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INTRODUÇÃO GERAL 

 

A Cárie dentária é uma doença crônica não transmissível (DCNT) que está associada a 

mudanças na composição dos biofilmes dentários, onde prevalece uma microbiota tolerante e 

produtora de ácidos (PITTS et al., 2021).  

A lesão do tecido dentário é um problema crônico de saúde pública que pode afetar a 

qualidade de vida e resultar em despesas para os indivíduos. Por isso, é crucial a busca por 

tratamentos que combatam eficazmente esse problema. Além da escovação e uso de fio dental, 

substâncias como clorexidina e flúor são utilizadas na prevenção da deterioração dentária. No 

entanto, essas abordagens podem apresentar efeitos adversos como mancha nos dentes e 

neurotoxicidade. (GRANDJEAN, 2019; LIN et al., 2021; DEUS, OUANOUNOU, 2022). 

Os dentes possuem uma camada protetora feita de proteínas, chamada película de 

esmalte adquirida, que se origina de substâncias presentes na saliva e de enzimas bacterianas. 

Dentro da microbiota oral, algumas bactérias (como estreptococos e Actinomyces spp.) são 

capazes de se aderir às superfícies dos dentes cobertas pela película por meio de interações 

específicas entre receptores de adesina, que são reforçadas por interações hidrofóbicas ou 

eletrostáticas. Isso conduz à formação de biofilme e à colonização microbiana nos dentes 

(NOBBS et al., 2009).  

Diversos fatores influenciam a formação da microbiota presente em diferentes regiões 

da cavidade oral, especialmente quando ocorre a erupção dos dentes, criando novas áreas que 

se tornam disponíveis para a colonização de microrganismos comensais e patógenos 

oportunistas. Esses fatores incluem, entre outros, a idade, o tipo de alimentação, a higiene bucal, 

as condições de saúde em geral e imunológicas, além do uso de determinados medicamentos 

que podem provocar hipossalivação. A importância crucial da alimentação na colonização 

microbiana é evidenciada em pacientes ou animais utilizados em pesquisas experimentais 

(MASLOWSKI, MACKAY, 2010; DAVID et al., 2013). 
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Diversas espécies de bactérias interagem de maneira física e metabólica para formar a 

estrutura inicial da comunidade do biofilme. Algumas interações microbianas são positivas, 

pois combatem os agentes causadores da cárie, enquanto outras podem colaborar com bactérias 

que contribuem para o avanço da doença. O equilíbrio dinâmico entre bactérias benéficas e 

oportunistas pode ser desestabilizado pelo consumo frequente de carboidratos de alto índice 

glicêmico e pela falta de higiene bucal adequada, o que favorece o surgimento de biofilmes 

cariogênicos próximos à superfície dos dentes (BOWEN et al., 2018). 

Quando os indivíduos recebem uma quantidade excessiva de açúcares na alimentação, 

as características e a constituição dos biofilmes presentes nos dentes sofrem alterações 

significativas, fazendo com que as populações de microrganismos residentes se tornem 

especialmente adaptadas para metabolizar carboidratos e gerar ácidos, resultando no 

desenvolvimento de cáries dentárias (PITTS et al., 2017). 

Um dos microrganismos de grande importância na formação da cárie é o Streptococcus 

mutans, pela sua capacidade de produção de ácidos e por orquestrar mudanças no microbioma 

do biofilme via EPS (exopolissacarídeo) (LEMOS et al., 2018). 

A ação principal do S. mutans como agente causador de doenças pode estar relacionada 

à sua habilidade única de modificar o ambiente físico-químico local, aproveitando o carboidrato 

da dieta para criar uma estrutura polimérica resistente, garantindo estabilidade mecânica e 

protegendo as condições ácidas que favorecem bactérias patogênicas a se desenvolverem e se 

tornarem dominantes, dificultando seu tratamento (BOWEN et al., 2018). 

Uma das principais capacidades que permite S. mutans ser um patógeno oportunista tão 

eficaz na microbiota oral está em sua excepcional habilidade de utilizar uma ampla gama de 

carboidratos para produzir EPS e ácidos, e viver um estilo de vida de biofilme, incluindo 

resistência ao estresse e mecanismos de competição bacteriana. Um carboidrato específico, a 

sacarose, conhecido como açúcar comum de mesa e um adoçante tradicional na culinária, é 

mais propenso à cárie, pois suas hexoses (glicose e frutose) fornecem os blocos de EPS e são 

fermentadas de maneira eficaz para produzir ácidos. A sacarose é fundamental para o sucesso 

do organismo como patógeno devido à habilidade única de S. mutans em converter sacarose em 

glucanos extracelulares insolúveis que melhoram a adesão e coesão bacteriana, formando o 

núcleo da matriz EPS.  Os glucanos são formados por fragmentos de glicose unidos 

principalmente por ligações glicosídicas α1,3 e α1,6 resultantes da atuação coordenada de 

enzimas bacterianas conhecidas como glicosiltransferases (GTF) (BOWEN, KOO, 2011). 
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Uma alimentação rica em carboidratos utilizáveis pelas bactérias orais para formação 

de glucanos, contribui para a formação da matriz EPS e favorece a proliferação de microbiota 

ácido-tolerante e acidogênica (HAJISHENGALLIS et al., 2016).  

