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RESUMO

A terapia fotodinamica (PDT) € um processo que utiliza como fonte de luz o laser,
moléculas de oxigénio e um agente fotossenbilizador. A PDT visa ter acdo contra
patégenos, inclusive os resistentes a antimicrobianos. A associacdo da PDT com
medicamentos naturais, como a propolis, ainda ndo é amplamente estudada.
Portanto, este estudo objetivou avaliar, in vitro, o efeito antimicrobiano da terapia
fotodinamica, usando a propolis como um agente fotossensibilizador na PDT. Para
tanto foi utilizado o extrato de prépolis seco como fotossensibilizador e o LASER de
baixa poténcia modelo PhotonLase Ill, irradiando acima do poco da microplaca
durante 90 segundos. Linhagens bacterianas Gram-positivas e Gram-negativas foram
utilizadas nos testes, em uma concentracdo de 5x10° UFC/mL. Inicialmente,
determinou-se a atividade antibacteriana dos fotossensibilizadores sem agé&o do laser
em diluicbes seriadas dos fotossensibilizadores e em seguida foi realizado o
experimento com o laser. Apds incubacdo das placas em estufa bacterioldgica,
adicionou-se azul de resazurina (0,1%) e a Concentracéo Inibitéria Minima (CIM) foi
determinada. Alteragdes na morfologia da bactéria foram analisadas por Microscopia
de Forca Atbmica (MFA). As bactérias se mostraram sensiveis a propolis com CIMs
variando de 1,71 a 0,85 mg/mL, mas ndo foram susceptiveis ao azul de metileno sem
adicao do laser. Observou-se que ocorreu uma alteracao no valor da CIM da propolis
para S. aureus ATCC 29213 ap0s a irradiacdo com o laser, alterando de 1,71 mg/mL
para 0,85 mg/mL, porém isso ndo foi observado para a bactéria Gram-negativa
utilizada, E. coli ATCC 25922. Pela AFM, observou-se alteragdes no tamanho de uma
das bactérias utilizadas, S.aureus. Com base nos resultados relatados, conclui-se que

a prépolis associada ao LASER é mais ativa contra bactérias Gram-positivas.

Palavras chaves: Terapia Fotodinamica, Prépolis, Atividade Antimicrobiana.



ABSTRACT

Photodynamic therapy (PDT) is a process that uses a light source - the laser -, oxygen
molecules and a photosensitizing agent. PDT aims to act against pathogens, including
those that are resistant to antimicrobials. The association of PDT with natural drugs,
such as propolis, has not been widely studied. Therefore, this study aimed to evaluate,
the in vitro antimicrobial effect of photodynamic therapy using propolis as a
photosensitizing agent. For this purpose, dry propolis extract was used as
photosensitizer and low power LASER - PhotonLase Ill model - was irradiated above
the micro well for 90 seconds. Gram-positive and Gram-negative bacterial strains were
used in the tests at a concentration of 5x10° CFU/mL. Initially, the antibacterial activity
of photosensitizers without laser action was determined by a serial microdilution
method, and, afterwards, the experiment with the laser was performed. After incubation
of the plates in a bacteriological oven, resazurin (0.1%) was added and the Minimum
Inhibitory Concentration (MIC) was determined. Alterations in the morphology of the
bacteria were analyzed by Atomic Force Microscopy (AFM). Bacteria were sensitive to
propolis with MICs ranging from 1.71 to 0.85 mg/mL, but no susceptibility was observed
for methylene blue without laser addition. A change was observed for the MIC values
of propolis against S. aureus after irradiation, which decreased from 1.71 mg/mL to
0.85 mg/mL. This behaviour, however, was not observed for E. coli ATCC 25922, the
Gram-negative strain used. In addition, AFM images revealed changes in the size of
one of the bacteria tested, S.aureus. Based on the results reported, it was possible to
conclude that propolis in association with LASER is more active against Gram-positive

bacteria.

Keywords: Photodynamic Therapy, Propolis, Antimicrobial Activity.
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1. INTRODUCAO

Pelo uso da luz, tem-se uma segmentacdo da medicina, a fotomedicina, a qual
utiliza a onda eletromagnética no tratamento de doencas. Sdo definidos trés tipos de
tratamentos com luz: fototerapia (somente uso de luz), fotoquimioterapia (uso de luz
associada a compostos quimicos com excitacdo no ultravioleta) e terapia fotodinamica
(uso de compostos fotossensibilizadores, com excitagdo em comprimentos de onda do
espectro visivel) (NUNEZ; RIBEIRO; GARCEZ, 2013).

Nesse contexto, a terapia fotodinamica (do, inglés, PhotodynamicTherapy - PDT)
caracteriza-se por ser uma técnica que utiliza os seguintes componentes: um agente
fotossensibilizador, seguido de iluminagdo com um LASER (Light Amplificationby
Stimulated Emissionof Radiation) e moléculas de oxigénio (ISSA; MANELA-AZULAY,
2010).

A primeira descricdo da inativacdo de micro-organismos por luz e corantes foi ha
100 anos por Oscar Raab, quando notou a morte de paramécios em contato com acridina
e luz. Ele postulou que este efeito era causado pela transferéncia de energia da luz para
a substancia quimica. A utilizacdo da luz ou corante isoladamente ndo apresentava
qualquer efeito aparente sobre os paramécios, mas juntos eles eram altamente
citotoxicos (IMPARATO et al., 2005).

A PDT é usada em diversas esferas como: tratamento de tumores malignos, de
infec¢des fungicas, reparo tecidual, cicatrizacdo, tendo ainda acao antimicrobiana. A
morte do micro-organismo se da através de desordens na sua parede celular ou no seu
DNA. A acéo local e restrita faz da PDT um método diferenciado, sendo por isso usado
como uma forma alternativa de tratamento (NUNEZ; RIBEIRO; GARCEZ, 2013).

A PDT apresenta algumas vantagens em relagéo a terapia antimicrobiana, incluindo
o fato de que a morte celular bacteriana pode ser mais rapida, ndo sendo necessario a
utilizacdo de um agente quimico em altas concentracbes sobre as lesdes por longos
periodos de tempo (WILSON et al., 2004).

Alguns fotossensibilizadores (FS) ja sdo bastante conhecidos por terem eficiéncia
comprovada na literatura, como, o azul de metileno (AM), um corante muito estudado,

tem seu espectro de absorcdo ressonante na regido vermelha do espectro
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eletromagnético entre 600nm e 670nm, e estudos de PDT mostraram sua eficacia na
reducao de C. albicans (SUZUKI, 2009).

A associacdo da PDT com medicamentos naturais ainda ndo foi amplamente
estudada. Na literatura ha relatos de que os medicamentos naturais podem ser eficazes
no tratamento de doencgas, por ndo ter sido observado efeitos adversos em diferentes
tipos de células (AHN; BISWAS; CHUNG, 2013). Nessa circunstancia, a prépolis é um
medicamento natural bastante conhecido na medicina popular. Ela é obtida da colmeia
natural, onde é preparada por abelhas Apismellifera, as quais misturam suas proprias
ceras e secregOes salivares com as resinas coletadas das rachaduras na casca das
arvores e das folhas (WANG et al.,2017).

