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RESUMO

A terapia de fotobiomodulagdo (FBM), também conhecida como Laser de Baixa
Intensidade (LBI), tem sido estudada principalmente por seus efeitos na
reparagao, regeneragao e cicatrizagao tecidual, ou seja, devido a sua acao direta
e indireta sobre a capacidade proliferativa celular. A literatura, no entanto, tem se
mostrado bastante contraditoria sob varios aspectos associados ao uso dessa
terapia, mostrando divergéncias nos resultados de acordo com os diferentes
tipos de LBI, doses irradiadas, modos de tratamento, bem como relacionadas as
condigcbes do tecido e as caracteristicas genéticas. E necessario, portanto,
considerar o modo de acéo pelo qual o LBI age e, igualmente, seus efeitos na
reparagao tecidual, ou seja, se sua atuacgao direta sobre a proliferagdo pode ou
nao afetar a viabilidade celular, a taxa de mutacdo espontdnea e de
recombinagdo mitética tanto in vitro quanto in vivo. O objetivo deste estudo foi
avaliar os possiveis efeitos citotoxicos e genotdxicos da irradiagdo com LBl em
fluéncias geralmente utilizadas na pratica clinica. Foram realizados os testes
Cometa (660 nm and 904 nm) e SMART (904 nm) para detec¢do de dano ao
DNA e o teste colorimétrico MTT (660 nm e 904 nm) para avaliagdo da
viabilidade celular. A linhagem celular murina NIH-3T3 e o organismo
experimental Drosophila melanogaster foram expostos a diferentes fluéncias (3,
5, 10 e 20 J/cm?) e comparados aos respectivos controles. Para deteccéo de
dano, em ambos experimentos, os modelos experimentais receberam apenas
uma irradiacdo enquanto, no teste de viabilidade, foram realizadas até trés
exposicdes ao LBl no periodo de 3 dias, com intervalo de 24horas. Foram
utilizados Lasers vermelho (660 nm, 20 mW, onda continua, tamanho de ponto
0,035 cm?, diametro 2,2 mm) e infravermelho (904 nm, 50 mW, modo pulsado,
tamanho de ponto 0,01 cm?, diametro 1,2 mm).Todos os modelos experimentais
foram irradiados com sonda LBl em varredura, mantendo um angulo de 90° e
uma distancia focal de 0,5 cm. No teste MTT, ndo foram observadas diferencas
significativas na viabilidade celular, e o LBl ndo produziu efeitos genotdxicos
consideraveis nos parametros utilizados para o teste Cometa. Em relagédo ao
teste SMART, foi demonstrado que trés, das quatro doses de Laser testadas,
induziram danos genéticos. Esses resultados demonstraram que o LBI, nos
parametros 660 nm e 904 nm, utilizados em fluéncias de 3, 5, 10 e 20 J/cm?, n3o
apresentou efeitos citotoxicos ou outros relacionados a danos genéticos nos
testes de viabilidade celular MTT e Cometa, respectivamente. Ja no teste
SMART, por meio da analise quantitativa e qualitativa da expressao de pélos
mutantes, foi possivel verificar a presenca de eventos mutagénicos, tanto
pontuais quanto cromossbmicos, bem como aqueles relacionados a
recombinacdo mitdtica nas doses de 5, 10 e 20 J/cm?; além disso, os resultados
apontam para um efeito dose-resposta. Conclusdo: A radiagao a laser foi capaz
de induzir um incremento em mutagcdo e recombinagao somatica em Drosophila
melanogaster que apresentou um efeito de dose/resposta. Estes resultados
apontam para a necessidade de se avaliar os danos do Laser através de
diferentes bioensaios. O LBl nos parametros utilizados ndo apresentaram efeitos
citotéxicos ou relacionados a danos genéticos nos testes de viabilidade celular
MTT e Cometa, respectivamente. Pesquisas clinicas devem ser realizadas a fim
de corroborar ou ndo os resultados encontrados.

Palavras-chave: Fotobiomodulacio, Laser, SMART, teste Cometa, MTT.



ABSTRACT

Photobiomodulation therapy (PBM), also known as Low Level Laser Therapy
(LLLT), has been studied mainly for its effects on repair, regeneration and tissue
healing, and this is due to its direct and indirect action on celular proliferative
capacity. The literature, however, has been quite contradictory on several
aspects associated with the use of this therapy, showing divergence of the
results according to the different types of LLLT, irradiated doses, treatment
methods, such as the conditions of the tissue and genetic characteristics.
Therefore, it is necessary to consider the mechanism of action by which LLLT
acts and also by its effects on tissue repair, that is whether its direct action on
proliferation may affect the viability, the rate of spontaneous mutation and mitotic
recombination, both in vivo and in vitro. The objective of this study was to
evaluate the possible cytotoxic and genotoxic effects of LLLT irradiation in
fluences commonly used in clinical practice. Cometa (660 nm and 904 nm) and
SMART (904 nm) tests were used to detect DNA damage and the MTT
colorimetric assay (660 nm and 904 nm) were performed to evaluate cell viability.
Mouse cell line NIH-3T3 and experimental models Drosophila melanogaster were
exposed to different fluences (3, 5, 10 and 20 J/cm?) and compared to the
respective controls. For detection of damage, in both experiments, the
experimental organisms received only one irradiation, while in the viability test up
to three exposures to the LLLT were performed in the 3-day period, with a 24-
hour interval. Therapeutic low-level red (660 nm, 20 mW, continuous wave, dot
size 0.035 cm?, diameter 2.2 mm) and infrared (904 nm, 50 mW, pulsed mode,
spot size 0.01cm?, diameter 1.1 mm) lasers were used in this study. The focal
point of the probe was 0.5cm at an angle of 90° by scanning. In the MTT test, no
significant differences in cell viability were observed and LLLT did not produce
considerable genotoxic effects in the parameters used for the Cometa test.
Regarding the SMART test, three of the four doses of Laser tested were shown
to induce genetic damage. These results demonstrated that LLLT, in the
parameters 660 nm and 904 nm, used in fluences of 3, 5, 10 and 20 J/cm?, did
not present cytotoxic or genetic damage related effects in the cell viability test
and Cometa, respectively. In SMART test, through the quantitative and
qualitative analysis of mutant hair expression, it was possible to verify the
presence of mutagenic events, both punctual and chromosomal, as well as those
related to mitotic recombination at doses of 5, 10 and 20 J/cm? and, in addition,
the results indicate a dose/response effect. Conclusion: Laser irradiation was
able to induce an increase mutation and somatic recombination in Drosophila
melanogaster presented a dose/response effect. These results show thw
importance to evaluate the laser damage through different bioassays. The LLLT
in the parameters used did not present cytotoxic or genetic damage related
effects in the cell viability tests MTT and Cometa, respectively. Clinical research
should be performed to corroborate or not the results found.

Keywords: Photobiomodulation, Laser, SMART, Comet assay, MTT.
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APRESENTAGAO

Este trabalho consiste na Tese de Doutorado intitulada “Avaliacdo do
Potencial Genotoxico e da Citotoxidade da Terapia de Fotobiomodulacdo em
Modelos Experimentais”, a ser apresentada ao Programa de Pds-Graduagédo em
Ciéncias da Saude da Universidade Federal de Ciéncias da Saude de Porto
Alegre — UFCSPA.

As razdes que levam os genes que regulam o ciclo celular a perderem
suas funcdes sao complexas e multifatoriais. Dentre elas, podemos citar
predisposi¢coes genéticas ou hereditarias, acdo de agentes fisicos (que incluem
principalmente as radiagdes), quimicos e bioldgicos. Alicergada nesse contexto,
a investigacdo de agentes que tenham um espectro de acgao relacionado ao
incremento da proliferacdo celular torna-se de extrema relevancia para o
esclarecimento da relacdo risco-beneficio em relacdo a sua utilizagao. Foram
essas questdes de pesquisa que inicialmente estimularam o desenvolvimento
deste trabalho.

As publicagbes acerca da toxicidade ou mutagenicidade das radiagbes
nao sao escassas. No entanto, a literatura tem concentrado um maior numero de
trabalhos relacionados as radiagdes ionizantes. De fato, o estudo das radiagdes
nao-ionizantes, como o Laser, tem se centrado nas possibilidades terapéuticas
ligadas a alteragbes anatomohistoldgicas, fisiolégicas e bioquimicas.

Esta tese é composta por introdugéao, revisdo de literatura, objetivos, dois
artigos cientificos intitulados “Photobiomodulation therapy induces genetic
toxicity in eukaryotic cells using test in vivo” e “Cell viability and DNA damage in
mouse fibroblast cell line submitted to Photobiomodulation therapy (660 nm and
904 nm)”, conclusbes e consideragdes finais, como anexos, o registro na
comissao de pesquisa da UFCSPA e as instrugbes das revistas selecionadas

para a submissao dos artigos.
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1. INTRODUGAO

A terapia de Fotobiomodulagao (FBM), também conhecida como Laser de
Baixa Intensidade (LBI) [1], tem sido amplamente estudada, principalmente por
seus efeitos na reparagao, regeneragao e cicatrizagao tecidual, ou seja, devido a
sua acao direta e indireta sobre a capacidade de proliferagcao e diferenciacao
celular [2]. Essa acdo se deve, provavelmente, ao incremento da fungao
mitocondrial [3] e ao estimulo a cadeia respiratoria [4,5]. Dessa forma, em curto
prazo, acelera a sintese de ATP, via glicdlise ou fosforilagdo oxidativa e, em
longo prazo, a transcrigéo e replicagdo do DNA [6], levando a um aumento da
atividade celular, da producgéo de fibras colagenas e da regeneragdao de vasos

sanguineos [7].

De uma forma geral, a FBM tem sido terapeuticamente utilizada em
diversas especialidades devido as suas caracteristicas analgésicas [8], ao
estimulo a reparagao tecidual [9], a reducdo de edema e de hiperemia nos
processos inflamatérios [10,11], além de atuar em parestesias e paralisias [8,12].
Alguns estudos tém demonstrado efeitos antioxidantes apds eventos isquémicos
[13] ou trauma em mdusculos esqueléticos [14], e outros trabalhos tém
demonstrado que a absor¢do do Laser pode diminuir o dano oxidativo em
musculos lesados ou quando irradiados antes de atividades fisicas exautivas
[15,16]. A busca em elucidar a associagao do LBI a produgédo de danos ao DNA

vem sendo realizada em diferentes modelos experimentais [17-19].

E necessario, no entanto, considerar o modo de acdo pelo qual o Laser
age e, igualmente, seus efeitos na reparagao tecidual, ou seja, se sua atuagao
direta sobre a capacidade proliferativa das células pode ou nao afetar a
viabilidade e as taxas de mutacdo espontanea e de recombinacdo mitdtica
celular. Ao mesmo tempo, novos questionamentos merecem ser investigados,
tanto em fungao da extensa utilizagdo do Laser como forma terapéutica, quanto
por uma possivel relacido dose-resposta. Certamente, um dos aspectos no qual
se encontra maior divergéncia é em relagdo a quantidade de radiagao oferecida
ao tecido [20] e a falta de padronizacdo dos parametros de irradiagao utilizados

nas pesquisas [21].
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A genética toxicologica tem concentrado esforgos nestas ultimas décadas
no uso de diferentes bioensaios que sejam capazes de detectar mutagbes
pontuais, aberragbes cromossdmicas e, mais recentemente, eventos envolvendo
recombinacdo mitdtica [22-24]. A alta correlacdo entre essas lesdes é
inquestionavel, uma vez que a recombinagdo homdéloga € o mecanismo que
mais contribui para a perda de heterozigose, evento que mostra ter grande
relagcdo com aparecimento de doengas degenerativas e, especialmente, com os
processos tumorais [25].

Considerando que a recombinacgao esta estreitamente relacionada com a
perda de heterozigose e consequente expressao de genes deletérios, bem como
com o aparecimento de doencgas coronarianas [22,26], doencas autoimunes,
diabetes [27], envelhecimento [28,29] e, principalmente, cancer [25], torna-se
importante investigar mais detalhadamente os efeitos dessa terapia para que a

utilizacdo desses aparelhos seja mais segura para os sistemas bioldgicos.
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2. REVISAO DE LITERATURA
2.1 TERAPIA DE FOTOBIOMODULACAO — LASER

A palavra Laser € um acrébnimo com origem na lingua inglesa: Light
Amplification by Stimulated Emission of Radiation (Amplificacdo de Luz por
Emisséo Estimulada de Radiagao). Essa radiagao eletromagnética nao-ionizante
tem caracteristicas muito distintas daquelas de uma lampada comum ou
fluorescente [30], sendo relacionadas ao seu comprimento de onda e ao
principio gerador do Laser. Dentre eles, podem ser elencados os Lasers gerados
a partir de um gas (ou mescla de gases), os sélidos, bem como diodos ou
semicondutores, que sao resultado de dois minerais de caracteristicas distintas,
que, juntos, permitem a passagem de corrente elétrica em um unico sentido [31].

A acgao dos diferentes tipos de Lasers varia de acordo com a posigao que
ocupam no espectro de radiagdes eletromagnéticas (Figura 1), e sua agéao sobre
o metabolismo celular e sobre os tecidos tem se mostrado diferente para

comprimentos de onda nas faixas visivel e nao-visivel [32].

