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RESUMO

A menopausa é identificada como uma fase onde é desencadeada uma série de
distarbios fisiolégicos e metabdlicos devido a queda brusca dos hormdnios
sexuais, que desempenham funcdes importantes como o controle dos ciclos
ovulatorios e antioxidantes naturais. Com o hipoestrogenismo ocorre uma
variedade de desordens que vao desde aumento de peso e mudancas no humor
até doencas cardiovasculares e neurodegenerativas. Muitas destas doencas
estdo relacionadas com o0 estresse oxidativo. A reposicdo hormonal com
estrogénio vem sendo repensada devido seus possiveis efeitos colaterais. A
suplementacdo com antioxidantes de fontes variadas é uma alternativa para
amenizar os sintomas da menopausa, melhorando assim a qualidade de vida das
mulheres que se encontram nesta fase. Este estudo teve por finalidade avaliar a
resposta do estresse oxidativo no coracdo de ratas Wistar ovariectomizadas, apés
suplementacdo com &cidos graxos (AG) eicosapentaendico (EPA) e
docosahexaendico (DHA), provenientes do 6mega-3 e o &cido lipoico (AL), em um
periodo de 3 meses. Foram realizadas as analises de biomarcadores,
guantificando antioxidantes enzimaticos e n&o enzimaticos, bem como
marcadores de danos em lipideos e proteinas com a quantificacdo de
Malondialdeido (MDA) e identificacdo de grupos carbolinados, respectivamente.
Como resultados deste estudo, a ovarectomia gerou alteracdes no perfil oxidativo
das ratas. A suplementacdo com EPA, DHA e AL demonstrou a recuperacao dos
niveis normais de consumo de H,O, (catalase, peroxirredoxinas), da atividade de
glutationa S-transferase (GST), superéxido dismutase (SOD) e glutationa total
(GSHt) nas ratas tratadas. A atividade da glutationa peroxidase (GPx) retornou
aos niveis normais com a suplementagdo com DHA. Ja o tratamento com EPA foi
mais efetivo para o aumento da Vit E, quando comparado ao grupo controle. Os
danos em proteinas foram menores em todos os grupos suplementados. Os
danos em lipidios foram menores no grupo tratado com AL, quando comparados
ao grupo SHAM (grupo controle).Os resultados sugerem um efeito protetor do
acido lipoico e do 6mega-3 no coracdo de ratas ovariectomizadas em relagédo ao

dano oxidativo.
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ABSTRACT

Menopause is identified as a phase where triggers a series of physiological and
metabolic disorders due to the sharp drop of sex hormones, which play important
functions like controlling the ovulatory cycles and natural antioxidants. With
hypoestrogenism occurs a variety of disorders ranging from weight gain and
changes in the mood to cardiovascular and neurodegenerative diseases. Many of
these diseases are associated with oxidative stress. Hormone replacement with
estrogen is being rethought because of their possible side effects.
Supplementation with antioxidants from different sources is an alternative to
alleviate menopausal symptoms, thus improving the quality of life of women who
are at this stage. This study aimed to evaluate the response of oxidative stress in
the heart of Wistar ovariectomized rats, after supplementation with fatty acids (FA)
eicosapentaenoic (EPA) and docosahexaenoic acid DHA), derived from omega-3
and lipoic acid (LA), in a 3 month period. The biomarker analyzes were performed
by quantifying enzymatic and non-enzymatic antioxidants and damage markers in
lipids and proteins with the quantification of Malondialdehyde (MDA) and
identifying carbonylated groups, respectively. As a result of this study, ovariectomy
generated changes in oxidative profile of rats. The supplementation with EPA,
DHA and LA showed recovery of normal levels of H,O, consumption (catalase
peroxiredoxins), glutathione activity S-transferase (GST), superoxide dismutase
(SOD), and total glutathione (GSHt) in treated rats. The activity of glutathione
peroxidase (GPx) returned to normal levels with supplementation with DHA. Since
treatment with EPA was more effective for increasing vitamin E compared to the
control group. Protein damage were lower in all supplemented groups. The
damage in lipids were lower in the group treated with LA when compared to SHAM
group (group control). The results suggest a protective effect of lipoic acid and

omega-3 in the heart of ovariectomized rats compared to oxidative damage.

Key-words: Oxidative Stress, heart, ovariectomy, lipoic acid, fatty acids, omega-3.
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1. INTRODUGCAO

1.1Ciclos Reprodutivos

Os ciclos reprodutivos das mulheres s&o caracterizados por mudancas
mensais na secrecao das taxas hormonais e mudancas nos 6rgdos sexuais. Este
padrdo ritmico mensal & conhecido como ciclo sexual mensal feminino, que dura
em média 28 dias (Figura 1.), podendo variar de 20 a 45 dias, em algumas
mulheres. A cada 28 dias ocorre uma sequéncia de desenvolvimento folicular
(fase folicular) nos primeiros 14 dias e formacéo e degeneracdo de um corpo lateo
(fase lutea), que ocorre nos 14 dias subsequentes. Entre as duas fases, ocorre a
ovulagéo (Constanzo, 2007).

As mudancas ovarianas dependem de trés hierarquias de horménios
gonadotrépicos: hormdnio foliculo-estimulante (FSH) e horménio luteinizante (LH),
cuja secrecdo € realizada pela hipofise anterior apds a liberacdo do terceiro
horménio, liberador de gonadotropina (GnRH), pelo hipotdlamo (Guyton & Hall,
2011). A secrecdo destes hormdnios € controlada por feedback positivo (+) ou
feedback negativo (-), sendo liberados com diferentes intensidades durante as
diferentes fases do ciclo menstrual mensal (Figura. 2) (Constanzo, 2007; Guyton
& Hall 2011)

As células da granulosa sao as Unicas células do ovario com receptores
para FSH, sendo que a acdo deste horménio estimula as células da granulosa
para foliculos primarios e estimula a sintese de estradiol. A fase folicular ou
proliferativa ocorre pelos efeitos de feedback negativo do estradiol, uma vez que
ele tem sua sintese e secrecdo estimulada pelo FSH e LH, pelas células
foliculares. O estradiol atua inibindo a secrecéo adicional de FSH e LH (Guyton &
Hall 2011).

No meio do ciclo, os niveis de estradiol aumentam e passam a ter efeito de
feedback positivo, causando secrecdo adicional de FSH e LH. Este processo é

conhecido como surto ovulatério de FSH e LH. A ovulacdo comeca pelo LH,
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qgquando as concentracfes sanguineas do mesmo aumentam e a ruptura do

foliculo dominante é induzida, liberando assim o od6cito. Na fase lGtea ou

secretora, a principal secrecdo dos ovarios é a progesterona que atua com

feedback negativo sobre a hipdéfise anterior, que inibe a secre¢do de FSH e LH
(Constanzo, 2007; Guyton & Hall 2011).
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Figura 1: Concentracdes plasmaticas aproximadas

de gonadotropinas e

horménios ovarianos, durante o ciclo sexual feminino normal (Guyton & Hall,

2011).
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Figura 2: Regulacdo por feedback do eixo hipotdlamo-hipofisario-ovariano em
mulheres. Efeitos estimulatérios sdo indicados por (+) e os efeitos de feedback
negativo estdo demostrados por (-). Os estrogénios e as progestinas exercem
tanto os efeitos de feedback positivo quanto do negativo, na hipofise anterior e no
hipotalamo, dependendo do estagio do ciclo ovariano (Adaptado de Guyton &
Hall, 2011).
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1.2 Hormobnios Sexuais

Os hormonios esteroides ovarianos, progesterona e 17f3-estradiol, sao
sintetizados nos foliculos ovarianos pelas fun¢cdes combinadas das células da
granulosa e células da teca. A aromatase converte a testosterona em 17(3-

estradiol nas células da granulosa. (Constanzo, 2007).

Em geral, os hormdnios esteroides ovarianos coordenam a atividade
reprodutiva da mulher com o desenvolvimento do O6vulo, desenvolvimento e
manutencdo do corpo lateo para sustentacdo do évulo fertilizado e manutencéo
da gravidez, bem como a preparacdo das mamas para lactacdo (Constanzo,
2007; Guyton & Hall 2011).

Os horménios esteroides: cortisol, aldosterona, estradiol e estriol,
progesterona e testosterona, em geral derivados do colesterol (Figura.3), sao
sintetizados e secretados pelo cértex supra-renal, gdbnodas, corpo liteo e placenta
(Constanzo, 2007; Guyton & Hall 2011).

A estrutura quimica dos hormdénios esteroides € semelhante a do colesterol:
lipossoluveis, caracterizados por 3 anéis ciclo-hexila e 1 anel ciclopentila,
combinados a uma Unica estrutura. Uma vez sintetizados, se difundem através da

membrana celular e entram no liquido intersticial e sangue (Guyton & Hall, 2011).
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Figura 3: Sintese dos principais hormoénios femininos e seus precursores
(Adaptado e traduzido de Guyton & Hall, 2011).

1.3 Menopausa

A menopausa caracteriza-se por 12 meses de amenorreia (auséncia de
menstruagao) subsequentes. Esta transigdo inicia geralmente por volta dos 40
anos, sendo a idade média de 51 anos para a ocorréncia da menopausa
propriamente dita (Behr et al.,2012).

A menopausa € definida pela cessacdo permanente da menstruacao
devido a perda de atividade ovariana. O periodo pés-menopausa € caracterizado
endocrinologicamente por secrecdo elevada de Horménio foliculo estimulante
(FSH) e do Hormoénio luteinizante (LH) e a persisténcia de baixos niveis de
esteroides ovarianos (estradiol, progesterona) (Schmidt, Rubinow, 2010). A
menopausa pode ocorrer de forma natural ou por meio cirargico, com a retirada

dos ovarios, quimioterapia ou radioterapia (Agarwal et al., 2013).

