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Resumo

Introdugéo — O selamento biolégico dos canais radiculares, almejado pelo tratamento endo-
doéntico, depende ndo somente dos passos operatérios e substancias utilizadas nesse processo,
mas também do sistema imune do paciente. Portanto, o objetivo desse trabalho in vitro foi anali-
sar a viabilidade de macréfagos previamente ativados com interferon-gama (IFN-g) e lipopolissa-
carideo (LPS) e estimulado por substancias liberadas por 3 cimentos endodénticos. Material e
Métodos — Meio de cultura foi condicionado por cimentos comumente utilizados em Endodontia (a
base de ¢xido de zinco e eugenoal, resinoso e a base de hidréxido de célcio) durante 1 h ou 24 h.
Macrdéfagos foram obtidos de liquido de ascite do peritonio de camundongos e semeados em 42
pogos (2 x 105 células/pogo) em placas de 96 pogos. Apds a ativagdo com IFN-g e LPS de E.coli
a mensuragao da citotoxicidade de substancias liberadas dos cimentos foi obtida através do teste
da reducao do MTT. A absorbancia dos pogos foi lida em espectofotdmetro usando um filtro de
562 nm. Os dados de seis réplicas foram comparados pelo teste estatistico de Friedman. O nivel
de significancia foi de 5%. Resultados — A viabilidade de células controle e das tratadas pelas
substancias liberadas pelos cimentos foi similar. Os grupos tratados com o cimento de ¢xido de
zinco e eugenol apresentaram diferencas significantes na viabilidade celular. A viabilidade de
células tratadas com meios condicionados por 1h foi menor do que o daquela de células tratadas
com meio condicionado por 24h. Concluséo — Independentemente do tempo de condicionamento
(1h ou 24h) as substancias liberadas durante a presa dos cimentos endodoénticos testados nao
foram citotdxicas aos macroéfagos peritoniais de camundongos ativados e em cultura
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Abstract

Introduction — The biological sealing of the dental root canals, aimed by the endodontic
therapy, depends not only on the operatory steps and substances used in this process but also
on the immune system of the patient. Thus, the objective of this in vitro study was to analyze the
viability of macrophages previously activated by interferon-gama (IFN-g) and lypopolisaccharide
(LPS) and stimulated by substances leached from three endodontic sealers. Material and
Methods — Culture media was conditioned by commonly used endodontic sealers (zinc oxide-
eugenol based, resinous, and, calcium hydroxide based) during 1h or 24h. Macrophages were
obtained from peritoneal inflammatory liquid and then seeded into 42 wells (2 x 105 cells/well) in
96 wells microtitration plates. After activation with IFN-g and LPS from E.coli the measurement of
the cytotoxicity of the substances leached from the sealers was obtained through the MTT
reduction assay. The absorbance of the wells was read in a spectrophotometer using a 562 nm
filter. The data of six replicates were compared by the Friedman'’s test. The level of significance
was 5 %. Results — The cell viability of control cells and cells treated by the substances leached
from the endodontic sealers were similar. The groups treated with the zinc oxide-eugenol based
sealer presented significant differences in cell viability; the viability of cells from the 1h group was
significantly smaller than that of the 24h group. Conclusion — Independently of the conditioning
time (1h or 24h) the substances leached from the endodontic sealers tested during their settings
are non cytotoxic to mice peritoneal activated macrophages in culture.
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Introducéo

O tratamento endodontico busca restabelecer as condi-
¢oes de normalidade dos dentes pela eliminagdo de mi-
crorganismos e seus produtos, remogao de tecido lesado,
sanificacao e obturacdo do sistema de canais radiculares®.

O selamento apical biolégico objetivado pela Endodon-
tia, com auxilio, dentre outros, dos materiais obturadores
tanto a base de 6xido de zinco e eugenol quanto de epoxi-
resina ou de hidréxido de calcio nem sempre € conseguido
com sucesso. Isso porque, a regeneracao dos tecidos
periapicais e a sintomatologia pds-operatdria apresentada
pelo paciente dependem da resposta inflamatéria do
periodonto apical, em funcédo do tratamento, cabendo
considerar ainda, a citotoxicidade dos materiais utilizados®.

