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RESUMO GERAL

Por muitos anos, pesquisas foram desenvolvidas para esclarecer o impacto da radiacao
ultravioleta (UV) sobre a saude humana, por esta ser considerada a radia¢do solar mais
nociva e mutagénica do espectro eletromagnético ndo ionizante. Posteriomente foi
observado dentre as demais radiacGes solares, que a radiacdo infravermelha (RIV)
também poderia causar efeitos bioldgicos sobre a pele humana. Assim, o objetivo deste
estudo foi avaliar se a pré-exposicdo a RIV atérmica pode causar um efeito protetor dos
danos citotdxicos causados pela UV, em uma linhagem celular melanocitica, melan-a. A
partir deste proposito, foi analisada a proliferacdo e viabilidade celular apds exposicdo a
radiacdo ultravioleta A (UVA), radiacdo ultravioleta B (UVB), RIV e interacdo RIV
com UVA ou UVB, a capacidade de causar danos no DNA, peroxidacao lipidica, a
producdo de espécies reativas de oxigénio (ERO) e a capacidade antioxidante total. Para
exposicao a radiacdo UVA foram utilizadas as doses 0,2 J/cm?; 0,4 J/cm?; 0,8 J/cm?; 1,2
Jlcm? e 1,6 J/cm? para teste com MTT; 0,8 J/cm?; 1,2 J/em?; 1,6 J/cm?; 2,0 Jlcm? e 2,4
Jlcm? para teste com azul de trypan. Para exposicdo a radiagdo UVB foram utilizadas as
doses 0,005 J/cm?; 0,01 J/cm?; 0,015 J/em?; 0,03 J/cm? e 0,05 J/cm? e para RIV-A as
doses 0,8 J/cm?; 1,6 J/lcm?; 2,5 J/cm?; 3,3 Jlcm?e 4,2 J/lcm?. Os resultados mostram que
a radiacdo UVA, UVB e RIV foram capazes de inibir a proliferacdo e alterar a
viabilidade de forma dose e tempo dependentes. Para os experimentos com interacao,
foram escolhidas as doses 1,2 J/cm? de UVA, 0,015 J/cm? de UVB e 0,8 J/cm? de RIV.
A dose de UVA escolhida induziu proliferacdo celular, a dose de UVB inibiu
proliferacdo celular, enquanto que a dose de RIV nédo alterou a proliferagéo celular. Na
interacdo com a radiacdo UVA, a pré-exposi¢cdo a RIV ndo foi capaz de diminuir a
proliferacdo celular induzida pela radiagdo UVA, em todos os tempos analisados. J& na

interacdo com a radiacdo UVB, a pré-exposicdo a RIV foi capaz de estimular a



proliferacdo celular 24 horas apds a exposicéo, porém este efeito foi perdido nos demais
tempos analisados. Desta forma, as analises de danos celulares e estresse oxidativo
foram realizadas para interagdo entre RIV e UVB nos tempos 0, 24 e 48 horas apds a
exposicao. A pré-exposicao a RIV protegeu as células dos danos no DNA e peroxidacao
lipidica induzidos por UVB. Os danos no DNA foram protegidos em 0 e 24 horas apds
irradiacdes e a peroxidacdo lipidica foi protegida em todos os tempos. Esta protecéo
possivelmente ndo esteve relacionada ao estresse oxidativo observado, uma vez que
houve o desbalanco entre producdo de ERO e sistema de defesa antioxidante 24 e 48
horas apds a exposicdo. Sendo assim, a RIV atérmica protegeu os melandcitos nao
tumorais (melan-a) dos danos causados pela exposi¢do a radiagdo UVB e ainda, sugere-

se a necessidade de reexposicdes a RIV para manter o efeito protetor desta radiacéo.



INTRODUCAO GERAL

Radiacdo Ultravioleta

Entre as faixas de radiacdo solar que atingem a superficie da terra encontram-se
a radiacdo ultravioleta (UV), a luz visivel e a radiacdo infravermelha (RIV) (Lee &
Roque, 2002; Schroeder e colaboradores, 2008). Os efeitos bioldgicos da radiacdo UV
podem variar de acordo com o comprimento de onda, sendo dessa forma dividida em
trés regibes do espectro solar, UVA (320-400nm), UVB (280-320nm) e UVC (200-
280nm) (Diffey, 2002; Pfeifer et al., 2005; Kanavy & , 2011; Cadet et al., 2012).

A exposicdo excessiva ao sol é considerada o principal fator de risco ambiental
para o envelhecimento precoce da pele (Kim et al., 2005) e para o desenvolvimento do
cancer da pele (Kanavy & Gerstenblith, 2011). A radiacdo UV é conhecida como a mais
nociva e mutagénica do espectro eletromagnético de radiacéo solar. Essa caracteristica é
decorrente da capacidade da molécula de DNA absorver fotons de energia emitidos pela
radiacdo UVB e pela radiacdo UVA também apresentar caracteristicas citotoxicas e
mutagénicas (Ravanat et al., 2001).

A radiacdo UV que chega a superficie da terra é de aproximadamente 90-95%
UVA e 5-10% UVB, sendo a radiacdo UVC barrada pela camada de o0z6nio na
estratosfera (Narayanan et al., 2010). Porém, a destruicdo desta camada tem sido um
fator agravante para o desenvolvimento do céncer da pele, devido ao aumento da
incidéncia da radiacdo UVB na superficie da terra, resultando em efeitos nocivos a
salde (Norval et al., 2011).

Os raios UVB sdo absorvidos principalmente por células da epiderme superior e
a radiagio UVA pode penetrar profundamente na derme interagindo com os
queratinocitos, fibroblastos e melandcitos. No entanto, no processo de pigmentacéo

celular, tanto a radiagdo UVA como a radiacdo UVB séo responsaveis pelo efeito tardio
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da sintese de melanina (Kadekaro et al., 2003) podendo sugerir, dessa forma, que os
efeitos da radiacdo UVB atinjam camadas basais da pele de forma indireta. Ademais,
considerando o DNA como alvo celular, quanto menor o comprimento de onda maior
sera o efeito biologico sobre o organismo, sendo dessa forma a radiagdo UVB
considerada mais prejudicial para a pele do que a radiagdo UVA (Birch-Machin &
Swalwell, 2010).

Em aspectos clinicos, a radiacdo UVB é a principal responsavel pelas
queimaduras solares, podendo causar eritema, pigmentacéo, alteracbes que induzem ao
cancer da pele, além de estimular a produ¢do do horménio a-MSH que regula a sintese
de melanina nos melanécitos. Ao mesmo tempo, a radiacdo UVA é a principal indutora
da fotossensibilidade, induzindo pigmentacéo, alteragdes cancerigenas e eritema, o qual
surge mais tardiamente, podendo tornar-se gradualmente mais intenso (Miot et al.,
2009).

Os efeitos adversos da radiacdo UV sobre a salde podem ser observados ap0s
contato direto com a superficie corpérea, sendo os olhos e a pele os principais alvos. O
desenvolvimento do melanoma ocular é menos frequente quando comparado ao cancer
da pele. O céancer da pele pode ser considerado o resultado mais nocivo ap6s exposi¢do
a radiacdo UV, devido o desenvolvimento do melanoma e dos tipos ndo melanoma,
como carcinoma basocelular e carcinoma de células escamosas (Norval et al., 2011).

A pele é a primeira forma de defesa e protecdo de um organismo contra agentes
externos, sendo a radiacdo UV um dos principais fatores ambientais que influencia na
funcdo, sobrevivéncia e proliferacdo de diversos tipos celulares (Kadekaro et al., 2003).

Os efeitos da radiagdo UV nos organismos (Fig. 1) podem ser observados apés a
absorcéo pelos cromdéforos, componentes celulares ou moleculares com um espectro de

absorcdo que interagem com determinado comprimento de onda (Baron & Suggs,
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2014). Para radiagdo UVB, a molécula de DNA € o principal cromoforo, ja para os
raios UVA, as moléculas alvo preferenciais sdo as membranas bioldgicas. Contudo, a
radiacdo UVA pode resultar em danos no DNA por acdo indireta, atraves da formacao
de espécies reativas de oxigénio (ERO), resultantes de moléculas intermediarias, como a
agua, apos serem expostas a radiacdo UV (Darr & Fridovich, 1994; Kozma & Eide,

2014).

D7 p—

l Impedir o ciclo celular
¥ Reparagdo do DNA

Proliferacdo anormal
das células <—  Apoptose

l

Carcinogénese

A

MutagSes Genéticas
Por exemplo: p53, p16/p19, ras

Fig. 1 Efeitos da radiagdo UV nos organismos

Adaptado de: http://www.healthyfellow.com/220/skin-aging-and-ellagic-acid/

Danos resultantes na molécula de DNA podem ser reparados pela proteina P53
sintetizada pelo gene supressor de tumor p53 com atuacdo direta na reparacao celular,
apoptose e parada do ciclo celular. Este processo de dano pode decorrer da acéo direta

ou indireta da radiagdo UV no DNA, sendo o principal dano a formagdo de dimero de
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pirimidina (Kozma & Eide, 2014) e fotoprodutos pirimidona (6-4) pirimidina (Swalwell
e colaboradores, 2012). Em Huang e colaboradores (2009) foi observado, em
experimentos utilizando um modelo semelhante & pele humana, que tanto a radiacéo
UVA como a radiacdo UVB podem induzir mutagcdo no gene p53 em queratindcitos, a
partir da exposicdo a doses semelhantes a UV solar, conferindo as radiagbes UVA e
UVB um importante papel carcinogénico.

