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Resumo

A associagdo entre exercicio fisico, marcadores de estresse oxidativo e
suplementacao de antioxidantes tem sido alvo de muitos estudos. A vitamina E (alfa-
tocoferol) pode servir como um potente “scavenger” de radicais livres (RL) sugerindo
sua utilizacdo apdés o exercicio intenso na protecdo celular contra o estresse
oxidativo. A N-acetilcisteina (NAC) é muito usada na pratica clinica e pode exercer
um importante efeito antioxidante por facilitar a biossintese da glutationa (GSH). O
objetivo geral dessa dissertacdo foi verificar os efeitos da suplementacdo da
vitamina E e NAC sobre os marcadores de estresse oxidativo e resposta inflamatéria
em soro humano apdés a lesdo muscular aguda induzida pelo exercicio fisico
excéntrico. Foram selecionados 46 jovens universitarios, do sexo masculino, ndo
atletas, com idades entre 20 e 25 anos. No primeiro estudo os sujeitos foram
divididos aleatoriamente em 3 grupos: Placebo (21 dias de placebo (amido) n=6),
vitamina E (21 dias de vitamina E (800 Ul de acetato a-Tocopherol) n= 8), vitamina
E e placebo (14 dias de vitamina E +7dias de placebo n=7), no segundo estudo
foram mais 3 grupos: Placebo (21 dias de placebo n= 8), N-acetilcisteina (21 dias de
NAC (10mg/kg massa corporal) n=9 ), N-acetilcisteina + placebo ( 14 dias de NAC +
7dias placebo n=8). Apdés o0 14° dia, os sujeitos foram submetidos a ao exercicio
excéntrico intenso: 3 séries até a fadiga muscular excéntrica, com 80% de 1RM.
Foram verificados o desenvolvimento de dores musculares tardias, a atividade da
lactato desidrogenase (LDH), os niveis de lipoperoxidagéo, carbonilacédo, fator de
necrose tumoral, e interleocinas-10. Antes e no segundo, quarto e sétimo dia apés o
exercicio foram coletados amostras sanguineas da artéria cubital. O sangue foi
imediatamente processado e o soro foi aliguotado e armazenado — 80°C para
posterior andlise. Os resultados demonstraram que a vitamina E apresentou um
fator importante contra os danos oxidativos, entretanto a NAC nao alterou estes
marcadores, sendo que ambos o0s suplementos apresentaram respostas
diferenciadas nos parametros de dano oxidativo, respostas inflamatérias e dores
musculares.

Palavras-chave: Exercicio Excéntrico; Estresse Oxidativo; Vitamina E; N-
acetilcisteina.
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Abstract

The association among physical exercise, oxidative stress marker and the
antioxidants supplementation has been the target of many studies. The vitamin E
(alpha-tocopherol) may serve as a potent “scavenger” of free radicals (FR)
suggesting its utilization after eccentric exercise in the cellular protection against the
oxidative stress. The N-acetylcysteine (NAC) is greatly used in the clinical practice
and may have an important antioxidant effect because it facilitates the biosynthesis
of the glutathione (GSH). The general objective of this dissertation was to verify the
effects of the supplementation of the vitamin E and NAC on the oxidative stress
markers and the inflammatory response on the human serum after an acute
muscular lesion induced by the eccentric physical exercise. 46 young
undergraduates were selected, male, not athletes, age range between 20 and 25
years old. In the first study the subjects were divided randomly in 3 groups: Placebo
(21 days of placebo (amido) n=6), vitamin E (21 days of vitamin E (800 Ul of acetate
a-Tocopherol) n= 8), vitamin E and placebo (14 days of vitamin E + placebo n=7),
in the second study there were 3 more groups: Placebo (21 days of placebo n= 8),
N-acetylcysteine (21 days of NAC (10mg/kg body mass) n=9 ), N-acetylcysteine +
placebo ( 14 days of NAC + 7 placebo n=8). After the 14th day, the subjects were
submitted to intense eccentric exercise: 3 series until an eccentric muscular fatigue,
with 80% of 1RM. It was verified the development of late muscular soreness, the
activity of the lactate dehydrogenase (LDH), the levels of lipoperoxidation,
carbonylation, factor of tumor necrosis, and interleukins-10. Blood samples of the
cubital artery were collected before and on the second, fourth and seventh day after
the exercise. The blood was immediately processed and the serum were aliquot and
stored — 80°C for further analysis. The results demonstrate that the vitamin E
presents an important factor against the oxidative damages; however the NAC did
not change these markers. The two supplementations present different responses in
the oxidative damage parameters, inflammatory responses and muscle soreness.

Key words: Eccentric Exercise; Oxidative Stress; Vitamin E; N-acetylcysteine.
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1 INTRODUCAO

1.1 ORGANIZACAO DA DISSERTACAO

A dissertagao esta organizada em capitulos, onde o Capitulo I, na forma
de introdugéo, apresenta uma revisdo de literatura referente ao tema. Os
resultados estdo distribuidos nos dois capitulos subsequientes (Il e lll),
apresentados na forma de artigos, os quais foram submetidos a publicacdo. O
capitulo Il apresenta resultados referentes aos efeitos da vitamina E sobre os
marcadores de estresse oxidativo e sobre as respostas inflamatorias
induzidas pelo exercicio excéntrico (submetido a Medicine & Science in Sports
& Exercise). O capitulo Il avalia o efeito da NAC sobre a resposta oxidativa e
inflamatoria apés o exercicio excéntrico (submetido a International Journal of
Sport Nutrition & Exercise Metabolism) Uma discussdo abrangendo todos os
artigos e as conclusOes gerais estdao apresentadas respectivamente nos
capitulos IV e V. As referéncias bibliograficas apresentadas nos itens que nao

aqueles referentes aos artigos estao presentes no final dessa dissertacao.

