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RIBEIRO, Natélia Soares. Papel dos estrogenos nas lesoes de pele mediadas por estresse
oxidativo induzido por radiacdo uvb cronica.2012. 52 f. Dissertacdo (Mestrado em
Patologia Experimental) — Universidade Estadual de Londrina, Londrina.

RESUMO

A privagdo ou reducgdo acentuada dos hormodnios femininos tem sido associada ao aumento do
estresse oxidativo e desordens metabolicas entre mulheres. O desequilibrio no perfil redox
semelhante aquele observado na mulher durante o declinio da fun¢@o ovariana pode ser
desenvolvido em modelo experimental animal através da ooforectomia bilateral. A radiagdo
ultra-violeta B (UVB) ¢é conhecida por promover lesdes de pele mediadas por espécies
reativas de oxigénio (EROs) levando a lesdes foto-oxidativas. O objetivo desse estudo ¢
verificar a resposta da pele as lesdes oxidativas induzidas pela irradiagdo UVB cronica em
modelo experimental com niveis de estrégenos reduzido. Para tanto, foram utilizadas ratas
Wistar distribuidas em grupos experimentais submetidos a uma intervencdo cirirgica para
retirada dos ovdrios (Ooforectomia) denominados Ooforectomia (O), Ooforectomia
submetido a irradiagdo UVB (OUV) e Ooforectomia tratado com a — tocoferol e submetido a
irradiacido UVB (OUVaT) e seus controles (Sham) que sofreram a intervencdo cirurgica
porém, sem retirada ovariana, denominados Sham (S), Sham submetido a irradiagdo (SUV) e
Sham tratado com a — tocoferol e submetido a irradiagdo UVB (SUVaT). Uma semana apos o
procedimento cirargico iniciaram os tratamentos numa frequéncia de 3 vezes por semana. A
irradiacdo aconteceu em 9 sessdes, em doses crescentes, cuja dose acumulada foi de
1.314mJ/cm?. O a — tocoferol foi administrado imediatamente antes das sessdes de irradiacio,
na dose de 100mg/Kg animal por via intraperitoneal. Apds quatro semanas o sangue foi
coletado para dosagem do 17f - estradiol e a pele coletada. A andlise dos resultadosrevelou
umaumentoda peroxidacdo lipidica (QL)nos animais ooforectomizados(O), quando
comparados com os controles(S). Houve também um aumento na formacao de lipoperoxidos
nos grupos ooforectomizados submetidos a radiagio UVB (OUV) quando comparado com O,
bem como nos grupos controle submetidos a UVB (SUV) quando comparado com os grupos
S e SUV tratado com a-Tocoferol (SUVaT) quando comparado com S. Para confirmar a
participagdo das EROS, os animais ooforectomizados e submetidos a irradiagio UVB
foramtratados coma-tocoferol(OUVaT) e os niveis de hidroperoxidos lipidicos retornaramaos
valores basais. Os niveis de MDAaumentaram nos grupos OUVeOUVaTquando comparado
comO, assim comonos gruposSUVeSUVaTquando comparado comS,ndo mostrandoo
envolvimentode estrogenosnaperoxidagdo lipidicatardia. A atividade da catalase apresentou
uma forte tendéncia de aumento no grupo OUV quando comparado ao seu controle (O) e, no
grupo SUV quando comparado com S nido houve omesmo comportamento,sugerindoque a
reducdo dos niveis de estrogénio interferiu na atividade da catalase na pele de animais
submetidos a irradiagdo UVB cronica.Acapacidade antioxidante radical total (TRAP)
permaneceu inalterada revelando ndo ocorrer nenhuma alteragdo nas defesas antioxidantes
debaixa massa molecular, mesmo com a redugdo dos estrogenos. Através da QL, uma técnica
bastante sensivel para indicacdo de estresse oxidativo demonstrou-se que os estrogenos tém
participagdo na prote¢do da pele num processo inicial de lipoperoxidagdo de membrana.Este
estudo fornece a primeira abordagem sobre a relacdo do estresse oxidativo induzido pela
irradiacdo UVB na pele de ratas num modelo experimental com niveis reduzidos de
estrogénio.

Palavras—chaves: Estresse oxidativo. Pele. Radiagao UVB. Estrogenos.



RIBEIRO, Natalia Soares. Role of Estrogens in Skin Lesions Mediated by Oxidative
Stress Induced by Chronic UVB 2012. 52 f. Dissertation (Master’s Degree Dissertation) —
State University of Londrina, Londrina.

ABSTRACT

The deprivation or significant reduction of female hormones is associated with increased
oxidative stress and metabolic disorders among women. Imbalance in the redox profile similar
to those observed in women during the decline ovarian hormonal activity can be obtained in
an animal model through rat bilateral oophorectomy. The ultra-violet B radiation (UVB) may
promote skin damage mediated by reactive oxygen species (EROs) leading to photooxidative
damage in skin cells. The aim of thisstudy is to assessthe response ofskin tooxidative
damageinduced bychronicUVB irradiationin an experimental modelwithlowestrogen levels.
In this study were used wistar female rats with 95-115grs and 10 weeks old, divided
intosixgroups of eightanimals,threeexperimental groupsunderwentsurgeryfor removalof the
ovaries (oophorectomy) called Ooforectomy (O), Ooforectomy submitted to chronic UVB
irradiation (OUV) e Ooforectomy treated with o — tocopherol and submitted to chronic UVB
irradiation (OUVaT) and theircontrols (Sham) who suffered surgical interventionbut
withoutovarianremoval, called Sham (S), Sham submitted to chronic UVB irradiation (SUV)
e Sham treated with a — tocopherol and submitted to chronic UVB irradiation (SUVaT). One
weekafter surgerybegantreatmentat a frequency of3times perweek.Irradiationtook place
inninesessions, in whichincreasing dosesaccumulated dosewas 1.314mJ/cm’. Thea-
tocopherolwas administered immediatelybefore the sessionsof irradiationat a dose
of100mg/kganimalintraperitoneally. Afterfour weeksthe blood was collectedfor determination
of17B-estradioland the skinwas removedand storedfor later analysis.The resultsshowed an
increaseof lipid peroxidation (CL) inoophorectomizedanimals(O) when comparedwith
controls (S). There was an increased significant of lipid peroxide formation in
oophorectomized group submitted to UVB radiation (OUV) when compared with O, as in
control group submitted to UVB (SUV) when compared with S and SUV treated with a -
tocopherol. To confirmthe involvement ofROS, the oophorectomized animals and submitted
to UVB radiation were treated  witha-tocopherol (OUVaT) and lipid
hydroperoxidelevelsreturned to basal values. MDA levels were increased in groups OUV and
OUVaT when compared with O as in SUV and SUVaT when compared with S, not showing
the involvement of estrogens in late lipid peroxidation. The catalase activity showed a strong
tendency of increased in OUV group when compared O group and, in SUV groupwhen
comparedwith Swas notpresented the same behavior,suggesting that reducedlevels of
estrogeninterfereincatalaseactivityin the skinof animals subjected tochronicUVB irradiation.
The total radical antioxidant capacity (TRAP) remained unchanged, revealing that no changes
occur in the low molecular antioxidants defenses even in reduction of estrogens. ThroughQL,
a technique sensitive enough toindicateoxidative stress it was shown thatestrogensplay a
rolein protecting theskin inthe initial process ofmembranelipid peroxidation. This
studyprovides thefirstapproach tothe reductionof estrogenbythe
ovariesremoved(oophorectomy) of ratsin relationto oxidative stressin the skininduced byUVB
irradiation.