Comprimento de

onda (m) -
(LR LI () g 107 10-5 0% 10 10! 10°
£ S T (IR S L VR T ) W DR I
' | 4 - [ [
i ' . | 8- | ¥ R ' “ "
:::: i Raios X -%-glnfnvmlm.Mm. Frequiéncia de ridio
: AP : |
R WL T .. UL L
102 10" 10 104 107 e 108 100 104
<— Freqiéncia (s™')
Regido visivel
|
600 700 750 nm

Comprimento de Onda (1)

Helio-néon (HeNe)|

6328 nm

Arsenieto de galio e aluminio (GaAlAs) 620 - 830 nm
Arsenieto de galio (GaAs) 830 - 904 nm
Fosfeto de indio - galio - aluminio (INGaAIP) 685 nm
Argon (Ar) 488 - 514 nm
Didxido de carbono (C0,) 10600 nm
Neodimio: ftrium-aluminio-granada (Nd-YAG) 1064 nm

Figura 1 - Espectro de radiacbes eletromagnéticas e respectivos comprimentos de onda do

Laser de Baixa Intensidade. (Fonte: Prockt et al., 2008) [31].
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2.2 CLASSIFICACAO

De maneira simples, os Lasers podem ser classificados como Baixa
Poténcia (ou Baixa Intensidade), também chamado de Terapéutico, e de Alta
Poténcia (Alta Intensidade), que igualmente recebe a denominagao de Cirurgico
[33]. De acordo com Jedwab [34], os Lasers que sao utilizados na pratica clinica
estdo situados na porgao visivel do espectro eletromagnético, bem como no
infravermelho proximo. Os comprimentos de onda de baixa intensidade mais
utilizados estdo na faixa entre 600 e 1000 nm e apresentam, de forma geral,

uma boa transmissao na pele e mucosas (Figura 2).

Figura 2 - Profundidade de penetragdo dos comprimentos de onda de LBI na pele. (Fonte:
Simunovi e Trombonjaca, 2000) [35].

O laser solido emite alta energia, sendo utilizado para cirurgias. Séao
aparelhos grandes, que necessitam de alimentagdo de alta poténcia, alta
refrigeracao e sao formados de rubi com tungstato de calcio e fluoreto de calcio
com disprésio (entre outros) e, quando utilizados de forma desfocada, podem
produzir baixa intensidade [36]. Dentre os terapéuticos, os Lasers a gas
alcancam um limite de poténcia de 100 mW: sdo menores e também podem ser
usados para fins cirargicos, como o bisturi Laser de CO;, pois realizam corte e
coagulagao simultaneos. Eles podem ser formados de Hélio, Nebdnio, Argbnio,
Xendnio e Criptbnio e apresentam alta dispersdo de calor e alta eficiéncia. O
Laser diodo semicondutor é igualmente de baixa energia, com coeficiente de
rendimento bastante alto, podendo ser usado de forma continua ou em pulsos e

€ bastante utilizado na reabilitacdo. O LBI é, portanto, classificado como uma
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terapia luminosa focal intensa atérmica, ou seja, ndo constitui uma modalidade

de termoterapia [37].

2.3 HISTORICO

Na década de 60, Endre Mester iniciou estudos na Hungria operando o
Laser em baixa poténcia. Seus primeiros registros relatam o uso de feixes de
rubi e argénio no tratamento de ulceras crénicas de membros inferiores, mas
foram suas pesquisas com o laser de Hélio-Nebdnio (HeNe) que geraram maior

numero de trabalhos cientificos [38,39].

A terminologia empregada por Mester, “Bioestimulador”, designava uma
terapia que era utilizada basicamente para acelerar o processo cicatricial. O
mecanismo de ag¢do ainda nao era esclarecido, mas seus resultados se
mostravam excelentes no tratamento de feridas. No entanto, essa terapia
passou a ser utilizada buscando efeitos diferentes do proposto inicialmente. Com
o tempo, ela foi sendo empregada ndo apenas para acelerar processos, como
também para deté-los. Da mesma forma, foi usada n&do sé com fins analgésicos,
mas também para a restauracédo da sensibilidade [40,41], e seus efeitos néo se

limitaram apenas a area tratada, mas também aos tecidos adjacentes [42].

Resultados clinicos e laboratoriais demonstraram que o Laser tornava
alguns processos mais rapidos e retardava outros. A compreensao desses
efeitos levou a um entendimento de que o Laser se apresentava como um
normalizador de fungdes e, em 1991, Oshiro e Calderhead, propuseram a
expressao "Balanceador e Normalizador de fungdes" para designar essa terapia
[43].

Termos como Laserterapia, Soft Laser e Laser de Baixa Intensidade ou
Laser de Baixa Poténcia também costumam ser utilizados para designar sua
aplicacédo. Atualmente, o termo Fotobiomodulacdo vem sendo considerado ideal
para descrever tais mecanismos de acdo. O consenso em torno dessa
nomenclatura foi estabelecido em setembro de 2014 pela North American
Association for Light Therapy e pela World Association for Laser Therapy
(WALT) [1].
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2.4 ASPECTOS BIOFISICOS

O Laser emite radiagbes em um unico comprimento de onda, ou seja, €
monocromatico. De acordo com Karu [44], as ondas se propagam com a mesma
fase no espaco e no tempo, conferindo coeréncia espacial e temporal ao feixe
luminoso. Sua direcionalidade permite a obtengao de uma alta concentragdo de
fotons e, com o auxilio de dispositivos 6pticos, sua radiacdo pode ainda ser
polarizada, ou seja, ter simetria na distribuicdo de orientagdo do vetor de
intensidade do campo eléctrico ou magnético na onda eletromagnética

relativamente a direcao da sua propagacao).

Pelo fato de ser uma forma de emissao luminosa, ele esta englobado em
um espectro de emissao eletromagnética, do mesmo modo que outros recursos
utilizados na fisioterapia. Porém, o que o diferencia das demais formas de
irradiagdo de ondas eletromagnéticas sdo as suas caracteristicas de
monocromaticidade (radiagcao emitida em uma unica frequéncia ou comprimento
de onda), coeréncia (propagag¢ao na mesma direcgao de fétons com a mesma
frequéncia), unidirecionalidade (o feixe de luz produzido por um laser diverge
muito menos que o feixe de luz produzido por uma lampada comum) e alta

concentracgao fototdnica (alta concentracao de foétons) [34].

O comprimento de onda é fator determinante na interagao laser-tecido e
corresponde a distancia percorrida pela onda em uma oscilagdo completa, sendo
medida em nanémetros (nm); ja a frequéncia de suas oscilagbes é aferida em
Hertz (Hz). O meio ativo em geral da o nome ao Laser e seu comprimento de

onda confere diferentes modos de emissao e de agao bioldgica [45,46].

A radiacédo Laser pode ser refletida, transmitida, absorvida ou espalhada
pelo tecido. A incidéncia da emissdo estimulada pelo Laser faz com que
elétrons da camada inferior saltem para camadas de nivel energético superior,
transformando-o em um atomo metaestavel que, ao emitir um féton e uma
radiacdo de comprimento de onda definido, pode colidir e estimular a emissao de
outros atomos, que também irdo emitir féotons de mesmo comprimento onda,

gerando um efeito multiplicador por reflexdo, denominado Amplificagéo [47].
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2.5 EFEITOS BIOLOGICOS

Quando a radiagdo do Laser interage com a matéria, os efeitos sdo os
mesmos de qualquer outra radiagdo eletromagnética equivalente — reflexao,
refracdo, absorgao e, ainda, dispersao. Desse modo, a colimagao e a coeréncia
diminuem e se perdem. Quando é absorvida pelos tecidos, considera-se que
ocorram efeitos biolégicos especificos em razdo da natureza especial deste tipo
de radiagao [48].

Sua agao se da principalmente nas organelas celulares, em especial nas
mitocdndrias, lisossomas e membranas, gerando aumento de ATP e
modificando o transporte i6nico. Acredita-se que existam fotorreceptores
celulares sensiveis a determinados comprimentos de onda, que, ao absorverem
fétons, desencadeiam reagdes quimicas. Os principais efeitos gerados pela FBM
nos tecidos sdo de natureza estimulatéria, levando a um aumento do
metabolismo celular, quimiotaxia e vascularizagao [47].

Nesse contexto, Zhang et al. [49] descreveram a utilizacdo do LBI
(HeNe; 632,8 nm) no estudo de um perfil de expressdo génica em células
fibroblasticas humanas. Os resultados de expressao génica por irradiagao foram
examinados utilizando microarrays de cDNA contendo 9.982 genes e revelaram
que 111 genes foram regulados pela irradiagdo da luz vermelha, podendo ser
agrupados em 10 categorias funcionais. A maioria desses genes parecem
desempenhar um papel no estimulo a proliferagao, especialmente no incremento
da producdo de enzimas da cadeia respiratoria e de supressao a apoptose.

O principio que parece reger a penetragcao do Laser pela célula é o de que
sua radiacgao seja absorvida pelos citocromos nas mitocdndrias celulares e isso,
por sua vez, possa afetar a permeabilidade da membrana celular. Desse modo,
o Laser estara afetando a célula a partir de seu interior [50].

Além disso, Manteifel e Karu [51] relatam que, apds 1 hora da irradiagcéo
com LBl (HeNe; 632,8nm), ha descompactagdo de cromatina, aumentando a
disponibilidade e gerando maior “exposicao” de sitios de transcricdo no DNA.
Kujawa et al. [52] afirmam que o LBI altera a estrutura da membrana celular e
aumenta a geracgao intracelular de espécies reativas de oxigénio (EROs), que,

segundo os autores, interferem em numerosas cascatas de sinalizagao celular.
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A célula, no entanto, possui um limiar de sobrevivéncia de acordo com
seu tecido de origem e estado fisioldgico. Ao oferecer uma baixa intensidade de
energia, respeitando esse limiar, a energia sera utilizada de maneira a estimular
a membrana e/ou as mitocéndrias, 0 que pode induzir a célula a um estado de
normalizagdo da éarea tratada. Esse efeito, por sua vez, &€ denominado
Biomodulagao [2,9,53].

2.6 DOSIMETRIA E PENETRAGAO NOS TECIDOS

Um dos aspectos mais importantes sobre a aplicacdo do LBI e no qual se
encontra maior divergéncia é em relagao a dose, assim definida como sendo a
quantidade de radiacao oferecida ao tecido [47,54]. As recomendacgdes de doses
terapéuticas foram publicadas pela primeira vez em 2005 pela WALT e séao
baseadas nas evidéncias obtidas em estudos pré-clinicos, resultados de estudos
clinicos, bem como na combinacido entre esses indicios. Certamente, fatores
como erros no procedimento de irradiagao, erros de calculo ou mesmo falha dos
dispositivos de emissao ainda contribuem para a necessidade de um constante
aprimoramento dessas diretrizes [55].

No entanto, os ensaios clinicos ainda fornecem dados limitados sobre a
capacidade de penetracdo do Laser nos tecidos. Em termos biofisicos, essa
propriedade € dependente do comprimento de onda empregado na terapia [56].
Irradiagcdes em retalhos cutdneos demonstraram que a penetracédo do Laser
aumenta de forma linear em comprimentos de onda de 405 nm até 1030 nm, e
estudos tém relatado achados semelhantes em pele de coelho, na qual a
penetracdo mais significativa foi do comprimento de onda de 904 nm em relagéo
ao comprimento de onda vermelho de 632,8 nm [56,57].

Joensen et al. [58] estudaram perfis de tempo e de penetracdo de
Lasers de 810 e 904 nm em retalhos cutédneos de gastrocnémios de rato e
relatam que o Laser superpulsado de 904 nm penetrou 2 a 3 vezes mais
facilmente quando comparado ao de onda continua de 810 nm, em valores
correspondentes respectivamente a 38-58% e 20% da emisséo inicial em
irradiagdes de 150 segundos, e afirmam que esses achados correspondem bem
aos resultados das analises dosimétricas em revisbes de LBl em disturbios

musculo-esqueléticos. Clinicamente, a irradiacdo Laser em retalhos cutaneos
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tem demonstrado que a penetragcdo aumenta linearmente com comprimentos de
onda de 450 nm para 1030 nm [58].

A coloracédo das placas de cultura de tecido e a pigmentagdo da pele
tém sido descritas como um fator relacionado a absorgao do Laser. Khan et al.
[59] observaram a absorc¢ao do LBI (810 nm) através da pele de camundongos
classificados em pele palida e escura e verificaram que é dependente da
pontuacdo de melanina. Cerca de 50% a 98% da luz incidente é absorvida
respectivamente pela pele palida (média melanina pontuagcédo 48) e escura
(média melanina pontuagéo 98) e apenas a luz restante parece ser absorvida
pelos tecidos subjacentes. Com base nesses padrbes de absorgédo in vivo,
desenvolveram um modelo in vitro onde tratamentos a laser foram realizados em
células HaCaT e NOKSI semeadas em placas claras (<10% de absorcao) e
placas de pogo pretas (100% de absorcéo). A fototoxicidade foi evidente em
doses de 27 J/cm? (0,09 W/cm?) em placas de pogo negro apenas.

Similarmente, Kujawa et al. [52] testaram Lasers em dois comprimentos
de onda (808 e 905 nm) quanto aos efeitos oxidativos sobre dois tipos celulares
(sangue humano e células de cancer de mama MCF-4) e realizaram cultivos
celulares incubados em fases clara e escura. A irradiagdo resultou na geragao
EROs dose-dependente, e os niveis de radicais livres nas células aumentaram

durante a incubacao escura apos irradiagao.