1.2 JUSTIFICATIVA

A associacao entre exercicio fisico, producdo das espécies reativas de
oxigénio (ERO) e suplementacao de antioxidantes tém sido alvo de muitos estudos
(Evans et al., 2000; Banerrjee et al., 2003; Chevion et al., 2003; Sacheck et al.,

2003; Shafat et al., 2004). A elevada taxa metabdlica durante e apds o exercicio
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fisico, de 10 a 20 vezes nos niveis sistémicos (Astrand et. al, 1986), e de 100 a 200
nos niveis musculares em relagdo aos niveis de repouso (Halliwel e Gutteridge,
1999) , resulta no aumento do fluxo de elétrons na cadeia transportadora (Carmeli et
al., 2000).

As ERO sao capazes de causar danos oxidativos sobre a estrutura celular
pela oxidacao de lipideos de membrana, carbonilacdo de proteinas e danos em
DNA. Esses danos podem ser revertidos pela acdo de defesas antioxidantes
(enzimaticas e nao-enzimaticas), restabelecendo o equilibrio entre a producao de

ERO e o sistema de defesa antioxidante.

O exercicio fisico associado com danos oxidativos depende do tipo e
intensidade do exercicio. O exercicio excéntrico consiste numa concomitante acao
de alongamento e contracdo muscular (Appel et al.,1992).

Durante sua realizacao, segundo Childs et al., (2001), existe um aumento na
respiracdo mitocondrial seguido pelo aumento na producao de ERO pela incompleta
reducao do oxigénio. Em reposta aos danos musculares induzidos pelo exercicio
excéntrico, neutréfilos e macréfagos migram e infiltram no tecido muscular lesado,
ativando citocinas pré-inflamatérias e produzindo ERO adicionais.

As vitaminas E (alfa-tocoferol), C (acido ascérbico) e Beta-caroteno (pré-
vitamina A) sdo consideradas como vitaminas antioxidantes por constituirem um
importante mecanismo de prote¢ao celular contra a acao de radicais livres.

Packer et al., (1989) sugere que o exercicio intenso (crdénico e agudo) diminui
significativamente o conteludo tecidual dessas vitaminas, o que podera aumentar a
possibilidade de danos celulares pelas ERO

Especificamente, a vitamina E apresenta elevada atividade antioxidante,

principalmente em funcao de sua localizagdo (membranas celulares e mitocéndrias),
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permitindo reagir em até 200 vezes mais rapido com radicais livres (RL). Atua como
doadora de elétrons, tendo o alfa-tocoferol, como o mais eficaz entre os tocoferdis
(Mclaren et al., 1993; Burton et al.,1998).

Sua funcgao biolégica é bloquear a sucessao de reacdes que ocorre durante o
processo de oxidacao lipidica, preservando a integridade das membranas celulares
e diminuindo a acao deletéria das ERO (Mclaren et al., 1993).

Além das vitaminas, outros elementos atuam no sistema de defesa contra os
ataques de radicais livres, entre eles destaca-se a N-acetilcisteina (NAC). A NAC é
um importante agente anti-mucolitico, comumente utilizado na pratica clinica. Atua
como antioxidante por fazer parte da sintese de cisteina, precursora da glutationa.

De acordo com diversos estudos recentes (Sacheck et al., 2003; Shaft et al.,
2004; Bloomer et al.,, 2004; Goldfarb et al., 2005; Bryer e Goldfarb, 2006), a
suplementacdo de antioxidantes sdo importantes no combate contra os danos
oxidativos induzidos pelo exercicio excéntrico. Porém, ainda ndo se tem claro quais
0S mecanismos bioldgicos envolvidos nesse processo € quais 0s reais efeitos da
suplementacao de vitamina E e da NAC apéds a lesdo muscular induzida por esse

tipo de exercicio.
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1.3 FUNDAMENTACAO TEORICA

RADICAIS LIVRES

Os Radicais Livres (RL) sdao atomos ou moléculas que em virtude de seus
elétrons desemparelhados, apresentam uma grande reatividade, que os faz reagir
com outras moléculas, a fim de encontrar um estado quimico estavel. Cada radical
livre possui pelo menos um elétron ndo pareado em seu orbital externo, o qual os
torna altamente reativos (Powres e Homely, 2000).

Sao produzidos naturalmente em nosso organismo através de processos
metabdlicos oxidativos para produgao de energia. Sado em muitas vezes de extrema
importancia, como na ativagdo do sistema imunolégico, na desintoxicacdo de drogas
e na produgao relaxante de fatores derivados do endotélio (Shneider e Oliveira,
2004). Por outro lado quando em excesso, podem reduzir os elétrons (oxidar) de
compostos como proteinas, lipideos e DNA provocando sérios efeitos deletérios aos
sistemas biologicos (Halliwel e Gutteride, 1999). Durante o exercicio fisico os RL
podem contribuir para fadiga muscular, inativacdo de véarias enzimas do ciclo de
Krebs, e alteracéo no equilibrio da reducédo do oxigénio na cadeia transportadora de
elétrons (Powres e Homely, 2000).

Depois de formados, os RL tendem a extrair elétrons de outras moléculas
para alcangar um estado quimicamente mais estavel, criando assim novas moléculas
de RL (Halliwell e Gutteridge, 1999). Por exemplo, Matsuo e KaneKo (2000)
reportam-se que um radical (A°) reage para aceitar um elétron de outras moléculas
(B) e outro radical é produzido (B°): A° + B= A + B°. A formagéo deste outro radical

constituido a partir do radical A° pode reagir com uma terceira molécula e produzir
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um outro radical: B° + C = B + C°. Caso este terceiro radical reaja com o elétron
doado da molécula que produziu o radical original, isto pode virar uma reacao em
cadeia: C°+ A=C +A°.