Quando expostas a radiacdo UV, as células da pele ativam diferentes vias de
sinalizacdo como forma de defesa. A producdo de ERO é um dos principais mecanismos
de resposta molecular da pele em exposicéo a esta radiacdo (Fischer et al., 2002). ERO
sdo moléculas quimicas produzidas pelo metabolismo energético dependente de
oxigénio e sdo conhecidas como radical superéxido (O, ), peréxido de hidrogénio
(H20,), radical hidroxil (OH), oxigénio singleto, ozonio e peroxidos lipidicos (Hermes-
Lima & Zenteno-Savin, 2002).

Na maioria dos organismos aerobicos, de 85 a 90% do oxigénio consumido pela
mitocdndria é utilizado para producdo de energia. Porém, produtos do metabolismo
oxidativo podem causar danos aos organismos, principalmente pela oxidacdo de
componentes celulares. A geracdo de ERO pode induzir modificacbes quimicas em
outras moléculas, gerar dano oxidativo e ainda, agir como um segundo mensageiro em
vias de transducdo de sinal (Pamplona & Constantini, 2011).

A formac&o de ERO tem inicio através da reducdo de um elétron da molécula de
oxigénio, o que resulta na producdo de O, °, 0 qual € o precursor da maioria das ERO e
um mediador de reacdes oxidativas em cadeia. Naturalmente ou por reagdes catalisadas
pela superoxido dismutase (SOD), o O, " sofre dismutagéo resultando na producdo de
H,O,, que pode ser parcialmente reduzido a OH ou totalmente reduzido a agua

(Turrens, 2003). Além da formagéo do H,O,, 0 O, ~ pode reagir com 0 NO produzindo
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ONOQ', o qual é capaz de oxidar moléculas biolégicas como DNA, RNA, proteinas e
lipidios. As reacGes a partir do NO geram oxidantes denominados espécies reativas de
nitrogénio (ERN) (Pamplona & Constantini, 2011).

Em sistemas bioldgicos, o ‘OH também pode ser formado por ciclos redox pelas
reacOes de Fenton (Haber-Weiss), em que metais como o ferro e outros metais de
transicdo podem ser responsaveis pela formacéo deste radical. Outra via importante é do
radical hidroperoxil (HO), o qual representa a forma protonada dos superoxidos e pode
formar H,0,, o qual pode reagir com metais como ferro e cobre gerando ainda mais ‘OH
(Ayala et al., 2014).

O processo da peroxidagdo lipidica nas membranas biolégicas pode ter inicio a
partir do ‘OH, assim como na oxidacdo e dano de proteinas, lipidios, DNA e DNA
mitocondrial. Assim como este radical, moléculas intermediarias reativas ao oxigénio
também podem desencadear este processo, como: hidroperdxidos de alquil (LOOH),
radicais peroxil alquilicos (LOO") e radicais alcoxil (LO"). Os LOOH ndo s&o radicais,
mas sdo instaveis na presenca de metais de transicdo, enquanto os LO’ sdo espécies
reativas e participam diretamente na propagacdo da peroxidacao lipidica (Hermes-Lima,
2004).

O desequilibrio na producdo destas moléculas como ERO e ERN ativa o sistema
de defesa antioxidante (Birch-Machin & Swalwell, 2010) formado por compostos
responsaveis pelo mecanismo de defesa, como pelas enzimas superoxido dismutase
(SOD), catalase (CAT), glutationa redutase (GR), glutationa peroxidase (GPx) e
glutationa s-transferase (GST) e por compostos ndo enzimatico como, pela glutationa
(GSH), ubiquinona, &cido drico, vitamina E, entre outros. Porém, quando a alta
producdo de ERO ou ERN ¢é capaz de exceder a capacidade antioxidante, resulta em

estresse oxidativo (Hermes-Lima & Zenteno-Savin, 2002).
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Adicionalmente, ERO podem induzir diversos danos a célula, como ativagdo de
complexas vias de sinalizagéo, indugdo da matriz de metaloproteinases, e degradacéo ou
inibicdo da sintese do colageno da matriz extracelular nos tecidos conjuntivos (Oh et al.,
2004). De acordo com Peres e colaboradores (2011), a radiacdo UVB €é um dos
principais agentes cancerigenos para a salde humana, devido a sua capacidade de
estimular a producdo de ERO. Da mesma forma, a radiacdo UVA induz a producgéo de
ERO no meio intracelular, sendo os principais, peréxido de hidrogénio e oxigénio
singleto (Pirev et al., 2008), os quais podem causar danos no DNA (Pfeifer et al., 2005).

Uma das formas naturais de protecdo da pele é a sintese da melanina, um
pigmento que desempenha papel importante como agente fotoprotetor contra os efeitos
prejudiciais da radiacdo UV (Rouzaud et al., 2005). Embora a protecao seja importante,
a producédo de melanina torna as células sensiveis a ERO, como peroxido de hidrogénio
(H20,) e radical superoxido (O,") (Meierjohann, 2014). Smit e colaboradores (2008)
observaram, em experimentos com cultivo primario de melandcitos humanos, que a
sintese de melanina esteve associada ao acimulo de ERO intracelular, sendo este
aumento de ERO capaz de induzir a redugdo do antioxidante glutationa (GSH). De
acordo com Jenkins & Grossman (2013), o aumento nos niveis de ERO intracelular
pode tornar as células mais sensiveis ao desenvolvimento do melanoma.

ERO apresentam um papel importante como reguladores da sinalizacdo celular,
modulando processos biolégicos como proliferacdo e apoptose. No entanto, alteracdes
nos niveis de ERO podem afetar mecanismos epigenéticos, resultando na progresséo de
tumores e transformacdo maligna (Molognoni et al., 2013). Em estudos realizados in
vitro por Campos e colaboradores (2007), com uma linhagem ndo tumoral de
melanocitos murinos, foi observado, apds inducdo de blogqueio de ancoragem, um

aumento dos niveis de glutationa, 6xido nitrico e ERO intracelular.
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O aumento nos niveis de ERO pode resultar em alteragdes nos niveis de
metilacio do DNA, processo este capaz de contribuir diretamente para o
desenvolvimento de fenGtipos de resisténcia, uma caracteristica de tumores que
adquirem resisténcia a drogas que podem ou ndo ter relacdo quimica e ou estrutural com
aquelas as quais inicialmente respondiam durante a quimioterapia (Gottesman & Pastan,

1993).

Céncer da pele

Diversos estudos tém sido realizados avaliando os efeitos das radiagfes néo
ionizantes para saude humana, em especial a radiacdo UV. Dentre os efeitos benéficos
podemos ressaltar a producdo de vitamina D. J& considerando os efeitos maléficos para
a saude, a radiacdo UV é considerada um dos fatores predominantes para o
desenvolvimento do cancer da pele (Noonan et al., 2012; Swalwell et al., 2012; Wang et
al., 2014). Além da radiacdo UV, a exposicdo a diversos fatores ambientais e a
predisposicdo genética sdo considerados fatores de risco para o desenvolvimento desta
doenca (Jhappan et al., 2003).

Como abordado anteriormente, a pele apresenta um importante papel na
protecdo do corpo com relacdo a estressores externos, sendo formada pela derme
localizada logo abaixo da epiderme, e por tecido conjuntivo, vasos sanguineos, foliculos
pilosos e glandulas sudoriparas (Juzeniene et al., 2011). Ademais, a pele é composta de
uma variedade de células, sendo trés tipos principais: 0s queratinocitos, melandcitos e
células de Langerhans. Os queratindcitos, presentes em maior numero, sdo responsaveis
por formar uma barreira mecanica; as células de Langerhans participam da defesa imune
e inflamatdria, enquanto os melandcitos formam uma barreira bioquimica (Nordlund,

2007).
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Os melandcitos sdo caracterizados pela capacidade de produzir melanina, um
pigmento que fornece coloragdo a pele e protecdo dos danos causados pela radiacdo UV.
A melanina sintetizada pelos melandcitos permanece no interior de organelas
denominadas melanossomas, sendo transferidas para 0s queratindcitos adjacentes
(Juzeniene et al., 2011). Contudo, como dito anteriormente, apesar de exercer uma
fungdo importante, a sintese de melanina torna os melandcitos sensiveis a ERO, como
peroxido de hidrogénio (H,0,) e radical superdxido (O,") (Meierjohann, 2014).

