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RESUMO

Os niveis de DHEA atingem seu pico entre a segunda e a terceira
décadas de vida, e entdo comecam a diminuir em torno de 2% ao ano. A
diminui¢cdo da DHEA associada ao envelhecimento pode levar a doengas auto-
imunes, disfuncdo sexual, osteoporose, alteracdo do metabolismo de lipidios,
diabetes tipo 2 e doengas cardiovasculares. Tais observagdées sugerem que o
restabelecimento de DHEA aos niveis encontrados em jovens adultos pode ter
efeitos benéficos nos disturbios relacionados a idade. Muitas hipoteses tém
sido propostas para o envelhecimento cardiaco, incluindo o acumulo de
radicais livres. Neste estudo objetivou-se determinar o papel da DHEA sobre o
estresse oxidativo (tecido cardiaco e eritrocitos), por meio de medidas de dano
oxidativo e de defesas antioxidantes enzimaticas e n&o-enzimaticas,
correlacionando-o com vias de sinalizacdo, em diferentes etapas do
envelhecimento de ratos Wistar machos sadios. No primeiro artigo, avaliamos
os efeitos de diferentes concentracdes de DHEA em distintas janelas temporais
sobre o estresse oxidativo e sua relagdo com a ativacao da Akt no miocardio de
ratos adultos (3 meses). A DHEA produziu diferencas significativas entre as
diferentes janelas temporais sobre os parametros estudados, com uma
resposta com perfil prooxidante no miocardio dos ratos adultos. No segundo
artigo, avaliamos os efeitos da administracdo crénica de DHEA sobre o
estresse oxidativo e sua relacdo com a ativagdo da Akt no miocardio de ratos
jovens e velhos (3 e 18 meses). A DHEA produziu aumento na fosforilagdo da
Akt e diminuiu a atividade da SOD nas duas idades estudadas. A ativacédo da

via da Akt parece estar relacionada com mudangas nos parametros de estresse
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oxidativo, de acordo com a idade investigada. A administragdo crénica de
DHEA sobre o estresse oxidativo nos eritrocitos de ratos de diferentes idades
(3, 13 e 18 meses) foi o objetivo do terceiro artigo, € como resultado a DHEA
produziu efeito prooxidante sobre todas as idades, especialmente na idade de
13 meses. Parece que aos 13 meses ha uma importante deplegao de alguns
antioxidantes especificos, que pode ter evidenciado os efeitos da DHEA. No
ultimo artigo avaliamos os efeitos da administragcao crénica de DHEA sobre o
estresse oxidativo no coragcdo de ratos jovens e velhos (3 e 24 meses),
verificamos se tais mudancgas estariam associadas as alteracbes no estado
redox e correlacionamos a concentragao de perdxido de hidrogénio a possivel
modulacdo da expressdo de proteinas redox-sensiveis. A DHEA aumentou
significativamente a atividade da GST no miocardio dos grupos 3 e 24 meses.
O fator idade diminuiu a concentragdo de peroxido de hidrogénio e a
concentracdo proteica de Nrf2, independentemente do tratamento. Entretanto,
a idade aumentou as concentragdes de GST, Akt e p-Akt em ambos os grupos
de 24 meses. O grupo 24 meses tratado com DHEA respondeu diferentemente
considerando as medidas de GSSG, a atividade da GPx e a concentragao da
p-Akt. Os resultados obtidos por meio destes experimentos indicam um cenario
em que a DHEA parece modular proteinas redox-sensiveis, bem como exerce
diferentes efeitos em relagdo ao estresse oxidativo dependendo da idade. O
uso indiscriminado deste hormdnio poderia alterar vias redox-sensiveis de
maneira a produzir adaptagdes inadequadas ou nao necessariamente

benéficas ao organismo.




1. INTRODUGCAO

O envelhecimento é a deterioracdo progressiva das funcoes
fisioldgicas. No envelhecimento, ha uma redugao da capacidade de sintese de
proteinas, diminuicdo das fungdes imunoldgicas, aumento da massa gorda,
reducdo da forca e da massa muscular, diminuicdo da densidade mineral
Ossea, resisténcia a insulina, depressdao e aumento do risco cardiovascular
(Lapchak e Araujo, 2001; Robinzon et al, 2003). Dados bioldgicos,
epidemiologicos e demograficos tém gerado varias teorias que procuram
identificar a causa ou os mecanismos responsaveis pelo envelhecimento. Nos
ultimos anos, a busca por uma unica causa para o envelhecimento, como um
unico gene, ou a chave para o declinio do sistema corporal, tem sido
substituida por uma visdo de que este processo é extremamente complexo e
multifatorial (Weinert e Timiras, 2003). Diferentes teorias para explicar o
envelhecimento n&o s&o excludentes e se sobrepdem, descrevendo
adequadamente este processo. Tais teorias formuladas para explicar o
envelhecimento foram agrupadas em categorias: evolutiva, molecular, celular e
sistémica. Nos anos 40, a teoria evolutiva foi descrita baseada na doencga de
Huntington, inspirando a teoria do envelhecimento de acumulo de mutagdes, a
qual sugere que mutagdes podem ser acumuladas na populagdo e levar a
patologias e a senescéncia (Haldane, 1941). Porém, ha poucas evidéncias
experimentais para esta teoria. A teoria do corpo disponivel, que é baseada
também no conceito da teoria evolutiva, explica porque vivemos determinado

periodo de tempo, sugerindo que o organismo é eficiente somente até o



sucesso reprodutivo - mas nao relata uma causa especifica para o
envelhecimento (Loison et al, 1999).

Entre as teorias referentes a categoria molecular, esta a teoria da
regulacédo génica do envelhecimento, a qual propde que a senescéncia €
resultado de mudangas na expressao génica. Apos delinear a expresséao
génica do envelhecimento “normal”’, houve tentativas para desenvolver
intervengdes que poderiam retardar ou acelerar o envelhecimento (Kanungo,
1975).

A teoria da senescéncia celular, formulada em 1965, propde que ha
um limite para a capacidade replicativa normal das células (Hayflick, 1965). A
senescéncia celular também pode ocorrer em resposta a diferentes eventos
moleculares. Ainda dentro da categoria celular, esta a teoria dos radicais livres,
descrita em 1956 por Harman, sugerindo que a formagao de radicais livres de
oxigénio durante o metabolismo aerdbio resulta em dano oxidativo acumulado
e, consequentemente, na senescéncia. O dano oxidativo celular é
indiscriminado: ha evidéncias de modificagdo de DNA, proteinas e lipidios. A
oxidagao de proteinas pode gerar desequilibrio no metabolismo celular e nas
vias de sinalizagdo. O dano oxidativo a lipidios também prejudica a sinalizagao
celular e a regulagao ibnica da membrana. A teoria dos radicais livres esta bem
consolidada, pois ha evidéncias na literatura de que elevados niveis de dano a
proteinas, aos lipidios de membrana e ao DNA s&o encontrados em animais
velhos (Valko et al, 2007).

As teorias do envelhecimento com base na categoria sistémica (ou de
sistemas) estédo relacionadas ao declinio da fungdo dos sistemas de 6rgaos

essenciais para o controle e a manutencdo de outros sistemas dentro do



organismo e para a habilidade dos organismos de se comunicar e se adaptar
ao meio em que estdo inseridos. A teoria neuroendodcrina propde que o
envelhecimento é consequéncia das mudangas nas fungbes neurais e
enddcrinas que sao cruciais para a comunicagdo coordenada e para a
responsividade de todos os sistemas corporais ao meio externo (Finch, 1976).
Ja a teoria neuroenddcrina-sistema imune, relacionada ao envelhecimento,
aborda a integragao e a interagcao destes dois sistemas. Tal relagédo acontece
por meio dos neuropeptideos e citocinas presentes no sistema imune, por
hormonios da hipofise anterior e posterior que controlam varias funcdes
imunoldgicas importantes e pela acdo das citocinas nas fungdes
neuroenddcrinas. Na maioria dos humanos senis, a imunossenescéncia esta
caracterizada pela reducéo da resisténcia a doengas infecto-contagiosas, pela
menor protecdo contra o cancer e pelo aumento de doencas auto-imunes
(Franceschi et al, 2000; Ginaldi e Sternberg, 2003). O declinio na habilidade de
responder as modificagdes homeostaticas esta relacionado com trés sistemas
hormonais, o0s quais tém seus niveis hormonais diminuidos com o
envelhecimento: estrogénio e testosterona (menopausa e andropausa,
respectivamente), desidroepiandrosterona (DHEA) e seu ester sulfatado
(DHEAS) (adrenopausa) e o eixo do horménio do crescimento (GH)/IGF-I
(somatopausa)(Lamberts et al, 1997).

A DHEA e a DHEAS sado hormbnios esterdides. Os hormdnios
esterdides sao derivados do colesterol e sao sintetizados principalmente nas
adrenais, nas gbnadas e na placenta. A sintese dos horménios esterdides
requer varias reagdes enzimaticas sequenciais (Figura 1) que convertem o

colesterol em glicocorticéides, mineralocorticéides ou hormbnios sexuais,



iniciando-se com a conversdo do colesterol em pregnenolona, reagao
catalisada pela enzima citocromo P450scc (side chain cleavage). A P450scc é
uma enzima existente na membrana mitocondrial interna e tem por finalidade a
remocgao da cadeia lateral de 6 carbonos do colesterol. A taxa de sintese dos
esteroides é controlada pelo transporte do colesterol do citoplasma para a
membrana mitocondrial, onde a esteroidogénese comega pela producédo de
pregnenolona, a partir do colesterol. O transporte de colesterol através da
membrana mitocondrial € feito pela proteina de regulacéo estereoidogénica
aguda (StAR — Steroidogenic acute regulatory protein). A sintese de cada
esterdide é dependente da expressao de enzimas e/ou da competicdo entre as
enzimas por determinado substrato. A enzima P450c17 presente nos testiculos
resulta na produgao de androgénios e a P450 aromatase nos ovarios resulta na
producdo de estrogénios. Nas adrenais estdo expressas a P450c11B e

P450c11AS resultando na produgao de glicocorticoides e mineralocorticoides.
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Figura 1: Biossintese dos horménios esterdides (adaptado de Reusch,

2005)

No homem, a DHEA ¢é o esteréide mais abundantemente produzido
pelas glandulas adrenais, e a concentragao plasmatica de DHEAS é 20 vezes
superior a de qualquer outro horménio esterdide circulante (Nakamura et al,
2004). A DHEAS circulante serve como reserva de DHEA, sendo esta
conversao feita por sulfotransferases encontradas em diversos tecidos
(Komesaroff, 2008). A formula molecular da DHEA é C49H2302, tendo peso
molecular de 288,43 (g/mol). A meia-vida da DHEA no sangue é de
aproximadamente 1-3 horas, enquanto a DHEAS tem uma meia-vida de 10 a

20 horas (Webb et al, 2006). Este esterdide pode ser convertido em muitos



metabdlitos, de acordo com o tecido-alvo e o tipo celular. Seus principais
metabdlitos, incluindo a DHEAS, sdao 7a-OH-DHEA, 7B-OH-DHEA, 7-oxo-
DHEA, androstenediona e androstenediol.

A zona reticular do cértex adrenal pode somente sintetizar e secretar
PREG (pregnenolona), PREGS (pregnenolona sulfatada), 17a-OH PREG (17a-
hidroxi pregnenolona), DHEA e DHEAS, por ndo possuir a atividade da 33-HSD
(3B-hidroxi esterdide desidrogenase), uma enzima presente nas outras zonas
adrenocorticais (Roberts,1999). O cortex adrenal sintetiza e secreta entre 75 a
90% da DHEA presente no organismo, com o percentual restante sendo
produzido pelos testiculos ou ovarios (Webb et al, 2006).

A DHEA também é classificada como neuroesteréide. O termo
“neuroesteroide” foi cunhado pela primeira vez por Baulieu em 1981, referindo-
se aos esterdides que sao sintetizados no sistema nervoso central (SNC) e
periférico, mesmo apos remogao das gbnadas e das glandulas adrenais de
ratos. Portanto, estes esterdides podem ser sintetizados de novo (a partir do
colesterol) nestas regides, pelo menos parcialmente independentemente da
secrecao periférica (Corpechét et al, 1981, Baulieu, 1996; 1997). Séo
neuroesterdides também a PREG e PREGS, a PROG (progesterona), seu
metabdlito alopregnenolona e a DHEAS. Os neuroesterdides exercem muitos
efeitos no encéfalo humano e de roedores. Em diferentes regides do encéfalo,
as concentracbes de DHEA variam de acordo com as circunstancias
comportamentais € ambientais, como estresse, reconhecimento sexual ou
agressividade (Baulieu et al., 2001). A DHEA tem varios efeitos no SNC, como
melhora da memoaria e aprendizagem, efeitos neurotréficos e neuroprotetores e

reducao do risco de ocorréncia dos disturbios neurodegenerativos relacionados



a idade (Wang et al.,, 2001). Tais efeitos podem ser mediados por sua
conversao a estrogénios e androgénios ou por agao direta em neurbnios e
células gliais (Schumacher et al., 2000). A modulacdo da atividade de
receptores de  neurotransmissores estd  envolvida nos  efeitos
psicofarmacologicos da DHEA e permite explicar seu efeito anticonvulsivo,
ansiolitico, antidepressivo e sedativo, bem como sua influéncia na meméoria
(Schumacher et al., 2000).

Os mecanismos através dos quais a DHEA e a DHEAS agem ainda
nao foram plenamente estabelecidos. A DHEA age genomicamente através do
receptor de androgénio e tem efeito sobre receptores da superficie celular (Mo
et al, 2006). Sabe-se que a DHEA e seus metabdlitos podem ativar receptores
de estrogénio (especialmente o receptor de estrogénio tipo a), o receptor a
ativado por proliferadores de peroxissomos, o receptor X pregnano, além da
existéncia de outros receptores associados a membrana (Webb et al, 2006).
Foram encontrados sitios de ligagao intracelulares especificos para a DHEA
em linfécitos T de humanos e de camundongos (Okabe et al, 1995; Meikle et al,
1992), no figado de ratos (Kalimi e Regelson, 1988) e na musculatura lisa
vascular humana (Wiliams et al, 2002). Entretanto, ainda nao foi
convincentemente identificado um receptor nuclear especifico para este
esteréide (Widstrom e Dillon, 2004). Um sitio de ligagao especifico para a
DHEA na membrana plasmatica de células endoteliais de aorta bovina foi
caracterizado por Liu e Dillon (2002). O tratamento de células endoteliais com
DHEA gerou aumento na produgdo de Oxido nitrico e na formacédo de
monofosfato ciclico de guanosina (GMPc), além de inibir a apoptose. Tais

efeitos foram exercidos por proteinas de membrana acopladas a proteina G



(Liu et al, 2007). A DHEA pode agir como modulador de receptores de
membrana de neurotransmissores, como GABAa (Xilouri e Papazafiri, 2006),
NMDA (Compagnone e Mellon, 1998) e receptores sigma 1 (Kurata et al,
2004).

Grandes quantidades de DHEA sao sintetizadas durante a vida fetal
como um precursor para o estrogénio placentario. A produgao é interrompida
apo6s o nascimento e reinicia na idade entre 5 e 7 anos (Nippoldt e Nair, 1998).
Os niveis de DHEA e DHEAS atingem seu pico entre a segunda e a terceira
décadas de vida, e entdo comegam a diminuir em torno de 2% ao ano
(Genazzani et al, 2007). Em humanos, as concentra¢cdes de DHEA plasmatica
sdo de aproximadamente 1 - 4 ng/mL (0,003 — 0,015 uymol/L), e a DHEAS
circulante tem concentragdes muito maiores (3 - 10 umol/L) (Webb et al, 2006).
A diminuicdo da DHEA associada ao envelhecimento pode levar a doencas
auto-imunes, disfuncdo sexual, osteoporose, alteragdo do metabolismo de
lipidios, diabetes tipo 2 e doencgas cardiovasculares (Bacsi et al, 2007). O
desenvolvimento e a incidéncia de doencas cardiovasculares e
cerebrovasculares estao relacionadas ao envelhecimento (Wu et al, 2007). Tais
observagbes sugerem que o restabelecimento de DHEA aos niveis
encontrados em adultos jovens pode ter efeitos benéficos nos disturbios
relacionados a idade.

Muitos estudos em animais sugerem que a DHEA tem efeito
cardioprotetor, antiobesidade, diabetogénico, estimulador da resposta imune,
além de propriedades carcinogénicas (Muhlen et al, 2007). A aplicabilidade
destes resultados na fisiologia humana € questionavel, uma vez que somente

humanos e alguns primatas produzem DHEA em quantidades mensuraveis



(Muhlen et al, 2007). Em roedores, os niveis de DHEAS circulante sdo muito
baixos — cerca de trés ordens de magnitude menores do que nos humanos - o
que torna impossivel detectar alguma diminuicdo significativa relacionada a
idade (Legrain e Girard, 2003). Entretanto, ha um interesse significativo neste
esterdide baseado em inumeras observagdes clinicas, incluindo: um
pronunciado declinio na sua producao desde a adultez até os 70 anos, numero
crescente de literatura cientifica mostrando mudancgas nos niveis de DHEA
associadas a muitas doencas, e observacdes de que a terapia de reposicao
com DHEA pode suavizar os declinios associados a idade em relacio a varias
fungdes (Mo et al, 2006). Dados obtidos em ensaios humanos (Nakamura et al,
2004; Mihlen et al, 2007; Yamada et al, 2007), modelos animais (Campbell et
al, 2004; Wu et al, 2007) e estudos in vitro (Mo et al, 2006; Gallo et al, 1999)
sugerem o uso potencial de DHEA como intervengao terapéutica. Uma vez que
a secrecao de DHEA exibe um padrdo associado a idade, que esta
caracterizado por seu declinio com o avango do envelhecimento, este esterdide
tem gerado um grande interesse como um horménio “anti-envelhecimento”
(Arlt, 2004).

Estudos epidemiolégicos mostraram que a incidéncia de aterosclerose
e a mortalidade por doencas cardiovasculares estao inversamente associadas
com as concentragdes de DHEA e DHEAS, principalmente em homens
(Barrett-Connor et al, 1995; Alexandersen et al, 1996; Legrain e Girard, 2003).
A administracdo de DHEA (150 mg/dia) por 40 dias diminuiu os niveis de
colesterol total, insulina e glicose em homens que apresentavam baixos niveis
de DHEA, evidenciando seu efeito benéfico ao reduzir os fatores de risco para

doengas coronarianas (Rabijewski e Zgliczynski, 2005). A incidéncia e



prevaléncia de doencgas aterotrombdticas, como acidente vascular cerebral e
doencga coronariana, aumentam com o envelhecimento (Minamino e Komuro,
2007). Importantes estudos indicam a associagdo entre envelhecimento e
modificagdes bioquimicas na parede arterial e em lipoproteinas (Picard et al,
1979;Nakamura et al, 1999). Além disso, o status hormonal, incluindo a DHEA
(Orentreich et al, 1984; Migeon et al, 1957), também pode estar relacionado
com o envelhecimento e a incidéncia aumentada de doencga coronariana. A
DHEA é um precursor dos esterdides sexuais e parte dos seus efeitos depende
da sua conversdo a estrogénios e androgénios. Os horménios esterdides
sexuais femininos exercem multiplos efeitos no sistema vascular, reduzindo o
desenvolvimento de aterosclerose, bloqueando a resposta ao dano na parede
dos vasos e induzindo vasodilatagao rapida (Arnlov et al, 2006, Khaw, 1996).
Nakamura e outros (2004) relataram a produgao de aldosterona em
outros tecidos que ndo a glandula adrenal, inclusive no coragdo de humanos
com insuficiéncia cardiaca. Demonstraram também que o coracdo humano
sadio produz DHEA, sugerindo que este hormonio pode ter um papel fisiolégico
importante na prevencdo de doencas cardiovasculares. Além de aldosterona,
tém sido descrito que a CYP17, uma enzima chave para sintese de DHEA e de
cortisol, também é produzida em outros tecidos como a pele, estbmago, figado
e encéfalo. A CYP17 tem duas atividades enzimaticas, a citocromo P450 17a-
hidroxilase e a 17,20- liase. A reacdao da 17a-hidroxilase produz cortisol e a
reacao subsequente da 17,20- liase produz DHEA. Neste estudo, a expressao
génica da CYP17 e a produgédo de DHEA foram mostradas no coragao humano
controle, além da producgao diminuida de DHEA no coracgao insuficiente — o que

poderia estar contribuindo para uma piora do quadro de insuficiéncia . Estes
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autores sugerem que a DHEA e/ou seus metabdlitos exercem acéao
cardioprotetora por efeitos anti-hipertréficos — evidenciados pela inibicdo do
aumento do tamanho dos midcitos e da expressdao génica do peptideo
natriurético tipo B (BNP) (também conhecido como peptideo natriurético
cerebral), um marcador sensivel de hipertrofia e insuficiéncia cardiacas. A
quantidade de DHEA sintetizada pelo coracao parece ser muito pequena para
ter funcdo enddcrina, e deve funcionar de uma maneira autdcrina ou paracrina
no coragao sadio (Nakamura et al, 2004).

Muitas hipoteses tém sido propostas para o envelhecimento cardiaco,
incluindo alteracdo na permeabilidade e estrutura da membrana, duracao
prolongada do potencial de agdo e acumulo de radicais livres (Wu et al, 2007).
Os radicais livres sao definidos como qualquer espécie quimica capaz de
existéncia independente que contenha um ou mais elétrons desemparelhados,
e por isso podem ser extremamente reativos e capazes de atacar inumeras
biomoléculas (Halliwell e Gutteridge, 1999). No processo de respiragao celular,
0 oxigénio recebe quatro elétrons de uma unica vez por agado da enzima
citocromo oxidase, resultando na redugao do oxigénio até agua. Porém, devido
a sua configuragado eletrénica, o oxigénio recebe um elétron de cada vez —
reducdo monoeletrénica — formando compostos intermediarios, os quais sao
bastante reativos (Reacdo 1.1). Tais compostos sdo chamados de espécies
ativas de oxigénio (EAQ), e alguns deles sao radicais livres. A formagao destas
moléculas ocorre em aproximadamente 5% de todo o processo de redugao do
oxigénio até agua (Yu, 1994). Destes compostos intermediarios, pode-se
destacar o anion radical superéxido (O,*), o peréxido de hidrogénio (H202) e o

radical hidroxil (OH®). Os radicais livres apresentam ao menos um elétron
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desemparelhado, normalmente no orbital mais externo. As espécies ativas de
oxigénio (EAO) estado envolvidas em varios processos degenerativos pela sua
propriedade de produzirem ou serem radicais livres (Meneghini, 1987; Yu,

1994).

e +H" e +H"

0,——0;y —2" yH 0o, S0H—" 3H.0

Reacédo 1.1: Formacgéao das EAO, a partir da redugao monoeletrénica do O,

O estado excitado do oxigénio € denominado de oxigénio “singlet”,
que também pode causar danos a célula (Halliwell, 2000), pois sdo as formas
de oxigénio mais reativas (A e ). Os oxigénios “singlet” (especialmente a
forma )) sdo muito mais reativos que o oxigénio molecular no estado
fundamental porque nao possuem restricdo de spin. O peroxido de hidrogénio
nao € um radical livre porque apresenta todos os elétrons emparelhados, mas &
capaz de atravessar facilmente as membranas bioldgicas, tendo a capacidade
de formar espécies radicais (Halliwell e Gutteridge, 1999). O anion radical
superoxido (02*) é o primeiro intermediario da redugdo monovalente do
oxigénio a agua e, a partir dele, sdao formadas as demais EAO. A enzima
superoxido dismutase realiza a dismutagdo do radical superdxido formando
peréxido de hidrogénio. O radical superoxido € mais estavel e tem meia-vida
mais longa que o radical hidroxil (Halliwell e Gutteridge, 1999). O perdxido de
hidrogénio € o segundo intermediario da redugdo monovalente do oxigénio a
agua, podendo também ser produzido indiretamente, pela reducédo univalente
do oxigénio, seguida da dismutacdo do anion radical superdxido e/ou

diretamente, pela redugao bivalente do oxigénio molecular.
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Embora ndo seja um radical livre, o peréxido de hidrogénio pode gerar
o radical hidroxil (OH®), que também pode ser prejudicial para a célula (Del
Maestro, 1980). Mesmo tendo uma meia-vida extremamente curta, o radical
hidroxil € um dos mais potentes oxidantes nos sistemas biolégicos, podendo
reagir com praticamente todas as biomoléculas, e é formado quando o peréxido
de hidrogénio reage com os ions ferro ou cobre, pela reagdo descrita por
Fenton em 1894 (Reacdo 1.2). O radical hidroxil também pode ser formado
pela reacdo de Haber-Weiss, quando o perdxido de hidrogénio reage com o
anion superédxido, com catalise de ions divalentes de metais de transicéo

(Reagao 1.3).