A reacao em cadeia continua até acontecer uma reacao terminal. Todavia, se
a reacao em cadeia continuar sem uma regulacéo, é possivel que ocorram provaveis
danos nos sistemas biolégicos. O término da reacdo ocorre quando os radicais

reagem entre si produzindo nédo radicais: R° + R° = RR ou pela acdo de

“scanvegeres” ou antioxidantes, que ao se ligarem ao RL constituem novos radicais
menos reativos e estes ao se ligarem com antioxidantes se esgotam. (Pinho et al,
2005).

Alguns radicais livres sado importantes para o organismo, agindo como
sistema de defesa no corpo humano. Por exemplo, quando as células sao agredidas
por algum agente estressor (que também pode ser um RL) elas acabam produzindo
RL para combater estes agentes (Polidori et al., 2000). O grande problema é quando
0 agente estressor (RL) agir mais eficientemente que a capacidade de defesa. Este
processo pode ocasionar danos celulares irreversiveis por reagir com componentes

celulares como lipideos de membrana, proteinas e DNA.

Espécies Reativas de Oxigénio

Dois a 5% do oxigénio utilizado na fosforilacdo oxidativa € desviado para a
formacao de RL. Durante esse processo podem ser formados outros elementos
quimicos que ao reagirem com metais de transicdo formam radicais livres altamente
reativos. O conjunto dessas substancias sdo denominadas espécies reativas de

oxigénio (ERO) (Matsuo e Kaneko, 2000).
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O oxigénio que respiramos é metabolizado em nosso organismo onde
aproximadamente 85 a 90% sao utilizados na mitocondria em processos oxidativos
dentro da cadeia de transporte de elétrons, e os 10 a 15% que restaram sao
recrutados por diversas enzimas oxidases e oxigenases e também por reacdes
quimicas de oxidacao diretas. (Halliwel e Gutteride, 1999).

Na parte final da cadeia de transporte de elétrons, a enzima citocromo
oxidadase remove um elétron de cada vez das quatro moléculas reduzidas de
citocromo ¢ oxidando-as, e adicionando os quatro elétrons O, para formar agua (em
torno dos 95 a 98% dos 85 a 90 citados acima). A existéncia desta enzima é capaz
de neutralizar a tendéncia monoeletrénica do oxigénio, forcando a reacao a ocorrer
numa unica etapa, sem a formagao de intermediarios, os restantes cerca de 2 a 5%
sao diminuidos univalentemente, em compostos denominados RL (Halliwel e
Gutteridge, 1999).

O complexo | e lll da cadeia respiratéria sdo locais conhecidos para a
producéo de superéxido e H>O- . Isso é causado pela transicdo de 1elétron da NADH
e FADH para ubiquinona formando a semiquinona (QH°), e outro e forma o
superoxido. O superdoxido € rapidamente reduzido pela superdoxido dismutase
mitocondrial (SOD-mg) a H>O, (Halliwel e Gutteridge, 1999).

Quando formado o perdxido de hidrogénio assim como o &nion superéxido se
nao for eliminado ou convertido em um outro radical menos potente pode causar
estragos a sistemas biolégicos. Ao receber mais um elétron ou um ion de hidrogénio
o H>O, forma entdo o radical hidroxil (OH), que é a ERO mais reativa dos
intermediarios, pois pode reagir e alterar qualquer estrutura celular que esteja
proximo a ele influenciando enzimas, membranas ou acidos nucléicos (Schnneider e

Oliveira, 2004).
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O radical hidroxil pode ser formado por mais duas reacdées conhecidas como
reacao de Fenton e Haber-Weiss. A primeira o "OH é formado quando o H-O, reage
com ions de ferro ou cobre, a segunda quando os ions de ferro e cobre catalisam a
reacdo entre o superéxido e o peroxido de hidrogénio. Como caracteristicas
comuns, estas espécies apresentam grandes reatividades e possuem uma meia vida
muito curta, o radical hidroxila, por exemplo, tem 10 segundos de vida, ja o anion
superéxido decai a peréxido de hidrogénio em 4,5 x 10° milisegundos (Sies e

Cadenas, 1989).

Defesas Antioxidantes

O corpo humano apresenta sistemas naturais de defesa contra as ERO, que
mais do que defender, mantém suas concentracbes em niveis compativeis com a
atividade biolégica (Lancha-Jr, 2004). Entretanto os antioxidantes também podem
ser acrescidos no organismo via alimentacdo, suplementacdo ou, ainda como
recurso terapéutico.

Segundo Pinho (2005) as defesas antioxidantes podem atuar de forma
associada ou independente por duas vias: 1) enzimaticas: este sistema é composto
pelas enzimas superdéxido dismutase (SOD), a catalase (CAT) e a glutationa
peroxidase (GPX). Essas enzimas sdo ativadas normalmente durante o metabolismo
celular, porém suas atividades podem aumentar em funcdo da presenga de ERO. 2)
nao enzimaticas, que incluem as vitaminas E, C e betacaroteno, glutationa (GSH) e
N-acetilcisteina (NAC) entre outros. Grande partes desses antioxidantes séo

encontrados na alimentacao e podem ser suplementados por uma dieta alimentar.
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a) Sistema enzimatico

a.1 Superoxido Dismutase (SOD)

E a enzima responsavel por catalisar a dismutacdo do radical superéxido em
H.O, e O,, na presencga de proton H'. Sua composicao apresenta diferentes grupos
proteicos. Nos sistemas eucariontes, atualmente se conhecem duas formas: a) SOD-
CuZn que esta presente principalmente no citosol; b) SOD-Mh esta localizada

primariamente na mitocondria (MATSUBARA e FERREIRA ,1997).

