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1. ARTIGO EM PORTUGUES

MODULAGCAO DA VIRULENCIA DE BIOFILMES DE Streptococcus mutans
POR iONS METALICOS LIBERADOS DE APARELHOS ORTODONTICOS
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RESUMO

Introducdo: fons metalicos sdo continuadamente liberados a partir de ligas
metalicas de aparelhos ortodonticos fixos. A modulagdo de viruléncia de
biofilmes de Streptococcus mutans por ions metalicos oriundos de aparelhos
ortodénticos ainda é incerta. Este estudo avaliou a modulacao de viruléncia de
biofilmes de S. mutans ATCC®25175™ por alguns ions metalicos comumente
esfoliados de aparelhos ortodénticos. Métodos: A cepa foi crescida na
presenca de ions metélicos Ni** 10 ng.mL™, Fe*® 6,77 ng.mL", Cr® 4,5 ng.mL",
Co*™? 0,44 ng.mL™" e na mistura de todos, em suas respectivas concentracdes,
bem como na auséncia deles. Pogos de placas de microtitulagcdo foram
condicionados com saliva e receberam células bacterianas que sofreram
adesao. Os biofilmes foram formados por 72 h na presenca e na auséncia dos
ions metalicos e desafiados por até 12 h com glucose 5%. Resultados: Os
ions interferiram no desempenho fisiolégico de S. mutans reduzindo sua
biomassa (Ni*?, Fe*®, Cr*®), elevando as taxas de metabolismo do agucar (Ni*?,
Fe*®, Cr™®) e de secrecdo de lactato (Ni*?, Fe**, Cr*® e mistura). Conclusdo: os
ions metélicos testados se mostraram capazes de interferir na viruléncia do S.

mutans e devem ser levados em consideracao quando da avaliagcao do risco de

carie em pacientes sob terapia ortodéntica.

Palavras-chave: Streptococcus mutans, Aparelho ortoddntico, fons metélicos,

Viruléncia.
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INTRODUCAO

Devido as suas propriedades mecanicas, as estruturas dos aparelhos
ortodonticos fixos como braquetes, arcos e bandas sao feitas com ligas
metalicas, como o acgo inoxidavel, liga de cobalto-cromo-niquel (CoCrNi), liga

de niquel-titanio (NiTi), liga de B-titanio (B-Ti) e titénio puro (lijima et al., 2006).

Uma vez na boca, os aparelhos ortoddnticos metélicos se tornam
passiveis de sofrer corrosdo em funcao de estresse dinamico (Kerosuo et al.,
1995), por fadiga (Eliades & Athanasiou, 2002) e de acidos provenientes da
dieta ou da fermentacéo lactica pela microbiota adjacente. Essa esfoliagao leva
a um aumento na concentracao salivar de ions metéalicos (Glrsoy et al., 2004;
Amini et al., 2008) e, a exposi¢cao continuada dos microrganismos orais a eles
certamente deve refletir em algum nivel de alteragdo fisioldgica nessas
entidades. O Streptococcus mutans, uma das bactérias mais acidogénicas da
microbiota bucal, € um organismo cuja fisiologia é sabidamente afetada por
fons metélicos como Zn*? (He et al., 2002), Al*® (Sturr & Marquis, 1990), Mn*?
(Arirachakaran et al., 2007) e Fe*? (Evans et al., 1986). Além disso, o S.
mutans produz matriz extrapolimérica rica em glucanos que retém
cumulativamente ions metalicos até concentracdes excessivamente maiores no

interior da placa que no ambiente ao redor (Chen et al., 2006).

Ja se investigou se metais ionizados provenientes da agua interferem no
crescimento de S. mutans (Aranha et al, 1982); contudo, muito pouco foi
investigado acerca de interferéncia na fisiologia dessa espécie por ions
oriundos de aparelhos ortoddénticos. Dentre esses escassos estudos, se

destacam (1) a investigacdo do efeito inibitério intrinseco dos aparelhos
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(Grimsdottir & Henstett-Pettersen, 1993) e (2) a quantificacdo de Ni*? em placa

dental de pacientes ortodonticos (Fors & Persson, 2006).

Apesar de se saber que ions metalicos sdo continuadamente liberados
para a cavidade bucal de pacientes sob terapia ortodéntica, a modulagao da
viruléncia da microbiota cariogénica associada ainda é desconhecida. Diante
do exposto, estudos que testem as hipoteses de que ions metalicos oriundos
de acessorios ortodénticos podem interferir favorecendo ou dificultando o

desenvolvimento de caries sdo pertinentes.

OBJETIVOS
OBJETIVO GERAL

Avaliar in vitro a modulagdo de viruléncia de biofilmes de S. mutans
ATCC®25175™ dos principais fons metalicos niquel, ferro, cromo e cobalto

comumente esfoliados de aparelhos ortoddnticos.
OBJETIVO ESPECIFICO

1. Avaliar se ocorrem diferengas na formacdo de biofilmes de
Streptococcus mutans na presenca do niquel, ferro, cromo, cobalto
e/ou na mistura de todos os ions.

2. Avaliar se ocorrem diferencas no metabolismo de glucose em
bioflmes de Streptococcus mutans crescidos na presenca de
diferentes ions, por 72 h.

3. Avaliar se ocorrem diferencas na producdo de acido lactico por
bioflmes de Streptococcus mutans crescidos na presenca de

diferentes ions, por 72 h.
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MATERIAL E METODOS
Microrganismo

A cepa-tipo Streptococcus mutans ATCC®25175™ foi crescida
aerobicamente em 50 mL de infuso de cérebro e coracdo (BHI) (Difco
Laboratories, Inc.) a 37 °C, em agitagdo de 100 rpm e pCO, 10%. Apds 24 h,
as células foram centrifugadas e lavadas com NaCl 145 mM estéril. As células
foram ressuspendidas em NaCl 145 mM até uma ODggo de 1,00.
Preparo das solucoes de ions metalicos

Diferentes ions metdlicos foram preparados de acordo com as
concentracdes em saliva de usuarios de aparelhos ortodénticos (Glrsoy et al.,
2004; Amini et al., 2008). Os ions elencados e suas respectivas concentragdes
foram niquel divalente (Ni*?) 10 ngemL™" (170 nM), ferro trivalente (Fe**) 6,77
ngsmL" (121 nM), cromo trivalente (Cr*®) 4,5 ngemL" (86,5 nM) e cobalto
divalente (Co*?) 0,44 ngemL™" (7,46 nM). A bactéria foi também desafiada com
mistura dos ions (Mix) que foram dissolvidos em um mesmo solvente nas
concentragdes acima. O solvente empregado para a confeccdo dos meios de
cultura e solugdes foi a agua reagente tipo Il com resistividade especifica maior
que 2 Mohmecm™ (ASTM, 1991; NCCLS, 1997). Em funcdo de suas maiores
solubilidades, foram utilizados nitratos metalicos de alto grau de pureza (Merck
Chemicals SA). O controle negativo continha meio de cultura sem a adicao de
qualquer ion metalico.

Foram preparados caldos BHI contendo os ions metalicos
separadamente e em conjunto (50 mL). Esses caldos receberam aliquotas de
200 pL de suspensdo padronizada de S. mutans ATCC®25175™ e foram

incubados a 37 °C, em agitacdo de 100 rpm e pCO, 10 %. Esse passo serve
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para que as células se adaptem a presenca dos ions metalicos. Apos 24 h, as
células foram centrifugadas e lavadas com NaCl 145 mM estéril. As células
foram ressuspendidas em NaCl 145 mM até uma ODggo de 1,00.

Coleta de saliva estimulada

Aliguotas de 10 mL de saliva total estimulada foram coletadas de trés
doadores voluntarios saudaveis, com idades variando de 20 a 45 anos, que
ndo estavam em terapia medicamentosa e que também n&o estavam em
tratamento ortodéntico, além de nao possuirem restauracbes de amalgama
e/ou proteses dentais metdlicas. A participagéao dos doadores foi condicionada
a assinatura de um termo de consentimento livre e esclarecido, em
concordancia com as diretrizes do Comité de Etica em Pesquisa com Humanos
da Pontificia Universidade Catdlica do Parand (Protocolo 5410; Parecer
3588/09) (Anexo 1).