H,0, +Fe” /Cu" ——>Fe™/Cu™ +OH" +OH"

Reacao 1.2: Reacao de Fenton

Fe*/Cu*?
H,0,+0, ——— > OH"+0H"

Reacdo 1.3: Reacdo de Haber-Weiss (ou reacdo de Fenton superoxido

assistida)

Ja esta bem evidenciado que as EAO provocam ou influenciam
inumeros processos degenerativos como a catarata, o enfisema, a artrite, a
doenca de Parkinson, a lesdo isquémica, o cancer, a aterosclerose, a artrite, a

retinopatia, a psoriase, a asma, a anemia, a trombose e o envelhecimento
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(Meneghini, 1987; Halliwell e Gutteridge, 1999). Em todas essas doencas o
dano inicial provoca alteragbes intracelulares, como recrutamento de
macrofagos, dano mitocondrial, interferéncia nas defesas antioxidantes,
aumento do calcio intracelular e conversao de xantina desidrogenase a xantina
oxidase. As EAO também podem destruir proteinas, pela oxidagdo de
grupamentos sulfidril, além de poderem oxidar bases puricas e pirimidicas,
gerando alteragdes no DNA (Vaca et al, 1988; Fraga et al, 1994).

As EAO atacam os lipidios de membrana, num processo chamado de
lipoperoxidagdo ou peroxidagao lipidica (LPO). A LPO é um processo
fisioloégico que gera a renovagao das membranas celulares (Halliwell, 2000). As
reacdes de lipoperoxidagdo acontecem numa ordem sequencial, com destaque
para as seguintes etapas: iniciagdo, propagagao e terminacao. Na iniciagao,
geralmente o radical hidroxil ou o oxigénio “singlet’, atrai um atomo de
hidrogénio do lipidio formando um radical centrado no carbono, que se combina
com o oxigénio e produz o radical peroxil. A fase de propagagao comega com o
radical peroxil quando este, por sua vez, remove um atomo de hidrogénio de
um lipidio adjacente, formando um lipoperdxido e um outro radical centrado no
carbono (podendo reagir com o0 oxigénio e propagar a reacgao). A fase de
terminagcdo acontece quando dois radicais reagem entre si formando um
tetroxido instavel, que é decomposto em carbonilas excitadas e oxigénio
singlet. O lipoperéxido sofre rearranjo molecular, gerando malondialdeido e
outros aldeidos toxicos — como o 4-hydroxy-2-nonenal (HNE) - que podem ser
quantificados por ensaios bioquimicos (Thomas, 1997; Halliwell e Gutteridge,

1999).
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O dano devido ao aumento na producédo das EAO pode ser detectado
pelo HNE, um marcador de lipoperoxidacdo. O HNE €& um indicador da
oxidacdo de lipidios e proteinas, reagindo com os aminoacidos cisteina,
histidina e lisina formando adutos de Michael (Uchida, 2003). O HNE reage nao
somente com as proteinas de membrana, mas também com peptideos
intracelulares, como a glutationa (GSH) (Nakashima et al, 2003).

O sistema de defesa celular contra a toxicidade pelos radicais livres
pode se desenvolver por diferentes mecanismos, incluindo enzimas que
removem as EAO, “scavengers” de radicais livres, vitaminas antioxidantes
(carotendides, vitaminas C e E), compartimentalizagao celular (garantindo a
separacgao de sitios de produgcdo de EAO do resto da célula) e reparo tecidual
(removendo bases oxidadas do DNA ou acidos oxidados das membranas)
(Marks et al, 1996).

As células também desenvolveram mecanismos de protecdo para
combater a toxicidade do oxigénio, os antioxidantes. Os antioxidantes sao
substancias capazes de neutralizar as a¢des dos radicais livres, prevenindo os
danos oxidativos. A margem de seguranga dessa protegao fornecida pelos
antioxidantes no organismo é bastante limitada, e as defesas podem ser
superadas se a produgao oxidante aumentar (Rhoades e Pflanzer, 1992). Os
antioxidantes — quando presentes — estdo em baixa concentracdo comparada a
do substrato oxidavel, e retardam ou previnem a oxidacdo deste substrato
(lipidio, proteina, DNA ou outra molécula passivel de oxidagao). Localizados
estrategicamente compartimentalizados nas organelas celulares, os
antioxidantes minimizam os disturbios no meio interno e preservam a atividade

celular (Yu, 1994). Alguns dos mecanismos de agao dos antioxidantes sao a
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remogao do oxigénio presente no meio, a varredura das EAO e/ou de seus
precursores, a inibicdo da formagao das EAO, a quelagdo de metais que
catalisam sua formacéao, a indugcdo de aumento da produgado de antioxidantes
enddgenos, entre outros (Halliwell, 1997).

Antioxidantes enzimaticos e ndo-enzimaticos atuam conjuntamente na
protecdo celular. A primeira linha de defesa é constituida pelos antioxidantes
enzimaticos, evitando o acumulo do anion radical superdxido e do peroxido de
hidrogénio. A segunda linha de defesa objetiva impedir a propagacgao da LPO,
e a terceira é constituida por enzimas de reparo a danos ja instalados (Yu,
1994). Quando a substancia neutraliza as EAO nas fases de iniciacédo ou
propagacao da LPO, gerando um composto menos reativo, ela € chamada de
“scavenger”. Porém, se a substancia absorve a energia de excitacdo dos
radicais, de forma a neutraliza-los, ela € denominada “quencher” (Sies e
Murphy, 1991; Halliwell, 1997).

A regulagdo das enzimas antioxidantes, fundamental para a
manutencdo da homeostase celular, depende de inumeros fatores como
especificidade do érgéao, idade, estagio de desenvolvimento, perfil hormonal e
disponibilidade de cofatores (Harris, 1992). A superdxido dismutase (SOD), a
catalase (CAT) e a glutationa peroxidase (GPx) séo enzimas que constituem o
importante sistema enzimatico responsavel pela detoxificacdo das EAO.

A SOD esta presente em quase todos os organismos vivos, e é um
sistema de defesa essencial para a sobrevivéncia em condigdes aerdbias
(Bellé-Klein, 1993; Favier, 1995). As superoéxidos dismutases sao um grupo de
metaloenzimas que catalisam eficientemente a dismutacdo de dois ions

superoéxido para formar oxigénio e peroxido de hidrogénio (Reagao 1.4), que é
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menos reativo e que ainda pode ser degradado por outras enzimas (Fridovich,
1975; Halliwell e Gutteridge, 1999). Ha trés tipos de SOD: SOD cobre e zinco,
presente no citoplasma, no meio extracelular e na membrana extracelular das
células de eucariontes, SOD manganés, presente na matriz mitocondrial e SOD

ferro, presente em bactérias (Yu, 1994).

Reacdo 1.4: Dismutacdo do radical superdxido pela enzima superoxido

dismutase

A catalase (CAT) é uma enzima que tem acgido bastante
especifica, uma vez que atua apenas em reagdes com peréxido de hidrogénio,
metila e etila (Reacdo 1.5) (Chance et al, 1979). A catalase esta presente em
todos os o6rgdos, entretanto, seus niveis de atividade podem variar nos
diferentes tecidos e dentro de uma mesma célula (Yu, 1994). Presente
principalmente em peroxissomos, a catalase se encontra em diferentes
concentragdes nos diversos 6rgaos expostos ao dano oxidativo, uma vez que
orgdos como cérebro, pulmdo e coragdo tém poucos peroxissomos. Um
mecanismo de defesa alternativo para estes 6rgdos pode ser a difusdo de
peréxido de hidrogénio para o sangue, onde este reage com a catalase

eritrocitaria (Halliwell e Gutteridge, 1999).

2H,0, —& - 0, +2H,0

Reacao 1.5: Decomposig¢ao do peroxido de hidrogénio pela enzima catalase
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A glutationa peroxidase (GPx) esta presente no citosol e na matriz
mitocondrial. Esta enzima catalisa a redugdo do peréxido de hidrogénio e de
hidroperdxidos organicos por meio da oxidagao da glutationa reduzida (GSH)
(Reagao 1.6). No processo de oxirredugdo, os grupamentos sulfidrilas doam
dois hidrogénios para os peroxidos, transformando-os em alcool e agua,
formando glutationa dissulfeto (GSSG) (Halliwell e Gutteridge, 1999; Yu, 1994).
As glutationas peroxidases sao constituidas de quatro subunidades de
proteina, cada uma contendo um atomo de selénio no seu sitio ativo. Ha dois
tipos de glutationa peroxidase: a dependente de selénio e a independente de
selénio, encontrada em diferentes concentragbes no citosol e na matriz
mitocondrial (Halliwell e Gutteridge, 1999; Yu, 1994). Pequenas quantidades de
selénio sdo fundamentais na dieta dos animais: o consumo de selénio fornece
o cofator para a familia das enzimas glutationa peroxidases (Halliwell e
Gutteridge, 1999). Ha ainda a glutationa peroxidase plasmatica (Punchard e

Kelly, 1996).

R—-OOH +ZGSHi>R—C]-|+GSSG+HZO

Reacao 1.6: Redugao de hidroperéxidos pela enzima glutationa peroxidase

A glutationa (GSH) é a fonte primaria doadora de elétrons para os
radicais livres - utilizada por todos os tipos de glutationas peroxidases -
evitando assim que danifiqguem outras moléculas. A GSH ¢é o principal e mais
abundante tiol envolvido na defesa antioxidante celular e é produzida em todos

os 6rgaos. Presente principalmente na sua forma reduzida (GSH), a glutationa
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age na detoxificacdo de xenobidticos e de compostos deletérios naturais, como
peréxido de hidrogénio, outros peroxidos e radicais livres. A deple¢ao de GSH
esta associada a muitas doengas como cancer, doengas neurodegenerativas e
cardiovasculares em humanos (Pastore et al, 2003).

A razdo entre a glutationa reduzida e a glutationa oxidada
(GSH/GSSG) em células normais € alta, tendo mais glutationa reduzida do que
glutationa oxidada no estado de equilibrio da célula. Além disso, ha um
mecanismo de regeneragao da glutationa reduzida. A glutationa oxidada pode
ser ressintetizada pela interagdo com nicotinamida adenina dinucleotideo
fosfato reduzida (NADPH) - fonte de elétrons redutores - através da enzima
glutationa redutase.

O NADPH essencial para a reagao de ressintese da glutationa pode
ser fornecido por varios sistemas enzimaticos, e entre os mais conhecidos esta
a via pentose fosfato. A primeira enzima desta via é a glicose-6-fosfato
desidrogenase (G6PDH) e a velocidade na qual esta rota funciona é controlada
pelo fornecimento de NADP* para a G6PDH (Halliwell e Gutteridge, 1999). A
DHEA é um potente inibidor nao-competitivo da enzima G6PDH, a qual
converte glicose-6-fosfato em 6-fosfogliconato em um processo dependente de
NADP* - produzindo NADPH (Leopold e Loscalzo, 2000). Estudos
experimentais in vivo e in vitro indicam que a DHEA inibe a atividade da
G6PDH através da ligacdo ao complexo ternario substrato-coenzima-enzima e
pode, como resultado, promover o estresse oxidativo (Leopold e Loscalzo,
2000). Outros estudos com DHEA indicam a importancia da inibicdo da G6PDH

na reducdo da inflamacéo, da hiperplasia e da carcinogénese, fornecendo
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evidéncias de que a inibigdo desta enzima pode retardar o desenvolvimento de
doencgas relacionadas ao envelhecimento (Schwartz and Pashko, 2004).

Outro grupo de enzimas que tem papel fisiolégico essencial na
detoxificacdo sdo as chamadas glutationa — S — transferases (GST). Elas agem
na detoxificacdo de potentes agentes alquilantes, incluindo compostos
farmacologicamente ativos como herbicidas, pesticidas e xenobidticos. As
GSTs catalisam a reacao destes compostos com o grupamento SH da
glutationa, neutralizando os sitios eletrofilicos transformando-os em compostos
hidrossoluveis e de mais facil metabolizagdo (Habig et al, 1974). Além de suas
funcbes cataliticas, diversas GSTs podem atuar como proteinas carreadoras
intracelulares do heme, da bilirrubina, de pigmentos biliares e esterdides, os
quais podem se ligar de modo n&o-enzimatico a proteinas (Halliwell e
Gutteridge, 1999).

A capacidade intracelular de homeostase redox é substancialmente
baseada na glutationa e na tiorredoxina (Valko et al, 2007). Entre outros
antioxidantes, a tiorredoxina (Trx), uma proteina redox-sensivel, esta presente
no coracdo de mamiferos. A tiorredoxina ndo esta envolvida somente nas
fungdes citoprotetoras, mas também na regulagéo da proliferagdo celular e no
processo de envelhecimento. O sistema da tiorredoxina consiste em duas
enzimas antioxidantes oxirredutases: a tiorredoxina (Trx-1) e a tiorredoxina
redutase. Este sistema age como um scavenger de peréxido de hidrogénio. A
funcado protetora mais importante da Trx-1 €& na hipertrofia cardiaca. Estudos
sugerem que a Trx-1 inibe a hipertrofia cardiaca em modelos animais € o
aumento da Trx-1 pode ser um mecanismo de defesa para reduzir a hipertrofia

induzida pelo estresse oxidativo (Altschmied e Haendler, 2009).
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Os eritrécitos sdo particularmente vulneraveis ao estresse oxidativo.
Os eritrécitos sdo expostos frequentemente ao estresse oxidativo devido a
geracao continua de EAO pela auto-oxidacdo da hemoglobina. Além disso,
niveis elevados de acidos graxos insaturados estdo presentes nos eritrocitos e
constituem substratos para as reagdes de peroxidacao (Katherine et al, 1997).
Os eritrécitos constituem um importante e valioso modelo sistémico para
estudar os efeitos do envelhecimento celular, ja que representam um marcador
periférico (Oztiirk e Giimisli, 2004).

Em condigdes fisioldgicas, o balango entre agentes pro-oxidantes e as
defesas antioxidantes se mantém equilibrado (Gillham et al, 1997). Se este
balango é rompido em favor dos agentes oxidantes, diz-se que a célula ou o
organismo esta sob “estresse oxidativo”, com potenciais danos (Sies, 1999). O
estresse oxidativo pode se instalar por aumento na producao de radicais livres
e/ou por redugcdo na capacidade antioxidante (Bell6-Klein, 1993; Travacio e
Llesuy, 1996). As possibilidades de resposta dos organismos ao estresse
oxidativo sao a adaptacao, por aumento na atividade antioxidante, ocasionando
hiperprotecdo a célula contra futuros danos; o dano tecidual, por agresséao a
lipidios, carboidratos ou proteinas; e a morte celular, por necrose ou apoptose
(Pincemail, 1995; Halliwell e Gutteridge, 1999).

As EAO estdo envolvidas no processo de dano celular, inibindo as
funcdes normais de lipidios, proteinas e DNA e também podem ter importante
papel fisiolégico na regulagdo e na sinalizagao intracelular (Valko et al, 2007),
por transmissao de sinais “downstream” via alteragdes induzidas no estado
redox (Ding et al, 2008). Um dos mecanismos das altera¢des na fosforilagao de

determinadas proteinas é a variagao da concentragao das EAQO, por meio da
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alteragdo do estado redox intracelular e/ou pela modificagdo oxidativa de
proteinas (Paravicini e Touyz, 2006). O peroxido de hidrogénio pode
diretamente alterar a conformagcdo de proteinas e promover maior
susceptibilidade a fosforilagdo (Cai et al, 2003). As células sao capazes de
gerar EAO intracelularmente, induzindo e mantendo vias de transducado de
sinais (Droge, 2002). O anion superoéxido, o perdxido de hidrogénio e o radical
hidroxil, extremamente reativo, podem ser toxicos em altos niveis, mas também
podem regular genes controladores do crescimento e da diferenciagao celular
(Yoshioka et al, 2006).

As EAO sao capazes de promover a translocacdo da Trx para o
nucleo, onde pode modular a transcricdo de proteinas redox-sensiveis
(Altschmied e Haendler, 2009). Outro papel de destaque na transcricdo de
proteinas redox-sensiveis €& representado pelo fator nuclear eritréide 2
relacionado ao fator 2 (Nrf2) (Trachootham et al, 2008). Ding e colaboradores
(2008) sugerem que o peroxido de hidrogénio exerce duas fungdes: como
molécula mensageira de sinal para a diferenciagdo muscular e como mediador
na sintese de glutationa via ativagao do Nrf2. De fato, com o uso de modelos
deficientes de Nrf2 (em células e camundongos), Kensler e colegas
demonstraram que o Nrf2 protege contra a morte celular induzida por varios
oxidantes — entre eles o peroxido de hidrogénio — principalmente diminuindo as
concentragdes celulares de EAO (Kensler et al, 2007).

Evidéncias sugerem que o Nrf2 exerce papel fundamental na
regulacdo da homeostase celular da GSH (Harvey et al, 2009). O Nrf2, que se
liga ao elemento responsivo a antioxidantes (ARE), tem sido sugerido como um

fator de transcrigdo fundamental na regido promotora de varios genes,
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codificando para enzimas antioxidativas e de fase 2 — envolvidas na
detoxificacdo de xenobiodticos eletrofilicos - em varios tipos de células e tecidos
(Zhu et al, 2005). O aumento de antioxidantes enddégenos e de enzimas de fase
2 — em células e/ou tecidos cardiacos constitui uma estratégia protetora
contra o dano cardiaco oxidativo (Zhu et al, 2005). Na literatura cientifica esta
bem evidenciado que alteragbes no estado redox intracelular da glutationa
podem afetar muitas vias de sinalizacdo que participam de respostas
fisiologicas, desde a proliferagao celular até a expressao génica regulada pelo
estado redox. Ha evidéncias que mudangas no equilibrio redox celular em
direcdo ao dano oxidativo leva a oxidagao e propicia a translocacdo do Nrf2
para o nucleo (Kweon et al, 2006).

Tanaka e colegas (2005) demonstraram que niveis moderados de
peréxido de hidrogénio ativam as vias da Akt (ou proteina cinase B - PKB) e da
eNOS (6xido nitrico sintase endotelial), possivelmente devido a mudancgas
conformacionais em proteinas de membrana causadas pelo estresse oxidativo
intracelular. Araujo e colegas sugerem que o peroxido de hidrogénio pode
diretamente alterar a conformacao da Akt promovendo maior susceptibilidade
para a fosforilacdo ou, ainda secundariamente, promovendo o desequilibrio do
estado redox (Araujo et al, 2008). A concentragao relativamente baixa de EAO
— como exemplos o peroxido de hidrogénio e o superdxido — pode induzir a
proliferagcdo celular pela via da ERK (quinase regulada por sinal extracelular) ou
da Akt por meio da estimulacido de receptores dos fatores de crescimento
(Yoon et al, 2002).

A Akt é uma serinal/treonina cinase, pertencente a superfamilia de

proteinas cinases AGC (proteina cinase A dependente de AMPc/Proteina
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cinase G/Proteina cinase C), a qual estimula vias de crescimento e inibe a
apoptose (Scheid e Woodgett, 2003). Em mamiferos foram encontradas trés
isoformas de Akt: PKB a/Akt1 (expressa na maioria dos tecidos), PKB B/Akt2
(expressa prioritariamente nos tecidos-alvo da insulina) e PKB y/Akt3 (é a
forma menos expressa, mas sua expressao € grande no encéfalo) (Sale e Sale,
2008). A Akt é uma proteina citosdlica envolvida na regulagdo do metabolismo,
do crescimento, da proliferacdo e da sobrevivéncia celular. O envolvimento da
Akt na sobrevivéncia celular € um processo complexo, o qual exige uma
extensa cascata de eventos intracelulares (Mullonkal e Toledo-Pereyra, 2007).
A Akt age como uma cinase de sobrevivéncia fosforilando varias moléculas
reguladoras da apoptose (Mullonkal e Toledo-Pereyra, 2007). Quando a Akt &
ativada, dissocia-se da membrana plasmatica e fosforila diversos substratos no
citoplasma e no nucleo (Sale e Sale, 2008). Esta via tem sido associada com a
regulacéo do crescimento cardiaco fisioldgico e da fungao cardiaca (DeBosch
et al, 2006).

A via da insulina/Akt € uma via muito importante no processo de
envelhecimento (Minamino e Komuro, 2007). Uma das principais fungdes da
Akt & promover a sobrevivéncia celular mediada por fatores de crescimento e
bloquear a apoptose (Song et al, 2005). A atividade da Akt tem sido vista como
um recurso de intervencdo molecular no tratamento de cardiomiopatias
resultantes de transformacdes debilitantes decorrentes do envelhecimento
(Sussmann, 2007). A transicdo da hipertrofia cardiaca para insuficiéncia
avancada em coracdes de humanos esta associada a um aumento expressivo

na fosforilagdo da Akt (Jacobshagen et al, 2008).
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Dessa forma, ao estudarmos o efeito da DHEA sobre o estresse
oxidativo e a expressdao da Akt - e outras proteinas redox-sensiveis - em
diferentes etapas do envelhecimento, procuramos delinear o papel que este
esterdide exerce, ndo somente como anti ou prooxidante, mas sua agao sobre
a modulagao dessas proteinas. A DHEA € comumente usada em varios paises
como suplemento nutricional e na reposicdo hormonal de homens e mulheres
(Legrain e Girard, 2003). Ha também o uso deste esterdide em doses
farmacoldgicas ou supra-fisiolégicas por atletas e desportistas com o objetivo
de produzir hipertrofia muscular (Labrie et al, 2006). Por isso, € necessario que
muitos estudos sejam realizados para se certificar a eficacia e seguranca desse

tratamento e da reposicado hormonal com DHEA no envelhecimento.

2. HIPOTESE

A administracdo exdégena de DHEA tem efeito sobre a expressao
protéica da Akt e o status oxidativo, sendo este efeito dose e tempo-
dependente sobre o tecido cardiaco de ratos machos adultos.

O tratamento com DHEA gera diferentes respostas em relagao aos
parametros de estresse oxidativo e as proteinas redox-sensiveis dependendo
da idade do animal.

O tratamento crénico com DHEA pode alterar marcadores periféricos

de estresse oxidativo em ratos velhos.
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3. OBJETIVOS

3.1. Objetivo Geral:

Determinar o papel da DHEA sobre o estresse oxidativo (cardiaco e
periférico), por meio de medidas de dano oxidativo e de defesas antioxidantes
enzimaticas e ndo-enzimaticas, correlacionando-o com vias de sinalizacdo, em

diferentes etapas do envelhecimento de ratos Wistar machos sadios.

