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RESUMO

A terapia fotodinamica (TFD) é um tratamento antibacteriano alternativo para as doencas
causadas por biofilmes como a carie dental. Esta tese, apresentada na forma de 3 artigos,
teve por objetivos: (1) revisar a literatura enfocando o efeito da TFD em bactérias
cariogénicas, (2) validar um modelo de formagdo de biofilme de mono-espécies de
estreptococos ¢ avaliar o efeito da associagdo do azul de orto-toluidina (AOT) e um diodo
emissor de luz (LED) vermelho sobre biofilmes formados pela associacao dessas bactérias
e, (3) avaliar o efeito da TFD utilizando um laser de HeNe ou uma luz LED vermelha sobre
biofilmes de S. mutans crescidos em fermentador de espessura e fluxo continuos (FEFC).
No artigo 2, biofilmes de Streptococcus mutans, Streptococcus sobrinus e Streptococcus
sanguinis foram formados in vitro sobre blocos de esmalte dental bovino. Nos biofilmes
avaliou-se a contagem microbioldgica e a concentracdo de polissacarideo extracelular
insoluvel, sendo que no esmalte foi determinada a perda de mineral. O potencial
antimicrobiano da associagdo AOT a 100 pg/ml e um LED com densidade de energia de
85,7 J/cm® sobre estes biofilmes foi avaliado através de contagem das bactérias viaveis. No
artigo 3, foi testado o efeito antimicrobiano da TFD utilizando densidades de energia de um
laser de HeNe ou uma luz LED vermelha variando entre 49 e 294 Jcm’z, sobre biofilmes de
S. mutans crescidos em um FEFC. O efeito da TFD foi avaliado através da andlise da
viabilidade bacteriana e microscopia confocal a laser. A revisdo da literatura demonstrou a
relevancia e a escassez de estudos utilizando a TFD sobre biofilmes cariogénicos. Os
resultados do artigo 2 demonstraram que o modelo de formacdo de biofilme in vitro testado
foi efetivo para simular situagdes de alto desafio cariogénico promovendo a

desmineralizacdo do esmalte, sendo que a aplicagdo da TFD foi eficaz para reduzir



significantemente a viabilidade bacteriana nos biofilmes (p < 0,05). No terceiro estudo,
reducdes significativas (p < 0,05) da viabilidade S. mutans foram observadas apos a TFD
tanto com utilizagdo do laser de HeNe como pela luz LED, porém este efeito se limitou as
camadas externas dos biofilmes. No conjunto, os resultados desses estudos indicam que
tanto o laser HeNe quanto a luz LED na presenca de AOT apresentam efeito

antimicrobiano sobre biofilmes de estreptococos.



ABSTRACT

Photodynamic therapy (PDT) is an alternative antibacterial therapeutic to biofilm-related
diseases such as dental caries. This thesis, comprised by 3 manuscripts was designed (1) to
review the literature about the use of PDT on cariogenic bacteria, (2) to validate a
streptococci biofilm model and to evaluate the effect of toluidine blue O (TBO) and a red
Light Emission Diode (LED) association on viability of biofilmes formed with these
bacteria and, (3) to evaluate the effect of PDT using either a HeNe laser or a red LED light
on the viability of S. mutans biofilms grown in a constant depth film fermentor (CDFF). In
the second manuscript, Streptococcus mutans, Streptococcus sobrinus and Streptococcus
sanguinis biofilms were grown on bovine enamel blocks. In the biofilms the
microbiological counting and water-insoluble polysaccharide concentrations were
analyzed; while mineral loss analysis were performed on enamel blocks. Also, the
antimicrobial potential of TBO at 100 pg/ml associated with a LED at 85.7 Jem™ on single-
species biofilms were evaluated by microbiological counting. In the manuscript 3, the
antimicrobial effect of PDT on S. mutans biofilmes growth on CDFF were verified either
using a HeNe laser or a red LED with energy density ranging from 49 to 294 Jem™. The
effect of TFD was verified by analyzing bacterial viability and confocal scanner laser
microscopy. The review of literature demonstrated the importance and shortage of studies
about PDT on cariogenic biofilms. The results of manuscript 2 showed that the tested
biofilm was effective to simulate high cariogenic challenger promoting enamel
demineralization. Also, significant reductions (p < 0.05) in bacteria viability were founded
after PDT. At the third study, significant reductions in S. mutans biofilms counting was

observed after PDT using either a HeNe laser or a LED light the both light (p < 0.05),



however, the effect was restricted to external biofilm layers. In conclusion, the results of
these studies showed that either a HeNe laser or a LED light in the presence of TBO

showed antimicrobial effect on streptococci biofilms.



I- INTRODUCAO GERAL

Atualmente, cerca de 1000 diferentes espécies de microrganismos ja foram
detectadas na cavidade oral dos seres humanos e a grande parte delas encontra-se
organizada na forma de biofilmes (Wilson, 2004). Enquanto a vasta maioria desses
microrganismos ¢ inofensiva, algumas espécies sdo identificadas como agentes causadores
de uma variedade de doencas dentro e fora da cavidade oral (Meyer & Fives-Taylor, 1998).
Os biofilmes bacterianos sdo formados quando microrganismos unicelulares se tornam
irreversivelmente aderidos a uma superficie solida e envolvida por uma matriz de
polissacarideos extracelulares, podendo haver a formacao de biofilmes a partir de uma ou
multiplas espécies bacterianas (Mah & O Toole, 2001, Spratt & Pratten, 2003). Tem sido
observado que bactérias inseridas nos biofilmes passam a exibir caracteristicas fenotipicas
distintas que resultam no aumento de resisténcia dos biofilmes aos agentes antimicrobianos
(Evans & Holmes, 1987; Mah & O Toole, 2001).

A diversidade anatdmica existente na cavidade oral e a interdependéncia entre as
suas estruturas tornam o desenvolvimento dos biofilmes particularmente interessante.
Contrariamente ao que ocorre nas superficies mucosas onde ha uma constante descamagao
da parede epitelial e conseqiiente renovagdo dos microrganismos aderidos; os dentes
constituem superficies duras favoraveis a formac¢do e maturagdo do biofilme bacteriano
tanto na regido supragengival como na regido subgengival (Thylstrup & Fejerskov, 1995;
Marcotte & Lavoie, 1998). A placa dental ¢ um biofilme bacteriano encontrado
naturalmente na superficie dos dentes, apresentando composicdes bacteriana e bioquimica
que podem variar em dependéncia de fatores intrinsecos e extrinsecos (Marsh, 1992;

Kolenbrander, 2000; Watnick & Kolter, 2000).



Com relacdo ao desenvolvimento dos biofilmes dentais temos que apds a limpeza
profissional da superficie dental inicia-se a deposi¢do de uma camada acelular sobre a
superficie dos dentes denominada pelicula adquirida (Nyvad, 1993). Os principais
constituintes da pelicula sdo componentes originarios da saliva e do fluido gengival como
proteinas, glicoproteinas e lipidios além de componentes bacterianos como as
glucosiltransferases (Marcotte & Lavoie, 1998). A colonizacdo bacteriana da pelicula
adquirida inicia-se poucas horas ap6s a limpeza profissional (Bowden & Edwardsson,
1995).

Os microrganismos pioneiros na colonizagdo da pelicula adquirida sdo os
estreptococos (Streptococcus sanguinis, Streptococcus oralis € Streptococcus mitis) € em
proporgdes menores Neisseria e Actinomyces. Neste momento, as bactérias com pouca ou
nenhuma afinidade pela pelicula sdo eliminadas pelo fluxo salivar, sendo que interagdes
moleculares entre as proteinas da pelicula adquirida e a superficie bacteriana sdo
responsaveis pela especificidade da colonizagdo bacteriana nos primeiros estagios de
formacdo do biofilme dental (Gibbons & Hay, 1988) Apds a colonizacdo inicial, os
microrganismos pioneiros crescem rapidamente formando micro coldnias que ficam
embebidas em uma matriz extracelular (Thylstrup & Fejerskov, 1995). A seguir, relacdes
interbacterianas como coagregac¢do, produgdo de bacteriocinas e interagdes nutricionais
contribuem para o aumento da diversidade bacteriana até atingir uma comunidade climax
em 2 ou 3 semanas. O surgimento de doencas neste micro ambiente ocorre quando hd um
desequilibrio no ecossistema do biofilme bacteriano formado.

A complexidade da comunidade bacteriana que coloniza o biofilme dental tem
dificultado a determinag@o das bactérias que atuam no aparecimento das lesdes de carie.

Entretanto, ha evidéncias consideraveis de que os estreptococos grupo mutans



(particularmente Streptococcus mutans e Streptococcus sobrinus) e os lactobacilos estejam
envolvidos no inicio e progressdo da carie (Loesche, 1986). A produ¢do de acidos pelas
bactérias acidogénicas e aciduricas no biofilme dental ¢ um pré-requisito essencial para o
desenvolvimento das lesdes de céarie (Bowden & Edwardsson, 1995). O freqiiente consumo
de carboidratos fermentdveis pode levar a constantes quedas de pH no biofilme gerando
uma diminui¢do na propor¢ao de bactérias acido-sensiveis como S. sanguinis, S. oralis, e S.
mitis € um aumento nas propor¢des de espécies sacaroliticas aciduricas e acidogénicas
como os estreptococos grupo mutans e lactobacilos. (Challacombe, 1980; Marsh, 1994;
Marcotte & Lavoie, 1998). O aumento na propor¢do dessas espécies leva a uma producao
cada vez maior de acido, promovendo a desmineralizagdo do dente e deixando a superficie
dental mais susceptivel ao aparecimento de lesoes de carie (Thylstrup & Fejerskov, 1995).

Por estar intimamente relacionada a formagao de biofilmes bacterianos, a prevengao
da doenca carie baseia-se principalmente na remog¢ao mecanica desses biofilmes (Marsh &
Martin, 1992). No entanto, muitos individuos sdo incapazes ou desmotivados para realizar
esse procedimento com a regularidade e eficiéncia necessaria, de modo que nas ultimas
décadas tem aumentado o interesse na possibilidade de substituir ou complementar a terapia
mecanica com o uso de agentes anti-sépticos ou antibidticos. Ocorre, no entanto, que o0 uso
freqiiente desses agentes no tratamento de doencas cronicas pode resultar na selegdo de
espécies resistentes (Wilson et al., 1996).

Neste sentido, a terapia fotodinamica surge como um tratamento alternativo ao uso
de agentes antimicrobianos tradicionais (Wilson et al., 1995). Durante esse processo,
componentes celulares fotossensiveis passam para um estado excitado quando expostos a
uma luz de comprimento de onda complementar que ¢ caracterizado pela passagem dos

elétrons para niveis de energia superiores. Neste estado excitado, o fotossensibilizador pode



interagir com o oxigénio molecular iniciando a formacdo de oxigénio singleto altamente
reativo (fotoprocesso Tipo II) ou interagir com outras moléculas como aceptores de elétrons
resultando na producdo de hidroxilas e outros radicais organicos (fotoprocesso do Tipo I)
(MacRobert et al., 1989). Os produtos dessas reagdes fotoquimicas podem entdo danificar
componentes essenciais das células ou alterar as atividades metabolicas de maneira
irreversivel resultando na morte bacteriana (Malik et al., 1990).

Como a maioria das espécies bacterianas nao apresenta componentes
fotossensiveis, a utilizacdo de um fotossensibilizador que atraia para si a luz e inicie a
formacao de radicais livres ¢ importante (Wilson et al., 1992). Assim, células desprovidas
de componentes fotossensiveis enddogenos podem se tornar sensiveis a luz se forem coradas
com fotossensibilizadores ou agentes cromo6foros exodgenos como o azul de metileno, azul
de toluidina, eosina e hematoporfirinas (Wilson, 1993). No entanto, a habilidade de um
componente em absorver uma luz incidente ndo significa necessariamente que ele possa
atuar como um fotossensibilizador. Para produzir efeito antimicrobiano, os
fotossensibilizadores devem apresentar picos de absor¢do proximos ao comprimento de
onda da luz utilizada e ndo devem apresentar danos toxicos ao hospedeiro (Wilson et al.,
1992).