Na complementacdo do tratamento endoddntico ci-
mentos obturadores entram em contato com os tecidos
do periapice, condicdo propicia para manter a inflama-
¢do sob forma crénica localizada, podendo gerar au-
mento de casos com dor pds-operatéria nos primeiros
momentos da conclusao do tratamento do canal radicu-
lar ndo s6 como retardar a reparacédo®". Quando da
obturagdo dos canais radiculares, células inflamatérias,
em especial os macréfagos, presentes no periapice,
também sofrem os efeitos de substancias liberadas du-
rante a presa dos cimentos endodoénticos.

Essas células do sistema imune s&o responsaveis pe-
la remogao de células mortas e seus produtos, fagocito-
se e desbridamento, removendo tecidos danificados,
pela ingestao e processamento de antigenos para reco-
nhecimento dos linfécitos, pela liberagdo de produtos
ativadores ou co-estimulatérios para outras células co-
mo, linfécitos T e B, e, para os proprios macréfagos, e
sdo a primeira linha de defesa contra certos microrga-
nismos (ex: Mycobacterium tuberculosis)'® .

Em vista do importante papel dos macréfagos na re-
paracao apos o tratamento endoddntico € do conheci-
mento da possibilidade dessas células n&o s6 entrarem
em contato direto, mas também receberem influéncia
de substancias liberadas durante a presa dos cimentos
endodobnticos, este trabalho teve por objetivo avaliar a
influéncia dessas substancias sobre a viabilidade de
macréfagos peritoneais em cultura.

Material e Métodos
Preparo dos cimentos

Trés tipos de cimentos endodbnticos foram usados, a
saber: cimento a base de 6xido de zinco e eugenol (Pulp
Canal Sealer EWT, Kerr, Romulus, Michigan, EUA), um
cimento resinoso (AH-Plus, Dentsply DeTrey, Konstanz,
Suica), e, a base de hidréxido de célcio (Sealapex, Kerr,
Romulus, Michigan, EUA). Estes materiais foram prepa-
rados seguindo as instru¢des dos fabricantes.

Condicionamento do meio de cultura

Meio de cultura RPMI-1640 (CultiLab, Campinas, S&o
Paulo, Brasil) suplementado com 10% de soro fetal bo-

vino foi colocado em contato com cada cimento endo-
dbntico durante suas presas e incubados na temperatu-
ra de 37°C, de acordo com as normas da International
Standard Organization (ISO 74075)*. A quantidade de
0,2 g de cada cimento foi usada para cada ml de meio
de cultura para obtencao de meio condicionada que
mais tarde foram diluidos a 10% antes de entrar em
contato com os macréfagos. Dois tempos de condicio-
namento foram analisados: 1h e 24h.

Obtencao dos macréfagos

Seis camundongos machos BALB/c, com seis a oito
semanas de idade foram utilizados. Os animais foram
tratados de acordo com as Normas de Cuidados de
Animais da Universidade Federal de S&o Paulo
(UNIFESP). Este estudo foi aprovado pelo Comité de
Etica em Pesquisa — Subcomissdo de Bioética de Ani-
mais — da Faculdade de Odontologia da Universidade
de S&o Paulo. O método escolhido para a obtencao dos
macrofagos foi o desenvolvido por Metzger et al.”
(1997), usado por Sousa e Aun' (2003) e com modifica-
¢oes propostas por Rodriguez et al® (2003).

Os camundongos foram injetados com 1ml de solu-
cdo a 5% de tioglicolato de sédio (Merck, Alemanha)
esterilizado na cavidade peritoneal. Depois de cinco
dias, foi feita a ortotanasia dos camundongos, e 5ml de
solugéo tampaéo salina sem Ca* e Mg?* (PBSA) (4°C) fo-
ram injetados na cavidade peritoneal. Apds massagem
no abdémen do camundongo, a suspensao celular foi
colhida por aspiracdo do PBSA e transferida para tubos
de ensaio. Uma amostra deste pool de células perito-
neais (0,2 ml) foi usada para identificacdo das células
usando a coloracédo de May-Grinwald e Giemsa mo-
dificada por Rosenfeld® (1947). A contagem do ndmero
de células foi feita em camara de Neubauer usando o
método de exclusdo de células coradas pelo violeta
cristal (0,05% do corante violeta cristal dissolvida em
solucéo a 3% de acido acético)®.

Depois da contagem, 2 x 10° células/pogo foram pla-
queadas em 42 pocgos em placas de 96 pocos (de acordo
com 0S grupos experimentais). As placas foram incubadas
em atmosfera Umida com 5% de CO, a 37°C overnight.
Entao, os pogos foram lavados trés vezes com PBSA para
remoc¢ao das células nao aderentes. Depois, meio RPMI
1640 fresco foi colocado nos pogos e as placas foram
mantidas em incubagé&o até o momento dos experimentos.