Keywords: Oxidative stress. Skin. UVB irradiation. Estrogens.
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1 INTRODUCAO

A pele esta continuamente exposta a uma combinagdo de fatores, tais como
agentes quimicos, fisicos e microbiologicos, muitos dos quais induzem a formacdo de
espécies reativas de oxigénio (EROs) e nitrogénio (ERNs) (GUARATINI, MEDEIROS &
COLEPICOLO, 2007).

Os raios ultravioleta (UV)sdo os principais responsaveis pela maioria das
lesdes cutdneas. As manifestagdes da exposicdo aguda incluem eritema e queimadura solar,
jda exposicdo cronica leva ao envelhecimento e ¢ considerada um dos agentes mais
importantes para o desenvolvimento de doengas cutdneas malignas (PODDA et al., 1998;
SAIJA et al., 2000).

Os estrogenos tém wuma profunda influéncia sobre a pele. O
hipoestrogenismo relativo que acompanha a menopausa exacerba os efeitos deletérios do
envelhecimento intrinseco e ambiental (VERDIER-SEVRAIN et al., 2006). Diversos estudos
sugerem que a auséncia ou diminuicao acentuada dos estrogenos levam ao aparecimento de
diversas patologias oxidativas em varios sistemas corporais como no tecido cerebral, hepatico,

sanguineo, ndo havendo relatos sobre a pele.

1.1 A PELE

A pele ¢ um 6rgdo complexo, formado por diferentes estruturas e com
diversos tipos celulares, que atua como uma barreira protetora dos orgdos internos ao
ambiente, enquanto mantém o balango entre proliferacao e descamagao celular JUNQUEIRA
& CARNEIRO, 2008). Mais do que qualquer outro tecido, ¢ exposta a inimeros agentes
quimicos, fisicos e microbiologicos (GUARATINI, MEDEIROS & COLEPICOLO, 2007).
Devido a sua estrutura complexa, a pele pode exercer diferentes fungdes como, manutencao
de sua propria integridade e da integridade do organismo, protecdo contra agressdes a agentes
externos, absorcao e secrecao de liquidos, controle da temperatura, barreira a prova d’agua,
metabolismo de vitamina D, funcdes estéticas e sensoriais e prote¢do contra a radiacdo UV
(HARRIS, 2005).

O tegumento cutdneo ¢ constituido por tecidos de origem ectodérmica e
mesodérmica que se arranjam em trés camadas distintas: a epiderme, a derme e a tela

subcutanea, sendo que esta ultima, embora apresente a mesma estrutura e morfologia da



11

derme nao faz parte da pele, apenas serve como suporte ¢ unido da derme aos Orgaos
subjacentes, além de permitir a pele uma considerdvel amplitude de movimento(KEDE &
SABATOVICH, 2004; JUNQUEIRA & CARNEIRO, 2008).

A superficie externa da pele ¢ formada por um epitélio pavimentoso
estratificado, denominada epiderme que ¢é principalmente composta por queratindcitos,
melanina (pigmento produzido pelos melandcitos) e células apresentadoras de antigeno —
Células de Langerhans. Uma membrana separa a epiderme da derme, a qual contém
primariamente proteinas extracelulares produzidas pelos fibroblastos. O suprimento vascular
da pele reside na derme (MUKHERJEE et al, 2006).Possui a capacidade de renovar-se
continuamente, descamando-se € misturando-se com a secrecdo das glandulas sudoriparas e
sebaceas, evitando que a pele tenha um aspecto escamoso ou aspero (ROTTA, 2008).

A pele pode ser classificada em pele fina e grossa.A pele grossa ¢
caracterizada pela presenca de cinco camadas epiteliais que cobrem a planta dos pés e a palma
das maos, nao possuindo anexos cutaneos como foliculo piloso, musculos eretores dos pélos,
nem glandulas sebéceas, mas possuindo glandulas sudoriparas (pele glabra). Demais regides
corporaissdo protegidas por pele fina contendo quatro camadas epiteliais, que contém os
anexos ausentes na pele grossa(DECCACHE, 2006).

A parte mais externa da epiderme (estrato corneo) € portanto, o resultado de
um processo que consiste em uma matriz de queratina (células mortas), que formam uma
barreira protetora efetiva, sendo estas células (cornedcitos), constantemente renovadas
(HALIWWELL & GUTTERIDGE, 2007). Com a estratificagdo e o achatamento, o
cornedcito passa a ocupar uma area de aproximadamente vinte células basais (LODEN &
MAIBACH, 2000).

A camada basal ¢ formada por células matrizes (steam cells) e células
proliferativas, que sdo células germinativas ¢ dardo origem aos queratindcitos (KUMAR,
ABBAS & FAUSTO, 2005).0Outro tipo celular importante da epiderme encontrado na camada
basal ou estrato germinativo ¢ o melandcito. Sdo células dendriticas originadas a partir da
crista neural com funcdo de produgdo de melanina, um pigmento que pode variar do amarelo
ao marrom, responsavel pelas diferentes tonalidades de pele (SCOTT et al., 2001).

A melanima ¢ um poderoso pigmento antioxidante com fun¢do de protecao
das células basais dos efeitos nocivos da radiacdo UV. Individuos com menor capacidade de
produgdo de melanina sdo mais propensos a desenvolver cancer de pele. Devido a exposi¢do a

radiagdo UV, ocorre a ativacdo dos melandcitos e consequente aumento da producdo de
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melanina, observando-se o escurecimento da pele (GUARATINE, MEDEIROS
&COLEPICOLO, 2007).

Figura1l-  Desenho esquemadtico das camadas da pele e de seus componentes.

Epiderme

Fonte: Borges (2010).

A derme ¢ constituida por tecido conjuntivo e é responsavel pelo suporte da
trama vascular, pela defesa imunologica e também apresenta fun¢cdo nos mecanismos de
termorregulacdo. Apresenta nervos, componentes celulares contendo células matrizes,
fibroblastos, miofibroblastos, macréfagos e mastocitos, sustentados por uma rede fibrosa de
tecido conjuntivo, contendo elastina, coldgeno e proteoglicanas (HALLIWELL &
GUTTERIDGE, 2007).

O colageno ¢ uma das principais proteinas extracelulares componentes dos
tecidos conjuntivos. Sintetizadas pelos fibroblastos presentes na derme, formam uma grande
massa da matriz extracelular e constituem 70 a 80% do peso da derme.Outra proteina com
papel importante na derme ¢ a elastina. Estas sdo responsaveis pelas propriedades retrateis da
pele. Sao sintetizadas nos fibroblastos e compdem-se de micro fibrilas. Estdo associadas ao
colageno, porém, em peles normais constituem apenas de 2 a 4% da derme. A matriz
extracelular ¢ um gel aquoso, formado de fibronectina e glicosaminoglicanas, que sdo acidos

hialuronicos, sulfato de condroitina e sulfato de dermatana, sintetizados pelos fibroblastos.
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Fornecem meio para acomodacdo de células e fibras e promovem o transporte de agua e
eletrolitos (HARRIS, 2005).

Por ser um 6rgdo exposto continuamente aagentes agressores, muitos dos
quais induzem a formac¢do deEROs e de ERNSs, a pele possui mecanismos de resposta rapida,
bem como moléculas antioxidantes de baixo peso molecular para contrabalangar o efeito
deletério causado por espécies oxidativas. Estas espécies sdo fundamentais em diversos
processos fisiopatologicos e bioquimicos, mantendo a sobrevivéncia e a homeostase celular,
promovendo um equilibrio refinado entre sua formagdo e remoc¢do. Porém, quando hé
alteracdes acentuadas neste equilibrio, um estado pré-oxidante é produzido, levando assim ao

chamado estresse oxidativo (RASILAINEN et al., 2002).

