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A biocompatibilidade é uma caracteristica importante dos materiais utilizados em
medicina dentdria, uma vez que alguns dos seus constituintes podem ser toxicos para os
tecidos vivos. No caso dos cimentos de obturacdo endoddnticos, esta € uma propriedade
essencial, j& que podem contactar diretamente com diversos tipos de células,
nomeadamente células 6sseas, principalmente se ha extrusao de material para os tecidos
periapicais. Estdo disponiveis comercialmente inimeros cimentos de obturacdo, com
diferentes formulacdes. Ao longo dos anos, a sua biocompatibilidade tem sido estudada
in vitro e in vivo. No entanto, surgiram recentemente novos cimentos de obturacio e
tornaram-se possiveis novas abordagens para os estudos in vitro, razdes pelas quais

optamos pela realizagdo deste trabalho.

A remodelacdo 6ssea é um processo continuo que envolve a acdo conjunta dos
osteoblastos e dos osteoclastos. Os osteoblastos sdo as células responsdveis pela
producdo da matriz extracelular e t€ém um papel importante na regulacdo da
diferenciacdo e ativacdo dos osteoclastos. Estes, por sua vez, sdo as células
especializadas na reabsor¢@o dssea, quer durante a remodelacdo dssea fisiolégica, quer
nas situacdes patolégicas em que a reabsor¢do estd aumentada. A remodelagcdo dssea é,
portanto, um processo complexo que exige a acdo coordenada destes dois tipos
celulares. Por isso, a avaliagdo in vitro de materiais que t€ém contacto direto com 0 0sso,
como € o caso dos cimentos de obturagdo endoddnticos, deve basear-se ndo apenas na
proliferacdo e diferenciacdo dos osteoblastos, mas também na diferenciacdo e ativacdo

dos osteoclastos.

O objetivo deste estudo foi avaliar a citotoxicidade in vitro de cinco cimentos de
obturacdo, com diferentes composicdoes (GuttaFlow®, AH Plus®, Sealapex®,
Tubliseal® and RealSeal®), no comportamento de células osteobldsticas, células

osteoclasticas e co-culturas de células osteoclasticas e osteoblasticas.

No 1° trabalho, os cimentos foram preparados de acordo com as instrucdes do fabricante
e, imediatamente a seguir, preparam-se extratos em meio de cultura utilizando dois tipos
de metodologia — a Norma ISO 10993-5 (2 cm? de drea do cimento/ 1,5 ml de meio; 24h;
37°C, 5% COy/ar) e a técnica de imersdao dos dpices radiculares (um &pice radicular/1,5
ml de meio; 24h, 37°C, 5% CO,/ar). As células osteoblasticas MG63 foram cultivadas
na presenca de uma gama de concentragcdes dos dois tipos de extratos (extrato puro;

diluicdes de 1:2, 1:5, 1:10 e 1:20) durante 1 e 3 dias (teste de toxicidade aguda). Numa
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outra experiéncia, as células MG63 foram cultivadas durante 21 dias (efeito a longo
prazo) na presenca da concentragdo mais baixa dos dois tipos de extratos (1:20). Ambos
os extratos causaram efeitos toxicos agudos e a longo prazo na proliferacdo/viabilidade
celular. Os resultados mostraram efeitos dependentes da dose e do tempo de exposicao,
e diferencas significativas entre os materiais. O GuttaFlow apresentou baixa toxicidade,
significativamente menor que os restantes cimentos. AH Plus, Sealapex, Tubliseal e
RealSeal inibiram o crescimento celular e a toxicidade aumentou com a concentragdo e
o tempo de exposicdo. Os extratos preparados de acordo com a norma ISO causaram
efeitos téxicos mais significativos. No entanto, os dois tipos de extratos, preparados por
metodologias diferentes, providenciam informagdo relevante sobre a toxicidade dos

cimentos endodonticos.

O 2° trabalho avaliou o comportamento de células osteocldsticas humanas (obtidas a
partir de precursores presentes no sangue periférico) na presenca de uma gama de
concentracdes dos extratos dos cimentos endodonticos preparados de acordo com a
Norma ISO 10993-5 (1.3 cmz/ml; 24h; 37°C, 5% COj/ar; diluigdes de 1:20, 1:100,
1:500 e 1:2500). As células foram expostas durante 21 dias. Os extratos causaram
efeitos inibitérios, que se refletiram por uma diminuicdo da atividade da TRAP,
presenca de anéis de actina e de recetores para a calcitonina e vitronectina, atividade de
reabsor¢do e expressdo de genes osteoclastogénicos. Os vdrios cimentos diferiram no
perfil de resposta e nas vias de sinalizacdo intracelulares. O GuttaFlow apresentou
menor toxicidade que os outros cimentos. De referir, que se observou uma adaptacio

progressiva das células aos efeitos inibitérios dos cimentos.

O 3° estudo avaliou o efeito de extratos dos cimentos endoddnticos em co-culturas de
osteoclastos e osteoblastos humanos, obtidos a partir de precursores presentes no sangue
periférico e na medula &ssea, respetivamente. As condi¢des experimentais foram
semelhantes as descritas no segundo estudo. Os extratos causaram efeitos inibitérios em
parametros osteobldsticos e osteocldsticos. A inibicdo foi mais significativa durante as
duas primeiras semanas. Os cimentos diferiram no perfil de resposta, e o GuttaFlow
revelou menor toxicidade. A resposta osteobldstica foi mais sensivel aos efeitos toxicos
dos extratos que a resposta osteoclastica, e apresentou menor capacidade de adaptacdo

ao longo do tempo.
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Apesar de os cimentos de obturacdo causarem reagdes de citotoxicidade em modelos de
culturas celulares, isto ndo reflete necessariamente risco de reagdes adversa em
ambiente clinico. Os tecidos orais sdo geralmente mais resistentes a substincias toxicas
que as culturas celulares, devido a sua estrutura tridimensional, a presenca de matriz
extracelular e a continua circulagdo de fluidos. Além disso, a atividade anti-inflamatdria
e o suprimento sanguineo dos tecidos podem minimizar a toxicidade inicial destes
materiais. Contudo, os resultados deste estudo in vitro sugerem que, durante a fase de
obturacdo dos canais radiculares, deve proceder-se de forma a evitar a extrusdo de
material para a zona periapical, de modo a prevenir efeitos indesejados. Sdo necessarios
estudos clinicos prolongados e controlados para melhor compreender as implicacdes

destes resultados in vitro.
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Biocompatibility is an important requirement for a dental material, because some of
their components might be toxic to the living tissues. In the case of root canal sealers,
good tissue compatibility is an essential quality, once they can become in direct contact
with several cell types, namely bone cells, especially if extruded to the periapical
tissues. There is a variety of commercially available root canal sealers, based in
different formulae. Over the years, their biocompatibility has been studied in vitro and
in vivo. However, recently, new root canal sealers were introduced and new in vitro

approaches became available. This is the reason to perform this work.

Bone remodeling is a continuous process, involving a coordinated action of osteoblasts
and osteoclasts. Osteoblasts are responsible for the formation of the bone extracellular
matrix and have also a role in the regulation of the differentiation and activity of
osteoclasts. Osteoclasts are cells specialized in bone resorption during normal bone
remodeling and in pathologic states in which bone resorption is increased. Bone
remodeling is a complex process that requires the coordinated action of these two cell
types. For this reason, the in vitro evaluations of materials that contact with bone, as
endodontic sealers, should involve not only the analysis of osteoblast proliferation and

differentiation but also the differentiation and activity of osteoclasts.

The purpose of this study was to evaluate the in vitro cytotoxicity of five endodontic
sealers, based on different formulae (GuttaFlow™, AH Plus™, Sealapex™, Tubliseal™
and RealSeal™), on the behaviour of osteoblastic cells, osteoclastic cells and co-

cultures of osteoclastic and osteoblastic cells.

In the first study, the endodontic cements were prepared following the manufacturer’s
instructions and, immediately after, they were extracted with culture medium (24h; 37°C,
5% CO,/air) according to ISO Standards 10993-5 (2 cm*/1.5 ml) or the root-dipping technique
(filled root tooth/1.5 ml). MG63 cells were exposed to a concentration range of the two extracts
(pure extract and 1:2, 1:5, 1:10 and 1:20 dilutions) for 1 and 3 days (acute toxicity). Also,
MG63 cells were cultured for 21 days (long-term toxicity) in the presence of the lowest
concentration of each extract (1:20). Both types of extracts caused acute and long-term
toxicity in the cell viability/proliferation. Results showed dose- and time-dependent
effects and significant differences among the materials. GuttaFlow exhibited the lowest
toxicity, compared to the other tested cements. Toxicity of AH Plus, Sealapex, Tubliseal
and RealSeal increased with the extract concentration and the exposure time. The

extracts prepared according to the ISO standard caused significantly higher effects,
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compared to those prepared by the root dipping technique. However, both types of
extracts provided relevant information regarding the cytotoxicity of the endodontic

sealers.

The second study addressed the behavior of human osteoclastic cells (from
mononuclear precursors present in the peripheral blood) in the presence of a
concentration range of the cements’ extracts, prepared according to ISO Standards
10993-5 (1.3 cmz/ml; 24h; 37°C, 5% CO»/air; dilutions of 1:20, 1:100, 1:500 and
1:2500), Cells were exposed during 21 days. The extracts caused inhibitory effects,
reflected by a decrease in TRAP activity, presence of actin rings and receptors for
calcitonin and vitronectin, resorption activity and expression of osteoclastogenic genes.
The tested cements presented differences in the cell response profile and in the
intracellular signaling pathways. GuttaFlow presented the lowest cytotoxicity. Results
also showed a progressive adaptation of the cell response to the inhibitory effects of the

extracts.

The third study evaluated the effects of the cements’ extracts in co-cultures of human
osteoclasts and osteoblasts, obtained from precursors present in the peripheral blood and
bone marrow, respectively. The experimental conditions were similar to those used in
the second study. The extracts caused inhibitory effects in osteoblastic and osteoclastic
parameters. The inhibition was more significant during the two first weeks. The
cements differed in the elicited cell response, and GuttaFlow revealed the lowest
toxicity. In the co-culture system, the osteoblastic response was more sensitive to the
extracts’ cytotoxicity, and presented a lower ability of adaptation during a long

exposure, compared to the osteoclastic cells.

Although endodontic sealers elicit cytotoxic responses in cell culture models, this does
not necessarily reflect long-term risk for adverse effects in the clinical setting. Oral
tissues are generally more resistant to toxic substances than cultured cells, due to the
tridimensional structure, the presence of an extracellular matrix and the continuous fluid
flow. In addition,the inflammatory activity together with intact blood supply in tissue
repair process could minimize the initial toxicity of these materials. However, the in
vitro results of this study suggest that caution is needed in root canal obturation, to

prevent that material is extruded in periapical tissues, in order to avoid apex reactions.
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Long-term, controlled clinical studies are needed to better understand the clinical

implications of these in vitro effects.
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A Endodontia tem assumido, nos tltimos anos, uma importancia crescente no panorama
da medicina dentdria, na perspetiva do profissional, do paciente e dos fabricantes de

material dentario.

Para nés, médicos dentistas, a endodontia tem vindo a ocupar uma percentagem cada
vez maior do tempo de trabalho, porque estamos empenhados em manter a denti¢do do
paciente e porque dispomos de técnicas, materiais e aparelhos cada vez mais eficientes e
diversificados, permitindo maior sucesso no tratamento endodontico. Exemplos disso
sdo os localizadores eletronicos do dpice, os instrumentos rotatérios de niquel-titanio,
varios sistemas de irrigacdo e técnicas de obturacdo de maior facilidade de execucdo e
de maior previsibilidade, novas formulas de cimentos e a utiliza¢cdo do microscépio e de

aparelhos laser.

Os pacientes de hoje, mais exigentes consigo e com os profissionais, esperam manter os
seus dentes naturais em funcdo por mais tempo, e estdo dispostos a investir mais tempo

e dinheiro em tratamentos que preservem a funcido mastigatdria e a estética facial.

A industria e comércio de material dentdrio t€ém investido muito em inovagdes na drea
da endodontia, e temos assistido na ultima década a consideraveis melhorias nos
materiais e equipamentos direcionados para estes tratamentos. Este interesse crescente €
uma resposta as necessidades do mercado e, também, uma das causas do maior
investimento dos clinicos nesta drea de tratamento, porque tém a possibilidade de obter

melhores resultados com menores dificuldades e riscos.

As taxas de sucesso do tratamento endoddntico tém vindo a subir ao longo dos anos,
mas ainda existem casos de insucesso no tratamento e retratamento dos canais
radiculares. H4 varios estudos de controlo dos tratamentos endodonticos, por exemplo,
Grossman et al' (1964), Sjogrenet al” (1990), Eriksen® (1991), Friedman® (1998), Imura
et al” (2007). A maior parte dos estudos avalia os resultados dos tratamentos
endodénticos realizados por especialistas’ ou em clinicas universitdrias®’, sendo as
taxas de sucesso normalmente superiores (mais de 90%) as que se observam em estudos
com os clinicos generallistalsg’9 (65-75%). E muito dificil comparar as taxas de
sucesso/insucesso, uma vez que os estudos utilizam amostras e metodologias muito
diversas, no entanto, uma revisdo extensiva da literatura, de Torabinejad et allo, em

2007, mostrou que as taxas de sucesso variam de 80 a 98%, e uma revisdo similar de
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Eleman RF”, em 2010, refere taxas de sucesso de 86%. Julgamos fundamental perceber

as causas dos insucessos.

O tratamento endodontico radical é um procedimento com vdrias fases, desde o
diagndstico até a restauracdo do dente, e o insucesso pode dever-se a técnica e/ou aos
materiais utilizados em qualquer uma dessas fases. O rigor das técnicas e a utilizacdo de

materiais biocompativeis podem, portanto, aumentar a taxa de sucesso.

Apds a preparagao biomecanica dos canais radiculares, procede-se a sua obturagio,
quase sempre utilizando um material central sélido (guta-percha ou resilon) associado a
um cimento de obturacdo. Os cimentos de obturacdo dos canais radiculares devem
possuir uma série de propriedades fisicas e quimicas que permitam a sua utilizacdo
segura como material obturador e, portanto, sdo submetidos a testes tecnoldgicos que
caracterizam e garantem vdarios aspetos: consisténcia, manipulagdo, tempo de trabalho,
caracterizacdo fisica apds a mistura e presa. Podem também antecipar o comportamento

12 .
1'%, os testes avaliam a

clinico do material. Segundo a norma ISO standard 6876-200
consisténcia, o tempo de trabalho, o tempo de presa, a radiopacidade, a solubilidade e a

desintegracdo e, ainda, as alteragdes dimensionais apds a presa.

Depois desta fase, sdo necessdrios novos testes que incidem no comportamento
bioldgico (testes bioldgicos, em culturas celulares, por exemplo) e clinico (utilizagao
clinica em animais). Um outro aspeto importante ¢ a avaliacdo da capacidade anti-

bacteriana do material.

H4, portanto, vérias abordagens para testar a biocompatibilidade dos materiais
endoddnticos, nomeadamente os cimentos: culturas celulares, implantes subcutaneos,
implantes intra-6sseos, estudos in vivo da tolerancia dos tecidos (utilizacdo dos

.. A (13,1415
materiais em tratamentos endodonticos de dentes em animais) > .

H4 diversos cimentos de obturacdo disponiveis comercialmente, alguns utilizados hi
décadas (por exemplo, a base de 6xido de zinco eugenol), sofrendo apenas algumas
alteracdes na sua composicao, outros de introdu¢do mais recente (por exemplo, a base
de resina de metacrilato), ainda com poucas provas dadas clinicamente. A
biocompatibilidade do cimento € extremamente importante, uma vez que este material
pode contactar diretamente os tecidos vivos da regido periapical, nomeadamente o

tecido 6sseo do alvéolo que aloja o dente, e desta forma pode ou ndo permitir a
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resolucdo de uma lesdo dssea pré-existente, ou pode originar uma reagdo inflamatdria

em tecido 0sseo saudavel.

Assim, aproveitando os excelentes recursos existentes no Laboratdrio de Farmacologia
e Biocompatibilidade Celular da Faculdade de Medicina Dentaria da Universidade do
Porto, desenvolvemos este estudo em culturas celulares, com o objetivo de comparar a
citotoxicidade de diversos cimentos de obturagcdo disponiveis comercialmente e avaliar
os seus efeitos nas células do tecido 6sseo, osteoblastos e osteoclastos. Analisou-se a
resposta celular a uma gama de concentracdes de extratos dos cimentos e durante
diferentes tempos de exposi¢do, de modo a obter informacdo sobre o perfil de

toxicidade de cimentos endodonticos de diferentes composicoes.
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O principio da obturag¢do do espago do canal radicular é genérica e naturalmente aceite.
No entanto, tem surgido a discussdo sobre a importancia e até sobre a necessidade de
obturar os canais radiculares. H4 atualmente alguma controvérsia sobre a influéncia da
~ ~ . A 1413
obturacdo versus restauracdo no sucesso/insucesso do tratamento endododntico . De

2,34

acordo com alguns autores™", ambos sdo importantes para o sucesso, posi¢do com que

concordamos.

O sucesso ou insucesso do tratamento endodontico radical baseia-se tradicionalmente na
desinfecdo do sistema de canais e na necessidade de obter um selamento o mais
hermético possivel, para preservar o saneamento obtido durante o preparo canalar ou
manter as condi¢des assépticas previamente existentes, como € o caso dos dentes com
vitalidade. Um estudo recente de Sabeti et al' comprovou que o sucesso do tratamento
endodontico depende da eliminacdo dos microrganismos, da resposta do hospedeiro e
do selamento coronal dos canais radiculares. Segundo estes autores, € mais importante a
restauracdo coronal para impedir a penetracdo de microrganismos, que a obturacdo
canalar, sendo que esta continua a ser recomendada porque reduz o espaco e a nutricao
para a multiplicagdo de microrganismos que eventualmente tenham permanecido no
canal. Saunders et al’ (1994) e Ray et al® (1995) também concluiram que a qualidade da
restauracdo coronal ¢é significativamente mais importante que a do tratamento
endodéntico. Pelo contrério, Riccucci et al’ referem que a restauracio ndo é critica para
o resultado do tratamento endoddntico. Numa posi¢do intermédia, vdarios autores
defendem que a combinacdo de um tratamento endodontico e restauracdo adequados
permitem uma elevada taxa de sucesso, mas consideram que o fator mais importante

8.9.10.11 "Dentes com uma

para o sucesso ¢ a qualidade do tratamento endodontico
obturacdo deficiente, independentemente da qualidade da restauracdo, apresentavam
uma prevaléncia significativamente mais elevada de periodontite apical que os dentes
obturados adequadamente. No entanto, a qualidade da restaura¢do também influencia o
resultado do tratamento, possivelmente prevenindo a re-infecio do canal radicular.
Chugal et al'? e Ng et al”®, em revisdes extensivas da literatura sobre os fatores clinicos
que influenciam o resultado do tratamento endodontico apontaram a obturacdo do canal
(limite apical e condensagdo) e a restauragdo pos tratamento como fatores que afetam

significativamente o resultado, sendo o outro fator a presenca ou auséncia de lesdo

apical pré-operatoria.
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Independentemente das teorias, parece ser fundamental para uma maior taxa de sucesso
a obturacdo do canal com um material densamente compactado, até ao limite apical da
preparacdo, sem extrusao do material obturador para os tecidos periapicais e prevenindo

a re-infecdo com uma restauracdo coronal de boa qualidade.

Depois de um correto diagndstico, os canais radiculares sdo preparados
biomecanicamente, através da instrumentacdo, irrigacdo e, se necessario, medicacao
intracanal. O clinico estabelece assim a forma e tamanho adequados do canal radicular,
para depois proceder a sua obturagdo. O objetivo da obturagcdo € prevenir a re-infecao
do canal radicular, utilizando materiais e técnicas que possibilitem o total
preenchimento de todo o sistema de canais € promovam um selamento que impeca a

~ . . PN . 14
penetracdo de fluidos desde o segmento apical do canal até a embocadura dos canais .

Sundqvist e Figdor' atribuiram trés funcdes primdrias A obturacdo: selamento contra a
penetracdo de bactérias provenientes da cavidade oral; isolamento dos microrganismos
remanescentes; obturacdo completa que previna a infiltracdo de fluidos que podem

servir de nutrientes para as bactérias.

A técnica cldssica de obtura¢do associa um cimento obturador com um material central
solido. O material central funciona como um nucleo para o cimento. Este cimento deve
preencher os espagos vazios e aderir as paredes da dentina. Na obtura¢do existe o risco

de que o cimento extrua e contacte com os tecidos vivos da regido periapical.

Grossman, um dos fundadores da especialidade de Endodontia, resumiu as propriedades
mecanicas, fisicas e bioldgicas ideais dos materiais de obturacdo segundo a lista da

tabela 1'°.
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Tabela 1: Propriedades ideais de um material de obturacio segundo Grossman

Deve ser ficil de introduzir no sistema de canais

Deve selar o canal lateral e apicalmente

Nao deve contrair depois de endurecer

Deve ser impermedvel aos fluidos

Deve ser bacteriostatico (ou, pelo menos, ndo promover o crescimento bacteriano)
Deve ser radiopaco

Nao deve pigmentar a estrutura dentaria

Nao deve ser irritante para os tecidos periapicais

Deve ser estéril ou facil e rapidamente esterilizdvel imediatamente antes de ser utilizado

Deve ser facil de remover do canal se necessario

Alguns autores foram acrescentando outras propriedades, nomeadamente:
- Nao desencadear resposta imune nos tecidos periapicais;
17,18

- Nao deve ser mutagénico nem carcinogénico

Material central solido

Guta-percha

2

E, sem duvida, o ndcleo sélido universalmente mais utilizado.

Em 1867, Bowman'? introduziu o uso da guta-percha em Endodontia. A guta-percha é
um polimero do metilbutadieno ou isopreno (1,4 poliisopreno), sendo assim um isémero
da borracha, mas mais dura, mais quebradica e menos eléstica do que esta. Enquanto a
borracha natural € um cis-poliisopreno, possuindo agrupamentos CH, do mesmo lado da
ligacdo dupla, a guta-percha é um trans-poliisopreno, o qual apresenta os seus
agrupamentos CH, em lados opostos da ligacdo dupla. A guta-percha € obtida a partir
da coagulacdo do latex de arvores da Maldsia, dos géneros Payena ou Palaquium, da

familia Sapotaceae.

Em 1942, C.W. Bunn®® descreveu que a guta—pecha pode apresentar quimicamente duas
formas cristalinas distintas: alfa e beta. A forma alfa é a que € naturalmente extraida da
arvore. A maioria das gutas disponiveis comercialmente encontra-se na forma beta. A

forma alfa é quebradica a temperatura ambiente e quando aquecida torna-se pegajosa,
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aderente e com maior escoamento. A temperatura de fusao é 65°C, sendo esta a guta
utilizada nas técnicas termopldasticas. A forma beta é estavel e flexivel a temperatura
ambiente e quando aquecida ndo tem adesividade e tem menor escoamento que a forma

alfa. A sua temperatura de fusao é de 56°C.

A forma comercial da guta-percha mais comum € em cones, que podem ser calibrados
ou ndo. Os cones calibrados tém didmetros e conicidades determinados. O diametro da
ponta de um cone de guta é denominado Dy. E um didmetro virtual que consiste na
projecao da conicidade do cone até a sua extremidade. Os didmetros em Dy, expressos
em centésimas de milimetro, correspondem aos nimeros padronizados (ISO) e variam
entre 15 e 140. O didmetro dos cones aumenta 0,05mm até ao n° 60 e 0,10mm a partir
daqui até ao n° 140. No entanto, existem pequenas variagdes nos didmetros de ponta,

inerentes ao processo de fabrico. As conicidades podem ser de 0.02, 0.04 e 0.06.

A composicao bdsica dos cones de guta-percha inclui guta-percha (19 a 20%), 6xido de
zinco (60 a 75%), substancias para conferir radiopacidade como o sulfato de bario (1,5 a
17%) e outras substancias como resinas, ceras e corantes (1 a 4%). Alguns fabricantes
adicionam ainda agentes anti-microbianos como o hidréxido de célciom, clorohexidina®?