Em geral, os sintomas relatados por mulheres pos-menopausa variam de

sintomas vaginais com dispareunia (dor nas relacfes sexuais) e disfuncdes
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sexuais, provavelmente pela diminuicdo da lubrificacdo vaginal, incontinéncia e
infeccbes urinarias, insbnia, depressdo, ansiedade, humor labil, perda de
memodria, fadiga, dor de cabeca, dores nas articulagdes e ganho de peso (Grady,
2006; Victorino et al., 2013). No entanto, sintomas mais graves como perda de
massa 0ssea, sintomas vasomotores, diminuicdo de lubrificacdo ocular e de
mucosas e déficit cognitivo também sao frequentes (Victorino et al., 2013). Ha
poucos estudos e evidéncias sobre tratamentos alternativos para alivio dos

sintomas devidos a menopausa (Grady, 2006)

1.3.1 Menopausa e as consequéncias

A menopausa esta associada a muitas complicacdes fisiopatologicas
resultantes das inUmeras mudancas que ocorrem devido a cessacéo da secrecao
dos horménios ovarianos (Eysen et al., 2013). Na menopausa, ocorrem
desordens neuroenddcrinas, devido a perda da funcdo dos ovarios, o qual
apresent papel biolégico importante no controle de funcdes reprodutoras e nao
reprodutoras, regulacdo do humor, a memodria, a cognicdo, comportamento, a
funcdo imunoldgica, do sistema locomotor, cardiovascular, entre tantas outras
(Rehman, Masson, 2005).

Estudos epidemiolégicos indicam que a incidéncia de Alzheimer em
mulheres ap0s a menopausa é de duas a trés vezes maior no sexo masculino,
com idades semelhantes (Eysen et al., 2013). Aumento no colesterol plasméatico
total (dislipidemia), lipoproteina de baixa densidade (LDL) e triglicerideos, e uma
diminuicao dos niveis de colesterol de alta densidade (HDL) (Pereira et al., 2003).
Além disso, ap6s a menopausa, as mulheres ganham peso e desenvolvem
obesidade abdominal (da Rocha et al., 2011).

Kannel et al. (1976), em seu estudo realizado ao longo de 20 anos, que
compreendeu 2.873 mulheres em pré-menopausa e pOds-menopausa, observou
que a incidéncia de doenca cardiovascular foi maior entre as mulheres pos-
menopausa, com 70 eventos, contra 20 eventos cardiovasculares na pré-

menopausa.
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Estudos apontam que o estresse oxidativo aumenta em mulheres apés a

menopausa (da Rocha et al., 2011; Eysen et al., 2013).

1.3.2 Menopausa e terapia de reposi¢cao hormonal (TRH)

Em meados dos anos 90, muitos foram os trabalhos publicados,
defendendo a TRH, afirmando que era benéfica por ser capaz de evitar doencas e
eventos cardiovasculares, agindo como cardioprotetora (Grady et al.,1992; WHO,
1994; Lennan, LenA, Ryan, 1995; Rodriguez et al., 1995; Colditz et al., 1995).

Porém em 1998, foi publicado no The Journal of the American Medical
Association um estudo que mudaria 0 que se sabia da TRH até o momento e
daria inicio a uma série se novos estudos a cerca deste assunto. Neste estudo
participaram com 2.763 mulheres, onde, 1.380 receberam estrogénio equino
conjugado 0,625mg/dia, mais acetado de medroxilprogesterona 2,5%. Estas
mulheres tiveram acompanhamento por um periodo médio de 4,1 anos. Os
resultados demonstraram que o tratamento com estas drogas aumentou as taxas

de eventos tromboembdlicos e doencas da vesicula biliar (Hulley et al., 1998).

Em julho de 2002 foram divulgados resultados parciais do estudo Women’s
Health Initiative Study Group (WHI), patrocinado pelo Instituto Nacional de Saude
norte-americano, realizado com 16.608 mulheres na pés-menopausa com idade
entre 50-79 anos. As participantes receberam intervengcdes com estrogénios
equinos conjugados, 0,625 mg/d, mais acetato de medroxiprogesterona 2,5 mg/d,
em 1 comprimido (n = 8506) ou placebo (n = 8102). Um dos bragos do estudo foi
suspenso devido as estimativas que indicavam que o0 uso dos horménios
aumentava o risco de doencas cardiovasculares e de cancer de mama (290 e 286

casos, respectivamente) (Jacques et al., 2002).

No ano seguinte, em 2003, a Food and Drug Administration (FDA)
recomendou que nao fossem usados estrogénios para prevenir doencas

cardiacas, e sim apenas para o alivio dos sintomas vasomotores, nas menores
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doses possiveis, apos pesar riscos e beneficios do TRH (Stephenson, 2003).
Segundo WHI, as 8.506 mulheres tratadas com estrégenos conjugados tiveram
40 eventos coronarianos, 40 derrames, 80 eventos tromboembolicos e 40 casos
de cancer de mama invasivos a mais do que as que receberam placebo (Jacques,
Rossouw, et al., 2002).

No inicio de 2004, foi encerrado o outro braco do estudo do WHI, com
11.000 mulheres em uso de estrégeno isolado, pois as estimativas mostraram que
a TRH nao previne a doenca cardiaca e aumenta o risco de derrame cerebral.

Concluiu-se entdo, que os riscos do TRH ultrapassavam os beneficios.

1.4 Estrogénio

E bem conhecido que os estrogenos atuam como sequestradores de
radicais livres, pois quebram a reacdo em cadeia produzida por estes nas
membranas bioldgicas, portanto, inibem a oxidacdo de lipidios e proteinas (da
Rocha et al., 2011).

As acdes de protecdo cardiovascular de estrogénio sao parcialmente
mediadas por um efeito direto sobre a parede do vaso, sendo ativo tanto no
muasculo liso vascular quanto nas células endoteliais. O estrogénio promove
vasodilatacdo nos seres humanos e em animais experimentais, parte pela
estimulacdo da prostaciclina e a sintese de 6xido nitrico, assim como através da
diminuicdo da producgdo de agentes vasoconstritores, tais como derivados da
ciclo-oxigenase, espécies reativas de oxigénio, angiotensina Il e endotelina-1. O
estrogénio impede, também, a degradacdo do NO (6xido nitrico) devido as suas
propriedades antioxidantes, aumenta sua disponibilidade, tendo papel importante

na lesdo arterial (Tostes et al., 2003).
Os efeitos vasculoprotetores do estrogénio foram também parcialmente

atribuidos a um equilibrio NO/anion superéxido (O,") na parede do vaso,

aumentando assim a biodisponibilidade do NO (Barbacanne et al., 1999).
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Estudos tém demonstrado que o estrogénio inibe a apoptose de células
endoteliais induzida por H,O, que os fitoestrogenos atenuam o dano oxidativo ao
DNA induzido por produtos finais de glicagdo em células do musculo liso vascular.
Esta dltima agéo foi associada com um aumento nos niveis totais de glutationa

intracelular (Tostes et al., 2003).

Wassmana et al (2001) demonstraram que a administracdo crbnica de
estrogénio em ratas ovariectomizadas previne a diminuicdo dos niveis

plasmaticos de nitritos / nitratos, bem como o aumento da pressao arterial.

1.5 Espécies reativas e 0 estresse oxidativo

Os radicais livres ou espécies reativas sdo ions, moléculas ou atomos
cujos elétrons encontram-se desemparelhados, sendo estes derivados
principalmente do oxigénio (ERO), nitrogénio (ERN) e do enxofre (ERS).
Caracterizam-se por sua instabilidade, participando ativamente de reacbes com

outras moléculas. (Carolo & Ferreira; 2013).

Em atividades normais as células, como a cadeia transportadora de
elétrons na mitocondria, por exemplo, radicais livres sdo produzidos em um
cenario de oxido-reducdo, onde oxigénio molecular (O,) sofre uma reducédo
tetravalente formando H,O. Neste processo, sdo gerados intermediarios reativos
(Figura 4): as ERO, sendo o anion superéxido (O;"), radical hidroxila (OH"),
hidroperoxila (HO,") e peréxido de hidrogénio (H,O,) os mais comuns (Tabela 1).

Mesmo H,0O, ndo sendo um radical livre, € um metabdlito de oxigénio
extremamente deletério, pois participa da reacdo que produz o OH’ (mais reativo
em sistemas bioldgicos) (Wiernsperger, 2003; Halliwell & Gutteridge 2007;
Seifrield et al., 2007; Barbosa et al., 2010).

Outra forma de producdo de ERO é através de exposicbes a agentes

fisicos e quimicos (poluentes ambientais, fumaca de cigarro, produtos quimicos
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industriais, entre outros) ou até mesmo estados patolégicos do individuo

(processos inflamatorios, por exemplo), ilustrados na Figura 5 (Lobo et al; 2010).

As enzimas nicotinamida adenina dinucleotidio fosfato (NADPH) oxidase e
xantina oxidase, citocinas pro-inflamatorias, fatores de crescimento e angiotensina
Il também séo fontes geradoras de ERO (Ascensédo et al.,2003; Szczurek &

Szyguta-Jurkiewicz , 2015).

Para organismos aerébicos, a exposicdo as ERO é constante e inevitavel.
As ERO podem ser geradas intracelularmente como subprodutos do metabolismo
aerdbico normal ou como mensageiros secundarios em varias vias de transducao
de sinal. Eles podem também ser derivados a partir de fontes exdgenas, ou
podem ser tomados diretamente pelas células do meio extracelular
(Martindale, Holbrook, 2002).

Quando presentes em altas concentracdes, as espécies reativas podem
ser nocivas as células, gerando danos irreversiveis as estruturas celulares, como
DNA, lipideos e proteinas. O desequilibrio entre as defesas antioxidantes e a
producdo das espécies reativas € 0 que caracteriza o0 estresse oxidativo
(Wiernsperger, 2003; Halliwell & Gutteridge, 2007; Seifrield et al., 2007; Lobo et
al., 2010; Edwin et al., 2013).

