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Resumo

Avaliar in vitro a acdo antimicrobiana da terapia fotodindmica (TFD) utilizando CIAIPc/NE,
como agente fotossensibilizador (FS), em Candida albicans. A atividade antimicrobiana foi
verificada pelo método de contagem de UFC/mL in vitro. 100ul (10° UFC/mI) de C. albicans
foram depositados em adicdo ao mesmo volume de CIAIPc/NE em uma placa de
microdiluicdo nas quatro concentragdes testadas (40, 20, 10, 5uU). Posteriormente, as placas
foram deixadas no escuro em um dos tempos de incubacdo (1,5,10 e 15min.). Apds cada
tempo de incubacdo, as placas foram continuamente irradiadas com Laser de Baixa Poténcia
(LBP) (Grupo A) ou n&o eram irradiadas (Grupo B). O experimento foi em duplicata. As
placas foram incubadas a 37°C, no escuro, e a contagem das UFC/mL foi iniciada apés 48h. O
efeito fotodindmico foi mensurado pela fracdo de sobrevivéncia dos microrganismos, entre 0s
nameros de UFC/mL do grupo teste e o controle negativo.O grupo A da TFD apresentou
média menor de UFC/ml em relagdo ao grupo B, substancia sem laser. As médias de UFC/mi
em logo dos grupos A e B foram diferentes (valor-p = 0,00048). O maior efeito fotodinamico
com comprovacdo estatistica foi apresentado na concentracdo 20 uU, do grupo de TFD, para
um tempo de incubacdo de 10 minutos. A quantidade de UFC/ml, apds TFD, diminuiu em
relacdo ao controle negativo em todos os tempos de incubagéo e concentragfes do FS. Desta

forma, a TFD antimicrobiana com CIAIPc/NE foi efetiva.

Palavras-chave: Lasers. Antifungico. Terapia fotodindmica. Candida albicans.

Fotossensibilizantes.



Abstract

To evaluate the in vitro antimicrobial effect of photodynamic therapy (PDT) using CIAIPc /
NE as a photosensitizer agent (FS) in Candida albicans. The antimicrobial activity was
assessed by CFU/mL counting method in vitro. . 100ul (10°CFU/ ml) C. albicans were
deposited in addition to the same volume of CIAIPc/NE in a microdilution plate in the four
tested concentrations (40, 20, 10 and 5uM). Subsequently, the plates were left in a dark for
especifc incubation periods (1,5,10, and 15 min.). After each incubation period, the plates
Group A were continuously irradiated with LLL, unlike plates group B which were not
irradiated. The experiment was duplicated. The plates were incubated at 37 °C in the dark,
and the count of CFU/ml was initiated after 48 hours. The photodynamic effect was measured
by the microorganisms survival fraction between the number of CFU/ml of the test group and
the negative control. Group A with PDT had lower average CFU/ml compared to group B
without laser iiradiation. The average CFU /ml in log10 of groups A and B were different (p-
value = 0.00048). The highest photodynamic effect with statistical evidence was presented at
a concentration of 20 uM, for 10 minutes incubation period in the PDT group. The number of
CFU/ml after PDT, decreased compared to the negative control at all incubation periods and
all concentrations of FS. Thus, the antimicrobial PDT CIAIPc/NE was effective.

Keywords: Lasers. Antifungal. Photodynamic therapy. Candida albicans. Photosensitizers.
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1. INTRODUCAO

O aparecimento de doencas bucais depende essencialmente da presenca dos
microrganismos, que durante o metabolismo dos carboidratos formam &cidos e produtos
metabolicos [1]. Esse processo s6 ocorre quando ha um desequilibrio no ecossistema bucal.
Atualmente os estudos na area Odontologica tém sido norteados pela valorizagdo do aspecto

preventivo e desse modo uma manutencdo da saude bucal [2].

Fungos oportunistas podem provocar infeccbes superficiais ou invasivas graves,
especialmente em pacientes debilitados ou imunocomprometidos. Devido a dificuldades no
diagndstico e a disponibilidade limitada de drogas antifungicas eficazes, representam uma

ameaca crescente para a saide humana, podendo resultar em alta mortalidade [3].

A candidiase é uma infeccdo comum em pacientes que usam proteses. Além disso,
fatores dietéticos, higiene oral inadequada, uso de drogas por via oral, radioterapia,
xerostomia, tabagismo e doencas sistémicas podem aumentar a probabilidade de

desenvolvimento desta doenga [4].

Varias espécies de Candida podem causar candidiase. A C. albicans continua sendo a
mais comum espécie responsavel pela doenca. Por esta razdo os crescentes casos de
resisténcia a terapéutica antifingica atual € um motivo de preocupacdo, pois ocorre a
diminuicdo da eficiéncia das terapias convencionais, que na maioria das vezes sdo tratamentos
demorados, 0s quais exigem maiores orcamentos e cuidados com a saude. Além disso, estas
drogas atuais apresentam toxicidade, espectro de acdo limitado e as interacOes

medicamentosas séo comuns [5].
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Os esforcos para controlar as infecces microbianas foram prejudicados pelo
surgimento e proliferacdo de patdgenos resistentes as drogas, sendo necessaria a busca de
abordagens complementares a base de farmacos atuais. Além disso, a escassez de terapias
eficazes para muitas infeccbes importantes a nivel mundial realca a necessidade do

desenvolvimento de novas abordagens para o tratamento ou prevencéo da infeccdo [6].

Infecgdes causadas por Candida, como por outros fungos, continuam a representar um
problema significativo de salde publica, principalmente as espécies resistentes aos
antifungicos tradicionais, azois e polienos, como fluconazol e nistatina, respectivamente. Por
iss0, é necessario o0 desenvolvimento de pesquisas cientificas que busquem ampliar as formas
de tratamento das lesbes de Candida, possibilitando um tratamento efetivo dos casos de

insucesso e melhorando o bem estar dos pacientes acometidos por esta doencga [4].

Diante das limitagdes das terapias convencionais para o tratamento de infecgdes
cutaneas superficiais causadas por C. albicans, tratamentos alternativos devem ser
estimulados. A terapia fotodindmica antimicrobiana pode ser uma alternativa agente eficaz

para eliminar estes microrganismos [5].

A reacdo fotodindmica (TFD) envolve a administracdo de um agente
fotossensibilizador (corante) que é ativado por luz de um comprimento de onda especifico,
resultando na geracdo de radicais, altamente reativos. Estas espécies ativas podem causar

destruicdo das células [7].

O termo “terapia fotodinamica” ¢ relativamente novo, mas a modalidade de tratamento
que combina a administracdo da droga e subsequente exposicao a luz solar € antiga. Existem

relatos do uso de combinacdo de plantas ou extratos ingeridos oralmente e a luz do sol para
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tratar doencas de pele como vitiligo e psoriase com sucesso na india, Egito e China ha 4000

anos [8,9].

A primeira demonstracdo de fotossensibilizacéo letal de células data de 1900, quando
Raab verificou que baixas concentragdes de acridina que, no escuro, ndo possuiam efeito
sobre o Paramecium, podiam sob exposi¢do a luz normal do dia, determinar a inativacdo do

microrganismo[10].

Von Tappeiner e Albert Jesoniek, em 1903, realizaram o tratamento de carcinomas
com aplicacdo de solucdo de eosina a 5% por via topica e posterior exposicao a lampadas ou a
luz do sol [11]. E, no mesmo ano, publicaram um curto, mas notavel artigo sobre o tratamento
de herpes, psoriase e cancer de pele por aplicacdo topica de eosina e subseqliente exposicdo a
luz do Sol. Von Tappeiner e seus colegas biomédicos afirmaram que essas reacdes eram
altamente dindmicas e diferiam da fotossensibilizacdo de chapas fotograficas por certos
corantes. Entdo o termo Photodynamische Wirkung (efeito fotodindmico) foi cunhado, por
Von Tappeiner e Jodlbauer, para todas as reacdes fotobioldgicas envolvendo um
fotossensibilizador que ocorrem na presenca de oxigénio molecular e levam a destruicdo de

tecidos [12,13].

A reacgdo fotodindmica envolve trés componentes: a luz, um fotossensibilizador e o
oxigénio. Apés a irradiacio com luz de um comprimento de onda especifico, o
fotossensibilizador passa por uma transicdo de uma energia de baixo nivel, de estado
fundamental para um estado singleto excitado. Posteriormente, o fotossensibilizador pode
voltar para seu estado fundamental, com emisséo de fluorescéncia, ou pode sofrer uma

transicdo para o estado de nivel de energia mais alto, o estado triplete. Neste estado, pode
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ocorrer uma reacdo do oxigénio enddgeno produzindo o oxigénio singleto e outras espécies de

radicais livres, causando uma rapida destruicéo seletiva do tecido alvo [14].

Existem dois mecanismos pelos quais o fotossensibilizador no estado triplete pode

reagir com biomoléculas (figura 1) [5].

O Tipo | envolve transferéncia de elétrons/hidrogénio diretamente do
fotossensibilizador, produzindo ions ou elétrons/hidrogénio removidos de uma molécula de
substrato para formar os radicais livres. Estes radicais reagem rapidamente com o oxigénio,
resultando na producdo de espécies de oxigénio altamente reativas (superéxido, hidroxila

radicais, peroxido de hidrogénio).

As reacOes do tipo Il produzem o estado eletronicamente excitado e altamente reativas
de oxigénio conhecido como o oxigénio singlete. Na TFD é dificil distinguir os dois
mecanismos de reacdo. A contribuicdo de ambos os tipos indica que 0 mecanismo de dano é

dependente tanto da tensdo de oxigénio quanto da concentragdo do fotossensibilizador [14].

