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RESUMO 

O objetivo foi analisar as propriedades físico-químicas de resinas compostas 

experimentais com partículas bioativas e avaliar a citotoxicidade e a resposta in vivo 

da polpa ao capeamento pulpar direto. As resinas experimentais foram preparadas e, 

posteriormente, as nanopartículas de hidroxiapatita adsorvidas com sinvastatina e 

glutationa foram adicionadas em 0% (Resina Controle), 1% (Res 1%) e 10% (Res 

10%) em peso. O hidróxido de cálcio [Ca(OH)2] fotopolimerizável (Ultra-blend Plus, 

Ultradent) foi utilizado como grupo controle. As propriedades físico-químicas 

estudadas foram a resistência à flexão e o módulo de elasticidade através de ensaio 

de flexão de três pontos (n=10), avaliação da liberação de cálcio (n=6) e grau de 

conversão (n=3) avaliado por espectroscopia Raman. Para a avaliação da 

citotoxicidade in vitro foram realizados os ensaios de proliferação e contagem celular 

e as células foram observadas em microscopia confocal com os corantes live/dead. 

Para a avaliação da resposta pulpar foi realizado o capeamento pulpar direto nos 

molares inferiores de ratos Wistar (n=6). Os animais foram eutanasiados após 7 dias 

de realizado o procedimento, e as hemimandíbulas removidas para o preparo de 

lâminas e análise histológica. A análise estatística foi feita com Kruskall-Wallis e 

ANOVA com pós-teste de Tukey. O nível de significância adotado foi de 5%. Na 

resistência à flexão não houve diferença estatística entre os grupos (p>0,05). No 

módulo de elasticidade, Res 10% apresentou os melhores resultados, mas sem 

diferença estatística com Res 1%, que não diferiu estatisticamente dos demais grupos. 

No grau de conversão os resultados da Res 10% foram estatisticamente maiores que 

as resinas 0% e 1%. Ca(OH)2 demonstrou maior liberação de cálcio em 28 e 45 dias 

de armazenamento, sem diferença estatística no segundo período com o grupo Res 

10%. No ensaio de proliferação celular não foi observada diferença estatística 

significante. Na análise em microscopia confocal as resinas em menores 

concentrações mostraram maior viabilidade celular. Na avaliação da resposta pulpar 

foi possível observar dano pulpar no grupo tratado com o hidróxido de cálcio. Assim, 

pode-se concluir que a resina experimental pode ser uma alternativa viável ao 

hidróxido de cálcio Ultra-blend Plus, entretanto são necessários mais estudos que 

comprovem o reparo do tecido pulpar e a neoformação dentinária.  

Palavras-chaves: Sinvastatina. Glutationa. Dentina. Inflamação. 

  



 
 

ABSTRACT 

The aim was to investigate the physicochemical properties of experimental composite 

resins with bioactive particles and to evaluate cytotoxicity and in vivo pulp response to 

direct pulp capping. The experimental resins were prepared and, subsequently, the 

hydroxyapatite nanoparticles adsorbed with simvastatin and glutathione were added 

at 0% (Control Resin), 1% (Res 1%) and 10% (Res 10%) by weight. 

Photopolymerizable calcium hydroxide [Ca(OH)2] (Ultra-blend Plus, Ultradent) was 

used as the control group. The physicochemical properties studied were flexural 

strength and elastic modulus through three-point bending test (n = 10), calcium release 

(n=6) and degree of conversion (n=3) assessed by spectroscopy Raman. Proliferation 

and cell counting assays were performed to evaluate in vitro cytotoxicity and the cells 

were observed in confocal microscopy with live/dead dyes. To evaluate the pulp 

response, pulp capping was performed directly on the lower molars of Wistar rats 

(n=6). The animals were euthanized after 7 days of the procedure, and the 

hemimandibules removed for the preparation of slides and histological analysis. 

Statistical analysis was performed with Kruskall-Wallis and ANOVA with Tukey post-

test. The level of significance was 5%. In flexural strength there was no statistical 

difference between groups (p> 0.05). In the elastic modulus, Res 10% presented the 

best results, but revealed no statistical difference with Res 1%, which did not differ 

statistically from the further groups. In the degree of conversion, the results of the Res 

10% were statistically higher than the resins 0% and 1%. Ca(OH)2 showed higher 

calcium release after 28 and 45 days of storage, with no statistical difference in the 

second period with the Res 10% group. No significant statistical difference was 

observed in the cell proliferation assay. By the confocal microscopy analysis, the resins 

at lower concentrations showed higher cell viability. In the evaluation of the pulp 

response, it was possible to observe pulp damage in the group treated with calcium 

hydroxide. Therefore, it can be concluded that the experimental resin may be a viable 

alternative to Ultra-blend Plus calcium hydroxide; however, further studies are 

necessary to prove the repair of pulp tissue and dentin neoformation. 

Keywords: Simvastatin. Glutathione. Dentin. Inflammation. 
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1 INTRODUÇÃO GERAL 

 

Apesar dos avanços nos materiais dentários e na odontologia preventiva nas 

últimas décadas, a cárie dentária prevalece até os dias de hoje como uma doença que 

afeta grande parte da população mundial, estando a sua ocorrência relacionada com 

o status socioeconômico e o nível de escolaridade (GAÇE; KELMENDI; FUSHA, 

2014). Em estudos conduzidos no Brasil, observou-se uma associação entre a maior 

prevalência da doença com condições socioeconômicas vulneráveis (BOING et al., 

2014). 