1.2 ESTRESSE OXIDATIVO E BALANCO REDOX NA PELE

O estresse oxidativo portanto, ¢ um fenomeno que ocorre quando ha um
desequilibrio entre a produ¢do deEROs e de ERNs e as defesas antioxidantes, podendo
resultar tanto na diminui¢do destas defesas quanto no aumento da formacao de EROs e ERNs
(HALLIWELL & GUTTERIDGE, 2007).

Todos os componentes celulares sdo susceptiveis a acao das espécies
reativas de oxigénio, porém, as membranas bioldgicas (reticulo endoplasmatico, membranas
mitocondriais ou plasmaticas) sdo as mais atingidas em decorréncia da peroxidagdo lipidica e
pode resultar em alteracdes na organizagdo estrutural, funcional, enzimdatica e na
permeabilidade das membranas celulares (MELLO FILHO, HOFFMAN & MENEGHINI,
1984; CECHINI, ARUOMA & HALLIWELL, 1990).

Dentre as EROs formadas na pele, podemos destacar os radicais hidroxila
(HO¢) e superoxido (Oze-), os radicais peroxila e alcoxila (RO,* e RO¢), o oxigénio singlete
('0,) (BEAK et al., 2004) e os peroxidos de hidrogénio (H,O,) e organicos (ROOH). Além
das EROs, também estdo envolvidas em processos redox outras espécies intermediarias, as
espécies reativas de nitrogénio (ERNs), tais como o 6xido nitrico (*NO)(HALLIWELL &
GUTTERIDGE, 2007).

Sao consideradas fontes exdgenas o ar poluente, gases naturais deletérios,
0zo0nio, alta concentragdo de oxigénio, radia¢do ionizante e ndo-ionizante, invasao de bactéria
patogénica, virus e toxina exogena. A pele também pode sofrer danos oxidativos por lesdes

fisicas (KOHEN, FANBERSTEIN & TIROSH, 1997; KOHEN, 1999; KOHEN, GATI,
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2000).A radiacdo UV desencadeia reagdes fotoquimicas nas células epidérmicas e dérmicas,
conduzindo a processos degenerativos (HECK et al., 2003; KVAN & DAHLE, 2003).

Antioxidantes endogenos desempenham uma funcdo crucial na perfeita
manutengdo da funcdo celular e deste modo da satide ¢ bem—estar sisttmicos (RAHMAN,
2007). Os mais eficientes antioxidantes enzimaticos envolvem a Glutationa Peroxidase (GPx),
Catalase (CAT) e Superoxido Dismutase (SOD) (MATES etal., 1999). Os antioxidantes nao
enzimdticos incluem Tocoferol (vitamina E), Ascorbato(vitamina C), Thiol antioxidantes
(Glutationa e Acido Lipoico), Melanina, Carotendides, Flavonoides naturais, Acido urocinico
(principal absorvente da radiagdo UV, além de ser o principal sequestrador natural de radical
hidroxil) e outros compostos (MCCALL & FREI, 1999).

A CAT ¢ uma enzima de células aerobias e ¢ muito eficiente na conversao
do H>O, em 4gua e molécula de oxigénio. Tem uma das maiores capacidades de conversdo de
todas as enzimas: uma molécula de CAT consegue converter aproximadamente 6 milhdes de

moléculas de H,O, em agua e oxigénio a cada minuto (MATES et al., 1999).

CAT
2 H,0, — » 2H,0+ 0,

A GPx, por sua vez, ¢ fundamental no metabolismo de H,O, e de outros
perdxidos, pois catalisa reacdes de doacdo de elétrons, no qual se utiliza da glutationa
reduzida (GSH) como agente redutor, formando a glutationa oxidada (GSSG) (ROVER et al.,
2001).

GPx
H,O, + 2 GSH ———»2H,0 + GSSG

GPx
LOOH +2 GSH——32H,0 + GSSG + LOH

A SOD ¢ uma das mais eficientes enzimas antioxidantes intracelular.
Neutraliza ions superdxidos através de sucessivos ciclos de reducao de ions de metal de
transi¢ao ativos(RAHMAN, 2007).

Os antioxidantes ndo enzimaticos ou de baixo peso molecular também

contribuem com a manuten¢do do balango redox celular. Nesta classe inclui-se um vasto
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niamero de compostos, sintetizados in Vivo ou obtidos exogenamente, que previnem danos
oxidativos por interagdes diretas ou indiretas com as EROs/ERNs (BIALY et al., 2002).

A Vitamina E, a-Tocoferol, ¢ um importante antioxidante ndo enzimatico de
membrana celular (ACHIM, MICHAEL & RAJINDAR, 1999).Inimeros sdo os trabalhos
relatando que o a-Tocoferol pode atenuar o estresse oxidativo, principalmente por proteger
membranas contra a lipoperoxidacao.Tem sido demonstrado que o a-Tocoferol reage com o
radical peroxil e como anion superoxidoprotegendo o organismo da oxidacdo de constituintes
essenciais dos tecidos ou impedindo a formagdo de produtos téxicos da oxidagdo, como o0s
produtos da lipoperoxida¢do formados a partir de acidos graxos insaturados (NIKI et al.,
1984; FUKUZAWA & GEBICKI, 1985; MUKAI, KIKUCHI & URANO, 1990; MCCAY,
1990; MANZI et al., 2003).Esta resposta tem sido atribuida @ modulagdo do metabolismo
celular do a-Tocoferol através de fatores de transcri¢ao redox sensiveis, como o fator nuclear-
kB (NF-xB), que ¢ ativado em resposta de varios estimulos oxidantes (SCHRECK,
ALBERMANN & BAEUERLE, 1992).

Figura 2 -  Fontes de espécies reativas na pele e mecanismos de defesa.
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Fonte: Guaratini, Medeiros e Colepicolo (2007).

1.3 EFEITOS OXIDATIVOS NA PELE PELA EXPOSICAO A RADIACAO UV,

A radiagdo UV provoca reagdes fotoquimicas. Ao alcangarem a pele, essas
ondas penetram diferentemente, interagindo com as células da epiderme e da derme,

conduzindo a processos degenerativos. Tais reacdes podem estimunlar a producdo de
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melanina, cuja manifestacao ¢ visivel sob a forma de bronzeamento da pele, ou pode levar
desde a producdo de simples inflamagao até graves queimaduras (KVAM & DAHLE, 2003).

Os raios solares contém a radiagdo ultravioleta A, B ¢ C. os raios UVC
inicndem nun comprimento de onda entre 180 e 290 nm, os UVB entre 290 e 320 nm e os
UVA entre 320 e 400 nm. As UVA e UVB estimulam a formagao de radicais livres e podem
provocar o estresse oxidativo. Esta estimulagdao ¢ dependente da penetragdo nas camadas da
pele (SCOTT et al., 2007).

A radiacio UVB (280-320 nm) ¢ o agente fisico mais descrito como
formador de espécies reativas na pele (ARMSTRONG & KRICKER, 2001; BICKERS &
ATHAR, 2006), e embora exista muito mais UVA do que UVB no espectro solar, a UVB ¢
1000 vezes mais eficaz em produzir eritema do que a UVA. A UVB requer de 2,0 a 5,0 j/cm’
para produzir uma dose minima eritematosa, eo eritma atinge a maxima intensidade de 6 a 20
horas apos a exposicao (YING, PARRISH & PATHAK, 1974).