Esses doadores foram orientados a ndo se alimentar ou escovar os
dentes por pelo menos duas horas antes do periodo de coleta. As coletas se
deram pela mastigacao de tubo de silicone esterilizado em autoclave. Essas
aliquotas foram misturadas para que a pelicula fosse composta por um maior
namero de receptores e para garantir uma formacao mais uniforme (Gibbons et
al., 1986). Logo apds a coleta, a amostra foi resfriada em gelo e purificada por

centrifugacao (10000 x g, 4 °C, 20 min) e imediatamente usada.
Formacao de biofilme

Os biofilmes foram formados segundo protocolo de Oliveira et al. (2007)
utilizando placas de cultura celular de poliestireno com vinte quatro pogos
(TPP, Trasadingen, Suica). Primeiramente, uma quantidade de 100 uL de

saliva clarificada foi transferida para cada um dos pocos da placa que foi
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incubada aerobicamente por 2 h, a 37 °C, para formacao da pelicula adquirida.
As placas foram lavadas duas vezes com NaCl 145 mM estéril, para remover a
saliva que ndo formou pelicula. Aliquotas de 1 mL da suspensado celular
padronizada (ODeso = 1,00) foram adicionadas a cada pogo e incubadas a 37
°C, em 100 rpm e pCO, 10%, por 2 h, afim de que as células viessem a aderir
na superficie dos pocos. ApOs essa fase de aderéncia, as suspensodes
celulares foram aspiradas e cada poco foi lavado duas vezes com solucao
NaCl 145 mM estéril para remover células ndo aderidas ou fracamente
aderidas. Aliquotas de 1 mL de BHI contendo os ions metalicos ou sem
qualquer ion (controle) foram adicionados aos pog¢os e incubados em agitacao
a 37 °C e pCO, 10%, por 72 h. Os meios de cultura foram trocados a cada 24 h
por aspiragcéo e repostos com aliquotas estéreis. Finalmente, o experimento foi
submetido aos testes de quantificagdo do biofilme pela retengéo diferencial de
cristal violeta, metabolismo de glucose e producao de 4cido lactico, com testes

enzimaticos especificos.
Quantificacao das biomassas dos biofilmes

A quantificacdo do biofilme foi realizada pelo método de retencdo de
cristal violeta (Peeters et al., 2008). As células crescidas nos biofilmes de 72 h
foram fixadas com 1 mL de metanol 99% (Merck GmBh,Darmstandt,
Alemanha), por 15 min. Os sobrenadantes foram removidos e as placas foram
secas com ar. Aliquotas de 1 mL de cristal violeta 0,5% (CV) (Isofar Ltd., Rio de
Janeiro, Brasil) foram adicionadas aos pocos. Apds 20 min, o excesso de CV
foi removido pela lavagem com agua destilada abundante. Finalmente, o CV
impregnado foi liberado pela adicdo de 1 mL de acido acético 33% (Merck

GmBh, Darmstandt, Alemanha), por 20 min; aliquotas de 200 pyL de cada
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sobrenadante foram transferidas para placa de leitura de 96 pogos (TPP,
Trasadingen, Suica). As biomassas de biofilme foram estimadas em fungéo da
retencdo de cristal violeta. A absorbancia do CV foi mensurada usando uma
leitora de microplacas TP-Reader® (Thermo Plate, BR), com comprimento de

onda de 590 nm.
Quantificacao da taxa glicolitica

A taxa de consumo de glucose foi determinada com células de biofilme
intacto. Apos o crescimento por 72 h, cada pogo foi lavado duas vezes com
NaCl 145 mM estéril. Em seguida, os pocos receberam 1 mL de caldo de
incubacdo (Cl) contendo glucose 5 mgemL" (27,77 mmolessL') e foram
incubados a 37 °C, pCO, 10% e 90 rpm, por 6 e 12 h. Aliquotas de 10 pL foram
recolhidas e misturadas com 1 mL de reagente enzimatico contendo glucose-
oxidase (Lott & Turner, 1975). Os passos analiticos subsequentes foram
realizados segundo as recomendagdes do fabricante (Laborlab Inc., Sdo Paulo,
Brazil). Os valores, expressos em mgedL™, foram convertidos em mmolessL™ e
subtraidos de 27,77 mmoles-L™' para se obter para se obter a taxa de glucose
consumida. Os valores assim obtidos foram divididos pelo tempo (min) e,
subsequentemente, pelas absorbancias da quantificagdo de biomassa para se
obter as taxas metabdlicas, expressas como (pmolsL™")emin"sbiomassa™.
Quantificacao da taxa de producao de lactato

Foram utilizados os excedentes do Cl do teste anterior com biofilme
intacto. Aliquotas de 2 pL das amostras foram recolhidas e misturadas com 200
UL de reagente enzimatico contendo lactato-oxidase (Fossati et al., 1980). Os
passos analiticos subsequentes foram realizados segundo as recomendacdes

do fabricante (Biotécnica Inc., Minas Gerais, Brazil). Os valores, expressos em
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mgedL”, foram convertidos em mmoles:L" e divididos pelo tempo (min).
Subsequentemente, foram divididos pelas absorbancias da quantificacdo de
biomassa para se obter as taxas de secregcdo de lactato, expressas como
(umoleL™")emin"sbiomassa.
ESTATISTICA

Os experimentos foram conduzidos em sextuplicata, em quatro
momentos distintos. Todos os dados foram avaliados em relacdo a
homogeneidade das variangas pelo Teste de Levene e analisados pelo teste de
Games-Howell com pacote estatistico SPSS 18.0 (SPSS Inc., Chicago, IL.). O
valor p < 0,05 foi assumido como o ponto limitrofe para estabelecimento de

diferencas.

RESULTADOS
Quantificacao das biomassas dos biofilmes

As biomassas dos biofilmes de 72 h crescidos na presenga/auséncia de
ions metalicos foram estimadas apds desafios com glucose 5% por 6 € 12 h,
conforme mostrado na tabela 1. Apds 6 h de desafio, incrementos na biomassa
somente foram obtidos com adicdo de Fe™ aos caldos (p < 0.049). As
biomassas obtidas com Ni*?, Cr*3, Co*? e mistura de fons apresentaram médias
com ligeiras oscilagbes, mas sem significancia estatistica em relacdo ao
controle (p = 0,506).

Quando os desafios se prolongaram por 12 h, a biomassa média do
controle apresentou absorbancia de 1,685+0,326. Reducbes estatisticamente
suportadas (p < 0,015) nas biomassas foram obtidas em biofilmes crescidos na

presenca de Ni*? (1,048+0,326), Fe*® (1,414+0,470) e Cr™® (1,302+0,494). A
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mistura de fons (1,676+0,339) e o Co*? (1,774+0,355) promoveram formacao
de biofilmes com biomassas proximas as do controle (p = 0,419).

E perceptivel que os valores de biomassa para tratamentos com Ni*?,
Fe*™ e Cr* sofreram redugdes com desafios de glucose por 12 h, em
comparagcdo aos seus valores para desafios por 6 h. Esse fato, no minimo
curioso, a principio, causou-nos certa apreensdo; contudo, foram
desconsideradas possibilidades de erro metodolégico e a hipdtese mais
plausivel é de que, com a queda de pH mais acentuada no decorrer das 12 h,
0s ions se tornaram toxicos para parte do conteudo celular, incorrendo em
reducéo da viabilidade celular. Tal hipétese deve ser futuramente testada, a fim

de se comprovar ou refutar sua possibilidade de ocorréncia.
Quantificacao da taxa metabdlica

As taxas metabdlicas foram determinadas em funcéo da quantidade de
glucose consumida pela quantidade de biomassa formada na
presenca/auséncia dos ions metalicos em desafios com glucose 5%, por 6 h e
12 h (Tabela 2). No desafio por 6 h, nenhum grupo experimental apresentou
resultados diferentes daqueles do controle (p = 0,657), i.e., a presenga ou a
auséncia do metal nao é fator determinante para alteracbes metabdlicas de
maior magnitude. Por outro lado, apdés 12 h de desafio com glucose, os
biofilmes apresentaram incrementos na taxa metabdlica quando Ni*?, Fe™ e
Cr*® estavam presentes (p < 0.033).