Os processos de desenvolvimento e progresséo de diferentes tipos de cancer tém
sido explicados pela influéncia de fatores externos e mecanismos internos, estudados
pela oncogénese de cada tipo tumoral. No que se refere ao melanoma, a transformacao
de melandcitos normais em células cancerigenas pode ocorrer pela ativacdo de vias
estimuladoras de crescimento, e inativacdo de vias apoptoticas e supressoras tumorais
(Polsky & Cordon-Cardo, 2003); pelos genes RAS e RAC1 (Hodis et al., 2012;
Molognoni et al., 2013) e pelo gene BRAF, que controla vias de sinalizagdo de
proliferacdo e diferenciagéo celular (Sharma et al., 2012).

A classificacdo do cancer da pele do tipo melanoma esta de acordo com a sua
localizacdo e estagio de progressdo. O melanoma in situ permanece na epiderme,
apresentando padrdo de crescimento radial. No entanto, o melanoma invasivo,
considerado o tipo de cancer da pele mais agressivo é caracterizado por uma fase de
crescimento vertical, desempenhando um alto potencial de metéastase (Elder, 1987),
devido a sua agressividade e resisténcia a terapias (Miller & Mihm, 2006).

A capacidade metastaticade uma célula € caracterizada pela mudanca na adeséo
entre as celulas e a matriz celular, migracao, e invasdo através da matriz e através da

circulacdo sanguinea (Lee et al., 2006). A utilizacdo de linhagens celulares com
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diferentes capacidades invasivas é uma ferramenta propicia para auxiliar na evolugdo
dos estudos sobre o cancer da pele.

Dentre estas linhagens estudadas, a linhagem denominada B16F0 apresenta
excessiva producgdo de melanina, possibilitando elucidar processos como melanogénese
e mecanismos regulatérios da proliferacdo celular (Pinon et al., 2011). J& a linhagem
B16F0, devido ao seu potencial metastatico, tem sido amplamente estudada em
pesquisas sobre o cancer da pele (Carvalho et al., 2013).

J& para estudo do desenvolvimento do melanoma, desenvolveu-se uma linhagem
de melanoticos denominada melan-a, originada da pele de ratos embrionarios chamados
C57BL. Esta linhagem apresenta singularidades de melandcitos normais, por ser
dipléide e ndo tumorigénica podendo ser utilizada para estudos comparativos in vitro e

in vivo com sub-linhagens de melanoma (Bennet et al., 1987).

Radiacdo Infravermelha (RIV)

Por muitos anos, pesquisas foram desenvolvidas para esclarecer o impacto da
radiacdo UV sobre a salde humana, devido alguns efeitos como: queimaduras solares,
reacOes fototdxicas e fotoalérgicas, fotoenvelhecimento e cancer da pele. Posteriomente
foi observado, dentre as demais radiacGes solares, que a RIV também poderia causar
efeitos bioldgicos sobre a pele humana (Jantschitsch et al., 2009).

No espectro eletromagnético, para varios autores, a RIV abrange o0s
comprimentos de onda de 760 nm a 1 mm (Fig.2) sendo subdividida em trés regides:
RIV-A (IV perto, 760-1400nm), RIV-B (IV médio, 1400-3000nm), e RIV-C (IV longo

3000nm-1mm) (Schroeder et al., 2008; Cho et al., 2009).

18



Energia do Féton (J/Féton)
8.0x10°19 (UVC250nm)

6.6x10"1° (UVB300nm)
5.6x10""° (UVA350nm)

1.9x10°19 (IR-A1000nm)

Ultravioleta
uvc| uve|uva

200 290 320 400

raio y raio X Visivel | Infravermelho| Micro-ondas

IR-A IR-B IR-C

760 1400 3000 1,000,000

Compfimento de onda (nm)

Fig. 2 Espectro eletromagnético classificado em diferentes regies espectrais,
como raios-X, RUV, luz visivel e RIV.

Adaptado de Schieke e colaboradores, 2003

Os raios infravermelhos ao penetrarem na pele atingem tecidos subscutaneos
dependendo do comprimento de onda (Fig. 3). A RIV-A penetra nas camadas da
epiderme e derme atingindo tecidos subcutdneos sem aumentar significativamente a
temperatura da pele. Ja RIV-B e RIV-C s&o absorvidas principalmente na camada da
epiderme, aumentando significativamente a temperatura da pele resultando na sensagéo

térmica (Schieke et al., 2003).
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Fig. 3 Absorcdo da RIV na pele de acordo com o comprimento de onda

Adaptado de Schroeder & Krutmann, 2011

A pele humana é constantemente exposta a RIV emitida pela luz solar natural,
da qual corresponde 54% da energia irradiada, enquanto a radiacdo UV corresponde a
apenas 7% (Kochevar et al., 2008). Alguns efeitos bioldgicos podem ser observados na
pele humana apds exposicdo a esta radiacdo, os quais podem estar associados a
mecanismos moleculares (Schieke et al., 2003) como na modulacdo de equilibrio dos
genes Bcl2/Bax, inibindo apoptose; ativacdo de genes como o p53 (Schroeder et al.,
2008); estimulo na sintese de colageno, elastina e fator de crescimento TGF-BI,
auxiliando na cicatrizacdo de feridas (Toyokawa et al., 2003) ou na reducdo do
fotoenvelhecimento (Lee et al., 2006).

Estudos iniciais mostram os efeitos da RIV no tratamento de tecidos lesionados,
como no estimulo da cicatrizagdo de feridas (Danno et al., 2001), reducdo de
hiperqueratose, deslocamento da epiderme, vacuolizagéo e degeneracao da epiderme em

na pele de ratos apds exposicdo a RIV-A e interacdo com a radiacdo UVB (Gonzalez et
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al., 2015), assim como, na eficiéncia no tratamento de pacientes com artrite reumatoide
(Yokoyama & Oku, 1999).

Em mamiferos, ha trés moléculas fotoreceptoras capazes de absorver a luz na
faixa da RIV curta: hemoglobina, mioglobina e citocromo ¢ oxidase (Wong-Riley et al.,
2005). A absorcdo desta radiagdo pela citocromo ¢ oxidase induz o aumento da
transferéncia de elétrons na cadeia respiratéria mitocondrial, estimulando o
metabolismo energético pela producdo de energia. Este processo final resulta na geragéo
de radicais livres, os quais desencadeiam uma cascata de eventos moleculares
secundarios que ajudam na reparacdo de danos gerados nas células e tecidos (Chung et
al., 2012).

Segundo Continenza e colaboradores (1993), o efeito genoprotetor da RIV as
células é dependente do numero de vezes que as células sdo pré-expostas a esta
radiacdo, ndo sendo influenciado pelo tempo de exposicdo ou intensidade da radiacao,
sem uma relacdo dose-dependente. Em células animais, a interacdo entre duas radiacoes
pode resultar em um efeito sinergético, em que a pré-exposicdo a um determinado
comprimento de onda pode amenizar ou intensificar os efeitos de um segundo
comprimento de onda. Em Lage e colaboradores (2000), a pré-exposi¢do com lampada
térmica de RIV na dose 162 J/cm? em temperaturas controladas, induziu um aumento na
sobrevivéncia de células de Escherichia coli posteriormente expostas a radiacdo UV,
possivelmente por indugdo de choque térmico. O mesmo foi observado quando pré-
irradiado com a dose 18 J/cm? de luz visivel, sugerindo que a resisténcia celular ocorreu
devido a receptores celulares especificos desta radiacao.

Em contrapartida, a exposicdo da RIV-A com lampadas térmicas pode
apresentar efeitos diversos. Em experimento com variacdo de temperatura, células de

fibroblasto in vitro ndo apresentaram danos quando expostas de 37° a 40°C, porém um
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grande numero de células apoptdticas foi observado apds exposicdo a temperatura de
42° a2 45°C de RIV-A (Knels et al., 2012).

O efeito protetor da RIV também pode ser observado em experimentos in vivo
com lampadas atérmicas. Em modelos de ratos induzidos ao Parkinson, a esposicao a
lampada LED (diodos emissores de luz) de RIV-A possibilitou um efeito neuroprotetor
por estimular a atividade do citocromo c oxidase, aumentar a sintese de ATP, reduzir o
namero de células em apoptose e reduzir os niveis de ERO e ERN (Liang et al., 2008).
Para Johnstone e colaboradores (2014) o efeito neuroprotetor da RIV-A LED também
pode ocorrer por estimulo direto de células danificadas ou por estimulo indireto de
mediadores circulantes, os quais induzem a transducdo de efeitos protetores para o
cerebro.

Respostas semelhantes podem ser observadas na espécie de planaria Dugesia
tigrina. Apos exposicdo a RIV-A LED, foi observado um aumento na atividade mitética
de células-tronco, o que estimula a proliferacdo celular e possibilita uma répida
regeneracao de tecidos danificados (Wu & Persinger, 2011).