2.7 EVIDENCIAS DE DANOS AO DNA
Embora existam trabalhos que apontem para a genotoxicidade do
Laser, nem todos conseguiram detectar a sua agcdo mutagénica. Ocak et al.
verificaram que a epilagéo utilizando Laser Alexandrite (Light Age Epicare Duo —
755 nm) néo foi capaz de induzir um aumento da frequéncia de trocas de
cromatides irmas em mulheres submetidas a esse procedimento. Apenas
mulheres que realizaram epilacdo completa dos membros inferiores e da face
foram selecionadas, sendo a analise realizada por meio da coleta de amostras
de sangue periférico que foram extraidas antes e 24 horas apds a aplicagao do
Laser [60].
A fim de verificar possiveis efeitos genotoxicos, El-Batanouny et al. [61]

realizaram irradiacbes do Laser HeNe (632,8 nm) em cultivos de linfocitos
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humanos por 24, 48, 72 e 96 horas e nao verificaram aumento na indugao de
microntcleos apés irradiacdo nas doses de 1, 2, 3 e 5 J/cm? Por outro lado,
existem indicios de possiveis efeitos danosos relacionados a aplicagdo desta
terapia. Kim [62] demonstrou que a absor¢cdo do Laser induz a producao de
espécies reativas do oxigénio, levando a alteragdes celulares que envolvem a
interagdo com moléculas da matriz celular e extracelular para gerar EROs e
espécies reativas de nitrogénio que, por sua vez, podem iniciar a peroxidagao
lipidica, danos a proteinas ou modificacdo do DNA.

Em 1999, terapias fotodindmicas foram estudadas e demonstraram que a
submissao de plasmideos a UVA, UVB, UVC e luz solar simulada induziu danos
oxidativos ao DNA dependentes do comprimento de onda, uma vez que as
lesdes foram detectadas nas culturas irradiadas com UVB e UVC. Nesse mesmo
estudo, os autores ja sugerem a pesquisa dos Lasers de Baixa Intensidade, que
se encontram acima desse espectro eletromagnético [17].

Em um outro estudo, a exposicdo do DNA a radiacido pulsada de 532 nm
de alta intensidade a partir de um laser Nd: YAG resultou em dimeros de
ciclobutilpirimidina. Esses resultados foram medidos por cromatografia liquida de
alta resolucéao e foi demonstrado que a radiagao visivel de alta intensidade pode
iniciar uma cadeia fotoquimica em moléculas biolégicas [18].

Hawkins e Abrahamnse [19] investigaram uma série de respostas
estruturais, celulares e moleculares devido a irradiagcdes em fibroblastos de pele
humana do Laser HeNe (632,8 nm) apés uma dose unica de 0,5, 2,5, 5 ou 10
Jicm? em condigdes normais e feridas. Como conclus3o, verificaram que a dose
de 10 J/cm? produziu uma quantidade significativa de danos celulares e
moleculares, alteragdes na viabilidade celular, genotoxidade e alteracdes
estruturais [19].

Jiang et al. [63] relatam o uso de FBM aplicado na indu¢c&o de mutagdes
de microorganismos ambientais. Irradiagbes do Laser HeNe (632,8 nm; 25 min;
5 - 25 mW) foram aplicadas a fim de produzir estirpes mutantes de Alcaligenes
faecalis capazes de incrementar a biodegradagéao e remog¢ao do composto fenol
de efluentes aquosos. Os resultados mostraram que a taxa de sobrevivéncia
mudou regularmente de acordo com a dose irradiada, e a frequéncia mais alta

de mutacgao foi determinada pela densidade de energia e pela poténcia de saida.
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Efeitos mutagénicos utilizando LBI (532 nm; 50 mJ; doses de 0 — 14
Jicm?) em cultivos de linfécitos humanos foram descritos por Ravi et al. [64], que
observaram um aumento significativo na incidéncia de micronucleos. De forma
curiosa, a maior frequéncia de células micronucleadas mostrou-se maior em
doses menores (6 — 8 J/cm?) e sugerem que isso pode ser devido aos efeitos
letais de doses mais altas sobre as células, evitando, assim, a amplificagao da
expressao de dano na cultura.

Similarmente, Sergio et al. [65] demonstraram, a partir do teste Cometa,
que os Lasers vermelho (660 nm) e infravermelho (808 nm) induzem danos no
DNA de células sanguineas de ratos, especialmente devido a danos oxidativos,
dependentes da fluéncia (25, 50 e 100 J/cm?), poténcia (30, 50 e 100 mW) e
modo de emissao (Continua; 10, 50 e 100 pulsos/seg). Os resultados
demonstram que as doses de 50 J/cm? dos lasers vermelho e infravermelho
induziram mais danos do que 100 J/cm?, respectivamente.

Ferrando-May et al. [66] reuniram em revisdo uma série de trabalhos que
utilizaram Lasers de 337 a 1100 nm de comprimento de onda com a finalidade
de gerar modelos de estudo de lesdes do DNA. Em uma anadlise geral, foi
possivel verificar a presenga de quebras duplas de DNA (DSB) quando
utilizados comprimentos de onda de 355 nm a 500 nm. Todavia, as lesdes
oxidativas, do tipo dimeros de pirimidina (CPD), foram as mais frequentes
quando o comprimento de onda utilizado foi entre 500 e 1100 nm.

Na busca de bons modelos de estudo de reparo de DNA, Solarczyh et al.

[67] demonstraram a indugdo de quebras simples (SSB) e duplas (DSB) da
hélice de DNA utilizando Lasers na faixa visivel de 405 a 488 nm, sem a
presenca de fotossensibilizadores.

Outro ponto a ser levantado refere-se a achados experimentais que tém
relacionado os danos causados pelo Laser com a geragdo de EROs, mostrando
a necessidade de considerar o envolvimento do estresse oxidativo nesse
contexto, uma vez que este ja encontra-se relacionado a outros processos como
envelhecimento, bem como na génese de varias doengas, como 0O cancer,
diabetes e doengas neurodegenerativas [68,69]. Lin et al. [70] relataram o uso

do laser HeNe em modelos experimentais de osteoartrose e demonstraram
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incremento celular de condrdécitos, porém os efeitos benéficos sobre a cartilagem
sdo mais significantes apos o declinio nos niveis de proteinas de estresse.

Os danos induzidos por Laser vermelho (658 nm; didmetro 12.566 mm;
doses 0.13, 0.52 and 1.04 J/cm?; 10mW) também foram avaliados em linhagens
de E. coli proficientes e deficientes em reparo de DNA. Os autores verificaram
que a sobrevivéncia das culturas de E. coli nao foi afetada, assim como o Laser
nao foi capaz de induzir danos no DNA em linhagens deficientes nas enzimas de
reparo endonuclease |V, formamidopirimidina DNA glicosilase e endonuclease
[ll. Por outro lado, o Laser foi capaz de induzir filamentagdo bacteriana nas
culturas de E. coli selvagens e induzir danos no DNA em culturas deficientes em
reparo e exonuclease lll. Considerando que a exonuclease lll esta envolvida no
reparo de excisdo de nucleotideos, um tipo de reparo utilizado para danos
oxidativos do DNA, e que a filamentacao bacteriana € um tipo de resposta que a
bactéria utiliza como estratégia de sobrevivéncia, os autores concluiram que o
Laser pode causar lesdes através da geragao de EROs [71].

Fonseca et al. [72] utilizaram Lasers vermelho (660 nm) e infravermelho
(808 nm) no estudo de mecanismos de reparo de SSB e DSB em linhagens de
E. coli selvagens e deficientes em reparo por danos oxidativos e, igualmente, na
avaliagao da pré-exposicao das culturas ao LBI. Os resultados indicam que o LBI
nao alterou a sobrevivéncia de culturas de E. coli e demonstraram um efeito
protetor do DNA contra a agao letal do perdxido de hidrogénio nas culturas. Os
autores sugerem que doses de Laser vermelho terapéutico, em diferentes
modos de emissao, induzem efeitos subletais as culturas de E. Coli do tipo
selvagem.

Da mesma forma, Sergio et al. [65] identificaram que as lesbes
induzidas pelos Lasers vermelho e infravermelho em células sanguineas de rato
sao alvos das enzimas formamidopirimidina DNA glicosilase e endonuclease llI,
enzimas envolvidas no reparo de lesbes oxidativas. Por sua vez, Migliario et al.
[73] demonstraram que a inducéo de proliferacao de pré-osteoblastos pelo Laser
de diodo (980 nm) esta intimamente relacionada com o desencadeamento de
EROs, uma vez que, na presenca de um inibidor oxidativo, incrementos na
proliferacdo nao foram observados. Todavia, efeitos inibitérios sobre a

proliferacdo celular também tém sido relatados sobre culturas de fibroblastos de
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pele humana expostas a maior fluéncia. Hawkins e Abrahamse testaram os
efeitos genotdxicos e citotdxicos do Laser HeNe (632,8 nm; doses 0,5, 2,5, 5, 10,
16 J/cm?) e observaram que, nas doses mais altas (10 e 16 J/cm?), houve um
aumento do dano ao DNA e, igualmente, uma diminuigdo na viabilidade celular
[74].

Essa resposta, também referida como “Conceito de Hormesis”, tem sido
amplamente observada por diferentes autores, os quais demonstraram que
doses mais baixas de LBI apresentam maior eficacia em relacdo ao estimulo e
reparo dos tecidos do que doses mais elevadas [75,76]. Como ja citado,
resultados semelhantes quanto ao parametro genotoxicidade foram descritos por
Sergio et al. [65], nos quais doses de 50 Jicm? dos Lasers vermelho e
infravermelho induziram mais danos do que as de 100 J/cm?.

Considerando a possibilidade de efeitos letais quando da aplicacdo da
terapia de FBM (810 nm; 10-60 J/cm?), Liang et al. [77] demonstraram
diminui¢ao significativa da viabilidade da linhagem OC2 de céancer oral humano
in vitro. Em contraste, a morte celular e os niveis de estresse oxidativo foram
menores na cultura de células normais. Esses achados levaram os autores a
sugerirem a FBM como uma modalidade terapéutica no tratamento de céncer
oral. Todavia, Rhee et al. [78] descreveram proliferagdo agressiva e
angiogénese apos a aplicacdo de Laser (655 nm) em céancer de tiredide e
afirmam que, embora alguns trabalhos venham demonstrando os efeitos
benéficos sobre células tumorais, ainda sdo necessarios mais estudos para que
isso se torne um procedimento seguro. A tabela 1 demonstra um resumo dos
achados discutidos neste sec¢ao.

De fato, a literatura tem se mostrado contraditéria em varios aspectos
associados a terapia de FBM, relacionando a divergéncia dos resultados aos
diferentes tipos de LBI, doses irradiadas, modos de tratamento, bem como as
condi¢des do tecido e caracteristicas genéticas. Nessa perspectiva, Taffur e Mills
[79] afirmam que, embora a elucidagdo dos mecanismos subjacentes ainda nao
esteja clara, o LBl parece atuar modulando a fisiologia celular através de
mecanismos redox existentes, podendo atuar para promover a proliferacédo e a

homeostase celular.
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Autor / ano Irradiagéo Dosimetria Tecido / Resultados
(J/cmz) organismo testado
Ocak et al., 2014 Laser - Sangue periférico Nao induziu troca entre
755 nm humano cromatides irmas
El-Batanouny et Laser 1;2; 3,5 Linfoécitos humanos Aumento na indugao de
al., 2002 632,8 nm micronucleos
UVA Inducéo de danos
Kuluncsics et al., uvB - Plasmideos oxidativos dependentes do
1996 uvC compriemnto de onda (UVB
Luz solar e UVC)
Doses de 10 e 16 J/cm”
Hawkins e Laser 0,5; 2,5; Cultura de produziram alteragdes na
Abrahamse, 2005 632,8 nm 5; 10; 16 fibroblastos de pele viabilidade celular,
humana genotoxicidade e
alteragdes estruturais.
Linhagens mutantes | Aumento na frequéncia de
Jiang et al., 2006 Laser de Alcaligenes mutagdo demonstrada pelo
632,8 nm - faecalis aumento na taxa de
sobrevivéncia
Cultura de linfécitos | Aumento na incidéncia de
Ravi et al., 2002 Laser 0-14 humanos micronucleos. A maior
532 nm frequéncia foi encontrada
nas doses 6 — 8 J/cm?
Sergio et al., Laser Células sanguineas Danos oxidativos
2015 660 e 25; 50; 100 | de ratos especialmente nas doses
808 nm de 50 J/cm?
Presenca de  quebras
duplas de DNA (355 — 500
Ferrando-May et Laser - - nm) e lesbes oxidativas,
al., 2013 337 — 1100 nm principlamente dimeros de
piramidina (500 — 1100 nm)
Solarczyh et al., Laser DNA nuclear de Indugéo de quebras
2012 405 e 1,7 cultura celular HeLa | simples e duplas de DNA.
488 nm
Linhagens de E. coli | A sobrevivéncia das
Sergio et al. 2012 Laser 0,13; 0,52; | proficientes e culturas nao foi afetada,
658 nm 1,04 deficientes em mas houve indugdo de
mecanismos de filamentacao bacteriana
reparo ao DNA nas culturas selvagens e
danos ao oxidativos ao
DNA nas linhagens
deficientes em reparo.
Linhagens de E. coli | Culturas previamnete
Fonseca et al., Laser 25; 50; 100 | proficientes e irradiadas e a
2015 660 e deficientes em sobrevivéncia das culturas
808 nm mecanismos de nao foi afetada, houve

reparo por danos
oxidativos

efeito protetor contra a
acgao do H,O,,
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2.8 METODOS DE AVALIACAO DE DANO AO DNA

Embora existam estudos explorando a eficacia da FBM no tratamento de
diferentes patologias, bem como apontando seus efeitos antiinflamatoérios e
cicatriciais, ainda ha uma lacuna muito grande em relagcéo aos estudos sobre as
suas potencialidades genotdxicas e/ou mutagénicas. Existe a necessidade de
avaliar o efeito da terapia a Laser utilizando diferentes bioensaios na tentativa de
elucidar ndo s6 os mecanismos por meio dos quais ela induz seus efeitos
terapéuticos, como também a sua interferéncia nas taxas de indugcao de
mutacdo e de recombinacdo em diferentes tecidos. Todas essas abordagens
visam a contribuir para que o LBI possa ser utilizado com maior eficacia e menor
risco em pacientes com diferentes patologias. A utilizagdo de um bioensaio in
vivo para avaliar os danos induzidos pela radiacédo oferece grandes vantagens,
principalmente se considerarmos que analises in vitro nao refletem a mesma

resposta que é observada no organismo como um todo [80].