Quantificacao da taxa de producao de lactato

Embora houvesse variacbes significativas entre os resultados dos ions

(e.g. Fe*® vs demais ions), em desafios prolongados por 6 h, essas producdes

de lactato ndo foram diferentes do controle (p = 0,065). Por outro lado, a
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secrecao de lactato apds 12 h de desafio com glucose foi aumentada quando
na presenca de Ni*?, Fe*, Cr*® e mistura de ions (p < 0,046; tabela 3).
Estequiometria

A figura 1 apresenta a distribuicdo espacial de médias de consumo de
glucose (mmolsL™) vs secrecdo de lactato (mmolsL™). Esse escatergrama foi
construido na tentativa de se estabelecer a influéncia dos ions metalicos nas
relacbes entre o uso de glucose e consequente secrecao de acido fixo.
Contudo, pode-se observar que a dispersao das médias nao gerou
concentragdes tipo-nuvem para um dado ion ou para duracao de desafio (6 h e
12 h).

Andlises de correlacdo usando o coeficiente de Pearson (rp) revelaram
que apos 6 h de desafio com glucose, o controle apresentou fraca correlagao
negativa nao significativa (rp = -0,157; p > 0,05). A mistura de ions também
promoveu fraca correlagdo negativa (rp = -0,024; p > 0,05). Fortes correlacoes
positivas foram obtidas para Ni*? (rp = 0,777; p < 0,05) e Fe*® (rp = 0,742; p <
0,05). Apds 12 h de desafio, os coeficientes se mostraram positivos para todos
0S grupos, exceto para mistura de ions (rp = -0,111; p > 0,05). Digno de
destaque foi o Ni*?, que apresentou forte correlagdo positiva (rp = 0,833; p <
0,05).

Para se determinar a influéncia dos ions metélicos na eficiéncia de
conversdo de glucose em lactato, optou-se por considerar a equacgao
simplificada da fermentacao homolactica (1 glucose — 2 lactato), sem qualquer
outro desvio metabdlico (e.g. fermentacdo heterolactica). Os valores de
concentracdo de lactato (em mmolsL™") foram divididos por dois para se obter a

quantidade de glucose convertida em lactato. Os quocientes obtidos foram
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multiplicados por cem e divididos pela concentracdo de glucose consumida
total. Esses segundos quocientes foram novamente multiplicados por cem e
divididos pelos valores médios dos controles, para cada tempo de desafio.
Dessa maneira, os valores dos controles foram arbitrariamente considerados
como sendo 100%. A partir desse limiar, as percentagens de conversao de
glucose em lactato pelos biofiimes sob diferentes tratamentos foram
recalculadas (Figura 2). Os resultados para desafio por 6 h mostram que
somente o Fe*® foi capaz de elevar a taxa de conversdo acima do valor da
média do controle (32,83% de incremento). Os demais ions promoveram
reducdes na conversdo da ordem de 52,69% (Ni*?), 66,85% (Cr*), 66,77%
(Co™®) e 26,20% (mix). Por outro lado, o prolongamento dos desafios por 12 h
resultou em incrementos na conversao muito superiores ao controle, variando
de 351,47% (mix) a 1064,01% (Ni*®). A excecdo foi o Co™ que mostrou

reducao de 3,35%.

DISCUSSAO

Em termos metodoldgicos, uma questdo que pode ser levantada é
acerca do desafio continuado dos biofilmes por até 12 h, o que pode parecer
demasiado longo. Contudo, nosso grupo optou pela manutencao desse tempo
de desafio, visto que € comum pais e pacientes reportarem consumo de agucar
ao longo do periodo de vigilia, mesmo que em varias tomadas diarias. Ainda, a
opcao por avaliar os fendmenos aqui estudados em biofilmes de 72 h se baseia
na observacao clinica de que alguns pacientes ndo sao colaborativos e

conduzem uma higienizacao oral muito aguém daquela esperada.
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Os resultados aqui reportados mostraram que quando comparados ao
controle, alguns ions metalicos, caso do Fe™ e do Cr*®, aumentaram a
biomassa durante as primeiras horas de desafio com glucose. Porém, esses
mesmos ions nao garantem a manutencdo do fenébmeno quando do
prolongamento do desafio. E possivel que tais ions atuem durante a nova fase
lag de crescimento dos biofilmes de 72 h, decorrente da adicao de glucose,
promovendo seu encurtamento. A figura 3 ilustra graficamente tal possibilidade.
Contudo, como o S. mutans nao dispde de catalase para detoxificar espécies
reativas de oxigénio (ROS), é possivel que os ions trivalentes tenham sofrido
reducdo para Fe*? e Cr*®’, em funcdo da acidez do biofilme e da baixa
disponibilidade de oxigénio molecular (Marquis, 1995) e, esses ions, uma vez
internalizados pelas células bacterianas tenham passado a catalisar a reac¢ao
de Fenton com subsequente producdo de radical hidroxila, um forte agente
oxidante que compromete as fungdes celulares. Sob a 6ptica populacional, as
células das camadas externas dos biofilmes e, em menor quantidade, as
internas, devem ter morrido, o que implicou em menor detecgao de biomassa

apos 12 h de desafio.

Em se partindo da premissa de que a hip6tese acima proposta seja
verdadeira, era esperado que a mistura de ions também induzisse um
comportamento populacional com incremento de biomassa nas primeiras seis
horas de desafio, seguido de reducdo com o prolongamento até 12 h de
incubacéo. Na verdade, o que se verificou foi uma elevacao na biomassa apds
12 h, induzida pela mistura de fons. Embora o Ni*?, o Cr** e o Fe*® tenham
causado reducgdo na biomassa final, 0 Co*?, que aumentou a biomassa durante

o intervalo da 62 e da 122 hora de desafio com glucose, pode ter

12
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contrabalanceado a perda celular induzida pelos demais ions, resultando em
manutencdo da biomassa de biofilme formado sob influéncia da mistura de

jons.

A avaliacdo dos ions metélicos de forma independente revelou que
alguns deles exerceram influéncia no metabolismo da glucose aumentando seu
consumo quando o desafio se prolongou por 12 h. Contudo, a estequiometria
do consumo de glucose e da produgédo de lactato indica que o consumo da
hexose néo foi totalmente dirigido para fins energéticos, como se poderia
supor. Trés possibilidades para explicar o gasto de glucose sao apontadas,
sendo que as trés devem ter ocorrido simultaneamente. (i) Parte da glucose
pode ter sido convertida até piruvato e, a partir dai, ocorreu fermentagéao
homolactica e, em menor proporcéao, heterolatica; (i) Como o S. mutans é
deficiente em a-cetoglutarato desidrogenase, o ciclo de Krebs se torna
incompleto (Cvitkovitch et al., 1997) e parte do piruvato produzido pode ter sido
convertido em aminoacidos para formacédo de biomassa; (ii) As células da
bactéria secretaram glicosiltransferases (gtfs) de acao extracelular que
certamente transformaram a glucose circundante em matriz extrapolimérica

para formacao dos biofilmes.

Existem indicios de que o S. mutans internalize somente a forma ferrosa
do ferro (Fe*®) (Evans et al, 1986), que pode ser formada no ambiente
anaerbbico e redutor do interior de biofilmes pela acessibilidade parcial do
oxigénio (de Beer et al., 1994; Borriello et al., 2004) ou pela agdo de
substancias redutoras provenientes do metabolismo da glucose, possivelmente
via flavoproteino-desidrogenases (Evans et al., 1986). A forma reduzida Fe*?

gue se encontra na membrana pode agora ser internalizada nas células. Em
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Lactobacillus casei, foi demonstrado que fons divalentes como Fe*? e Ni*?

podem atuar como ativadores da lactato desidrogenase, incrementando a
conversao de piruvato em lactato 1,78 e 2,34 vezes, respectivamente (Holland
& Pritchard, 1975). Os nossos resultados apontam para uma possibilidade de
concordancia com esses indicios previamente publicados, o que pode explicar,
ao menos em parte, as elevagdes proporcionais observadas nas taxas de
secregcao de lactato induzidas pelos ions (Figura 2). Contudo, ha que se
considerar que tal efeito deve ser concentracdo-dependente, pois a exposicao
do S. mutans a concentracbes de ordem nanomolar de ions estimula o
crescimento e a atividade metabdlica (Strachan et al.,, 1982), o que esta em
concordancia com nossos resultados. Por outro lado, concentragbes
micromolares ou superiores desses ions levam a diminuicdo desses

parametros (Aranha et al., 1982; Pecharki et al., 2005).