. . 23
ou iodoformio””.

., . ey eq. . .. 24.25

A guta-percha tem uma aceitavel biocompatibilidade e baixa toxicidade™ . A guta-
percha pura ndo € citotdxica, no entanto, os cones de guta-percha apresentam alguma
citotoxicidade, provavelmente devido aos outros componentes adicionados,

nomeadamente o 6xido de zinco que é libertado ao longo do tempo®?’.

A obturacdo com guta-percha obriga ao uso de cimentos seladores, e ainda que a guta
possa ter alguma toxicidade, os cimentos sdo normalmente o elemento mais téxico da

obturacao.

As vantagens e as desvantagens dos cones de guta-percha sdo apresentadas na tabela 2.
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Tabela 2: Vantagens e desvantagens dos cones de guta-percha™

Vantagens: Desvantagens:

- Plasticidade que permite uma facil adaptacdo | - Pequena resisténcia mecanica a flexo-compressao

as irregularidades do canal, quando utilizados | (rigidez), o que dificulta o seu uso em canais curvos e

em vdrias técnicas de obturacio atresiados

- Sdo bem tolerados pelos tecidos peri- - Pouca adesividade, o que exige a complementacdo da
radiculares obtura¢do com um cimento

- Radiopacos - Podem ser deslocados pela pressdo, podendo originar

- Podem ser facilmente plastificados por meios | sobre-obturacdo durante a condensagao
fisicos e quimicos

- Estabilidade dimensional

- Insolubilidade

- Nao alteram a cor da coroa do dente quando
usados no limite corondrio adequado

- Facilmente removidos do canal se necessario

A guta-percha expande ligeiramente (0,2%) quando aquecida, o que pode ser vantajoso
num material de obturacdo. Esta propriedade foi aproveitada para desenvolver técnicas
de obturacdo que utilizam guta-percha aquecida (injetdvel, aquecida no interior do canal

ou em transportadores).
Resilon®

No intuito de ultrapassar algumas das limita¢des da guta-percha, durante décadas foram
testadas vdrias resinas sintéticas, mas sé com a introdu¢do no mercado do Resilon®
surgiu uma alternativa, aparentemente vidvel, a guta-percha. Este novo material,
desenvolvido em 2003 pela empresa Petron Clinical Thecnologies, € um polimero
sintético termoplastico. Com base num polimero do poliéster, contem vidro bioativo e
substancias radiopacas. Tem propriedades fisicas semelhantes a guta-percha, manuseia-
se da mesma forma e para a sua remocao utiliza-se o calor ou solventes. Apresenta
comercialmente as mesmas apresentacdes que a guta-percha: cones calibrados, cones
auxiliares, bastdes para técnicas termopldsticas. A grande vantagem, referida pelo
fabricante, parece ser o tipo e extensao da adesao do material central s6lido as paredes
da dentina — através de um primer resinoso - € ao cimento de obturagcdo, que neste caso

tem de ser um cimento com resina. Surge o conceito de obturagdo em “monobloco”,

porque a adesdo ndo € apenas fisica mas também quimica, entre as paredes da dentina, o
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Resilon® e o cimento. As vantagens desta obturacdo em “monobloco” seriam um

. . L. . .2
melhor selamento apical e coronal e o isolamento de bactérias residuais®.

Cimentos de obturacao

Os cimentos sao responsdaveis pelas principais fungdes da obturagdo: selar
hermeticamente o sistema de canais radiculares, isolar as bactérias remanescentes e
preencher as irregularidades do canal preparado, nomeadamente os espacos entre a
superficie da dentina e o material central s6lido. Tradicionalmente, o que se esperava do
cimento era que aderisse quer a dentina quer a guta-percha, no entanto 0s novos
cimentos sdo desenvolvidos com o objetivo de que penetrem nos tibulos dentindrios e

estabelecam uma melhor adesdo a dentina e ao material central sélido.

16 - .. L. . ~
Grossman ~ listou os requisitos e caracteristicas de um bom cimento de obturagdo

(tabela 3).

Tabela 3: Caracteristicas dos cimentos de obturagdo segundo Grossman

Deve ser pastoso quando misturado para proporcionar boa adesdo com as paredes do canal depois de
seco

Deve proporcionar selamento hermético

Deve ser radiopaco

As particulas de p6 devem ser muito finas para facilmente se misturarem com o liquido

Nao deve contrair depois de polimerizar

Nao deve pigmentar a estrutura dentaria

Deve ser bacteriostatico (ou, pelo menos, ndo promover o crescimento bacteriano)

Deve ser insolivel nos fluidos tecidulares

Deve ser bem tolerado pelos tecidos, isto é, ndo irritante para os tecidos peri-radiculares

Deve ser solivel num solvente comum se for necessdrio remover a obturagdo do canal

Outros autores acrescentaram ainda:
- ndo deve provocar uma resposta imune nos tecidos peri-radiculares;

- ndo deve ser mutagénico nem carcinogénicol7°18.
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Ingle e Taintor” afirmaram que a reacdo inicial dos tecidos periapicais a qualquer
cimento de obturacdo € inflamatéria, no entanto ha uma regeneracao celular quando o
cimento polimeriza, a menos que continue a desintegrar-se, libertando componentes

tOXicos.

Tém sido utilizadas vdarias férmulas quimicas nos cimentos de obturacdo.

Classicamente, os cimentos sao classificados, de acordo com a sua constitui¢do, em:

-cimentos a base de 6xido de zinco-eugenol (Roth, Kerr PCS, Procosol, Endometasona,

Tubliseal, etc)

- cimentos a base de hidréxido de calcio (Sealapex, Apexit)

- cimentos 4 base de resina (AH Plus, Epiphany, Endorez, Acroseal)
- cimentos a base de silicone (RoekoSeal, GuttaFlow)

- cimentos a base de iondmero de vidro (KetacEndo)

Cimentos a base de 6xido de zinco eugenol

H4 muitos anos que os cimentos a base de 6xido de zinco eugenol, na sua composicao
mais bdsica (6xido de zinco no pé e eugenol como liquido) ou noutras formulagdes
(adi¢ao de resinas, bério, paraformaldeido, corticoides, etc) sdo dos mais utilizados na
obturacdo dos canais radiculares. A grande vantagem destes cimentos € o facto de ndo
contrairem e preencherem adequadamente todos os espacos. Sdo Otimos selantes
marginais. A desvantagem ¢é a solubilidade nos fluidos tecidulares e alguma

toxicidade™.

O endurecimento ou presa do cimento da-se por reacao de dcido-base, em que o 6xido
de zinco atua como base e o eugenol como &4cido, formando um sal quelato de
eugenelato de zinco e éguazg' A 4gua ¢é essencial e funciona como um acelerador da
reacdo de presa. Apés a presa do material, 5% da quantidade original de eugenol

permanece livre.

O eugenol possui atividade anti-bacteriana, efeito anestésico e anti-inflamatério. E

também bactericida em concentracdes relativamente altas (10'2 a 10"3m01/L). Os 10es de
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zinco (Zn®*) também podem inibir o crescimento bacteriano, uma vez que em
concentracdes elevadas sdo inibidores enzimdticos e interferem no metabolismo
bacteriano. No entanto, quer o eugenol quer os ides de zinco podem ter efeito
citotéxico’ 2. Os efeitos biolégicos do eugenol variam com a sua concentracio. Doses
elevadas de eugenol inibem o crescimento e a respiracdo celular, podendo levar a morte;
promovem alteragdes vasculares, como a vasodilatacdo; sao neurotéxicas. No entanto,
baixas concentracdes tém propriedades farmacoldgicas desejaveis, como acdo anti-
inflamatéria e analgésica®. Alguns autores sugeriram a substituicio do eugenol por
4cidos gordos para prevenir os seus efeitos citotéxicos™. Parece, no entanto, que a
quantidade de eugenol libertada de um cimento de 6xido de zinco eugenol para além do
apice € muito pequena (na gama das concentracdes com efeitos benéficos) e diminui ao
longo do tempo>”. Contudo, a quantidade libertada vai depender também da técnica de
obturacdo utilizada e do limite da obturac@o. As técnicas termopldsticas, por exemplo,
por um lado impedem a libertacdo de eugenol porque proporcionam um selamento mais
hermético, mas por outro lado sdo mais propicias a que ocorra extravazamento de
material obturador, e portanto aumenta a drea de contacto do cimento com os tecidos

periapicais.

A quantidade de eugenol que € libertado e a sua toxicidade parecem ser maiores nos
cimentos que utilizam a mistura convencional de 6xido de zinco eugenol que nos

. . . . . 36
cimentos que utilizam pé de oxido de zinco reforcado™.

Por outro lado, o eugenol produz uma expansio do volume da guta-percha.
Aumentando a propor¢do do eugenol no cimento, aumenta a expansdo do volume da
guta-percha®’, o que pode traduzir-se numa melhor capacidade seladora, mas aumentar

os riscos de efeitos indesejaveis do eugenol.

O eugenol tem ainda uma desvantagem, ainda que de menor importancia: inibe a reagao
. . ~ . . . . ~ 38
de polimerizacdo das resinas, o que pode condicionar o tipo de restauracdao” . No

entanto, este efeito pode ser minimizado adotando os procedimentos adequados.

H4 ainda outros componentes que podem ser citotoxicos, como a resina adicionada para
aumentar a adesdo a dentina, paraformaldeido para efeito anti-microbiano e

mumificante, germicidas para acdo antiséptica e corticoides para inibir a inflamacao.
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Um estudo de Sunzel et al * mostrou que a incorporacio de zinco reduz
significativamente a toxicidade das resinas e resinas dcidas (que sdo anti-microbianas)

proporcionalmente ao aumento da concentragdo de zinco.

O formaldeido e/ou paraformaldeido, mesmo em pequenas quantidades podem ser
irritantes e impedir ou retardar o processo regenerativo. Alguns cimentos de obturagcao
contém estas substancias ou, mesmo que nao esteja presente nas suas formulagdes,
podem libertar moléculas de formaldeido durante a reacdo quimica de polimerizagﬁo4o.

Além do efeito toxico per si, parece potenciar o efeito toxico do eugenol.

O formaldeido € classificado (pela International Agency for Research on Cancer) como
carcinogénico para os animais, mas a evidéncia do efeito carcinogénico no Homem ¢é
limitada*'. No entanto, os elevados teores de paraformaldeido em alguns cimentos de
6xido de zinco eugenol pode ser motivo de preocupacdo®®. J4 foi demonstrado que o
efeito desinfetante do canal, a longo prazo, promovido pelo formaldeido é pouco
significativo ¥ com o risco de originar reagdes adversas, nomeadamente

45,46

neurotoxicidade 44, parestesia do nervo alveolar inferior , urticaria®’ e reacoes

anafilaticas*®*.

Cimentos a base de hidréxido de célcio

O hidréxido de cdlcio foi introduzido na endodontia por Herman em 1920 pela sua
capacidade de regeneracdo pulpar’'. Devido aos efeitos biolégicos benéficos que lhe sdo
atribuidos, passou a ser utilizado em endodontia para recobrimento pulpar, medicacdao
intra-canal, em técnicas de apexificacdo e na composicdo dos cimentos para obturacio
definitiva dos canais radiculares. As duas principais razdes para usar o hidréxido de
calcio como material de obturacdo sdo a estimulacdo dos tecidos periapicais para se
manterem s30S ou para promover a sua regeneracdo, e pelos seus efeitos anti-
bacterianos (ainda que inferiores a outros cimentos, nomeadamente a base de 6xido de

zinco-eugenol ou 2 base de resina)’>.
Os mecanismos de acdo exatos sdo desconhecidos, mas foram propostos os seguintes:

1. O hidréxido de célcio € anti-bacteriano devido a libertacdo de ides hidroxil>. O

seu elevado pH promove a reparacgao e calcificacdo dos tecidos. Inicialmente ha
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uma resposta degenerativa na zona circundante, que € depois seguida por
mineralizacdo e ossifica951054;

2. O pH alcalino do hidréxido de célcio neutraliza o 4cido lactico dos osteoclastos
e previne a dissolu¢do dos componentes minerais do dente. Este pH também
ativa a fosfatase alcalina, que tem um importante papel na formacdo de tecido
6sse055;

3. O hidréxido de cdlcio desnatura as proteinas encontradas no canal, tornando-as
menos toxicas;

4. O hidréxido de célcio ativa a reacdo da adenosina trifosfatase cdlcio dependente,
associada a formacao de tecido duro™ ’56;

5. O hidréxido de célcio difunde através dos tubulos dentindrios € pode atingir o
ligamento periodontal, detendo a reabsorcao radicular externa e acelerando a
cicatrizacdo™"

Para ter um efeito terapéutico, o hidréxido de célcio tem que ser dissociado em ides

calcio (Ca2+) e i0es hidroxil (OH). Portanto, para um cimento endododntico a base de

hidréxido de cdlcio ser terapéutico, tem de haver libertacdo destes ides, o que pode
afetar a integridade estrutural do cimento e comprometer o selamento a longo prazo’".

Virios estudos in vitro e in vivo comprovam que este fendmeno ocorre € pode mesmo

2,59,60 . .
523960 Ng entanto, ha também

induzir uma resposta inflamatéria dos tecidos periapicais
evidéncias de que a dissolucdo do cimento de hidréxido de cdlcio ndo € superior a
outros tipos de cimento®'. A reacdo de polimerizacdo destes cimentos é complexa e
pouco homogénea; o contacto com a humidade origina uma superficie dura, mas a zona

mais profunda da mistura pode permanecer com menor consisténcia.

Estes cimentos sdo geralmente caracterizados como tendo uma boa

62,63

citocompatibilidade™ ", mas a falta de dureza fisica é motivo de preocupacao.

H4 algumas controvérsias quanto a biocompatibilidade dos cimentos a base de
hidréxido de célcio, que poderd ser atribuida aos métodos de avaliacdo, no entanto, a
maior parte dos estudos conclui que estes cimentos apresentam resultados aceitaveis

. - 64
comparativamente a outros cimentos’ .
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Cimentos a base de resina

Resinas epoxicas

Dentro deste grupo, os cimentos que atingiram mais sucesso foram os da série AH. O
protétipo foi desenvolvido hd mais de 50 anos por Andre Schroeder na Suica®, e é uma
resina bis-fenol que usa metamina para polimerizacdo (AH26). Como a metanima
liberta formaldeido durante a reacdo de polimerizacio®, passou a usar-se como
substituto uma mistura de aminas que permitia a polimerizacdo sem a formagao de
formaldeido, sendo o produto comercializado como AH Plus. Um estudo de Cohen et
al®® comparou a libertagdo de formaldeido pelos dois cimentos e mostrou que o AH Plus
liberta uma quantidade minima comparativamente ao AH 26 (3,9 ppm/1347 ppm). Um
estudo mais recente de Evcil et al67, ndo detetou formaldeido no AH Plus. Além disso, o
AH Plus, ao contrario do AH 26, parece ndo ter efeito estrogénico, ainda que ambos
tenham na sua constitui¢dao bisGMA®. Outras vantagens do AH Plus sdo a rdpida
polimerizacdo, maior radiopacidade, maior facilidade de remocdo e baixa

solubilidade®"°.

A popularidade deste tipo de cimento deveu-se em grande parte ao facto de ndo conter

eugenol e portanto nao interferir com as restauragdes em resina.

Uma outra férmula com resina, até ha pouco amplamente utilizada em todo o mundo, é
o tipo resorcinol-formaldeido (Tratamento Spad, por exemplo)’'-’?. Este cimento &
altamente anti-bacteriano, mas contrai € deixa uma tonalidade avermelhada na estrutura
dentéria envolvente. Como se preconizava a sua utilizagdo sem cones de guta-percha e
polimerizava numa massa muito dura e insolivel, o re-tratamento destes casos era e é
extremamente dificil. Além disso, como ja referimos, o formaldeido € um componente
citotéxico e que pode difundir-se para os tecidos periapicais, ainda que alguns autores
considerem que a quantidade minima de formaldeido nos cimentos de obturacdo €
irrelevante sob o ponto de vista toxicolégico, atendendo a elevada exposi¢do e
tolerancia dos mamiferos a este componente“. No entanto, o formaldeido libertado dos
cimentos de obturacdo, principalmente quando ha extrusdo do material para a regido
periapical, pode originar uma reacdo inflamatdria periapical ou contribuir para a

manutencio de uma lesdo periapical pré-existente’.
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Resinas de metacrilato

Estes cimentos, extensivamente estudados nos ultimos anos, vao ja na quarta geracao e
0 objetivo seria conseguir uma adesdo fisica e quimica as paredes da dentina e ao
material de obturacao central®.

O EndoRez® faz parte deste grupo de cimentos. Baseado em uretanodimetacrilato
(UDMA), semelhante a muitas resinas utilizadas em dentisteria para restauragdo. Tem
algumas propriedades hidrofilicas que parecem melhorar o seu comportamento, mesmo
na presen¢a de humidade. Recentemente, o EndoRez® foi comercializado juntamente
com cones de guta-percha revestidos com resina’*, que por ligacdo ao cimento,
proporcionariam melhor adesdo e selamento. Este é o mesmo conceito dos novos
produtos Ephiphany/Resilon® e RealSeal®”. Com este tipo de cimento, é aplicado um
primer a superficie da dentina depois de esta ter sido limpa com um &cido para remover
a smear-layer. De seguida, um cimento de dupla polimerizagdo baseado em BisGMA,
UDMA e metacrilatos hidrofilicos e com particulas radiopacas, liga-se as paredes de
dentina através do primer. Para completar o preenchimento, sdo inseridos cones de
Resilon®, em lugar da guta-percha. Entdo, o cimento liga-se a dentina via primer e ha
uma ligacdo quimica do cimento ao cone, 0 que originou o conceito de obturagdo

5976
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homogénea, “monobloco”””. Um estudo de revisdo recente’” concluiu nio haver, para

j4, vantagem na utilizacdo destes cimentos.

Cimentos a base de silicone

O Lee Endo-Fill® foi o primeiro cimento a testar as propriedades do silicone
(amplamente utilizado noutras areas da medicina dentdria), nomeadamente a capacidade
hidrofébica, a estabilidade quimica e propriedades adesivas, como material de
endodontia®. Apresentava alguma toxicidade, que aumentava com o tempo,

provavelmente devido ao prolongado periodo de polimeriza9§078.

O RoekoSeal Automix® ¢é uma formulacdo mais recente deste tipo de cimento. O
cimento € colocado por meio de um aplicador de camara dupla, que mistura o cimento
na dosagem apropriada. O material polimeriza por completo, sem contragdo,

independentemente da humidade e temperatura®®, apresentando bons resultados’.
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O GuttaFlow® surgiu da tentativa de incorporar no cimento de obturacdo as qualidades
da guta-percha. A guta-percha foi triturada em particulas muito pequenas e misturada
nos componentes de um cimento a base de silicone. Uma das vantagens advogada é a
sua capacidade de expandir ligeiramente (0,2%) durante a presa®’, melhorando a
capacidade seladora. Estudos recentes comprovam a boa capacidade seladora deste
cimento, mas alertam para a possibilidade de extrusdo para além do foramen apicalgl,

pelo que o potencial risco para os tecidos periapicais tem de ser estudado.

Cimentos a base de ionémero de vidro

Com pouca representagdo comercial (o Ketac-Endo® € o mais conhecido), os cimentos
de iondémero de vidro tradicionais sdo constituidos por alumina, silica e 4cido
polialcendico e sdo autopolimerizdveis. Foram introduzidos no mercado ha mais de 20
anos, € foram muito utilizadosgz, ainda que laboratorialmente tenham mostrado alguma

. - . ~ 83 . . . . 84.8
infiltragdo e desintegracdo®’. Mostraram propriedades anti-microbianas®*®

e capacidade
de adesdo a estrutura dentdria, mas parecem ativar a libertacdo de prostaglandinas nos

tecidos periapicais®®.

Estudos em culturas celulares com estes cimentos mostraram elevada citotoxicidade
imediatamente apds a mistura (provavelmente devido a libertagdo de aluminio), no

entanto, apds a presa, a toxicidade era baixa ou nula®’.

Novos materiais

Nos ultimos anos, tem surgido na literatura referéncia a estudos com novos materiais:

- cimentos a base de fosfato de célciogg’gg;

- cimentos bioceramicos (2 base de cimento de Portland, que tem na sua constituicao
silicato de célcio) e cuja principal vantagem € a sua elevada atividade anti-microbiana,
apresentando boa capacidade seladora®, bioatividade (capacidade para formar uma
camada de apatite tipo 0sso, estabelecendo uma ligagdo quimica com os tecidos vivos) e
biocompatibilidade’' . Resultam da tentativa de aproveitar os excelentes resultados do
Agregado Triéxido Mineral (MTA), material de reparacdo tdo amplamente utilizado nos
ultimos anos na Endodontia, ultrapassando algumas das suas limitacdes (dificuldade de

manipula¢do, reduzido tempo de trabalho, dificuldade de remogdo);
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- adicdo de hidroxiapatite nano-estruturada aos cimentos de obturacio’”;

- a utiliza¢do de quitosano tem sido objeto de pesquisa nas Unidades Curriculares de
Endodontia da Faculdade de Medicina Dentdria da Universidade do Porto,
nomeadamente em trabalhos de doutoramento, pelo que esperamos num futuro préximo

obter resultados relativos a sua utilizacdo como material de obturagdo de canais.

Avaliacao do comportamento biolégico dos cimentos endodonticos

Em 1930, Grove estabeleceu o limite apical da instrumentagdo e da obturacao na juncao
cimento-dentinaria (limite CDC). Mais tarde, Kuttler’ estudou mais de 400 apices e 0s
seus estudos foram fundamentais para esclarecer a anatomia do canal radicular.
Concluiu que a terminag@o apical do canal é formada por duas zonas cOnicas: uma
dentindria, com a base no orificio camaral do canal e o vértice na jungcdo cimento-
dentindria, e a outra cimentdria, com o vértice na jun¢do cimento-dentindria e a base no
foramen apical. A unido destas duas zonas € o local mais estreito do canal radicular -
constricao apical - considerada como o ponto ideal para a terminagdo da preparagdo e

obturacdo do canal.

Todos os materiais de obturacdo tém algum efeito irritante para os tecidos vivos,
nomeadamente para os tecidos periapicais. Ainda que o objetivo durante a obturacio
dos canais radiculares seja que o material obturador fique confinado ao interior dos
canais, ha sempre o risco de extravasamento, maior ou menor conforme as técnicas de
instrumentacio e/ou obturacdo. Muitas vezes o material ultrapassa o foramen apical e
entra em contacto direto com os tecidos periapicais, mesmo quando essa sobre-
obturacdo nao € visivel na radiografia pés-operatéria. Esse risco estd aumentado nos
casos de les@o apical crénica pré-operatéria, uma vez que pode haver reabsor¢do do
cimento apical, alterando a anatomia do dpice radicular, nomeadamente foramen apical
e constricdo apical. Portanto, o que importa saber acerca dos materiais de obturacao,
principalmente os cimentos de obturacdo, ndo € se sdo irritantes mas qual o grau de

irritacdo que causam e durante quanto tempo.

‘- 95,96,97,98
Varios estudos

referem que a resposta dos tecidos aos diferentes tipos de
cimentos de obturagdo varia consideravelmente e concluiram que a quantidade de

cimento colocado no canal, a drea de contacto entre o material e os tecidos e a interagao
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entre a dentina e produtos libertados dos cimentos, influenciam significativamente a
resposta do tecido ao material obturador. Esta reacdo varia também com o tipo de

substancia presente ou libertada, a quantidade libertada e a velocidade de absor¢ao.

Segundo Williams (1987)%, a biocompatibilidade ¢ definida como a capacidade do
material promover uma resposta apropriada numa aplicagao especifica, com o minimo
de reagdes alérgicas, inflamatdrias ou téxicas, quando em contacto com os tecidos vivos

ou fluidos orgénicos.