   Geralmente, a doença cárie tem seu início no esmalte dentário e a sua 

progressão pode resultar em lesões profundas, ocasião em que a remoção do tecido 

cariado pode gerar exposição pulpar, sendo necessário a execução de procedimentos 

mais invasivos, como tratamento de canal ou extração do dente. O capeamento pulpar 

direto é um tratamento alternativo com a finalidade de preservar a vitalidade da polpa 

e pode ser usado em situações de exposição pulpar. A técnica consiste na aplicação 

de um material protetor diretamente sobre o tecido exposto, entretanto, esse 

procedimento mostra-se até hoje bastante desafiador para a odontologia restauradora 

com taxas de sucesso questionáveis (CHEN et al., 2015; ESMERALDO et al., 2013; 

MODENA et al., 2009; PASHLEY, 1996). 

O material dentário a ser utilizado para capeamento pulpar direto deve 

preencher alguns requisitos, como capacidade de controlar a inflamação e a infecção, 

apresentar adesão à dentina, promover a formação de dentina terciária e ser 

biocompatível e bioativo, ou seja, capaz de modular a resposta do tecido pulpar à 

agressão (FERRACANE; COOPER; SMITH, 2010; MODENA et al., 2009). 

Os materiais à base de hidróxido de cálcio são os mais utilizados no 

capeamento pulpar direto, pois apresentam biocompatibilidade, propriedades 

antibacterianas, capacidade de estimular a formação de dentina esclerótica e 

reparadora e custo acessível (KATO et al., 2016; MODENA et al., 2009; SUZUKI et 

al., 2016). Eles atuam liberando íons de cálcio e hidroxila, os primeiros são 

responsáveis pelo recrutamento e pela proliferação de células indiferenciadas da 

polpa dentária, e os últimos exercem ação antibacteriana (GANDOLFI et al., 2015a). 

O agregado trióxido mineral (MTA) também pode ser utilizado para tal 

finalidade, mostrando ser efetivo na neoformação dentinária, além de apresentar 
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adequadas propriedades mecânicas, mas a grande vantagem do seu uso é a sua 

capacidade seladora, o que dificulta a infiltração marginal (PARIROKH; 

TORABINEJAD, 2010; NATALE et al., 2014; SUZUKI et al., 2016). Por outro lado, o 

MTA apresenta algumas desvantagens, como o longo tempo de presa, o alto custo e 

a difícil manipulação (PARIROKH; TORABINEJAD, 2010; VARALAKSHMI et al., 

2013). Outro material que vem sendo utilizado para capeamento pulpar é o 

Biodentine®, um novo cimento bioativo à base de silicato de tricálcio, que tem efeitos 

positivos quando em contato com as células pulpares, estimulando a formação da 

dentina terciária e promovendo um bom selamento marginal, entretanto apresenta um 

alto custo (KOUBI et al., 2012; NATALE et al., 2014). 

Estudos vêm mostrando que a sinvastatina, uma estatina reconhecida como 

um medicamento seguro e barato para o tratamento de hiperlipidemia apresenta 

outras funções, que são os chamados efeitos pleiotrópicos, como efeito anti-

inflamatório, indução de angiogênese e melhora na formação óssea (BLANCO-COLIO 

et al., 2003; MORASCHINI et al., 2018). Em relação aos efeitos anti-inflamatórios, as 

estatinas têm mostrado regular as moléculas de adesão celular. Em 2002, Seljeflot et 

al demonstraram que a sinvastatina reduz os níveis plasmáticos de molécula de 

adesão intercelular-1 (ICAM-1), molécula de adesão vascular (VCAM-1), E-selectina 

e P-selectina, as quais são essenciais para o primeiro passo de recrutamento dos 

monócitos. Além disso, estudos apontam que elas interferem no processo de entrada 

dos monócitos na parede arterial, passo seguinte ao seu recrutamento, através da 

redução da expressão da proteína quimiotática de monócitos (MCP-1) e de 

interleucina-8 (IL-8). Alguns marcadores inflamatórios também mostraram ser 

afetados pelas estatinas, como a proteína-C reativa. A sinvastatina também mostrou 

reduzir os níveis das citocinas pró-inflamatórias fator de necrose tumoral-alfa (TNF-α) 

e interleucina-1-beta (IL-1β).  Esses mecanismos podem estar relacionados tanto com 

a diminuição da produção de lipídeos, como ser independentes desse processo 

(BLANCO-COLIO et al., 2003; SELJEFLOT et al., 2002).  

Os efeitos anti-inflamatórios da sinvastatina relacionados com a diminuição da 

síntese de lipídeos podem ocorrer através da redução da expressão do receptor pró-

inflamatório CD40 e do seu ligante CD40L, diminuição da infiltração de macrófagos, 

redução da expressão de metaloproteinases de matriz - 1 (MMP-1) e de atividade 

proteolítica. Já quando os efeitos anti-inflamatórios são independentes da síntese de 

lipídeos, eles estão relacionados com a inibição de outros isoprenoides, como farnesil 
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pirofosfato (FPP) e geranilgeranilpirofosfato (GGPP) que são usados para a 

modulação de importantes proteínas celulares, como a proteína G (BLANCO-COLIO 

et al., 2003).  

