and inflammatory resorption (Andreasen
1987). Inflammatory resorption is always associated with necrosis and infection of the pulp
(Pohl et al. 2005). Replacement resorption/ankylosis appears in injured teeth whose
periodontal ligaments have been dried, destroyed or removed from the surface of the root
(Fuss et al. 2003).

Tissue alterations have been described in the teeth with root resorption after dental
trauma. Pettini & Pettini (1998) showed that human teeth with external inflammatory root
resorption due to avulsion and replantation had severe resorption of the intertubular and
peritubular dentin. There was also the presence of bacteria-like elements on the bottom of
the excavations and within the root canal wall. However, tooth with replacement resorption
exhibit eroded areas and less pronounced lacunae, that decreased towards the apex. There
was also a, broad deep tubiform excavations at the apical margin, and fibrous structures
along the margin, possibly belonging to the collagen network that became exposed after
demineralization. Barbizam et al. (2015) reported that >20 minutes of extraoral dry time
were detrimental for the cells from the periodontal ligament of dog teeth. Several areas of
advanced osseous replacement resorption were combined with areas with lack of
periodontal ligament.

The host immunological and inflammatory responses may influence the aspects of
external root resorption in avulsed and replanted teeth. No association between the single
nucleotide polymorphisms in the interleukin-1 gene cluster (IL1) and the occurrence and
severity of inflammatory external root resorption was reported by Bastos et al. (2015).
Roskamp et al. (2017) observed no association of clinical variables and single nucleotide
polymorphisms in the interleukin 4 gene (IL4) and the prognosis of avulsed and replanted
teeth. However, Bastos et al. (2017) detected differences in the immunologic profile

between inflammatory and replacement external root resorption. Clinical parameters such
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as severity of the condition, and age of the patient seemed to modulate the presence of
some tested inflammatory molecules.

The occurrence of external root resorption might be influenced by factors associated
to the tooth and also to the environment. In a stepwise discriminant function analysis,
choice of treatment, root development, and degree of intrusion were significantly associated
with the development of replacement resorption in intruded teeth (Tsilingaridis et al. 2016).
The periodontal healing in avulsed and replanted teeth is affected by stage of root
development, length of the dry extra-alveolar storage period, immediate replantation and
length of the wet period (saliva or saline storage) (Andreasen et al. 1995).

A literature review on the intracanal dressings used in cases of tooth replantation
after dental trauma showed that calcium hydroxide [Ca(OH),] is usually recommended, as
well its association with antibiotic or corticosteroid can be beneficial for the treatment of
progressive root resorption and periodontal healing (Panzarini et al. 2012). In vitro studies
have suggested that the intracanal medicaments may reach the external root surface,
exerting both antimicrobial action (Gomes et al. 2009) and also tissue alcalinization
(Tronstad et al. 1981; Nerwich et al. 1993). Chen et al. (2008) demonstrated that
corticosteroids and corticosteroids and tetracycline may reduce the inflammatory reaction,
including clastic-cells mediated resorption, thus promoting favorable healing. Thong et al.
(2001), analyzed the periodontal response to intracanal medicaments in replanted monkey
teeth and observed that periodontal ligament inflammation and inflammatory root
resorption were markedly inhibited by Ca(OH), and corticosteroid-antibiotic, but
corticosteroid-antibiotic was slightly more effective than calcium hydroxide in producing a
periodontal healing response. However, the corticosteroid-antibiotic pastes are not
employed for long periods of time. Trope et al. (1995), indicated that root canal infection in
the presence of cemental damage will predictably result in inflammatory root resorption.
Furthermore, long-term Ca(OH), dressing seemed to be more effective than the one-week
treatment to established inflammatory root resorption.