Os microrganismos não patogênicos têm uma vantagem importante sobre os que causam 

cárie quando a dieta do hospedeiro não contém muitos carboidratos desse tipo, especialmente 

sacarose. Bactérias comensais associadas com a saúde oral conseguem se fixar com mais força 

na superfície dos dentes revestidas de saliva, conseguem se desenvolver melhor do que S. 

mutans e outras espécies ácidogênicas e têm diversos mecanismos para atrapalhar sua instalação 

e crescimento. Entretanto, o cenário microbiano pode mudar drasticamente se houver um 

consumo frequente de carboidratos que promovem a produção da matriz EPS e a formação de 

ambientes ácidos, onde S. mutans pode trabalhar em conjunto com outras espécies e causar 

transformações que afetam, a estrutura e o metabolismo do biofilme, levando ao surgimento de 

cáries (BOWEN et al., 2018). 

Os polissacarídeos extracelulares (EPS) produzidos em superfícies favorecem a 

proliferação de microrganismos bucais, além de promover novas associações entre diferentes 

espécies e aumentar a adesão entre as células (HOBLEY et al., 2015; KARYGIANNI et al., 

2020). 

A diversidade na composição e estrutura do EPS variando de acordo com as diferentes 

espécies de microrganismos e sua atividade metabólica, a presença de nutrientes, o ambiente 

do hospedeiro e o estágio de crescimento - apresenta desafios significativos para o 

desenvolvimento de tratamentos direcionados ao EPS. Estratégias terapêuticas inovadoras 

devem visar tanto os componentes da matriz do biofilme quanto os microrganismos 

incorporados para eliminar o nicho patogênico, com o mínimo de dano aos tecidos 

(KARYGIANNI et al., 2020).  

Os biofilmes representam um desafio significativo em termos médicos e econômicos. 

Essas estruturas formadas por micróbios resistentes a antibióticos estão relacionadas a várias 

condições de saúde. Por isso, é essencial desenvolver novas abordagens terapêuticas para lidar 

com a crescente resistência aos antibióticos (WARRIER et al., 2021).  

A Terapia fotodinâmica (TFD) se destaca como uma técnica de grande eficácia no 

combate a diferentes enfermidades, devido as suas vantagens como segurança, alta seletividade 

e alta eficiência (CIEPLIK et al., 2017; WANG et al., 2021). E é um tratamento antimicrobiano 

não invasivo que está se tornando cada vez mais popular na área da saúde. Sua importância é 

evidente em um momento em que a odontologia busca ser menos invasiva e focada na 

prevenção. Na odontologia, a TFD tem se mostrado eficaz no combate a bactérias, vírus e 
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fungos, sem os problemas de resistência que ocorrem com medicamentos convencionais. 

Embora não substitua os métodos tradicionais, a TFD pode ser uma alternativa valiosa, 

especialmente no tratamento de infecções orais (STÁJER et al., 2020). 

A terapia fotodinâmica emprega fundamentalmente substâncias fotossensibilizadoras 

(PS), uma fonte de luz de comprimento de onda específico e oxigênio. Cada um desses 

elementos é essencialmente inofensivo para o organismo humano, mas a associação dos 3 na 

combinação correta é capaz de controlar de maneira precisa a eliminação de microrganismos. 

Essa associação envolve um corante específico, naturalmente sem efeitos tóxicos, uma fonte de 

luz com um comprimento de onda específico capaz de ativar o corante e produzir os radicais 

tóxicos que levarão à morte celular (SUN et al., 2020).  

Esses radicais tóxicos são denominados genericamente “espécies reativas de oxigênio” 

(ROS na sigla em inglês) que surgem dos fotossensibilizadores após a exposição à luz. Esse 

mecanismo atua promovendo a morte das células microbianas de diversas maneiras, tais como 

prejudicando as organelas e inibindo a reprodução celular, interrompendo a transmissão de 

sinais e bloqueando o ciclo de vida celular (YU, 2022). 

Existem três principais tipos de morte celular induzida por Espécies Reativas de 

Oxigênio na Terapia Fotodinâmica, que incluem necrose, apoptose e autofagia (MROZ et al., 

2011). Apoptose é a morte celular programada, que é controlada por uma série de processos 

que resultam na ativação permanente de caspazes e na fragmentação das células.  A necrose 

está ligada à redução expressiva nos níveis de ATP causada pelo desequilíbrio iônico decorrente 

da despolarização da membrana mitocondrial, e a autofagia é um fenômeno dentro das células 

no qual são formadas estruturas chamadas autofagossomos, responsáveis por digerir organelas 

e proteínas presentes no interior celular (DąBROWSKI, 2017). 

A reação das células à lesão é influenciada por diversos elementos, como o agente 

fotossensibilizador utilizado, a quantidade de luz administrada e a condição metabólica da 

célula. Há dois mecanismos principais envolvidos na reação fotodinâmica, os quais são 

diretamente influenciados pelas moléculas de oxigênio presentes nas células (CASTANO et al., 

2005; ROBERTSON et al., 2009). O fotossensibilizador desempenha um papel vital em todas 

as etapas da terapia fotodinâmica (YU et al., 2022). Quando um fóton é absorvido pelo 

fotossensibilizador, este é levado a um estado de energia mais excitado (Sn), e através do 

processo conhecido como conversão interna retorna para o seu estado fundamental (S0) ou para 

o estado excitado mais baixo (S1) para os próximos processos fotofísicos (KASHA, 1963). Uma 

parte da energia é liberada como fluorescência, enquanto o restante da energia conduz a 

molécula fotossensibilizadora para o estado excitado tripleto T1 (forma terapêutica apropriada), 
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através do processo de cruzamento inter sistema (CASTANO et al., 2005; ROBERTSON; et 

al., 2009). 