Um material biocompativel deve estimular a cicatrizacdo dos tecidos lesados sem causar
efeitos adversos. Quase todos os cimentos endoddnticos t€m uma composi¢ao quimica

complexa e s@o véarios os aditivos que podem afetar a sua biocompatibilidade.

A biocompatibilidade dos cimentos foi caracterizada em varios parametros, tais como
genotoxicidade, mutagenicidade, carcinogenicidade, citotoxicidade, compatibilidade
dos tecidos e efeitos microbiologicos. No entanto, é impossivel avaliar os materiais
utilizando apenas um tipo de teste. As suas propriedades devem ser investigadas por

. . L . 8
uma bateria de testes in vitro e in vivo, seguindo uma abordagem estruturada’®.

Ainda que os testes in vivo sejam de grande interesse, a utilizacdo de animais coloca
problemas éticos e estd atualmente sob grande discussao publica. Além disso, este tipo
de experiéncia é cara, demorada e dificil de controlar'®, pelo que a citotoxicidade é

normalmente testada em células de cultura.

Os testes em culturas celulares, utilizados hd mais de 30 anos na investigagao da
citotoxicidade dos materiais endodonticos, sdo mais simples, mais rdpidos € mais
econdmicos que outros métodos, e permitem testar um grande nimero de materiais
utilizando as mesmas células e sob as mesmas condi¢des. Sdo fidveis e facilmente
reprodutiveis. Os testes in vitro t€tm a vantagem de utilizar um meio de cultura com
composicao standard, ambiente de incubagdo definido e condi¢des de trabalho estéreis,
e permitem uma avaliacdo qualitativa e quantitativa precisa98. No entanto, os resultados
nio podem ser extrapolados para a situac@o clinica. Os métodos que utilizam culturas
celulares s@o muitas vezes mais sensiveis que os métodos in vivo, mas devem ser

avaliados dentro dos limites de um teste de toxicidade agudalm.

A utilizag@o de testes in vitro permite estudar os efeitos da libertacdo de componentes

102

do material no sistema celular °. Podem ser utilizadas linhas celulares (por exemplo
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HeLa, 3T3 ou L.929) ou células humanas primarias (por exemplo fibroblastos ou células
da polpa), sendo que estas ultimas s@o consideradas mais relevantes para os estudos de
biocompatibilidadelO3. As células primdrias sdo caracterizadas por apresentarem uma
grande capacidade de diferenciacdo, e ainda que sejam menos homogéneas e mais
sensiveis que as linhas celulares, o seu comportamento torna-as mais facilmente
comparaveis a mucosa oral "' Com este tipo de estudo podem avaliar-se vérios
aspetos bioldgicos: inibicdo do crescimento, determinacdo da dose efetiva (DES0),
integridade da membrana, sintese de DNA, RNA ou proteinas e/ou alteragdes da

morfologia celular por microscopia'*>+10¢-107-108:109,

Culturas celulares provenientes de diferentes o6rgdos podem apresentar respostas

L1 . - o . 110
metabolicas diferentes que afetam a sua suscetibilidade a agentes toxicos exdgenos .

A genotoxicidade resulta da presenca de componentes DNA reativos que podem
provocar alteracdes mutagénicas e carcinogénicas“' Os testes in vitro para avaliacao da
genotoxicidade podem ser diferenciados em estudos procardticos/bacterianos (por
exemplo: teste de Ames, teste umu) e eucaridticos (por exemplo: teste de inibi¢do da
sintese do DNA)m. Como varios materiais endoddnticos tém uma elevada citoxicidade,
¢ importante que os testes de genotoxicidade quantifiquem simultaneamente a
citotoxicidade, para evitar interpretacdes erradas dos resultados. Por outro lado, como
muitos dos materiais tém uma elevada atividade anti-bacteriana, € necessario associar
testes bacterianos com testes eucaridticos para obter resultados fidveis. Ao contrario do
efeito citotoxico, que provoca morte celular, a genotoxicidade ndo provoca
obrigatoriamente a morte celular ou qualquer outro efeito imediato, mas a lesdo do
genoma celular pode diminuir significativamente a capacidade reparativa do tecido ou, a

longo prazo, originar altera¢des neoplasicas''%.

A exposicao das células a agentes citotoxicos pode causar necrose ou apoptose. Durante
a necrose, a célula comeca por dilatar, a membrana plasmética colapsa e as células

L 113 c ‘. c
sofrem lise ~. Portanto, a necrose ¢ uma morte celular patolégica. A apoptose €
geralmente caracterizada por um colapso interno dos organelos, uma desintegracido da
membrana plasméatica em corpos vesiculares apoptdticos e a destruicdo do material
genético'"*. A eliminagdo celular das células por apoptose ndo é detetada pelo sistema
imunoldgico, enquanto a eliminag¢do do conteudo intracelular das células necréticas para

115

o espaco extracelular origina uma resposta inflamatéria . A apoptose € essencialmente
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uma morte celular programada (“suicidio celular”) — auto-destrui¢do das células, nao

. .. 116
afetando as células vizinhas .

Neste trabalho experimental, utilizamos uma linha celular permanente MG63 (células
“osteoblast-like”, provenientes de osteossarcoma humano) e também células humanas
primdrias - células mononucleares de sangue periférico e células mesenquimais de
medula 6ssea, respetivamente para o estabelecimento de culturas de osteoclastos e

osteoblastos.

Uma vez que avaliamos os efeitos dos cimentos de obturagdao em células dsseas, parece-

nos relevante fazer uma revisao sobre o tecido 6sseo e seu metabolismo.

Tecido 6sseo/Metabolismo 6sseo

O tecido 6sseo € um tipo especializado de tecido conjuntivo, formado por células e
material extracelular calcificado, a matriz 6ssea. As células, responsdveis pela
formacdo, reabsor¢cdo e manutencdo da arquitetura Ossea, sdo: os osteoblastos, que
sintetizam a parte organica da matriz e se localizam na sua periferia; os ostedcitos, que
se situam em cavidades ou lacunas no interior da matriz; os osteoclastos, células
gigantes, méveis e multinucleadas, que reabsorvem o tecido dsseo, participando dos

processos de remodelacido dos 0ssos.

Para além das funcdes bésicas de suporte, prote¢do e locomogdo, os 0ssos constituem
um importante reservatorio de minerais. Sistemicamente, este mecanismo € controlado
por fatores hormonais; localmente é controlado por for¢as mecanicas (incluindo os

movimentos dentarios), fatores de crescimento e citocinas.

Matriz éssea
E constituida por uma parte mineral e uma parte organica.

A parte mineral ou inorganica representa cerca de 67% do peso da matriz 6ssea. Os ides
mais encontrados s@o o fosfato e o célcio (fosfato de célcio, organizado na forma de
hidroxiapatite - Ca;o(PO4)s(OH),), mas existem também pequenas quantidades de

bicarbonato, magnésio, potdssio, sddio e citrato.
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A parte orginica da matriz (33%) € formada por fibras de colagénio tipo 1 (28%) e
pequenas quantidades (5%) de proteoglicanos e glicoproteinas (osteocalcina,
sialoproteina éssea, osteopontina, fosfoproteina, proteina especifica do 0sso). As

glicoproteinas do osso parecem estar envolvidas na mineraliza¢do da matriz.

Osteoclasto Mesénguima Matriz necformada
Osteoblasto Ostescito Matriz 6ssea  (ostedide)

Figura 1. Esquema da ossificac@o intra-membranosa. Osteoblastos sintetizam a matriz orgénica que
forma uma faixa — ostedide — que mineraliza, aprisionando alguns osteoblastos que se
diferenciam em ostedcitos (adaptado de Junqueira e Carneiro — Histologia bdsica)

Periosteo e Enddsteo

As superficies internas e externas dos ossos s@o recobertas por células osteogénicas e

tecido conjuntivo, que constituem o enddsteo e peridsteo, respetivamente.

A camada mais superficial do peridsteo contém principalmente fibras colagéneas e

7z

fibroblastos. Na zona mais profunda, o peridsteo é mais celular e apresenta células
osteoprogenitoras. Estas multiplicam-se por mitose e diferenciam-se em osteoblastos,
desempenhando um papel importante no crescimento dos 0ssos e reparacio de defeitos

ou fraturas dsseas.

O endosteo € geralmente constituido por uma camada de células osteogénicas achatadas,

que revestem as cavidades do osso esponjoso, o canal medular, os canais de Havers e os

de Volkmann.
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Figura 2. Esquema da parede da didfise dos ossos
longos. Aparecem trés tipos de tecido ésseo lamelar:
os sistemas de Havers e as lamelas circunferenciais
externas e internas (adaptado de Junqueira e
Carneiro — Histologia bdsica)

As principais funcdes do peridsteo e enddsteo sdo a nutricdo do tecido Osseo e

fornecimento de novos osteoblastos, para o crescimento e recuperacao do 0sso.

Tipos de tecido dsseo

Macroscopicamente, o osso € constituido por 0sso compacto € 0SSO €eSponjoso.

Histologicamente, estes dois tipos sdo semelhantes.

LRI et L S
. S . ! .4 -

Figura 3. (A) Corte grosso de um osso seco, ilustrando o osso cortical e 0 osso trabecular
(adaptado de Junqueira e Carneiro -Histologia Bdsica )(B) Ilustragdo do osso mandibular

Na classificagdo histoldgica do osso, distingue-se 0 0ssO imaturo ou primario € o
maduro ou secunddrio. Os dois tipos possuem as mesmas células e os mesmos
constituintes da matriz. O primério € o que aparece primeiro, tanto no desenvolvimento
embriondrio como na reparagdo de fraturas, sendo tempordrio e substituido por 0sso
secundario. As fibras de colagénio dispdem-se irregularmente, sem orientacao definida.

No secundério ou lamelar, as fibras estao organizadas em lamelas.
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Osteoblastos

Sa@o as células que sintetizam a parte organicada matriz 6ssea - ostedide (composto
essencialmente por colagénio tipo I, proteoglicanos e glicoproteinas). Sao capazes de
concentrar fosfato de cdlcio, participando na mineralizacdo da matriz extracelular. Uma
vez aprisionado na matriz recém-sintetizada, o osteoblasto passa a ser chamado

ostedcito.

Os osteoblastos derivam de células mesenquimatosas multipotentes (mesenquimal stem
cells) do estroma da medula 6ssea, que também originam condroblastos, fibroblastos,
adipdcitos e midcitos. A sua célula precursora ¢ denominada pré-osteoblasto, uma
célula nao funcional, que posteriormente se diferencia em osteoblasto maduro, capaz de

formar osso.

Os osteoblastos dispdem-se como uma camada celular na superficie do osso em
formacao, originando uma membrana que controla o fluxo de ides para dentro e para
fora do osso. Quando termina a formacdo do 0sso, os osteoblastos ficam inativos e
denominam-se “lining cells”, que parecem manter as jungdes comunicantes com 0s
ostedcitos, formando uma rede que controla a homeostasia mineral e assegura a

vitalidade do osso'"”.

Os pré-osteoblastos e os osteoblastos apresentam niveis elevados de fosfatase alcalina
na superficie externa da membrana plasmatica. Esta enzima, utilizada
experimentalmente como marcador citoquimico, distingue os osteoblastos dos
fibroblastos. Funcionalmente, parece clivar o fosfato dos compostos organicos. O
fosfato libertado provavelmente contribui para iniciar e continuar o crescimento dos

cristais minerais do 0sso.

Os osteoblastos produzem diversas moléculas importantes para o metabolismo dsseo,
nomeadamente precursores do colagénio tipo I, osteocalcina (proteina nao colagénica
mais abundante na matriz 6ssea), sialoproteina dssea, proteoglicanos e segregam varias
citocinas. Estas, que incluem fatores de crescimento, ajudam a regular o metabolismo
celular. Os osteoblastos segregam ainda varios membros da superfamilia de proteinas
morfogenéticas do 0sso (bone morphogenetic proteins -BMP), incluindo BMP2, BMP7
e o fator de crescimento transformante beta (transforming growth factor beta - TGF-f),

os fatores de crescimento semelhante a insulina I e II (insulin-like growth factors- IGF-1
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e IGF-II), o fator de crescimento derivado das plaquetas (platelet-derived growth factor
- PDGF-AA) e o fator de crescimento dos fibroblastos beta (fibroblast growth factor
beta - FGF-B). A presenca destes fatores de crescimento locais, produzidos pelos
proprios osteoblastos, pode estimular a formacdo 6ssea. As BMP e os TGF sao
sintetizados pelos osteoblastos, sob a forma de precursores inativos. A concentragao
local de TGF-P é regulada por hormonas, como a paratormona e os estrogénios e por
proteases osteocldsticas, que clivam as formas precursoras desses fatores de
crescimento. Os TGF-B estimulam a proliferacdo dos precursores dos osteoblastos e a
sintese de proteinas da matriz 6ssea pelo osteoblasto maduro. Além disso, os TGF-B3 que
sdo libertados durante o processo de reabsor¢do Ossea, participam na apoptose dos
osteoclastos, constituindo um sinal para o fim da reabsorcdo e recrutam osteoblastos
para a lacuna de reabsorcdo, permitindo iniciar o processo de formacdo de novo osso''®.
As BMP, estrutural e funcionalmente muito semelhantes aos TGF-3, sdo reconhecidas
por recetores diferentes, mas atuam na inducdo da diferenciacdo osteobldstica,
aumentando a expressdo do fator de transcricdo Cbfal especifico dos osteoblastos''’.
Outros fatores importantes, como IGF, PDGF e FGF, produzidos pelos osteoblastos,
atuam no microambiente Osseo, estimulando a proliferacio e a diferenciacdo dos
precursores osteobldsticos ou aumentando a capacidade de sintese de novo material

. 120
dsseo pelos osteoblastos maduros .

Apesar de o “timing” da secrec@o e a complexa interagdo destes fatores de crescimento
ndo estarem completamente esclarecidos, a combinacio de IGF-1 e TGF-f e o fator de
crescimento derivado das plaquetas (PDGF-BB) aumenta consideravelmente a
velocidade de formagdo e reparacdo Ossea e serd provavelmente muito importante no
futuro da medicina dentdria. Por exemplo, estas combinacdes poderdo ser utilizadas
para acelerar a cicatrizagdo e crescimento Osseo apds cirurgia periodontal ou para
prevenir a doencga periodontal pelo tratamento precoce de bolsas periodontais. Podera

ainda ser utilizada para melhorar a osteointegracdo apds colocacdo de implantes.

Em condicdes fisiologicas que promovem a reabsorcdo, os osteoblastos podem ser
estimulados pelas linfocinas (ex: interleucina 1, fator de necrose tumoral alfa) e pelas
prostraglandinas para produzir interleucina 6. Os osteoblastos sob o estimulo da
interleucina 6 também produzem as suas proprias enzimas hidroliticas que participam
na destruicio e modificacio da matriz desmineralizada ou cobertura pericelular,

libertando os osteoblastos da sua prépria matriz. Esta separacdo pode ser critica durante
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as fases iniciais do metabolismo 6sseo, quando os osteoblastos tém de migrar e
proliferar117. Portanto, estimulos como a atividade fisica ou movimentos dentdrios,

) ., . 121
afetam o metabolismo 4sseo, atuando a nivel dos osteoblastos ~.

Geneticamente, o osteoblasto pode ser vistos como um “fibroblasto sofisticado”, uma
vez que todos os genes expressos nos fibroblastos podem ser encontrados nos
osteoblastos. Apenas dois fatores de transcri¢do especificos dos osteoblastos foram
identificados: o fator de transcricdo Cbfal (core binding factor al) e o fator de
transcri¢do para a calcitonina, uma molécula que inibe a fun¢do osteoclastica. O Cbfal
desempenha um papel central na diferenciac@o osteobldstica. Este fator de transcricao é
o marcador mais precoce e especifico da osteogénese, pois induz a diferenciagdo dos
osteoblastos, controla a formagdo de material 6sseo pelos osteoblastos diferenciados e
regula a expressdo da osteocalcina'**. Ratos deficientes em Cbfal apresentam um
esqueleto apenas formado por cartilagem, pois a diferenciagdo osteobldstica estd
comprometida ' . Estes ratos sdo igualmente desprovidos de osteoclastos, o que
demonstra a relacdo dindmica que existe entre estes dois tipos de células vitais para o
tecido dsseo, evidenciando a necessidade da presenga de osteoblastos para que ocorra a
diferenciacdo dos osteoclastos. Atualmente nao sdo ainda conhecidos os detalhes
moleculares que controlam a expressao do Cbfal. Sabe-se, no entanto, que algumas
BMP podem induzir a expressdo de Cbfal in vitro'*. Foi também demonstrado que o
TGF-B controla a diferenciacdo dos osteoblastos e modula a expressdo do gene que
codifica para o Cbfal, e que outros fatores, como o FGF, também sdo importantes na

diferenciacao dos osteoblastos.
Ostedcitos

A medida que os osteoblastos produzem a matriz Gssea, alguns ficam isolados no seu
interior e sdo chamados ostedcitos. Sao, portanto, as células encontradas no interior da
matriz dssea, ocupando lacunas das quais partem canaliculos. Cada lacuna tem apenas
um ostedcito. Dentro dos canaliculos, os prolongamentos dos ostedcitos estabelecem
contactos entre os ostedcitos e com os osteoblastos da superficie do osso. Através destas
jun¢des comunicantes, podem passar pequenas moléculas e ides de uma célula para
outra. Este complexo osteoblasto-ostedcito € essencial para a manutengdo e vitalidade

da matriz Ossea, apesar da pequena atividade de sintese, sendo que a morte dos

66



INTRODUGAO

ostedcitos € seguida de hipermineralizacdo (esclerose) e morte do osso. Este 0sso ndo

vital é reabsorvido e substituido durante o metabolismo 4sseo.

Estas células, com a sua ampla distribui¢cao ao longo da matriz éssea e elevado grau de
interconectividade, sdo sensiveis a estimulos ambientais e mecanicos. Transformam
esses estimulos em sinais bioquimicos de formagdo ou reabsor¢io 6ssea, conduzindo a
deposicdo ou remocdo de minerais das lacunas, respetivamente. Portanto, sdo
responsaveis quer pela manutencdo da matriz 6ssea, quer pela libertacdo de célcio e

. . . o124
fosforo do osso mineralizado para a corrente sanguinea

O numero de osteoblastos que passam a ostedcitos depende da velocidade de formacgao
dssea: quanto mais rapida a formagdo dssea, maior o nimero de ostedcitos por unidade
de volume. Regra geral, o osso embriondrio e o 0sso reparativo tém mais ostedcitos que

0 0sso lamelar.

= ¥ "wrmrg

Figura 4. Imagem histolégica representativa de cada tipo celular que constitui o 0sso
(in anatpat.unicamp.br)

Osteoclastos

Sdo células moveis, gigantes, multinucleadas e extensamente ramificadas. Muitas vezes,
nas dreas de reabsorcdo de tecido Osseo, encontram-se porc¢dOes dilatadas dos
osteoclastos, em depressdes da matriz escavadas pela atividade osteocldstica e
conhecidas como lacunas de Howship. Citoquimicamente, caracterizam-se por
apresentar a fosfatase 4cida resistente ao tartarato (TRAP) dentro das vesiculas

citoplasmadticas e vacuolos, o que os distingue de outras células gigantes e macréfagos.
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A atividade dos osteoclastos é essencial para a reabsorcdo fisiolégica do osso durante o
crescimento e remodelacdo do esqueleto, bem como para manter a homeostasia do

calcio. Sdo também ativos durante a erup¢do dentéria.

Estas células t€ém origem em células hematopoiéticas da linhagem dos mondcitos
(hematopoietic stem cells) que, em contacto com o tecido 6sseo, se fundem para formar
os osteoclastos multinucleados. Os osteoclastos apresentam uma morfologia
caracteristica - sdo células multinucleadas que desenvolvem um citoesqueleto preparado
para estabelecer um microambiente estanque entre a célula e o osso, para o qual

segregam dcidos e enzimas liticas.

A superficie ativa dos osteoclastos, voltada para a matriz Ossea, apresenta
prolongamentos vilosos irregulares. Circundando essa drea, existe uma zona
citoplasmatica, clear zone, pobre em organelos mas com muitos filamentos de actina. A
clear zone € um local de adesdo do osteoclasto com a matriz 6ssea e cria um
microambiente isolado, onde tem lugar a reabsorcdo dssea. Os osteoclastos segregam
para o interior deste microambiente dcido (H'), colagenase, catepsina K (CATK) e
outras enzimas liticas que atuam localmente digerindo a matriz organica e dissolvendo
os cristais de sais de célcio. Este processo é mediado por uma bomba de H", a H'-

125 . . ) .
. O meio 4cido solubiliza o mineral 6sseo;

adenosina trifosfatase (H*ATPase) vacuolar
subsequentemente, a matriz organica desmineralizada € degradada por acdo de vdrias
enzimas liticas, nomeadamente a protease CATK e a TRAP. Os produtos de degradacao
Ossea sdo endocitados pelo osteoclasto, transportados e libertados para o meio

‘ . ~ . 126
extracelular através da superficie celular ndo reabsortiva ~.

A compreensdo do mecanismo da osteoclastogénese teve um grande avango nos ultimos
anos. A regulacdo da osteoclastogénese (diferenciacdo dos precursores mononucleares
em osteoclastos) é modulada pelo fator de estimulacdo de coldnias de macréfagos
(macrophage colony stimulating factor — MCSF) e pelo ligando do receptor de
activacdo do fator nuclear kappa beta (NF-kB — RANKL), produzido essencialmente
pelos osteoblastos. Este liga-se ao recetor RANK, da familia do fator de necrose
tumoral alfa (tumor necrosis factor — TNF), localizado na membrana das células
precursoras hematopoieticas'>"'*®. O MCSF e o RANKL sdo necessarios para induzir a
expressao dos genes que caracterizam a linha osteoclastica, incluindo os ja mencionados

TRAP e CATK, bem como o recetor da calcitonina e a Bs-integrina, conduzindo ao
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desenvolvimento de osteoclastos maduros'*’. A osteoprotegerina (OPG) é uma proteina
solivel, produzida pelos osteoblastos, que impede a ligagdo do RANKL ao RANK,
inibindo assim a osteoclastogénese. De facto, a OPG funciona como um recetor solivel
com alta afinidade para o RANKL, competindo desta forma com o RANK pela ligacao
a0 RANKL'". A OPG regula a densidade e a massa Gssea nos animais e apds
administracdo sistémica, pode bloquear a reabsorcdo Ossea patoldgica em vérios

.2
modelos animais'%.

A formacgdo, maturacdo e regulacdo dos osteoclastos sdo, portanto, controladas pelo
MCSF e pelo RANKL. Este ultimo estimula a atividade osteocldstica e este efeito é
regulado pela OPG, produzida pelos osteoblastos. A hormona paratiroidea (PTH) ativa
os osteoclastos indiretamente através dos osteoblastos e a calcitonina € um potente
inibidor direto da atividade osteoclastica, diminuindo a proliferacdo das células
progenitoras e inibindo a diferenciacdo dos precursores. Fatores locais como a
interleucina-1 (IL-1), o fator de necrose tumoral (TNF), o fator de crescimento
transformante beta (TGF-B) e o interferdio gama (INF-y) sdo também importantes
reguladores da osteoclastogénese e atuam através de processos dependentes e
independentes do RANKL e OPG. A reabsorcdo osteoclastica do osso liberta peptideos
colagénicos, fragmentos das ligacdes piridinolina e cdlcio da matriz dssea através da
producdo, secrecdo e acao de enzimas lisossdmicas, colagenases e catepsinas a um pH
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Figura 5. Esquema de reabsorcdo éssea
(adaptado de Junqueira e Carneiro — Histologia bdsica)
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Remodelacao dssea

O tecido dsseo encontra-se em permanente remodelagcdo. Este processo € extremamente
dindmico e ocorre durante toda a vida. A remodelacdo Ossea — reabsor¢cdo pelos
osteoclastos e sintese de novo osso pelos osteoblastos, tem uma taxa de 30 a 100% por
ano nas criancas e continua na idade adulta, apenas se torna mais lenta, cerca de 15%
por ano no 0sso esponjoso € 5% por ano no osso compacto. Este processo assegura a
homeostasia do célcio e do fosforo e também a reparacdo de lesdes Osseas. A
remodelacdo dssea € o processo metabdlico predominante na regulacdo da estrutura e
funcdo do osso durante a vida adulta e alteragdes neste processo podem resultar em
perturbacdes graves da estrutura e funcdo do esqueleto. A doenga periodontal, por
exemplo, pode levar a um desequilibrio da remodelacdo, com excesso de atividade

osteoclastica.