3.2. Objetivos Especificos:

a) Avaliar o efeito agudo (6 e 24 horas) de diferentes doses (1, 10 e
50 mg/kg) de DHEA sobre marcadores de estresse oxidativo e sua relagéo
com a ativagado da Akt no miocardio de ratos adultos (1° artigo).

b) Avaliar o efeito da administracdo cronica (10 mg/kg) de DHEA
sobre alguns marcadores de estresse oxidativo e sua relagdo com a ativagao
da Akt no miocardio de ratos velhos (2° artigo).

c) Avaliar o efeito da administragao crénica de DHEA sobre alguns
marcadores de estresse oxidativo em eritrécitos de ratos de diferentes idades
(3° artigo).

d) Avaliar o efeito da administragdao crénica de DHEA sobre alguns
marcadores de estresse oxidativo no miocardio de ratos velhos e se tais
alteracbes podem estar associadas as variagdes do estado redox. Ainda,
correlacionar a concentragao de perdxido de hidrogénio com a modulagao da
expressao de proteinas redox-sensiveis como a tiorredoxina-1, o Nrf2 e a Akt

(4° artigo).
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4. MATERIAIS E METODOS

4.1 Animais

Foram utilizados ratos Wistar machos, com 3, 13, 18 e 24 meses de
idade provenientes do Biotério do Instituto de Ciéncias Basicas da Saude da

Universidade Federal do Rio Grande do Sul.

Os animais foram mantidos em temperatura controlada (22-24° C),
com ciclo claro/escuro de 12 horas, em caixas de plastico Plexiglas de 49 x 34
x 16cm, com assoalho contendo maravalha. Os animais foram separados em
grupos de no maximo quatro animais por caixa, com livre acesso a ragéo e
agua.

Os procedimentos experimentais a que os animais foram submetidos
obedeceram as normas estabelecidas pelo Colégio Brasileiro de

Experimentacdo Animal (COBEA - http://www.cobea.org.br) e o projeto

(nimero 2006535) foi aprovado pelo Comité de Etica em Pesquisa da

Universidade Federal do Rio Grande do Sul.

4.2 Biosseguranga

Durante a execugdo da metodologia proposta, os pesquisadores
envolvidos usaram luvas de procedimentos cirurgicos e aventais para sua
prépria protecdo. Quando necessario, foi utilizado também mascara e 6culos

de protecdo. Além destes cuidados, a preparagao das solugdes ocorreu dentro

27



de capela de exaustdo. O descarte dos residuos nao-tdxicos ocorreu no
sistema de esgoto comum. Os demais residuos foram encaminhados para o
Centro de Gestdo e Tratamento de Residuos Quimicos da UFRGS para
procedimento correto de sua eliminagdo. As carcagas dos animais foram
congeladas e entregues ao Biotério do Instituto de Ciéncias Basicas da Saude,

da UFRGS para procedimento de eliminacao.

4.3 Farmacos

Para os grupos experimentais que receberam tratamento agudo, a
DHEA (Calbiochem, San Diego, EUA) foi diluida em solugao de B-ciclodextrina
(Fluka, Sigma Aldrich) a 20% em agua destilada, constituindo-se trés diferentes
doses: 1 mg/kg, 10mg/kg e 50 mg/kg. Os grupos controle receberam solugéo
de B-ciclodextrina a 20%. As solu¢des foram preparadas no mesmo dia da
aplicagao das injegoes.

Para os grupos experimentais que receberam tratamento crénico, a
DHEA foi diluida em 6leo vegetal (Salada Especial, Binge) e administrada na
concentragédo de 10 mg/kg. Os grupos controle receberam apenas 6leo em um

volume de 0,5 mL/kg.

4.4 Procedimentos Experimentais

Este estudo foi subdividido em duas etapas com o0s seguintes

protocolos experimentais:
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1) Protocolo experimental para o tratamento agudo:

1.1) Agudo 6 horas: ratos machos com trés meses de idade
receberam uma injecado intraperitoneal (i.p.) de DHEA 1, 10 ou 50 mg/kg e
foram decapitados apds 6 horas.

1.2) Agudo 24 horas: ratos machos com trés meses de idade
receberam uma injecao intraperitoneal de DHEA 1, 10 ou 50 mg/kg e foram

decapitados apoés 24 horas.

2)Protocolo experimental para o tratamento crénico:

Tratamento de animais com diferentes idades: ratos com 3, 13, 18 e
24 meses de idade receberam uma inje¢cao subcutdnea de DHEA (10mg/kg)
por semana durante 5 semanas.

As concentragdes plasmaticas de DHEA foram medidas pelo nosso
grupo (dados nao publicados) nos dias 1, 4 e 7 apdés uma unica dose (10
mg/kg). Os niveis de DHEA foram mantidos até o sétimo dia, justificando o
tratamento semanal, o veiculo e a quantidade a ser injetada.

Apds o término de cada protocolo experimental, os animais foram
mortos por decapitacdo entre as 10-12 horas da manha. Os coragdes foram
rapidamente retirados e imediatamente congelados em gelo seco para
posteriormente serem homogeneizados e preparados para realizar as técnicas
de medidas de estresse oxidativo e a técnica de Western Blot.

O sangue troncular dos animais de 3, 13 e 18 meses foi coletado em
tubos contendo heparina (agente anticoagulante) apds a decapitagao. Apds a
coleta, o sangue foi centrifugado por 10 minutos a 3.000 rpm em centrifuga

refrigerada (Sorval RC 5B-rotor SM24, Du Pont Instruments, EUA), e o plasma
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foi retirado e congelado em freezer -80°C. Os eritrécitos foram lavados com
soro fisiolégico (NaCl 0,9%) e novamente centrifugados por trés vezes (1:1 v/v).
Uma parte foi ressuspensa em soro para medida imediata de lipoperoxidacgao,
e ao restante foi adicionado uma solucao de acido acético 1mM e sulfato de
magnésio 4mM e congelado em freezer -80°C para posteriores dosagens das

enzimas antioxidantes (Repetto et al, 1996).

4.4.1 Homogeneizagao

Os coragbes foram rapidamente retirados, seccionados
transversalmente e congelados em freezer a -80°C para as dosagens
posteriores. Cada seccao foi destinada para uma técnica, de modo que a
mesma regido do coragao fosse analisada em todos os animais. No 1° artigo,
utilizamos o ventriculo esquerdo para a técnica de western blot. Para as
dosagens posteriores de LPO e atividade das enzimas antioxidantes os tecidos
foram homogeneizados por 30 segundos em Ultra-Turrax na presencga de KCI
1,15% (5mL/g de tecido) e de fluoreto de fenil metil sulfonila (PMSF), na
concentragdo de 100 mM em isopropanol (10 pL/mL de KCI adicionado). O
PMSF € um inibidor de proteases e é utilizado para que néo ocorra degradagao
das enzimas das quais as atividades serao medidas. Em seguida, os
homogeneizados foram centrifugados por 10 minutos a 1.000 x g em centrifuga
refrigerada (Sorvall RC 5B-Rotor SM 24) e o sobrenadante retirado e
congelado em freezer a -80°C (LLESUY et al., 1985).

Para técnica de Western Blot, parte do tecido cardiaco foi

rapidamente retirado e homogeneizado por 30 segundos em Ultra-Turrax, na
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presenca do tampao de homogeneizacdo (Tris-HCI 100 mM, EDTA 5 mM,
PMSF 1 mM, Aprotinina (5 g/mL). Em seguida, os homogeneizados foram
centrifugados por 10 minutos a 3.000 x g em centrifuga refrigerada (Sorvall RC

5B-Rotor SM 24) e o sobrenadante retirado e congelado em freezer a -80°C.

4.4.2 Quantificagao de Proteinas

Para as medidas de estresse oxidativo, as proteinas foram
quantificadas pelo método descrito por Lowry e colaboradores, em 1951, que
utiliza como padrao uma solugdo de albumina bovina. Os resultados foram
expressos em mg de proteina/mL. Para a técnica de Western Blot, as
proteinas foram medidas pelo método de Bradford (1976) que utiliza como
padrdo uma solugédo de albumina bovina na concentracdo de 1 mg/mL. A
medida foi efetuada em espectrofotometro a 595 nm e os resultados expressos

em mg/mL.

4.4.3 Dosagem de Hemoglobina

Para a dosagem da hemoglobina, os eritrocitos foram lavados em soro
fisiologico e centrifugados 3 vezes (por 10 minutos a 3.000 rpm). Esta andlise
foi feita utilizando-se uma mistura de cianetos para se obter o reativo de
Drabkin. Este reativo reage com a hemoglobina formando cianometa-
hemoglobina, que foi lida em espectrofotdmetro a 546 nm. Os resultados séo

expressos em mg/mL de hemoglobina (Drabkin e Austin, 1935).
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4.4.4 Superoxido Dismutase (SOD)

A técnica utilizada neste trabalho para determinagcdo da atividade da
SOD esta baseada na inibicdo da reacao do radical superéxido com o pirogalol.
O superoxido é gerado pela auto-oxidagcao do pirogalol em meio basico. A SOD
presente na amostra em estudo compete pelo radical superéxido com o
sistema de detecgcdo. Como nao se pode determinar a concentracdo da enzima
nem sua atividade em termos de substrato consumido por unidade de tempo,
utiliza-se a quantificacdo em unidades relativas. A oxidagdo do pirogalol &
detectada espectrofotometricamente a 420 nm. A atividade da SOD é
determinada medindo-se a velocidade de formagao do pirogalol oxidado. No
meio de reagao, sao utilizados 973 uL de tampéao Tris 50 mmol/L (pH 8,2), 8 uL
de pirogalol 24 mmol/L, 4 uL de catalase 30 umol/L. O aumento na absorbancia
€ acompanhado na leitura espectrofotométrica a 420 nmol/L durante 2 minutos.
Esta curva obtida é utilizada como branco. Também foi realizada uma curva
padrao utilizando-se trés concentragdes distintas de SOD (0,25U, 0,5U e 1U),
por meio da qual obtém-se a equacao da reta para realizagao dos calculos. Os

resultados sédo expressos em U SOD/mg proteina, segundo Marklund, 1985.

4.4.5 Catalase (CAT)

A atividade da catalase é diretamente proporcional a taxa de

decomposicao do perdxido de hidrogénio e obedece a uma cinética de pseudo-
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primeira ordem. Sendo assim, sua atividade pode ser mensurada pela
avaliagao do consumo do H,O..

Este teste consiste em avaliar a diminuicdo da absorbéncia no
comprimento de onda de 240 nm, que é onde ocorre maior absor¢ao pelo
peréxido de hidrogénio. Para a realizacdo deste ensaio foi utilizada solugao
tampéao fosfato 50 mmo/L (pH=7,4) e perdxido de hidrogénio 0,3 mol/L.

Foram adicionados 955uL do tampéo fosfato e 10 uL de amostra do
tecido na cubeta de quartzo. Essa cubeta é colocada no espectrofotbmetro
concomitantemente a outra cubeta contendo somente tampéao fosfato, a qual é
descontada da primeira cubeta. Apos, foram adicionados 35 uL do H,0O; e feito
0 monitoramento da diminuigdo da absorbancia a 240 nm. Os resultados sao

expressos em picomoles por miligrama de proteina, segundo AEBI, 1984.

4.4.6 Glutationa S-transferase (GST)

As glutationas transferases sdo um grupo de enzimas que catalisam
reagcdes de conjugagdo de glutationa com varios xenobidticos, tendo um
importante papel na detoxificagdo de agentes alquilantes. Todas as
transferases sao ativas com o composto 1 cloro-2,4dinitro benzeno (CDNB),
sendo a conjugacao deste com GSH utilizada para quantificar sua atividade. A
formagdo do composto corado dinitro-fenil-glutationa (DNP-SG) é lida
espectrofotometricamente a 340 nm. Para realizacdo deste ensaio sao

utilizados 850uL de solugao tampéao fosfato de sodio 0,2 mol/L (pH = 6,5), 50

uL de GSH, 50 uL de homogeneizado de tecido cardiaco e 150 uL de CDNB
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(20mM). A atividade da GST é expressa em nmoles/min x mg de proteina

(Mannervik e Gluthemberg, 1981).

4.4.7 Glutationa peroxidase (GPx)

A enzima glutationa peroxidase (GPx) catalisa a reagdo de
hidroperdxidos com a glutationa reduzida (GSH) para formar glutationa oxidada
(GSSG) e o produto da redugao do hidroperédxido. Sua atividade pode ser
determinada medindo-se o consumo de NADPH na reacdo de reducao
acoplada a reacdo da GPx. A atividade da glutationa peroxidase foi lida em
espectrofotbmetro a 340 nm, em um meio de reagao que continha: solucéo
tampao fosfato 140 mmol/L, EDTA 1 mmol/L (pH 7,5), NADPH 0,24 mmol/L;
azida sodica 1 mmol/L, utilizada para inibir a atividade da catalase; GSH 5
mmol/L; glutationa redutase (GR) 0,25 U/mL e, por fim, hidroperéxido de tert-

butila 0,5 mmol/L (Flohé e Gunzler, 1984).

4.4.8 Glicose-6-fosfato desidrogenase (G6PDH)

A atividade da glicose-6-fosfato desidrogenase foi determinada pelo
método descrito por Leong e Clark (1984), no qual a mistura de reagéo (1 mL)
contém: 100 mmol/L Tris—HCI pH 7,5, 10 mmol/L MgCl,, 0,5 mmol/L NADP+, e
amostra. A reacao é iniciada pela adicdo de 1 mmol/L de glicose-6-fosfato e
lida em espectrofotdmetro a 340 nm. Uma unidade de G6PDH corresponde a 1
mmol de substrato transformado por minuto e a atividade especifica é

representada como unidades por mg de proteina.
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4.4.9 Tiorredoxina redutase (Trx redutase)

A atividade da tiorredoxina redutase foi determinada usando 5, 5'-
ditiobis (2- acido nitrobenzéico) (DTNB) e NADPH. O método esta baseado na
reducdo do DTNB, que é observada por um aumento de absorbéancia a 412 nm.
A quantidade de DTNB reduzida é calculada usando o coeficiente de absorg¢ao

de 13,6 x 10°> mol™ cm™ (Holmgren e Bjérnstedt, 1995).

4.4.10 Glutationa

Para determinar a glutationa total, o tecido foi desproteinizado com
acido perclorico 2 mol/L e centrifugado por 10 min a 1.000 x g. O sobrenadante
foi neutralizado com hidréxido de potassio 2 mol/L. O meio de reagao continha
tampao fosfato (pH 7,2) 100 mmol/L, acido nicotinamida dinucleotideo fosfato
(NADPH) 2 mmol/L, glutationa redutase 0,2 U/mL e 70 umol/L de 5, 5’ ditiobis
(2- acido nitrobenzoico). Para determinar a glutationa reduzida, o sobrenadante
foi neutralizado com hidréxido de potassio 2 mol/L, reagiu com 70 umol/L de
acido nitrobenzadico e foi lido espectrofotometricamente a 340nm (Akerboom e

Sies, 1981).

4.4.11 Peroxido de hidrogénio

O método para determinagcdo dos niveis de perdxido de hidrogénio

esta baseado na oxidacdo do vermelho de fenol por este peréxido mediada
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pela peroxidase de rabanete. Fatias de tecido cardiaco foram incubadas por 30
minutos em tampéao (fosfato de potassio 10 mmol/L, NaCl 140 mmol/L e
dextrose 5 mmol/L). O sobrenadante foi coletado e adicionado na solugéo
tampao de vermelho de fenol 0,28 mmol/L e peroxidase de rabanete 8,5 U/mL.
Apos o intervalo de 5 minutos, foi adicionado NaOH 1 mol/L e efetuada a leitura
a 610 nm. Os resultados foram expressos em nmoles de H,O, por mg de

proteina (Pick e Keisari, 1980).

4.4.12 Concentragao proteica por Western Blot

Apods quantificagdo de proteinas pelo método de Bradford (1976), foi
utilizado o sistema mini-protean (Bio-Rad) para a separacédo das proteinas
por eletroforese em gel SDS-PAGE a 10-14% (gel de poliacrilamida com
duodecil sulfato de sédio). O homogeneizado contendo 90ug de proteina da
amostra foi preparado com tampao de carga (Tris 65 mmol/L, SDS 10%,
glicerol 50%, azul de bromofenol 0,1%). Para a identificagdo do peso
molecular das proteinas de interesse, utilizou-se marcador de peso
molecular “full range” (Amersham Pharmacia). As amostras foram aquecidas
a 100°C durante 2 minutos em banho seco (modelo 330-3D, Nova Etica), e a
eletroforese foi efetuada a 120v por 3 horas na presenga de tampéao de
corrida, contendo glicina 192 mmol/L, Tris 25 mmol/L e SDS 0,1%, pH 8,3. A
separagao das proteinas foi monitorada pelo azul de bromofenol, presente
no tamp&o de amostra e pelo marcador de peso molecular. A seguir, o gel

de poliacrilamida foi retirado das placas de vidro e colocado no modulo de
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eletrotransferéncia em contato com a membrana de nitrocelulose (Hybond,
Amersham) e com tampao de transferéncia (Tris 25 mM, glicina 192 mmol/L
e metanol a 20%, pH 8,3). A transferéncia foi efetuada a 100v por 60

minutos.

Para o bloqueio das ligacbes a proteinas inespecificas, as membranas
foram incubadas com leite em p6 a 1% em TTBS (Tris 20 mmol/L, NaCl 140
mmol/L e Tween 20 a 0,05%) por 60 minutos. Apdés o bloqueio, as
membranas foram incubadas por, no minimo, 12 horas em agitagéao
constante a 4°C com os anticorpos primarios diluidos em TTBS, todos
contendo BSA 2,5 % e azida sédica a 1%. Os anticorpos primarios utilizados
foram anti-Akt fosforilada (Ser 473) policlonal (coelho), anti-Akt policlonal
(cabra), anti-Nrf2 (coelho), anti-tiorredoxina-1(coelho) (Santa Cruz
Biotechnology), anti-catalase (coelho), anti SOD Cu-Zn (coelho), anti-GST
(coelho) (Chemicon) e anti-HNE (coelho) (Calbiochem). A seguir, as
membranas foram lavadas com TTBS (trés periodos de 10 minutos cada) e
incubadas com o segundo anticorpo durante duas horas sob agitagao
constante em temperatura ambiente na diluicdo de 1:10.000 em TTBS. Os
anticorpos secundarios peroxidados utilizados foram anti-cabra (Santa Cruz
Biotechnology) e anti-coelho (Zymed Laboratories). Antes de proceder a
revelacdo por quimiluminescéncia as membranas foram lavadas com TBS

(Tris 20 mmol/L e NaCl 140 mmol/L).

A reagao de quimiluminescéncia ocorreu por meio de sistema de
deteccdo baseado em substratos Iluminescentes (luminol e acido p-

cumarico), com exposi¢ado das membranas ao filme radiografico Hyperfilm
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(Amersham) por aproximadamente 1 minuto, seguido das incubacdes nas
solugdes de revelagao: revelador, acido acético (10%) e fixador (1 minuto
cada incubacao). Todos os procedimentos de revelagao foram realizados em

uma camara escura.

A autorradiografia gerada foi analisada por meio de analisador e
quantificador de imagem (Image Master VDS, Pharmacia Biotech). A
densitometria obtida para as bandas de todos os anticorpos foi corrigida por
uma banda inespecifica obtida pela coloracdo da membrana com Vermelho de
Ponceau (Klein et al, 1995). Os resultados foram expressos em unidades

arbitrarias (valor percentual referente ao grupo controle ou referente ao total do

gel).

4.4.13 Analise Estatistica

Foi aplicada analise de variancia (ANOVA) de uma via para a analise
dos resultados referentes ao experimento agudo de 6 e 24 horas e ANOVA de
duas vias para a analise do tratamento crénico com DHEA em ratos com
diferentes idades, utilizando-se o tratamento e a idade como fatores
independentes. Foi utilizado o teste post hoc de comparagées multiplas de
Student-Newmann-Keuls, excetuando-se o 3° artigo (sangue) em que foi
utilizado o teste post hoc de comparagbes multiplas de Tukey. O nivel de
significancia considerado para se admitir diferengas entre os grupos foi de 5%
(P<0,05). O programa Sigma Stat 2.0 foi utilizado como ferramenta

computacional para a analise dos dados. As correlagdes entre duas variaveis
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foram calculadas utilizando o teste de Correlacdo de Pearson. O tamanho
amostral de cada grupo esta representado nas figuras referentes a cada
analise. O numero de animais variou entre 4 e 6 animais, com base em
experimentos anteriores de nosso laboratério (Ribeiro e Garcia-Segura, 2002;

Souza-Rabbo et al, 2003; Guedes et al, 2008).
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5. RESULTADOS

Os resultados obtidos neste estudo foram descritos sob a forma de
artigos para a submiss&o em revistas internacionais indexadas. A divisdo dos
resultados em quatro artigos e a ordem de apresentagédo segue a sequéncia da

realizagdo dos experimentos.

5.1 Artigo 1

Titulo: Dehydroepiandrosterone modulates antioxidant enzymes and Akt

signaling in healthy Wistar rat hearts

Status: Artigo publicado (Journal of Steroid Biochemistry & Molecular Biology
2008, 112: 138-44)

Objetivo: Avaliar os efeitos de diferentes concentragdes de DHEA em distintas
janelas temporais sobre o estresse oxidativo e sua relacdo com a ativagao da
Akt no miocardio de ratos adultos

Conclusao: DHEA produziu diferencas significativas entre as diferentes
janelas temporais sobre os parametros estudados, com uma resposta com

perfil prooxidante no miocardio dos ratos adultos.
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BLF. Mowalk, The role of intracellular signaling in insulin-mediated regulation of drug metabolizing enzyme
gene and protein expression, Pharmacol. Ther. 113 {1) (2007 ) 88-120). Akt signaling pathway is one of the
anti-profiferative mechanisms of DHEA (Y. Jiang, T. Miyazaki, A Honda, T. Hirayama, 5. Yoshida, N. Tamaka,
Y. Matsuzaki, Apoptosis and inhibition of the phosphatidylinositol 3-kinase/Akt signaling pathway in
the anti-proliferative actions of dehydroepiandrosterone, |, Gastroenterol. 40(5) (2005) 490-497 ). Heart
homogenates were prepared to guantify lipid peroxidation [ LPO), concentration of superoxide dismutase
(500), catalase [CAT], glutathione-5-transferase (GST), 4-hydroxy-2-nonenal (HME) and p-Akt/ Akt ratso,
and the activities of those antioxidant erzymes. When administrated to male Wistar rats in short-term (&
or 24 h) intraperitoneally, DHEA produced significant differences in some parameters of oxidative stress
in rat hearts among the distinct doses (1, 10, and 50mg/ kg ) used. The results here presented, regarding
B and 24h oxidative stress status, have shown that DHEA injections promated a proocidant answer in
healthy Wistar rat hearts.

Keywords:
DHEA
Oriclative stress
Akt

Heart
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1. Introduction

Dehydroepiandrosterone (DHEA) and its sulfate ester [ DHEAS)
are the major circulating steroid hormones produced abundantly
by the mammalian adrenal cortex, The plasmatic concentrations
of these stercids progressively decline with age, Many epidemi-
ological studies have shown an inverse correlation between
DHEA/DHEAS plasma concentration and mortality, with increased
risks of cardiovascular disease because of DHEA's reduction with

* (Comesponding authar at: Laboratério de Interagio Newro-Humoral, Departa-
mento de Fsiclegia, Institute de Ciéncias Bisicas da Sadde, Universidade Federal do
Ria Grande do Sul, 30050-1710 Porto Alegre, Rio Grande do Sul, Brazil
Tel.: +55 S133083500; fax: +55 5131083656,

E-mal address: mhv mjaceb@hotmail.com (M.HV M. Jacob).

