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RESUMO 

Este trabalho teve como objetivo avaliar as propriedades biológicas de cimentos 
experimentais a base de resina metacrilato contendo α-tricálcio fosfato (α-TCP) ou 
hidroxiapatita nanoparticulada (HAp) in vitro e in vivo. Para isto, os cimentos 
experimentais foram avaliados e comparados com AH Plus (AHP). Na etapa in 
vitro, os materiais foram mantidos em contato com meio de cultura por 24 horas, 
coletados e avaliados na concentração de 10%. Células-tronco da papila apical 
humana (SCAPs) foram submetidas aos ensaios de viabilidade brometo de 3-(4,5-
dimetiltiazólio)-2,5-difenil tetrazólio (MTT) e sulfurodamina B (SRB) no período de 
24 horas; e a bioatividade foi avaliada pela atividade da enzima fosfatase alcalina 
(ALP) e deposição de nódulos mineralizados pelo corante vermelho de Alizarina 
(AR), nos períodos de 1, 5, 10 e 15 dias. Na etapa in vivo, os materiais foram 
inseridos em tubos de polietileno e colocados no tecido subcutâneo de ratos para 
avaliação da reação inflamatória, sendo utilizado um tubo vazio como controle e 
avaliados os períodos de 7, 30 e 90 dias; para avaliação da deposição óssea, os 
cimentos α-TCP e AHP foram inseridos em cavidades confeccionadas no fêmur 
de ratos, sendo utilizada uma cavidade vazia como controle e avaliados os 
períodos de 30 e 90 dias. Para o ensaio de viabilidade e ensaios in vivo, foram 
utilizados os testes de Kruskal-Wallis e post hoc de Dunn; para avaliação da 
bioatividade in vitro foram utilizados os testes ANOVA e post hoc de Tukey (P < 
0.05). HAp e AHP não apresentaram diferenças estatísticas entre si em ambos os 
ensaios de citotoxicidade (P> 0,05) e o α-TCP apresentou menor resultado de 
viabilidade no teste MTT, sendo estatisticamente diferente dos outros (P <0,05). 
Os ensaios de bioatividade demonstraram aumento na atividade da ALP em todos 
os grupos (P < 0.05). Observou-se semelhança entre os grupos no primeiro 
período (P > 0.05), AHP apresentou menores valores em 5 dias (P < 0.05), α-TCP 
apresentou os maiores valores em 10 dias (P < 0.05), e em 15 dias este cimento 
foi superior ao AHP (P < 0.05). AR mostrou aumento na quantidade de depósitos 
mineralizados após 5 dias (P < 0.05). Não houve diferença entre os grupos em 1 
dia (P > 0.05), α-TCP, HAp e controle foram semelhantes aos 5 dias (P > 0.05), e 
em 10 e 15 dias, α-TCP apresentou os maiores valores, sendo diferente dos 
outros cimentos (P > 0.05). Na avaliação da resposta inflamatória in vivo, 
observou-se diminuição da inflamação e aumento de fibras colágenas em todos 
os grupos. Em 7 dias, α-TCP e HAp mostraram resultados semelhantes ao 
controle CT (P>0.05) e diferentes do AHP (P < 0.05), que foi o único grupo a 
apresentar células-gigantes neste período. Na avaliação da deposição óssea, 
houve aumento na deposição de 30 para 90 dias nos grupos α-TCP e controle (P 
< 0.05), e estes grupos apresentaram resultados semelhantes em 90 dias (P > 
0.05), diferindo do AHP (P < 0.05). Conclui-se que a associação de fosfatos de 
cálcio à resina metacrilato apresentou bons resultados de biocompatibilidade e 
bioatividade in vitro e in vivo, apresentando potencial para serem utilizados como 

cimentos obturadores na prática clínica. 

Palavras-chave: α-tricálcio fosfato, bioatividade, biocompatibilidade, cimento 
obturador endodôntico, citotoxicidade, hidroxiapatita nanoparticulada. 
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ABSTRACT 

 

This study aimed to evaluate the biological properties of experimental sealers 
containing α-tricalcium phosphate (α-TCP) or nanoparticulate hydroxyapatite 
(HAp) in a methacrylate resin-base in vitro and in vivo. For this, the experimental 
sealers were evaluated and compared with AH Plus (AHP). At the in vitro assays, 
the materials were kept in contact with culture medium for 24 hours, collected and 
evaluated at concentrations of 100% and 10%. Stem cells from human apical 
papilla (SCAPs) were submitted to 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) and sulfurodamine B (SRB)  viability assays 
for 24 hour; and bioactivity was evaluated by alkaline phosphatase enzyme activity 
(ALP) and deposition of mineralized nodules by Alizarin Red staining (AR), for 1, 
5, 10 and 15 days. At in vivo assays, the materials were inserted in polyethylene 
tubes and placed in subcutaneous tissue of rats to evaluate the inflammatory 
reaction, using an empty tube as control and evaluating the periods of 7, 30 and 
90 days; to evaluate bone deposition, α-TCP and AHP cements were inserted into 
cavities made in the femur of rats, using an empty cavity as control and evaluating 
the periods of 30 and 90 days. For viability and in vivo assays, Kruskal-Wallis and 
Dunn’s post hoc tests were used; for bioactivity, ANOVA and Tukey's post hoc 
tests were used (P < 0.05). HAp and AHP did not presented statistical differences 
from each other in both citotoxicity assays (P > 0.05), and α-TCP presented a 
lower viability result in MTT assay, being statistically different from the other 
sealers (P < 0.05). The bioactivity assays showed an increase in ALP activity for 
all groups (P < 0.05). Similar results were found between the groups at the first 
period (P > 0.05), AHP had the lowest values at 5 days (P < 0.05), α-TCP 
presented the highest values at 10 days (P < 0.05), and at 15 days, this sealer’s 
values were higher than AHP (P < 0.05). AR showed an increase in the amount of 
mineralized deposits after 5 days for all sealers (P < 0.05). No difference between 
groups were found at 1 day (P > 0.05), α-TCP, HAp and control were similar at 5 
days (P > 0.05), and at 10 and 15 days, α-TCP presented the highest values, 
being different of the other sealers (P > 0.05). Regarding the evaluation of the 
inflammatory response in vivo, there was a decrease in inflammation and increase 
of collagen fibers in all groups. At 7 days, α-TCP and HAp showed similar results 
to the control (P > 0.05) and different from AHP (P < 0.05), which was the only 
group to present giant cells in this period. In the evaluation of bone deposition, 
there was an increase in deposition from 30 to 90 days for α-TCP and control 
groups (P < 0.05), and these groups presented similar results in 90 days (P > 
0.05), differing from the AHP (P < 0.05). It was concluded that the association of 
calcium phosphates and methacrylate resin showed good biocompatibility and 
bioactivity results in vitro and in vivo, presenting potential to be used as 

endodontic sealers in clinical practice. 

Keywords: α-tricalcium phosphate, bioactivity, biocompatibility, cytotoxicity, 
nanoparticulated hydroxyapatite, root canal sealer. 
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INTRODUÇÃO 

 

O preenchimento do sistema de canais radiculares (SCR) com materiais 

obturadores visa o selamento tridimensional do mesmo. Para isto, são utilizados 

materiais de corpo, como a guta-percha (ASGARY et al., 2006), associados a 

cimentos obturadores endodônticos, com o intuito de melhorar o selamento. O 

cimento obturador deve ser atóxico, bacteriostático, dimensionalmente estável, 

prover selamento lateral e apical, resistir à umidade, ser radiopaco, passível de 

remoção, biocompatível (FOROUGH REYHANI et al., 2014). Se possível, o 

cimento deve ser passível de interagir com os tecidos dentários, caracterizando a 

bioatividade (PRATI, GANDOLFI, 2015). Até o momento, nenhum cimento 

disponível no mercado é capaz de comtemplar todas as propriedades descritas. 

Visto isso, novo cimentos têm sido desenvolvidos, principalmente no intuito de 

avaliar a biocompatibilidade e bioatividade. 

Novos materiais a base de silicato de cálcio e fosfato de cálcio, 

denominados cimentos biocerâmicos (CAMILLERI, 2017), começaram a ser 

utilizados na prática endodôntica com o desenvolvimento do Agregado Trióxido 

Mineral (MTA), material a base de cimento Portland associado ao radiopacificador 

óxido de bismuto, por Torabinejad (1993). O MTA destacou-se na Endodontia 

pelas suas excelentes propriedades, tais como ação antimicrobiana, expansão 

pós-presa, elevado pH, resistência a longo prazo, radiopacidade, baixa infiltração, 

adaptação marginal e biocompatibilidade (TORABINEJAD, PARIROKH, 2010; 

PARIROKH, TORABINEJAD, 2010).  

Além disso, cimentos a base de silicato de cálcio, ou “MTA-based” 

apresentam propriedade hidráulica, permitindo a reação de presa na presença de 

sangue e demais fluidos biológicos, bem como o bom selamento devido a 

expansão do mesmo; formam hidróxido de cálcio durante a sua reação de 

hidratação que por sua vez, é capaz de interagir com as células do tecido 

resultando na formação de cristais de hidroxiapatita e carbonatoapatita, 

caracterizando sua bioatividade (GANDOLFI et al., 2015). A associação do silicato 

de cálcio a compostos de fosfato de cálcio aumenta a capacidade de formação de 

cristais de apatita nestes cimentos, criando um ambiente favorável para a 
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diferenciação de células mesenquimais indiferenciadas e promovendo a 

regeneração tecidual (GANDOLFI et al., 2011). 