Anadlise de viabilidade celular

A toxicidade dos trés cimentos endodoénticos foi me-
dida in vitro. A resposta dos macréfagos, previamente
ativados com interferon-gama (IFN-v) e lipopolissacari-
deo (LPS) de E.coli (ambos de Sigma, St. Louis, MO,
EUA), e estimulados com as substancias liberadas dos
trés cimentos endododnticos (a base de 6xido de zinco e
eugenol, resinoso e a base de hidréxido de calcio) no
meio condicionado, foi analisada. A viabilidade celular
foi feita pelo método de reducdo do MTT (Vibrant MTT,
Molecular Probes, Eugene, OR, EUA) depois do contato
com essas substancias.
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Grupos experimentais

Sete grupos foram estabelecidos:

Controle: tratado com meio fresco

MCA 1h: tratado com meio condicionado durante 1h
por cimento endoddntico resinoso

MCS 1h: tratado com meio condicionado durante 1h
por cimento endodobntico a base de hidroxido de calcio

MCP 1h: tratado com meio condicionado durante 1h
por cimento endoddéntico a base de 6xido de zinco e
eugenol

MCA 24h: tratado com meio condicionado durante
24h por cimento endoddntico resinoso

MCS 24h: tratado com meio condicionado durante
24h por cimento endodobntico a base de hidroxido de
calcio

MCP 24h: tratado com meio condicionado durante
24h por cimento endodoéntico a base de oxido de zinco
e eugenol

Anélise da citotoxicidade pela reducgo do MTT

Quarenta e dois pocos (6 pogos/grupo) em cada placa
de 96 pogos contendo os macréfagos ativados (2 x 10°
células/poco) tiveram os meios de cultura trocados por
meios condicionados para cada grupo experimental ou
meio de cultura fresco para o grupo controle. O meio con-
dicionado foi aplicado nas células e depois do periodo de
1h foi trocado por meio de cultura RPMI 1640 fresco. Entao,
a andlise da atividade mitocondrial celular foi feita usando o
teste de reducdo do MTT. Esse teste quantifica a converséo
do MTT, que é soluvel em agua, em um formazan insollvel.
O formazan, de cor azul purpurea, é solubilizado e entao,
sua concentragéo € determinada pela densidade optica em
espectrofotémetro com filtro de = 570 nm. Um Kit de analise
de redugdo do MTT foi usado. Imediatamente ao final dos
procedimentos de andlise a leitura da absorbancia foi feita
usando leitora ELISA (Amersham Biosciences, Biotrak I,
Inglaterra) com filtro de 562 nm.

Anadlise estatistica

Os dados apresentados como média + o erro padrao
da média das densidades opticas, obtidos de seis
réplicas, correspondendo a viabilidade celular, foram
analisados. Os dados foram comparados pelo teste de
Kolgomorov-Smirnof seguido pelo teste de Friedman. O
nivel de significancia foi 5% (P < 0.05).

Resultados
Identificagcdo dos macréfagos peritoneais

Usando a coloragdo de May-Grinwald e Giemsa mo-
dificada por Rosenfeld foi possivel identificar a popula-
¢ao celular do liquido inflamatério obtido das cavidades
peritoneais dos camundongos. Antes da remocao das
células ndo aderentes, a maioria das células apresentou
morfologia de macréfagos, mas outros tipos de células
mononucleares também estavam presentes (Figura 1).
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Figura 1. Identificacdo das células inflamatérias do liquido
obtido de inflamacéao peritoneal de camundongos
(coloracao de May-Griinwald e Giemsa modificada
por Rosenfeld; x 400).

Analise da citotoxicidade

Os dados das densidades 6pticas dos grupos experi-
mentais foram transformados em porcentagem em rela-
¢do ao controle considerado como 100%. O Gréfico 1
representa a porcentagem média + o erro padréo da
media dos grupos experimentais. N&o houve diferenca
estatistica entre os grupos tratados com meio condicio-
nado pelos diferentes cimentos endodénticos € 0 grupo
controle. A Unica diferenca observada foi entre os gru-
pos tratados com meio condicionado com cimento en-
dodobntico a base de 6xido de zinco e eugenol durante
1 h contra o de 24 h. Os grupos tratados com o cimento
de oxido de zinco e eugenol apresentaram diferencas
significantes na viabilidade celular. A viabilidade de cé-
lulas tratadas com meios condicionados por 1h foi me-
nor do que daquela de células tratadas com meio con-
dicionado por 24 h (p < 0.05 — Tabela 1).
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Grafico 1. Porcentagens das médias +/- o erro padrdao da
média da viabilidade de macrofagos nos diferen-
tes grupos experimentais. Diferentes letras indi-
cam diferencas estatisticas (p < 0,05)
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Tabela 1. Teste de Friedman para analise da reducdao do MTT