Outro efeito é a indução de angiogênese, mecanismo relacionado com a 

habilidade das estatinas em ativar as proteínas quinase Akt / PKB em células 

endoteliais, que possuem a capacidade de fosforilar a enzima óxido nítrico sintetase 

(NOS) endotelial, responsável pela inibição da NOS induzida que ocasiona 

inflamação. Esta enzima leva a um aumento da produção de óxido nítrico derivado do 

endotélio, que por sua vez é um importante mediador dos mecanismos pró-

angiogênicos com funções protetoras ao endotélio, como inibição da adesão 

plaquetária e inflamação, ocasionando a inibição da apoptose das células endoteliais 

e formação óssea (KUREISHI et al., 2000).  

A sinvastatina melhora a função dos osteoblastos através da expressão de 

proteínas morfogenéticas ósseas e suprime a função dos osteoclastos, resultando em 

formação óssea aumentada (MAEDA et al., 2001; MORASCHINI et al., 2018). 

Também já foi demonstrado uma melhor função dos odontoblastos, levando à 

diferenciação de células pulpares em secretoras de matriz dentinária (OKAMOTO et 

al., 2009). Varalakshmi et al. (2013) demonstraram que a associação entre 

sinvastatina e fosfato de tricálcio induziu a diferenciação odontogênica, o que foi 

evidenciado pela identificação de marcadores osteogênicos/odontogênicos, como 

proteína óssea morfogenética (BMP-2), fosfatase alcalina (ALP), osteonectina (OCD), 

dentre outros, além disso observaram a formação de nódulos de mineralização. A 

sinvastatina induz significativamente a expressão do gene sialofosfoproteína 

dentinária (DSPP) e mostra uma alta taxa de formação de tecido duro após sete dias 

nas células tronco da polpa dental (OKAMOTO et al., 2009; ASL AMINABADI et al, 

2013). 

Embora a resina composta se estabeleça cada vez mais como um material 

restaurador com propriedades estéticas e mecânicas bastante satisfatórias, estudos 

apontam que o seu uso pode estar ocasionalmente associado com inflamação e 

necrose pulpar (HANKS et al., 1991; MODENA et al., 2009; STANLEY, 1975) Alguns 

componentes dos sistemas adesivos e das resinas compostas possuem citotoxicidade 

definida quando em contato direto com as células da polpa dentária, causando danos 

celulares, como inflamação e necrose (HANKS et al., 1991).  
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As pesquisas relatam que a citotoxicidade provocada pelas resinas pode ser 

ocasionada pela depleção dos níveis de glutationa, que é um essencial agente 

antioxidante intracelular, e também pela produção das espécies reativas de oxigênio 

no tecido pulpar (NASSAR et al., 2013). Samuelsen et al em 2011 sugeriram que os 

monômeros interagem com a glutationa intracelular, aumentando o estresse oxidativo 

no interior das células. Dessa forma, a utilização de sistemas adesivos e de resinas 

compostas sobre a polpa exposta está contraindicada, devendo ser assegurada uma 

espessura de um milímetro de dentina remanescente para a sua utilização (HEBLING 

et al., 1999; NASSAR et al., 2013; NASSAR et al., 2014). Entretanto, estudos vêm 

mostrando que algumas drogas podem ser utilizadas para reduzir a citotoxicidade 

causada pelas resinas, como a glutationa que tem um significativo efeito antioxidante, 

e assim, podem atuar favorecendo a viabilidade celular. Contudo, o principal 

mecanismo para a eliminação da citotoxicidade pode ser explicado através da 

interação direta da cisteína com o 2-hidroxietil metacrilato (HEMA) e com outros 

monômeros resinosos, que dificulta a entrada destes agentes no interior das células 

pulpares (NASSAR et al., 2013; NASSAR et al., 2014).  

Potencialmente, essas duas drogas (sinvastatina e glutationa) podem ser 

incorporadas a resinas compostas restauradoras para propiciar o desenvolvimento de 

um novo material para capeamento pulpar direto com propriedades bioativas e capaz 

de restaurar com segurança os dentes com exposição pulpar. 
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2 PROPOSIÇÃO 

 

2.1 Objetivo Geral 

 

Formular e avaliar as propriedades físico-químicas de resinas experimentais 

contendo partículas bioativas adsorvidas com sinvastatina e glutationa, sua 

citotoxicidade in vitro e sua influência como material de capeamento na polpa dental 

de ratos. 

 

2.2 Objetivos Específicos 

 

- Formular uma resina experimental contendo partículas bioativas adsorvidas 

com sinvastatina e glutationa. 

- Avaliar o grau de conversão da resina experimental. 

- Analisar a resistência à flexão e módulo de elasticidade da resina 

experimental. 

- Quantificar a liberação de cálcio da resina experimental.  

- Avaliar citotoxicidade in vitro sobre diferentes células da resina experimental. 

