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RESUMO 

 

DELUCA, Mariana Castello de Carvalho. Efeitos citotóxicos, de migração e 

angiogênese da terapia fotodinâmica e fotobiomodulação nas células 

envolvidas na terapia de revascularização. 2020. 59 f. Dissertação de 

Mestrado apresentada ao Programa de Pós-Graduação em Odontologia da 

Universidade Federal do Rio Grande do Sul, área de concentração Clínica 

Odontológica/Endodontia – Faculdade de Odontologia, Universidade Federal do 

Rio Grande do Sul, Porto Alegre, 2020. 

 

O presente estudo teve como objetivo avaliar o efeito da Terapia Fotodinâmica 

(PDT) e da Fotobiomodulação (PBM) como terapias complementares ao 

protocolo de revascularização pulpar, em cultura celular primária de células da 

papila apical humana (APCs) e em células endoteliais (HUVECs). Dois primeiros 

pré-molares inferiores com um canal foram seccionados, simulando dentes com 

rizogênese incompleta, e um dos canais foi irrigado com 1mL de azul de 

metileno 0.005%. A seguir, os dois canais foram irrigados com 20mL de 

Hipoclorito de sódio (NaOCl) 1.5% e 20mL de EDTA. Antes de cada ensaio, as 

soluções químicas obtidas foram diluídas em meios de cultura na concentração 

de 0.5% (NaOCl + EDTA 0.5%; NaOCl + EDTA + MB 0.5%). O efeito da PDT e 

da PBM em cultura de células foi avaliado por meio dos seguintes grupos: CTG 

(meio de cultura); ISG (NaOCl + EDTA 0.5%); MBG (MB + NaOCl + EDTA 

0.5%); PBMG (NaOCl + EDTA 0.5% + laser); PDTG (NaOCl + EDTA + MB 0.5% 

+ laser). Foram realizados os ensaios de citotoxicidade em APCs, de índice de 

polaridade em APCs, migração celular em APCs e angiogênese em HUVECs. 

Os dados obtidos foram analisados pelo ANOVA, seguido do teste de Tuckey 

(P≤0.05). A PDT e a PBM aumentaram a viabilidade celular em comparação 

com os grupos ISG e MBG, respectivamente. Todos os protocolos testados 

reduziram a migração celular em comparação com CTG. A PBMG mostrou 

maior distância de migração das HUVECs em comparação a ISG, evidenciando 

um potencial de angiogênese. Conclui-se que a PBM e a PDT têm potencial 

para serem empregadas como terapias coadjuvantes ao protocolo de 

revascularização pulpar em dentes com rizogênese incompleta. 

Palavras-chave: revascularização, terapia fotodinâmica, fotobiomodulação, 

células da papila apical. 

 
 



 
 

ABSTRACT 
 

DELUCA, Mariana Castello de Carvalho. Cytotoxic, migration and 

angiogenesis effects of photodynamic therapy and photobiomodulation in 

cells involved at the revascularization therapy. 2020. 59 p. Dissertation 

presented to the Postgraduate Program in Dentistry of the Federal University of 

Rio Grande do Sul, area of concentration: Dental Clinic/Endodontics – Faculty of 

Dentistry, Federal University of Rio Grande do Sul, Porto Alegre, 2020. 

 

The aim of this study was to evaluate photodynamic therapy (PDT) and 

photobiomodulation therapy (PBM) as complementary therapies on a pulp 

revascularization protocol using primary culture of cells from apical papilla 

(APCs) and endothelial cells (HUVECs). In order to simulate tooth with open 

apex, two mandibular first premolars with a single canal were sectioned and one 

of the root canal was irrigated with 1mL of  0.005% methylene blue (MB). Next, 

the root canal was irrigated with 20mL of 1.5% sodium hypochlorite (NaOCl) and 

20mL of 17% EDTA. The chemical solution obtained was diluted in cell culture 

media previous to each experiment (NaOCl + EDTA 0.5%; NaOCl + EDTA + MB 

0.5%). The effect of PDT and PBM was evaluated accordingly to these groups: 

CTG (cell culture media); ISG (NaOCl + EDTA 0.5%); MBG (MB + NaOCl + 

EDTA 0.5%); PBMG (NaOCl + EDTA 0.5% + laser); PDTG (NaOCl + EDTA + 

MB 0.5% + laser). It was performed cytotoxic assay, polarity index and migration 

analysis in APCs and sprouting assay in HUVECs. All data was analyzed by 

ANOVA followed by Tuckey post-hoc test (P≤0.05). PDT and PBM favored 

viability compared to ISG and MBG, respectively. All tested protocols reduced 

cell migration compared to the CTG. PBMG demonstrated increased migration 

distance of HUVECs when compared to ISG, what might be related to an 

angiogenesis potential. PBM and PDT have potential to be employed as 

complementary therapies on pulp revascularization protocol of necrotic tooth with 

open apex.  

Key words: revascularization, photodynamic therapy, photobiomudulation, 

apical papilla cells. 
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1 APRESENTAÇÃO 

 

 A presente dissertação teve como foco de estudo avaliar, in vitro, o efeito 

da terapia fotodinâmica e da terapia de fotobiomodulação em cultura primária de 

células obtidas da papila apical humana e em células endoteliais (HUVEC).  

 Esta dissertação de mestrado está estruturada da seguinte maneira: 

 Introdução, enfatizando os pontos principais deste estudo; 

 Objetivos geral e específicos do estudo; 

 Artigo científico formatado de acordo com as normas da revista Journal of 

Endodontics, fator de impacto 2.886 (Qualis A1, CAPES), para ser enviado 

para apreciação do corpo editorial.  

 Considerações finais. 