Controle MCA 1h MCA 24h MCS 1h MCS 24h MCP 1h MCP 24h

Soma dos ranks 22 18 26 20 33 12 37
Mediana 101.65 94,03 109,60 94,48 113,90 76,60 121,85
Média dos ranks 3,66 3 4,33 3,33 55 2 6,16
Média dos valores 100 94,66 103,93 86,35 110,41 78,21 120,49
Desvio padrao 10,56 15,55 15,5 34,19 14,04 26,32 16,32
Friedman (Fr) 16,21
Graus de liberdade 6
() 0,01

Discussao dor pés-operatéria durante as primeiras horas apos a

Cimentos endodonticos podem alterar o processo in-
flamatério periapical depois da obturac&o do sistema de
canais radiculares através do contato direto com o teci-
do periapical se ocorrer extravasamento, ou indireto
quando as substancias liberadas pelos cimentos endo-
dénticos durante sua presa alcancam este tecido. E sa-
bido que macroéfagos sédo células do infiltrado inflamato-
rio responsaveis pela remogao de células mortas ou
morrendo, tecidos danificados e particulas de materiais
dos tecidos afetados™. Por esse motivo este estudo
objetivou avaliar a influéncia das substancias liberadas
por cimentos endoddnticos na viabilidade de macroéfa-
gos in vitro.

Ha diversos métodos para se realizar os testes de ci-
totoxicidade de biomateriais. Escolheu-se usar o meio
condicionado? porque esse método é especialmente im-
portante quando ocorre o contato direto dos materiais
analisados com os tecidos periapicais, uma vez que es-
se é um meio ambiente umido na préatica clinica. Entéao,
no contato com esse tecido Umido, o processo de presa
dos cimentos pode ser atrasado, permitindo a liberacao
de substancias que poderiam influenciar na reparacao
do tecido periapical. Usando a técnica do meio condi-
cionado, a situacéo clinica é mimetizada e a presa do
cimento endoddntico é feita em ambiente Umido, tornan-
do o estudo relevante para a clinica odontologica.

Substancias liberadas dos cimentos endodoénticos
mais comumente utilizados (a base de éxido de zinco e
eugenol, resinoso, e, a base de hidroxido de célcio) fo-
ram colocados em contato com macréfagos peritoneais
de camundongos in vitro. Em estudo anterior, grupos de
meios condicionados provaram ser altamente citotoxi-
cos?. Assim, decidiu-se trabalhar com o meio condicio-
nado diluido a 10%, no intuito de tornar o estudo com-
parativo possivel. Essa diluicdo é apropriada, ja que no
tecido, o numero de células é bem maior do que o nu-
mero de células nos pocos de cultura. Além do mais,
vasos sanguineos e linfaticos estao presentes no tecido
in vivo, diluindo as substancias, diferentemente do que
acontece no modelo de cultura celular.

Dois tempos de condicionamento foram testados: 24h
para seguir a recomendacao ISO e 1h para similar a si-
tuacéo clinica, ja que é mais freqlientemente observada

obturacao™.

A toxicidade de trés cimentos endoddnticos foi medi-
da in vitro utilizando macroéfagos obtidos de liquido infla-
matorio peritoneal de camundongos. Essas células, de-
pois da caracterizacdo morfoldgica, foram ativadas por
produtos bacterianos, como interferon-gama (IFN-v) e li-
popolissacarideo (LPS) de E.colP. Essa ativacéo foi feita
porque é sabido que macréfagos ativados respondem
diferentemente daqueles ndo ativados. Para simular a
situacao clinica foi decidido trabalhar-se com macrofa-
gos ativados, porque na maioria das vezes quando um
tratamento endodoéntico é necessario, bactérias e/ou
seus produtos vindos dos sistemas de canais radicula-
res ja ativaram os macréfagos no tecido periapical. En-
tao, o cimento endodoéntico e/ou substancias liberadas
desses seréo processados por macrofagos ativados.