- Avaliar microscopicamente a resposta pulpar (necrose e inflamação) ao 

capeamento realizado com resina experimental. 
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3 CAPÍTULO 

 

 Esta dissertação está baseada no Artigo 46 do Regimento Interno do Programa 

de Pós-Graduação em Odontologia da Universidade Federal do Ceará que 

regulamenta o formato alternativo para dissertações de Mestrado e teses de 

Doutorado, e permite a inserção de artigos científicos de autoria ou coautoria do 

candidato. Por se tratar de estudos envolvendo animais e seres humanos, ou parte 

deles, o projeto de pesquisa foi submetido à apreciação da Comissão de Ética no Uso 

de Animais –CEUA e do Comitê de Ética da Universidade Federal do Ceará, tendo 

sido aprovado. Assim sendo, esta dissertação é composta de um artigo científico que 

será submetido ao periódico Journal of Dental Research (JDR), conforme descrito 

abaixo:  

 

CYTOTOXICITY AND PHYSICAL PROPERTIES OF NEW COMPOSITES FOR 

DIRECT PULP CAPPING 

SILVA JC, FERREIRA-JÚNIOR AEC, SILVA PGB, MOTA MRL, NUNES AP, MIRON 

R, CARVALHO EV, FECHINE PBA, FEITOSA VP 
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ABSTRACT 

The aim was to investigate the physicochemical properties of experimental composite 

resins with bioactive particles and to evaluate cytotoxicity and in vivo pulp response to 

direct pulp capping. The experimental resins were prepared and, subsequently, the 

hydroxyapatite nanoparticles adsorbed with simvastatin and glutathione were added 

at 0% (Control Resin), 1% (Res 1%) and 10% (Res 10%) by weight. 

Photopolymerizable calcium hydroxide [Ca(OH)2] (Ultra-blend Plus, Ultradent) was 

used as the control group. The physicochemical properties studied were flexural 

strength and elastic modulus through three-point bending test (n = 10), calcium release 

(n=6) and degree of conversion (n=3) assessed by spectroscopy Raman. Proliferation 

and cell counting assays were performed to evaluate cytotoxicity in vitro and the cells 

were observed in confocal microscopy with live/dead dyes. To evaluate the pulp 

response, pulp capping was performed directly on the lower molars of Wistar rats 

(n=6). The animals were euthanized after 7 days of the procedure, and the 

hemimandibles removed for the preparation of slides and histological analysis. 

Statistical analysis was performed with Kruskall-Wallis and ANOVA with Tukey post-

test. The level of significance was 5%. In flexural strength there was no statistical 

difference between groups (p> 0.05). In the elastic modulus, Res 10% presented the 

best results, but revealed no statistical difference with Res 1%, which did not differ 

statistically from the further groups. In the degree of conversion, the results of the Res 

10% were statistically higher than the resins 0% and 1%. Ca(OH)2 showed higher 

calcium release after 28 and 45 days of storage, with no statistical difference in the 

second period with the Res 10% group. No significant statistical difference was 

observed in the cell proliferation assay. By the confocal microscopy analysis, the resins 

at lower concentrations showed higher cell viability. In the evaluation of the pulp 

response, it was possible to observe pulp damage in the group treated with calcium 

hydroxide. Therefore, it can be concluded that the experimental resin may be a viable 

alternative to Ultra-blend Plus calcium hydroxide; however, further studies are 

necessary to prove the repair of pulp tissue and dentin neoformation. 

Keywords: Simvastatin. Glutathione. Dentin. Inflammation. 
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INTRODUCTION 

Dental caries remains today as a disease that affects much of the world 

population, mainly in the countries with low socioeconomic conditions (Boing et al. 

2014; Gaçe et al. 2014). Deep caries, as well as others damages, such as traumatic 

injury can lead to pulpal exposure (Gaçe et al. 2014). In this regard, pulp therapy is 

performed to maintain pulp vitality of a tooth (Gandolfi et al. 2015). The treatment 

consists on the application of a material directly onto the exposed tissue (Modena et 

al. 2009). These protective materials should attain bioactive properties to promote pulp 

cell activity and pulp healing, and the formation of new reparative dentin (Ferracane et 

al. 2010; Gandolfi et al. 2015). 

Calcium hydroxide-based products have been recommended for the treatment 

of exposed pulp due to their property of stimulating dentin formation and antibacterial 

action (Kato et al. 2016; Modena et al. 2009). However, high solubility and fast 

dissolution are well-known shortcomings of conventional calcium hydroxide materials 

(Gandolfi et al. 2015). Although there are several materials available, neither of them 

possesses all desirable characteristics. Therefore, direct pulp capping remains 

challenging for operative dentistry. 

Hydroxymethylglutaryl-coenzyme A reductase inhibitors are used as 

cholesterol-lowering drugs (Blanco-colio et al. 2003). Previous papers have observed 

that statins may increase the mRNA expression of bone morphogenetic protein 2 

(BMP-2) in osteoblasts, promoting bone formation as result (Moraschini et al. 2018; 

Mundy et al., 1999). In last decade, the introduction of simvastatin in Dentistry has 

increased (Aminabadi et al. 2013; Moraschini et al. 2018; Varalakshmi et al. 2013). 

The combination of statin and α-tricalcium phosphate (α-TCP) promoted odontogenic 

differentiation in human dental pulp cells. Moreover, it was possible to observe the 



21 
 

formation of mineralized nodules, thereby showing to be a promising pulp capping 

agent (Okamoto et al. 2009; Varalakshmi et al. 2013). 

