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Resumo
Divide-se a radiacdo infravermelha (RIV) em IVA (700-1.400 nm), IVB (1.400-

3.000 nm) e IVC (3.000 nm-1 mm). Ela penetra nos tecidos biologicos podendo
aumentar a temperatura local (levando a lesdes a longo prazo) ou induzir reagdes
fotoquimicas independentes do calor. Reagfes como o aumento da mitose tecidual e
ativacdo de genes de proliferagéo celular, reparo de DNA e apoptose. A radiacdo
ultravioleta é dividida em UVC (200-290 nm), UVB (290-320 nm) e UVA (320-400
nm). O UVB causa danos ao DNA que levam a alteragcbes celulares,
fotoenvelhecimento, apoptose e necrose. Exposicdo ndo térmicas de RIV antes do UVB
previne os efeitos danosos deste Gltimo. Esta protecdo independe de calor ou divisdo
celular e depende do nimero de exposicfes de IVA anteriores ao UVB. Nesta Tese
analisou-se a interacdo entre o IVA e UVB in vivo e in vitro. Nos experimentos in vivo
verificou-se que a exposigdo crénica a RIV aumentou a proliferagdo celular de forma
anormal alterando a pele, sem alterar os 6rgdos internos ou modificar o peso dos
animais estudados. As alteragbes na pele também aumentaram quando a RIV foi
aplicada apos a irradiacdo com UVB, ambos de forma crbénica. Em contrapartida, a
irradiacdo cronica com RIV antes do UVB reduziu as alteragdes na pele originadas pela
exposicdo ao UVB, mas ndo aos niveis da irradiacdo apenas com a RIV. Nos
experimentos in vitro, a irradiacdo com RIV antes do UVB reduziu o namero de celulas
apoptdticas e necroticas e esta protecdo ndo dependeu da reducdo da taxa mitética ou da
expressdo do gene p53. Além disso, revisou-se a importancia de que experimentos com
RIV sem um controle adequado da temperatura poderem induzir proteinas de choque
térmico ou alterar tecidos de uma forma que independe dos comprimentos de onda da
RIV, portanto, a melhor forma de evitar 0 aumento da temperatura nestes experimentos
é através do uso de LEDS de RIV. Conclui-se que a irradiacdo crénica com a RIV causa
proliferagdo anormal das células da pele, reduz as lesbes por exposi¢do crénica com
UVB quando exposta antes do UVB e aumenta estas lesdes quando exposta ap0s o
UVB e é capaz de prevenir a morte celular causada pela radiacdo UVB.

Palavras-chaves: IV, UVB, calor, histopatoldgico, cronico, B16F10, interacéo,
viabilidade celular



Abstract

Infrared radiation (IR) is divided into IRA (700-1,400 nm), IRB (1,400-3,000
nm) and IRC (3,000 nm-1 mm). It penetrates into biological tissues and can increase
local temperature (causing lesions in the long term) or induce photochemical reactions
independent from heat. Among these, stands out the increase of tissue mitosis,
activation of genes related to cellular proliferation, DNA repair and apoptosis.
Ultraviolet radiation (UV) is divided into UVC (200-290 nm), UVB (290-320 nm) and
UVA (320-400 nm). UVB damages DNA, which can lead to cellular alterations,
photoaging, apoptosis and necrosis. Non thermal IR irradiation before UVB irradiation
prevents the deleterious effects of the last one. This protection is independent of heat or
cellular division and it is dependent of the number of irradiations with IR before
exposition to UVB. In this Thesis, it was analyzed the interaction between the IR and
UVB radiations in vivo and in vitro. In the in vivo experiments it was verified that
chronic IR exposition altered the skin increasing cellular proliferation in an abnormal
way, without altering the visceral organs or modifying the weight of the studied
animals. Skin alteration also increased when IR was applied after irradiation with UVB.
In contrast, chronic IR irradiation before UVB irradiation created a protector effect
reducing skin alterations originated from UVB exposition, but not into the same levels
of IR irradiation alone. In the in vitro experiments, it was verified that IR irradiation
before UVB reduced the number of apoptotic and necrotic cells and these protection
was independent from a reduction in mitotic rate or p53 gene expression. Finally, it was
reviewed the importance that IR experiments being made without an adequate
temperature control can induce heat shock proteins or alter tissues in a manner that is
independent from IR wavelengths. The best way to avoid the temperature increase in an
experiment is through IR LEDs. We concludes that chronic IR irradiation causes
abnormal skin cellular proliferation, reduces the lesions of chronic UVB exposition
while used before UVB and increases these lesions when exposed after UVB, also IR is

capable to prevents cellular death caused by UVB exposition.

Key-words: IR, UVB, heat, histopathological, chronic, B16F10, interaction, cellular
viability



1. Introducao

Das radiacGes solares eletromagnéticas que chegam a Terra, a radiacdo
infravermelha (RIV) representa 54,3% da energia recebida quando comparada com as
radiacGes ultravioleta (UV) e visivel (Schieke et al., 2003). Assim, 0s seres Vvivos sdo
expostos a uma quantidade significativa de infravermelho (IVV) com doses ambientais
variando entre 20 a 48 mW/cm? (A = 700 a 1400 nm) (Piazena et al., 2004; Piazena et
al., 2002 apud Gebbers et al.; 2007).

A CIE (Comisséo Internacional de Iluminagéo) divide o IV em IVA (700 - 1.400
nm), 1VB (1.400 - 3.000 nm) e IVVC (3.000 nm - 1 mm). Alternativamente o IV pode ser
dividido em IV proximo (760 - 3.000 nm), médio (3.000 - 30.000 nm) e distante
(30.000 nm - 1 mm) (Schieke et al. 2003). A maior parte da energia do IV situa-se no
IVA, totalizando 30% da energia solar quando comparado as radia¢cdes UV e visiveis
(Schroeder et al, 2007).

A penetrabilidade do IV na pele e no tecido subcuténeo diminui com o aumento
do comprimento de onda (Schieke et al., 2003), mas ainda ndo ha clareza sobre quao
profunda é esta penetragdo, visto que diferentes autores apresentam valores diferentes.
Estes valores variam de 0,7 a 30 mm (Eelss et al., 2004) a até 230 mm (A = 630 — 800
nm) (Beauvoit et al., 1994).

O IV é absorvido pela &gua e pelo tecido através de ligacdes covalentes e pontes
de hidrogénio (Walther et al., 2002; Maeda et al., 1999) induzindo vibracOes
moleculares (Laurent-Applegate & Roques, 2002) e gradualmente transferindo energia
ao tecido profundo por um mecanismo de ressonancia-absor¢do que pode aumentar a
temperatura local com efeitos similares aos da hipertermia (IRC) (Schieke et al., 2003)

ou induzir rea¢des fotoquimicas (800-900 nm) (Laurent-Applegate, & Roques, 2002).

Dentre estas reagGes fotoquimicas destaca-se 0 aumento da atividade
mitocondrial (citocromo c-oxidase) (Wong-Riley et al. 2005), da taxa de mitose dos
fibroblastos e queratindcitos, da génese de colageno (Morita et al. 2006), da regeneracao
do colageno, da infiltragdo de fibroblastos no tecido subcutdneo (Toyokawa et al. 2003),
e do aumento da forca tensil do epitélio em regeneracdo (Schramn et al. 2003).

A RIV também aumenta a expressdo de genes como TGF-R1 (atua na apoptose,

crescimento, proliferacdo e diferenciacdo celular), MMP-2 (atua na degradagdo de
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colagenos e gelatina) (Danno et al.; 2001; Toyokawa et al. 2003), HIST (expressdo do
aminoacido histidina) e genes ligados a proliferacdo celular como TUGCP3, KIF11,
TTK e KPNA5; aumenta a delecdo de MMP-10 (degrada colageno IV, laminina,
fibronectina e elastina) e genes relacionados a apoptose como CASP2 e TRPM2 (Morita
et al. 2006).

Devido ao 1V ser percebido como calor pela maioria dos vertebrados, o aumento
da temperatura foi considerado o fator primario dos seus efeitos bioldgicos. Contudo,
estudos demonstraram respostas, como as acima, causados por 1V sem calor (Danno et
al., 2001; Karu, 1999), assim como um aumento da microcirculagdo epitelial de uma
forma ndo térmica e ndo autonémica através de um mecanismo ligado a rota metabdlica
da L-arginina / Oxido nitrico (Yu et al. 2006).

Até o presente momento, os efeitos negativos do 1V estdo ligados a exposicdo
cronica ao calor moderado em mamiferos, resultando em alteracdes epiteliais como o
eritema ab igne, uma dermatose macular de pigmentacao reticular. Na maioria dos casos
ela ocorre através do contato direto com a fonte de calor (conducdo ao invés de
irradiacdo) (Walder & Hargis, 2002).

A radiacdo ultravioleta (UV) é outra radiacdo solar eletromagnética que atinge a
Terra. Ela é dividida em UVC (200-290 nm), UVB (290-320 nm) e UVA (320-400 nm).
O UVB e o UVA alcancam a superficie da Terra, enquanto o UVC normalmente ndo
penetra a atmosfera (Chapman et al. 1995).

Os danos do UV podem ser no DNA (UVB e UVC) ou na membrana celular
(UVA). Os danos causados no DNA pela radiagdo UV levam a alteragdes celulares,
fotoenvelhecimento, apoptose e necrose (Aufiero, et al., 2006; Berneburg et al., 2000),
tornando a radiacdo UV um dos principais fatores ambientais responsaveis pelo cancér
da pele (Bachelor et al., 2004), como o melanoma, que é o cancer da pele originado nos

melandcitos.

A incidéncia do UVB varia ao longo do dia com um pico proximo ao meio-dia e
valores minimos antes das dez da manha e ap0s as quatro da tarde (Kullavanijaya et al.
2005). Além disso, o UVB ¢é parcialmente bloqueado pela camada de oz6nio,
transformando moléculas de oz6nio em moléclas de oxigénio (Kerr & McElroy, 1993).
A diminuicdo da camada de 0zonio em latitudes altas e médias latitudes (Manney et al.,
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1994) tem levado a um aumento na pesquisa sobre os efeitos ambientais do UVB e 0s
danos que ele causa em diferentes seres vivos (Gouveia et al., 2004; Gouveia et al.,
2005). Sabe-se que doses ndo térmicas de IV previnem os efeitos citotoxicos do UVB
em Eschericcia coli e do UVA e do UVB em fibroblastos humanos (Menezes et al.,
1998). Esta prote¢do ndo esté relacionada a inibi¢do da peroxidacgdo lipidica, ativacao de
proteinas de choque térmico (HSP70) ou divisdo celular. Além do mais, o efeito
protetor do IV contra 0 UV ndo foi dose dependente, mas dependente do nimero de
vezes ao qual as células foram pré-expostas ao 1V (Continenza et al., 1993).

Experimentos in vitro com fibroblastos humanos demonstraram que este efeito
protetor em relagdo ao UVB ocorreu por modulagdo dos mecanismos de equilibrio dos
genes Bcl2/Bax, acumulo de p53 com estabilizacdo e fosforilagdo de serina (Serl5 e Ser
20) e aumento na expressdo de p21 e GADDA45. Esta pre-exposi¢do também diminuiu a
formacdo de dimeros de timina induzidos por UVB (Frank et al., 2006). Ainda assim,
né@o existe um consenso se o 1V pode induzir carcinogénese atuando em conjunto com a
radiagdo UV (Jantschitsch et al., 2009).

12



1.1 Hipdteses

Os antecedentes descritos acima permitiram formular as seguintes hipbteses que
foram investigadas nesta Tese:
- Exposicdo cronica com radiacdo infravermelha sem aumento de temperatura

ndo causa alteragdes teciduais;

- Pré-exposicdo cronica com radiacdo infravermelha sem aumento de

temperatura protege de lesdes teciduais causadas pela radiagéo ultravioleta;

- Pré-exposicdo com radiacdo infravermelha sem aumento de temperatura

previne morte celular causada pela radiacéo ultravioleta in vitro;

- A radiacéo infravermelha possui efeitos distintos causados pelo calor e pelo

comprimento de onda.

13



1.2 Objetivos

Objetivo Geral

Avaliar os efeitos da radiacdo UVB apds pre-exposicdo com a radiagdo 1V.

Objetivos Especificos:

1 — Estudar se a RIV cronica causa alteracdo de peso em animais;

2 — Auvaliar possiveis alteracfes teciduais causadas pela exposicdo cronica a
RIV;

3 — Determinar se a exposi¢ao crénica a RIV antes de exposicao cronica ao UVB

previne lesdes teciduais;

4 — Avaliar se a exposicdo a RIV antes da exposi¢do ao UVB altera a viabilidade
de células B16F10;

5 — Analisar a expressao do gene p53 em celulas B16F10 expostas a radiagdo

infravermelha e a radiacéo ultravioleta;

6 — Revisar os efeitos térmicos e ndo térmicos da RIV e sua distingdo de efeitos

puramente térmicos.
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1.3 Estrutura da Tese

Os objetivos especificos desta Tese sdo abordados em estudos independentes
que se encontram no capitulo 5 sob forma de trabalhos que serdo submetidos para
publicacdo. Os objetivos 1 e 2 fazem parte do trabalho intitulado “Chronic infrared
irradiation causes skin alteration without altering other organs” (Artigo 5.1). O objetivo
3 faz parte do trabalho intitulado “Histopathological analyze of UVB and infrared
radiations interaction” (Artigo 5.2). Os objetivos 4 e 5 fazem parte do trabalho
intitulado “Effect of Infrared and UVB radiations interaction in B16F10 cells” (Artigo
5.3). Por ultimo, o objetivo 6 faz parte do trabalho intitulado “Infrared radiation in
biological research — moving away from heat” (Artigo 5.4). Nestes trabalhos,
encontram-se 0s detalhes metodoldgicos, resultados sucintos e discussdo de cada
objetivo.