O fosfato de cálcio é um biomaterial que tem sido amplamente utilizado na 

área da saúde, devido ao seu potencial biocompatível e de 

osteocondução/osteoindução (SUN, YANG, 2015); além disso, estudos avaliando 

cimentos endodônticos experimentais a base deste composto demonstraram boas 

respostas teciduais em modelos animais (JACOB et al., 2014). Dentre os fosfatos 

de cálcio que vêm sendo pesquisados, podemos citar o α-fosfato tricálcico e a 

hidroxiapatita. O primeiro apresenta elevada taxa de biodegradação por hidrólise 

e dissolução progressiva com formação de cristais de apatita, o que contribui para 

seu elevado potencial bioativo (GANDOLFI et al., 2010); e o último apresenta 

grande estabilidade e pouca solubilidade, sendo utilizado como carga para 

resinas compostas (DOMINGO et al., 2003) e sistemas adesivos (LEITUNE et al., 

2013). 

Quando utilizados como cimento obturador endodôntico, os fosfatos de 

cálcio demonstram boas propriedades físico-químicas (JOHNS et al., 2010) e 

biocompatibilidade in vivo (HONG et al., 1991). Ogata et al. (2012), avaliando um 

cimento endodôntico experimental contendo fosfato de cálcio em células 

osteoblásticas de ratos, observaram proliferação celular, atividade da enzima 

fosfatase alcalina (ALP) e formação de nódulos mineralizados na cultura de 

células semelhante ao MTA, além de boas características de manuseio do 

material, sugerindo seu uso como cimento endodôntico. A bioatividade observada 

por estes autores também foi relatada no estudo de Shon et al. (2012), que 

também observaram a expressão de genes associados à osteogênese neste 

material. 

Em relação à resposta tecidual promovida por cimentos endodônticos 

contendo fosfatos de cálcio, Jacob et al. (2014) observaram, em dentes de 

porcos, maior aceitabilidade dos tecidos periapicais quando comparado ao 

cimento AH Plus, observando a presença de infiltrado inflamatório leve na região 

periapical 30 dias após a intervenção. Na avaliação após 3 meses do 

procedimento, os autores relatam reparo dos tecidos periapicais para o cimento 
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experimental, com a absorção do mesmo pelo organismo do animal; o que não 

ocorreu para o cimento AH Plus. 

Como indicações dos cimentos biocerâmicos, destacam-se os tratamentos 

conservadores da polpa, capeamento direto e pulpotomia, selamentos de 

perfurações, obturação retrógrada, reabsorções inflamatórias, barreira apical para 

induzir apicificação e obturação do SCR (PARIROKH, TORABINEJAD, 2010). Em 

estudo avaliando a biocompatibilidade em dentes de cães obturados com MTA, 

utilizando como veículo para este cimento água destilada ou propilenoglicol, 

Holland et al. (2007) observaram normalidade do tecido periapical após 90 dias da 

inserção do material, sem diferença estatistica significante para os diferentes 

veículos utilizados, relatando apenas maior facilidade na inserção do cimento 

quando manipulado com propilenoglicol. 

Por apresentar dificuldade de inserção, elevado tempo de presa quando 

utilizado como cimento obturador e remoção dificultada (BOGEN, KUTTLER, 

2009), tornou-se necessária a associação de outros componentes ao MTA, 

visando otimizar suas propriedades. Além disso, sabe-se que a interação do óxido 

de bismuto com o colágeno presente no tecido dentário pode promover 

pigmentação dentária, principalmente quando em contato com hipoclorito de sódio 

(CAMILLERI 2014). Visto isso, a procura por novos agentes radiopacificadores, 

que auxiliem na melhoria das demais propriedades desses cimentos, também 

vem sendo estudada.  A utilização de óxido de tântalo no Neo MTA Plus (Avalon 

Biomed Inc, Bradenton, FL) e óxido de zircônio no Biodentine (Septodont, Saint-

Maur-des-Fossés, France) é alternativa que não promove a pigmentação dentária, 

não interfere na hidratação dos materiais e produz radiopacidade adequada 

quando comparada a promovida pelo óxido de bismuto no MTA (CAMILLERI, 

2015). 

 A associação do MTA a resina salicilato, como proposto no MTA Fillapex 

(Angelus Indústria de Produtos Odontológicos S/A, Londrina, PR, Brasil) diminuiu 

o tempo de presa e a solubilidade do material, facilitando também sua 

manipulação. Quando suas propriedades físicas foram avaliadas e comparadas 

às do cimento AH Plus (Dentsply, York, PA, USA), que também apresenta base 

de resina, Vitti e colaboradores (2013) observaram valores de escoamento, tempo 
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de trabalho, absorção de água, presa inicial e presa final de acordo com os 

recomendados pela norma ISO 6876:2001 para ambos os cimentos, 

demonstrando que o MTA Fillapex apresenta características físicas adequadas 

para ser utilizado como cimento obturador endodôntico. 

Em relação as propriedades biológicas do mesmo, Bin et al. (2012) 

demonstraram citotoxicidade para o MTA Fillapex quando comparado ao MTA 

(Angelus Indústria de Produtos Odontológicos S/A) e AH Plus em cultura de 

fibroblastos de ratos, após 24 horas em contato das células com os materiais em 

diferentes concentrações. Entretanto, a viabilidade das células em contato com 

esse material aumenta ao longo dos dias, além de apresentar potencial bioativo, 

sendo capaz de estimular a deposição de cristais de apatita em cultura de células 

osteoblásticas humanas (SALLES et al., 2012). 

Quando avaliado em tecido conjuntivo de ratos, o MTA Fillapex apresentou 

reação inflamatória severa 90 dias após a inserção do material no tecido, com 

presença de infiltrado inflamatório mononuclear, macrófagos e células gigantes 

contendo partículas do material no seu citoplasma (ZMENER et al., 2012). Em 

tecido ósseo, esse cimento demonstrou toxicidade no período inicial (7 dias), 

ocorrendo deposição de tecido mineralizado após 90 dias da inserção do material 

em cavidade óssea no fêmur de ratos (ASSMANN et al., 2015). Esse resultado 

pode estar associado a liberação de íons cálcio e hidroxila durante a reação de 

hidratação do MTA Fillapex, que aumenta o pH e induz a atividade da enzima 

fosfatase alcalina nas células, associada ao processo de mineralização tecidual 

(YALTIRIK et al., 2004). 

Outros cimentos a base de resina salicilato contendo componentes 

biocerâmicos foram desenvolvidos almejando boas propriedades físico-químicas e 

biológicas. Portella et al. (2014) desenvolveram um cimento experimental a base 

de resina salicilato, glicerol, hidróxido de cálcio e 5% de cimento Portland, 

demonstrando que a adição de glicerol em uma resina salicilato pode melhorar as 

propriedades físico-químicas da mesma, além de ser passível de promover 

bioatividade devido as boas propriedades biológicas de ambos, associada à 

propriedade antiinflamatória da resina salicilato. Além disso, a associação deste 

cimento ao fosfato de cálcio visa o desenvolvimento de um cimento bioativo, 
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capaz de estimular a deposição de tecido mineralizado na região periapical 

(PORTELLA et al., 2015). 

Cimentos a base de resinas epóxi como o AH Plus (Dentsply, York, PA, 

USA) são comumente utilizados na obturação do SCR devido as suas boas 

propriedades físico-químicas e biológicas (LEYHAUSEN et al., 1999). Quando sua 

biocompatibilidade foi avaliada em cultura de fibroblastos e comparada com um 

cimento à base de óxido de zinco e eugenol (Pulp Canal Sealer, Kerr Corporation, 

Orange, CA, USA), Azar et al. (2000) observaram ação citotóxica do Pulp Canal 

Sealer após uma hora da exposição das células ao cimento, permanecendo ao 

longo de todo o período experimental (5 semanas). Para o AH Plus, os autores 

observaram citotoxicidade apenas em períodos iniciais, que perduraram por no 

máximo uma semana após a exposição. Avaliando a resposta biológica dos 

mesmos materiais em dentes de cães, Leonardo et al. (1999) observou 

normalidade do tecido periapical após 90 dias da obturação com AH Plus, o que 

não ocorreu para Pulp Canal Sealer, no qual se observou infiltrado inflamatório 

intenso. 

Lee et al. (2012) investigaram a citotoxicidade de dois cimentos 

experimentais a base de resina epóxi. Um deles, associado a compostos 

biocerâmicos e sulfato de bário como agente radiopacificador; e outro que 

consistiu na associação (1 : 1) dos cimentos AH Plus e MTA. A taxa de respiração 

celular de fibroblastos gengivais humanos quando expostos a eluatos dos 

cimentos em 2, 4, 8 ou 24 horas após a manipulação dos mesmos foi avaliada. 

Observou-se viabilidade para os cimentos experimentais, com taxas acima de 

100%. 