Resin composites are materials with good physical properties. However, they 

cannot be applied directly on the pulp tissue due to harsh pulp irritation, necrosis and 

stimulation of glutathione depletion, (Chang et al. 2005; Hanks et al. 1991; Hebling et 

al. 1999; Modena et al. 2009; Samuelsen et al. 2011; Stanley et al. 1975). Recent 

studies have shown that some drugs may be used to reduce this cytotoxicity, such as 

glutathione, which interacts with resin monomers thereby impairing the entrance in 

pulp cells and increasing cell viability (Nassar et al. 2013; Nassar et al. 2014). 

The aim of this study was to evaluate selected physicochemical properties, cell 

proliferation and cell viability of human dental pulp (HDP) cells an experimental 

composite containing bioactive particles adsorbed with simvastatin and glutathione. 

Furthermore, other objective was to assay the in vivo response of exposed pulps in 

rats to these materials. Study hypothesis is that the incorporation of bioactive particles 

on experimental composite resin interferes directly in the physicochemical properties, 

cytotoxicity in pulp cells and in vivo response. 

 

MATERIALS AND METHODS  

Experimental composites 

The monomeric blend of experimental resin composite was composed of 20 

wt% Bisphenol-A-glycerolate-dimethacrylate (BisGMA), 68.5 wt% urethane-

dimethacrylate (UDMA) and also by 10 wt% glycerol-dimethacrylate-phosphate 

(GDMA-P), the acidic functional monomer. The photoinitiator system was composed 

of a combination of camphorquinone + amine, which are 1 wt% ethyl 4-dimethyl-amine 
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benzoate and 0.5 wt% camphorquinone. Then, the experimental composites were 

produced by mixing filler particles: i) Res 0% - without bioactive fillers + 50 wt% 

silanated barium glass fillers (0.7 µm mean size, Esstech Inc. Essignton, USA); ii) Res 

0.1% - 0.1 wt% hydroxyapatite nanoparticles adsorbed with glutathione + 0.1 wt% 

hydroxyapatite nanoparticles adsorbed with simvastatin + 0.1 wt% beta tricalcium 

phosphate fillers (Sigma Aldrich, St. Louis, USA) + 49.7 wt% silanated barium glass 

(Esstech) (exclusively for the cell proliferation assay); iii) Res 1% - 1 wt%   

hydroxyapatite with glutathione + 1 wt% hydroxyapatite with simvastatin + 1 wt% beta 

tricalcium phosphate + 47 wt% silanated barium glass; iv) Res 10% - 10 wt% 

hydroxyapatite with glutathione + 10 wt% hydroxyapatite with simvastatin + 10 wt% 

beta tricalcium phosphate + 20 wt% silanated barium glass. In total, all composites had 

50wt% resin blend and 50wt% fillers. Photopolymerizable calcium hydroxide [Ca(OH)2] 

(Ultra-blend Plus, Ultradent) was used as the control group. 

Degree of conversion 

The degree of conversion (DC) of the experimental composites was undertaken 

following a modified protocol previously described by Feitosa et al. (2014). Briefly, each 

material (n=3) was placed in a glass plate and positioned in a Raman micro-

spectrophotometer (Xplora, Horiba, Paris, France) with 532 nm wavelength argon laser 

and 3.2 mW power. The spectra were assessed before and subsequent to light 

activation (40 s; 1100 mW/cm2, DB685, Dabi Atlante, Ribeirão Preto, Brazil). All 

spectra were obtained in a range of 1500–1700 cm-1. The peak height was determined 

subsequent to baseline subtraction and normalization process. The residual unreacted 

carbon–carbon double bond content (% C=C) was determined from the ratio of 

absorbance intensities of aliphatic C=C bonds (peak at 1637 cm-1) against an internal 

standard (aromatic carbon–carbon double bond peak at 1608 cm1) before and 40s 
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after starting photo-curing. Degree of conversion was determined by subtracting the 

C=C% from 100%. The analyses were performed in triplicate.  

Flexural strength and elastic modulus 

Flexural strength and elastic modulus were tested in bar-shaped specimens (7 

x 1 x 1 mm, n = 10). After 24 h at 37 °C and 100% humidity, the specimens were 

fractured under three-point bending in a universal testing machine (Instron, Canton, 

USA) at 1 mm/min crosshead speed. Flexural strength (FS) and elastic modulus (E) 

were calculated according to the equations below: 

𝜎𝐹𝑆 =
3 𝑥 𝐿 𝑥 𝑑

2 𝑥 𝑤 𝑥 ℎ2
       𝐸 =  

𝐿 𝑥 𝐷3

4 𝑥 𝑤 𝑥 ℎ3 𝑥 𝑑
 

where L is the failure load (for flexural strength) or the load recorded in the elastic 

region of the load x displacement curve (for elastic modulus), in Newton’s, d is the 

distance between the supports (5 mm), w is the width and h in the thickness of the 

specimen (both in mm), and D is the displacement (in mm) of the cross-head 

corresponding to L. The machine software (Bluehill, Instron) automatically calculated 

and reported the maximum flexural strength and elastic modulus in megapascals.  