Utilizando o teste de redugé&o do MTT foi possivel
observar que as substancias liberadas dos cimentos
endodobnticos testados nao foram toxicas para os ma-
crofagos ativados, porque as viabilidades celulares das
culturas tratadas com os meios condicionados foram si-
milares aquelas das células das culturas controle, inde-
pendentemente do tempo de condicionamento.

Corroborando com este estudo, Mendes et al.® (2003)
estudaram o efeito de dois cimentos a base de 6xido de
zinco e eugenol, recém preparados ou apos a presa em
24h, em culturas in vitro de macroéfagos obtidos de ca-
mundongos e mostraram auséncia de efeito na viabili-
dade celular. Demarco et al.? (2001) também mostraram
que hidroxido de calcio é biocompativel in vitro. Por ou-
tro lado, outros estudos de citotoxicidade de cimentos
endodoénticos in vitro apresentaram resultados opostos
aos encontrados aqui, com cimentos resinoso e a base
de oxido de zinco e eugenol apresentando citotoxicida-
de'™', Entretanto, esses autores utilizaram outros tipos
celulares. De fato macréfagos parecem ser mais resis-
tentes a materiais estranhos do que células mesenqui-
mais, como fibroblastos™ e células epiteliais'™. Além do
mais, nesses estudos os cimentos foram colocados em
contato direto com as células.

Quando comparando os grupos levando em conta o
tempo de condicionamento, uma observacgao interessan-
te foi feita nos grupos tratados com cimentos endodon-
ticos a base de oxido de zinco e eugenol. Embora am-
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bos os grupos (1h e 24h) tenham apresentado viabili-
dade celular similar ao grupo controle, a viabilidade ce-
lular das culturas tratadas com meio condicionado por
menor tempo (1h) foi significantemente menor do que
aquela observada nas culturas tratadas com meio con-
dicionado por 24h. Este achado pode ser explicado pela
presenca do eugenol nesse cimento, uma conhecida e
sabida substancia téxica, que provavelmente estava
mais concentrada na primeira hora durante o periodo de
presa, mas sua concentragdo diminuiu em 24h depois
que o cimento completou sua presa deixando o eugenol
incorporado ao cimento e menos disponivel para o meio.

Este estudo mostrou que macrdéfagos ativados in vitro
sdo resistentes a substancias liberadas por cimentos
endoddnticos comumente utilizados. Entretanto, embora
mostrando atividade mitocondrial, ou viabilidade celular,
similar as células do grupo controle esses macréfagos
poderiam ter alguma de suas fun¢des alteradas por es-
sas substancias. De fato, j& demonstraram que o cimen-
to a base de 6xido de zinco e eugenol tem efeito inibito-
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rio em respostas efetivas medidas, como capacidade
fagocitaria e produgao de o6xido nitrico®. Assim, novos
estudos devem ser feitos para melhor compreenséo dos
efeitos dos cimentos endoddénticos nos tecidos peria-
picais.

Conclusao

Com base nas condicdes deste estudo, conclui-se
que independentemente do tempo de condicionamento
(1h ou 24h) as substancias liberadas durante a presa
dos cimentos endodoénticos testados nao foram citoto-
xicas aos macrofagos peritoniais de camundongos ati-
vados e em cultura.
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Abstract

Introduction — The biological sealing of the dental root canals, aimed by the endodontic
therapy, depends not only on the operatory steps and substances used in this process but also
on the immune system of the patient. Thus, the objective of this in vitro study was to analyze the
viability of macrophages previously activated by interferon-gama (IFN-g) and lypopolisaccharide
(LPS) and stimulated by substances leached from three endodontic sealers. Material and
Methods — Culture media was conditioned by commonly used endodontic sealers (zinc oxide-
eugenol based, resinous, and, calcium hydroxide based) during 1h or 24h. Macrophages were
obtained from peritoneal inflammatory liquid and then seeded into 42 wells (2 x 105 cells/well) in
96 wells microtitration plates. After activation with IFN-g and LPS from E.coli the measurement of
the cytotoxicity of the substances leached from the sealers was obtained through the MTT
reduction assay. The absorbance of the wells was read in a spectrophotometer using a 562 nm
filter. The data of six replicates were compared by the Friedman’s test. The level of significance
was 5 %. Results — The cell viability of control cells and cells treated by the substances leached
from the endodontic sealers were similar. The groups treated with the zinc oxide-eugenol based
sealer presented significant differences in cell viability; the viability of cells from the 1h group was
significantly smaller than that of the 24h group. Conclusion — Independently of the conditioning
time (1h or 24h) the substances leached from the endodontic sealers tested during their settings

Introduction

The biological sealing of the dental root canals, aimed
by the endodontic therapy, depends not only on the
operatory steps and substances used in this process
but also on the immune system of the patient. The tissue
response can be related to the cytotoxicity of the mate-
rials used in the endodontic treatment™.