A partir desse início similar, no mecanismo tipo I, no estado excitado T1, o 

fotossensibilizador é capaz de transferir energia para as biomoléculas ao seu redor. Entre o 

fotossensibilizador nesse estado e o tecido, ocorre a transferência de um hidrogênio ou elétron, 

levando à formação de radicais livres e radicais ânions tanto do fotossensibilizador quanto do 

tecido. Os elétrons interagem com as moléculas de oxigênio, que se mantêm em seu estado 

energético fundamental. Esse processo resulta na produção de espécies reativas de oxigênio 

(ROS) - inicialmente na forma de radical ânion superóxido (O•− 2), gerando mais ROS dentro 

das células. A sequência de reações desencadeada acaba por provocar estresse oxidativo, 

culminando na destruição celular (NOWAK-STęPNIOWSKA et al., 2011). 

No mecanismo tipo II, após a mudança do fotossensibilizador para o estado tripleto 

excitado, a energia é transferida de forma direta para a molécula de oxigênio em seu estado 

energético fundamental (o estado tripleto fundamental). Essa transferência direta de energia 

entre as moléculas (FS→O2) é viável devido à coincidência de spins. Dessa maneira, as 

moléculas de oxigênio excitadas - conhecidas como oxigênio singleto - são produzidas, as quais 

se destacam por suas propriedades altamente oxidantes (JUZENIENE, GEME, 2007; 

NOWAK-STęPNIOWSKA et al., 2011). 

Normalmente, as células reagem de maneiras diferentes ao dano causado por diversos 

motivos, incluindo o tipo de fotossensibilizador utilizado, a quantidade de luz recebida e o 

funcionamento metabólico celular. O tipo de fotossensibilizador escolhido é fundamental em 

todas as etapas do tratamento de terapia fotodinâmica e estudos da Terapia fotodinâmica sugere 

que a Eosina Y funciona como um fotossensibilizador e catalisador redox (LI et al., 2018; YAN 

et al., 2018).  

Em consequência da produção de ROS, o processo induzido pela TFD leva à morte 

celular, e considerando que a cárie é uma doença de difusão global, o objetivo deste trabalho 

foi verificar a influência da terapia fotodinâmica aplicada “in vitro” sobre o metabolismo de 

biofilmes de Streptococcus mutans utilizando-se como fonte de luz um fotopolimerizador de 

resina composta do tipo LED e o corante eosina Y como agente fotossensível. Hipótese nula: a 

TFD não seja eficaz no tratamento em biofilmes com S. mutans. 
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SUMMARY 

Streptococcus mutans is a biofilm-forming, acidogenic and aciduric microorganism, considered 

one of the main causes of tooth decay. Biofilms represent a significant medical and economic 

challenge, especially with the growth of antibiotic-resistant microbes and it is essential to 

develop new therapeutic approaches to deal with this situation. Photodynamic Therapy (PDT) 

has become a widely used type of treatment due to its advantages such as safety, high selectivity 

and high efficiency, where a light source is used that activates a photosensitive agent generating 

toxic compounds such as Reactive Oxygen Species, causing cell death. The objective of the 

present study was to verify the effectiveness of PDT with Eosin Y and LED photopolymerizer 

light for inactivating S. mutans. The toxicity of Eosin Y (7x10-3M to 7x10-7 M) was tested in 

the absence of light and at fluences of 3J/cm2, 6J/cm2 and 20J/cm2, in biofilms lasting 4 and 10 

hours. There was toxicity in the dark by eosin and at concentrations 7x10-3M to 7x10-5M for 

the 4-hour biofilm (p<0.0001) and at concentrations 7x10-3M and 7x10-4M for the 10-hour 

biofilm (p<0.0001). Concentrations 7x10-6M and 7x10-7M in the dark were not toxic in biofilms 

of 4 and 10 hours. The LED did not present toxicity in any of the fluences tested. The PDT was 

effective for biofilms of 4 hours at a concentration of 7x10-6M (p<0.0001) at the 3 fluences 

tested. The concentration 7x10-7 M showed toxicity only at fluence 20J/cm2 p<0.0001. In 10 

hours PDT biofilm was effective at Eosin concentrations of 7x10-6M and 7x10-7M, but only at 

fluence 20J/cm2 (p<0.0001). Therefore, PDT with Eosin may be useful in inactivating S. mutans 

depending on the appropriate association of fluence and dye concentration, and may be a 

promising strategy for controlling biofilm and reducing bacteremia. 

Keywords: Biofilm, Eosin Y, LED, Photodynamic Therapy, Streptococcus mutans 

 

INTRODUCTION 

Dental caries is a chronic non-communicable disease (NCD), which is associated with 

changes in the composition of lost biofilms, where a tolerant and fatty acid-producing 

microbiota prevails (1). 

The tissue damage caused is a common public health problem that can affect quality of 

life and result in expenses for individuals. Therefore, it is crucial to search for treatments that 

effectively combat this problem. In addition to brushing and flossing, substances such as 

chlorhexidine and fluoride are used to prevent dental injuries. However, these approaches can 

have adverse effects such as tooth staining and neurotoxicity. There are several therapeutic 

alternatives available, but not all of them target virulence factors (2,3,4). 



14 
 

 
 

One of the microorganisms of great importance in the formation of caries is the Gram-

positive bacterium Streptococcus mutans, due to its production capacity and resistance to 

organic acids and for orchestrating changes in the biofilm's microbiome, via the production of 

organic acids and extracellular polysaccharides (EPS) (5). 