Embora os fungos sejam alvos mais complexos do que as bactérias, evidéncias
indicam que o comportamento de tais células frente a processos fotodindmicos € mais simples
em comparacdo as bactérias [15]. Por este motivo, as células Candida podem ser destruidas
por FSs anidnicos como Photofrin. Além disso, as células fungicas podem ser mortas por
taxas fotodindmica mais baixas, 0 que significa que uma "janela terapéutica” esta disponivel

[16].

O mecanismo fotodindmico destréi as células fungicas através das perfuracGes
provocadas pelas espécies reativas de oxigénio (ROS) nas paredes e membranas celulares,

permitindo assim que o FS passe para o interior celular. Uma vez dentro da célula, espécies
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oxidantes geradas pela excitacdo da luz induzem destruicdo de organelas celulares internas e
finalmente ocorre a morte celular [5]. Multiplos alvos celulares estdo disponiveis para o efeito
foto-oxidativo causando inativacdo de enzimas e proteinas e peroxidacdo dos lipideos,
levando a lise das membranas celulares, lisossomos e mitocondrias. Assim, 0 0Xxigénio
singleto gerado pela excitagdo do FS é um agente de oxidagdo nao especifica, e ndo ha defesa

celular contra ele [15].

O uso da terapia fotodindmica envolvendo o laser de baixa poténcia (LBP) tem
crescido de forma constante nas Ultimas duas décadas. Varias aplica¢cdes tém se desenvolvido
e alcancado éxito, dentre elas, a terapia fotodinamica (TFD), que se revelou ser um poderoso
método terapéutico para o tratamento seletivo de tumores malignos e muitas outras doencas

[17].

No ato da irradiacdo, o corante, substancia fotossensibilizadora, tem suas moléculas
convertidas em estado de excitacdo e nesse estado, a energia transferida da fonte para
moléculas do corante resulta na formacdo de moléculas reativas como o oxigénio singleto que

podem danificar e ainda matar células bacterianas [18].

O uso da TFD se concentra em compostos ou substancias que apresentam dentre suas
caracteristicas a baixa toxicidade (no escuro) causando danos as células apenas sob irradiacéo;
absorcéo na faixa de comprimento de onda entre 630 e 680 nm, propriedade requerida para a
penetracdo da luz em células e o nimero de fotons absorvidos, uma vez que o fluxo de luz
absorvido diminui exponencialmente com a distancia; estabilidade in vivo limitada para
rapida eliminagéo dos tecidos tumorais; permitir derivacGes para otimizacdo das propriedades;

fluorescéncia caracteristica que permite a localizagdo; composi¢do quimica bem definida [19].
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Fazendo parte da primeira geracdo de fotossensibilizadores tem-se o photofrin
(utilizado na pratica clinica), constituido de derivados oligoméricos de hamatoporfirinas, uma

composi¢do complexa que dificultou a reproducgdo da sua sintese.

Na segunda geragcdo foram desenvolvidas substancias simples como as principais

familias de corantes mais utilizadas na TFD, as ftalocianinas, cianinas e as fenotiazinas.

Lisossomos, mitocéndrias e membranas plasmaticas, em células de mamiferos, sdo 0s
principais alvos para TFD, enquanto em células microbianas, o dano a membrana externa

desempenha um papel importante, pois pode impedir o dano ao DNA [20].

Formalmente, as ftalocianinas sdo porfirinas tetrabenzil (Figura 2). O aumento do
carater aromatico explica 0 motivo da absorcdo de luz ser mais intensa do que no nucleo
central da porfirina. Em termos de potencial fotossensibilizante, as ftalocianinas ddo maior
rendimento oxigénio singleto, superando fotossensibilizadores como o azul de metileno e azul

de toluidina [21, 22].

A Ftalocianina (PC) é um dos mais recentes fotossensibilizadores de segunda geracéo.
Sd0 compostos quimicamente puros que possuem alto poder de absor¢do de luz com
comprimentos de onda na faixa de 650-680 nm, penetrando mais nos tecidos, em comparagédo
com os derivados de hematoporfirina (1%geracdo). As ftalocianinas apresentam uma variedade
de ions de metal na sua estrutura quimica, que é responsavel pela propriedade particular de
cada molécula. Aluminio e zinco sdo dois ions metalicos usados para melhorar a
fototoxicidade da ftalocianina desenvolvendo um bom rendimento quéantico de producéo de

estados tripleto [21,23].
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As propriedades fotofisicas de ftalocianinas sdo fortemente dependentes deste ion
metalico central. Dentre as metaloftalocinanina, a ftalocianina de zinco (ZnPC) e
Cloroaluminio Ftalocianina (CIAIPc) (figura 2) sdo as que apresentam as propriedades
fotofisicas mais favoraveis para aplicacdo em TFD, estados singletos com longa duracdo (3-8
ns) e estados tripletos com alto rendimentos quanticos [17].

Além disso, os corantes a base de ftalocianina podem se acumular e se eliminar
seletivamente muito mais eficientemente a partir do tecido alvo, com quase nenhuma
fluorescéncia observada nas células 24 h apos a administracdo da droga [21].

A solubilidade em agua da CIAIPc é baixa, sendo desta forma, o maior obstaculo para
a avaliacdo das propriedades farmacoldgicas e para a administracdo tépica ou parenteral desta
PC. Sistemas de administracdo de farmacos nanoestruturados (NDDS) como nanoemulsées,
lipossomas e nanocapsulas estdo sendo utilizados como veiculos para o FS hidrofobico, como

a PC [24].

O sistema de entrega de droga nanoparticulado (NDDS) constitui um dispositivo
farmacéutico versatil, pois pode facilmente incorporar manipulacdo externa com varias
vantagens em relagdo as terapias convencionais. A Preparacdo é principalmente com base em
métodos de nanoencapsulacdo, que inclui o modelo de hospedagem, a fase polimérica
nanométricos, estruturas biologicamente ativas (medicamentos e vacinas), e agentes vetoriais

[26].

As nanoemulsdes sdo dispersdes oOleo-em-agua (o/w), possuindo goticulas com
tamanho de 10-600 nm, projetado para transportar materiais sollveis em 6leo que podem ser
dissolvidos na fase de 6leo de uma emulsdo ou em farmacos anfifilicos, que sdo aderidos na

interface 0leo-agua [25].
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As nanoparticulas, tém sido o foco de intensa investigacdo na ultima década,
revelando a sua capacidade de transporte da droga mantendo o0s niveis terapéuticos
necessarios ao alvo. Além da capacidade de melhorar 0 manejo de medicamentos insoluveis
em agua, podem controlar a liberacdo do farmaco, reduzindo efeitos secundarios, protegendo
moléculas bioativas antes de atingirem o seu local de acdo aumentando a penetracéo
intracelular e melhorando a acumulacéo-alvo da droga [24].
Este estudo teve como principal objetivo avaliar in vitro a acdo antimicrobiana da
terapia fotodinamica (TFD) frente a espécie de fungo Candida Albicans utilizando

cloroaluminio ftalocianina em nanoemulsdo (CIAIPc/NE) como agente fotossensibilizador.

2. MATERIAIS E METODOS

2.1 Caracterizacao do Estudo

Foi realizado um estudo experimental, analitico e quantitativo. Para tanto, procedeu-se
um estudo in vitro da atividade antimicrobiana da terapia fotodinamica (TFD) utilizando
CIAIPc como fotossensibilizador em espécie de cepas isoladas de C. albicans, obtidas do
banco de amostra do laboratério de Microbiologia do curso de Odontologia da UFRN. A
Candida albicans (AB/Ambiente bucal 92) foi obtida da colecdo de cultura do Laboratério de
Microbiologia do Departamento de Analises Clinicas e Toxicoldgicas da UFRN (Comité de
Etica em Pesquisa do Hospital Universitario Onofre Lopes - CEP-HUOL protocolo n°. 152/07
(ANEXO A)

O estudo in vitro foi realizado no Laboratério de Microbiologia do departamento de

Odontologia da Universidade Federal do Rio Grande do Norte
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2.2 Reativacao e inéculo das Cepas

As cepas de C. albicans isoladas foram inoculadas com o auxilio de uma alca de
platina, estéril, em um tubo de ensaio contendo 5 mL de caldo BHI. Os tubos foram incubados
a 37°C por 24 horas e ap0s este periodo observou-se a turvagdo nos meios de cultura,
indicando viabilidade microbiana. Para conducdo do estudo, suspensdes fungicas, sob a
concentragdo 10° microrganismos/mL, foram preparadas em solucdo salina, comparéavel ao

tubo 0,5 da Escala de MacFarland.

2.3 Meios de cultura

Para a realizacdo dos experimentos foi utilizado o meio de cultura Agar Mueller
Hinton - AMH (fabricante DIFCQO) a 37°C por 48h. O meio de cultura foi preparado e
utilizado segundo as recomendacfes do fabricante. Foram utilizados 65g de p6 para 1L de
agua destilada. O recipiente contendo esta solucdo foi levado ao autoclave, com 121°C por 15
minutos. Apos esta esterilizacdo, cerca de 20ml foram colocados nas placas de petri estéreis,
com proximidade da chama do bico de Bunsen. Apos solidificacdo do meio, todas as placas

de Petri foram identificadas e guardadas sob refrigeragéo.

3. TERAPIA FOTODINAMICA

3.1 Diviséao e descricéo dos grupos

As placas de petri foram divididas em grupos experimentais de acordo com o

procedimento a ser executado:
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Grupo A _ TFD (CIAIPc/NE)
Grupo B _ uso isolado do CIAIPC/NE;
Grupo C _ controle negativo: Solugdo Salina (0,9%)

Grupo D _ controle positivo: Nistatina (100.000 U.I/mL)

Segue a descricdo dos grupos:

3.2 Grupo A

A atividade antimicrobiana foi verificada pelo método de contagem de unidades
formadoras de col6nias. Com agitacdo constante, aliquotas de 100ul da suspensdo do fungo
(10° UFC/ml) foram transferidas individualmente para um poco de uma placa de
microdiluicio com 96 pocos. Em seguida, foi acrescentado o mesmo volume de
fotossensibilizador Cloroaluminio ftalocianina em nanoemulsdo (CIAIPc/NE) em uma das

quatro concentracdes testadas ( 40, 20, 10, 5uM).