Para cada um dos artigos citados acima, uma sintese dos principais aspectos
metodoldgicos, resultados, discussdo e conclusdo é apresentadao a seguir em portugués
como corpo principal desta Tese.
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2. Sintese do Estudo

2.1 - IRRADIACAO CRONICA COM INFRAVERMELHO CAUSA
ALTERACAO DA PELE SEM ALTERAR OUTROS ORGAOS

Rattus norvegicus machos de 2 e 8 meses de idade foram expostos a radiacéo
infravermelha usando uma lampada Phillips Infraphil (13379F/479, 150W, 600 - 1500
nm, com pico em 1000 nm) a 30 cm de distancia. Os animais com 2 meses de idade
foram expostos diariamente por 32 dias, por 10 min (360 J/cm?) e os animais com 8
meses de idade foram expostos diariamente por 48 dias, por 30 min (1.080 J/cm?). A
temperatura foi controlada e monitorada para evitar valores acima de 37°C. Os animais
foram pesados durante o experimento. No dia seguinte ao Gltimo dia de irradiacéo, 0s
animais foram sacrificados e extrairam-se a aorta, baco, coragdo, encéfalo, estdbmago,
figado, péancreas, pele, pulmdes, rins e testiculos para analise histopatologica dos
animais de 2 meses de idade.

Né&o houve diferenca de peso dos animais tratados em relagdo ao controle em
nenhuma das idades analisadas. As amostras de pele irradiadas com infravermelho
apresentaram acantose e hiperqueratose ortoqueratdtica. Os outros 6rgdos analisados
ndo tiveram alteracOes histologicas.

Mdckel et al., (2006) demonstraram que a exposi¢cdo com infravermelho aliada
ao exercicio aerobico reduziu o peso de voluntarios, mas os autores concluiram que o
efeito foi devido ao aumento do metabolismo devido ao calor fornecido pela radiacéo.
Diferentemente, em nossos experimentos ndo houve aumento da temperatura; o que
pode explicar a diferenga entre os resultados. A presenca de acantose e hiperqueratose
ortoqueratdtica em experimentos com temperatura controlada, descarta a possibilidade
de fotoenvelhecimento por calor (Seo & Chung, 2006). Como um dos efeitos da RIV €
alterar o balanco mitético tecidual, pode ter ocorrido uma expressiva mitose no tecido
levando ao espessamento do epitélio.

A auséncia de alteragdo na aorta, bago, coragdo, encéfalo, estdbmago, figado,
pancreas, pulmdes, rins e testiculos indica que a RIV foi absorvida pela pele e pelos
musculos, ndo chegando até estes érgdos e assim, ndo produziu efeitos biolégicos
capazes de alteragdes histoldgicas.
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Conclui-se que exposicao crbnica a radiacdo infravermelha causa alteracdo no
tecido epitelial com aumento da proliferacdo celular, sem alterar 6rgdos mais profundos
ou modificar 0 peso dos animais estudados.
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2.2 - ANALISE HISTOPATOLOGICA DA INTERAC/TO DAS RADIACOES
INFRAVERMELHA E UVB

Rattus norvegicus machos foram expostos a radiacdo UVB (pico de emissdo em
313 nm) durante 90 min (55,08 J/cm?), a radiacdo infravermelha (1V) (600 - 1500 nm,
com um pico em 1000 nm) por 30 min (1080 J/cm?) e depois de 90 min & radiacdo UVB
(IVUVB) ou a radiacdo UVB e depois de 90 min a radia¢do 1V (UVBIV) durante 15
dias. No 16° dia os animais foram sacrificados e amostras de pele retiradas para
avaliagdo histopatologica.

Animais tratados apenas com UVB ou com UVB seguido de IV apresentaram
hiperqueratose  paraqueratética e ortoqueratética, acantose com  pustulas
intraepidérmicas, pérolas de queratina, separacdo da epiderme da derme com
vacuolizagdo das células basais, degeneracdo da derme superficial, infiltrado
inflamatorio, vasodilatacdo e necrose do colageno. Animais tratados com IV antes do
UVB apresentaram as mesmas caracteristicas descritas acima com exce¢do de
hiperqueratose paraqueratética, pérolas de queratina e degeneracdo da derme
superficial.

Na maioria das analises, a porcentagem de amostras com as caracteristicas
descritas foi menor nos animais irradiados primeiro com infravermelho e depois com
UVB. Animais irradiados primeiro com UVB e depois com IV apresentaram
porcentagens variando entre abaixo do grupo tratado apenas com UVB (mas ndo menor
do que os tratados primeiro com 1V) a acima dos tratados com UVB.

Alguns autores (Frank et al., 2006) demonstraram que a radiagdo IV pode
proteger células dos efeitos deletérios da radiacdo UVB, incluindo protegendo da
formacédo de tumores. Contudo, em relagdo aos tumores, ap6s formados pela exposicéo
ao UVB, a radiacdo infravermelha aumentou sua taxa de replicacdo (Jantschitsch et al.;
2011). Estes efeitos podem estar relacionados a capacidade do gene p53 em lidar com as
lesGes ocasionadas pelo UVB.

Em todos os tratamentos com infravermelho, os valores de colageno estiveram
maiores do que no tratamento apenas com UVB. Neste sentido, ambas as radia¢des sao
capazes de alterar a producdo de coldgeno ou degradar as proteinas ja existentes
(Brenneisen et al., 2002; Schroeder, et al.; 2008) e parecem atuar de forma sinérgica na
lesdo tecidual. Apesar de algumas destas alteragOes serem semelhantes ao processo de
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fotoenvelhecimento, outros autores (Lee et al. 2006) demonstraram efeitos de
fotorejuvenescimento ao utilizar a radiacdo 1V.

Conclui-se que a exposicdo a radiagdo infravermelha ap6s exposicdo a radiacao
ultravioleta B aumentou a taxa de lesbes de algumas variaveis histopatolégicas sem
proteger o tecido, enquanto exposicdo a radiacdo infravermelha antes de exposicdo a
radiacdo ultravioleta B ocasionou um efeito protetor na maioria das variaveis.
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2.3- EFEITO DA INTERAC/TO DAS RADIACOES INFRAVERMELHA E
UVB EM CELULAS B16F10

Células B16F10 foram expostas a radiacdo infravermelha por 30 min (1080
Jicmz, 600-1500nm, com pico em 1000 nm), a radiagdo UVB por 35 min (8,19 J/cmz,
pico de emissdo em 313 nm) ou a radiacdo 1V 12 h antes da radiacdo UVB. Apds as
exposicgdes, 0s tratamentos foram analisados em 0 horas, 24 horas, 48 horas e 72 horas
para viabilidade celular com os testes de MTT, Vermelho Neutro, coloracdo com
brometo de etidio/laranja de acridina (EB/AQO), contagem total de células e para a
expresséo do gene p53.

Em 48 e 72 horas, tanto o controle quanto o tratamento apenas com IV
apresentou maior viabilidade por MTT do que as células irradiadas por UVB com ou
sem pré-exposicdo ao IV. Enquanto que para o teste do Vermelho Neutro, células
expostas ao 1V com ou sem UVB apresentaram valor muito maiores do que o controle e
aquelas tratadas s6 com UVB em 24 horas, modificando este padrdo em 48 horas para
uma reducdo na viabilidade por Vermelho Neutro para as células irradiadas com UVB
com ou sem a presenca de IV em relagdo ao controle negativo e as células tratadas
apenas com IV,

A coloracdo por EB/AO demonstrou uma reducdo na viabilidade das células
tratadas somente com UVB, exceto no tempo de 24 horas; aumento da quantidade de
celulas apoptdticas quando tratadas com UVB em todos os tempos em relagdo aquelas
tratadas somente com IV e em 48 e 72 horas em relagcdo ao controle e as tratadas com
IV antes do UVB, e aumento das células necrdticas quando tratadas com UVB em
relagdo ao infravermelho em todos os tempos, assim como para infravermelho antes do
UVB em 0 e 48 horas. Apesar de ocorrer um aumento no numero total de células do
tempo O para o tempo de 72 horas, o grupo tratado somente com infravermelho
apresentou menos células (menor crescimento) nos tempos de 48 e 72 horas. Ja para a
expressdo do gene p53 ndo houve diferenca entre os tratamentos em nenhum dos

tempos analisados.

A exposicao ao infravermelho ndo danificou nem protegeu as células em relagdo
a viabilidade por MTT, provavelmente devido as células expostas ndo estarem em um
estado de falta de ATP (Karu et al., 2004). Ao mesmo tempo a exposicdo ao

infravermelho causou um aumento momenténeo na atividade dos lisosomos, mas que
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ndo se manteve. Ambos os resultados ndo demonstram um efeito protetor ou prejudicial

do infravermelho em relagdo ao ultravioleta.

Contudo, a coloragdo por EB/AO demonstrou o efeito protetor do infravermelho
ao aumentar a viabilidade das células, reduzindo as células apoptéticas e necréticas. Ao
mesmo tempo a exposi¢cdo ao infravermelho reduziu o numero total de células, mas sem
ter relagcdo com a protecdo ao ultravioleta. O que elimina a redugdo da frequéncia
mitdtica como a causa da prote¢do ao UVB. Esta protecdo também nédo foi causada por
expresséo do gene p53.

Em concluséo, a exposicdo ao infravermelho com controle de temperatura néo
alterou a viabilidade celular, protegeu as células expostas ao UVB reduzindo o nimero
de células apoptdticas e necroticas e esta protecdo ndo foi dependente da reducdo da
taxa mitGtica ou da expressao do gene p53.
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2.4 - RADIAC/TO INFRAVERMELHA NA PESQUISA BIOLOGICA - SE
AFASTANDO DO CALOR

Durante muito tempo calor radiante e radiagdo infravermelha foram
considerados equivalentes e usados como sindnimos, devido a hipertermia (Song et al.,
1982) ser uma das propriedades da radiacdo infravermelha. Mas com a demonstracao de
que o infravermelho (V) tem efeitos bioldgicos sem acdo do calor (Fuchs et al, 2004),

faz-se necessario algumas distingdes.

Trabalhos com IV sem controle de temperatura ou usando o calor como medida
para 0 IV (Pujol and Lecha 1992) resultam na indugdo de proteinas de choque térmico
(HSPs) (Lee et al 2006, Maytin et al., 1993) que podem levar a conclusdes sobre calor

em vez de conclus6es sobre o efeito do comprimento de onda.

Destes conflitos entre calor e 1V destacam-se o fotoenvelhecimento (Shin et al
2012), o fotorejuvenescimento (Weiss et al, 2003), alteragdes na expressdao de matrix
metaloproteinases (Kim et al, 2005) e na expressdo de colageno (Kim et al, 2006).
Novamente, a inducdo das HSPs pode estar envolvida nestes dados conflitantes.

Outro motivo para evitar o uso de calor ou o aumento da temperatura em
experimentos reside no fato de que incrementos baixos de temperatura incapazes de
ativar as HSPs podem causar alteragdes histoldgicas a longo prazo (Kibbi & Tannous,
1998) como dano de DNA ou eritema ab igne.

A melhor forma de se evitar o aumento da temperatura nos experimentos é
através do uso de LEDs de infravermelho (Barolet, 2008), capazes de emitir uma ampla
gama de comprimentos de onda de forma ndo coerente e até 0 momento sem efeitos

colaterais.

Em conclusédo, experimentos com infravermelho sem um controle adequado da
temperatura podem resultar em inducdo de HSPs ou alteragdes teciduais que n&o
dependem dos comprimentos de onda do infravermelho. A melhor forma de evitar o
aumento da temperatura nestes experimentos € através do uso de LEDS de

infravermelho.
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3. Manuscritos na forma original de submissao para a

revista Photochemistry and Photobiology

23



3.1 ARTIGO 1

Chronic Infrared Irradiation Causes SKkin Alteration
Without Altering Other Organs
Gonzalez, V.C'.; Beheregaray, A.C.M?.; Peres, B.M>.; Sallis, E.S.V*.; Varela Junior,

A.S%.: Trindade, G.S.;

'Programa de P6s-Graduacdo em Ciéncias Fisiolégicas — FURG; “Faculdade de
Medicina — FURG; ‘Instituto de Ciéncias Biolégicas — FURG; “Faculdade de
Veterinaria — UFPEL;

Abstract

To determine if chronic infrared irradiation altered the histology of skin and
internal organs male Rattus norvegicus were exposed to infrared irradiation (A = 600 -
1500 nm, with peak at 1000 nm). 2 months old animals were exposed for 10 min (360
J/icm?) during 32 days and 8 months old animals were exposed for 30 min (1080 J/cm?)
during 48 days. Animals were weighted and organs were extracted for histopathological
analysis. No weight alteration was found, neither were found histological changes for
brain, aorta, heart, stomach, lungs, liver, spleen, pancreas, kidneys and testicles. Infrared
irradiate skin sample showed acanthosis and orthokeratotic hyperkeratosis. In
conclusion, chronic non thermal infrared irradiation alters epithelial tissue with
increased abnormal cellular mitosis, without altering visceral organs or modifying

animal weight.

1. Introduction

Infrared radiation (IR) represents 54.3% of the solar electromagnetic radiations
that reach Earth every day, when compared to ultraviolet (UV) and visible radiations
(Kochevar et al. 1999 apud Schiekel et al., 2003). Thus, living beings are exposed to a
significant amount of IR, varying from 20 to 48 mW / cm? (Piazena et al., 2002; 2004
apud Gebbers et al.; 2007). These environmental values are influenced by cloud cover,
relative humidity, latitude, longitude and zenith.
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CIE (International Commission on Illumination) divides IR into: IRA (700 -
1,400 nm), IRB (1,400 - 3,000 nm) and IRC (3,000 nm - 1 mm), or alternatively IR can
be divided as near IR (760 - 3,000 nm), medium IR (3,000 - 30,000 nm) and far IR
(30,000 nm - 1 mm) (Schieke et al. 2003). All IR bands have biological effects through
interaction with water and biomolecules in vitro. Besides, covalent and hydrogen bonds
absorb low frequency vibrations (Walther et al. 2002; Maeda et al. 1999).