[= 2% ('i;:':('_:i"}

HOG)HO 2 T * o= (:0:06-)

+

2H =
=

-

H, O, (H:0:0: H)

H,O (H:O: H)

Figura 4. Reducéo

tetravalente do oxigénio molecular (O,) na mitocondria até a formacdo de agua

(H20). Véarias ERO formadas neste processo (Adaptado de Cohen, 1989).
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Tabela 1: Principais oxidantes endogenos (Birben et al., 2012).

Oxidant Formula Reaction Equation

Superoxide anion 0, NADPH + 20, < NADP* + 20,~ + H*
20,~ + H* = 0, + H,0,

Hydrogen peroxide H,0, Hypoxanthine + H,0 + O = xanthine + H;0,
Xanthine + H;0 + 0; 2 unc acid + H;0,

Hydroxyl radical +0H Fe** + H,0, = Fe'* + OH~ + «OH

Hypochlorous acid HOCI H,0, + CI= = HOCI + H;,0

Peroxyl radicals ROO* R* + 0, = ROO*

Hydroperoxyl radical HOO 0," + H,0 = HOO" + OH-

' -
>

Hypertension Obesity/Diabetes Smoking Renal Failure  Hypercholesterolaemia

Neurohormones Inflammation
ARB
Statins
3-blockers

Biomarkers of 5 &
oxidative stress [UERF -

Cardiovascular disease
Atheroma
Mpyocardial Infarction
Heart Failure

Figura 5: llustracdo sistematica da formacgédo de ERO (Edwin et al., 2013).

1.6. Estresse oxidativo e coragéo

Segundo Ascensdo et al. (2003), o tecido muscular cardiaco possui uma
alta taxa metabdlica oxidativa e as taxas dos principais antioxidantes
relativamente baixas, o que o torna suscetivel a danos teciduais causados pelo

estresse oxidativo.
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No musculo cardiaco e esquelético, a formacdo de ERO pode se dar
através da oxido nitrico sintase endotelial (eNOS), xantina oxidase, em forma de
xantina desidrogenase (XDH), que presente no endotélio vascular, utiliza NAD
como receptor de H* ou em forma oxidase (XO), que utiliza o O, como receptor

de elétrons, formando O," (Ascensao et al., 2003).

As NADPH oxidases, desempenham um papel critico na patogénese da
insuficiéncia cardiaca, sendo a NOX2 e NOX4 as mais abundantes nos
cardiomidcitos (Yantia, Hans and An L, 2012). Trabalhos apontam que a inibicdo
da NADPH oxidase gera uma melhor resposta da funcdo do miocardio em
modelos com insuficiéncia cardiaca e infarto do miocérdio, o que sugere a ligacao
das NAPDH oxidases e 0 estresse oxidativo com as patologias cardiacas (Colin et
al., 2006; Qin,Simeone e Patel 2007; Liu et al., 2009; Liu et al., 2010).

No miocéardio, a acdo dos radicais livres altera, também, a atividade
enzimatica de muitos complexos, podendo inibir o trocador Na.,/Ca.,, bem como
as atividades Na*,K'- ATPase e da Ca'2 —ATPase (Dixon et al., 1990; Halliwell,
2007)

Sdo muitas as doencas e desordens cardiacas relacionadas com o
estresse oxidativo, como: hipertrofia cardiaca, insuficiéncia cardiaca, infarto
agudo do miocardio, disfuncdo endotelial, apoptose, fibrose intersticial e
remodelacdo da matriz extracelular (Dhalla et a., 1996, Singal et al., 1999;
Heymes et al., 2003; Colin et al., 2006; Tsutsui, Kinugawa e Matsushima, 2011,
Szczurek and Szyguta-Jurkiewicz , 2015).

Nos estagios iniciais de insuficiéncia cardiaca, ocorre um aumento da
atividade das enzimas antioxidantes, que acompanha 0s mecanismos
compensatorios primarios, com o0 objetivo primordial de manutencdo do fluxo
sanguineo adequado e perfusdo tecidual. Com o desenvolvimento de insuficiéncia
cardiaca, ocorre uma deplecdo de enzimas antioxidantes, além do aumento da
producao de radicais livres, o que contribui para uma maior progressédo da doenca
(Dhalla et al., 1996; Heymes et al., 2003).
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1.7 Ciclo reprodutivo e estropausa em ratas

A senescéncia reprodutiva € uma parte natural e inevitavel do processo de
envelhecimento no ciclo de vida feminino. Nos seres humanos, este processo é
denominado menopausa (Chakraborty, 2004), nos roedores, estropausa
(Kempen, Milner e Waters, 2011).

O ciclo estral, que corresponde ao ciclo reprodutivo, possui uma duracao
de 4 a 5 dias, que se repete durante o ano inteiro e é dividido em quatro fases:
diestro (55 a 57 h), proestro (12 a 14h), estro (25 a 27h) e metaestro (6 a 8h)
(Marcondes, Bianchi e Tanno, 2002).

As fases sdo caracterizadas por mudancas uterinas e podem ser
detectadas pelas caracteristicas do epitélio vaginal. A fase diestro possui a
presenca predominante de leucdcitos. J& na fase proestro, ha presenca de células
epiteliais nucleadas. Na fase estro, as células facilmente identificadas sdo as
epiteliais cornificadas. A fase metaestro caracteriza-se por uma mistura
homogénea de todos os tipos celulares das fases anteriores. Existem estas
variacdes de fases devido as diferentes concentracdes de gonadotrofinas durante
o ciclo estral (Smith, Freeman e Neil, 1975).

As fémeas de roedores passam por flutuacdes hormonais (ciclos
irregulares) que ocorrem na meia-idade, dos nove meses a um ano (Figura 6),
semelhantes aos das mulheres. Apés isso, elas entram em um estado de estro
permanente, com paralisacdo completa dos ciclos reprodutivos (Fady et al.2015;
Kempen, Milner, Waters, 2011). Eventualmente, este periodo pode se estender

para 16 a 18 meses (Rousseau, 2006).
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Figura 6 : Incidéncia de ciclos irregulares ao longo do envelhecimento em ratas
(Berkley et al., 2007).

1.8 Modelo experimental de menopausa

O modelo experimental de menopausa com ovariectomia jA& é bem
estabelecido no campo de envelhecimento, simulando a menopausa em mulheres
(Maffucci e Gore, 2006).

Devido a estudos com humanos serem inviaveis, o modelo animal
experimental pode ser utilizado em testes médicos para se assemelhar a eventos
que ocorrem entre humanos, pois suas caracteristicas genéticas, biolégicas e

comportamento imitam os mesmos (Fady et al., 2015)

Em um estudo onde foram comparadas diferentes técnicas de inducéo a
menopausa em ratas (ovarectomia unilateral, ovarectomia bilateral e
histerectomia), a ovariectomia bilateral utilizada em nosso estudo demonstrou ser
eficaz e segura para simulagdo do processo de senescéncia reprodutiva em
mulheres (Fady et al., 2015).
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1.9 Defesas antioxidantes

Sao substancias ou moléculas que sdo capazes de eliminar os radicais
livres ou inibir o processo de oxidacdo nas células (Alzoghaibi, 2013; Halliwell,
2007). Halliwell e Gutteridge (1995) definiram, ainda, antioxidantes como
"qualquer substancia que, quando presentes em baixas concentracfes em
comparacdo com as de um substrato oxidavel, atrasam significativamente ou

impedem a oxidacgédo do referido substrato".

Os niveis de antioxidantes devem ser suficientes para manter o equilibrio e
manter a homeostase celular, evitando o estresse oxidativo (Halliwell, 2007;
Alzoghaibi, 2013). Frequentemente, a producdo de ERO excede a capacidade
antioxidante da célula, o que resulta no estresse oxidativo (Martindale e Holbrook,
2002).

Os antioxidantes podem ser sintetizados in vivo, ou terem a dieta como
fonte (Halliwell, 2007). Podem ser divididos entre antioxidantes enzimaticos e ndo
enzimaticos. Entre as enzimas antioxidantes pode-se citar: catalase, que possui a
capacidade de catalisar H,O, em H,O e O, A catalase (CAT) é encontrada no
peroxissomo, onde sdo encontradas as enzimas que mais produzem H,O; (Youn
e Woodside 2001).

As peroxirredoxinas (Prx) possuem o mesmo papel de converter o H,O, em
H.O que a CAT nos peroxissomos. Convertem também, peréxidos organicos em
alcool e ONOO" em NO,. Encontram-se predominantemente no citosol e
mitocdndrias (Youn e Woodside 2001; Halliwell & Gutteridge, 2007).

A glutationa peroxidase (GPx) possui o papel de oxidar duas moléculas de
glutationa reduzida (GSH) em glutationa oxidada (GSSG). A GSSG pode ser
reduzida novamente pela enzima glutationa redutase (GR) (Halliwell & Gutteridge,
2007).

28


http://www.ncbi.nlm.nih.gov/pubmed/?term=Alzoghaibi%20MA%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Halliwell%20B%5BAuthor%5D&cauthor=true&cauthor_uid=7896166
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gutteridge%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=7896166
http://www.ncbi.nlm.nih.gov/pubmed/?term=Alzoghaibi%20MA%5Bauth%5D

A enzima superoxido dismutase (SOD), catalisa a dismutacdo de
superéxido em peroxido de hidrogénio: O, ~ + O, ~ + 2H" — H,0, + O, Este

peréxido de hidrogénio deve ser removido, em seguida, pela catalase ou
peroxidase. Existem trés formas de SOD em tecidos de mamiferos, cada uma
com um local subcelular especifico (Youn e Woodside 2001)

A superoxido dismutase cobre-zinco (CuZnSOD) encontra-se no
citoplasma e organelas de praticamente todos os mamiferos e possui duas
subunidades proteicas, cada uma contendo um &tomo de cobre e zinco
cataliticamente ativo. A superdxido dismutase manganés (MnSOD) é encontrada
na mitocéndria de quase todas as células e possui quatro subunidades proteicas,
cada uma contendo um Unico &omo de manganés. A superdxido dismutase
extracelular (ECSOD) foi descrita por Marklund em 1982, € sintetizada por apenas
alguns tipos de células, incluindo fibroblastos e células endoteliais, e € expressa

sobre a superficie celular (Youn e Woodside 2001).