2.8.1 Teste para Detecgédo de Mutagdo e Recombinagao Somatica (SMART)

O Teste SMART de asa em Drosophila melanogaster é baseado na
identificacdo de pélos que representam a expressao de fendtipos mutantes
decorrentes da ocorréncia de lesbes em nivel de DNA. Tais alteragbes sao
primordialmente induzidas nas células dos discos imaginais que, apos inumeras
divisbes mitdticas, ddo origem as asas dos adultos que apresentam pélos ou

tricomas em suas faces ventral e dorsal (Figura 3).
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Figura 3 - Esquema representativo das células-alvo do teste SMART de asa. (Fonte:
Laboratorio de Toxicidade Genética, Ulbra).

Os tricomas mutantes organizam-se em aglomerados denominados
manchas, que indicam a ocorréncia de eventos genéticos relacionados com
mutacdes pontuais, aberragées cromossémicas e rearranjos estruturais devidos
a recombinagcdo mitética, de acordo com o fendtipo expresso [81], conforme

demonstrado na Figura 4.
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Figura 4 - Esquema demonstrando varios padrdes de formagcdo de manchas por mutacio
somatica e recombinagdo no teste SMART de asa (mwh) e (flr). (Fonte: Laboratério de
Toxicidade Genética, Ulbra).
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2.8.1.1 Linhagens Celulares

O organismo experimental € a Drosophila melanogaster e utilizam-se
linhagens portadoras de genes marcadores especificos localizados no
cromossomo 3 designadas como fIr’; ORR; fir’ e mwh, que permitem a deteccdo
de eventos mutacionais, bem como outros relacionados a recombinagao
somatica. Apresentam, respectivamente, os seguintes gendtipos: [fIF] -
fir’/In(3LR) TM3,ri p° sep 1(3)89Aa bx** e Bd®; [ORR;fIr’] - ORR:fr’/In(3LR) TMS3,
ri p° sep 1(3)89Aa bx** e Bd: [mwh] - mwh/mwh.

A deteccdo da toxicidade genética é dada pelos genes de interesse fIr’ e
mwh, que sao responsaveis por alterar forma dos pélos presentes nas asas dos
adultos (Figura 5). Os demais marcadores nédo apresentam importancia para a
deteccdo da atividade téxicogenética, mas sdo caracteristicos de inversées (/n)
presentes no braco direito do cromossomo 3 (3LR), que eliminam os produtos de

recombinagédo mitética que ocorrem no genétipo heterozigoto TM3.

Figura 5 - Representacdo fenotipica das linhagens a) mwh e b) fir* e ORR;fIr® (Fonte:
Laboratorio de Toxicidade Genética, Ulbra).

Para maiores esclarecimentos a respeito dos marcadores genéticos acima
apresentados, ver Lindsley e Zimm [82]. Todos os estoques de Drosophila
melanogaster, assim como 0s cruzamentos, sdo mantidos em frascos de vidros
de Y litro contendo meio de cultura padrdo a 25°C + 1°C e a umidade de 60-
70%.

2.8.1.2 Cruzamentos e Tratamento
Nesta abordagem experimental, € empregado o cruzamento padréao - no

qual fémeas virgens fI’ sdo cruzadas com machos mwh, originando larvas
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portadoras de nivel basal de atividade metabdlica dependente de citocromo
P450 [83]. Esses cruzamentos originam larvas com duas constituigdes
genotipicas, no que se refere aos genes marcadores localizados no cromossomo
3.

- larvas mwh +/ + flr’ - que sdo transheterozigotas para os marcadores
recessivos mwh e fir;

- larvas mwh +/TM3, Bd° - heterozigotas para o cromossomo TMS3,
necessario para balancear o marcador fiIr’, ja que este é letal em homozigose.
Os adultos heterozigotos para o cromossomo TM3 apresentam recortes nas
asas - determinados pelo gene marcador Bd® - o que permite diferencia-los dos

imagos transheterozigotos que apresentam asas com formato normal.

Os cruzamentos séo realizados durante 3 dias, em massa (80 fémeas:40
machos), em vidros contendo meio de cultura padrdo. Os casais sao, entéo,
transferidos para tubos de Y litro contendo meio de ovoposi¢cédo e, logo apos
serem mantidos nesse recipiente por 8 horas, sdo descartados. As larvas sao
coletadas apds 72 horas (hs) do inicio do periodo de ovoposigédo, ou seja, no
terceiro dia, sendo denominadas larvas de terceiro estagio, conforme
demonstrado na Figura 6. A coleta é feita por flotagdo em agua corrente, e as
larvas sdo depositadas em placas de 1 cm?, para grupos de aproximadamente
100 larvas de modo a formar uma monocamada. Essas larvas, entdo, séo
submetidas a irradiagdo pelo Laser e, logo apds, sao mantidas em frascos
contendo meio de cultura até a sua eclosdao. Os recipientes sao entao
embalados em papel aluminio para evitar qualquer reagao de reparo via fotoliase
e todos os adultos que eclodem 10-12 dias apds a postura dos ovos sao
conservados em etanol 70%. Posteriormente, as asas dos individuos

transheterozigotos sdo submetidas a montagem em laminas de vidro.
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Figura 6 - Representacdo esquematica do cruzamento e tratamento (Fonte: Laboratério de
Toxicidade Genética, Ulbra — adaptado).

2.8.1.3 Analise Microscopica

As laminas contendo 10 asas de fémeas e 10 asas de machos sao
analisadas em microscopio optico com aumento de 400 vezes (400X). A analise
€ realizada em asas de 10 individuos de cada sexo, por dose de tratamento,
totalizando 100 individuos analisados, incluindo o controle negativo observando-
se os fendtipos dos tricomas ou pélos existentes nas superficies dorsal e ventral
das asas dos individuos transheterozigotos. A leitura da lamina é feita de modo
que o avaliador estabeleca uma varredura por todas as se¢des da asa, conforme

Figura 7.
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Figura 7 - Desenho ilustrativo das sec¢des de leitura da asa de Drosophila.melanogaster (Fonte:
Marcos & Carmone, 2013) [79].

Cada disco imaginal comporta de 10 a 30 células, que, apdés 12 ciclos
celulares mitéticos, resultam em torno de 24.400 a 30.000 células por asa por
individuo. Cada lamina, portanto, representa um numero amostral relativo a
analise de quase meio milhdo de células que expressam em sua superficie,
tanto dorsal quanto ventral, pélos ou tricomas. Os fendtipos mutantes estédo

representados na Figura 8.
55
’ 4

Figura 8 - Fotos de microscopia representando os fendtipos dos tricomas mutantes a) mwh b) fir
c) mwh e flr (gémea). (Fonte: Laboratério de Toxicidade Genética, Ulbra).




33

2.8.1.4 Bases Genéticas do teste SMART

Por meio da analise dos tricomas presentes nas asas dos adultos
transheterozigotos, sado detectadas manchas simples (pequenas e grandes) e
gémeas, que refletem a ocorréncia de eventos genéticos especificos.

Assim, as manchas simples, com os fendtipos pélos multiplos ou pélos
com a base alargada, podem se originar por:

e alteragdo do contetdo informacional dos genes selvagens mwh* ou fIr*;

e delegdo de um fragmento cromossdmico contendo os marcadores
selvagens mwh* ou fIr**;

e conversdo génica dos genes mwh* ou fIr**,

E, adicionalmente, também podem ser originadas devido a ocorréncia de:

e uma recombinacgdo simples entre os locos mwh e fI’, que leva ao
aparecimento de manchas simples com o fenétipo pélos multiplos;

e uma recombinagdo simples entre fI’ e o centrdmero, seguido de uma
segunda recombinagao simples entre mwh e fir*, que origina pélos com a
base alargada.

Assim, as manchas simples podem originar-se tanto por eventos
mutacionais, incluindo mutagdes pontuais e aberragdes cromossdmicas, como
por conversao génica ou recombinagdo mitética. Por outro lado, as manchas
gémeas, que expressam simultaneamente os fendtipos pélos com a base
alargada e pélos multiplos, originam-se exclusivamente de uma recombinagao
simples entre I’ e o centrdmero, com posterior segregagao de um cromossomo
recombinado e um parental. Dessa forma, a analise das manchas de clones
mutantes, efetuada nas asas dos adultos trans-heterozigotos, nédo permite
quantificar a real contribuicdo da atividade recombinacional para a inducido de
clones de células mutantes - uma vez que as manchas simples, pequenas e
grandes, podem ndo sO ter se originado por eventos mutagénicos ou

clastogénicos, como também por recombinagao mitética [84].

2.8.1.5 Analise estatistica
Para a avaliagdo da genotoxicidade, as séries tratadas sdo comparadas
com seus respectivos controles negativos. A analise estatistica é realizada por

meio de um programa de computador que emprega o teste de Kastenbaum-
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Bowman e segue o procedimento de decisdo multipla de acordo com Frei e
Wadrgler [85], possibilitando a caracterizagdo dos resultados como positivos,
fraco-positivos, negativos ou inconclusivos. Na aplicacao pratica do método de
decisdo, além da hipdtese nula, elabora-se uma hipétese alternativa especifica,
que requer uma frequéncia de mutagao no tratado “m” vezes maior que a obtida
no controle. Para avaliar os resultados negativos, dois fatores de multiplicagéo
(m) foram originalmente introduzidos no teste: m = 2 para manchas simples
pequenas e o total de manchas, devido as suas altas frequiéncias espontaneas;
m = 5 para manchas simples grandes e manchas gémeas, que raramente
surgem de forma espontanea [86].

Quatro diferentes diagndsticos estatisticos sdo possiveis quando
testamos a hipoétese nula (Ho) e a hipétese alternativa (Ha): se Ho é aceita e Ha
é rejeitada — negativo; se Ho e Ha sao aceitas — inconclusivo; se Ho é rejeitada
e Ha é aceita — positivo; se Ho e Ha sao rejeitadas — fraco positivo. Isso significa
que o tratamento induziu uma resposta genotdxica fraca, com uma frequéncia de
danos que é significativamente menor que m vezes a frequéncia obtida no

controle negativo [85].

2.8.2 Teste Cometa

O ensaio Cometa ou técnica da eletroforese de células isoladas é
largamente empregado para avaliagcdo de danos e reparo do DNA em células
individuais [87]. E considerada uma técnica rapida e de grande eficiéncia na
quantificacdo de lesbes ao DNA e mecanismos de reparo em células
individualizadas de mamiferos. Essa técnica apresenta vantagens quando
comparada a testes bioquimicos e citogenéticos, especialmente na utilizagdo de
um pequeno numero de células que ndo necessitam estar em divisao [88].

A deteccao dos danos no DNA realiza-se por meio da versao alcalinada
e permite a deteccdo de quebras de DNA de fita simples e duplas. Os
fragmentos gerados migram durante a eletroforese, formando uma "cauda" de
uma imagem semelhante a um cometa. A intensidade da cauda reflete o numero
de quebras de cadeia presentes. O material pode ser corado por técnicas de
fluorescéncia ou por sal de prata. Este ultimo apresenta vantagens técnicas,

como o tipo de microscopio utilizado e a possibilidade de armazenamento das
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laminas [86]. A Figura 9 exemplifica a classificacdo de dano de acordo com o

tamanho da cauda do cometa [89].

Imagem Observada Cauda/Cabeca Classes de Danos

sem cauda 0
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Figura 9 - Tabela para classificagdo das imagens das “células cometa” observadas (Adaptado
de Villela et al., 2006) [89].