a.2 Catalase (CAT)

A catalase € uma hemoproteina citoplasmatica e sua funcéo é converter o
H.O2 em H>O e O.. Nos seres humanos é encontrada na maioria dos 6rgaos, tais
como: figado, cérebro, coracdo e musculo esquelético, medula éssea e mucosas e

sua atividade é dependente de NADPH (SCOTT et al., 1991).
a.3 Glutationa Peroxidase (GPX)

A GPX age sobre H>O, convertendo-o em agua, podendo agir também sobre
os lipideos peroxidados tornando-os hidroxilados e reverter a oxidacdo das
proteinas. Apoés reagir com ERO, a GPX é convertida a glutationa oxidada (GSSH),
podendo ser reconvertida a glutationa reduzida GSH, pela acao da enzima glutationa

redutase (Halliwell e Gutteridge, 1999).

b) Sistema Nao enzimatico
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O sistema nao-enzimatico inclue as vitaminas E, C e betacaroteno, glutationa
(GSH), e N-acetilcisteina (NAC) entre outros. A maioria desses oxidantes sao
encontrados na alimentagdo e podem ser suplementados por uma dieta alimentar. A
Vitamina E e betacaroteno sao antioxidantes lipossoluveis e protegem as
membranas celulares dos ataques por RL. A vitamina C e a glutationa sao
hidrossolluveis e fundamentais na regeneracdao da Vitamina E e protecdo dos

constituintes lipidicos e protéicos celulares (Urso e Clakson, 2003).

Conforme Robergs e Roberts (2002) existe uma elevada incidéncia declarada
pelos atletas do uso da suplementagdo de antioxidantes, especialmente vitaminas.
Os estudos realizados para comprovar os efeitos da suplementacdo com
antioxidantes apresentam resultados controversos (Childs et al., 2001; Beaton et al.,

2002; Avery et al., 2003; Sachck et al., 2003; Goldfarb et al., 2005).

b.1 vitamina E

A vitamina E vem sendo considerada como um dos mais potentes
antioxidantes biologicos (Penteado, 2003), sendo que seus beneficios vao desde
proporcionar o retardamento do envelhecimento precoce induzidos pelos RL ou por
algumas doengas, a protecdo contra danos no DNA, produzidos a partir do exercicio
fisico extenuante, atentando inclusive para importancia da suplementacdo em alguns
casos.

A vitamina E é o termo mais usado para designar 8 compostos, sendo 4
derivados do tocol, chamados de tocoferéis, e quatro do tocotrienol chamados de
tocotriendis (Machiln, 1984). Estes oitos compostos possuem um anel 6-cromanol e
uma cadeia lateral que é de natureza isoprénica, constituida por 16 atomos de

XXil



carbono, sendo responsavel pela lipossolubilidade da vitamina E (Machiln, 1984,
Coulate, 1996). Entretanto sua absorcdo é ineficiente, apenas 20 a 40% do
tocoferdis ingeridos sdao absorvidos, porém este percentual pode ser aumentado
pelo concomitante consumo de gordura na dieta (Penteado, 2003).

Segundo Bacurau et al., (2001) o consumo de vitamina E, mesmo que em
megadoses de até 200 vezes a recomendacao diaria, nao apresenta risco a saude.

De acordo com a National Academy of Sciences (2000) citado por Rique et
al.(2002), as recomendacoes diarias de vitamina E aumentaram para 15mg por dia
(equivalente a 22Ul de fontes naturais e 33Ul de fontes sintéticas) e a quantidade
maxima diaria toleravel (absorvida) pelo organismo é de 1.000mg, o equivalente a
2.200UI de fonte sintética.

Apesar dos efeitos da suplementacdo da vitamina E sobre a performance nao
ser comprovado, a suplementacédo pode ter supostamente um papel importante em
alguns individuos em determinadas situacoes. Packer et al., (1989) sugere que
humanos fisicamente ativos devem aumentar a ingestao de vitamina E diariamente,
devido a deplecao causada pelo exercicio fisico.

Alguns estudos realizados em humanos demonstram que a suplementacéao é
capaz de promover aumento nos niveis séricos e musculares de vitamina E
(Bacurau et al., 2001), porém no que se refere a protecao contra o estresse oxidativo

e aumento de performance os dados sdo controversos.
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b.2 N-acetilcisteina

Outro antioxidante que vem despertando interesse é a N-acetilcisteina, um
doador de tiois, que atua como precursor da cisteina intracelular, aumentando a
producdo de glutationa (GSH) (Pinho et al., 2005). Por sua vez, a GSH, em sua
forma reduzida, tem um importante papel no mecanismo de defesa contra ataques
de radicais livres (Smith et al., 1994; Zhang et al., 1999), por diminuir o contetdo de
H.O- e alterar o equilibrio da capacidade oxidante-antioxidante pulmonar (Repine et
al., 1997).Sugere-se que o potencial efeito da NAC é diminuir os niveis de H>Oo,
alterando o equilibrio da capacidade oxidante-antioxidante.

A resposta positiva ao uso da NAC pode estar associada a dois mecanismos
propostos por Heunks e Dekhuijzen (2000): 1 - a suplementacdo da NAC pode atuar
como scanveger de radicais livres resultando na formacao de NAC dissulfida; 2 - a
NAC pode exercer um importante efeito antioxidante por facilitar a biossintese da
glutationa (GSH).