Ainda, em experimentos in vitro realizados com fibroblastos epiteliais humanos,
a pré-exposicdo a RIV com controle de temperatura, resultou na protecdo dos efeitos
citotoxicos causados pelas radiacbes UVA e UVB (Menezes et al., 1998), ndo sendo
resultante da divisdo celular, da inibicdo da peroxidacdo lipidica ou da sintese de novas
proteinas. Para Frank e colaboradores (2006) este efeito pode estar associado a inibigdo
parcial da ativacdo das caspases 3 e 9, tornando as células resistentes a apoptose. O
mesmo pode ser observado por Jantschitsch e colaboradores (2009), em que a pre-
exposicdo a RIV em queratindcitos de murino estimulou proteinas anti-apoptaticas
como FLIPL, BCL-XL e pro-apoptdticas como BAX, reduzindo os danos no DNA e a

taxa de apoptose.
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Lampadas LED

A principal fonte da RIV é o sol, porém fontes artificiais sdo desenvolvidas e
utilizadas para fins terapéuticos, como por exemplo, a terapia fotodinamica (Schroeder
et al., 2008).

A luz artificial foi desenvolvida, principalmente, para iluminacdo de ambientes
internos, sendo transmitida por lampadas incandescentes, fluorescentes e LEDs (Song et
al., 2012). Os LEDs s&o dispositivos semicondutores que permitem a passagem da
corrente elétrica em apenas um sentido, sendo essa polarizagdo direta resultante da
emisséo de luz (Pinto, 2008).

As lampadas LED, assim como os raios laser, sdo utilizadas em pacientes para o
tratamento de feridas, porém as ldmpadas LED n&o resultam em prejuizos térmicos pela
auséncia da producdo de calor, sendo seus efeitos bem tolerados por tecidos biolégicos
(Wong-Riley et al., 2005).

Os efeitos das lampadas LED em organismos vivos ocorrem devido a absorcao
dos fotons por cromdforos ou fotorreceptores moleculares, como porfirinas, flavinas, ou
ainda por outras formas de absorcdo de luz como a mitocondria e a membrana celular.
Porém, os efeitos bioldgicos dependem de parametros da irradiacdo, tais como
comprimento de onda, dose, intensidade (densidade de poténcia ou irradiancia), tempo
de irradiacdo (tempo do tratamento), modo pulsado ou continuo de onda e padrfes de
pulsacédo (Barolet, 2008).

Dentre as radiagdes ndo ionizantes, os comprimentos de onda vermelho e
infravermelho curto (RIV-A) penetram mais facilmente nos tecidos (Agrawal et al.,
2014), o que pode ser observado pela capacidade da transducéo de sinal de lampadas
LED em aumentar a proliferacdo e migracdo celular (particularmente em fibroblastos),

niveis de citocinas (interleucinas, fator-a de necrose tumoral), fatores de crescimento e
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mediadores inflamatérios, e aumento de proteinas antiapoptoticas (Hamblin &
Demidova, 2006).

Assim, ampliar os estudos sobre RIV em conjunto com as potencialidades das
lampadas atérmicas, LED, possibilitaria novos conhecimentos sobre diferentes
processos celulares em reposta a esta exposi¢do, bem como compreender as diferentes
respostas de um organismo na auséncia do calor, uma vez que ndo ha uma distin¢éo
clara entre os efeitos da radiagéo ou do calor emitido pela lampada.

Dessa forma, considerando os efeitos benéficos da RIV em modelos bioldgicos
in vivo e in vitro e os efeitos das radiagcbes UV para 0s organismos, torna-se evidente a
necessidade de estudos que ampliem o conhecimento sobre os efeitos da RIV, assim
como o uso das ldampadas LED em organismos, como, por exemplo, na linhagem celular

melan-a.
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OBJETIVOS
OBJETIVO GERAL
Investigar o possivel papel protetor da RIV contra danos causados pela radiagao

UV em melandécitos ndo tumorais.

OBJETIVOS ESPECIFICOS

v" Avaliar a proliferacdo da linhagem melanocitica ndo tumoral (melan-a) exposta
a diferentes doses a radiacdo UVA, UVB ou RIV.

v" Avaliar a proliferacdo da linhagem melanocitica ndo tumoral (melan-a) exposta
a radiagdo UVA e UVB, com exposicao prévia a RIV.

v" Avaliar a producdo de espécies reativas de oxigénio na linhagem celular melan-
a, exposta a radiagdo UVB com e sem exposicao prévia a RIV.

v" Avaliar a resposta do sistema de defesa antioxidante na linhagem celular melan-
a, exposta a radiagdo UVB com e sem exposicao prévia a RIV.

v Avaliar a producdo de lipideos peroxidados na linhagem celular melan-a,
exposta a radiacdo UVB com e sem exposicao prévia a RIV.

v Avaliar a produgdo de danos de DNA na linhagem celular melan-a, exposta a

radiacdo UVB com e sem exposicao prévia a RIV.
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ABSTRACT

In this study were availed effects on cell viability, DNA damage, lipid peroxidation,
reactive oxygen species production and antioxidant capacity. These analyzes were
observed after exposure to infrared-A (IR-A), ultraviolet radiation A (UVA),
ultravioleta radiation B (UVB) and interaction IR-A with UVA (IR-A+UVA) or UVB
(IR-A+UVB) in no tumoral murine melanocytic cell line, melan-a. The aim of this work
was evaluate the protective effect of IR-A using non-termal LED lamp against
proliferation or cytotoxic effects of UVA or UVB. Results showed significant effects
after IR-A exposure alone, excepted by dose 0.8 J/cm? in cell proliferation and viability.
In UVA exposure was observed increased cell proliferation with dose 1.2 J/cm?,
however, this effect was maintained in interaction IR-A+UVA. In UVB exposure was
observed inhibition proliferation with dose 0.015 J/cm?® and IR-A+UVB interaction
showed a recovery in cell proliferation, decreased DNA damage and lipid peroxides
content. DNA damage were protected in 0 and 24 hours after irradiation, and lipid
peroxidation was protected in all times. Possibly protection was not relation with
oxidative stress, due imbalance between ROS production and antioxidative capacity 24
and 48 hours after exposure. Thus, IR-A athermic in melan-a protected from damage

induced by UVB 24 hours after exposure.

Keywords: Radiation interaction, Photoprotection, Cell viability, Skin photooxidative
stress, Lipid peroxidation, DNA damage, Antioxidative potential.
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INTRODUCTION

The ultraviolet radiation (UV) (200-400nm), visible light (400-760nm) and infrared
radiation (IR) (760-1mm) are some electromagnetic radiations that arrive at earth
surface (1,2). IR is comprised by wavelengths from 760 to 1 mm, and can be divided
into three sub-regions, such as: IR-A (760-1400 nm), IR-B (1400-3000 nm), and IR-C
(3000-1 mm) (2,3,4,5).

Human skin is exposed constantly to natural sunlight which IR represents 54%,
while UV only consist for 7% (6). Besides, IR-A dose that reaches the earth can be
influenced by the same factors that also influence UV. For example, ozone layer, sun
position, latitude, altitude, cloud cover and surface reflections (2,7). IR reaches
subcutaneous skin tissues depending on wavelength. IR-A exceeds the epidermal and
dermal layers, and can reach the subcutaneous tissue without increasing the skin
temperature significantly. While IR-B and IR-C affect the upper skin layers increasing
the skin temperature significantly, resulting in thermal sensation (3,6).

IR-A induces photobiomodulation’s mechanism by activation of mitochondrial
respiratory chain components (8) such as cytochrome c oxidase (9). Other biological
effects can be observed after IR exposure as balanced modulation of gene Bcl2/Bax,
inhibiting apoptosis and activating genes such as p53 (2); stimulus in the synthesis of
collagen, elastin and growth factor TGF-B1, support wound healing (10) and reducing
skin photoaging (11). Also IR exposure stimulates cell proliferation, rapid regeneration
of damaged tissue (12), induces anti-apopototic and pro-apoptotic proteins that prevent
DNA damage and apoptosis rate (13).

The sun is the main IR source, but artificial sources were developed and used for
therapy purposes as photodynamic therapy (2). LED lamps are used in wound

treatments without thermal effects generation. Consequently, their effects are well
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tolerated in biological tissues (9). LED lamps show beneficial effects after exposure; for
instance, cytokine levels modulation, growth factors, inflammatory mediators and
increased cell proliferation and migration (14). However, effects can be influenced by
irradiation parameters, such as wavelength, dose, intensity, irradiation time, pulse
pattern, pulsed or continuous wave mode (15).

UV biological effects can change according to the wavelength; thus they were
divided into UVA (320-400nm), UVB (280-320nm) and UVC (200-290nm)
(16,17,18,19). UVC is barred by the ozone layer in the stratosphere (7), and as UVB, it
is directly absorbed by DNA (20). UVB exposure induces photoproducts formation as
pyrimidine (6-4) pyrimidine in DNA molecule (21). Moreover, UVB produces reactive
oxygen species (ROS), which are responsible for oxidative damage in DNA, RNA,
proteins and lipids (22). UVA target biological membranes, but can also indirectly
generate DNA damage by ROS (23,24).