A reabsorcdo Ossea e a formagdo dssea, ainda que atribuidas a células distintas, ndo sao
processos separados, regulados de forma independente. Os osteoblastos e o0s
osteoclastos pertencem a uma unica estrutura temporaria, designada unidade bdsica
multicelular (Basic multicellular unit— BMU)'**. A BMU é constituida por um grupo de
osteoclastos a frente, um grupo de osteoblastos na cauda, um vaso central, um nervo e
tecido conjuntivo associado. Os componentes celulares da BMU t€ém uma inter-relacao

espacial e temporal bem definida e regulada.

A reabsor¢do Ossea € um processo constituido por vérias etapas. Inicia-se com o
recrutamento de precursores osteocldsticos imaturos, seguido da sua fusdo e
diferenciacdo em osteoclastos e, finalmente, da degradacdo do osso pelas células
osteocldsticas maduras. O reconhecimento do osso pelos osteoclastos € controlado por
integrinas, nomeadamente pela integrina o3 (recetor da vitronectina), importante para
a ligacdo dos osteoclastos 4 superficie Gssea'>>. Ap6s a degradacdo do osso, da qual
resulta a formacdo de uma lacuna de reabsor¢cdo, os osteoclastos destacam-se e sdo

substituidos por osteoblastos.

Uma BMU dura cerca de 6-9 meses, muito mais do que cada uma das células que a
constitui (osteoblastos - 3 meses; osteoclastos — 2 semanas), pelo que € essencial o

recrutamento de novas células dos seus respetivos progenitores na medula dssea.
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Como ja foi referido, o desenvolvimento e diferenciacdo dos osteoblastos e osteoclastos
sdo controlados por fatores de crescimento e citocinas produzidas no microambiente da
medula dssea, bem como por adesdo de moléculas mediadoras das interaces célula-
célula e célula-matriz. Vérias hormonas sistémicas e sinais mecanicos exercem também

efeitos potentes sobre desenvolvimento e diferenciagao dos osteoblastos e osteoclastos.

As hormonas mais importantes no metabolismo ésseo sdo a paratormona, a 1,25-
dihidroxivitamina D, a calcitonina, os estrogéneos e os glicocorticéides. A hormona
tiroidea e a vitamina D sdo bifdsicas nas suas acdes, aumentando a reabsorcdo 6ssea em
concentracdes altas (farmacoldgicas), mas auxiliando a formacdo Ossea em
concentracdes baixas (fisioldgicas). A calcitonina e o estrogénio inibem a reabsorcao,
enquanto os glicocorticdides inibem quer a formacdo quer a reabsor¢do dOssea (mas
primariamente a primeira). A ideia mais aceite € que as hormonas afetam primariamente

0 0ss0, alterando a secre¢do das citocinas antes mencionadas.

O mecanismo que regula esta remodelacdo ainda ndo é completamente compreendido.
Uma questdo fundamental € saber como é que os osteoclastos sao ativados para atingir
uma determinada localiza¢do. No entanto, a medida que os mesmos vao exercendo a sua
funcdo, vao-se formando as lacunas de reabsor¢cdo, que depois sdo preenchidas por
células osteoblasticas. Os osteoblastos sintetizam os precursores moleculares da matriz
6ssea e regulam a sua mineralizacio. A medida que progride o processo de formacio
Ossea, os osteoblastos preenchem as lacunas de reabsorcao criadas pelos osteoclastos,
produzindo ostedide. Os osteoblastos que ficam retidos na prépria matriz passam a

denominar-se ostedcitos.
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Figura 6. Esquema representativo da remodelacdo 6ssea

Comunicacio osteoblasto-osteoclasto

As funcdes dos osteoblastos e dos osteoclastos estdo intimamente relacionadas. Durante
o desenvolvimento do esqueleto e ao longo da vida, as células da linha osteobléstica
sintetizam e segregam moléculas que por sua vez iniciam e controlam a diferenciacdo

L. . ~ . . . C e, 134
osteoclastica. Esta interaccdo direta € crucial e foi ja demonstrada *,

A remodelacdo 6ssea tem sido descrita como o “ciclo de remodelagdo dssea”, e inclui 4
fases: reabsorcdo, repouso, formacdo e reversao (Fig.6). No entanto, em termos de
comunicacdes ostoblasto-osteoclasto, parece ser mais conveniente descrever a
remodelacdo Ossea em 3 fases: iniciacdo, transicdo e conclusdo. A direcdo das
comunicacdes € oposta nas fases de iniciacdo e transi¢do: dos osteoblastos para os
precursores dos osteoclastos na iniciacdo, e dos osteoclastos para os precursores dos
osteoblastos (ou bidireccionalmente) na transi¢do. A fase de iniciacdo inclui o
recrutamento dos precursores osteocldsticos, diferenciacdo e ativagao dos osteoclastos e
manuten¢do da reabsor¢ao dssea, que demora cerca de 3 semanas no osso humano. A
fase de transicdo € o periodo em que a reabsorcdo dOssea osteocldstica € inibida, os
osteoclastos sofrem apoptose e os osteoblastos sdo recrutados e diferenciados. A fase de
conclusdo inclui a formacdo de novo osso, mineralizagdo e repouso. Esta fase é mais
longa porque a formagdo dssea, que demora cerca de 3 meses, € um processo muito
mais lento do que a reabsorcdo. Na fase final, a diferenciacdo osteoclastica parece estar

inibida 135
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Osteoblastic cytocompatibility of endodontic sealers extracts prepared according

to ISO standards and a root-dipping technique
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1. Introduction

Teeth with severe pulpar or periapical inflammation can be successfully treated with the
established techniques of cleaning and shaping the root canals, followed by obturation
of the root canal system. Most root canal filling techniques use core materials associated
with endodontic sealers. For decades, gutta-percha has been considered the most
adaptable and compatible core material. Gutta-percha has been evaluated in various cell
culture systems and found to elicit no or low cytotoxicity'. The sealer serves as
lubricant, fills the irregularities between the dentinal walls and the gutta-percha core, as
well as the lateral or accessory canals, and bond both to gutta-percha and dentin'.
Thereby, it is the sealer or its leachable compounds that comes into contact with the
tissues of the root canal and pulp stump.

The contact of root canal filling materials and/or their eluents with the periapical
tissues could damage the bone tissue, a process mediated partially by the osteoblasts,
the primary cell type that forms bone in periradicular region. Thus, the acute and long-
term response of osteoblasts to root canal sealers provides relevant information
regarding the biocompatibility of these materials. Regarding this, several in vitro studies
addressed the effect of endodontic sealers in different osteoblastic cell systems, namely
in human U2-OS osteosarcoma cells2’3’4’5’6, human MG63 osteosarcoma cells 7, rat cell
lines MC3T3-E1 and ROS 17/2.8%%1%! and rat calvarial osteoblasts'> , differing on the
tested sealers and the exposure protocol. Most of them involved exposure of
osteoblastic cells to sealers’ extracts prepared according to ISO Standards 10993-5
(elution in the culture medium during 1 to 3 days, with a surface/medium ratio of 0.5 to
6.0 cm’mD). In vitro studies performed with these extracts most probably
overestimated the sealers’ toxicity, considering that a 0.2 mm in diameter apex yields an
area of ~0.03 mm?. Comparatively, the root-dipping technique, involving the dipping of
a filled root in the culture medium to allow elution of the sealer into the medium
through the apex of a natural tooth appears to better represent the classical clinical
situation'*'>1°,

Considering the relevance of the osteoblastic cytocompatibility of the
endodontic sealers, the present study compared the cytotoxicity of different formulae-
based sealers (GuttaFlow™, AH Plus™, Sealapex™, Tubliseal™ and RealSeal™) on
MG63 osteoblastic cells, tested according to ISO Standards guidelines and the root-
dipping technique.
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2. Materials and Methods

2.1. Root canal sealers

Five sealers were tested:

- GuttaFlow™ (Roeko, Colténe/Whaledent) — silicone-based sealer with gutta-percha
- AH Plus™ (DentsplyDetrey) — epoxy resin-based sealer

- Sealapex™ (SybronEndo) — calcium hydroxide-based sealer

- Tubliseal™ (SybronEndo) — zinc oxide eugenol-based sealer

- RealSeal™ (SybronEndo) — methacrylate resin-based sealer

The composition of the sealers, as indicated by the manufacturers, is shown in Table 1.

GuttaFlow™

AH Plus ™

Sealapex ™

Gutta-percha powder
Polydimethylsiloxane
Silicone oil

Paraffin oil

Platinum catalyst
Zirconium dioxide
Nano-silver (preservative)

Coloring

Paste A:

Bisphenol-A epoxy resin
Bisphenol-F epoxy resin
Calcium tungstate
Zirconium oxide

Silica

Iron oxide pigments
Paste B:
Dibenzyldiamine
Aminoadamantane
Tricyclodecane-diamine
Zirconium oxide

Silica

Silicone oil

Active ingredients- Base:
Calcium oxide

Zinc oxide

Active ingredients- Catalyst:
Disalicylate resin
Trisalicylate resin
Isobutyl salicylate
Mixed:

Calcium oxide (24%)
Barium sulphate (20%)
Zinc oxide (7%)
Sub-micron silica (4%)
Titanium dioxide (2%)

Zinc stearate (1%)

Tubliseal ™

RealSeal ™

Active ingredients- Base:

Zinc oxide

Active ingredients- Catalyst:

Eugenol

Mixed:

Zinc oxide (59%)
Barium sulphate (4%)
Oleo resin (14%)
Thymol iodide (3%)
Oil 8(%)

Modifiers (2%)
Eugenol (10%)

Mixture of UDMA, PEGDMA, EBPADMA and BISGMA resins

Silane-treated barlumborosilicate glasses *

*(contains a small amount of aluminium oxide barium sulfate)

Silica
Barium sulfate

Calcium hidroxide

Bismuth oxychloride with amines

Peroxide
Photo initator
Stabilizers

Pigments

Table 1. Composition of the tested root canal sealers.
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2.2. Preparation of the sealers’ extracts

1SO Standard technique

The sealers were mixed according to the manufacturer’s instructions under aseptic
conditions. With an insulin syringe, 0.3 ml of each sealer was placed at the bottom of
the well of a 24-well plate (Orange Scientific, Belgium) and the surface of the material
was smoothed. Immediately after, 1.5 ml of culture medium was added to each well.
The medium consisted of a-Minimal Essencial Medium (a-MEM, Gibco, UK), 10%
foetal bovine serum, 100 IU/ml penicillin, 2.5 pg/ml streptomycin, 2.5 pg/ml
amphotericin B and 50 pg/ml ascorbic acid. The plates were kept for 24h at 37°C in a
humidified 5% COy/air. Following, culture medium was collected, diluted (1:2, 1:5,
1:10 and 1:20), aliquoted and frozen at -20°C.

Root-dipping technique

Fifteen intact monoradicular teeth, freshly extracted, were used in this study. The
crowns were removed at the cementodentinal junction with a diamond disk under water
coolant. The root canals were prepared by the same operator at the cementodentinal
junction with X-Smart device (Maillefer) using Protaper files, following the sequence:
Sx, S1, S2; F1, F2 and F3. A 15 K-file was used between each protaper to verify the
apex patency. The irrigant was 3% NaOCIl delivered with a needle, 2 ml between each
file size. The teeth were then sterilized at 135°C for 35 min. After sterilization, the teeth
were randomly divided into 5 groups of 3 teeth and filled using the single cone
obturation technique. Four groups were filled with guta-percha cones corresponding to
F3 protaper file (Maillefer), and the sealer, namely Sealapex, Tubliseal, AHPlus or
GuttaFlow. The other group was filled with Resilon cones corresponding to F3 protaper
file, using RealSeal as a sealer. This was performed under sterile conditions in a laminar
flow hood. The apex of the roots was immediately dipped into 1.5 ml of culture medium

for 24h. The extracts were then prepared as in ISO standard technique.

2.3. Exposure of osteoblastic cells to the sealers’ extracts

Human MG63 osteoblastic cells were cultured (37°C, 5% CO, humidified atmosphere)
in o-MEM containing 10% foetal bovine serum, 100 IU/ml penicillin, 2.5 pg/ml
streptomycin, 2.5 pg/ml amphotericin B and 50 pg/ml ascorbic acid. At about 70-80%
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confluence, cells were enzymatically detached (0.05% trypsin and 0.5 mM EDTA) and
re-suspended in culture medium. The cell suspension was used for the cytocompatibility
studies.

Cells were seeded ( 10* cells/cmz) into 96-well plates (Orange Scientific,
Belgium), and cultures were incubated for 24h, for cell adhesion. Following, the culture
medium was removed and replaced by one containing the sealers’ extracts (pure extract
and 1:2, 1:5, 1:10 and 1:20 dilutions) obtained by the two techniques. Culture medium
(containing the extracts) was replaced daily and cultures were characterized at days 1
and 3 for cell viability/proliferation.

In another set of experiments, cells were seeded at 10° cells/cm? and, after the
24h adhesion period, cultures were exposed to the lowest concentration (1:20) of the
sealers’ extracts obtained by the two techniques, and maintained for 21 days. Culture
medium (containing the extracts) was replaced once a week and cultures were
characterized at days 7, 14 and 21 for cell viability/proliferation and alkaline
phosphatase (ALP) activity.

In both experiments, pH of the culture medium was assessed at each time-point.

Cultures performed in the absence of the extracts were used as control.
2.4. Cell viability/proliferation

Cell viability/proliferation was evaluated by the reduction of the tetrazolium salt MTT
[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide], (0.5 mg/ml), by viable
cells, to form a purple formazan product, after 4h of incubation. The absorbance (A)
was measured at 600 nm in an ELISA plate reader (Synergy HT, Biotek), after crystals
solubilisation in DMSO.

2.5. ALP activity

Cell layers were solubilized (0.1% Triton X-100, 5 min), and ALP activity was
evaluated in cell lysates by the hydrolysis of p-nitrophenyl phosphate in alkaline buffer
solution (pH~10.3; 30 min, 37 °C) and colorimetric determination of the product (p-
nitrophenol) at 400 nm in an ELISA plate reader (Synergy HT, Biotek). ALP activity
was normalized to total protein content (quantified by Bradford’s method) and

expressed as nmol/min/mgprotem"l.
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2.6. Statistical analysis

For statistical analysis, data were obtained from three separate experiments, each one

performed in triplicate. Data are expressed as the mean * standard deviation. Groups of

data were evaluated using a two-way analysis of variance (ANOVA). Statistical

differences between controls

and experimental conditions

Bonferroni’s method. Values of p < 0.05 were considered significant

3. Results

3.1. Acute dose-dependent effects

were assessed by

MG63 cells were exposed for 1 and 3 days to a concentration range of the sealers’

extracts, and the percentage of cell growth is shown in Figure 1.

140 GuttaFlow RealSeal
120
T R ——
2 - ===
o 80 -
[
B0 60 S
X w -~
20
0 i T r
Day 1 Day 3 Day 1 Day 3 Day 1 Day 3 Day 1 Day 3
ISO standards Root-dipping ISO standards Root-dipping
1401 Tubliseal Sealapex
120
e 100 \
3 2
[=I ~o
S S
o 60 \ \ S~ ~
X W T~a - h
20 _ T~a N
0 e . I r
Day1 Day3 Day1l Day3 Day1 Day 3 Day1 Day3
ISO standards Root-dipping ISO standards Root-dipping
140 AH Plus
120 — ]:2
"5 100 ’
3 1:10
e 80
B
& 6o 1:5
X .
e 1:2
20
== == Pure extract

Day 1 Day 3

Day 1 Day 3

IS0 standards

Figure 1. Percentage of cell growth of MG63 osteoblastic cells cultured for 1 and 3 days and exposed

to the sealers’ extracts prepared according to ISO Standards10993-5 and a root-dipping technique.
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3.1.1. Extracts prepared according to ISO Standards.

In the cultures exposed to GuttaFlow, cell growth was little affected at day 1 (~80%, at
levels > 1:2), but decreased significantly at day 3 (~73% to 40%). AH Plus and
Sealapex caused a dose-dependent decrease on cell growth at day 1, and almost a total
inhibition at day 3. RealSeal elicited a small stimulation on cell proliferation at day 1 in
the presence of the lower concentrations (1:10 and 1:20, ~10 to 20%) and a dose-
dependent decrease at higher levels; at day 3, cell growth was very low within the tested
concentration range. In the presence of Tubliseal, toxicity also increased from day 1 to
day 3, and at levels > 1:5 the extract caused rapid cell death. The pH of the culture
medium varied between 7.7 and 8.3 at day 1, except for the Sealapex extracts which
presented a pH ~9.5. Afterwards, pH decreased rapidly and, at day 3, pH varied

between 7.4 and 7.7, considering all the sealers.

3.1.2. Extracts prepared by the root-dipping technique.

GuttaFlow caused an initial inhibition (~20% at day 1, levels > 1:2) but, afterwards, the
inhibitory effect decreased and, at day 3, values were similar to control. AH Plus caused
a dose-dependent decrease in the cell growth, and the inhibition was similar at days 1
and 3, except in the presence of the pure extract (inhibition higher at day 3). Sealapex,
Tubliseal and RealSeal elicited a slight increase in the cell growth at day 1, in the
presence of the lower concentrations (~10 to 20%, at 1:10 and 1:20), and a dose-
dependent decrease at higher levels; inhibition was higher at day 3, compared to day 1.
The pH of the culture medium remained around 7.4 during the 21-day culture

time.

3.2. Long-term exposure to low levels of the sealers’ extracts

Osteoblastic cell cultures were exposed for 21 days to the lowest tested concentration
(1:20) of the extracts, and were evaluated for cell viability/proliferation and ALP
activity, Figure 2. The sealers’ extracts prepared according to ISO Standards caused an
inhibition of the cell growth. The inhibition was total with AH Plus and partial with the
other sealers. At day 21, the percentages of inhibition were 12% (GuttaFlow), 18%
(Tubliseal), 29% (Sealapex) and 25% (RealSeal). Regarding ALP activity, a similar
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pattern was observed, but the inhibitory effect was higher. At day 21, the following

percentages of inhibition were observed: 28% (GuttaFlow), 58% (Tubliseal), 71%

(Sealapex) and 54% (RealSeal). The extract prepared by the root-dipping technique did

not affect cell growth during the culture period. However, a partial inhibitory effect was

observed in ALP activity, except with GuttaFlow. At day 21, the percentages of
inhibition were 17% (AH Plus), 22% (Tubliseal), 25% (Sealapex) and 15% (RealSeal).

Cell viability/proliferation

0.8 7

ALP activity

0.0 -

1.0 ¢

0.8

0.6 -

0.4 -

0.2 -

0.0 -

0.6

0.4

0.2

ISO standards (1:20)

* & *

Control GuttaFlow RealSeal Tubliseal Sealapex AH Plus
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* % %
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ODay7 @Dayl4

Root-dipping (1:20)
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Control GuttaFlow RealSeal Tubliseal Sealapex AH Plus
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Figure 2. Cell viability/proliferation and ALP activity of MG63 osteoblastic cells cultured for 21 days and exposed to
the lowest concentration of the sealers’ extracts (1:20 dilution) prepared according to ISO Standards10993-5 and a
root-dipping technique. *Significantly different from control (absence of the extracts).

89



CAPITULO 1

4. Discussion

The contact of endodontic sealers and/or their leachable compounds with the periapical
tissues might cause deleterious effects in the local bone metabolism, and several in vitro
studies suggest that osteoblastic cells are a relevant target cell type for these effects'.
This work compared the behaviour of MG63 osteoblastic cells in the presence of the
sealers’ extracts prepared according to ISO Standards 10993-5 and by the root-dipping
technique'*'>'®. The two methodologies provide distinct information regarding the
biological profile of endodontic sealers, as the extracts are obtained using a different
surface area/volume of culture medium. The extracts were prepared by incubating the
freshly mixed sealers with culture medium as, clinically, the sealer is applied after
mixing and the unset material/leachable compounds might contact immediately with the
local tissues.

During the first days after the sealer’ application, the local concentration of the
degradation products/leachable compounds is expected to be high, due to the favorable
concentration gradient. However, levels of these compounds decrease progressively due
to the continuous fluid flow and clearance, and, after a variable time-period, their
concentration is expected to be very low'. This is a relevant issue, as the endodontic
sealers remain in the local of application for many years. Thus, the characterization of
the cell response in the presence of low levels of the sealers’ degradation
products/leachable compounds for long periods might provide useful information in
predicting the long-term clinical performance of these materials. Considering this, two
set of experiments were performed. In the first one, osteoblastic cells were exposed to
high concentrations of the extracts, for 1 and 3 days, aiming to compare the dose-
dependent acute cell response to the extracts obtained by the two methodologies.
Following, the osteoblastic cell response was evaluated in cultures exposed for 21 days
to the lowest concentration of the extracts obtained by the two techniques.

Regarding the acute cell response, the sealers’ extracts, prepared according to
ISO Standards or by the root-dipping technique, caused significant cytotoxic effects.
GuttaFlow exhibited the lowest toxicity compared to the other sealers. Evident dose-
dependent inhibitory effects on cell viability/proliferation were observed at day 1 for
most of the sealers. The small stimulatory effect seen with low concentrations of
RealSeal (ISO 10993-5) or Sealapex, Tubliseal and RealSeal (root-dipping technique)

reflects most probably an adaptive response to the presence of toxic compounds.
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Cytotoxicity was time-dependent, as the inhibition was higher at day 3, compared to
that on day 1. These results suggest that the continuous exposure to the sealers leachable
compounds caused cumulative toxic effects. The only exception was the extract from
GuttaFlow prepared by the root-dipping technique. In this case, cells were able to
recover from the initial deleterious effects and, at day 3, cell response was similar to
control.

In the long-term cell response to the lowest concentration of the two extracts,
significant differences were noticed. Cell viability/proliferation and, to a more extent,
ALP activity were significantly decreased in the cultures exposed to the extract prepared
according to ISO Standards. The extract prepared by the root-dipping technique did not
affect cell viability/proliferation, but decreased partially ALP activity. Thus, synthesis
of ALP was more sensitive to the deleterious effects of the sealers’ extracts than cell
viability/proliferation. This is a relevant issue, as ALP is an early marker of osteogenic
differentiation, and has a determinant role in the bone tissue, by providing phosphate
ions that, with calcium ions, are used in the formation of the cell-mediated calcium
phosphate mineralized matrix'’.

In spite of the similarities in the pattern of the cell response to the two types of
extracts, those prepared according to ISO 10993-5 caused significantly higher
quantitative cytotoxic effects. This behaviour is expected considering that the ratio
surface area/volume of culture medium was ~2 c¢cm?/1.5 ml and ~0.03 mm?*/1.5 ml,
respectively in the ISO 10993-5 and the root-dipping technique and, thus, the
percentage of the leachable compounds in the extract is expected to be significantly
different in the two extracts.