After root canal obturation, the endodontic sealers will
make direct or indirect contact with the periapical tis-
sues. These conditions could be responsible for the
maintenance of the chronic inflammation at the periapi-
cal tissues, which can generate immediate post-opera-
tory pain and retardation of the apical regeneration®'.

Substances leached from endodontic sealers during their
settings can reach the periapical tissues and can stimulate
inflammatory cells, especially macrophages. These cells are
the primary line of defense against certain microorganisms,
they are also responsible for the ingestion and processing
of antigen for presentation to the T cells. Macrophages also
remove dead and dying cells, damaged tissues and
particulate materials in the foreign body reaction®*.

Due to the important role of macrophages in the rege-
neration of the periapical tissues after the endodontic
treatment and knowing that they will make contact with

* PhD Thesis presented at School of Dentistry, University of Sdo Paulo, 2006.

* PhD in Endodontics. E-mail: lores1810@uol.com.br

are non cytotoxic to mice peritoneal activated macrophages in culture.
Key words: Cell culture; Endodontic sealers;, Macrophages

endodontic sealers or substances leached from them,
this study aimed to evaluate the influence of these subs-
tances on the viability of macrophages in vitro.

Material and Methods
Endodontic sealers

Three types of endodontic sealers were used, as
follows: zinc oxide-eugenol based (Pulp Canal Sealer
EWT, Kerr, Romulus, Michigan, USA), resinous (AH-Plus,
Dentsply DeTrey, Konstanz, Swiss), and, calcium hydro-
xide (Sealapex, Kerr). These materials were prepared
following the manufacture’s instructions.

Media conditioning

RPMI-1640 medium (CultiLab, Campinas, S&o Paulo,
Brazil) supplemented with 10% fetal bovine serum (Cultilab)
was placed in contact with each of the endodontic sealers
during their settings and left in an incubator at 37°C,
according to instructions of the International Standard
Organization (ISO 74075)*. The amount of 0.2 g of each
sealer was used per each ml of the culture medium to
obtain the conditioned media that were later diluted to 10%

** Assistant Professor, DDS, PhD, Biodentistry Post-Graduation Program, Ibirapuera University, S&o Paulo, Brazil.
*** Associate Professor, DDS, PhD, School of Dentistry, University of Sao Paulo, Sdo Paulo, Brazil
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before entering in contact with the macrophages. Two
conditioning times were tested: 1h and 24h.

Macrophages sampling

Six male BALB/c mice, 6- to 8-week-old were used.
They were treated according to the Animal Welfare Gui-
delines of the Federal University of Sao Paulo
(UNIFESP). The University of Sdo Paulo, School of Den-
tistry Research Ethical Committee, approved this study.
The method chosen to obtain macrophages was develo-
ped by Metzger et al” (1997), used by Sousa and Aun"
(2003) and modified by Rodriguez et al.® (2003).

The mice were injected into the peritoneal cavity with
1ml of 5% sterile sodium thioglycollate (Merck, Germany).
After five days, the mice were killed, and 5ml of a cold
Ca?* and Mg*-free phosphate buffered saline solution
(PBSA) was injected into the peritoneal cavity. After a
gentle massage of the abdomen, a cell suspension was
harvested by aspiration of the PBSA and transferred to a
test tube. A sample of this pool of peritoneal cells (0.2 ml)
was used for identification of the cells using the May-
Grunwald and Giemsa staining modified by Rosenfeld®
(1947). The cell counting was done in a Neubauer
chamber using the crystal violet dye exclusion assay
(0.05% crystal violet dissolved into 3% acetic acid)®.

After counting, 2 x 10° cells/well were plated into 96-
well microtitration plates (according to the experimental
groups). The plates were incubated in a humidified
atmosphere with 5% of CO, at 37°C overnight. Then, the
wells were washed three times with PBSA solution for re-
moving the non adherent cells. After replacement of the
RPMI 1640 the plates were maintained in the incubator
until the time of the experiments.