Neste teste, as células da linhagem celular de fibroblasto de camundongo
NIH-3T3 (Banco de Células do Rio de Janeiro - Duque de Caxias, RJ) foram
mantidas em frascos de cultura de 25 cm? com meio de cultura DMEM, contendo
2% de glutamina e 10% de soro fetal bovino, a temperatura de 37°C, em
atmosfera de 5% de CO; e 95% de umidade. Os fibroblastos foram semeados
em placas de 24 pocos, em uma densidade de 10* células/pogo e estabilizadas
por 24 horas. Dois comprimentos de onda foram testados (660 nm e 904 nm)
nos cultivos celulares de fibroblastos e, separadamente, tratados com uma
aplicacdo de LBl em doses de 3 J/cm?, 5 Jicm?, 10 J/cm? e 20 J/cm?. A avaliacdo
foi realizada imediatamente apds a aplicagcédo do Laser (0 hs) e trés horas apds a
aplicacao (3 hs), conforme descrito por Tice e colaboradores [87]. A avaliagao do
efeito proliferativo induzido pelo Laser é realizada por meio da contagem de
células, descrito por Sigalas [90]. Em resumo, as culturas de células sao
tripsinizadas das placas e contadas em cadmara de Neubaeur. A seguir, é
realizado o calculo da média do numero de células por poco da placa. Os

resultados sao expressos como meédia e desvio padrao de 6 pogos/tratamento.
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2.8.2.1 Avaliagcao de Genotoxicidade

Apds tratamento, as células sao tripsinizadas, centrifugadas e
ressuspendidas em PBS, 10 pL de solucao celular e homogeneizadas com 90uL
de agarose de baixo ponto de fusdo 2%. Essa mistura é distribuida sobre
ldminas de vidro, previamente cobertas com gel de agarose 2% com ponto de
fusdo normal, cobertas com laminulas e mantidas a 4°C por 5 minutos para
permitir a solidificagdo do gel. A seguir, as laminulas sao retiradas, e as laminas,
mergulhadas em solugdo de lise, por 24 horas sob refrigeragcao (4°C). As
laminas sao colocadas na cuba de eletroforese por 20 minutos a 4°C em solugao
alcalina (300 mM NaOH/ 1 mM EDTA). A eletroforese é realizada a 300 mA, 25
V, por 20 minutos. Apds a neutralizagdo com tampao neutralizador (NH2 -
C(CH?0OH)3 / pH 7,5) é realizada a coloragdo com Brometo de etidio [91]. Apds a
coloracdo, as laminas sao visualizadas em microscopio de fluorescéncia e o
percentual de DNA na cauda € estabelecido (“Tail Intensity”). Os resultados séo
expressos em indices de danos (ID) e frequéncia de danos (FD). O ID é obtido
pela avaliagao das classes de dano (de 0, sem dano aparente, a 4, com maximo
dano), em 100 células analisadas por tratamento. Sdo denominados de classe
zero os nucleos permanecem que intactos e aparecem redondos. Ja nas células
lesadas, o DNA livre que migra do nucleo em dire¢cdo ao anodo, durante a
eletroforese, é visualizado como uma “cauda” de fragmentos sedimentados,
semelhante a um cometa e sao classificados em classe 1 (dano minimo) a 4
(dano maximo). Assim o ID varia de 0 (todas as células da classe zero: 0 x 100)
a 400 (todas as células de classe 4 x 100). O calculo do dano é baseado no

numero células com dano versus as células sem dano [92].

2.8.2.2 Analise Estatistica
A andlise estatistica dos dados é realizada por meio da anadlise de

variancia de uma via seguido por pés-teste de Tukey.

2.9 AVALIACAO DA CITOTOXIDADE
A citotoxicidade define o potencial para que os produtos quimicos e/ou
fisicos destruam células e, consequentemente, mede a morte celular

independentemente de outro mecanismo subjacente. A maioria dos ensaios
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baseia-se no fato das membranas celulares pré-apoptdticas tornam-se
permeaveis, € os conteudos sao liberados para o ambiente circundante. A
extensdo da morte celular pode ser medida pela incubagcdo com corantes

fluorescentes que ndo podem permear membranas intactas [93].

2.9.1 Ensaio MTT

O ensaio de MTT baseia-se na reducgédo celular de MTT [3-(4,5-
dimethylthiazol, 2-yl)- 2,5-diphenyl-212 tetrazolium bromide] de acordo com
Mosman [93]. A quantificacdo da redugcdo de MTT constitui um método
colorimétrico simples para avaliar a viabilidade celular. Apds redugdo, o MTT
amarelo forma cristais de formazan de cor violeta, que, ao serem dissolvidos,
absorvem na regiao do visivel e podem ser quantificados por espectrofotometria.
A reducéo do MTT é feita por meio de desidrogenases celulares e, dessa forma,
pode-se avaliar a capacidade redutora da célula através desse método.

As culturas celulares sdo mantidas em crescimento exponencial através
do subcultivo das células fibroblasticas a cada dois dias em meio de cultura sem
antibidticos. Antes da fototerapia, uma suspenséo contendo 7x10* células/100pl
€ preparada e incubada em placas de 24 pogos de fundo plano para o
experimento. A suspensdo celular € colocada a cada quatro pocgos para
proporcionar uma distancia maxima entre as células e, assim, evitar a dispersao
do Laser para outros pocos. Todos os experimentos foram realizados duas
vezes, em duplicata, com seis amostras para cada dose testada, bem como para
o controle negativo (células nao tratadas).

As células fibroblasticas murinas sao irradiadas com uma ou trés
aplicagdes, resultando em culturas de 24 e 72 hs, respectivamente. Apdés o
tratamento, as células sdo incubadas com 150 pL de solugao de MTT (0,05 g de
MTT diluido em 5 mL de PBS) em meio de cultura sem soro e sem fenol, a 37°C
por 3 horas. Apds a incubacdo, o sobrenadante é removido cuidadosamente, e
os cristais de formazan violeta, resultantes da reducdo mitocondrial do MTT
amarelo, sao solubilizados em 100 yL de DMSO, de acordo com o protocolo

proposto por Scudiero et al. [95].
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Figura 10 - Esquema representativo do teste MTT (Fonte: autor).
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3 OBJETIVOS

3.1 OBJETIVO GERAL
Avaliar os potenciais genotoxico e citotoxico da terapia de fotobiomodulagéo

em modelos experimentais in vivo e in vitro.

3.2 OBJETIVOS ESPECIFICOS
o Verificar se a Terapia de Fotobiomodulagéo induz toxicidade genética em
células eucaridticas utilizando o teste SMART in vivo em Drosophila

melanogaster;

e Avaliar os efeitos da fotobiomodulagédo na indugado do dano genotoxico em

fibroblastos cultivados utilizando o teste Cometa;

e Investigar a relagdo dose-resposta do Laser de Baixa Intensidade nos
parametros genotoxicidade e citotoxidade em modelos experimentais in

vivo e in vitro.
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4 CONSIDERAGOES FINAIS

Embora existam estudos explorando a eficacia da terapia de FBM no
tratamento de diferentes patologias, bem como apontando seus efeitos
antiinflamatérios e cicatriciais, ainda ha uma lacuna muito grande em relagao
aos estudos sobre as suas potencialidades genotdxicas e/ou mutagénicas. Ainda
que estudos in vitro permitam padronizagao e sejam modelos reprodutiveis, os
resultados desses estudos ainda ndo podem ser correlacionados com eventuais
resultados clinicos. Contudo, o conhecimento prévio desses efeitos e possiveis
repercussdes terapéuticas € de extrema importancia para a formulagcdo de
protocolos in vivo. Da mesma forma, um numero maior de estudos como este,
que comparem de forma concomitante efeitos citotoxicos e genotdxicos, é
necessario para uma maior elucidacdo dos mecanismos envolvidos na
fototoxicidade e, assim, garantir maior seguranca no uso de Lasers terapéuticos.

A utilizacao de um bioensaio in vivo para avaliar os danos induzidos pela
radiagdo oferece grandes vantagens, principalmente se considerarmos que
analises in vitro nao refletem a mesma resposta que é observada no organismo
como um todo.

Os resultados deste trabalho apontam para a necessidade de avaliar o
efeito da terapia a laser utilizando diferentes bioensaios na tentativa de elucidar
nao sO 0s mecanismos por meio dos quais o Laser induz seus efeitos
terapéuticos, como também a sua interferéncia na inducdo de mutacido e
recombinacdo em diferentes tecidos. Todos esses achados visam a contribuir
para que o LBI possa ser utilizado com uma maior eficacia e com um menor

risco em pacientes com diferentes patologias.
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Abstract

Introdution: Photobiomodulation (PBM) therapy has been mainly studied for its
effects on the repairing, regeneration and healing of tissue due to its direct and
indirect action on their proliferative capacity. However, it is necessary to consider
the way in which the laser acts, that is, whether its performance may or may not
affect the rate of spontaneous mutation and mitotic recombination of cells. The
objective of this study was to investigate the genotoxic potential of the PBM (904
nm) starting from an in vivo bioassay capable of concomitantly checking point
and chromosomal mutations and mitotic recombination. Methods: Strains of
Drosophila melanogaster, which carry specific marker genes located on
chromosome 3, were used to detect the induction of mutation and recombination
in somatic and were exposed to different fluences (3, 5, 10 and 20 J/cm?). DNA
damage was measured using the SMART test, based on the identification of wing
hair with mutant phenotypes that represent the expression of the occurrence of
lesions at the DNA level. Results: Of the evaluated doses 5, 10 and 20 J/cm?
showed a significant increase in the total number of spots compared to the
negative control. The highest frequency of spots induction occurred at a dose of
10 Jicm?, with a decrease in the frequency of induction to the dose of 20 J/cm?.
Conclusion: Through quantitative and qualitative analysis of mutant hair
manifestation it was possible to verify the presence of mutagenic events, both
punctual and chromosomal, as well as those related to recombination and, in

addition, the results point to a dose/response relationship.

Keywords: Photobiomodulation, Smart test, Genotoxicity, Laser.
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Introduction

Photobiomodulation (PBM) therapy has been studied mainly due to its
direct and indirect action on tissue proliferative capacity [1]. This action is likely
due to the augmentation in mitochondrial function [2]. There are studies which
show that laser absorption leads to the production of reactive oxygen species,
leading to cellular alterations [3]. Toxicology has focused its efforts on the use of
different bioassays which are capable of detecting point mutations, chromosomal
aberrations and, more recently, events involving mitotic recombination [4],
something that is closely related to heterozygosity loss and the consequent
expression of deleterious genes.

The SMART test (Somatic mutation and recombination test) uses
eukaryotic organism (fruit fly) of high genetic and biochemistry similarity to
mammals. It presents the possibility of simultaneous detection of several types of
DNA lesions, providing relevant responses to humans due to high level of
accuracy [5] and the ability of simultaneously checking for chromosomal and
mitotic recombination mutations. The objective of this study was to investigate

the genotoxic potential of the PBM (904 nm) starting from an in vivo bioassay.
Materials and Methods

SMART Assay

Strains of Drosophila melanogaster which carry specific marker genes
located on chromosome 3 were used to detect the induction of mutation and
recombination in somatic cells. Such strains are designated as fir®; and mwh -
having the following genotypic constitutions respectively: fir(fir’/In(3LR) TM3,ri p°
sep 1(3)89Aa bx*** Bd®) and mwh (mwh/mwh). The test is based on the
identification of hair with mutant phenotypes that represent the expression of the
occurrence of lesions at the DNA level. Such changes are primarily induced in
the cells of the imaginal discs which, through innumerable mitotic divisions, give
origin to the wings of adults with their trichomes. Mutant trichomes are organized
by stains with characteristic phenotypes that indicate the occurrence of these

genetic events [6]. About 100 larvae were placed in a monolayer of 1 cm? plates
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placed every 3 wells in order to avoid dispersion of the Laser and were exposed

to one application of LLLT (904 nm).

Microscopic Analysis

Slides containing 10 female wings and 10 male wings were analyzed
under optical microscope with magnification of 400X, totaling 100 individuals
analyzed, including the negative control, observing the phenotypes of the
trichomes or hairs existing on the dorsal and ventral surfaces of the individuals
wings. The blade reading is done so that the evaluator establishes a sweep
through all sections of the wing. Each imaginal disk has 10 to 30 cells, which
after 12 mitotic cell cycles result in about 24,400 to 30,000 cells per wing per
subject. Each slide, therefore, represents a sample number relative to the

analysis of almost half a million cells.

Low-Level Lasers and Treatment Parameters

Therapeutic low-level infrared (904 nm, 50 mW, pulsed mode, spot size
0.01 cm? diameter 1.1mm) (Endophoton-LLT-0107; KLD Biosistemas
Equipamentos Eletrénicos Ltda, Brazil), were used in this study. The focal point
of the probe was 0.5cm at an angle of 90° by scanning. The irradiations were

performed with energy densities of 3, 5, 10 and 20 J/cm?.

Statistics

For the evaluation of genotoxicity, the examined series were compared to
their respective negative controls. Statistical analysis was done through a
computer program that employs the Kastenbaum-Bowman test and follows the

multiple decision procedure according to Frei and Wrgler [7].

Results

The results obtained after irradiation on third stage larvae originated from
the standard crossover are presented in table 1. Of the evaluated doses, three
(5, 10 and 20 J/cm?) showed a significant increase in the total number of spots

compared to the negative control. In transheterozygous individuals, single spots
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are produced by point mutation, chromosomal aberration or recombination,
whereas twin spots are exclusively derived by mitotic recombination. The highest
frequency of spots induction occurred at dose of 10 J/cm?, with a decrease in the

frequency of induction of dose of 20 J/cm?.

Table 1: Summary of results obtained in the SMART test with PBM

Radiant Number Spots per fly (n° of spots)/statistical diagnosis®

exposure of flies® Small single Large single Twin spots Total
(Jicm?) (n) spots spots spots
(1-2 cells) (>2 cells)
20 0.30 (06) 0.00 (0) 0.05 (01) 0.35 (07)

20 0.50 (10) - 0.00 (0)- 0.00(00)- 0.50(10) -

20 0.60 (12) + 0.15(03)- 0.05(01)- 0.80(16) +

10 20 0.85(17) + 0.20 (04) - 0.00(00)- 1.05(21) +

20 20 0.60 (12) + 0.15(03)- 0.05(01)- 0.80(16) +

Three-day-old standard cross (ST) larvae: marker-trans-heterozygous (mwh/flr’). ®Statistical
diagnoses according to Frei and Wurgler: +, positive; i, inconclusive; —, negative (P < 0.05)
®48.800, i.e., approximate number of cells examined per fly.