Q95II7ENS - see front matter & 2008 Elsevier Lid. All rights resereed,
doi: 101016 j.jsbmb. 2008 .09 008

aging [4]. A protective role of DHEA against atherosclerotic dis-
ease in rabbits [5] and primates [6] has been described, This
steroid can act as a modulator of neurotransmitter receptors, such
as GABAA, NMDA, and sigma 1 receptors [7.8]. It is known that
DHEA is a precursor of sex steroids and that part of its effects
depends on its conversion to estrogens and androgens, Sex steroids
exert profound and controversial effects on cardiovascular func-
tion, Additionally, female sex steroid hormones exert multiple
effects on the vascular system, decreasing the development of
atherosclerosis, blocking vessel wall response to injury and induc-
ing rapid vasodilatation [9,10]. Some steroids have been considered
as antioxidants, induding DHEA [11], Exogenous DHEA can exert
a dual effect, anticxidant or prooxidant, depending on the dose
and on the tissue specificity [12,13]. DHEA effects on protec-
tion against cxidative stress could be through both genomic and
non-genomic pathways | 14]. However, the action mechanisms of
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DHEA over myocardial oxidative stress are not completely under-
stood,

Reactive oxygen species (ROS) are predominantly implicated
in causing cell damage, inhibiting lipids, proteins, and DNA nor-
mal functions, They also can play an important physiclogical role
in intracellular regulation and signaling, which involves cellu-
lar responses to noxia and the induction of mitogenic responses
[15]. Cells are able to generate ROS endogenously which induce
and maintain signal transduction pathways [16]. Tanaka et al. [17]
demonstrated that moderate levels of hydrogen peroxide (HaOq)
activated the Akt and eNDS pathways, possibly through cellular
oxidative stress causing conformational changes in membrane pro-
teins, Akt is a sering/threonine kinase, which stimulates growth
pathways and inhibits apoptotic cycle. The involvement of Akt
in cell survival is a complex process which requires an extensive
cascade of intracellular events [18)], Such pathway has also been
implicated in regulating physiological cardiac growth and increased
cardiac function [19]. Akt signaling pathway is one of the anti-
proliferative mechanisms of DHEA [3],

Millions of people in the United States and Europe continue
to use DHEA (mostly without medical care) as a product to cope
with various physiological deficiencies or as a promise of anti-aging
effects [20]. Another important issue to consider is that DHEA s also
used at pharmacological or supraphysiological doses by athletes
and fitness apprentices for muscle building purpaoses [21].

Since great controversial in this subject still remains and no
sufficient data are available in the literature to support its recom-
mendation, it is indispensable to better understand DHEA's role in
oxidative stress and redox regulation of cell survival pathways,

Thus, the aim of this study was to test the short-term (6and 24 h)
effect of different DHEA concentrations in some oxidative stress
markers in myocardium and its relationship to Akt activation,

2. Material and methods
2.1, Animals and treatments

Fourty-eight Wistar male rats obtained from the Central Ani-
mal House of the Universidade Federal do Rio Grande do Sul were
randomly assigned into 6h (n=24) or 24h (n=24) DHEA treat-
ment groups or control, Animals were housed in plastic cages (four
animals in each) and received water and pelleted food ad libitum,
They were maintained under standard laboratory conditions { con-
trolled temperature of 21 °C, 12-h light/ dark cycle], Special care was
taken to minimize the mumber of animals used and their suffering.
Adult animals (approximately 250-300 g) were injected intraperi-
toneally with 1, 10, or 50 mg/kg of DHEA (Sigma) or with vehicle
(30% B-cyclodextrin; Fluka), Six or 24 h after the injections, ani-
mals were killed by decapitation and their hearts were quickly
removed, Left ventricle tissue (approximately 100/mg) was frozen
on dry ice and stored at —80=C for Western blotting, Remaining
heart tissue was used to measure enzyme activities and it was
homogenized in an Ultra-Turrax homogenizer (Staufen, Germany)
with KCl 1.15% (5mg g tissue) and PMSF (phenyl methyl sulfonyl
fluoride) ( 10 mmol/L), Homogenate was centrifuged at 3000 = g for
10min, between 0 and 4°C (Sorval RC 5B-rotor SM24, Du Pont
Instruments, EUA), The supernatant was frozen and later used for
enzyme activity assays [22],

2.2 Lipid peroxidation

Chemiluminescence (CL)was utilized to evaluate lipid peroxida-
tion (LPO). CL was measured in a liquid scintillation counter in the
put-of-coincidence mode (LKE Rack Beta Liquid Scintillation Spec-

trometer 1213, LKB—Produkter AB, Sweden). Heart homogenates
were placed in low-potassium wvials at a protein concentration
of 0.5-1.0mg of protein/ml in a reaction medium consisting
of 120mmol'L KCI, 30mmol/L phosphate buffer (pH 7.4). Mea-
surements were started by the addition of 3 mmel/L tert-butyl
hydroperoxide and the data expressed as counts per second per
milligram of protein [23].

2.3, Anticwidant enzyme activities

Superoxide dismutase (S0D) activity, expressed as umits per
milligram of protein, is based on the inhibition of superoxide rad-
ical reaction with pyrogallol [24]. 50D activity is determined by
measuring the velocity of oxidized pyrogallol formation. The reac-
tion medium contained Tris buffer {50 mmol/L, pH 8.2, pyrogallol
(24 mmol/L), and catzlase (CAT, 30mmol/L). Absorbance changes
were observed at 420nm for 2 min.

CAT activity was determined by following the decrease in
240 nm absorption in a reaction medium containing 50 mmaol/L
phosphate buffer (pH 7.2), and 10mmel/L H;0p [25]. It was
expressed as picomole of Hy 07 reduced per minute per milligram
of protein,

Glutathione-5-transferase | GST) activity, expressed as picomole
per milligram of protein, was measured by the rate formation of
dinitrophenol-5-glutathione at 340 nm, The reaction medium con-
sisted of 19 mmol/L sodium phosphate buffer (pH £.5), 1 mmaol/L
G5H, and 1 mmol/L chloride dinitrobenzene [26],

24, Western blotting

Left ventricle samples were homogenized (Ultra-Turrax) with
lysis buffer (NP40), pH 7.4, proportionally to weight (20 mL g of tis-
sue)with leupeptin and aprotinin, After protein measurement [27 ],
sodium dodecyl sulfate (5D5) polyacrylamide gel electrophoresis
[8-12%) was carried out using a miniprotein system [(Bio-Rad,
Hercules, CA, USA) with broad range molecular weight standards
(RPN B00 rainbow full range Bio-Rad, CA). Protein (90 pug) was
loaded in each lane with loading buffer containing 0.375mol/L
Tris (pH £.8), 50% glycerol, 10% 505, 0.5mol/L dithiothreitol, and
0,002% bromophenol blue, Samples were heated at 90°C for 2min
before gel loading, After electrophoresis, proteins were transferred
to nitrocellulose membranes (Hybond, Amersham) by using
an electrophoretic transfer system. The membranes were then
incubated with 8% nonfat dry milk in TTBS for 60 min (20 mmaol/L
Tris-HCl, pH 7.5; 150mmol/L NaCl; 0.05% Tween-20, pH 7.4), The
membranes were incubated over might at 4°C with the primary
antibodies diluted in TTBS plus 2.5% bovine serum albumin (BSAL
Rabbit polyclonal antibodies for Cu-Zn 500 (15 kDa), CAT (65 kDal,
GET (26kDa; Chemicon), 4-hydroxy-2-nonenal (HME, 75kDa;
Calbiochem), and p-Akt (ser 473) (60kDa) and Akt (60kDa) (Santa
Cruz Biotechnology)] were used. After washing with TTES, the
membranes were incubated for 2h at room temperature with
secondary antibody (goat anti-rabbit horse peroxidase conjugate],
and washed with TBS (20mmeol/L Tris-HC; 150mmel/L NaCl, pH
7.5), After chemiluminescence ECL apposition of the membranes
to autoradiographic films (Hyperfilm ECL, Amersham), those were
analyzed using Image Master VD5 Software version, The results
from each membrane were normalized to the Ponceau values (5%
in acetic acid). To minimize interassay variations, samples from
all experimental groups were processed in parallel (n=4 in each
group),

25 Protein determination

Protein was measured by the method of Lowry et al, [28], using
BS5A as standard. The results were expressed in mg of protein/mL.
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Tahie 1

Myocardial marker of oxidative damage to membrane lipids {chemiluminescence] and antioxidant enzyme activities of superaxide dismutase (S00) catalase (CAT),
glutathione-S-transferase (G5T) in cardiac homogenates from the different groups after 6h reatment.

Parameterfgroup Control 1 mgikg 10 mg kg S50 mgikg
Chemiluminescence (cpsfmg protein = 107), n= & 5176 & MME3 BTG + B.IT 10260 = 1677" T80 + 2275
500 (Wfmg prateinl n=6 194 + 044 3809 & 0BT 4.1 £ 035 447 + 055
CAT [pmol/mg progein], n= G GLED + 14.40 520+ 5.B7 5132 & 14598 817 £ 507
GET [nmoljmin/ mg proteinl n= 6 108 + 7.18 2575+ 15,08 & 474 2197 + 478

Values are expressed as mean + 50, One-way ANOVA followsd by Stodent- Newman- Keuls test.

" Sipnificantly different from control (p= 0051

Tabile 2

Myocardial marker of axidative damage to membrane lipids (chemiluminescence] (p= 0L6G24) and antioxidant enzyme actvities of superoxide dismutase (3007, catalass
(CAT), glutathione-S-transferase (5T in cardiac homogenates from the different groups after 24 h reatment.

Parameterfgroup Control 1 mgikg 1D mgikg S50 mgikg
Chemiluminescence (cps mg progein = 10F), n= & E4.01 + DGD 028 + 1273 TOE3 £372 BL0G + 1654
500 (Lfmg prateinl, n=6 337 4+ OE9 342 + 077 LEB £ 055 276 + 6B
CAT [pmoljmg protein), n= G 5507 4 114 7188 £ 1485 5620 £ 13.50 5402 + 1161
G5T [mmol/min/ mg protein), =6 .70 4+ 156 15EE & 2B5 155 £ 661" 538 + 148

Values are expressed as mean £+ 50, Dne-way ANDVA followsd by Stodent- Newman- Keuls best.

" Sipnificantly different from control (p= 0051

In Western blot analysis, protein was measured by the method of
Bradford [27].

2.5 Duata analysis

Data were expressed as mean £5.0, and compared using one-
way ANOVA complemented with Student-Newman-Keuls test. The
correlation between two variables was analyzed by Pearson’s cor-
relation, Values of p< 0.05 were considered significant,

3. Results
3.1 Lipid peroxidation

Table 1 shows LPO measured through CL in heart homogenates
of groups after 6 h treatment. Groups 1 mg'kg (87.62 £ 6.23 cps/mg
protein = 108)  and 10mgkg (10260+1677cps/mg  pro-
tein x 10%) were 69% and 98% higher, respectively, than control
(51764 10.83 cps'mg protein = 102).

Table 2 presents data from the same parameter (CL) measured
in heart homogenates of groups after 24 h treatment. There was no
statistical difference between those groups,

3.2 Antioxidant erzyme activities

Table 1 also presents the antioxidant enzyme activities of 30D,
CAT, and G5T in heart homogenates after 6 h treatment. In all DHEA
dosage groups (1, 10, and 50mg'kg), 30D activity was increased
(35%, 43%, and 50%, respectively) as compared with that in the con-
trol group. Mo changes occurred between groups in CAT or GST
activities,

Yet, Table 2 shows the activities of the antioxidant enzymes in
cardiac homogenates after 24 h treatment., SO0 activity was signif-
icantly decreased by 42% in the 10mg'kg group as compared with
that in the control group. In groups 10 and 50mg/ke, GST activity
was increased 55% and 43%, respectively, as compared with that in
the contraol,

3.3. Western blotting

Protein expression values were expressed as arbitrary densit-
ometric units considering control group 100%, SO0, CAT, and GST

concentration were not significantly different between groups after
Ehip=04208 p= 08543, and p=10.227 respectively)(Fig, 1A, B, and
C) or 24h treatment (p=0.9911, p=0.0601, and p=0.329, respec-
tively) (Fig. 2A, B, and C). Also HNE concentration, an indicator of
protein damage, was not significantly different between groups in
any of temporal windows treatments (6h treatment, p=03324;
24h treatment, p=0.1244) (Figs. 10 and 20, respectively], The Akt
concentration relation {p-Akt/Akt) was also not different between
groups after 6h (p=0,624) (Fig. 1E). However, after 24 h Akt con-
centration relation was significantly enhanced in 50mg/ks group
(47%) when compared to control (p=0.033) (Fig, 2E), After 24 h
treatment AKt concentration was positively comrelated with HNE
concentration r =075, p=0,0008],

4. Discussion

Several studies have indicated a potential chemo-preventive
role of DHEA in important human diseases. Decreased serum levels
of DHEA and DHEAS have been positively correlated with increased
risks of developing cancer and cardiovascular disease [29] and epi-
demiological evidences in human and animal studies suggest that
DHEA may have cardioprotective properties [30]. One example of
its possible dual action regarding to oxidative stress balance is
that DHEA can act as a peroxisome proliferator and carcinogen in
the liver of rodents [21]. However, results considering DHEA and
myocardial oxidative stress have not yet demonstrated any conclu-
sive effects.

This study examined, in male Wistar rat hearts, the in vivo effect
of DHEA administered intraperitoneally (1, 10, or 50mglks bow.)
for 6 or 24 h in terms of oxidative stress and Akt pathway signal-
ing,
Our results showed that there are selective changes between
the two time points of DHEA administration in the parameters of
oxidative stress status analyzed in healthy rat hearts,

Some authors have zlready demonstrated that the temporal
administration can play an important role regarding DHEA and
oxidative stress, Aksoy et al.[31] have shown that DHEA (50 mg/kg)
may have a beneficial effect on renal tissue against oxidative stress
when administered 3 h prior to ischemia-reperfusion injury in
rabhits, preventing decreases in 50D and CAT activities. However,
after 2 days of 50 mg'kg, Pelissier et al, [32] did not demonstrated
any antioxidant effect of DHEA in colon, small intestine, or liver
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homogenates of healthy male Wistar rats, But, in the same study,  and can react with its hemoproteins, As a result, the initiation of
after 7 days of the same DHEA dosage, oxidative stress products  chain reactions of lipid peroxidation ocours. Increased LPO may
were decreased in these studied organs. be a result of a higher RO5 production, Our results have shown

Lipid peroxidation serves as a marker of oxidative damage. CL  that 1 and 10mg'kg b.w, DHEA injections promoted a prooxidant
is a very sensitive assay (as are all the chemiluminescent tech- answer in adult male Wistar rat hearts, because of the increased
nigques) where an organic hydroperoxide is added to the sample  myocardial oxidative damage to membrane lipids (9% and 98%,
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respectively) when compared to control group after 6h treatment,
As shown in Table 1, there was a significant increase in lipid per-
oxides after 6 h DHEA treatment in 1 and 10mg/kg groups (p <0,05
and p<0.01, respectively], although no change was observed after
24h DHEA treatment groups compared to control (Table 2). The
enhanced S0D activity could reflect an enhancement of superox-
ide radical concentration & h after DHEA administration, despite we

(&) Coniro 1 moikg ilimghg S0 mglkg

T e o e — e w— e W—

n|
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CulZn 500 {Conlrol %)
aritrany densiomatin: unis

=¥ S5EBEELEE

50 mgg

{B) Comrol Tmgkng 10 mgkg 50 mghg

have not measured this specie individually. It seems that 24 b after
DHEA injection, superoxide radical concentration decreases since
SOD activity decreased by 42% in group 10mg kz when compared
to control. Another antioxidant defense (GST) has raised (56% and
43%, in 10 and 50 mg/ kg groups compared to control, respectively)
after 24 h, G5Ts are a family of enzymes that utilize glutathione in
reactions adding to transform a range of distinct compounds (car-
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cinogens, therapeutic drugs, and products of oxidative stress) [33].
After 24 h treatment, GST enhanced its activity in order to detoxify
lipid peroxidation products, indicating that oxidative stress is still
high since GST activity is quite activated. Thus, the observed effects
probably are not directly related to DHEA elimination, but with the
time-dependent oscillation of ROS production and metabolization.
In & h, GST activity is not altered, but 50D activity is enhanced, indi-
cating a higher superoxide anion production. This ROS can lead to
the formation of hydroxyl radical, culminating in an enhanced LPO
(as seen by CL data), After 24 h, GST activity is increased (in doses
of 10 and 50 mg/'kg). This fact taken together with a reduced 50D
activity (indicating a minor superoxide anion concentration ) would
lead to a reduced oxidative damage (CL), as observed in the dose of
10mg/kg. The overall results indicate that initially the superoxide
anion probably is the ROS that is augmented (6 h). In consequence,
lipid peroxidation products will prevail demanding an adaptative
answer of GST (24h) in order to avoid oxidative damage. This is
suggestive that in short-term DHEA has a prooxidant effect that
reduces antioxidant systems.

The protein expression of the anticxidant enzymes were not
modified between such groups (6 or 24h treatment) probably
because the ROS generated would not be sufficient to modify
protein synthesis; however, these were efficient to change some
antioxidant activities, Probably there are other intracellular factors
influencing the concentration of these antioxidant enzymes, such
as substrate source and temperature, which we have not considered
as a goal.

Increased ROS production can also be detected by some markers
of lipid peroxidation, as well as HNE, a major aldehydic end-product
of lipid percxidation. HNE is an indicator of lipids and proteins
oxidation once reacting with the amino acids cysteine, histidine,
and lysine forming Michael adducts [34], HNE is expected to react
with not only cell membrane proteins but also with intracellular
elements, such as glutathione (GEH) [35]. In this study, HNE con-
centration was not significantly different between groups in any of
temporal windows treatments,

There is evidence that DHEA can act as a survival factor for
endothelial cells by triggering the Galphai-PI3K/Akt-Bcl2 pathway
to protect bovine aortic endothelial cells against apoptosis. This
vascular protective effect of DHEA resulted in rapid and dose-
dependent phosphorylation of Akt [38]. Another in vitro study
explored the anti-proliferative mechanisms of DHEA in human hep-
atoblastoma cells. The induction of apoptosis through the inhibition
of Akt signaling pathway was observed after incubation for 24h
with 100 and 200 wmol/L DHEA treatments [3]. Activated Akt over-
expression in some mouse tissues leads to organ enlargement, Akt
protein, when activated, phosphorylate a range of intracellular sub-
strates that regulate growth, metabolism, and survival [19], Since
Akt is a seringfthreonine kinase and a number of studies reported
that the serine/threonine kinases can ke regulated by oxidants [ 15],
it is of great interest to study the possible relation between DHEA,
Akt and oxidative stress,

In our study, after 24 h, the 50 mg/kg DHEA treatment resulted
in elevation (47%) in protein levels of p-Akt/Akt ratio, evaluated
by Western blot as compared to control (p<0,05; Fig. 2E), More-
over, we have found a positive correlation between pakt/ Akt ratio
and HME-Michael adducts after 24 h of DHEA treatment (r=075,
p=0.0008), Thus, this parallel relation could means that HNE reacts
with some important intracellular proteins which influence the
Akt signaling pathway resulting in a protective role of Akt. The
damaging scene designed by HNE is accompanied by Akt potential
to scavenge such ROS, reflecting Akt's protective potential, This is
suggestive that increased LPO products {evaluated by HNE) would
induce Akt phosphorylation, which is 2 survival signaling pathway.
Wang et al, have described that ROS such as H30p are stimulants

for Akt phosphorylation and this generates a signal to protect cells
against oxidative stress [37]. Guedes et al, demonstrated that ROS
are involved in neuropathic pain developed ina rat model of painful
stimulation via sciatic nerve axotomy, which causes activation of
Akt and also does not change HME expression after 24 h. Inter-
estingly, in the same time point we have seen the same effect,
corroborating our results [38]. Cai et al. also have shown that Akt
phosphorylation can be mediated by ROS, such as hydrogen perosx-
ide [39]. Previous data of our group have demonstrated a role for
oxidative stress in myocardial hypertrophic answer by activating
IGF-IR {insuline-like growth factor 1 receptor), which is a regulator
of cellular growth and development [40].

Itwould beinteresting to follow downstream the signaling path-
way of Akt since that the expression of many different proteins
would be influenced by this serine/threonine kinase, However, our
main goal was to elucidate if a redox signaling of Akt would be
taking place after DHEA short-term administration in the heart,
Further studies will contribute to establish the role of this signal-
ing pathway in different pathologic conditions in which oxidative
stress is invalved,

The results here presented, regarding 6 and 24 h oxidative stress
status, reinforce how necessary is establishing more accurate pro-
tocols of DHEA treatment, in order to warrant the beneficial effects
and toavoid the harmful ones. In the literature, there is a huge diver-
sity of protocols used concerning time and dose administrated, and
it militates against a meaningful assessment of the net effect of
DHEA

Whether or not the modified oxidative stress scenario found
in this acute DHEA administration is linked to the adverse health
effects related to its chronic and free use - in which oxidative dam-
age can play a pathophysiclogical role - is an attractive hypothesis
that warrants further investigation.
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5.2 Artigo 2

Titulo: DHEA effects on myocardial Akt signaling modulation and oxidative

stress changes in aged rats

Status: Artigo publicado (Steroids 2009, 74: 1045-50)

Objetivo: Avaliar os efeitos da administragdo cronica de DHEA sobre o
estresse oxidativo e sua relacdo com a ativagdo da Akt no miocardio de ratos
adultos jovens e velhos

Conclusao: DHEA produziu aumento na fosforilagdo da Akt e diminuiu a
atividade da SOD nas duas idades estudadas. A ativagao da via da Akt parece
estar relacionada com mudancgas nos parametros de estresse oxidativo, de

acordo com a idade investigada.
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The secretion of DHEA-synthesized mainly in the adrenal cortex-increases in the postnatal aging, peaks
in the twenties and decreases with age afterwards. Exogenous DHEA can exert a dual effect depending
on dose and on tissue. Akt is a serine/threonine kinase whose activity has been seen as an interventional
approach for cardiomyopathic damage resulting from aging changes. In order to evaluate DHEA effects
over myocardial Akt protein expression associated to oxidative stress markers during aging, male Wis-
tar rats (3 and 18 months) were assigned into two groups: control or DHEA (10mg/kg, subcutaneously,

gﬂ;ﬂds" for 5 weeks). In the aged group, we found increased lipid peroxidation and glutathione-S-transferase
Aging activity. DHEA produced an increase in p-Akt protein expression and a decrease in 50D activity in
Hearz both ages. Akt pathway activation might be related to changes in oxidative stress parameters according
Oxidative stress to age.

Akt © 2009 Elsevier Inc. All rights reserved.

1. Introduction

Dehydroepiandrosterone (DHEA) and its sulfate ester (DHEAS)
are the major circulating steroid hormones, which are produced
abundantly by the mammalian adrenal cortex. Levels of DHEA
and DHEAS are maximal between the second and third decades
of life, then start to decline 2% per year [1]. DHEA declinium
associated with age may lead to autoimmune diseases, sexual dys-
function, osteoporosis, deterioration of lipid metabolism, type 2
diabetes mellitus and cardiovascular diseases [2]. The development
and occurrence of cardiovascular and cerebrovascular diseases are
related to aging [3]. These observations suggest that the restora-
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tion of DHEA to young adult levels may have beneficial effects on
age-related conditions.

Epidemiological studies have shown that atherosclerotic dis-
ease and cardiovascular mortality are inversely associated with
concentrations of DHEA and DHEAS, mainly in males [4,5]. DHEA
therapy (150 mg daily) during 40 days decreased total cholesterol
concentration, insulin and glucose levels in men with low DHEA
levels, showing a beneficial effect reducing coronary heart disease
risk factors [6]. The incidence and prevalence of atherothrom-
botic diseases, as stroke and coronary heart disease, increase with
aging [7]. Important studies have shown association between
aging and biechemical medifications in the arterial wall and in
lipoproteins [8,9] and in hormonal status including DHEA [10.11],
which might be related to the increased incidence of coronary
heart disease. Since DHEA secretion exhibits an age-associated
pattern, which is characterized by declining with aging, this
steroid has generated major interest as an “anti-aging” hormone
[12].

Some steroids have been considered as antioxidants, including
DHEA [13,14)]. Effects of exogenous DHEA administration can be
dual, antioxidant or prooxidant, depending on the dosage used and
on the tissue specificity [15,16]. Gallo et al. [17] in an in vitro experi-
ment (Chang liver cells}, pointed that slightly higher concentrations
of DHEA (0.1 pmol(l) - above those found in human tissues - pro-
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tected cells against LPO induced by oxidative stress (cells received
cumene hydroperoxide 0.5 mmol/l, a prooxidant stimulus). How-
ever, at pharmacological doses (10-50 pwmol/1), DHEA displayed a
prooxidant activity.