Tem sido sugerido que a reagao das ERs formadas pelas radiagoes UV com
componentes celulares podem resultar em lipoperoxidagdo, oxidacdao de proteinas e de DNA
(LINTON, DAVIES & DEAN, 2001; BICKERS &ATHAR, 2006).

A exposicao solar ¢ um dos fatores mais importantes, por seus efeitos
cumulativos, no desenvolvimentodos céanceres de pele (ICHIHASHI et al., 2003).E
responsavel pela diminuicao de sistemas antioxidantes cutaneos, bem como pelo aumento de
sistemas oxidantes com producdo de ERs, por diversos mecanismos, alterando assim o
balango redox celular e a homeostasia cutinea, responsaveis pelas lesdes oxidativas da pele
(JURKIEWICZ & BUETTNER, 1996; INAL & KAHRAMAN, 2000; YASUI & SAKURALI,
2000).

A radiacdo UVB ¢ bem conhecida por induzir varias espécies oxidantes
incluindo o o6xido nitrico, peroxinitrito e componentes nitrosos (VILLIOTOU &
DELICONSTANTINOS, 1995). Terra et al. (2012) num modelo de irradiagio UVB em
camundongos hairless verificaram que imediatamente apos a irradiacdo, a lesdo na pele dos
camundongos ¢ mediada por ERs como o '0,, HO* e *NO, entretanto, os maiores niveis de
hidroperoxidos lipidicos e *NO foram observados 24 h apo6s a irradiagdo.

Punnonem et al. (1995) num modelo de irradiacdo cronica UVB em
epiderme in vivo verificou a indu¢do da atividade da SOD que ¢é conhecida por ter um
importante papel na eliminagdo do *O,-. Os dados desse estudo sugerem que a resposta do
sistema de defesa antioxidante frente a radiagdo UVB cronica difere consideravelmente

daqueles causados por uma unica dose de irradiagdo UVB.
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Num estudo para avaliar o impacto da exposi¢do cronica da radiacio UVB
sobre a producao de EROs e de lesdes oxidativas de macro-moléculas como lipidios e DNAna
pele de camundongos, verificou-se aumento dos niveis de H>O, nas amostras de pele
submetidas a exposigdo de 15 kJ/m* de UVB trés vezes por semana por 1-2 semanas (WEI et
al., 2002).

Num modelo de irradiagao cronica UVB em camundongos hairless, Peres et
al. (2011) verificou um desequilibrio entre as capacidades antioxidantes e os processos
oxidativos com diminui¢do da capacidade antioxidante total tanto no envelhecimento
cronoldgico quanto no fotoenvelhecimento.Verificou também que a exposicao de lipideos de
membrana celular ocorre em menor extensdao nos animais jovens quando comparados com o0s
mais velhos e que apesar da capacidade antioxidante total ter diminuido, a pele em animais
jovens possui maior capacidade em promover uma eficiente resposta frente ao estresso
oxidativo.

Sabe-se que grande parte das alteracdes cutdneas antes atribuidas ao
processo de envelhecimento cronoldgico, devem-se entre outros fatores a exposicdo solar
cronica (HELENIUS et al., 1996). A radiagao UVB na pele induz o aumento da atividade das
gelatinases (matriz metaloproteinase-2 ¢ 9), as quais atuam na degradacdo de colageno,
contribuindo para a formagao de rugas e evolugdo do fotoenvelhecimento (INOMATA et al.,
2003).

Muitos estudos t€ém mostrado a formacdo de EROs e ERNs pela acdo da
radiagdo UVB, entretanto, ndo ha até o presente momento relato sobre a acdo da radiacao

UVB croénica na pele de animais que foram submetidos a privagao dos estrogenos.

14 PAPEL DOS HORMONIOS FEMININOS NA PELE

O estrogénio ¢ o esterdide predominante responsavel pelas caracteristicas
sexuais secunddrias nas mulheres e possui influéncia nas fun¢des dos principais sistemas
organicos corporais (HALL& PHILLIPS, 2005). A principal fonte de biossintese ¢ no ovario
a partir de androgenos pela perda do grupo metil do C-19 (carbono) e consequente formagao

de um anel aromatico pelo complexo aromatase (PAYNE & HALES, 2004).
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Figura 3 -  Estrutura molecular do 17B-Estradiol.
17B-estradiol

OH

HO

Fonte: Payne e Hales (2004).

A regulagdo ocorre pelo axis pituitaria — hipotdlamo e depende da acdo
integrada desses 6rgao com os ovdrios. A liberacdo pulsada de gonadotrofina pelo hipotalamo
estimula a pituitdria anterior que secreta os hormonios luteinizante (LH) e foliculo-
estimulante (FSH). Nos ovarios o LH estimula as células Theca a produzir a androstenediona
enquanto o FSH estimula a conversdo de androstenediona em Estradiol (Figura 4) (HALL &

PHILLIPS, 2005).
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Figura4 -  Mecanismo de producao e regulagao do Estradiol.
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Fonte: Hall e Phillips (2005).

A pele constitui o maior alvo nao reprodutivo no qual o estrogénio atua
(HALL& PHILLIPS, 2005). A influéncia do estrogénio nos diferentes sistemas orgénicos e
especialmente nos sistemas reprodutores, nervoso, cardiovascular e dsseo tem sido bem
documentada,entretanto, a drea menos explorada ¢ quanto o efeito do estrogénio na pele
(VERDIER_SEVREIN, BONTE & GILCHREST, 2006).

Sabe-se que os estrogenos produzem efeitos significativos na fisiologia da
pele, aumentando a atividade mitdtica de queratindcitos e estimulando a proliferacdo celular,
aumentando a espessura da derme por estimulagdo da sintese de colagenos pelos fibroblastos
dérmicos (STEVENSON& THORNTON, 2007). Um grande numero de estudos tém
mostrado que os estrogenos aceleram a cicatrizagdo de feridas (ASHCROFT &
ASHWORTH, 2003), enquanto um numero significante de mulheres relataram uma melhora
de doencas inflamatdrias da pele como a psoriase durante a gestacdo (DUNNA & FINLAY,
1989; BOYD et al.1996; RAYCHAUDHURI et al. 2003). Estrogenos também oferecem
alguma protegdo contra o fotoenvelhecimento (WEINSTOCK, 1994; TSUKAHARA et al.
2001, 2004) e estudos epidemioldgicos indicam que a taxa de mortalidade de cancer ndo-
melanoma (WEINSTOCK, 1994) e melanoma (MILLER & MACNEIL, 1997) ¢
significativamente menor em mulheres.

Os anos apds a menopausa representam um estado de privacdo do
estrogénio, resultando em efeitos deletérios sistémicos (BRINCAT et al., 1987,
STEVENSON& THORNTON, 2007). Os efeitos da privagdo do estrogénio na pele podem
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incluir a formagdo de rugas, ressecamento, atrofia, flacidez, ma cicatrizacdo de feridas e
atrofia vulvar (HALL& PHILLIPS, 2005).

Diversos estudos tém mostrado que a terapia com estrogénio melhora a
hidratagdo e elasticidade da pele, aumenta a densidade das fibras coldgenas, reduz rugas de
expressdo ¢ aumenta a espessura quando comparada com mulheres que ndo fazem uso de
estrogénio terapia (RITTIE et al. 2008).