Few studies were performed in osteoblastic cells involving the sealers tested in
the present work. AH Plus, an epoxy resin-based sealer apparently “formaldehyde-free”,
appeared to be cytotoxic for human U2-OS osteosarcoma cells*. Another study,
performed in the osteoblast rat cell lines MC3T3-E1 and ROS 17/2.8, showed that the

! and that these cell lines

toxicity of AH Plus decreased with the aging of the sealer'
responded differently to this sealer'”. It was also shown that this sealer exhibits a
moderate to severe toxicity immediately after mixing (the conditions used in the present

10,18,19,20,21,22,23,24,25 . . 26
+18.19.20.21,22.23.24. and human periodontal ligament cells ~°. It has

work) in fibroblasts
been associated to the release of low levels of formaldehyde, the presence of amines
added to accelerate the epoxy polymerization and the epoxy resin content®*?’. Extracts

of Sealapex, a calcium hydroxide based sealer, were toxic to rat calvarial osteoblasts'?
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and MC3T3-E1 osteoblast cellsg, and also to fibroblasts*>*® and human periodontal

ligament cells®®?; its toxicity might involve the increase in the pH of the culture

. . . . 203031
medium resulting from the sealer dissolution™

. In the present work, a partial
contribution of this effect might be hypothesized to explain the deleterious effect
observed with the extracts prepared according to ISO Standards. However, the pH
remained constant throughout the culture time in the extracts obtained by the root-
dipping technique, thus other components are involved in the observed cytotoxicity, and
polyresin, zinc oxide and Ba** have also been suggested as potential toxic compounds’'.
Realseal was also evaluated in osteoblast cells. Disks of RealSeal, after setting, were
placed in direct contact with ROS 17/2.8 cells for 5 succeeding weeks after immersion
in simulated body fluid, and results showed that toxicity decreased gradually over time’.
In another study, RealSeal extracts showed initial cytotoxicity effect on MG63 cells
which disappeared after few days of culture’. In addition, this sealer was shown to be

10,16,18,19,21,28,32,33,34 34 .
(16.1819,21,28,32,33, and human dental pulp cells™. Toxicity of

rather toxic in fibroblasts
this dual-cured hydrophilic multi-methacrylate resin-based sealer appears to be caused
by the leaching of unreacted monomers as a result of incomplete polymerization, and
also to filler particles due to the degradation of the sealer. The toxicity of Tubliseal, a
zinc oxide eugenol-based sealer, was demonstrated in fibroblasts®* and human
periodontal ligament cells®’, and has been attributed to free eugenol release, and also
several additives, namely resins used for greater dentin adhesion®'. The low cytotoxicity
of GuttaFlow observed in the present work is in line with studies involving

. 18,19,24,25 33
fibroblasts'®1%24%>

. This is a silicone-based sealer manufactured by adding gutta-
percha powder to the silicone matrix (and containing nanosilver particles as a
preservative). Toxicity might result from the release of nanosilver particles, as they have
been associated with dose-dependent cytotoxic effects’’. Also, the presence of small
voids within the core of GuttaFlow favors the release of unreacted compounds that
accumulates in such pores3 ’,

The studies referenced above differed in the target cell type, preparation of the
extracts, tested concentrations and time of exposure, which is reflected by a great results
discrepancy on cytotoxicity patterns or the effects on a specific cell type. Most of them
involved fibroblastic cells, short exposures and high levels of the sealers extracts.
Nevertheless, the results of the present work are in line with the reported studies, which

showed mostly in vitro cytotoxicity of the endodontic sealers. However, to the best of

our knowledge, this is the first study to compare the acute and long-term osteoblastic
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cell response to extracts prepared according to ISO Standards and the root-dipping
technique. Both methodologies provide useful information that might be representative
of distinct clinical settings, respectively situations associated with overfilling
conditions, with the local tissues contacting with high levels of leachable compounds,
and to the current filling, in which local levels of these compounds are significantly
lower. However, it should be stressed that cytotoxicity in vivo is expected to be greatly
attenuated due to the continuous local clearance, the presence of the extracellular matrix
and the three-dimensional tissue structure. Also, with the progressive completion of

curing and elution, decreased cytotoxicity is predictable.

5. Conclusion

Extracts from GuttaFlow™, AH Plus™, Sealapex™, Tubliseal™ and RealSeal™,
prepared according to ISO Standards 10993-5 and a root-dipping technique caused
mostly acute dose- and time-dependent inhibitory effects in the cell
viability/proliferation of MG63 osteoblastic cells. Results for the long-term exposure to
the lowest tested concentration of the two types of extracts showed that the extract
prepared according to ISO Standards caused a significant inhibition in the cell
viability/proliferation and ALP activity, whereas the extract from the root-dipping
technique did not affect cell growth but inhibited partially ALP activity. The ISO
Standards extract caused significantly higher acute and long-term cytotoxicity, but both
methodologies provide useful information regarding the cytotoxicity of endodontic
sealers. In addition, the long-term exposure to low concentrations of the sealers’
degradation products and leachable compounds might affect the functional activity of
osteoblastic cells, with the possibility of deleterious effects in the local bone

metabolism.
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Long-term dose and time-dependent cytotoxicity profile of endodontic sealers in

human in vitro osteoclastogenesis
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1. Introduction

The root canal sealer, by interrupting the connection between periapical tissues and the
oral cavity, could allow the normal healing at the periapical level and the biologic
sealing with the formation of osteocement. On this account and beyond the
characteristics of adhesion, volume, stability, insolubility and antibacterial action, a
cement must also be well tolerated in case it reaches the periapical tissues, and it must
not interfere with the periodontal healing process. Sometimes, the persistence of an apex
reaction can be noted even after proper root canal treatment. This reaction could be
related to the use of root canal sealers that release substances toxic to the bone cells,
which are directly involved in the healing process.

Bone remodelling requires the coordinated regulation of osteoblast and
osteoclast activity'. This is why the in vitro evaluations of materials that contact with
bone, as the endodontic sealers, should involve the analysis of osteoblast proliferation
and differentiation but also the differentiation and activity of osteoclastic cells. In this
context, few studies address the cytotoxicity of endodontic materials in osteoblastic
cells®**. There are also in vivo studies that analyse bone formation following the
intraosseous implantation of endodontic filling material >, However, assessment of the
effect of these materials on osteoclastic cells, up to our knowledge, has not been
published.

Osteoclasts are multinucleated cells that derive from hematopoietic progenitors
found in the bone marrow’ and in circulation in peripheral blood®. They promote bone
resorption through the secretion of acid and lytic enzymes, which initiate the
remodelling process'’”. Osteoclastogenesis is a complex process that requires both a
network of cellular interactions and paracrine mechanisms'*''. Regarding this, there are
two factors that are key players in the process, and are sufficient to promote
osteoclastogenesis in vitro, namely, the macrophage colony-stimulating factor (M-CSF)
and the receptor for activation of nuclear factor-kappa B ligand (RANKL)'%.

This study evaluates the concentration and time-dependent effects of several
endodontic sealers (AH PlusTM, GuttaFlowTM, TublisealTM, SealapexTM and RealSealTM)
in the differentiation and function of osteoclast precursors, present on human peripheral
blood mononuclear cells. The effect of the sealers was evaluated in unstimulated
(absence of exogenous osteoclastogenic stimuli) and also in stimulated (presence of

recombinant M-CSF and RANKL) osteoclast precursors. Cell cultures were assessed for
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osteoclastic markers, and the involvement of several osteoclastogenic-related signalling

pathways.

2. Materials and methods

2.1. Root canal sealers

In this study, five sealers were tested:

- GuttaFlow (Roeko, Colténe/Whaledent) — silicone-based sealer with gutta-percha
- AH Plus (DentsplyDetrey) — epoxy resin-based sealer

- Sealapex (SybronEndo,) — calcium hydroxide-based sealer

- Tubliseal (SybronEndo) — zinc oxide eugenol-based sealer

- RealSeal (SybronEndo) — methacrylate resin-based sealer

The composition of the sealers, as indicated by the manufacturer, is shown in Table 1.

GuttaFlow™ AH Plus ™ Sealapex ™

Gutta-percha powder Paste A: Active ingredients- Base:

Polydimethylsiloxane Bisphenol-A epoxy resin Calcium oxide

Silicone oil Bisphenol-F epoxy resin Zinc oxide

Paraffin oil Calcium tungstate Active ingredients- Catalyst:

Platinum catalyst Zirconium oxide Disalicylate resin

Zirconium dioxide Silica Trisalicylate resin

Nano-silver (preservative) Iron oxide pigments Isobutyl salicylate

Coloring Paste B: Mixed:
Dibenzyldiamine Calcium oxide (24%)
Aminoadamantane Barium sulphate (20%)
Tricyclodecane-diamine Zinc oxide (7%)
Zirconium oxide Sub-micron silica (4%)
Silica Titanium dioxide (2%)
Silicone oil Zinc stearate (1%)

Tubliseal ™

RealSeal ™

Active ingredients- Base:

Zinc oxide

Eugenol

Mixed:

Zinc oxide (59%)
Barium sulphate (4%)
Oleo resin (14%)
Thymol iodide (3%)
Oil 8(%)

Modifiers (2%)
Eugenol (10%)

Active ingredients- Catalyst:

Mixture of UDMA, PEGDMA, EBPADMA and BISGMA resins
Silane-treated barlumborosilicate glasses *

*(contains a small amount of aluminium oxide barium sulfate)
Silica

Barium sulfate

Calcium hidroxide

Bismuth oxychloride with amines

Peroxide

Photo initator

Stabilizers

Pigments

Table 1. Composition of the tested root canal sealers.
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2.2. Preparation of the sealers’ extracts

The sealers’ extracts were prepared according to ISO Standards 10993-5 (for
cytotoxicity testing, the dental material should be stored for 1 to 3 days in the extraction
vehicle and the surface/medium rate should be 0.5 to 6.0cm2/m1).

The sealers were mixed according to the manufacturer’s instructions under
aseptic conditions. With an insulin syringe, 0.3ml of each sealer was placed at the
bottom of the well of a 24-well plate (2 sz) (Orange Scientific, Belgium) and the
surface of the material was smoothed. Immediately after, 1.5 ml of culture medium was
added to each well. The medium had the following composition: Minimal Essential
Medium (a-MEM - Gibco, UK) supplemented with 10% foetal bovine serum, 100
IU/ml penicillin, 2.5 pg/ml streptomycin, 2.5 pg/ml amphotericin B and 50 pg/ml
ascorbic acid. The plates were kept for 24h at 37°C in a humidified atmosphere of 5%
COy/air. Following, culture medium was removed, diluted (1:20, 1:100, 1:500 and
1:2500), aliquoted and frozen at -20°C. At this concentration range, the pH of the

culture medium remained constant (pH = 7.4).

2.3. Osteoclastic cell cultures

Peripheral blood mononuclear cells (PBMC) were isolated from blood of healthy male
donors with 25 to 35 years old, as described previously13 14
with PBS (137 mMNaCl, 10 mM phosphate, 2.7 mMKCI, pH 7.4), blood was applied

on top of Ficoll-PaqueTM PREMIUM (GE Healthcare Bio-Sciences, USA) and

. Briefly, after dilution 1:2

centrifuged at 400g for 30 min. PBMC were collected from the interface Ficoll-Paque
with PBS and washed twice with PBS. On average, for each 100 ml of processed blood
about 70x10° PBMC were obtained.

PBMC were seeded in 96-well plates at a density of 1.5x10°cellscm?, based in
previous studies'"""”. Cells were cultured in a-MEM supplemented with 30% human
serum (from the same donor from which cells were obtained), 2 mM L-glutamine, 100
IU/ml penicillin, 2.5 pg/ml streptomycin, 2.5 pg/ml amphotericin B, and were incubated
for 24h at 37°C in a 5% CO, humidified atmosphere. After overnight attachment,
cultures were exposed to a concentration range of the sealers’ extracts (1:20, 1:100,

1:500 and 1:2500) in 2 experimental conditions: absence (base medium) or presence
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(M+R) of recombinant M-CSF, 25 ng/ml, (R&DSystems, Minneapolis, USA) and
RANKL, 40 ng/ml, (InsightBiotechnology, Wembley, UK)". Cultures were maintained
for 21 days in the conditions described above. Culture medium was replaced once a
week and the extracts were renewed in each medium change. Cultures performed in the
absence of the extracts were used as control.

Cultures were characterized at days 7, 14 and 21 for tartrate-resistant acid
phosphatase (TRAP) activity and number of TRAP-positive multinucleated cells. In
addition, for each sealer, cultures exposed to the lowest tested concentration of the
extract that caused statistically significant differences (stimulatory or inhibitory) on
these parameters were further analysed for the presence of actin rings, vitronectin and
calcitonin receptors, RT-PCR for the expression of osteoclast-related genes and calcium
phosphate resorbing ability; the involvement of some intracellular mechanisms in the
cell response to the extracts was also addressed. The selected concentrations were
1:2500 for AH Plus (which caused a stimulatory effect at day 21) and 1:500 for the

other sealers (which caused an inhibitory effect).
2.4. Characterization of the osteoclastogenic response

TRAP activity and total protein content. TRAP activity was determined by the p-
nitrophenilphosphate (pNPP) hydrolysis assay, at days 7, 14 and 21, as described
before'®. Shortly, cell layers were washed twice with PBS and solubilized with 0.1%
(v/v) Triton X-100. After that, cellular extracts were incubated with 12.5mMpNPP in
12.5 mM tartaric acid (0.04M) and 0.09M citrate (pH 4.8) for 1 h at 37°C. The reaction
was stopped with 5SM NaOH, and the absorbance of the samples at 400nm was
measured in an ELISA plate reader (Synergy HT, Biotek). TRAP activity was
normalized to total protein content, and was expressed as nmol/min.mgpmtein'l.

Total protein content of cell cultures was quantified at days 7, 14, and 21 by Bradford’s
method'’, using bovine serum albumin as a standard. After being washed twice with
PBS, cell cultures were solubilized in 0.1M NaOH, and were treated with Coomassiel
Protein Assay Reagent (Fluka) for 2 min at room temperature. The 595nm absorbance

was determined in an ELISA plate reader (Synergy HT, Biotek).

TRAP-positive multinucleated cells. At days 14 and 21, PBMC cultures were washed
twice with PBS, fixed with 3.7% formaldehyde for 10 min, rinsed with distilled water,
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and stained for TRAP with acid phosphatase, leukocyte (TRAP) kit (Sigma), according
manufacturer’s instructions. Briefly, cells were incubated with naphtol AS-BI 0.12
mg/ml in the presence of 6.76mM tartarate and 0.14 mg/ml Fast Garnet GBC at 37°C
for 1 h in the dark. After incubation, cell layers were washed and stained with
hematoxylin. TRAP-positive (purple/dark red) and multinucleated (>2 nuclei) cells

were counted with Nikon TMS microscope (Nykon Instruments Inc, USA).

Visualization of actin rings and vitronectin and calcitonin receptors by confocal laser
scanning microscopy (CLSM). After being washed twice with PBS, 21 days cultures
were fixed with 3.7% (v/v) p-formaldehyde for 15 min. After that, they were
permeabilized with 0.1% (v/v) Triton X 100 for 5 min and stained for actin with 5 U/ml
Alexa Fluor® 647-Phalloidin (Invitrogen), for vitronectin receptor (VNR) and
calcitonin receptor (CTR) with 50 pg/ml mouse IgGs anti-VNR and IgGs anti-CTR
(R&D Systems), respectively. Anti-VNR and anti-CTR detection was performed with 2
pg/ml Alexa Fluor® 488-Goat anti-mouse 1gGs.

Osteoclast gene expression by RT-PCR analysis. Cultures with 21 days were analyzed
for RT-PCR for the expression of the housekeeping gene glycerol-phosphate
dehydrogenase (GAPDH), the osteoclast-associated differentiation and activation
factors c-myc and c-src, respectively'®, and the osteoclast functional genes TRAP,
cathepsin K (CATK), and carbonic anhydrase 2 (CA2). RNA was extracted with
Rneasy® Mini Kit (Qiagen) according to manufacturer’s instructions and was
quantified by UV spectrophotometry at 260 nm. For that, 0.5 ug of RNA was reverse
transcribed and amplified (25 cycles) with the Titan One Tube RT-PCR System
(Roche), with an annealing temperature of 55°C. The primers used are listed on Table 2.
RT-PCR products were electophoretically separated on a 1%(w/v) agarose gel and
subjected to densitometric analysis with ImageJ 1.41 software. Values were normalized

to the corresponding GAPDH value of each experimental condition.
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Gene 5’ Primer 3’ Primer

GAPDH 5’-CAGGACCAGGTTCACCAACAAGT-3’ 5’-GTGGCAGTGATGGCATGGACTGT-3’

TRAP 5’-ACCATGACCACCTTGGCAATGTCTC-3’ 5’-ATAGTGGAAGCGCAGATAGCCGTT-3’

CATK 5’-AGGTTCTGCTGCTACCTGTGGTGAG-3" | 5°-CTTGCATCAATGGCCACAGAGACAG-3’

CA2 5’-GGACCTGAGCACTGGCATAAGGACT-3’ | 5-AAGGAGGCCACGAGGATCGAAGTT-3’

c-myc 5’-TACCCTCTCAACGACAGCAG-3’ 5’-TCTTGACATTCTCCTCGGTG-3’

C-src 5’-AAGCTGTTCGGAGGCTTCAA-3’ 5’-TTGGAGTAGTAGGCCACCAG-3’

Table 2. Primers used on RT-PCR analysis of PBMC cultures.

Calcium  phosphate resorption activity. After 21 days of culture on
BDBioCoatTMOsteologicTM Bone Cell Culture Plates (BD Biosciences), PBMC cultures
were bleached with 6% NaOCl and 5.2% NaCl, according to manufacturer’s
instructions. Calcium phosphate layers were visualized by phase contrast light
microscopy. Image analysis of the resorbed areas was performed with ImageJ 1.41

software.

2.5. Osteoclastogenic signaling pathways

PBMC cultures were characterized for the involvement of several signalling pathways
in, namely, MEK, NFkB, PKC, JNK, p38, MAPKK pathways and PGE2

101819 " For that, cell cultures were performed in the presence of the

production
corresponding signalling pathway inhibitors (Table 3), and were assessed for TRAP

activity and number of TRAP-positive multinucleated cells, at days 14 and 21.

Molecule Inhibited pathway Concentration
U0126 MEK 1 uM
PDTC NFkB 10 uM

GO6983 PKC 5 uM

SP600125 JNK 10 uM

SB202190 p38 5 uM

PD98,059 MAPKK 10 uM

Indomethacin PGE2 synthesis 1 uM

Table 3. Tested inhibitors of osteoclastogenic-related intracellular signilling pathways.
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2.6. Statistical analysis

Data were obtained from three separate experiments, each one performed in triplicate,
using cell cultures from different donors. Data are expressed as the mean + standard
deviation. Groups of data were evaluated using a two-way analysis of variance
(ANOVA) and no significant differences in the pattern of the cell behavior were found.
Statistical differences between controls and experimental conditions were assessed by

Bonferroni’s method. Values of p < 0.05 were considered significant.

3. Results

3.1. TRAP activity and number of TRAP-positive multinucleated cells

Unstimulated PBMC

Control PBMC cultures performed in base medium displayed low values of TRAP
activity (Fig. 1), which increased slightly during the culture period. AH Plus extract, at
1:2500 and 1:500, caused a stimulatory effect at day 21 (~25%); higher concentrations
resulted in dose-dependent inhibitory effects. The other cements inhibited TRAP
activity with time- and dose-dependent effects, at extract concentrations similar to and
higher than 1:500. GuttaFlow and Tubliseal exhibited a low toxicity (slightly higher in
the case of Tubliseal). Sealapex showed an evident dose-dependent inhibitory effect,
whereas RealSeal exhibited the highest toxicity, with a significant deleterious effect at
all concentrations, particularly between days 7 and 14. At day 21, the inhibitory effect
observed in the cultures exposed to the highest extract concentration (1:20) was ~25%
(GuttaFlow), ~45% (Tubliseal), ~57% (Sealapex) and ~75% (AH Plus and RealSeal).
The effect of the cements extracts in the number of TRAP-positive multinucleated cells

followed a pattern similar to that of TRAP activity (Fig. 1).
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Figure 1. TRAP activity and number of TRAP-positive multinucleated cells of PBMC cultures performed in base
medium in the presence of different elutions of root canal sealers extracts.

106



CAPITULO 11

Stimulated PBMC
At control conditions, PBMC cultures supplemented with M-CSF and RANKL
displayed high values of TRAP activity (Fig. 2). Enzymatic activity increased
significantly from days 7 to 14, and tended to stabilize from days 14 to 21. As observed
in unstimulated PBMC, AHPlus extract, at 1:2500 and 1:500, caused a slight
stimulatory effect at day 21 (~15%), and inhibitory effects at higher levels. The other
cements caused an inhibitory effect, however, with a different pattern of inhibition.
Extracts from GuttaFlow and Tubliseal (levels > 1:500) and AH Plus (Ievels > 1:100)
presented a dose-dependent inhibitory effect on TRAP activity, and the pattern of cell
growth was similar to that of control, i.e. TRAP activity increased from days 7 to 14 and
showed a tendency for stabilization in the last week. Thus, similar inhibitory effects
were seen at days 14 and 21 in the cultures exposed to the extracts of these sealers; at
the higher concentration (1:20) the percentages of inhibition at days 14 and 21 were,
respectively, ~36% and ~30% (GuttaFlow), ~58% and ~50% (Tubliseal) and ~93% and
87% (AH Plus). However, the inhibitory effect of Sealapex and RealSeal showed a
distinct profile; cytotoxicity was particularly evident from days 7 to 14 but, afterwards,
cells tended to recover and, at day 21, the inhibitory effect was much lower than that
seen on day 14. Thus, at days 14 and 21, the percentage of inhibition observed in the
cultures exposed to the highest extract concentration (1:20) was, respectively, ~85% and
~55% (Sealapex) and ~70% and ~41% (RealSeal).

Control PBMC cultures presented a high and similar number of TRAP-positive
multinucleated cells at days 14 and 21, and the effect of the sealers’ extracts was

identical to that observed on TRAP activity (Fig. 2).
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Figura 2. TRAP activity and number of TRAP-positive multinucleated cells of PBMC cultures performed in medium
supplemented with M-CSF and RANKL, in the presence of different elutions of root canal sealers extracts.
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3.2. Osteoclastic gene expression

Control PBMC cultures performed in base medium or supplemented with M-CSF and
RANKL, and maintained for 21 days, expressed the osteoclast-related genes c-myc, s-
src, TRAP, CATK and CA2 (Fig. 3). However, supplemented cultures presented a
significantly higher gene expression (Fig. 3). Shown is also the gene expression of
PBMC cultures exposed to the lowest extract concentration that caused statistically
significant differences on TRAP activity. AH Plus caused a small increase in the
expression of c-myc, s-src, TRAP and CATK, whereas the other sealers elicited a slight
inhibition on the gene expression; both effects attained statistical significance.
Expression of CA2 was not affected. This was observed in the cultures maintained in

base medium or supplemented with M-CSF and RANKL (Fig. 3).
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Figura 3. RT-PCR analysis of PBMC cultures maintained in base medium or in the presence of M-CSF and RANKL,
exposed to the lowest extract concentration that caused statistically significant differences on TRAP activity,
compared to control (AH 1:2500; GF, RS, S e T 1:500). RT-PCR products were subjected to a densitometric analysis
and were normalized to the corresponding GAPDH value.
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3.3. Calcium phosphate resorption activity

PBMC cultures maintained in base medium displayed the presence of few and isolated
resorption lacunae, resulting in a small resorbed area, but the presence of M-CSF and
RANKL increased significantly the total resorbed area (Fig. 4). Both in unstimulated
and stimulated PBMC cultures, AH Plus caused a higher resorption activity (around
47% and 29%, respectively). All the other sealers caused a small, but significant,

inhibitory effect (around 15%).
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Figura 4. Calcium phophate resorbing ability of PBMC cultures maintained in the absence (control) or presence of
root canal sealaers extracts. The cultures were exposed to the lowest extract concentration that caused statistically
significant differences on TRAP activity, compared to control (AH 1:2500; GF, RS, S e T 1:500). PBMC cultures
were grown in base medium or supplemented with M-CSF and RANKL. After 21 days culture time over calcium
phosphate layers, resorption lacunae were identified (A) and total resorbed area was quantified (B).
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3.4. Confocal laser scanning microscopy (CLSM)

At day 21, control PBMC cultures performed in base medium showed few cells with a
positive staining for F-actin and for VNR or CTR (not shown). CLSM images showed
that cultures supplemented with M-CSF and RANKL exhibited a high number of cells
presenting these osteoclastic features (Fig. 5). Shown is also the appearance of cultures
exposed to AH Plus (1:2500) and Tubliseal (1:500), sealers that, at these extract
concentrations, caused respectively a stimulatory and an inhibitory effect on TRAP

activity.