 

 

  



10 
 

2 INTRODUÇÃO 

 

 As células tronco da papila apical (SCAPs) são um tipo de célula-tronco 

mesenquimal indiferenciada caracterizadas pela capacidade de formação de 

dentina primária radicular que, de acordo com condições indutivas adequadas, 

são capazes de se diferenciar em tipos diferentes de células, agindo na 

regeneração dos tecidos (SONOYAMA et al., 2008; HUANG et al., 2008).  

 Em relação às células-tronco da polpa dentária (DPSCs), as SCAPs 

apresentam um maior potencial de proliferação, diferenciação e regeneração 

(HUANG et al., 2008). Com esse potencial, são importantes nas situações em 

que procedimentos regenerativos são realizados, contribuindo para a formação e 

reestabelecimento dos tecidos lesados (HUANG et al., 2008). As SCAPs 

apresentam altos níveis de survivina e telomerase, que são moléculas 

importantes na mediação da proliferação celular (SONOYAMA et al., 2006), 

sendo indispensáveis para a complementação radicular em dentes com 

rizogênese incompleta (HUANG G. T. J. et al., 2008; SONOYAMA et al., 2008).  

 Processos traumáticos e cariosos, frequentemente encontrados em 

crianças e adolescentes que apresentam dentes ainda em formação, são as 

causas mais comuns para a necrose pulpar (ÇALISKAN et al., 2015). Em função 

da necrose, tem-se uma infecção, resultando na interrupção do processo de 

desenvolvimento do ápice radicular, impossibilitando seu fechamento (HUANG 

et al., 2008). Nestes casos o tratamento convencional indicado seria a 

endodontia, visando conter a contaminação gerada por microorganismos e selar 

o sistema de canais radiculares. Entretanto, em dentes com ápice aberto, a 

complexidade da anatomia radicular apical limita o preparo químico mecânico e 

a obturação. Além disso, o tratamento endodôntico convencional impossibilita a 

continuidade do processo de desenvolvimento do ápice radicular, 

impossibilitando seu fechamento (HUANG et al., 2008; SOUZA et al., 2013).  

 Com isso, diferentes métodos terapêuticos que visam o controle da 

infecção, o favorecimento da continuidade da formação radicular e o 
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reestabelecimento da vitalidade pulpar vêm sendo adotados como alternativas. 

Dentre estes, destacam-se a apicificação e a revascularização (WITHERSPOON 

et al., 2008). Na apicificação após o preparo químico mecânico, preenche-se o 

canal com pasta a base de hidróxido de cálcio, e acompanha-se o caso clinica e 

radiograficamente, realizando-se trocas da pasta até que ocorra a formação de 

uma barreira mineralizada, não ocorrendo a continuidade do desenvolvimento 

radicular (ANDREASEN et al., 2002). Nestes casos, devido às paredes 

dentinárias delgadas e ao pequeno comprimento radicular, há um risco 

aumentado de fratura dentária (CVECK et al.,1992; DING et al., 2009; CHEN et 

al., 2011). 

 A técnica de revascularização tem como objetivo promover a continuidade 

do desenvolvimento radicular em dentes jovens com rizogênese incompleta e 

necrose pulpar, sendo uma alternativa à apicificação (LOVELACE et al., 2011; 

WIGLER et al., 2013; GALLER et al., 2016). O sangramento, provocado através 

do protocolo de revascularização, recruta células-tronco dos tecidos 

perirradiculares para o interior do canal radicular, o coágulo formado aprisiona 

células estaminais da papila apical (SCAP’s), servindo de scaffold, sustentando 

o desenvolvimento e diferenciação celular, resultando no reparo pulpar e 

complementação da raiz (SHAH et al., 2008; LOVELACE et al., 2011; 

HARGREAVES et al., 2013). O prosseguimento da formação radicular ocorre a 

expensas de células tronco da papila apical (SCAPs) que, estimuladas pela 

bainha epitelial de Hertwig, são capazes de proliferar e diferenciarem-se em 

odontoblastos (SONOYAMA et al., 2008; HUANG et al., 2008). Nestes casos, 

além de ocorrer o fechamento apical, espera-se um aumento da espessura 

dentinária radicular, tornando o dente mais resistente a possíveis fraturas 

(NOSRAT et al., em 2011).  

Para que a revascularização seja bem sucedida, o controle da infecção 

presente no sistema de canais radiculares é fundamental (LOVELACE et al., 

2011). Neste sentido, terapias complementares de desinfecção do sistema de 

canais radiculares têm sido estudadas e empregadas, almejando um aumento 

dos índices de sucesso. A Terapia Fotodinâmica (PDT) vem se destacando 
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como auxiliar aos procedimentos antimicrobianos endodônticos, apresentando 

resultados positivos como auxiliar na resolução dos problemas endodônticos 

(SOUKOS et al., 2006; XU et al., 2009). 

 A PDT fundamenta-se na eliminação de microrganismos a partir da ação 

conjunta de um agente fotossensibilizador com uma fonte de luz, originando uma 

reação química que tem como resultado a produção de espécies reativas de 

oxigênio (oxigênio singleto), as quais são tóxicas a bactérias, fungos e vírus 

(MAROTTI et al., 2008). Em relação ao uso das soluções antimicrobianas 

tradicionais, a PDT possui alguns benefícios. Silva Garcez et al. (2006) 

compararam a ação antimicrobiana do PDT com a do NaOCl 0,5% frente a 

cultura de E. faecalis. Os autores verificaram que ocorreu uma maior redução do 

patógeno quando a PDT foi empregada, sugerindo ser uma terapia coadjuvante 

ao tratamento endodôntico. Além disso, um estudo realizado por Gomes-Filho et 

al. (2016) avaliou a ação da PDT em fibroblastos L-929 e comprovou que tal 

terapia foi biocompatível, favorecendo a viabilidade celular. Em dentes com 

rizogênese incompleta, onde há maior dificuldade no processo de desinfecção 

devido à anatomia e fragilidade radicular, a PDT pode ser uma alternativa, 

podendo favorecer o prognóstico, reduzindo a carga microbiana (SILVA et al., 

2013). Seu papel como terapia complementar ao protocolo de revascularização 

ainda não está bem estabelecido pela literatura. 