Currently, there is increasing evidence demonstrating that Photodynamic Therapy 

(PDT) is emerging as an effective option to combat various microorganisms present in biofilms. 

It is a non-invasive treatment that is becoming increasingly popular in the field of dental 

medicine. The appropriate choice of the photosensitive molecule, its concentration and the 

correct application of light can transform PDT into an efficient strategy to eliminate biofilms 

(6,7). 

PDT has become a widely used type of treatment due to its advantages such as safety, 

high selectivity and high efficiency (8), through the use of photosensitizing compounds, light 

and oxygen. Each element is essentially harmless to the human organism (9). Essential elements 

for the success of photodynamic therapies involve reactive oxygen species (ROS) that arise 

from photosensitizers after exposure to light (10,11). 

Normally, cells react differently to damage caused for a variety of reasons, including 

the type of photosensitizer used, the amount of light received and cellular metabolic 

functioning. The type of photosensitizer chosen is fundamental in all stages of the 

photodynamic therapy treatment and Photodynamic Therapy studies suggest that Eosin Y 

functions as a photosensitizer and redox findings (12, 13). 

Since biofilms represent a significant medical and economic challenge, especially with 

the growth of antibiotic-resistant microbes, it is essential to develop new therapeutic approaches 

to address this situation (14). 

And considering that caries is a disease with global diffusion, the objective of this work 

was to verify the influence of photodynamic therapy applied “in vitro” on the metabolism of 

Streptococcus mutans biofilms using a composite resin photopolymerizer of the type LED and 

the dye eosin and as a photosensitive agent. Null hypothesis: PDT is not effective in treating 

biofilms with S. mutans. 

 

MATERIAL AND METHODS 

Streptococcus mutans strains 

The ATCC 25175 strain of Streptococcus mutans was used, acquired from Fundação 

André Toselo, Campinas - SP(www.bdt.fat.org.br). The strain was stored in 40% (v/v) Glycerol 

at -20ºC until use. 
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Maintenance of Streptococcus mutans Strains 

To start the experiment, 500µL of the strain was inoculated in 5mL of Tryptic Soy Broth 

medium – TSB (Bacto), and incubated for 24 hours at 37ºC, followed by new cultivation for 12 

hours, both in micro aerobiosis using the candle method, as described previously (15). 

All culture media, as well as the solutions and materials used in the research, were 

autoclaved for 15 minutes at 121ºC. 

 

Biofilm Formation 

To form biofilms, the Complete Medium described by Dashper and Reynolds (16), 

supplemented with 50 mM sucrose and sterile 24-well culture plates was used 

In 24 mL of complete medium, 300µl of an S. mutans culture whose absorbance was 

previously adjusted to 0.2 at 620 nm (T60U Spectrometer – PG Instruments, USA) and sucrose 

to reach a final concentration of 50 mMwere added. Then, 1 mL of this inoculum was addedto 

each well of the culture plate. The plates were incubated in microaerobiosiss at 37ºC for the 

time indicated in each experiment. After the incubation period, the complete medium was 

removed from the wells to begin the treatments. All experiments were performed in 

quadruplicate. 

 

Eosin Y Treatment 

Eosin Y – yellow dye (Merck) was prepared at a concentration of 7x10-3M and serially 

diluted to concentrations of 7x10-4M, 7x10-5M, 7x10-6M and 7x10-7M with sterile 0,9% NaCl 

Biofilms grown as described above were washed 3 times with sterile 0.9% NaCl and treated 

with 1 mL of eosin at different concentrations or sterile 0.9% NaCl (negative control). After 5 

minutes, the eosin was removed and the wells were washed again with sterile 0.9% NaCl, 1 mL 

of TSB was added to each well and the plate was then incubated for 8 hours at 37ºC in a micro 

aerobiosis atmosphere (candle technique). After this time, the culture medium was removed 

and the pH was measured with a digital pH meter (Alpax 200) and bacterial growth was 

measured using the 0.1% Violet Crystal method (see below). 

 

LED treatment 

To test the effect of light, the biofilms formed on the culture plates after the incubation 

period of 4 hours and 10 hours received 1ml of sterile 0,9% NaCl and were irradiated with a 

dental LED (blue light 200 mW/cm2 – 440 a 480 nm - SDI – Radical- USA) for 30 seconds (3J 

/cm2), 1 minute (6J /cm2) and 3 minutes (20J /cm2). LED fluence was assessed daily. Then, the 
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NaCl was removed, 1 mL of TSB was added to each well and the plates were incubated for 8 

hours at 37ºC in microaerobiosis. After this time, the pH was read and bacterial growth was 

measured using the Crystal Violet 0.1% method (see below). To avoid irradiation of adjacent 

wells, the bottom of the wells was stained prior to cultivation and gel prepared with 30% agar 

and 10% brilliant blue was added between the wells (Image 1). The distance between the laser 

and the sample surface was entered as 1cm for all samples. 

 

PDT with Eosin Y and LED 

To test the effect of the combination of light and Eosin, concentrations of Eosin 7x10-

6M and 7x10-7M were used andNaCl was used as a negative control. 1 mL of eosin was placed 

in the plate wells, waited 5 minutes and after this period the wells were irradiated with the LED 

for 30 seconds (3J/cm2), 1 minute (6J/cm2) and 3 minutes (20J/cm2).  After treatment, the 

following steps were performed as previously described. The tests were performed in 

quadruplicate. 