When exposed to UV, skin cells activate different signaling pathways as defense
systems. ROS production is a main molecular response mechanism in radiation
exposure (25). The imbalance in ROS production activates the antioxidant defense
system (26). When high levels of ROS intracellular exceed the antioxidant capacity,
result in oxidative stress (27).

Studies about interaction between UV, IR and carcinogenesis are not recent.
Research is based in the effects caused during prolonged exposure to natural sunlight
and/or IR exposure (13). Nevertheless, in natural environment, IR and visible light
wavelengths prevail in the morning while UV radiation predominant around noon (28).
Thus, the aim of this work is to evaluate the short-wavelenght IR-A protective effects
by exposure with non-thermal LED lamps against the cytotoxic effects of UVA and

UVB, from pre-exposure to IR-A and subsequently UVA or UVB exposure.
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MATERIALS AND METHODS

Cells and culture condition

The melan-a is a normal murine melanocyte cell line. It was obtained from the
Laboratdrio de Oncologia Experimental - Instituto do Céncer de S&o Paulo — ICESP.
Cells were grown in DMEM medium (Gibco, USA), supplemented with sodium
bicarbonate (2.0 g/L) (Vetec), L-glutamine (0.3 g/L) (Vetec), Hepes (3 g/L) (Acros),
10% fetal bovine serum (Gibco, Brazil) and 1% antibiotic and antimycotic (penicillin
[100 U/mL], streptomycin [100 pg/mL] and amphotericin B [0.25 pg/mL] (Gibco,
USA) in disposable plastic plates at 37°C. To maintain cell growth was added 200nM

of growth factor Phorbol Myristate Acetate (PMA, Sigma-Aldrich, USA).

UVA, UVB and Infrared Lamps

Cell line was irradiated with UVA, UVB or IR-A (athermic wavelength) lamps
and by combination of different wavelengths. The UVA lamp (VL 115L: 115V, 30 W
Vilber Lourmat, France) has a spectrum range from 320 to 380 nm with peak intensity
at 365 nm and irradiance measured was 233pw/cm? of UVA, with 1.2uw/cm? of UVB
contamination, without UVC contamination. The UVB lamp (VL 115L: 115V, 30 W
Vilber Lourmat, France) has spectrum range from 280 to 320 nm with peak intensity at
312 nm and irradiance measured was 79.3pw/cm? of UVB, with 22.6pw/cm? of UVA,
without UVC contamination. The IR-A lamp (760-1400nm, 100-240V, 50/60 Hz 30W
DPL Therapy System Infrared LEDs USA) has peak intensity at 880 nm and irradiance
was 820pw/cm?, without UVA, UVB or UVC contamination. Intensity of all
irradiations was measured immediately before cell irradiation using a

radiometer/photometer (model IL 1400A, International Light, MA).
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Exposure of cells with UVA, UVB or IR-A

Cells were incubated at 37°C for 24h into 96-well culture plates for adherence.
Upon reaching log phase, medium was removed. Plates were washed twice with PBS
and suspend again in PBS for radiation exposure. Cells (2x10° cells/mL) were exposed
in the following doses of irradiation: control (no irradiation); UVA doses 0.2 J/cm? (15
min); 0.4 J/cm? (30 min); 0.8 J/cm? (60 min); 1.2 J/cm? (90 min) and 1.6 J/cm? (120
min) by MTT assay; UVA doses 0.8J/cm? (60 min); 1.2J/cm?® (90 min); 1.6J/cm? (120
min); 2.0J/cm? (150 min) and 2.4J/cm? (180min) by trypan blue exclusion assay); UVB
doses 0.005J/cm? (30 sec); 0.01J/cm? (1 min); 0.015J/cm? (1 min 30sec); 0.03J/cm? (3
min) and 0.05J/cm? (5 min) and IR-A dose 0.8 J/lcm? (15 min); 1.6 J/cm? (30 min); 2.5
Jlcm? (45 min); 3.3 J/cm? (60 min) and 4.2J/cm? (75 min). After exposure, cells receive

fresh culture and were maintained at 37°C until 72 hours.

Exposure of cells with interaction between IR-A and UVA or UVB

After the treatments described, the doses to analyze IR-A+UVA or IR-A+UVB
were choice with based in cell proliferation. For interaction with IR-A, the dose 1.2
Jlem? of UVA was chosen because in this dose were observed peaks of cell proliferation
The dose 0.015 J/cm? of UVB was chosen because it was the highest dose to provoke
inhibition cell proliferation, but without causing cytotoxic effect. Finally, the dose of
IR-A was 0.8 J/cm? that remaining similar to control in all times analyzed.

IR-A+UVA in melan-a cells was performed following the treatments: control
(no irradiation); IR-A (cells were exposed to 0.8 Jicm? of IR-A); UVA (cells were
exposed to 1.2 Jlem? of UVA), and IR-A+UVA (cells were irradiated with 0.8 J/cm? of

IR-A and immediately after irradiated with 1.2 J/cm? of UVA).
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IR-A+UVB was performed following the treatments: control (no irradiation);
IR-A (cells were exposed to 0.8 J/cm? of IR-A); UVB (cells were exposed to 0.015
Jlcm? of UVB), and IR-A+UVB (cells were irradiated with 0.8 J/lcm? of IR-A and

immediately after irradiated with 0.015 J/cm? of UVB).

Cell Viability

MTT assay

After cells were prepared, viable cells were measured by MTT method (3(-4,5-
dimetiltiazol-2-yl)-2,5-difeniltetrazolium - Sigma-Aldrich, USA) immediately (0Oh), 24
h, 48 h and 72 h after exposure with UVA, UVB, or IR-A. The assay was performed by
adding 20 pL of the MTT solution (5 mg/mL) to each well, and plates were incubated
for 3h at 37°C. During the incubation, the active enzymes of the viable cells transformed
the yellow MTT into purple formazan crystals. After the incubation period, medium
was removed and formazan crystals were dissolved in 200 uL of dimethylsulfoxide
(DMSO, Sigma, USA). Absorbance values were determined at 490 nm on a multiwall

plate reader (ELX 800 Universal Microplate Reader, Bio-TEK).

Trypan blue assay

Number of viable cells and cell viability were assessed by trypan blue (Gibco,
USA) exclusion assay, immediately (0 h), 24 h, 48 h and 72h after UVA, UVB or IR-A
exposure and after interaction treatments (IR-A+UVA or IR-A+UVB). After exposure,
wells were washed two times with PBS, suspended with 50 pL of trypan blue and 50 pL
of PBS. Cells were incubated for 10 minutes at room temperature. Plates were washed

with PBS again and each well was photographed in 200X magnification. Analysis was
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performed from areas captures in an epifluorescence microscope Olympus 1X81 and

cells were counted using ImageJ software.

Oxidative effects and DNA damage
Oxidative effects and DNA damage were measured in melan-a cells (2x10°
cells/mL) immediately (0 h), 24 h and 48 h after exposure with IR-A (0.8 J/cm?), UVB

(0.015 J/cm?), IR-A+UVB (0.8+0.015 J/cm?) and without radiation (control).

Capacity of induce DNA Damage

DNA damage was evaluated by the alkaline single cell electrophoresis (comet)
assay, performed as described by Singh and co-workers (1988) (29) and Steinert and co-
workers (1998) (30), with some modifications. After trypsinization, an aliquot of 30ul
of cell suspension of each sample was mixed with 120ul of 1% low melting point
agarose and added to fully frozen slides with a layer of 1.5% normal melting point
agarose.

After layer solidification, cells on the slides were lysed with lysis solution (2.5
M NaCl, 100 mM EDTA, 10 mM Tris, 1% Triton X-100, and 10% dimethyl sulfoxide,
pH 10) overnight at 4 °C Subsequently, all slides were placed in the electrophoresis
solution (10M NaOH and 200 mM EDTA, pH > 13) for 20 min at 30 V and 300 mA.
Slides were neutralized with 0.4 M Tris buffer (pH 7.5), stained with 20 uL of SyBR
Safe (1:10.000; Molecular Probes) and analyzed using a fluorescence microscope
(Olympus BX51) connected to an Olympus DF72 camera.

Analyses were done with four samples per group (with replica, two slides per

sample) and a total of 50 nucleoid were randomly selected and photographed on each
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slide. The nucleoids were analyzed by Image J software and DNA damage was

represented by tail moment.

Determination of lipid oxidative damage

The lipid peroxidation (LPO) was determined according to Hermes-Lima and
co-workers (1995) (31), with modifications by Monserrat and co-workers (2003) (32).
The method is based on the oxidation of Fe(ll) by LPO (FOX reactive substances) at
acidic pH in presence of the Fe(lll)-complexing dye, xylenol orange (Sigma-Aldrich,
USA). After irradiation, cells were washed with PBS (two times) and frozen at -80°C
until use. In the analyze, samples were homogenized (10% wt / vol) in metanol 100%
cold (4°C) and homogenate was centrifuged at 1000 g, for 10 min at 4°C. Following,
the supernatant was used for LPO determinations (550 nm). Cumene hydroperoxide

(CHP, Sigma-Aldrich, USA) was employed as standard.