Far IR reaches skin tissue and gradually transfers energy to deep tissue by a
mechanism of resonance-absorption of organic molecules and water (Inoue et al. 1989).
Penetrability in skin and subcutaneous tissue decreases while IR increases its
wavelengths. Shorter wavelengths (IRA) reach subcutaneous tissue without increasing
significantly the skin temperature. Longer wavelengths (IRC) are absorbed completely
by the epithelial layers, increasing skin temperature and resulting in thermal sensation
(Schieke et al. 2003). (This increase is caused by induction of molecular vibrations and
rotations).

Also IR is absorbed by and increases the activity of mitochondrial complex 1V
(cytochrome c-oxidase) (Karu et al. 1999), which results in increased ATP output. Also,
IR is responsible for skin regeneration by increasing: fibroblasts and keratinocytes
mitosis rate, collagen genesis (Morita et al. 2006) and collagen regeneration, fibroblast
infiltration in subcutaneous tissue (Toyokawa et al. 2003) and increasing the tensile
strength of the regenerating epithelium (Schramn et al. 2003).

Due to IR be perceived as heat by most vertebrates, temperature rise was
deemed the primary reason for their biological effects. However, others studies showed
IR responses caused by non-thermal infrared radiation (Danno et al., 2001), but how
this occurs have not yet been explained.

IR exposition increases expression of TGF-81, MMP-2 (Danno et al.; 2001;
Toyokawa et al. 2003), HIST genes and genes connected to cell proliferation, as
TUGCP3, KIF11, TTK and KPNADS, deletion of MMP-10 and apoptosis-related genes
such as, CASP2 and TRPM2 (Morita et al. 2006). Furthermore, it causes a non-thermal
non-autonomic increase in epithelial microcirculation through a mechanism related to
L-arginine/NO metabolic route (Yu et al. 2006).
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Moreover, the negative effects of IR, to date, are linked to chronic exposure to
moderate heat which can result, e.g. erythema ab igne, a macular dermatosis, and
reticular pigment (Walder & Hargis, 2002).

Infrared therapy has become more and more usual, mostly in physiotherapeutic
treatments for muscle injuries, but little is known about the effects of whole body
irradiation with chronic IR in healthy tissue. What we known (erythema ab igne) only
occurs after months or years of constant direct contact, a time range far greater than
those used for treatment. So, the objective of this study is to determine if whole body
chronic IR irradiation has any biological effect.

2. Material and Methods:

2.1. Animal Model

Male Rattus norvegicus (Wistar) from Central Animal Facility of Universidade
Federal do Rio Grande — FURG, were kept at Instituto de Ciéncias Bioldgicas’

bioterium.

Animals were held for two weeks and maintained in polypropylene boxes in
groups of up to four (2 months old) or up to 3 animals (8 months old) in each cage at
21° C £ 2 ° C, photoperiod of 12 hours light/dark, with food and water ad libitum before
and during experiments. At the end of experiments, animals were sacrificed in a CO,
chamber and their bodies were collected by Aborgama do Brasil for proper biological
destination. All experiments were approved by CEUA (Ethics Committee on Animal
Use) of FURG by Opinion P062/2011.

2.2. Infrared Exposition

Animals were irradiated in groups of four while inside polypropylene boxes
similar to those used for maintenance, using a Phillips Infraphil 13379F/479, 150W
lamp, ranging from 600 - 1500 nm, with a peak at 1000 nm, and distant 30 cm from
animals. Two doses were used, 360 J / cm? (10 min irradiation) and 1080 J / cm? (30

min irradiation). Times used were determined in previous experiments (data not shown).
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2.3. Effects of Chronic Infrared Radiation:

2.3.1 Effects of Chronic Infrared Radiation in 2 month old animals

Animals were divided into control (n = 10) and IR (n = 10) groups. During 32
days, IR group was irradiated for 10 minutes (360 J / cm?). Temperature was controlled
to prevent heating by indoors air-conditioning with plenty ventilation and measured
constantly at animal level using a mercury thermometer. Control group were exposed
only to indoors light. At initial (day 1) and at final (day 33) weight were measured. On
33th day, animals were sacrificed. Aorta, brain, heart, kidneys, liver, lungs, pancreas,
skin, spleen, stomach and testicles were removed for analysis. All organs were
weighted. After weighing, organs underwent histological processing as described in 2.4

2.3.2 Effects of Chronic Infrared Radiation in 8 month old animals

Animals were divided into control (n =7) and IR (n = 8) groups. During 48 days
IR groups were irradiated for 30 minutes (1080 J / cm?). Temperature was controlled to
prevent heating as described in 2.3.1. Control group were exposed only to indoors light.
Weight was measured before the first irradiation (Day 1) and throughout all experiment,
when animals were sacrificed. At this analysis, organs were not collected.

2.4 - Histological Analysis:

Organs were cut into 3 — 5 mm segments and stored in 50 ml “Falcon” tubes
filled with paraformaldehyde at 1:20 ratio with at least 20 ml of solution per tube.
Paraformaldehyde was prepared no later than 24 hours prior to use and kept cooled at 5°
C. Organs were fixed for 24h, and then placed in an alcoholic solution at 70° GL. Three
segments from each organ were dehydrated, diafanized and embedded in Paraplast Xtra
(Sigma P3808). From every piece, 3 - 4 slices were cut with 4 microns of thickness with
a rotatory microtome (Leica — RM 2255). Slides were stained with HEs and send to a
professional blinded to the experiment conditions, which carried out the
histopathological analysis at Departamento de Patologia Animal of Faculdade de
Veterinaria — Universidade Federal de Pelotas.
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2.5 Statistical analysis:

Initial and final body weight and the weight of organs were analyzed using T
test. A regression curve was created for daily body weight gain for each animal, and the
beta of each regression curve were pooled and tested with T test. All data were analyzed
with Statistica 7.0 and p values < 0.05 were considered statistically significant.

3. Results
3.1 Effects of Chronic Infrared Radiation in 2 month old animals

3.1.1 Weight analysis

Body weight: Neither initial nor final weight was statistically significant
(p>0.05, T-test) between and within groups.

Organs weight: There was no statistically difference between groups (p > 0.05,
T-test) for the weight of all organs analyzed. Although, brain (p = 0.08) and spleen (p =
0.07) weight were smaller in the IR-treated group, but this was not statistically
significantly.

3.1.2 Histopathological results:

No organs analyzed except for the skin samples had any pathological alteration.
Results for skin tissue are showed in Table 1 (Appendix I). Percentage means how
many slides had the feature, with + meaning mild intensity and ++ meaning moderate
intensity. No slide had +++ severe intensity. All skin samples treated with IR developed
acanthosis and orthokeratotic hyperkeratosis. Figure 1 (Appendix Il) shows acanthosis

in a 20x increase.
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3.2 Effects of Chronic Infrared Radiation in 8 month old animals

3.2.1 Weight analysis

Body weight: As for young animals, there was no statistical difference (p>0.05,
T-test) between initial and final weight either between or within groups.

Growth analysis: Each animal was weighted during 48 days. A regression curve
of weight and days was plotted for each animal. After that, the Beta value of the
regression curve was pooled and a T-Test between control and infrared group were
made. Pooled beta T-Test was not statistically significant (p = 0.13, T-Test), although
control group gained body mass faster than infrared group as showed in Figure 2
(Appendix 111) graphic of pooled betas.

4. Discussion

4.1 Effects of Chronic Infrared Radiation in 2 and 8 month old animals

Although there was no significant body weight alteration, there was less visceral
fat and body mass in the IR group. This can indicate that although overall final weight
did not change in the IR group but some alterations between fat and muscle mass may
be occurring, as showed by Mdockel et al, (2006) with the fat tissue and the fact that
muscle can absorbing IR through myoglobin and through it, activates an increase in
muscle fiber diameter. Also, the same increased ATP output (Karu et al, 1999) could be
demanding a higher use of fat tissue reserves. With the older animals a higher dose of
IR was used and this time daily weight was noted and a regression curve was calculated.
Again, IR-treated animals had less body mass and a less pronounced regression curve
showed by a lower pooled beta box than in control animals, but neither was statistically
significant as illustrate in Appendix Il graph.

Differently from us, Moéckel et al (2006) found out that three 45 min IR (500 -
1400 nm) sessions during four weeks during aerobics exercise with a bicycle had a
lipolytic effect. But at their experiment, IR was accompanied with heat and exercises,
which they deemed the major factor to reduce fat mass in the IR tested group.
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It is interesting to note that brain and spleen weight were smaller in the IR-
treated group, although this was not significantly (p = 0.08; 0.07). This data, need more
tests, as it is known that IR can have an antidepressant and anxiolytic effects with
increase BrdU-positive cells at CA1 hippocampal region (Tanaka et al., 2001) as well as

causing memory and, learning improvements.

4.2 Histopathological results:

Infrared radiation is mainly absorbed by the skin and the muscle adjacent to it.
This absorption leads to all skin samples analyzed from IR-treated animals showed mild
to moderate acanthosis as showed in Appendix Il. The thickening of the epidermis
occurred in 100% of those treated with IR as mild to moderate. This can indicate that
chronic IR exposition damages the skin tissue (through an unknown process) and as a
result skin thickens, similar to what happens with UV skin damage. But, one must also
consider an over signaling of mitosis, as it is already known that IR activates mitotic
genes and increase ATP output needed for a high mitotic rate (Karu et al, 1999; Morita
et al. 2006). Either way, long-term IR exposition of healthy tissue (i.e. not damaged

tissue) could result in mitosis deregulation.

The fact that all samples had mild orthokeratotic hyperkeratosis corroborates the
idea of mitosis deregulation, as it involves a change to epidermopoiesis. As no other
histopathological feature was displayed in the samples it is difficult to discern if it is an

inflammatory or neoplastic alteration.

We disregard this histopathological finding as heat photoaging, as temperatures
were controlled and never reach any threshold that could activate a heat shock protein
chain reaction, as reviewed by others (Schroeder et al, 2008). Also in heat photoaging,
solar elastosis would be found, with accumulation of elastotic distrophic material
(Warren et al.; 1991), severe hyperplasia of elastic fibers and degeneration of the
collagen fibers of the dermis, which happens in erythema ab igne (Kibbi & Tannous,
1998). More recently, Shin et al (2012) reported that chronic heat treatment (43°C)

causes wrinkle formation.

All these reports of histological alteration used some form of heat, and with

tissue temperature above physiological parameters, but it’s interesting to notice that
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Gebbers et al (2007) have irradiated human fibroblasts with single IR dose as high as
4080 — 10880 J / cm? and only have a 10 to 20% mortality rate; while using chronic
doses (1 session / week; 3 - 10 weeks) ranging from 300 to 1220 J / cm? without any
alteration in cell viability. Both testes were made with heat control and never reached a
temperature that would induce a heat stress response.

These differences regarding histological alterations caused by heat, and the fact
that IR doses much higher than ours, but without heat, could not induce any noticeable
alteration, lead us to disregard our findings as a heat photoaging process.

From the skin and muscle IR absorption, a mechanism of resonance-absorbance
could be in effect. This mechanism can transfer IR energy to internal organs, the same
way it delivers heat to internal tissue, but for the organs analyzed (aorta, brain, heart,
kidneys, liver, lungs, pancreas, spleen, stomach and testicles), no histopathological
changes were found. This can be because mostly of IR is absorbed at skin by
cytochrome c oxidase of the mitochondria and partly at muscles by myoglobin.
Although, the minimal IR dose that reaches internal organs after being absorbed by skin
and muscle was not sufficient to alter organs histology, it can be enough to alter brain
and spleen development as the almost significant weight difference need further studies.

5. Conclusion

We conclude that chronic whole body IR exposition causes skin tissue alteration
with increased abnormal cell proliferation without causing any pathology to visceral
organs and the brain.
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APPENDIX I - Histopathological results table

Control IR
Acanthosis 0% 100% (+ to ++)
Orthokeratotic 0% 100% (+)
Hyperkeratosis

Table 1. Skin histopathological results. Two month old male wistar rats (n = 10, both
groups) irradiated with IRA during 32 days for 10 minutes (360 J / cm?) (IR) or exposed
only to indoor lights (Control). Data are expressed of a percentage of slides with the

histopathological feature. + meaning mild intensity and ++ meaning moderate intensity.
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APPENDIX II - Acanthosis 20x magnification photo

Figure 1. Acanthosis in infrared treated animals’ skin. Two month old male wistar rats
(n = 10) irradiated with IRA during 32 days for 10 minutes (360 J / cm?) (IR). Arrow
indicates the acanthosis. Picture was taken in an optical microscope at 20 X

magnification.
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Appendix III - Graphic of pooled beta daily weight measurement

Box & Whisker Plot
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Figure 2. Pooled betas from the regression curve of daily weight measurement. Eigth
month old male wistar rats (Control, n = 7, IR, n = 8) irradiated with IRA during 48
days for 30 minutes (1080 J / cm?) (IR) or exposed only to indoor lights (Control). Data
are expressed as a box plot with mean, standard error and 1.96 * standard error.
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Abstract

Male Rattus norvergicus were exposed to UVB radiation (peak emission at 313
nm) during 90 min (55.08 J/cm?), to infrared radiation (IR) (600 - 1,500 nm, peak at
1000 nm) during 30 min (1080 J/cm?) followed by 90 min UVB irradiation (IRUVB),
or irradiated first with UVB radiation and after 90 min with IR (UVBIR) during 15
days. Skin histopathological analyzes showed the presence of acanthosis, parakeratotic
and orthokeratotic hyperkeratosis, intraepidermal pustules, keratin pearls, detachment of
epidermis, collagen necrosis, inflammatory infiltrate, vasodilation, basal cell
vacuolization and superficial dermis degeneration in both UVB alone and UVBIR
treatments. Animals within IRUVB group showed the same characteristics above except
for parakeratotic hyperkeratosis, keratin pearls and superficial dermis degeneration. In
conclusion, IR exposition after UVB irradiation increases the rate of damage for some
histopathological variables, above UVB irradiation only, without protecting the tissue;
while IR exposition before UVB irradiation showed a protective effect in most of the

variables.