Calcium release 

Six disk-shaped samples from each material (n=3) were prepared by using 

silicone models, according to the manufacturers' instructions. The samples were stored 

in distilled water and storage solutions were changed after 28 and 45 days. The 

calcium release was determined by mixing the storage solutions with arsenazo III in 

20mM HEPES at pH 7.4 (Sigma Aldrich, St. Louis, USA). The analysis of calcium 

release through this solution was performed using a UV-Visible spectrophotometer 

(Powerwave 340; Biotek, St. Paul, USA) with 656 nm wavelength by 3s adopting the 
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Arsenazo III colorimetric method (Grienberger and Konnerth 2012). Aliquots of 5 μL of 

the samples (diluted 1:10 and partially neutralized) were added to 50 μL of deionized 

water before UV-Vis analysis. For calibration, standards containing 40 to 200 μg Ca/mL 

solutions (Sigma Aldrich) were used.  

Cell culture and Proliferation assay 

Human dental pulp (HDP) fibroblasts and MC3T3 osteoblastic cells were 

seeded onto tiny disks of each material in 96-well plates at a density of 10,000 cells 

per well either group. During cell seeding, α-MEM medium (Invitrogen, Basel, 

Switzerland) was supplemented with 50μg/mL ascorbic acid (Invitrogen) and 2 mM β-

glycerophosphate (Invitrogen) to promote proliferation/differentiation (Miron et al. 

2016). Cells were quantified using fluorescent MTT assay (Invitrogen) at 1, 3, and 5 

days for cell proliferation as previously described (Miron et al., 2013). At desired time 

points, cells were washed with phosphate-buffered solution (PBS) and quantified using 

a fluorescence plate reader (Infinite 200, Tecan Group Ltd. Männedorf, Switzerland). 

Experiments were performed in triplicate with three independent experiments for each 

condition.  

Pulpal Response  

According to the sample calculation based on the study of LIU et al. (2015) that 

after one week of exposure of the pulp chamber of rats submitted to direct pulp capping 

treatment, no animals of the control group (n = 0, 0.0%) presented mineralized tissue 

deposition versus 75.0% of the animals treated with MTA (n = 3), a sample of 6 mice 

per study group was estimated in order to obtain a sample that represents 80% of the 

power and 95% confidence to modify the biological behavior after capping pulping with 

biocompatible materials (Fleiss method with continuity correction). Twelve Wistar rats 
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(Rattus novergicus) were used (n=6). Each animal had two of the pulp capping 

materials randomly applied to each of the two lower molars according to the material 

that was used: i) without restorative procedure; ii) photopolymerizable calcium 

hydroxide (Ultra-blend Plus, Ultradent Products Inc., South Jordan, USA); iii) Res 0% 

- without bioactive fillers + 50 wt% silanated barium glass fillers (0.7 µm mean size, 

Esstech Inc. Essignton, USA); iv) Res 10% - 10 wt% hydroxyapatite with glutathione + 

10 wt% hydroxyapatite with simvastatin + 10 wt% beta tricalcium phosphate + 20 wt% 

silanated barium glass. The animals were euthanized by barbiturates (sodium 

pentobarbital, 150 mg/kg, intraperitoneal) after 7 days, and the hemimandibules were 

removed surgically for the preparation of histological slides (hematoxylin-eosin) as 

previously described by Timm (2005). Then, qualitative analysis was performed by 

conventional light microscopy. 

Statistical Analysis 

All data were compiled and tested by Shapiro-Wilk normality test and 

homoscedasticity test (α=0.05). After passing these first tests, they were analyzed with 

one-way ANOVA and Tukey’s post-hoc test (p<0.05). In the case variance was not 

equal and data were not normal, Kruskall-Wallis test was performed (p<0.05) to 

compare groups.  

 

RESULTS 

In the results of degree of conversion, depicted in Figure 1, there was no 

statistical differences between groups Res 0%, Res 1% and Ca(OH)2. Nevertheless, 

Res 10% attained significantly higher conversion than control resin composite 
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(p=0.004) and Res 1% (p=0.022), but was similar to Ca(OH)2. The flexural strength 

(Fig. 2) showed no significant differences among groups (p>0.05). Contrariwise, 

outcomes of elastic modulus (Fig. 3) demonstrated significant differences among 

groups. Res 10% exhibited higher modulus than Res 0% and Ca(OH)2 (p<0.001 and 

p=0.005 respectively), but without statistically significant difference with the Res 1% 

(p=0.14), which depicted intermediate results without significant difference to all other 

groups. The findings of calcium release assay (Fig. 4) demonstrated the highest 

release for Ca(OH)2 group in 28 and 45 days of storage, but without significant 

difference with Res 10% in 45 days.  

The results of cell proliferation assay showed no statistical significant difference 

in the cell counting among all groups in the culture of hdp-cck8 cells, although in the 

culture of mc3t3-cck8 the cell viability was higher with the Res 0.1% in 3 or 5 days. 

The images of live/dead confocal investigation (Fig. 6) obtained by confocal laser 

microscopy demonstrated that Res 0.1% (Fig. 6-B) improved the cell viability when 

compared with Res 0% (Fig. 6-A). However, with the increase in concentration of 

bioactive fillers, the rate of cell death was higher (Fig. 6-D).  