Sob a perspectiva clinica, os dados aqui apresentados apontam para
uma possibilidade de ions metalicos oriundos de aparelhos ortodénticos
incrementarem fatores de viruléncia muito importantes do S. mutans e que
estdo diretamente associados a capacidade da bactéria em provocar caries.
Tal achado é digno de atencao por parte do ortodontista na orientagdo ao
paciente da exceléncia da manutencao de sua higiene oral. Este estudo deve
servir como incentivador para a conducdao de outros subsequentes que
prospectem a modulacdo da viruléncia e da patogenicidade de bactérias
cariogénicas em uma populacao tao particular de pacientes que sao aqueles

sob terapia ortodéntica.
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CONCLUSAO

Foi demonstrado que os ions metdlicos aqui analisados em
concentragdes compativeis com aquelas obtidas de pacientes sob intervencao
ortodontica podem interferir no desempenho fisiolégico de S. mutans ao longo
de 12 h de desafio com glucose reduzindo a biomassa (Ni*?, Fe**, Cr*),
elevando as taxas de metabolismo do actcar (Ni*?, Fe*®, Cr*®) e de secrecéo

de lactato (Ni*?, Fe*, Cr*® e mix).
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TABELAS

Tabela 1. Biomassas de biofilmes de 72 h crescidos na presenca/auséncia de ions metalicos seguido de desafios com
glucose 5% por 6h/12h.
Tempo de Biomassa [retengdo CV (ADOs40nm)]  dp

incubacio Controle Ni*2 * Fe*? crd* Co2* Mistura *
6h 1,488 £ 0,295 ac 1,414 £ 0,298 a 1,819 +0,766 b 1,756 £ 0,374 ¢ 1,540 £ 0,456 ac 1,420 £0,380 a
12 h 1,685 + 0,326 A 1,048 + 0,326 B 1,414+ 0,470 C 1,302 £ 0,494 C 1,774 + 0,355 A 1,676 0,339 A

* Diferencas de resultados em fungéo do tempo de incubagéo (6 h/12 h) com glucose 5% (Games-Howell; p < 0,05). Letras diferentes ap6s valores numéricos indicam
diferencas estatisticas (Games-Howell; p < 0,05) entre diferentes tratamentos, para um mesmo tempo de desafio.

Tabela 2. Taxas de metabolismo de glucose por biofilmes de 72 h crescidos na presenca/auséncia de ions metalicos
seguido de desafios com glucose 5% por 6h/12h.

Tempo de Taxa de metabolismo de glucose {[(umol.L").min""].biomassa™} + dp

incubacgao Controle Ni*2 * [ crd* Co*? Mistura
6h 42,123 £3,811 ab 43,396 +7,315a 34,293 +12,481 b 35,587 + 10,223 b 40,933 + 9,564 ab 43,116 £ 9,086 ab
12 h 36,891 £ 5,604 A 57,962 + 17,735 B 44,081 + 12,431 C 46,114 + 13,756 BC 34,429 + 4868 A 36,429 + 5,467 A

* Diferencas de resultados em fungéo do tempo de incubagéo (6 h/12 h) com glucose 5% (Games-Howell; p < 0,05). Letras diferentes apds valores numéricos indicam
diferengas estatisticas (Games-Howell; p < 0,05) entre diferentes tratamentos, para um mesmo tempo de desafio.

Tabela 3. Taxas de secrecao de lactato por biofilmes de 72 h crescidos na presenca/auséncia de ions metalicos seguido
de desafios com glucose 5% por 6h/12h.

Tempo de Taxa de secrecéo de lactato {[(umol.L™").min""].biomassa™} + dp

incubagio  Controle * Ni*? Fe*?* cr Co*? Mistura *
6h 9,991 +3,627ab 4,636+1,022a 15,354 +5,838Db 2,935 £ 0,507 a 3,653+2917a 7,299+2814a
12h 0.351 +0.069 A 6.139+2.880 B 4.015+1.473C 2.761 £0.454 C 0.308 £0.052 A 1.602+0.194 D

* Diferencas de resultados em fungéo do tempo de incubagéo (6 h/12 h) com glucose 5% (Games-Howell; p < 0,05). Letras diferentes apds valores numéricos indicam
diferencas estatisticas (Games-Howell; p < 0,05) entre diferentes tratamentos, para um mesmo tempo de desafio.
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Figura 1. Escatergrama representativo da dispersédo de pontos resultantes das
combinacdes cartesianas de valores nominais de lactato secretado (mmol<L™") por
glucose consumida (mmolsL™).

Cada ponto representa a média aritmética das 24 repeticées. Os valores rp representam
os coeficientes de correlacdo de Pearson para as combinacdes lactato vs glucose.
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Figura 2. Histograma representativo da eficiéncia de conversao de glucose em lactato
(%), influenciada pelos ions metalicos em estudo.

As linhas pontilhadas perpendiculares aos eixos y representam os controles arbitrariamente
considerados como 100%.
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Figura 3. Proposi¢cdo de mecanismo de interferéncia no crescimento das células das

camadas externas de biofilme de S. mutans por ions metalicos.
No detalhe, a reagao de Fenton e a peroxidagao de lipidios sao indicados.
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2. ARTIGO EM INGLES

VIRULENCE MODULATION OF Streptococcus mutans BIOFILMS BY
METAL iONS RELEASED FROM ORTHODONTIC APPLIANCES
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ABSTRACT

Introduction: Metal ions are continuously released from orthodontic appliance
alloys. However, the effect of these ions on the virulence of Streptococcus
mutans biofilms is unknown. In the present study, we evaluated the impact of
metal ions commonly shed from orthodontic appliances on the virulence of S.
mutans ATCC®25175™ biofilms. Methods: Bacterium was grown in the
presence of Ni¥*, Fe**, Cr¥, Co?" or a mixture of these metal ions (Mix) at
concentrations similar to those released in saliva of orthodontic patients.
Microtiter plate wells were conditioned with saliva and adherent bacterial cells,
and then biofilms were formed for 72 h in the presence or absence of metal ions
and treated for up to 12 h with 5% glucose. Results: Physiological
concentrations of ions interfered with the growth of S. mutans by reducing its
biomass (Ni?*, Fe**, Cr®*), raising its rates of sugar metabolism (Ni?*, Fe®*, Cr*")
and raising its secretion of lactate (Ni**, Fe®*", Cr**, mix). Conclusion: The
examined metal ions reduced the virulence of S. mutans and should be taken
into account when assessing the risk of caries in patients undergoing

orthodontic therapy.

Key words: Sireptococcus mutans, orthodontic appliances, metal ions,

virulence
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INTRODUCTION

Orthodontic appliances such as brackets, archwires, and bands are
usually made from metal alloys such as stainless steel, cobalt-chromium-nickel
(CoCrNi), nickel-titanium (NiTi), alloy of B-titanium (B-Ti) and pure titanium due
to the mechanical properties of these metals.' Once in the mouth, metallic
orthodontic appliances become prone to corrosion due to dynamic stress?,
fatigue® and acids from the diet or from lactic fermentation by adjacent
microbiota. This degradation leads to an increase in the salivary concentration
of metal ions,*® and continued exposure of oral microorganisms to these metal
ions likely induces some degree of physiological change in these organisms.
Streptococcus mutans, one of the most acidogenic amongst oral microbiota, is
an organism whose physiology is known to be affected by metal ions such as
Zn?*® AP*” Mn?*® and Fe?".° Moreover, S. mutans produces a glucan-rich
extra-polymeric matrix that retains metal ions to considerably higher

concentrations within the plaque than in the surrounding environment.'°

In drinking water, the ability of metal ions to interfere with the growth of S.
mutans has previously been investigated.'" However, little is known about
changes in the physiology of this species induced by ions from orthodontic
appliances. Two studies stand out of the few performed investigating this
question: an investigation of the inhibitory effect intrinsic to orthodonic
appliances'® and a quantification of Ni** in the dental plaque of orthodontic

patients.®

Although it is known that metal ions are continuously released into the
oral cavity of patients undergoing orthodontic therapy, the virulence-modulating

ability of these metal ions on the cariogenic microbiota is unknown. Studies to
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test the hypothesis that metal ions from orthodontic accessories can interfere
with these microorganisms, favoring or hindering the development of caries, are
needed.