A grande maioria dos estudos utilizando a terapia fotodindmica para obtengdo de
efeito antimicrobiano utiliza lasers de baixa poténcia com diversos meios ativos e
comprimentos de onda. Recentemente, os diodos emissores de luz (LED) surgiram como
luzes alternativas a essa terapia. Os LED sdo dispositivos semi-condutores que quando
polarizados adequadamente emitem luz na faixa visivel ou invisivel. Embora tanto os lasers

quanto os LED produzam luzes monocromaticas, os LED nao apresentam boa colimagdo ¢



coeréncia, resultando em bandas de emissdo mais largas que favorecem a obtengdo de
complementaridade com os fotossensibilizadores utilizados.

Entre as vantagens da terapia fotodinamica em relagdo ao uso dos agentes
antimicrobianos tradicionais, temos primeiramente que a morte da célula bacteriana pode
ser rapida, ndo sendo necessaria a manutengdo do agente quimico em altas concentragdes
sobre as lesdes por longos periodos de tempo como ocorre com os agentes anti-sépticos e
antibioticos. Além disso, a morte celular mediada pela liberagdo de radicais livres torna o
desenvolvimento de resisténcia pelos microrganismos improvavel. Finalmente, o uso do
fotossensibilizador ou da luz sozinhos ndo apresentam efeito significativo sobre a
viabilidade das bactérias, de modo que a terapia pode ser confinada a area da lesdo pela
aplicagdo topica cuidadosa do corante e restricdo da irradiagdo por meio do uso de fibra
otica (Wilson, 2004).

Muitos autores tém relatado a acdo antimicrobiana da terapia fotodinamica sobre
bactérias crescidas em caldo de cultura (Dobson & Wilson, 1992; Burns et al., 1994;
Griffiths et al., 1997; Zanin et al., 2002; Williams et al., 2003), mas poucos sao os estudos
que avaliam a a¢do antimicrobiana da terapia fotodindmica sobre biofilmes cariogénicos

(Wood et al., 1999; O’Neill et al., 2002).



II - PROPOSICAO

Os objetivos desse estudo foram:

1. Revisar a literatura disponivel enfocando o uso da terapia fotodindmica na Odontologia

no que diz respeito a sua a¢cdo antimicrobiana sobre bactérias causadoras da doenga carie.

2. Validar um modelo de formagdo de biofilmes de mono-espécies de estreptococos
crescidos sobre blocos de esmalte dental bovino in vitro bem como avaliar o efeito
antimicrobiano da associacdo do azul de orto-toluidina e luz LED (620 — 660 nm) sobre

esses biofilmes.

3. Avaliar in vitro o efeito da terapia fotodindmica utilizando um laser de HeNe (632.8 nm)

ou uma luz LED (620—660 nm) sobre biofilmes de S. mutans crescidos em um fermentador

de espessura e fluxo continuos (FEFC).
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RESUMO

A redugdo de microrganismos patogénicos da superficie dental ¢ um dos principais fatores
envolvidos na prevencdo e controle da doenca carie. Com esse propoésito, a terapia
fotodindmica surge como um tratamento alternativo devido a sua habilidade em matar
microrganismos. Nessa terapia, bactérias previamente sensibilizadas com um
fotossensibilizador especifico sdo irradiadas com um laser de baixa poténcia iniciando a
formacao de radicais organicos que podem culminar com a morte bacteriana. O objetivo
dessa revisao foi dar ao leitor informagdes sobre o uso da terapia fotodinamica na reducao
de bactérias bucais e as novas perspectivas para o uso dessa terapia na odontologia.

UNITERMOS: carie dental, bactérias, terapia fotodinamica, lasers.

SUMMARY

Elimination of pathogenic microorganisms from dental surface has been one of the most
important factors related to dental caries control and prevention. In this way, photodynamic
therapy became as an alternative treatment because of its ability to kill microorganisms. In
this therapy, pre-sensitized bacteria irradiated with a low-power laser beginning the
formation of free organic compounds that may kill bacteria. The aim of this review was to
provide the reader with information about antimicrobial activity of photodynamic therapy
and new perspectives for the use of this therapy in dentistry.

UNITERMS: dental caries, bacteria, photodynamic therapy, lasers
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INTRODUCAO
Microrganismos no desenvolvimento da carie dental

A microbiota bucal dos humanos ¢ altamente complexa e diversa, sendo
caracterizada pela presenca de cerca de 400 espécies bacterianas além de protozoarios,
fungos, micoplasmas e virus (KAZOR et al., 2003). Nesse contexto, a carie dental estd
intimamente associada com a microbiota residente no biofilme dental j& que os dentes sdo
estruturas solidas que oferecem sitios de colonizagdo para os microrganismos tanto na
regido supragengival como na regido subgengival (MARSH & MARTIN, 1992). Em
contraste, as superficies mucosas sdo caracterizadas pela constante descamacao
promovendo rapida eliminacao das bactérias aderidas (MARCOTTE & LAVOIE, 1998).

A formagdo do biofilme dental representa um bom exemplo das forgas envolvidas
na manutengdo da homeostase dos ecossistemas orais. Imediatamente apds a limpeza da
superficie dental por um profissional inicia-se a deposi¢do de uma camada acelular
denominada pelicula adquirida (NYVAD, 1993). Os microrganismos pioneiros na
colonizagdo da pelicula adquirida sdo os Streptococcus (Streptococcus sanguinis,
Streptococcus oralis e Streptococcus mitis) € em propor¢des menores Neisseria €
Actinomyces (GIBBONS & HAY, 1988) Apoés a colonizacdo inicial, os microrganismos
pioneiros crescem rapidamente formando colonias que ficam embebidas em uma matriz
extracelular composta por componentes de origem salivar e bacteriano (BOWDEN &
EDWARDSSON, 1995). A seguir, ocorre o aumento da diversidade bacteriana até atingir
uma comunidade climax em duas ou trés semanas.

O surgimento de doengas neste ambiente s6 ocorre quando hd um desequilibrio no
ecossistema do biofilme bacteriano. Assim, por exemplo, um aumento significativo na

freqliéncia e consumo de sacarose pode favorecer o desenvolvimento de espécies
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sacaroliticas aciduricas e acidogénicas como estreptococos grupo mutans e lactobacilos
(MARCOTTE & LAVOIE, 1998), favorecendo a desmineralizagao progressiva dos tecidos
duros do dente (THYLSTRUP & FEJERSKOV, 1995).

Apo6s a desmineralizagdo do esmalte, a lesdo progride lentamente em direcdo a
dentina sendo caracterizada por uma area de dentina desmineralizada sob uma zona
desmineralizada e infectada com bactérias (BURNS et al, 1994). Clinicamente, a
diferenciagdo entre essas zonas e a remo¢do apenas da dentina contaminada ¢
extremamente critica, de maneira que grande quantidade de tecido sadio desmineralizado ¢
removido durante o preparo cavitario (BURNS et al., 1994). Assim, seria interessante o
desenvolvimento de uma terapia capaz de matar as bactérias in situ reduzindo a quantidade
de tecido dental removido e favorecendo o prognostico do elemento dental restaurado
(BURNS et al., 1994; BURNS et al., 1995).

Acao antimicrobiana da Terapia Fotodinamica

Nesse contexto, a utilizagdo de lasers capazes de matar microrganismos patogénicos
surge como uma terapia auxiliar ao tratamento odontoldgico preventivo e restaurador. O
efeito dos lasers geradores de calor na destruicdo das bactérias ¢ conhecido em diversas
areas da odontologia. De modo geral, esses lasers requerem elevadas dosagens de energia e
atingem a superficie irradiada com altas temperaturas promovendo uma esteriliza¢ao local
por agdo térmica (WALSH, 1997; KATO et al., 1998). Por outro lado, os lasers de baixa
poténcia tém como finalidade restabelecer o equilibrio bioldgico celular melhorando as
condi¢does de vitalidade tecidual. Assim, esses lasers sdo reconhecidos por sua acdo
analgésica, biomoduladora e antiinflamatoria sobre tecidos duros e moles produzido por
efeitos fotoquimicos e fotoelétricos ao invés de efeitos térmicos (BRUGNERA JUNIOR &

PINHEIRO, 1998).
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A ag¢do antimicrobiana dos lasers de baixa poténcia s6 comecou a ser efetivamente
estudada na ultima década quando a terapia fotodinamica inicialmente idealizada para o
tratamento do cancer foi trazida para a odontologia. Enquanto no tratamento do cancer o
alvo da terapia fotodindmica é promover a morte seletiva das células tumorais, no caso da
odontologia surge uma nova perspectiva para a utilizacdo da terapia fotodindmica tendo
como alvo as células bacterianas envolvidas no desenvolvimento das lesdes de cérie e da
doenga periodontal.

Como a semelhanca das células tumorais a maioria das bactérias orais nao absorve a
luz visivel, a utilizagdo de um cromoéforo (nesse caso conhecido como fotossensibilizador)
que se fixe a parede bacteriana atraindo para si a luz laser no momento da irradiagdo ¢
essencial para que os lasers de baixa poténcia tenham agdo antimicrobiana sobre bactérias
orais (WiILSON et al., 1992; WILSON, 1993). Desse modo, quando as bactérias coradas
com um fotossenssibilizador especifico sdo irradiadas por uma luz laser de comprimento de
onda complementar, ocorre a absor¢ao de foétons pelo corante, que ¢ convertido para um
estado excitado caracterizado pela passagem dos elétrons para niveis de energia superiores.
A seguir, a energia transferida para as moléculas vizinhas pode resultar na formacao de
moléculas reativas como o oxigénio singleto, ions superoxidos, hidroxilas e outros radicais
livres que podem danificar e, em ultimo caso, matar as células bacterianas (SPIKES &
JORI, 1987; MACROBERT et al., 1989; MALIK et al., 1990; DOBSON & WILSON,
1992; WILSON et al., 1993; BRATTI et al., 1997).

No entanto, a habilidade de um componente em absorver uma luz incidente nao
significa necessariamente que ele possa atuar como um fotossensibilizador. Outros
requisitos importantes sdo que ele ndo apresente caracteristicas toxicas para as células do

hospedeiro além de permanecer em estado excitado por tempo suficiente para permitir a sua
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interagdo com as moléculas vizinhas e produzir espécies citotoxicas capazes de causar a

morte bacteriana (MACROBERT et al., 1989).

REVISAO DA LITERATURA

Os primeiros trabalhos utilizando a terapia fotodindmica sobre bactérias orais foram
realizados por WILSON et al. (1992). Neste momento, o maior interesse dos autores era
descobrir compostos quimicos que pudessem ser efetivamente utilizados como
fotossensibilizadores na terapia fotodinamica. Nesse estudo foram testados 27 compostos e
16 deles tinham capacidade de matar S. sanguinis quando associados a um laser HeNe. Os
mais efetivos foram o azul de orto-toluidina (TBO), azul de metileno, aluminio
dissulfonado fitalocianino (AIPcS,), o cristal de violeta e a dihematoporfirina éster (DHE).
Neste mesmo estudo, TBO e azul de metileno mostraram-se eficazes na reducdo de
Porphyromonas gingivalis, Fusobacterium nucleatum e Actinobacillus
actinomycetemcomitans in vitro. Em todos os casos, o uso do corante na auséncia da luz
laser ndo apresentou efeito significativo sobre a viabilidade dos microrganismos testados.

No mesmo ano, DOBSON & WILSON (1992) estudaram a agdo do laser HeNe
associado ao azul de orto-toluidina ou azul de metileno sobre A. actinomycetemcomitans,
F. nucleatum, P. gingivalis e S. sanguinis. Neste trabalho, a redu¢do no numero de
microrganismos, demonstrada pelo o aparecimento de zonas de inibi¢do de crescimento,
foram encontradas para os quatro microrganismos com ambos 0s corantes na concentragao
de 0,005% e densidade de energia de 16,5 J/em?.