The altered ROS production may induce oxidative stress in
the failing heart and vascular tree [18]. ROS contribute to car-
diac injury by oxidizing cellular constituents and/or by reducing
nitric oxide (NO) binavailability [19]. ROS have also an impor-
tant physiological role in the intracellular regulation and signaling
[20]. by inducing andfor maintaining signal transduction path-
ways [21]. It has been shown that moderate levels of hydrogen
peroxide may activate the Akt/eNOS pathways, suggesting that
oxidative stress can cause changes in proteins, influencing the
regulation of signal transduction [22]. Akt is a serine/threonine
kinase, which inhibits apoptotic cycle and stimulates growth path-
ways [23]. Such pathway seems to be involved in the regulation
of cardiac growth and increased cardiac function [24]. The transi-
tion from cardiac hypertrophy to advanced heart failure in human
hearts is accompanied by a huge increase in Akt phosphorylation
[25].

Considered only as a dietary supplement in the US, DHEA
is widely used in humans, commeonly in hormonal replacement
therapy [26]. Also DHEA is used at pharmacological or supra-
physiological doses by athletes and fitness apprentices for muscle
building purposes [27]. Additional studies are necessary to bet-
ter understand this “youth” hormone’s role in aging, oxidative
stress and redox regulation of cell survival pathways. The main
goal of the present study was to investigate chronic DHEA
administration effects over aging rat hearts regarding to Akt
activation and its relations to some oxidative stress parame-
ters.

2. Experimental
2.1. Animals and treatments

Twenty-four Wistar male rats (3 and 18 months) obtained
from the Instituto de Ciéncias Basicas da Saidde (ICBS) of the
Universidade Federal do Rio Grande do Sul (UFRGS) were ran-
domly assigned into control or DHEA (dehydroepiandrosterone;
Calbiochem) (10mg/kg) treated once a week, subcutaneously,
for 5 weeks. Control groups received vehicle (vegetal oil). DHEA
administration protocol was based on other studies [28,29]. DHEA
plasma concentrations were measured by our group (unpub-
lished data} over the time course of 1, 4 and 7 days after a
single dose (10mg/kg). DHEA levels were maintained until the
7th day, justifying the weekly treatment, the adequate vehicle
and quantity to be injected. Animals were housed in plastic cages
(four animals in each) and received water and pelleted food ad
libitum. They were maintained under standard laboratory condi-
tions (controlled temperature of 21°C, 12 h light/dark cycle). After
5 weeks, animals were killed by decapitation and their hearts
were quickly removed. We have used transversal slices of the
entire heart (left +right chambers). Heart tissues (approximately
100 mg) was frozen on dry ice and stored at —80°C for West-
ern Blotting. Remaining heart tissue was used to measure enzyme
activities and it was homogenized in an Ultra-Turrax homoge-
nizer (Staufen, Germany) with KCl 1.15% (5 mg/g tissue) and PMSF
[ phenyl methyl sulphonyl fluoride) (10 mmol/l). Homogenate was
centrifuged at 3000 x g for 10min, between 0 and 4°C (Sorval
RC 5B-rotor SM24, Du Pont Instruments, EUA). The supernatant
was frozen and later used for enzyme activity assays [30]. Spe-
cial care was taken to minimize the number of animals used
and their suffering. All animal procedures used in this study
were in accordance with the Principles of Laboratory Animal Care
(COBEA, Brazilian College of Animal Experimentation) and the

experimental protocol was approved by UFRGS Animal Care Com-
mittee.

2.2, Lipid peroxidation

Chemiluminescence (CL) was utilized to evaluate lipid perox-
idation (LPO). CL was measured in a liguid scintillation counter
in the out-of-coincidence mode (LKB Rack Beta Liguid Scintil-
lation Spectrometer 1215, LKB - Produkter AB, Sweden). Heart
homogenates were placed in low-potassium vials at a protein
concentration of 0.5-1.0mg of protein/ml in a reaction medium
consisting of 120 mmol/l KCl, 30 mmol/] phosphate buffer (pH 7.4).
Measurements were started by the addition of 3 mmol/l tert-butyl
hydroperoxide and the data expressed as counts per second per
milligram of protein [31].

2.3. Antioxidant enzyme activities

Superoxide dismutase (S0D) activity was determined by mea-
suring the velocity of oxidized pyrogallol formation. SOD activity,
expressed as units per milligram of protein, is based on the
inhibition of superoxide radical reaction with pyrogallol [32].
The reaction medium contained Tris buffer (50mmol/l, pH 8.2,
pyrogallol (24 mmolfl), and catalase (CAT, 30 mmol/1). Absorbance
changes were observed at 420 nm for 2 min.

Catalase activity was determined by following the decrease in
240 nm-absorption in a reaction medium containing 50 mmol/]
phosphate buffer (pH 7.2), and 10mmol/l hydrogen peroxide
(Hz03) [33]. It was expressed as picomole of Hy0; reduced per
minute per milligram of protein.

Glutathione-5S-transferase (GST) activity, expressed as picomole
per milligram of protein, was measured by the rate formation of
dinitrophenol-S-glutathione at 340 nm. The reaction medium con-
sisted of 19 mmol/l sodium phosphate buffer (pH 6.5), 1 mmol/l
G5H, and 1 mmol/] chloride dinitrobenzene [34].

24. Western blotting

Heart samples were homogenized (Ultra-Turrax) with lysis
buffer, pH 7.4, proportionally to weight (20 ml/g of tissue). Elec-
trophoresis and protein transference were performed as described
elsewhere [35,36]. The membranes were processed for immun-
odetection using rabbit polyclonal antibodies for CAT (65kDa)
GST (26kDa) (Chemicon), 4-hydroxy-2-nonenal (HNE) (75kDa)
(Calbiochem) p-Akt (ser 473) (60kDa) and Akt (60kDa) (Santa
Cruz Biotechnology). The bound primary antibodies were detected
using goat anti-rabbit horseradish peroxidase-conjugate secondary
antibody and membranes were revealed for chemiluminescence.
The autoradiographies generated were quantitatively analyzed
for the protein levels with an image densitometer (Imagemas-
ter VDS ClI, Amersham Biosciences Europe, IT). The molecular
weights of the bands were determined by reference to a stan-
dard molecular weight marker (Rainbow full range Bio-Rad, CA,
USA). The results from each membrane were normalized to
the Ponceau values (5% in acetic acid) instead of using actin
or tubulin as control, once DHEA could alter cytoskeleton pro-
teins [37]. To minimize interassay variations, samples from all
experimental groups were processed in parallel (n=4 in each
group).

2.5. Protein determination
Protein was measured by the method of Lowry et al. [38], using
BSA as standard. The results were expressed in mg of protein/ml.

In Western blot analysis, protein was measured by the method of
Bradford [39].
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Table 1
Marker of oxidative damage to membrane lipids {LPO by Chemiluminescence) and antioxidant enzyme activities of superoxide dismutase (S0D), catalase (CAT), glutathione-
S-transferase (G5T) in cardiac homogenates from different aging groups after DHEA treatment (10 mg/kg) or control,

Parameter group 3m control Im DHEA 18 m control 18 m DHEA

Chemiluminescence (cps/mg prot = 102) 66,26 + 439 56.87 + 6.39 76,15 + 1.28% 7332 + 6637
S0D (U/mg prot) 170+£079 321 + DBSE 416+ 019 305 + 0720
CAT (pmol/mg prot) 572211 6148 £4.13 6097 + 2,82 5724 £516
ST (nmol/min/ mg prot) 1871 +£339 1734 £306 21,66 + 2,062 2544 £ 3075

Values are expressed as mean + 50 (n- G per group). Two-way ANOVA followed by SNE.
? Significantly different considering age, independently of treatment (p<0.05).
b Significantly different considering treatment, independently of age (p<0.05).
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Fig. 1. Western blot analysis in cardiac homogenates after 5 weeks of 10mg/kg DHEA treatment or control using CAT (A), GST(B), HNE (C), p-Akt (D) and the relation between
p-Akt/Akt expression (E) antibodies, followed by representative western blots (two for each group). Data as mean + 5D from 4 animals in each group. Values are expressed
as mean + S0, Two-way analysis of variance (ANOVA) followed by SNK, *; Significantly different from its control, same age (p<0,05); #; Significantly different considering
treatment, independently of age (p<0.05).
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2.6. Data analysis

Two-way analysis of variance (ANOVA) followed by the post hoc
Student-Newmann-Keuls (SNK) test was used for the statistical
analysis of data, which are presented as the mean+5D. Values of
p<0.05 were considered significant.

3. Results

Table 1 shows LPO measured by chemiluminescence (CL) in
rat heart homogenates. In 18-month-old groups, LPO presented a
significant increase when compared to 3-month-old groups, inde-
pendently of treatment.

Table 1 also presents the antioxidant enzyme activities of SOD,
CAT and GST in heart homogenates in the different groups after
chronic DHEA treatment. SOD activity was significantly reduced
in heart homogenates after DHEA treatment in 3- and 18-month-
old groups. There were no changes in CAT activity in heart
homogenates of 3 or 18-month-old rats when compared to age
or treatment factors. An increase of GST activity was observed in
heart homogenates of 18-month-old groups when compared to
3-month-old rat groups, independently of treatment.

Protein expression values were expressed as arbitrary densit-
ometric units. Fig. 1(A) presents CAT expression. After 5 weeks of
DHEA (10 mg/kg) administration, CAT expression of 18-month-old
group was significantly enhanced (about 10%) when compared to
18-month-old control group (p=0.011).

Both GST or HNE expressions (Fig. 1B and C, respectively) were
not statistically different between treated and control groups in any
age and between ages. Expression of p-Akt (Fig. 1D) was enhanced
in treated groups when compared to controls, independently of
age (p<0.05). Akt ratio (p-Akt/Akt) also showed an increase in
18-month-old treated group compared to 18-month-old control
(p=<0.05) (Fig. 1E).

4. Discussion

The major outcome of this study was to demonstrate that p-
Akt expression was enhanced in the groups treated with DHEA
when compared to controls, independently of age. Regarding to
the age factor, there was no difference between the groups stud-
ied in p-Akt expression. Akt ratio (p-Akt/Akt) was increased in
treated 18-month-old group when compared to contrel group in
the same age. It probably means that Akt protective potential
was activated as an answer to DHEA chronic treatment, especially
demonstrated in the 18-month-old group regarding to p-Akt/Akt
ratio. The Akt (also known as protein kinase B) plays important
roles in the signaling pathways in response to growth factors and
other extracellular stimuli to regulate several cellular functions
including nutrient metabolism, cell growth, survival and apopto-
sis [40]. Akt activity has been seen as a molecular interventional
approach for treatment of cardiomyopathic damage resulting from
debilitating changes of aging [41]. DHEA can act as a survival
factor by triggering the galphai-PI3K/Akt-Bcl2 pathway against
apoptosis. DHEA produced a vascular protective effect through a
dose-dependent Akt phosphorylation [42]. Another study inves-
tigated the induction of apoptosis through the inhibition of Akt
signaling pathway after incubation for 24 h with DHEA [43]. In a
recent study from our group [36], DHEA acute treatment (30 mg/kg)
to 3-month-old rats resulted in an elevation (47%) in myocardial
protein levels of p-Akt{Akt ratio after 24 h. However, with 10 mg/kg
DHEA acute treatment this effect was not repeated. Interestingly,
in the present study, DHEA chronic treatment {10 mg/kg) has pro-
duced a p-Akt expression increased in both ages. Recent evidences
have shown that serine/threonine kinases (including Akt) can be
regulated by oxidants [20] offering new light to investigate the

relation between DHEA, myocardial aging and Akt. One of the
mechanisms that would promote changes in some proteins phos-
phorylation is ROS concentration, by altering the intracellularredox
state and by oxidative modification of proteins [44]. Hydrogen per-
oxide can directly alter protein conformation and promote higher
susceptibility to phosphorylation [45]. Araujo and colleagues also
suggested that hydrogen peroxide could directly alter Akt protein
conformation promoting higher susceptibility to phosphorylation
or, secondarily, promoting redox status imbalance [46].

In our study the 18-month-old treated group showed increased
CAT expression when compared to 18-month-old control. An inter-
esting study objected toexamine the impact of cardiac-specific CAT
overexpression on cardiac contractile function and protein damage
in young and old male mice. It has shown that CAT protects car-
diomyocytes from aging-induced cardiac dysfunction and protein
damage. This study highlights the beneficial role of this enzyme in
delaying the aging process and minimizing senescence-associated
mortality [47].

There is increasing evidence that HNE is largely responsible for
cytopathological effects observed during oxidative stress in vivo
and it has been recognized as one of the most studied products of
LPO [48]. More than that, HNE has been suggested to play critical
roles in the pathogenesis of various diseases related to oxidative
stress, such as atherosclerosis and diabetes [49]. We did not find
any statistical difference between the studied groups considering
HNE expression. Guedes and colleagues demonstrated that ROS are
involved in neuropathic pain, which causes activation of Akt and
also does not change HNE expression after 24 h [50].

DHEA can be a prooxidant agent per se. Goldfarb et al. [51]
induced oxidative stress by DHEA or exercise (for 5 weeks) to deter-
mine whether vitamin E could protect male Sprague-Dawley rat
hearts. DHEA increased CAT activity at rest and the results suggest
that aerobic exercise and DHEA are mild oxidative stressors to the
heart [51].In our study, we measured LPO using CL, which is a sensi-
tive assay to indicate oxidative damage. The 18-month-old groups
showed an increase in CL when compared to 3-month-old groups.
Both techniques utilized to assess LPO (CL and HNE expression)
evaluate different stages of the LPO process. Despite the increase
in LPO measured by CL, but not in HNE expression, it might be
occurred a higher LPO production in such intermediate phase -
between the ages studied — which could result in an enzymatic
adaptation to compensate such answer.

It is known that GSTs constitute a family of enzymes that cat-
alyze the conjugation of reactive chemicals with glutathione, and
are involved in protecting cells generating GSH conjugates [52].
Once using a xenobiotic in this study, we have selected GST instead
of glutathione peroxidase enzyme (GPx), which is also able to
detoxify LPO products such as aldehydes (which play an important
role in some of the pathophysiological effects related to oxidative
stress) [53]. Our results suggest that the generation of LPO prod-
ucts was associated with the induction of GST activity, once both
measurements were enhanced in the old group when compared
to the young. The various compounds produced in the membrane
LPO process — which can cause certain biological effects such as
heart disease, aging and cancer [52] - are possibly related to the
induction of GST activity. G5T belongs to the peroxidase family that
represents a second line of defense against hydrogen peroxide and
organic peroxides [54]. Because this enzymatic activity increased,
it is probable that peroxides - mainly the organic ones - have
been accumulated in heart tissue of old animals, reinforcing the
increased LPO measured by CL independently of DHEA effect at
this specific age (18 m). Such a differential answer age-specific was
demonstrated by other authors in various tissues, including heart
[55]. Besides the increased enzyme activity, GST protein expression
was not modified between groups probably due to many other fac-
tors cell inside that may influence the activity of this antioxidant
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enzyme (e.g. substrate source, pH, temperature and redox status).

Our results have shown that SOD activity was significantly
decreased after DHEA treatment compared to control groups, inde-
pendently of age. In our study, the groups exposed to chronic
DHEA treatment (3- and 18-month olds), probably might have
inhibited SOD activity by some oxidation products [56]. Wu et
al. [3] demonstrated DHEA effects in the thoracic aorta during
the aging process of Wistar rats (18-month olds). After receiving
1 mg/kg/DHEA in their food for 6 months, 18-month-old group has
shown an increased SOD activity when compared to control. It is
difficult to compare both studies, once the protocols used were
distinct (kind and dosage]) as well as the target tissue.

The treatment used in this study has increased DHEA serum
concentration without changing testosterone levels. This protocol
of treatment has produced an increase of about two to four times
in DHEA serum concentration in 3-month-old (range £2.5ng/ml
before treatment) and 18-month-old (range +1.5ng/ml before
treatment) rats, reaching a range of approximately 7 ng/ml after
drug administration. The levels of testosterone were not altered
after this exogenous treatment (range £ 0.2-2.0 ng/ml).

Our data has shown changes in oxidative stress parameters
in parallel with Akt protein expression alterations. It does not
mean necessarily a cause-consequence interaction, but since ROS
are consistently evidenced as signaling molecules [44-46], such
changes in oxidative stress could be related to this signaling path-
way modulation. DHEA is likely to exert beneficial and/or toxic
actions on cells not only through its potential as anti or prooxi-
dant but rather through its modulation of signaling cascades. DHEA
interactions with intracellular signaling could have important out-
comes and must be related to aging, cell type, stimulus and disease
focused.

Observations in human population trials, animal medels and in
vitro findings support the potential utility of DHEA as a possible
therapeutic intervention. However, a better understanding of its
mechanisms of action - either over oxidative stress and/or over
cell signaling modulation - is crucial to elucidate DHEA potential
benefic effects.
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5.3 Artigo 3

Titulo: Age-related effects of DHEA on peripheral markers of oxidative stress

Status: Artigo publicado (Cell Biochemistry & Function 2009, 27: 1-6)

Objetivo: Avaliar os efeitos da administragdo cronica de DHEA sobre o
estresse oxidativo nos eritrécitos de ratos de diferentes idades

Conclusao: DHEA produziu efeito prooxidante sobre todas as idades,
especialmente na idade de 13 meses. Parece que aos 13 meses ha uma
importante deplecdo de alguns antioxidantes especificos, que pode ter

evidenciado os efeitos da DHEA.
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Age-related effects of DHEA on peripheral markers
of oxidative stress
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Ageing is an inevitable biological process characterized by a general decline in various physiological functions. DHEA and DHEAS levelsare
maximal between the second and third life decades. then start to decline 2% per year, leaving a residual of 10-20% of the peak production by
the eighth decade. Erythrocytes are exposed to frequent oxidative stress due to the oxygen radicals continuously generated by haemoglobin
auto-oxidation. We investigated DHE A chronic ( 10 mg/k g, subcutaneously, for 5 weeks) effects over oxidative stress markers in erythrocytes
of male Wistar rats of 3, 13 and 18 month-old. In the 13 month-old group, we found increased lipid peroxidation (LPO), superoxide dismutase
(S0D), glutathione-S-transferase and catalase activities when compared to the other age groups. DHEA produced a marked increase in LPO
of 13 month-old group when compared to its control. DHEA exerted this pro-oxidant effects in all ages studied, especially in age 13 month-
old. It seems that at 13 month-old there would be an important depletion of some specific anti-oxidant in order to determine such susceptibility

to DHEA effects. Since this approach allows a minimally invasive assessment, it would be useful as aroutine method in human clinical studies

investigating DHEA effects during the ageing process. Copyright @

KEY worDs —DHEA; ageing; red blood cells; oxidative stress

INTRODUCTION

Dehydroepiandrosterone (DHEA) and its sulfate ester
{(DHEAS) are the major circulating steroid hormones, which
are produced abundantly by the mammalian adrenal cortex.
DHEA and DHEAS levels are maximal between the second
and third decades of life, then start to decline 2% per year,
leaving a residual of 10-20% of the peak production by the
eighth decade.'! The age-decline in DHEA production is
attracting attention because of its possible relevance to the
aetiology and management of a number of age-related
clinical disorders.” DHEA decrease associated with age may
lead to auto-immune diseases, sexual dysfunction, osteo-
porosis, deterioration of lipid-metabolism, type 2 diabetes
mellitus and cardiovascular diseases.”

Ageing is an inevitable biological process characterized
by a general decline in various physiological functions.* One
of the most accepted ageing theories is the free radical
theory which proposes that physiological iron and other
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metals would cause reactive oxygen species (ROS)
formation, promoting oxidative damage over the life time.”
These highly reactive species may initiate a great deal of
deleterious peroxidative reactions in genetic cells apparatus,
cell membranes, lipids and proteins. To protect cells,
defence mechanisms utilize enzymatic and non-enzymatic
anti-oxidants to avoid or to retard cellular damage arising
from the oxidative stress—an imbalance between free
radicals generation and anti-oxidant systems.®
Erythrocytes are particularly vulnerable to oxidative
stress. Erythrocytes are exposed to frequent oxidative siress
due to the ROS continuously generated by haemoglobin
auto-oxidation. Besides that, high levels of unsaturated fatry
acids are present in erythrocytes, and constitute particularly
good substrates for peroxidation reactions.’ Erythrocyte has
proved to be an important and valuable model system for
observing the effects of cell ageing, since it represents a
peripheral marker.® There is a great diversity of studies
in vitro and distinct models, but there is a lack considering
in vive studies. Measuring the changes in anti-oxidant
enzyme activities in various tissues with increasing age has
been an interesting approach in gerontological research.
Observations in human trials,” " animal models'*" and
invitro ™ findings support the potential utility of DHEA as a
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therapeutic intervention. A significant clinical interest in
DHEA isbased on many observations, including a important
decline production since early adulthood, literature evi-
dences showing changes in this steroid levels associated
with multiple pathologies and a pronounced replacement
therapy with DHEA which may alleviate age-associated
declines in a range of functions." Since great controversial
in this subject still remains and no sufficient data are
available in literature to support its secure recommendation,
it 1s indispensable to better understand DHEA's role in
oxidative stress and peripheral blood. Therefore, the purpose
of this work was to investigate DHEA chronic effects over
oxidative stress markers in red blood cells of male Wistar
rats of distinct ages.

MATERIALS
Animals and treatments

Thirty-six Wistar male rats (3, 13 and 18 months) obtained
from the Instituto de Ciéncias Basicas da Saidde (ICBS) of
the Universidade Federal do Rio Grande do Sul (UFRGS)
were randomly assigned into control or DHEA (dehydroe-
piandrosterone; Calbiochem) (10mg/kg) treated once a
week, subcutaneously, for 5 weeks. Control groups received
vehicle (vegetal oil). DHEA administration protocol was
based on other studies.'*"™'® Animals were housed in
plastic cages (four animals in each) and received water and
pelleted food ad libium. They were maintained under
standard laboratory conditions (controlled temperature of
21°C, 12h light/dark cycle). After 5 weeks, animals were
killed by decapitation. Special care was taken to minimize
the number of animals used and their suffering. All animal
procedures used in this study were in accordance with the
Principles of Laboratory Animal Care (COBEA—Brazilian
College of Animal Experimentation) and the experimental
protocol was approved by UFRGS Animal Care Committee.

Preparation of the hemolysaies

Trunk blood samples were collected into tubes containing
heparin as anticlotting agent. After centrifugation at 100x g
for 10min, between (—4"C (Sorval RC 5B-rotor SM24, Du
Pont Instruments, EUA), plasma was removed. Erythrocytes
were washed three times with saline solution (1:1 v/v) and
the obtained packed cells were resuspended. The prepared
hemolysates were used for the determination of enq’mmic
activities and lipoperoxidation levels determination. !

Determination of haemoglobin concentration

Haemoglobin concentration was detected by the Drabkin
reagent through the conversion of haemoglobin to erano-
methaemoglobin, measured against a standard curve. §

Lipid peroxidation

Chemiluminescence (CL) was utilized to evaluate lipid peroxi-
dation (LPO). CL was measured in a liquid scintillation

counter in the out-of-coincidence mode (LKB Rack Beta
Liquid Scintillation Spectrometer 1215, LKB—Produkter
AB, Sweden). Erythrocytes were placed in low-potassium
vials at a protein concentration of (0.5-1.0 mg of protein/ml in a
reaction medium consisting of 120 mmol/L KCI, 30 mmol/L
phosphate buffer (pH 7.4). Measurements were started by the
addition of 3 mmol/L tert-butyl hydroperoxide and the data
expressed as counts per second per milligram of prmein.w

Anti-oxidant enzyme activities

Superoxide dismutase (SOD) activity was determined by
measuring the velocity of oxidized pyrogallol formation. SOD
activity, expressed as units per milligram of protein, is based on
the inhibition of superoxide radical reaction with p}'mgallol.m
The reaction medium confained Trs buffer (50 mmolL, pH
8.2), pyrogallol (24 mmol/L) and catalase (CAT, 30 mmolL).
Absorbance changes were observed at 420 nm for 2 min.