 

Biofilm Quantification 

After the different treatments, the biofilms were gently washed with sterile saline 

solution 3 times, incubated for 60 minutes with 0.1% crystal violet solution in water, washed 

with saline solution and incubated for 30 minutes with absoluteethanol. The absorbance of the 

supernatant liquid was read at 550 nm (17). 

 

Statistical analysis 

The GraphPad Prism 9.5.1 program was used. Shapiro Wilk was used for the normality 

test, and ANOVA was used for the variance test followed by Dunett's test, with a significance 

level of 5% (p<0,05). 

 

RESULTS 

The growth curve of S. mutans in cell culture plates demonstrated the beginning of the log 

phase at around 4 hours and the stationary phase at around 16 hours (Graph 1). 

The Eosin Y absorption spectrum(460-560 nm) corresponds with the LED absorption band 

(440-480 nm) (Graph 2). 

 All biofilms demosntrated metabolic activity after treatment with EosinY in the dark, 

and the acidification caused by the 4 hours biofilm was lower after eosin treatment in the dark 

in concentrations 7x10-3M (pH 5.0±0.012), 7x10-4M (pH 4.9±0.017) and 7x10-5M (pH 
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4.6±0.062) observed after treatment with NaCl (pH 4.7±0.024) (p<0,0001). At concentrations 

7x10-6M (pH 4.7±0.030, p=0,3671) and 7x10-7M (pH 4.6±0.022), acidification was not 

different when compared to NaCl (p=0,053) (Table 1). 

Similarly, biofilms maintained their growth capacity after treatment with Eosin, and in 4-

hour biofilms growth was lower after treatment with eosin at concentrations 7x10-3M (A550nm 

0,22±0,023), 7x10-4M (A550nm 0,23±0,0022) and 7x10-5M (A550nm 0,26±0,0015) observed after 

treatment with NaCl (A550nm 0,31±0,010) with a significant difference (p<0,0001). In 

concentrations 7x10-6M (A550nm 0,29±0,0018, p=0,0601) and 7x10-7M (A550nm 0,29±0,0032,), 

growth was not different when compared to the biofilm treated with NaCl (p=0,068) (Table 1). 

For 10-hour biofilms, acidification was lower in biofilms treated with eosin at 

concentrations 7x10-3M (pH 5.1±0.0058) and 7x10-4M (pH 5.0±0.0050) than the acidification 

observed after treatment with NaCl (pH 4.9±0.0082) (p<0,0001). In concentrations, 7x10-5M 

(pH 4.9±0.0130), 7x10-6M (pH 4.9±0.005) and 7x10-7M (pH 4.9 ±0, p=0,227) acidification was 

not different when compared to NaCl (p=0,0951 and p=0,156 respectivelly) (Table 1). 

Similarly, 10-hour biofilm growth was lower in biofilms treated with eosin at concentrations 

7x10-3M (A550nm 0,47±0,0042), 7x10-4M (A550nm 0,50±0,005) and 7x10-5M (A550nm 

0,55±0.0050) than after treatment with NaCl (0,66±0,0013) (p<0.0001). In concentrations, 

7x10-6M (A550nm 0,62±0,0014) and 7x10-7M (A550nm 0,67±0,0017) growth was not different 

when compared to the biofilm treated with NaCl (p=0,0651 and p=0,117, respectivelly) (Table 

1). 

When investigating the toxicity of LED on biofilm for 4 hours, irradiation did not affect the 

acidification of the medium at fluences of 3J /cm2 (30 minutes) (pH 5.0±0.019 p=0,2698) 

6J/cm2 (1 minute) (pH 5.0±0.022 p=0,923) and 20J /cm2 (3 minutes) (pH 5.0±0.0082 p=0,16) 

when compared with NaCl (pH 5.0±0.029) and also did not affect biofilm growth at the same 

fluences of 3J /cm2 (A550nm 0,33±0,023 p=0,8506), 6J/cm2 (A550nm 0,34±0,017 p=0,9775) and 

in 20J/cm2 (A550nm 0,34±0,024 p=0,9835) when compared with NaCl (A550nm 0,34±0,020) 

(Table 2). 

Similarly, LED irradiation on the biofilm for 10 hours also did not affect the 

acidification of the medium at fluences 3J/cm2 (pH 5.0±0.014 p=0,0717), 6J/cm2 (pH 5.0±0.015 

p=0,1156) and 20J/cm2 (pH 5.0±0.017 p=0,06) when compared with NaCl (pH 4.9±0.029). 

Biofilm growth was also not affected by water fluences 3J/cm2 (A550nm 0,50±0,012 p=0,681), 

6J/cm2 (A550nm 0,51±0,0098 p=0,9478) and 20J/cm2 (A550nm 0,51±0,018 p=0,9319) when 

compared with NaCl (A550nm 0,51±0,020) (Table 2). 
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When the 4-hour biofilm was treated with eosin at a concentration of 7x10-6M and LED 

at a fluency of 3J/cm2, the pH was less acidified (pH 5.3±0.067), as well as at a fluency of 

6J/cm2 (pH 6.2±0.009) and in fluency 20J/cm2 (pH 6.6±0.013) when compared with NaCl (pH 

5.0±0.054; pH 5.0±0.060; pH 5.0±0.027, respectively) (p<0,0001). In concentration 7x10-7M, 

acidification was not affected at fluences 3J /cm2 (pH 5.0±0.062 p=0,8267) and 6J /cm2 (1 

minute) (pH 5.0±0.012 p=0,3723) compared to treatment with NaCl (pH 5.0±0.054; pH 

5.0±0.060, respectively). At fluence 20J/cm2 (3 minutes) acidification was lower (pH 5.5±0.058 

p<0,0001) when compared with the control (pH 5.0±0.027) (Table 3). 