Em 1993 a acdo antimicrobiana da terapia fotodinamica comegou a ser estudada
sobre bactérias cariogénicas (BURNS ez al., 1993). BURNS et al. (1994) observaram que

Streptococcus mutans, Streptococcus sobrinus, Lactobacillus casei e Actinomyces viscosus
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eram sensiveis a combina¢do de um laser de HeNe/TBO ou laser AsGaAl/AlPcS,. No ano
seguinte, estudos semelhantes mostraram redug¢des de aproximadamente 10° unidades
formadoras de coldnias (UFC) para esses microrganismos.

BURNS et al. (1995) também estudaram o efeito da terapia fotodindmica sobre
suspensoes de S. mutans presentes em dentina humana. Quando fatias de dentina com
varios graus de desmineralizacdo estavam interpostos entre a luz laser e a suspensao
bacteriana, um efeito bactericida da ordem de 10’ UFC foi encontrado. Os resultados deste
estudo sugeriram nao haver relagcdo entre a propor¢ao de morte bacteriana e o grau de
desmineralizacdo da dentina ao passo que maiores doses de energia promoviam um
aumento na propor¢do de mortes. Quando os microrganismos estavam embebidos em uma
matriz de colageno no momento da irradiagio a redugio no namero de microrganismos (10
até 10'° UFC) foi observada, sugerindo que a terapia fotodindmica pode ser efetiva sobre S.
mutans mesmo quando as bactérias estdo embebidas em dentina desmineralizada.

Neste mesmo ano, WILSON et al. (1995) realizaram um estudo a fim de avaliar se
bactérias presentes no biofilme dental de 10 voluntdrios podiam ser mortas pela terapia
fotodinamica. Neste estudo a combinagdo TBO/HeNe foi mais efetiva do que AlIPcS,/GaAs
para reduzir as contagens de bactérias anaerdbicas, estreptococos e Actinomyces.

A fim de avaliar o efeito da terapia fotodindmica sobre biofilmes organizados,
WILSON et al. (1996) avaliaram quantitativamente o efeito dessa terapia sobre S. sanguinis
utilizando um aparelho que simulava as condi¢des bucais e era constantemente alimentado
por saliva artificial. Os autores observaram uma diminui¢do gradativa no numero de
microrganismos viaveis diretamente proporcional ao aumento da densidade de energia

depositada.
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HENRY et al. (1996) estudaram o efeito da terapia fotodindmica sobre 18
microrganismos, sendo 6 bactérias produtoras de pigmento negro. A sensibilizacdo das
células bacterianas com um fotossensibilizador exdgeno nao foi realizada a fim de observar
se o pigmento negro endégeno produzido por essas bactérias poderia realizar essa funcao.
A andlise dos resultados demonstrou que a irradiagdo do produziu efeitos fototdxicos sobre
algumas espécies de Prevotellas € Porphyromonas.

Mais recentemente ZANIN et al. (2002a) demonstraram que S. mutans (Figura 1), S.
sobrinus, L. acidophilus e L. casei podem ser mortos pela associagdo de um laser diodo e
azul de orto-toluidina . A utilizagdo da terapia fotodinamica produziu efeito bactericida
total na viabilidade dos microrganismos, com as contagens caindo de 10" a 10'® UFC mL"'

para zero utilizando uma densidade de energia de 28,8 J/cm’.

Figura 1: Crescimento de Streptococcus mutans (A) nos grupos
tratados sem laser e sem corante, somente com laser ou somente
com corante. Observar a auséncia de unidades formadoras de
coldnia Streptococcus mutans quando esse microrganismo foi

exposto a terapia fotodinamica (B).
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Nesse mesmo ano, ZANIN et al. (2002b) observaram que quando um pool de saliva
humana era submetido a terapia fotodinamica ocorria um efeito bactericida total sobre
estreptococos grupo mutans e efeito bactericida parcial sobre estreptococos totais presentes
na saliva humana. A relevancia desse estudo estd na eliminacdo das espécies mais
patogéncias com a preservacdo de parte da microbiota residente, j4 que a atividade
antimicrobiana sobre todos os microrganismos da cavidade oral ndo é recomendada por
tornar o hospedeiro mais susceptivel ao aparecimento de infecgdes oportunistas.

Finalmente, O'NEILL et al., (2002) observaram que biofilmes orais formados por
multiplas espécies in vitro podem ser mortos pela terapia fotodindmica utilizando um laser
de HeNe associado ao corante azul de orto-toluidina . Nesse estudo, biofilmes com
aproximadamente 9 x 10° células bacterianas tiveram uma redugio de 97,4% dos
microrganismos vidveis ap0ds a irradiagdo com 31,5 J na presen¢a do azul de orto-toluidina

na concentracao de 25 pg/mL.

DISCUSSAO E CONCLUSAO

Assim, alguns trabalhos tém demonstrado a eficacia da terapia fotodindmica em
matar bactérias relacionadas ao desenvolvimento das lesdes de cérie e doenga periodontal
em humanos. A revisdo da literatura nos mostra que esse efeito antimicrobiano vem sendo
atingido por sucessivos autores em maiores ou menores proporgoes.

WILSON (1993) descreve as vantagens dessa técnica em relagdo ao uso dos agentes
antimicrobianos tradicionais. Primeiramente, a morte da célula bacteriana pode ser rapida,
nao sendo necessaria a manuten¢ao do agente quimico em altas concentragdes sobre as

lesdes por longos periodos de tempo como ocorre com o uso de antibidticos. Outro aspecto
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relevante € que o uso do fotossensibilizador ou da luz laser sozinhos ndo apresentam efeito
significativo sobre a viabilidade das bactérias, de modo que a terapia pode ser confinada a
area da lesdo pela aplicagdo topica cuidadosa do corante e restri¢ao da irradiagcdo por meio
do uso de fibra otica.

Além disso, o desenvolvimento de uma terapia eficiente para a obtencdo de efeito
bactericida sobre bactérias presentes em biofilmes orais e sobre a carie dental utilizando
lasers de baixa poténcia seria interessante principalmente no que diz respeito ao custo
reduzido quando comparada a obtencao de efeito antimicrobiano utilizando os lasers de alta
poténcia. Outro aspecto importante seria o carater atraumatico da terapia fotodinamica que
teria implicacdes logicas principalmente no que diz respeito ao tratamento de pacientes
especiais e pediatricos (ZANIN & GONCALVES, 2003)

No entanto, embora esses dados sejam altamente promissores, outros estudos devem
ser desenvolvidos a fim de tornar a utiliza¢do da terapia fotodinamica aplicével na clinica
odontologica. Uma das limitacdes dessa técnica ¢ a auséncia de parametros definidos para
que a terapia fotodinadmica seja efetiva na eliminagdo das bactérias presentes em biofilmes e
nas lesdes de carie onde as bactérias sao mais resistentes do que aquelas crescidas em caldo

de cultura (Figura 2).
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Figura 2: (A) Aparelho utilizado para formacao de biofilme in situ. (B) Biofilme
formado sobre bloco de esmalte dental humano. (C) Colocacdo do

fotossensibilizador sobre o biofilme formado.

Os biofilmes bacterianos sdo formados quando microrganismos unicelulares se
reunem para formar uma comunidade aderida a uma superficie solida e envolvida opor uma
matriz de polissacarideos extracelulares. Tem sido observado que microrganismos inseridos
nos biofilmes podem ser de 10 a 1000 vezes resistentes aos agentes antimicrobianos quando
comparadas as mesmas bactérias crescidas em caldos de cultura. Além disso, estudos
paralelos devem ser realizados avaliando a toxicidade dos fotossensibilizadores sobre os
tecidos dentais e gengivais.

Atualmente, centros de pesquisa em varios paises tém se esfor¢cado no
desenvolvimento de técnicas e parametros que tornem a terapia fotodindmica eficaz para
ser aplicada in vivo. No entanto, estudos laboratoriais mais precisos devem ser realizados
antes que essa terapia possa ser aplicada clinicamente em humanos. Além disso, devemos
nos lembrar que devido ao carater multifatorial da doenga carie, as medidas de prevengao
dessa doenga devem abranger todos os seus fatores de risco, sejam eles aqueles
relacionados a dieta, a susceptibilidade do hospedeiro bem como aqueles relacionados a

microbiota cariogénica.
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ABSTRACT: The present study aimed firstly to validate single species biofilms formed in
vitro and secondly, to evaluate the antimicrobial effect of toluidine blue O (TBO)
associated with a red Light Emitting Diode (LED) on the viability of these biofilms. Single
species biofilms of Streptococcus mutans, Streptococcus sobrinus and Streptococcus
sanguinis were grown on bovine enamel slabs during 3, 5 or 7 days. In the biofilms the
microbiological counting and water-insoluble polysaccharide concentrations were
analyzed; while mineral loss analysis was performed on enamel blocks. Also, the
antimicrobial potential of TBO at 100 pg/ml associated with a LED at 85.7 Jem™ on 5 days
single-species biofilms were evaluated by microbiological counting. The results of this
study showed that the extension of caries lesion and the number of microorganisms
increased according to the age of biofilms using this model. Also, results showed a
percentage of death > 90% for all biofilms tested after photodynamic therapy. In
conclusion, biofilm model tested were effective to grow biofilms under high cariogenic
challenger. Thus, photodynamic therapy was effective to kill oral biofilms formed under
mentioned conditions.

Key words: photodynamic therapy, antimicrobial agents, cariogenic bacteria, biofilms.
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INTRODUCTION

Microbial biofilm is a term used to denote a population of microorganisms growing
on a surface, usually with a liquid interface (1). Dental plaque has the properties of a
biofilm because it is formed on the tooth surface surrounded by saliva and is a community
of numerous bacteria embedded in an extracellular polymer matrix (2). Clear evidence is
now available indicating that cells in biofilms are in a physiological state different from
their planktonic counterparts and tend to be far more resistant to antimicrobial agents (3, 4).

The complex bacterial biofilm accumulation on non-shedding tooth surfaces and
tongue allows the resident bacteria to survive to removal forces and also contributes to their
protection against host specific and non-specific defense mechanisms and harmful agents
from external environments (5). The resistance mechanisms also include physical or
chemical diffusion barriers to antimicrobial penetration into the biofilm, slow growth of the
biofilm owing to nutrient limitation, activation of the general stress response and the
emergence of a biofilm-specific phenotype (6).

It is well known that the accumulation of bacterial biofilms on tooth surfaces results
in some of the most prevalent bacteria-induced diseases of man — caries and inflammatory
periodontal diseases (7). Current treatment for plaque-related diseases involves the
mechanical removal of the biofilm and the use of antiseptics and antibiotics. However, the
emergence of antibiotic resistance by pathogenic bacteria had led to a major research effort
to find out alternative antibacterial therapeutics which will not be easily able to develop
resistance (8).

In this context, photodynamic therapy (PDT) may present a suitable process to
combat both biofilm-related resistance and antimicrobial resistance. In this process a

photoactive dye, called as photosensitizer, is taken up into cells and is irradiated with light
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of an appropriate wavelength resulting in cell death through the production of active
oxygen species (9). Light or drug alone are non-toxic (10 - 13), so only cells that both
contain photosensitizer and receive light are affected by the treatment. Thus, using this
treatment, there is an opportunity to achieve selectivity and target specific areas of the
mouth/plaque (14).

Previous studies have shown that photodynamic therapy using diverse
photosensitizes and lasers with different wavelengths are capable of killing gram positive
oral bacteria (11, 13, 15-18). However, the antimicrobial effect of toluidine blue O (TBO)
associated with a Light Emission Diode (LED) on the viability of single and multi-species
biofilms of Streptococcus mutans, Streptococcus sobrinus and Streptococcus sanguinis has
not been previously studied. Hence, the present research aimed firstly, to develop and
analyze the biochemical composition and the cariogenic potential of single species biofilm
of supragingival plaque and secondly, to evaluate the antimicrobial effect of toluidine blue
O (TBO) associated with a Light Emission Diode (LED) on the viability of single and

multi-species biofilms formed in vitro.