Posteriormente, as placas contendo as suspensfes resultantes foram deixadas em
repouso, no escuro, durante um dos tempos de incubacéo (1,5,10 e 15min.). Apds cada tempo
de pré-irradiagdo(incubacdo), as placas de 96 pogos foram abertas e as células da levedura
foram continuamente irradiadas, a partir do topo da placa de microtitulagédo, com um diodo
laser (comprimento de onda de 660nm; poténcia de 100mW e dose de 320 J/cm?). A ponteira
Otica do transdutor ficou a uma distancia de 1cm da amostra, o contetdo dos pocos foi
constantemente agitado durante a iluminag&o para assegurar que as células da levedura ndo se

depositam no fundo dos pocos
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Apbs exposicdes, as suspensdes foram agitadas e diluidas (a 10°), e 100ul de cada
diluicdo foram espalhados na superficie das placas de petri (90x15mm) contendo o meio de
cultura AMH. O experimento foi em duplicata. As placas foram incubadas a 37°C, no escuro,

e a contagem das Unidades Formadoras de Col6nia (UFC) foi iniciada apds 48h.

O efeito fotodindmico foi mensurado pela fracdo de sobrevivéncia dos
microrganismos. S/S0, sendo 0 S o nimero de coldnias registrado e SO o0 nimero de colbnias
do grupo controle, ndo submetido a terapia. Quanto menor a fracdo de sobrevivéncia, maior a

eficacia do tratamento.

3.3 Grupo B

Seguindo a mesma metodologia do grupo A, apds cada tempo de pré-irradiacdo, ndo
se aplicou o laser de baixa poténcia, permanecendo as amostras, no escuro. As suspensoes
foram agitadas e diluidas (a 10%), e 100ul de cada diluicdo foram espalhados na superficie das
placas de petri (90x15mm) contendo o meio de cultura AMH. O experimento foi em
duplicata. As placas foram incubadas a 37°C, no escuro, e a contagem das Unidades

Formadoras de Colénia (UFC) foi iniciada apés 48h.

3.4 Grupos controle negativo e positivo

No grupo controle negativo, 100 pL da suspensdo (10° UFC/mL) de células de C.
albicans receberam 0 mesmo volume de solugdo salina a 0,9% em cada po¢o de microplaca.
As placas ficaram em repouso no escuro pelos mesmos tempos de incubacdo dos grupos

anteriores (1, 5, 10 e 15 min.). As suspensdes foram agitadas e diluidas (a 10®), e 100ul de
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cada diluicdo foram espalhados na superficie das placas de petri (90x15mm) contendo o meio

de cultura AMH, em duplicata.

Enguanto no grupo controle positivo, as células de C. albicans receberam tratamento,
ou seja, com a suspensdo de Nistatina na concentracdo de 100.000 U.lI/mL, j& utilizada
comercialmente. 100 pL da suspensdo (10° UFC/mL) foram transferidos para os pocos da
placa de microtitulagio e, em seguida, 0 mesmo volume da Nistatina foi depositado em cada
poco onde ficou em repouso no escuro pelos mesmos tempos de incubacdo dos grupos

anteriores (1, 5, 10 e 15 min.). Em seguida as placas foram levadas em duplicata a estufa.

4. EQUIPAMENTO LASER

Nos grupos correspondentes a terapia fotodindmica foi utilizado o equipamento

Laser, da marca DMC®, com 0s seguintes parametros:

° Meio ativo InGaAlP, saida de 100 mW, comprimento de onda 660 nm,

laser vermelho e emissdo continua.
° Dosimetria: 320J/cm? para calculo em uma area de incidéncia de 1cm?.

° Tempo: A incidéncia da luz laser foi perpendicular ao fundo do pogo e

teve duracédo de 90 segundos
O aparelho foi aferido e calibrado previamente ao inicio dos trabalhos.
Fotossensibilizador Cloroaluminio Ftalocianina em Nanoemulsdo(CIAIPc/NE)

Foi sintetizado pelo laboratorio de Quimica e bioquimica da UNB, gentilmente

cedida pelo professor Jodo Paulo Longo.
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5. ANALISE ESTATISTICA

Os resultados desta pesquisa foram obtidos através dos testes estatisticos: teste
Shapiro-Wilk, teste F e teste T de Student. Na analise feita com o teste Shapiro-Wilk os p-
valores foram considerados significativos, inferiores a 0,05. Posteriormente, encontrada uma
diferenca significativa entre os grupos como um todo, foram aplicados os demais testes (teste
F e teste t de Student), para verificar onde ocorreram estas diferencas. Os dados foram
digitados no programa Excel versdo 2013 e exportados para o programa R(versdo 3.3.1), onde

foram realizados as analises e testes estatisticos.

6. RESULTADOS

Os resultados para cada grupo, de acordo com a metodologia, foram obtidos, e 0s
ndmeros de UFC/mL de espécie de Candida albicans foram transformados em logaritmo
decimal (logio). A tabela 1 representa os resultados dos grupos A e B, o grupo C (controle

negativo) e o grupo D (controle positivo).

O teste de normalidade Shapiro-Wilk verificou que as observacGes provém de uma
populacdo normal, permitindo assim, a aplicacdo dos demais testes, comparacdo de variaveis

(Teste F) e comparacdo de médias (teste T).

No efeito fotodinamico mensurado pela fracdo de sobrevivéncia dos microrganismos
utilizando o teste T, as médias da quantidade de UFC/ml em logaritmo decimal (logo) dos
grupos A e B em relacdo a concentracdo e ao tempo de incubacdo da Cloroaluminio

Ftalocianina em Nanoemulsdo(CIAIPc/NE) sdo diferentes estatisticamente (valor-p =
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0,00048). O grupo A da TFD apresentou média de fracdo de sobrevivéncia de UFC/ml menor

em relagédo ao grupo B, substancia sem laser.

Especificamente, verifica-se pela tabela 2 que as médias no tempo de 1 min e 10 min
apresentam diferencas estatisticas entre as médias da quantidade de UFC/mI nos grupos A e B
com um nivel de significancia de 5%. Ja em relacdo as concentracbes, houve diferenca
estatistica entre as médias da quantidade de UFC/ml dos grupos A e B para as concentracoes

de 10 e 20 pU com um nivel de significancia de 5%.

No grupo A em relacdo ao tempo, € perceptivel que no periodo de 1 minuto os dados
estdo bem concentrados préximo da média (0,8567) e sua variancia corresponde a cerca de
0,0001, ja no tempo de 10 minutos, os dados apresentam ter uma variancia igual 0,0004 com
média correspondente a 0,8291 (grafico 1). A fracdo de sobrevivéncia em relacdo a
concentracdo do grupo A (gréafico 2), percebe-se concentracdes de 10 e 20 pU, variancias de
0,0012 e 0,0007 respectivamente. Ja em relacdo as médias, na concentracdo de 10 pU foi de

0,8592 e na de 20 pU 0,8193. (graficos 1 e 2).

No grupo B em relacdo ao tempo, é perceptivel que no periodo de 1 minuto os dados
estdo bem concentrados proximo da média (0,8878) e sua variancia corresponde a cerca de
0,0001, ja no tempo de 10 minutos, os dados apresentam ter uma variancia igual 0,0005 com

média correspondente a 0,8837, (grafico 3 e 4).

Pelo controle positivo (antifungico Nistatina), apenas a média do numero de UFC/mi
do Grupo A foi estatisticamente significativo (p= 0,0001243), com a melhor e menor média
de UFC/ml ap6s a TFD com CIAIPc/NE. A fragdo de sobrevivéncia para o grupo B e controle

positivo ndo foi significativo (p = 0,563) (tabela 3, Graficos 5 e 6).
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7. DISCUSSAO

Numerosos medicamentos antifungicos topicos e sisttmicos sdo administrados para
tratar infeccdes. O surgimento de formas resistentes do fungo Candida € uma preocupacéo
crescente, podendo aumentar a prevaléncia da Candidiase. Além disso, os efeitos colaterais
dessas drogas, como hepatotoxicidade, limitam longos periodos da terapia em alguns casos.
Assim, novas abordagens terapéuticas, como a TFD antimicrobiana, estdo sendo estudadas

para reduzir as complicacOes e aumentar a eficacia do tratamento [27].

Neste grande complexo microbiano, optou-se por utilizar uma espécie de Candida
albicans por ser o agente etioldgico mais predominante, representando 70-80% de todos 0s
microrganismos isolados a partir de lesGes orais. A candidiase oral é uma manifestacdo
comum de infeccdes flungicas, especialmente em imunocomprometidos, como AIDS e

pacientes que receberam radioterapia [28,29].

Em terapia fotodindmica antimicrobiana, inUmeras pesquisas foram realizadas in vitro
e in vivo, em espécies de Candida [28,30-32]. Entre os fotossensibilizadores, os derivados de
fenotiazinicos, como azul de metileno e azul de toluidina, sdo 0s mais comumentes usados na

inativacdo de C. albicans em diversos estudos [3,22,33-39].