In relation to biofilm growth, PDT with eosin at the concentration7x10-6M and fluence 

of 3J/cm2 affected growth (A550nm 0,24±0,019) as well as the fluency of 6J/cm2 (A550nm 

0,14±0,0011) and 20J/cm2 (A550nm 0,089±0,013) when compared with NaCl (A550nm 

0,31±0,008, A550nm 0,31±0,009, A550nm 0,33±0,013 respectively) (p<0,0001). In concentration 

7x10-7M, growth was not affected at fluence of 3J /cm2 (A550nm 0,31±0,0011; p=0,9214), nor at 

fluence of 6J /cm2 (A550nm 0,32±0,023; p=0,6144). The fluence of 20J/cm2 (3 minutes) affected 

biofilm growth (A550nm 0,22±0,025; p<0,0001 when compared to NaCl (A550nm 0,31±0,008, 

A550nm 0,31±0,009, A550nm 0,33±0,013, respectively) (Table 3).  

PDT with 7x10-6M eosin did not affect the metabolism of biofilms of 10 hours at a 

fluence of 3J/cm2 (pH 4.8±0.13; p=0,0849) or 6J /cm2 (pH 4.8±0.0016; p=0,8991), compared 

with NaCl (pH 4.9±0.072 and pH 4.8±0.0012, respectively). Already with the fluency of 20J 

/cm2 leads to less acidification (6.0±0.013; p<0,0001) compared to the control (pH 4.8±0.150). 

In a similar way, the concentration7x10-7M did not affect acidification in water 3J/cm2 (pH 

4.9±0.029 p=0,5051) nor at fluence of 6J/cm2 (1 minute) (pH 4.8±0.0024; p=0,9971) compared 

to the control (pH 0.48±0.06 and pH 0.49±0.0018, respectively). The fluency of 20J /cm2 led 

to lower acidification (pH 5.8±0.070 p<0,0001) when compared with NaCl (pH 4.8±0.150) 

(Table 4). 

Biofilm growth after PDT with Eosin at a concentration of 7x10-6M and fluence of 

3J/cm2 (A550nm 0,49±0,0026; p=0,9068) and 6J/cm2 (A550nm 0,50±0,0010; p=0,8805) compared 

with the respective controls (A550nm 0,48±0,06 and 0,49±0,0018, respectively). The fluence of 

20J/cm2 (3 minutes) affected biofilm growth qualities (A550nm 0,34±0,013) when compared to 

NaCl (A550nm 0,54±0,012, p<0,0001). In concentration 7x10-7M, with fluences 3J/cm2 (A550nm 

0,54±0,011; p=0,1121) and 6J/cm2 (A550nm 0,51±0,0008; p=0,0565) did not affect biofilm 

growth compared to the control group (A550nm 0,48±0,06, 0,49±0,0018, respectively) while TFD 

at this concentration with a fluence of 20J/cm2 affected biofilm growth (A550nm 0,49±0,010) 

when compared with NaCl (A550nm 0,54±0,012; p<0,0001) (Table 4). 
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DISCUSSION 

The results demonstrated that concentration of Eosin used was lethal to biofilms since 

after treatment with any of the concentrations the biofilm showed growth and acidification 

capacity. There was eosin toxicity at concentrations 7x10-3, 7x10-4 and 7x10-5, for the 4-hour 

biofilm and at concentrations 7x10-3, 7x10-4 for the 10-hour biofilm. In this biofilm, the 7x10-5 

concentration only affected growth. At concentrations 7x10-6M and 7x10-7M, Eosin does not 

present toxicity to the S. mutans biofilm, but when associated with light, the inhibitory effect 

on the metabolic and proliferative activity of biofilms exists and is dependent on the dose of 

dye and the fluence used. This observation is important for its use in Photodynamic Therapy, 

which recommends that the dye alone cannot be toxic to the target cell or tissue, but only when 

associated with an adequate source of light (18). 

ALVES et al (2019), used PDT with 0,005% methylene blue dye and low-intensity laser 

in carious lesions of first molars. The reduction of S. mutans was 76,4% after caries removal, 

and when associated with PDT was 92,6%, concluding that PDT could serve as a complement 

to caries reduction (19). 

The treatment of extracted and non-cavished human molar teeth with PDT using 

Indocyanine Green (0,5 mL) and 1W diode laser for 60 seconds significantly reduced the 

number of S. mutans compared to the positive control group (20). 

Another important aspect in PDT is the time that the dye must remain in contact with 

the cell for its absorption in sufficient quantities to induce cell death when irradiated with a 

light source. In the present study, eosin was in contact with the biofilm for 5 minutes, the same 

time used in a study that evaluated PDT in S. mutans biofilm using the dyes erythrosine and 

methylene blue at concentrations of 100µM and 250µM for 5 minutes (21), there was no 

toxicity of the drugs “per se”. Also in this study, the combination of the photosensitizers 

erythrosine and methylene blue (at a concentration of 250 μM) and white halogen light at a 

fluence of 0.6 J/cm2, led to a significant reduction in Biofilm (21). 

When PDT was tested against S. mutans using the Rose Bengal dye and the halogen 

light photopolymerizer as a light source, the dye was shown to be toxic only in concentrations 

above 0,5µmol/liter for light intensity up 216.6J/cm2. The association of Rose Bengal 

0.5µmol/liter with the light source led to the death of 100% of bacterial cells (22). 