Diante disso, este estudo tem como objetivo avaliar, in vitro, o efeito antimicrobiano
da terapia fotodinamica, usando dois agentes cromaoforos: azul de metileno e prépolis.
Dessa maneira, com resultados positivos, isso iré refletir em tratamentos alternativos para

doencas causadas por agentes infecciosos com uso de um produto natural.
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2. OBJETIVOS

2.1. OBJETIVO GERAL
Usar a terapia fotodinamica, através de um estudo in vitro, para analisar o efeito
amtibacteriano do azul de metileno e da prépolis no tratamento de doencas causadas por

bactérias

2.2. OBJETIVOS ESPECIFICOS
o Comparar a acao dos agentes cromoforos associado ao laser de baixa
poténcia em diferentes espécies de bactérias.
o Confirmar a eficacia da propolis como agente antibacteriano
o Verificar a influéncia antibacteriana da concentracdo da prépolis com a
incidéncia do laser sobre as cepas.

o Identificar quais espécies bacterianas sdo mais resistentes a PDT
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3. REFERENCIAL TEORICO
3.1. A PROPOLIS COMO ALTERNATIVA CONTRA AGENTES INFECCIOSOS

Todos os organismos utilizam oxigénio em seu metabolismo e estdo expostos a
ele e aos seus varios subprodutos, devendo, portanto, desenvolver mecanismos capazes
de protegé-los da toxicidade do oxigénio. E evidente que o oxigénio é toxico para micro-
organismos anaerobicos, porém seus efeitos variam de morte celular a efeito
bacteriostatico. E menos 6bvio, contudo, o efeito deletério do oxigénio para micro-
organismos aerdbicos (NUNEZ; RIBEIRO; GARCEZ, 2013).

Os micro-organismos sao agentes patogénicos responsaveis por quadros
infeciosos. A contribuicdo da antibioticoterapia para o tratamento dessas enfermidades é
bem definida, e comercialmente observa-se a presenca de diversos tipos de drogas
capazes de eliminar os agentes causadores destas infeccbes (MOTA et al., 2005). A
exemplo de bactérias causadoras destas infeccbes, tem-se bactérias do género
Staphylococcus sp., que representam um diversificado grupo de micro-organismos
capazes de provocar enfermidades que variam desde infec¢cdes simples até quadros
mais graves (SOUSA; RATTI, 2009).

Contudo, cabe ressaltar que tais micro-organismos evoluiram a ponto de
desenvolverem a habilidade para escaparem da acdo destes agentes antimicrobianos,
por meio da resisténcia bacteriana. Esta representa um problema de salde publica,
provocando infeccdes em hospitais e na comunidade, e que conduz a altos indices de
mortalidade e morbidade (SOUSA; RATTI, 2009).

Considerando a ascendente aquisi¢ao de resisténcia por estas bactérias, observa-
se a necessidade urgente de novas opc¢Oes antibacterianas que possam fornecer
atividade eficaz contra os mecanismos desenvolvidos por estes patdégenos. Nesse
contexto, os produtos naturais podem servir como fontes promissoras na busca de novas
opcdes para o tratamento de infeccBes provocadas por bactérias (GUIMARAES et al.,
2010).

Historicamente, a utilizacdo de produtos naturais representa uma atividade
presente no contexto médico-social, caracterizado pela conhecida medicina popular. O

fato representa um marco importante no desenvolvimento de muitas na¢des, promovendo
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melhorias e a cura de muitas enfermidades. Comum em regibes como Asia, Africa e
América Latina, a atividade é uma alternativa importante para solucionar diversos
problemas de saude, incluindo os provocados por micro-organismos (ROZATTO, 2012).

A utilizacdo de tais produtos que apresentem propriedades medicinais € uma
realidade em constante crescimento. Atualmente em regibes em desenvolvimento,
bilhGes de pessoas tém utilizado muitos deles como op¢des para o tratamento de uma
ampla variedade de doencas infecciosas. No Brasil, um aumento significativo na
investigacdo com produtos naturais que apresentam atividade antimicrobiana tem sido
observado (DUTRA et al. 2016; VAN VUUREN, S., HOLL, D., 2017).

A pesquisa cientifica tem contribuido de maneira significativa para o
desenvolvimento de fitoterapicos confidveis e seguros, no entanto considera-se que mais
estudos devam ser realizados para comprovarem 0 uso seguro e eficaz das substancias
utilizadas na medicina popular. Muitos produtos naturais possuem uma diversidade de
constituintes ativos e isso os permite serem alvos consideraveis na busca por novas
opcOes terapéuticas. Estes apresentam diversas propriedades biolégicas, em especial a
atividade antimicrobiana, foco de muitos estudos em todo o mundo (SCHELZ,
HOHMANN, 2006).

Como as doencas infecciosas representam um grave problema de salde, muitos
estudos tém sido realizados no intuito de se obter novas opc¢des terapéuticas capazes de
apresentar efeitos contra os micro-organismos causadores. Assim, a pesquisa com
produtos naturais que possuam atividade eficaz frente aos micro-organismos
patogénicos, é de grande importancia (ROZATTO, 2012).

A propolis destaca-se por ser bastante estudada e exibir varias propriedades de
interesse para a comunidade cientifica, suas acdes tém sido descritas principalmente em
relacdo a atividade antioxidante, antimicrobiana e citotoxicidade. Além disso, hd um
aumento de estudos que investigam a atividade antiparasitaria dessa substancia (SILVA
et al., 2017).

A composicdo quimica da prépolis pode variar de acordo com a sua origem
geografica e com as diferengas genéticas das abelhas responsaveis por sua produgao.
Estas variacdes acarretam mudancas em suas propriedades farmacologicas. Outro

aspecto a ser considerado, € a época da coleta que pode interferir na determinacéao da
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sua composi¢ao quimica. Em paises como Brasil a coleta ocorre o ano todo, gerando
possiveis variacdes sazonais (JUNIOR et al.,2006).

No estudo de Castro e colaboradores (2007), os autores avaliaram a sazonalidade
no periodo de coleta da propolis, considerando para iSSO 0S compostos presentes e a
atividade antibacteriana do produto. Os autores constataram que o fator supracitado
influencia diretamente na atividade antibacteriana observada e que isso pode ter uma
relacdo com o periodo de coleta, bem como com alteracao nos constituintes.

A propolis geralmente contém uma variedade de compostos quimicos diferentes,
incluindo &cidos fendlicos e ésteres, flavonoides como a vitamina P, terpenos, aldeidos
aromaticos e alcoois, acidos graxos, stilbenos e b-esteréides. Dentre as atividades
bioldgicas ja relatadas, exemplos como atividades antibacterianas, antimicrobianas e
imunoestimuladoras, podem ser listadas (AHN; BISWAS; CHUNG, 2013).

Muitos estudos ja evidenciaram seu potencial antimicrobiano, a exemplo disso,
Sinhorini et al (2014) apresentou o efeito da mesma contra as espécies bacterianas
Staphylococcus aureus ATCC 25923, Streptococcus pyogenes ATCC 19615 e
Escherichia coli ATCC 25922. Além destas, a linhagem de Streptococcus mutans Ingbritt
1600 (CASTRO et al., 2007) também ja se mostrou sensivel a acdo desse produto
natural, bem como as de Staphylococcus epidermidis ATCC 12228 e Salmonella
typhimurium ATCC 14028, além das espécies fungicas de Candida albicans ATCC 10231
e Candida tropicalis ATCC 28707 (PORTILHO et al., 2013).