The objective of this study was to experimentally evaluate the influence
of metal ions released from orthodontic appliances on the virulence of S.

mutans ATCC®25175™ biofilms in vitro.

MATERIAL AND METHODS

Collection of stimulated saliva

Stimulated saliva (10-mL aliquots) was collected from three healthy
volunteer donors, aged 20-45 years, who were not on drug therapy, were not
undergoing orthodontic treatment, and did not have amalgam fillings and/or
metal prostheses. Donor participation was conditional upon giving written
informed consent in accordance with the guidelines of the Ethics Committee on
Human Research (Protocol 5410; Approval term 3588/09) at the Pontifical
Catholic University of Parana.

These donors were instructed not to eat or brush their teeth for at least
two hours before the collection period. Collections were performed by patients
chewing a silicone tube that had been sterilized in autoclave. Saliva aliquots
were mixed in order to ensure formation of pellicles with more receptors.'* Right
after collection, samples were cooled on ice and purified by centrifugation
(10,000 x g, 4 °C, 20 min) and were then immediately used.

Microorganism
Type-strain S. mutans ATCC®25175™ was grown in 50 mL of Brain

Heart Infusion (BHI) (Difco, Detroit, Ml) at 37 °C with agitation at 100 rpm and
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10% pCO.. After 24 h, cells were centrifuged and washed with sterile 145 mM
NaCl. Cells were then resuspended in 145 mM NaCl to an ODggo of 1.00.
Preparation of metal containing broths

BHI containing different metal ions was prepared using metal ion at the
same concentrations found in saliva from orthodontic patients.”®> The ions and
their concentrations were as follows: 10 ng/mL (170 nM) divalent nickel
(Ni#*),6.77 ng/mL (121 nM) trivalent iron (Fe®*"), 4.5 ng/mL (86.5 nM) trivalent
chromium (Cr*), and 0.44 ng/mL (7.46 nM) divalent cobalt (Co®**). The
bacterium was also treated with a mixture of ions (Mix) dissolved in BHI at the
combined concentrations above. Because of their increased solubility, high-
purity metal nitrates were used (Merck Chemicals Co., Sao Paulo, Brazil). The
negative control was grown in culture broth without any added metal ions. The
solvent used for the manufacture of culture broths and “challenge glucose
solutions” (CGS) was Type Il reagent water with specific resistivity above 2

Mohm/cm.'>'6

Two hundred microliters of a standardized suspension of S. mutans
ATCC®25175™ was added to these broth (1 mL) and incubated at 37 °C with
agitation at 100 rpm and 10% pCO.. This step is important to allow the cells to
adapt to the presence of the metal ions. After 24 h, cells were centrifuged and
washed with sterile 145 mM NaCl. The cells were resuspended in 145 mM NaCl
to an ODgg of 1.00.

Biofilm forming

Biofilms were grown following the protocols of Oliveira et al. 2007'" using

24-well polystyrene plates (TPP, Trasadingen, Switzerland). One-hundred

microliter aliquots of clarified saliva were transferred to wells and aerobically
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incubated for 2 h at 37 °C and 100 rpm, to form acquired pellicle. Wells were
washed twice with sterile 145 mM NaCl to remove exceeding saliva.

One milliliter of standardized cell suspension (ODego 1.00) were added to
each well and incubated at 37 °C, 100 rpm and 10% pCO.. After 2 h, the
culture was removed and the wells were washed twice with sterile 145 mM
NaCl to remove weakly adhering and planktonic cells. The control wells
received 1 mL of BHI and the experimental groups received 1 mL of BHI plus
ions. The plates were statically incubated at 37 °C and 10% pCO., for 72 h, and

the media were replaced with fresh broth with or without metal ions every 24 h.

Quantification of glycolytic rate

The rate of glucose uptake was determined using cells from intact
biofilms. After 72 h of growth, each culture well was gently washed twice with
sterile 145 mM NaCl. One milliliter of CGS containing 5 mg/mL (27.77 mmol/L)
glucose with/without metal ions was then added to each well, and the cells were
incubated at 37 °C with 10% pCO. and shaking at 90 rpm. At 6 h and 12 h, 10-
uL aliquots were collected and mixed with 1 mL of enzyme reagent containing
glucose oxidase.'® The subsequent analytical steps were performed according
to the manufacturer's recommendations (Laborlab Inc., Sao Paulo, Brazil). The
values were originally expressed in mg/dL and were converted into mmol/L and
subtracted from 27.77 mmol/L to obtain the rate of glucose consumed. The
values obtained were divided by time (min) and subsequently by biomass
(quantified by absorbance) to obtain metabolic rates expressed as
(um/L)/min/biomass.

Quantification of lactate production
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Two-microliter aliquots of the CGS prepared above were collected and
mixed with 200 pL of enzyme reagent containing lactate oxidase'®. The
subsequent analytical steps were performed according to the manufacturer's
recommendations (Biotecnica Ltd., Varginha, Brazil). The values were originally
expressed in mg/dL and were converted into mmol/L and divided by time (min).
Subsequently, values were divided by biomass (quantified by absorbance) to
obtain lactate secretion rates expressed as (umol/L)/min/biomass.

Biomass estimation by crystal violet (CV) retention

Biofilms grown for 72 h and challenged by 6 h or 12 h with CGS were
thoroughly washed twice with sterile 145 mM NaCl, and the cells were fixed in
99% methanol for 15 min. After evaporation of the methanol via forced air using
a hair dryer, the cells were incubated in 1 mL of 0.02% CV for 20 min. Excess
CV was removed by washing four times with distilled water. The incorporated
CV was released by incubation for 10 min in 1 mL of 33% acetic acid, and the
ODs4o was then determined.”® The values of blanks were subtracted from the
values obtained after treatment to eliminate background interference.

Statistics

Six replicates of each experiment were conducted in four separate
moments. All data were assessed for homogeneity of variance using the
Levene index and analyzed by the one-way ANOVA test with a Games-Howell
multiple comparison test for heterogeneous variances using SPSS 18.0 (SPSS
Inc., Chicago, IL). A p value of p<0.05 was considered as statistically

significant.

RESULTS
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Quantification of biofilm biomass

The biomasses of biofilms grown for 72 h in the presence or absence of
metal ions were estimated after treatment with 5% glucose for 6 h and 12 h, as
shown in Table 1. After 6 h of treatment, increases in biomass were achieved
following the addition of Fe®" to the broth (p<0.049). The biomasses obtained
following treatment with Ni**, Cr®*, Co®* and the ion mixture had means with
slight fluctuations, but these values did not reach statistical significance
compared to the control (p=0.506).

When the cultures were continued for 12 h, the average biomass of the
controls had an absorbance of 1.685+0.326. Reductions (p<0.015) in biomass
values were obtained for biofilms grown in the presence of Ni** (1.048+0.326),
Fe® (1.414+0.470), and Cr®* (1.302+0.494). The mixture of ions (1.676+0.339)
and Co?* (1.774+0.355) produced biofilms with biomasses similar to that of the
control (p=0.419).

Notably, the biomass values of groups grown with Ni?*, Fe**, and Cr**
were reduced by glucose treatment for 12 h compared to their values following
treatment for 6 h. At first, this fact caused some concern; however, possible
methodological errors were not taken in account and we concluded that the
most plausible hypothesis is that the sharp drop in pH over 12 h caused the
ions became toxic, resulting in a reduction in cell viability. This hypothesis
should be tested in future studies.