Recently, Herrera et al. (2014), employed adense filling paste composed by Ca(OH),
powder, zinc oxide (ZnO) powder and 2% chlorhexidine gel (CHX) in teeth with apical root
resorption. Soares et al. (2015), investigated the short-term subcutaneous tissue reaction of
this endodontic paste composed by Ca(OH),, CHX and ZnO. The results indicated that the

paste is biocompatible. The presence of ZnO might be associated with low tissue irritation
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and induced favorable tissue repair. Zinc oxide can reduce inflammatory reaction in
granulation tissue, stimulate the healing of both chronic and acute wounds and can
significantly increase re-epithelialization, the mitotic index of epidermal basal cells is
stimulated by the topical application of ZnO (Santos et al. 2001). De Souza et al. (2000)
examined the effects of ZnO and other metal ions on the activity of the major matrix
metalloproteinases that have been implicated in several pathogenic processes. It was shown
that the activity of oral tissue MMPs may be modulated by metal ions present in the oral
environment mainly by ZnSO,4 that showed a strong inhibitor.

Although the association of Ca(OH),, 2% CHX and ZnO can be advantageous for the
endodontic treatment due to the increased synergic antimicrobial effect, the biological
properties of this paste has not been widely investigated. The aim of this study was to

analyze the bioactivity, cytotoxicity and cellular proliferation by this intracanal paste.

Materials and Methods

The present study was approved by the Research Committee from the School of
Dentistry of Federal University of Rio Grande do Sul (UFRGS, Porto Alegre, Brazil) (Protocol
number 31550).

The tested pastes were prepared using calcium hydroxide p.a. [Ca(OH)2] (Sigma-
Aldrich Brazil LTDA, SP, Brazil), zinc oxide p.a. (ZnO) (Sigma Aldrich), 2% chlorhexidine
gluconate gel (2% CHX) (Endogel, Itapetininga, SP, Brazil) and natrosol gel [Natrosol]
(Endogel). This study analyzed and compared in vitro the biological properties of the
following intracanal pastes:

a) Natrosol (75 pl);

b) Natrosol (75 pl) + ZnO (84 mg);

c) Natrosol (75 pl) + Ca(OH), (48 mg);

d) Natrosol (75 ul) + ZnO (84 mg) + Ca(OH), (48 mg);
e) 2% CHX (CHX) (75 ul);

f) 2% CHX (75 ul) + ZnO (84 mg);

g) 2% CHX (75 ul) + Ca(OH), (48 mg); and,

h) 2% CHX (75 ul) + ZnO (84 mg) + Ca(OH), (48 mg).
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Cell culture

Osteoblast-like cells derived from human osteosarcoma (Saos-2, ATCC HTB-85) were
grown as monolayer cultures in cell culture flasks (T-75, Costar, Corning Incorporated,
Corning, NY, USA) containing Dulbecco's Modified Eagle Medium (DMEM, Sigma Aldrich),
supplemented with 10% fetal bovine serum (FBS, Gibco, ThermoFisher Inc., Waltham, MA,
USA) and 1% solution of penicillin and streptomycin (PenStrep,Gibco) at a 37°C, 5% CO2, and

95% humidity environment.

Preparation of the medicaments

The medicaments were mixed according to the proportions described above, and 1
mL of each paste was individually placed in wells of a 12-well plate (n = 4 wells per paste)
(TPP, Techno Plastic Products, Zollstrasse, Trasadingen, Switzerland) and spread to
completely fill the bottom. The plate were immediately filled with 5 mL DMEM
supplemented with 1% PenStrep per well and incubated at 37°C, 95% humidity and 5% CO,

for 24 hours, in order to obtain the pastes’ extracts (Mestieri et al. 2015).

Citotoxicity assays

For cytotoxicity assays, 1x10* cells per well were plated in 96-well plates (TPP) and
24h after platting, cells were exposed to the pastes’ extracts at 0.1% dilution using DMEM
supplemented with 10% FBS and 1% PenStrep. Viability was accessed by the following assays
after 24h of extracts exposure.