3.2. A TERAPIA FOTODINAMICA COMO APLICACAO MEDICA

Além da contribuicdo dos produtos naturais no tratamento de muitas doencas,
atualmente o avanco tecnolégico em diversas areas, como a area da saude, tem
proporcionado o aperfeicoamento no tratamento de muitos problemas médicos,
garantindo assim a cura de diversas patologias. Tem-se como exemplo, o
desenvolvimento de métodos que utilizam equipamentos com luz ultravioleta associado
a produtos quimicos, que representam uma op¢ao no tratamento médico das doencas de
pele (ISSA; MANELA-AZULAY, 2010).

Essa associacdo entre luz e produtos quimicos caracteriza a conhecida

fotoquimioterapia, e como exemplo disso a combinacdo de psoraleno e ultravioleta A,
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pode ser citada (TAYLOR; BROWN, 2002). Desta maneira, um exemplo importante
caracterizado pela fotoquimioterapia é terapia fotodinamica ou Photodynamic Therapy
(PDT), a qual representa uma alternativa nesse tipo de terapia, utilizando um agente
fotossenbilizador, a luz e o oxigénio (FRITSCH; GOERZ; RUZICKA, 1998).

A fototerapia é um método terapéutico que afeta o metabolismo celular usando
parametros precisos de luz. Alguns estudos mostram que a terapia com os lasers de
baixa poténcia tém sido cada vez mais realizados, demonstrando acéo direta no tecido
celular e niveis sistémicos (FRANGEZ; NIZI¢-KOS; FRANGEZ, 2018).

Historicamente, as acdes da PDT foram relatadas primariamente no inicio do
século XX por Oscar Raab e Herman von Tappeiner, que observaram os efeitos
decorrentes da fotossensibilizacdo. Nos achados, Oscar Raab verificou a morte do
protozodario Paramecium caudatum, logo apds exposicdo a luz na presenca de agente
quimico, o corante acridina. A partir disso, constatou-se que a presenca da luz em
associacdo ao corante, modificando a acédo deste, permitiu a identificacdo de um
fotossensibilizante (TAUB, 2004; IMPARATO et al., 2005).

A PDT esta relacionada com o0 uso e administracio de um agente
fotossensibilizante no local de agéo, e em seguida tal agente é ativado por uma luz com
comprimento de onda especifico. No que diz respeito a utilizacdo de agentes
fotossensibilizantes, estes apresentam como caracteristicas essenciais a pureza
guimica, capacidade para atuar de maneira localizada e especifica, eliminagcéo rapida
pelo sitio alvo, bem como meia-vida curta (CALZAVARA-PINTON; VENTURINI; SALA,
2007).

Dentre os tipos de luz que podem ser aplicados na PDT, estdo incluidos como
fontes de luz as lampadas de amplo espectro, as lampadas de diodo e os lasers. Este
altimo possui comprimento de onda especifico, que satisfaz ao pico de absor¢do do
agente sensibilizante empregado. A acdo desempenhada por esta fonte de luz permite o
tratamento de pequenas lesdes, com 0 minimo de danos aos tecidos adjacentes em um
curto intervalo de tempo, o que configura uma vantagem para tal utilizacdo (ISSA;
MANELA-AZULAY, 2010).

Na terapia fotodinamica, a utilizacao do laser de baixa poténcia com comprimento

de onda e energia ajustados em suas configuracdes, garante a eficacia de sua aplicacéo.
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Além disso, tanto o fotossensibilizador utilizado, quanto o comprimento de onda da fonte
geradora de luz, devem ser observados na utilizagdo da PDT, pois a reagao fotoquimica
s6 ocorre quando uma série de parametros € obedecida. Assim, o fotossensibilizador
deve ser irradiado dentro da sua banda de absor¢éo, gerando o efeito iniciador da terapia
fotodinamica (SUKUZI, 2009).

Sao inumeros os agentes fotossensbilizadores que podem ser aplicados nesse
tipo de fotoquimioterapia. Como exemplos, incluem-se o azul de toluidina, coro E6, BLC
1010 e cloreto de fenotiazina e azul de metileno, os quais estdo entre os mais utilizados
na PDT (SOUKOS; GOODSON, 2011). O azul de metileno tem uso recorrente na terapia
fotodindmica como fotossensibilizador. Além deste, outros fotossensibilizadores, como o
azul de toluidina e o verde de malaquita em conjunto com um laser de baixa intensidade,
tem demonstrado acdo antimicrobiana contra bactérias e fungos (VILELA,2010),
demonstrando a eficacia do método.

Além da aplicagdo contra micro-organismos o metodo da terapia fotodindmica
também tem sido utilizado para outros fins, como na terapia do cancer. No tratamento
desse tipo de patologia, a aplicacdo da PDT oferece como vantagem uma acao
direcionada ao tecido lesado, preservando as células adjacentes (YOO; HA, 2012).

Como exemplo, diante de varios problemas médicos, o cancer de célon destaca-
se pela necessidade de novas alternativas para o tratamento, principalmente em casos
de metastase. Neste sentido, a PDT tem sido apresentada como um método aplicavel
para este quadro, embora ainda apresente alguns efeitos adversos ao paciente. Contudo,
o desenvolvimento de terapias fotossintéticas multifuncionais envolvendo duplas ou
triplas terapias, tem sido considerado como op¢ao para minimizar tais caracteristicas
(HODGKINSON; KRUGER; ABRAHAMSE, 2017).

A aplicacdo da terapia fotodinAmica tem sido proposta como uma alternativa no
tratamento de quadros infecciosos, consistindo na utilizagdo do agente
fotossensibilizador, que mediante irradiacao do laser, conduz a producéo de subprodutos
citotéxicos, causando uma destruicdo seletiva dos micro-organismos. Uma efetividade
tem sido demonstrada tanto em modelos de estudos in vitro quanto in vivo contra
bactérias, protozoarios, virus e fungos, incluindo cepas resistentes aos farmacos
(SENNA, 2012).
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Como vantagens para aplicagao da PDT com finalidade antimicrobiana, ressalta-
se por representar um procedimento ndo invasivo, com aplicagéo fécil, que ndo provoca
sangramentos, além de apresentar uma taxa de cura consideravel, bem como reduz a
taxa de recorréncia, de efeitos adversos e de morbidade. A possibilidade do uso com
aplicacfes em &reas extensas, bem como de repeticdo da técnica também representam
pontos positivos para 0 método (DONNELLY; MCCARRON, 2008; NUNEZ; GARCEZ;
RIBEIRO, 2015).

Na acdo antimicrobiana ja relatada, a utilizacdo de um fotossensibilizador que
atraia para si a luz e inicie a formacao de radicais livres € importante para produzir tal
efeito. Os fotossensibilizadores devem apresentar picos de absor¢cdo préximos ao
comprimento de onda da luz utilizada e ndo devem proporcionar danos ao hospedeiro
(WILSON et al., 1992). Dentro da reacao fotoquimica obtida através da PDT, sdo geradas
algumas Espécies Reativas de Oxigénio (EROs), trazendo como resultado acéo contra
um grande ndimero de patdgenos, inclusive microrganismos resistentes a antimicrobianos
(NUNEZ; RIBEIRO; GARCEZ, 2013).