 Além disso, a capacidade de proliferação e de diferenciação das SCAPs, 

aprisionadas no coágulo, está diretamente relacionada com a complementação 

radicular almejada quando protocolos de revascularização são realizados 

(SONOYAMA et al., 2006). A fotobiomodulação (PBM) tem sido sugerida como 

uma terapia complementar com o objetivo de favorecer a proliferação de células 

tronco (MOHAMMADI et al., 2009). A PBM demonstrou estimular a ativação da 

microcirculação, a produção de novos capilares, ter efeitos anti-inflamatórios e 

analgésicos e favorecer o crescimento e a regeneração celular (HENRIQUES et 

al., 2008). Há evidências de que quando utilizada, é capaz de diminuir 

significativamente a dor pós-operatória além de causar efeitos benéficos nos 

tecidos irradiados (LOPES et al., 2017). Estudos laboratoriais e em animais 
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demonstraram que a PBM favoreceu a capacidade regenerativa de células 

tronco da polpa, sendo capazes de formar um novo tecido (ZACCARA et al., 

2018; MOREIRA et al., 2013), e da papila apical (ABE et al., 2016). A interação 

da luz do laser com as células, em dose adequada, mostrou-se capaz de 

promover funções celulares como a incitação de linfócitos, a ativação de 

mastócitos, o aumento da produção de ATP mitocondrial e a proliferação de 

vários tipos celulares (CAVALCANTI et al., 2011). 

 Conhecendo-se o potencial benéfico da PDT e da PBM, o emprego de 

tais terapias como coadjuvantes ao protocolo de revascularização de dentes 

permanentes jovens com ápice aberto e necrose pulpar pode resultar em 

melhores prognósticos, evitando a perda dentária precoce. Devido a pouca 

informação na literatura a respeito de seus efeitos na proliferação e viabilidade 

celular, na indução da neoformação vascular,faz-se necessário novas 

investigações a esse respeito. 
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3 OBJETIVOS 

 

3.1 OBJETIVO GERAL 

 Avaliar, in vitro, o efeito da terapia fotodinâmica e da terapia de 

fotobiomodulação como complementares à terapia de revascularização pulpar, 

em cultura primária de células obtidas da papila apical humana e em células 

endoteliais. 

 

3.2 OBJETIVOS ESPECÍFICOS  

 Avaliar a citotoxicidade da terapia fotodinâmica e da fotobiomodulação 

com o ensaio de SRB em células da papila apical. 

 Avaliar a influenciada terapia fotodinâmica e da fotobiomodulação na 

morfologia celular em células da papila apical, a partir do índice da polaridade 

celular. 

 Avaliar o efeito da terapia fotodinâmica e da fotobiomodulação na 

migração de células da papila apical, por meio do ensaio de time-lapse. 

 Avaliar a influência da terapia fotodinâmica e da fotobiomodulação na 

angiogênese por meio do ensaio de tubulogênese em células endoteliais. 
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Abstract 

 

Introduction: The aim of this study was to evaluate the effect of photodynamic 

therapy (PDT) and photobiomodulation therapy (PBM), as complementary 

procedures to the pulp revascularization therapy, on primary culture of cells from 

apical papilla (APCs) and endothelial cells (HUVECs). Methods: In order to 

simulate tooth with open apex, two mandibular first premolars had its single canal 

enlarged in the foraminal and with a Peeso drill (# 4). One of the root canal was 

irrigated with 1mL of 0.005% methylene blue (MB). Next, bothroot canals were 

irrigated with 20 mL of 1.5% sodium hypochlorite (NaOCl) and 20mL of 17% 

EDTA. The chemical solution obtained was diluted in cell culture media previous 

to each experiment (MB + NaOCl + EDTA 0.5%; NaOCl + EDTA 0.5%). The 

effect of PDT and PBM was evaluated accordingly to these groups: CTG (cell 

culture media); ISG (NaOCl + EDTA 0.5%); MBG (MB + NaOCl + EDTA 0.5%); 

PBMG (NaOCl + EDTA 0.5% + laser); PDTG (MB + NaOCl + EDTA 0.5% + 

laser). It was performed cytotoxic, polarity index and migration analysis in APCs 

and sprouting assay in HUVECs. All data was analyzed by ANOVA followed by 

Tuckey post-hoc test (P≤0.05). Results: PDTG and PBMG increased cell 

viability compared to MBG and ISG, respectively. All tested protocols reduced 

cell migration compared to the CTG. PBMG demonstrated increased migration 

distance of HUVECs when compared to ISG, what might be related to an 

angiogenesis potential. Conclusions: PBM and PDT have potential to be 

employed as complementary procedures to the pulp revascularization therapy of 

necrotic tooth with open apex. 

Key Words: revascularization, photodynamic therapy, photobiomodulation, 

apical papilla cells.  