Quantifying the metabolic rate

Metabolic rates were determined based on the amount of glucose

consumed per amount of biomass formed in the presence or absence of metal

ions and 5% glucose for 6 h and 12 h (Table 2). At the 6-h time point, none of
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the experimental groups were different from the controls (p=0.657), indicating
that the metal ions did not produce metabolic changes. However, after 12 h of
glucose challenge, we observed increases in the metabolic rate of biofilms
grown in the presence of Ni?*, Fe®*, and Cr** (p<0.033).
Quantifying the lactate production rate

Although there were substantial variations between the results of
different ion-treated groups (e.g., Fe®* ions vs. other ions) in 6-h cultures, these
lactate production results were not significantly different from the control
(p=20.065). The secretion of lactate after 12 h of glucose treatment was
increased in the presence of Ni#*, Fe**, Cr®, and mixed ions (p<0.046; Table 3).
Stoichiometry

Figure 1 shows the distribution of the average consumption of glucose
(mmol/L) vs. lactate secretion (mmol/L). This scatterplot was built to
demonstrate the influence of metal ions on the relationship between the use of
glucose and the consequent secretion of acid. However, the distribution of the
means did not generate clusters for a given ion or for the duration of treatment
(6 hand 12 h).

Correlation analysis using Pearson's coefficient (rp) revealed that after 6
h of glucose treatment, the controls showed a weak negative correlation
between glucose consumption and lactate secretion that was not significant
(re=-0.157, p>0.05). The mixture of ions also resulted in a weak negative
correlation (rp=-0.024, p>0.05). Strong positive correlations were obtained for
Ni?* (rp=0.777, p<0.05) and Fe>* (rp=0.742, p<0.05). After 12 h of treatment, the

correlation coefficients were positive for all groups except for the mixture of ions
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(rp=-0.111, p>0.05). The results using Ni?* were particularly noteworthy,
demonstrating a strong positive correlation (rp=0.833, p<0.05).

To determine the influence of metal ions on the efficiency of the
conversion of glucose to lactate, a simplified homolactic fermentation equation
(1 glucose — 2 lactate) with no other metabolic deviation (e.g., heterolactic
fermentation) was considered. The lactate concentration values (in mmol/L)
were divided by two to obtain the amount of glucose converted to lactate. The
ratios obtained were multiplied by 100 and divided by the total concentration of
glucose consumed. These calculated ratios were again multiplied by 100 and
divided by the average values of the controls for each time point. Thus, the
values of the controls were arbitrarily considered to be 100%. At this threshold,
the percentages of conversion of glucose to lactate by biofilms under different
treatments were recalculated (Figure 2). The results for the 6-h treatment
showed that only Fe®*" was able to increase the conversion rate above the mean
control value (32.83% increase). The remaining ions reduced the conversion
rate by about 52.69% (Ni**), 66.85% (Cr®"), 66.77% (Co**), and 26.20% (mix).
In contrast, glucose treatment for 12 h produced conversion rates in the ion-
treated groups that were much higher than the control, with increases ranging
from 351.47% (mix) to 1064.01% (Ni?*). The exception was the Co**-treated

group, which showed a reduction of 3.35%.

DISCUSSION

In terms of methodology, our treatment of biofilms with glucose for up to
12 h could be regarded as being too long and thus not physiologically relevant.

However, we opted to include this treatment time because patients (and in
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certain instances, their parents) commonly report the consumption of sugar
throughout the waking period, even in multiple doses per day. Nevertheless, the
choice to assess these biofilms over 72 h is based on the clinical observation
that some patients are not collaborative and conduct oral hygiene far below the
desirable level.

We also observed that treatment with some metal ions, particularly Fe**

and Cr¥, increased the biomass of biofilms during the early hours of treatment
with glucose compared to the control. However, these same ions did not
maintain this effect when the treatment was extended. It is possible that these
ions acted during the lag phase of biofilm growth over 72 h caused by the
addition of glucose and promoted its shortening. Figure 3 graphically illustrates
this possibility. However, because S. mutans lacks catalase to detoxify reactive
oxygen species (ROS), it is also possible that the trivalent ions were reduced to
Fe?* and Cr** due to the acidity of the biofilm and the low availability of
molecular oxygen.?’ These reduced ions, once internalized by the bacterial
cells, might have begun to catalyze the Fenton reaction and the subsequent
production of hydroxyl radicals, which are strong oxidizing agents that affect
cellular functions. At the level of microbial populations, the presence of ROS
would have killed cells of outer layers of biofilm, as well as internal layer cells in

lesser extent, resulting in lower biomass after 12 h of treatment.

Based on the above hypothesis, it would be expected that the mixture of
ions would also induce an increase in biomass in the first six hours of treatment,
followed by a reduction when the treatment is extended to 12 h. In fact, the
mixture of ions induced an increase in biomass after 12 h. Although exposure to

Ni?*, Cr** and Fe®" caused a reduction in final biomass, Co®*, which promoted
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an increase in biomass during the interval between the 6- and 12-h glucose
treatments, may has counteracted the cell loss induced by other ions, resulting

in the maintenance of biofilm biomass during treatment with the ion mixture.

The evaluation of metal ions individually revealed that some were able to
influence glucose metabolism by increasing consumption when the treatment
was prolonged to 12 h. However, the stoichiometry of glucose consumption and
lactate production indicated that the hexose was not fully digested for energy
purposes, as could be thought. Three possible scenarios, which may have
occurred simultaneously, could explain the observed pattern of glucose
expenditure. First, some of the glucose may have been converted to pyruvate
and used for homolactic fermentation; heterolactic fermentation may have also
occurred, but to a lesser extent. Second, because S. mutans is deficient in a-
ketoglutarate dehydrogenase, its Krebs cycle is incomplete.?” Thus, some of the
pyruvate produced may have been converted into amino acids for biomass
formation. Third, the bacterium may have secreted extracellular
glycosyltransferases (GTFs) to transform the surrounding glucose into an extra-
polymeric matrix for biofilm formation.

Previous studies have found that S. mutans internalizes only the ferrous

9

form of iron (Fe*),” which can be formed in the anaerobic and reducing

environment of the biofilm interior either due to partial oxygen accessibility*>**
or due to the action of reducing substances from glucose metabolism, possibly
via flavoprotein-dehydrogenase.” Once Fe?* enters the membrane, it can be
internalized into cells. In Lactobacillus caseli, it has been shown that divalent

ions such as Fe* and Ni?* can act as activators of lactate dehydrogenase,

increasing the conversion of pyruvate to lactate by 1.78 and 2.34 times,
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respectively.”® Our results are in agreement with this previously published
evidence, which may at least partially explain the observed increases in the
lactate secretion rate induced by ions (Figure 2). However, this effect is likely
concentration dependent because exposure of S. mutans to ion concentrations
in the nanomolar range stimulates microbial growth and metabolic activity,?® in
agreement with our results. Moreover, micromolar or greater concentrations of

these ions lead to decreases in these.'"?’

From a clinical perspective, the data presented here suggest that metal
ions from orthodontic appliances stimulate important virulence factors of S.
mutans that are directly associated with the bacterial ability to cause caries.
This behavior deserves special attention by orthodontists when educating their
patients about the importance of maintaining excellent oral hygiene. Future
studies should aim to further investigate of the effect of orthodontic therapy on

the virulence and pathogenicity of cariogenic bacteria.

CONCLUSIONS

We have demonstrated that metal ions in concentrations similar to those
obtained from patients undergoing orthodontic intervention may interfere with
the physiological response of S. mutans during 12 h of treatment with glucose,
reducing biomass (Ni?*, Fe®*, Cr®), raising the rates of sugar metabolism (Ni?*,

Fe®, Cr**) and increasing lactate secretion (Ni**, Fe**, Cr®* and ion mixture).
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TABLES

Table 1. Biomasses achieved by 72 h-old biofilms grown in presence/absence of metallic cations followed by 6 h/12 h
challenges with 5% glucose

Incubation Biomass [CV retention (AODs40,m)] * std dev
time Control Nickel Iron Chromium Cobalt Mixture
6h 1488 +0.295% 1.414+0.298° 1.819+0.766° 1.756 +0.374° 1540+ 0.456 %  1.420 +0.380 °
12 h 1.685+0.326 %  1.048+0.326%  1.414+0470°  1.302+0.494°  1.774+0.355" 1.676 +0.339 *

Dissimilar upper letters denote statistical significances (Games-Howell p < 0.05) among different treatments. No comparisons were made between treatments according to
incubation (5% glucose challenges) time.