Acredita-se que o efeito contra bactérias por meio da aplicacdo do laser de baixa
poténcia, esteja relacionado com acdo na membrana bacteriana, em decorréncia da
absorcdo de fotons por cromoforos endoégenos, bem como também producédo de
moléculas altamente reativas e citotoxicas ja mencionadas. Diante das caracteristicas da
aplicacao do método, ndo se observa recomendacdes claras quanto aos tipos de lasers,
comprimentos de onda, poténcia e/ou doses da irradiacdo, necessarias para esta
finalidade (BENVINDO et al., 2008).

O efeito terapéutico da PDT ¢é alcancado pela formacdo de oxigénio singlete e
radicais livres apds a irradiacdo com laser. As vantagens do PDT estdo associadas ao
fato de que ele é um tratamento ndo invasivo e as EROs geradas tém um tempo de vida
curto, sendo que o tratamento em locais restritos € possivel (NOH et al., 2018).

A PDT tem sido costumeiramente associada com outras substéncias, incluindo as
de origem natural, a fim de se obter um efeito sinérgico. Dessa maneira, a combinagéo
dessa terapia tem relevancia no interesse da pesquisa nas comunidades cientificas e
aplicabilidade na area médica (AHN; BISWAS; CHUNG, 2013). Historicamente, a

fotomedicina ficou estagnada por varias décadas devido a uma série de fatores, como o
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desenvolvimento de terapias antimicrobianas inovadoras. No entanto, devido ao
surgimento de cepas resistentes aos antibiéticos, que representa um problema de saude
publica, a terapia fotodinamica torna-se uma ferramenta promissora no tratamento de
doencas infecciosas (NUNEZ; RIBEIRO; GARCEZ, 2013).

A PDT envolve a administracdo de componentes ndo-toxicos, como 0s agentes
fotossensiblizadores, os quais podem ser de origem inovadora (WANG et al.,2017). Cabe
ressaltar que a terapia fotodinamica pode ser associada com outras substancias, tendo
relevancia assim no interesse da pesquisa nas comunidades cientificas (AHN; BISWAS,;
CHUNG, 2013).

Tendo em vista o problema das infecgbes causadas por agente patogénicos, outros
mecanismos que colaborem com a terapéutica de individuos infectados, se faz
necessaria. Dentre esses meios estdo as terapias complementares, envolvendo a
laserterapia e a terapia fotodinamica. Os lasers estdo sendo utilizados isolados ou
associados a substancias fotossensibilizadoras para serem auxiliares na inativagao de
micro-organismos. Diante das evidéncias da ac&o antimicrobiana da propolis, conforme
apresentado na literatura, e da aplicabilidade da PDT na area médica, a utilizacdo desta
associacao serviu como modelo de investigacao para o presente estudo, podendo servir
assim como alternativa util no desafio da terapia das doencas infecciosas.
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4. MATERIAIS E METODOS

Em um estudo in vitro, foi utilizado o extrato alcodlico de prépolis seco a 22% como
fotossensibilizador para realizacdo da terapia fotodinamica. O extrato foi obtido em
propriedades rurais no estado de Minas Gerais e fornecido gentilmente pela empresa Mel
Milagres LTDA (CNPJ 00870513000153).

4.1. Laser

Na terapia fotodinamica, usa-se o LASER de baixa poténcia com comprimento de
onda e energia ajustados em suas configuracdes, para eficacia de sua aplicacdo. Para
realizacdo do procedimento de fotossensibilizacdo do corante e da prépolis foi utilizado
um laser modelo PhotonLase Ill (DMC Equipamentos Ltda., Sdo Carlos - SP). Este
equipamento possui meio ativo de Arseneto de Galio e Aluminio (GaAlAs) e tem
comprimento de onda de 660 nm (vermelho visivel). Esse comprimento de onda €&
correspondente a faixa de comprimento de alta absorcéo por esses fotossensibilizadores.

A poténcia do laser utilizada foi de 100 mW, esta foi aferida antes de cada
procedimento experimental. A area de irradiacdo na placa foi determinada e o laser foi
irradiado de modo continuo e com a abertura da ponteira do laser acima do poco durante
90 segundos. A irradiacdo ocorreu no escuro e em camara de fluxo laminar, com uso

adequado de equipamentos de protecao individual e coletiva.

4.2. Preparo da suspensado de micro-organismos e determinacédo da

Concentracao Inibitoria Minima (CIM)

As cepas de Staphylococcus aureus ATCC 29213, Escherichia coli ATCC 25922
e Enterococcus faecalis ATCC 29212 foram previamente cultivadas em agar Mueller-
Hinton (Difco, Detroit, EUA) e permaneceram por 24 horas a 35+2°C em estufa
bacteriol6gica, em condicbes aerdbicas. A linhagem de Streptococcus mutans ATCC
25175 foi cultivada no mesmo meio de cultura, sendo mantida em estufa bacteriol6gica
por 48 h a 35+2°C, em condi¢des de microaerofilia. A partir de colbnias isoladas de cada
cepa, foram preparadas suspensdes padronizadas em solucéo salina esterilizada (NacCl

a 0,85% p/v), obtendo-se um padréo de absorbancia entre 0,08 — 0,13 sob comprimento
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de onda de 625 nm, correspondendo a escala de McFarland (1-2 x 108UFC/mL),
conforme recomendacgdes do CLSI (2015).

A sequir, para o preparo do inéculo bacteriano, a suspenséo dos micro-organismos
foi diluida em caldo Mueller-Hinton e caldo TSB (para espécie de S. mutans) de maneira
que a concentracdo final de bactérias correspondesse a 5 x 10° UFC/mL e a
Concentracdo Inibitéria Minima (CIM) do fotossensibilizador teste (prépolis),
fotossensibilizador controle (azul de metileno), do laser (90s) e do fotossensibilizadores
+ laser (90 s) foi determinada de acordo com protocolo estabelecido pelo CLSI (2015).

Para o estudo de fotossensibilizacdo, inicialmente determinou-se a atividade
antibacteriana dos fotossensibilizadores sem acao adjuvante do laser. Para tanto, foram
utilizadas diluicdes seriadas dos fotossensibilizadores nos pocos. A concentracdo de
prépolis variou de 110 a 0,05 mg/mL e a concentracao de azul de metileno variou de 0,01
a 0,000004%. Realizou-se o controle de crescimento para evidenciar a viabilidade dos
micro-organismos e controle de esterilidade do meio de cultura utilizado, bem como da
substancia fotossensibilizadora.

O experimento foi realizado em triplicata e as microplacas foram incubadas em
estufa bacteriol6gica a 37 °C por 24 horas para posterior observacdo do resultado com
adicao de azul de resazurina (0,1%) e incubacao a 37 °C por mais 20 minutos. Mediante
a viabilidade do micro-organismo, o corante modifica-se da cor azul para cor de rosa.
Dessa forma, a CIM foi definida como a menor concentracdo da propolis em mg/mL,

capaz de impedir o crescimento microbiano visivel (cor azul).