MATERIALS AND METHODS

Experiment 1: Biofilm model standardization

Enamel fragments preparation: Enamel slabs (4x4x2 mm) were prepared from bovine
incisors stored in 0.1 % thymol solution at 4°C for 30 days (19). The enamel surface was
polished for baseline surface microhardness determination (20, 21). The prepared tooth
slabs were randomly assigned to twelve different groups according microorganism and age

of biofilms (n = 10) as follow: G1, G2 and G3 (controls with respectively 3, 5 and 7 days of
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growth), G4, G5 and G6 (S. mutans biofilms with respectively 3, 5 and 7 days of growth),
G7, G8 and G9 (S. sobrinus biofilms with respectively 3, 5 and 7 days of growth), and G10,
G11 e G12 (S. sanguinis biofilms with respectively 3, 5 and 7 days of growth). Adhesive
tape with a squared shape (4 x 4 mm) was attached to the center of the enamel slab. The
remaining surfaces of the slab were painted with acid-resistant nail varnish (Colorama-
CEIL, Sao Paulo, SP, Brazil), so that a 16 mm? surface area was exposed after removing
the adhesive tape. The enamel slabs were fixed in lids of test recipients, kept suspended in
sterile distilled water, and sterilized in a gamma irradiation chamber (GAMMACELL 220
EXCEL, GC-220E) (22 - 24).

Biofilms Growth: After sterilization, the dental slabs were removed from distilled water and
immersed in sterile brain-heart infusion broth - BHI (Merck, Darnstadt, Germany)
containing 5 % sucrose (w/v) (25 - 27). The BHI recipients were inoculated with 100uL of
1-2 x 10® UFC/mL overnight cultures of S. mutans (ATCC 25175), S. sobrinus (ATCC
27607) or S. sanguinis (ATCC 10556) adjusted using a spectrophotometer. Inoculation of
each test recipient was performed only once and the enamel specimens were transferred to a
new fresh medium at each 24 hours (23). The controls groups were not inoculated.
Contamination_at test recipients was verified at each 24 hours by inoculation in BHI agar
media (Merck, Darnstadt, Germany). The biofilms formed on the specimens were analyzed
after 3, 5 or 7 days of growth. At the end of each experimental period, the biofilms were
washed twice in sterile saline solution to remove loosely bound material (28) and were
collected with sterile plastic curettes. The collected material was placed in two preweighed
microcentrifuge tubes (one for water-insoluble polysaccharide analysis and the other for

microbiological counting) and was analytically weighed.
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Water-Insoluble Polysaccharide Analysis: 1.0_ M NaOH was added to the biofilms (1.0
mL/ 10.0 mg), the samples were homogenized, kept under constant shaking for 3-hour
period, were centrifuged for 5 minutes in 13.000g (29) and the concentration of water-
insoluble glucans was determined in the supernatant using the phenol-sulfuric method (30).
Microbiological analysis: Biofilms reserved in the second microcentrifuge tube were
weighted, placed into 0.9 % NaCl (10 mg/ml) and vortexed for 60 seconds in order to
disperse the biofilms. Suspensions were serially diluted, plated onto BHI agar and were
incubated at 37° C at partial pressure of 10 % CO; for 48 hours. After incubation, surviving
microorganisms were enumerated through viable counting on nutrient agar and values were
expressed as colony-forming units per milligram of biofilm (CFU mg™).

Microhardness Assessment: At the end of each experimental period, the tooth fragments
were longitudinally sectioned through the center of the enamel area. One of its halves was
embedded in epoxy resin, with the outer enamel surface perpendicular to the resin block
surface. The slabs were serially polished with aluminum oxide disks of #400, #600 and
#1200 grits, and a diamond paste of 1um (Metadi® Buehler). In all samples, three lanes of
eight indentations each were made at the depths: 10, 30, 50, 70, 90, 110, 200 and 300 pm
from the outer enamel surface in the central region of the dental slab, using a Knoop
diamond under a 25 g load for 5 s (Future-Tech FM-ARS). The distance between the lanes
was 100 pm. Indentation lengths were converted to volume % mineral (31). After
calculating volume percentage mineral values for each depth evaluated, mineral profiles,

integrated area of mineral content and mineral loss values (AZ) were obtained for all groups

(32).
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Experiment 2: Photodynamic therapy on oral biofilms

Photosensitizer and light sources: Toluidine blue O (TBO) was obtained from Sigma
Chemicals (Poole, UK) and dissolved in deionized water to obtain a 100 pg/ml final
concentration and was subsequently kept in the dark. The light source was a Light Emitting
Diode (Laserbeam, Rio de Janeiro, Brazil) with a spectrum of emission ranging from 620 to
660 nm and a 638.8 nm predominant wavelength. The LED light source output power was
32 mW. Biofilms were exposed to a 85.7 J/cm® energy density.

Photodynamic therapy: In order to perform this experiment, biofilms were grown as
previously described from 1-2 x 10° UFC/mL overnight cultures of S. mutans (M), S.
sobrinus (S) or S. sanguinis (Sa). On the fifth day, the biofilms were washed twice in sterile
saline solution in order to remove loosely bound material. After sensitization with TBO 100
png/ml for 5 minutes, biofilms were exposed to an 85.7 J/cm® energy density from a LED
Light. The four set conditions tested were: biofilms nor exposed to sensitizer or LED light
(S-L-); biofilms treated with TBO, but not exposed to LED (S+L-); biofilms exposed to
LED, but not treated with TBO (S-L+) and biofilms sensitized with TBO and exposed to
LED light (S+L+). The biofilms were then weighted, placed into 0.9 % NaCl (10 mg/ml)
and vortexed for 60 seconds in order to disperse the biofilms. Ten-fold serial dilutions were
carried out and aliquots plated out onto BHI agar plates which were then incubated at 37° C
at partial pressure of 10 % CO, for 48 hours before the number of viable organisms had
been determined.

Statistical Analysis: The experiment 1 dependent variables were mineral loss, water-
insoluble polysaccharide and CFUmg™' according to the factors microorganisms and age of

biofilmes. Two-way analysis of variance with interaction allowed us to determine the
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significance of the factors under study and the interaction between these two factors
relative to the 3 variables. The difference between treatments was assessed by Tukey test.
The experiment 2 dependent variable was sensitizer and LED light. First, the data were
evaluated to check the equality of variances and normal distribution of errors, and then they
were transformed by the root square. To determine the significance of the irradiation, the
sensitizer presence and the potential interaction between sensitizer and LED light was
analyzed by a Variance Analysis (ANOVA) model for the factorial (2 X 2) design.
Following, the Tukey test was chosen for evaluating the significance of all pair wise
comparisons. For both experiments, the software SAS system (version 8.02, SAS Institute

Inc., Cary: NC, 1999) was used and the significance limit was set at 5%.

RESULTS

The p-values for factors under study and their interaction are shown at Table 1.
Table 2 shows the results of mineral loss (AZ), colony-forming units per milligram of
biofilm (CFU mg-1) and the concentration of water-insoluble polysaccharide produced by
single species biofilms of S. mutans, S. sobrinus and S. sanguinis with 3, 5 and 7 days of
growth. The extension of caries lesion and the number of microorganisms increased
according to the age of biofilms for the three tested bacteria. S. mutans and S. sobrinus
biofilms were more cariogenic at the initial stages of caries lesion formation although there
was no difference between the extensions of caries lesion for all bacteria at the end of
experimental period. The number of S. sobrinus was higher at the three cariogenic
challengers being followed by S. mutans and S. sanguinis. Thus, there seems to be a trend

towards a greater water-insoluble polysaccharide production for the older biofilms.
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In addition, single-species biofilms were susceptible to photodynamic therapy on
tested parameters. The association of LED light at energy density of 85.7_J/cm® and 100
png/ml TBO resulted in a significant reduction on viability of all biofilms tested. The results
of the number of bacteria surviving into biofilms after treatments were presented in Figure
1. The results of this study showed that neither irradiation of the biofilms in the absence of
TBO (S-L+) nor incubation with TBO alone (S+L-) had a significant effect on the viability
of single-species biofilms tested. The effectiveness of treatment was measured by
calculating the reduction in bacteria concentration between S-L- and S+L+ treatment
values. The results showed a significant reduction on viable counting after photodynamic
therapy for all biofilms tested. Following, S. sanguinis single species biofilms were more

susceptible to photodynamic therapy.

DISCUSSION

Knowledge of biofilms composition and metabolism may lead to improvement of
preventive measures to prevent and/or control dental caries development. However,
investigation of plaque in vivo is difficult due to the high degree of variability between
individuals and since the site-specific microbial composition is reflecting the influences of
a multitude of uncontrollable endogenous and exogenous dietary factors (33). In addition,
working with humans always raises ethical questions. In this way, the aim of this
investigation was to standardize a simple model to grow intact biofilms of supragingival
plaque in vitro. The biofilms were formed at a solid/liquid interface using enamel slabs as
substrate and having a periodic renovation of nutrient source. It is important to remember

that this biofilm model presents some inadequacies such as inexistence of a continuous
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irrigation of the enamel slab with saliva substitutes and also it failed to simulate the oral
environment with regard to pH fluctuations. However, the nutrient media used could
sustain the growth of a wide range of oral organisms and they could maintain their
cariogenic potential since mineral loss and number of microorganisms as well as water-
insoluble polysaccharide production increased according to the time.

Previous studies have shown that PDT is capable of killing oral bacteria in
planktonic cultures (15, 17, 18) but clear evidence is now available that bacteria grown as
biofilms are more resistant to antimicrobial agents. The majority of studies analyzing
antimicrobial effect of PDT on oral biofilms refer to plaque scrapings (16) or biofilms using
a wide variety of photosensitizes and lasers (11, 13, 14, 34).

WILSON et al. (1995) found that substantial kills of bacteria in supragingival
plaque scrapings could be achieved by low doses of a Helium/Neon (HeNe) or gallium
aluninium arsenide (GaAlAs) laser in the presence of an appropriate photosensitizer.
WILSON et al. (1996) showed that the association of aluminium disulphonated
phthalocyanine (AlPcS;) and a 660nm GaAlAs diode laser was effective to reduce
significantly viable count of S. sanguinis into intact biofilms formed in vitro. In 1999,
WOOD et al. tested the association of a cationic Zn_(II) phthalocyanine photosensitizer
with a white light on the viability of oral biofilms formed in situ. The results showed
evident damage to biofilms promoted by PDT treatment when analyzed by confocal and
transmission electron microscopy. Recently, SOUKOS et al. (2003) studied the association
of PDT and the use of photomechanical waves (PW) on viability of periodontal bacteria
concluding that PW may be a potential powerful tool for killing periodontal bacteria when

associated with photodynamic therapy.
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It occurs that the antimicrobial effect of toluidine blue O (TBO) associated with a
Light Emitting Diode (LED) on the viability of single and multi-species biofilms of S.
mutans, S. sobrinus and S. sanguinis has not been previously studied. The results of this
study are encouraging due to the significant reductions founded after PDT on single-species
biofilms tested.

Although the increase of conservative methods to treatment of dental caries, current
procedures involve the removal of sound tooth tissue to gain access to the caries lesion and
the removal of infected demineralized dentine. The need of removing whole infected
dentine could be avoided if the infecting organisms could be killed in situ (35). The
significant reduction of S. mutans and S. sobrinus showed in this study is important once
these species are the most related bacteria associated with caries in humans. Thus, dental
caries may be a disease well suited to photodynamic therapy as it is a localized infection
and the sensitizer could be applied to the lesion by means of a syringe and the light could
then be delivered via an optical fiber (36). In addition, the option for a LED light instead of
a laser light has obvious economic advantages when compared with photodynamic therapy
using conventional lasers.