=
* I £

Fig. 1 - Dose/response curve of the frequency of total spots induced by different LLLT
concentrations. * Significant difference (p <0.05).

Discussion
Through quantitative and qualitative analysis of appearance of mutant

hair it was possible to verify the presence of mutagenic events, both punctual and
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chromosomal, as well as those related to mitotic recombination at doses of 5, 10
and 20J/cm?®. In addition, the results point to a dose/response effect. There no
reports in the literature regarding investigation of possible genotoxic effects of
LLLT using the SMART wing test.

Few researches report the use of PBMT in the induction of mutations.
Jiang et al. made use of HeNe laser irradiations for periods of 25 minutes with a
power of 5 to 25 mW in order to produce mutations capable of generating
resistance or augmenting the biodegradation of the phenol compound [8].
Recently, Sergio et al. [9] have demonstrated through the Comet assay that the
red and infrared laser induce damage in the DNA of rats’ blood cells, especially
oxidative damage dependent on the fluency (25, 50 and 100J/cm?), potency (30,
50 and 100mW) and emission mode (Continuous and 10, 50 and 100 pulses).
They also identified that the induced lesions are targets of enzymes involved in
the repair of oxidative damages.

Ferrando-May et al. [10] gathered in a major review a series of works that
utilized lasers from 337 to 1100 nm wavelengths to generate samples of study of
DNA lesions. In a general analysis, it is possible to verify the presence of double
DNA breaks (DSBs) when using wavelengths of 355nm to 500nm. Pyrimidine
dimers (CPD) however were the most frequent lesions when the wavelength
used was between 500 and 1100nm.

In the search for good examples of DNA repair study, Solarczyh et al. [11]
demonstrated single-strand break (SSB) and double-strand break (DSB)
induction of the DNA helix using lasers in the visible range of 405 to 488 nm,
without the presence of photosensitizers.

Another point of consideration refers to experimental findings that have
related the damage caused by the laser to the generation of reactive oxygen
species (ROS), showing the need to consider the involvement of oxidative stress
in this context [12].

Inhibitory effects have also been reported on cell cultures exposed to
higher fluence [13] and, according to Sergio et al [14], these findings may
suggest that different intracellular chromophores or signaling pathways could be
involved. This is due to the lesions of DNA being present in greater numbers for

infrared lasers. This response, also referred as "Concept of Hormesis", has been
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widely observed by different authors, who have shown that lower doses of laser
present greater efficacy in relation to stimulus and tissue repair than larger doses
[15].

Considering the possibility of lethal effects when applying PBM (810nm),
Liang et al. [16] have demonstrated a significant decrease in the viability of
human oral cancer in vitro. In contrast, cell death and oxidative stress levels were
lower in normal cell culture. These findings led the authors to suggest PBMT as a
therapeutic modality in the treatment of oral cancer. However, Rhee et al. [17]
described aggressive proliferation and angiogenesis after the application of laser
(655nm) in thyroid cancer.

Several studies discuss the contradictory effect of laser therapy,
associating the difference in results to the different types of lasers, the dosage
used, the mode of treatment as well as the conditions of the tissues and genetic
characteristics. The use of an in vivo bioassay to evaluate the radiation-induced
damage presents great advantages, especially if we consider that in vitro
analyzes do not reflect the same response that is observed in the organism as a
whole.

In conclusion, PBM therapy was able to induce an increase in mutation
and somatic recombination in Drosophila melanogaster and showed a
dose/response effect. These results point to the need to evaluate the laser
damage through different bioassays, especially considering that several works
point to the laser as an inducer of oxidative stress, and that reactive oxygen

species are capable of inducing somatic mutation and malignant transformation.

Conflicts of Interest: None.
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Abstract:

Introdution: Publications have been very contradictory in several aspects
associated to the use of Low Level Laser Therapy (LLLT), associating the
difference of the results to the different types of Lasers, irradiated doses, modes
of treatment, as well as the conditions of the tissue and genetic characteristics.
The objective of this study was to reveal the possible cytotoxic and genotoxic
effects of LLLT (660 nm and 904 nm) irradiation using the NIH-3T3 mouse
fibroblast cell line. Methods: Cells were exposed to different fluences (3, 5, 10
and 20 J/cm?). Cell viability was determined by the colorimetric assay MTT (3-
[4,5-dimethylthiazol-2-yl] -2,5 diphenyl tetrazolium bromide) and DNA damage
was measured using the single cell gel electrophoresis method (Comet test).
Results: The LLLT in the parameters of 660 nm and 904 nm, used at fluences of
3, 5, 10 and 20J/cm?, showed no cytotoxic or DNA damage effects using MTT
assay and Comet assay, respectively. Conclusion: As a trend, certain
parameters had a biostimulatory effect and others increased cell death,
depending on the wavelength and fluences used. Clinical research should be

performed to corroborate or not the results found.

Keywords: MTT, Comet Assay, Cytotoxicity, Laser
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Introduction

Photobiomodulation therapy (PBM), also known as Low Level Laser
Therapy (LLLT), has been increasingly popular in several areas related to human
health that include applications in the medical, dental, aesthetic and
physiotherapeutic areas’?. Although their increasing use has aroused interest in
research, mechanisms of action, dosimetry, as well as dose/response
relationship, are not yet fully established.>®. In the last decades some studies
have generated favourable evidence on the application of PBM in several
biological processes, both in vivo and in vitro, especially those related to cell
proliferation and differentiation.>”’

The concern in making the use of Laser safe has been demonstrated in
several studies.®'" Khan et al. reported that phototoxic doses mediated by red
and infrared lasers did not generate direct DNA damage, neither genotoxic
and/or mutagenic effects and that the phototoxicity found was likely the result of
the activation of stress pathways, suggesting that these effects may be linked to
the overproduction of reactive oxygen species (ROS), since sublethal doses may
potentially promote mutagenic events and cell transformation.®

In contrast, a number of studies have demonstrated the involvement of
laser in DNA lesions and also established associations to their respective
mechanisms of repair.’*"® Oxidative damage dependent on fluency, power and
emission mode were identified using Comet test and the induced lesions were
target of enzymes involved in oxidation repair.'® Ferrando-May et al. collected a
series of papers using lasers from 337 to 1100 nm wavelength in order to
generate models in study of to lead to DSBNA lesions and verified the presence
of double-strand breaks (DSB) when using wavelengths from 355 to 500 nm.
However, oxidative lesions such as pyrimidine dimers (CPD) were the most
frequent when the wavelength used was between 500 and 1100 nm."” Likewise,
the use of lasers in the visible range of 405 to 488 nm showed the induction of
single (SSB) and double-strand (DSB) breaks of the DNA helix."®

In addition, inhibition of cell proliferation has also been described in the
treatment of tumoral processes, especially when related to head and neck

cancers.'®? However, from cytotoxicity assays, authors state that clinicians
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should remain cautious about using Laser to treat patients with malignancies.”?*
25

Pre-inducing stressors with therapeutic Lasers seem to dominate the
autophagy and cellular repair response contributing to the increase of the
phototoxic dose threshold.® Similarly, a study investigating the effects of Laser
(600 to 1000 nm) on levels of bacterial flamentation and survival in E. coli
deficient lines in nucleotide excision repair and exposed to UVC, demonstrated
protective effects of preconditioning against the lethal damage of UVC by prior
application of the laser, but indicated the presence of sublethal lesions in the
DNA.%

In fact, academic literature has been quite contradictory on several aspects
associated with the use of LLLT, associating the difference of the results to the
different types of Lasers, irradiated doses, modes of treatment, as well as the
conditions of the tissue and genetic characteristics. Despite advances in
research, it is still necessary to investigate different experimental models. Thus,
the present study seeks to verify the effects of PBM therapy (660 and 904 nm) on

cytotoxicity and genotoxicity parameters in biological systems.

Material and Methods

This is an experimental study using fibroblast cells in culture and was
approved by the Research Committee of Universidade Federal de Ciéncias da
Saude de Porto Alegre under protocol 076/2015.

Cell lines and maintenance of fibroblast culture

The NIH-3T3 mouse fibroblast cell line was obtained from the Rio de
Janeiro Cell Bank Collection (Dugue de Caxias, RJ). Cells are maintained in 25
cm? culture flasks with DMEM culture medium containing 2% glutamine and 10%
fetal bovine serum at 37°C in 5% CO, and 95% humidity. Before phototherapy, a
suspension containing 7x10* cells/100uL was prepared. Plates from 24 wells of
flat bottom were used for the experiment. The cell suspension was placed every
four wells to provide a maximum distance between the cells and, thus, to avoid

dispersion of the laser to other wells. All experiments were performed in
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duplicate, 2 times, with six samples for each dose tested, as well as for the

negative control (untreated cells).

DNA damage

Fibroblast cells are distributed into 24 well plates at a density of 1 X 10*
cells/well and cultured for 24 hours. The fibroblasts are treated with 660 and 904
nm laser applications in irradiation parameters which are described in Table 1.
The evaluation is performed immediately after the application of the Laser (0) and
three hours after the application (3h), as described by Tice et al. [27]. After 2 min,
50uL complete medium was added, and the cells were gently resuspended and
mixed with 90uL low-melting point agarose solution and spread on agarose-pre-
coated microscope slides. Slides were incubated for 24 hours in lysis solution at
4°C slides and placed in a horizontal electrophoresis unit and incubated with
fresh buffer solution (300mM NaOH, 1 mM EDTA) at 4°C for 15 min in order to
allow DNA unwinding and the expression of alkali-labile sites. Electrophoresis
was conducted for 20 min at 25 V (94 V/cm). All of the above steps were
performed under yellow light or in the dark in order to prevent additional DNA

damage.

Evaluation of citotoxicity

Cell cultures are maintained in exponential growth by subculture of the cells
every two days in culture medium. Cells were irradiated with 660 and 904 nm
Laser applications in parameters which are described in Table 1. Post-irradiation,
the cell proliferation was evaluated using the 3-[4,5-dimethylthiazol-2-yl]-2,5
diphenyl tetrazolium bromide (MTT) assay according to the protocol proposed by
Scudiero et al.*® After laser exposure, the cells were incubated with 200 pL/well
of MTT solution (0.05 g of MTT 5 mL diluted in PBS) for 3 h. After this step,
MTT was removed and 200 pL DMSO was added immediately to the
formazan precipitate. The absorbance of formazan crystals, which is a direct
indicator of the amount of viable cells, was assessed with a microplate reader

(Multiskan, Uniscence) at 540 nm.
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Low-Level Lasers and Treatment Parameters

Therapeutic low-level red (660 nm, 20 mW, continuous wave, spot size
0.035 cm?, collimate fibre shape, diameter 2.2 mm) and infrared Lasers (904 nm,
50 mW, pulsed mode, spot size 0.01 cm?, divergent fiber shape, diameter 1.2
mm) (Endophoton-LLT-0107; KLD Biosistemas Equipamentos Eletrénicos Ltda,
Brazil), were used in this study. The focal point of the probe was 0.5 cm, equal to
the diameter of culture plate Wells, at an angle of 90°. Irradiation parameter
evaluation in Comet assay and MTT is provided in Table 1. Parameters are
described according to Turnér & Jenkins.?

After 24 hours, cultures of cells were exposed to one, two or three
applications of laser irradiation. Irradiation exposures were performed at energy
densities of 3, 5, 10, and 20 J/cm?. Each experiment included 18 replicates for
each application of laser and six replicates of negative/untreated controls. For
experiments with one and three repeated exposures, the irradiation applications

were separated by 24 hours.

Treatment
Table 1. Parameters

Test Wavelenght Power Fluence Irradiated No points Treatment Effective

area fluence

(nm) (mW) (Jlem®  (cm?  irradiated sessions (J/cm?)
3 1,91 6 1 3,14
Comet 660 20 5 1,91 6 1 5,23
Assay 904 50 10 1,91 6 1 10,47
20 1,91 6 1 20,94
3 1,91 6 1 3,14
MTT 660 20 5 1,91 6 1 5,23
904 50 10 1,91 6 1 10,47
20 1,91 6 1 20,97
3 1,91 6 3 3,14
MTT 660 20 5 1,91 6 3 5,23
904 50 10 1,91 6 3 10,47
20 1,91 6 3 20,97

Statistical Analysis

We used SPSS version 11.5 to determine the statistical significance in cell
proliferation outcomes after laser irradiation. Descriptive statistics were used to
describe the means and standard deviation (SD) of the percentage. Two-way

ANOVA was used to compare different groups. One-way ANOVA with Tukey’s
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Honestly Significant Difference (HSD) test was performed to determine the level
of significance, when comparing energy density and number of exposures of
irradiated cells versus the untreated controls. P<0.05 was considered statistically

significant (95% confidence interval).

Results

No adverse effects were found related to cytotoxicity or genotoxicity
parameters in the Comet and MTT assays. Cell proliferation was evaluated after
24 (1dose) and 72 hours (3 doses) by MTT assay, verifying the viable and dead
cells at 4 different doses (3, 5, 10 and 20 J/cm?) as shown in Figures 1 and 2.

The low-intensity laser parameters used did not present significant
differences in the different irradiated doses, either with one or three irradiations
presenting cell viability higher than 80%, allowing them to be classified as non-
cytotoxic.