Rauramo & Punnomen em 1969, verificaram em mulheres privadas dos
hormoénios sexuais femininos um espessamento da epiderme assim como uma menor
capacidade de retencao hidrica epidérmica. Outros estudos tém demonstrado,em concordancia
com o estudo citado acima, a diminuicao da capacidade de retengdo hidrica no estrato corneo
(PIERARD-FRANCHIMONTet al., 1995) assim como ha relatos na literatura da diminuigao
da superficie lipidica da pele em mulheres na menopausa (CALLENS et al., 1996; SATOR et
al., 2001). Portanto, essas mudangas sugerem que a privagdo ou redugdo acentuada dos
hormonios femininos prejudica a funcao da barreira epidérmica em atuar na prevencdo da
perda de 4gua e na manutencao da estrutura do tecido subcutaneo.

Brincat et al. (1987) publicou em seu estudo que ocorre uma diminuigao de
1% a 2% de coldgeno dérmico por ano ap6s a menopausa. Diversos estudos sugerem que a
perda de colageno estd mais relacionada com a auséncia dos estrogenos do que com o
envelhecimento cronolégico, refletindo dessa maneira o importante papel do estrogénio para a
manuten¢do das estruturas dérmicas.A terapia de reposicdo hormonal na pele de
camundongos demonstraram um aumento de glicosaminoglicanas dérmicas apo6s duas
semanas de terapia (GROSMAN, HVIDBERG & SCHOU, 1971).

A flacidez e o aparecimento de rugas sdo dois sinais cutdneos do
envelhecimento e estdo relacionados com a perda da elasticidade da pele (HALL&
PHILLIPS, 2005). Diversos estudos revelam os efeitos do estrogénio na elasticidade da pele
através de métodos ndo invasivos. Bolognia et al.(1989) através de um estudo por
microscopia eletronica verificou a degeneragdo estrutural das fibras elésticas dérmicas em
mulheres num estagio recente de privagdo hormonal. Através de estudos histologicos,
Punnonen et al. (1987) observaram um aumento local na concentra¢do e tamanho das fibras
elasticas em 50% das mulheres na pds-menopausa que receberam um tratamento de 2mg/d de
estradiol abdominal por trés semanas.

Outras alteragdes verificadas na pele de mulheres na pos-menopausa sao
quanto a cicatrizacdo de feridas cutdneas. Muitos idosos apresentam um atraso na cicatriza¢ao

de feridas e tém-se demonstrado que o estrogénio possui um papel fundamental nesse
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processo (JORGENSEN & SCHMIDT, 1962; CALVIN et al, 1998). Num estudo
randomizado duplo-cego para o tratamento de feridas cutaneas com estrogénio trans-dérmico
verificou-se apos biopsia da area tratada uma melhora no processo de cicatrizacdo de feridas
tanto em homens quanto em mulheres idosos quando comparados com o grupo controle
(ASHCROFEFT et al., 1999). Uma excessiva resposta inflamatdria resultando em protedlise tem
sido implicada no atraso da cicatriza¢ao de feridas de pessoas idosas que apresentam elevados
niveis de enzimas proteoliticas como a elastase em associacdo com alta contagem de
neutrofilos (HERRICK, ASHCROFT & IRELAND, 1997). Inicialmente pensava-se que o0s
estrogenosatuavam aumentando os niveis de TGF-B1, uma citocina envolvida na proliferacao,
diferencia¢do celular ¢ na produ¢do da matriz extracelular (ASHCROFT et al., 2000).
Entretanto, tem-se evidenciado que os estrogenos agem diminuindo a quimiotaxia e adesdo
neutrofilica, assim como os niveis de elastase nas feridas, permitindo o aumento da producao
de matriz extracelular (ASHCROFT et al., 1999).

Muitos estudos tém proposto que os estrogenos sdao importantes
moduladores das fungdes protetoras cerebrais, podendo ativar receptores alvo estrogeno-
responsivos nas regides promotoras de determinados genes (AGUIAR et al., 2008). Esses
receptores atuam como fatores de transcri¢do e podem, por exemplo, aumentar a expressao e
atividade de enzimas antioxidantes como a SOD mitocondrial e extracelular, favorecendo a
defesa antioxidante do tecido (MnSOD ¢ ecSOD) (STREHLOW et al., 2003; AGUIARet al.,
2008).

Ozamack e Sayan (2009) verificaram em seu estudo com ratas
ooforectomizadas que a combinagao de tratamento deestrogenos e progesterona apresenta um
notavel efeito neuroprotetor reduzindo o estresse oxidativo cerebral.Aguiar et al. (2008),
observou uma significativa alteracdo no perfil oxidativo cerebral e sanguineo de ratas
ooforectomizadas durante o processo de envelhecimento, sugerindo a importancia do
hormonio feminino enquanto protetores contra lesdes oxidativas. Entretanto, ainda ndo ha na
literatura estudos que identifiquem essa mesma fun¢ao do estrogénio na pele.

A privagdo dos estrogenos também ¢ responsavel pelo aumento da atividade
de peroxidases sanguineas(CAT e GPx) e diminuicdo das defesas antioxidantes nao-
enzimaticas plasmaticas, acompanhada de aumento da producdo de proteinas carboniladas
(BEHR, SCHNORR & MOREIRA, 2011).Da Rocha et al. (2011) verificou em seu modelo
experimental com ratas ooforectomizadas, o aumento de GSH e da atividade da Glutationa S-
transferase assim como a diminui¢do da atividade da CAT no figado dos animais que

sofreram tal privagao hormonal.
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Vérias pesquisas tém sido realizadas para contribuir e melhorar a
abordagem em relacdo aos diversos efeitos e alteracdes sistémicas apresentadas na redugdo
dos estrogenos, porém, ndo hé relatos de estudos sobre o estresse oxidativo na pele quando ha
privacdo desse hormonio.

Neste trabalho utilizamos um modelo experimental de irradiagdo cronica
UVB na pele em animais submetidos a privagao do estrogénio, procurando avaliar os aspectos
do balango entre a formacdo de espécies reativas e as variagdes no sistema antioxidante

enddgeno enzimatico e ndo enzimatico.
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2 JUSTIFICATIVA

Este estudo ¢ de grande relevancia por permitiruma primeira caracterizacao
do papel dos estrogenos nas lesdes de pele mediadas por estresse oxidativo induzido por
radiagdo UVB cronica.Muitos estudos tém descrito o papel antioxidante do estrogénio em
varios tecidos,entretanto, ndo ha descricdo na literatura sobre um modelo de reducdo de
estrogenos e a sua relagdo com o estresse oxidativo na pele. Através desse estudo espera-se
contribuir para a compreensdo do papel do estrogénio na pele frente as lesdes oxidativas,
assim como para o desenvolvimento de futuras abordagens terapéuticas e preventivas contra
as espéciesreativas de oxigénioinduzidas por radiagdoUVB, quando ha reducdo acentuada do

estrogénio.

3 OBJETIVOS

3.1 OBJETIVO GERAL

Verificar a resposta da pele as lesdes oxidativas induzidas pela irradiagao

UVB cronica em modelo experimental com niveis de estrégeno reduzido.

3.2 OBIJETIVOS ESPECIFICOS

1. Verificar a influéncia dos estrégenos no estresse oxidativo na pelede ratas

ooforectomizadas;

2. Verificar a a¢do da radiacdo UVB cronica na pele de ratas ooforectomizadas;
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> The estrogens reduction increased the lipid peroxidation of the skin.> The a-tocopherol
confirmed the involvement of ROS in cell injury. > The reducedlevels of
estrogeninterfereincatalaseactivityin the skinof animals subjected tochronicUVB irradiation. >
The  Estrogens  protect  theskin  inthe  initial  process  ofmembranelipid

peroxidationagainstROSproducedbychronicUVB radiation.