In the presente study, the LED applied to the biofilm treated only with saline solution 

had no toxicity in any of the fluences used. In another study, the red diode laser also did not 

harm the growth of S. mutans at the fluences used (10, 20 and 30 J/cm2), but unlike the present 
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study, the green diode led to an inhibition of growth between 32,69% and 40,2%, and the blue 

diode of 40,7% at a fluence of 20J/cm2 (23), indicating the possibility that some cellular 

metabolite may be excited by these light sources, leading to the cytotoxic effect. 

In the present study, the younger biofilm (4 hours) was more susceptible to PDT, with 

lower fluences 3J/cm2 and 6J/cm2 and Eosin Y concentration (7x10-6M) affecting both pH and 

growth. These same conditions did not affect the biofilm when associated with Eosin and the 

concentration of 7x10-7M, thus showing a dose-dependent effect. 

In fact, PDT with fluence 20J/cm2 was effective in both the 7x10-6M and 7x10-7M 

dilutions, affecting growth and pH, showing that fluence is important to induce the production 

of reactive oxygen species sufficient to compromise the physiology of the biofilm. 

Merigo et al (2019) tested different photosensitizers in PDT with different wavelengths 

in S.mutans cultures, and observed that this microorganism is susceptible to different 

photosensitizers when using the appropriate wavelength. The red diode laser used with toluidine 

blue caused a growth inhibitory effect varying between 99,91% (at fluences of 10 J/cm2) and 

100% (at fluences of 20 and 30 J/cm2). The PDT with blue diode and curcumin impaired growth 

by 99,26% at a fluence of 30 J/cm2 and the green diode inhibited 100% of growth at all fluences 

tested (10, 20 and 30 J/cm2) (23). 

In one study, the signal of the presence of 1O2 was detected after 5 minutes of simulated 

sunlight associated with 10 µM eosin (24). In another experiment, photodynamic therapy using 

a concentration of 2.4x10-3 mol/L of chlorophyllin-phycocyanin and 3 minutes of diode laser  

times S. mutans virulence factors were  reduced (25). Research used a 100mW laser as a light 

source and the study demonstrated that 10 µM of the photosensitizers toluidine blue, Azure A 

and methylene blue inhibit biofilm formation by 49, 50 and 27%, respectively when irradiated 

with continuous light 5J/cm2, and 57, 62 and 55%, respectively, with fractionated light dose. 

EPS production was reduced to 30, 18 and 10% respectively under continuous light and 36%, 

30% and 14% respectively under fractional light (26). 

Only one study using Eosin as a photosensitizing agent in PDT for S. mutans was found, 

but associated with HEPES (4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid). In this study 

it was demonstrated that the use of Eosin combined with light generates an inhibitory effect on 

the S. mutans biofilm, and that this effect is dependent on the dose and fluence of light. The 

lowest concentration (7x10-7M), associated with a fluence of 20J/cm2, proved to be more 

effective, due to the use of a lower concentration of the photosensitizer. 

Our study is the first, to our knowledge, that tests the effectiveness of PDT with Eosin 

and on S. mutans in biofilms of different ages and reinforces that the choice of photosensitizer 
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concentration, together with irradiation conditions, can make PDT a strategy efficient, for 

example, for the treatment and eradication of biofilm and reduction of bacteremia in the surgical 

process of carious lesions. 

 

RESUMO 

Streptococcus mutans é um microrganismo formador de biofilme, acidogênico e acidúrico, 

sendo considerado um dos principais causadores da cárie dental. Os biofilmes representam um 

desafio significativo em termos médicos e econômicos, especialmente com o crescimento dos 

micróbios resistentes a antibióticos sendo essencial desenvolver novas abordagens terapêuticas 

para lidar com essa situação. A Terapia Fotodinâmica (TFD) tem se tornado um tipo de 

tratamento muito utilizado devido as suas vantagens como segurança, alta seletividade e alta 

eficiência, onde se utiliza uma fonte de luz que ativa um agente fotossensível gerando 

compostos tóxicos tais como Espécies Reativas de Oxigênio, causando morte celular. Objetivo 

do presente estudo foi verificar a eficácia da TFD com Eosina Y e luz do fotopolimerizador 

LED para inativação de S. mutans. Foi testada a toxicidade da Eosina Y (7x10-3M a 7x10-7 M) 

na ausência de luz e nas fluências de 3J/cm2, 6J/cm2 e 20 J/cm2, em biofilmes de 4 e 10 horas. 

Houve toxicidade no escuro pela eosina Y nas concentrações 7x10-3M a 7x10-5M para o 

biofilme de 4 horas (p<0,0001) e nas concentrações 7x10-3M e 7x10-4M, para o biofilme de 10 

horas (p<0,0001). As concentrações 7x10-6M e 7x10-7M no escuro, não se mostraram tóxicas 

nos biofilmes de 4 e 10 horas. O LED não apresentou toxicidade em nenhuma das fluências 

testadas.  A TFD foi eficaz para biofilmes de 4 horas na concentração 7x10-6 M (p<0,0001) nas 

3 fluências testadas. A concentração 7x10-7 M, apresentou toxicidade apenas na fluência 20 

J/cm2 p<0,0001. No biofilme de 10 horas a TFD foi eficaz nas concentrações de Eosina de 7x10-