Apesar da eficacia clinica deste grupo de FS, a baixa capacidade de gera¢do de ROS
em comparagdo com outros é relatada como contraponto. Para resolver este problema, FS de
2% geracdo, tais como derivados de ftalocianinas, caso deste estudo, tém sido propostos como
uma alternativa para a aplicagdo em odontologia. A Pc j& apresenta excelentes resultados na

diminuig&o da toxicidade de células tumorais, TFD antitumoral [23,40—42].
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Este PS tem alta atividade fotodinamica, € o mais eficaz na geracdo de ROS apds a
ativacdo da luz e tem menos capacidade para corar estruturas dentais, em comparacdo aos
fenotiazinicos. Apesar destas propriedades positivas, a maioria destas ftalocianinas é formada
por compostos hidrofobicos prejudicando sua aplicagdo em ambientes hidrofilicos, como

ambiente bucal.

Para superar esses obstaculos, moléculas de ftalocianina podem ter associa¢Ges
especificas com o NDDS, como as nanoemulsdes que contém compartimentos hidrofébicos
Uteis para solubilizar a ftalocianina nas solucgdes hidrofilicas, melhorando assim, a cinética de
inativacdo microbiana. Desta forma, nanotecnologia tem sido agregada também a TFD, nos

ultimos anos [3,21,40,41].

Poucos estudos utilizaram a ftalocianina como FS para TFD antimicrobiana em
espécie de Candida [23,42-45]. Nestes trabalhos, variacfes do anel central da molécula foram
encontradas nas ftalocininas: SiPcl, GePcl CIAIPc, ZnPc, Pc-4, BAMSIiPc. As nanoemulsdes
foram utilizadas como sistemas de entrega de drogas nanoparticulados, assim como
incorporacdes de tensoativos ou surfactantes, permitindo solubilidade em meio aquoso e

viabilizando a interagdo com 0s microrganismos.

Este trabalho avaliou in vitro, a terapia fotodindmica antimicrobiana utilizando
CIAIPc/NE em especie de Candida albicans. A TFD antimicrobiana foi avaliada através de

média de contagem de UFC/ml.

Dentro deste contexto, neste trabalho, optou-se pelo LBP com 100mW de poténcia
total, com comprimento de onda de 660nm, dentro do espectro de absorcao do FS utilizado, o
CIAIPc/NE. Vérios estudos utilizaram o comprimento de onda de 660nm ou dentro da

margem deste espectro visivel para TFD [28,31,38-40,46].
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Objetivando potencializar o efeito da TFD em um menor tempo de trabalho sem
prejuizo na qualidade do tratamento, quatro diferentes tempos de incubacdo e quatro

concentragdes de CIAIPc/NE foram testadas e comparadas.

A hipotese era descobrir qual o melhor custo-beneficio para TFD antimicrobiana em
relacdo a concentracdo de CIAIPC/NE e o tempo em que esta substancia necessitaria ficar em
contato com as células de Candida albicans para produzir um efeito antimicrobiano

satisfatorio.

Vérias pesquisas realizaram tal metodologia de testes de tempos e concentracfes

diferentes para outros fotossensibilizadores [39,47-51].

Neste trabalho, constatou-se que a TFD antimicrobiana utilizando ftalocianina foi

eficiente em espécie de Candida, corroborando com outros trabalhos [47-52].

A quantidade de UFC/ml, apds TFD, diminuiu em relacdo ao controle negativo em
todos os tempos de incubacdo e concentragbes do FS. A média de UFC/ml para todos as
concentragdes e tempo de incubacdo do grupo A (TFD) foi estatisticamente menor em relagéo
ao grupo B que utilizou a CIAIPc/NE isolado. Desta forma, a TFD antimicrobiana com

CIAIPc/NE foi efetiva.

O maior efeito fotodindmico com comprovacgdo estatistica foi apresentado na
concentragcdo 20 pU, do grupo de TFD, para um tempo de incubagéo de 10 minutos, sendo

assim, o melhor custo-beneficio para terapia.

Quando se comparou a TFD antimicrobiana (CIAIPc/NE) com o controle positivo
representado pelo farmaco Nistatina (suspensdo), ja utilizado na comunidade cientifica,

verificou-se que a média do primeiro foi estatisticamente menor em relacdo ao segundo.
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Alguns estudos verificaram a eficiéncia da TDF antimicrobiana em Candida albicans
utilizando ftalocianinas com metais, porém ndo houve efetividade quando apresentada sem

NDDS[23,42].

A susceptibilidade de microrganismos fungicos para a terapia fotodindmica tem sido
demonstrada in vitro e in vivo. No entanto, ndo ha evidéncias conclusivas para confirmar um
protocolo claro e preciso para a destruicdo fotodinamica de fungos patogénicos. E necessario

mais estudos [28,53-58].

Pode-se dizer que a TFD antimicrobiana foi eficiente na reducdo de UFC/ml de
espécie de Candida albicans e o melhor custo-beneficio para a terapia foi usando o tempo de

10 minutos e concentracdo de 20U do CIAIPC/NE.
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Figura 1 - Representacdo esquematica da reacdo fotodinamica e terapia fotodinamica.

Figura 2 - Estrutura quimica da ftalocianina de cloroaluminio.



35



Quadros

36

Quadro 1: Representagdo das concentragdes e tempos de incubag&o para os grupos grupos Ae B

TERAPIA FOTODINAMICA LASER InGaAl (660 nm; 100 mW; 320 J/lcm?; 70s)

Fotossensibilizador

Incubacdo com CIAIPc/NE

Concentracdo CIAIPc/NE Subgrupos

Tempo

5 uU TFD - A

1 min.

5 min.

10 min.

15 min.

10 pu TFD - B

1 min.

5 min.

10 min.

15 min.

20 pu TFD-C

1 min.

5 min.

10 min.

15 min.

40uU TED - D

1 min.

5 min.

10 min.

15 min.

LASER DE BAIXA POTENCIA NAO SERA APLICADO

Fotossensibilizador

Incubacdo com CLALPC/NE

Concentracdo CLALPC/NE Subgrupos

Tempo

5uu CIAIPc/NE- A

1 min.

5 min.

10 min.

15 min.

10 pu CIAIPc/NE - B

1 min.

5 min.

10 min.

15 min.

20 pU CIAIPc/NE - C

1 min.

5 min.

10 min.

15 min.

40pU CIAIPc/NE - D

1 min.

5 min.

10 min.

15 min.
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Quadro 2: Representagdo das concentracOes e tempos de incubagdo das substancias do eontrole negativo e

do positivo

PROTOCOLO DO LASER: Néo sera aplic

ado

Solucdo salina

Incubagdo com solugéo
salina

Gru Concentracdo Tempo
po 1 min.
C 5 min.

0,
0,90% 10 min.
15 min.
PROTOCOLO DO LASER: Ndo serd aplicado
Nistatina Incubacdo Nistatina

Gru Concentracao Tempo
po 100.000 U.1/ml 1
D 100.000 U.1/ml 5

100.000 U.1/ml 10
100.000 U.1/ml 15
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Tabelas

Tabela 1:Valores de UFC/mI de espécie de Candida albicans para os grupos A, B e C,D.

Concentracdo da ;;irt?:ggg Grupo A (UFC/mL  Grupo B UFC/mL em
CIAIPc/NE (pU) (Minutos) em log10) log10)
1 4,7782 5,0792
5 5) 5,0000 5,3802
10 4,8451 5,0000
15 5,0792 5,2304
1 4,8451 5,0414
10 5 5,0792 5,2304
10 4,6021 51761
15 4,9031 5,0792
1 4,8451 4,9542
20 5 44771 5,0000
10 4,6021 4,9031
15 4,6021 4,8451
1 4,9031 5,0000
40 5 5,0000 5,0000
10 4,6990 4,9031
15 4,6990 4,8451
Grupo C - Tempo de
Concentracdo da incubacéo (UFC/mL em logio)
Solucdo Salina (minutos)
1 5,6532
5 5,6628
0,90% 10 5,6721
15 5,6435
Tempo de
GrupoD - incut?a(;éo (UFC/mL em logio)
Concgntra_u;ao da (Minutos)
Nistatina
1 5,0000
100000 U.I/mL 5 5,0414
10 4,9542

15 5,0792




Tabela 2: Médias da fracdo de sobrevivéncia dos grupos A e B e comparagdes em
relagcdo ao tempo e concentragao.

Tempo Medias Valor-p
Grupo A Grupo B

1 0,8567 0,8878 0,00319

5 0,8648 0,9115 0,16570

10 0,8291 0,8837 0,01169

15 0,8528 0,8844 0,25540
Concentracao - - -

5uU 0,8713 0,9150 0,06385

10 pu 0,8592 0,9078 0,04364

20 pu 0,8193 0,8713 0,01278

40 pU 0,8535 0,8733 0,23490

Média Geral 0,8501 0,8911 0,00048

Tabela 3: Médias de UFC/ml dos grupos A e B em comparacdo ao controle positivo

Controle positivo Medias de UFC/ml Valor-p

Grupo A 0,9584 0,000124

Grupo B 1,0046 0,563
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Grafico 1: Resultados da fragdo de sobrevivéncia do grupo A
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Grafico 2: Resultados da fragéo de sobrevivéncia do grupo A

relacionados a concentragéo.
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Grafico 3: Resultados da fracdo de sobrevivéncia do grupo B

relacionados a variavel tempo.
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Gréfico 4: Resultados da fracdo de sobrevivéncia do grupo B

relacionados a variavel concentracao.
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Abstract: During the last two decades, much has been written in both the scientific literature
and the popular press about lasers and their use in dentistry. Both soft- and hard-tissue
applications have been discussed, including frenectomy, gingival contouring, caries removal
and bleaching. The aim of this study is evaluate and compare the effects of laser therapy on
the surgical wound repair process and painful symptoms in patients undergoing bilateral teeth
extractions at the Department of Dentistry, State University of Paraiba. Three sessions of laser
therapy (GaAlAs) were performed for each patient. The first session was immediately after
the surgical procedure, the second occurred 48-72h after the first session, and the third and
final at 7 days after surgery, coinciding with the removal of the sutures. Of the patients
examined, 65.5% at the first assessment (after the second laser therapy session) and 75% at
the second assessment (after the third session) exhibited a better degree of repair on the side
treated with laser (STL) compared to the side not treated with laser (SNTL). There was no
difference in edema between the STL and SNTL. Regarding pink tissue colour, there was an
increase in its frequency, from 25% to 62.5% of cases, on the STL between the first and
second assessments. Bleeding also showed an increased frequency on the STL and decreased
on the SNTL in the second assessment. Regarding painful symptoms, the results revealed that,
on the STL, they decreased, from 62.5% to 0% between the first and second assessments, and
on the SNTL, from 87.5% to 12.5%. Hence, low-power laser use appeared to be effective for
the repair of intraoral surgical wounds, accelerating the degree of repair, improving tissue
colour and reducing pain symptoms.
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Introduction