Control AH Plus 1:2500 Tubliseal 1:500

Actin VNR Overlay
— — ——

Figura 5. Representative CLSM images showing osteoclastic cells stained blue for actin and green for VNR or CTR
(OL, overlay).
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3.5. Osteoclastogenic intracellular mechanisms

Unstimulated PBMC.

In control cultures, all inhibitors elicited a decrease on TRAP activity, except
indomethacin. U0126 inhibitory profile was not affected by AHPlus and Tubliseal, was
decreased by GuttaFlow, and was increased by Sealapex (at day 14) and RealSeal (at
day 21). PDTC inhibition was lower in the presence of all the cements. GO6983 elicited
a lower inhibition on PBMC cultures exposed to AHPlus (at day 21), but a higher
inhibition was observed with the other cements. The inhibitory response induced by
SP600125 was higher in the presence of AHPlus, Tubliseal and Sealapex, was not
affected by GuttaFlow, and was lower in the presence of RealSeal. SB202190 induced a
lower inhibition in PBMC cultures treated with AHPlus, Sealapex and RealSeal, while
an opposite response was observed for those treated with GuttaFlow (at day 21) and
Tubliseal. PD98,059 inhibitory effect was potentiated by all the cements, except for
RealSeal. Indomethacin elicited a significant inhibition in all tested conditions. Results

are detailed in tables 4 and 5.

% of mhibitiom
Imhibifor
Conirel AP 1:2500 GuitaFlow 1:500 | Tubliseal1:50d8 | Seak 1:50 | RealSeal1:500
Day 14 61_13+% 80 61 4947 68 48 8916 44 T6_82+7 55 321092 58 684239
T0126 1 phd
Day 21 63 331554 69 371688 43 351617 754448 93 T4 70T B2 1249 83
Day 14 200.00 43_13+4.51 42 48%751 53658312 B1 112 36 7328715
FDTC 10 pM
Day 21 20000 36 471511 55 2485 57 51 82¥7 72 9430145 51 93 3894661
Day 14 41_1644. 59 51994501 53 008577 42 I2¥7 46 635515 04 T0.2545 35
GOE9EI5 pl
Day 21 43 9515 24 264247 95 60 4639 20 TI.01H.92 51.5243 11 862641072
Day 14 43 5247 18 5379413 62 6285 34 B6.3TH.G7 6740119 0.00
SPS00125 10
Day 21 54 064452 T4 T3H0T9 540335 97 310346 66 33 114798 3 044031
Day 14 3.21£1.39 0.00 3.27:035 78.0515.81 16.8541. 4 0.00¢
SEZ0Z1905 pM.
Day 21 12.4611.97 0.00 21.7213.05 64.0324.77 C.00 0.00¢
Day 14 42 1475 62 4145 87 B7.6946 66 50984301 36524796 4694139
FD93.059 10 Ml
Day 21 62 4749 88 319197 93253675 73144658 86 54H10.00 62 9543 18
o R Day 14 4331 64 13204183 367214 26 27764443 20 C12217 000
Day 21 000 19941 49 39 7316 06 2183134 48 681538 29 8317 38

Table 4. Involvement of MEK, NFkB, PKC, JNK, p38 and MAPKK signaling pathways, and PGE2 production on
PBMC cultures treated with the cements and maintained in base medium.
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% of imkibition
Imhibitor
Conirel AHFws 1:2500 GuitaFlow 1:500 | Tubli 1500 =y 1:50 | KealSeal 1:500
Day 14 33 554695 S111+T7 10 900912 11 41 3%HT 17 65 ST 00 55424742
U125 1 phdl
Day 21 42 43491 26 0644 18 39 3346 68 464243 (8 TI_ 714385 30664659
Day 14 20000 FO 3945 14 92 I0ET 16 38+2.08 B4 ZO045 69 75 401
FDTC 10 pM
Day 21 20000 B1_6844.59 95 3534 68 31154333 90 8442 16 92 354717
Day 14 43 2944.37 36064421 65 2430 63 63 924724 68_E845 53 49 OB16. 66
GO9S 5 pM
Day 21 29714116 2035800 65.6214.13 6528720 71.5H6.57 FO.1738 3%
Day 14 53154559 40.5716.04 65752702 T2.0845.58 30.2583.75 228N
SPG00125 10 M
Day 21 38.09:221 11_88+1 46 72 3814 89 65 3345 54 56.3243 26 492 1946 15
Day 14 78.15H0.04 000 10.7481.27 38384298 GO0 20.8334233
SEZ021905 pM
Day 21 24084592 .64-H2 08 9 36+1.00 42 20H4.35 GO0 0.0¢
Day 14 000 1 41205 FO 916 64 919945 88 62 7518 19 62 781007
D330 10 pM
Day 21 3 5440 52 905445 8% 933216 68 209448 06 32 e 11 305318 59
Day 14 000 2314031 000 250241404 31218993 0.00
im 1
i Day 21 10781023 000 5 13+0 70 19.65H 41 5354143 52 3. 61+038

Table 5. Involvement of MEK, NFkB, PKC, JNK, p38 and MAPKK signaling pathways, and PGE2 production on
PBMC cultures treated with the cements and maintained in the presence of M-CSF and RANKL.

Stimulated PBMC.
Control cultures revealed a strong decrease on TRAP activity in the presence of U0126,
GO6983, SP600125 and SB2020190, that was total following PDTC treatment.
PD98,059 and indomethacin did not affect the cellular behavior. Comparatively, U0126
inhibition was lower in the presence of AHPlus (at day 21), identical with Tubliseal,
and higher with GuttaFlow, Sealapex and RealSeal. PDTC inhibitory profile was
decreased by AHPlus and Tubliseal, while not significantly affected by the remaining
cements. The inhibition induced by GO6983 was potentiated by all the cements, except
in the case of AHPIlus. Following treatment with SP600125, the decrease on cellular
response was lower in the presence of AHPIlus and RealSeal (at day 14), but higher with
GuttaFlow, Tubliseal and Sealapex (at day 21). All the extracts decreased the inhibition
elicited by SB202190, while increased the one caused by PD98,059. Indomethacin
inhibitory effect was only significantly affected (increased) by Tubliseal and Sealapex .
Globally, the presence of TRAP+ multinucleated cells on the different
experimental conditions was in line with the results observed for TRAP activity, wither

in BM or M+R PBMC cultures (data not shown).
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4. Discussion

In this work, differentiation and function of human peripheral osteoclast precursors
were evaluated in the presence of a concentration range of the extracts of five
endodontic sealers, based on distinct compositions. Clinically, the sealers are applied as
freshly mixed materials, and the unset material might contact with apical and periapical
tissues. Thus, the extracts were obtained by incubating the freshly mixed material with
culture medium, and tested for time and dose-dependent effects.

In physiological conditions, osteoclastogenesis is a complex process in which
paracrine mechanisms play a significant role. Among the wide variety of regulator
factors, M-CSF and RANKL are particularly relevant. M-CSF is important for the
earlier steps of osteoclastogenesis, mainly increasing osteoclastic precursor survival *°
and promoting RANK expression on those precursors, in order to initiate RANKL-

21,22 RANKL is a factor essential for the later

mediated oteoclastic differentiation
osteoclastogenic steps, mainly for osteoclastic differentiation®®, but also for the survival
of mature osteoclasts **. Accordingly, the present results showed that in unstimulated
conditions (absence of M-CSF and RANKL), PBMC cultures exhibited low osteoclastic
features, i.e. regarding TRAP activity, number of TRAP-positive multinucleated cells,
expression of osteoclastic genes and resorption activity. The presence of M-CSF and
RANKL increased significantly osteoclast differentiation and function, which is
expected considering the role of these factors on osteoclastogenesis. Considering this,
the effects of the sealers’ extracts were studied in unstimulated and stimulated
conditions (absence or presence of M-CSF and RANKL), aiming to get information on
eventual differences of the sealers’ toxicity profile regarding immature/undifferentiated
precursors and also on precursors committed and undergoing osteoclastogenic
differentiation.

PBMC cultures were significantly affected by the sealers’ extracts, as shown by the
results regarding TRAP activity and number of TRAP-positive multinucleated cells.
Both in unstimulated and stimulated PBMC cultures, AHPlus, at the lower
concentrations, caused a small stimulatory effect, reflecting most probably an adaptive
cell response to cope with the presence of toxic compounds; however, higher levels
caused significant toxic effects. All the other sealers exhibited inhibitory effects, with
differences on the dose- and time-dependent effects. AHPlus (at the two higher

concentrations), GuttaFlow and Tubliseal exhibited a similar pattern, reflected as an
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inhibition on TRAP activity during the first two weeks, and a relative stabilization of
the cell behavior afterwards. Sealapex and RealSeal also caused an inhibition until day
14, but afterwards cells were able to recover completely or partially from the inflicted
toxicity. This suggests that cells were able to trigger adaptive mechanisms to the
presence of the sealers, apparently, more efficient in the case of Sealapex and RealSeal.
In the clinical setting, direct contact with the root filling materials and the apical
and periapical tissues involves a small contact area, and the leachable cytotoxic
compounds are continually cleared by the extracellular fluids. Also, these materials
remain in contact with the surrounding tissues for years or decades. Thus, in terms of
predicting the long-term clinical effects of the sealers, exposure of bone cells to low
concentrations of the sealers’ extracts appears to be a more representative situation. In
this context, PBMC cultures were exposed to the lowest tested concentration that
elicited statistically significant effects on TRAP activity, and were further characterized
for a set of osteoclast parameters. Results showed that these concentrations were 1:2500
for AHPlus, which caused small stimulatory effects and 1:500 for the other sealers,
which was associated with an inhibition of the cell response. In these conditions, the
sealers’ extracts affected the expression of the differentiation and activation genes c-
myc and c-src and the functional genes TRAP and CATK, that was in line with those
observed for TRAP activity. The same was found for the presence of actin rings,
vitronectin and calcitonin receptors, and calcium phosphate resorbing activity. In
addition, the relative contribution of some of the osteoclastogenic-related signaling
pathways was sharply affected by the cements’ extracts. In unstimulated PBMC, NFkB
pathway was significantly down regulated by AHPlus, GuttaFlow and Tubliseal. JNK
pathway appeared to have no significant relevance in PBMC cultures treated with
RealSeal, but in the presence of Tubliseal JNK and p38 pathways seemed to be
especially important. MAPKK pathway and PGE2 production appeared to be
particularly involved in the osteoclastogenic response modulated by GuttaFlow and
Sealapex. In stimulated PBMC, GuttaFlow elicited a significant increase in the
relevance of MEK pathway. Tubliseal caused a down regulation of NFkB pathway. All
the cements except AHPlus induced an increase on the involvement of PKC pathway.
p38 appeared to be significantly less involved in the osteoclastogenic response in the
presence of the cements, while the opposite situation was observed for MAPKK

pathway. PGE2 production seemed to be important only following Sealapex treatment.
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Several aspects have to be considered in the assessment of the endodontic
sealers cytocompatibility, i.e. composition and leachable components, setting
characteristics, stability of the set sealer and the contact between the sealer and the
surrounding tissues. A wide variety of studies have been performed involving many
sealers, but differing in the target cell type, preparation of the extracts, tested
concentrations and time of exposure, which is reflected by a great discrepancy of results
regarding the establishment of cytotoxicity patterns or the effects on a specific cell type.
However, the results of the present work agree with most of the reported studies, which
also showed inhibitory effects of endodontic sealers in several cell types. GuttaFlow is a
silicone-based sealer manufactured by adding gutta-percha powder to the silicone
matrix, and containing nanosilver particles as a preservative. The low cytotoxicity
observed in the present work is in line with a variety of studies involving

. 23,24,2526,27,28
fibroblasts

, and might result from the release of nanosilver particles as they
have been associated with dose-dependent cytotoxic effects®. It is also reported the
presence of small voids within the core of GuttaFlow, which favour the release of
unreacted compounds that accumulates in such pores™. Regarding AHPlus, an epoxy
resin-based sealer apparently “formaldehyde-free”, is reported to exhibit a moderate to
severe toxicity immediately after mixing (the conditions used in the present work) in

23,24,2527,28,31,32,33,34,35,36,37 33,38

fibroblasts , human periodontal ligament cells and

osteoblasts®®***%. The toxicity of this sealer has been mostly associated to the release of
low levels of formaldehyde, the presence of amines added to accelerate the epoxy
polymerization and the epoxy resin content®**'. The toxicity of Tubliseal, a zinc oxide

27, 42

eugenol-based sealer was demonstrated in fibroblasts and human periodontal

ligament cells43, and has been attributed to free eugenol release, and also several
additives, namely resins used for greater dentin adhesion”. Sealapex is a calcium
hydroxide based sealer and its cytotoxicity is widely reported, namely in

38,43 46,47

fibroblasts®***> human periodontal ligament cells and osteoblasts™"". It has been

attributed to an increase in the pH of the culture medium resulting from the sealer
dissolution”***’ In the present work, the pH remained constant throughout the culture
time, due to the low tested levels, and other components such as polyresin, zinc oxide
and Ba®* have been suggested as potential toxic compoundsso. Most of the studies
performed with RealSeal reported a rather cytotoxic effect of this dual-cured

hydrophilic multi-methacrylate resin-based sealer, namely in fibroblasts *****

36,54,55

3645515233 "human dental pulp cells™ and osteoblasts , suggesting that it is caused
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by the leaching of unreacted monomers as a result of incomplete polymerization , and
also filler particles due to the degradation of the sealer.

Regarding bone cells, few studies were performed, and all involved osteoblastic
cells. Considering the sealers studied in the present work, AHPlus has been tested in
human U2-OS osteosarcoma cells’® and in the rat cell lines MC3T3-El and ROS
17/2.8 % whereas Sealapex was addressed in rat calvarial osteoblasts*® and MC3T3-
El cells’ and RealSeal was studied in MG63 cells” and MC3T3-E1 and ROS 17/2.8
cells’®™*. To the best of our knowledge, no studies have been described addressing the
effects of the sealers on osteoclast cells, which is of utmost relevance considering the
intimate relationship between the two cells types in bone metabolism. In the present
work, addressing long-term effects of different sealers’ extracts on osteoclastogenesis,
results observed until day 14 might be considered as reflecting acute/short-term effects,
and showed dose-dependent inhibitory effects, whereas data collected on day 21
provides information regarding a longer exposure time, evidencing the ability of
adaptive cell responses to the sealers’ extracts. Due to the differences on the time-
dependent effects of the different sealers, it is not easy to establish an order of toxicity.
However, evident results were the low toxicity of GuttaFlow (both in unstimulated and
stimulated PBMC cultures), the high deleterious effect of RealSeal in unsttimulated
cultures, and the severe cytotoxicity of the highest concentration of AHPIlus in both

unstimulated and stimulated conditions.

5. Conclusion

The sealers’ extracts caused inhibitory effects on human osteoclast differentiation and
function. The sealers differed on the dose- and time-dependent profile, and also in the
involved intracellular signaling pathways. However, following long-term exposure an
adaptive cell response was noticed. This observation, together with the lower toxicity
expected in in vivo conditions due to the continuous fluids flow and sealers’ clearance,
suggests that after a variable time-period the cytotoxicity of the sealers eluates on

osteoclast cells might be greatly minimized.
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Behaviour of co-cultured human osteoclastic and osteoblastic cells exposed to

endodontic sealers
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1. Introduction

Root canal sealers are widely used worldwide, in endodontic procedures. Although they
are intended to be contained within the root canal space, they may extrude through the
apical constriction, or eluents from the sealers may come in contact with periradicular
tissues. This may cause irritation and delay in wound healingl. Moreover, the contact of
root canal filling materials with periapical tissues can also affect the normal bone
metabolic activities by direct effects on osteoblastic and osteoclastic cells, which might
impair local bone regeneration and remodeling. Regarding this, several in vitro studies
addressed the effect of endodontic sealers in different osteoblastic cell systems, namely
in human U2-OS osteosarcoma cells>>*>® , human MG63 osteosarcoma ce11s7, rat cell
lines MC3T3-E1 and ROS 17/2.8>3*1%! and rat calvarial osteoblastslz, differing on the
tested sealers and the exposure protocol. Most of them involved short-term exposures
and reported inhibitory effects in the viability/proliferation of osteoblastic cells and in
functional parameters such as the alkaline phosphatase activity. Some studies suggested
that the sealers eluents might interfere with the production of molecules, such as COX-
2%, IL-6 and IL-8°, gelatinases® and RANKL?’, which are involved in signaling pathways
and cellular crosstalks within the bone environment.

Bone tissue is constantly being moulded and shaped by the coordinated action of
bone-resorbing osteoclasts and bone-synthesizing osteoblasts 3 Both cell types are
involved in reciprocal crosstalks that modulate the differentiation and function of each

other'> '

, which are essential to maintain an adequate bone mass and/or structure.
Therefore, for in vitro bone-related research, osteoclast/osteoblast co-cultures appear as
attractive experimental models, because they are one step closer to natural conditions
and allow elucidation of some aspects of the complex interactions between bone-
building and bone-resorbing cells. Accordingly, some recent reports stressed the
relevance of these co-culture systems, as more representative models to address in vitro

. . 14,1516
bone metabolism studies

. Despite the high relevance of this issue, to the best of
our knowledge, the effects of endodontic sealers on human osteoclastic and osteoblastic
cells in a co-culture system have not been reported.

In this context, this study addresses the long-term effects of five root canal
sealers” extracts, based on distinct compositions (AH PlusTM, GuttaFlowTM,
TublisealTM, SealapexTM and RealSealTM), on co-cultures of human osteoclastic and

osteoblastic cells. These cultures were established from human peripheral blood
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mononuclear cells and bone marrow cells, respectively. Co-cultures were assessed for
osteoclastic and osteoblastic parameters, and also for the involvement of several

intracellular signaling pathways.

2. Materials and methods

2.1. Root canal sealers and preparation of the extracts

The following endodontic sealers were tested:

- GuttaFlow™ (Roeko, Colténe/Whaledent) — silicone-based sealer with gutta-percha
- AH Plus™ (DentsplyDetrey) — epoxy resin-based sealer

- Sealapex™(SybronEndo) — calcium hydroxide-based sealar

- Tubliseal™ (SybronEndo) — zinc oxide eugenol-based sealer

- RealSeal ™(SybronEndo) — methacrylate resin-based sealer

Composition of the sealers is shown in Table 1.

GuttaFlow™

AH Plus ™

Sealapex ™

Gutta-percha powder
Polydimethylsiloxane
Silicone oil

Paraffin oil

Platinum catalyst
Zirconium dioxide
Nano-silver (preservative)

Coloring

Paste A:

Bisphenol-A epoxy resin
Bisphenol-F epoxy resin
Calcium tungstate
Zirconium oxide

Silica

Iron oxide pigments
Paste B:
Dibenzyldiamine
Aminoadamantane
Tricyclodecane-diamine
Zirconium oxide

Silica

Silicone oil

Active ingredients- Base:
Calcium oxide

Zinc oxide

Active ingredients- Catalyst:
Disalicylate resin
Trisalicylate resin
Isobutyl salicylate
Mixed:

Calcium oxide (24%)
Barium sulphate (20%)
Zinc oxide (7%)
Sub-micron silica (4%)
Titanium dioxide (2%)

Zinc stearate (1%)

Tubliseal ™

RealSeal ™

Active ingredients- Base:

Zinc oxide

Eugenol

Mixed:

Zinc oxide (59%)
Barium sulphate (4%)
Oleo resin (14%)
Thymol iodide (3%)
Oil 8(%)

Modifiers (2%)
Eugenol (10%)

Active ingredients- Catalyst:

Mixture of UDMA, PEGDMA, EBPADMA and BISGMA resins

Silane-treated barlumborosilicate glasses *

*(contains a small amount of aluminium oxide barium sulfate)

Silica
Barium sulfate

Calcium hidroxide

Bismuth oxychloride with amines

Peroxide
Photo initator
Stabilizers

Pigments

Table 1. Composition of the tested root canal sealers.
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The sealers’ extracts were prepared according to ISO Standards 10993-5
(surface/medium rate: 0.5 - 6.Ocm2/m1; extraction time: 1- 3 days). The sealers were
mixed according to the manufacturer’s instructions under aseptic conditions. With an
insulin syringe, 0.3ml of each sealer was placed at the bottom of the well of a 24-well
plate (Orange Scientific, Belgium) and the surface of the material was smoothed.
Immediately after, 1.5ml of culture medium was added to each well. The medium
consisted of a-Minimal Essential Medium (a-MEM) supplemented with 10% fetal
bovine serum, 100 IU/ml penicillin, 2.5 pg/ml streptomycin, 2.5 ug/ml amphotericin B
and with 50 ug/ml ascorbic acid. The plates were kept for 24h at 37°C in a humidified
5% COgy/air. Following, culture medium was collected, diluted (1:20, 1:100, 1:500,
1:2500), aliquoted and frozen at -20°C. In this concentration range, the pH of the culture

medium remained constant (pH ~7.4).

2.2. Co-cultures of osteoclastic and osteoblastic cells. Exposure to the extracts.

Osteoclast cell cultures were established from precursors present in peripheral blood
mononuclear cells (PBMCs), isolated from blood of healthy male donors (25-35 years
old), after informed consent, as described before!”. Briefly, blood was diluted with
phosphate buffered saline (PBS) (1:1) and applied on top of Ficoll-Paque™ PREMIUM
(GE Healthcare Bio Sciences). Samples were centrifuged at 400g for 30 min. PBMCs
were collected at the interface between Ficoll-Paque and PBS and washed twice with
PBS. On average, for each 100 ml of processed blood, ~70 x 10° PBMCs were obtained.

Osteoblast cell cultures were established from bone marrow obtained from
patients (25-35 years old) undergoing orthopedic surgery procedures, after informed
consent'®. Human bone marrow cells (nBMCs) were cultured in a-MEM containing
10% fetal bovine serum, 100 IU/ml penicillin, 2.5 pg/ml streptomycin, 2.5 pg/ml
amphotericin B and 50 pg/ml ascorbic acid. At about 70-80% confluence, cells were
enzymatically detached with 0.05% trypsin and 0.5mM EDTA and seeded as described
below.

For the co-culture, hBMCs were seeded (1x103 cells/cmz) and cultured for 24
hours in the conditions used for the culture of osteoblastic cells. Following, PBMC were
added ( 1.5x10° cells/cmz) and co-cultures were maintained in the conditions described
for PBMC cultures. Seeding densities and culture conditions were selected based in

previous studies'”. After 24 h, culture medium was removed and replaced by one
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containing the sealers’ extracts (1:2500, 1:500, 1:100 and 1:20). Co-cultures performed
in the absence of the extracts were used as control. Cultures were maintained for 21
days at 37°C in a 5% CO, humidified atmosphere. Culture medium was replaced once a
week and the extracts were renewed in every medium change. Co-cultures were
characterized throughout the culture time for the osteoclastic and the osteoblastic

response, as described previouslylg.
2.2.1. Osteoclastogenic response

Co-cultures were characterized at days 7, 14 and 21 for tartrate-resistant acid
phosphatase (TRAP) activity and number of TRAP-positive multinucleated cells, at all
extracts’ concentrations (1:2500 - 1:20). In addition, for each sealer, co-cultures
exposed to the lowest extract concentration that caused statistically significant
differences on cellular response, at day 21, were further analysed for more specific
osteoclastogenic parameters. These concentrations were 1:2500 for AH Plus (which
caused a stimulatory effect) and 1:500 for the other sealers (which caused an inhibitory

effect).

TRAP activity. TRAP activity was determined by the hydrolysis of p-
nitrophenilphosphate (pNPP), at days 7, 14 and 21. Cell layers were solubilized (0.1%
Triton X-100, 5 min), and cellular lysates were incubated with 12.5 mM pNPP in 12.5
mM tartaric acid and 0.09 M citrate (pH 4.8) for 1h at 37°C. The reaction was stopped
with 5M NaOH, and the absorbance was measured at 400nm in an ELISA plate reader
(Synergy HT, Biotek). TRAP activity was normalized to total protein content

(quantified by Bradford’s method) and expressed as nmol/min/mgpmtein'l.