A glutationa-S transferase (GST) é uma enzima com um papel antioxidante
importante por estar envolvida na metabolizacdo de uma grande variedade de
xenobidticos, sendo considerada uma enzima de detoxificacdo, formando

substancias de baixa toxicidade (Cataneo, 2003).

Entre os antioxidantes ndo-enzimaticos, os mais citados sdao: vitamina C
ou acido ascérbico, Vitamina E ou a-Tocoferol, 3-caroteno, acido urico e GSH
(Birben et al., 2012).

A vitamina E é lipossoluvel, presente no interior da membrana celular, o
gue lhe confere importante papel antioxidante contra os danos de peroxidacao
lipidica causados pelo radical OH’. A Vitamina C é sollvel em agua, fornece
capacidade antioxidante intra e extracelular pela eliminacdo de ERO e regenera a
Vitamina E (Birben et al., 2012). O 3-caroteno tem caracteristicas antioxidantes,
pois reage com ROO’, OH e O,". O &acido Urico possui caracteristicas
semelhantes, porém ndo é capaz de eliminar o O, (Sautin Johnson, 2008;
Birben et al., 2012).
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A GSH é o principal antioxidante hidrossolavel, abundantemente
encontrada em todos os compartimentos celulares. A razdo GSH/GSSG é um dos
principais determinantes para o estresse oxidativo. Possui importante papel de
desintoxicar H,O, e peréxidos lipidicos através da GPx, sendo a GSH o cofator.
Converte Vitamina C e E em suas formas ativas. GSH protege as células contra
apoptose interagindo com sinalizacdo pro-apoptética e anti-apoptoética. Regula e

ativa varios fatores de transcricao (Birben et al., 2012).

1.10 Acidos Graxos (AG)

Os acidos graxos desempenham importantes funcionalidades nas
estruturas da membrana celular e processos metabdlicos, como acidos alfa -
linoléico (18:2-n-6) (AL) e o alfa-linolénico (18:3-n-3) (AAL), que participam de
atividades cerebrais, transferéncia do O, para o plasma sanguineo sintese da
hemoglobina, entre outros. Sao denominados essenciais, pois nhao s&o
sintetizados no organismo, sendo provenientes da sintese de novo (Martin et al.,
2006).

Os acidos graxos poli-insaturados (PUFAS) sdo assim chamados, os
acidos graxos que possuem duas ou mais insaturacdes. Quando possuem 18 ou
mais atomos de carbono, sdo chamados de acido graxo de cadeia longa (AGPI-
CL) e, quando acima de 20 carbonos, de &cido graxo de cadeia muito longa
(AGPI-CML). O AL e o AAL sao denominados como AGPI genericamente (Martin
et al., 2006).

1.10.1 Omegas 3 e 6
O AL e AAL dao origem aos acidos graxos das familias n-6 (bmega 6) e n-3

(bmega 3) através da acdo das enzimas alongasse e dessaturase (Figura 7) ou

entdo sao provenientes da dieta (Martin et al., 2006).
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O 6mega 3 € encontrado principalmente em peixes marinhos de aguas frias
(salmédo,cavala e arenque), algumas sementes, Oleos de canola, noz, soja e
plantas de folhas verde escuro. O 6mega 6 é encontrado em O6leo vegetais de
soja, girassol, milho e acafréo (Martins et al., 2008).

O Omega 3 da origem a dois importantes &cidos graxos: &acido
eicosapentaendico (EPA) e o 4cido docasahexanoico (DHA). O DHA e EPA fazem
parte de numerosas fungdes celulares, como manter a integridade e a fluidez das
membranas, sintese de eicosanoides, como as prostaglandinas, leucotrienos
(LTs) e tromboxanos (Xs), e interacdes lipidio-proteina. O DHA esta ligado ao
desenvolvimento cerebral e retina (Engstrom et al., 2009) e o EPA esta
relacionado como cardioprotetor com acédo de inibicdo da agregacao plaquetaria,
vaso dilatacdo e efeitos anti-inflamatorios (Martins et al., 2008; Simopoulos,
1999).

Os mecanismos de efeito antioxidante do DHA e EPA vém sendo
relacionados com o estimulo de enzimas antioxidantes, efeitos anti-inflamatorios e
inibicdo da fosfolipase A,. Além disso, os acidos graxos n-3 e n-6 nos lipideos da
membrana e lipoproteinas fazem ligacbes duplas menos disponiveis para o

ataque dos radicais livres (Soleiman et al., 2013).
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Figura 7: Metabolismo dos &cidos graxos das familias 6mega 6 (n-6) e 6mega 3
(n-3) ( Martin et al., 2006).

1.11 Acido Lipoico

O &cido lipoico (AL) (1,2-ditiolano-3-pentandico) esta presente em todas as
células eucaridticas e procaridticas e faz parte de desidrogenases que participam
na formacao de energia (Biewenga, Haenen e Bast; 1997; Moini, Packer e Saris,
2002).

O AL é uma substancia enddgena presente em tecidos de mamiferos, em
doses muito pequenas, sendo necessario sua suplementacio através da dieta. E
capaz de agir intra e extracelularmente por ser anfifilico, o tornando um

antioxidante universal (Durand & Mach; 2013).
Sao encontrados abundantemente na carne vermelha, principalmente

naquelas com alta taxa metabdlica, como o coracédo, por exemplo, e em levedura

de cerveja, germe de trigo, espinafre, brécolis, ervilhas, couve de Bruxelas
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(Durand e Mach; 2013). Pode ser obtido por biossintese de novo de acidos graxos

e de cisteina. (Biewenga, Haenen e Bast; 1997).

O AL pode ser reduzido para ditiol DHLA, sendo esta forma a que contribui
fortemente para a atividade antioxidante do mesmo. O DHLA é um redutor forte,
capaz de reduzir grupos dissulfureto. O AL e DHLA fornecem acdo antioxidante,
também por capacidade de quelacdo de Fe** e Cu®* e eliminacdo de ERO
(Biewenga, Haenen e Bast; 1997; Durand e Mach, 2013) e prevencao da

peroxidacao lipidica (Akpinar, 2008).

O DHLA é capaz de regenerar antioxidantes endoégenos (GSH, Vit C e Vit
E) e reparar dano oxidativo em proteinas (Biewenga, Haenen e Bast; 1997,
Durand e Mach, 2013).

O AL vem sendo utilizado como método terapéutico para diversas
patologias ligadas fortemente ao estresse oxidativo, como: céancer (Durand e
Mach, 2013), sindrome do olho seco (Andrade et al., 2014), isquemia-reperfusao,
insuficiéncia cardiaca e hipertenséo (Ghibu et al., 2009), diabetes (Rochette et al.,

2013), osteopenia (Fu et al., 2015), entre outros.
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2. OBJETIVO

Avaliar a resposta ao estresse oxidativo no coragdo de ratas Wistar submetidas a

ovariectomia como um modelo de inducdo da estropausa, bem como avaliar a

resposta antioxidante enzimatica e ndo enzimatica quando os animais receberam

suplementacao dietética com diferentes antioxidantes. Além disso, determinar os

niveis dos hormonios femininos no soro.

2.1. Objetivos especificos

Em coracéo de ratas ovariectomizadas dos grupos tratados com DHA, EPA

e AL e nos dois grupos controle (OVX e SHAM) quantificar e comparar:

1 - Os parametros de dano oxidativo atraves das andlises bioquimicas de

MDA e grupamentos carbonilados;

2 - A atividade de antioxidantes enzimaticos através das analises

bioguimicas de consumo de H,0,, SOD, GPx e GST,;

3 - A atividade de antioxidantes ndo enziméaticos através das analises

bioquimicas de a- tocoferol( Vit E), acido ascérbico (Vit C) e GSHt;

4 - A medida indireta de Oxido nitrico atraveés da quantificacdo de nitritos e

nitratos;

Determinar no soro dos animais, 0s niveis hormonais de progesterona e

estradiol.
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3. MATERIAIS E METODOS, RESULTADOS E DISCUSSAO

Artigo cientifico a ser submetido a revista American Journal of Clinical Nutrition.
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ABSTRACT

Background: During menopause, metabolic disorders occur due to decline in sex
hormones, which play important functions, as natural antioxidants and control of ovulatory
cycles. Hormone replacement with estrogen has been discussed due to the high incidence
of cancer and cardiovascular events. In order to study the physiological functions, the
female rats model is widely used due to the physiological similarity with women.
Supplementation with antioxidants from different sources is an alternative to reduce
menopausal symptoms, thus improving the quality of life of women who are at this stage.
Objective: To evaluate the antioxidant capacity of omega-3 and lipoic acid in the heart of
ovariectomized rats.

Design: 50 Wistar female rats were divided into 4 ovariectomized groups and one group
that receive anesthesia and surgical incision (SHAM): 2 control groups (SHAM e OVX)
received normal diet and 1 group supplemented with fatty acids eicosapentaenoic acid
(EPA), 1 with docosahexaenoic acid (DHA) from the omega-3 and 1 with lipoic acid (LA),
for 3 months. The biomarker analyzes were performed by quantifying enzymatic and non-
enzymatic antioxidants as well as damage markers in lipids and proteins.