Considerando a alcalinização e a liberação de hidróxido de cálcio 

observada na associação com resina epóxi, sugere-se que este material estimule 

as células do tecido conjuntivo a expressar características osteoblásticas, bem 

como a formação de estruturas calcificadas neste tecido. Esta hipótese foi 

avaliada por Viola e colaboradores (2012), ao implantarem em tecido conjuntivo 

de ratos um cimento biocerâmico experimental composto por óxido de zircônio e 

resina epóxi, comparando-o com o MTA. Os autores observaram similaridade na 

resposta biológica promovida por ambos os materiais, além da presença de 
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estruturas calcificadas adjacentes aos cimentos avaliados, demonstrando, in vivo, 

que a associação de resina epóxi a um cimento biocerâmico apresenta bons 

resultados de biocompatibilidade e bioatividade. 

Avaliando a associação da resina epóxi, juntamente com os agentes 

radiopacificadores óxido de zircônio e óxido de nióbio, Viapiana et al. (2014) 

observaram bioatividade, embora sem evidências da hidratação dos materiais na 

caracterização dos mesmos. Os autores sugerem que os agentes 

radiopacificadores utilizados exercem influência positiva na interação iônica dos 

materiais, favorecendo a bioatividade. Ambos os radiopacificadores avaliados 

neste estudo são utilizados como cobertura da superfície de implantes 

osseointegrados, devido ao favorecimento da deposição óssea que os mesmos 

promovem (BARTOLOMÉ et al., 2016). 

Camilleri (2015) avaliou a associação de silicato tricálcico a resina epóxi e 

a Bis-GMA e TEGMA, observando a hidratação do cimento na associação com 

resina epóxi, o que não ocorreu para a associação com Bis-GMA e TEGMA. 

Entretanto, os autores relatam que houve liberação de hidróxido de cálcio nos 

diferentes tipos de resina, corroborando com outro estudo que relata a 

remineralização da dentina (SAURO et al., 2013). 

Cimentos que utilizam como base resina metacrilato também têm sido 

avaliados como cimentos obturadores endodônticos devido as suas boas 

propriedades de estabilidade dimensional e menor microinfiltração, quando 

comparados aos cimentos a base de óxido de zinco e eugenol (WONG et al., 

2013). Entretanto, são compostos que apresentam toxicidade in vitro e in vivo 

(AMES, 2009). Estudos que compararam a citotoxicidade promovida por um 

cimento a base de resina metacrilato (EndoRez, Ultradent, South Jordan, UT, 

USA) com AH Plus relataram toxicidade em períodos iniciais (1-3 dias), que pode 

estar associada a composição do mesmo, pela presença de uretanodimetacrilato 

(UDMA), ou pela liberação de monômeros e demais partículas no meio de cultura 

das células (ASHRAF et al., 2012; KONJHODZIC-PRCIC et al., 2015). 

Scarparo et al. (2013) avaliaram a reação inflamatória, em tecido conjuntivo 

de ratos, causada pelos cimentos EndoRez, AH Plus e EndoFill (Dentsply 
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Indústria e Comércio Ltda., Petrópolis, RJ, Brazil). Observaram intenso infiltrado 

inflamatório para o cimento composto por resina metacrilato em todos os períodos 

avaliados, sendo semelhante ao cimento a base de óxido de zinco e eugenol. Os 

autores destacam que as características do EndoRez não oferecem uma 

compatibilidade biológica desejável para uso clínico, pois o mesmo apresenta 

resposta inflamatória que permanece após longos períodos de tempo. Esses 

resultados corroboram com o estudo de Chisnoiu et al. (2016), que ao avaliar a 

resposta inflamatória do RealSeal (SybronEndo, Orange, CA, USA) em tecido 

ósseo de ratos, também observou inflamação tecidual em períodos tardios (12 

semanas). 

A associação deste polímero com cimentos biocerâmicos pode levar a 

redução dos efeitos biológicos adversos causados pelo mesmo. Em estudo 

recente, Rossato e colaboradores (2017) avaliaram as propriedades físicas, 

antimicrobianas e biológicas de um cimento experimental com adição de 

metacrilato de cálcio. Observaram adequados resultados de espessura de 

película, radiopacidade, grau de conversão e ação antimicrobiana, além de 

resultados moderados de viabilidade in vitro, concluindo que este cimento possui 

boas características para uso como cimento obturador. 

Anteriormente, Khashaba e colaboradores (2009) avaliaram a associação 

entre fosfato monocálcio, óxido de cálcio e hidroxiapatita sintética com três 

diferentes soluções aquosas: ácido poliacrílico, líquido de ionômero de vidro ou 

ácido polimetil-vinil-maleico em fibroblastos gengivais humanos. Observaram que 

a associação com o polímero polimetil-vinil-maleico demonstrou viabilidade em 

todos os períodos avaliados. Em estudo posterior, os autores avaliaram este 

material em tecido subcutâneo de ratos, observando inflamação em períodos 

iniciais, que diminuiu à medida que se iniciava a formação de uma cápsula fibrosa 

ao redor do material inserido, demonstrando características de normalidade no 

período final de 90 dias (KHASHABA et al., 2011). 

A associação de diferentes componentes a um cimento endodôntico 

experimental à base de resina metacrilato de maneira a melhorar as propriedades 

físico-químicas foi investigada por Collares et al. (2010). Os autores avaliaram a 

associação de dióxido de titânio (TiO2), quartzo (SiO2), óxido de zircônia (ZrO2), 
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óxido de bismuto (Bi2O3), sulfato de bário (BaSO4) e trifluoreto de itérbio (YbF3), 

em valores por peso que variaram de 5% a 40%. Na avaliação da radiodensidade 

e da força flexural, a associação de 40% de Bi2O3, BaSO4 e YbF3 demonstrou 

semelhança entre si, com valores que corroboram com os recomendados. 

Quando o grau de conversão foi avaliado, apenas o grupo contendo TiO2 

apresentou valores baixos de conversão. Os autores concluíram que a 

associação de pelo menos 30% de YbF3 demonstrou bons resultados nas 

propriedades físio-químicas do material. Além disso, destacaram que a baixa 

solubilidade do mesmo pode prevenir a degradação a longo prazo do cimento 

obturador. 

Ainda, avaliaram a associação de 70% de uretanodimetacrilato (UDMA), 

15% de etoxilado bisfenol A glicol dimetacrilato (BISEMA6) e 15% de glicerol 1,3 

dimetilmetacrilato (GDMA) com adição de 1% mol de di-hidroxietil p- toluidina 

(DHEPT), 1% mol de peróxido de benzoila (BP) e 1% mol de etil 4- 

dimethilaminobenzoato (EDAB). A esta base resinosa, associou-se hidroxiapatita 

nanoestruturada (HAp) e tungstato de cálcio (CaWO4). Os autores observaram 

propriedades de radiopacidade, espessura de película e escoamento satisfatórias. 

Relataram a capacidade da HAp em promover a deposição de nódulos 

mineralizados nos tecidos adjacentes, uma vez que a mesma apresenta a mesma 

composição e configuração da hidroxiapatita biológica (COLLARES et al., 2012). 

Também avaliaram a associação da mesma base de resina metacrilato ao 

agente radiopacificador óxido de nióbio em quantidades que variaram de 80 a 120 

wt% (LEITUNE et al., 2012), observando bons resultados de radiopacidade, 

espessura de película, escoamento e microdureza. Além disso, os autores 

sugerem que o elevado grau de conversão está associado a menor quantidade do 

agente radiopacificador, o que poderia levar a maior disponibilidade de luz 

durante a polimerização do material, resultando em menos monômeros livres na 

matriz resinosa. Sabe-se que um baixo grau de conversão da resina resulta em 

maiores quantidades de monômeros livres no corpo do material, que podem se 

difundir pelo mesmo e alcançar os tecidos adjacentes, demonstrando toxicidade 

(MASEREJIAN et al., 2012). 
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De Souza et al. (2015) avaliaram a associação de 10, 20, 30, 40, e 50% de 

CaWO4, óxido de tântalo (Ta2O3) e YbF3 ao cimento endodôntico experimental à 

base de resina metacrilato previamente desenvolvida. Observaram menor 

escoamento para as maiores adições dos agentes radiopacificadores (30, 40 e 

50%), boa espessura de película, radiopacidade, pH e absorção de água. Dentre 

os agentes radiopacificadores avaliados, apenas o radiopacificador YbF3 

apresentou elevado grau de conversão, semelhante ao grupo controle, após 14 

dias. 

Um estudo avaliando as propriedades biológicas do YbF3 associado a 

compostos de cálcio (ANTONIJEVIC et al., 2015) demonstrou diminuição da 

liberação de YbF3 quando o mesmo está associado ao cálcio, o que diminui a 

toxicidade do mesmo. Também observaram normalidade das células 

osteoblásticas quando em contato com o material, formação de fluorapatita e 

liberação de íons cálcio, o que contribui para um ambiente biologicamente 

favorável, sugerindo que o cimento experimental avaliado apresenta bioatividade 

e biointeratividade. Além disso, sugere-se que o itérbio é um metal que exerce 

influência na resposta inflamatória, pela regulação de mediadores químicos da 

inflamação (DRYNDA et al., 2009). 