TRAP-positive multinucleated cells. At days 14 and 21, co-cultures were fixed
(3.7% formaldehyde, 10 min) rinsed with distilled water, and stained for TRAP with
acid phosphatase, leukocyte (TRAP) kit (Sigma), according to manufacturer’s
instructions. Briefly, cells were incubated with naphtol AS-BI 0.12 mg/ml in the
presence of 6.76 mM tartarate and 0.14 mg/ml Fast Garnet GBC (37°C, 1h in the dark).
After, cell layers were washed and stained with hematoxylin. TRAP-positive
(purple/dark red) and multinucleated (>2 nuclei) cells were counted with Nikon TMS

microscope (Nykon Instruments Inc, USA).
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Osteoclastgene expression by RT-PCR analysis. At day 21, co-cultures were
analyzed for the expression of the housekeeping gene GAPDH and the osteoclast-
associated genes c-myc, c-src, TRAP, cathepsin K (CATK), and carbonic anhydrase 2
(CA2). RNA was extracted with Rneasy® Mini Kit (Qiagen) and was quantified by UV
spectrophotometry at 260 nm. RNA 0.5 pug, was reverse transcribed and amplified (25
cycles) with the Titan One Tube RT-PCR System (Roche), with an annealing
temperature of 55°C. The primers used are listed in Table 2. RT-PCR products were
electophoretically separated on a 1% (w/v) agarose gel and subjected to a densitometric
analysis with Image] 1.41 software. Values were normalized to the corresponding

GAPDH value.

Gene 5’ Primer 3’ Primer
GADPH 5’-CAGGACCAGGTTCACCAACAAGT-3’ 5’-GTGGCAGTGATGGCATGGACTGT-3’
COL1 5’-TCCGGCTCCTGCTCCTCTTA-3’ 5’-ACCAGCAGGACCAGCATCTC-3’
ALP 5’-ACGTGGCTAAGAATGTCATC-3’ 5’-CTGGTAGGCGATGTCCTTA-3’
BMP-2 5’-GACGAGGTCCTGAGCGAGTT-3’ 5’-GCAATGGCCTTATCTGTGAC-3’
c-myc 5’-TACCCTCTCAACGACAGCAG-3’ 5’-TCTTGACATTCTCCTCGGTG-3’
C-src 5-AAGCTGTTCGGAGGCTTCAA-3’ 5’-TTGGAGTAGTAGGCCACCAG-3’
TRAP 5’-ACCATGACCACCTTGGCAATGTCTC-3’ 5’-ATAGTGGAAGCGCAGATAGCCGTT-3’
CATK 5’-AGGTTCTGCTGCTACCTGTGGTGAG-3’ | 5-CTTGCATCAATGGCCACAGAGACAG-3’
CA2 5’-GGACCTGAGCACTGGCATAAGGACT-3’ | 5-AAGGAGGCCACGAGGATCGAAGTT-3

Table 2. Primers used on RT-PCR analysis of co-cultures.

Calcium phosphate resorbing activity. After 21 days of culture on BD
BioCoat™ OsteologicTM Bone Cell Culture Plates (BD Biosciences), co-cultures were
bleached with 6% NaOCI and 5.2% NaCl, according to manufacturer’s instructions.
Calcium phosphate layers were visualized by phase contrast light microscopy. Image

analysis of the resorbed areas was performed with ImageJ 1.41 software.

Signalling pathways. Co-cultures were characterized for the involvement of
several signalling pathways important for osteoclastogenesis®’*'. Cultures were treated

with the corresponding signalling pathway inhibitor, namely 1 uM U0126 (MEK), 10

127



CAPITULO 111

uM PDTC (NFkB), 5 uM G0O6983 (PKC), 10 uM SP600125 (JNK), 5 uM SB202190
(p38), 10 uM PD98,059 (MAPKK) and 1 puM Indomethacin (PGE2 production)
throughout the culture time. At days 14 and 21, cultures were assessed for TRAP

activity and number of TRAP-positive multinucleated cells.
2.2.2. Osteoblastic response

Co-cultures were characterizedat days 7, 14 and 21 for alkaline phosphatase (ALP)
activity at all extracts’ concentrations (1:2500 - 1:20). In addition, for each sealer, co-
cultures exposed to the lowest extract concentration that caused statistically significant
differences on ALP activity, at day 21, were further analysed for the expression of
osteoblastic genes and several intracellular signalling pathways. These concentrations
were 1:2500 for AH Plus, Tubliseal and Sealapex, and 1:500 for GuttaFlow and

RealSeal. The response was inhibitory for all sealers’ extracts.

ALP activity. Cell layers were solubilized (0.1% Triton X-100, 5 min), and ALP
activity was evaluated in cell lysates by the hydrolysis of p-nitrophenyl phosphate in
alkaline buffer solution, pH 10.3, and colorimetric determination of the product (p-
nitrophenol) at 405 nm. Hydrolysis was carried out for 30 min at 37 °C. Results were

expressed as nmol/min/mgpmtem"l.

Osteoblast gene expression by RT-PCR analysis. At day 21, co-cultures were
analyzed for the expression of the housekeeping gene GAPDH and the osteoblastic
genes collagen type 1 (COL1), ALP and bone morphogenetic protein 2 (BMP-2), using

the experimental protocol describe above. The primers used are listed in Table 2.

Signalling pathways. Co-cultures were characterized for the involvement of
several osteoblastogenesis-related signalling pathways>*. Cultures were treated with the
corresponding signalling pathway inhibitor, namely 1 uM UO0126 (MEK), 10 uM
SP600125 (JNK), 10 uMI WR-1 (canonical Wnt/B-catenin pathway) and 10 uM KN-93
(CaMKII) throughout the culture time. At days 14 and 21, cultures were assessed for
ALP activity.
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2.3. Statistical analysis

Data were obtained from three separate experiments, each one performed in triplicate,
using cell cultures from different donors. Data are expressed as the mean + standard
deviation. Groups of data were evaluated using a two-way analysis of variance
(ANOVA) and no significant differences in the pattern of the cell behavior were found.
Statistical differences between controls and experimental conditions were assessed by

Bonferroni’s method. Values of p < 0.05 were considered significant.

3. Results

3.1.0steoclastogenic response

Fig. 1A shows the dose- and time-dependent effects of the sealers’ extracts on TRAP
activity found in the co-cultures of osteoclastic and osteoblastic cells. At control
conditions (absence of the sealers’ extracts), TRAP activity increased until day 14 and
stabilized from days 14 to 21. All cements caused inhibitory effects, except AH Plus at
the lower extract concentration (1:2500), which elicited a stimulatory effect at day 21
(~28%). For all sealers, the inhibitory effect was more significant during the two first
weeks. Afterwards, during the third week, TRAP activity tended to stabilize in the
presence of GuttaFlow, and increased in the cultures exposed to the other sealers,
particularly, for AH Plus and Sealapex. The inhibitory effect was dose-dependent, but
the Sealapex’ extract caused a similar effect in the tested concentration range. At the
highest concentration (1:20), AH Plus had the higher inhibitory effect at days 14 and 21
(~84% and ~90%), followed by Tubliseal (~80% at both days), GuttaFlow (~67% and
~56%), RealSeal (~71% and ~45%) and Sealapex (~54% and ~21%), respectively. The
effect of the sealers’ extracts in the number of TRAP-positive multinucleated cells

followed a pattern similar to that observed in TRAP activity (Fig.1B).
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Figure 1. TRAP activity and number of TRAP-positive multinucleated cells of co-cultures performed in the presence
of different elutions of root canal sealers extracts.

Co-cultures exposed to AH Plus (1:2500) and to the other sealers (1:500) were
further characterized, at day 21, for calcium phosphate resorbing ability (Fig. 2A,B) and
expression of osteoclastic-related genes (Fig. 2C). Control cultures displayed the
presence of resorption lacunae, with a resorbed area around 20%. Comparatively, AH
Plus caused a small increase (~27%), and all the other sealers elicited an inhibitory
effect, with inhibition values of 17% (GuttaFlow), 20% (Sealapex), 29% (RealSeal) and
35% (Tubliseal). Co-cultures expressed the osteoclastic genes c-myc, s-src, TRAP,

CATK and CA2. AH Plus caused a slight increase in the expression of these genes, and
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the other sealers caused an inhibition. In both, statistical significance was achieved for

all the genes except CA2.
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Figure 2. Calcium phophate resorbing ability of co-cultures exposed to the lowest extract concentration that caused
statistically significant differences on TRAP activity, compared to control (AH 1:2500; GF, RS, S e T 1:500). After
21 days culture time over calcium phosphate layers, resorption lacunae were identified (A) and total resorbed area
was quantified (B). RT-PCR analysis of co-cultures exposed to the lowest extract concentration that caused
statistically significant differences on TRAP activity, compared to control (AH 1:2500; GF, RS, S e T 1:500). RT-
PCR products were subjected to a densitometric analysis and were normalized to the corresponding GAPDH value
©).
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3.1.1.0steoclastogenic intracellular mechanisms

In control conditions, U0126, GO6983 and PD98,059 caused a decrease on TRAP
activity at day 14, but this inhibitory effect was not observed at day 21 (Table 3).
PDTC, SP600125, SB202190 and indomethacin elicited a significant decrease on
cellular response, which was almost total in the presence of PDTC (at day 21).
Comparatively, the inhibition elicited by U0126 was higher in the presence of all the
sealers, except in the case of Sealapex. A decrease on PDTC-induced inhibition was
observed in all tested conditions, while an opposite situation occurred in the case of
GO0O6983, SP600125 and PD98,059. SB202190 inhibitory profile was decreased by all
the sealers, except for AHPlus, which did not significantly affect it. Finally,
indomethacin inhibition was lower in PBMC cultures treated with AH Plus and
Sealapex, identical in those supplemented with Tubliseal and RealSeal and higher
following treatment with GuttaFlow. Globally, the results obtained for the number of
TRAP-positive multinucleated cells (data not shown) were in line with those seen for

TRAP activity.

Imhibitor % of mhibitiom
(Pathoray) Conirel AHPias 12500 | GutiaFlow 1:500 | Tubliscal1:500 | Sealagex 1:500 | RealSeal 1:500
U126 1 ji D14 24109 6234 5(%) 49771 (%) 44445 (%) 0.0 15.0424(%)
(MEK) D21 oe 65.7E4.1(% I0555.4(%) 353£32(%) a0 2. 7H0.4(%)
FDTC10 pM Dl4 63,0479 90.418.6(%) 724143 5.1+0.6(%) 52.643.3(%) 590455 (%)
(NFEE) D21 91 6144 TTHAE() TT3195 (%) 16.219(*) 46.6165(*) 43.185.3(%
GOBYE3 S pM D14 BT TRILTZ(Y) T2.31673 (%) 22.312.9(%) 2T3123(%) 56.116.0(*)
(PKC) D21 1.9402 33 646.7(") 652415 (%) 40.345.0{%) 79.283.3(%) 623+83(7)
SPGIOLZS 10pM Dl4 111216 92.357.3(%) 919481 (%) 53_144.2(%) 67.3513(%) 33.457.2(%)
(NK) D21 110414 92 9471 (%) 92 086, 7(%) 50.584 %) T1.6L8.0(%) 76.948 0(*)
SE2021905 iM D14 39.5122 55.3542(%) 43,3146 40.013.2 31.245.1(%) 392153
(p38) D21 414358 49.946. 30.814.5 (%) 21.3LL5(%) 3.2:0.4(%) 0.00%)
D950 10 pM D14 18,1223 60-83£7.5(% 73.627.00% 79.824.4(%) 27 545.0(%) S6.0£7.6(%)
(MAPRK) D21 oe 73.255.5(%) ST 4HAA(%) 54.445.0{%) 27.6499(%) 45 3+4.6(%)
Tndemmetharinl M D14 43105 19.042.1 (%) 508461 (%) 19.562.2(%) 50104 28 41507
(PGEZ) D21 217128 9.651.0(%) 38 514.6(%) 216242 0.00%) 204817

Table 3. Involvement of osteoclastogenic-related mechanisms (MEK, NFkB, PKC, JNK, p38 and MAPKK signaling
pathways, and PGE2 production) on co-cultures exposed to the sealers’ extracts. (*) Significantly different from the
control.
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3.2. Osteoblastic response

In control co-cultures, ALP activity increased mostly until day 14 and tended to
stabilize afterwards. All the extracts caused a dose-dependent inhibition on the enzyme
activity. Mostly, the inhibitory effect appeared more relevant until day 14, and, during
the last week, the percentage of inhibition decreased. For GuttaFlow and RealSeal, in
the cultures exposed to the lower concentration (1:2500), ALP activity at day 21 was
similar to that on control. The lower concentration that caused statistical significant
inhibition was 1:2500 for AH Plus, Tubliseal and Sealapex and 1:500 for GuttaFlow
and RealSeal. In the cultures exposed to the higher extract’ concentration (1:20), the
percentages of inhibition at day 21 were 43% (GuttaFlow), 48% (RealSeal), 66%
(Tubliseal), 75% (Sealapex) and 100% (AH Plus).

Co-cultures exposed to AH Plus, Tubliseal and Sealapex (1:2500) and
GuttaFlow and RealSeal (1:500) presented significant decreased gene expression of
COL 1, ALP and BMP-2, compared to control cultures. The results were in line with
those observed for ALP activity.
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Figure 3. ALP activity (a) and expression of osteoblastic-associated genes (b) on co-cultures exposed to the sealers’
extracts. (*) Significantly different from the control.
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3.2.1 Osteoblastic intracellular mechanisms

Control co-cultures were significantly affected by all the tested inhibitors, with a
decrease on ALP activity particularly accentuated following treatment with U0126 and
KN-93 (Table 4). All the sealers elicited a decrease on the inhibition caused by U0126,
except GuttaFlow. SP600125 inhibitory profile was increased by AHPlus (at day 21),
GuttaFlow and RealSeal (at day 14), but decreased in the presence of the remaining
sealers. The inhibition elicited by IWR-1 remained identical in the presence of AHPlus
(at day 21) and Sealapex, and was higher with GuttaFlow, Tubliseal and RealSeal.
Finally, KN-93 caused a lower inhibition in all tested conditions, except in the case of

RealSeal.

Imkibitor % of mhibition
(Pathway) Conirsl AHPIas1:2500 | GuitaFlew 1:500 | Tubliscal1:2500 | Sealap=x1:2500 | RealScal 1-500
V0126 1 Ml Di4 532156 6.6¢06 (%) 54 8145 19213 (%) 621187 1311220
(MEK) D2 51.614.0 32.6+45(%) 477133 219623 (%) 55 8145 10841 5(%)
SPGO0125 10 pM Dl4 354231 36.344.7 65.T45.6(*) 37.083.0 26.6:3.4(*) 51.267.2(%)
(NK) D2 332456 60.0+5.6(*) 645451 (*) 13.9:L7(*) 28.1+2.2(*) 35.414.5
TWE-110 pind Dl 127412 14103 (*) 45 163.6(%) 526ETE(S) 118811 IT05.6(%)
{canonicad Wt
stenin) D2 136139 180412 56.6+4.1(%) 40543 4(%) 12242 30045 5 ()
KIN-93 10 M. D4 670478 33 41445 (%) 39 484 5(%) 628156 16.4:16(%) 64,3162
(CaMRTI) D21 67.516.7 27.819.3(%) 21.333.8(%9 AT7.112.4(%) 21.6+11({%) 559462

Table 4. Involvement of osteoblastogenic-related mechanisms (MEK, JNK, canonical Wnt/B-catenin pathway and
CaMKII) on co-cultures treated with the sealers’ extracts. (*) Significantly different from the control.

4. Discussion

In the bone microenvironment, the reciprocal osteoblast-osteoclast communication and
the corresponding coordinated bone formation and resorption events are highly complex
and regulated processes, responsible for the life-long bone remodeling in order to ensure
a healthy tissue formation and maintenance'*. Thus, in this work, co-cultures of human
osteoblastic and osteoclastic cells were used as an in vitro model to address the dose-
and time-dependent effects of endodontic sealers’ extracts in bone cells. The extracts
were obtained by incubating the freshly mixed material with culture medium, as,

clinically, the sealers are applied in this form, and the unset material might contact with
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apical and periapical tissues. The sealers’ surface/medium rate was 1.3cm?*/ml, which is
in agreement to ISO Standards 10993-5 for the testing of dental materials.

It is known that osteoblasts synthesize a variety of molecules important in the
recruitment and survival of osteoclast precursors and also engaged with the later steps
of osteoclastogenesis, namely M-CSF and RANKL, which are sufficient to promote in
vitro osteoclastogenesisB. Also, some factors produced by osteoclasts seem to stimulate
0steogenesis14. In the present work, the protocol used allowed the establishment of co-
cultures of osteoclastic and osteoblastic cells displaying phenotype features of both cell
types, in the absence of any exogenous differentiation factors, as observed
previously'®!?. Osteoclast parameters included a high TRAP activity and number of
TRAP-positive multinucleated cells, expression of osteoclastic-related genes and
calcium phosphate resorbing ability. Co-cultures also showed high ALP levels and gene
expression of ALP, COL 1 and BMP-2, which are typical osteoblastic markers'. The
differentiation of osteoclastic and osteoblastic cells was evident by the progressive
increase in TRAP and ALP activities, respectively, which occurred mostly during the
two first weeks; values stabilized in the last week, suggesting that differentiated/mature
osteoclasts and osteoblasts were present from day 14 onwards. Thus, this co-culture
system appeared as a useful model to analyze the effects of endodontic sealers in
interacting osteoclastic and osteoblastic cells.

The results on TRAP and ALP activities observed in the co-cultures showed that
the sealers’ extracts caused dose-dependent inhibitory effects on osteoclastic and
osteoblastic behavior. The only exception was the low stimulatory effect on TRAP
activity seen in the presence of the lowest concentration of AH Plus, reflecting most
probably an adaptive cell response to cope with the presence of toxic compounds.
Differences were noted for the effects on the two cell types, and also on the profile of
each sealer. Regarding TRAP activity and number of TRAP-positive multinucleated
cells, inhibition was mainly observed during the two first weeks, i.e. during osteoclastic
differentiation'>; afterwards, values stabilized (as for GuttaFlow) or increased (as for
the other sealers). The lower concentration to cause inhibitory effects was 1:100 for AH
Plus and 1:500 for the other sealers. Evident dose-dependent inhibitory effects were
observed for AH Plus, GuttaFlow, Tubliseal and RealSeal, but Sealapex caused a
similar inhibition in the tested concentration range (1:2500 - 1:20) and cells recovered
almost completely from the initial deleterious effects. Compared to the osteoclastic

cells, osteoblastic cells appeared more sensitive to the toxic effects of the sealers. This is
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suggested by the results regarding the lower concentration that caused statistical
significant decrease on ALP activity (i.e. 1:2500 for AH Plus, Tubliseal and Sealapex)
and also by lower ability to recover from the inflicted initial toxicity. The later
observation was especially evident for AH Plus (in which the two higher concentrations
were lethal) and Sealapex (that caused dose-dependent inhibition in the tested
concentration range). As observed for the osteoclastic behavior, inhibition on ALP
activity occurred mainly during the first two weeks, i.e during the osteoblastic
differentiation'>"'®.

In the clinical setting, the contact of the endodontic sealer with the apical and
periapical tissues involves a small area; in addition, the potential leachable cytotoxic
compounds are continually cleared by the extracellular fluids, suggesting the presence
of low local levels after the initial contact. Thus, in predicting the long-term effects of
the sealers, exposure of bone cells to low concentrations of the sealers’ extracts appears
to be a more representative situation. Thus, co-cultures exposed to the lowest tested
concentrations that elicited statistically significant effects on TRAP and ALP activities
were further characterized for other phenotype parameters. Regarding the osteoclastic
behavior, the extracts affected the expression of the differentiation and activation genes
c-myc and c-src and the functional genes TRAP and CATK, and the calcium phosphate
resorbing activity. The sealers also decreased the expression of the osteoblastic genes
COL 1, ALP and BMP-2. The results were in line with those observed for TRAP and
ALP activities, respectively.

Osteoclast and osteoblast differentiation are complex processes that involve
multiple overlapping intracellular mechanisms that, at the end, direct the precursors or
the immature cells towards the formation of mature and functional bone cells”***. In this
context, co-cultures were further characterized for the involvement of several signalling
pathways on the observed cellular responses. It is important to note that although very
important, none of them is exclusive of osteoclastogenesis or osteoblastogenesis, and
two of the analyzed pathways (MEK and JNK) have an important role in both
processes. The sealers differed significantly on the relative contribution of the signalling
pathways, which might be related with the different nature of the toxic compounds
associated with each sealer’ toxicity. Some differences were particularly evident. In the
case of the osteoclastogenic response, MEK pathway appeared to be significantly up
regulated following treatment with AHPlus, GuttaFlow and Tubliseal, while NFkB

seemed to be less involved in the presence of Tubliseal, Sealapex and Realseal. All the
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sealers elicited an increase on the involvement of PKC, JNK and MAPKK pathways.
p38 pathway seemed to be down regulated by Sealapex and RealSeal. Finally, PGE2
production had no significant contribution in PBMC cultures supplemented with
Sealapex. Regarding the osteoblastic response, MEK pathway had a little role in the
presence of RealSeal. GuttaFlow and Tubliseal appeared to induce an up regulation of
the canonical Wnt/B-catenin pathway, while Ca**calmodulin-dependent protein kinase
IT appeared to be down regulated by AHPlus, GuttaFlow and Sealapex.

Many studies have reported on the cellular effects of endodontic sealers, but a
great results discrepancy is observed regarding cytotoxicity patterns or the effects on a
specific cell type, which is expected considering the variety of experimental conditions
regarding the tested cell type (mainly fibroblasts), the preparation of the extracts, and
the concentration range and time of exposure. GuttaFlow, a silicone-based sealer
manufactured by adding gutta-percha powder to the silicone matrix (and containing

24,25,26,27,28, -
9

nanosilver particles as a preservative) was previously tested in fibroblasts its

toxicity might result from the release of nanosilver particles as they have been
associated with dose-dependent cytotoxic effects’. It is also reported the presence of
small voids within the core of GuttaFlow, which favor the release of unreacted
compounds that accumulates in such pores”. Effects of AH Plus were evaluated in
fibroblasts'***2*%3132 human periodontal ligament cells®® and osteoblasts™'*'!. Most
of these studies suggested that this epoxy resin-based sealer, apparently “formaldehyde-
free”, exhibited a moderate to severe toxicity immediately after mixing (the conditions

used in the present work), due to the release of low levels of formaldehyde, the presence

of amines added to accelerate the epoxy polymerization and the epoxy resin content™*.

The toxicity of Tubliseal, a zinc oxide eugenol-based sealer has been attributed to free
eugenol release, and also to several additives, namely the resins used for greater dentin

adhesion', and was demonstrated in fibroblasts®™® and human periodontal ligament

33,36

cells®®. Sealapex was tested in fibroblasts’’, human periodontal ligament cells and

8,12

osteoblasts™ “, and its toxicity has been associated to an increase in the pH of the culture

1,34,38

medium resulting from the sealer dissolution . In the present work, the pH remained

constant throughout the culture time, due to the low tested levels, and other components
such as polyresin, zinc oxide and Ba®* have been suggested as potential toxic

compoundsl. RealSeal is a dual-cured hydrophilic multi-methacrylate resin-based

10,24,26,31,34,37,39,

sealer, and its toxic effects were shown in fibroblasts 40’41, human dental

79,10

pulp cells*' and osteoblasts””'’, and it is caused by the leaching of unreacted monomers
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as a result of incomplete polymerization, and also to filler particles due to the
degradation of the sealer.