Catalase activity was determined by following the decrease
in 240 nm-absorption in a reaction medium containing
S0mmol/L. phosphate buffer (pH=7.2), and 10 mmol/L
hydrogen peroxide (H,0,).%" It was expressed as picomoles
of Hy(, reduced per minute per milligram of protein.

Glutathione-S-transferase (GST) activity, expressed as
picomoles per milligram of protein, was measured by the
rate formation of dinitrophenol-S-glutathione at 340 nm.
The reaction medium consisted of 19mmol/L sodium
phosphate buffer (pH =6.5),1 mmol/LL GSH and | mmol/L
chloride dinitrobenzene.”

Western blotiing

Erythrocytes were used for measuring anti-oxidant enzyme
concentrations. Electrophoresis and protein ftransference
were performed as described elsewhere>?* The mem-
branes were processed for immunodetection using rabbit
polyclonal antibodies for CAT (65kDa) and GST (26kDa)
(Chemicon). The bound primary antibodies were detected
using goat anti-rabbit horseradish peroxidase-conjugate
secondary antibody and membranes were revealed for
CL. The autoradiographies generated were quantitatively
analysed for the protein levels with an image densitometer
(Imagemaster VDS CI, Amersham Biosciences Europe, IT).
The molecular weights of the bands were determined by
reference to a standard molecular weight marker (Rainbow
full range Bio-Rad, CA, USA). The results from each
membrane were normalized to the Poncean values (5% in
acetic acid) instead of using actin or tubulin as control, once
DHEA could alter cytoskeleton |3rt:nleins.15 To minimize
interassay variations, samples from all experimental groups
were processed in parallel (n=4 in each group).

Protein determination

Protein was measured by the method of Lowry et al.,® using
bovine serum albumin as standard. The results were
expressed in mg of protein/ml. In Western blot analysis,
protein was measured by the method of Bradford.”
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Data analysis

Two-way Analysis of Variance (ANOVA) followed by the
post hoe Tukey's test was used for the statistical analysis of
data, which are presented as the mean £ SD. Values of
p <003 were considered significant. Correlations between
two variables were made using Pearson's correlation test.

RESULTS

Table 1 shows LPO measured by CL in rat erythrocytes.
Considering both 13 month-old groups, this age group
presented an increase in LPO when compared to 3 month-
old and 18 month-old groups, independently of treatment.
After 5 weeks of DHEA (10mg/kg) administration, LPO
showed significant increase in 13 month-old when compared
to 13 month-old control group. The 13 month-old group
treated with DHEA was also significantly increased when
compared to 3 and 18 month-old treated groups.

Table 1 also presents the anti-oxidant enzyme activities of
S0D, CAT and GST in erythrocytes in the different ageing
groups after chronic DHEA treatment. SOD activity was
significantly increased in both groups of 13 month-old
erythrocytes when compared to 3 and 18 month-old groups,
independently of treatment. SOD activity was positively
comelated with CAT activity (r=10.689, p=0.000018).
There was also an increase of CAT activity in erythrocytes of
both 13 month-old rats when compared to 3 and 18 month-
old groups, independently of treatment. An increase of GST
activity was observed in erythrocytes of both 13 month-old
groups when compared to both 3 month-old groups
(independently of treatment).

Protein expression values were expressed as abitrary densito-
metric units. Figure | presents CAT (A) and GST (B) immu-
nocontents. After 5 weeks of DHEA (10 mg/kg) administration,
neither CAT nor GST expression were statistically different
considering both factors (treatment or age).

DISCUSSION

Some steroids have been considered as anti-oxidants,
including DHEA.™* Effects of exogenous DHEA admin-
istration can be dual, anti-oxidant or pro-oxidant, chending
on the dosage used and on the tissue speciﬁcit}r_'m' ! Gallo
em!.,ﬂ in an in vitro experiment (Chang liver cells), pointed
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Figure 1. Western blot analysis in erythrocyies afier 5 weeks of 10 mg/kg
DHEA treatment or control wsing CAT (A) and GST (B) antibodies,
followed by representative western blots (one for each group). Dataas mean +
SD from fouwr animals in each group. Values are expressed as mean + SD.
Two-Way Analysis of Variance (ANOVA) followed by Tukey’s test

that slightly higher concentrations of DHEA (0.1 pmol/
L)—above those found in human tissues—protected cells
against LPO induced by oxidative stress (cells received
cumene hydroperoxide 0.5 mmol/L, a pro-oxidant stimulus).
However, at pharmacological doses (10-50 pmol/L), DHEA
displayed a pro-oxidant activity. Also when administered in
short-term (6 or 24 h) intraperitoneally, DHEA promoted a
pro-oxidant answer in an in vivo model with healthy Wistar
rat hearts with distinct doses (I, 10 and 50mg/kg),
demonstrating that time of administration can play an
important role regarding DHEA and oxidative stress. Yet,
after 24h of 50 mg/kg DHEA single dose resulted in an
elevation of protein levels of p-Akt/Akt ratio evaluated by
Western Blot.> It is known that ROS concentration would

Table 1. Peripheral markersof oxidative damage to membrane lipids by Chemiluminescence (CL) and anti-oxidant enzyme activities of superoxide dismutase
(S50D). catalase (CAT), glutathione-S-transferase (GST) in erythrocytes from the different groups after DHEA treatment (10 mg/kg) or control

Parameter/group 3m Control im DHEA 13 m Control 13 m DHEA 18 m Control 18 m DHEA
CL (cpe/mg protein x 107) 0984557 1328842184 144214376081 616184157.90" M sogas s 1374341871
SOD (Ulmg protein) S17T£107 6514201 8.85+3.194 997 + 1174/ 6.15+ 1.9 6.64 4+ 2,65
CAT (pmol/mg protein) T354611 793942221 14643414657 1256541755 T6T14732 616441661
GST (nmol/min/mg proteins 107%)  3LI11+888 36044790 1329142239 63164671 59444 1476 499241027

Values are expressed as mean + 5D (n =6 per group). Two-Way Analysis of Variance (ANOVA) followed by Tukey's test

*Significantly different from its conirol, same age ( p < 0.05).
"Significantly different from 3 m, same treatment (p < 0.03).
*Significantly different from 18 m, same treatment (p < 0.05).
“Rignificantly different from 3 m, independently of treatment (p < 0.05).
Igignificantly different from 18 m, independently of treatment ( p < 0.05),
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promote changes in some proteins phosphorylation—such
as tyrosing phosphatases, tyrosine kinases and mitogen-
activated protein kinases,—by altering the intracellular redox
state and by oxidative modification of protei ns.” Araujo et al., “
have shown that hydrogen peroxide could directly alier protein
conformation promoting higher susceptibility to phosphorylk
ation or, secondarily, to promote redox status imbalance.
The profile of SOD activity in erythrocytes was the same
during ageing regarding to LPO and GST activity, where a
statistical significant increase was found in 13 month-old
group comparing to other ages, independently of treatment.
Probably the enhanced SOD activity in |3 month-old group
would be demanded by an increased superoxide anion
production, generating a high production of a less dangerous
ROS: hydrogen peroxide. Thus, CAT enhanced activity in 13
month-old group companng to 3 and 18 month-old groups,
independently of treatment, must be reflected by the great
substrate available (hydrogen peroxide), generating water.
SOD activity was positively correlated with CAT activity
(r=10.689, p=0.000018). This result corroborates the study
of Sohal ef al..”> which demonstrated that SOD and CAT
activities were also positively comelated in the liver, heart
and brain of different mammalian species, including ageing
rats. The importance of this relationship is that it is sug gestive
of a coordinated capacity of anti-oxidant enzymes to clear up
ROS generation, avoiding superoxide anion and hydrogen
peroxide accumulation. During the ageing process the activity
of anti-oxidant enzymes depends on multiple factors, such as
race, gender, tissue and subcellular enzymes local ization.*®
It is widely accepted that LPO is an important and
probably primary event in the progress of several diseases
and degenerative process associated with s.lglf:ing.'w In our
study, we measured LPO using CL, which is a sensitive
assay to detect oxidative damage. The 13 month-old treated
group showed a remarkable increase in CL when compared
to its control (fourfold rise). The 13 month-old treated group
also presented a remarkable elevation in CL when compared
to 3 and 18 month-old treated groups, independently of
treatment. Yet, LPO in 13 month-old group was modified
when considering the factor age, significantly increased
when compared to 3 or 18 month-old groups. LPO may be a
result of a higher ROS production or decreased anti-oxidant
defenses. However, this increased LPO in 13 month-old
group could be a result of a great hydrogen peroxide
production, indicated by the enhanced CAT activity. Oztiirk
and Giimiisli® have studied LPO contents assayed by
TBARS technique in ageing erythrocytes (1, 6 and 12
month-old), and TBARS concentrations were increased with
age. Rodriguez-Martinez et al..’® measured LPO through
malondialdehyde (MDA) plasma levels of 6, 24 and 30
month-old Sprague-Dawley rats. There was an increase in
MDA levels of 2 and 3 times in 24 and 30 month-old rats,
respectively, when compared to the 6 month-old group. Our
findings are in agreement with the results obtained from
those studies when the first year (about 13 month-old)
showed an enhanced oxidative stress profile, emphasized in
the treated group. There are a wide range of conflicting
results regarding to LPO during ageing. One explanation for

this statement may due to the differences in animal model,
fissues examined and assay methods used.™

It is conceivable that both enhancement of free radicals
generation and impairment of anti-oxidant defenses might
be involved in the ageing development procesi_'m Also
previous works have described that anti-oxidant functions
decline in almost all aged mammals studied."’ Inan effort to
compare our findings with results reported in literature, age-
related changes in the anti-oxidant enzymatic system could
be contradictory, pointing to a rather complex relationship to
link anti-oxidative enzymes with the ageing development.
Regarding to our data, we could expect that the 18 month-
old groups would be the most damaged one. However, this
eroup demonstrated an oxidative stress scenario similar to
the young ones. Surprisingly, literature has documented
similar results, where oxidative balance could be improved
in advanced aged animals when compared to other aﬁeing;
phases, depending on the tissue and structure,
According to our data, possibly the oldest groups have
normalized its defenses after an oxidative stress situation
observed in the 13 month-old groups.

Once using a xenobiotic in this study, we have selected GST
instead of glutathione peroxidase enzyme (GPx), which is also
able to detoxify LPO producls_" GST belongs to the
peroxidase family that represents a second line of defense
against hydrogen peroxide and organic peroxides.“ GSTs
constitute a family of multifunctional proteins which
detoxifies a variety of electrophilic xenobiotics by catalysing
their conjugation to glutathione and reduces many organic
hydroperoxides into alcohols.* In our study, GST activity
increased only in the 13 month-old group, independent of
treatment. This suggests that the various compounds
produced in the membrane LPO process—which can cause
certain biological effects such as heart disease, ageing and
cancer'®—are possibly related to the increased GST activity.
Interestingly, this same group (13 month-old) has shown the
ereatest LPO levels. The accumulation of organic per-
oxides— generated by DHEA and by the oxidative stress
scenario established in this age—could have influenced
GSH capacity of maintenance of enzymes in active forms—
one of its important functions.*” The mostly reported age-
related loss in anti-oxidants is clearly the progressive
decrease of intracellular GSH in aged tissues.”’ Groups 3 and
18 month-old did not present any change in GST activity. Such
a differential age-specific answer would be related to the
distinct oxidative stress scenario in each age stage.

Regarding to CAT and GST expressions, there were no
changes considering both variables studied. The protein
expression of the anti-oxidant enzymes was not modified
between such groups (age or treatment) probably because
the ROS generated would not be sufficient to modify protein
synthesis; however, these were efficient to change some anti-
oxidant activities. Probably there are other intracellular
factors influencing the concentration of these anti-oxidant
enzymes, such as substrate source and temperature, which
we have not considered as a goal.

From the data here presented, it is clear that there were
DHEA pro-oxidant effects, evidenced by LPO in all ages
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studied. Especially in age 13 month-old, DHEA promoted a
marked increase in LPO. The increased LPO in age 13
month-old—independently of treatment—might be a con-
sequence of enhanced ROS, which, in turn, would be a
stimulus or a source to the higher SOD, CAT and GST
activities in this group. Oztiirk and Giimiisli® observed a
significant decrease in the redox index during ageing, which
may be related to decreased total glutathione levels and
increased GSSG measured in the reported study. In
agreement with our hypothesis, erythrocyte GSH concen-
trations were significantly decreased in 12 month-old rats
when compared to 1 or6 month-old groups.”® Consistent with
this result, Liu and Choi*® reported that rat erythrocyte GSH
concentrations were lower in 12 month-old rats when
compared to 3 month-old rats. From our data it seems that
about 13 month-old rats could be at the age at which ROS-
dependent damage is accumulated, and the increased anti-
oxidant enzyme activities were not sufficient to prevent the
enhanced LPO at this specific age.

Whether or not the modified oxidative stress scenario
found in this chronic DHEA administration is linked to
adverse health effects related to its chronic and free use
worldwide considering ageing remains unclear. These
results reinforce how necessary is to investigate DHEA
effects over red blood cells and ROS in vive to elucidate this
steroid effects in such an important and accessible tissue,
considering its feasibility as routine method in human
clinical studies.

In the present investigation, the first study of ervthmocytes
and DHEA to be conducted on ageing rats treated with DHEA
regarding to peripheral markers of oxidative stress, we
examined some anti-oxidant enzyme activities and expres-
sions and LPO in erythrocytes, therefore they are repre-
sentative cells considering the whole body system and its
circumstances. Indeed, oxygen radicals and hydrogen peroxide
are permanently produced by haemoglobin autoxidation,®
exposing erythrocytes to oxidative stress continuously. The
field of blood redox biclogy is rapidly advancing and
encompasses several important areas as ageing probably
because it represents a minimal invasive procedure which
can propose a current knowledge about measuring oxidative
stress in human and animal biological samples.
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5.4 Artigo 4

Titulo: Redox imbalance influence in the myocardial Akt activation in aged rats

treated with DHEA

Status: Artigo submetido (Rejuvenation Research)

Objetivo: Avaliar os efeitos da administragdo cronica de DHEA sobre o
estresse oxidativo no coragdo de ratos adultos jovens e velhos, e verificar se
tais mudangas estariam associadas as alteragbes no estado redox. Ainda,
correlacionar a concentracdo de peroxido de hidrogénio a possivel modulagéo
da expressao de proteinas redox-sensiveis.

Conclusdao: A DHEA aumentou significativamente a atividade da GST no
miocardio dos grupos 3 e 24 meses. O fator idade diminuiu a concentragdo de
peréxido de hidrogénio e a concentragéo proteica de Nrf2, independentemente
do tratamento. Entretanto, a idade aumentou as concentragdes de GST, Akt e
p-Akt em ambos os grupos de 24 meses. O grupo 24 meses tratado com DHEA
respondeu diferentemente considerando as medidas de GSSG, a atividade da
GPx e a concentracdo da p-Akt. Mais estudos s&o necessarios para concluir
sobre a eficacia e a seguranca do uso de DHEA na reposi¢ao hormonal no
envelhecimento, o que pode contribuir para um melhor entendimento dos
efeitos da DHEA sobre os parametros de estresse oxidativo e a modulacéo de

vias de sinalizagao.
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ABSTRACT

This study examined, in young and old (3 and 24 month-old, respectively)
healthy Wistar rats, the in vivo effect of DHEA (10 mg/kg body weight)
administered subcutaneously for 5 weeks. Reduced (GSH) and oxidized
(GSSG) glutathione levels, glucose — 6- phosphate dehydrogenase (GEPDH),
glutathione peroxidase (GPx), glutathione- S - transferase (GST) and
thioredoxin (Trx) reductase activities, hydrogen peroxide steady-state
concentration and Nrf2, GST, Trx-1, Akt and p-Akt expressions were assessed
in heart tissue. DHEA treatment significantly increased GST activity in 3 and 24
month-old treated groups. The aging factor diminished hydrogen peroxide
concentration and Nrf2 expression, independently of treatment. However, the
aging process increased GST, Akt and p-Akt expressions in both 24 month-old
groups. Aged group have responded in a different manner to DHEA effects
regarding to GSSG content, GPx activity and p-Akt concentration. Further
studies are needed to form conclusions about the efficacy and the safety of
DHEA replacement in the elderly, and it militates to a better understand of
DHEA net effect over oxidative stress parameters and its modulation of

signaling cascades.
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INTRODUCTION

Dehydroepiandrosterone (DHEA) and its sulfate ester (DHEAS) are
steroid hormones produced by the adrenal cortex. One of the main
characteristics of DHEA s its age-dependent pattern of secretion. Its production
begins during fetal life, reaches the highest serum levels between 20 and 30
years, then there is a steady decrease around 2 to 5% per year, leaving a
residual of 10-20% serum concentration of that observed in young adults (1).
The age-related decline in DHEA production is attracting attention because of
its possible relevance to the etiology and management of many age-related
clinical disorders (2).

Epidemiological studies have shown that atherosclerotic disease and
cardiovascular mortality are inversely associated with DHEA and DHEAS
concentrations, mainly in males (3, 4). The incidence and prevalence of
atherothrombotic diseases, as stroke and coronary heart disease, increase with
aging (5). Important studies have shown association between aging and
biochemical modifications in the arterial wall and in lipoproteins (6) and in the
hormonal status including DHEA (7), which might be related to the increased
incidence of coronary heart disease. Since DHEA secretion exhibits an age-
associated pattern, which is characterized by declining with aging, this steroid
has generated major interest as an “anti-aging” hormone (8).

Aging is a progressive deterioration in physiological functions and
metabolic processes. It has been widely postulated that accumulation of
oxidative damage to cellular components is a causal factor in the aging process
(9). Reactive oxygen species (ROS) including superoxide anion, hydrogen

peroxide, and the highly reactive hydroxyl radical can be toxic at high levels but
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can also regulate genes that control cell growth and differentiation (10). To
protect cells, defense mechanisms utilize enzymatic and non-enzymatic
antioxidants to avoid or to retard cellular damage arising from the oxidative
stress - an imbalance between free radicals generation and antioxidant
systems. Cells are able to generate ROS endogenously which induce and
maintain signal transduction pathways (11).

Reduced glutathione (GSH) is the main nonprotein thiol involved in the
antioxidant cellular defense, and is produced in all cell types. It acts in the
detoxification of xenobiotics and naturally deleterious compounds, such as
hydrogen peroxide, other peroxides and free radicals. GSH also acts as a
cosubstrate for GPx in quenching hydrogen peroxide and organic peroxides
(12). GSH depletion is linked to a number of disease states such as cancer,
neurodegenerative and cardiovascular diseases in humans (13). Among other
antioxidants, mammalian heart is also protected by the redox-regulated protein
thioredoxin (Trx). Thioredoxin is not only involved in cytoprotective functions
against oxidative stress, but also in the regulation of cellular proliferation and
the aging process. ROS are able to promote Trx translocation to the nucleus,
where it can modulate redox-sensitive proteins transcription (14). Another
pivotal role in redox-sensitive proteins transcription is accomplished by the
nuclear factor-erythroid 2-related factor 2 (Nrf2) (15).

Several lines of evidence suggest that Nrf2 plays a critical role in the
regulation of the cellular GSH homeostasis (16). Nrf2, which binds to the
antioxidant response element (ARE), has been demonstrated to be a critical
transcription factor in the promoter region of a number of genes, encoding for

antioxidative and phase 2 enzymes in several types of cells and tissues. The
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upregulation of endogenous antioxidants and phase 2 enzymes — involved in
detoxification of electrophilic xenobiotics — in cardiac tissue/cells constitute a
strategy to protect against oxidative cardiac injury (17).

Many hypotheses have been postulated for cardiac aging, including
altered membrane structure and permeability, prolonged action potential
duration and accumulation of ROS (18). ROS have also an important
physiological role in the intracellular regulation and signaling (19), by
transmitting downstream signals via induced alterations in protein redox status
(20). It has been shown that moderate levels of hydrogen peroxide may activate
the Akt and eNOS pathways, suggesting that oxidative stress can cause
changes in proteins, influencing the regulation of signal transduction (21). Akt is
a serine/threonine kinase, which inhibits apoptotic cycle and stimulates growth
pathways. Akt acts as a survival Kinase by phosphorylating a number of
apoptosis-regulatory molecules (22). Such pathway seems to be involved in the
regulation of cardiac growth and increased cardiac function (23).

Some steroids have been considered as antioxidants, including DHEA
(24, 25). Effects of exogenous DHEA administration can be dual, antioxidant or
prooxidant, depending on the dosage used and on the tissue specificity (26,
27). More than that, Nakamura and others have shown that there is cardiac
DHEA production in control human heart, whereas its production decreases in
the failing heart. DHEA amount synthesized by heart may be too small to have
any endocrine function, and it may act as an autocrine /paracrine factor within
the healthy heart (28).

Experimental in vivo and in vitro studies indicate that DHEA inhibits

glucose-6-phosphate dehydrogenase (G6PDH) activity in mammalian cells by
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binding to the enzyme-coenzyme substrate ternary complex, and it may, as a
result, promote oxidative stress. DHEA is a potent uncompetitive inhibitor of
G6PDH which converts glucose-6-phosphate into 6-phosphogluconate in an
NADP™ - dependent process, generating NADPH (29).

The main goal of the present study was to compare chronic DHEA
administration effects over young and aging rat hearts, and verify whether these
changes would be associated to redox imbalance variations. Additionally, we
intend to correlate the hydrogen peroxide concentration — evidenced as a
signaling molecule — to a possible modulation of redox-sensitive protein
expressions such as Trx-1, AKt and Nrf2.

MATERIALS AND METHODS

Animals and Treatments: Twenty-four Wistar male rats (3 and 24 months)
obtained from the Instituto de Ciéncias Basicas da Saude (ICBS) of the
Universidade Federal do Rio Grande do Sul (UFRGS) were randomly assigned
into control or DHEA (dehydroepiandrosterone; Calbiochem) (10mg/kg) treated
once a week, subcutaneously, for 5 weeks. Control groups received vehicle
(vegetal oil). DHEA administration protocol was based on other studies (30, 31,
32). Animals were housed in plastic cages (four animals in each) and received
water and pelleted food ad fibitum. They were maintained under standard
laboratory conditions (controlled temperature of 219, 12 h light/dark cycle).
After 5 weeks, animals were killed by decapitation and their hearts were quickly
removed. We have used transversal slices of the entire heart for all assays (left
+ right chambers). Heart samples (approximately 100 mg) were frozen on dry
ice and stored at -80°C for western blotting. Remaining heart tissue was used to

measure hydrogen peroxide, glutathione concentration, and antioxidant
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enzymes. Special care was taken to minimize the number of animals used and
their suffering. All animal procedures used in this study were in accordance with
the Principles of Laboratory Animal Care (COBEA —Brazilian College of Animal
Experimentation) and the experimental protocol was approved by UFRGS
Animal Care Committee.

Determination of oxidized and reduced glutathione concentration: To
determine oxidized and reduced glutathione concentration, tissue was
deproteinized with 2 mol/L perchloric acid, centrifuged for 10 min at 1000 X g
and the supernatant was neutralized with 2 mol/L potassium hydroxide. The
reaction medium contained 100 mmeol/L phosphate buffer (pH 7.2), 2 mmol/L
nicotinamide dinucleotide phosphate acid, 0.2 U/mL glutathione reductase, 70
pmol/L 5,5 dithiobis (2-nitrobenzoic acid). To determine reduced glutathione,
the supernatant was neutralized with 2 mol/L potassium hydroxide, to react with
70 pmolL 5,5 dithiobis (2-nitro benzoic acid), and the absorbance values
measured at 420 nm (33).