Recentemente, Collares et al. (2017) avaliaram a associação do cimento 

endodôntico experimental à base de resina metacrilato e radiopacificador YbF3 ao 

α-tricálcio fosfato e a clorexidina, almejando propriedades biológicas e 

antimicrobianas. Os autores observaram boas propriedades físio-químicas 

(escoamento, espessura de película, radiopacidade, grau de conversão, 

degradação em água e pH), antimicrobianas e biológicas desta associação, 

concluindo que a mesma pode ser uma alternativa para promover ação 

antibacteriana e remineralizadora na região periapical, acelerando o processo de 

reparo tecidual. 

Novas associações da resina metacrilato a compostos biocerâmicos tem 

sido propostas na literatura, demonstrando resultados promissores para uso como 

cimento obturador endodôntico. Todavia, apesar das boas propriedades físico-

químicas e mecânicas oriundas do polímero, a avaliação das propriedades 

biológicas é de extrema importância para o posterior uso clínico do material.  
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OBJETIVOS  

 

Objetivo geral: Avaliar as propriedades biológicas de cimentos experimentais a 

base de resina metacrilato contendo fosfato de cálcio in vitro e in vivo. 

 

Objetivo específico 1: Avaliar a viabilidade e bioatividade, em cultura de células-

tronco obtidas da papila apical humana (SCAPs) de cimentos experimentais a 

base de resina metacrilato contendo α-tricálcio-fosfato ou hidroxiapatita 

nanoparticulada. 

Objetivo específico 2: Avaliar a resposta tecidual, em tecido subcutâneo de ratos, 

de cimentos experimentais a base de resina metacrilato contendo α-tricálcio-

fosfato ou hidroxiapatita nanoparticulada. 

Objetivo específico 3: Avaliar a neoformação óssea, em fêmur de ratos, de um 

cimento experimental a base de resina metacrilato contendo α-tricálcio-fosfato. 
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vitro and in vivo biological properties* 
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ABSTRACT 

 

AIM: To evaluate the biological properties of methacrylate-based experimental 

sealers containing calcium phosphates. 

METHODOLOGY: Experimental sealers with addition of α-tricalcium phosphate 

(α-TCP) or hydroxyapatite (HAp), in 10%wt, were formulated and compared to AH 

Plus (AHP). For in vitro evaluation, SCAPs were plated (1x104 cells/well) and 

exposed to sealers’ elute (10% concentrations). Cytotoxicity was assessed by 3-

(4,5-dimethyl-thiazoyl)-2,5-diphenyl-tetrazolium bromide (MTT) and 

sulforhodamine B (SRB) 24h after exposure. For in vivo evaluation, sterile 

polyethylene tubes containing the sealers were implanted in rats’ subcutaneous 

tissue and histologically evaluated after the periods of 7, 30 and 90 days. 

Inflammatory content and collagen fibers condensation were scored. Data were 

analyzed using Kruskal-Wallis and Dunn tests (P < 0.05). 

RESULTS: HAp and AHP did not presented statistical differences from each other 

in both citotoxicity assays (P > 0.05), and α-TCP presented a lower viability result 

in MTT assay, being statistically different from the other sealers (P < 0.05). In vivo 

assay demonstrated gradual decrease of the inflammatory content according to 

the periods. At 7 days, α-TCP and HAp showed results not statistically different 

from CT (P>0.05), differing from AHP (P < 0.05). AHP was the only group that 

presented giant cells (7 days period). Collagen fibers condensation increased 

according to the periods, with no differences between the groups (P > 0.05). 

CONCLUSIONS: Methacrylate-based sealers containing α-TCP and HAp presents 

biocompatibility outcomes and have great potential to be used as endodontic 

sealers in clinical practice.  
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INTRODUCTION 

 

The filling of the root canal system (RCS) aims its three-dimensional 

sealing. Materials as gutta-percha associated with appropriate endodontic sealers 

are used to improve the quality of endodontic obturation. The ideal endodontic 

sealer must be biocompatible, dimensionally stable, radiopaque and capable of 

being removed by a solvent (Ørstavik 2005). To date, no commercially available 

sealer is capable to attend all the desired properties, and the association of 

bioactive compounds to a sealer in order to stimulate the healing of the periapical 

tissues have been studied (Prati & Gandolfi 2015). 

Endodontic sealers may impair the adjacent tissue by releasing 

components or by direct contact, and these features must be evaluated performing 

biological assays such as cytotoxicity and histocompatibility. Calcium phosphate is 

a biomaterial widely used in biomedical area due to its biocompatible and 

osteoconduction/osteoinduction potential (Sun & Yang 2015). Experimental 

sealers containing variations of this compound in a polymer base have been 

studied in vitro in a cell culture model (Khashaba et al. 2009, Ashraf et al. 2012, 

Konjhodzic-Prcic et al. 2015) and in vivo, in rats’ subcutaneous tissue (Scarparo et 

al. 2009, Khashaba et al. 2011, Hinata et al. 2017). 

Different calcium phosphates compounds have been studied and its 

dissolution could promote ion accumulation and therefore mineral deposition, 

which contributes to its high bioactive potential (Gandolfi et al. 2010).  α-tricalcium 

phosphate is a reactive compound that presents high biodegradation rate and 

progressive dissolution with formation of calcium-apatite (Padilla et al. 2006). 

Hydroxyapatite is a more stable calcium phosphate with low solubility, being used 

as a filler for composite resins (Domingo et al. 2003), adhesive systems (Leitune 

et al. 2013) and root canal sealers (Collares et al. 2012, Collares et al. 2017). In 

addition, studies evaluating experimental endodontic sealers with hydroxyapatite 

demonstrated good biological outcomes in vitro and in vivo (Jacob et al. 2014, 

Portella et al. 2015). 
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Methacrylate monomers have been used to produce endodontic sealers 

due to its good physical-chemical properties (Wong et al. 2013). On the other 

hand, Ames (2009), in a literature review about cytotoxicity and biocompatibility of 

resin materials for root canal obturation, evidenced a toxicity degree of this 

compound, also reported by Yamanaka et al. (2011) and Martinho et al. (2017). 

However, the effect of calcium phosphate in a methacrylate-based sealer at 

biocompatibility has never been investigated. Thus, the aim of this study was to 

evaluate the biological properties of experimental methacrylate-based endodontic 

sealers containing α-tricalcium phosphate or nanostructured hydroxyapatite. 

 

METHODS 

 

Ethics considerations 

This study was approved by the Research Ethics Committee (protocol 

number 38542614.6.0000.5347) and the Animals Use Ethics Committee (protocol 

number 30466) of the Federal University of Rio Grande do Sul (UFRGS), Porto 

Alegre, Brazil. It was structured in accordance with the principles of Law No. 

11.794 (October 8th, 2008), which regulates the scientific use of animals and the 

Brazilian Directive for the Care and Use of Animals for Scientific and Educational 

Purposes (DBCA, 2013), of the National Council for the Control of Animal 

Experimentation (CONCEA).  

 

Formulation of experimental sealers 

The monomers used to produce an experimental root canal sealer were 

urethane dimethacrylate (UDMA), glycerol-1,3-dimethacrylate (GDMA), 

ethoxylated bisphenol A glycol dimethacrylate (BISEMA6), camphorquinone (CQ), 

N,N-dihydroxyethyl-para-toluidine (DHEPT), ethyl 4-dimethylaminobenzoate 

(EDAB) and benzoil-peroxyde (BP), (Esstech Inc, Essington, PA, USA). 

Hydroxyapatite (HAp) and -tricalcium phosphate (-TCP) were used with a mean 
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particle size of 26.7 nm and 6.03 m, respectively (Leitune et al. 2013, Collares et 

al. 2017). The experimental root canal sealers were formulated by mixing 70 wt.% 

UDMA, 15 wt.% BISEMA6 and 15 wt.% GDMA. CQ, DHEPT, EDAB and BP were 

added to produce a dual-cure root canal sealer. The filler particles used were a 

mixture of Yb3F in a weight ratio of 40% for HAp, and -TCP in a weight ratio of 

10%. The filler particle mixture was added at 100 wt.% to the monomer blend. 

 

Cell culture 

Stem cells from apical papilla (SCAPs) were collected from one patient with 

third molars at the stage of incomplete root formation via apical opening and 

stored in a culture dish (35x10 mm; TPP - Techno Plastic Products, Zollstrasse, 

Trasadingen, Swiss) containing Minimum Essential Medium Eagle - Alpha 

Modification (α-MEM, Sigma-Aldrich, St. Louis, MO, USA) supplemented with 10% 

fetal bovine serum (FBS, Gibco, Grand Island, NY, USA) and 1% penicillin and 

streptomycin (P/S, Gibco). The tissues were sectioned into fragments of 

approximately 1 mm3 and kept in an incubator at 37°C, 100% humidity and 5% 

CO2. Culture medium was changed 24h after the tissue collection and every 48h 

to obtain explants of SCAPs. After 80% confluency, cells were washed with PBS 

1X (Sigma-Aldrich), separated with Tripsin-EDTA 0.25% solution (Sigma-Aldrich), 

re-suspended in culture medium and transferred to a Falcon tube (TPP) thus 

forming a cell suspension that were transferred to cell culture bottles (TPP) that 

were kept in an incubator at 37°C, 100% humidity and 5% CO2 until reaching 80% 

of confluency. Successive passages were prepared for cellular expansion, and the 

experiments were performed at the fourth cell passage.  