Regarding bone cells, few studies were performed in osteoblastic cells involving
the sealers studied in the present work. AH Plus was tested in human U2-OS
osteosarcoma cells and authors reported that the activation of COX-2 expression® and
IL-6 and IL-8 mRNA gene expression’ might be contributing mechanisms in the
toxicity of this sealer. Studies performed in the rat cell lines MC3T3-E1 and ROS
17/2.8 showed that the toxicity of AH Plus decreased with the aging of the sealer'' and
that these cell lines responded differently to this sealer'’. Viability and apoptosis was
analyzed in rat calvarial osteoblasts exposed to conditioned medium from Sealapexlz.
MC3T3-El cells were also exposed to Sealapex extracts, and authors suggested that
oxidative stress is not involved in the cytotoxicity of this sealer®. Disks of RealSeal,
after setting, were placed in direct contact with ROS 17/2.8 cells and for 5 succeeding
weeks after immersion in simulated body fluid, and results showed that toxicity
decreased gradually over time’. RealSeal extracts showed initial cytotoxicity effect on
MG#63 cells which disappeared after few days of culture’. Considering other sealers, a
study performed with extracts of AH26, Canals and N2 showed an up-regulation on the
expression RANKL in U2-OS cells. As RANKL plays a critical role in
osteoclastogenesis, authors suggested that this might be a contributing mechanism in the
pathogenesis of periapical bone destruction induced by root canal sealers’. An indirect
effect on osteoclastic activity might also be hypothesized in the studies referred above
showing that AH Plus caused an induction on the expression of COX-2% and IL-6 and
IL-8% in U2-0S cells, as these molecules might have a role in osteoclastic alctivity13 .
These studies suggest that toxicity of these sealers in the bone tissue might involve an
alteration of the normal interaction between osteoblasts and osteoclasts in the bone
microenvironment. However, to the best of our knowledge, the present study in the first
to address the effects of endodontic sealers in osteoblastic and osteoclastic cells in a co-

culture system.

5. Conclusion

Results of the present work showed that extracts from freshly mixed sealers
caused mostly inhibitory effects in the osteoclastic and the osteoblastic behavior of co-

cultures of human peripheral blood mononuclear cells and bone marrow cells. In co-
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cultured cells, the sealers caused a dose-dependent decrease on TRAP and ALP
activities, respectively an osteoclastic and an osteoblastic marker. The inhibitory effect
was more significant during the two first weeks, the culture period mainly engaged with
the osteoclastic and osteoblastic differentiation, in the experimental conditions used.
Afterwards, adaptive cell responses were observed, as reflected by stabilization or
increase on TRAP and ALP activities. Osteoblastic cells were more sensitive to the
toxic effects of the sealers’ extracts, compared to the osteoclastic cells, as suggested by
the cytotoxic profile in the tested concentration range and the lower ability to recover
from the initial deleterious effects. Other phenotype parameters, as the resorbing ability
of the osteoclastic cells and the expression of osteoclastic and osteoblastic genes were
also affected, and results were in line with those observed on TRAP and ALP activities.
The sealers differed on the dose- and time-dependent profile in co-cultured osteoclastic
and osteoblastic cells, and also in the modulation of intracellular signaling pathways
important for osteoclastogenesis and osteoblastogenesis. Although in vivo, a lower
cytotoxicity is expected due to the continuous fluids flow and the presence of the
extracellular matrix, the higher sensitivity of the osteoblastic cells and the better
adaptive response of the osteoclastic cells, suggested in the present work, might disrupt
the highly regulated interaction between these cell types, compromising the local bone

metabolism.
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Este estudo avaliou a citotoxicidade in vitro de cinco cimentos de obturacdo, com
diferentes composicoes (GuttaFlow®, AH Plus®, Sealapex®, Tubliseal® e RealSeal®),
no comportamento de células osteoblésticas, células osteocldsticas e co-culturas de

células osteoclasticas e osteoblasticas.

Langland et al em 1969' ¢ Browne em 19887 questionaram a relevéncia clinica da
utilizacdo de culturas celulares para avaliar a toxicidade dos cimentos de obturacio.
Segundo estes autores, a superficie de contacto e a forma do material exposto as células
de cultura deveria ser o mais aproximado possivel da situacdo clinica, pois se a
superficie de contacto for muito grande, qualquer material apresenta citotoxicidade in
vitro. Por este motivo, o primeiro estudo teve como objectivo avaliar o comportamento
das células osteobldsticas MG63 na presenca de extratos dos vdrios cimentos de
obturacdo preparados de duas formas distintas: norma ISO 10993-5 e “root-dipping”.
Como seria de esperar, os extratos preparados de acordo com a norma ISO provocaram
efeitos téxicos mais significativos. Nesta metodologia, a drea de contacto entre o
cimento e as células ou o meio de cultura a partir do qual se preparam os extratos €
normalmente grande. No entanto, o contacto direto entre o material de obturacdo e os
tecidos periapicais € muito menor, e as interagdes indiretas resultantes da difusdo ou
perfusdao dos seus componentes ou sub-produtos da polimerizacdo sdo limitadas ao
foramen apical, aos canais laterais/ acessorios ou aos tibulos dentindrios**>. O foramen
apical, que € a principal interface entre o material de obturacdo e o ligamento
periodontal (num dente submetido a tratamento endodontico), tem, em média, 400 pm
de didmetro (antes da instrumentagéo)6. Por outro lado, ha o risco de extravazamento de
material, especialmente quando existem lesdes periapicais que provocam reabsor¢ao do
apice, alterando a anatomia radicular. Nestes casos, a drea de contacto entre o cimento e
as células e a concentrac@o de substancias potencialmente toxicas nas células aumentam

substancialmente’.

Neste estudo, a citoxicidade variou com a concentragdo dos extratos e com o tempo de
exposi¢do. No entanto, in vivo, as substancias podem ser eliminadas pelo hospedeiro,
resultando numa menor reacido inflamatoria local®. E, portanto, necessdrio ter algum
cuidado na interpretacdo dos resultados. A caracterizagdo da biocompatibilidade de

cimento deve ser o resultado cumulativo de estudos in vitro, in vivo e estudos clinicos.
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Num estudo recente, Brackett e colaboradores’ sugerem que a avaliacdo dos cimentos in
vitro deve incluir mais que um tipo celular. Neste trabalho avaliou-se o efeito de
extratos de cimentos de obturacdo em células osteoblasticas MG63, células
osteocldsticas e co-culturas de células osteobldsticas e osteoclasticas. As co-culturas de
osteoblastos e osteoclastos comegaram por ser utilizadas para estudar a relacdo entre os
dois tipos celulares e a importancia do RANKL na diferenciagdo dos osteoclastos. No
entanto, este conhecimento comegou a ser aproveitado para outras aplicagdes praticas,
nomeadamente a utilizacdo deste tipo de co-cultura em estudos de biocompatibilidade

de materiais.

Os cimentos de obturacdo utilizados neste estudo foram colocados em contacto com o
meio de cultura imediatamente apds a mistura, uma vez que é 0 que acontece na
situacdo clinica — o cimento € colocado no interior do canal imediatamente apds a sua
espatulacdo. Antes da polimerizacdo completa, os cimentos podem libertar sub-produtos
citotoxicos que provocam irritacao tecidular. As reacdes de polimerizacdo podem causar
a degradacdo de alguns quimicos ou produzir novas combinagdes que ndao estavam

presentes nas formulacdes originais.

Os cimentos a base de 6xido de zinco eugenol sdo amplamente utilizados hd muitos
anos, mas libertam eugenol. A libertacdo do eugenol por hidrdlise é uma causa

0111236 i vivo'* 1%~ A libertacdo de eugenol

demonstrada de toxicidade in vitro
parece, no entanto, diminuir com o tempo, devido a progressiva hidrélise da superficie
do cimento'”, pelo que a toxicidade dos cimentos diminui ao longo do tempo,
proporcionalmente a concentracdo de eugenol '8 Parece, no entanto, que outros
componentes dos cimentos  base de 6xido de zinco eugenol, como ides zinco (Zn**) ou

6xido de zinco (Zn0O), podem influenciar a sua toxicidade'?°.

O Tubliseal, cimento a base de 6xido de zinco eugenol utilizado neste trabalho,
apresenta na sua constituicdo, e segundo o fabricante, 14% de uma resina oleosa.
Alguns componentes das resinas oleosas extraidas de plantas mostraram efeito

21’22, mas também demonstraram

antibacteriano e promoveram a cicatriza¢ao de feridas
ser potencialmente citotoxicos > . A citotoxicidade do Tubliseal pode também ser
causada pelo seu teor de eugenol, no entanto a contribui¢do do iodeto de timol, resinas

. . .. . ~ 24 .
oleosas e outros componentes do cimento necessita de mais investigagdao™. O Tubliseal

146



DISCUSSAO

contém resinas, adicionadas para aumentar a adesdo a dentina, que também podem

o . 25
contribuir para a toxicidade™.

Alguns cimentos contém “rosin”, um derivado de resinas oleosas de coniferas para
aumentar a adesividade e influenciar o tempo de polimerizagcdo através de uma reagcdao
com o 6xido de zinco®®. A adi¢do deste derivado resinoso ao p6 de 6xido de zinco reduz
a solubilidade e a desintegragdo do cimento. A principal fun¢cdo do 6xido de zinco é
modificar as propriedades adesivas e refor¢ar e promover a polimerizacao do material®’.
Nos cimentos, apds a polimerizagdo, o o6xido de zinco fica em parte ligado
quimicamente, enquanto na guta-percha faz parte da mistura quimica®®.

A “rosin” é constituida por aproximadamente 60-70% de resinas 4cidas e 30-40% de
compostos voldteis e ndo volateis, como terpeno, alcool, aldeidos e hidrocarbonatos. A
composi¢ao quimica das “rosins” comerciais tem uma grande variabilidade e afeta a sua
toxicidade. As diferencas nas propriedades fisicas e quimicas das resinas oleosas podem
influenciar a sua libertacdo do cimento e a sua interacdo com outros agentes toxicos,
nomeadamente o eugenol e compostos fendlicos. Contudo, o zinco parece ter um efeito

e er e, . . L. . . ;. 2
inibitério nos efeitos téxicos das resinas oleosas e resinas dcidas>’.

O Sealapex foi um dos primeiros cimentos de obturacdo endoddntico com hidréxido de
calcio, disponivel comercialmente. Os cimentos a base de hidréxido de cdlcio
promovem calcificacdo, mas tendem a dissolver ao longo do tempo, comprometendo o
selamento’. O elevado pH inicial do hidréxido de célcio, devido a libertacdo de ides
hidréxido, ainda que tenha efeitos benéficos, como a formacdo de tecido

31:32.33 ¢ efeito bactericida™, parece também ser responsdvel por algum

35,36,37,38,39

mineralizado
efeito toxico . O elevado pH pode ainda interferir com a atividade
osteoclastica®’ e promover a cicatrizagéo“. A libertacdo de ides célcio é também uma
caracteristica importante dos cimentos a base de hidréxido de cdlcio, uma vez que estes
i0es podem promover a mineralizacdo e sdo necessdrios a migragdo e diferenciacdo

31,42

celular” ™. Estudos da toxicologia do hidréxido de célcio indicaram que esta substincia

pode causar destruicdio das membranas celulares, bem como degeneracdo e

43.4% " Takahara e colaboradores® atribufram a toxicidade do

desintegracdo celular
Sealapex a outros componentes do cimento, como as poliresinas, o 6xido de zinco e o

e . 46 .
ido Ba™. Um estudo mais recente de Chang e colaboradores™ confirma estes resultados.
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O cimento AH Plus é o sucessor do cimento AH26, com a vantagem de, segundo o
fabricante, ndo libertar formaldeido durante a reacdo de polimerizacdo. No entanto,
varios estudos referem que o AH Plus liberta uma pequena quantidade de formaldeido*”
4849 A toxicidade do AH26 pode estar relacionada com outros constituintes do material,
além do formaldeido, como aminas ou resinas. Schweikl e colaboradores® atribufram a

N

citotoxicidade do AH26 a resina epoxi bisfenol, que também estd presente na

4749, 51 .
4951 - Ag aminas,

constituicdlo do AH Plus, justificando assim a sua toxicidade
presentes para acelerar a polimerizacdo também podem ser causa de toxicidade™. Em
resumo, a toxicidade inicial do AH Plus pode ser atribuida a libertacdo de uma pequena
quantidade de formaldeido, as aminas adicionadas para acelerar a polimeriza¢do ou a

resina epoxi.

O AH Plus tem uma composicao quimica complexa, pelo que sdo vdrias as substancias
que podem libertar-se durante a reacdo de polimerizacdo e causar efeito toxico. E um

sistema de duas pastas, cuja polimerizacao resulta da reacio resina epoxi-aminas.
Este cimento tem efeito antibacteriano, o que também pode originar efeito téxico’".

O tunguestato de célcio, presente na constituicdo do AH Plus, é muito utilizado para

aumentar a radiopacidade dos cimentos de obtura¢o.

A presenca de porosidades nos cimentos espatulados a mao (como € o caso do AH Plus)
pode favorecer a libertacdo de componentes que ndo reagem quimicamente, os quais

L. - 55
podem ser responsdveis por alguma toxicidade™.

O RealSeal é um cimento a base de resina de metacrilato, de ultima geragdo, que utiliza
cones de Resilon em substitui¢do da guta-percha e cuja principal vantagem parece ser a
adesdo quimica ao cone e as paredes da dentina, originando assim um “monobloco”. O
cimento de metacrilato necessita da temperatura corporal e de total auséncia de ar para
polimerizar. Polimeriza em 30 minutos num ambiente anaerébio, mas na presenca de ar
demora muito mais tempo, e permanece uma camada superficial por polimerizar. Este
facto influencia significativamente as propriedades biol6gicas do material e tem sido

associado 2 sua toxicidade™.

A toxicidade dos cimentos de resina pode dever-se a presenca de mondmeros
hidrofilicos nao polimerizados (BisGMA, UDMA, EBPADMA e trietilenoglicol-di-

. 56,57,58,59,60 ~ . < . ,
metacrilato)*®"%% A extrusdo deste material para além do foramen apical podera
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originar uma camada ndo polimerizada durante longos periodos de tempo®®%. Outra
causa de toxicidade pode ser a libertagdo de particulas por degradacdo do material ao

longo do temp063.

O RealSeal tem na sua constitui¢cao hidréxido de célcio, originando um aumento do pH
no meio circundante, o que pode favorecer o processo reparativo®’, tal como acontece
com os cimentos a base de hidréxido de célcio. No entanto, € 16gico pensar que se este
factor é apontado como causa de toxicidade nos cimentos de hidréxido de célcio,
também o poderd ser para os cimentos de metacrilato, ainda que niao haja estudos a

comprova-lo.

O GuttaFlow ¢ um cimento a base de silicone, apresentado na forma de cdpsulas
unidose e € injetado apds a mistura (num vibrador de amalgama). Contem p6 de guta-
percha e nanoparticulas de prata como conservante. O p6 de guta-percha pode ter efeito

65,66

irritante nos tecidos® e a prata demonstrou alguma toxicidade™ ™. No entanto, este tipo

67,68 1 .
. E possivel,

de cimento mostra baixa toxicidade, antes e depois da polimerizacao
porém, que haja libertacio de componentes ndo polimerizados em porosidades do

cimento®.

Relativamente a resposta aguda em culturas celulares osteobldsticas, o GuttaFlow foi o
menos citotoxico, verificando-se mesmo uma recuperagdo do crescimento celular no dia
3, na técnica “root-dipping”, atingindo valores semelhantes ao controlo. O RealSeal
(técnica I1SO), o Sealapex, Tubliseal e RealSeal (técnica “root dipping”), originaram
uma pequena estimulacdo das culturas celulares ao dia 1, o que pode traduzir uma
resposta celular adaptativa a agressdo, no entanto os efeitos toxicos foram cumulativos,

uma vez que a inibi¢do do crescimento celular foi maior no dia 3.

Quanto a resposta a longo prazo, nas mesmas culturas celulares, verificou-se que todos
os cimentos afetaram significativamente a viabilidade/proliferacdo celular e a atividade
enzimatica da ALP, quando se utilizou a técnica ISO. Com a técnica “root dipping”,
apenas foi afetada a atividade enzimatica da ALP. A ALP é uma enzima muito
importante no metabolismo 6sseo, uma vez que hidrolisa fosfatos orgéanicos a ides

fosfato, que com os ides célcio, sdo utilizados na sintese da matriz 6ssea mineralizada.

As culturas celulares de osteoclastos foram significativamente afetadas pela presenca

dos extratos dos cimentos. Todos os cimentos exibiram efeitos téxicos dependentes da

149



DISCUSSAO

dose e do tempo de exposicdo, no entanto verificaram-se diferengas entre os cimentos.
O AHPlus (nas duas concentragdes mais altas), o GuttaFlow e o Tubliseal inibiram a
atividade da TRAP nas duas primeiras semanas, mas o efeito estabilizou depois desse
periodo. O Sealapex e o RealSeal provocaram também inibicao até ao dia 14, no entanto
as células recuperaram parcial ou totalmente da agressao apds esse periodo. Quanto aos
parametros osteocldsticos, os extratos dos cimentos afetaram a diferenciacdo e ativacao
dos genes c-myc, c-src, TRAP e CATK, a presenca de anéis de actina, e receptores para
vitronectina e calcitonina e a atividade de reabsor¢ao. Influenciaram ainda algumas das
vias de sinalizac¢do osteoclastogénicas. De uma forma geral, os resultados obtidos até ao
dia 14 refletem os efeitos agudos dos cimentos de obturacdo e traduzem-se por efeitos
inibitérios dependentes da dose e do tempo. Os resultados obtidos no dia 21 podem ser
interpretados como efeitos mais a longo prazo e evidenciam a resposta celular

adaptativa a presenca dos extratos dos cimentos.

Nas co-culturas de células osteoclésticas e osteoblasticas, foi possivel analisar os efeitos
dos cimentos de obturacdo endodoOnticos nas interagcdes entre os dois tipos celulares.
Foram analisados parametros osteocldsticos (atividade da TRAP e nimero de células
multinucleadas TRAP-positivas, expressdao de genes osteocldsticos e capacidade de
reabsoc¢ao do fosfato de cdlcio) e osteoblasticos (atividade da ALP e expressdo dos
genes da ALP, COL 1 e BMP-2), e ainda diversas vias de sinaliza¢do, ainda que
nenhuma exclusiva da osteoclastogénese ou da osteoblastogénese.

Verificou-se um efeito inibitério dose e tempo dependente na atividade da TRAP e da
ALP. Os resultados sugerem que as células osteoblasticas sao mais sensiveis aos efeitos
nocivos dos cimentos que as células osteoclasticas. Ainda assim, tal como no estudo
anterior, os extratos dos cimentos afetaram alguns parametros osteocldsticos.
Observaram-se também diferengas entre os cimentos. Foi evidente um efeito inibitério
dependente da dose para o AHPlus, GuttaFlow, Tubliseal e RealSeal. O Sealapex nao
mostrou grande variacdo dose-dependente e as células conseguiram recuperar dos
efeitos nocivos iniciais. Os resultados da expressdo génica foram concordantes com
estes resultados. Quanto as vias de sinalizag¢do, os cimentos diferiram significativamente
entre si, o que pode dever-se a diversidade de compostos téxicos responsaveis pela

toxicidade de cada cimento.
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A comparacdo dos resultados deste trabalho com outros estudos in vitro nao € facil, uma
vez que os estudos apresentam uma grande variabilidade entre si, diferindo nos
materiais utilizados, nas técnicas de avaliacdo, nas culturas celulares utilizadas, nos
tempos de exposicdo e concentragdes dos cimentos. Ainda que todos os cimentos
utilizados neste trabalho ja tenham sido objecto de estudos de biocompatibilidade, sdo
poucos os que utilizam células Osseas e todos eles utilizam osteoblastos. Nao se
encontra na literatura referéncia aos efeitos dos cimentos em culturas celulares de
osteoclastos ou em co-culturas de osteoblastos e osteoclastos. Uma vez que os cimentos
de obturacdao podem contactar directamente o tecido dsseo da regido periapical, parece
légico estudar os seus possiveis efeitos em todas as c€lulas Osseas e avaliar a sua

influéncia no metabolismo 3sseo.

A aplicabilidade dos modelos e dos resultados in vitro no comportamento clinico dos
materiais € sempre uma questdo central na avaliacdo da biocompatibilidade. Este
trabalho ndo é excegdo. Tentamos inserir algumas varidveis clinicamente relevantes,
nomeadamente a utilizacdo dos cimentos imediatamente apds a mistura e a diluicao dos
extratos, no entanto, hd sempre questdes que sé poderdo ser esclarecidas com estudos

clinicos controlados e a longo prazo.
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Com este trabalho in vitro avaliamos a citotoxicidade de cinco cimentos de obturagao,
com diferentes composi¢oes (GuttaFlow®, AH Plus®, Sealapex®, Tubliseal® e
RealSeal®), no comportamento de diferentes tipos celulares: células osteoblésticas,

células osteoclasticas e co-culturas de células osteoclasticas e osteoblasticas.

Os extratos preparados a partir dos cimentos endoddnticos segundo a norma ISO 10993-
5 e a técnica “root-dipping” originaram uma resposta aguda, com efeitos inibitérios na
viabilidade/proliferacdo das células osteobldsticas MG63, dependentes da dose e do
tempo de exposicdo. Relativamente a exposi¢do prolongada a uma concentracdo baixa,
os extratos preparados de acordo com a norma ISO causaram uma inibi¢ao significativa
na viabilidade/proliferacdo celular e na atividade da fosfatase alcalina, enquanto os
extratos preparados pela técnica “root-dipping” nao afetaram a viabilidade/proliferacao
celular, mas inibiram parcialmente a atividade desta enzima. Os extratos preparados
segundo a norma ISO causaram uma citotoxicidade aguda e a longo prazo

significativamente maior que os extratos preparados pela técnica “root-dipping”.

Nas culturas de células osteoclasticas humanas, os extratos causaram efeitos inibitorios
na diferenciacdo e funcio osteocléstica. Os cimentos apresentaram diferengas no perfil
de resposta em funcdo da dose e do tempo de exposi¢cdo e também nas vias de
sinalizacdo intracelulares. No entanto, para tempos de exposicdo prolongados, parece
haver uma resposta celular adaptativa, o que associado as capacidades de resposta in
vivo (fluxo continuo de fluidos), sugere que ap6és um periodo de tempo varidvel, a

citotoxicidade dos cimentos nas células osteocldsticas pode estar minimizada.

Nas co-culturas, os extratos dos cimentos provocaram efeitos inibitérios nas células
osteocldsticas e osteobldsticas. Verificou-se uma diminuicdo dependente da dose na
atividade da TRAP (marcador osteoclastico) e na ALP (marcador osteoblastico). O
efeito inibitério foi mais evidente nas duas primeiras semanas, tendo-se depois
verificado uma estabilizagdo ou aumento da atividade da TRAP e da ALP, o que sugere
uma resposta celular adaptativa. Outros parametros foram afetados de forma
semelhante, nomeadamente a capacidade de reabsor¢do dos osteoclastos e a expressao
de genes osteobldsticos e osteocldsticos. Tal como nas situacdes experimentais
anteriores, os cimentos mostraram diferencas em fung¢do da dose e do tempo de
exposicdo e também na modulagdo de vias de sinalizagdo importantes na

osteoclastogénese e na osteoblastogénese. Os resultados mostraram ainda uma maior
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sensibilidade dos osteoblastos aos efeitos toxicos dos extratos € uma menor capacidade
de adaptacdo durante a exposicao prolongada, o que pode sugerir uma alteracdo na

interacdo entre os dois tipos celulares, comprometendo o metabolismo 6sseo local.

A interpretacdo e comparagdo dos resultados deste estudo ndo sdo uma tarefa facil, dada
a grande variagdo dos efeitos de cada cimento e de cada dose dos extratos em cada um
dos parametros analisados e em cada tipo celular. Nenhum dos cimentos estudados é
totalmente biocompativel, todos apresentando algum grau de citotoxicidade, o que é
expectdvel atendendo a outras propriedades exigidas para estes materiais,
nomeadamente o efeito antibacteriano. Uma vez que a drea de contacto entre o material
e os tecidos vivos da regido periapical, em situacao clinica normal, € muito reduzido, e
como in vivo existem mecanismos de depuragdo e neutralizaciao das substancias toxicas,
os resultados deste tipo de estudo de contacto directo devem ser interpretados com

cautela e idealmente deveriam ser comparados com os de estudos clinicos a longo

prazo.
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