Results: Ovariectomy caused changes in oxidative profile of rats, showing a decreased
activity of consumption of hydrogen peroxide (H,O,) and glutathione peroxidase enzyme
(GPx) in the control group. Moreover, glutathione-S-transferase (GST), superoxide
dismutase (SOD) and total glutathione (tGSH) levels were elevated in this group. The
supplementation showed recovery of normal levels of consumption of H,O,, GPx activity
and GSH in the treated rats. The levels of protein damage were lower in treated groups
compared to SHAM, in the group treated with LA. The levels of damage in lipids were

lower in the groups treated with DHA, EPA and LA, compared with the control group.
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Conclusion: The results suggest a protective effect of lipoic acid and omega-3 in the heart
of rats against the oxidative damage. These effects possibly extend to women who can

make use of these antioxidants in the form of supplements.
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Introduction

Menopause is a consequence of reproductive aging that leads to a drop of estrogen
hormone and its protective effect, ceasing the reproductive function of women, occurring

on average at 51 years of age (1,2).

It is characterized by the appearance of various disorders that disturb women in this period,
including vasomotor symptoms such as hot flushes and night sweats, vaginal symptoms
such as loss of lubrication, dyspareunia and urogenital atrophy, urinary incontinence,
insomnia, depression, anxiety, mood disorders, memory loss, fatigue, headache, joint pain,

and weight gain (2,3).

Estrogen plays an important role as an antioxidant due to the phenolic ring in its structure,
which inhibits the 8-hydroxylation of guanine DNA bases (1). Estrogen also acts in
cardiovascular protection and metabolism of plasma lipoproteins, preventing the formation
of reactive oxygen species (ROS), lipid peroxidation and as a modulator of endogenous

antioxidant enzymes (4).

The decrease in estrogen levels combined with disabilities in antioxidant defenses
generates oxidative stress (1). Studies show that the progressive loss of estrogen, and its
antioxidant effects, leads to a redox imbalance that generates vasomotor disorders,
cardiovascular diseases (5-7), neurodegenerative diseases (8) and osteoporosis (9-11).
The changes caused by the lack of ovarian hormones are significant decrease is weight
gain, uterine atrophy, increased blood peroxidase activity (CAT and GPx), decreased non-

enzymatic antioxidants in plasma and an increase in protein carbonization (12).
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Experimental animal models have been used in order to substitute studies in humans. To
study similar physiological functions, the model of female rats is widely used by
presenting standards similar to women with several features and common endocrine
disorders, such as decline in the follicles, irregular cycling, steroid hormone fluctuations
and irregular fertility. Fady et. al (2015) demonstrated that bilateral ovariectomy in rats is a

safe and effective technique for menopausal model (13).

Thus, diets and supplements with antioxidants can be an effective strategy to alleviate
symptoms and complications associated with oxidative stress affecting menopausal

women, significantly decreasing their quality of life (1).

Considering the absence of a specific study using polyunsaturated fatty acids (PUFAS) and
lipoic acid (LA) in an attempt to prevent oxidative damage in the heart of rats in an
experimental model of menopause, we tried to assess the parameters of oxidative profile

after the use of docosahexaenoic acid (DHA), eicosapentaenoic acid (EPA) and LA.

2. Material and Methods

2.1. Animals

This study employed 50 Wistar female rats (Rattus norvegicus) with three months old. The
animal was kept on a 12 h light/dark cycle and at temperature of 24 + 1 °C, with standard
lab chow and drinking water ad libitum. The rats were divided into five groups of ten
animals each. Four groups were subjected to bilateral ovariectomy and one group was

operated, but without removal of the ovaries (SHAM group).
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The surgical procedure was performed under general anesthesia with a combination of
xylazine (10 mg/kg) and ketamine (60 mg/kg) intraperitoneal. Right after the surgery and
still under anesthesia, the rats received a combination of antibiotics (procaine
benzilpencilin 10.000.000 Ul + benzatine benzilpenicillin G 10.000.000 IU +
dihidrostreptomycin 10.500 mg) associated with an anti-inflammatory (piroxican 1.000
mg) intramuscular 0.1 mL/100 g (PPU Pencivet Plus ®, Intervet / Schering -Plough
Animal Health). After surgery, the animals received analgesia with acetaminophen
(Paracetamol®, MSD) at a dose of 200 mg/kg, diluted in the drinking water of the animals,

for 3 days.

After the period of study of 16 weeks, the animals were anesthetized again for removal of
the heart and withdrawal of blood for hormonal dosage. Estral cycle phases in rats were
determined by examining the vaginal smear, which was made before surgery in all groups
and before euthanasia in the SHAM group, in order to perform the study assays at the same

hormonal stage (diestrous) (14).

All animal studies were approved by the Animal Ethics Committee of the Federal

University of Rio Grande do Sul (project 20137).

2.2. Diets

Animals were acclimated to a nutritionally balanced diet comprising 22% proteins, 5%
cellulose, 4% fatty acid, 1.4 % calcium, 0.8 % phosphorus and 60% starch with added
vitamins, minerals and antioxidants (Nuvilab®, Brazil), for 1 week prior to ovariectomy

according to AIN93 (15). All diets had a total of 4% fat and at least 2% of corn, soybean
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and wheat oils, amount slightly above the minimum required to prevent a deficiency of
long chain omega-6 polyunsaturated fatty acid (1%). One week after surgery, animals were
randomly assigned to five groups: one control group sham-operated (SHAM) and one
ovariectomized group (OVX) received standard diet; operated animals that received
supplementation were divided in 3 groups according to the diet supplemented, in this case

(DHA, EPA and LA).

The DHA group received dietary supplementation with predominance of docosahexaenoic
acid ethyl ester (1g/kg body weight/day DHA plus 0.2 g/kg body weight/day EPA), EPA
group with predominance of eicosapentaenoic acid ethyl ester (1g/kg body weight/day
EPA plus 0.2 g/kg body weight/day DHA) and LA group with supplementation of alpha-
lipoic acid (180 mg/kg/day). All five groups received the diets for a period of 16 weeks.
The diets were formulated with fish oil and alpha-lipoic acid blended into the experimental
diet on a daily basis in order to prevent fatty acid oxidation and loss of antioxidants before

their use.

The SHAM group was fed ad libitum. The food intake of ovariectomized groups was
limited to that of the SHAM group in order to reduce ovariectomy-induced weight gain.
All animals had ad libitum access to water throughout the study period. Body weights of

all animals were measured weekly and food intake was recorded daily.

2.3. Blood collection
Before perfusion, blood was collected by puncturing the left ventricle of the heart. Fresh
blood was centrifuged for 4 min at 320 x g, and the serum was separated for subsequent

radioimmunoassay.
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2.4. Heart dissection and processing

Animals were euthanized according to the experimental protocol (16). All animals were
anesthetized by intraperitoneal injection with a mixture of ketamine (60 mg/kg) and
xylazine (10 mg/kg). After perfusion using a saline infusion, the heart was removed,

weighed, and immediately frozen in liquid nitrogen for later analysis.

For analysis, the heart of each animal was processed with manual maceration in petri
plates, using scalpels. The samples were sonicated 2x (Cole-Parmer® Ultrasonic
Homogenizer Series 4710 /USA) in buffer (30 mmol/L phosphate 120 mmol/L KCI, 100
umol/L PMSF, pH 7.4) and centrifuged for 10 min at 3,500 x g. The supernatant was
transferred to a fresh tube, and a second centrifugation was performed for 10 min at 15,800

x g. The supernatant from the second centrifugation was used for all assays.

2.5. Hormonal level measurements

The levels of progesterone and 173-estradiol in serum were estimated by RIA solid phase
using Coat-A-Count DPC kits (Diagnostic Products Corp. / USA), direct method whose
principle is based on the competition between the standard antigen and samples with a
constant amount of marked antigen as the tracer (*?°1) for specific antibody-binding sites.
The amount of non-radioactive antigen in the sample to be measured is inversely
proportional to the amount of labeled antigen. The complex antigen antibody is
precipitated to separate the bound form freely, then proceed to count on gamma counter
(17). The results were expressed in pg/ml of blood serum curve. All assays were done

independently in triplicate.
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2.6. Assays for enzyme activities in heart tissue

The consumption of H,O, was mensurated via absorbance at 240 nm (18). The activity
was expressed as U/mg of protein; 1 U was defined as the capacity to consume 1 pmol of
H,0,/min. We used the term “consumption of H,O,” due the fact that there are more than
one mechanism of detoxification of this reactive species (mainly catalase and

peroxiredoxins) and the test is not specific for any of them.

Glutathione peroxidase (GPx) activity was evaluated by measuring the oxidation of
NADPH (using absorbance at 340 nm) in the presence of reduced glutathione, glutathione
reductase, and tert-butyl hydroperoxide (19). GPx activity was expressed as U/mg of
protein, where 1 U was defined as the capacity of the enzyme to oxidize 1 umol

NADPH/min.

Glutathione S-transferase (GST) activity was measured by the GST - catalyzed reaction of
1-chloro-2,4-dinitrobenzene with reduced GSH using absorbance at 340 nm (20). GST
activity was expressed as U/mg of protein; 1 U was defined as the capacity of the enzyme

to produce 1 pmol of GS-DNB per minute.

The total superoxide dismutase (tSOD) activity was measured using the RanSOD® kit
(Randox, UK), with absorbance measured at 505 nm. The assay principle is based on the
reaction of xanthine-xanthine oxidase, to form superoxide radical, which reacts with 2-(4-
odophenyl)-3-(4-nitrophenol)-5-phenyltetrazolium chloride (I.N.T.) to form a red formazan
dye. tSOD activity was expressed as U/mg of protein and 1 U was defined as the capacity

of the enzyme to inhibit 50% of I.N.T. oxidation.
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2.7. Assays for antioxidant molecules in heart tissue

Vitamin C (Vit C) levels were assayed by HPLC employing a reverse-phase
SUPERCOSIL™ [C-18-DB HPLC Column (15 cm x 4.6 mm, 5 um), using a mobile
phase (30 mmol/L monobasic potassium phosphate (pH 3.6) and methanol in a ratio of
9:1, v/v)) flow rate of 1 mL/min, and a sample size of 25 uL. The absorbance of the
column effluent was monitored at 250 nm (21). Under these conditions, the retention time
of Vit C was 2.1 min. The Vit C level was expressed as umol of Vitamin C/mg of protein.
Vitamin E (Vit E) levels were assayed by HPLC employing a reverse-phase
SUPERCOSIL™ LC-18-DB HPLC, using a mobile phase methanol and water (in a ratio
of 96,5/3,5), flow rate of 2 mL/min, and a sample size of 25 uL. The absorbance of the
column effluent was monitored at 295 nm. Under these conditions, the retention time of

Vit E was 5 min. The Vit C level was expressed as pmol of Vitamin E/mg of protein.