In the results of pulpal response, it was possible to observe cell ectasia in the 

group without procedure in the deep pulp. The teeth restored with Res 10% 

demonstrated moderate cell ectasia in the deep pulp. The findings of the group 

restored with Res 0% demonstrated a large cell ectasia. In some teeth restored with 

Ca(OH)2 it was possible to find cellular damage in a different pattern from the previous 

group. Furthermore, it was showed necrosis in some teeth with this material.  
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DISCUSSION 

The results herein demonstrated that tested composite resin with high (10%) 

concentration of nanoparticles is cytotoxic and causes cellular damage. However, the 

incorporation of bioactive fillers in an experimental resin in low concentrations reduced 

its cytotoxicity without significantly impairing their physicochemical properties. 

Therefore, the hypothesis that the incorporation of bioactive particles in an 

experimental composite resin interferes directly in the physicochemical properties, 

cytotoxicity in pulp cells and in vivo response should be accepted.  

According to findings of degree of conversion (DC), Res 10% demonstrated 

higher polymerization when compared with resin without nanoparticles (Res 0%). This 

composite formulation had large amount of drugs (simvastatin and glutathione) 

adsorbed onto nanoparticles. Both compounds are antioxidant and might have created 

blocking of free radicals during photoinitiation, thereby hampering polymerization. 

However, during preparation of these experimental composites, drugs were adsorbed 

onto hydroxyapatite nanocarriers, rather than dissolved in the co-monomer blend. 

Such procedure was intentionally undertaken with the aim to avoid higher 

polymerization inhibition.  

Furthermore, the calcium phosphates (hydroxyapatite and beta-tricalcium 

phosphate) added to the composite increased polymerization, what is in accordance 

with Andrade Neto et al. (2016) which concluded that crystalline hydroxyapatite 

nanorods included in resin infiltrants improves the DC. This may occur due to 

crystallinity of hydroxyapatite, which increase light scattering and consequently the 

polymerization reaction within the resin matrix (Andrade Neto et al. 2016). More soluble 
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calcium phosphates, when dissolved in the resin, might lead to higher polymerization 

thanks to the proton-releasing ability of phosphates, thereby acting as catalysts what 

may even induce spontaneous polymerization (Liu et al. 2016; Zhang et al. 2013, 

Zhang and Wang 2012).  

The flexural strength outcomes (Fig. 2) depicted no significant difference among 

groups. However, contrasting elastic moduli were attained (Fig. 3), as Res 10% 

showed highest stiffness. Indeed, a suitable explanation for this finding relies on the 

higher polymerization of composite resin containing 10% bioactive fillers (Fig. 1). Ultra-

blend Plus [Ca(OH)2 material] showed lower elastic modulus, what may be attributed 

to its formulation composed basically by calcium hydroxide with minor concentrations 

of hydroxyapatite and urethane-dimethacrylate, whilst the composites presented a 

great quantity of cross-linking monomers and reinforcing filler particles which improved 

the rigidity (Aljabo et al. 2015; Kangwankai et al. 2017).   

By analyzing calcium release (Fig. 4), light-curable calcium hydroxide (Ultra-

blend Plus, Ultradent Products Inc., South Jordan, United States) showed the higher 

results. In fact, such outcome was expected thanks to the composition of this material. 

The high release indeed has occurred because soluble calcium is the base 

composition of this material. Furthermore, in accordance with a preliminary study, 

Ultra-blend provide the greatest release of calcium ions with a significant difference 

observed between others cements based on calcium hydroxide, which might also be 

attributed to the presence of hydroxyapatite (Duarte et al. 2007).  

The results of cell viability demonstrated no statistical difference among groups 

(Fig. 5), which may indicate that the new pulp capping might be a potential replacement 

for traditional calcium hydroxide in terms of cytotoxicity. However, the images of 
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live/dead obtained by confocal microscopy suggested that composite resin with 0.1% 

bioactive fillers (Fig. 6B) may improve the cell viability when compared with composites 

containing 10% bioactive fillers and the that without bioactive fillers (0%), which is the 

conventional composite resin used in the clinics. These findings may indicate that 

glutathione in low concentrations is able to reduce the oxidative stress and the cell 

death caused by resin monomers.  

These results corroborate with the findings of Nassar et al. (2013) that evaluated 

the effect of glutathione on cell viability. They concluded that glutathione in controlled 

concentrations had a protective effect against HEMA cytotoxicity. The high 

concentration of simvastatin may have decreased cell viability in groups with 1% and 

10% bioactive nanoparticles (Fig. 6C and 6D), hypothesis that is supported by the 

investigation of Aminabadi et al., (2013) whose findings revealed a higher rate of pulp 

inflammation and necrosis by increasing the concentration of simvastatin. Okamoto et 

al. (2009) examined the effects of statin on the cell proliferation of human dental pulp 

stem cell and their results indicated suppression of proliferation, which is mediated 

through the inhibition of the mevalonate and Rho pathways caused by statins. Besides, 

they inhibited actin fiber formation and cell cycle progression that is regulated by Rho 

(Baek et al. 2005; Tanaka et al. 2000).  