18 
 

Introduction 

 

 Traumatic process and caries are frequently present in teeth undergoing 

formation and these are the most common causes for pulp necrosis (1). As a 

consequence, there is an infection in the root canal system that results in root 

development and apical closure impairment (2). In cases like that, therapeutics 

aim to infection control, root development and pulp vitality establishment. With 

the revascularization technique, stem cells are recruited from surrounding tissue 

into the root canal and a blood clot function as a scaffold to stem cells from apical 

papilla (SCAPs) to proliferate and differentiate. As a result, pulp repair and root 

development are expected to occur (3, 4, 5). These processes are a 

consequence of SCAPs ability to proliferate and differentiate into odontoblasts 

after stimulation of Hertwig’s epithelial root sheath. In this regard, besides apical 

closure, it is expected an increase in dentin thickness that will allow the tooth to 

be more resistant to fractures (2, 6, 7).  

 In order to achieve a successful revascularization, infection control of the 

root canal system is fundamental (4). Therefore, complementary disinfection 

therapies, like Photodynamic Therapy (PDT), has been studied and employed 

with the goal to increase success rates (8, 9, 10, 11, 12). Moreover, proliferation 

and differentiation capacity of SCAPs present in the clot is associated to root 

development (6). Photobiomodulation therapy (PBM) has been suggested as a 

complementary therapy to stimulate stem cell proliferation, microcirculation 

activation, capillaries formation, anti-inflammatory and analgesic effects. 

Altogether, these processes favor cell regeneration and new tissue formation (13, 

14, 15, 16, 17). In addition, the blood clot performed inside the root canal must 

present a blood vessel formation, serving as a scaffold for SCAPS (5). 

 The citotoxicity effect of the laser was already evaluated in vitro using a 

PDT protocol in human gingival fibroblasts and mouse fibroblasts L-929 (18, 19). 

The PBM protocol was evaluated in human fibroblasts, human exfoliated 

deciduous teeth and human pulp fibroblasts (17, 20, 21, 22, 23, 24, 25, 26, 27). 



19 
 

 However, in APCs, no reports were found regarding the cytotoxic effect of 

these therapies. 

 Regarding the effect of these therapies on cell migration, Zaccara et al. 

2020 (17) showed that PBM accelerates the migration of dental pulp stem cells 

(DPSCs). However, the influence of PDT and PBM in the migration of APCs 

remains to be investigated. In addition, the angiogenic potential of these 

therapies has not yet been assessed. Other protocols had their effect on 

angiogenesis evaluated from tests with endothelial cells (28, 29). 

 Since the effects of photodynamic therapy and photobiomodulation as 

complementary procedures to the pulp revascularization therapy arenot yet 

completely established, the present study aims to evaluate its cytotoxic, 

migration and angiogenesis effects on primary culture of cells from apical papilla 

(APCs) and endothelial cells (HUVECs). 
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Materials and methods 

 

Ethics considerations 

The protocol of this study was approved by the Research Ethics 

Committee of Federal University of Rio Grande do Sul, Porto Alegre/RS, Brazil. 

(CAAE: 03575218.6.0000.5347) 

 

Isolation and cell culture 

Four impacted third molars with open apex were the source of APCs in 

this study. It was obtained enough amounts of APCs that were cultivated and 

analyzed. Following tooth extraction, dental papilla was removed and the tissue 

was 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% CO2until it was observed cell migration from the tissue to the 

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

to obtain explants of the cells. After 90% confluence, successive passages were 

performed for cellular expansion. The experiments were performed between the 

fourth (P4) and the eighth (P8) passage.  

Human umbilical vein endothelial cells (HUVECs) were obtained from 

American Type Culture Collection (ATCCCRL-1730) and stored at Núcleo de 

Pesquisa Básica em Odontologia of UFRGS. HUVECs were cultured in 

Dulbecco’s modified Eagle’s medium (DMEM) with 10% FBS containing 1% 

penicillin and streptomycin in an incubator at 5%, CO2, 37°C and 100% humidity.  

All experiments were conducted in three independent times. During this 

whole period, the cells were incubated in a 37°C humidified and 5% CO2 

environment. 
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Chemical solutions preparation 

To simulate a clinical situation of tooth with open apex, two single canal 

first premolars were sectioned transversal in the crown region in order to obtain 

roots with a standardized length of 13mm. The root canal was enlarged in the 

foraminal end with a Peeso drill (# 4), simulating the morphology of a tooth with 

open apex.  The roots were sterilized and fixed in 50mL conical tubes (Kasvi®, 

São José dos Pinhais, PR) using a rubber dam (Madeitex Indústria e Comércio 

de Látex Ltda, São José dos Campos, SP) and a rubber O-ring (Ø 0.8 

cm)(Morelli Ortodontia, Sorocaba, SP).  

One of the root canals was filled with 1mL of 0.005% methylene blue (MB) 

(Farmácia Reativo, Porto Alegre, RS) for two minutes according to the 

manufacturer protocol LASER DUO (MMOptics, São Carlos, SP, Brasil). Next, 

the root canals were irrigated according to the American Association of 

Endodontics (AAE) (30). It was used a 20 mL irrigation syringe with a hypodermic 

needle 25/04 to irrigate 20 mL of 1.5% sodium hypochlorite (NaOCl) for 5 

minutes and, then, it was irrigated 20 mL of 17% EDTA for 5 minutes. When the 

procedure was finished, the root canals was discarded and the chemical 

solutions (NaOCl + EDTA; NaOCl + EDTA + MB) were identified and maintained 

refrigerated at 4ºC. 

Immediately before each assay, the chemical solutions obtained were 

diluted in cell culture media at a 0.5% concentration (NaOCl + EDTA 0.5%; 

NaOCl + EDTA + MB 0.5%). 