To show mesenchymal cells potential, SCAPs were submitted to a flow 

cytometer analysis using specific molecular markers of mesenchymal cells. For 

this, the cells were incubated at 4°C during 30 minutes with the following 

antibodies: STRO1, CD146, CD44, CD45 and CD14, at 1:10 dilution, washed with 

phosphate buffer saline (PBS), fixed with a mixed solution (1% paraformaldehyde, 

0,1% sodium azide and 0,5% FBS) and submitted to flow cytometry analysis. 
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For the elutes confection, the experimental sealers and AH Plus (Dentsply, 

York, PA, USA) were manipulated, placed in a 12-well plate (TPP) (n = 4) and 

filled with α-MEM supplemented with 10% FBS and 1% P/S (volume = 360mm³ 

per well). The plate was incubated at 37°C, 100% humidity and 5% de CO2 for 24 

hours and the elutes were collected in sterile Falcon tubes. The concentration of 

10% of the elutes, diluted in culture medium, were used for cytotoxicity assays. 

SCAPs (1x104 cells per well) were seeded in two 96-well plates (TPP) using 

α-MEM supplemented with 10% FBS and 1% P/S. One day after platting, cells 

were exposed to the sealers elutes (100 µL per well). The experiments were 

performed in triplicate and repeated at three independently times. 

 

Cytotoxicity assays 

Cytotoxicity was assessed by 3-(4,5-dimethyl-thiazoyl)-2,5-diphenyl-

tetrazolium bromide (MTT, Sigma-Aldrich), which evaluates cell’s mitochondrial 

respiration through the quantification of the enzyme mitochondrial succinate 

dehydrogenase, and sulforhodamine B (SRB, Sigma-Aldrich), which evaluated 

cell’s protein content, assays 24h after the cells exposure.  

For MTT evaluation, 10 µL of a 5 mg/mL MTT solution were added in each 

well, followed by incubation for 3h at 37°C, 100% humidity and 5% de CO2. After 

this period, the wells contents were removed and the colorimetric product 

solubilized in 100 µL of acidified isopropanol (HCl 0.4N, Sigma-Aldrich). The 

optical densities of the solutions were measured in a spectrophotometer at 570 nm 

wavelength. 

For SRB evaluation, 25 µL of a 50% trichloroacetic acid solution (Sigma-

Aldrich) were added in each well, followed by incubation for 1h at 4°C. After this 

period, the wells contents were removed and 100 µL of SRB dye (0.4%) were 

added in each well for 30 minutes. The plate was washed with 1% acetic acid 

solution (Sigma-Aldrich) and 100 µL of Trizma Base (10mM) (Sigma-Aldrich) were 

added to solubilize the colorimetric product. The optical densities of the solutions 

were measured in a spectrophotometer at 560 nm wavelength. 
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For both experiments, α-MEM was used as a negative control, and 

hydrogen peroxide 10 mM (Sigma-Aldrich) as a positive control. The absorbance 

readouts were normalized with the absorbance of the control group and 

represented the activity of the viable cells. 

 

Biocompatibility assay 

Eighteen male Wistar rats aged 18 weeks were used for the experiments, 

that were divided in three groups, according to the experimental periods: 7, 30 and 

90 days (n = 6/ group). The animals were anesthetized with 0.008 mL/100 g 

ketamine and 0.004 mL/100 g 2% xylazine hydrochloride (Virbac do Brasil 

Indústria e Comércio Ltda., São Paulo, SP, Brazil). Dorsal trichotomy was 

performed in an area comprising approximately 10 cm2, followed by disinfection 

with an alcohol-iodine solution. Four 0.5 cm-long incisions were made in the 

animals’ backs, 2 cm from the spine and at least 2 cm apart from one another, and 

using blunt-tipped scissors, 4 surgical cavities were made. Three sterile 

polyethylene tubes (10mm x 1mm) containing the evaluated materials and one 

empty tube (control group - CT) were placed into the surgical cavities parallel to 

the incision; the position in which each tube was implanted was randomized. The 

incisions were closed using a 3-0 silk thread (Johnson & Johnson Produtos 

Profissionais Ltda., São José dos Campos, SP, Brazil). 

At the end of each experimental period, the animals were euthanized by 

anesthetic overdose with 120 mL/kg pentobarbital (Syntec do Brasil Ltda., Cotia, 

SP, Brazil). Immediately, biopsy of the implant area was carried out with a 1-cm 

safety margin and fixed in 10% formalin solution for 24 h. Specimens were 

embedded in paraffin, and 3-um-thick sections were obtained and stained with 

hematoxylin and eosin. Two blinded and calibrated examiners (κ = 0.77) analyzed 

the slices under a light microscope (Olympus BX41– Olympus America Inc., 

Melville, NY, EUA), using 40, 100, 400, and 1000 x magnification. 

The inflammatory content was determined by the presence of neutrophils, 

eosinophils, giant cells, macrophages and lymphoplasmacytic cells. The events 

were classified according to the following scale: 0) Absent: inflammation was 
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either absent or within blood vessels; 1) Mild: cells were present although sparse 

or in reduced clusters; 2) Moderate: cells were present but did not dominate the 

microscopic field; 3) Intense: cells were present in the form of an infiltrate close to 

the material used. Fiber condensation were classified according to the following 

scale: 0) Absence of collagen fibers; 1) Presence of a thin layer of collagen fibers; 

2) Presence of a thick layer of collagen fibers. Abscess formation was classified as 

follows: 0) Absence of an abscess; 1) Presence of an abscess in contact with the 

surgical cavity in which the material had been inserted; 2) Presence of abscess 

areas far from the surgical cavity in which the material had been inserted 

(Figueiredo et al. 2001). 

 

Statistical analysis 

Data were analyzed regarding normality (Shapiro-Wilk), and the statistical 

analysis were performed using Kruskal-Wallis test and Dunn’s post hoc, with 5% 

significance level (GraphPadPrism 7 Software).  

 

RESULTS 

 

Characterization assay 

At flow cytometer assay, cells presented the following outcomes for the 

surface markers (Figure 1): STRO1 (+), CD146 (+), CD 44 (+), CD45 (-) and CD14 

(-), demonstrating its mesenchymal potential. 

 

Cytotoxicity assays 

HAp and AHP did not presented statistical differences from each other in 

both assays (P > 0.05), and α-TCP presented a lower viability result in MTT assay, 

being statistically different from the other sealers (P < 0.05). 
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Biocompatibility assay 

 The study results are summarized in Figures 3 and 4. At in vivo assay, the 

inflammatory content and its evaluated cells (macrophages, neutrophils and 

lymphoplasmacytic cells) scores were higher at the 7 days period, decreasing at 

30 and 90 days. Regarding the inflammatory content at 7 days period, α-TCP and 

HAp showed no difference to CT (P > 0.05) and AHP showed statistical difference 

to CT (P < 0.05), presenting the highest scores (Figure 3). Furthermore, the AHP 

group was the only one that presented giant cells, at 7 days period (Figure 4, A). 

 At the specific cells evaluation (macrophages, neutrophils and 

lymphoplasmacytic cells), no statistical differences were found between the groups 

when compared to the CT (P > 0.05). HAp presented statistical difference for 

lymphoplasmacytic cells at the 7 days period when compared to the 30 days, 

occurring a decrease of the score (P < 0.05). None of the evaluated periods 

showed the presence of eosinophils cells nor abscess formation. Formation and 

condensation of new collagen fibers occurred from the first (7 days) until the last 

evaluated period (90 days), with no differences between the groups (P > 0.05) 

(Figure 3). 

 

DISCUSSION 

 

The addition of calcium phosphate to endodontic sealers aims to develop a 

bioactive material to improve the complete regeneration of the damaged apical 

periodontal attachment apparatus and surrounding bone (Prati & Gandolfi 2015). 

Literature has shown high bioactivity of α-tricalcium phosphate (α-TCP) and 

nanostructured hydroxyapatite (HAp), associated with good biological properties 

(Varalakshmi et al. 2013, Machado et al. 2016), corroborating with the findings of 

this study, demonstrating that the association between methacrylate and calcium 

phosphate compounds showed a low toxicity rate for the sealers, minimizing the 

adverse effects of this resin on the biological response. 
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The formulation of an endodontic sealer with α-TCP in a glycerol salicylate 

base was previously evaluated (Portella et al. 2015), showing reliable physical 

chemical properties, apatite-forming ability and cytotoxic levels similar to the gold 

standard sealer AH Plus.  HAp was used to produce an experimental 

methacrylate-based sealer with promise results (Collares et al. 2012). However, 

biological studies are necessary to validate the use of those sealers.  

The main goal of in vitro assays is to evaluate toxicity, while for in vivo 

assays, is to evaluate several characteristics of tissue response, in which toxicity 

is the major one. Thus, a significantly toxic material will predictably cause severe 

irritation to tissue, while if in vitro tests showed low toxicity levels, appropriate in 

vivo usage experimentation could be performed (Spångberg 1978). In the present 

study, cell culture methodologies were associated with histological evaluation 

aiming to evaluate the biological response of the sealers, as well as its possible 

risks. Regarding biological properties, the sealers exhibited promising results of 

viability and compatibility, suggesting they can be used for clinical practice. 