Hydrogen peroxide steady-state concentration: Hydrogen peroxide was
measured via its horseradish peroxidase (HRPO)-mediated oxidation of phenol
red. Slices of fresh tissue from ventricles were incubated for 30 min. at 37°C in
phosphate buffer 10 mmol/L (NaCl 140 mmol’'L and dextrose 5 mmol/L). The
supernatants were transferred to tubes with phenol red 0.28 mmol/L and 8.5
UWmL HRPO. After 5 min incubation, 1 mol/lL NaOH was added and the
solution’s absorbance values measured at 610 nm. The results were expressed
in nmoles H202/ g tissue (34).

Antioxidant enzyme activities:
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Glutathione-S-transferase (GST) activity, expressed as picomoles per
milligram of protein, was measured by the rate formation of dinitrophenol-S-
glutathione at 340 nm. The reaction medium consisted of 19 mmol/L sodium
phosphate buffer (pH 6.5), 1 mmollL GSH, and 1 mmol/L chloride
dinitrobenzene (35).

Glutathione peroxidase (GPx) catalyzes reduced glutathione oxidation in the
presence of peroxides. lts activity was expressed as nanomole of NADPH
reduced per minute per milligram of protein. Selenium-dependent and -
independent GPx activities were measured by following NADPH oxidation at
340 nm in a reaction medium containing 0.17 mmol/L reduced glutathione, 0.2
U/mL glutathione reductase, and 0.5 mmol/L tert-butyl hydroperoxide (which
reacts with both the Se-dependent and non-Se-dependent GPx), as described
by Flohé and Gunzler (36).

Glucose-6-phosphate dehydrogenase (G6PDH) assay was measured by the
method of Leong and Clark (37), in which the reaction mixture (1 mL) contained:
100 mmol/L Tris=HCI pH 7.5, 10 m mol/L MgCI2, 0.5 m mol/L NADP+, and
sample. The reaction was started by the addition of 1 mmol/L glucose-6-
phosphate and was followed in a spectrophotometer at 340 nm. One G6FPDH
unit corresponds to 1 mmol of substrate transformed per minute and the specific
activity is represented as units per mg protein.

Thioredoxin reductase (Trx reductase) activity was determined using 5, 5°-
dithiobis (2-nitrobenzoic acid) (DTNB) and NADPH. The method is based on the
reduction of DTNB, which is indicated by an increase in absorbance at 412 nm.
The amount of DTNB reduced was calculated using the absorption coefficient of

13.6 x 10° mol' cm™ (38).
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Western blotting: Heart samples were homogenized (Ultra-Turrax) with lysis
buffer, pH 7.4, proportionally to weight (20 mL/g of tissue). Electrophoresis and
protein transference were performed as described elsewhere (39, 40). The
membranes were processed for immunodetection using rabbit polyclonal
antibodies for GST (26 kDa) (Chemicon), p-Akt (ser 473) (60 kDa), Akt (60
kDa), Trx-1 (55 kDa) and Nrf2 (68 kDa) (Santa Cruz Biotechnology). The bound
primary antibodies were detected using goat anti-rabbit horseradish peroxidase-
conjugate secondary antibody and membranes were revealed for
chemiluminescence. The autoradiographies generated were quantitatively
analyzed for the protein levels with an image densitometer (Imagemaster VDS
Cl, Amersham Biosciences Europe, IT). The molecular weights of the bands
were determined by reference to a standard molecular weight marker (Rainbow
full range Bio-Rad, CA, USA). The results from each membrane were
normalized to the Ponceau values (5% in acetic acid) instead of using actin or
tubulin as control, once DHEA could alter cytoskeleton proteins (41). To
minimize interassay variations, samples from all experimental groups were
processed in parallel (n=4 in each group). Protein expression values were
expressed as arbitrary densitometric units.

Protein determination: Protein was measured by the method of Lowry et al.
(42), using BSA as standard. The results were expressed in mg of protein/mL.
In Western blot analysis, protein was measured by the method of Bradford (43)
Data analysis: Two-way analysis of variance (ANOVA) followed by the post
hoc Student-Newmann-Keuls (SNK) test was used for the statistical analysis of

data, which are presented as the mean + SD. Values of p<0.05 were
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considered significant. Correlations between two variables were made using

Pearson’s correlation test.

RESULTS

The related changes in GSH total levels, GSH, GSSG and GSH/GSSG
ratio evaluated in cardiac samples in the different groups are reported in Table
1. There were no changes in GSH total levels nor in reduced GSH levels in
heart homogenates of 3 or 24 month-old groups considering age or treatment
factors. A decrease of GSSG levels was observed in cardiac samples of 3
month-old treated group when compared to its control. Considering GSSG
levels in 24 month-old treated group there was an increase when compared to
its control as well as when compared to 3 month-old treated group. Also GSSG
levels in 24 month-old groups were increased when compared to 3 month-old
groups, independently of treatment. An increase of GSH/GSSG ratio was
observed in heart homogenates of 3 month-old treated group when compared
to its control, and a decrease of this index was found in 24 month-old treated
group when compared to 3 month-old treated group. Also GSH/GSSG ratio in
24 month-old groups was decreased when compared to 3 month-old groups,
independently of treatment.

Table 2 shows the antioxidant enzymes activities of GBPDH, GPx, GST
and Trx reductase in heart homogenates in the different groups. A decrease of
G6PDH activity was observed in heart homogenates of 3 month-old treated
group when compared to its control. No changes were found between the two
24 month-old groups regarding to G6PDH activity. GPx activity was significantly

increased in 3 month-old treated group when compared to its control, however a
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decreased activity was found in 24 month-old treated group when compared to
its control. The 24 month-old treated group had significantly diminished GPx
activity when compared to 3 month-old treated group. Also GPx activity in 24
month-old groups was decreased when compared to 3 month-old groups,
independently of treatment. GST activity was significantly increased in heart
homogenates after DHEA treatment in 3 and 24 month-old groups when
compared to controls. There were no changes in Trx reductase activity in heart
homogenates of 3 or 24 month-old groups considering age or treatment factors.

Expression of GST (Figure 1A) was enhanced in 24 month-old groups
when compared to 3 month-old groups, independently of treatment. An
enhancement of GST expression was found in 24 month-old control when
compared to 3 month-old control group. Trx-1 expression (Figure 1B) did not
present any significant change in heart homogenates of 3 or 24 month-old
groups when compared to age or treatment factors.

Figure 2 presents myocardial hydrogen peroxide concentration (A} and
western blot analysis of Nrf2 antibody (B). A decrease of hydrogen peroxide
concentration was observed in cardiac samples of 24 month-old groups when
compared to 3 month-old groups, independently of treatment. The 24 month-old
treated group had significantly diminished hydrogen peroxide concentration
when compared to 3 month-old treated group, and this same result was
observed comparing control groups. Nrf2 expression showed exactly the same
result profile of hydrogen peroxide concentration. Hydrogen peroxide
concentration was positively correlated with Nrf2 protein expression (r=0.62,

p=0.0064).
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Figure 3A presents the increase of total Akt expression in 24 month-old
groups when compared to 3 month-old groups, independently of treatment. The
24 month-old treated group had significantly increased total Akt expression
when compared to 3 month-old treated group, and this same result was
observed comparing control groups.

Expression of p-Akt (Figure 3B) was enhanced in 24 month-old groups
when compared to 3 month-old groups, independently of treatment. An
increase of p-Akt expression was found in 24 month-old treated group when
compared to 24 month-old control group. A positive correlation was found

between p-Akt expression and the GSSG levels (r= 0.7547, p=0.0012).

DISCUSSION

The major outcome of this study was to demonstrate that DHEA
displayed different effects over young and old rat hearts. Regarding to our data,
the significantly increased GSSG levels and the decreased GSH/GSSG ratio in
the 24 month-old groups when compared to the young ones, independently of
treatment, corroborate the statement that increased free radicals generation
and impairment of antioxidant defenses might be strongly related to the aging
development. In order to counteract, antioxidant defense systems had to adapt
itself, and these changes could be expressed by GPx activity, GST and Akt
protein concentration - which is a survival and adaptative signaling protein.

Oxidative stress provokes perturbations in cellular GSH levels by
affecting the biosynthesis or altering the ratio of intracellular reduced and
oxidized forms of glutathione that affect multiple physiological responses (16).

In this study, the amount of GSSG was increased in the aged groups when
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compared to the young ones, and this fact was expected by the aging process
itself. Sivonova and co-workers (44) have shown an age-related decline in
myocardial antioxidant capacity accompanied by a significant loss in total
sulthydryl content and increased lipid peroxidation in old male Wistar rats (15
and 26 month-old). DHEA has increased the GSSG levels in 24 month-old
group when compared to 24 month-old control and when compared to 3 month-
old treated group. These results have shown that aged animals have responded
differently to DHEA treatment. However, when comparing both 3 month-old
groups, the steroid has significantly diminished GSSG levels, taking another
profile over young rat hearts. The GSH/GSSG ratio was significantly decreased
in 24 month-old groups when compared to both 3 month-old groups,
independently of treatment, due to increased GSSG levels in the aged rats.
These results are related to GSSG levels and to its accumulation over time-life
in aging development. DHEA treatment to aged rats induced diminished
GSH/GSSG ratio while it increases this ratio in the young ones.

G6PDH catalyses the first step of the pentose-phosphate pathway
supplying cells with ribose-5-phosphate — a precursor of nucleic acid synthesis
— and NADPH for biosynthetic process and protection against oxidative stress
(45). G6PDH is an important source of NADPH, which is required as a cofactor
for the conversion of GSSG to GSH by glutathione reductase to restore the
intracellular thiol redox status. Studies with DHEA suggest the importance of
G6PDH inhibition in reducing inflammation, hyperplasia and carcinogenesis,
taking evidence to indicate that GEPDH inhibition may retard the rate of
development of age-related diseases (46). In our study, the young treated group

did present a significantly diminished GE6PDH activity when compared to the
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young control group.This response could be related to a minor necessity of
GSH regeneration in the young group, once GSSG was less generated,
resulting in diminished substrate availability to GBPDH activity. It has also been
reported that DHEA inhibits GEPDH activity, an important factor to consider the
different GEPDH profile between both young groups (46).

DHEA administered to young rats resulted in increased GPx activity
when compared to young control group. Probably DHEA has generated
increased concentration of peroxides, which is a specific substrate to GPx
activity. However, this same group has presented less GSSG formation and
greater GSH/GSSG ratio when compared to young control group. Considering
the old groups, DHEA has decreased GPx activity. DHEA has decreased GPx
activity in 24 month-old group when compared to 3 month-old treated group.
Again this result has shown that aged animals have shown a different answer to
DHEA treatment. GPx activity was significantly decreased in 24 month-old
groups when compared to both 3 month-old groups, independently of treatment.
The increased GSSG formation and the diminished GSH/GSSG ratio in aged
animals would constitute disfavorable conditions to an ideal GPx activity.

It is known that GSTs constitute a family of enzymes that catalyzes the
conjugation of reactive chemicals with glutathione, and are involved in
protecting cells generating GSH conjugates (47). In our study, GST activity was
significantly increased in heart homogenates after DHEA treatment in 3 and 24
month-old groups when compared to controls. This increased GST activity in
both treated groups must reflect a direct xenobiotic effect of DHEA over this
enzyme and its role. In general, a variety of products of oxidative metabolism

such as organic peroxides appear to be natural substrates for GST (48).
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Surprisingly, a decrease of hydrogen peroxide concentration and Nrf2
expression was observed in cardiac samples of 24 month-old groups when
compared to 3 month-old groups, independently of treatment. Hydrogen
peroxide concentration was positively correlated with Nrf2 protein expression
(r=0.62, p=0.0064). This positive correlation is well-established and
corroborates the study of Ding and colleagues (20), which provide evidence that
hydrogen peroxide generated during muscle differentiation contributes to the
formation of myotubes via the activation of Nrf2/GSH redox signaling pathway.
Changes in the intracellular GSH redox environment have been shown to affect
many signaling pathways that participate in physiological responses from cell
proliferation to redox-regulated gene expression. There is growing evidence that
modifications in cellular redox balance toward prooxidative status leads to
oxidation and facilitates translocation of Nrf2 to the nucleus, where it binds to
the ARE regulatory region of phase 2 genes (49). This referenced study states
that hydrogen peroxide performs dual functions: as a signal messenger
molecule for muscle differentiation and as a mediator for antioxidant GSH
synthesis via Nrf2 activation. Indeed, through the use of Nfr2-disrupted models
(cells and mice), Kensler and co-workers have reported that Nrf2 protects
against cell death induced by multiple oxidants — including hydrogen peroxide —
mainly by alleviating cellular ROS levels (50). In our study, we measured only
cytosolic fraction of proteins by western blot technique. However, whether
evaluated the Nrf2 nuclear fraction, perhaps we could find increased Nrf2
nuclear expression - which would stimulate the increased GST, Akt and p-Akt

expressions.
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In our study, Trx-1 protein expression and thioredoxin reductase activity
were not statistically different between groups, independently of age or
freatment. The intracellular redox homeostasis capacity is substantiated
primarily by glutathione and thioredoxin (19). The thioredoxin system consists of
two antioxidant oxidoreductase enzymes: thioredoxin (Trx-1) and thioredoxin
reductase. This system acts as a H,O, — scaveging system (14). In regard to
the protocol used, we could suggest that GSH system was more involved and
demanded than Trx system — represented by thioredoxin reductase activity and
Trx protein expression.

GST expression was increased in 24 month-old groups when compared
to 3 month-old groups, independently of treatment. This increase in GST
expression with age may be related to age-associated decrease in GSH/GSSG
ratio. Such diminished redox ratio would stimulate the increased GST
expression, as a compensatory mechanism, once its expression can be
affected by altered ROS concentration.

Figure 3A presents the increase of Akt expression in 24 month-old
groups when compared to 3 month-old groups, independently of treatment.
Genetic analyses using various animal models have identified molecules that
are primordial for aging. These include the insulin/Akt pathway between other
metabolic pathways (5). One of the major functions of Akt is to promote growth
factor-mediated cell survival and to block apoptosis (51). This effect was aging-
dependent, suggesting that Akt concentration has increased as an answer to
the aging development in order to avoid degenerative processes. Akt activity
has been seen as a molecular interventional approach for treatment of

cardiomyopathic damage resulting from debilitating changes of aging (52). Yet,

79



an increase in Akt phosphorylation is related to hypertrophy in human heart
(53).

Also expression of p-Akt (Figure 3B) was enhanced in 24 month-old
groups when compared to 3 month-old groups. Once Akt concentration was
increased in the aged hearts, the rate of Akt phosphorylation has increased too.
Akt and p-Akt protein expression alterations occurred in parallel to decreased
GSH/GSSG ratio and to increased GSSG levels. Also a positive correlation
between p-Akt expression and the GSSG levels was found (r= 0.7547,
p=0.0012). It does not mean necessarily a cause-consequence interaction, but
since Akt is a redox-sensitive protein (54, 55, 56) such age-related changes in
this important redox index could be related to this protein activation. Yet, a
relatively low concentration of ROS such as hydrogen peroxide and superoxide
anion induces cell proliferation by ERK and Akt pathways largely through
stimulation of growth-factors receptors (57).

DHEA significantly increased p-Akt expression in 24 month-old group
when compared to its control. DHEA can act as a survival factor for bovine
aortic endothelial cells by triggering the galphai-PI3K/Akt-Bcl2 pathway against
apoptosis. Rapid and dose-dependent phosphorylation of Akt was the result of
DHEA vascular protective effect (58). It probably means that aged rat hearts
were more susceptible to DHEA eftects, which stimulated a greater Akt
phosphorylation.

Considering the results found, the aging process has responded
differently to DHEA actions regarding to GSSG content, GPx activity and p-Akt
concentration. Further studies are needed to form conclusions about the

efficacy and the safety of DHEA replacement in the elderly, and it militates to a

80



better understand of DHEA net effect over oxidative siress parameters and its

relation to Akt.
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Captions to figures:

Figure 1: Western blot analysis in cardiac homogenates after 5 weeks of 10
mg'kg DHEA treatment or control using GST (A) and Trx-1 (B) antibodies,
followed by representative western blots (two bands for each group). Values
are expressed as mean + SD, in arbitrary densitometric units. Two-way ANOVA
followed by SNK. b: Significantly different from 3m, same treatment
(P<0.05); c: Significantly different from 3m, independently of treatment

(P<0.05);

Figure 2: Hydrogen peroxide steady-state concentration (nmol/g tissue)(A) and
western blot analysis using Nrf2 antibody (B), followed by representative
western blots (two bands for each group) in cardiac tissue of different aging
groups after DHEA treatment (10 mg/kg) or control. Values are expressed as
mean = SD. Two-way ANOVA followed by SNK. b: Significantly different from
3m, same treatment (P<0.05); c: Significantly different from 3m, independently

of treatment (P<0.05);

Figure 3: Western blot analysis in cardiac homogenates after 5 weeks of 10
mg'kg DHEA treatment or control using Akt (A) and p-Akt (B) antibodies,
followed by representative western blots (two bands for each group). Values are
expressed as mean + SD, in arbitrary densitometric units. Two-way ANOVA
followed by SNK. a: Significantly different from its control, same age (P<0.05);
b: Significantly different from 3m, same treatment (P<0.05); c: Significantly

different from 3m, independently of treatment (P<0.05);
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Table 1: Effects over GSH total levels (GSH+GSSG), GSH (reduced glutathione), GSSG (oxidized glutathione) and GSH/GSSG

ratio evaluated in heart homogenates of the different groups after DHEA treatment (10 mg'kg) or control.

Measurement/Group 3 month-old Control 3 month-old DHEA 24 month-old Control 24 month-old DHEA

GSH + GS5G 0.2545 £0.0614 0.2781 £0.0611 0.2558 +0.0532 0.1953 +0.0253
(nmol'mg prot)

GSH 0.2472 £0.0620 0.2734 £0.1000 0.2468 £0.0520 0.1838 £0.0250
(nmal'mg prot)

G55G 0.0074 £0.0008 0.0048 £ 0.0011° 0.0092 £0.0018 © 0.0115 +0,0024 25¢
(nmal'mg prot)

GSH/GSSG ratio 33.96 +9.69 56.46 +11.17 ® 2745+6.06 ° 16.40 £3.925¢

Values are expressed as mean + SO (n=6 per group). Two-Way ANOVA followed by SNK. a: Significantly different from its control,
same age (P<0.05); b: Significantly different from 3m, same treatment (P<0.05); ¢ Significantly different from 3m, independently

of treatment (P<0.05);
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Table 2: Antioxidant enzyme activities of glucose-6-phosphate dehydrogenase (GBPDH), glutathione peroxidase (GPx), glutathione
S fransferase (GST) and thioredoxin reductase (Trx) in heart homogenates from the different groups after DHEA treatment (10

mg'kg) or control.

Enzyme activity/Group 3 month-old Control 3 month-old DHEA 24 month-old Control 24 month-old DHEA

GEPDH 3.20+0.29 251+026° 3.06+0.36 28510479
(UWmg prot)
GPx 48920 £8.83 63.70 £9.74° 60.00£9.76° 36.10 £2.24%5°

(nmol/min/mg prot )

GST
(umolimin/mg prot ) 13.23£2.08 1539 £1.13° 1400 £1.07 1486 +1.55
Trx reductase 1239 £1.11 13,25 +2.25 1375+2.25 1254 +1.43

(nmol TNB/min/mg prot)

Values are expressed as mean + SD (n=6 per group). Two-Way ANOVA followed by SNK. a: Significantly different from ifs control,
same age (P<0.05); b: Significantly different from 3m, same treatment (P<0.05); c: Significantly different from 3m, independently

of treatment (P<0.05); d: DHEA groups significantly different from control groups (P<0.05);
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6. DISCUSSAO CONCLUSIVA

Milhées de pessoas em todo mundo, principalmente na Europa e nos
Estados Unidos continuam a usar a DHEA — a maioria sem prescricdo médica
— como um produto que diminui muitas deficiéncias fisiolégicas ou como uma
promessa de efeitos anti-envelhecimento (Kibaly et al, 2008). Outro fato
relevante é o0 uso deste esterbide em doses farmacolégicas ou
suprafisiolégicas por atletas e simpatizantes do fitness para fins de hipertrofia
muscular (Labrie et al, 2006). Além disso, a terapia de reposigao hormonal com
DHEA, em idosos, homens e mulheres, aumentou a forca muscular, a massa
corporal e a libido, melhorou a pele, proporcionando melhor qualidade de vida e
sensacgao de bem-estar (Baulieu et al., 2000). Entretanto, ha muita controvérsia
e a literatura ainda nao disponibiliza dados suficientes para certificar sua
recomendacao.

No primeiro artigo publicado, foram verificadas mudangas em
parametros de estresse oxidativo em diferentes janelas temporais agudas (6 e
24 horas) com distintas doses de DHEA (1, 10 e 50 mg/kg) nos coragbes de
ratos adultos sadios. Este estudo objetivou verificar qual efeito tal esterdide
produziria agudamente no miocardio de ratos adultos sadios e o possivel
envolvimento da Akt neste modelo. As doses utilizadas na curva foram
escolhidas com base nos dados da literatura, onde encontramos a dose mais
utilizada sendo 50 mg/kg. Outros autores ja tinham demonstrado que o aspecto
temporal da administracao de DHEA pode ter papel fundamental em relagao ao
estresse oxidativo. Aksoy e colegas mostraram que a DHEA (50 mg/kg) pode

ter efeito benéfico no tecido renal quando administrada 3 horas antes do dano
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de isquemia-reperfusdo em coelhos, prevenindo a diminuicao das atividades da
SOD e CAT (2004). Entretanto, apos dois dias administrando a mesma dose
(50 mg/kg) Pelissier e seu grupo nao encontraram nenhum efeito antioxidante
da DHEA no homogeneizado de célon, intestino ou figado de ratos Wistar
adultos sadios. Interessantemente, no mesmo estudo apds 7 dias da mesma
administracdo de DHEA, os pardmetros de estresse oxidativo estavam
diminuidos nos mesmos tecidos, indicando um perfil antioxidante (2004). Em
nosso primeiro artigo, as doses de 1 e 10 mg/kg promoveram uma resposta
oxidativa nos homogeneizados cardiacos de ratos Wistar adultos ap6s 6 horas,
evidenciada pelo aumento significativo do dano oxidativo aos lipidios de
membrana (QL) (69% e 98%, respectivamente) quando comparados ao grupo
controle. Apdés 24 horas, nao foi encontrada nenhuma diferenga significativa
entre os grupos em relagdo a QL. O aumento da atividade da SOD apods 6
horas em todos os grupos, poderia refletir um aumento na concentragdo do
radical superéxido, apesar de nao termos medido tal espécie radical. Apds 24
horas, o grupo 10 mg/kg teve reducao (42%) da atividade da SOD em relagéo
ao grupo controle, sugerindo diminuicdo na concentracdo do radical
superoxido. Apés 24 horas, os grupos 10 e 50 mg/kg tiveram a atividade da
GST aumentada (55% e 43%, respectivamente) quando comparadas ao grupo
controle. A GST pertence a uma familia de enzimas que utilizam a glutationa
para transformar varios compostos (carcinogénicos, farmacos terapéuticos e
produtos do estresse oxidativo) (Pastore et al, 2003). Apds 24 horas da
administracao de DHEA, a GST teve sua atividade aumentada possivelmente
para detoxificar os produtos da lipoperoxidacdo, indicando a presenca de

estresse oxidativo. Os efeitos observados provavelmente nao estéo
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diretamente relacionados a eliminagao da DHEA, mas com a oscilagao tempo-
dependente da producdo e metabolizacdo das EAO. A concentragdo protéica
das enzimas antioxidantes nao teve diferenga significativa em nenhum dos
tempos provavelmente porque as EAO produzidas nao foram suficientes para
modificar a sintese destas proteinas. Outros fatores intracelulares poderiam
influenciar a concentracido destas enzimas, como a disponibilidade de
substrato, a temperatura e o pH. O HNE é um indicador de oxidagdao de
proteinas e lipidios que reage com os aminoacidos cisteina, histidina e lisina,
formando os adutos de Michael (Uchida, 2003). O HNE também pode reagir
nao somente com proteinas de membrana celular, mas com elementos
intracelulares como a glutationa (Nakashima et al, 2003). Em nosso estudo, o
HNE nao apresentou diferencga significativa entre os grupos em nenhum dos
tempos administrados. Apds 24 horas, o tratamento com DHEA 50 mg/kg
aumentou 47% a razao p-Akt/Akt comparado ao grupo controle. Uma
correlagdo positiva (r = 0.75, p=0.0008) entre a razdo p-Akt/Akt e a
concentragdo de HNE foi encontrada, sugerindo que o HNE poderia reagir com
importantes proteinas intracelulares influenciando a via da Akt, resultando em
um papel protetor desta proteina. Os produtos aumentados de LPO poderiam
estar induzindo a fosforilagdo da Akt, que € uma via de sobrevivéncia celular.
Wang e outros observaram que as EAO, como o peréxido de hidrogénio, sao
estimulantes da fosforilagdo da Akt e esta pode gerar um sinal para proteger as
células contra o estresse oxidativo (2000). Guedes e colegas evidenciaram que
as EAO estao envolvidas na dor neuropatica desenvolvida em modelo animal,
que causa ativagao da Akt e também ndo muda a expressao de HNE apods 24

horas (2008). Interessantemente, este estudo corrobora nossos resultados em
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relacdgo a Akt e HNE na mesma janela temporal. Cai e outros também
demonstraram que a fosforilagdo da Akt pode ser mediada pelas EAO, como o
peréxido de hidrogénio (2003). O conjunto destes dados sugere, portanto, que
as EAO podem ser precursoras das alteragées da Akt no miocardio de ratos
adultos tratados agudamente com DHEA, uma vez que o estresse oxidativo se
instalou paralelamente a razdo aumentada da p-Akt/Akt.