If bacteria in caries lesions could be eradicated by PDT in vivo, the consequences
for dentistry would be enormous as it would mean that infected (and still not irreversibly
demineralized) dentine would be preserved thereby making treatment easier for both dentist
and patient, thus enabling restoration of lesions with minimal tissue removal, and
improving the long-term prognosis for the repaired tooth (7).

In conclusion, the present study suggests that the biofilm model tested were
effective to grow biofilms under high cariogenic challenger and that the association of

toluidine blue and LED light at an energy density of 85.7 J/cm® was effective to kill oral
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biofilms grown in vitro. Although the results of this study are encouraging, further studies

are needed to determine whether photodynamic therapy of cariogenic biofilms is possible

under conditions more closely resembling those encountered in the oral cavity such as

biofilms formed under continuous supply of saliva substitutes and biofilms grown in situ.
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Table 1: p values obtained for each response variable tested according to the

factors under study.

Factors Variables

AZ CFUmg' WIP
Microorganism 0.0007 <0.0001 0.0311
Time <0.0001 <0.0001 <0.0001
Microorganism * Time 0.1271 <0.0001 0.0731

p values to dependent variables mineral loss (AZ), microbiological counting
(CFU mg™) and water-insoluble polysaccharide (WIP) according to the factors

microorganisms and age of biofilmes. Significance level adopted 0.05 at Tukey

test.
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Table 2: Mean and standard deviation of colony-forming units per milligram of biofilm

(CFU mg™"), mineral loss (AZ) and water-insoluble polysaccharide concentration (WIP)

produced by single species biofilms of S. mutans, S. sobrinus and S. sanguinis with 3, 5

and 7 days of growth.
Variables Age of 10° CFU rng'1 AZ (vol % min.pum) WIP (mg g'l)
biofilms

3 days 131 £0.51? | 33993+611.9° | 328.6+73.4"C
S. mutans 5 days 1.88+£1.55P | 49399+461.7" | 446.7+157.1"°
7 days 32.7+£254" | 5686.6+1173.6" | 3982+1956"
3 days 3.00+0.94 5 | 27143 +6574° | 211.9+22.7"5
S. sobrinus 5 days 273+20.0% | 4728.9+409.5%" | 3249+ 14334
7 days 546+118"° | 5677.6+681.7% 398.1+160.8 *
3 days 0.18+0.17 " 2566.9 +£709.3 194.6 + 54.4 B€
S. sanguinis 5 days 1.63£0.60° | 3917.7+791.0°%¢ | 279.4+92.6""
7 days 3.754£3.57P | 5451.8+£5552% | 4599+166.4"

Means followed by different letters vertically differ statistically using Tukey test (p<0.05).
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FIGURE 1: Number of colony-forming units per milligram (CFU mg-1) of single-species

biofilm submitted to the treatments.

1.00E+08 AB

1.00E+07
1.00E+06 -
1.00E+05 -
1.00E+04 - E

1.00E+03 - -
1.00E+02 - —
1.00E+01 - -
1.00E+00

BC BC

mS-L-
OS+L+

CFU/mg biofilm

M S Sa

Microorganism

Sensitized bacterial suspensions of S. mutans (M), S. sobrinus (S), S. sanguinis (Sa) nor
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exposed to LED light (S+L+). Means followed by different letters differ statistically

using Tukey test (p<0.05).
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ABSTRACT

Objectives: The purpose of this study was to evaluate the antimicrobial effect of toluidine
blue O, in combination with either a Helium/Neon (HeNe) laser or a red Light-Emitting
Diode (LED), on the viability and architecture of Streptococcus mutans biofilms.

Methods: Biofilms were grown on hydroxyapatite discs in a constant depth film fermentor
fed with artificial saliva which was supplemented with 2% sucrose 4 times a day thus
producing a typical ‘Stephan pH curve’. Photodynamic therapy was subsequently carried
out on biofilms of various ages with light from either the HeNe laser or LED using energy
densities of between 49 Jem™ and 294 Jem™.

Results: Significant decreases in the viability of S. mutans biofilms were only observed
when biofilms were exposed to both TBO and light when reductions in viability of up to
99.99% were observed with both light sources. Overall, the results showed that the
bactericidal effect was light dose-dependent and that older biofilms were less susceptible to
photodynamic therapy. CLSM images suggested that lethal photosensitization occurred
predominantly in the outer-most layers of the biofilms.

Conclusions: Photodynamic therapy may be a useful approach in the treatment of dental

plaque-related diseases.

Key words: Photodynamic therapy, biofilms, Streptococcus mutans, Light-Emitting Diode,

CLSM.
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INTRODUCTION

Dental plaque is the term commonly used for the biofilm which is formed on the tooth
surface and consists of a complex microbial community embedded in a matrix of polymers
of bacterial and salivary origin.' The formation of acid end-products through the
metabolism of carbohydrates by acidogenic microorganisms within these biofilms is an
important factor in the development of dental caries.” The essential process involves
demineralization of the tooth structure by high concentrations of organic acids.’
Streptococcus mutans has been implicated as the primary etiological agent because of its
relatively high numbers in plaque prior to the appearance of carious lesions, its ability to
degrade carbohydrates rapidly with the formation of abundant acid, and its ability to induce
a tolerance to low pH environments.*

When a community of microorganisms become irreversibly attached to a surface as
biofilms the organisms exhibit distinctive phenotypic properties and tend to be far more
resistant to antimicrobial agents.” Additionally, in view of the growing problem of bacterial
resistance to conventional antimicrobials, the use of an alternative approach to which
bacteria are unable to gain resistance would be valuable.® The current treatment for plaque-
related diseases involves the use of traditional antimicrobials in conjunction with the
mechanical removal of the biofilm. In the case of caries, a more attractive proposition
would be to kill the causative organisms in situ.’

Photodynamic therapy (PDT) may emerge as a suitable process to combat both biofilm and
antimicrobial-related resistance. Using this technique, a photosensitizer, such as
hematoprphyrin, phthalocyanine and toluidine blue O, is activated by irradiation with light
of a specific wavelength (the maximum absorption of the sensitizer) resulting in the

generation of cytotoxic species, including singlet oxygen and free radicals, which are able
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to exert a bactericidal effect.® Previous studies have shown that PDT is capable of killing
oral bacteria in planktonic cultures,”'* plaque scrapings'' as well as biofilms.'*'* However,
the antimicrobial effect of toluidine blue O (TBO) associated with either a HeNe laser or a
Light-Emitting Diode (LED) on the viability of S. mutans biofilms has not been previously
studied. Hence, the purpose of this investigation was to evaluate the antimicrobial effect of
PDT, using two different light sources, on the viability and architecture of S. mutans

biofilms under similar conditions to those found in vivo.

MATERIALS AND METHODS

Photosensitizer and light sources

Toluidine blue O (TBO; Sigma, Poole, UK) was dissolved in dH,O to obtain a final
concentration of 100 ug ml™ and was subsequently kept in the dark. The light sources used
were a Helium/Neon gas laser (Spectra Physics, CA, USA) which produces light with a
wavelength of 632.8 nm and a Light-Emitting Diode (Laserbeam, Rio de Janeiro, Brazil)
with a spectrum of emission ranging from 620 to 660 nm and a 638.8 nm predominant
wavelength.

Inoculum and media

The microorganism used in this study was Streptococcus mutans NCTC 10449. To prepare
the inoculum, S. mutans was first grown anaerobically on brain heart infusion (BHI; Oxoid,
Basingstoke, UK)) agar plates for 3 days. Subsequently, single colonies were inoculated into
10 ml of BHI broths and incubated anaerobically at 37°C overnight. The nutrient source in
all experiments was mucin-containing artificial saliva, the composition of which has been

previously described."
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Production of biofilms

A Constant Depth Film Fermentor (CDFF; University of Wales, Cardiff, UK) in vitro
model was used for the production of biofilms."> The CDFF consists of a rotating turntable
which holds 15 polytetrafluoroethylene (PTFE) pans, which rotates beneath two PTFE
scraper blades, spreading the incoming media over the pans and maintain the biofilms at a
constant depth. Each pan contains 5 cylindrical holes (5.0 mm in diameter) containing
PTFE plugs. Hydroxyapatite (HA) discs of the same diameter were placed on top of the
PTFE plugs and recessed to a depth of 300 um. Artificial saliva (100 ml) was pumped into
the CDFF for 3.5 h to simulate the formation of a salivary pellicle. Subsequently, 10 ml of
an overnight culture of S. mutans was added to 750 ml of artificial saliva, mixed and
pumped into the CDFF for 24 h. After this period, the inoculum flask was disconnected and
the CDFF fed from a medium reservoir of sterile artificial saliva.'® The artificial saliva was
delivered by a peristaltic pump (Watson-Marlow, Falmouth, UK) at a rate of 0.5 ml min™',
similar to the unstimulated salivary flow rate in healthy individuals."* Additionally, an
aqueous solution of 2% (w/v) sucrose was also pumped over the biofilms for periods of 30
min at the same speed via a second peristaltic pump.'’ The sucrose pulsing was carried out
four times a day and during this period the artificial saliva supply was maintained. On days
3, 7 and 10 intact biofilms were removed aseptically for testing.

pH measurements

On days 7 and 9 the pH of the biofilm effluent was determined using a pH meter (pH-boy,
Camlab, Cambridge, UK). The instrument was recalibrated before each sample and its
accuracy was 0.1 pH units. The pH measurements were taken at 15, 30, 45 min, 4.5 h and

5.5 h after sucrose pulsing.'’
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Photodynamic therapy

HA discs containing the biofilms, were removed from the CDFF on days 3, 7 and 10 and 25
ul of TBO (100 pg ml™") was placed onto each biofilm and subsequently left in the dark for
5 min (pre-irradiation time). Following this time, the biofilms were exposed for 5, 15 or 30
min to HeNe laser or LED light. The power output of both light sources was 32 mW. The
energy density for the different irradiation times were 49 Jem?, 147 Jem™ and 294 Jem™
respectively. The biofilms were then placed into 1 ml of phosphate-buffered saline (Oxoid)
and vortexed for 60 seconds in order to disperse the biofilms. Ten-fold serial dilutions were
carried out and aliquots plated onto BHI agar which were then incubated anaerobically at
37°C for 3 days before the number of viable organisms were enumerated. In order to
determine the effect of the light alone on bacterial viability, biofilms were processed in the
same way excluding treatment with TBO (S-L+). Additional controls consisted of biofilms
treated with TBO, but not exposed to light sources (S+L-) and biofilms witch were neither
sensitized with TBO nor exposed to light (S-L-).

Confocal Laser Scanning Microscopy

The HA discs were placed into a petri dish (5 cm in diameter), biofilms upwards and 10 ml
of saline solution containing 2 ul of Live/Dead stain (Molecular Probes, Oregon, USA)
carefully added without disturbing the samples.'® After incubation in the dark for 15 min,
the biofilms were examined with a Radiance 3000 confocal laser-scan head at wavelength
of 488nm and 543nm (Biorad GmbH, Jena, Germany) in conjunction with a BX51
stereomicroscope (Olympus UK Ltd, Southall, UK) equipped with a 40 x HCX water
immersion dipping lens. The laser power settings used for the scan was 2 — 9% for 488nm

and 10 — 25% for 543nm. The resulting collections of confocal optical sections were
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collected by BioRad Lasersharp software as stacks of images. The images were
subsequently analyzed using ImageJ (National Institute of Health, USA) to produce xy
projections (the sum total of pixel brightness in the z-axis) and partial sagittal projections
(~6 um thick projections at a point along the x axis).