ABSTRACT

The deprivation or significant reduction of female hormones is associated with increased
oxidative stress and metabolic disorders among women. Imbalance in the redox profile similar
to those observed in women during the decline ovarian hormonal activity can be obtained in
an animal model through rat bilateral oophorectomy. The UVB radiation promotes skin injury
mediated by reactive oxygen species (EROs) leading to photooxidative damage. The aim of
thisstudy is to assessthe response ofskin tooxidative damageinduced bychronicUVB
irradiationin an experimental modelwithlowestrogen levels. The resultsshowed an increaseof
lipid peroxidation (CL) inoophorectomizedanimals(O) when comparedwith controls (S).
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There was a significant increased of lipid peroxide formation in oophorectomized group
submitted to UVB radiation (OUV) when compared with O, as in control group submitted to
UVB (SUV) when compared with S and SUV treated with a - tocopherol. To confirmthe
involvement ofROS, the oophorectomized animals and submitted to UVB radiation were
treated witha-tocopherol (OUVaT) and lipid hydroperoxidelevelsreturned to basal values.
MDA levels were increased in groups OUV and OUVaT when compared with O as in SUV
and SUVaT when compared with S, not showing the involvement of estrogens in late lipid
peroxidation.The catalase activity showed a strong tendency of increase in OUV group when
compared O group and, in SUV groupwhen comparedwith Sdid notpresent the same
behavior,suggesting that reducedlevels of estrogeninterfereincatalaseactivityin the skinof
animals subjected tochronicUVB irradiation. The total radical antioxidant capacity (TRAP)
remained unchanged, revealing that no changes occur in the low molecular antioxidants
defenses even in reduction of estrogens. ThroughQL, a technique sensitive enough
toindicateoxidative stress it was shown thatestrogensplay a rolein protecting theskin inthe
initial process ofmembranelipid peroxidation.This studyprovides thefirstapproach tothe
reductionof estrogenbythe ovariesremoved(oophorectomy) of ratsin relationto oxidative
stressin the skininduced byUVB irradiation.

Keywords: Oxidative stress. Skin. UVB irradiation. Estrogens.

1. Introduction

The skin is an organ exposed to several aggressions,many of whichinduce
the formation ofreactive oxygen (ROS) and nitrogen(NRs) species.These speciesare essential
in manybiochemicalandphysiologicalprocesses, providingcellular homeostasisandsurvival.
When there arepronounced changesin this balance, towards an increase of its production apro-
oxidantstateis produced,it leads to theoxidative stress[1].The biological membranes, are
oxidatedand suffer changes in organizational structure, functional, enzymatic and
permeability of cell membranes|[2, 3].

However the skin has rapid response mechanisms such as low molecular
weight antioxidants to counteract the deleterious effects caused by oxidative species that
maintain the redox balance within cells [1, 4]. Endogenous antioxidantsplayacrucial roleinthe
maintenanceof cellular function[5].The mostefficientenzymatic
antioxidantsinvolveglutathioneperoxidase = (GPx),catalase ~ (CAT)andsuperoxidedismutase
(SOD)[6]. Thenon-enzymatic antioxidantsincludevitamin E (a-Tocopherol) and C,
thiolantioxidants (glutathione andlipoic acid), melanin, carotenoids, flavonoidsand
othernaturalcompounds [7]. There are countlessstudies reportingthat thea-tocopherol may
attenuateoxidative stress, mainly to protectmembranesagainstlipid peroxidation. It has

beenshown thata-tocopherol reacts with theperoxylradical (RO;¢) and thesuperoxide



33

anion(O;*-), protecting the bodyfrom oxidation ofthe essential constituentsoftissues
orpreventing the formationof toxic productsof oxidation[8, 9, 10, 11, 12].

There aremany reports onthe oxidative effectsdue to UV radiation. It has
been suggestedthat the reactionof reactive speciesformed byUV light withcellular components
canresult inlipid peroxidation, protein oxidationand DNA alterations [13, 14]. Sun exposure
isresponsible for thedecrease ofskinantioxidant systemsas well asby increasedoxidative stress
by different mechanisms, thereby altering thecellularredox balanceand
thusskinhomeostasis[15, 16]. In a study to evaluate the impact of chronic UVB exposure on
ROS production and oxidative damage to macromolecules such as lipid and DNAwas found
that the levels of H,O, and MDA were substantially increased in the mouse skin chronically
exposed [17].

The influence of estrogens on several body systems and especially
reproductive tissues, nervous and cardiovascular systems, and skeleton has been documented;
however, a less explored area is the effect of estrogens on skin [18].The estrogens have been
shown to accelerate cutaneous wound healing [19], while a significant number of women
notice an improvement in inflammatory skin disorders such as psoriasis during pregnancy
[20, 21, 22]. Estrogens also offer some degree of protection against skin photoaging [23, 24,
25]. The postmenopausal yearsrepresent a state of estrogen deprivation, resulting
indeleterious effects on several organ systems.The effects of estrogen deprivation on skin
mayinclude wrinkling, dryness, atrophy, laxity, poorwound healing, hot flashes, and vulvar
atrophy [26].

Deprivationoffemale hormones is associated with increased oxidative stress
and metabolic changes in women, promoting an increase in body weight, uterine atrophy,
decreased plasma triglycerides and increased cholesterol levels, as well as a reduction of uric
acid. It is alsoresponsible for increasingbloodperoxidase activity(catalaseand
glutathioneperoxidase) and decreasednon-enzymaticantioxidant defensesplasma, accompanied
byincreased production ofproteincarbonyl[27].Manyauthorshave proposed thatestrogensare
important modulators of brain protective functions, [28] playinganimportant
roleagainstoxidative damage [29]. Several studies have been conducted to contribute and
improve the approach to the various effects and systemic abnormalities in the reduction of
estrogen, but, there are no studies in the literature to identify the same function of estrogen in

the skin and the relation on oxidative stress.
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This is the first study to evaluatethe reduction ofestrogenson oxidative
stressin the skinof oophorectomized rats, andthe injury caused by chronic UVB exposure on

skin of rats with reduced estrogens.

2. Materials and Methods

2.1 Reagents

All chemicals were obtained from the Merck or Sigma laboratories.

2.2 Animals

Female Wistar rats, 10 weeks old andweighing 95-115g (n=8/group) were
obtained from the Animal House of the Biological Sciences Center at Londrina State
University and had access to water and food ad libitum.They were treated in accordance with
the National Institute of Health guidelines for the welfare of experimental animals and with

the approval of the Ethics Committee of the Londrina State University (process — 07558).

2.3 Surgical procedure

The rats were bilaterally oophorectomized under ketamine hydrochloride
(100mg/Kg i.m.) and xilazine (5mg/kg i.m.). Groups which included bilateral incisions, but

without gonad removal was named Sham groups.

24 Treatments

All animals were allowed to recover for 7 days before treatment started and
the treatments began 1 week after surgery according Aguiar et al.[29] and lasted for 3 weeks.
The group of animals used for the experiments were oophorectomized (O), oophorectomized
submitted to chronic UVB irradiation (OUV) and oophorectomized treated with a-tocopherol
and submitted to chronic UVB irradiation (OUVaT). The Sham groups were sham (S), sham
submitted to chronic UVB irradiation (SUV) and sham treated with a-tocopherol and
submitted to chronic UVB irradiation(SUVaT).
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The groups OUVaT, and SUVaT were treated with a-tocopherol (a-T;
100mg/kg, 3 days/week, intraperitoneally), dose according to Guarnier et al. [30]. The
animals were tricotomized before irradiation and were irradiated three times a week, receiving
a dose of 54 mJ/cm® in 1st and 2nd session, 72 mJ/cm? in 3rd session, 108 mJ/cm? in 4th
session, 144mJ/cm? in Sthand 6th session, 162 mJ/cm?, 180 mJ/cm® and 198 mJ/cm? in 7th,
8th and 9th sessions respectively, according the method described by Inomata et al [31],
whosecumulative dosewas1.314mJ/cm’.