1. Introduction

Infrared radiation (IR) represents 54.3% of the solar electromagnetic radiations
that reach Earth when compared to ultraviolet (UV) and visible radiations (Kochevar et
al. 1999 apud Schiekel et al., 2003). Thus, living beings are exposed to a significant

amount of IR, with an environmental values ranging from 20 to 48 mW/cm? (Piazena et
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al., 2004; Piazena et al., 2002 apud Gebbers et al.; 2007). These environmental values
are influenced by cloud cover, relative humidity, latitude, longitude and zenith.

CIE (International Commission on Illumination) divides IR into IRA (700 -
1,400 nm), IRB (1,400 - 3,000 nm) and IRC (3,000 nm - 1 mm), or alternatively IR can
be divided as near IR (760 - 3,000 nm), medium IR (3,000 - 30,000 nm) and far IR
(30,000 nm - 1 mm) (Schieke et al. 2003). All IR bands have biological effects through
interaction with water and biomolecules in vitro, since covalent and hydrogen bonds

absorb low frequency vibrations (Walther et al. 2002; Maeda et al. 1999).

IR reaches deeper in the epithelial tissue of terrestrial organisms. Far IR reaches
epithelial tissue and gradually transfers energy to deep tissue by a mechanism of
resonance-absorption of organic molecules and water (Inoue et al. 1989). Depth of
penetration in skin and subcutaneous tissue decreases while IR increases its
wavelengths. Shorter wavelengths (IRA) reach subcutaneous tissue without increasing
significantly the skin temperature. Longer wavelengths (IRC) are absorbed completely
by the epithelial layers, increasing skin temperature and resulting in thermal sensation
(Schieke et al. 2003) (This increase is caused by induction of molecular vibrations and
rotations).

Also, IR is absorbed by the mitochondrial complex IV (cytochrome c-oxidase)
(Karu et al, 1999), and from it, IR is responsible for epithelial regeneration by
increasing: fibroblasts and keratinocytes mitosis rate, collagen genesis (Morita et al.
2006) and collagen regeneration, fibroblast infiltration in subcutaneous tissue
(Toyokawa et al. 2003) and increasing the tensile strength of the regenerating
epithelium (Schramn et al. 2003).

Due to IR be perceived as heat by most vertebrates, temperature rise was
deemed the primary reason for their biological effects. However, others studies showed
effects caused by non-thermal IR (Danno et al., 2001; Karu, 1999), but how this occurs
have not yet been explained.

IR increases the expression of TGF-R1, MMP-2 (Danno et al.; 2001; Toyokawa
et al. 2003), HIST genes and genes connected to cell proliferation, as TUGCP3, KIF11,
TTK and KPNADS, deletion of MMP-10 and apoptosis-related genes such as, CASP2
and TRPM2 (Morita et al. 2006). Furthermore, it causes a non-thermal non-autonomic
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increase in epithelial microcirculation through a mechanism related to L-arginine/NO
metabolic route (Yu et al. 2006).

Moreover, the negative effects of IR, to date, are linked to chronic exposure to
moderate heat in mammals. This exposure results in erythema ab igne, a macular
dermatosis, and reticular pigment in general, and in most reported cases, occurs through
direct contact with the heat source (conduction instead of irradiation) (Walder & Hargis,
2002).

Besides IR, ultraviolet radiation (UV) is another electromagnetic solar radiation
that reaches Earth. UV radiation is divided didactically and biologically into UVC
radiation (200 - 290 nm), UVB (290 - 320 nm) and UVA (320 - 400 nm). UVB and
UVA reaches Earth’s surface, while UVC generally doesn’t penetrate the atmosphere
(Chapman et al. 1995).

UV damages can be directly to DNA (UVB and UVC) or to the cell membrane
(UVA). Those damages make UV radiation one of the environmental factors most
responsible for skin carcinogenesis (Bachelor et al., 2004), as melanoma, which is a

skin cancer originated from melanocytes.

As for IR, latitude, altitude, clouds, ozone layer thickness, seasons and period of
day determine the amount of UV that reach Earth’s surface. With UVB incidence shows
a peak near midday with minimums before 10 a.m. and after 4 p.m. (Kullavanijaya et al.
2005). Likewise, UVB is partially blocked by the ozone layer, transforming ozone
molecules into oxygen molecules (Kerr & McElroy, 1993).

As the ozone layer is diminishing at high and mid-latitudes (Manney et al.,
1994), UVB incidence increases, leading to increased exposure and tissue damage of
living beings at those latitudes (Gouveia et al., 2005), generally by interacting with
other substances (Filgueira et al., 2007).

We have an extensive body of knowledge of UV effects, mainly due to its
prejudicial effects. Living beings, whether terrestrial or aquatic, prokaryotes or
eukaryotes, possess endogenous chromophores capable of interacting with UV. For
UVB, DNA is the preferred chromophore (Godar et al., 1993).
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Although scientific data in relation to UV is vast and in relation to IR is
increasing, little is known about their interaction. In vivo findings shows that IR reduces
UV induced apoptosis in mice keratinocytes in vivo and in vitro (Jantschitsch, et al.;
2009), alters the type of UV-induced tumors with fewer mutated p53 clones and have a
tendency to slow UV tumor formation in mice (Jantschitsch, 2011). IR interacting with
UVB also regulates mast cell numbers and tryptase expression in vivo (Kim et al,;
2009) and protect fibroblast from the cytotoxic effects of UV radiation (Menezes et al,
1998).

As described above, IR and UV can alter tumor formation and this leaded
Jantschitsch, et al. (2009) to postulate that IR has a role in UV induced carcinogenesis.
In the actual state of knowledge, neither of those hypotheses can be denied or
confirmed. So, our aim was to determine if chronic IR irradiation can prevent chronic

UVB irradiation damage.

2. Material and Methods:

2.1. Animal Model

Male Rattus norvegicus (Wistar) from Central Animal Facility of Universidade
Federal do Rio Grande — FURG, were kept at Instituto de Ciéncias Biologicas’
bioterium. Animals were held for two weeks and maintained in polypropylene boxes in
groups of up to four (2 months old) in each cage at 21° C + 2 ° C, photoperiod of 12
hours light/dark, with food and water ad libitum before and during experiments. At the
end of experiments, animals were sacrificed in a CO, chamber and their bodies were
collected by Aborgama do Brasil for proper biological destination. All experiments
were approved by CEUA (Ethics Committee on Animal Use) of FURG by Opinion
P062/2011.

2.2. Infrared Exposition

Animals were irradiated in groups of four while inside polypropylene boxes
similar to those used for maintenance, using a Phillips Infraphil 13379F/479, 150W
lamp, ranging from 600 - 1500 nm, with a peak at 1000 nm, and distant 30 cm from
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animals. Irradiation times were 30 minutes (1080 J / cm?). This time was determined in

previous experiments to obtain the best results (data not shown).

2.3 Ultraviolet B Exposition

Animals were irradiated of up to four while inside polypropylene boxes for mice
and irradiated during 90min (55.08 J/cm?) (time of exposition was determined in
previous studies, data not shown) with UVB radiation using a VL: 115, 30 W (peak
emission at 313 nm) UVB lamp.

2.3. Effects of Infrared Radiation and Ultraviolet B interaction:

2.3.1 Experimental Model

Animals were divided into UVB (control) (n = 9), IRUVB (n = 6) and UVBIR (n
= 9). They were sedated by pentrane (methoxyflurane) inhalation in a dose not larger
than 50 ml / kg and had their back (exposure area) depilated before irradiation
procedures begin. Irradiation started 3 days after depilation and was performed during
15 days. UVB group was irradiated only with UVB, IRUVB group was irradiated first
with IR and after a 90 minutes interval was irradiated with UVB, finally UVBIR group
was irradiated first with UVB, than after 90 minutes interval was irradiated with IR. To
prevent IR heating, temperature was controlled by indoors air-conditioning with plenty
ventilation and measured constantly at animal level using a mercury thermometer. At
16th day, animals were sacrificed. Skin samples were removed for histopathological
analysis and underwent histological.

2.3.2 - Histological Analysis:

Skin samples were cut into 3 - 5mm segments and stored in 50 ml Falcon tubes
filled with paraformaldehyde at 1:20 ratio with at least 20 ml of solution per tube.
Paraformaldehyde was prepared no later than 24 hours prior to use and kept cooled at 5°
C. Samples were fixed for 24h, and then placed in an alcoholic solution at 70° GL.

Three segments from each sample were dehydrated, diafanized and embedded in
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Paraplast Xtra (Sigma P3808). From each piece, 3 - 4 slices were cut to 4 microns thick
with a rotatory microtome (Leica — RM 2255). Slides were stained with HEs and send
to a professional blinded to the experiment conditions, which carried out the
histopathological analysis at Departamento de Patologia Animal of Faculdade de
Veterinaria — Universidade Federal de Pelotas.

3. Results

3.1 Histopathological results:

Results for skin tissue are showed in Table 1 (Appendix I). Percentage means
how many slides had the feature, with + meaning mild intensity, ++ moderate intensity

and +++ severe intensity.

When compared to UVB alone, IRUVB treatment reduced the incidences of
parakeratotic hyperkeratosis, intraepidermal pustules, keratin pearls, detachment of
epidermis (Figure 1, Appendix II), basal cell vacuolization and superficial dermis
degeneration, while increasing acanthosis, orthokeratotic hyperkeratosis, collagen
necrosis (Figure 2, Appendix I11) and vasodilation.

When compared to UVB alone, UVBIR treatment reduced the incidences of
parakeratotic hyperkeratosis, basal cell vacuolization and superficial dermis
degeneration, while increasing the incidences of acanthosis, orthokeratotic
hyperkeratosis, intraepidermal pustules, keratin pearls, collagen necrosis (Figure 2,
Appendix I11), inflammatory infiltrate and vasodilatation.

4. Discussion

4.1 IR pretreatment

Some authors have demonstrated that pretreatment with IR can protect cells
from UVB damaging effects through p53 induction (Menezes et al, 1998). We
corroborate these findings with our histopathological results. Protective effects were
seen by a reduction in the severity and incidence of parakeratotic hyperkeratosis;
reduction in the incidences of intraepidermal pustules, keratin pearls, detachment of
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epidermis, and superficial dermis degeneration; increased incidence of vasodilation and
inflammatory infiltrate, albeit, this last one was almost similar to UVB treated animals.
Protective effects against UV radiation were also found in relation to tumor formation
with fewer mutated p53 cells (Jantschitsch et al.; 2011).

These findings could be a result of infrared radiation activating and increasing
p53 activity. Previous p53 activation could lead to a higher repair rate of damaged cells
as indicated by basal cell vacuolization and these leading to vasodilation and
inflammatory infiltrate (Menezes et al, 1998). Others have found a similar IRA
reduction of UV-induced apoptotic cell death in vitro and in vivo and that this reduction
may be due to induction of repair mechanisms (Jantschitsch et al.; 2009), since it is
known that IR can modulate the mitochondrial pathway of apoptosis (Frank et al, 2004).

Although, the majority of effects can be seen as positives, pretreatment with IR
enhanced some deleterious effects, as can be seen by increased incidence and severity of
orthokeratotic hyperkeratosis and collagen necrosis. Also, there was an increase in
overall acanthosis rate, but with a higher severity variance.

It’s known that IR modulates collagen production and degradation during a
scarification process and can over degrade the collagen matrix in healthy tissue
(Schroeder, et al; 2008). The same excessive degradation through matrix
metalloproteinase (MMP)-1 happens by means of UVB radiations (Brenneisen et al.,
2002). Also, UV causes mechanical degradation of collagen (Rabotyagova et al, 2008).
These could indicate that although IR is protecting cells from UVB damage, the
extracellular matrix, mainly composed of proteins, don’t have the mechanisms to couple
with UVB lesions and the intensified collagenase activity. In the long run, could these
lead to increased cell damage?

Differently from us Lee et al. (2006) found that a 6-month IR treatment (900 —
1000 nm, 35 mW / cm?, 15 - 20 minutes, 5 days / week) improved skin condition,
reducing wrinkles by increasing collagen and elastin contents from stimulated
fibroblasts.
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4.2 IR post treatment

As IR irradiation can promote wound healing, we needed to discern if IR was
preventing tissue alteration or healing skin damage. To achieve that, animals were
irradiated with IR after UVB irradiation. If skin healing was happening, IR pretreatment
and IR post treatment should have no differences, but if treatments showed different
results, it could indicate that one was protecting the tissue while the other was healing
UVB damage.

It was interesting to found that IR post treatment seems to had lower protective
effect than IR pretreatment. For most characteristics, it even enhanced UVB deleterious
effects.

Positive effects were lower incidence and severity of parakeratotic
hyperkeratosis, lower incidence of detachment of epidermis, basal cell vacuolization
and superficial dermis degeneration; also a higher incidence of inflammatory infiltrate
and vasodilation can be seen as a positive effect.

Parakeratotic hyperkeratosis, basal cell vacuolization and superficial dermis
degeneration were closer to UVB control than IR-UVB group and detachment of
epidermis was closer to IR-UVB group than to UVB control group. These could
indicate that although the regenerative properties of IR are in effect, they’re much less
efficient in dealing with UVB effects than they are to prepare cells to receive UVB
radiation. The increase in basal cell vacuolization can indicate that more cells are
damaged beyond repair and IR, through P53, leads to apoptosis. This data disagree with
Jantschitsch et al. (2009) findings, but they only pre-treated animals with IR before UV

exposition.

Differently from IR pretreatment, post-treatment enhanced many UVB
deleterious effects. Findings were grouped as increased incidence and severity of
acanthosis, orthokeratotic hyperkeratosis and collagen necrosis; increased incidence of
keratin pearls and intraepidermal pustules. IR post-treated group showed interesting
findings, as differently from pre-treated groups, most results were close to or worse than
UVB group. These could indicate that IR concomitantly with UVB exposure lead to
more damage than we previously supposed.
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This increased damage can come from an excessive ROS production of oxidants
mediated by IR induction of cytochrome IV (Schroeder et al., 2007).

One could argue that these synergic damage is a heat product (as part of IR is
heat), but heat photoaging is characterized by solar elastosis with accumulation of
elastotic distrophic material, severe hyperplasia of elastic fibers and degeneration of
collagen fibers from the dermis. All of these are characteristic of erythema ab igne
(Kibbi & Tannous, 1998). But as our findings showed different skin alterations and IR
exposition was controlled to prevent heating, we disregard heating damage as the cause
for UVB-IR lesions. Besides, as groups were exposed to same irradiation protocols,
damaged should be seen in IRUVB and UVBIR groups, which wasn’t the case.