Statistical analysis

The dependent variables were sensitizer and light source (LED or HeNe). First, the data
were evaluated to check the equality of variances and normal distribution of errors. To
determine the significance of the irradiation alone, the presence of sensitizer alone and the
combination of sensitizer and light, the data were analyzed by a Variance Analysis
(ANOVA) model using the factorial (2 x 2) design. The Tukey test was chosen for

evaluating the significance of all pair wise comparisons with a significance limit of 5%.

RESULTS

Figure 1 illustrates the pH curve measured from the biofilm effluent under sucrose
supplementation conditions. At both days there was a drop in the pH of the effluent from
near neutral to around pH 4.2 after 75 min post-pulsing. After this time the pH recovered to
the same values as those seen prior to pulsing. The number of microorganisms increased
according to the age of biofilms reaching 2.49 x 10* CFU in 3 days, 5.07 x 10® CFU in 7
days and 1.44 x 10° after 10 days of growth. Significant differences between CFU from
biofilms of different ages was observed only after 10 days of growth (p=0.01).

Controls were carried out for all exposure times and all ages of biofilm. Neither irradiation
of the biofilms in the absence of TBO (S-L+) nor incubation with TBO alone (S+L-) had a

significant effect on the viability of S. mutans biofilms at any stage. Indeed, the 95%
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confidence intervals for all the controls at the three time points were 2.49 x 10° - 4.62 x 10°
(3 days), 5.07 x 10* — 5.07 x 10° (7 days) and 1.06 x 10° —2.11 x 10° (10 days).

Significant decreases in the viability of S. mutans biofilms were only observed when
biofilms were exposed to both TBO and light. There was a significant relationship between
the dye, light source and irradiation time (p<0.001). The antimicrobial effect of
photodynamic therapy using different energy doses on the viability of S. mutans biofilms
after 3, 7 and 10 days growth is shown in Figures 2 and 3. The biofilms were sensitized
with 100 pg mlI" TBO and irradiated either with a HeNe laser or a LED light with an
energy density of 49 Jem™ (5 min), 147 Jem™ (15min) or 294 Jem™ (30 min). When 3 day
biofilms were submitted to photodynamic therapy there was a considerable reduction in the
median viable counts from 2.45 x 10* (control) to 3.06 x 10°, 3.13 x 10* and 2.41 x 10
after 5, 15 and 30 min irradiation with a LED light and 2.29 x 10°, 1.73 x 10°, 1.06 x 10’
with HeNe laser light respectively. These values correspond to percentage reductions
ranging from 99.87% to 99.99%. Similar results were obtained with 7 day old biofilms with
bacterial counting reduced from 5.07 x 10® at control group to 3.88 x 10°, 1.73 x 10° and
2.59 x 10* after respectively 5, 15 and 30 min irradiation with a LED light and 4.04 x 10°,
6.19 x 10°, 3.94 x 10° with HeNe laser light. These values correspond to reductions
percentage ranging from 99.20% to 99.99%. Again, after 10 days growth percentage
reductions ranging from 99.61% to 99.98% were observed. Overall, the results showed that
bactericidal effect was light dose-dependent and that older biofilms were less susceptible to
photodynamic therapy.

Comparing the two light sources used, the association of TBO and LED was more effective

than TBO and HeNe treatment when three days biofilms were exposed to 147 Jem™

53



(p=0.0103) or 294 Jem™ (p<0.001) energy densities. Also, TBO and LED killing was
higher when 7 day old biofilms were exposed to an energy density of 49 Jem™ (p<0.001) or
294 Jem™ (p<0.001). There was no significant difference between HeNe laser and LED
light when photodynamic therapy was used to kill 10 day old biofilms using 15 or 30 min
of irradiation.

In addition to viability studies confocal microscopy was also carried out. Representative
CLSM images of biofilms prior and after photodynamic therapy are shown in Figure 4. The
arrows indicate the position of the sagittal section (6pum thick) and the total area of the
images was 300 x 300 um. Figures 1A and 1B refer to biofilms neither sensitized with
TBO nor exposed to light with 3 and 10 days of growth, respectively. Dead stained areas
(in blue) can be observed in older biofilms even when not submitted to photodynamic
therapy, especially in deeper regions. Biofilms exposed to both 100 pg ml”" TBO and 49
Jem™ energy density can be observed in Figure 1C (HeNe laser) and 1E (LED light).
Although one cannot quantitatively compare the efficacy of the two treatments by CLSM
images, dead stained areas can be observed to both light sources also at external surface of
biofilms. Biofilms submitted to photodynamic therapy using a 294 Jem™ energy density are
illustrated at Figures 1D (HeNe laser) and 1F (LED light). Large kill proportions can be
observed after 30 min of irradiation characterized by a shift from live (green) to dead (blue)

stained cells.
DISCUSSION

A number of studies have shown that oral bacteria are susceptible to photodynamic therapy

. 10,1 . .
when they are grown as planktonic cultures.”'®'” However, the causative agents of caries
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and other oral diseases are present as organized biofilms. It has been known that biofilm-
grown cells differ from theirs planktonic counterparts in a number of respects including the
presence of a polymeric matrix, cell wall composition, growth rate, metabolic activity and
gene expression.”” When considering the use of photodynamic therapy on intact biofilms, it
is also important to remember that bacteria in such a state are so far less susceptible to
antimicrobial agents. Although some studies have concentrated on lethal photosensitization
of oral biofilms, none of them evaluated the antimicrobial effect of PDT, using different
light sources, on the viability and architecture of S. mutans biofilms under conditions
similar to those found in vivo.

The results of this study showed that photodynamic therapy was effective in significantly
reducing the viable counting of S. mutans biofilms grown under conditions closely similar
to those found in vivo. The CDFF model is particularly suited to cariogenic bacteria
biofilms studies because it provides an environment similar to the oral cavity, in which,
biofilms are grown on a solid substratum with a continuous replacement of nutrient
source.'* In addition, the thickness of biofilms can be controlled and after the initial period
of formation the properties of the biofilm are relatively constant over the time.?' Also, the
removal of superficial layers of the biofilm by a scraper blade simulates conditions in the
mouth where chewing and tongue movement continuously remove the outermost layers of
supragingival plaque.' Thus, unlike other systems, large number biofilms are generated (up
to 75 replicates) in the CDFF which aids in statistical analysis.

In the present study, the addition of 2% sucrose into the CDFF resulted in an acidic system
with a pH drop to 4.3 after sucrose pulsing before returning to 6.8 before the beginning of
the next cycle, typical of the Stephen curve.” Similar results have been shown in previous

studies using the CDFF to grow oral biofilms supplemented with sucrose.'®** Additionally,
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pH levels as low as 4.3 are similar to the pH of approximal plaque following a sucrose rinse
in vivo.”* The results of this study indicate that low plaque pH levels in vivo are able to
return to normal within 2 hours. However, the inner regions of plaque biofilms can become
inaccessible to saliva exchanges due to their thickness and can remain at low pH for log
periods, thereby allowing enamel demineralization to take place.”” In the biofilm model
used, the 300um thick biofilms would be similar to approximal areas thus allowing a low
pH to exist within the biofilm.®

In a study analyzing bacteria in supragingival plaque scrapings, Wilson ef al.'' found that
substantial kills could be achieved by laser light in the presence of an appropriate
photosensitizer. It has also been shown previously that the viability of single-species
Streptococcus sanguis biofilms can be reduced by PDT.'? In a study involving multi-
species biofilms, Wood er al.'® reported that widespread killing occurred when oral
biofilms formed in situ were treated with a cationic Zn (II) phthalocyanine photosensitizer
and exposed for 30 min to a 400W tungsten filament lamp (although this was determined
by confocal and transmission electron microscopy and the extent of killing was not
quantified). Recently, Soukos er al.?® studied the association of PDT and the use of
photomechanical waves (PW) on the viability of periodontal bacteria and concluded that
PW may be a potential tool for killing such bacteria when associated with PDT as it may
improve the penetration of the sensitizer within biofilms.

The results of the present study have shown that a large number of bacteria present in S.
mutans biofilms can be killed when treated with TBO and irradiated with either a HeNe
laser or a Light Emission Diode. Interestingly, similar results were obtained for the two

light sources. This represents an advantage when one considers that the best results
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described in the scientific literature have been obtained using conventional lasers to
perform therapy. This would mean by using LED as a light source the technology could be
simplified and a lower cost of treatment carried out in comparison to the complex laser
systems.

CLSM images of biofilmes after exposure to HeNe laser or LED light in the presence of
TBO suggest that lethal photosensitization occurred predominantly in the outer layers of the
biofilms leaving some of inner most bacteria alive which may be due to the inability of the
photosensitizer to diffuse through into these inner regions.”’ This illustrates one potential
problem associated with photodynamic therapy biofilm-related diseases. However, this
could be overcome by selecting a photosensitizer able to penetrate through the biofilm
matrix, and by using alternative tools to improve photosensitizer penetration such as
photomechanical waves, as well as by irradiating biofilm internally via an optical fiber
instead of from the biofilm surface.”’

Due to the emergence of antibiotic resistance, photodynamic therapy has become a viable
alternative antibacterial therapeutic to biofilm-related diseases such as dental caries. The
advantages of photodynamic therapy over conventional antimicrobial agents are firstly,
rapid killing of target organism depending mainly on the light energy dose delivered and,
therefore, the power output of the light source used. Hence, resistance development would
be unlikely as killing is mediated by singlet oxygen and free radicals and high
concentrations of photosensitizer do not need to be maintained in the disease for more than
few minutes in contrast with hours or even days necessary in the case of conventional
antimicrobial agents. Finally, antimicrobial effects can be confined to the site of the lesion
by careful topical application of photosensitizer and restrict irradiation of area by using an

optical fiber.’
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In conclusion, the results of this study showed that S. mutans biofilms grown in an
environment closely similar to that found in vivo were susceptible to either HeNe laser or
LED light in the presence of TBO suggesting that this approach may be useful in the

treatment of dental plaque-related diseases.
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FIGURE 1: pH of biofilm effluent after the addition of sucrose to the system (time = 0)

after 7 (filled squares) and 9 days (open squares) growth (n=2).
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FIGURE 2: Effect of negative control (S-L-) and the association of TBO and LED light
(S+L+) at different biofilm ages. Data represents mean values (n=4) and error bars

represent standard deviations.
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FIGURE 4: Three dimensional CSLM reconstruction of control and PDT-treated biofilms
based on a series of xy projections. The arrows indicate the position of the sagittal section
(6pm thick). Images A and B refer to S-L- treatment while images C to F refers to S+L+

treatment.
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IV - DISCUSSAO GERAL

Um grande numero de estudos - Capitulo 1 - tem demonstrado que a terapia
fotodinamica ¢ efetiva para reduzir as contagens de bactérias presentes em caldos de cultura
(Dobson & Wilson, 1992; Burns et al., 1994, Burns et al., 1995; Zanin et al., 2002;
Williams et al., 2003) e biofilmes desorganizados (Wilson et al., 1995; Zanin, 2002).
Entretanto, as bactérias causadoras da carie dental sdo encontradas na cavidade bucal
organizadas na forma de biofilmes sobre a superficie dos dentes e tecidos adjacentes.
Atualmente, existe um consenso de que a obtencdo de efeito antimicrobiano de um
determinado agente sobre bactérias crescidas em caldos de cultura ¢ apenas um dado
indicativo, pois as bactérias organizadas na forma de biofilmes apresentam um aumento
expressivo de resisténcia aos agentes antimicrobianos (Mah & O'Toole, 2001). Esta
resisténcia parece estar relacionada a presenga da matriz de polissacarideos, a alteragdes na
composi¢ao da parede celular, a uma taxa de crescimento celular mais lento bem como pela
expressao de genes de resisténcia aos agentes antimicrobianos (Coterton et al., 1999).