The irradiation chamber was adjusted with a PHILIPS TL/12 40W UVB
fluorescent lamp, which emits irradiation from 270 to 400 nm with maximum peak around
313 nm. UVB output was measured using a Research Radiometer model IL-1700
(International Light, USA; calibrated by IL service staff) with a radiometer sensor for UV
(SEDO005) and UVB (SED240), which detected that UVB was 73% of the total UV irradiation
in the present experimental conditions. The UVB irradiation rate was 0.47 x 10-* mW/cm®.

The lamp was embedded in a 1.30 m x 0.43 m x 0.45 m box, in which the
caged rats were placed, 35 cm beneath the lamp. The groups UVaT received the a-tocopherol
and then underwent irradiation session. the blood of animals were collected for the
measurements of 17-f estradiol levels and the dorsal skin samples were removed 24 h after
the last treatment according to the method described by Peres et al.[32], and the skin was

stored in a freezer at - 86° for later analysis.

2.5. Blood samples

The blood was collected and the serum was analyzed for dose of 17-f
estradiol. The dosages ofEstradiolwere determined

bychemiluminescentmicroparticleimmunoassay (ARCHITECT®, ABBOTT Park, IL, USA).

2.6 Tissue preparation

Skins were placed on ice and homogenized four times for 45-s periods at
15-s intervals in an Ultraturrax homogenizer containing 100 mg/ml or 50 mg/ml of tissue in
30 mM KH,PO4/K,HPO,4 buffer and 120 mM KCI at pH 7.4. The supernatant from total
homogenate was obtained by centrifugation at 11.000 x g for 20 min at 4°C. The 100 mg/mL
supernatant was used for tert-butyl hydroperoxide-stimulated chemiluminescence, catalase
activity and total radical antioxidant parameter (TRAP) assays, while the 50 mg/mL

supernatant was used for the thiobarbituric acid reactive substances (TBARS) assay.
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2.7 Evaluation of oxidative stress and antioxidants

The destabilization of cell membrane lipids formed peroxides that were
measured by a very sensitive chemiluminescence (CL) method, which was initiated by the
addition of tert-butyl hydroperoxide to the tissue homogenate in a Turner Designs
luminometer, model TD-20/20, with a response range of 300—650 nm [33]. The CL generates
curves that demonstrate the quantity of membrane peroxides formed as it shifts towards the y
axis. The results were expressed in relative light units/g tissue (RLU/g tissue).

The final lipoperoxidation products were analyzed by measuring the
formation of thiobarbituric acid reactive species (TBARS), as described by Oliveira and
Cecchini [34]. Briefly, low molecular weight aldehydes, such as malondialdehyde (MDA),
react with thiobarbituric acid (TBA) to generate a colored product that absorbs light at 532
nm. MDA levels were measured, and the results expressed in nanomoles per gram of protein

(nM TBARS/mg protein).

2.8 Evaluation of antioxidants defenses

Catalase (CAT) activity was assayed spectrophotometrically, as previous
described [35]. Briefly, CAT present in the skin homogenate was determined using a standard
H,0, system. Catalase results were expressed as ABS per minuteper milligram per protein.

The total radical antioxidant capacity (TRAP) was also detected by CL.
Initially, light emission in a reaction medium containing 2-azobis-(2-amidinopropane) and
luminol, an alkoxyl generating system, was measured. Another curve was measured with the
addition of a standard antioxidant, Trolox, a hydrosoluble vitamin E, which hinders the curve
peak due to its antioxidant property. Then, the tissue supernatant was added and the time of
total quenching was compared with trolox quenching, and the results expressed as pM Trolox

[36].

2.9  Total protein concentration

Total protein concentrations were measured by the method of Lowry et al.
[37], modified by Miller [38]. Bovine serum albumin (BSA) was used as standard for both

methods. The concentration ofprotein wasused as acorrection factor.
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3 Statistical analysis

Reported values are presented as mean + SEM. All differences between
groups were analyzed by the Student t test, except for the CL curves, which were qualitatively
analyzed by Two-way ANOVA and quantitatively analyzed by the Bonferroni post hoc test.
Statistical analysis was performed using GraphPad Prism 4.0 and 5.0 (GraphPad, San Diego,
CA).Significance level was set asp < 0.05.

3 Results

Table 1 shows the serum concentration of estradiol in oophorectomized (O)
and sham (S) groups.The estradiollevels (Table 1) decreased significantly in O group (15.00
+1.50 pg/mL; p = 0.042) compared with control (S) (10.6 + 0.92 pg/mL).

Figure 1 shows the formation of lipid hydroperoxide of cell membrane of all
groups studied and it’s possible to observe the curve qualitative behavior towards lipid
hydroperoxide formation and antioxidant presence.

Lipid peroxide (LOO®) formation in rat skin following UVB irradiation and
treated or not with a-Tocopherol was evaluated (Fig. 1). The entire curve was employed to
perform statistical comparison by Two-way ANOVA (p < 0.0001) followed by the Bonferroni
post-hoc test and the comparison between S (9898 RLU/mg protein + 416) and O (11140
RLU/mg protein + 430.4)(Fig. 1A) presented 5 points significantly different while O(11140
RLU/mg protein + 430.4)and OUV (14580 RLU/mg protein £ 1926) curves showed 22
points (Fig. 1B), S(9898 RLU/mg protein + 416)and SUV (10840 RLU/mg protein + 1116)
presented 15 points (Fig. 1C) and, S(9898 RLU/mg protein = 416) and SUVaT (8112
RLU/mg protein + 685.9) presented 40 points (Fig. 1C). This means that the curves present
different behavior of lipid hydroperoxide and antioxidant formation.

Late lipid peroxidation in cell membranes of skin was determined by the
formation of TBARS (Fig.2) in the reaction mixture and was significantly different with
increased levels of TBARS in groups OUV (4.662 + 0.7451 nM TBARS/mg protein; p =
0.009)when compared with O (2.247 + 0.3144 n™M TBARS/mg protein); OUVaT (6.328 +
1.066 nM TBARS/mg protein; p = 0.002) compared with O (2.247 £+ 0.3144 nM TBARS/mg
protein); SUV (4.942 + 0.690 nM TBARS/mg protein; p = 0.002) compared with S (2.38 +
0.118 ™M TBARS/mg protein) and SUVaT (5.174 + 0.591 nM TBARS/mg protein; p =
0.0004) compared with S (2.38 + 0.118 nM TBARS/mg protein).
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Catalase activity, an enzymatic parameter, was not increased significantly in
any group. The group OUV (0.244 £+ 0.031 Abs/minutes/mg protein; p = 0.056) when
compared with O (0.164 + 0.023 Abs/minutes/mg protein) showed a strong tendency towards
significancy.

The total radical antioxidant capacity (TRAP) was measured and was not

significance difference between any group (Fig.4).

4 Discussion

The decrease of female hormones has been reported to be associated with
increased oxidative stress and metabolic disorders among women worldwide.
Disarrangements in the redox state similar to those observed in women during the decline of
ovarian hormonal activity can be obtained experimentally through rat bilateral
oophorectomy[27].