In vitro methodologies presented in this study are commonly used to assess 

cytotoxicity of dental materials in different cell lines (Ashraf et al. 2012, Reis et al. 

2016). The apical papilla is responsible for root development, and stem cells of the 

apical papilla (SCAPs) have demonstrated higher proliferation and differentiation 

potential than dental pulp stem cells (DPSCs), due to several differences that 

support the hypothesis that SCAPs are the source of primary odontoblasts 

responsible for root formation, whereas DPSCs are responsible for odontoblasts’ 

replacement (Huang et al. 2008). These evidences suggest that SCAPs may 

represent a population of early stem/progenitor cells. Previous studies evaluating 

calcium phosphate-based materials (Ling et al. 2015, Saberi et al. 2016) 

demonstrated high viability and bioactivity rates, in addition to differentiation 

potential, for mesenchymal cell lines as SCAPs and DPSCs, what may aid the 

periapical healing process. 

Studies evaluating resin-based sealers such as EndoRez, a methacrylate-

based sealer (Ultradent, South Jordan, UT, USA) and AH Plus, an epoxy-resin 

sealer (Dentsply, York, PA, USA) show that they exhibit cytotoxicity in vitro at 

initial periods (1-3 days) (Ashraf et al. 2012, Konjhodzic-Prcic et al. 2015). 
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Nevertheless, a study evaluating the cytotoxicity of an experimental sealer 

composed of calcium phosphate in a methacrylate -base in primary human gingiva 

fibroblasts and mouse fibroblasts (L929) showed acceptable biological properties 

(Khashaba et al. 2009). Besides the methacrylate component, the presence of 

calcium phosphate in the experimental sealers promote high viability rates due to 

its proliferation potential in human mesenchymal stem cells (hMSCs) (Barrère et 

al. 2003). 

In vivo methodology aimed to simulate the direct contact of the endodontic 

sealers to the periapical region, getting in contact with the connective tissue from 

this area. The inflammatory content and collagen fibers condensation are 

substantially associated with the healing process (Figueiredo et al. 2001); the 

outcomes of this study showed a higher amount of inflammatory cells at the first 

period (7 days) and a gradual decrease of those cells according to the periods, 

associated to an increase at collagen fibers condensation for all evaluated sealers. 

Besides, AHP was the only group that presented giant cells at the 7 days period, 

corroborating with previous studies (Baldasso et al. 2016). The experimental 

sealers with calcium phosphate addition used in this study showed good 

biocompatibility results. 

When it comes to biocompatibility, methacrylate-based sealers (EndoRez) 

present intense inflammation levels, being less biocompatible than AH Plus 

(Scarparo et al. 2009). On the other hand, an experimental calcium phosphate-

based sealer associated with a polymeric acid demonstrated favorable 

biocompatibility levels in subcutaneous connective tissue of rats (Khashaba et al. 

2011).  

The good results of this study may be also explained by the high degree of 

conversion obtained by the experimental methacrylate-based sealers (Collares et 

al. 2017). A low degree of conversion leads to higher amounts of non-polymerized 

monomers that could leach from the bulk of polymer and diffuse to soft tissue, 

increasing toxicity (Ferracane 2006, Maserejian et al. 2012). One could think that 

the decrease in leachability could jeopardize the calcium phosphate elution thus 

decreasing the remineralization property. However, it is known that even when in 

surface of material, calcium phosphates could promote mineral deposition 
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(Portella et al. 2015) and remineralization (Elkassas & Arafa 2014, Weir et al. 

2017). 

 

CONCLUSIONS 

 

In conclusion, the calcium phosphate compounds evaluated in this study, α-

TCP and HAp, in a methacrylate-based sealer, present biocompatibility outcomes. 

Besides, the presence of α-TCP and HAp in the sealer may minimize the toxicity 

effects induced by methacrylate, and have great potential to be used as 

endodontic sealers in clinical practice. 
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FIGURE CAPTIONS 

 

Figure 1) Immunophenotyping of stem cells from apical papilla (SCAPs) by flow 

cytometry after four passages. Expression of the STRO1, CD146 and CD44 

markers. 

Figure 2) Results of cytotoxicity assays of the sealers at human dental papilla 

stem cells (SCAPs). Different lowercase letters represent statistical difference 

between the groups at the same evaluated concentration.  

Figure 3) Results of biocompatibility assays of the sealers at subcutaneous tissue 

of rats. Statistical differences between the groups at the same evaluated period 

were demonstrated with an asterisk symbol (*) on the graph. Statistical difference 

between the periods at the same evaluated group was demonstrated with a delta 

symbol (δ) on the graph. 

Figure 4) Illustrative images of histological findings. A) Giant cells (arrows) at AHP 

(7 days, 40X); B) Neuthophil (arrow) and vessels at α-TCP (7 days, 100X); C) 

Macrophages (arrows) at HAp (7 days, 100X); thick layer of collagen fiber at α-

TCP (D) and HAp (E) (90 days, 20X); F) Normal tissue aspect at CT (90 days, 

10X). 
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ABSTRACT 

 

INTRODUCTION: This study aimed to evaluate bioactivity of experimental 

endodontic sealers containing calcium phosphates in a methacrylate resin base. 

METHODS: α-tricalcium phosphate (α-TCP) or nanoparticulated hydroxyapatite 

(HAp) were associated to a methacrylate resin-base and compared to AH Plus 

(AHP). Stem cells from apical papilla (SCAPs) were used to assess bioactivity, by 

alkaline phosphatase enzyme activity (ALP) and Alizarin Red (AR) staining at 1, 5, 

10 and 15 days. At in vivo assay, α-TCP was compared to AHP. Surgical cavities 

on rats’ femur were filled with the sealers and bone deposition was measured after 

30 and 90 days; an empty cavity was used as control. Statistical analysis was 

performed using ANOVA for in vitro and Kruskal-Wallis for in vivo assays (P < 

0.05). 

RESULTS: SCAPs showed an increase at ALP and mineralized nodules 

deposition according to periods. HAp and α-TCP were different from AHP at 5 

days (P < 0.05), and the latter presented superior values at 10 and 15 days when 

compared to AHP (P < 0.05). At AR assay, experimental sealers were similar at 5 

days (P > 0.05), and α-TCP showed the highest values at 10 and 15 days (P > 

0.05). In vivo assay showed bone deposition at 30 days, increasing at the 90 days 

for control and α-TCP (P < 0.05). At 90 days, α-TCP and control showed similar 

results (P > 0.05), differing from AHP (P < 0.05). 

CONCLUSIONS: The association of calcium phosphates to methacrylate-based 

sealers demonstrated bioactivity. 
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INTRODUCTION 

 

The filling of the root canal system with specific materials aims the three-

dimensional sealing of the same. For this, the endodontic sealer must be non-

toxic, bacteriostatic, dimensionally stable, provide lateral and apical sealing, resist 

moisture, be radiopaque, removable and biocompatible (1). New sealers 

presenting calcium phosphates in its composition have been evaluated in animal 

model, demonstrating good tissue responses (2). 

Calcium phosphate is a biomaterial that has been widely used in health due 

to its biocompatible and osteoconduction/ osteoinduction potential (3). Among the 

calcium phosphate cements that have been studied, α-tricalcium phosphate 

presents high rate of biodegradation by hydrolysis and progressive dissolution with 

formation of apatite crystals, which contributes to its high bioactive potential (4). 

Therefore, it is assumed that the addition of calcium phosphate in an endodontic 

sealer can increase the bioactivity potential due to its proliferation and 

differentiation ability in stem cells (5). 

Methacrylate-based sealers have been evaluated as endodontic sealers 

due to its good dimensional stability and lower microleakage when compared to 

zinc oxide and eugenol-based sealers (6). Studies evaluating the cytotoxicity of 

EndoRez (Ultradent, South Jordan, UT, USA) showed low viability rates at initial 

periods in vitro (1-3 days) (7,8), decreasing in periods longer than 7 days (9). 

When biocompatibility was accessed, Scarparo et al. (10) observed intense and 

longer-lasting inflammation for EndoRez when compared to AH Plus (Dentsply, 

York, PA, USA). 

The association between methacrylate resin and calcium has been recently 

reported by Rossato et al. (11), who observed adequate results for physical 

properties and antimicrobial activity, associated with moderate results of viability in 

rat fibroblasts cells. The authors suggest that the promising results of this 

association might result in the development of a new endodontic sealer. However, 

the bioactivity potential of calcium phosphate in a methacrylate-based sealer has 

never been investigated. Thus, the aim of this study was to evaluate bioactivity, in 
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vitro and in vivo, of an experimental endodontic sealer containing calcium 

phosphates in a methacrylate resin base. 

 

METHODS 

 

Ethics considerations 

The present study was approved by the Research Ethics Committee 

(protocol number 38542614.6.0000.5347) and the Animals Use Ethics Committee 

(protocol number 30466) of the School of Dentistry of the Federal University of Rio 

Grande do Sul (UFRGS), Porto Alegre, RS, Brazil. 

 

Formulation of experimental sealers 

The monomers used to produce the experimental root canal sealers were 

urethane dimethacrylate (UDMA), glycerol-1,3-dimethacrylate (GDMA), 

ethoxylated bisphenol A glycol dimethacrylate (BISEMA6), camphorquinone (CQ), 

N,N-dihydroxyethyl-para-toluidine (DHEPT), ethyl 4-dimethylaminobenzoate 

(EDAB) and benzoil-peroxyde (BP), (Esstech Inc, Essington, PA, USA). 