Table 2. Glucose metabolic rates of 72 h-old biofilms grown in presence/absence of metallic cations followed by 6 h/12 h
challenges with 5% glucose

Incubation Glucose metabolic rate {[(umol.L").min™"].biomass™}  std dev
time Control Nickel Iron Chromium Cobalt Mixture
6h 42123 £3.811%® 43.396+7.315% 34.293 +12.481° 35587 +10.223° 40.933 +9.564 ® 43.116 +9.086 *
12 h 36.891 +5.604 " 57.962+17.735°% 44.081 +12.431° 46.114 +13.756 ¢ 34.429 + 4868 " 36.429 + 5.467

Dissimilar upper letters denote statistical significances (Games-Howell p < 0.05) among different treatments. No comparisons were made between treatments according to
incubation (5% glucose challenges) time.

Table 3. Lactate secretion rates of 72 h-old biofilms grown in presence/absence of metallic cations followed by 6 h/12 h
challenges with 5% glucose

Incubation Lactate secretion rate {[(umol.L™").min"].biomass™} + std dev
time Control Nickel Iron Chromium Cobalt Mixture
6h 0.351 +0.069 * 6.139 +2.880 8 4.015+1.473° 2.761 +0.454 C 0.308 £0.052" 1.602+£0.194°
12 h 9.991 +3.627®  4.636 +1.0222 15.354 + 5.838 ° 2.935 + 0.507 ° 3.553+2.917% 7.299 +2.8142

Dissimilar upper letters denote statistical significances (Games-Howell p < 0.05) among different treatments. No comparisons were made between treatments according to
incubation (5% glucose challenges) time.
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Figure 1. Scattergram of cartesian combinations of nominal secreted lactate values
(mmolsL™") by consumed glucose (mmolsL™).
Each point represents the aritmetic average of 24 repetitions. rp values represent the
Pearson correlation coefficients for lactate vs glucose combinations.
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FIGURES (cont.)

140 5 conversion lactate converted glucose (mmol.L-") % 100 [ 1400
efficiency (%) = _consumed glucose in presence of metal (mmol.L"") X 100
consumed glucose by controls (mmol.L") C
]
%/o 120 1 F 1200 DN
e
. 6 h challenges E
o 12 h challenges n
100 = == ¢ = s e . © e ¢ e ¢ e e s —— -— L 1000 2
c
g
2
E 80 t 800 4
o h
h P
g g
E 60 peoo ¢
g 3
f
n 40 I 400 E
| !
2 20 L 200 )
0 | Lo
Ni+2 Fe*? Cr+ Co*2 Mix Ni+2 Fe*3 Cr+3 Co*2

Figure 2. Bar diagram showing the efficiency (%) of glucose to lactate convertion
modulated by metal ions.
Dashed lines perpendicular to y axis represent controls arbitrarily considered as been 100%.
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FIGURES (cont.)

Negative control

A“ ’I
8 Fe*3/ Cr3
£
= ,
o
O
Fe+3/Cr+3 + e~
TH1]
1[O2]
q; < 1 Fe+2/Cr+2
SR 2
E5S $
o o k=] —_— Lipid peroxidation
3 S < lag phase shortening
by Fe+*3/Cr+3
]
§
Normal lag phase
| | Time

Between6h and 12 h

Figure 3. Proposed mechanism for growth interference of cells living within bottom
layers of 72-h biofilms of S. mutans by metal ions.
In detail, Fenton reaction and lipide peroxidation are indicated.

42



10.ANEXOS

43



ANEXO |

Termo de Consentimento Livre e Esclarecido
Eu,

, RG , estou sendo convidado a patrticipar do
estudo denominado: “Modulacdo de viruléncia de biofilme de Streptococcus
mutans ATCC®25175™ por fons metalicos liberados de aparelhos ortoddnticos”.

Caso aceite participar desta pesquisa, estarei de acordo com a coleta de
minha saliva (20 mL). Esta coleta sera realizada através de estimulagcao por um
pedaco de tubo de silicone estéril de aproximadamente 1,5 g. A saliva
estimulada inicial sera deglutida e a partir desse momento sera tomada toda a
saliva produzida em um tubo graduado, com o auxilio de um funil. Esse
processo é indolor. E, fui orientado a ndo se alimentar ou escovar os dentes por
pelo menos duas horas antes do periodo da coleta.

A minha privacidade sera respeitada, ou seja, 0 meu nome, ou qualquer
outro dado confidencial, sera mantido em sigilo. Estou ciente de que nao
receberei ressarcimento financeiro pela participacdo e poderei me recusar a
participar do estudo, ou retirar 0 meu consentimento a qualquer momento, sem
precisar justificar.

Os pesquisadores responsaveis por este estudo sdo Edvaldo Antonio
Ribeiro Rosa e Alinne Ulbrich Mores Rymovicz, do Curso de Pés Graduacao em
Odontologia, da Pontificia Universidade Catdlica do Parana. A qualquer
momento 0s pesquisadores poderao ser contatados pelo telefone (41)3271-
1497.

Li este termo, fui orientado quanto ao teor da pesquisa acima mencionada
e compreendi a natureza e o objetivo do estudo do qual fui convidado a
participar. Concordo, voluntariamente em participar desta pesquisa, sabendo
que nao receberei nem pagarei nenhum valor econémico por minha
participagao.

Curitiba, de de 201 _.

Assinatura do responsavel pelo sujeito de pesquisa

Assinatura da pesquisadora Alinne Ulbrich Mores Rymovicz

Assinatura do pesquisador Edvaldo Antonio Ribeiro Rosa
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ANEXO I

Parecer N° D003588/09 Protocole CEP N2 5410

Titula do projeto Modulagio da viruléncia de biofilmes de Streptacoccus mutans ATCC Grupo I1I
25175 por cations metalicos liberados de aparelhos ortodénticos Versdo 1
Protocolo CONEP 0515.0.084.000-09 Pesquisador responsavel Alinne Ulbrich Mores
*Instituicao

Devido a0 expasto, 0 Comité de Etica em Pesquisa da PUCPR, de acordo com 3s exigéncias das Resolugbes Nacionais
196/96 e demais relacionadas @ pesquisas envolvendo seres humanos, em reunido realizada no dia: 02/12/2009,
manifesta-se por considerar o projeto Aprovado.

Situagio Aprovado

Lembramos aos senhores pesquisadores que, no cumprimento da Resoluco 196/96, o Comité de Etica em Pesquisa
(CEP) devera receber relatdrios anuais sobre o andamento do estudo, bem como 2 qualquer tepo e a critério do
pesquisador nos casos de relevinda, além do envio dos relatos de eventos adversos, para conhedmento deste Comité.
Salientamos ainda, a necessidade de relatdrio completo ao final do estudo. :
Eventuais medificagbes ou emendas ao protocolo devem ser apresentadas zo CEP-PUCPR de forma claia e sucinta,
identificando a parte do protocolo a ser modificado e as suas justificativas. k.

Se a pesquisa, ou parte dela for realizada em outras instituicdes, cabe ao pesquisador ndo inicid-la antes de receber a
autorizagdo formal para a sua realizacdo. O documento que sutoriza o inicio da pesquisa deve ser carimbado e assinado
pelo responsave! da instituico e deve ser mantido em poder do pesquisadar responsdvel, podendo ser requerido por
este CEP em qualquer tempo.

Curitiba, 02 de Dezembro de 2009.

Prof, Dr. Sérgio Surugi de Siqueira
Coordenador do Comité de Etica em Pesguisa
PUC PR
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ANEXO I

PONTIFICIA UNIVERSIDADE CATOLICA DO PARANA
Nicleo de Bioética
Comité de Etica em Pesquisa
Cidncla com Consciémeia

PARECER CONSUESTANCIADO DE FROTOCOLO DE PESQUISA

PHET 200
Parecer H9 0003523/09 Praotocola CEP M© 5410
Titulo do projeto ModulacSo da viruléncia de biofilmes de Streptococcus mutans ATCC Grupa IIX
25175 por cations metalicos liberados de aparelhos ortoddnticos Versao 1
Protocala CONEP 0519.0.084,000-09 Pesquisador responsavel Alinne Ulbrich Maores

[nstituicdo
Objetvos

Palo presente projeto se busca avaliar in witro @ modulagio de virulencia de biohilmes de Strepiococous mutans ATCCE
517%™ por alguns citions metslicos comumente esfoliados de aparelhas ortodnticos.