As it is known, good Sun time is before 10 a.m. and after 4 p.m. This is the
period when UVB radiation incidence is lower. Although our data need further
replications from other researchers, we can say that sun bath took in between those
hours can be more dangerous than were previously known. Someone that exposes
himself to sun light at that time interval would receive high UVB radiation without an
infrared previous protective signal and this concomitantly exposition to IR would
enhance the UVB damages. We can also reiterates that exposition before 10 a.m. leads
to increase protection from UVB damages as the body received first infrared radiation,
which can prepares the cells to handle with the UVB effects.

5. Conclusion

In conclusion, our work showed that IR exposition before UVB irradiation
reduce the incidence of parakeratotic hyperkeratosis, intraepidermal pustules, keratin
pearls, detachment of epidermis, basal cell vacuolization and superficial dermis
degeneration, while increasing acanthosis, orthokeratotic hyperkeratosis, collagen
necrosis and vasodilation. In contrast, IR exposition after UVB irradiation enhances
most of those prejudicial histological characteristics.
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APPENDIX I - Histopathological table results

uvB

IRUVB

UVBIR

Acanthosis

38% (++ to +++)

15% (+++),

54 % (+ to ++)

46% (+++)

Parakeratotic

Hyperkeratosis

50% (++ to +++)

0%

26%(+)

Orthokeratotic Hyperkeratosis | 59% (+) 92% (+to ++) | 80% (++to +++)

Intraepidermal pustules 13% 8% 40%

Keratin pearls 8% 0% 20%

Detachment of epidermis 46% 15% 13%

Collagen necrosis 4% (+to ++) 15% (+) 40%(+++)
31% (+++)

Inflammatory infiltrate 13% 15% 40%

Vasodilatation 4% 15% 33%

Basal cell vacuolization 50% 8% 40%

Follicles and epidermis 0% 0% 13% (++4)

attachments

Superficial dermis 34% 0% 20%

degeneration

Table 1. Histopathological results of chronic IR and UVB irradiations in mice skin.
Male wistar rats were irradiated with UVB (n = 9, 90min, D = 55.08 J / cm?), with IR
and after 90 min irradiated with UVB (IRUVB, n = 6, IR = 30 min, 1080 J/ cm?, UVB
= same as above) and with UVB and after 90 min irradiated with IR (UVB and IR

parameters as above). Data are expressed of a percentage of slides with the
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histopathological feature. + meaning mild intensity, ++ meaning moderate intensity and

+++ meaning severe intensity.
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APPENDIX II -Detachment of epidermis 20x magnification photo

Figure 1. Detachment of epidermis in UVB exposed mice. Male wistar rats were
irradiated with UVB (n = 9, 90 min, D = 55.08 J / cm?), with IR and after 90 min
irradiated with UVB (IRUVB, n = 6, IR = 30 min, 1080 J / cm?, UVB = same as above)
and with UVB and after 90 min irradiated with IR (UVBIR, UVB and IR parameters as
above). Arrow indicates detachment of epidermis. Picture was taken in an optical

microscope at 20 x magnification.
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APPENDIX III -Collagen necrosis 40xmagnification photo

Figure 2. Collagen necrosis in UVB exposed mice. Male wistar rats were irradiated with
UVB (n =9, 90min, D = 55.08 J / cm?), with IR and after 90 min irradiated with UVB
(IRUVB, n =6, IR = 30 min, 1080 J / cm?, UVB = same as above) and with UVB and
after 90 min irradiated with IR (UVBIR, UVB and IR parameters as above). Arrow
indicates detachment of epidermis. Picture was taken in an optical microscope at 20 x

magnification.
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Abstract

To determine the cell viability effects of infrared irradiation prior to UVB
irradiation, B16F10 melanoma cells were exposed to infrared radiation (IR, 1080
J/icm?), UVB radiation (8.19 J/cm?) and IR 12 hours before UVB. Cells were analyzed at
0, 24, 48, and 72 hours after exposition by MTT, Neutral Red, EB/AO staining assays,
total cell count and p53 gene expression. MTT and Neutral Red assays showed that IR
did not protect the cells from UVB effects, while EB/AO showed that IR protected cells
from UVB irradiation, without affecting p53 gene expression. Also, IR alone reduced
the total cell count. In conclusion, IR irradiation did not altered cellular viability, but
protected cells from UVB deleterious effects reducing the number of apoptotic and
necrotic cells without dependence from a reduction in mitosis rate or altering the p53

gene expression.

1. Introduction

Infrared radiation (IR) is a solar electromagnetic radiation that compared to
ultraviolet (UV) and visible radiations represents 54.3% of the Sol irradiated energy
(Kochevar et al. 1999 apud Schiekel et al., 2003). Livings beings are exposed to IR
values varying from 20 to 48 mW / cm? (Piazena et al., 2002; 2004 apud Gebbers et al.;
2007).

IR is divided into: IRA (700 - 1,400 nm), IRB (1,400 - 3,000 nm) and IRC
(3,000 nm - 1 mm). Most of IR energy is within IRA, totaling 30% of solar energy
when compared to UV and visible radiation (Schroeder et al, 2007).
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IR is absorbed by water and tissues through covalent and hydrogen bonds
(Walther et al., 2002; Maeda et al., 1999) inducing molecular vibrations (Laurent-
Applegate & Roques, 2002) and gradually transferring energy to deep tissue by a
mechanism of resonance-absorption that may increase the local temperature with effects
similar to hyperthermia (IRC) (Schieke et al., 2003) or induce photochemical reactions
(800-900 nm) (Laurent-Applegate, & Roques, 2002).

One of those photochemical reactions induced by IR irradiation is mitochondrial
increased activity (Wong-Riley et al., 2005), which increases: mitosis rate in fibroblasts
and keratinocytes cells, deletion of MMP-10 and apoptosis-related genes such as
CASP2 and TRPM2 (Morita et al., 2006). Still, there is no consensus if IR can induce
carcinogenesis while acting together with UV radiation (Jantschitsch et al., 2009).

UV radiation ranges from 200 to 400 nm wavelengths. It is divided didactically
and biologically into UVC radiation (200 - 290 nm), UVB (290 - 320 nm) and UVA
(320 - 400 nm). The solar UV comprises UVB and UVA, while UVC does not pass
through the atmosphere (Chapman et al., 1995).

Another non thermal IR photochemical reaction is the prevention of UVB
cytotoxic effects in Eschericcia coli and of UVA and UVB in human fibroblast
(Menezes et al., 1998). This was not related to inhibition of lipid peroxidation,
activation of heat shock protein (HSP70) or cell division. Besides, the protective IR
effect against UV was not dose-dependent, but dependent on the number of times the
cells were pre-exposed to IR (Continenza et al., 1993).

In vitro experiments with human fibroblast showed that the IR protective effect
against UVB occurs by modulating Bcl2/Bax balance mechanisms, accumulation of p53
with stabilization and phosphorylation of serine (Serl5) and (Ser20) and increased
expression of p21 and GADD45. Also, it decreased the formation of UVB induced
thymine dimers (Frank et al., 2006).

UV damages can be directly to DNA (UVB and UVC) or to the cell membrane
(UVA). Those damages make UV radiation one of the major environmental factors
responsible for skin carcinogenesis (Bachelor et al., 2004), as melanoma, which is a
skin cancer originated from melanocytes. Theoretical calculations for melanoma cancer

incidence postulate a much higher number of cases than the real ones, but the main
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probabilistic analyzes are based on data from studies using only the UV radiation as an
oncostarter factor. A possibility for lower cases than theoretical prediction is the
interaction between the various non-ionizing electromagnetic radiation, as well as their

interactions with biological tissues.

To clarify the above points, B16F10 melanoma cells were exposed to infrared
and UVB radiations to determine their interaction effects in cell viability

2. Material and Methods:

2.1 Cells and culture conditions:

B16F10 melanoma cells were maintained in DMEM supplemented with sodium
bicarbonate (0.37 g / L), Hepes (25 mM) supplemented with 10% fetal bovine serum,
1% penicillin (100 U / ml) and streptomycin (100 mg / mL) at 37° C. Cells were
obtained from Banco de Células do Rio de Janeiro (BCRJ).

2.2 Irradiation protocol

5 x 10° cells.mI™ cells were incubated in culture flasks at 37° C. Upon reaching
log phase, maintenance medium was removed; flasks were washed two times with
Phosphate Buffered Saline (PBS) and suspended again in PBS for irradiation. 5 x 10°
cells.ml* (unless otherwise noted) were seeded in 96 dish plates, divided into the
following irradiation protocols: Control (no irradiation), 30 min IR irradiation (1080 J /
cm?, Phillips Infraphil 13379F/479, 150 W, ranging from 600 - 1500 nm, with a peak at
1000 nm), 35min UVB irradiation (8.19 J / cm?, VL: 115, 30 W, with peak emission at
313 nm) and irradiated with IR 12 h before UVB irradiation (IRUVB). Irradiation times
were determined in previous experiments (data not shown). After irradiation, PBS was
removed and cells received maintenance medium. To preventing heating from the IR
light bulb, a water layer was interposed between the plates and the IR lamp.
Temperature was measured and never passed 37° C.
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2.3 Cell viability

2.3.1 MTT assay (mitochondrial viability assay)

Cells were prepared as described in irradiation protocol and cell viability was
tested by 3 - (4,5-dimethylthiazol-2-yl) 2,5-diphenyltetrazolium bromide (MTT, 0.5 mg
/ mL) at 0, 24, 48 and 72 h. Briefly, after irradiation 20 pl of MTT was added to each
dish. After 3 hours, PBS with MTT was removed and 200 pl dimethyl sulfoxide
(DMSO) was added. Readings were made in a spectrophotometer at 590 nm and
absorbance values were used as indicators of cell viability (Trindade et al, 1999). For
each group n was: Control 55 (0 h), 35 (24 h), 62 (48 h), 64 (72 h), UVB 21 (0 h), 20
(24 h), 23 (48 h), 32 (72 h), IRUVB 20 (0 h), 20 (24 h), 23 (48 h), 29 (72 h), IR 52 (0
h), 35 (24 h), 60 (48 h) and 63 (72 h).

2.3.2 Neutral Red assay (lysosomal activity viability assay)

Cells were prepared as described in irradiation protocol and cell viability tested
by 3-amino-7-dimethylamino-2-methylphenazine hydrochloride (40 ug / mL, neutral
red) at 0, 24, 48 and 72 h. Briefly, cells were incubated for 3 h with 200 uL of neutral
red dye dissolved in serum free medium. The pH of the neutral red solution was
adjusted in all experiments to 6.35 with the addition of KH2PO4 (1 M). Cells were then
washed with PBS and was added 1 ml of elution medium (EtOH / AcCOOH, 50% /
1%). Readings were made in a spectrophotometer at 540 nm and absorbance values
were used as indicators of cell viability (Fotakis et al., 2006). For each group n was:
Control 10 (0 h), 7 (24 h), 10 (48 h), 10 (72 h), UVB 10 (0 h), 7 (24 h), 11 (48 h), 10 (72
h), IRUVB 11 (0 h), 6 (24 h), 11 (48 h), 11 (72 h), IR 11 (0 h), 8 (24 h), 9 (48 h) and 10
(72 h).

2.4. EB/AO Chromatin Structure assay (DNA integrity viability assay)

Cells were prepared as described in irradiation protocol, but seeding was 1 x 10°
cells.mI™. According to Ribble et al. (2005) at reading time, medium was removed, cells
were washed two times with PBS, after washing was added to each well 20 pL of PBS
and 5 ul of EB/AO (ethidium bromide and acridine orange) work solution, composed of

58



100 pg / mL of ethidium bromide (EB) and 100 pug / mL of acridine orange (AO)
diluted in PBS (Coligan, et al.; 1995). 200 cells were counted at an Olympus 1X81
fluorescence microscope. Cells with normal size nucleus and emitting green
fluorescence were considered normal (viable). Other fluorescence cells with pyknotic
nucleus were considered to have fragmented nucleus, with orange fluorescence being

apoptotic and red being necrotic cells.

2.4.1 Total Cell Count Assay

After irradiation protocol all wells of all times (0, 24, 48 and 72 h) were
photographed with an Olympus DP72 camera at 10x magnification within an Olympus
I1X81 fluorescence microscope. Visible light was used to illuminate the wells. All cells
within each well were counted using ImageJ software. Number of wells (n) used for cell
count for each irradiation group and time were: Control 12 (0 h), 11 (24 h), 13 (48 h),
12 (72 h), UVB 10 (0 h), 13 (24 h), 11 (48 h), 14 (72 h), IRUVB 11 (0 h), 14 (24 h), 13
(48 h), 13 (72 h), IR 11 (0 h), 12 (24 h), 12 (48 h) and 12 (72 h).

2.5 p53 expression

After irradiation protocol, p53 gene expression was analyzed by quantitative real
time PCR. Total cellular RNA was isolated with Trizol LS Reagent (Invitrogen, Brazil)
(n = 4 for each treatment). RNA samples were quantified using Quanti-iT RNA assay
kit in a Qubit fluorometer (Invitrogen, Brazil). Then, RNA was treated with Dnasel
(Invitrogen, Brazil) and reverse transcripted (complementary DNA synthesis) using 2
ug of total RNA, following the manufacturer’s instructions of reverse transcriptase (RT
High capacity, Invitrogen, Brazil). Gene expression analysis was realized using a Real-
time PCR System 7500 (Applied Biosystems, Brazil). Each PCR reaction was
composed by a 10 uL mix (5 pL of SYBR Green PCR Master Mix (Applied
Biosystems, Brazil), 0.2 uL of ROX, 0.25 uL of each primer, 2.7 uL of ultrapure water
(Invitrogen, Brazil) and 1.6 pL of diluted cDNA from the B16F10 cell lineage). Primers
were  designed using the  Primer-Blast tool from NCBI  website

(http://www.ncbi.nlm.nih.gov). Actin gene was used as for data normalization.
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2.6 Statistical Analysis

Cell viability tests and total cell count data is presented as means + standard
error and was analyzed with Statistica 7.0 using ANOVA and Tukey post-test. p53 gene
expression data was analyzed by comparison of median and standard deviation using
Data Assist software with the 2-AACt-Method (Livak & Schmittgen, 2008; Mestdagh et
al., 2009; Vandesompele et al., 2002). p values < 0.05 were considered statistically
significant.