Nanoparticulated hydroxyapatite (HAp) and -tricalcium phosphate (-TCP) were 

used with a mean particle size of 26.7 nm and 6.03 m, respectively (12,13). The 

experimental root canal sealers were formulated by mixing 70 wt.% UDMA, 15 

wt.% BISEMA6 and 15 wt.% GDMA. CQ, DHEPT, EDAB and BP were added to 

produce a dual-cure root canal sealer. The filler particles used were a mixture of 

Yb3F in a weight ratio of 40% and HAp, -TCP in a weight ratio of 10%. The filler 

particle mixture was added at 100 wt.% to the monomer blend. 

 

Extract confection 
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For the extracts confection, AH Plus (Dentsply, York, PA, USA) and the 

experimental sealers (-TCP and HAp) (Dental Materials Lab, UFRGS, Porto 

Alegre, RS, Brazil) were manipulated, placed in a 12-well plate (volume = 

360mm³) and filled with Minimum Essential Medium Eagle - Alpha Modification (α-

MEM, Sigma-Aldrich, St. Louis, MO, USA) supplemented with 10% fetal bovine 

serum (FBS, Gibco, Grand Island, NY, USA) and 1% penicillin and streptomycin 

(P/S, Gibco). The plate were incubated at 37°C, 95% humidity and 5% de CO2 for 

24 hours and the extracts were collected in sterile Falcon tubes. All experiments 

were performed with 10% dilution of the extracts. 

 

Cell culture 

Stem cells from apical papilla (SCAPs) were collected from patients with 

third molars at the stage of incomplete root formation via apical opening and 

stored in a culture dish (35x10 mm) containing α-MEM supplemented with 10% 

FBS and 1% P/S. The tissues were sectioned into fragments of approximately 1 

mm3 and kept in at 37°C, 95% humidity and 5% CO2. Culture medium was 

cHApged 24h after the tissue collection and every 48h to obtain explants of 

SCAPs. Successive passages were prepared for cellular expansion. Cells were 

characterized as mesenchymal stem cells by flow cytometer using the following 

molecular markers: STRO1 (+), CD146 (+), CD 44 (+), CD45 (-) and CD14 (-) 

(Figure 1). 

SCAPs (1x104 cells per well) were seeded in 24-well plates using α-MEM 

supplemented with 10% FBS and 1% P/S. One day after platting, cells were 

exposed to the sealers extracts at 10% concentration. The experiments were 

performed with cells from the fourth passage, and were repeated three times 

independently (n = 3/group). 

 

In vitro biactivity assays 

Bioactivity were assessed by alkaline phosphatase (ALP) enzyme activity, 

considered a marker of osteoblastic and odontoblastic activity; and Alizarin Red 
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(AR) staining, which identifies calcium and phosphate deposits in cell culture; both 

at the periods of 1, 5, 10 and 15 days. 

For ALP evaluation, a commercial kit (Fosfatase Alcalina, Labtest 

Diagnóstica, Lagoa Santa, MG, Brazil) were used. Cells were lysed with 0.1% 

sodium docecyl sulfate solution (SDS, Sigma-Aldrich) for 30 minutes and the 

experiment were performed according to the protocol described in the kit. Optical 

density were measured in a 96-well plate at 590 nm wavelength in a 

spectrophotometer (Thermo Fischer Scientific Inc., Waltham, MA, USA), and the 

absorbance readouts were normalized by the number of viable cells at the 

respective culture period. 

For AR evaluation, cells were fixed with 10% paraformaldehyde solution 

(Sigma-Aldrich), washed with distilled water and stained with AR 2% - pH 4.2 

(Sigma-Aldrich). The wells were photographed (Canon EOS-1D; Canon Inc, 

Tokyo, Japan) for qualitative analysis of mineralized nodules formation. For 

quantitative analysis by absorbance evaluation, the nodules were solubilized with 

10% cetylpyridinium chloride (Sigma-Aldrich) for 15 min, and the optical density 

was measured in a 96-well plate at 562 nm wavelength in a spectrophotometer 

(Thermo Fischer Scientific Inc.). 

 

In vivo biactivity assay 

At in vivo assay, the experimental sealer α-TCP was compared to AHP in 

rats’ femur bone. Eighteen male Wistar rats aged 18 weeks were used for the 

experiments, that were divided in three groups, according to the experimental 

periods: 30 and 90 days (n = 6/ group). The animals were anesthetized with 0.008 

mL/100 g ketamine and 0.004 mL/100 g 2% xylazine hydrochloride (Virbac do 

Brasil Indústria e Comércio Ltda, São Paulo, SP, Brazil). 

Trichotomy of the right leg was made, followed by disinfection with an 

alcohol-iodine solution. Linear cutaneous and muscular incisions were performed 

with a 15-knife scalpel blade, tissues were separated by layers and the periosteum 

was incised with a scalpel. Three 6-mm-diameter cavities were prepared on the 
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cortical surface of the femur, 5 mm apart from each other, with a slow-rotation 

number 6 bur under constant irrigation with saline solution. Surgical cavities were 

randomly divided according to the groups: AH Plus, α-TCP and control (empty 

cavity - CT). The incisions were closed in layers (Vicryl Ethicon, Johnson & 

Johnson Produtos Profissionais Ltda, São José dos Campos, SP, Brazil) and 50 

mg/kg of an opioid analgesic (Tramal, Pfizer Indústria Farmacêutica, Guarulhos, 

SP, Brazil) was injected intramuscularly. 

At the end of each experimental period, the animals were euthanized by 

anesthetic overdose with 120 mL/kg pentobarbital (Syntec do Brasil Ltda, Cotia, 

SP, Brazil). The operated leg was disarticulated and dissected to isolate the femur, 

and with a slow-rotation diamond disc the bone was transversally sectioned to 

separate the surgical cavities Tissue specimens were fixed in 10% formalin 

solution for 24 h, decalcified using Anna Morse solution (20% sodium citrate + 

50% formic acid), embedded in paraffin and 3-mm-thick sections were obtained 

and stained with hematoxylin and eosin. Three blinded and calibrated examiners 

(κ = 0.79) analyzed the slices under a light microscope (Olympus BX41– Olympus 

America Inc., Melville, NY, EUA), using 40 and 100x magnification. The samples 

were photographed (Canon EOS-1D; Canon Inc, Tokyo, Japan), and hard tissue 

deposition were analyzed by the software ImageJ. The area of the wound (100%) 

and the new formatted bone were measured and calculated to obtain the 

percentage of bone deposition according to periods. 

 

Statistical analysis 

The statistical analysis was performed using ANOVA and Tukey’s post hoc 

for in vitro assays and Kruskal-Wallis test and Dunn’s post hoc for in vivo assay, 

both with 5% significance level. 

 

RESULTS 

 



47 
 

In vitro bioactivity assays 

The results are summarized in Figure 2. 

ALP enzyme activity assay (A) demonstrated the increase at the enzyme 

activity from the 1 day to the 5 days evaluation to all groups (P < 0.05). At 1 day, 

α-TCP was different from CT (P < 0.05) and similar to the other sealers (P > 0.05). 

At 5 days, AHP was different from the other groups, presenting the lowest values 

(P < 0.05). At 10 days, α-TCP presented the higher enzyme activity outcomes, 

differing from the other groups (P < 0.05), that were similar to each other (P > 

0.05). At 15 days, α-TCP presented higher values when compared to AHP (P < 

0.05), but no statistical differences were found between these sealers and the 

groups HAp and CT (P > 0.05). 

Alizarin Red staining (B) showed a statistical significant increase in the 

deposition of mineralized nodules for all evaluated sealers and CT after 5 days (P 

< 0.05). At 1 day, no statistical differences were found between the groups (P > 

0.05). At 5 days, α-TCP and HAp were similar to each other and to CT (P > 0.05), 

differing from AHP (P < 0.05). At 10 and 15 days, α-TCP presented the highest 

values, being similar to CT (P > 0.05) and different from the other sealers (P < 

0.05); AHP presented the lowest value of mineralized nodules deposition (P < 

0.05). 

 

In vivo bioactivity assay 

The results are summarized in Figure 3. At in vivo assay, none of the 

groups presented the total close of bone cavities at 90 days period. The bone 

deposition increased from 30 days to 90 days period for α-TCP and CT (P < 0.05). 

CT presented the highest bone deposition levels at the 30 days (P < 0.05), while 

α-TCP and AHP presented not statistical different results (P > 0.05). At 90 days, α-

TCP and CT showed similar results (P > 0.05), differing from AHP (P < 0.05).  

 

DISCUSSION 
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Literature reports high levels of cytotoxicity promoted by methacrylate-

based sealers (14). Although, the experimental methacrylate-based sealers 

evaluated in this study presented good bioactivity rates, associated with mineral 

deposition in vivo. These results might be related with the high degree of 

conversion presented in the experimental sealers (13), differing from the 

conventional methacrylate sealers that, due to the high amounts of monomers that 

could leach from the bulk of polymer and diffuse to the tissue, demonstrating 

toxicity (15). 