The assay to measure total GSH (tGSH) was performed by measuring the formation of p-
nitrophenol from 5,5-dithiobis (2-nitrobenzoic acid - DNTB) in the presence of the enzyme
GR and NADPH (22). Briefly, we used 20 pL of potassium phosphate 0.1 mol/L to
calibration curve and 20 pL of tissue extract sample. Was added 120 uL of DNTB plus GR
and after 30s added 60 uL of NADPH. Color development was read at 412 nm and the

level was expressed as wmol of glutathione/mg of protein.

2.8. Assays for oxidative damage in heart tissue
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As an index of protein damage, carbonyl levels were measured using absorbance at 370 nm
(23). Briefly, tissue extract aliquots (50 uL) were added with either 2 mol/L HCI or 10
mmol/L 2,4-dinitrophenylhydrazine (DNPH) in 2 mol/L HCI and incubated at 37°C for 90
min. Samples were centrifuged (8000 x g, 10 min) and 75 uL of 28% trichloroacetic acid
was added. Samples were centrifuged again (8000 x g, 10 min), and the excess DNPH was
removed with ethanol-ethyl acetate 1:1 (v/v). The samples were centrifuged again (8000 x
g, 10 min), and the protein was then dissolved by addition of 6 mol/L of guanidine
hydrochloride. The carbonyl content was calculated using a millimolar extinction
coefficient of hydrazone as (21,000 M -1 cm-1). Carbonyl levels were expressed as nmol

of carbonyl/mg of protein.

As an index of lipid peroxidation, malondialdehyde (MDA) levels were measured by
HPLC employing a reverse-phase SUPERCOSIL™ LC-18-DB ( Column; 15 cmx4.6 mm,
5um), using a mobile phase flow rate of 1 mL/min in 30 mmol/L monobasic potassium
phosphate (pH 3.6) and methanol (9:1, v/v). Samples were injected in a volume of 25pL.
The absorbance of the column effluent was monitored at 250 nm during 10 minutes. The
MDA level was expressed as nmol of MDA/mg of protein, and was determined by

comparison with an MDA standard solution purchased from Sigma-Aldrich.

2.9. Assays for indirect nitric oxide levels

As an index of indirect nitric oxide levels, a variation of the Griess test was used to

determine total nitrate and nitrite levels (24). Briefly, we used 50 uL of sample and 50 pL

for standard curve added with 50 uL of Griess reagent. Color development was read at 543
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nm and the level was standardized by sodium nitrite and expressed as nmol of NO,/mg of
proteins.

All results were normalized to protein concentration using BSA (bovine serum albumin) as
a standard in the Bradford assay (23). All assays of this study were independently

performed in triplicate.

2.10. Statistical analysis

Statistical analysis of different variables was performed with one-way ANOVA and
multiple comparisons for the variables that showed significant differences were performed
using the post hoc Bonferroni. Analysis of the weight of the animals was performed with
factorial ANOVA of repeated measures. Differences were considered significant when p <
0.05. Data was expressed as mean + S.E.M. Statistical analysis was accomplished with the
support of the Statistical Nucleus of the Federal University of Rio Grande do Sul (NAE-

UFRGS).

3. Results

3.1 Animal weight

The initial and final body weights of the rats during the study are shown in Table 1. The
average food intake was 17.4 g of feed per day, and the ovariectomized groups DHA (20.5
g) and EPA (19.7 g) presented a significant increase in the food intake compared to the
SHAM (15.9 g), LA (16.0 g) and OV X (16.6 g) groups. At the end of the study, weight
gain was significant in all groups when compared to the initial body weight of the same
group.
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Table 1. Initial and final weight of the animals.

SHAM DHA EPA LA OoVvX
Initial 211.8+19.2 223.8£19.6  190.2+12.1 217.2£19.7  224.5%15.3
weight (g)
Final 262.8422.3#  311+44.7#* 299.4+21.1#* 284.9+19.3%# 297.2+28.4#
weight (g)

Results are expressed as mean + S.E.M. *Significant difference from SHAM group final
weight. #Significant difference between the final weight and the initial weight in the same

group. p < 0.05.

3.2 Hormonal level measurements

The estrogen hormone levels were decreased in the OV X group compared to the SHAM

group, thus confirming the induction of surgical estropause (Figure 1).
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Figure 1: Hormone levels of estrogen in serum. Results are expressed as mean + S.E.M. a-

significant difference from the SHAM group; b- significant difference from the DHA
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group; c- significant difference from the EPA group; d- significant difference from the LA

group; e- significant difference from the OVX group. p < 0.05.

3.3 Assays for enzyme activities in heart tissue

The OV X group showed a significant increase in the consumption of H,O, compared to the
SHAM group and in relation to the treated groups. The treatment groups were not
significantly different when compared to SHAM group. The groups treated with DHA,
EPA and AL showed no significant differences from one another. The results suggest that
the consumption of H,O, returned to normal levels when compared to the SHAM group

after fatty acid supplementation (Fig. 2A).

The glutathione S-transferase activity in the OV X group showed a significant increase
when compared to the SHAM group and in relation to the treated groups. The treatment
groups were not significantly different when compared to SHAM group. The groups
treated with DHA, EPA and LA showed no significant differences among each other. The
results suggest that supplementation was able to effectively restore the activity of GST

returning it to the same level as the SHAM group (Fig. 2B).

The OV X group showed a significant increase in SOD activity when compared to the
SHAM group and in relation to the treated groups. The treatment groups were not
significantly different when compared to SHAM group. The groups treated with DHA,
EPA and AL showed no significant differences among each other. The results suggest that
supplementation were actually capable of restoring the activity of superoxide dismutase,

returning it to normal levels (SHAM group) (Figure 2C).
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Figure 2: Antioxidants enzymes activities (consumption H,O,, GST and SOD). Results are

expressed as mean £ S.E.M. a- significant difference from the SHAM group; b- significant

difference from the DHA group; c- significant difference from the EPA group; d-

significant difference from the LA group; e- significant difference from the OV X group. p

<0.05.

The GPx activity of the OV X group was significantly lower than the SHAM group. The

DHA supplemented group was significantly higher than the OV X group and SHAM group,

thus indicating that treatment with DHA was able to increase the concentration of the
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antioxidant enzyme. The groups treated with EPA and LA showed no significant

difference when compared with the other groups (Figure 3).
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Figure 3: Glutathione peroxidase activity in the heart. Results are expressed as mean +
S.E.M. a- significant difference from the SHAM group; b- significant difference from the

DHA group;

3.4 Assays for antioxidant molecules in heart tissue

Regarding Vit C levels, the OV X group had no significant difference when compared to
the SHAM group and groups treated with DHA, EPA and LA. The SHAM group showed
no significant difference when compared to the treated groups. When the comparison was

between the treated groups, there were no statistical differences (data not shown).

Vit E levels in OV X group showed no significant differences when compared to the
SHAM group. Between the treated groups when compared to SHAM group, only treatment

with EPA showed a significant difference. Among the supplemented groups, Vit E was
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higher in the EPA group in relation to the LA group. A supplementation with EPA led to

an increase of Vitamin E (Figure 4).
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Figure 4: Vit E levels in the heart. Results are expressed as mean + S.E.M. a- significant
difference from the SHAM group; c- significant difference from the EPA group; d-
significant difference from the LA group; e- significant difference from the OV X group. p

<0.05.

GSHt in the OV X group showed a significant increase when compared to the SHAM group
and in relation to the treated groups. The treatment groups were not significantly different
when compared to SHAM group. The groups treated with DHA, EPA and LA showed no
significant differences. The results suggest that the supplementations were actually able to
restore the total glutathione levels and brought them back to normal levels when compared

to SHAM group (Figure 5).
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Figure 5: Total glutathione levels in the heart. Results are expressed as mean + S.E.M. a-
significant difference from the SHAM group; b- significant difference from the DHA
group; c- significant difference from the EPA group; d- significant difference from the LA

group; e- significant difference from the OVX group. p < 0.05.

3.5 Assays for oxidative damage in heart tissue

Regarding the oxidative damage, the OV X group had less carbonylated proteins than the
SHAM group. The levels in the DHA group, EPA and LA were significantly lower when
compared to SHAM group. When the comparison was between the supplemented groups,
DHA was similar to the other treated groups and EPA showed a higher level of
carbonylation when compared to the group treated with LA, thus suggesting the

ovarectomy apparently led to a reduction in the levels of carbonylated proteins (Figure 6).

53



3.5
b,c,d,e Carbonil

|
.l
= a,d
.
2.5 = ] a,c
= [nmamamen [ I B SHAM
B =
[
T 2 = EI1DHA
|
= e WEPA
E 1,5 -
r [
E ::: BLA
|
to= B OVE
1 I:l
I.I
.
I.l
05 =
.
I.l
5 e
Groups

Figure 6: Protein carbonylation in the heart. Results are expressed as mean + S.E.M. a-
significant difference from the SHAM group; b- significant difference from the DHA
group; c- significant difference from the EPA group; d- significant difference from the LA

group; e- significant difference from the OV X group. p < 0.05.