A GSH, em sua forma reduzida, tem um importante papel no mecanismo de
defesa contra ataques de radicais livres (Smith et al., 1994) por diminuir o conteudo
de H>O> e alterar o equilibrio da capacidade oxidante-antioxidante pulmonar (Repine
et al., 1997). Dependendo do nivel na célula, pode ser uma fonte importante contra

respostas inflamatérias (Pinho et al., 2005).

Exercicio Fisico e Estresse Oxidativo

O estresse oxidativo esta relacionado a situagdes onde 0s mecanismos
celulares pré-oxidantes superam os mecanismos de defesas incluindo os sistemas

enzimaticos e outros antioxidantes. E um estado em que ha uma elevada producéo
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de espécies reativas. Este estado esta comumente ligado a danos celulares como,
por exemplo, peroxidacao de lipidios, fragmentagao de proteinas e danos em acidos
nucléicos.

O estresse oxidativo tem sido associado com diminuicdo da performance,
fadiga, dano muscular e “overtraining” (Carmeli et al., 2000). Por essa razao, alguns
pesquisadores sugerem que reduzir o estresse oxidativo pode melhorar a tolerancia
ao exercicio e a performance (Alessio, 1999).

Embora os beneficios do aumento no consumo maximo de oxigénio (VO?
max) sejam bem estabelecidos, um paradoxo bioquimico é verificado. O aumento no
consumo de O; é essencial para aptidao cardiovascular e performance, porém o
aumento no consumo durante ou apds o exercicio pode ser prejudicial, quando é
excedida a capacidade normal do individuo (Pinho, 2005).

O grau de estresse oxidativo e dano muscular associado com o exercicio, nao
dependem somente do tipo e intensidade do exercicio, mas também do grau de
exaustdo da pessoa que realiza o exercicio (Schneider e Oliveira, 2004).

Por exemplo, o exercicio fisico intenso provoca um aumento de 10 a 20 vezes
no consumo total de oxigénio do organismo e um aumento de 100 a 200 vezes na
captacao de oxigénio pelo tecido muscular, favorecendo o aumento na producéo de
ERO (Kory e Donangelo, 2003). Entretanto, estudos tém demonstrado que o
treinamento de endurance aumenta as defesas antioxidantes, assim como a
capacidade oxidativa do musculo (Radak et al., 1999; Terblanche, 2000; Pinho et al.,
2006).

De acordo com Koénig e Berg (2002) evidéncias sugerem que 0O exercicio
fisico aumenta a geracdo de ERO. Dependendo do tipo de exercicio, tém sido

propostos varios mecanismos na geracao destas espécies:
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a) Aumento na producdo de O, na cadeia respiratoria.

Interrupgdes temporarias das bombas de ATP dependentes de célcio (Ca™)
levam ao aumento das concentragdes intracelulares de calcio, o que durante o
exercicio pode ativar a via da xantina oxidase. Concentra¢gées aumentadas de calcio
intramusculares durante periodos de exercicio de alta intensidade podem ativar as
proteases dependentes de célcio, as quais convertem a xantina desidrogenase em
xantina oxidase. A xantina oxidase usa o oxigénio molecular ao invés do NAD" como
aceitante de elétrons e assim gera o radical superdxido (Halliwell e Gutteridge,

1999).

b) Isquemia muscular

Exercicios intensos podem aumentar a producdo de espécies reativas de
oxigénio devido a hip6xia e reoxigenacdo temporarias que ocorrem no musculo
exercitado em funcdo de contracdes e relaxamentos estabelecidos ciclicamente.
Durante a contragdo a compressao vascular estabelece um quadro de isquemia
gerando uma hipéxia. Entretanto no relaxamento, acontece a reperfusdo, e,
consequentemente, a reoxigenacdo. Em condicées de hipdxia, os equivalentes
reduzidos podem se acumular dentro da cadeia transportadora de elétrons
mitocondrial, resultando no fenémeno conhecido como estresse redutivo. Na
reoxigenacao, uma explosao (burst) de reducées monoeletrénicas pode converter o

oxigénio molecular em radicais superoxido (Halliwell e Gutteridge, 1999).

c) Ativacao células polimorfos nucleares (PNM)
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Danos musculares provocados por exercicios levam a migracdo de varias
células do sistema de defesa como leucécitos, neutréfilos, mondcitos e macrofagos
que sao capazes de produzir ERO. A ativacao de leucocitos, por exemplo, apds o
dano muscular induzido pelo exercicio fisico, pode estimular a producao de RL para

melhorar os mecanismos de defesa do hospedeiro. Em particular os neutréfilos séo

as maiores fontes de producdo de O, pela reacdo NADPH — oxidase. Na presenca

de H>O» e ion clorido os neutréfilos geram um potente acido-hipocloroso via reacéao
atividade da enzima mieloperoxidase. As ERO produzidas por neutréfilos sao
geradas para destruir bactérias invasoras e remover tecidos danificados. A netrofilia
induzida pelo exercicio ocorre como resultado da demarginacao de neutréfilos de
tecidos endoteliais (mediados por catecolaminas) e medula 6ssea (mediado pelo
cortisol) (Trevor e Sandy, 2001).

Isso faz com que migrem para outras células danificadas e removam
proteinas danificadas e células mortas. Embora isso seja uma reagdo desejavel,
pode ser causa de inflamagbdes agudas, devido a producdo de mediadores pro-
inflamatérios adicional (IL, 1,6,8 e TNF alfa) e prostaglandinas, levando a producao
de processo inflamatério adicional e aumentando a producdo de ERO (Mastaloudis

et al, 2004).

d) Menor homeostase do calcio

O acréscimo das concentragoes de Ca™ pode ativar a enzima fosfolipase A:,
a qual libera o acido araquidénio a partir dos fosfolipideos. A ciclooxigenase reage

com o acido araquidbnico para gerar o radical hidroxil.
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e) Atividade da 6xido nitrico sintase.