3. Results
3.1. Cell viability

3.1.1 MTT assay

At 0 and 24 hours, all treatments were not statistically significant. At 48 and 72
hours, control was not different from IR treatment and both were statistically different
from UVB and from IRUVB treatments (Figure 1). Control and IR had readings 3 times
higher than UVB and IRUVB treatments at 48 h, which was reduced to 2 times higher
at 72 h. At the same time (48 and 72 h) UVB and IRUVB treatments were not
statistically significant.

3.1.2. Neutral Red assay

At 0 hours all treatments were not statistically significant (Figure 2). At 24
hours, IR and IRUVB treatments were not statistically significant, and both were
statistically higher from Control and UVB treatments. At 24 hours, Control and UVB
were not statistically different.

A different pattern was showed by neutral red assay at 48 hours. UVB and
IRUVB were not statistically significant, and both were different from Control and IR,
while Control and IR were not statistically significant. At 72 hours all treatments were
not statistically different.
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3.2 EB/AO Chromatin Structure assay (DNA integrity viability assay)

3.2.1 Viable Cells (normal nucleus)

UVB and IR treatment were different at all times tested, with fewer UBV viable
cells than IR viable cells (Figure 3). Also, UVB-treated cells were different from
Control in all times except at 24 hours, with fewer UVB-treated cells than Control cells.

IRUVB were not different from Control, IR and UVB at 0 and 24 hours, being
different from UVB at 48 and 72 hours.

3.2.2 Non-Viable Cells

When apoptotic and necrotic cells were pooled together, UVB-treated cells had
the higher non-viability rate. In contrast to IR-treated cells that had the lowest count of
non-viable cells at all times analyzed, although it is not statistically significant. UVB
treatment was different from IR in all times analyzed, different from control at 0, 48 and
72 hours (Figure 4). IRUVB were different from UVB treatment from 48 and 72 hours.

3.2.3 Apoptotic cells / fragmented DNA

At all times analyzed the number of apoptotic cells was consistent for UVB and
IR treatments, with UVB treatment having the highest number of cells and IR having
the lowest number of cells. UVB were different from IR in all times, and IR was equal
to Control in all times. IRUVB were only different from UVB treatment at 48 and 72
hours (Figure 5).

3.2.4 Necrotic cells / fragmented DNA

Although the maximum number of necrotic cells was low, UVB treatment had
the highest cell count and were different from all other treatments, except as follow: at
24 hours when all treatments were not statistically significant, at this time UVB had a
lower cell count than IRUVB treatment; and at 72 hours when UVB and IRUVB
treatments were not significant (Figure 6). IR had the lowest cell count in all times
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except at 24 hours, when Control had fewer cells than IR, but this was not statistically
significant.

3.2.5 Total Cell Count Assay

At 0 and 24 hours all treatments were equal. At 48 and 72 hours, IR treated cells
had a low cell count than the other treatments and were different from control cell
count. All other treatments were equal to IR and to control (Figure 7).

3.3 P53 expression

There was no statistical difference between treatments within the same time of
analysis (Figure 8).

4. Discussion

As infrared radiation is mainly absorbed by cytochrome ¢ oxidase it would be
expect that IR treatment had higher MTT values than Control, but Control and IR
treatments were not statistically different. The dependence of IR to the cell state may
explain this. Healthy cells will not show the same increase in mitochondrial activity
than cells in poor state (Karu et al., 2004). Even B16F10 cells being a tumoral lineage,
during experiments cells were at their optimum state, which can explain no increase in

mitochondrial activity.

Damage from UVB exposition could be responsible for lower mitochondrial
activity at all times, although only statistically different at 48 and 72 hours, with a small
recovery at 72 hours. This UVB induced mitochondrial damage was not prevented by
pretreatment with IR 12 hours prior to UVB.

Interesting, IR irradiation seemed to increase lysosomal activity within 24 hours
after exposition as indicate by the neutral red assay. Since UVB and Control are
statistically equal at this time, and lower than the activity of IR-treated cells, the
increased activity showed by IRUVB treated cells does not configure a protective effect,
but the same stimulatory effect from IR only treated cells.
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After 48 hours of exposition, neutral red assay showed a similar pattern observed
in the MTT assay, with Control and IR treated cells equal and UVB and IRUVB treated
cells equal. After 72 hours, the effects of IR or UVB exposition ceased to impact the
lysosomal activity, as all treatments were not statistically significant.

When both assays are analyzed together, although IR pretreatment did not
protect UVB exposed cells it did not harm them, as there was no reduction in viability
in IR treated cells. This is interesting, especially because all experiments were heat
controlled as experiments without heat control can activate heat shock proteins, which
through mitochondria induce deleterious ROS generation effects (Shin et al., 2008,
2012).

Differently from mitochondrial and lysosomal activity assays which did not
demonstrate any protective effect from IR irradiance prior to UVB, fluorescent staining
with ethidium bromide and acridine orange (EB/AQO) showed that at DNA level,
treatments result in different effects.

At 48 and 72 hours, viable IR pretreatment prior to UVB irradiation increased
the number of viable cells, while UVB only could not recover the number of viable
cells. The same pattern appears when total non-viable cells and apoptotic only cells

were analyzed.

UVB induced cellular damage that result in non-viable cells, mostly leading to
an apoptotic state, which is similar to Jantschitsch et al (2009) findings in mice
keratinocytes in vivo and in vitro. Also, pretreatment with IR, after 48 hours, had the
same pattern found by those researchers. They concluded that these reductions in
apoptotic cells may lead to carcinogenesis. We cannot totally agree with their
conclusion, as when analyzing the cell count results, IR alone had fewer cells than
Control treatment. This can indicate that at the same time that IR protects from UVB
damage it also reduces the mitotic rate of B16F10 cells. Also, it is known that IR
irradiation reduces the formation of UVB induced thymine dimers (Frank et al, 2006),

which can explain the reduction in non-viable cells

IR protection against UVB was also demonstrated within necrotic cells, but was
dependent from the period of analysis. 24 hours after the last irradiation seem to be a
transitional period, in which cells are dealing with the UVB-induced damage.
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Different from other authors (Frank et al., 2004) that found p53 levels increased
by IR exposition; we found that neither treatment affected p53 gene expression. This
data also conflicts with Frank et al (2006), whereas they found that p53-deficient SaOs
(sarcoma osteogenic) cells were not protected from UVB cytotoxicity by IR
pretreatment, whereas non-deficient cells were protected.

Overall, it is interesting to see that although IR had a protective effect against
UVB effects, it diminish the total cell count. Our findings agreed with Menezes et al.
(1998) where at 72 h readings they find an IR protective effect against UVB irradiation,
except that we found a decrease in cell numbers at 72 h. This may be because in their
experiment UVB was applied immediately after IR irradiation, and that they were using
non-tumoral fibroblast cells.

5. Conclusion

In this paper we showed that heat-controlled IR exposition did not alter
mitochondrial and lysosomal cell viability. At the same time, pretreating cells with IR
12 hours prior to UVB exposition enhanced DNA stability with fewer apoptotic and
necrotic cells than at UVB treated ones. Different from other authors we found that
neither treatment induced p53 gene expression.
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APPENDIX 1 - MTT assay graphic and table
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Figure 1. MTT viability assay graphic. 5 x 10° cells.mI™ were exposed to: no radiation
(Control), 35 min of UVB, 8.19 J/ cm? (UVB), 30 min of IR, 1080 J / cm? (IR) or to 30
min of IR, 1080 J / cm? and after 12 hours to 35 min of UVB, 8.19 J / cm? (IRUVB).
Heat was prevented by a water layer between IR lamp and dish plates. Data showed as
means + standard error of absorbance at 590 nm. Different letters means statistically

significance.

Control uvB IRUVB IR

Mean SE n Mean SE n Mean SE n Mean SE n

Oh 478,359 | 54,7347 | 55 350,212 | 88,5798 | 21 314,322 | 90,7673 20 474,351 | 56,2915 52

24h | 666,977 | 68,6136 | 35 481,688 | 90,7673 | 20 402,385 | 90,7673 20 645,815 | 68,6136 35

48h | 880,331 | 51,5523 | 62 262,887 | 84,6409 | 23 270,754 | 84,6409 23 927,540 | 52,4045 60

72h | 915,116 | 50,7404 | 64 476,954 | 71,7578 | 32 506,883 | 75,3781 29 898,054 | 51,1416 63

Table 1. MTT viability assay table. 5 x 10° cells .ml™ were exposed to: no radiation
(Control), 35 min of UVB, 8.19 J/ cm? (UVB), 30 min of IR, 1080 J / cm? (IR) or to 30
min of IR, 1080 J / cm? and after 12 hours to 35 min of UVB, 8.19 J / cm? (IRUVB).
Data showed as means = standard error of absorbance at 590 nm. Heat was prevented by

a water layer between IR lamp and dish plates.
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APPENDIX 2 - Neutral red assay graphic and table
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Figure 2. Neutral Red viability assay graphic. 5 x 10° cells.mI™ were exposed to: no
radiation (Control), 35 min of UVB, 8.19 J / cm? (UVB), 30 min of IR, 1080 J / cnv?
(IR) or to 30 min of IR, 1080 J / cm? and after 12 hours to 35 min of UVB, 8.19 J / cn??

(IRUVB). Data showed as means + standard error of absorbance at 560 nm. Heat was

prevented by a water layer between IR lamp and dish plates. Different letters means

statistically significance.

Control uvB IRUVB IR
Mean SE n Mean SE n Mean SE n Mean SE n
Oh | 359500 | 37,5165 | 10 | 386,100 | 21,6689 | 10 | 410,181 | 22,1149 | 11 | 418,090 | 31,4563 | 11
24n | 658,428 | 22,8900 | 7 | 615428 | 250112 | 7 | 788,666 | 243812 | 6 | 777,875 | 52,9600 | 8
48h | 824,000 | 37,0917 | 10 | 672,818 | 22,0844 | 11 | 619,363 | 18,0080 | 11 | 807,000 | 37,7727 | 9
72h | 602,000 | 19,2379 | 10 | 589,000 | 12,6125 | 10 | 553,000 | 14,9830 | 11 | 603,00 | 36,0237 | 10
Table 2. Neutral Red viability assay table. 5 x 10° cells .mI™* were exposed to: no

radiation (Control), 35 min of UVB, 8.19 J / cm? (UVB), 30 min of IR, 1080 J / cnv?
(IR) or to 30 min of IR, 1080 J / cm? and after 12 hours to 35 min of UVB, 8.19 J / cn??
(IRUVB). Heat was prevented by a water layer between IR lamp and dish plates.
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APPENDIX 3 - Viable cells graphic and table
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Figure 3. EB / AO Chromatin Structure Assay Viable Cells Graphic. 1 x 10° cells.mlI™
were exposed to: no radiation (Control), 35 min of UVB, 8.19 J/ cm? (UVB), 30 min of
IR, 1080 J / cm? (IR) or to 30 min of IR, 1080 J / cm? and after 12 hours to 35 min of
UVB, 8.19 J / cm? (IRUVB). 200 hundred cells were counted in an Olympus 1X81
fluorescence microscope. Graphic represents only normal (viable) cells. Heat was
prevented by a water layer between IR lamp and dish plates. Different letters means
statistically significance.

Control uvB IRUVB IR

Mean SE n Mean SE n Mean SE n Mean SE n

Oh 197,642 | 0,34141 | 14 | 189,142 1,38618 | 14 | 196,214 0,67269 14 198,142 0,37588 14

24h | 194916 | 1,29368 | 12 | 189,285 2,36603 | 14 | 192,500 2,89704 | 14 197,142 0,79736 14

48h | 194,285 | 0,86079 | 14 | 179,285 2,27366 | 14 | 194,461 0,76473 13 196,071 0,94033 14

72h | 193,285 | 0,99132 | 14 | 175,071 2,73452 | 14 | 192,785 0,84631 14 195,333 0,81958 12

Table 3. EB / AO Chromatin Structure Assay Viable Cells Table. 1 x 10° cells .ml™*
were exposed to: no radiation (Control), 35 min of UVB, 8.19 J/ cm? (UVB), 30 min of
IR, 1080 J / cm? (IR) or to 30 min of IR, 1080 J / cm? and after 12 hours to 35 min of
UVB, 8.19 J / cm? (IRUVB). 200 hundred cells were counted in an Olympus 1X81
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fluorescence microscope. Graphic represents only normal (viable) cells. Heat was
prevented by a water layer between IR lamp and dish plates.
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APPENDIX 4 - Non-viable cells graphic and table
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Figure 4. EB / AO Chromatin Structure Assay Non-Viable Cells Graphic. 1 x 10°
cells.ml™ were exposed to: no radiation (Control), 35 min of UVB, 8.19 J / cm? (UVB),
30 min of IR, 1080 J / cm? (IR) or to 30 min of IR, 1080 J / cm? and after 12 hours to 35
min of UVB, 8.19 J / cm? (IRUVB). 200 hundred cells were counted in an Olympus
IX81 fluorescence microscope. Graphic represents only apoptotic and necrotic cells
(non-viable cells). Heat was prevented by a water layer between IR lamp and dish
plates. Different letters means statistically significance

Control uvB IRUVB IR

Mean SE n Mean SE n Mean SE n Mean SE n

Oh 2,3571 0,34141 14 10,7857 1,34727 14 3,7857 0,67269 14 1,8571 0,37588 14

24h | 5,0833 1,29368 12 10,7142 2,36603 14 7,5000 2,89704 14 2,8571 0,79736 14

48h | 5,6428 0,84259 14 | 20,7142 2,27366 14 5,5384 0,76473 13 3,9285 0,94033 14

72h | 6,7142 0,99132 14 | 24,9285 2,73452 14 7,2142 0,84631 14 4,6666 0,81958 12

Table 4. EB / AO Chromatin Structure Assay Non-Viable Cells Table. 1 x 10° cells .mlI’
! were exposed to: no radiation (Control), 35 min of UVB, 8.19 J / cm? (UVB), 30 min
of IR, 1080 J/ cm? (IR) or to 30 min of IR, 1080 J / cm? and after 12 hours to 35 min of
UVB, 8.19 J / cm? (IRUVB). 200 hundred cells were counted in an Olympus 1X81
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fluorescence microscope. Graphic represents only apoptotic and necrotic cells (non-
viable cells). Heat was prevented by a water layer between IR lamp and dish plates.
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APPENDIX 5 - Apoptotic cells graphic and table
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Figure 5. EB / AO Chromatin Structure Assay - Apoptotic Cells Graphic. 1 x 10°
cells.ml™ were exposed to: no radiation (Control), 35 min of UVB, 8.19 J / cm? (UVB),
30 min of IR, 1080 J / cm? (IR) or to 30 min of IR, 1080 J / cm? and after 12 hours to 35
min of UVB, 8.19 J / cm? (IRUVB). 200 hundred cells were counted in an Olympus
IX81 fluorescence microscope. Graphic represents only apoptotic cells (non-viable

N
T

Number of cells
|_\
o
1

cells). Heat was prevented by a water layer between IR lamp and dish plates. Different
letters means statistically significance.