Assessment of the intracellular level of reactive oxygen species (ROS)

For measurement of cytosolic ROS level, after exposure IR-A, UVB, IR-
A+UVB, cells were incubated for 30 min at 37 °C with the fluorogenic compound 2°,7"-
dichlorofluorescin diacetate (H,DCF-DA, Sigma, Germany) at a final concentration of
40uM. The fluorescence was analyzed during 90 min at 37° using a fluorometer (Victor
2, Perkin Elmer), with an excitation and emission wavelength of 485 and 520 nm,
respectively. ROS levels were expressed in terms of fluorescence area, and were
obtained by integrating the fluorescence units (FU) over the measurement time (90 min)

and expressed as FU/min.

35



Response of the antioxidant defense system (ACAP)

The response of the antioxidant defense system was verified by antioxidant
capacity against peroxil radicals. Melan-a cells after exposure IR-A, UVB, IR-A+UVB,
were washed with PBS (two times) and the pellet was frozen at -80°C until use. After,
cells were resuspended in PBS and homogenized in ice. The homogenized was
centrifuged (10.000 x g) at 4°C during 20 minutes. Aliquots of 15 pl of each sample
(three replicates) were placed into an plate with 120 ul of buffer (Hepes, KCI, MgCl,
and water), 10 pl of water or ABAP (2,2’-azobis (2 methylpropionatemidine)
dihydrochloride) (Sigma-Aldrich, USA) and were added 20 ul of H,DCF-DA. The
fluorescence intensity was determined during 60 min at 37°C, using a fluorometer
(Victor 2, Perkin Elmer), with an excitation and emission wavelength of 485 and 520
nm, respectively. Antioxidant capacity were expressed in terms of fluorescence area,
after fitting fluorescence data to a second order polynomial and integrating between 0
and 60 min in order to obtain its area, being the inverse of the area difference in

fluorescence with and without ABAP (33).

Statistical analysis

In all analyses, each independent experiment was repeated three times (n=3)
with the minimum of triplicate samples. Data are expressed as mean + standard error
and analyzed with ANOVA followed by Tukey’s multiple range test. Analysis
assumptions (normality and variance homogeneity) were previously verified. The

significance level (o) was fixed in 0.05.
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RESULTS AND DISCUSSION

The purpose of the current study was to analyze how melan-a cells answer to
UVA, UVB and IR-A radiations and the capacity of IR-A to protect from cytotoxicity
damage caused by UV. For this, were evaluating parameters as cell proliferation, cell
viability, DNA damage, lipid peroxidation and oxidative stress. UVA, UVB (34) and
IR-A (35) doses chosen for this study are environmental doses.

As already mentioned UVA, UVB and IR-A are able to alter cell viability in
different cellular cultures (9,36,37,38,39). However, studies about IR-A effects in cells
and tissues are significantly lower than those involving UV. IR-A exposure provide
improving cellular metabolic processes and stimulate cellular repair mechanisms
(8,40,41,42). Already UV exposure can affect proliferation and survival of epidermal
and dermal cells, changing cutaneous functions (43).

In this study, UVA, UVB or IR-A exposure alone showed effects in dose and
time dependent manner by MTT assay (Fig. 1). Data showed that in exposure to UVA
(Fig.1 A and Table 1) occurred a viable cells decrease immediately after irradiation in
the doses 1.2 and 1.6 J/cm?. However, in 24 hours it was observed viable cells increased
in the 1.2 J/cm? dose in relation to control group. No differences were observed with
doses 0.2, 0.4, 0.8, 1.2 and 1.6 J/cm? when compared with control group in 48 h and 72
h after exposure.

In the cells exposed to UVB (Fig. 1 B, Table 1) was observed that doses 0.015,
0.03 and 0.05 J/cm? not increased in relation to control group into time analyzed.
Furthermore, this effect also occurred to 0.005 and 0.01 J/cm?® in 48 hours after

exposure.
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In IR-A exposure, was observed decreased in the number of viable cells
immediately after exposure with doses 0.8 and 3.3 J/cm? compared to control. The dose
0.8 J/cm? remained significantly different to control in 24 and 48 hours. Decreased in
the number of viable cells was observed too in 48 hours with dose 2.5 J/cm? and 72
hours with doses 1.6 and 2.5 J/cm?.

>Figurel<

The results obtained to IR-A and UVA motivated alterations of some parameters
used. IR-A results induced to use method that had not mitochondria as cellular target
and UVA results motivated to utilized larger doses. The method chosen was trypan blue
assay.

For cells exposed to UVA (Fig. 2 A, Table 1) was observed cytotoxicity
immediately after exposure in the doses 2.0 J/cm? and 2.4 J/cm?. Then, after 24 hours
was observed significant changes in cell proliferation. As a result, this change
represented cytotoxic effect in all doses except to 0.8 J/cm?. After 48 hours, this effect
remained except to 0.8 and 1.2 J/cm?. In 72 hours after exposure, the dose 1.2 J/cm? was
able to induced increase cell proliferation and the dose 2.4 J/cm? provoked cell
proliferation inhibition. Others authors corroborate with this result of increase cellular
proliferation. Han and co-workers (2011) (44) found in JB6 Cl41 mouse epidermal cell
proliferation increase after UVA exposure with the dose 0.3 J/cm? in times 0 h, 12 h, 24
h, 36 h and 48 h. The same group, in 2008 (45), observed that ErbB2 expression
(epidermal growth factor receptors) is enhanced by low-energy UVA. This irradiation
was with doses between 0.3 — 3 J/cm? in keratinocytes considered an important way for
the malignant transformation of keratinocytes.

When exposed to UVB (Fig. 2 B and Table 1), cells showed an inhibition in cell

proliferation in the doses 0.01, 0.015, 0.03 and 0.05 J/cm? in 24 hours. After 48 hours of
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exposure, this effect remained in the doses 0.01 and 0.015 J/cm? while the highest
doses (0.03 and 0.05 J/cm?) resulted in cytotoxic effect. This response pattern was
maintained at 72 hours post exposure and the lower dose also induced inhibition in cell
proliferation (Fig. 2 B1, Fig. 2 B2 and Table 1). When the cells were exposure to UVB
was possible to demonstrate, from 24 h, proliferation inhibition in the lower doses and
cytotoxicity in the highest doses. Results are agreement with Frank and co-workers
(2006) (28) that observed decrease in the number of viable cells in osteosarcoma cells
after UVB exposure with the doses 0.015, 0.030 and 0.045 J/cm?. In this context,
Menezes and co-workers (1998) (37) also reported that UVB exposure in the dose 0.05
Jlem? decrease the number of viable cells in human dermal fibroblast.

So for this study, the effects observed induced to choice of changes cell viability
tests, wherein analysis by trypan blue assay clarified results obtained by MTT assay
(Table 1). Furthermore, whereas the IR-A preferential cellular target is the mitochondria
(9,46), and the MTT assay directly assessed mitochondrial function, it is appropriate to
discuss the results obtained by trypan blue assay.

>Table 1<

Finally, the results showed that IR-A alone in the dose 0.8 J/cm? remained
similar to control at all times observed (Fig. 2 C1, Fig. 2 C2 and Table 1). Result was
decisive for the choice of dose 0.8 J/cm? IR-A for all subsequent tests, because no
change cell viability. Immediately after exposure was observed a change in cell
proliferation from the dose 1.6 J/cm? and cytotoxic effect by dose 3.3 J/cm?. However,
in 24 hours cell proliferation inhibition was observed to all doses except to 0.8 J/cm?
that was similar to control and to 4.2 J/cm? that showed cytotoxic effect. Inhibition in
cell proliferation remained after 48 and 72 hours, except 2.5 and 3.3 J/cm? in 48 hours

and 2.5 and 4.2 J/cm? in 72 hours it showed cytotoxic effect. These data disagree with
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Piazena and co-workers (2014) (47), studying a skin model ex vivo which used high
doses as 171 J/cm? (15 minutes) and 684 J/cm? (30 minutes) (based on the data provided
by the authors: IR radiador termic equipped with filter; irradiance: 19x10™*puw/cm?;
temperature: 27°- 45°C), and was not observed significant effects on cell viability after
IR-A exposure.

>Figure 2<

IR protective effects against UV cytotoxic effects are already being studied
(13,28,37,38,48). In this study, UVB was possible to find protective effect in the
interaction with IR-A in 24 hours. Likewise, at times 48 h and 72 h were observed that
the cytotoxic effect of UVB remained in the interaction (IR-A+UVB) (Fig. 3 B1 and 3
B2). The results of study with UVB (0.015 J/cm?, in 24 h) agree with that obtained by
Lage and co-workers (2000) (38) that demonstrated that the pre exposure to IR (lamp
termic equipped with a jacketed watch glass with constant cold water) induced increase
in survival of Escherichia coli cells subsequently exposed to UV. The same protective
effect was observed for Menezes and co-workers (1998) (37) in fibroblasts cells
utilizing an IR termic lamp, and subsequently exposing to UVA or UVB.