Undoubtedly, one of the great advances in medicine in the twentieth century was the
development of laser devices [1-4]. Laser radiation has been used in surgical procedures with
the objective of increasing surgical benefits and improving clinical outcome [5,6]. It has some
advantages such as disinfection of the operative field, the absence of vibration, the
vaporisation of lesions, tissue destruction accuracy, minimal damage to adjacent tissues, a
haemostatic effect, anti-inflammatory and biostimulation properties, reduced pain and edema,
and greater comfort for patients [7,8-10]. Lasers commonly used in dentistry have gallium
arsenide and aluminium (GaAlAs) as the active medium, with wavelengths ranging from 790
and 850 nm, outside the visible range of the light spectrum (infrared) and aluminium-gallium-
indium phosphate (InGaAlIP), with a shorter wavelength, within the visible range (red) [11-
14]. The desired therapeutic effects on irradiated tissues are obtained when there is absorption

of the laser beam.
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Low-power lasers have analgesic effects, stimulating the release of endorphins;
inhibiting nociceptor signs; and reducing painful symptoms, antiinflammatory effects, edema
and hyperemia [3,5,9,11,13]. They also have biostimulation properties, accelerating wound
healing, stimulating bone repair and remodelling, recovering neural function after injury and
modulating immune system cells, promoting repair [3,5,10,15,16]. The biological effects
(analgesic, anti-inflammatory and biostimulant) that lowpower lasers have on tissues are
primarily due to light energy, which is absorbed and turned into primary (direct), secondary
(indirect), and general therapeutic effects. These effects control the production of substances
released during pain and inflammation, such as prostaglandins, prostacyclins, histamine,
serotonin, bradykinin, and leukotrienes [13,17-20]. Furthermore, they modify normal
enzymatic reactions, excitation and inhibition, as well as ATP production and the synthesis of
prostaglandins. Of the many phenomena that characterise the living organism, wound healing
is one of the most interesting. Low-power laser treatment has been effective for wound
healing, accelerating the physiological repair process and reducing pain [13,21-23]. This type
of treatment is still little known by many professionals, but it is a promising new tool.

Laser therapy has been assessed over the last 10 years, being the focus of numerous
studies [1,2,5,9,20,23-25]. The use of laser in the tissue repair process was first studied by
Mester et al. (1971) and since then the concern of researchers has been to evaluate the
biostimulation effect of the laser beam on the tissue repair process [4,26]. The biological
effects of laser radiation on tissues occur in different ways: specifically, by inducing mitotic
activity of epithelial and endothelial cells, modifying the capillary density, stimulating the
local microcirculation and, especially, increasing collagen synthesis in vitro or in vivo

[3,5,11,17]. Statistical data on the clinical effects of laser radiation on humans are still very
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scarce and its cost-benefit ratio requires confirmation before laser therapy use can be extended
to the general population [6,12].

Extractions of teeth are invasive surgical procedures that cause postoperative
discomfort to patients, often disabling their social life at least temporarily. However, a large
number of patients need to undergo extractions[21-13]. Most of these patients are workers and
need biopsychosocial balance to continue to accomplish their activities. Thus, minimizing
postoperative problems is important for a faster reintegration of the patient into society and a
fast return to normal activities. In this context, we evaluated the efficacy of laser therapy in
the repair process of intra-oral surgical wounds, including the following variables: degree of

repair or closure of wounds, edema, bleeding, erythema, and pain symptoms.

Materials and Methods
Study protocol

According to Resolution 196/96, this experiment was duly registered with the National
System of Research Ethics - SISNEP: 0240.0.133.000-07 and submitted to the Ethics
Research Committee of the State University of Paraiba (UEPB), Campina Grande, Brazil.
This was an experimental study using a laser device and was a blinded in vivo, prospective,
descriptive, intervention study, with a clinical randomised, controlled, split-mouth type trial.
The study universe consisted of all patients between 18 and 64 years old, followed at the
clinics of the Department of Dentistry, UEPB, with indications for extractions from July 2008
to May 2009. The sample was composed of eight patients undergoing bilateral extractions,
who met the following inclusion criteria: indications for bilateral extractions of teeth from the
same group and same surgical etiology, who underwent drug therapy based only on analgesics

(dipyrone), and who signed the informed consent form. Patients with systemic diseases and
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conditions that could affect the repair process, allergies to the selected medication, and those
requiring antibiotic therapy were excluded.

Experimental model

The laser application was performed in a timely manner in three regions of the edges
of surgical wounds: central, mesial, and distal. The laser used was an infrared type, at a
wavelength of 808 nm, and a dose of 100 J/cmz2, adopting the area of the laser pointer for
fluency calculation, with gallium arsenide and aluminium (GaAlAs ) as the active medium. In
each session, three applications of 22s and 2.2J of energy were performed (Table 1). Each
patient underwent three sessions of laser therapy: the first was performed on the day of
surgery, soon after it. The second occurred 48-72 h after the first session and the third and
final occurred 7 days after surgery, coinciding with the removal of the sutures. The side of
laser application was randomly chosen by the operator and called the STL, while the opposite

side, which was not treated with the laser was called the SNTL.

Low-level laser therapy analysis

Pain symptoms were analysed using a questionnaire that asked the patient about the
presence or absence of pain in the STL and SNTL after the second and third sessions of laser
treatment. Assessments of surgical wounds, including the degree of repair or closure of
wounds, edema (absent or present), erythema (reddish/bluish tissue colouration), and bleeding
(absent or present in mild, moderate, or severe form) were performed by an examiner
(blinded) using digital photographs taken by the laser equipment operator at the end of the last
two sessions of laser therapy. Only the degree of repair or closure of wounds and edema,
when present, were evaluated comparatively between the test (STL) and control (SNTL),

being classified as superior or inferior to the other side.
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Statistical analysis

For decision-making, the Mann-Whitney U-test for independent samples and the
Wilcoxon test for dependent or paired samples were used, adopting a significance level of

5%. Data were analysed using the SPSS software (ver. 13.0).

Results

In the first evaluation, performed after the second session of laser therapy (48— 72h
after surgery), edema was found in 50% of the wounds on the STL, which was lower than that
on the SNTL. In addition, of the wounds on the STL (SNTL), 37.5% (12.5%) were not
associated with painful symptoms and 37.5% (50%) had bleeding. Moreover, the degree of
repair or closure of wounds was higher in the laser-treated group than in the control in 62.5%
of cases (Figures 1, 2 ). Figure 2B showing points at which the laser was applied. Erythema
(reddish/bluish colour) was more evident in the untreated group, corresponding to 87.5% of
cases. However, when the Mann-Whitney U-test was applied at a significance level of 5%,
there was no statistically significant difference in pain (p = 0.264), bleeding (p = 0.626), or
erythema (p = 0.535 ) between the groups 48—72h after the surgical procedure (Table 2, 3).

In the second evaluation, performed after the third session of laser therapy (7 days
after surgery), all patients in both groups (100%) showed edema. However, 7 days after
surgery, there was less edema on the treated than on the untreated side in 75% of the wounds.
None of the wounds of the laser-treated group showed pain symptoms, while 12.5% of those
of controls did. Bleeding was more common in the test group, present in the majority (62.5%)
of cases, while only 25% of the untreated group showed bleeding. There was greater repair on
the treated than on the untreated side in 75% of the wounds (Figures 3, 4). Regarding

erythema, the majority (62.5%) of wounds exhibited pink tissue colouration in the test group,
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while in the control group, half (50%) of the cases exhibited a pink colour and the other half
had a reddish/bluish colour. Applying the Mann-Whitney U-test at a significance level of 5%,
there was also no statistically significant difference in pain (p = 0.317), bleeding (p = 0.143),
or tissue colouration (p = 0.626) between the groups 7 days after surgery (Table 2, 3). A slight
increase in the degree of repair or closure of wounds in the laser-treated group compared to
the untreated group was observed, because in the first evaluation, 62.5% of wounds in the test
group showed a higher degree of repair than the control
group; this percentage increased to 75% in the second evaluation. Between 48 and 72h after
surgery, only 12.5% of wounds showed no edema; however, at postoperative day 7, all
wounds showed some degree of edema. It was also observed in the first assessment that 25%
of the edema cases were in the laser-treated group than in the untreated group, while in the
second evaluation, only 12.5% of edema cases were in the test group. Also, in the second
evaluation, 75% of edema on the side treated with the laser were inferior to those on the side
not treated with the laser and this value was 50% in the first assessment. However, applying
the Wilcoxon test at a 5% significance level, there was no statistically significant difference in
the degree of surgical wound repair (p = 0.317) or edema intensity (p = 0.334) between the

two evaluation periods.