 

Experimental design 

 The effect of PDT and PBM in cell culture with the chemical solutions were 

evaluated according to the following groups (methodology flowchart - 

attachment 1): 

 CTG (control): cell culture media; 

 ISG (PBM control): NaOCl + EDTA 0.5%; 

 MBG (PDT control): MB + NaOCl + EDTA 0.5%;  
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 PBMG: NaOCl + EDTA 0.5% + application of a diode laser with a 

continuous-wave indium-gallium-aluminum-phosphie – InGaIP (LASER DUO; 

MMOptics Ltd., São Carlos, SP, Brazil) in low intensity with the following 

parameters: wavelength of 660 nm (± 10 nm), output Power of 100 mW 

(0.1 W), round spot area of 0.03 cm2,  laser probe diameter of 0.20 cm, 

power density of 3.33 W/cm2, energy density 33.33 of J/cm2, 10 s of 

exposure time, and 1J of energy per point of application. Five laser 

applications were made at 6-h intervals (0 h, 6 h, 12 h, 18 h, and 24 h) (19), 

resulting in total energy of 5J per well. The output power of the equipment 

was tested using a power meter (Laser Check; MM Optics LTDA, Sao Paulo, 

Brazil) before and after irradiations. 

 PDTG: MB +NaOCl + EDTA 0.5% + application of InGaAlP in low intensity, 

using an optical fiber, with the following parameters: wavelength of 660 nm 

(± 10 nm), output Power of 100 mW (0.1 W), round spot area of 0.0028 cm2, 

laser probe diameter of 0.06 cm, power density of 3.33 W/cm2, energy 

density 33.33 of J/cm2, 180 s of exposure time, resulting in total energy of 

5.4J per well. 

 In the PBMG and PDTG, cells were plated in a way to maintain empty 

wells between seeded wells, in order to minimize the unintentional dispersion of 

light between wells during laser application. The light was applied in the dark with 

a standard distance of 2mm between the light and the solution with an adapted 

laser holder.  

 

APCs Cytotoxicity assay 

 Cytotoxicity was assessed in APCs by sulforhodamine B staining (SRB, 

Sigma-Aldrich). For SRB evaluation, cells were seeded in 96-well plates (Kasvi, 

Curitiba, PR, Brasil) at a cell density of 5x103 cells per well. After a 24h-

incubation, cells were exposed to specific protocols of each group (CTG, ISG, 

PBMG, MBG, PDTG) for 24 hours.  It was added 50 µL of a 50% trichloroacetic 

acid solution (Sigma-Aldrich) for 1h at 4°C. The wells content were removed and 

50 µL of SRB dye (0.4%) were added in each well for 30 minutes. The plate was 
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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 (Thermo 

Fischer Scientific Inc., Waltham, MA, USA) at 560 nm wavelength (31). 

 The SRB absorbance readouts were normalized with the absorbance of 

the control group (CTG) and represented the activity of the viable cells. 

 

APCs Polarity index assay 

APCs were plated in 6-well plates (Kasvi, Curitiba, PR, Brasil) at a cell 

density of 2,5x104 cells per well (Kasvi, Curitiba, PR, Brasil). After a 24h-

incubation, cells were exposed to specific protocols of each group (CTG, ISG, 

PBMG, MBG, PDTG). The effect of the protocols on cell polarity was analyzed 

after 24 hours. Images were captured in a microscope (Axio Observer Z1 

microscope (Zeiss) with a charge coupled device camera (Axiocammrn, Zeiss) 

using a 10X objective (Ecplan-Neofluar 10x/0.3 aperture, Zeiss) and AxioVision 

Software (Zeiss). It was acquired 10 fields per well.  

It was used the ImageJ software in order to measure the length of the 

main migration axis (L1), parallel to the direction of movement, and the length of 

the perpendicular axis that intersects the center of the nucleus of the cell (L2). It 

was randomly analyzed 200 cells per group. The polarity index (PI) was 

calculated as the ratio of L1 by L2 (32). From the polarity index, it was plotted 

histograms in order to evidence cell size distribution. Cells with low PI are more 

rounded (low migration rate) and cells with high PI indicate elongated cells (high 

migration rate).  

 

APCs Migration assay 

APCs were plated on collagen-coated dishes (5µg/cm2) at a density of 

2,5x104 cells per well and maintained at the incubator for 4 hours to promote cell 

attachment. Then, cells were exposed to specific protocols of each group (CTG, 

ISG, PBMG, MBG, PDTG) and then it was analyzed migration with a time-lapse 

assay. Images were captured in a microscope at 10 minutes intervals for 24 
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hours (Axio Observer Z1 microscope (Zeiss) with heat control (37°C) and a 

charge coupled device camera (Axiocammrn, Zeiss) using a 10X objective 

(Ecplan-Neofluar 10x/0.3 aperture, Zeiss) and Axio Vision Software (Zeiss). In 

the PBMG, the light was applied every 6 hours during the experiment.  

 Migrating cells were tracked using the software ImageJ updated with the 

plugin Manual Tracking. From these data, the migration velocity was calculated 

as total distance of migration (μm) per hour. For the directionality analysis, it was 

evaluated the directionality index (DI) that correspond to values between 0 and 1. 

Cells that have DI closer to 0 represent cells with no-directional/circular 

movement, while DI closer to 1 represent cells with a linear trajectory. In order to 

represent the spatial trajectory, a polar plot graph was constructed based on 

each migratory cell, where the X and Y coordinates of each cell trajectory were 

normalized to start at a virtual (X = 0 and Y = 0) position.  

 

HUVECs Sprouting assay 

For sprouting assay, the protocol of Koh et al, 2008 (33) was adapted. 