Cell viability assay

The toxicity of three endodontic sealers was measured in
vitro. The response of macrophages previously activated
by interferon-gamma (IFN-vy) and lipopolysaccharide (LPS)
from E.coli (both from Sigma, St. Louis, MO, USA) and
stimulated by substances leached or dissolved from three
endodontic sealers (zinc oxide-eugenol based, resinous
and calcium hydroxide-based) in a conditioned media was
analyzed. The cell viability was achieved by measuring the
MTT (Vibrant MTT, Molecular Probes, Eugene, OR, USA)
reduction after the contact with these substances.

Experimental groups

Seven groups were established:

Control: treated with fresh medium

MCA 1h: treated with medium conditioned during 1h
by the resinous endodontic sealer

MCS 1h: treated with medium conditioned during 1h
by the calcium hydroxide based endodontic sealer

MCP 1h: treated with medium conditioned during 1h
by the zinc oxide-eugenol based endodontic sealer

MCA 24h: treated with medium conditioned during
24h by the resinous endodontic sealer

MCS 24h: treated with medium conditioned during
24h by the calcium hydroxide based endodontic sealer

MCP 24h: treated with medium conditioned during
24h by the zinc oxide-eugenol based endodontic sealer

MTT-based cytotoxicity assay

Forty two wells (6 wells/group) of each 96-well microti-
tration plate containing the activated macrophages (2 x
10° cells/well) had the culture medium replaced either by
the conditioned medium of each experimental group or
by fresh medium for the control group. The conditioned
medium was applied to the cells and after a period of 1h
was replaced by fresh RPMI 1640. Then, the cell mi-
tochondrial activity analysis was carried out using the
MTT-based cytotoxicity assay. The MTT assay involves
the conversion of the water soluble MTT (3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide) to an in-
soluble formazan. The formazan is then solubilized, and
the concentration determined by optical density at = 570
nm. A MTT reduction analysis kit was used. Immediately
after the end of the assay procedures the absorbance
was read in a micro plate reader using a 562 nm.

Statistical analysis

The optical density data, corresponding to the cell via-
bility, obtained from six replicates are present as mean =+
the standard error of mean. The data were compared by
the Kolgomorov-Smirnof’s test followed by Friedman’s
test. The level of significance was 5% (P < 0.05).

Results
Identification of the peritoneal macrophages

Using the May-Grinwald and Giemsa modified by
Rosenfeld stain method was possible to identify the cell po-
pulation of the inflammatory liquid obtained from the mice
peritoneal cavity. Before removal of the non adherent cells
most cells presented the morphology of macrophages, but
other mononuclear cells were also present (Figure 1).

_—

4 "
«vo °

' Lymphocytes .

* e

Macrophages

Figure 1. Identification of the inflammatory cells of the liquid
obtained from the mice peritoneal inflammation
(Rosenfeld modified May-Grunwald and Giemsa
stain; X400)
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Cytotoxicity analysis

The data of optical density obtained at the spectro-
photometer for the experimental groups were transfor-
med in percentage of the control that was considered as
having 100% of viable cells. The Graph 1 represents the
mean percentage + the standard error of mean (s.e.m.)
of the experimental groups. There were no statistical
differences amongst the groups treated with the media
conditioned by the different endodontic sealers and the
control. The only difference observed was between the
groups treated with the zinc oxide-eugenol based endo-
dontic sealer medium conditioned during 1h versus 24h
(p <£0.05- Table 1).
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Graph 1. Mean percentages + standard error of mean of the
macrophages viability of the different experi-
mental groups. Different letters indicate statistical
differences (p = 0,05)

Discussion

Endodontic sealers can alter the periapical inflamma-
tory process after the root canal system obturation by
either a direct contact with the periapical tissue if extra-
vasations occur, or indirectly when substances leached
from the endodontic sealers during their settings reach

Table 1. Statistical analysis
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this tissue. It is known that the macrophages are the
cells from the inflammatory infiltrate responsible for re-
moving dead and dying cells, damaged tissues and
particulate materials from the affected tissues™. For this
reason this study aimed to evaluate the influence of the
substances leached from endodontic sealers on the
viability of macrophages in vitro.

There are several methods for testing biomaterial cy-
totoxicity. We have chosen to use conditioned media?
because this method is especially important when direct
contact with the materials tested with connective tissue
will occur, because this is a humid environment in the
clinical practice. Then, in contact with this humid tissue,
the setting process could be delayed or prevented,
allowing the leaching or dissolution of substances that
could influence the periapical tissue healing. Using
conditioned media technique, the clinical situation is mi-
micked and the setting of the endodontic sealers is
done in a humid environment, making the study relevant
for clinical dentists.