Discussion

GaAlAs laser therapy showed effectiveness in tissue repair of surgical wounds in the
first evaluation (48-72h after bilateral extractions), showing superiority over wounds not
subjected to laser therapy in 62.5% of cases. In the second evaluation (at day 7 after surgery),
the comparative frequency of the repair of surgical wounds increased to 75% of cases,

indicating that low-power laser treatment seemed to improve the healing of surgical wounds
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when used immediately after surgery, and 48-72 h and 7 days after surgery. However, we
found no statistical evidence that the degree of wound repair differed significantly between
the assessment periods. Patients who exhibited edema in the regions of surgical wounds were
submitted to a comparative analysis of the intensity of this variable on both sides. However,
the degree of edema did not differ between the groups at the first assessment, although it
showed improvement in the treated group but not the untreated group at the second
evaluation. This suggests that low-power laser treatment improved edema, but this result was
not statistically significant. In the first assessment, erythema was rosy (compatible with a
normal state) in 25% of wounds in the treated group and in 13.5% of wounds in the untreated
group.

In the second evaluation, the values were 62.5% and 50%, respectively, reinforcing the
results regarding the efficacy of low-power laser in improving tissue colouration, as reported
previously [3-7,11-13,17]. However, as untreated wounds also showed improvement, it would
appear that the repair process was unrelated to laser treatment. The presence of bleeding was
found in only 37.5% of wounds in the treated group and in 50% of wounds in the untreated
group at first assessment. However, at the second assessment, the wounds of the test group
showed increased bleeding in 62.5% of cases, while those of the control group showed less
bleeding in 25% of cases. These results may be explained by the low-power laser stimulating
local microcirculation [5].

Patients with the presence of bleeding on either side were also tested to assess the
intensity of this variable, which at first assessment was mild in 100% of cases in the treated
group and in 75% of cases in the untreated group; the rest of the sample (25%) showed
moderate bleeding. In the second evaluation, the test group showed mild and moderate

bleeding intensity in 33.3% and 67.7% of cases, respectively, which may also be explained by
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the laser activating local microcirculation, while in the wounds of the control group, bleeding
was mild in 50% of cases and intense in the other 50%. Low-power lasers exhibit analgesic
effects, because they stimulate the release of endorphins and inhibit nociceptor signs, thus
reducing painful symptoms [3,6,7,11-13, 17]. In the present study, 37.5% (12.5%) of patients
reported no pain in treated (untreated) wounds at first assessment, whereas 100% (87.5%) of
cases reported no pain at second assessment, consistent with other reports [9,10,18]. Based on
previous literature and the results of the present study, laser therapy is an important method
for the rehabilitation of the maxillofacial complex and healing of wounds in soft tissues [2-
6,8-12,17,18,25]. Furthermore, low-power laser seems to help control pain [10]. However,

there is as yet no consensus on the ideal laser protocol for use in oral surgery.

Conclusions
Low-power laser irradiation has a positive effect on the repair of intraoral surgical
wounds, accelerating the degree of repair, improving erythema, and reducing painful

symptoms. However, further studies are needed to confirm its clinical efficacy.
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FIGURE LEGENDS:

Fig 1. Degree of wound repair - SNTL - 48h after surgery
Fig 2. Degree of wound repair - STL - 48h after surgery
Fig2B. Points of application of laser in STL

Fig 3. Degree of wound repair - SNTL - 7 days after surgery
Fig 4. Degree of wound repair - STL - 7 days after surgery

TABLE LEGENDS:
Table 1. Specifications for Laser Parameters

Table 2. Statement of the results in first avaliantion, in %.
Table 3. Statement of the results in second avaliantion, in %.

Device information

Manufacturer DMC

Model identifier Whitening Lase 11
Emitter type GaAlAs
Irradiation parameters

Center wavelength (nm) 808 nm
Operating mode Continuous

Pulse on duration (sec) 60 ns

Beam shape Circular
Treatment parameters

Beam spot size at target (cm®) 1 mm®

Exposure duration (sec) 22 sec



Radiant exposure (J/cm?)

Radiant energy (J)
Number of points irradiated

Area irradiated (cm?)
Application technique
Number and frequency of treatment sessions 3 sessions, performed in 1 week

18 J per session, 54 J over all sessions

Total radiant energy (J)

Table 1. Specifications for Laser Parameters

100 J/cm?
227
3

2
1 cm

Without skin contact

1t Absence of |  Positive Tissue
. Edema . . . Erythema
Avaliation pain bleeding repair
Laser 50 37,5 37,5 62,5 13,5
No Laser 50 12,5 50 37,5 87,5
Table 2. Statement of the results in first avaliantion, in %.
2 Absence of | Positive Tissue
- . Edema . . . Erythema
Avaliation pain bleeding repair
Laser 25 100 62,5 75 37,5
No Laser 75 12,5 25 25 50

Table 3. Statement of the results in second avaliantion, in %.
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ABSTRACT

The aim of this study is to evaluate the microbial activity of an endodontic sealer
containing rosemary extract in comparison to Sealer 26®.Agar well diffusion assays were
used to evaluate the antimicrobial activity of the materials in the presence of the
following bacterial strains: S. mutans (ATCC 25175), S. aureus (ATCC 9811) and E.
faecalis (ATCC 51299). 100 ul of suspension with each inoculum were placed on glass
dishes containing 10 ml of culture medium and homogenized with the aid of swabs.
Wells were made in each dish and filled with the endodontic sealers. The dishes were
incubated in a bacteriological chamber at 37 °C for 48 and 24 hours, respectively.

Bacterial growth inhibition halos were measured. The Mann-Whitney test was used to
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determine the statistical significance of differences between groups. Mean inhibition
halos were 27.1, 26.4 and 38.6 mm for the strains of S. aureus, E. faecalis and S. mutans
when the rosemary-based sealer was used and 16.3, 15.8 and 25.5 mm, respectively,
when Sealer 26® was used. Significant differences between sealers were found for each
bacterial strain (p < 0.05). The rosemary-based endodontic sealer demonstrated greater

antimicrobial efficacy in comparison to Sealer 26®.

Descriptors: Rosmarinus officinalis; Root canal obturation; Staphylococcus aureus;

Streptococcus mutans; Enterococcus faecalis

INTRODUCTION

Microorganisms and their byproducts are considered the main agents of endodontic
disease. Thus, the major goal of endodontic treatment is the destruction of these
microorganisms in the root canal system . The success of endodontic treatment depends on
effective performance in all phases. While no particular phase is considered the most
important, special care must be given to obturation, which involves the use of a solid material
(gutta-percha) and a sealer 2.

Microorganisms can cause persistent and secondary infections of root canal systems.
Enterococcus faecalis is an anaerobic, facultative bacterium related to the failure of root canal
treatment as well as pulp necrosis and periapical lesions. Although the genus Enterococcus is
not present in considerable amounts in the initial flora of untreated root canals, once
stabilized, it becomes viable and resistant to antimicrobial treatment and medicinal
interactions, persisting after the obturation ©!. Staphylococcus aureus is a spherical (coccus),

Gram-positive bacterium that appears in pairs in short chains or bunches upon microscopic
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examination ™. It is one of the main agents of hospital-acquired infection and the main cause
of surgical infection throughout the world ™. This bacterium is considered one of the most
resistant species and a possible cause of the failure of root canal treatment ®. The mutans
streptococci are a group of heterogeneous cocci that make up part of the resident microbiota
in the oral cavity. Many are infectious and considered the main etiologic agent of dental caries
as well as important contributors to infectious endocarditis L.

Endodontic sealers perform a special function in filling root canals. These products
have inherent antimicrobial activity, which contributes to the control of the microbial
population. In typical clinical situations, the complete elimination of bacteria from root canal
system appears to be impossible. However, the use of sealers with antibacterial properties
helps reduce the number of microorganisms and contributes to the avoidance of infection .
Thus, the incorporation of antimicrobial agents in endodontic sealers can enhance these
desirable properties .

The current trend is the development of endodontic sealers that maintain and/or
enhance the properties of traditional fillers and are more biocompatible ™. In principle, it is
possible to improve the properties of these materials through the addition of antimicrobial
agents. A number of such substances have been employed in dentistry in the form of
mouthwashes, restorative materials and toothpastes ™.

There is an ongoing search for the development of an endodontic sealer that meets all
the requirements to be considered ideal. Many researchers have investigated the use of plant
extracts and phytochemicals with antimicrobial properties. In recent years, studies have
demonstrated the effectiveness of these extracts, which mainly stems from the antimicrobial
action of their secondary metabolites ). One such plant, rosemary (Rosmarinus officinalis

Linn.), has been described to have a number of medicinal properties, which justifies its
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traditional use in folk remedies. The plants contain essential oil, flavonoids, phenols and
terpenoids, which have antioxidant and antimicrobial properties 3!,

Considering the need for a biocompatible endodontic sealer that forms a physical
barrier and demonstrates therapeutic efficacy against microorganisms associated with
endodontic infection, the aim of the present study was to evaluate the microbial activity of an
endodontic sealer containing rosemary extract in comparison to Sealer 26° (Dentsply

Maillefer, USA), which is widely used in dentistry.

MATERIALS AND METHODS
Production of rosemary-based endodontic sealer

Rosmarinus officinallis Linn. was acquired and identified through comparisons with
material deposited in the herbarium of the Pernambuco Institute of Agricultural Research
(Brazil). The material was washed and dried at room temperature. Leaves and stems were
weighed (320 g) and macerated in 1 L of ethanol for 30 days under refrigeration. The extract
was filtered and placed in a rotary evaporator at a temperature of 50°C. The dried extract was
divided into portions for the microbiological, toxicological and phytochemical tests and kept
under refrigeration between tests. A sealer similar to Sealer 26® (Dentsply Maillefer, USA)
was mixed at a compounding pharmacy (Sensoriale® Manipulacéo Farmacéutica e Cosmética,
Recife, Brazil). The blended sealer did not contain calcium hydroxide, which was replaced
with the rosemary extract at the minimum inhibitory concentration (MIC) for the bacteria
tested. The MIC of the extract for each bacterium was tested in a previous experiment ™
(Chart 1). As three different microorganisms were tested, the largest MIC was used while

respecting the LDs for this phytotherapeutic substance. The sealer produced exhibited similar



7

physical and organoleptic characteristics to Sealer 26® and was compounded in the same way,
following the manufacturer’s instructions.