For the MTT assay, 10 pL of a 5 mg/mL MTT solution (Sigma-Aldrich) were added to
each well of the culture plate, which were incubated at 37°C, 95% humidity and 5% CO2 for
3h. After this time, the contents of the wells were removed and the colorimetric product
solubilized in 100 pL of 0.04 N acidified isopropanol (Sigma-Aldrich). The optical density of
the solutions was measured in a spectrophotometer (ThermoFisher) at 570 nm wavelength
(Gomes-Cornélio et al. 2016).

In the SRB Assay, the cells were fixed with 10% trichloroacetic acid (Sigma-Aldrich)
and stained with a 0.4% SRB dye solution (Sigma-Aldrich) for 1h. The plate were washed with
a 1% acetic acid (Sigma-Aldrich) solution and the resulting colorimetric product solubilized in
100 pL of 10 mmol Tris solution (Sigma-Aldrich) and the samples analyzed in a

spectrophotometer (ThermoFisher) at 560 nm wavelength (Visioli et al. 2014).
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Bioactivity Assays

For bioactivity assays, 1x10* cells per well were plated in 24-well plates (TPP) and 24h
after platting, cells were exposed to the pastes’ extracts at 0.1% dilution, using DMEM
supplemented with 10% FBS and 1% PenStrep. Bioactivity was accessed by the following
assays after 1, 7 and 14 days of extracts exposure.

To evaluate the activity of the alkaline phosphatase enzyme (ALP) a colorimetric kit
(Fosfatase Alcalina, Labtest Diagndstica, Lagoa Santa, MG, Brazil) were used. After the
experimental periods, the cells were lysed with 1.0 mL of a 0.1% sodium dodecyl-sulfate
solution (SDS, Sigma-Aldrich), following the manufacturer’s instructions. The absorbance was
measured in a spectrophotometer (ThermoFisher) at 590 nm wavelength (Mestieri et al.
2017).

For the Alizarin Red S assay, the cells were fixed with a 10% formaldehyde solution
(Sigma-Aldrich), stained with Alizarin Red S 2% dye and washed with distilled water. The
culture plate wells were photographed and the mineralized nodules were measured in
specific software (Imagel, http://rsbweb.nih.gov/ij/). Results were expressed as the

percentage of mineralized area (Salles et al. 2012).

Cell Proliferation Assay

To assess cell proliferation capacity, cells were plated at a concentration of 1x10°
cells per well 12-well culture plates (TPP). After 24h incubation at 37°C, 95% humidity and
5% CO2, two defects were created in the cell monolayer, perpendicular to each other, using
a P200 pipette tip (TPP). Culture medium was replaced by the medium containing the pastes’
extracts at 1% concentration. Using a microscope (Axio Observer 71, Zeiss, Gottingen,
Germany) coupled to a camera (Axiocam mrn, Zeiss) with 10x magnifying lenses (Ecplan-
Neofluar 10x / 0.3 aperture, Zeiss), photos were taken every 24h from four different places
of the defects, until the period of 72h. The scratch area was measured through specific

software (Imagel, http://rsbweb.nih.gov/ij/). Results were expressed in percentage

according to the wound closure (Pellicioli et al. 2014).

Data analysis
All assays were performed in triplicate and repeated two independent times. The

data were statistical analyzed, following the normality test (Shapiro-Wilk test). Statistical
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analysis was carried out with the software GraphPad Prism 7 (GraphPad Software Inc., La

Jolla, CA, USA), at a 5% level of significance.

Results
Cytotoxicity assays

The results for the cytotoxicity assays are demonstrated in Figure 1. MTT assay
demonstrated that all groups containing Natrosol in their composition showed results above
or near the control line, with no differences among them (P > 0.05). 2% CHX group exhibited
a viability rate lower than 50%, differing from Natrosol group (P < 0.05). CHX + ZnO, CHX +
Ca(OH), and CHX + Ca(OH), + ZnO groups showed results similar to the control line. No
difference among the pastes that had 2% CHX or Natrosol in their composition was observed
(P > 0.05). SRB assay showed that all groups containing Natrosol, and also CHX + Ca(OH), and
CHX + Ca(OH), + ZnO showed viability rates similar to the control line (P > 0.05). The CHX and

the CHX + ZnO demonstrated the lower viability rates (near 50%).