UVB light may promote damage DNA [39] and the damage mediated by
ROS is an important mechanism leading to photooxidative injury in skin cells [32, 40]. The
lipid peroxidationis the most frequent event resulting from free radical attack of biological
structures. This process occurs mainly in the cell membrane and is an event in cell
degeneration [32].In this study the animals were submitted to oophorectomy that led to
estrogens reduction. The estradiol levels decreased significantly in oophorectomized groups
(O) when compared with controls (S). This result showed the model efficacy.

Chemiluminescence (CL) is a very sensitive assay (CL) that was used in this
study to analyze the levels of lipid peroxides in skin of rat oophorectomized on UVB chronic
irradiation [32, 33, 34, 41, 42]. The increase in CL is closely related to the formation of
lipoperoxides during early stages of cell damage, resulting in increased photon emission [30,
32, 33,42, 43, 44, 45].The cumulative oxidative damage or the later membrane oxidation was
evaluated by formation of low molecular weight aldehydes,such as MDAmeasured by
TBARS [32].

Several studies have described the protector antioxidant role of estrogen in
various tissues such as brain tissue, blood and liver. Da Rocha et al. [46] showed oxidative
damage in liver of the animals oophorectomized. The authors found a decreased in ascorbic
acid levels, an increased in glutathione content and in glutathione S-transferase activity. The

catalase activity was reduced.
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In brain tissue the estrogen has been described as a potent and direct
antioxidant related to its capacity to break the chain, stopping lipid peroxidation propagation
and also its accumulation [47]. Dilek et al. [48] reported that in the animals oophorectomized,
the brain cortical, erythrocyte and plasma, presented higher levels of lipid peroxidates and the
glutathione (GSH) levels was reduced in brain cortical and erythrocyte.

CL results showed increased lipid peroxidation for the oophorectomized
groups (O) when compared with controls (S).This data suggest that the estrogen have a
protective role against lipid peroxidation in early stages of cellular membrane destruction. In
groups OUV compared with O, SUV compared with S there was a significant increased of
lipid peroxide formation what indicated that chronic UVB irradiation increased the oxidative
cells injury.

To confirm these results and the involvements of ROS, the animals was
treated with a-Tocopherol and the lipoperoxideslevels returnedto basal values.The o-
Tocopherolisanantioxidant ~ described in  theliterature  andknown to  protectcell
membranesfromoxidative damageand to be the primary lipid soluble, chain-breaking
antioxidant in vivo that protects cell lipids from lipid peroxidation [49]. Besides, there was a
dislocation of the CL curve to the right in the group OUV treated with a-Tocopherol
(OUVaT) (Fig. 1B). This particular behavior was due the antioxidant present in rat skin that
decreased the initial velocity reaction (Vy -initial velocity). CL takes into account a kinetic
analysis of the ascending part of the chemiluminescence curve under the assumption that
variation in Vyvalue depends on the level of preexisting lipid peroxide and the antioxidant in
the tissue[50]. Considering the very fast overall rate constant of the lipoperoxidation
propagation reaction of about 10° M s [51], thea-Tocopherol treatment, through its
insertion into the cell membrane probably increased this rate constant.

The TBARS levels were higher in groups OUV and OUVoT when
compared with O and the same pattern was found in sham groups. These data reveal that
concerning the formation of products of late lipid peroxidation there was no involvement of
estrogens in skin protection. The TBARS results are in agreement to other studies using
different experimental models involving acute [52, 53] and chronic [54, 55, 56] UVB
exposure.

It is well establishedthat catalase (CAT)has an activityin responseto the
degradationof hydrogen peroxideby the reaction: 2H,O,— 2H,O+ O,,aprocess alsoknown
ascatalytic action. The overall distribution of catalase protein seemed to almost correspond to

that of H,O, accumulation, indicating the role of normal skin catalase as a marker of
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epidermal differentiation, as well as its role in redox damage[57]. Although the group
OUVdid not showsignificant difference whencomparedwith control(O), we found astrong
tendency (p = 0.056)towards the increase of catalase activity. Classically, estrogen may
activate receptors that target estrogen receptor-responsive areas in the promoter regions of
certain genes[29]. These receptors act as transcription factors and may, for example, enhance
the expression and activity of antioxidant enzymes [58, 29]. In S groupwhen comparedwith
SUV it was not observe any difference between CAT activity. In other hand, when the
comparison was made between Oand OUV ,a strong tendency towards CAT activity could be
evidenced, suggesting that this enzyme could be used as an antioxidant against the oxidative
stress in estrogen reduction under chronic UVB exposure.

TRAP evaluates the total radical antioxidant parameter of the tissue and
reflects the balance between low molecular-weight antioxidants and reactive oxygen species
[59].Punnonen et al. [56] found no significant change in TRAP after chronic exposure
epidermal. Another model of chronic UVB exposure in hairless mice, showed a significant
decrease of TRAP both in chronological aging and photoaging of the skin [32]. Our results, in
agreement with Punnonen et al.[56], did not show significance difference in any group
inTRAP, revealing that the low molecular-weight antioxidants defenses were not used against
oxygen reactive species in UVB chronic irradiation in the present model.There are other
antioxidants that can be possible used for the skin protection in this model, for example, trans-
urocanic acid and cis-urocanic acid, two epidermal compounds that have been described as
major natural “OH scavengers [60].

Taken together, these results indicate that the oxidative stress is present in
the skin of rats with estrogensreduction. In ooforectomyzed rats subjected to chronic UVB
irradiation,it was evidenced that estrogensprotects the skin againstreactive oxygen species in
early stagesof cell injury and represents a novel target for developing potential therapeutic and
preventive approaches on the skin against reactive oxygen species induced by UVB

irradiation.
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Table 1 — Evaluation of 17- 8 Estradiol Levels in Oophorectomized and Control Groups.

GROUPS 17 — p ESTRADIOL (pg/mL)

SHAM 15.00 £ 1.50

OOPHORECTOMY 10.60 + 0.92*

Values expressed as mean = SEM. * p < 0.05 compared with the control group.
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Evaluation of oxidative stress and antioxidant measured by chemiluminescence
stimulated by tert-butyl hydroperoxide. Represent lipid peroxidation levels in
skin of animals not irradiated and irradiated and/or treated with a-tocopherol
expressed in relative light unit/mg protein (RLU/mg protein). Curves represent
the means of 8 animals. The entire curves were employed to perform statistical
comparison by Two-way ANOVA (p<0.0001) followed by the Bonferroni post
hoc test and were significant for groups S and O, O and OUV, S and SUV, S

and SUVaT.
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Thiobarbituric acid reactivesubstances levels in skin homogenates of female
oophorectomized rats, treated or not with a-Tocopherol and submitted or not to
UVB chronic radiation.Results are expressed as mean = SEM (n=8) and analyze
were performed at the same significance level (p<0.05) and were significant for
groups S and SUV, S and SUVaT, O and OUV, O and OUVaT.
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Figure 3 - Catalase activity in experimental and control groups. Results are expressed as
mean + SEM (n=8). There was an increased in CAT activity in OUV group when
compared with O group (# p = 0.056) although was not significant.
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Figure 4 - Effect of UVB chronic radiation on total radical antioxidant capacity (TRAP) in
supernatant of rat skin oophorectomized and controls treated and not with
antioxidant. Results are expressed in M trolox and are presented as mean + SEM
of 8 animals. Analysis was performed at the same significance level (p<0.05) and
was not significance for any group.
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