Comentirios e considerages

Parz & raalizacdo desta projato, 05 pesquisaderes vio efetuar a coleta de saliva de Wés sujeitos de pesquisa, para 2
realizacho de teste In vitro.

Termo de consentimento livre e esclarecido ¢/op Termo de compromisso para uso de dados.

TCLE adequado aas sujsitos de pesquisa

Conclusdes

Aprovado sob o aspecto etico,
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ANEXO il

Information for Authors

Electronic manuscript submission and review

The American Journal of Orthodontics and Dentofacial Orthopedics uses the
Elsevier Editorial System (EES), an online manuscript submission and review
system. To submit or review an article, please go to theAJO-DO Editorial
Manager website: ees.elsevier.com/ajodo .

Send other correspondence to:

Dr David L. Turpin, DDS, MSD, Editor-in-Chief

American Journal of Orthodontics and Dentofacial Orthopedics
University of Washington

Department of Orthodontics, D-569

HSC Box 357446

Seattle, WA 98195-7446

Telephone (206)221-5413

E-mail: dlturpin@aol.com

General Information

The American Journal of Orthodontics and Dentofacial Orthopedics publishes
original research, reviews, case reports, clinical material, short communications,

and other material related to orthodontics and dentofacial orthopedics.

Submitted manuscripts must be original, written in English, and not published or
under consideration elsewhere. Manuscripts will be reviewed by the editor and
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consultants and are subject to editorial revision. Authors should follow the
guidelines below.

Statements and opinions expressed in the articles and communications herein
are those of the author(s) and not necessarily those of the editor(s) or publisher,
and the editor(s) and publisher disclaim any responsibility or liability for such
material. Neither the editor(s) nor the publisher guarantees, warrants, or
endorses any product or service advertised in this publication; neither do they
guarantee any claim made by the manufacturer of any product or service. Each
reader must determine whether to act on the information in this publication, and
neither the Journal nor its sponsoring organizations shall be liable for any injury

due to the publication of erroneous information.

Guidelines for Original Articles

Submit  Original  Articles via the  online Editorial Manager:
ees.elsevier.com/ajodo . Organize your submission as follows.

1. Title Page. Put all information pertaining to the authors in a separate
document. Include the title of the article, full name(s) of the author(s), academic
degrees, and institutional affiliations and positions; identify the corresponding
author and include an address, telephone and fax numbers, and an e-mail

address. This information will not be available to the reviewers.

2. Abstract. Structured abstracts of 200 words or less are preferred. A
structured abstract contains the following sections: Introduction, describing the
problem; Methods, describing how the study was performed; Results,
describing the primary results; and Conclusions, reporting what the authors
conclude from the findings and any clinical implications.

3. Manuscript. The manuscript proper should be organized in the following
sections: Introduction and literature review, Material and Methods, Results,
Discussion, Conclusions, References, and figure captions. Express

measurements in metric units whenever practical. Refer to teeth by their full
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name or their FDI tooth number. For style questions, refer to the AMA Manual of
Style, 9th edition. Cite references selectively, and number them in the order
cited. Make sure that all references have been mentioned in the text. Follow the
format for references in "Uniform Requirements for Manuscripts Submitted to
Biomedical Journals" (Ann Intern Med 1997;126:36-47); =+http://www.icmje.orq .

Include the list of references with the manuscript proper. Submit figures and
tables separately (see below); do not embed figures in the word processing

document.

4. Figures. Digital images should be in TIF or EPS format, CMYK or grayscale,
at least 5 inches wide and at least 300 pixels per inch (118 pixels per cm). Do
not embed images in a word processing program. If published, images could be
reduced to 1 column width (about 3 inches), so authors should ensure that
figures will remain legible at that scale. For best results, avoid screening,
shading, and colored backgrounds; use the simplest patterns available to
indicate differences in charts. If a figure has been previously published, the
legend (included in the manuscript proper) must give full credit to the original
source, and written permisson from the original publisher must be included. Be
sure you have mentioned each figure, in order, in the text.

5. Tables. Tables should be self-explanatory and should supplement, not
duplicate, the text. Number them with Roman numerals, in the order they are
mentioned in the text. Provide a brief title for each. If a table has been
previously published, include a footnote in the table giving full credit to the
original source and include written permission for its use from the copyright
holder. Submit tables as text-based files (Word or Excel, for example) and not

as graphic elements.

6. Model release and permission forms. Photographs of identifiable persons
must be accompanied by a release signed by the person or both living parents
or the guardian of minors. lllustrations or tables that have appeared in
copyrighted material must be accompanied by written permission for their use
from the copyright owner and original author, and the legend must properly
credit the source. Permission also must be obtained to use modified tables or

figures.
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7. Copyright release. In accordance with the Copyright Act of 1976, which
became effective February 1, 1978, all manuscripts must be accompanied by
the following written statement, signed by all authors:
"The undersigned author(s) transfers all copyright ownership of the manuscript
[insert title of article here] to the American Association of Orthodontists in the
event the work is published. The undersigned author(s) warrants that the article
is original, does not infringe upon any copyright or other proprietary right of any
third party, is not under consideration by another journal, has not been
previously published, and includes any product that may derive from the
published journal, whether print or electronic media. | (we) sign for and accept
responsibility for releasing this material.” Scan the printed copyright release and

submit it via the Editorial Manager, or submit it via fax or mail.

8. Conflict of interest statement. Report any commercial association that might
pose a conflict of interest, such as ownership, stock holdings, equity interests
and consultant activities, or patent-licensing situations. If the manuscript is
accepted, the disclosed information will be published with the article. The usual
and customary listing of sources of support and institutional affiliations on the
title page is proper and does not imply a conflict of interest. Guest editorials,
Letters, and Review articles may be rejected if a conflict of interest exists.

Other Articles

Follow the guidelines above, with the following exceptions, and submit via Editorial

Manager.

Case Reports will be evaluated for completeness and quality of records, quality of
treatment, uniqueness of the case, and quality of the manuscript. A highquality
manuscript will include the following sections: introduction; diagnosis; etiology;
treatment objectives, alternatives, progress, and results; and discussion. The
submitted figures should include extraoral and intraoral photographs and dental
models, panoramic radiographs and tracings from both pretreatment and

posttreatment, and progress or retention figures as  appropriate.
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Short Communications should not exceed 2000 words, including the bibliography,
and should include a minimal number of figures or tables. Priority will be given to
communications relating to primary research data, preferably clinical but also basic.
This section permits time-sensitive material to be published within 6 months of

submission.

Techno Bytes items report on emerging technological developments and products

for use by orthodontists.

Litigation, Legislation, and Ethics items report legal and ethical issues of interest to
orthodontists.

Miscellaneous Submissions

Letters to the Editor and Ask Us questions and answers appear in the Readers'
Forum section and are encouraged to stimulate healthy discourse concerning the
profession. Send letters or questions directly to the editor, via e-mail:
dliturpin@aol.com. Submit a signed copyright release with the letter, or fax or mail

separately.

Brief, substantiated commentary on subjects of interest to the orthodontic profession
is occasionally published as a Guest Editorial or Special Article. Send Guest
Editorials or Special Articles directly to the editor, via e-mail: dlturpin@aol.com.

Submit a signed copyright release with the editorial, or fax or mail separately.

Books and monographs (domestic and foreign) will be reviewed, depending on their
interest and value to subscribers. Send books to the Editor of Reviews and
Abstracts, Dr Alex Jacobson, University of Alabama School of Dentistry, 1919 7th
Ave S, Box 23, Birmingham, AL 35294. They will not be returned.

Checklist for authors

Title page, including full name, academic degrees, and institutional affiliation

and position of each author, and author to whom correspondence and reprint
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requests are to be sent, including address, business and home phone numbers, fax

numbers, and e-mail address

Abstract

Article proper, including references and figure legends
Figures, in TIF or EPS format

Tables

Copyright release statement, signed by all authors
Photographic consent statement(s)
Conflict of interest statement

Permissions to reproduce previously published material

Updated June 2009
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