Cell proliferation assay

The cell proliferation assay (Fig. 2) demonstrated the continuous closure of the
wound according to time in all evaluated groups except for CHX, whose wound maintained
almost 100% open in all evaluated periods (P < 0.05). Most favorable results were found in
the 72h period for all evaluated groups. At 72h, the CHX group was statically different from
CHX + Ca(OH); and CHX + Ca(OH), + ZnO and Natrosol + Ca(OH), + ZnO groups (P < 0.05) and

similar to the other evaluated groups (P > 0.05).

Bioactivity assays

ALP assay (Fig. 3) demonstrated increased enzyme activity according to time for all
evaluated groups except for CHX, whose activity significantly decreased at the 7 days period
(P < 0.05). At the 1 day period, the control group was similar to all the other groups, except
for [Natrosol + Ca(OH);, + ZnO], [CHX + ZnO] and [CHX + Ca(OH)2] (P < 0.05). At the 7 and 14
days there was a reduction in the enzyme activity for CHX and (CHX+Zn) when compared to
the other groups.

Alizarin Red S assay (Fig. 4) showed increased mineralized nodules formation

according to the time at all groups containing Ca(OH), on its composition. Among these
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groups, CHX + Ca(OH), + ZnO exhibited the highest rate, with no differences between the

others (P > 0.05). The groups Natrosol + ZnO and CHX + ZnO showed low deposition of

mineralized nodules over time, and any deposition at the 14 period. The groups Natrosol and

CHX were excluded from Figure 4 because they did not show production of mineralized

nodules for any tested period.
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Figure 1. Results of cytotoxicity assays. *Different lowercase letters represents statistical
difference between the evaluated pastes in each assay.
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Figure 2. Results of scratch assay. *Different lowercase letters represent statistical
difference in the same paste at different periods. Different uppercase letters represent
statistical difference in the same periods at different pastes.



53

Natrosol Natrosol + ZnO Natrosol + Ca(OH), Natrosol + Ca(OH), + ZnO
_ 200 200 200 200,
s 5 3 s
‘:150 aA '_;150 . 150 - 150
: H 2 e : :
§ 100 & 100 S 100 A g 100
o a
E = aAB E aAB g aAB g "
g 50 g s0 7 s aAB 7 50 abB
: : @ @ aB
o o
0 2 o 3 0 3 0
G N I ¢ & S
N " > h A® Kot s A8 ,\uhf\ " f\"f\ »°
2% CHX 2% CHX + ZnO 2% CHX + Ca(OH), 2% CHX + Ca(OH), + ZnO
200 200 200 200
3 3 3 3
=180 > 150 > 150 > 150
2 2 2 2
S 100 S 100 S 100 % 100 an
@ @ " bA u
£ aAB E E E aAB
E 50 abg E 50 bAB 7 = a8 abA ¥ s0 aAB
abB c c
: bB : - aB @ a
o o
T 0 " T o " o 2 0
3 5 & & & o 5 3 g S S
S A oF W K o5 K W tho K W& &

Figure 3. Results of ALP assay. *Different lowercase letters represent statistical difference in
the same paste at different periods. Different uppercase letters represent statistical
difference in the same period at different pastes.
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Discussion
Decision-making in inflammatory external root resorption after dental trauma is a

challange in clinical practice. According to International Association of Dental Traumatology
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(IADT), calcium hydroxide is recommended as an intra-canal medication, followed by root
canal filling with an acceptable material after dental avulsion and replantation. An antibiotic-
corticosteroid paste can also be used with anti-inflammatory function. However all
recommendations are not based on a high level evidences, and the guidelines should
therefore be seen as the best evidence and practice based on literature research and
professionals’ opinion (Andersson et al. 2012). Calcium hydroxide is one of the most
versatile medications especially for its use as an intracanal dressing. The association of
Ca(OH), with CHX it has already been investigated and CHX seemed to enhance the
antimicrobial effect of Ca(OH), (Gomes et al. 2003; Sirén et al. 2004). The mixture of
Ca(OH),, CHX and ZnO is an alternative that has a low-cost, is easy-to-use, has a high
radiopacity, and promotes hard tissue deposition. (de Souza-Filho et al. 2008; de Jesus
Soares et al. 2012). Furthermore, it can be employed as a dense paste, reducing its apical
absorption and the need for paste renewal.