4.3. Analise do efeito antibacteriano por Microscopia de For¢ca Atdmica

As concentracdes sub-CIM do tratamento com propolis e propolis + laser, além do
controle de crescimento da bactéria Staphylococcus aureus ATCC 29213 foram utilizadas
para a verificagdo de possiveis alteracdes provocadas pelo tratamento, no que se refere
a morfologia da célula bacteriana. Para tanto, o mesmo procedimento do MIC foi
reproduzido, com inéculo bacteriano de 5x10° UFC/mL. Apds o procedimento citado
anteriormente, tratamentos semelhantes aos de Aradjo et al. (2015) foram utilizados nas

amostras para realizacdo da analise.
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O microscopio utilizado foi o TT-AFM (AFM Workshop - EUA), no modo de contato
intermitente, usando as pontas TAP300-G10 (TED PELLA, INC.) com uma frequéncia de
ressonancia de aproximadamente 248 kHz. As imagens obtidas foram tratadas utilizando
o programa Gwyddion 2.45. Mdltiplas areas de cada amostra foram examinadas com o
proposito de verificar a média de altura de bactérias tratadas e néo tratadas, utilizando o
programa Gwyddion 2.45.

Para a andlise estatistica dos resultados obtidos foi utilizado o programa GraphPad
Prism 7.01, para obter a média de altura das cepas foi aplicado o teste ANOVA de uma
via com pos-teste de Tukey, com um “n” de 22 amostras. Um valor de p<0,05 foi
considerado estatisticamente significante e os resultados foram expressos como média
+DPM.
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5. RESULTADOS E DISCUSSAO

EFFECT OF PHOTODYNAMIC THERAPY AGAISNT INFECTIOUS AGENTS USING
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Abstract: Photodynamic therapy (PDT) is a process that uses a light source - the laser -, oxygen molecules and a
photosensitizing agent. PDT aims to act against pathogens, including those that are resistant to antimicrobials. The
association of PDT with natural drugs, such as propolis, has not been widely studied. Therefore, this study aimed to
evaluate, the in vitro antimicrobial effect of photodynamic therapy using propolis as a photosensitizing agent. For this
purpose, dry propolis extract was used as photosensitizer and low power LASER - PhotonLase 111 model - was
irradiated above the micro well for 90 seconds. Gram-positive and Gram-negative bacterial strains were used in the
tests at a concentration of 5x10% CFU/mL. Initially, the antibacterial activity of photosensitizers without laser action
was determined by a serial microdilution method, and, afterwards, the experiment with the laser was performed. After
incubation of the plates in a bacteriological oven, resazurin (0.1%) was added and the minimum inhibitory
concentration (MIC) was determined. Alterations in the morphology of the bacteria were analyzed by atomic force
microscopy (AFM). Bacteria were sensitive to propolis with MICs ranging from 13.75 to 0.85 mg/mL, but no
susceptibility was observed for methylene blue without laser addition. A change was observed for the MIC values of
propolis against S. aureus after irradiation, which decreased from 1.71 mg/mL to 0.85 mg/mL. This behaviour,
however, was not observed for E. coli, the Gram-negative strain used. In addition, AFM images revealed changes in
the size of one of the bacteria tested. Based on the results reported, it was possible to conclude that propolis in
association with LASER is more active against Gram-positive bacteria.

Keywords: Photodynamic Therapy, Propolis, Antimicrobial activity.

1. INTRODUCTION

By the use of light, a new field of medicine emerged: the photomedicine, which uses electromagnetic wave in
the treatment of diseases. In this regard, the light treatments are classified in three types: phototherapy (use of light,
only), photochemotherapy (use of light associated to chemical compounds with UV excitation) and photodynamic
therapy (use of photosensitizing agents, with excitation in visible spectrum wavelengths) [1].

Thus, photodynamic therapy (PDT) is characterized by using the following components: a photosensitizing
agent, followed by LASER (Light Amplification by Stimulated Emission of Radiation) and oxygen molecules [2].
More specifically, the therapeutic effect of PDT is achieved by the formation of singlet oxygen and free radicals after
laser irradiation, which results in its activity against a great number of pathogens, including antimicrobial resistant

microorganisms [3].
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PDT can be used for a vast number of applications, such as the treatment of malignant tumours, fungal
infections, tissue repair, healing and, yet, as an antimicrobial agent. In cancer treatment, for example, the use of PDT
offers as an advantage a targeted action to the damaged tissue, preserving the adjacent cells [4].

Colon cancer stands out by the necessity of new treatment alternatives, particularly in cases of metastasis. In
this regard, PDT has been considered an applicable method. Thus, the development of multifunctional photosynthetic
therapies, involving double or triple therapies, could be an option to minimize such characteristics [5]. In relation to
the use of PDT for antimicrobial applications, some advantages can be mentioned, including the fact that bacteria cell
death can occur faster and, consequently, the use of chemical agents, in high concentrations, for a long period, is no
longer required [6].

In this context, natural products have already shown proven efficacy for the treatment of some diseases, once
the adverse effects on normal cells are slighter then those observed for the other drugs [7]. In light of this, propolis has
been extensively studied and exhibits several properties of interest for the scientific community. Propolis most
important properties include antioxidant, antimicrobial, antiparasitic, cytotoxic [8] and immunostimulating activities
[71.

Several studies have highlighted the antimicrobial potential of propolis. Literature reports its effect against
Staphylococcus aureus ATCC 25923, Streptococcus pyogenes ATCC 19615 and Escherichia coli ATCC 25922 [9].
In addition to these strains, Streptococcus mutans, as well as Staphylococcus epidermidis ATCC 12228 and Salmonella
typhimurium ATCC 14028 have also shown susceptibility to this product [10, 11].

Given extensive evidences of the antimicrobial activity of propolis, along with the applicability of PDT in the
medical area, this association was used as an investigation model for the present study. Thus, this research aimed to

evaluate the in vitro antimicrobial effect of the photodynamic therapy, using propolis as a photosensitizing agent.

2. MATERIAL AND METHODS

2.1. Photosensitizer

Dry alcoholic extract of propolis (22%) was used as the photosensitizer. The extract was obtained in rural
properties, located in the state of Minas Gerais and kindly supplied by Mel Milagres LTDA (CNPJ 00870513000153).

2.2. Laser

In photodynamic therapy, a low power LASER, with adjusted wavelength and energy, is required. For the
propolis and dyes photosensitising procedure, a PhotonLase 111 was used. This equipment has an active laser medium
of gallium arsenide and aluminium (GaAlAs) and 660 nm wavelength. This wavelength corresponds to the high
absorption length range for these photosensitizers.

The laser potency used was 100 mW, which was measured before each experiment. The irradiation area in the
plate was determined and the laser was irradiated continuously, with the laser fingertip aperture above the microwell,

for 90 seconds. The irradiation was carried out in the dark and in a laminar airflow cabinet.
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2.3. Preparation of the microorganisms and determination of the Minimum Inhibitory Concentration
(MIC)

Bacterial strains (S. aureus ATCC 29213, E. coli ATCC 25922 and S. mutans ATCC 25175) were previously
cultivated in a bacteriological incubator, according to the protocol suggested by CLSI (2015). From the grown colonies,
standardized suspensions were prepared in sterile saline solution (NaCl 0.85% w/v), in order to obtain absorbance
between 0.08 and 0.13, on 625 nm, corresponding to the McFarland scale (1-2 x 108 CFU/mL), according to the CLSI

(2015) recommendations.