Figures 1 (660 nm) and 2 (904 nm) represent the results obtained by the
MTT cell viability test. Cells irradiated with only one laser application, both 660
nm and 904 nm, demonstrated a growing increase in cell proliferation relative to
the doses used. However, consecutive irradiations for 3 days demonstrated a
different pattern in relation to the wavelengths tested. Comparatively, when
irradiations were performed at 660 nm, there was an increase in cell proliferation
at doses of 3 and 5 J/cm?, a decrease at 10 J/cm?, and an even greater reduction
at the dose of 20 J/cm? below control values and indicating cell death.
Consecutive 904 nm irradiations showed a proliferative decrease at doses of 5
and 10 J/cm? and the dose of 20 J/cm? also caused cell death, below control
levels, suggesting a cytotoxic effect of greater magnitude in relation to the 20

Jicm? dose of Wavelength 660 nm, indicating a dose-dependent effect.
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Fig. 1 - Cell viability by MTT after 1 dose (24hs post irradiation) and 3 doses (24, 48, 72hs post
irradiation) using laser at 660 nm wavelength. Error bars indicate the standard deviation of the
mean. (**) P<0.05 when compared to the negative control.
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Fig. 2 - Cell viability by MTT after 1 dose (24hs post irradiation) and 3 doses (72hs post
irradiation) using laser at 904 nm wavelength. Error bars indicate the standard deviation of the
mean. (**) P <0.05 when compared to the negative control.
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Figures 3 and 4 respectively demonstrate the damage index in samples of
fibroblastic cells submitted to a single exposure (24 hs) to red (660 nm) and
infrared (904 nm) Lasers in fluids of 3, 5, 10 and 20 Jlcm?. The data show that
the irradiations were not able to produce DNA damage when compared to the

negative control (non-irradiated cells), and were not statistically significant.
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Fig.3 - Damage index in cell cultures of fibroblasts exposed to Lasers in different columns: (CN)

Negative control, (3J) 3J /em? of 660 nm laser, (5J) 5J /cm? of 660nm laser, (10J) 10J /cm? of 660

nm laser, (20J) 20 Jicm? of 660 nm laser (CP) Positive control (5 mM hydrogen peroxide). Error

bars indicate the standard deviation of the mean. (***) P <0.001 when compared to the negative
10

control.
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Fig.4 - Damage index in cell cultures of fibroblasts exposed to Lasers in different columns: (CN)
Negative control, (3J) 3 J/cm? of 904 nm laser, (5J) 5J /cm? of 904 nm laser, (10J) 10 J/cm? of
904 nm laser, (20J) 20 Jicm? of 904 nm laser (CP) Positive control (5 mM hydrogen peroxide).
Error bars indicate the standard deviation of the mean. (***) P <0.001 when compared to the
negative control.
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Discussion
In this study we evaluated the effect of different exposures and irradiation

doses with Lasers that are commonly used in clinical practice and have been
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shown not to induce genetic damage in cultures of murine fibroblasts, nor were
there significant changes in cell viability.

Publications have shown to be quite divergent in relation to virtually all the
parameters of photobiomodulation'! and, although the use of laser has increased
in many countries, the molecular mechanisms and effects of LLLT, mainly on
DNA, are controversial.?®

In this work, it was demonstrated that 3 consecutive doses presented higher
rates of cell death when compared to a single application. In addition, this effect
was shown to be amplified at the highest wavelength used (904 nm). Cytotoxicity
defines the potential for chemical (or physical) products to destroy cells and,
consequently, measures cell death independently of another underlying
mechanism.”” The findings of this study, although not statistically significant,
indicate a trend that suggests that a single laser exposure (3, 5, 10 and 20 J/cm?)
increases cell proliferation (dose-response) and that being exposed for 3
consecutive days to red and infrared lasers at doses of 10 and 20 J/cm? may,
respectively, decrease cell viability and lead to cell death, especially at 20 J/cm?
where growth was lower than that found in non-irradiated cultures (negative
control).

Similar results were found by Frigo et al. using the MTT viability test and
found that there was no significant cell proliferation at doses of 3 J/cm?, but the
dose of 21 J/cm? showed negative effects on fibroblast culture, as it inhibited cell
proliferation. The authors suggest that the physiological status of cells affects the
results of PBM, and that cells with high metabolic rate and short cycle do not
respond to this therapy.®

Houreld & Abrahamse tested 5 J/cm? laser fluids (632.8 nm) in human
epithelial cells that were harvested in diabetics and maintained in culture and
performed viability and genotoxicity tests. The in vitro experiment demonstrated
that consecutive doses were cytotoxic. However, the 72 hours interval between
applications showed less DNA damage and increased cell proliferation. The
irradiation interval therefore proved to play an important role in wound healing in
vitro."" The authors therefore suggest that factors such as exposure time, dose,
potency and interval between applications should be considered in clinical

practice, which is in agreement with the findings in this study.
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When using irradiations in leukemic cells (810 nm, 0,1W), Dastanpour et al.
claim that cell growth differs according to irradiation and cell type conditions.
They report that normal and neoplastic cells may have different sensitivity to
laser irradiation by suggesting that responses to phototherapy have different
effects on cells and their distinct mechanisms of cell proliferation. In their
experiment, cell cultures were irradiated 1, 2 or 3 times per week at 5, 10 and 20
Jicm? fluences. They did not show significant changes in cell proliferation
between single applications or 3 times a week, irrespective of irradiation dose at
5 and 10 Jicm? but showed a statistically significant difference at doses of
20J/cm? when applied twice a week. When affirming that the biological effects of
the laser remain from 9 to 72 hours, they suggest that this time should be
considered to determine the interval between the applications, which was also
verified in our study.?®

Likewise, Souza et al. utilized irradiations of 660 nm (15 mW, 7.5 J/cm2)
and 780nm (70 mW, 3 J/cm2) to verify cell viability in cultures of 1, 3 and 5 days
and demonstrated increased mitochondrial function of macrophages in simulated
inflammatory condition in vitro after the second application, but no later than the
fifth day (third application). The increase in cell proliferation was only maintained
in cells without the activated inflammatory condition.®' According to Huang et al.,
Laser therapy exerts an effect on biological responses and appears to be
cumulative with each new dose applied.

Agrawall et al. describe the effect of PBM therapy in a preconditioning study
on injured tissues and report the important role of LLLT in the mechanisms of
cellular biomodulation, since they can minimize the secondary damage caused
by the inflammatory process.?

However, the Laser study on the effect of preconditioning in primary
neuronal cultures to test for the possibility of inhibition of apoptotic cells
concluded that laser preconditioning protected the neuronal cells of cyanide by a
mechanism that probably involves decreased production of ROS, down-
regulation of pro-apoptosis mechanisms, activation of anti-apoptotic proteins and
by increased tissue energy.** Several authors suggest that levels of ROS
determine the risk/benefit binomial when using phototherapy, being dependent

on dosimetry, exposure time, tissue pigmentation, and others.*®® In our study,
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oxidative stress was not evaluated, resulting in a limitation in the interpretation of
the results found.

In this context, Kujawa et al. suggest that lower doses act to increase cell
proliferation and inhibit apoptosis ("protective" function).* Higher doses, however,
appear to be involved in irreparable damage that can lead to apoptosis and
autophagy.®"® In addition, they appear to exhibit cytotoxic selectivity, since they
appear to inhibit proliferation in oral mucositis but seem to accentuate it in other
tumors.'®23*3% Thus, Huang et al. state that dosimetry to be used in protocols
should consider the biphasic response. ™

As in this study, other publications did not detect the presence of DNA
damage.**®” However, a number of papers have described DNA damage caused
by the use of LLLT.'*'6:3839 Manteifel and Karu performed experiments on yeasts
using fluids of 4.6 J/cm? and 11.5 J/cm? (632.8 nm). At the lower dose they
observed an increase in cell proliferation and at the doses of 11 J/cm? they
describe changes in the mitochondrial (and possibly nuclear) DNA, affirming that
these alterations last for generations and attribute these lesions by the acting of
ROS as secondary messengers.’

Canuto et al. states that red laser radiation can induce DNA lesions at a
sublethal level.?® Khan et al. describe that sublethal doses may potentially
promote cell mutagenicity and transformation. The results indicate that this does
not appear to be mediated by direct DNA damage and also implies that high
doses of LLLT may be phototoxic without being genotoxic or mutagenic,
indicating that they may be safe for clinical applications. This is due to laser
phototoxicity in vitro and in vivo involving production of surface heat and damage
resulting from stress-mediated levels of ATF-4, which activates transcription
factors.® Thus, they suggest the utility of monitoring surface temperature and
expression of ATF-4 as potential biomarkers to develop safe and effective use of
low intensity lasers. In addition, Manteifel and Karu report decomposition of
chromatin after 1 hour of HeNe laser irradiation (628nm) and describe a greater
availability of transcription sites in DNA.*

Kujawa et al., however, also found no cytotoxic and/or genotoxic effects
after 810 nm LLLT irradiation at fluences of 3.75 and 11.25 J/cm?®.*" Hawkins and

Abrahamse (2006), in turn, concluded that HeNe red laser irradiations for 2
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consecutive days of 10 and 16 J/cm? significantly increased DNA damage.*? In
this context, it should be noted that in our study the cells received only a single
irradiation of the 660 and 904nm Lasers in the different fluences tested.

The effects of LLLT on the DNA molecule, the involved oxidative
mechanisms and the effects on cell proliferation in different tissues remain
controversial. Cell viability and genotoxicity tests have proved to be valuable in
this understanding and have been widely used.""®3%3% Although in vitro studies
allow standardization and are reproducible models, the results of these studies
still cannot be correlated with possible clinical results. However, the prior
knowledge of these effects and possible therapeutic repercussions is of extreme
importance for the formulation of in vivo protocols. Likewise, a larger number of
studies such as this, which concomitantly compare cytotoxic and genotoxic
effects, is necessary for a greater elucidation of the mechanisms involved in the
phototoxicity and, thus, to guarantee greater safety in the use of therapeutic

Lasers.

Conclusion

The low intensity laser in the parameters of 660 and 904 nm, used at
fluences of 3, 5, 10 and 20 J/cm? showed no cytotoxic or genetic damage-
related effects in the MTT and Comet cell viability tests, respectively. Clinical

research should be performed to corroborate or not the results found.

Conflicts of Interest: None.
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8 CONCLUSOES

A radiacao Laser de baixa intensidade (660 nm e 904 nm) ndo alterou a
viabilidade celular nos parametros utilizados, mas foi capaz de induzir um
incremento em mutagao e recombinagcdo somatica em Drosophila melanogaster
e demonstrou um efeito de dose-resposta. Torna-se necessario, portanto, avaliar
os danos do Laser a partir de diferentes bioensaios principalmente se
considerarmos que varios trabalhos apontam o Laser como indutor de estresse
oxidativo e que espécies reativas de oxigénio sdo capazes de induzir mutagéo
somatica e transformagdo maligna estando intimamente relacionada com a

génese e com a progressao de processos tumorais e do cancer.
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Mecessary documentations of the case(s) like
pathology and laboratory test reports should be
included in the submission package. Brief reports
should not have more than one figure and/or table.

Casze Series: It is included all of the reports
about the special treatment and new proceduore
in some limited cases with good results but not
confirmed vet internationally as a global choice.
It should be limited to 2300 words.

Photo Essay: It is a quiz type article which
should be presented by a high guality picture,
a brief history about the picture and a guestion
about the best modality of intervention. It should
be limited to 2300 words.

Letters to the Editor: J Lasers Med Sci
accepts letters to the editor. Letters, less than 500
words. should discuss articles published in the
journal during the previous six months. Letters
will nndergo peer-review processing and will be
edited for clanty.

Commentary: J Lasers Med Sci accepts the
comment(s) from the experts in the shape of
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waed, 1ts mamifacturer’s name and address should
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follow from them. Tt must be mentioned whether
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false or no conclusions can be derived.
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persons who have provided technical help. writing
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provided general support. Financial and material
support should also be acknowledged.
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tables as photograph Place explanatory matters
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same data should not be presented in tables, figures
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*References: All manuseripts should be
accompanied by relevant references. The author
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accuracy of all reference citations. To mimimize
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5. et al. Cutaneous leishmaniaziz: Schedules
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*Abbreviations and Symbols: Use only standard
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stands should precede its first use in the text vnless
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*The Corresponding Author: The comesponding
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able to handle all correspondence with the journal
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*Ethical Guidelines: Ethical considerations
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11Please state that informed consent was
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and from the parents or legal guardians of
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*Conflicts of Interest: Authors must
acknowledge and declare any sources of funding
and potential conflicting interest, such as receiving
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an organization that may profit or lose through
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Journal of Physical Therapy (JPT) is an International peer-reviewed open-access quarterly
journal dedicated towards publishing research articles in the field of but not limited to
Physical Therapy and Rehabilitation. Authors are encouraged to submit their research
reports which are original information and are not yet reported at length elsewhere. The
Journal is currently covered (both abstracted, and full-text indexed) by Index Copernicus
International database.

Authors who wish to submit manuscripts (prepared according to the following instructions
to authors) for publication in JPT should compulsarily email the chief editor(s) for
manuscript submission through the following e-mail ids:
senthilparamasivamkumar(at)gmail.com

editor.jphysther(at)gmail.com

Please note that Journal of Physical Therapy (JPT) is the only "free-for-author" and "free-
for-reader” open-access journal in the world, and hence your valuable scientific
information has the unlimited and unrestricted scope for dissemination and development.

Information for Author(s):

Manuscripts must be prepared in accordance with "Uniform requirements for Manuscripts
submitted to Biomedical Journal" developed by international committee of medical Journal
Editors.

Submission of manuscript:
o Authors should submit electronic version (Microsoft word doc) of the manuscript via e-mail
o Accepted papers will be acknowledged and processed further, if the papers are rejected, the
decision will be communicated to the corresponding author.
o Acceptance or rejection of the manuscript would be decided after the decision of editorial team.
0 Acceptance or rejection of the manuscript for publication in journal would be informed to
corresponding author at the earliest.