HUVECs at a density of 3x104 cells per wellwere plated in low adhesive 96-well 

plate containing 1.5% low melting agarose (Sigma-Aldrich) with regular culture 

media and under standard humidified conditions (37°C, 5% CO2) for 48h to 

stimulate spheroid formation. For analysis of endothelial cell spreading, 

spheroids were transferred to a rat tail collagen-based three dimensional (3D) 

matrix (1.8 mg/ml) in a 24-well plate. After collagen polymerization (30 minutes), 

spheroids were exposed to specific protocols of each group (CTG, ISG, PBMG, 

MBG, PDTG). Spheroids were imaged at 0 and 96h using an Axio Observer Z1 

microscope (Zeiss) with a charge coupled device camera (Axiocammrn, Zeiss) 

using a 4X objective (Ecplan-Neofluar 10x/0.3 aperture, Zeiss) and AxioVision 

Software (Zeiss). The area of spheroids was measured by ImageJ software. It 

was calculated the ratio of thespheroidarea after 96h by the spheroid area at the 

initial time-point (0h).  
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Statistical analysis 

The normality of the data was analyzed by Kolmogorov-Smirnov. Results 

were expressed as mean ± standard deviation (SD).Data were analyzed by 

ANOVA followed by Tuckey post-hoc test (P≤0.05). Data were analyzed using 

Graph Pad Prism 5.0 version software (Graph Pad, La Jolla, CA). 

 

Results 

 

APCs Cytotoxicity assay 

 Figure 1 demonstrates the result of cytotoxicity assay. PDTG increased 

cell viability compared to CTG and MBG (P≤0.0001). ISG had similar cell viability 

to CTG (P>0.05), showing no cytotoxicity effect. PBMG increased cell viability 

compared to ISG (P≤0.05). 

 

APCs Polarity index assay 

 Figure 2 illustrates the results from the cell polarity index of the different 

groups. It was observed a higher amount of cells with elongated morphology in 

the CTG compared to all other groups. Mean while, it was noted a higher amount 

of rounded cells in the ISG. PDTG and PBMG showed a greater number of 

elongated cells compared to ISG and MBG, respectively, indicating cell 

morphology preservation when the therapy protocols were applied. 

 

APCs Migration assay 

 Velocity and directionality was negatively influenced by the different 

studied protocols since CTG had the highest migration velocity and directionality 

index compared to the other groups (Figure 3). Also, CTG cells demonstrated to 

migrate longer distances. 

 

HUVECs Sprouting assay 

 Figure 4 summarizes sprouting assay findings. Spheroid area ratio of CTG 

was significantly increased than in the ISG (P≤0.01), but it was not different from 
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the other groups (P>0.05). PBMG demonstrated increased cell migration in a 3D 

matrix in comparison to the ISG (P≤0.01), indicating a potential angiogenesis 

stimulation.  

 

Discussion 

 

 The present study demonstrates, in vitro, that revascularization therapy 

modifies the behavior of the apical papilla and endothelial cells and that PBM and 

PDT minimize this damage. It was observed that PDT and PBM have the 

potential to be employed in the clinical setting since PDT favored APCs and 

endothelial cells viability and PBM stimulated angiogenesis. In the cytotoxicity 

and sprouting assay, PDT and PBM demonstrated better results than the 

irrigating solution alone that is the protocol recommended by the AAE (30). 

These findings reinforce the need to continue in vivo researches in order to 

evaluate the potential of these therapies as complementary to revascularization 

protocols. 

 In order to reproduce the clinical setting in this in vitro study, it was used 

solutions that irrigated root canals of extracted teeth according to AAE protocol 

(30). In this in vitro setting, EDTA interacted with dentin. It is well established in 

the literature that the contact of EDTA with dentin releases dentin-derived growth 

factors (TGF-b, BMP2) and angiogenesis factors (PDGF, VEGF, FGF2) (34, 35, 

36). These factors are important for cell survival, proliferation and differentiation 

(34, 35, 37, 38, 39) and can interfere in the results analyzed herein.  

 However, it is understood that cell culture in vitro methodologies lack 

fidelity when compared to in vivo situations. When isolated, cells in culture are 

more vulnerable and the plastic dish is much less complex when compared to the 

organization of tissue or an organism (40). The in vivocytotoxic effect of drugs is, 

for example, reduced by phagocytic cells. Also, lymphatic and blood channels 

dilute and transport the drug (41). Therefore, it was performed a pilot study and 

the chemical solutions from the irrigating procedure obtained were diluted in a 

0.5% concentration in cell culture media (42, 43).  
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 Since cells in culture have a higher turn over that in in vivo organism, PBM 

protocol was adapted. In order to simulate the clinical setting of daily 

applications, the present in vitro model employed light applications at a 6-hour 

interval that resulted in 5 applications during 24 hours (16, 17, 23). As observed 

in previous studies, this interval was used since laser therapy has a dose-

dependent effect in the biological responses and there seems to have a 

cumulative effect in each new dose application (16, 17, 23).  

 The PDT protocol demands the use of a photosensitizer agent (methylene 

blue) that will bind to the microorganism cell membrane.  After light irradiation in 

a specific wavelength combined to the absorption pick of the photosensitizer 

agent, there is a formation of singlet oxygen (highly reactive) that will lead to the 

microorganism death by cell membrane destruction (44). Since PDTG has 

irrigating solution and methylene blue associated to the light exposure, it was 

analyzed the effect of methylene blue alone as a control. 

 Interestingly, it was observed that PDT favored APCs viability more 

significantly than PBM, when compared to its control, MBG and ISG, 

respectively. This fact may be related to the laser application, considering that in 

the PDTG a single application was performed, resulting in a total energy of 5.4J, 

and that in the PBMG the total energy of 5.0J was fragmented into five 

applications of 1J. Previous studies have shown that cell viability in human 

exfoliated deciduous teeth can be positively influenced by a greater dose of 

energy dispensed in a single moment (45). 