Assim, quando estudamos o uso da terapia fotodindmica sobre biofilmes devemos
considerar que essas bactérias encontram-se mais resistentes aos agentes antimicrobianos.
Atualmente, poucos sdo os estudos que avaliam o potencial antimicrobiano da terapia
fotodinamica sobre biofilmes organizados. Wilson et al. (1996) mostraram que a associacao
do aluminio dissulfonado fitalocianino e um laser diodo de 660 nm foi efetiva para reduzir
significantemente as contagens de S. sanguinis em biofilmes formados no CDFF. Em um
estudo envolvendo biofilmes de multiespécies, Wood et al. (1999) demonstraram alta taxa
de mortalidade bacteriana quando biofilmes formados in situ foram tratados com um

fotossensibilizador catidnico e expostos a uma luz branca de 400 W por 30 min; embora os
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resultados tenham sido obtidos através de microscopia de transmissdo e microscopia
confocal a laser e nenhuma analise quantitativa tenha sido realizada. Em 2002, O’Neill et
al. demostraram que um significativo efeito antimicrobiano foi obtido em biofilmes orais
crescidos sobre discos de nitrocelulose quando estes eram sensibilizados com o azul de
orto-toluidina e a seguir irradiados com uma luz vermelha com densidade de energia de
81,9 J/em®. Recentemente, Soukos et al. (2003) observaram significativas redu¢des nas
contagens de bactérias presentes em biofilmes periodontais quando a terapia fotodindmica
era associada ao uso de ondas fotomecanicas.

Ocorre que a grande variedade de modelos laboratoriais, luzes, fotossensibilizadores
e parametros utilizados para se estudar a terapia fotodinamica sobre biofilmes orais, torna a
comparagdo dos resultados bastante complexa. Além disso, a utilizagdo de luzes LED ao
invés de lasers para a realizacdo da terapia fotodinamica sobre biofilmes orais ainda nao foi
descrita na literatura. Embora tanto os lasers quanto os LED produzam luzes
monocromaticas, os LED ndo apresentam boa colimagdo e coeréncia, resultando em
vantagens econdmicas ¢ em bandas de emissdo mais largas que favorecem a obtencao de
complementaridade com os fotossensibilizadores utilizados.

Atualmente, acredita-se que o conhecimento da composi¢do ¢ metabolismo dos
biofilmes orais pode favorecer o desenvolvimento de medidas de controle da doenca carie.
Entretanto, o estudo dos biofilmes orais in vivo apresenta alguns inconvenientes como o
alto grau de variabilidade entre os individuos, assim como o fato de a microbiota presente
em um sitio especifico ser altamente influenciada por uma série de fatores endogenos e
exogenos.

Nesse sentido, o objetivo do Capitulo 2 dessa tese foi primeiramente validar um

modelo de formagao de biofilme de mono-espécies de S. mutans, S. sobrinus e S. sanguinis
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formados sobre uma interface solido/liquido tendo como substrato blocos de esmalte dental
bovino e tendo uma periodica renovacao do meio de cultura. Nesse estudo, o meio nutriente
utilizado foi capaz de manter o potencial cariogénico desse modelo laboratorial uma vez
que o numero de microrganismos, a perda mineral e a producdo de polissacarideos
extracelulares insoliiveis aumentaram com o tempo de formagdo dos biofilmes. A tUnica
bactéria que ndo apresentou diferenga na quantidade de polissacarideos extracelulares
insoluveis com o decorrer do tempo foi o S. mutans. Isso pode ser explicado pelo fato de se
tratar de uma espécie altamente produtora de polissacarideos extracelulares. Como o BHI ¢
um meio de cultura extremamente rico, talvez o aumento gradativo da produgdo de
polissacarideos tenha ocorrido nos estagios iniciais da formacao dos biofilmes anteriores ao
inicio das analises aos 3 dias de crescimento. No entanto, esse modelo de formacao de
biofilme apresentou algumas limitacdes tais como a auséncia de formacdo da pelicula
adquirida, a inexisténcia de uma irriga¢ao constante dos biofilmes com substitutos salivares
e a auséncia das forgas que simulassem a acdo mecanica da lingua e outros movimentos
bucais. Além disso, a formacdo dos biofilmes imersos em um meio de cultura nao
promoveu a simulacao das flutuagdes de pH encontradas na cavidade bucal dos humanos.
A segunda parte do Capitulo 2 dessa tese, envolveu a realizagdo de um estudo para
avaliar o potencial antimicrobiano da terapia fotodindmica sobre biofilmes formados no
modelo previamente validado. Os resultados desse estudo revelaram que a associacdo do
azul de orto-toluidina e uma luz LED foi efetiva para reduzir significantemente a contagens
de bactérias presentes em todos os biofilmes testados. Resultados semelhantes apos a
realizagdo da terapia fotodinamica sdo encontrados na literatura apenas com a utilizagdo de

lasers convencionais (O’Neill et al., 2002).
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Assim, devidos as limitacdes do modelo de formacdo de biofilmes descrito
anteriormente, o estudo do Capitulo 3 foi realizado. Esse estudo teve por objetivo avaliar o
efeito da associagdo do azul de orto-toluidina a uma luz LED vermelha ou um laser de
HeNe sobre biofilmes de S. mutans crescidos em um fermentador de espessura e fluxo
continuos. Nesse estudo, o constant-depth film fermentor- CDFF foi o modelo laboratorial
de escolha para o crescimento dos biofilmes orais. A utilizagdo do CDFF possibilitou a
simulacdo da formacdo da pelicula adquirida, o crescimento dos biofilmes a partir de
culturas simples de S. mutans sobre discos de hidroxiapatita em um ambiente
continuamente banhado por saliva artificial. Além disso, a escolha desse modelo
possibilitou o controle preciso da freqiiéncia de distribui¢do de sacarose, da temperatura, da
espessura dos biofilmes e da distribui¢do de gases no interior do aparelho simulando uma
atmosfera de aerobiose. Isso faz com que o CDFF seja atualmente o modelo de formagao de
biofilmes orais in vitro que melhor reproduz os biofilmes formados na cavidade bucal de
humanos (Wilson & Pratten, 1999).

No terceiro artigo, os biofilmes foram crescidos sob suplementacdo de 2% de
sacarose o que resultou em uma queda do pH para 4.3 cerca de 30 min apds a adigdo da
sacarose com o pH retornando a 6.8 em aproximadamente 6 horas caracterizando uma
tipica curva de Stephen. Resultados semelhantes foram observados por outros autores
estudando biofilmes orais com suplementagdo de sacarose 4 vezes ao dia (Deng & ten Cate,
2004; Deng et al., 2004). Quedas de pH para aproximadamente 4.3 foram observadas in
vivo por Kleinberg & Jenkins (1964) apds a realizagdo de bochechos com solucdes de
sacarose. No entanto, nesse estudo o pH retornava a normalidade 2 h apos a realizagdo do
bochecho. O tempo de ate 6 h necessario para o retorno do pH para os niveis de

normalidade observados no nosso estudo podem ser explicados pelo fato da espessura de
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300 pm ser semelhante aquela encontrada nos biofilmes formados nas regides
interproximais. Nesses casos, ha uma dificuldade de contato entre a saliva e o biofilme o
que pode retardar a a¢ao da capacidade tampao promovendo, dessa forma, a manutencao do
pH baixo por periodos de tempo mais longos (Hudson et al., 1986; Pratten & Wilson,
1999).

Além disso, os resultados do Capitulo 3 demonstraram uma significativa reducao
nas contagens das bactérias presentes em biofilmes de S. mutans apos a realizagdo da
terapia fotodindmica. Nao foram observadas diferencas significativas no efeito
antimicrobiano promovido quando um laser de HeNe ou uma luz LED eram utilizados. Em
ambos os casos, o fotossensibilizador utilizado foi o azul de orto-toluidina na concentracao
de 100 pgml™” e tanto a sensibilizagdo dos biofilmes na auséncia da luz como a irradiagio
dos biofilmes na auséncia do corante, ndo demonstraram efeito antimicrobiano sobre os
biofilmes testados. Além disso, a microscopia confocal a laser demonstrou que a morte das
bactérias promovida pela terapia fotodinamica ocorreu predominantemente nas camadas
externas dos biofilmes e que os biofilmes mais velhos foram menos susceptiveis a terapia
fotodinamica. Isso pode ter sido causado pela dificuldade do fotossensibilizador em
penetrar nas regioes mais profundas bem como pela habilidade das bactérias inseridas em
biofilmes mais organizados em expressar fatores de resisténcia (Mah & O’Toole, 2001;
Coterton et al., 1999). Esses problemas poderiam ser superados pela escolha de
fotossensibilizadores com maior habilidade de penetragdo nos biofilmes como os catidnicos
bem como pela irradiagdo do biofilmes internamente por meio da utilizagdo de uma fibra

oOtica ao invés de irradiar a superficie dos biofilmes como foi realizado nesses estudos.
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Assim, considerando o surgimento crescente de bactérias resistentes aos
antibioticos, a terapia fotodindmica surge como uma terapia antimicrobiana alternativa para
o tratamento e/ou prevengao das doencas causadas por biofilmes como carie dental. Nessa
terapia, a morte das bactérias ¢ mediada pela produgdo de oxigénio singleto e radicais livres
e tanto o fotossensibilizador quanto a luz ndo precisam ser mantidas na area da lesdo por
mais do que alguns minutos (em contraste com as horas ou até mesmo dias necessarios no
caso do uso de agentes antimicrobianos tradicionais), o que torna bastante improvavel o
surgimento de cepas resistentes (Wilson, 2004).

Outro ponto relevante a se enfatizar ¢ que a luz LED vermelha apresentou efeito
antimicrobiano semelhante ao obtido pelo laser de HeNe o que representa uma vantagem
uma vez que os melhores resultados encontrados na literatura realizam a terapia
fotodinamica utilizando lasers convencionais. Além de uma simplificagdo da técnica, a
utilizacdo de LED representa uma redugdo significativa no custo para a realizagdo da

terapia fotodinamica caso ela venha a ser aplicada clinicamente.

71



V - CONCLUSAO GERAL

1.

A revisdo da literatura demonstrou a relevancia e a escassez de estudos utilizando a
terapia fotodindmica sobre biofilmes cariogénicos. Embora a revisdo da literatura
sugira que a terapia fotodindmica possui um alto potencial caso venha a ser aplicada
na clinica odontoldgica, outros estudos mostram-se necessarios a fim de determinar
o efeito antimicrobiano da terapia em condigdes mais similares as encontradas na

cavidade bucal de humanos.

O modelo de formacao de biofilme de estreptococos testado foi efetivo para simular
situacdes de alto desafio cariogénico promovendo a desmineralizagdo do esmalte,
sendo que a aplicacdo da TFD associando o azul de orto-toluidina a 100 pg/ml e luz
LED vermelha com uma densidade de energia de 85.7 Jem™ foi capaz de reduzir

significantemente a viabilidade bacteriana nos biofilmes (p < 0,05).

Redugdes significativas (p < 0,05) na viabilidade dos biofilmes de S. mutans
ocorreram apds a TFD utilizando o azul de orto-toluidina associado tanto com o
laser de HeNe (632.8 nm) como com a luz LED vermelha. A a¢do antimicrobiana

foi dose-dependente e o efeito da TFD se limitou as camadas externas dos biofilmes.

72



VI - REFERENCIAS®

1. Bowden G, Edwardsson S. Ecologia Oral E Cérie Dentaria. In: Thylstrup A,
Fejerskov O. Cariologia clinica. Sao Paulo: Santos; 1995. p.45-9.

2. Burns T, Wilson M, Pearson GJ. Effect of dentine and collagen on the lethal
photosensitization of Streptococcus mutans. Caries Res. 1995; 29(3): 192-7.

3. Burns T, Wilson M, Pearson GJ. Killing of cariogenic bacteria by light from gallium
arsenide diode laser. J Dent.1994; 22(5): 273-8.

4. Challacombe SJ. Serum and salivary antibodies to Streptococcus mutans in relation
to the development and treatment of human dental caries. Arch Oral Biol. 1980;
25(7): 495-502.

5. Costerton JW, Stewart PS, Greenberg EP. Bacterial biofilms: a common cause of
persistent infections. Science. 1999; 284: 1318-1322.