Although the qualitative analysis of the slides produced with hemi jaws of the 

rats (Fig. 7), it is possible to conclude that calcium hydroxide caused more cellular 

damage in pulp. These is in agreement with previous studies, such as that of Scarano 

et al. (2003), which found a small area of necrosis in pulps capped with Ultra-blend 

Plus. When compared with Res 10%, the standard of damage is very different, likely 

due to presence of bioactive fillers releasing glutathione and simvastatin, both showing 

anti-inflammatory properties and control of unfolded inflammatory process 
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(Varalakshmi et al. 2013). The group without particles demonstrated vastly 

disorganized pulpal tissue that may indicate necrosis, which was reported in previous 

studies due to cytotoxicity caused by resin monomers (Hebling et al. 2009).  

The findings of this study showed that the incorporation of adsorbed simvastatin 

and glutathione on calcium phosphate nanoparticles in an experimental resin 

composite did not impair the physicochemical properties, even increasing the 

polymerization. However, low concentrations of bioactive fillers improve the cell 

viability when compared with the traditional resin and light-curable calcium hydroxide. 

There are preliminary studies, which report that simvastatin has been tested and 

proven both in the laboratory and in vivo the excellent ability to manage pulpal tissue 

biomodulation. Moreover, glutathione has the ability to reduce the cytotoxicity caused 

by the resin monomers and there are no reports so far regarding a composite resin for 

direct pulp capping that incorporates such bioactive substances.  

Indeed, the major advantage of this composite is to be self-adhesive and self-

etching, eliminating acid conditioning and adhesive application, which when performed 

directly on the pulp tissue causes cellular damage and intense inflammation. The 

clinical relevance of the topic may be the possibility of turning pulp capping procedures 

faster and more efficient without the use of temporary cements and restorations. 

Indeed, pulp capping is still a challenging procedure for dental practice, where 

materials still show a relevant annual failure rate (Hilton et al. 2013). However, further 

studies are needed to prove the regeneration of pulp tissue and its mineralization over 

time. 
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FIGURES 

 

 

 

 

 

 

Figure 1. Graph depicting the degree of conversion results. Different capital letters 

indicate statistically significant differences (p<0.05) among different materials.  

Figure 2. Graph depicting the flexural strength results. Similar capital letters indicate 

no statistically significant differences (p>0.05) among different materials.  



36 
 

  

 

 

 

 

 

 

 

 

Figure 4. Graph depicting the calcium release results. Different capital letters 

indicate statistically significant differences (p<0.05) among different materials in the 

period of 28 days. Different lowercase letters indicate significant differences 

(p<0.05) between the materials in the period of 45 days.  

Figure 3. Graph depicting the elastic modulus results. Different capital letters indicate 

statistically significant differences (p<0.05) among groups.  



37 
 

 
Figure 5A. Graph depicting the cell viability results. Asterisk indicate no statistically 

significant differences (p<0.05) among groups. Figure 5B, 5C, 5D, 5E and 5F. Images 

obtained by confocal laser scanning microscopy using live/dead dyes for cells 

submitted to different resins. (B), (C), (D), (E) and (F) represent cells cultured in Control 

Resin, Res 0.1%, Res 1%, Res 10% and Ca(OH)2, respectively. Fig. A shows relatively 

intermediary amount of cell death. Fig. C demonstrates a smaller amount of cell death 

when compared to (B). Fig. D indicates higher quantity of cell death as the 

concentration increased. Fig. E shows the increase in the number of dead cells. Fig. F 

exhibits high amount dead cells similar with the Resin with 10% bioactive 

nanoparticles.  
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treatment, in which is possible to observe slight deep PE. Fig. B depicts a tooth treated 

with Res 10%, which is possible to observe moderate PE. Fig. C show teeth restored 

with Ca(OH)2, on the former superficial PE was found whereas on the latter it is 

possible to observe necrosis represented by asterisks. Fig. E revealed a tooth restored 

with Control Resin (0% bioactive fillers) showing superficial PE.   

 

Figure 6. Hematoxylin-eosin 

staining of slices obtained 

from in vivo study of the 

materials on direct pulp 

capping. (A2), (B2), (C2) 

and (D2) represent the high 

magnification (200x) of (A1), 

(B1), (C1) and (D1), 

respectively. Black arrows 

indicate dentinal tissue, 

white arrows show pre-

dentin, open white arrows 

depict odontoblast zone, 

black arrows indicate 

connective tissue and of 

white arrowheads indicate 

pulp ectasia (PE). Fig. A 

shows a tooth without 

treatment, in which is 

possible to observe slight 

deep PE. Fig. B depicts a 

tooth treated with Res 10%, 

which is possible to observe 

moderate PE. Fig. C show 

teeth restored with Ca(OH)2, 

on the former superficial PE 

was found whereas on the 

latter it is possible to 
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4 CONCLUSÃO GERAL 

 

De um modo geral, em relação às propriedades físico-químicas, Res 10% 

obteve maior grau de conversão, maior módulo de elasticidade e alta liberação de 

cálcio sem diferença estatística do Ca(OH)2. No que concerne à citotoxicidade, pela 

contagem de células não houve diferença estatística entre os materiais testados, 

entretanto, a microscopia confocal demonstrou que as resinas compostas com 0,1% 

e 1% de partículas bioativas possuem menos citotoxicidade do que as com 10% e que 

o material a base de Ca(OH)2. Em relação à resposta pulpar in vivo, o dano celular 

provocado pelo capeamento pulpar direto com os materiais estudados foi menor 

usando a resina composta com 10% de partículas bioativas. 
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