Subsequently, to prepare the bacterial inoculum, the microorganisms suspension was diluted in Mueller-Hinton
broth or TSB (Streptococcus mutans ATCC 25175), to obtain a bacterial concentration of 5 x 10° CFU/mL. The
Minimum Inhibitory Concentration (MIC) for the photosensitizer (propolis), the LASER (90 s) and the photosensitizer
associated to the LASER (90 s) was determined according to CLSI (2015).

Initially, the antibacterial activity of the photosensitizers without the LASER action was determined. For this
purpose, these substances were submitted to two-fold serial dilutions, where the propolis concentrations varied from
110 to 0.05 mg/mL, while the concentrations of methylene blue varied from 0.01 to 0.000004%. The experiment was
performed in triplicate and the microplates were placed in a bacteriological incubator, at 37 °C, for 24 hours. After that
period, the results were observed with the addition of resazurin blue (0.1%), followed by incubation at 37 °C for 20
minutes. By means of the microorganism viability, the dye colour turns from blue to pink. The MIC was defined as
the lowest concentration able to visibly supress the microbial growth.

2.4. Analysis of the antibacterial effect by Atomic Force Microscopy

For AFM imaging, the sub MIC concentrations of the treatments with propolis, propolis + LASER and the
bacteria growth control were used in order to observe the possible alterations caused by the treatment towards the
bacterial cell morphology. To this end, the same procedure carried out before for the MIC determination was
reproduced, with an inoculum of 1 x 10% CFU/mL. For this analysis, the samples were treated as previously described
[12].

Images were produced with the aid of a TT-AFM (AFM Workshop - EUA), using the intermittent contact mode,
TAP300-G10 (TED PELLA, INC.) probes and a resonance frequency of, approximately, 248 kHz. The software
Gwyddion 2.45 was used to treat the images obtained. Multiple areas of each sample were examined in order to analyse
the mean height of the treated and untreated bacteria, using the software Gwyddion 2.45. The statistical analysis of the
results was performed with the software GraphPad prism 7.01. The mean height of the strains was determined by one-
way ANOVA, with Tukey post-test (n = 22 samples). Statistical significance was considered for p < 0.05 and the

results were expressed as mean + MSD.

3. RESULTS

3.1. Determination of Minimum Inhibitory Concentration (MIC).
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The in vitro sensibility of the bacterial strains S. aureus ATCC 29213, E. coli ATCC 25922 and S. mutans
ATCC 25175 was assessed by the MIC determination in different groups. The MIC was considered as the lowest
photosensitizer concentration able to inhibit bacterial growth. The results were interpreted by the visual reading of the

wells. It was observed that the MICs varied from 13.75 to 1.71 mg/mL, as reported in Table 1.

Table 1. Minimum Inhibitory Concentration of the photosensitizer towards the tested bacteria. Results are expressed
in mg/mL.

Bacterial Strains Methylene Blue Propolis
S. aureus ATCC 29213 - 1.71
E. coli ATCC 25922 - 13.75
S. mutans ATCC 25175 - 171

- No inhibitory activity detected.

Without LASER addition, methylene blue had no activity against the selected bacteria in the concentrations
tested. On the other hand, in this study propolis showed antibacterial activity against all the strains used.

After the determination of the MIC for the agents without LASER irradiation, the same assay was performed
in order to determine the effect of the LASER in this activity. It was verified that the MIC value for propolis against
S. aureus ATCC 29213 suffered an alteration after LASER irradiation for 90 seconds. This behaviour was not observed
for the other strains: E. coli ATCC 25922 and S. mutans ATCC 25175. These results are represented in Table 2.

Table 2. Minimum inhibitory concentration of the photosensitizing agents against the tested bacteria after LASER
irradiation. Results are expressed in mg/mL.

Bacterial Strains Methylene Blue and LASER Propolis and LASER
S. aureus 0.005 0.85
E. coli - 13.75
S. mutans - 1.71

- No inhibitory activity detected

According to Table 2, it is possible to observe that the MIC found for methylene blue against S. aureus after
LASER irradiation for 90 seconds was 0.005%. For E. coli, in turn, no activity alteration was observed after LASER
irradiation, that is, the LASER did not interfere in the bacterium development. The same was observed for S. mutans.
The action of LASER irradiation alone was also investigated and the results found showed that it has no antibacterial

activity against the strains used in this study.
3.2. Atomic Force Microscopy Analysis

Once the association between propolis and LASER irradiation was able to inhibit S. aureus ATCC 29213
growth, this strain was selected for AFM imaging. For that purpose, the contents of the microwells corresponding to
the sub MIC concentrations of propolis and the MIC of propolis + LASER were submitted to this analysis, as well as

the growth control group.
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As represented in Figure 1, S. aureus ATCC 29213 growth control group (Figure 1-A) presented a behaviour
that characterizes this strain as Gram-positive bacteria. On the other hand, the bacteria treated with propolis showed
similar morphology, but, it is possible to observe in Figure 1 (B) that this group had increased height (1.5 um) when
compared to the control (1.13 um). The bacteria treated with propolis + LASER (Figure 1-C), presented similar
behaviour, although the height found for this group was 1.4 um. In face of these information, it is possible to conclude
that both treatments — propolis and propolis + LASER- were able to interfere in the bacteria morphology so that it is

possible to observe alterations on its size according to the reported in Figure 1-D.
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Fig. 1 3D AFM images of S. aureus ATCC 29213. Control (A), bacteria treated with propolis (prop) in sub MIC
concentration (B) and bacteria treated with propolis + LASER in MIC concentration (C). All the images present the
scale bars (X and Y) of 8 um, with a resolution of 512 pixels. The mean height graph is represented on (D), with results
expressed as mean £ MSD and p<0.0001 (***), which was considered statistically significant.

These observations can also be evidenced by the topographic images of the treatment groups, which

demonstrate the alterations.
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Fig.2 2D AFM images of S. aureus ATCC 29213. Control (A), bacteria treated with propolis, in sub MIC concentration
(B) and bacteria treated with propolis + LASER, in MIC concentration (C). All the images present the scale bars (X
and Y) of 8 um, with a resolution of 512 pixels.

4. DISCUSSION

Propolis has been extensively investigated, once it exhibits several properties of interest for the scientific
community. Its potential has been primarily described in relation to its antioxidant, antimicrobial and cytotoxic
activities [13]. In this study, the antibacterial activity of propolis was reiterated, with effect against the three bacterial
strains used. From the MIC determination assay, it was possible to observe that propolis inhibited the bacterial growth
in concentrations varying from 13.75 to 1.71 mg/mL.

In addition, S. aureus also showed sensibility to propolis in this study. These results corroborate with literature,
which claims that propolis has a good antibacterial activity towards this species [13, 14]. Similarly, the use of three
methicillin resistant species and one sensible species allowed demonstrating that green propolis was able to inhibit the
growth of these bacteria [15]. In addition to these, the propolis used in this study was also able to inhibit S. mutans
growth. These findings are in agreement with the effects previously observed, which showed that this product is also
able to inhibit S. mutans growth [10].