Preparing a Manuscript:
o Authors should keep their manuscripts as short as they reasonably can (the total number of
words should not exceed 3200).
o Page number should appear in the upper right hand corner of each page, beginning with the
title page.
o The language of manuscript must be simple and explicit.
o Author’s / Co-author's name or any other identification should not appear anywhere in the body
of the manuscript to facilitate blind review.

We accept manuscript under following categories:
o Original Research Articles

Review

o Case reports

o Perspectives

0 Invited Commentary

o

o

o

Short communications
Letter to Editor

Original Research Articles:
It should be arranged into the following sections:

Title page
The title page should have the following information:

Title:
Title must be concise and should include information that will make electronic retrieval of the
article both sensitive and specific.
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Authors and affiliations:
The names of authors and their appropriate addresses should be given. It should be made clear
which address relates to which author.

Disclaimers:
If any

Contact information for corresponding authors:

The name, mailing address, telephone and fax numbers, and e-mail address of the author
responsible for correspondence about the manuscript (the “corresponding author;” this author
may or may not be the “guarantor” for the integrity of the study). The corresponding author should
indicate clearly whether his or her e-mail address can be published.

Source(s) of support:
Source(s) of support in the form of grants, equipment, drugs, or all of these.

Running title:

Itis a short title typed in the journal at the right top corner of right hand page of the article (except
the lead page). A short running title of not more than 40 characters (including letters and spaces)
should be given.

Conflict of Interest Notification Page

To prevent potential conflicts of interest from being overlooked or misplaced, this information
needs to be part of the manuscript. The ICMJE has developed a uniform disclosure form for use
by ICMJE member journals (http://www.icmje.org/coi_disclosure.pdf).

Abstract and key words

Abstract:

It must start on a new page carrying the following information: (a) Title (without author’'s names or
affiliations), (b) Abstract body, (c) Key words, (d) Running title. It should not exceed 250 words
excluding the title and the key words. The abstract must be concise, clear and informative rather
than indicative. New and important aspects must be emphasized.

The abstract must be in a structured form consisting of context or background for the study,
objectives, methods (selection of study subjects or laboratory animals, observational and
analytical methods), results (giving specific effect sizes and their statistical significance, if
possible) and conclusions. Authors should state the main conclusions clearly and not in vague
statements. The conclusions and recommendations not found in the text of the article should not
be given in the abstract. Articles on clinical trials should contain abstracts that include the items
that the CONSORT group has identified as essential (http://www.consort-statement.org/? =1190).
Clinical trial registration number should be mentioned at the end of the abstract. Whenever a
registration number is available, Authors should list that number the first time they use a trial
acronym to refer to either the trial they are reporting or to other trials that they mention in the
manuscript.

Key words:
Provide 3-5 keywords which will help readers or indexing agencies in cross-indexing the study.
The words found in title need not be given as key words.

Introduction

It should start on a new page. Essentially this section must introduce the subject and briefly say
how the idea for research originated. Provide a context or background for the study (that is, the
nature of the problem and its significance). State the specific purpose or research objective of, or
hypothesis tested by, the study or observation; the research objective is often more sharply
focused when stated as a question. Both the main and secondary objectives should be clear, and
any prespecified subgroup analyses should be described. Provide only directly pertinent
references, and do not include data or conclusions from the work being reported.

Material and Methods
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This section should deal with the materials used and the methodology - how the work was carried
out. The procedure adopted should be described in sufficient detail to allow the study to be
interpreted and repeated by the readers, if necessary. This section should include only
information that was available at the time the plan or protocol for the study was being written; all
information obtained during the study belongs in the Results section.

Selection and Description of Participants

Describe your selection of the observational or experimental participants (patients or laboratory
animals, including controls) clearly, including eligibility and exclusion criteria and a description of
the source population. Because the relevance of such variables as age and sex to the object of
research is not always clear, authors should explain their use when they are included in a study
report—for example, authors should explain why only participants of certain ages were included
or why women were excluded. The guiding principle should be clarity about how and why a study
was done in a particular way. When authors use such variables as race or ethnicity, they should
define how they measured these variables and justify their relevance.

Technical Information

Identify the methods, apparatus (give the manufacturer's name and address in parentheses), and
procedures in sufficient detail to allow others to reproduce the results. Give references to
established methods, including statistical methods (see below); provide references and brief
descriptions for methods that have been published but are not well-known; describe new or
substantially modified methods, give the reasons for using them, and evaluate their limitations.
Identify precisely all drugs and chemicals used, including generic name(s), dose(s), and route(s)
of administration.

Statistical Methods

Describe statistical methods with enough detail to enable a knowledgeable reader with access to
the original data to verify the reported results. When possible, quantify findings and present them
with appropriate indicators of measurement error or uncertainty (such as confidence intervals).
Avoid relying solely on statistical hypothesis testing, such as P values, which fail to convey
important information about effect size. References for the design of the study and statistical
methods should be to standard works when possible (with pages stated). Define statistical terms,
abbreviations, and most symbols. Specify the computer software used.

Results

Present your results in logical sequence in the text, tables, and illustrations, giving the main or
most important findings first. Do not repeat all the data in the tables or illustrations in the text;
emphasize or summarize only the most important observations. Extra or supplementary materials
and technical detail can be placed in an appendix where they will be accessible but will not
interrupt the flow of the text, or they can be published solely in the electronic version of the
journal.

When data are summarized in the Results section, give numeric results not only as derivatives
(for example, percentages) but also as the absolute numbers from which the derivatives were
calculated, and specify the statistical methods used to analyze them. Restrict tables and figures
to those needed to explain the argument of the paper and to assess supporting data. Use graphs
as an alternative to tables with many entries; do not duplicate data in graphs and tables. Avoid
nontechnical uses of technical terms in statistics, such as “random” (which implies a randomizing
device), “normal,” “significant,” “correlations,” and “sample.”

Where scientifically appropriate, analyses of the data by such variables as age and sex should be
included.

Discussion

This section should deal with the interpretation, rather than recapitulation of results. For
experimental studies, it is useful to begin the discussion by briefly summarizing the main findings,
then explore possible mechanisms or explanations for these findings, compare and contrast the
results with other relevant studies, state the limitations of the study, and explore the implications
of the findings for future research and for clinical practice.

Link the conclusions with the goals of the study but avoid unqualified statements and conclusions
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not adequately supported by the data. In particular, avoid making statements on economic
benefits and costs unless the manuscript includes the appropriate economic data and analyses.
Avoid claiming priority or alluding to work that has not been completed. State new hypotheses
when warranted, but label them clearly as such.

Acknowledgements

It should be typed in a new page. Acknowledge only persons who have contributed to the
scientific content or provided technical support. Sources of financial support should be
mentioned.

References

It should begin on a new page. Avoid citing abstracts as references. Papers which have been
submitted and accepted but not yet published may be included in the list of references with the
name of the journal and indicated as “Forth coming”. A photocopy of the acceptance letter should
be submitted with the manuscript. Information from manuscript “submitted” but “not yet accepted”
should not be included. Avoid using abstracts as references. The “unpublished observations” and
“personal communications” may not be used as references but may be inserted (in parentheses)
in the text. References are to be cited in the text by superscribed number and should be in the
order in which they appear (after the punctuation). References cited only in tables or in legends to
figures should be numbered in accordance with a sequence established by the first identification
in the text of the particular table or illustration. The references must be verified by the author(s)
against the original documents. The list of references should be typed double spaced following
the Vancouver style.

General Considerations Related to References

Although references to review articles can be an efficient way to guide readers to a body of
literature, review articles do not always reflect original work accurately. Readers should therefore
be provided with direct references to original research sources whenever possible. Avoid using
abstracts as references. References to papers accepted but not yet published should be
designated as “in press” or “forthcoming”; authors should obtain written permission to cite such
papers as well as verification that they have been accepted for publication. Information from
manuscripts submitted but not accepted should be cited in the text as “unpublished observations”
with written permission from the source.

Avoid citing a “personal communication” unless it provides essential information not available
from a public source, in which case the name of the person and date of communication should be
cited in parentheses in the text. For scientific articles, obtain written permission and confirmation
of accuracy from the source of a personal communication.

Some but not all journals check the accuracy of all reference citations; thus, citation errors
sometimes appear in the published version of articles. To minimize such errors, references
should be verified using either an electronic bibliographic source, such as PubMed or print copies
from original sources. Authors are responsible for checking that none of the references cite
retracted articles except in the context of referring to the retraction. For articles published in
journals indexed in MEDLINE, the ICMJE considers PubMed the authoritative source for
information about retractions. Authors can identify retracted articles in MEDLINE by using the
following search term, where pt in square brackets stands for publication type: Retracted
publication [pt] in PubMed.

Reference Style and Format

Authors may also consult sample references
(http://www.nlm.nih.gov/bsd/uniform_requirements.html) , a list of examples extracted from or
based on Citing Medicine for easy use by the ICMJE audience; these sample references are
maintained by NLM.

References should be numbered consecutively in the order in which they are first mentioned in
the text. Identify references in text, tables, and legends by by superscribed Arabic numerals.
References cited only in tables or figure legends should be numbered in accordance with the
sequence established by the first identification in the text of the particular table or figure. The titles
of journals should be abbreviated according to the style used in the list of Journals Indexed for
MEDLINE, posted by the NLM on the Library's Web site. The list of references should be typed
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double spaced following the Vancouver style.

Tables

Each table must be self-explanatory and presented in such a way that they are easily
understandable without referring to the text. Type or print each table with double-spacing on a
separate sheet of paper. Number tables consecutively in the order of their first citation in the text
and supply a brief title for each. Do not use internal horizontal or vertical lines. Give each column
a short or an abbreviated heading. Authors should place explanatory matter in footnotes, not in
the heading. Explain all nonstandard abbreviations in footnotes, and use the following symbols, in
sequence:

*1 T! ¢1 §1 ”v ﬂv **v TTv ¢¢7 §§7 ””7 TITI’ etc

Identify statistical measures of variations, such as standard deviation and standard error of the
mean.

Be sure that each table is cited in the text.

If you use data from another published or unpublished source, obtain permission and
acknowledge that source fully.

Additional tables containing backup data too extensive to publish in print may be appropriate for
publication in the electronic version of the journal, deposited with an archival service, or made
available to readers directly by the authors. An appropriate statement should be added to the text
to inform readers that this additional information is available and where it is located. Submit such
tables for consideration with the paper so that they will be available to the peer reviewers.

Figures (lllustrations)

Figures should be either professionally drawn and photographed, or submitted as electronic files
of figures in a format ( JPEG or GIF) authors should review the images of such files on a
computer screen before submitting them to be sure they meet their own quality standards.

For x-ray films, scans, and other diagnostic images, as well as pictures of pathology specimens
or photomicrographs, send sharp, glossy, black-and-white or color photographic prints, usually
127 x 173 mm (5 x 7 inches). Letters, numbers, and symbols on figures should therefore be clear
and consistent throughout, and large enough to remain legible when the figure is reduced for
publication. Figures should be made as self-explanatory as possible, since many will be used
directly in slide presentations. Titles and detailed explanations belong in the legends not on the
illustrations themselves.

Photomicrographs should have internal scale markers. Symbols, arrows, or letters used in
photomicrographs should contrast with the background.

Photographs of potentially identifiable people must be accompanied by written permission to use
the photograph.

Figures should be numbered consecutively according to the order in which they have been cited
in the text. If a figure has been published previously, acknowledge the original source and submit
written permission from the copyright holder to reproduce the figure. Permission is required
irrespective of authorship or publisher except for documents in the public domain.

Legends for Figures (lllustrations)

Type or print out legends for illustrations using double spacing, starting on a separate page, with
Arabic numerals corresponding to the illustrations. When symbols, arrows, numbers, or letters are
used to identify parts of the illustrations, identify and explain each one clearly in the legend.
Explain the internal scale and identify the method of staining in photomicrographs.

Units of Measurement

Measurements of length, height, weight, and volume should be reported in metric units (meter,
kilogram, or liter) or their decimal multiples. Temperatures should be in degrees Celsius. Blood
pressures should be in millimeters of mercury. Authors should report laboratory information in
both local and International System of Units (SI). Drug concentrations may be reported in either
Sl or mass units, but the alternative should be provided in parentheses where appropriate.

Abbreviations and Symbols
Use only standard abbreviations; use of nonstandard abbreviations can be confusing to readers.
Avoid abbreviations in the title of the manuscript. The spelled-out abbreviation followed by the
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abbreviation in parenthesis should be used on first mention unless the abbreviation is a standard
unit of measurement.

Reviews

JPT endorses the PRISMA statement (http://www.prisma-statement.org). Authors submitting
systematic reviews are required to follow these guidelines, include a flow diagram within the
manuscript, and submit the checklist.

Case reports

Case report describes the overall management of an unusual case or a condition that is
infrequently encountered in practice or poorly described in the literature. The entire care of the
patient "from start to finish" is described, with no one aspect of care receiving greater focus.

Perspectives

Perspectives are highly scholarly papers expounding on a specific clinical approach to patient
care (on either a theoretical or practical basis) or addressing professional issues in Health care,
and related areas. Perspectives contain new ideas, interpretations, and opinions and are
intended to inform and advance practice in important ways. Perspectives can address
translational research. Perspectives are one of the most highly cited manuscript types. Typically,
these manuscripts are written by leaders in the field who set forth future directions.

Invited Commentary
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