Condigdes hipdxicas tém sido associadas com o aumento da atividade da
oxido nitrico sintase (NOS), levando a formacao de radicais do 6xido nitrico. Estes
podem exercer um efeito pré-oxidante fraco por eles proprios ou se combinarem

com o superoxido para formar um oxidante mais potente, o peroxinitrito.

f) Ativacao da xantina oxidase (XO)

De acordo com Chevion et al (2003) as reacdes catalisadas pela (XO) tém
sido consideradas uma das mais importantes fontes de RL na isquemia/reperfusdo
do coragao. Durante a isquemia o ATP é degradado em AMP devido a demanda de
energia do miocardio. Se o O for insuficiente, o0 AMP é continuamente degradado
para hipoxantina que pode ser convertido para xantina e AU pela XO, ligando-se a 1
e da reducao do O; e formando superdxido. A XO também pode ser convertida da
forma reduzida (xantina desidrogenase) para forma oxidada por proteases
intracelulares que podem ser ativadas pelo Ca®. O O, também pode estar
disponivel como aceptor de elétrons.

Sob condicbes aerbbias, o oxigénio suficiente assegura que o ATP seja
reposto primeiramente via fosforilagcdo oxidativa mitocondrial e que a
hipoxantina/xantina sejam convertidas para AU pela xantina desidrogenase do que
pela xantina oxidase. Além disso, 0 musculo esquelético tem baixa atividade da XO.
Todavia a XO pode ser um importante caminho quando o musculo apresentar um
déficit de adenina dinucletideo. Essa situacdo teoricamente pode acontecer em
situacao isquémica, exercicio isométrico, sprint, déficit de O, e exercicios com

limitacao vascular de fluxo sanguineo (Ji, 1995, Chevion et al., 2003).
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Vale destacar ainda que as reacgbes catalizadas pela Xantina Oxidase (XO)

favorecem a producao de ERO catalisando a degradacao do AMP durante o trabalho

muscular isquémico levando ao aumento na produgéo de O, .

Outros fatores como o aumento de citocinas e ativacdo de NF-KB, auto-
oxidacao da catecolaminas, do sistema do citocromo p-450 microssomal, o aumento
do metabolismo peroxisomal, podem também contribuir para formagdo de ERO,
mais ainda sao poucos os indicios que comprovem esta relagcdo com o exercicio (JI ,

1999).

Exercicios excéntricos

Estes tipos de exercicios referem-se a uma acdo muscular no qual o
agrupamento muscular solicitado por determinado exercicio € alongado e contraido
ao mesmo instante (Bacurau et al.,, 2001). Esta solicitacdo dupla (contracdo e
alongamento), de acordo com Powers e Howley (2000) faz com que ocorra um
aumento da tensdo nas fibras musculares ocasionando uma série de eventos
bioquimicos na estrutura, integridade, tamanho e talvez até no numero de células.

De acordo com Bompa (2001), Fleck e Wramer (1999) as les6es musculares
mais intensas ocorrem durante as contragdes excéntricas, pois € neste tipo de acéao
que se realiza trabalho de forca e de alongamento ao mesmo tempo, aumentando
assim o estresse sobre os tecidos. Dependendo da intensidade do alongamento isto
pode provocar uma extensao além do normal de alguns sarcémeros, aumentando
assim danos musculares.

No exercicio excéntrico, o custo energético € menor, porém a tensao por fibra

€ maior, uma vez que menos fibras sédo recrutadas, 1/3 a 1/5 do numero de
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sarcoOmeros sao ativados durante a fase excéntrica do movimento comparado com a
concéntrica (Barucau at al., 2001).

Na acado excéntrica, segundo Bacurau et al. (2001), duas teorias foram
propostas para explicar como a contracao excéntrica promove sua ag¢ao. A primeira
enfatiza que, para a realizagdo de um mesmo esforco, ha uma menor ativacao de
fibras durante a contracdo excéntrica em relagdo a concéntrica. Isso causaria uma
maior producao de forca por fibra muscular. Na segunda teoria alguns sarcomeros
seriam obrigados a se alongar mais que outros. Esse alongamento excessivo
provocaria a lesao.

Segundo Faulker (1993), a quantidade de forca desenvolvida neste tipo de
contracdo e aproximadamente 2 vezes superior a forca desenvolvida nas contragdes
isométricas. No entanto, o nimero total de pontes cruzadas ativas € somente 10%
maior, resultando numa tenséo elevada na estrutura da fibra muscular.

O estresse oxidativo produzido durante a realizacao do exercicio excéntrico
de alta intensidade, tem sido atribuido a ativagdo da Xantina Oxidase, a producédo de
NADPH oxidase, isquemia-reperfusao, rompimento nas proteinas que contém ferro e
o desequilibrio na homeostase de Ca™ (Mchugh,1999; Childs et al., 2001; Goldfarb

et al., 2005).

Dores musculares

A dor muscular tardia (DMT) caracterizada pela sensibilidade local ou
generalizada nos musculos estressados, manifesta-se apdés 8h ao término do
exercicio e progride de intensidade nas primeiras 24h, alcangando seu pico entre 48

e 72 horas (Tricoli, 2001). Smith (1991) sugere que a DMT decorre do processo
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inflamatério no musculo exercitado. Células PMN migram para o tecido lesionado e
liberam prostaglandinas (PG2), que ativam receptores locais de dor, intensificando a
sensacao dolorosa (Crosier et al., 1996).