Several methods have been used to evaluate in vitro the cytotoxicity. The MTT assay
allows for determining the cell’s metabolic activity by mitochondrial activity (Mosmann
1983). The SRB assay evaluates cells viability by the analysis of cell’s protein content (Vichai
and Kirtikara 2006). The association between different assays to access viability in vitro is
important to decrease the false-positive outcomes, which may occur due to most of
cytotoxicity assays measure cell’s metabolic activity, not necessarily cell viability, allowing for
detecting the presence of viable cells with low metabolic activity (Rodriguez-Lozano et al.
2017). In this study, either cytotoxicity assays had the same response pattern for all
evaluated groups at 0.1% and 1% extract concentrations. Both MTT and SRB assays showed
lower results CHX group. When chlorhexidine is associated with zinc oxide and calcium
hydroxide [CHX + ZnO + Ca(OH), group], the viability increases, indicating that cells have
been stimulated by this combination. Da Silva et al. (2008) evaluated the effect of a calcium
hydroxide-based paste (Calen, Dentsply, York, PE, USA) associated to 0.4% chlorhexidine
digluconate on a macrophage cell line culture. The addiction of chlorhexidine to the
medicament did not alter cell viability and the immunostimulating and anti-inflammatory
properties.

Scratch assay was first described by Liang et al. (2007). It could mimic the extent of
cells’migration in vivo during the wound healing. This assay has already been used in the

evaluation of endodontic sealers (Gomes-Cornélio et al. 2016), irrigant solutions (Blattes et
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al. 2017) and pulp-capping materials (Yu et al. 2016). The cell adhesion and migration are
fundamental during the apical tissue repair associated with root resorption. In this study,
most favorable results were found in the 72h period for all evaluated groups. The CHX group
was statically different after 72h period from [CHX + Ca(OH),], [CHX + Ca(OH), + ZnO] and
[Natrosol + Ca(OH), + ZnO] groups. It has been found that CHX reduce the gingival fibroblasts
adhesion to fibronectin an important extracellular matrix protein associated with tissue
regeneration. CHX reduces cell proliferation in a dose-dependent manner. Cells treated with
0.12% chlorhexidine digluconate experienced complete inhibition of proliferation (Cline and
Layman 1992). The inhibitory effect of CHX on cellular proliferation is concentration
dependent, and it does not depend on the duration of CHX exposure. Due its substantivity,
CHX can reduce the migration capacity of human fibroblasts even in a 10% concentration of
the 0.12% (Tsourounakis et al. 2013).

The alkaline phosphatasis (ALP) is an enzyme present in the plasmatic membrane,
which is found in bone, liver and in attachments of the dental organ, like the dental pulp and
dental follicle. ALP is one of the main markers of cellular osteoblastic activity, and it allows
for evaluating the bioactivity of materials to promote repair by tissue mineralization (Rosa
and Beloti 2005). ALP is a recognized marker of osteoblast differentiation and it is an
essential enzyme in hydroxyapatite nucleation process (Salles et al. 2012). ALP assay
demonstrated increased enzyme activity according to time for all evaluated groups except
for CHX group, whose activity significantly decreased at the 7 days period. The induce of
mineralization in human Saos-2 cell culture system was observed only in the groups
containing Ca(OH), on its composition, with an increase in mineralized nodules formation
according to the time. The results also suggested that the incorporation of ZnO to the
Ca(OH); has improved the mineralization capacity of the pastes. Calcium hydroxide is able to
promote hard tissue formation due to its dissociation into Ca* and OH". The increase in the
local pH may initiate the mineralization process, due to its effect on enzymatic pathways.
Ca(OH), has also been shown to enhance bone metabolism processes, including collagen
synthesis, glycolysis, and protein synthesis (Jaunberzins et al. 2000).