Antimicrobial evaluation of rosemary-based endodontic sealer

Agar well diffusion assays ™' were performed for the evaluation of the antimicrobial
activity of the rosemary-based endodontic sealer in the presence of S. mutans (ATCC 25175),
S. aureus (ATCC 9811) and E. faecalis (ATCC 51299). The bacterial strains were acquired
from the Microbial Collection Laboratory of the Department of Antibiotics of the Federal
University of Pernambuco (Brazil) and reactivated in test tubes containing Brain Heart
Infusion (BHI®, DIFCO, USA). The strains were inoculated on glass dishes containing 10 ml
of BHI® agar medium. The growth conditions of each bacterium were respected: aerobiotic
conditions for 24 h for S. aureus and E. faecalis and anaerobiotic conditions for 48 h for S.
mutans in a bacteriological chamber at 37 °C. Colonies of each inoculum were diluted in test
tubes with sterile water and placed in a vortex mixer for one minute to achieve turbidity

similar to tube n° 2 of the McFarland Scale®.

100ul of homogenized suspension were inoculated on sterile glass dishes containing
10 ml of BHI® medium and homogenized with the aid of sterile swabs so that the entire
medium was inoculated. Wells measuring 10 mm in diameter were made with a perforator in
the center of each plate and filled with the test sealer and Sealer 26® as the positive control —
both blended following the manufacturer’s instructions. An inoculated dish with a well filled
with sterile gelose of the medium was used as the negative control. The dishes were incubated
in accordance with the requirements of each microorganism. All assays were conducted in
triplicate. Following incubation, the bacterial growth inhibition halos were measured with the

aid of halo meter and the results were expressed as mean values in millimeters.
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The normality test demonstrated the need for a nonparametric test, as no variables
exhibited normal distribution. The Mann-Whitney test was used to determine the statistical
significance of differences between the materials (p < 0.05).

RESULTS

Mean inhibition halos were 27.1, 26.4 and 38.6 mm for the strains of S. aureus, E.
faecalis and S. mutans when the rosemary-based sealer was used and 16.3, 15.8 and 25.5 mm,
respectively, when Sealer 26® was used. Significant differences between sealers were found
for each bacterial strain (p < 0.05) (Table 1).

DISCUSSION

There has been growing interest in research into the anaerobic microorganisms that
infect root canal systems, especially with regard to long-term infections % Anaerobic
bacteria are well adapted to survive in necrotic pulp tissue, where the blood supply is either
limited or nonexistent. Facultative anaerobic microorganisms can interact with strict
anaerobic microorganisms, leading to changes in the nutritional relationship and oxygen
tension-reduction, which favor microbial bonding and survival ®. Thus, the antimicrobial
action of endodontic sealers may participate in the control of infection.

The ideal endodontic sealer should exhibit adequate antimicrobial activity, provide a
hermetic seal and offer a low degree of toxicity to biological tissues. Antimicrobial substances
can be added to enhance the properties of endodontic sealers ", Gjorgievska et al ™
evaluated the effect of the addition of benzalkonium chloride and cetylperydinium chloride to
endodontic sealers on strains of S. mutans, L. casei and A. viscosus and found an increase in
the antimicrobial activity of all sealers analyzed, demonstrating that these substances have

potential clinical applications in root canal treatment. However, further studies are needed to



79

evaluate whether the addition of such substances can compromise the physicochemical
characteristics of endodontic sealers.

In the present study, Sealer 26® was used for the purposes of comparison to the
rosemary-based sealer. Sealer 26® is composed of bismuth oxide, calcium hydroxide and
epoxy resin and is known for its excellent sealing property and satisfactory biocompatibility
(8] A number of studies have evaluated the antimicrobial activity of Sealer 26® in the
presence of bacterial strains or microorganisms of the oral cavity 321,

In the present study, the rosemary-based endodontic sealer demonstrated greater
inhibition halos in comparison to Sealer 26®. Gomes et al [ also found lesser antimicrobial
activity with Sealer 26® in comparison to Endo-fill®, Endomethasone®, Endomethasone N®
and AH-Plus®, but the differences did not achieve statistical significance. Cruz et al *® and
Kooper et al 2 found smaller inhibition halos with Sealer 26® for all microorganisms tested
in comparison to Rickert®/N-Rickert® and Endo-Fill®. However, Kooper et al % found a
larger inhibition halo for S. aureus using Sealer 26®, which is in agreement with findings
described by Leonardi et al !, who compared this substance to Endo-fill®, AH-Plus® and
Acroseal® with regard to the same bacterium. Tanomaru-Filho et al 8 also report the
adequate performance of Sealer 26°. Maia et al. ©! report the antimicrobial action of this
product in the presence E. faecalis. However, this bacterium is known to be resistant to
calcium hydroxide 2. Thus, the action of Sealer 26® on E. faecalis may be due to the release
of another substance, such as formaldehyde, which occurs after the mixture of the other
components of the product .

Aal-Saraj et al ™ evaluated the antimicrobial activity of a novel endodontic sealer
containing nano-hydroxyapatite epoxy resin (nanoseal) in comparison to the commercial

products AH 26°, Tubliseal®, Sealapex® and Roekoseal® in the presence of the facultative
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anaerobic bacteria E. faecalis, P. aeruginosa, S. mutans, S. sobrinus and E. coli. The authors
found that the nanoseal had better antimicrobial action in comparison to Roekoseal®, similar
action to AH 26® and lesser action in comparison to Tubliseal® and Sealapex® in the presence
of E. faecalis, P. aeruginosa and E. coli as well as greater action in comparison to Sealapex®
and Roekoseal®, similar action to AH 26® and lesser action in comparison to Tubliseal® in the
presence of S. mutans and S. sobrinus.

In the present study, agar well diffusion was used to test antimicrobial activity. This is
one of the most widely used methods for this purpose %251 However, the size of the
inhibition zone does not indicate the absolute antimicrobial effect of an endodontic sealer.
According to Bodrumlu & Semiz 4, the inhibition zone can be affected by the diffusibility of
the sealer through the agar, the interaction between the sealer and components of the medium
and the in vivo micro-environmental conditions.

The mean inhibition halos for S. aureus, E. faecalis and S. mutans were significantly
larger with the rosemary-based endodontic sealer in comparison to Sealer 26®. This finding
may be explained by the fact that rosemary has anti-inflammatory, antioxidant and
antimicrobial properties ™!, This plant is made up of essential oil, flavonoids, phenols and
terpenoids. Klancnik et al ® report greater sensitivity to rosemary extract among Gram-
positive bacteria in comparison to Gram-negative bacteria.

The essential oil of rosemary is considered to have the greatest antimicrobial action.
Bernardes et al *”! analyzed the effect of rosemary extract on E. faecalis, S. salivarius, S.
sanguinis, S. mitis, S. mutans and S. sobrinus. The authors also performed both biomonitored
fractioning and a chromatographic analysis of the extract to identify the main components,

attributing the antimicrobial activity mainly to carnosic acid and carnosol. Moghtader &
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Afzali ® report that the essential oil of rosemary has antibacterial, antinociceptive and
antifungal properties.

Hofling et al ®* found strong antifungal activity of rosemary extract on some species
of the genus Candida. Fungal adherence to biomaterials used in medicine, such as catheters,
valves and implants, was the object of a study by Chifiriuc et al *%, who combined the unique
properties of nanoparticles with the antimicrobial activity of the essential oil from rosemary to
create a nanobiological system that could be used to cover the surface of these materials and
impede both microbial colonization and the development of biofilm. The authors found that
the essential oil fortified with nanoparticles was able to inhibit and control fungal adherence
(C. tropicalis and C. albicans). Del-Campo et al Y evaluated the effect of rosemary extract
on different microorganisms and found activity against Gram-positive bacteria, such as S.
aureus, B. cereus and S. mutans. According to the authors, the phenols in the plant are

responsible for this activity.

CONCLUSION

In the present study, the rosemary-based endodontic sealer demonstrated greater
antimicrobial efficacy in comparison to Sealer 26® with regard to S. aureus, E. faecalis and S.
mutans. Further studies are needed to evaluate the effectiveness of rosemary-based

endodontic sealers in daily clinical use.

TABLES and CHARTS
Table 1: Mean inhibition halos (in mm) using Sealer 26 and the rosemary-based endodontic

sealer in the presence of S. aureus, E. faecalis and S. mutans

Bacterial strain Sealer Mean  Standard deviation p-value’
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Sealer 26 16.3 15
S. aureus 0.030*
Rosemary 27.1 1.0

Sealer 26 15.8 1.0
E. faecalis 0.013*
Rosemary 26.4 1.3

Sealer 26 25.5 1.0
S. mutans 0.030*
Rosemary 38.6 2.5

"Nonparametric Mann-Whitney test

* Statistically significant difference

Chart 1: MIC of rosemary extract for bacterial strains studied!**!

Bacterial strain MIC
S. aureus (ATCC 9811) 6.25 mg/ml
E. faecalis (ATCC 51299) 6.25 mg/ml

S. mutans (ATCC 25175) 14.9 mg/ml
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before the manuscript has been accepted and only if approved by the journal Editor. To request such
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for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
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excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
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is determined by the author's choice of user license.