 The cytotoxic effect of irrigating solution associated or not to 

complementary therapies to revascularization protocol was evaluated with SRB 

staining since this assay has demonstrated better predictive power when 

compared to others (46). The findings from this assay evidenced the beneficial 

effect of PBM and PDT when employed as complementary therapies to 

revascularization protocol, since it demonstrated to reduce the cytotoxic effect of 

irrigating solution, maintaining cell viability and stimulating repair.  

 The polarity assay, associated to migration velocity and directionality, are 

indicators to evaluate cell migration. In cell polarity assay, PBMG and PDTG had 
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less quantity of rounded cells in comparison to ISG, what indicates cell viability 

preservation. In this regard, these therapies have potential to contribute to cell 

migration and, in revascularization cases, the recruitment of cells from the apical 

papilla is important to tissue regeneration (2). 

 In the migration velocity and directionality analysis, all evaluated groups 

impaired cell migration when compared to CTG. Since cell morphology was 

preserved in PBM and PDT treatments, it is possible that cell migration is 

influenced by other factors. Therefore, it is important to study different 

revascularization protocols in the future. Even though combination of other 

irrigating solutions has been evaluated (47, 48), the literature demonstrates that 

association of NaOCl and EDTA is still the best option available. NaOCl has the 

ability to dissolve organic matter and has antimicrobial activity, while EDTA 

stimulate dentin-derived growth factors and smear layer removal, which 

increases stem cell adhesion (47, 49, 50). 

 Since one of the steps during the revascularization protocol is to fill the 

root canal with a blood clot, it was analyzed the potential of PBM and PDT to 

stimulate angiogenesis with a sprouting assay using endothelial cells. Spheroids 

with endothelial cells have been used as an angiogenesis model in order to 

evaluate formation of capillaries-like structures in vitro (28). The results herein 

demonstrated that PBM induced a higher migratory distance in a 3D matrix in 

comparison to the ISG. This indicates that PBM stimulate angiogenesis and can 

favor the formation of a more stable blood clot in revascularization cases. This 

effect can stimulate tissue repair after clot formation in the root canal, because 

laser interaction with cells accelerate local microcirculation and reduce 

inflammatory markers. Altogether, PBM induces cell bioestimulation and the 

healing process (51).  

 As observed herein, it is concluded that PBM and PDT have potential to 

be used as complementary therapies to the pulp revascularization protocol in 

necrotic teeth with open apex. It is suggested that in vivo studies can 

complement to the findings observed in this study.  
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Figure legends 

 

Figure 1. (A) APCs proliferation (% of control) of different groups. Horizontal bars 

that connect vertical bars represent statistical significance between groups 

(*P≤0.05; **P≤0.01;****P≤0.0001). 

 

Figure 2. Cell polarity index (PI) in the different groups. (A) Dotted white lines 

indicate the length of the main migration axis (L1) and the length of the 

perpendicular axis that intersects the center of the nucleus of the cell (L2). (a) 

Cell from the CTG with low PI (rounded) and (b) cell from the PBMG with high PI 

(elongated) (B-C-D-E-F) Histograms of PI from cells evaluated in the respective 

groups: CTG, ISG, PBMG, MBG and PDTG. 

 

Figure 3. (A) Cell migration velocity of different groups. Horizontal bars that 

connect vertical bars represent statistical significance between groups 

(****P≤0.0001). (B) Cell directionality index of different groups. Horizontal bars 

that connect vertical bars represent statistical significance between groups 

(**P≤0.01; ***P≤0.001; ****P≤0.0001). (C-D-E-F-G) Polar plot graphs of cell 

migration directionality of different groups. Each line represents one migratory 

cell.  

 

Figure 4. (A) Graphic representation of average ratio of spheroid area at 96h by 

spheroid area at time 0h. Horizontal bars that connect vertical bars represent 

statistical significance between groups (**P≤0.01). (B) Illustrative images of 

spheroids formed in PBMG at time 0h (a) and in 96h (b). Illustration of area 

acquisition of spheroids at time 0h (c) and in 96h (d) in the ImageJ software. 
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5  CONSIDERAÇÕES FINAIS 

 

 A revascularização vem sendo estudada, apresentando resultados 

favoráveis para o tratamento de dentes com rizogênese incompleta. Nestes 

casos, o controle da infecção presente no sistema de canais radiculares e a 

capacidade de proliferação e diferenciação das células da papila apical, 

aprisionadas no coágulo, são fundamentais para que complementação radicular 

possa ocorrer. Sendo assim, a presente investigação contribuiu com 

informações a respeito do efeito da PDT e da PBM em células da papila apical e 

em células epiteliais. Pelos resultados, ambas as terapias apresentam potencial 

para serem empregadas de forma complementar ao protocolo de 

revascularização pulpar, recomendado pela AAE (30). Estudos adicionais 

envolvendo metodologias in vivo são necessários para avaliar o efeito das 

terapias em condições clínicas que não podem ser fielmente reproduzidas em 

estudos in vitro. 
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Anexo B 

 

Programa de Pós-Graduação em Odontologia 

Faculdade de Odontologia 

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO  

Estudo: “AVALIAÇÃO DO EFEITO DA TERAPIA FOTODINÂMICA E DA 

FOTOBIOMODULAÇÃO NO PROTOCOLO DE REVASCULARIZAÇÃO EM 

CULTURA CELULAR DA PAPILA APICAL” 

Participante da pesquisa: _________________________________________  

Código: ___________ 

 Você está sendo convidado a participar desta pesquisa, de maneira 

voluntária, por ter tido a indicação de extração do seu dente por motivo cirúrgico 

e/ou periodontal e/ou ortodôntico, que são independentes da realização deste 

estudo. 