Control uvB IRUVB IR

Mean SE n Mean SE n Mean SE n Mean SE n

Oh 2,2857 0,32188 14 8,7142 1,20634 | 14 3,4285 0,59958 14 1,7857 0,38055 14

24h | 5,0000 1,27920 12 10,1428 2,26258 14 6,7142 2,74247 14 2,6428 0,73085 14

48h | 53571 0,79564 14 18,7142 2,07133 14 5,3076 0,70150 13 3,9285 0,94033 14

72h | 6,6428 0,98676 14 | 23,7142 2,50807 14 7,0000 0,81873 14 4,6666 0,81958 12

Table 5. EB / AO Chromatin Structure Assay - Apoptotic Cells Table. 1 x 10° cells .ml™*
were exposed to: no radiation (Control), 35 min of UVB, 8.19 J/ cm? (UVB), 30 min of
IR, 1080 J / cm? (IR) or to 30 min of IR, 1080 J / cm? and after 12 hours to 35 min of
UVB, 8.19 J / cm? (IRUVB). 200 hundred cells were counted in an Olympus 1X81

fluorescence microscope. Graphic represents only apoptotic cells (non-viable cells).
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Heat was prevented by a water layer between IR lamp and dish plates. Different letters
means statistically significance.
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APPENDIX 6 - Necrotic cells graphic and table
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Figure 6. EB / AO Chromatin Structure Assay Necrotic Cells Graphic. 1 x 10° cells.ml™
were exposed to: no radiation (Control), 35 min of UVB, 8.19 J/ cm? (UVB), 30 min of
IR, 1080 J / cm? (IR) or to 30 min of IR, 1080 J / cm? and after 12 hours to 35 min of
UVB, 8.19 J / cm? (IRUVB). 200 hundred cells were counted in an Olympus 1X81
fluorescence microscope. Graphic represents only necrotic cells (non-viable cells). Heat
was prevented by a water layer between IR lamp and dish plates. Different letters means
statistically significance.

Control uvB IRUVB IR

Mean SE n Mean SE n Mean SE n Mean SE n

Oh 0,07142 | 0,07142 | 14 | 2,07142 0,38465 | 14 | 0,35714 0,13289 14 | 0,07142 0,07142 14

24h | 0,08333 | 0,08333 | 12 | 0,57142 0,17270 | 14 | 0,78571 0,39472 14 | 0,21428 0,11380 14

48h | 035714 | 0,13289 | 14 | 2,00000 0,49168 | 14 | 0,23076 0,12162 13 0,00000 0,00000 14

72h | 007142 | 0,07142 | 14 | 1,21428 0,33444 | 14 | 0,21428 0,11380 14 | 0,00000 0,00000 12

Table 6. EB / AO Chromatin Structure Assay Necrotic Cells Table. 1 x 10° cells.ml™
were exposed to: no radiation (Control), 35 min of UVB, 8.19 J/ cm? (UVB), 30 min of
IR, 1080 J / cm? (IR) or to 30 min of IR, 1080 J / cm? and after 12 hours to 35 min of
UVB, 8.19 J / cm? (IRUVB). 200 hundred cells were counted in an Olympus 1X81
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fluorescence microscope. Graphic represents only necrotic cells (non-viable cells). Heat
was prevented by a water layer between IR lamp and dish plates.
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APPENDIX 7 - Total Cell Count Assay graphic and table
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Figure 7. Total Cell Count Graphic. 1 x 10° cells.mI™ were exposed to: no radiation
(Control), 35 min of UVB, 8.19 J/ cm? (UVB), 30 min of IR, 1080 J / cm? (IR) or to 30
min of IR, 1080 J / cm? and after 12 hours to 35 min of UVB, 8.19 J/ cm? (IRUVB). All
wells were photographed with an Olympus DP72 camera at 10x magnification within an
Olympus 1X81 fluorescence microscope using visible light. All cells from within each
well were counted using ImageJ software. Graphic represents mean and standard error
of cells per treatment and time. Heat was prevented by a water layer between IR lamp
and dish plates. Different letters means statistically significance.

Control uvB IRUVB IR

Mean SE n Mean SE N | Mean SE n Mean SE n

Oh 1696,2 488,31 12 2098,4 380,86 10 22534 707,98 11 1814,4 371,36 11

24h | 31373 788,29 11 3161,3 921,71 13 2532,8 775,72 14 2884,2 761,07 12

48h | 6124,0 1629,73 13 4739,4 931,19 11 5492,0 648,83 13 4651,3 1409,90 12

72h | 9207,0 1646,98 12 7662,2 2095,01 14 74233 1965,164 | 13 6555,0 1949,40 12

Table 7. Total Cell Count Table. 1 x 10° cells.ml™ were exposed to: no radiation
(Control), 35 min of UVB, 8.19 J/ cm? (UVB), 30 min of IR, 1080 J / cm? (IR) or to 30
min of IR, 1080 J / cm? and after 12 hours to 35 min of UVB, 8.19 J/ cm? (IRUVB). All

wells were photographed with an Olympus DP72 camera at 10x magnification within an
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Olympus 1X81 fluorescent microscope using visible light. All cells from within each
well were counted using ImageJ software. Graphic represents mean and standard error
of cells per treatment and time. Heat was prevented by a water layer between IR lamp
and dish plates. Different letters means statistically significance.
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APPENDIX 8 - p53 expression graphic
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Figure 8. p53 quantitative real time PCR graphic. 5 x 10° cells .mI™ were exposed to: no
radiation (Control), 35 min of UVB, 8.19 J / cm? (UVB), 30 min of IR, 1080 J / cnv?
(IR) or to 30 min of IR, 1080 J / cm? and after 12 hours to 35 min of UVB, 8.19 J / cn??
(IRUVB). Graphic represents mean and standard error by 2-AACt-Method using Data
Assist software. Heat was prevented by a water layer between IR lamp and dish plates.
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3.4 ARTIGO 4

Infrared Radiation in Biological Research - Moving away
from heat

Gonzalez, V.C.; Varela Junior, A.S?.: Trindade, G.S™.

'Programa de Pos-Graduagdo em Ciéncias Fisiologicas — FURG; “Instituto de Ciéncias
Bioldgicas - FURG

Abstract

For a long time, radiant heat and infrared radiation (IR) were considered
equivalent due to hyperthermia being an IR property. But with the demonstration that
IR has biological effects without heating, some distinctions need to be made. Heat can
induce heat shock proteins (HSPs) expression, which may mislead conclusions about IR
experiments. Some conflicts can be found at photoaging, photorejuvenation, MMPs and
collagen expression papers. Also, moderate chronic heat exposition can cause tissue
alterations. From the IR emitter devices, IR LEDs can be used without the risk of
heating the tissue. In conclusion, IR experiments without heat control can induce HSPs
or tissue alteration; to avoid heating we recommend the use of IR LEDs.

1. Introduction

Infrared radiation (IR) represents 54.3% of the solar electromagnetic radiations
that reach Earth every day when compared to ultraviolet (UV) and visible radiations
(Kochevar et al. 1999 apud Schiekel et al., 2003). Environmental IR values range from
20-48 mW / cm? (Piazena et al 2002, 2004 apud Gebbers et al.; 2007).

CIE (International Commission on Illumination) divides IR into: IRA (700 -
1,400 nm), IRB (1,400 - 3,000 nm) and IRC (3,000 nm - 1 mm). Alternatively IR can be
divided as near IR (760 - 3,000 nm), medium IR (3,000 - 30,000 nm) and far IR (30,000
nm - 1 mm) (Schieke et al. 2003). IRA comprises 30% of solar energy when compared
to UV and visible radiation (Schroeder et al, 2007).
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Since IR discovery, heat and IR have been described as one and the same. Early
biological experiments used heaters to delivery IR in directly contact or as radiant
energy. Today, it is known that IR can have biological effects without head.

In this article will discuss why IR and heat need to be separated in biological

experiments.

2. IR characteristics

2.1 Penetrability

IR penetrability into skin and subcutaneous tissue decreases with increasing
wavelengths (Schieke et al, 2003), but its penetrability into living tissue still needs
clarification as researches report different penetration values. This values range from
0.7 - 30 mm (Eelss et al 2004) to 230 mm (A = 630 - 800nm) (Beauvoit et al., 1994).
One explanation to these might be that into living tissues water absorbs some bands of
IRA, all of IRB and part of IRC within the first 0.25 - 0.5 mm. Those bands of IRA not
absorbed are called wiRA (780 - 1400 nm) and can penetrate 20 - 30 mm without
irritating or overheating of the skin (Laurent-Applegate & Roques, 2002). Other authors
disregard wWIRA and states that IRA as a whole deeply penetrates human skin
(Schroeder, et al 2007).

Penetrability also depends if irradiation happens in ultra-short pulses (lasers,
LEDs) or in a continuous wave ([CW] lamps, LEDs) (Barolet, 2008). Ultra-short pulses
can travel deeper into tissues than CW (Pogue et al, 1997) because the first pulse
interact with all the upper tissue layer chromophores opening a road for the following
pulses, until those chromophores leave their excited state (Barolet, 2008).

2.2 Energy transfer mechanism

As IR penetrates, it is absorbed by water and tissues through covalent and
hydrogen bonds (Walther et al. 2002; Maeda et al. 1999) inducing molecular vibrations
(Laurent-Applegate & Roques, 2002) and gradually transferring energy to deep tissue
by a mechanism of resonance-absorption that may, increase the local temperature with
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effects similar to hyperthermia (IRC) (Schieke et al. 2003), or induce photochemical
reactions (800 - 900 nm) (Laurent-Applegate, & Roques, 2002).

2.3 Dose

Dose (or fluence) is equal to the intensity (irradiance) x time (J/cm?). Therefore,
the same exposure should result from reducing duration and increasing light intensity,
and vice versa (reciprocity law). Dose reciprocity studies showed that varying irradiance
and exposure time to achieve a constant specified energy density affects outcomes
(Lanzafame et al, 2007). If intensity (irradiance) is lower than the physiological
threshold value, it does not produce photostimulatory effects even when irradiation time
is extended. Moreover, photoinhibitory effects may occur at higher fluencies. A
minimal exposure time is necessary (minutes) to achieve tissue response (Barolet,
2008).

2.4 Cell state and effect

Besides dose and its intensity x time dependency, the biostimulation effect
depends on the physiological condition of exposed area at the irradiation time (Karu et
al, 2004). Compromised areas respond readier than healthy ones to IR energy transfers.
For instance, light only stimulate cell proliferation if cells are growing poorly at the
irradiation moment, as if IR is energizing the cells to its own maximal biological

potential. This may explain the different studies results.

3 IR and Heat

Heat is an energy that can be transmitted by conduction (direct collision with
neighboring atoms), convection (motion of liquid/gas due to changes in density as
thermal energy is absorbed) or as radiant heat (infrared electromagnetic energy that is
released into space as atomic particles decelerate, it originates from one solid object,
passes through space or air, and is absorbed by another solid object) (Dover et al, 1989).
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Radiant heat has been described as equivalent to IR and many studies use heat
and IR as synonyms, due to the thermal capacity and hyperthermia being dominant
properties of IR. But as wIRA has thermal and non-thermal effects (Fuchs et al, 2004)
some distinction need to be made. IR non thermic biological effects have been highly
neglected due to the lack of appropriate IR and heat source filtration.

Many studies with biological effects triggered by IR have serious increases in
tissue temperature caused by infrared light bulbs, hot water baths, heated air and even
heating coils (Laurent-Applegate & Roques, 2002). This can lead to reports of heat
shock protein inductions by IR that are most likely associated with the heat generated
rather than with the IR itself (Maytin et al., 1993). Also, temperature increase does not
mean that the same biological effect will happen.

Heat can act by (1) increasing tissue temperature which accelerates metabolic
reactions non-specifically, or (2) initiating specific responses to heat stimuli that are
dependent on the type, intensity, duration and region of the body to which the stimulus
is applied (Laurent-Applegate & Roques, 2002), mainly through heat shock proteins.

As heat is one of the properties of IR, IRA can transfer heat to the bloodstream
affecting distant tissues from the site of irradiation (Vaupel et al., 1991). IRB and IRC
can increase skin temperature (Schieke et al., 2003). wWIRA thermal effects result from
penetration (20-30 mm) into the tissue and vasodilatation of capillaries, followed by
better transport (conduction) of heat into deeper layers (Fuchs et al., 2004) (Rendell et
al., 1997).