As prostaglandinas aumentam a sensibilidade dos receptores de dor tipo Il e
IV. Os receptores do tipo Ill identificam primeiramente estimulos mecanicos,
enquanto que os do tipo IV sdo responsaveis pela transmicdo da dor causada por
agentes quimicos. O tempo para que estes eventos ocorram, explicam em parte a
demora entre o dano na estrutura do tecido muscular e a percepcao de dor (MILES

et al., 1994).
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1.4 PERGUNTAS CIENTIFICAS

¢ A suplementacdo de vitamina E ou NAC apresentam resultados
diferenciados nos biomarcadores de estresse oxidativo, inflamagdo e

dores musculares apés o exercicio excéntrico?

¢ Quais os efeitos da suplementacdo da vitamina E ou NAC sobre os
marcadores de estresse oxidativo e inflamacado muscular induzidos pelo

exercicio excéntrico?

¢ Existe diferenca entre os dois modelos de suplementagdo com vitamina E
ou NAC nos marcadores de estresse oxidativo e inflamagcao em soro

humano, ap6és a lesdo muscular induzida pelo exercicio excéntrico?

1.5 OBJETIVOS

Diante das evidéncias de que a o exercicio fisico excéntrico provoca lesdes
musculares e altera a resposta oxidativa e inflamatéria em soro, pressupde-se que a
suplementacéo de vitamina E e NAC possam amenizar esses efeitos. A partir de tais

pressupostos foram elaborados os seguintes objetivos:

Geral:

e Verificar os efeitos da suplementagao de vitamina E e NAC em soro humano,
sobre, marcadores de estresse oxidativo, inflamacédo e desenvolvimento de
dores musculares em resposta a lesdo muscular aguda induzida pelo

exercicio fisico excéntrico.
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Objetivos Especificos:

e Verificar se os marcadores de estresse oxidativo no soro sdo atenuados com
a suplementacgéo de vitamina E ou NAC;

e \Verificar se a resposta inflamatéria induzida pelo exercicio excéntrico €
atenuada com a suplementacéao de vitamina E ou NAC;

e Verificar se a suplementacdo de vitamina E ou NAC diminui o
desenvolvimento de dores musculares tardias;

e Verificar se a resposta dos dois modelos de suplementacdao apresentam
resultados diferentes nos marcadores de estresse oxidativo e inflamag¢do em

soro humano, ap6s a lesdo muscular induzida pelo exercicio excéntrico.
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Abstract

The objective of this study was to verify the effects of vitamin E supplementation on
the oxidative damage and inflammatory response induced by eccentric exercise
(EE). 27 subjects (male, 22.3 + 3 yr, weight of 68.2 + 4.9 kg and height of 173 + 4.3
cm) were divided randomly into 3 groups: placebo; 21 days of vitamin E; 14 days of
Vitamin E + 7 days of placebo. Fourteen days after starting supplementation, the
subjects performed EE: 3 series until exhaustion (elbow flexion and extension on the
Scott bench, 80%-1RM). Blood samples were collected before and on the 2", 4" and
7" day after EE. Muscle soreness (MS), LDH activity, lipoperoxidation, protein
carbonylation, TNF-a, and IL-10 were determined. Results showed a significant
increase in MS in all the groups on the 2™ day after EE and that LDH activity was
significantly higher on the 4™ and 7™ day after the lesion in all the groups and a
decrease in LDH level in the group supplemented for 21 days; a significant increase
in MDA levels on the 2", 4" and 7™ day after EE in the placebo group, and a
decrease after 21 days for supplementation. Protein damage increased after 4 days
and 7 days, in groups not supplemented with vitamin E and a decrease in
carbonylation, 4 days after EE in the supplemented group. All the groups significantly
increased the TNF-a. on the 2™ day after EE and concentration of IL-10 increased
significantly on the 4" and 7" day after EE. Results suggest that vitamin E
supplementation represents an important factor in the defense against free radicals,
but not against inflammatory response.

Key-words: vitamin E, eccentric physical exercise, interleukins, supplementation, free
radical
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Introduction

Studies have associated eccentric physical exercise, reactive oxygen species
(ROS) markers, antioxidant supplementation and inflammation (10, 32, 33). After
conclusion of the eccentric physical exercise, neutrophils and macrophages migrate
to and infiltrate the lesioned muscular tissue, activating proinflammatory cytokines
and producing Reactive Oxygen Species (ROS) which make recovery of the
damaged tissue difficult (11, 14).

It is possible that the inflammatory response by intense eccentric exercise
provokes additional ROS, causing oxidative damage to cellular structures, by
membrane lipid oxidation, protein carbonylation and DNA damage. However, such
damage can be reversed by stimulating the enzymatic and non-enzymatic antioxidant
defenses, restoring the balance between production of ROS and the antioxidant
defense system.

Vitamins E (a-tocopherol) are considered antioxidant vitamins because they
constitute an important cellular protection mechanism against the action of ROS.
They serve as potent scavengers of the peroxyl radical and may be an important
defense agent against oxidative damage after intense physical exercise (13, 5, 4,
32).

Previous studies have shown that a 14-day period of vitamin E
supplementation prior to eccentric exercise elevates vitamin E levels and improves
plasmatic oxidative response (14, 29, 23, 6). However, the effects of vitamin E on
inflammation still remain contradictory. Also unclear is which biological mechanisms

are involved in this process and what is the appropriate time of supplementation.
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Thus, the objective of this study was to examine the effect of vitamin E on
oxidative damage and inflammatory response induced by intense eccentric exercise.
We had hypothesized that it is necessary to continue with vitamin E supplementation

after the eccentric exercise to reduce the oxidative and inflammatory response.