Soares et al. (2015), investigated the biocompatibility of this endodontic paste in
subcutaneous tissue of rats, and showed favorable results regarding biocompatibility and
may be explained by the presence of zinc oxide that presented low tissue irritation and

induced favorable tissue repair. Zinc is an essential trace element in the human body and its
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importance in health and disease is appreciated. It serves as a cofactor in numerous
transcription  factors and enzyme systems including zinc-dependent matrix
metalloproteinases that augment autodebridement and keratinocyte migration during
wound repair (Lansdown et al. 2007). Good results with respect to tissue repair were found,
probably due to its anti-oxidant power, anti-inflammatory potential and tissue repair activity

(Cunha et al. 2011).

Conclusion

This study showed that the paste with CHX + ZnO + Ca(OH), demonstrated favorable
biological effects such as bioactivity, cytotoxicity and cellular proliferation. Although this is
an in situ study, these properties are essential for the remineralization and tissue repair

process.
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4 CONSIDERACOES FINAIS

O traumatismo dentario pode originar o aparecimento das mais diversas
alteracdes pulpares, desde infeccOes pulpares reversiveis, irreversiveis, necroses
pulpares, e reabsorgdes radiculares internas, externas ou apicais. Em casos de
traumatismo com luxacbes severas ou avulsdao ocorre dano ao ligamento
periodontal, cemento, pré-cemento e resto epiteliais de Malassez expondo a
superficie radicular. Enquanto a reabsorcédo radicular inflamatéria esta relacionada
diretamente a extensdo do dano ao periodonto na hora do trauma e a presenca de
bactérias nos tubulos dentindrios e no canal radicular, a reabsor¢do substitutiva
dependera da viabilidade das células do ligamento periodontal (FINUCANE &
KINIRONS, 2003; ANDERSSON, 2013).

A maioria dos tratamentos para as reabsorc¢ées radiculares inflamatérias e por
substituicdo envolvem longos periodos com uso de medicacao intracanal, sendo que
o material de escolha normalmente € o hidréxido de calcio e necessita ser renovado
conforme o passar do tempo (FELIPPE et al.,, 2005). Neste trabalho analisamos
propriedades bioldgicas e fisico-quimicas de uma pasta que foi utilizada em relatos
prévios da literatura em casos de traumatismos (HERRERA et al., 2014; SOARES et
al., 2012; SOARES & SOUZA-FILHO, 2011). Esta pasta é utilizada como material
obturador, ndo necessitando de trocas periodicas devido a sua consisténcia mais
densa, sendo composta pela associacdo do hidréxido de célcio + oxido de zinco +
gel de clorexidina 2%.

Conforme citado no decorrer deste trabalho existem estudos de caso controle
e estudos in vivo com esta pasta, porém pouco se sabe da influéncia de cada um
dos componentes e 0 papel que eles desempenham no reparo tecidual, vantagens e
desvantagens de cada componente. Realizamos uma série de testes in vitro tais
como: bioatividade, citotoxicidade, proliferacdo celular, atividade antimicrobiana,
radiopacidade, fluidez, liberagéo de célcio e pH.

O “Artigo 1” demonstrou as propriedades antimicrobianas e fisico-quimicas da
pasta de Ca(OH),+ZnO+CHX, com relacdo a atividade antimicrobiana, o
componente mais eficaz contra o crescimento bacteriano foi a clorexidina,
principalmente para microrganismo anaerobio facultativo (Enterococcus faecalis), e
com a adicado do Ca(OH), a inibicdo contra fungo (Candida albicans) € aumentada.