Besides, the present study showed that IR-A protective effect is temporary,
since effect was lost 48 and 72 hours after exposure. Therefore, for maintaining the
protection is suggested the need re-exposure. This suggestion corroborates with
Continenza and co-workers (1993) (49) which demonstrated that the genoprotector
effect of IR is relative to the number of times cells were pre exposed to this radiation.

Moreover, when the melan-a cells were irradiated with IR-A, and posteriorly
irradiated with UVA, the protective effect was not observed by not reduce cell

proliferation (Fig. 3 Al and 3 A2). For this reason, it will be discussed below to better
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understand the cellular processes which culminated in the protective effect of IR-A in
the cellular viability alterations produced by UVB.

>Figure 3<

Interaction IR-A+UVB protect melan-a cells from DNA damage caused by
UVB? It is important to remember that UVB has the DNA as preferential cellular target,
and knowing the genoprotector capacity of IR radiation (13,28). The results obtained
from the comet assay (Fig. 4) demonstrated that the interaction was able to induce
protective for the times immediately (Oh) (Fig. 4 A) and 24 hours (Fig. 4 B). However,
in 48 hours this protection effect was not demonstrated. In this case the interaction was
not enough for protection (Fig. 4 C). Results corroborated with Menezes and co-
workers (1998) (37) that showed that the protection induced by IR can be observed
immediately after IR irradiation, reaching 24 hours later. However, this effect is
decreased, disappearing until 72 hours after exposure. Also Frank and co-workers
(2006) (28), utilizing epidermal cells pre exposed to IR, showed decreased thymine
dimers when compared to cells only exposed to UVB.

>Figure 4<

In analyzed to production of lipid peroxidation (LPO), dose of UVB utilized
increased lipid peroxidation production significantly, and this effect was annulled by
IR-A pre exposure in all times analyzed (Fig. 5). Few studies have reported effects of IR
in lipid peroxidation. Chludzi'nska and co-workers (2005) (50) realized this analyze,
however did not observed change in the lipid peroxidation level after IR-A exposure in
the dose 0.6 J/cm? (15 minutes) (termic lamp with 700- to 2000-nm filter; irradiance: 69
pw/cm?). The results of this study corroborated with those authors, and showed yet that

in 48 h the lipid peroxidation was cower than control.
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In relation to UVB, Ramachandran and Prasad (2008) (51) observed
significantly increased levels of lipid hydroperoxides after UVB irradiation in
lymphocytes (dose 0.02 J/cm?). Similar result was showed by Terra and co-workers
(2012) (52), that increased in lipid peroxidation was observed immediately and 24 hours
after UVB irradiation with the dose 2.99 J/cm? in Swiss mice. The results of this study
corroborated with those obtained by the author above.

>Figure 5<

Know to that preferential target UVB radiation is DNA, and in this work, we can
showed that IR cells protected from damage induced by UVB. Besides, membrane
lipids too were affected by UVB radiation, and again, IR protected the cells. Thus, how
would relation between ROS production and ACAP? As presiously mentioned,
oxidative stress is also capable to induce DNA damage; furthermore, is well known that
UV is able to stimulate reactive oxygen species production in cells (22,26,53).
However, when it comes to ROS production by IR, some authors suggest that the
formation of free radicals in skin after IR exposure happen due to thermal factors
(3,47,54). The present study utilized an IR-A athermic source, agrees with these
authors, that IR-A exposure alone did not produced ROS in all times analyzed (Fig. 6).

In this study, immediately (Oh) after exposure to UVB radiation, IR-A and
interaction IR-A+UVB there was not observed alterations in ROS generation and
antioxidant capacity compared to control (Fig. 6 Al and 6 A2). After 24 hours of
exposure to IR-A+UVB, melan-a cell line showed an increase in ROS generation; also,
a decreasing in the antioxidant capacity compared to control featuring an oxidative
stress. Cells exposed only to UVB showed a decrease in the antioxidant capacity, but
did not demonstrated a ROS generation significantly increase in relation to control

group (Fig. 6 B1 and 6 B2). Finally, in 48 hours was observed higher levels of ROS
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generation after exposure to UVB radiation and IR-A+UVB, but was not showed
significant difference in activity of ACAP compared to control (Fig. 6 C1 and 6 C). This
assay demonstrated that IR-A pre exposure was no able to inhibit ROS production in
cells exposed to UVB. By contrast, on 24 h, ROS production was significantly higher in
the interaction between radiations. This fact can justify the loss of protective effect in
cell viability in 48 and 72 h after exposure.

>Figure 6<

ACAP results were emphasized with increased ROS levels and showed an
oxidative stress situation. Wherein the ROS increase is accompanied by a decrease in
the antioxidant defense system. In 48 h, ROS production still remains significantly high
in UVB and IR-A+UVB treatments, although the antioxidant defense system is being
restored.

Analyzing the results of lipid peroxidation, and comparing with ROS production
and ACAP; it is possible to suggest that the interaction was able to protect cells from
lipid peroxidation. However, is possible oxidative damage produced by others oxygen
or nitrogen reactive species.

In conclusion, the present study indicates that IR-A reduces cytotoxic effects
induced by UVB. This protective effect may be mediated by reduced lipid peroxidation
levels and DNA damage in cell viability. However, we believe that to maintain the
protective effect of IR-A it is required re-exposure to this radiation. Finally, it is
important to emphasize that the protective effects were produced through energy

emitted by the wavelength, discarding the heat influence.
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Table 1 - Comparation of the cell proliferation assays: MTT and trypan blue

UVA uvB IR
MTT Trypan Blue MTT Trypan Blue MTT Trypan Blue
Oh lviable cells Cytotoxic All doses = CTR All doses = CTR All doses = 1 proliferation
number CTR
2.0; 2.4 Jlem® 1.6; 2.5; 4.2 Jlcm?
1.2; 1.6 Jlem®
Cytotoxic
3.3 Jcm?
24 h tviable cells All cytotoxic | viable cells g proliferation All doses = g proliferation
number number CTR
- 0.8 Jiem? From to 0.01 J/cm® - 0.8 = CTR Cytotoxic
1.2 Jiem? 0.015; 0.03; 0.05
Jlem? 4.2 Jlem?
48h | All doses = All cytotoxic | viable cells g proliferation 1 viable cells 0.8=CTR
CTR number number
-0.8and 1.2 0.01 and 0.015 J/cm? Cytotoxic
Jlem? 0.015; 0.03; 0.05 2.5;33;4.2
Jlem? Cytotoxic Jlem? 2.5;3.3; 4.2 Jlem?
0.03 and 005 J/cm? g proliferation
1.6 J/lcm?
72h All doses = 1 cell 1 viable cells g proliferation 1 viable cells 0.8 ~<CTR
CTR proliferation number number
Until 0.015 J/cm? Cytotoxic
1.2 Jiem? 0.005;0.01;0.015 0.8; 1.6 J/cm?
Jlem? Cytotoxic 1.6; 3.3 J/cm?

g proliferation

2.4 Jlcm?

| viable cells
number

0.03 ; 005 J/icm?

0.03; 005 J/cm?

g proliferation

2.5; 4.2 Jlcm?

| (decreases) 1 (increases) = (similar)

(except)

@ (inhibition) CTR (Control group) -
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Figurel: Melan-a cells proliferation measured by MTT assay. Analyses in
immediately (0 h), 24 h, 48 h and 72 h after exposure to 0.2 J/cm?, 0.4 J/cm?, 0.8 J/cm?,
1.2 Jlcm? and 1.6 J/cm? of UVA (1 A); 0.005 J/cm?, 0.1 J/cm?, 0.15 J/cm?, 0.03 J/cm?
and 0.05 J/cm? of UVB (1 B) and 0.8 J/lcm?, 1.6 J/cm?, 2.5 J/cm?, 3.3 J/lcm? and 4.2
Jlcm? of IR-A (1 C). Data are expressed as mean + standard error. Similar letters

indicate absence of significant difference (p>0.05) into each time.
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Figure 2: Viable cell number and viability (%) of melan-a cells assessed by trypan
blue exclusion assay. Analyses in immediately (Oh), 24h, 48h and 72h after irradiation
with 0.8 J/em?, 1.2 J/lcm?, 1.6 J/cm?, 2.0 J/em? and 2.4 J/cm? doses of UVA (2 Al and
A2), 0.005 J/cm?, 0.1 J/cm?, 0.15 J/em?, 0.03 J/cm? and 0.05 J/cm? of UVB (2 B1 and
B2) and 0.8 J/cm?, 1.6 J/cm?, 2.5 J/cm?, 3.3 J/lcm? and 4.2 J/cm? of IR-A (2 C1 and C2).
Viable cell number (Al, B1 and C1) and viability (%) (A2, B2 and C2) after UVA,
UVB and IR-A exposures, respectively. Data are expressed as mean + standard error.