Author rights
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the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
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Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow authors to comply
with their funder's open access policies. Some funding bodies will reimburse the author for the Open
Access Publication Fee. Details of existing agreements are available online.
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* Articles are freely available to both subscribers and the wider public with permitted reuse.
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For open access articles, permitted third party (re)use is defined by the following Creative Commons
user licenses:

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a collective
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The open access publication fee for this journal is USD 2500, excluding taxes. Learn more about
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revision, Authors are asked:
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Please use no abbreviations. Headlines and Subheadlines should be liberally employed in the
Methods, Results, and Discussion sections. Use short paragraphs whenever possible. Clarity of
expression, good syntax and the avoidance of medical jargon will be appreciated by the editors,
reviewers and readers.

References

There are no strict requirements on reference formatting at submission. References can be in any style
or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/book
title, chapter title/article title, year of publication, volume number/book chapter and the pagination
must be present. Use of DOI is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing data will be highlighted
at proof stage for the author to correct.

Open access

This journal offers authors two choices to publish their research;

1. Open Access

o Articles are freely available to both subscribers and the wider public with permitted reuse

o An open access publication fee is payable by authors or their research funder

2. Subscription

o Articles are made available to subscribers as well as developing countries and patient groups through
our access programs (http://www.elsevier.com/access)

o No open access publication fee

All articles published open access will be immediately and permanently free for everyone to read
and download. Permitted reuse is defined by your choice of one of the following Creative Commons
user licenses:

Creative Commons Attribution-NonCommercial-NoDerivs (CC-BY-NC-ND): for non-commercial
purposes, lets others distribute and copy the article, and to include in a collective work (such as an
anthology), as long as they credit the author(s) and provided they do not alter or modify the article.

Elsevier has established agreements with funding bodies. This ensures authors can comply with
funding body open access requirements, including specific user licenses, such as CC-BY. Some authars
may also be reimbursed for associated publication fees. www.elsevier.com/fundingbodies

If you need to comply with your funding body policy you can apply for the CC-BY license after your
manuscript is accepted for publication.

To provide open access, this journal has a publication fee which needs to be met by the authors ar
their research funders for each article published open access. Your publication choice will have no
effect on the peer review process or acceptance of submitted articles.

The open access publication fee for this journal is $USD 2,500 excluding taxes.

Learn more about Elsevier's pricing policy www.elsevier.com/openaccesspricing

Divide the manuscript into the following sections: Title page, Structured Abstract, Key words {3-6),
Introduction, Materials and Methods, Results, Discussion, Acknowledgments, References. The editars
will consider the use of other sections if more suitable for certain manuscripts.

s Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

+ Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.
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* Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that the e-mail address is given and that contact
details are kept up to date by the corresponding author.

* Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

The Structured Abstract, of no more than 250 words, should be written with particular care since
this will be the only part of the article studied by some readers. The preferred subheadings are:
Background, Methods, Results and Conclusions.

The Introduction should be brief and set out the purposes for which the study has been performed
along with relevant previous studies only where essential.

The Materials and Methods should be sufficiently detailed so that readers and reviewers can
understand precisely what has been done without studying the references directly. The description
may be abbreviated when well accepted techniques are used.

The Results should be presented precisely. Keep discussion of their importance to a minimum in this
section of the manuscript.

The Discussion should directly relate to the study being reported. Do not include a general review
of the topic.

Tables should be typed with double spacing and each should be on a separate sheet. They should
be numbered consecutively with Arabic numerals, and contain only horizontal lines. Provide a short
descriptive heading above each table with footnotes and/or explanations underneath.

Figures should ideally be submitted in high-resolution TIF format, or alternatively in GIF, JPEG/IPG,
or EPS format. The figures should be placed in separate files, named purely with the figure numbers
(e.g. "Figurel.tif".) The cost of colour figures will be paid by the author.

Legends for Figures should be typed with double-spacing on a separate sheet.

Gene Accession Numbers

For each and every gene accession number cited in an article, authors should type the accession
number in beold, underlined text. Letters in the accession number should always be capitalised.
Example: (GenBank accession nos. AI631510, AI631511 , AI632198, and BF223228 ), a B-cell tumor
from a chronic lymphatic leukemia (GenBank accession no. BE675048 ), and a T-cell lymphoma
(GenBank accession no. AA361117 ).

Supplementary data

The journal accepts electronic supplementary material to support and enhance your scientific
research. Supplementary files offer the author additional possibilities to publish supporting
applications, movies, animation sequences, high-resolution images, background datasets, sound clips
and more. Supplementary files supplied will be published online alongside the electronic version of
your article in Elsevier web products, including ScienceDirect: http://www.sciencedirect.com

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 x
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration and Enhancement service to ensure the best
presentation of their images and in accordance with all technical requirements: Illustration Service.
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Reference links

Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOT is encouraged.

A DOI can be used to cite and link to electronic articles where an article is in-press and full citation
details are not yet known, but the article is available online. A DOI is guaranteed never to change,
s0 you can use it as a permanent link to any electronic article. An example of a citation using DOI
for an article not yet in an issue is: VanDecar J.C., Russo R.M., James D.E., Ambeh W.B., Franke M.
(2003). Aseismic continuation of the Lesser Antilles slab beneath northeastern Venezuela. Journal
of Geophysical Research, http://dx.doi.org/10.1029/20011B000884i. Please note the format of such
citations should be in the same style as all other references in the paper.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley and Zotero, as well as EndNote. Using the word processor plug-ins from
these products, authors only need to select the appropriate journal template when preparing their
article, after which citations and bibliographies will be automatically formatted in the journal's style.
If no template is yet available for this journal, please follow the format of the sample references and
citations as shown in this Guide.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/photodiagnosis-and-photodynamic-therapy

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any style
or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/book
title, chapter title/article title, year of publication, volume number/book chapter and the pagination
must be present. Use of DOIT is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing data will be highlighted
at proof stage for the author to correct. If you do wish to format the references yourself they should
be arranged according to the following examples:

Reference style

Text: Indicate references by number(s) in square brackets in line with the text. The actual authars
can be referred to, but the reference number(s) must always be given.

Example: "..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different result ._.."

List: Number the references (numbers in square brackets) in the list in the order in which they appear
in the text.

Examples:

Reference to a journal publication:

[1]]. van der Geer, J.A.J. Hanraads, R.A. Lupton, The art of writing a scientific article, J. Sci. Commun.
163 (2010) 51-59.

Reference to a book:

[2] W. Strunk Ir., E.B. White, The Elements of Style, fourth ed., Longman, New York, 2000.
Reference to a chapter in an edited book:

[3] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, in: B.S. Jones, R.Z.
Smith (Eds.), Introduction to the Electronic Age, E-Publishing Inc., New York, 2009, pp. 281-304.
Reference to a website:

[4] Cancer Research UK, Cancer statistics reports for the UK. http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/, 2003 (accessed 13.03.03).

The journal encourages authors to create an AudioSlides presentation with their published article.
AudioSlides are brief, webinar-style presentations that are shown next to the online article on
ScienceDirect. This gives authors the opportunity to summarize their research in their own words
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Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet peints that
conwvey the core findings of the article and should be submitted in a separate editable file in the
online submission system. Please use 'Highlights' in the file name and include 3 to 5 bullet points
(maximum 85 characters, including spaces, per bullet point). You can view example Highlights on
our information site.

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

Itis not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the fallowing sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Electronic artwork

General points

+« Make sure you use uniform lettering and sizing of your original artwork.

* Embed the used fonts if the application provides that option.

* Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar,

* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

» Provide captions to illustrations separately.

» Size the illustrations close to the desired dimensions of the published version.

+ Submit each illustration as a separate file.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photagraphs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.

Please do not:

= Supply files that are optimized for screen use (e.qg., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

» Supply files that are too low in resolution;

+* Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.
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and to help readers understand what the paper is about. More information and examples are
available. Authors of this journal will automatically receive an invitation e-mail to create an AudioSlides
presentation after acceptance of their paper.

The following list will be useful during the final checking of an article prior to sending it to the journal
for review. Please consult this Guide for Authors for further details of any item.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

* E-mail address

» Full postal address

All necessary files have been uploaded, and contain:

* Keywords

» All figure captions

» All tables (including title, description, footnotes)
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* Manuscript has been 'spell-checked' and 'grammar-checked’

» References are in the correct format for this journal

* All references mentioned in the Reference list are cited in the text, and vice versa

+ Permission has been obtained for use of copyrighted material from other sources (including the
Internet)

Printed wersion of figures (if applicable) in color or black-and-white

+ Indicate clearly whether or not color or black-and-white in print is required.

For any further information please visit our Support Center.

Process of submission

Online submission

Photodiagnosis and Photodynamic Therapy wuses an online submission and review
system. Authors can upload their article wia the Elsevier Editorial System at
www.evise.com/evise/faces/pages/navigation/NavController.jspx?JRNL_ACR=PDPDT. By accessing
the website Authors will be guided stepwise through the uploading of the various files. Editable file
formats are necessary. We accept most wordprocessing formats, but Word, WordPerfect or LaTeX is
preferred. Figure files (TIFF, EPS, JPEG) should be uploaded separately. Always keep a backup copy of
the electronic file for reference and safety. Save your files using the default extension of the program
used. The system generates an Adobe Acrobat PDF version of the article which is used for the reviewing
process. Authors, Reviewers and Editors send and receive all correspondence by e-mail and no paper
correspondence is necessary. For assistance contact Author Support at authorsupport@elsevier.com

AFTER ACCEPTANCE

Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs anline. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used
for sharing the article via any communication channel, including email and social media. For an
extra charge, paper offprints can be ordered via the offprint order form which is sent once the
article is accepted for publication. Both corresponding and co-authors may order offprints at any
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