Substances leached from the most common endo-
dontic sealers (e.g. zinc oxide-eugenol based, resinous,
and, calcium hydroxide based) were place in contact
with mice peritoneal macrophages in vitro. In a previous
study, crude conditioned media proved to be highly cy-
totoxic?. Thus, it was decided to work with this medium
diluted to 10%, in order to make this comparative study
possible. This dilution is appropriate, since in the tissue,
the cell number is higher than the number of cells in a
culture dish. Moreover, blood and lymphatic vessels are
present in the tissue in vivo, diluting the substances,
differently from what happens in cell culture model.

Two conditioning times were tested: 24h to follow the
ISO recommendation and 1h for simulating the clinical
condition, because during the first hour after obturation
the post-operatory pain is more frequent™.

The toxicity of the three endodontic sealers was measu-
red in vitro using macrophages obtained from mice infla-
mmatory peritoneal liquid. These cells, after morpho-
logical characterization, were activated by bacterial pro-
ducts, such as, interferon-gamma (IFN-vy) and lypopo-
lisaccharide (LPS) from E.colP. This activation was done
because it is known that activated macrophages respond
differently from non activated cells. To mimic the clinical
situation it was decided to work with activated
macrophages, because in most of the time when an

Control MCA 1h MCA 24h MCS 1h MCS 24h MCP 1h MCP 24h
Ranks sum 22 18 26 20 33 12 37
Median 101.65 94,03 109,60 94,48 113,90 76,60 121,85
Mean ranks 3,66 3 4,33 3,33 55 2 6,16
Mean values 100 94,66 103,93 86,35 110,41 78,21 120,49
Stardard deviation 10,56 15,55 15,5 34,19 14,04 26,32 16,32
Friedman (Fr) 16,21
Degree of Freedon 6
(P) 0,01
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endodontic treatment is required, bacteria and/or their
products from the root canal system have already
activated the macrophages of the periapical tissue. Then,
the endodontic sealers and/or the substances leached
from them will be processed by activated macrophages.

Using the MTT reduction test it was possible to obser-
ve that the substances leached from the endodontic
sealers tested were non toxic to the activated macro-
phages, because the cell viability of cultures treated
with the conditioned media were similar to that of control
cell, independently of the conditioning time.

Corroborating with our study Mendes et al.® (2003)
studying the effect of two zinc oxide-eugenol-based
sealers, freshly prepared or after setting for 24h, on
mouse-elicited macrophage cultures in vitro showed no
effect on macrophage viability. Demarco et al® (2001)
also showed that calcium hydroxide is biocompatible in
vitrc®. On the other hand, other studies of cytotocixity
analysis of endodontic sealers in vitro presented oppo-
site results showing that resin and zinc oxide-eugenol
based endodontic sealers were cytotoxic''®. However,
they used other cell types. In fact macrophages seem to
be more resistant to foreign material than mesenchymal
cells, such as fibroblasts™ and epithelial cells'™. More-
over, in these studies the sealers were placed in direct
contact with the cells.

When comparing the groups taken into account the
medium conditioning time, an interesting observation
was done in the groups treated with media conditioned
by the zinc oxide-eugenol based endodontic sealer.
Although both groups (1h and 24h) presented cell
viability similar to that of the control groups, the cell via-
bility of cultures treated with medium conditioned during
less time (1h) was significantly smaller than that of

cultures treated with medium conditioned during 24h.
This finding could be explained by the presence of
eugenol in this sealer, a known toxic substance that pro-
bably was more concentrated at the first hours during
the sealer setting, but its concentration diminished in
24h after the sealer setting when it was incorporated to
the sealer and less available to the medium.

This study has shown in vitro that activated macro-
phages are resistant to the substances leached from the
more commonly used endodontic sealers. However,
although showing mitochondrial activity, or cell viability,
similar to control cells these macrophages cells could
have some of their functions disturbed by these subs-
tances. In fact, there was already demonstrated that
zinc oxide-eugenol sealer has an inhibitory effect on the
effector responses measured, such as phagocytosis
and nitric oxide production®. Thus, new studies must be
done in order to understand the effect of endodontic
sealers on the periapical tissue.

Conclusion

Based on the conditions of this study it was con-
cluded that independently of the conditioning time (1h or
24h) the substances leached from the endodontic
sealers tested during their settings are non cytotoxical to
mice peritoneal macrophages in culture.
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