Por apresentar uma consisténcia mais densa tipo uma “massa de vidraceiro”, em
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areas de reabsorcdo a presenca da pasta composta por Ca(OH);+ZnO+CHX
provavelmente seja mais estavel, possibilitando a sua presenc¢a por um periodo de
tempo maior do que o de medicacdes de aspecto menos denso como 0 caso de
medicacfes compostas por Ca(OH), + veiculos (hidrossolluveis e oleosos). Quando
analisamos a radiopacidade das pastas, o 6xido de zinco mostra-se indispensavel,
pois confere niveis maiores que 3 mm de Al, 0 que torna a pasta bastante radiopaca
ao exame radiografico. Uma das propostas é a permanéncia da pasta por longos
periodos de tempo, quando comparada especialmente com o Ca(OH),, o ZnO
possibilita a visualizacdo da presenca da pasta dentro do canal. Em relacdo a
liberacdo de ions célcio e pH, mais uma vez notamos que a presenca do hidroxido
de calcio é fundamental, pois ele € o principal responsavel pelo aumento de pH das
pastas com o passar do tempo. Tal fato é imprescindivel para a ativacdo da
fosfatase alcalina, enzima que tem a capacidade de induzir os ions fosfato a
reagirem com o0s ions célcio, formando precipitados de fosfato de calcio
(hidroxiapatita), fato que caracteriza o processo de mineralizacao.

Ja no “Artigo 2”, demonstrou-se a capacidade de proliferacdo celular, de
bioatividade e também o potencial de citotoxicidade desta pasta in situ. No teste de
proliferacdo celular in situ observamos que ap6s 72h a pasta com
Ca(OH),+ZnO+CHX promoveu a cicatrizagcdo da feriada, e ainda mostrou o0s
melhores resultados em relacdo ao teste de bioatividade e mineralizacdo conforme
a analise pelo meio do método de Alizarin Red S e ALP. Em relacdo aos testes de
citotoxicidade, MTT e SRB, quando a clorexidina esta presente, a pasta apresenta
valores de viabilidade cellular menores que 50%, porém com a adi¢do de ZnO ou de
Ca(OH), a viabilidade celular atinge niveis similares ao grupo controle. E sabido que
0 oxido de zinco possui acdo anti-séptica, adstringente, secativa e anti-inflamatoria,
0 gque poderia favorecer o resultado previamente descrito.

Apesar da maioria dos protocolos odontologicos de atendimento estarem
estabelecidos na literatura, segundo as diretrizes da Associacao Internacional de
Traumatologia Dentaria (IADT), em muitos relatos de casos de trauma os dados
coletados na literatura ndo demonstram respostas conclusivas quanto aos
protocolos de utilizagdo de medicamentos intracanal. Em relacdo ao tratamento
endodontico destes dentes traumatizados a IADT ainda cita que o sistema de canais
radiculares deve ser preenchido com um material aceitavel (ANDERSSON et al.,
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2012). Entdo, as recomendacgfes baseam-se também na opinido de consenso dos
grupos de trabalho e da experiéncia clinica de cada profissional.

Os resultados de Soares (2007), demonstraram que a associacdo do
Ca(OH),+ZnO+CHX, mostrou-se eficaz no tratamento de dentes traumatizados,
tanto em casos de formacao radicular completa, quanto em casos de rizogénese
incompleta. Do ponto de vista clinico, a pasta obturadora promoveu a reducdo na
porcentagem de todos os sintomas e sinais clinicos observados inicialmente como:
dor espontanea, fistula, abscesso, mobilidade e sensibilidade a percussao.

Portanto, apos a revisdo de literatura e também com base nos resultado deste
estudo, pode-se descrever qual a importancia e a acdo de cada componente da
pasta composta por Ca(OH),+ZnO+CHX. Demonstrou-se que esta pode ser uma
alternativa concreta para a obturacdo do sistema de canais radiculares de dentes
acometidos por reabsorcao dentéria inflamatoria ou substitutiva, pois ela possui boas
propriedades bioldgicas e fisico-quimicas para tratamento do sistema de canais

radiculares.
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