Varias evidéncias indicam que as reacdes oxidativas contribuem para
muitas consequéncias do envelhecimento e para outras doencas, incluindo
doencas cardiovasculares, doencas pulmonares, diabetes, doencas
neurodegenerativas e cancer (Jones, 2006). Estudos epidemiolégicos mostram
que doencas ateroescleréticas e a mortalidade cardiovascular estao
inversamente associadas com a concentracdo de DHEA e DHEAS,
principalmente em homens (Barrett-Connor e Goodman-Gruen, 1995;
Alexandersen et al, 1996). A incidéncia e prevaléncia de doencas
aterotromboéticas aumentam com o envelhecimento (Minamino e Komuro,
2007). Uma vez que o tratamento agudo com DHEA influenciou o status
oxidativo e a Akt no miocardio de ratos adultos saudaveis, o segundo artigo
estudou a relagdo do estresse oxidativo com a Akt no miocardio de ratos
adultos e velhos, apés administracdo cronica de DHEA. Observou-se no
primeiro artigo que a dose 10 mg/kg teve um importante efeito em relagao ao
estresse oxidativo, e com base em outros estudos de tratamento crénico com
esta dose, realizou-se o tratamento de 5 semanas. Foi demonstrado por este
estudo que a concentracdo da p-Akt aumenta nos grupos tratados,
independentemente da idade, e que a razdo pAkt/Akt aumentou no grupo

tratado de 18 meses quando comparado ao seu controle. Isto provavelmente
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significa que o potencial protetor da Akt foi ativado como uma resposta ao
tratamento crénico, especialmente demonstrado nos ratos velhos. A Akt (ou
PKB) tem importante fungcdo nas vias de sinalizagdo em resposta aos fatores
de crescimento e a outros estimulos extracelulares para regular varias fungdes
incluindo metabolismo, crescimento celular, sobrevivéncia e apoptose (Song et
al, 2005). A atividade da Akt tem sido vista como uma ferramenta de
intervencdo molecular para o tratamento de cardiomiopatias resultantes do
envelhecimento (Sussman, 2007). A DHEA pode agir como um fator de
sobrevivéncia ativando a via da PI3K/Akt-Bcl-2 contra a apoptose. A DHEA
produz efeito protetor vascular dependente da dose por meio da fosforilacdo da
Akt (Liu et al, 2007).

Novamente a DHEA teve influéncia na fosforilagdo da Akt, como
demonstrado no primeiro artigo, e tal efeito ocorreu paralelamente as
mudangas nos niveis de EAO. Os grupos 18 meses tiveram aumento
significativo de QL quando comparados aos grupos de 3 meses. Ambas
técnicas utilizadas para acessar LPO (QL e concentracdo de HNE) avaliam
diferentes fases deste processo. Apesar do aumento na QL — e n&o na
concentracdo de HNE - pode ter acontecido um aumento na produc¢ao de LPO
em uma fase intermediaria (entre as idades estudadas), o que poderia resultar
numa adaptacéo enzimatica compensatoria. Nossos resultados sugerem que a
geracgao de produtos da LPO estava associada com a indugéo da atividade da
GST, ja que ambas medidas estavam aumentadas nos grupos 18 meses
quando comparados aos grupos 3 meses. Os multiplos compostos produzidos
no processo de lipoperoxidagdo da membrana, os quais podem causar efeitos

biolégicos como doengas cardiacas, envelhecimento e cancer (Fukuda et al,
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1997), estdo possivelmente relacionados a inducdo da atividade da GST. O
aumento da atividade da GST nos velhos indica, provavelmente, que os
peroxidos — principalmente os orgéanicos — estavam acumulados no miocardio
dos ratos velhos, reforcando que o aumento da QL, independentemente da
DHEA, deve ser um efeito da idade. Esta diferente resposta especifica da idade
ja esta evidenciada na literatura em varios tecidos, incluindo o coragao (Candi e
Verdetti, 1989). A concentragdo de GST nao apresentou diferenga significativa,
provavelmente pela influéncia de outros fatores intracelulares — fato este
também encontrado no primeiro artigo. O tratamento com DHEA diminuiu
significativamente a atividade da SOD, independente da idade. Provavelmente
0s grupos tratados tiveram a atividade desta enzima inibida por produtos de
oxidagao (Travacio e Llesuy, 1996). Este estudo apresentou mudangas nos
parametros de estresse oxidativo em paralelo com as alteracbes na
concentragao da Akt. Isto ndo significa necessariamente uma interagao causa-
consequéncia, mas uma vez que as EAO sao evidenciadas como moléculas
sinalizadoras (Paravicini e Touyz, 2006; Cai et al, 2003; Araujo et al, 2008), tais
mudancas no estresse oxidativo podem estar relacionadas a modulagao desta
proteina. A DHEA parece exercer agoes toxicas e/ou benéficas nas células nao
somente por meio do seu potencial anti ou proxidante, mas sim pela modulagao
de cascatas de sinalizacgao.

O estresse oxidativo esta envolvido numa série de processos
patoldgicos e fisiolégicos de varios tecidos, exercendo um papel importante no
controle da fungao celular (Droge, 2002). Além disso, dados da literatura
apresentam, enfaticamente, a relacdo entre o envelhecimento e as EAO.

Entretanto, esta correlagdo é pouco explorada no sangue, mesmo sendo um
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tecido exposto constantemente ao estresse oxidativo pela auto-oxidagdo da
hemoglobina. Os eritrocitos apresentam niveis elevados de acidos graxos nao-
saturados, os quais constituem particularmente substratos preferenciais para
as reacgoes de peroxidacao (Katherine et al, 1997). Os eritrécitos constituem um
modelo valioso e importante para se observar os efeitos do envelhecimento
celular, ja que representam um marcador periférico (Nakamura et al, 2004).
Um interesse clinico relevante na DHEA é baseado em muitas observagodes: 1)
um importante declinio na sua produgdo com o passar dos anos; 2) evidéncias
na literatura de que as mudancas nos niveis de DHEA estdo associadas a
muitas doengas; e 3) o grande uso de terapia de reposicdo hormonal com
DHEA pode atenuar os declinios em diferentes fungcbes associados a idade
(Mo et al, 2006). A questao de investigar o efeito da DHEA sobre um marcador
periférico — que pode refletir o equilibrio entre os 6rgaos — foi sugerida para
compararmos se os efeitos ocorridos no miocardio seriam repetidos nos
eritrocitos. Por conseguinte, no terceiro artigo, objetivou-se estudar os efeitos
cronicos da DHEA sobre marcadores de estresse oxidativo em eritrocitos de
ratos Wistar de diferentes idades (3, 13 e 18 meses). Neste estudo, o perfil da
atividade da SOD, da LPO e a atividade da GST, em eritrocitos, foi o mesmo
durante o envelhecimento, com aumento significativo no grupo 13 meses
comparado com as outras idades, independentemente do tratamento.
Possivelmente, a atividade da SOD aumentada no grupo 13 meses pode ter
sido estimulada por uma producdao aumentada do anion superoxido, resultando
na produgdo aumentada de perdxido de hidrogénio. Entéo, a atividade da CAT
aumentada também nos 13 meses quando comparada aos grupos 3 e 18

meses, independente do tratamento, pode estar acontecendo pelo aumento de
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substrato disponivel (peroxido de hidrogénio). A atividade da SOD foi
positivamente correlacionada com a atividade da CAT (r = 0.689, p= 0.000018).
Este dado corrobora o estudo de Sohal e colegas (1990), que demonstrou que
as atividades da SOD e CAT estavam positivamente correlacionadas no figado,
coragao e encéfalo de diferentes espécies de mamiferos, incluindo ratos
velhos. A importancia desta relagado é a capacidade coordenada das enzimas
antioxidantes de varrer a geragcdao de EAO, evitando o acumulo do anion
superéxido e de perdoxido de hidrogénio. Durante o processo de
envelhecimento, a atividade das enzimas antioxidantes depende de muitos
fatores, como espécie, género, tecido e localizagdo de enzimas subcelulares
(Augustyniak e Skrzydlewska, 2004).

O grupo 13 meses tratado teve um aumento de 4 vezes na QL quando
comparado ao seu controle. O grupo 13 meses tratado também apresentou
aumento significativo na QL quando comparado aos grupos tratados de 3 e 18
meses. Ainda, a QL estava aumentada no grupo 13 meses quando comparado
aos grupos 3 e 18 meses, considerando o fator idade. A LPO pode ser
resultado de maior produgdo de EAO ou da diminuicdo das defesas
antioxidantes. Entretanto, o aumento da LPO no grupo 13 meses pode ser
resultado de aumento na produgao de peréxido de hidrogénio, indicada pelo
aumento na atividade da CAT. Oztiirk e Gimiislii estudaram os niveis de LPO
pela técnica de TBARS em eritrécitos de ratos velhos, encontrando maiores
concentragcbes de TBARS nas idades mais avangadas (2004). Rodriguez-
Martinez e colaboradores (1998) mediram os niveis de malondialdeido no
plasma de ratos Sprague-Dawley de 6, 24 e 30 meses. Os niveis de

malondialdeido estavam aumentados 2 e 3 vezes nos ratos de 24 e 30 meses,
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respectivamente, quando comparados ao grupo 6 meses. Nossos resultados
estdo de acordo com os dados obtidos em outros estudos quando, no primeiro
ano (préximo a 13 meses), mostrou-se um perfil de estresse oxidativo
aumentado, enfatizado no grupo tratado. Ha conflitos na literatura em relagao a
LPO durante o envelhecimento, possivelmente devido aos diferentes modelos
animais, tecidos examinados e os métodos utilizados. A atividade da GST
aumentada somente no grupo 13 meses — independente do tratamento- sugere
que os compostos produzidos durante o processo de LPO estao relacionados a
este aumento. Interessantemente, este mesmo grupo apresentou 0s maiores
niveis de QL. O acumulo de perdxidos organicos — gerados pela DHEA e pelo
estresse oxidativo nesta idade — deve ter influenciado a capacidade da
glutationa de manter as enzimas nas suas formas ativas — uma das suas
fungdes mais importantes (Pastore et al, 2003). De acordo com nossos
resultados, era esperado que o grupo 18 meses fosse o mais debilitado. No
entanto, nesta idade os parametros de estresse oxidativo estavam similares ao
grupo 3 meses. Surpreendentemente, a literatura tem documentado resultados
similares, nos quais o estresse oxidativo pode estar atenuado em animais de
idade avancada quando comparado a outras fases do envelhecimento,
dependendo do tecido e estrutura (Wu et al, 2007; Tian et al, 1998; Coling et al,
2009). Com base em nossos resultados, provavelmente o grupo 18 meses
conseguiu normalizar suas defesas apds uma situagao de estresse oxidativo
observada aos 13 meses. A partir dos dados obtidos, parece que a idade de 13
meses € quando um dano originado pelas EAO estad acumulado, e o aumento
das atividades das enzimas antioxidantes nao foram suficientes para combater

o aumento da LPO nesta idade.
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Estes dados abriram a perspectiva de estudar mais profundamente o
envolvimento do estresse oxidativo no envelhecimento, e 0 mecanismo pelo
qual as EAO estdo envolvidas na modulacdo das vias de sinalizagcado
intracelular sensiveis ao estado redox. Desta forma, um dos objetivos do
quarto artigo foi avaliar os efeitos da DHEA sobre o estresse oxidativo no
coragao de ratos adultos e em ratos mais velhos (24 meses), e verificar se tais
mudancas estariam associadas as alteracbes no estado redox. Também era
objetivo, correlacionar a concentracdo do perdoxido de hidrogénio a possivel
modulagdo da expressdo de proteinas redox-sensiveis. A maior contribuicdo
deste estudo foi demonstrar que a DHEA tem efeitos diferentes sobre o
coracdo de ratos adultos e velhos, e que estes apresentam diferente
sensibilidade ao tratamento com DHEA. O aumento significativo dos niveis de
glutationa oxidada (GSSG) e a diminuicdo da razao glutationa reduzida/oxidada
(GSH/GSSG) nos grupos 24 meses quando comparados aos adultos -
independentemente do tratamento — corrobora a afirmacdo de que a geragao
aumentada de radicais livres e o enfraquecimento das defesas antioxidantes
devem estar fortemente relacionados ao desenvolvimento do envelhecimento.
Em contrapartida, os sistemas de defesa antioxidante tiveram de adaptar-se, e
estas mudancgas poderiam estar expressas pela atividade da GPx e pela
concentracdo protéica da GST e da Akt. O estresse oxidativo provoca
perturbagdes nos niveis de glutationa afetando a biossintese ou alterando a
razao intracelular GSH/GSSG que afeta muitas respostas fisiolégicas (Harvey
et al, 2009). Em nosso ultimo artigo, a quantidade de GSSG estava aumentada
nos grupos velhos, e isto era esperado pelo préprio processo de

envelhecimento. Sivonova e colegas (2007) observaram um declinio na
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capacidade antioxidante no coragdo junto a uma perda significativa do
conteudo sulfidril total e aumento da LPO em ratos machos Wistar velhos (15 e
26 meses). Em nosso estudo, a DHEA aumentou os niveis de GSSG no grupo
24 meses quando comparado ao seu grupo controle e quando comparado ao
grupo adulto tratado. Entretanto, ao comparar ambos grupos de 3 meses, este
esterdide diminuiu os niveis de GSSG, tendo outro perfil sobre o coracdo de
ratos adultos jovens. A razdo GSH/GSSG estava diminuida nos grupos 24
meses quando comparados aos grupos 3 meses — independente do tratamento
— pelo aumento dos niveis de GSSG nos ratos velhos. Tais resultados estao
relacionados com os niveis de GSSG e seu acumulo durante o processo de
envelhecimento.

A enzima (glicose-6- fosfato desidrogenase (G6PDH) €& uma
importante fonte de NADPH, o qual é essencial como cofator para a conversao
de GSSG a GSH pela glutationa redutase (GR) para restaurar o estado redox
intracelular. Estudos com DHEA relatam a importancia da inibicao da G6PDH
na reducao da inflamagao, hiperplasia, carcinogénese, indicando que a inibicao
desta enzima pode retardar a taxa de desenvolvimento de doencas
relacionadas a idade (Schwartz e Pashko, 2004). Em nosso estudo, o grupo 3
meses tratado teve a atividade da G6PDH diminuida quando comparada ao
seu controle. Tal resposta pode estar relacionada a menor necessidade de
regeneragao de glutationa no grupo 3 meses, ja que menos GSSG foi gerada,
resultando em menor disponibilidade de substrato para sua atividade. Sabe-se
que a DHEA pode inibir a atividade da G6PDH, e isto € importante ao comparar
ambos os grupos 3 meses (Schwartz e Pashko, 2004). Outra enzima

importante é a GPx. Considerando somente os grupos velhos, a DHEA
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diminuiu a atividade da GPx, enquanto no grupo adulto aumentou a atividade
da mesma quando comparado ao seu grupo controle. A DHEA diminuiu a
atividade desta enzima no grupo 24 meses quando comparado ao grupo 3
meses tratado. Novamente, demonstramos que os animais velhos tiveram
resposta diferente ao tratamento com o esterdide estudado em relagao aos
jovens. A atividade aumentada da GST em ambos os grupos tratados reflete
um efeito xenobidtico direto da DHEA sobre esta enzima e sobre sua fungao.
Em geral, varios produtos do metabolismo oxidativo, como os perdxidos
organicos, parecem ser substratos naturais para a GST (GUmuslu et al, 1998).
Surpreendentemente, a concentragcao de peroxido de hidrogénio e a
expressao de Nrf2 estavam diminuidas nos tecidos cardiacos dos ratos velhos
quando comparados aos ratos adultos, independentemente do tratamento. A
concentragcao de perdxido de hidrogénio foi positivamente correlacionada com
a expressao de Nrf2. Essa relacao esta bem estabelecida e corrobora o estudo
de Ding e outros (2008), que mostraram que o perdxido de hidrogénio,
produzido durante a diferenciacdo muscular, contribui para a formacao de
miotubulos pela ativacdo da via de sinalizacdo redox GSH/Nrf2. Alteracdes da
glutationa no meio redox intracelular podem afetar muitas vias de sinalizagéo
que participam em respostas fisiolégicas, desde a proliferagdo celular até a
expressao génica regulada pelo estado redox. Modificagdes no equilibrio
redox celular em direcdo ao estado pro-oxidante leva a oxidacado e facilita a
translocagao do Nrf2 para o nucleo, onde este se liga ao elemento responsivo a
antioxidantes (ARE) (Kweon et al, 2006). O Nrf2 protege contra a morte celular
induzida por multiplos oxidantes — incluindo o peréxido de hidrogénio —

principalmente por atenuar os niveis de EAO celular (Kensler et al, 2007). Em
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nosso estudo, mediu-se a fragdo citosdlica das proteinas pela técnica de
western blot. Entretanto, se avaliada a fragao nuclear, talvez a concentracao de
Nrf2 estivesse aumentada, a qual poderia ser o estimulo para as
concentragdes aumentadas de GST, Akt e p-Akt.

A concentracdo da tiorredoxina-1 e a atividade da tiorredoxina
redutase ndo foram diferentes estatisticamente entre o0s grupos,
independentemente da idade ou do tratamento. De acordo com o protocolo
usado, sugere-se que o sistema de glutationa estava mais envolvido e exigido
do que o sistema da tiorredoxina — representado pela concentracido da
tiorredoxina-1 e pela atividade da tiorredoxina redutase.

A concentragdo da GST estava aumentada nos grupos 24 meses
quando comparados aos grupos 3 meses, independente do tratamento. Este
aumento com a idade pode estar relacionado a diminuicdo da razao
GSH/GSSG associado a idade. Esta diminuicdo da razao GSH/GSSG poderia
estimular o aumento na concentragdo de GST, como um mecanismo
compensatério, ja que sua expressdao pode ser afetada pela concentragéo
alterada de EAO.

O aumento na concentragdo da Akt nos grupos 24 meses quando
comparado aos grupos 3 meses, independente do tratamento, novamente
evidencia um efeito dependente da idade. Sugere-se que este aumento na Akt
€ uma resposta ao desenvolvimento do envelhecimento, procurando evitar
outros processos degenerativos. Houve também aumento na concentracédo da
p-Akt nos grupos 24 meses quando comparado aos grupos 3 meses,
independente do tratamento. Uma vez que a concentragdo da proteina

aumentou nos ratos velhos, a taxa de fosforilacdo aumentou também. As
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alteragbes na concentracdo da Akt e da p-Akt ocorreram em paralelo a
diminuicao da razdo GSH/GSSG e ao aumento da GSSG. Foi encontrada uma
correlagao positiva entre a concentragao de p-Akt e os niveis de GSSG. Este
fato nao significa uma interacdo causa-consequéncia, mas sendo a Akt uma
proteina redox-sensivel, tais mudangas relacionadas a idade e aos niveis de
GSSG podem estar associadas a ativacdo desta proteina. A baixa
concentragdo de EAO, como o perdxido de hidrogénio, e o anion superoéxido,
induz a proliferacdo celular pelas vias da ERK e da Akt, por meio da
estimulacédo dos receptores dos fatores de crescimento (Yoon et al, 2002). A
DHEA aumentou a concentragao da p-Akt no grupo 24 meses comparado ao
seu controle. Nosso resultado sugere que os coragdes dos ratos velhos
estavam mais suscetiveis ao efeito da DHEA, a qual estimulou uma maior
fosforilagao.

Os resultados obtidos por meio destes experimentos indicam um
cenario em que a DHEA parece modular proteinas redox-sensiveis, bem como
exerce diferentes efeitos em relagdo ao estresse oxidativo dependendo da
idade. Se a DHEA deve ser considerada anti ou prooxidante ndo € a questao
central. A DHEA exerce acdes benéficas e/ou tdxicas nos tecidos ndo somente
por meio do seu potencial como anti ou prooxidante, mas por ter a capacidade
de modular vias de sinalizacdo como a Akt. E fundamental esta nova visdo em
relagcdo ao estresse oxidativo, uma vez que seu conceito tem sido redefinido.
Jones (2006) estabelece que o acumulo de dados sobre as vias de sinalizagéo
redox, intervencdes em ensaios com antioxidantes, e marcadores de estresse
oxidativo indicam que uma definicdo mais proveitosa e contemporanea para o

conceito de estresse oxidativo € “a interrupcao do controle e da sinalizacao
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redox”. Sabe-se que as consequéncias benéficas e/ou toxicas das EAO
sugerem um conceito simples como o “disturbio no equilibrio entre
prooxidantes e antioxidantes”, e este € um conceito de mais de 20 anos.
Simultaneamente, os sistemas enzimaticos evoluiram para produzir espécies
reativas para a sinalizagado bioldgica, reagdes biosintéticas, defesa quimica e
funcdes de detoxificacdo (Jones, 2006). Estes outros aspectos ajudam a
justificar este novo conceito e sua naturalidade frente as abundantes
evidéncias na literatura.

Conclui-se que a DHEA como promessa de horménio “anti-
envelhecimento” € uma perigosa imagem que € vendida e bastante utilizada
em varias partes do mundo, seja na reposi¢dao hormonal feminina e masculina,
seja como suplemento nutricional em academias. Mostrou-se neste estudo que
a DHEA pode alterar o perfil oxidativo celular, modulando a expressao de
proteinas envolvidas na sinalizagcdo celular. O uso indiscriminado deste
horménio poderia alterar estas vias de maneira a produzir adaptacdes

inadequadas ou ndo necessariamente benéficas ao organismo.

7. PERSPECTIVAS

Embora os resultados apontem para uma clara participacdo da DHEA
influenciando as EAO na modulagao das vias de sinalizacao intracelular, outros
experimentos seriam necessarios para definir mais especificamente o papel
deste esterdide em relagcdo aos radicais livres e ao controle da ativacado e
expressao das proteinas destas e de outras vias de sinalizacdo envolvidas no

envelhecimento. Poderiam ser realizados:
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e a avaliagcado in vitro do efeito da DHEA, avaliando outras
vias intracelulares;

e a avaliagdko em fémeas durante o envelhecimento,
repetindo os protocolos utilizados nos machos;

e 0 uso de modelos patolégicos, como o Diabetes Mellitus;

e a avaliagdo de outros tecidos (sistema nervoso central,

figado, rim, musculo esquelético)
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