3.1 Heat as an IR measurement

Within heat being a dominant property of IR some authors attempted to use heat
as a biological measure for IR, proposing the Minimal Response Dose (MRD) (Pujol
and Lecha, 1992) and the Minimal Heating Dose (MHD) (Lee et al., 2006 A). MRD use
the time needed for a heat erythema to appear and MHD use the irradiation dose needed
to obtain a stable skin temperature, when it ceases to increase.
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As both measures leads to tissue or body temperature increase, we consider that
they create misunderstanding when one tries to determine the source of biological
response: heat or non-thermic IR.

3.2 Heat treatments

Early experiments with heat, determined three types of heat treatments:

Diathermy and photocoagulation (>65°C) with destructive effects caused by a
direct cytotoxic effect with an ischemic effect (Davidorf et al., 1970), thermotherapy
(45-65°C) with an irreversible cytotoxic effect (Weenink et al., 1998) (Journée-de-
Korver et al., 1995) and hyperthermia.

Hyperthermia (42—-44°C) temperatures can be reached by infrared light sources
and inactivates damage repair proteins (Song et al., 1982), induces UVB-resistance
(murine keratinocytes) (Maytin et al., 1993), increases cell body, dendricity, p53 and
p21 expressions and tyrosinase (dopaoxidase) activity (melanocytes monolayer)
(Nakazawa et al., 1998), slows down DNA repair of UV or x-ray induced damage,
further reduce the latent period for UV-induced carcinogenesis in mice as opposed to
those exposed to room temperature (Corry et al., 1977) and, used prior or after UVB
exposition, reduces UVB-induced erythema (Park et al., 1984). Most of these effects are
mediate through heat shock proteins and can be obtained with different heat sources, not
only IR sources.

4. Conflicting results

As heat an IR have been used as one and the same, not all results in literature are
similar. In some ones, it is difficult to say if biological responses are a result of IR
irradiation or of heating, since many researches did not measure the temperature of in
vivo or in vitro experiments. Below there are some results that need clarifying into this

heat issue.
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4.1 Photoaging and photorejuvenation

Photoaging is the premature aging of skin by chronic photodamage. It is
characterized by wrinkling, pigmentary changes, solar elastosis (Warren et al, 1991),
decreased procollagen synthesis, connective tissue damage and matrix
metalloproteinase (MMP) overexpression (Shin et al 2012).

Photorejuvenation uses light sources to reverse or repair sun-induced aging or
skin damage (Weiss et al, 2003 a), generally by thermal injury (heating the dermis or
blood vessels) (Fatemi et al, 2002). IR wavelengths used in photorejuvenation include
1,064, 1,320, 1,450, and 1,540 nm (Weiss et al, 2003 b).

Chronic IRA lamp treatment produced wrinkling and augment UV-wrinkle
formation (hairless mice) but there was no heat measurement in the experiment (Kim et
al 2005), whereas a heat-controlled (< 37° C skin temperature) chronic IRA lamp
treatment improved skin condition, reducing wrinkles by increasing collagen and elastin

contents from stimulated fibroblasts (Lee et al, 2006 b).

Also, mild heat shock chronic treatment (hyperthermic) provided anti-aging
benefits such as increased collagen production (human fibroblasts) (Mayes and
Holyoak, 2008).

4.2 MMP expression

Since MMPs are involved in photoaging and photorejuvenation, which have
conflicting results, it is interesting to analyze the effects of heat and IR into MMP

expression.

MMPs and TIMPs (tissue inhibitors of MMPs) are part of a coordinated
network. Increased MMP activity results in skin aging, rheumatic diseases, hepatic
cirrhosis, tumor invasion, metastasis (Westermarck and Kahari, 1999), degradation of
collagen and elastic fibers (Seo et al 2006).

MMP-1 expression was increased both by heat (human dermis in vivo) (Seo et
al, 2006) (HaCat cells) (Shin et al., 2008) (cultured dermal human fibroblasts) (Park et
al, 2004) and by heat controlled wiRA (cultured human dermal fibroblasts) (Schieke et
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al, 2002). But IRA LED was showed to downregulated MMP-1 (fibroblasts cultures,
skin biopsies) (McDaniel et al, 2002).

MMP-1 degrades collagen-1, -3 and elastic fibers. It plays a key role in human
skin photoaging (Rittie et al., 2006) but also accelerates wound remodeling with IR
(Barolet, 2008). wIRA MMP-1 increase seems to be mediated by oxidative stress
response (Schroeder et al 2008).

MMP-3 expression was increased by heat (cultured dermal human fibroblasts)
(Park et al, 2004) and by IR (hairless mice skin) but there was no measurement of skin
temperature (Kim et al, 2005).

MMP- 13 expression was increased by heat (hairless mice skin) (Shin et al 2012)
and by IR (hairless mice skin) but there was no measurement of skin temperature (Kim
et al, 2005).

Heat also overexpressed MMP-9 (human dermis in vivo) (Seo et al, 2006),
(HaCat cells) (Shin et al., 2008) and MMP-12 (human skin in vivo) (Chen et al, 2005).

IRA increased MMP-2 expression (Danno et al.; 2001) and MMP-10 deletion
(Morita et al. 2006).

4.3 Collagen expression

As MMP-1 (collagenase) can be regulated both by heat and IR, it is interesting
to review heat and IR effects in the collagen expression.

A single dose of IR increased procollagen-1 expression within 24 h, while
repeated exposure to IR decreases procollagen-1 expression (human skin), but authors
used MHD as their IR parameter Kim et al, (2006) which can reach hyperthermic
values, while heat from natural sunlight did not alter the expression of procollagen and
IR and visible light from natural sunlight decreased procollagen-1 expression (human
skin in vivo) (Cho et al, 2008).

Also IR LED and NIR LED irradiation upregulated collagen expression
(McDaniel et al, 2002; Morita et al. 2006) and IRC improved collagen regeneration
(Toyokawa et al. 2003), all within controlled temperature experiments.
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5. Explaining conflicting results

5.1 HSP (Heat Shock Protein)

One possible explanation to the conflicting results found in photoaging,
photorejuvenation, MMP and collagen experiments is due to HSP induction. HSPs are
produced when cells are under stress, such as heat shock (Welch, 1993). Without
appropriate heat control, many effects that are said to be IR effects can originate from
HSP.

Heat shock induces MMP-1 expression, calcium influx (human keratinocytes)
(Li et al., 2007), upregulates procollagen type | and Il (human dermal fibroblasts)
(Dams et al., 2010), causes oxidative DNA damage, which (Shin et al., 2008) induces
expression of MMP-1 and MMP-3 but not MMP-2, (cultured human fibroblasts) (Park
et al, 2004). All of these results are in one way or another found in IR experiments that

in vivo or in vitro temperature rose above 38°C.

Although, IR induces molecular vibrations that may increase cell temperature
and might cause a heat shock response, heat controlled experiments are able to avoid
this response, as IRA irradiation does not induces Hsp70 expression (Schieke et al,
2002).

6. Heat adverse effects

Apart from leading to HSP expression and interfering with non-thermic IR
effects, there are a couple of adverse effects derived from heat. These adverse effects
can be present in IR chronic experiments since some are caused by chronic low heat

exposure.

Adverse effects of heat were reviewed (Kibbi & Tannous, 1998) and can be

summarized as acute and chronic effects.

Acute adverse effects are: increasing the minimum UVA phototoxic dose (Juhlin
et al, 1983), erythema and DNA damage (Dewey et al, 1977).
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Chronic adverse effects are: heat induced urticaria, cholinergic urticaria,
erythemalgia, giant cell arteritis, mudi-chood, acne mechanica, polymyalgia rheumatic
(Kibbi & Tannous, 1998); solar elastosis (Warren et al.; 1991), and erythema ab igne
(EAI) (Markandeya & Shenoi, 2000), cutaneous changes similar to chronically sun
exposed skin (Benedetto, 1998), thermal photoaging (Seo & Ching 2006) and cancer
(Schieke et al 2003) (Boukamp et al, 1999).

Besides, some IR sources, mostly the ones that produce IR from a hot body, can
produce burns in vitro and in vivo. Ventral abdominal skin of rats exposed constantly to
water (35°C, 7 days) did not suffer first-degree burns, but it suffered first-degree burns
at 5 days of constant exposure of water at 36° C. Also, 3 min of exposure to 60° C water
caused deep third-degree burns (Suzuki et al, 1991). As pigs and humans have thicker
skin than rats 6 hours of constant exposure to water at 44°C was the lowest temperature
resulting in second-degree burns (Moritz & Henriques, 1947).

7. IR sources and avoiding heat

There are three common IR sources today: Light bulbs, LEDs and lasers. Each
has different characteristics.

7.1 Light bulbs

Light bulbs are the oldest IR source between those three. They emit noncoherent
light within an ample spectrum with peak wavelength around IRA. Generally, light
bulbs emit IR with contamination of red wavelengths. This contamination can be
avoided with the use of specific filters.

IR light bulbs are broadly used within heat treatments since radiant heat has
advantages for local warming compared with other heat sources, such as heating
bandage systems or hot packs whose heat is absorbed in the epidermal layers and may
cause burns of the skin (Toyokawa,et al. 2003).

As it is, the major problem when using light bulbs is the heat generation, since

discussed into the Dose section, some time and irradiance are needed to achieve
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biological response. As often, the time needed to achieve a specific dose is more than

enough to increase tissue or cell temperature above hyperthermic values.

7.2 Lasers

Laser (Light Amplification by Stimulated Emission of Radiation) devices emit
coherent light within a specific wavelength ranging from 157 to 27,000 nm. Radiation
can be emitted in continuous or in short pulse waves. IR lasers penetrate the skin and

can damage basal keratinocytes, melanocytes and blood vessels (Parrish et al, 1983).

The major problem of lasers is that the beam of light produces heat that can

damage tissues (Eells et al, 2004). This “problem” is used in photothermolysis.

Specific wavelengths and pulse durations subjects the target structure to a
thermal effect with as little damage as possible to surrounding tissues. Chromophores
absorb the energy, transforming it into heat, sufficient to alter the physical properties of
the tissue (Handley, 2006).

Lasers can be used in non-thermic phototherapy, generally in the IR spectrum. It
is effective in the treatment of impaired microcirculation, delayed wound healing, pain
syndromes (Schindl et al., 2000).

7.3 LEDs

LEDs (light-emitting diodes) emit noncoherent light in an ample array of
wavelengths. They are safe, nonthermic, nontoxic and noninvasive, and to date, no side
effects have been reported in published literature (Barolet, 2008). NASA developed
LEDs as an effective alternative to lasers. These diodes can be arranged in large, flat
arrays and produce no heat. They convert electrical current into incoherent narrow
spectrum light, emitting light in wavelengths varying from 247 to 1300 nm (Barolet,
2008).

LEDs and lasers have significant differences. LEDs provide a gentler delivery of
the same wavelengths of light compared to lasers and at a substantially lower energy
output (milliwats instead of watts). LEDs do not deliver enough power to damage
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tissues and do not have the same risk of accidental eye damage that lasers do. It is
possible to combine wavelengths with an array of various sizes and LEDs can be used
within large areas (Barolet, 2008).

LED photomodulation is a novel category of nonthermic light-based treatment
designed to regulate the activity of cells rather than to invoke thermal wound healing
mechanisms (McDaniel et al, 2002). It has an effect on human skin that is nonthermic
increasing cellular metabolic activity by targeted cells, such as increased collagen
synthesis by fibroblasts (McDaniel et al, 2002) (Weiss, 2003 b).

From the three IR sources, LEDs should be strongly considered by researchers
when trying to distinguish IR effects from heat, since the only heat produced would be
the vibrational state induced by the IR irradiation. Because of their small size, LEDs can
be arranged in a variety of displays that light bulbs and lasers cannot and it is easier to

avoid red wavelengths contamination.

8. Conclusion

Heat and IR are generally described as one and the same. But, recently LED
experiments lead to IR effects that are distinct from heat. Also, IR experiments without
carefully control of the subject temperature in most cases induce HSP responses that can
be achieved by heat but not by IR.

We showed that IR experiments must avoid hyperthermic or higher temperatures
and that even heat increases above 38°C can trigger HSP expression and its subsequent
effects. Also, IR chronic experiments can produce chronic adverse heat effects if not
properly conducted.

Finally, we believe that using LEDs or at least wIRA can minimize or negate the
effects of heat, and provide researchers with a better understanding of nonthermic IR
effects.
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4. Consideracoes Finais e Recomendacoes

Os resultados desta Tese contribuem para o melhor entendimento dos efeitos da
exposicdo cronica com a radiagdo infravermelha e a radiagéo ultravioleta, assim como
da interagdo entre as duas. Estes resultados estabelecem que a exposicdo crbnica a
radiacdo infravermelha pode resultar em alteragdes epiteliais a longo prazo e em
algumas situagdes até ampliar as lesdes ocasionadas pela radiacdo ultravioleta B.

A importancia deste fato, se amplia pelo Brasil ser um pais tropical de vasta
extensdo territorial abrangendo regides onde a camada de oz6nio por vezes fica
rarefeita, regiGes de altos indices de UVB, assim como uma alta taxa de radiagdo
infravermelha anual. Ressaltando-se também a importancia de evitar exposicdo a
radiacdo UVB entre os horarios das 10 horas da manha e as 16 horas da tarde. Como a
exposicao inicial a radiacéo infravermelha reduziu algumas das lesdes ocasionadas pela
radiagéo ultravioleta, deve-se destacar a prevencédo ocasionada pelos primeiros raios de
Sol em relagéo ao UVB.

Dependendo do estado das células do ser vivo exposto, a exposicdo ao
infravermelho antes da exposicdo ao ultravioleta B pode auxiliar na sobrevivéncia das
células epiteliais reduzindo o numero de células apoptéticas e necréticas. Contudo,
como nédo houve indugdo do gene p53, estes resultados podem indicar uma permanéncia
de células lesionados pelo UVB que ndo foram reparadas pelo organismo. Mais estudos
sd80 necessarios para esclarecer se a radiacdo infravermelha apresenta papel na

carcinogénese epitelial.

Por fim, a Tese ressalta a importancia de que os experimentos com radiacéo
infravermelha sejam realizados sem a presenca de calor, indicando a utilizagcdo de LEDs

de infravermelho para uma melhor obtencéo de resultados confiaveis.
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