These results might be associated to the presence of flavonoids and other aromatic compounds in the extract,
which act on the Gram-positive bacteria cell wall [13]. Methylene blue, in turn, did not inhibit the growth of the
abovementioned strains, even in the highest concentration used. This observation is also in agreement with literature
reports, which only found antibacterial activity for methylene blue after LASER addition [16, 17].

Based on the results obtained, the LASER influence on the antibacterial activity of propolis was investigated.
It was observed that the LASER addition only improved propolis activity against S. aureus ATCC 29213, as well as
granted antibacterial activity for methylene blue against the same strain. Hence, it was possible to conclude that the
light source was able to influence the activity of the photosensitizing agent against S. aureus ATCC 29213.

S. aureus is frequently associated to several human infections, such as cutaneous infections — simple folliculitis,
for example -, impetigo, boils and carbuncles, as well as surgical wounds infections [18]. So, the effect obtained by
the association of propolis and LASER demonstrates that this method is efficient on the growth inhibition of this

important bacterial species, involved in several infectious processes.
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No changes on MIC were observed for the activity of propolis after LASER addition against S. mutans ATCC
25175, which maintained the values previously found. The same behaviour was observed for E. coli ATCC 25922,
which demonstrated more resistance to propolis action, not only when the product was used alone, but also when
propolis was associated to the LASER.

The antibacterial activity of propolis against E. coli has already been reported [11], although the methods used
were different from those applied in this study. However, literature reports the effect of this product against this species.
Due to its cell wall structure, which is more complex than the one found for Gram-positive bacteria, Gram-negative
species are, usually, more resistant to the action of antibiotics. Often, these antibiotics may not be able to go beyond
the lipid bilayer, what can explain the lower susceptibility of this species to the propolis used [19]. Furthermore, this
bacterias can acquire genes that are located in the plasmids, which confer them resistance to diferent classes of
antibiotics [20].

This resistance presented by Gram-negative bacteria towards the action of propolis has been attributed to the
high lipid content and complexity of the cell wall formed by the presence of differentiated lipopolysaccharidic
substances, which grant the bacteria antigenicity and pathogenicity [9]. In this context, E. coli drug-resistant can be
transmitted to human beings with the use of antibiotics in animal food, propagating this resistance to slaughtered
animals, the food derived, and the environment [21]. In the WHO urgency list in the new antibiotics the E. coli is in
critical priority because this bacteria is among the three most multiresistant [22].

As propolis effect against S. aureus was improved after LASER application for 90 seconds, that species was
selected for atomic force microscopy analysis, in order to assess the morphological alterations that could have occurred
after the exposition to the treatments. For this purpose, the treatment with propolis alone and propolis with LASER
were considered.

Figures 1 and 2 allow the observation of size alterations on the bacteria, when compared to the control group.
The group treated only with propolis was considerably higher than the control group. Similarly, the treatment with
propolis + LASER also provided statistically significant alterations when compared to the control group, with 1.4 um
height. These results show that the antibacterial effect of propolis against S. aureus was induced by altering the bacteria
morphology, changing their sizes.

Morphological alterations, as a function of time, promoted by the ethanolic extract of propolis against the
same species used in this study, have also been reported by atomic force microscopy analysis [23]. These analysis
revealed that in a time of 4 hours of exposition to the product, the bacteria presented slight differences on the size.
After 12 hours in contact with the extract, the microorganisms presented increased volume, what, according to the
authors, may have occurred due to the loss of morphological characteristics, as well as the presence of lysis [23].

After the treatment with propolis extract, S. aureus strains isolated from bovine mastitis were analysed by the
same method [24]. In the analysis, the occurrence of morphological and size modifications was evidenced. It is worth
to mention that, facing these information, the alterations promoted by both treatments performed in the present study
indicate that the effect of propolis is involved in the size of the bacteria. It is also important to highlight that the analysis
were carried out after 24 hours of contact with propolis and propolis with LASER application. The propolis used in
this study is a commercial product, thus, its composition is different from the extracts used in the abovementioned

studies.
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The results obtained allowed to observe that propolis may be used as a photosensitizing agent in the application
of photodynamic therapy for the treatment of infectious agents, including S. aureus ATCC 29213, which presented
sensibility to the applied method. According to the atomic force microscopy results, it was also possible to infer that
the antibacterial effect of this product is associated with alterations in the bacteria size.

These observations point to the necessity of performing more studies, in order to demonstrate the mechanism
that leads to such alterations. Besides, the investigation of the method tested in the present research against other

bacterial strains needs to be performed, purposing to demonstrate its effect against other infectious agents.
5. CONCLUSION

Based on the results reported, it was possible to conclude that propolis is more active against Gram-positive
bacteria and the photodynamic therapy improved its activity against one of the strains tested. It was also possible to
observe that S. aureus ATCC 29213 strain was sensible to the applied method, while the most resistant strain was E.
coli 25922. This resistance was observed for both treatments: propolis alone and propolis associated to the application

of light source.
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6. CONCLUSAO

A partir dos dados obtidos conclui-se que a propolis € mais eficaz contra bactérias
Gram-positivas e que a terapia fotodinamica pode ajudar na inibicdo do crescimento
desse micro-organismo, melhorando a sua atividade. Conclui-se ainda que a bactéria S.
aureus ATCC 29213 foi a espécie sensivel ao método aqui empregado e a mais resistente
foi a espécie E. coli ATCC 25922, e que essa resisténcia foi tanto quando tratada com a

propolis sozinha, como também no tratamento com aplicagéo da fonte de luz.
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« To accommodate user downloads, please keep in mind that larger-sized files may
require very long download times and that some users may experience other
problems during downloading.

Audio, Video, and Animations
e Aspectratio: 16:9 or 4:3
e Maximum file size: 25 GB
e Minimum video duration: 1 sec

o Supported file formats: avi, wmv, mp4, mov, m2p, mp2, mpg, mpeg, flv, mxf, mts,
m4v, 3gp

Text and Presentations

e Submit your material in PDF format; .doc or .ppt files are not suitable for long-term
viability.

e A collection of figures may also be combined in a PDF file.
Spreadsheets

o Spreadsheets should be submitted as .csv or .xIsx files (MS Excel).
Specialized Formats

e Specialized format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica
notebook), and .tex can also be supplied.

Collecting Multiple Files
o lItis possible to collect multiple files in a .zip or .gz file.
Numbering

o If supplying any supplementary material, the text must make specific mention of
the material as a citation, similar to that of figures and tables.

o Refer to the supplementary files as “Online Resource”, e.g., "... as shown in the
animation (Online Resource 3)", “... additional data are given in Online Resource
4",

o Name the files consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf".
Captions

o For each supplementary material, please supply a concise caption describing the
content of the file.

Processing of supplementary files

« Electronic supplementary material will be published as received from the author
without any conversion, editing, or reformatting.

Accessibility
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In order to give people of all abilities and disabilities access to the content of your
supplementary files, please make sure that

9.

The manuscript contains a descriptive caption for each supplementary material

Video files do not contain anything that flashes more than three times per second
(so that users prone to seizures caused by such effects are not put at risk)

ETHICAL RESPONSIBILITIES OF AUTHORS

This journal is committed to upholding the integrity of the scientific record. As a member
of the Committee on Publication Ethics (COPE) the journal will follow the COPE guidelines
on how to deal with potential acts of misconduct.