6M e 7x10-7M, mas apenas na fluência 20J/cm2 (p<0,0001). Dessa forma a TFD com Eosina Y 

pode ser útil na inativação de S. mutans a depender da associação adequada de fluência e 

concentração de corante, podendo ser uma estratégia promissora para o controle do biofilme e 

diminuição da bacteremia. 
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TABLES AND GRAPHICS 

 

Graph 1 – S. mutans growth curve at 4 hours, 10 hours and 16 hours 

 

 

Graph 2 – Eosin absorption spectrum and LED emission spectrum 

 

 

 

 

Table 1 – Mean and standard deviation of the assessment of acidification and bacterial growth 

after treatment with eosin at different concentrations, in 4-hour and 10-hour biofilms. Letters 
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stored in the columns indicate statistical differences in absorption in relation to the control 

(NaCl) at each of the indicated times (4 and 10 hours). Lowercase letters in the columns indicate 

significant differences in pH in relation to the control (NaCl) at each of the indicated times (4 

and 10 hours). 

 

Treatment 4 hours 10 hours 

NaCl 
ABS 550nm 0.31±0.010A 0.66±0.0013A 

pH 4.7±0.024a 4.9±0.0082a 

7x10-3M ABS 550nm 0.22±0.023B 0.47±0.0042B 

pH 5.0±0.012b 5.1±0.0058b 

7x10-4M 
ABS 550nm 0.23±0.0022B 0.50±0.0051B 

pH 4.9±0.017b 5.0±0.0050b 

7x10-5M 
ABS 550nm 0.26±0.0015B 0.55±0.0050B 

pH 4.6±0.062b 4.9±0.0130a 

7x10-6M ABS 550nm 0.29±0.0018A 0.62±0.0014A 

pH 4.7±0.030a 4.9±0.0058a 

7x10-7M 
ABS 550nm 0.29±0.0032A 0.67±0.0017A 

pH 4.6±0.022a 4.9±0a 

 

Table 2 – Mean and standard deviation of the assessment of acidification and bacterial growth 

after treatment with LED, in biofilms at 4 hours and 10 hours. Letters stored in the columns 

indicate statistical differences in absorption in relation to the control (NaCl) at each of the 

indicated times (4 and 10 hours). Lowercase letters in the columns indicate significant 

differences in pH in relation to the control (NaCl) at each of the indicated times (4 and 10 

hours). 

 

 

NaCl 30 seconds (3J/cm2) 1 minutes (6J/cm2) 3 minutes (20J/cm2) 

ABS 550nm pH ABS 550nm pH ABS 550nm pH ABS 550nm pH 

4 hours 0.34±0.020A 5.0±0.029a 0.33±0.023A 5.0±0.019a 0.34±0.017A 5.0±0.022a 0.34±0.024A 5.0±0.0082a 

10 hours 0.51±0.020A 4.9±0.029a 0.50±0.012A 5.0±0.014a 0.51±0.0098A 5.0±0.015a 0.51±0.018A 5.0±0.017a 

 

Table 3 – Mean and standard deviation of the assessment of acidification and bacterial growth 

after treating the biofilm for 4 hours with eosin at concentrations 7x10-6M and 7x10-7M and 

LED at times of 30 seconds, 1 minute and 3 minutes. Letters stored in the columns indicate 

statistical differences in absorption in relation to the control (NaCl) at each of the indicated 

times (4 and 10 hours). Lowercase letters in the columns indicate significant differences in pH 

in relation to the control (NaCl) at each of the indicated times (4 and 10 hours). 
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   30 seconds (3J/cm2)    1 minute (6J/cm2)   3 minutes (20J/cm2) 

ABS 550nm pH ABS 550nm pH ABS 550nm pH 

NaCl 0.31±0.008A 5.0±0.054a 0.31±0.009A 5.0±0.060a 0.33±0.013A 5.0±0.027a 

Eosin 7x10-6M 0.24±0.019B 5.3±0.067b 0.14±0.0011B 6.2±0.009b 0.089±0.013B 6.6±0.013b 

Eosin 7x10-7M 0.31±0.0011A 5.0±0.062a 0.32±0.023A 5.0±0.012a 0.22±0.025B 5.5±0.058b 

 

Table 4 – Mean and standard deviation of the evaluation of acidification and bacterial growth 

after treating the biofilm for 10 hours with eosin at concentrations 7x10-6M and 7x10-7M and 

LED at times of 30 seconds, 1 minute and 3 minutes. Letters stored in the columns indicate 

statistical differences in absorption in relation to the control (NaCl) at each of the indicated 

times (4 and 10 hours). Lowercase letters in the columns indicate significant differences in pH 

in relation to the control (NaCl) at each of the indicated times (4 and 10 hours). 

 

 

    30 seconds (3J/cm2) 1 minute (6J/cm2) 3 minutes (20J/cm2) 

ABS 550nm pH ABS 550nm pH ABS 550nm pH 

NaCl 0.48±0.06A 4.9±0.072a 0.49±0.0018A 4.8±0.0012a 0.54±0.012A 4.8±0.150A 

Eosin 7x10-6M 0.49±0.0026A 4.8±0.130a 0.50±0.0010A 4.8±0.0016a 0.34±0.013B 6.0±0.013b 

Eosin 7x10-7M 0.54±0.011A 4.9±0.029a 0.51±0.0008A 4.8±0.0024a 0.49±0.010B 5.8±0.070b 

  

 

IMAGES 

 

Image 1 – 24-well culture plate, prepared for irradiation with LED or treatment with LED and 

eosin. The bottom of the plate was painted black and gel prepared with agar and brilliant blue 

dye was added between the wells to avoid irradiation in adjacent wells. 
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