O objetivo deste estudo é avaliar a ação de um procedimento auxiliar 

(terapia fotodinâmica) na desinfecção dos canais radiculares e o efeito do uso de 

laser (terapia de fotobiomodulação) para estimular a cicatrização dos tecidos 

após o tratamento de canal. 

 A sua participação será apenas pela doação do seu dente já extraído. 

Este dente, por sua vez, será submetido a uma série de procedimentos em 

laboratório (por exemplo, corte da raiz, preparo do canal e análises por imagem), 

que não irão gerar riscos ou desconfortos a você. Não são esperados 

desconfortos adicionais por estar participando da pesquisa. Os desconfortos 

esperados poderão ser aqueles resultantes do procedimento de extração do 

dente e que podem ocorrer independentemente da participação no estudo.  

 Apesar dos resultados serem divulgados publicamente para fins 

acadêmicos e científicos, a sua privacidade será preservada (seu nome não será 

revelado) quanto aos dados confidenciais que possam ser envolvidos na 

pesquisa. O risco de quebra de sigilo de seus dados será minimizado pelo uso 

de códigos de identificação dos dentes doados. Os termos e formulários 

preenchidos para esta pesquisa serão mantidos sob responsabilidade do 
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pesquisador principal por, pelo menos, 5 (cinco) anos. Seus beneficiados serão 

indiretos uma vez que o estudo irá gerar uma melhor compreensão por parte dos 

profissionais sobre um procedimento auxiliar (terapia fotodinâmica) na 

desinfecção dos canais radiculares e sobre o uso de laser (terapia de 

fotobiomodulação) para estimular a cicatrização dos tecidos após o tratamento 

de canal. 

 Caso você não queira participar do estudo, não haverá prejuízo ao seu 

tratamento, o qual será prosseguido normalmente. Se você se recusar a 

participar ou quiser desistir, em qualquer fase da pesquisa, não será penalizado 

e não haverá prejuízo ao seu tratamento ou acompanhamento após a cirurgia, o 

qual continuará normalmente.  

 A participação nesta pesquisa não lhe acarretará nenhum gasto previsível 

e você não receberá nenhuma remuneração por participar da mesma. 

 Você terá toda a liberdade de pedir esclarecimentos sobre o projeto de 

pesquisa a qualquer momento, podendo ou não concordar em participar. Toda e 

qualquer dúvida no decorrer do estudo poderá ser esclarecida pelos envolvidos 

nesta pesquisa através do telefone (51) 3308 5191. A pesquisadora Profa. Dra. 

Patrícia Maria Poli KopperMóra estará sempre à disposição para 

esclarecimentos. A sua participação em qualquer tipo de pesquisa é voluntária. 

Em caso de dúvida quanto aos seus direitos, entre em contato com o Comitê de 

Ética em Pesquisa UFRGS, endereçado a Av. Paulo Gama, 110 - Sala 317, 

Prédio Anexo 1 da Reitoria - Campus Centro - Porto Alegre/RS - CEP: 90040-

060 - Fone: (51) 3308.3738. E-mail: etica@propesq.ufrgs.br 

 Eu _______________________________________________________, 

CPF ______________________, certifico que, tendo lido as informações acima 

e estando suficientemente esclarecido (a) de todos os itens pelos 

pesquisadores, estou plenamente de acordo com a doação do dente que foi 

extraído para a realização do experimento.  

 Declaro que também fui informado que se houverem dúvidas quanto a 

questões éticas, poderei entrar em contato com o CEP-UFRGS através do 

telefone (51) 3308 3738. 

 Deste termo de consentimento livre esclarecido estão sendo geradas 

duas vias, sendo uma direcionada ao participante da pesquisa e a outra para o 

pesquisador.  

 

Porto Alegre, _____ de ______________________ de ________. 
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_____________________________________________ 

Nome do participante da pesquisa 

 

_____________________________________________  

Nome do pesquisador 

 

 Caso o participante da pesquisa seja analfabeto, o convite, a leitura do 

TCLE, os esclarecimentos e a assinatura do participante da pesquisa deverão 

ser acompanhados por testemunha a ser identificada a seguir. 

 Este formulário foi lido 

para______________________________________ em ____/____/____ por 

_______________________________________________________________e

nquantoeuestavapresente. 

Nome da testemunha:  ____________________________________________  

Assinatura da testemunha: _________________________________________ 

Data: ____/____/____  
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Anexo C 

 

Programa de Pós-Graduação em Odontologia 

Faculdade de Odontologia 

TERMO DE DOAÇÃO DE DENTES HUMANOS 

 Eu, ______________________________________________________, 

RG ________________________, CPF _______________________ residente à 

________________________________________________________, aceito 

doar do meu dente _________ e concordo em doá-lo para a pesquisa intitulada 

“AVALIAÇÃO DO EFEITO DA TERAPIA FOTODINÂMICA E DA 

FOTOBIOMODULAÇÃO NO PROTOCOLO DE REVASCULARIZAÇÃO EM 

CULTURA CELULAR DA PAPILA APICAL”. 

 Estou ciente de que o dente foi extraído por indicação terapêutica para a 

melhoria da minha saúde, como documentado no prontuário da FO - UFRGS. A 

pesquisa citada anteriormente deverá ter sido previamente aprovada pelo 

Comitê de Ética em Pesquisa da UFRGS, sendo preservada a identidade do 

doador na divulgação dos resultados.  

 

Porto Alegre, setembro de 2018 

 

 ________________________________ 

      Assinatura do Responsável 

 

________________________________ 

      Testemunha 

 

________________________________ 

      Testemunha 

 