Authors should refrain from misrepresenting research results which could damage the
trust in the journal, the professionalism of scientific authorship, and ultimately the entire
scientific endeavour. Maintaining integrity of the research and its presentation is helped
by following the rules of good scientific practice, which include*:

The manuscript should not be submitted to more than one journal for simultaneous
consideration.

The submitted work should be original and should not have been published
elsewhere in any form or language (partially or in full), unless the new work
concerns an expansion of previous work. (Please provide transparency on the re-
use of material to avoid the concerns about text-recycling (‘self-plagiarism’).

A single study should not be split up into several parts to increase the quantity of
submissions and submitted to various journals or to one journal over time (i.e.
‘salami-slicing/publishing’).

Concurrent or secondary publication is sometimes justifiable, provided certain
conditions are met. Examples include: translations or a manuscript that is intended
for a different group of readers.

Results should be presented clearly, honestly, and without fabrication, falsification
or inappropriate data manipulation (including image based manipulation). Authors
should adhere to discipline-specific rules for acquiring, selecting and processing
data.

No data, text, or theories by others are presented as if they were the author’'s own
(‘plagiarism’). Proper acknowledgements to other works must be given (this
includes material that is closely copied (near verbatim), summarized and/or
paraphrased), quotation marks (to indicate words taken from another source) are
used for verbatim copying of material, and permissions secured for material that is
copyrighted.

Important note: the journal may use software to screen for plagiarism.

Authors should make sure they have permissions for the use of software,
questionnaires/(web) surveys and scales in their studies (if appropriate).
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e Authors should avoid untrue statements about an entity (who can be an individual
person or a company) or descriptions of their behavior or actions that could
potentially be seen as personal attacks or allegations about that person.

« Research that may be misapplied to pose a threat to public health or national
security should be clearly identified in the manuscript (e.g. dual use of research).
Examples include creation of harmful consequences of biological agents or toxins,
disruption of immunity of vaccines, unusual hazards in the use of chemicals,
weaponization of research/technology (amongst others).

e Authors are strongly advised to ensure the author group, the Corresponding
Author, and the order of authors are all correct at submission. Adding and/or
deleting authors during the revision stages is generally not permitted, but in some
cases may be warranted. Reasons for changes in authorship should be explained
in detail. Please note that changes to authorship cannot be made after acceptance
of a manuscript.

*All of the above are guidelines and authors need to make sure to respect third parties
rights such as copyright and/or moral rights.

Upon request authors should be prepared to send relevant documentation or data in order
to verify the validity of the results presented. This could be in the form of raw data,
samples, records, etc. Sensitive information in the form of confidential or proprietary data
is excluded.

If there is suspicion of misbehavior or alleged fraud the Journal and/or Publisher will carry
out an investigation following COPE guidelines. If, after investigation, there are valid
concerns, the author(s) concerned will be contacted under their given e-mail address and
given an opportunity to address the issue. Depending on the situation, this may result in
the Journal’s and/or Publisher’s implementation of the following measures, including, but
not limited to:

« If the manuscript is still under consideration, it may be rejected and returned to the
author.

o If the article has already been published online, depending on the nature and
severity of the infraction:

- an erratum/correction may be placed with the article
- an expression of concern may be placed with the article
- or in severe cases retraction of the article may occur.

The reason will be given in the published erratum/correction, expression of concern or
retraction note. Please note that retraction means that the article is maintained on the
platform, watermarked “retracted” and the explanation for the retraction is provided in a
note linked to the watermarked article.

o The author’s institution may be informed

o A notice of suspected transgression of ethical standards in the peer review system
may be included as part of the author’s and article’s bibliographic record.
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Fundamental errors

Authors have an obligation to correct mistakes once they discover a significant error or
inaccuracy in their published article. The author(s) is/are requested to contact the journal
and explain in what sense the error is impacting the article. A decision on how to correct
the literature will depend on the nature of the error. This may be a correction or retraction.
The retraction note should provide transparency which parts of the article are impacted
by the error.

Suggesting / excluding reviewers

Authors are welcome to suggest suitable reviewers and/or request the exclusion of certain
individuals when they submit their manuscripts. When suggesting reviewers, authors
should make sure they are totally independent and not connected to the work in any way.
It is strongly recommended to suggest a mix of reviewers from different countries and
different institutions. When suggesting reviewers, the Corresponding Author must provide
an institutional email address for each suggested reviewer, or, if this is not possible to
include other means of verifying the identity such as a link to a personal homepage, a link
to the publication record or a researcher or author ID in the submission letter. Please note
that the Journal may not use the suggestions, but suggestions are appreciated and may
help facilitate the peer review process.

10.COMPLIANCE WITH ETHICAL STANDARD

To ensure objectivity and transparency in research and to ensure that accepted principles
of ethical and professional conduct have been followed, authors should include
information regarding sources of funding, potential conflicts of interest (financial or non-
financial), informed consent if the research involved human participants, and a statement
on welfare of animals if the research involved animals.

Authors should include the following statements (if applicable) in a separate section
entitled “Compliance with Ethical Standards” when submitting a paper:

« Disclosure of potential conflicts of interest
e Research involving Human Participants and/or Animals
e Informed consent

Please note that standards could vary slightly per journal dependent on their peer review
policies (i.e. single or double blind peer review) as well as per journal subject discipline.
Before submitting your article check the instructions following this section carefully.

The corresponding author should be prepared to collect documentation of compliance with
ethical standards and send if requested during peer review or after publication.

The Editors reserve the right to reject manuscripts that do not comply with the above-
mentioned guidelines. The author will be held responsible for false statements or failure
to fulfill the above-mentioned guidelines.
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11.DISCLOSURE OF POTENTIAL CONFLICTS OF INTEREST

Authors must disclose all relationships or interests that could have direct or potential
influence or impart bias on the work. Although an author may not feel there is any conflict,
disclosure of relationships and interests provides a more complete and transparent
process, leading to an accurate and objective assessment of the work. Awareness of a
real or perceived conflicts of interest is a perspective to which the readers are entitled.
This is not meant to imply that a financial relationship with an organization that sponsored
the research or compensation received for consultancy work is inappropriate

n addition, interests that go beyond financial interests and compensation (non-financial
interests) that may be important to readers should be disclosed. These may include but
are not limited to personal relationships or competing interests directly or indirectly tied to
this research, or professional interests or personal beliefs that may influence your
research.

The corresponding author collects the conflict of interest disclosure forms from all authors.
In author collaborations where formal agreements for representation allow it, it is sufficient
for the corresponding author to sign the disclosure form on behalf of all authors. Examples
of forms can be found

e here:

The corresponding author will include a summary statement in the text of the manuscript
in a separate section before the reference list, that reflects what is recorded in the potential
conflict of interest disclosure form (s).

See below examples of disclosures:
Funding: This study was funded by X (grant number X).

Conflict of Interest: Author A has received research grants from Company A. Author B has
received a speaker honorarium from Company X and owns stock in Company Y. Author
C is a member of committee Z.

If no conflict exists, the authors should state:

Conflict of Interest: The authors declare that they have no conflict of interest.
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