MDA levels in the OV X group showed a significant increase compared to the SHAM
group. The groups treated with DHA, EPA and LA showed no significant difference from
the SHAM group. When the comparison was between the groups with treatment, there
were no significant differences between them. When compared with OV X treated groups,
the LA group had lower levels of MDA, thus suggesting that supplementation with AL was
able to effectively protect the treated group against damage to lipids caused by

ovariectomy (Figure 7).
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Figure 7: Malondialdehyde levels in the heart. Results are expressed as mean + S.E.M. a-
significant difference from the SHAM group; d- significant difference from the LA group;

e- significant difference from the OVX group. p < 0.05.

3.5 Assays for indirect measurement of nitric oxide in heart tissue

The levels of nitrites and nitrates in the OV X group had no significant difference compared
to the SHAM group and groups treated with DHA, EPA and LA. The SHAM group
showed no significant difference when compared to the treated groups (data not shown).
No statistical difference was found in the comparison between the treated groups, which
suggests that ovariectomy and treatment with the fatty acids did not correlate with the NO

levels in the heart.

4. Discussion

According to Zitiianova et al. (2011), oxidative stress manifests itself increasingly, starting

from the perimenopause, with a significant increase in damage markers (24). Menopause is
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associated with oxidative stress and cardiovascular diseases (27-29), and the oxidative
damage that occur during menopause, is often related to the lack of estrogen that exerts an

antioxidant function (4, 30).

The cardiovascular protective action associated with the estrogen is through direct effect
on vessel walls where there are receptors on smooth muscle and endothelial cells. Estrogen
promotes vasodilation in humans and experimental animals by stimulating the synthesis of
prostacyclin and NO (31). It is known that estrogens also act as free radical scavengers and
stop the chain reaction caused by oxidative damage in the membrane, therefore inhibiting

the oxidation of lipids and proteins (32).

Thus, in the present study, we used an experimental menopausal model with bilaterally
ovariectomized rats, a widely used model for this purpose, being able to reproduce the
physiological and redox imbalance that occur in menopausal women (12, 28, 33). The
success in surgical induction can be confirmed by observing the levels of estrogen in the
rats that have undergone such a procedure (Figure 2). The experimental model of

ovariectomized female rats can accurately simulate menopause in women (13).

Regarding the weight of the animals, it was observed that the animals that received the
dietary supplementation with omega-3 (DHA and EPA) had a greater weight gain. By
comparing the initial and final masses of animals of the same group, it was observed that

all had a significant weight gain over time, as expected (Table 1).

Supplementation is a great alternative to alleviate the symptoms and damage caused by

menopause. Studies have shown that supplementation with polyunsaturated fatty acids
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(omega-3) (29,34) and lipoic acid (35) have antioxidant properties being effective against

oxidative damage.

Studies show that diets with low levels of DHA and EPA are associated with increased risk
of coronary heart disease (36,37). Some authors suggest that n-3 polyunsaturated fatty
acids may reduce the risk of coronary heart disease by acting in cardiac arrhythmias
(38,39), anti-inflammatory process (40-43) and being anti-apoptotic (41). In a study with
dogs submitted to myocardial infarction, supplementation with n-3 fatty acids had
protective effects against ventricular arrhythmia, even with the presence of arterial

occlusion (44).

According to Fang et al. (2011), a diet rich in n-3 PUFA has an antioxidant effect capable
of preventing arterial dysfunction, blood pressure and improve cardiac output by
stimulating the antioxidant system (45), which agrees with findings Gorton et al. (2013),
who studied 30 ovariectomized rats supplemented with n-3 PUFA (0.8 g / kg) which
showed restoration of endothelial function and reduced oxidative stress. In both studies,
one can see a resemblance to our findings in decreased oxidative stress after

supplementation with n-3 PUFA (28).

In the present study, we measured parameters of enzymatic and non-enzymatic
antioxidants and also the damage to proteins and lipids, in order to evaluate the possible
protective potential of supplementation. Among the enzymatic antioxidants: GPx, GST,
SOD and indirect measurement of CAT / Prx by measuring H,O, consumption. The non-

enzymatic antioxidants measured in this study were: Vit C, Vit E and GSHt. For damage to
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proteins we measured the amount of protein carbonyls and damage to lipids (MDA levels).

We measured also nitrites and nitrates as an indirect measure of NO.

In this study there was a change in oxidative profile in the group of ovariectomized rats
(estrogen withdrawal), with increased consumption of H,O,, GST and SOD (Figure 2)
activities, tGSH levels (Figure 3) and the increase in MDA levels (Figure 7). This increase
of antioxidants is similar to other studies which suggest that loss of estrogen leads to
increased levels of the antioxidant defenses in an attempt to mitigate the oxidative damage

(12, 28).

In this study the GPx, enzymatic antioxidant that acts in the degradation of peroxides and
uses GSH as a cofactor in the oxidation of GSSG (4), was significantly increased in the
group supplemented with DHA, unlike that in other work group that evaluated the
antioxidant role in an experimental model dry eye (46). The ovariectomized and
supplemented rats with DHA, EPA and LA achieved a significant improvement in tear
production in all supplemented groups, however, supplementation with LA was able to
alter the metabolism of reactive nitrogen species in the lachrymal gland, causing increased
peroxidases and full restoration of tear production. Dietary supplementation with DHA
showed no effect on the lacrimal gland, however, supplementation with EPA increased

lipid peroxidation and GPx activity (46).

The GST, involved in detoxification of xenobiotics, and SOD, which catalyzes the
dismutation of superoxide into H,O, (4), in this study had their activities restored through
supplementation, compared to the control group. The increase in SOD corroborates the

findings from Avramovic et al. (2012) who demonstrated that supplementation with DHA
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and EPA is also capable of reducing oxidative damage in the brain of Wistar rats,
decreasing lipid peroxidation and increasing antioxidants levels such, as SOD (47).

The H,0, consumption was also restored with supplementation in this study. In rat
erythrocytes, supplementation with n-3 PUFA resulted in an increase of H,O, consumption

and decreased lipid peroxidation with a significant reduction of MDA (48).

In a recent study conductd by our group, the levels of oxidative damage in the brains of the
same rats in this study were evaluated. The results showed that supplementation with DHA
resulted in an increase in all tested antioxidant (GPx, GST, SOD, CAT / Prx, Vit C and
GSHt) (49). In contrast DHA showed pro-oxidant properties, corroborating other woks,
(50,51), with increased levels in MDA and carbonylated proteins. Dietary supplementation
with LA showed a protective effect with increased H,O, consumption, suggesting an

increase of CAT and Prxs and decreased protein carbonylation and MDA.

When quantified, GSHt levels in all supplemental groups were able to recover this
antioxidant causing them to return to normal (SHAM group). GSH is the most abundant
intracellular antioxidant; it serves as a substrate for other enzymes, GPx for example, and
is oxidized (GSSG) by react with free radicals. GSH acts as a scavenger of free radicals (4)
and quantified in this study because of its importance in controlling the redox state of
organisms. Kim and Chung (52) obtained increased GSH levels in rat kidney cells and
macrophages when used in vitro DHA and EPA. In the same study, the authors
demonstrated levels of reactive species, diminished levels of inflammatory mediators and
nitrate were regulated by EPA and DHA, strongly suggesting the antioxidant and anti-

inflammatory properties.

59



Balkis et al. (53) demonstrated the antioxidant role of LA when diabetic rats were
supplemented for 8 weeks, and showed an increase of SOD, Vit C, decrease MDA and
DNA damage. Furthermore, LA reduced glucose levels and dyslipidemia in supplemented
rats (53). According Parcker, Tritschler and Wessel (54), the LA has the capacity to act
amid hydro and lipid soluble, is an important antioxidant able to regenerate Vit C, Vit E
and GSH (35,54, 55) and still operates in ischemia-reperfusion, injury brain, mitochondrial
dysfunction, diabetes and diabetic neuropathy, inborn errors of metabolism, and other brain

damage caused by free radicals (54,55).

In this study, supplementation with LA resulted in no change in the profile of Vit C and Vit
E, but was able to restore the levels of GST, SOD, CAT/Prx and tGSH. Moreover, the rats
supplemented with LA showed a lower MDA levels (lipid peroxidation), and like other

supplementation, reduced the protein carbonylation.

Hadi, Lester and Nils showed the antioxidant properties of LA through its ability to
eliminate free radicals and restore reduced levels of other antioxidants. However, there is
evidence that LA can exert a pro-oxidant capability as seen in isolated mitochondria of rat

liver hepatocytes, promoting permeability changes (56).

Martins et al. (57) demonstrated that ovariectomy increases lipid peroxidation ,
corroborating to our results, demonstrated by the significant increase in MDA in OVX
group (Figure 10). As mentioned above, supplementation with LA was able to protect
against lipid peroxidation and significantly lower than the OV X group (without

supplementation).
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Lipid peroxidation are chain reactions that affect the structure of cell membrane initiated
by the attack by reactive species, resulting in extensive damage. MDA is a byproduct of
lipid peroxidation, widely used as a marker for such damage (4), being formed by

decomposition of primary and secondary lipid (58).

According to Mendez et al. (59), supplementation with DHA and EPA decrease the
carbonylation of proteins, which was also observed in our results (Figure 9), however, the
carbonylation levels in OV X group was also minor, without statistical differences between

groups.

Protein damage can arise directly by free radical attack or indirectly involving attack of by-
products of lipid peroxidation. These damages are harmful to cells as it can alter the
function of the receptors, signal transduction and transport proteins and enzymes, one

being considered as a marker of oxidative damage (4).

In the present study, the levels of Vit C across the supplemented groups showed no
significant differences. This result can be explained by the fact that rats synthesize Vit C in
the liver, a process which does not occur in primates, requiring intake to obtain Vit C (60).
Vit C is an important antioxidant, since it acts as electron donor preventing the oxidation of

other compounds, in addition to prevent the principle of lipid peroxidation (4).