6. Deng DM, and ten Cate JM. Demineralization of dentin by Streptococcus mutans
biofilms grown in the constant depth film fermentor. Caries Res. 2004; 38:54-61.

7. Deng DM, Buijs MJ, ten Cate JM. The effects of substratum on the pH response of
Streptococcus mutans biofilms and on the susceptibility to 0.2% chlorhexidine. Eur.
J. Oral Sci. 2004; 112:42-47.

8. Dobson J, Wilson M. Sensitization of oral bacteria in biofilms to killing by light from

a low-power laser. Arch Oral Biol.1992; 37(11): 883-7.

* De acordo com a norma da UNICAMP/FOP, baseada no modelo Vancouver. Abreviatura dos peridédicos em
conformidade com o Medline.

73



10.

11.

12.

13.

14.

15.

16.

Evans RC, Holmes CJ Effect of vancomycin hydrochloride on Staphilococcus
epidermidis biofilm associated with silicone elastomer. Antimicrob Agents
Chemother. 1987; 31: 889-94.

Gibbons RJ, Hay DI. Human salivary acidic proline-rich-proteins and statherin
promote the attachment of Actinomyces viscosus LY7 to apatite surfaces. Infect
Immun. 1988; 56(2): 439-45.

Griffiths MA, Wren BW, Wilson M. Killing of methicillin-resistant Staphylococcus
aureus in vitro using aluminium disulphonated phthalocyanine, a light-activated
antimicrobial agent. J Antimicrobial Chemother. 1997; 40: 873-6.

Hudson DE, Donoghue HD, Perrons CJ. A laboratory microcosm (artificial mouth)
for the culture and continuous pH measurement of oral bacteria on surfaces. J. Appl.
Bacteriol. 1986; 60:301-310.

Kolenbrander PE. Oral microbial communities: biofilms, interactions, and genetic
systems. Annu Rev Microbiol. 2000; 54: 413-37.

Loesche WI. Role of Streptococcus mutans in human decay. Microbiol Res. 1986;
50(4): 353-80.

Macrobert AJ, Bown SG, Phillips D. What are the ideal properties of a
photosensitizer? In: Photosensitizing Compounds: Their Chemistry, Biology and
Clinical Use. Chichester: Wiley, 1989, p. 4-16.

Mah, TC, O'Toole GA. Mechanisms of biofilms resistance to antimicrobial agents.

Trends Microbiol. 2001; 9(1): 34-9.

74



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Malik Z, Hanania J, Nitzan Z. Bactericidal effects of photoactivated porphyrins - an
alternative approach to antimicrobial drugs. J Photochem Photobiol B. 1990; 5(3-
4): 281-93.

Marcotte H, Lavoie MC. Oral microbial ecology and the hole of salivary
immunoglobulin A. Microbiol Mol Biol Rev. 1998; 62(1): 71-109.

Marsh P, Martin M. Oral microbiology 3rd ed. London, United Kingdom: Chapman
& Hall, 1992.

Marsh PD. Microbial ecology of dental plaque and its significance in health and
disease. Adv Dent Res. 1994; 8(2): 263-71.

Marsh PD. Microbiological aspects of the chemical control of plaque and gingivitis.
J Dent Res. 1992; 71: 1431-8.

Meyer DH, Fives-Taylor PM. Oral pathogens: from dental plaque to cardiac disease.
Curr Opin Microbiol. 1998; 1: 88-95.

Nyvad B. Microbial colonization of human tooth surfaces. Acta Pathol Microbiol
Immunol Scand Suppl. 32(1): 1-45.

O’Neill JF, Hope C, Wilson M. Oral bacteria in multi-species biofilms can be killed
by red light in the presence of toluidine blue. Lasers Surg Med. 2002; 3: 86-90.
Pratten J, Wilson M. Antimicrobial susceptibility and composition of microcosm
dental plaques supplemented with sucrose. Antimicrob Agents Chemother. 1999;
43:1595-1599.

Soukos NS, Mulholland SE, Socransky SS, Doukas AG. Photodestruction of human
dental plaque bacteria: enhancement of the photodynamic effect by photomechanical

waves in an oral biofilm model. Lasers Surg. Med. 2003; 33:161-168.

75



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Spratt DA, Pratten J. Biofilms and the oral cavity. Re/Views Environ Sci Bio
Technol. 2003; 2: 109-120.

Thylstrup A, Fejerskov O. O ambiente oral — uma introducdo. In: Thylstrup A,
Fejerskov O. Cariologia clinica. Sdo Paulo: Santos, 1995. p.13-16.

Watnick P, Kolter R. Biofilm, city of microbes. J Bacteriol. 200; 182(10): 2675-9.
Williams JA, Pearson GJ; Colles MJ, Wilson M. The effect of variable energy input
from a novel light source on the photoactivated bactericidal action of toluidine blue
O on Streptococcus mutans. Caries Res. 2003; 37: 190-3.

Wilson M, Burns T, Pratten J, Pearson GJ. Bacteria in supragingival plaque samples
can be killed by low-power laser light in the presence of a photosensitizer. J Appl
Bacteriol. 1995; 78(5): 569-74.

Wilson M, Burns T, Pratten J. Killing of Streptococcus sanguis in biofilmes using a
light-activated antimicrobial agent. J Antimicrobial Chemother. 1996; 37(2): 377-
81.

Wilson M, Dobson J, Harvey W. Sensitization of oral bacteria to killing by low-
power laser radiation. Curr Microbiol. 1992; 25(2): 77-81.

Wilson M. Lethal photosensitization of oral bacteria and its potential application in
the photodynamic therapy or oral infections. Photochem. Photobiol. 2004; 3: 412-8.
Wilson M. Photolysis of oral bacteria and its potential use in the treatment of caries
and periodontal disease. J Appl Bacteriol. 1993; 75(4): 299-306.

Wood S, Nattress B, Kirkham J, Shore R, Brookes S, Griffiths J et al. An in vitro
study of the use of photodynamic therapy for the treatment of natural oral plaque

biofilmes formed in vivo. J Photochem Photobiol B. 1999; 50(1):1-7.

76



37.

38.

Zanin ICJ, Brugnera Jr A, Gongalves RB. In vitro study of bactericidal effect of low
level laser therapy in the presence of photosensitizer on cariogenic bacteria. Lasers
in Dentistry VIIIL. 2002; 3(2): 154-161.

Zanin ICJ. Estudo in vitro e in situ da acao antimicrobiana do laser diodo
associado a fotossensibilizadores sobre microrganismos bucais [tese]. Piracicaba:

UNICAMP/FOP; 2002.

71



ANEXO 1

dWYDINN/dO4/d3D dWYDINN/dO4/d3D

lopeuspioo) \ ouBRLES
SapLON] 2P ....w&.wonno upy a@ .«.E& uzjUsoy n@auzﬁhm& V1g) wﬂE&

~is BT L=t vyt

200Z 67 J2qWan0N ‘|izelg 'dS ‘eqeapelld

‘(seudied Jo Alisiaaun a1E3S) dWwDINN/IooYDS Alspuag eqedpelld syl
18 4218353y Ul DN IWIWOY [e31y1] a3 Ag panordde sem pue (yg) Juswyedaq YiesH/UeaH JO SINILLLOD [RUSEEN WOL) §6/96T UOAN|OS3Y 3y YIM Juawaaibe

Ul 5t ‘sanjeSuog ounig opjeulBay "ig ‘joid AqQ Aljqisuodsal ﬁ\:m.N N.:U:&th_ﬁ. Nam..u eueLJ Byeesay Aq 'Z00Z/00T ou jo20jcud
‘ Aedap |RjuBp pue swiyalq |20 uo Aydessyy Jweudpcioyd Jo AAIPE [BIGOIIIWNUE JO APNIS A5 L PUB e ur, 2130 Yum aloud wpaeasal a3 1oyl Aol em

700Z 3p 0IqUAA0U 3p 67 ‘eqeapesid
*d0d — esinbsag wa €113 9p HW0D ojad opesocide opis

0pU3] '96/01/01 3P 'SW/RPNES 3p |BUODEN OY[BSLOD OP 96/96T 0BN|0S3Y € 0D OPJAJE 3P £153 'SeA|eIU0H ounlg opjeulbay "iq 'joid op spepiiqesuodsal
eqos Qs...sm-N N.__G@hbbsh. glie) euellr ei0pESINbSa4 BD 'Z00Z /00T ol 0j00010.d O qOS /,|E3UaP 318D 3 SIRIO SAW|LOI] 3.G0S ENWEUIPOIO)

gidesa) ep eueiqoojwiue 085 B NYS Ul @ QM L OpnIs3, opejninu| esinbsad ap ojafoid 0 anb sowedya)

oavoldiLy3o vvSIRE

<m<UHU5“_Em_DdHUOf_OHZODOm_QdeQ._:U{n_ ‘Jo'.“
SYNIdWVYD 3a TVYNAV.iS3 IAVAISHIAINN -

vSINDS3d W3 vIIi13 3A ZLINOD “\Lv/ﬂ

78



ANEXO 2

DELIBERACAO CCPG - 001/98

Dispde a respeilo do lormalo das leses de Mesirado
e de Doutorado aprovadas pela UNICAMP

Tendo em vista a possibilidade, segundo parecer PG N° 1985/96, das leses

de Mestrado e Doutorado terem um formalo allernativo aquele ja bem estabelecido,
a CCPG resalve:

Artigo 1° - Todas as teses de mestrado,e de doutorado da UNICAMP terdo o
seguinte formalo padrao:

1)
D)

I

V)
V)
Vi)
)
VI

Capa com formato unico, dando visibilidade ao nivel (mestrado e doutorado),
@ a Universidade.

Primeira folha interna dando visibilidade ao nivel (mestrado ou doutorado), a
Universidade, & Unidade em foi defendida e a banca examinadora,
ressallando o nome do orientador e co-orientadores. No seu verso deve
constar a ficha catalografica.

Segunda folha interna onde conste o resumo em portugués e o Absiract em
inglés.

Introdugéo Geral.

Capitulo.

Concluséo geral.

Referéncias Bibliograficas.

Apéndices (se necessarios).

Artigo 2° - A critério do orienlador, os Capilulos e os Apéndices poderao conler
Copias de artigos de autoria ou de co-autoria do candidato, ja publicados ou
submelidos para publicagao em revistas cientificas ou anais de congressos sujeitos
a arbitragem, escritos no idioma exigido pelo veiculo de divulgagéo.

Paragrafo unico - Os veiculos de divulgagao deverado ser expressamenie indicados.

Artigo 3° - A PRPG providenciara o projeto grafico das capas bem como a impressao
de um numero de exemplares, da versao final da lese a ser homologada.

Artigo 4° - Fica revogada a resclugéo CCPG 17/97.
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ANEXO 3

Journal of Antimicrobial Chemotherapy

08-Feb-2005

Dear Dr. Zanin,

A manuscript entitled '"Susceptibility of |*bital*|Streptococcus mutans|*eital*| biofilms
to photodynamic therapy: an |*bital*[in vitro|*eital*| study." on which you are a co-
author, has just been submitted by Dr. Jonathan Pratten to the Journal of Antimicrobial
Chemotherapy. The reference number for the paper is: JAC-2005-0117.

The URL and your login details for the Journal of Antimicrobial Chemotherapy's online
submission and review system (through which authors and co-authors can monitor the
progress of their manuscripts) are as follows:

Site URL: http://mc.manuscriptcentral.com/jac

User ID: irianaz@yahoo.com.br

Password: gwsmtgTt

Please log in and click on 'Edit My Account' to make sure that all of your details are correct
and so that you can enter some keywords that describe your areas of expertise.

Please keep a note of your login details. For further information about the Journal of

Antimicrobial Chemotherapy please visit our website: http://jac.oupjournals.org/.

Yours sincerely
Chris Burley

Journal Administrator

JAC Editorial Office
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