 The addition of calcium phosphate to endodontic sealers aims to develop a 

bioactive material to improve the complete regeneration of the damaged apical 

periodontal attachment apparatus and surrounding bone; associated with the 

ability to set in wet conditions (4). Studies has shown high bioactivity of α-

tricalcium phosphate (α-TCP), associated with good biocompatibility (16,17).  

In vitro methodologies presented in this study are commonly used to assess 

bioactivity of dental materials in different cell lines. ALP enzyme activity and AR 

assays demonstrated the increase at the enzyme activity and mineralized nodules 

deposition, respectively, according to the periods. The sealers showed similar 

outcomes at the first period in both assays, but at the following periods, AHP 

presented lower values when compared to α-TCP and HAp (P < 0.05). When the 

two experimental sealers were compared, α-TCP presented higher ALP activity 

and mineralized nodules formation at 10 days when compared to HAp (P < 0.05); 

and this sealer also showed higher results for AR at 15 days (P < 0.05). It is well 

know that hydroxyapatite presents less solubility than tricalcium phosphates (18), 

thus contributing for the lower outcomes of this compound found in this study. α-

TCP is designed to be degraded and substituted by bone, justifying it’s high 

hydrolysis (19). In addition, this property can be associated to the liberation of 

calcium and phosphate ions from the experimental sealers, since they can act on 

cellular metabolism, stimulating proliferation, differentiation, and inducing 

mineralization in vitro (5,20). 
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Due to the favorable outcomes of α-TCP at in vitro assays, this sealer was 

chosen to perform the in vivo methodology, that aimed to simulate overflow of the 

endodontic sealers to the periapical region, getting in contact with the osseous 

tissue from this area; the formation of hard tissue barrier in order to close the 

cavity access is related to healing and regeneration of the bone tissue. The results 

demonstrated bone deposition at both periods, with the highest percentages at the 

90 days period for CT and α-TCP being different to AHP (P < 0.05). The presence 

of calcium phosphate on the experimental sealer composition, that present high 

alkalinity inducing the formation of bone matrix compounds such as apatite, 

dicalcium phosphate dehydrate and octacalcium phosphate (21,22) explaining the 

results. 

Moreover, calcium phosphates present high osteoconductivity, which is 

indicated by the increase in ALP enzyme activity, enhance of osteoblasts’ activity, 

deposition of mineralized tissue and accelerated bone formation (23); besides, α-

TCP is a resorbable compound that can be completely substituted by bone tissue 

after the mineralization stimuli (24). Studies evaluating this bioceramic 

demonstrate its potential in increasing several osteogenesis-related genes, such 

as bone morphogenetic proteins (25), RUNX2, a transcription factor associated 

with osteogenesis, alkaline phosphatase and collagen type I (20). The bioactivity 

of calcium phosphates was observed in this study, proving that the association of 

these compounds it is not modified by the presence of methacrylate resin in 

experimental sealers. 

In conclusion, the association of calcium phosphates to methacrylate-based 

sealers demonstrated bioactivity in vitro and mineralized tissue deposition in vivo.  
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FIGURE CAPTIONS 

 

Figure 1) Immunophenotyping of stem cells from apical papilla (SCAPs) by 

flow cytometry assay after four cell passages. Expression of STRO1, 

CD146 and CD44 molecular markers. 

 

Figure 2) Alkaline phosphatase enzyme activity (A), mineralized nodule 

formation quantification by Alizarin Red dye (B) and illustrative images of 

mineralized nodule formation by Alizarin Red dye (C) in stem cells from 

apical papilla (SCAPs) after treatment with experimental sealers (-TCP 

and HAp) and AH Plus at different periods. Different lowercase letters 

represent statistical difference between the groups at the same period. 

Different capital letters represent statistical difference between the periods 

at the same group. 

 

Figure 3) A) Bone deposition (%) in rats’ femur after treatment with AH Plus 

and experimental sealer (-TCP) at 30 and 90 days. Different lowercase 

letters represent statistical difference between the groups at the same 

period. Different capital letters represent statistical difference between the 

periods at the same group. B) Illustrative images of bone deposition for AH 

Plus (AHP), -TCP and control group (CT) after 30 days, the cortical bone 

of the sample is represented with a letter b. 
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CONSIDERAÇÕES FINAIS 

 

Novos cimentos endodônticos para obturação do SCR estão sendo 

desenvolvidos almejando um material com boas propriedades físico-químicas, 

mecânicas e biológicas. A associação de um cimento experimental à base de 

resina metacrilato a fosfatos de cálcio e o radiopacificador fluoreto de itérbio tem 

como propósito a elaboração de um material que apresente boas propriedades 

físico-químicas associadas à biocompatibilidade e bioatividade. Este trabalhou 

objetivou a avaliação das propriedades biológicas desta associação, in vitro e in 

vivo. 

No Artigo 1, a biocompatibilidade de dois cimentos experimentais, 

elaborados pela associação do polímero metacrilato aos compostos de fosfato de 

cálcio α-tricálcio fosfato (α-TCP) ou hidroxiapatita nanoparticulada (HAp), foi 

avaliada e comparada à resposta promovida pelo cimento endodôntico AH Plus 

(AHP). No Artigo 2, os mesmos materiais foram avaliados quanto a sua 

bioatividade e potencial de deposição de tecido mineralizado. 

Para as metodologias in vitro, células-tronco da papila apical (SCAPs) 

foram escolhidas devido ao seu elevado potencial de proliferação e diferenciação, 

representando uma população de células progenitoras, associadas à formação 

radicular (HUANG et al., 2008). Neste estudo, SCAPs foram isoladas de um dente 

com formação radicular incompleta, e submetidas à análise em citometria de fluxo 

para verificação do seu potencial de diferenciação em células mesenquimais 

(HASS et al., 2011). Além disso, as metodologias utilizadas são comumente 

empregadas para avaliação da citotoxicidade e bioatividade de materiais (REIS et 

al., 2016). 

Em relação aos resultados in vitro, no Artigo 1 observou-se boa viabilidade 

para os cimentos experimentais α-TCP e HAp em ambos os ensaios realizados. 

Esses resultados sugerem que a associação de fosfatos de cálcio à um polímero 

pode diminuir os efeitos tóxicos do mesmo, corroborando com estudo de 

Khashaba et al. (2009), que também avaliou esta associação. No Artigo 2, os 

ensaios de bioatividade demonstraram aumento na atividade da enzima fosfatase 
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alcalina (ALP), associada à osteogênese e odontogênese, em todos os grupos no 

decorrer dos períodos experimentais, bem como aumento na deposição de 

conteúdo mineralizado na cultura celular. O α-TCP apresentou maiores valores de 

atividade da enzima ALP e deposição de nódulos mineralizados nos períodos de 

10 e 15 dias, o que justificou a escolha deste cimento para avaliação da 

deposição mineral in vivo. 

O uso de ratos como modelo experimental in vivo é viável devido ao seu 

rápido metabolismo (MORETTON et al., 2000), fácil manuseio e possibilidade de 

extrapolar os resultados em humanos, uma vez que nestes há uma resposta 

conjunta de todo organismo envolvido (SPÅNGBERG, 1978). Utilizando-se deste 

modelo para avaliação da resposta inflamatória (Artigo 1), observou-se a 

presença de células inflamatórias no tecido conjuntivo de ratos tanto para as 

associações da resina metacrilato com α-TCP e HAp quanto para o cimento AHP 

no período inicial de 7 dias. Entretanto, apenas o último evidenciou a presença de 

células-gigantes no infiltrado inflamatório e a presença de material adjacente ao 

tecido, o que já foi previamente descrito por diversos autores (SCARPARO et al., 

2009; FARHAD et al., 2011; GRECCA et al., 2011; SILVEIRA et al., 2011). Os 

bons resultados obtidos pelos cimentos experimentais também podem ser 

justificados pela composição da resina metacrilato utilizada na associação aos 

fosfatos de cálcio, que apresenta elevado grau de conversão (COLLARES et al., 

2017), o que resulta em poucos monômeros residuais livres, diminuindo a difusão 

dos mesmos aos tecidos adjacentes e, como consequência, a toxicidade do 

material. (MASEREJIAN et al., 2012). 

Ainda no modelo in vivo, o Artigo 2 propôs a avaliação da bioatividade 

promovida pelo cimento experimental α-TCP, observando a deposição óssea ao 

longo dos períodos avaliados, sendo comparado ao controle e diferindo do AHP, 

que demonstrou menor deposição de tecido mineralizado. O fato deste composto 

de fosfato de cálcio apresentar elevada solubilidade, liberando íons cálcio e 

fosfato no tecido (PRATI, GANDOLFI, 2015) leva à expressão de genes 

associados à osteogênese, aumentando a expressão da enzima fosfatase 

alcalina, a atividade osteoblástica e a deposição de tecido mineralizado 
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(SUGAWARA et al., 2008), acelerando o processo de reparo ósseo e 

caracterizando a osteoindução promovida por este material. 

Por fim, conclui-se que a associação de fosfatos de cálcio a uma base de 

resina metacrilato apresenta bons resultados de biocompatibilidade e bioatividade 

in vitro e in vivo. Entretanto, mais estudos devem ser realizados para confirmar os 

bons resultados dessa associação e posteriormente, aprovar sua utilização como 

cimentos obturadores na prática clínica. 
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