When quantified, Vit E (Figure 7) in the group supplemented with EPA had a significant

increase. The vitamin E plays an important role for non-enzymatic antioxidant and has the

ability to block the propagation of lipid peroxidation step (4).
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The levels of nitrite and nitrates (indirect measure of NO), showed no significant
differences between the groups. The NO under physiological conditions, in small amounts,
has biological effects such as vasodilation, cell signaling, prevent platelet aggregation,
suppression of inflammatory processes, among others. In large quantities, the NO can react

with ROS to form peroxynitrite and radicals harmful to the cell (4, 61).

According to Ho et al. (62), the more promising biomarkers of oxidative stress, in heart,
are those that are closely related to the pathophysiology of the organ. The authors report

that one of the difficulties of quantifying biomarkers would be their very short half-life.

Increased ROS in the heart can generate catastrophic events in mitochondrial DNA
(mtDNA) generating functional decline and cell damage and could affect directly the
contractile function of the organ, causing heart disease. GPx is an important antioxidant
enzyme, found in relatively high quantities in the heart especially in mitochondrial and
cytosolic compartments, which together with other antioxidants, maintains the redox

balance of cardiac cells (63, 64).

To date, there is no research involving assessment of oxidative stress in the heart of rats
after supplementation with lipoic acid, and few involving this organ assessing oxidative

stress after the use of omega-3.

It can be observed in this study that supplementation with DHA, EPA and LA can restore
normal levels of the antioxidant enzymes, GST, SOD and H,0, consumption (indirect
measurement of catalase and peroxiredoxins), as well as the levels of the non-enzymatic

antioxidant GSHt. It was also seen that the DHA was able to increase the levels of GPx and
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EPA was more efficient to induce an increase in levels of Vit E. When we evaluated the

quantification of MDA, the group supplemented with AL showed a significant drop.

This study suggests the possible protective effect of omega-3 and LA, reducing oxidative
damage by stimulating the generation of antioxidants, with a highlight for LA, which was

more effective in protecting lipid peroxidation.
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4. DISCUSSAO SUPLEMENTAR

Segundo Zitianova et al. (2011), o estresse oxidativo manifesta-se de forma
crescente desde a perimenopausa com um significativo aumento dos marcadores
de danos (Zithanova et al., 2011). A acdo protetora cardiovascular associada ao
estrogénio se da pelo efeito direto nas paredes dos vasos, onde sdo encontrados
receptores no tecido muscular liso e células endoteliais. O estrogénio promove
vasodilatacdo em humanos e animais experimentais, através do estimulo de
prostaciclina e sintese de NO (Tostes et al., 2003). E bem conhecido que os
estrogenos também atuam como sequestrantes de radicais livres, quebram a
formacao da cadeia de radical livre produzido a partir de processos de oxidacao
de membranas, portanto, inibem a oxidacéo de lipidios e proteinas (da Rocha et
al., 2011).

A suplementagéo é uma Otima alternativa para amenizar os sintomas e danos
causados pela menopausa. Estudos demonstram que a suplementagcdo com
acidos graxos poli-insaturados (6bmega-3) (Garrel et al., 2012; Mendoza e
Zamarripa, 2013) e acido lipdico (Biewenga, Haenen e Bast, 1997) possuem

caracteristicas antioxidantes, sendo eficientes contra danos oxidativos.

Estudos demostram que dieta com baixos niveis de DHA e EPA esta
relacionada com aumento do risco de doencas coronarianas (Harris e Von, 2004;
Mozaffarian, 2008). Alguns autores sugerem que o0s acidos graxos poli-
insaturados n-3 podem diminuir o risco de doenca cardiaca coronariana por
atuarem nas arritmias cardiacas (Brouwer , Geelen e ; Zock e Kromhout 2003),
processo anti-inflamatério (Calder 2006; Kromhout et al 2012; Crupi, Marino e

Cuzzocrea 2013) e anti-apoptoético (Crupi, Marino e Cuzzocrea 2013).

Em um estudo realizado com cédes submetidos a infarto do miocardio, a
suplementacdo com acidos graxos n-3 apresentou efeitos protetores contra
arritmia ventricular dos mesmos, mesmo com a presenca de oclusdo arterial
(Billman, Kang e Leaf 1999).
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Segundo Fang et al. (2011), a dieta rica em AGPI n-3 possui acao
antioxidante, capaz de prevenir disfungéo arterial, hipertensdo e melhorar o débito
cardiaco, estimulando o sistema antioxidante. Gorton et al. (2013) através de seu
estudo com 30 ratas ovariectomizadas e suplementadas com AGPI n-3 (0,8 g /
kg), mostravam recuperacdo da funcdo endotelial e reducdo do estresse

oxidativo.

Neste trabalho observou-se uma mudanca no perfil oxidativo no grupo das
ratas ovariectomizadas (supressao estrogénica), com o aumento do consumo de
H,O, GST, SOD (Fig 2), GSHt (Fig 5) e o aumento de MDA (Fig 7). Este
aumento dos antioxidantes corrobora com outros estudos que sugerem que a
queda do estrogénio gera um aumento dos niveis de defesas antioxidantes na

tentativa de amenizar o dano oxidativo (Behr 2012; Evsen et al 2013).

Em um trabalho recente, realizado pelo nosso grupo, os parametros de
danos oxidativos nas mesmas ratas do presente estudo, foram avaliados no
cérebro das ratas. Os resultados apontaram que a suplementacdo com DHA
gerou um aumento em todos os antioxidantes testados (GPx, GST, SOD,
CAT/Prx Vit C e GSHt) Behling et al. (2015).

Em contraste, o DHA mostrou-se pré-oxidante, corroborando com outros
autores (Song, Fujimoto e Miyazawa; 2000, Vericel et al., 2003), tendo um
aumento nas proteinas carboniladas e MDA. A suplementacdo dietética com AL
demonstrou um efeito protetor, obtendo aumento do consumo de H,0O,, 0 que
sugere aumento de CAT e Prx e diminuicdo da carbonilagéo de proteinas e MDA.

Kim e Chung (2007) obtiveram os niveis de GSH aumentados em células
renais e macrofagos de ratos, quando utilizaram DHA e EPA in vitro. Neste
mesmo estudo, os autores demonstraram o0s niveis de espécies reativas
diminuidas, os niveis de mediadores inflamatorios e nitratos foram regulados pelo
DHA e EPA, sugerindo fortemente a agdo antioxidante e anti-inflamatoria dos

mesmos.
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Balkis et al (2009) demonstraram o papel antioxidante do AL quando ratas
diabéticas foram suplementadas por 8 semanas, obtendo o aumento de SOD, Vit
C, queda em MDA e dano em DNA. Além disso, o AL reduziu as taxas de glicose
e a dislipidemia nas ratas suplementadas.

Segundo Parcker, Tritschler e Wessel (1997), o AL possui capacidade de
atuar em meio hidro e lipossolavel, € um importante antioxidante capaz de
regenerar Vit C, Vit E e GSH (Parcker, Tritschler e Wessel; 1997; Hadi, Lester,
Nils; 2002; Shay et al.,, 2009) e ainda atua na isquemia-reperfusdo, lesao
cerebral, disfuncdo mitocondrial, diabetes e neuropatia diabética, erros inatos do
metabolismo, e em outros danos no cérebro causados por radicais livres (Parcker,
Tritschler e Wessel; 1997; Shay et al., 2009)

Em nosso trabalho, a suplementacdo com AL nao gerou alteracéo no perfil
da Vit C e Vit E, porém foi capaz de restaurar os niveis de GST, SOD, GSHt e
CAT/Prx. Além disto, as ratas suplementadas com AL apresentaram uma menor
taxa de MDA (peroxidacdo lipidica) e assim como as demais suplementacdes,

reduziram a carbonilacdo em proteinas.

Moini, Packer e Saris (2002) citam as propriedades antioxidantes através
da capacidade de eliminar radicais livres e a capacidade de restaurar os niveis
reduzidos de outros antioxidantes. No entanto, h& evidéncias que o AL pode
exercer capacidade pro-oxidante, como vista em mitocondrias de hepatdcitos de
isolados de figado de ratos, promovendo a transicdo de permeabilidade das
mesmas (Hiroyuki, Shintaro e Shouiji; 2011)
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5. CONCLUSAO

Pode-se observar no presente estudo que a suplementacdo com DHA,
EPA e AL pode restaurar os niveis normais das enzimas antioxidantes GST, SOD
e o consumo de H,0O, (medida indireta de catalase e peroxirredoxinas), bem como
0s niveis da GSHt, antioxidante ndo enzimatico. Foi visto também, que o DHA
conseguiu aumentar os niveis de GPx e EPA foi mais eficiente para induzir um
aumento dos niveis de Vit E. Quando foi avaliada a quantificagdo de MDA, o

grupo suplementado com AL apresentou uma queda significativa.

Este estudo sugere o possivel efeito protetor do émega-3 e do AL,
reduzindo os danos oxidativos através de um estimulo na geracdo de
antioxidantes, com um destaque para o AL, que demonstrou ser mais eficaz na

protecao da peroxidacéo lipidica.

Levando em consideracdo que no modelo experimental ocorre uma queda
abrupta nos niveis hormonais, enquanto nas mulheres esta perda € gradual
durante os periodos de pré e perimenopausa, nos leva a crer que o beneficio

pode se estender a uma acao preventiva no periodo que antecede a menopausa.
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6. PERSPECTIVAS

v Avaliacdo dos danos oxidativos e capacidade antioxidante apos

suplementacdo com dmega-3 e acido lipoico em diferentes 6rgaos;

v Aplicagdo de diferentes métodos para avaliagdo de dano oxidativo;

v' Suplementacao com doses altas e baixas de DHA, EPA e AL para fins de

comparacao;

v Avaliar dano oxidativo apoés diferentes tempos de suplementacgéo;

v Medir marcador de dano oxidativo em DNA 8-0xo0-7,8-dehidro-2'-

deoxiguanosina (80OHdG) em nova amostragem;

v' Realizacao da ovariectomia em diferentes idades para ver se existe uma

capacidade de adaptacéao (hipoestrogenia) em diferentes idades;
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