Similar letters indicate absence of significant difference (p>0.05) into each time.
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Figure 3: Viable cell number (3 Al) and viability (%) (3 A2) after exposure 1.2 J/cm?
of UVA, 0.08 J/cm? of IR-A and interaction IR-A+UVA. Viable cell number (3 B1) and
viability (%) (3 B2) after exposure 0.015 J/cm? of UVB, 0.08 J/cm? of IR-A, interaction
IR-A+UVB and no irradiation (control). Melan-a cells were assessed by trypan blue
exclusion test immediately (Oh), 24h, 48h and 72h. Similar letters indicate absence of

significant difference (p>0.05) into each time.
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Figure 4
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Figure 4: DNA damage by expressed by tail moment. Analyses in 0 hours (Al, A2),
24 hours (B1, B2) and 48 hours (C1, C2) after exposed to 0.08 J/cm? (15 min) of IR-A,
0.015 J/em? (1 min 30 sec) of UVB radiation, interaction between 0.08 J/cm? of IR-A
plus 0.015 J/cm? of UVB radiation (IR-A+UVB) and no irradiation (control). Data are

expressed as mean + standard error. Similar letters indicate absence of significant

difference (p>0.05) into each time.
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Figure 5: Lipid peroxidation

. Analyses was measured in 0 hours (A), 24 hours (B) and

48 hours (C), after exposed to 0.08 Jicm? of IR-A, 0.015 J/cm?® of UVB radiation,

interaction between 0.08 J/cm? of IR-A plus 0.015 Jlcm? of UVB radiation (IR-

A+UVB) and no irradiation (control). Similar letters indicate absence of significant

difference (p>0.05) into each time.
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Figure 6
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Figure 6: ROS production (FU.min) and antioxidant capacity (fluorescence area) in
melan-a cell line. Analyses in 0 hours (A1, A2), 24 hours (B1, B2) and 48 hours (C1,
C2), after exposed to 0.08 J/cm? of IR-A, 0.015 J/cm? of UVB radiation and interaction
between 0.08 J/cm? of IR-A plus 0.015 J/cm? of UVB radiation (IR-A+UVB) and no
irradiation (control). Data are expressed as mean + standard error. Similar letters

indicate  absence of significant difference  (p>0.05) into each time.
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DISCUSSAO GERAL

Os efeitos da RIV vém sendo estudados em diferentes modelos bioldgicos, tanto
in vivo como in vitro (Menezes et al., 1998; Liang et al., 2008; Jantschitsch et al., 2009;
Wu & Persinger, 2011; Gonzalez et al., 2015). Neste sentido, este estudo buscou avaliar
o efeito protetor da RIV-A nos danos citotoxicos induzidos pela radiacdo UV em uma
linhagem celular melanocitica ndo tumoral, melan-a. Para este objetivo, células da
linhagem celular melan-a foram pré-expostas a diferentes doses RIV-A e posteriormente
expostas a diferentes doses de UVA ou UVB. As doses escolhidas foram baseadas em
curvas de crescimento para as trés faixas de radiacdo e sdo doses ambientais (Gouveia,
2009; Piazena et al., 2004), o que ressalta a importancia deste estudo.

Os principais resultados obtidos revelaram que as radiacbes UVA, UVB e RIV-
A provocaram alteracBGes na viabilidade celular, de forma dose e tempo dependentes.
Para analise destes efeitos, foram utilizados os ensaios MTT e azul de trypan. Contudo,
os dados mostraram maior sensibilidade de resposta na linhagem melan-a ao ensaio do
azul de trypan, comparado ao ensaio de MTT. Além disso, como a RIV tem como um
de seus alvos celulares a mitocéndria, mesma molécula analisada no ensaio de MTT, as
respostas da RIV podem ter sido mascaradas por este método.

Os resultados de viabilidade celular mostraram que a radiacdo UVA, ndo alterou
0 niimero de células viaveis pelo teste MTT, exceto na dose 1,2 J/cm? em 24 horas. Os
resultados observados pelo teste MTT estimularam o uso de doses maiores para analises
com teste azul de trypan para esta radi¢cdo. Dessa forma, pelo teste azul de trypan, foi
observado efeito citotéxico a partir da dose 1,6 J/cm? em 24 e 48 horas ap6s exposiGao.

Contudo, a dose 1,2 J/cm? estimulou proliferacdo celular 72 horas apds exposicao. Este
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resultado corrobora com Han e colaboradores (2008 e 2011), os quais observaram
aumento no numero de queratindcitos viaveis apos exposicdo a radiacdo UVA

Em exposicao a radiagdo UVB, foi observado a partir de 24 horas, inibicdo de
proliferacdo celular nas menores doses (0,01 e 0,015 J/cm?) e citotoxicidade nas maiores
doses (0,03 e 0,005 J/cm?), sendo estes resultados semelhantes aos observados por
outros autores em diferentes modelos de estudo (Menezes et al., 1998; Frank et al.,
2006). Entretanto, em exposicdo a RIV, foi observada inibicdo de proliferacdo e
citotoxicidade a partir de 24 horas, exceto na dose de 0,8 J/cm?. Esta dose ndo estimulou
ou inibiu proliferacdo celular, permancendo com viabilidade celular igual ao controle
em todos os tempos analisados. Dessa forma, a dose 0,8 J/cm? de RIV foi escolhida para
interacdo com as radiacbes UVA e UVB, buscando avaliar o efeito protetor dessa
radiacéo.

Para interacdo com a RIV, foi escolhida a dose 1,2 J/cm® de UVA por induzir
proliferacdo celular e para a radiacdo UVB a dose de 0,015 J/cm?, que provocou
inibicdo de proliferacdo celular. A escolha das doses objetivou verificar a capacidade da
RIV em proteger as células em situacdes de estresses diferenciadas, em inducdo de
proliferacdo celular e inibicao de proliferacdo celular.

Na interacdo entre RIV-A e UVA, o efeito protetor ndo foi observado, uma vez
que o estimulo a proliferacdo celular se manteve mesmo quando as células foram pré-
expostas a RIV. Contudo, o efeito protetor da RIV-A foi observado na interagdo com a
radiacdo UVB, 24 horas ap0s a exposicdo. Alguns estudos ja demonstraram o efeito
benéfico da pré-exposicdo a RIV-A em células de Escherichia coli (Lage et al., 2000),
células de fibroblastos (Menezes et al., 1998) e queratindcitos (Jantschitsch et al.,
2009). Entretanto, no presente estudo, este efeito ndo foi observado nos demais tempos

analisados, sugerindo a necessidade de reexposicao para manutencao do efeito protetor.
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A partir das analises de viabilidade, foi observado efeito protetor na interagédo
RIV e UVB. Desta forma, as analises de dano de DNA, peroxidacéo lipidica e estresse
oxidativo foram avaliados apenas nas células expostas a esta interacéo.

Com base nos resultados, a radiacdo UVB induziu danos no DNA em todos 0s
tempos analisados, estimulou peroxidacao lipidica em 0 e 48h e producdo de ERO em
24 e 48 horas ap0s a exposicdo. Contudo, a interacdo RIV+UVB diminui os danos no
DNA e o contetudo de lipideos peroxidados induzidos pela exposicdo a UVB. Esta
protecdo conferida pela pré-exposicdo a RIV-A pode estar relacionada com a
viabilidade celular observada neste estudo. Chludzi'nska e colaboradores (2005) néo
observaram alteracdo no conteudo de lipideos peroxidados apds exposi¢cdo a RIV-A.
Assim como, a RIV-A foi capaz de reduzir os danos no DNA induzidos pela radiacédo
UVB, conforme observado por alguns autores (Jantschitsch et al., 2009; Frank et al.,
2006). Por outro lado, a pré-exposicdo a RIV-A ndo foi capaz de diminuir os danos
induzidos por UVB na producdo de ERO, assim como ndo foi capaz de estimular o
sistema de defesa antioxidante, resultando em uma situacdo de estresse oxidativo 24
horas ap0s a exposicao.

Sendo assim, este estudo tem como perspectivas avaliar a expressao proteica da
proteina P53, devido a sua participacdo na sinalizacdo do reparo dos danos no DNA e
apoptose. Além disso, avaliar a atividade da enzima tirosinase envolvida no
metabolismo do pigmento melanina, processo o qual gera ERO no meio intracelular.
Assim como, verificar a atividade de enzimas especificas do sistema de defesa
antioxidantes que podem estar envolvidas no processo de reparo celular apos exposicéo
a UVB, bem como avaliar a capacidade de manutencéo do efeito protetor da RIV-A na

viabilidade celular, a partir de reexposi¢des a esta radiacéo.
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Em concluséo, a RIV-A foi capaz de reduzir os efeitos citotoxicos induzidos
pela radiacdo UVB. Estes efeitos podem ser resultantes da reducdo dos niveis de
lipideos peroxidados e dos danos no DNA. Além disso, é importante ressaltar que 0s
resultados demonstrados neste estudo sdo de responsabilidade desta faixa de radiacdo e
ndo do calor produzido por ela, uma vez que para os ensaios foi utilizada uma lampada

LED de RIV.
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