Materials and Methods

Subjects: 27 male volunteers - students of UNESC (Universidade do Extremo Sul
Catarinense, Criciuma, Santa Catarina state, Brazil) with a mean age of 22.3 + 3yr
(range 19-25yr), weight of 68.2 + 4.9 kg and height of 173 + 4.3 cm - were selected.
They were nonsmokers, did not take vitamin E or any other antioxidant or related
supplements, had not participated in resistance training or any other form of
structured exercise for at least 6 months, who did not have a history of muscular
lesion or were not carriers of any disease that might compromise the results or
aggravated by physical exercise. All the subjects were informed about the purpose of
the study and the associated risks, and all of them gave written informed consent. All
the procedures were approved by the local ethics committee.

Supplementation: Subjects were randomly selected in a single-blind manner to

receive either a placebo (capsule containing starch or vitamin E supplementation
(capsule containing 800IU of acetate d-a-Tocopherol) according to Meydani et al.
(24). Volunteers received one capsule per day for a total of 14 days before the
eccentric protocol and for 7 days post-exercise, and were randomly allocated in three
groups: placebo (21 days of placebo; n=6), vitamin E (21 days of vitamin E; n=8);
vitamin E plus placebo (14 days of Vitamin E + 7 days of placebo; n=7). During the

study, six subjects withdrew from the groups due to personal reasons. Subjects were
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instructed to maintain their normal diet throughout the duration of the study. Fourteen
days after starting supplementation, the subjects performed eccentric exercise.

Eccentric Exercise protocol: Eccentric exercise (EE) of short duration and high
intensity was performed with elbow flexion and extension on the Scott bench at an
intensity of 80% of maximum repetition - 1RM according to Bompa (7). The
concentric phase of the exercise was performed with manual assistance from the
instructor. The eccentric phase was performed for a duration of 6 to 8 seconds.

Three sets of the exercises were performed, with 2 minute intervals, until exhaustion.

Blood Collection: Blood samples were collected prior to the exercise and on the 2",
4™ and 7" day after the exercise. Blood (10 mL) was obtained from the cubital vein of
the right arm and collected in vacutainer tubes without additives. It was then
processed and the serum separated, aliquoted and immediately stored in a freezer at

—80°C for later analysis.

Muscle Soreness (MS): MS levels were measured by a visual analogue scale.
Subjects marked their subjective rating of MS between 0 (without pain) and 10

(extreme pain) (31).

Lactate Dehydrogenase (LDH): LDH enzyme activity was used as a marker of

cellular damage. A specific kit, supplied by Labtest Diagnéstica SA, was used. The
dosage was made from an enzymatic system with final point reaction in serum
samples, following the technical instructions that accompanied the Kkit.

Thiobarbituric Acid Reactive Species (TBARS): as indicator of lipid peroxidation, the
formation of substances that react to the heating of thiobarbituric acid
(malondialdehyde — MDA) measured spectrophotometrically (532nm) and expressed

as malondialdehyde equivalents (12).
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Protein Carbonylation: oxidative damage in proteins was measured by determining

the carbonyl grouping based on the reaction with dinitrophenylhydrazine. Carbonyl
content was determined spectrophotometrically (370nm) using a coefficient of 22.000
M (20).

Interleukins: Tumor Necrosis Factor-a (TNF-a) and IL-10 were determined by ELISA
with commercially available kits (R&D Systems, Minneapolis, MN).

Protein Determination: The quantity of proteins in TBARS and carbonyl assays was

measured using the technique of Lowry et al (21).

Statistical Treatment: Data was expressed in mean and standard error of the mean

(SEM), and statistically analyzed using two-way analysis of variance (ANOVA),
followed by the SNK post hoc test. The level of significance established for the test
was p<0.05. SAEG version 9.0 was used.

RESULTS

Muscle Soreness (MS): The results showed a significant increase in MS in all the

groups on the 2" day after EE and a significant decrease in those values in all the
groups on the 4" and 7" day after EE (table 1). We also observed a significant
decrease in MS in the vitamin E groups after 4 days and 7 days of EE, compared to
the placebo group.

Lactate dehydrogenase (LDH): LDH activity was defined as the indicator of

cellular membrane integrity. The results show a significant increase in LDH activity
after 4 days and 7 days of EE (table 1). We also observed a significant decrease in
the LDH level in the group supplemented for 21 days with vitamin E, compared to the

placebo group.
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Lipoperoxidation: Oxidative damage to membrane lipids was evaluated by the

formation of MDA, a sub-product of lipoperoxidation. According to figure 1, the results
show a significant increase in MDA levels on the 2" 4" and 7" day after the
eccentric exercise, in the placebo group. We also observed that the group
supplemented for 21 days did not alter the level of lipoperoxidation on the 2™ and 4"
days and decreased on the 7™ day. The group supplemented for 14 days also
decreased the level of lipoperoxidation on the 7" day.

Protein Carbonylation (PC): To verify the oxidative damage in proteins, we evaluated

the carbonyl groups based on the reaction with dinitrophenylhydrazine. The results
(figure 2) show a significant increase in protein damage on the 2" 4™ and 7™ day
after EE in the placebo group and the group supplemented for 14 days. We also
observed a decrease in carbonylation after 4 and 7 days of EE in the group
supplemented for 21 days, when compared to the placebo group.

Interleukins: To quantify the inflammatory response, we measured the tumor necrosis
factor-a (TNF-a) and interleukin 10 (IL-10). all the groups significantly increased the
TNF-o on the 2™ day after eccentric exercise (figure 3a) and serum concentration of
IL-10 increased significantly on the 4™ and 7™ day after eccentric exercise in all the

groups (figure 3b).

DISCUSSION

The purpose of the study was to investigate the effects of vitamin e
supplementation on biomarkers of oxidative stress and inflammatory response after
eccentric physical exercise.

Several indicators have been used to determine the level of muscular lesion

induced by eccentric exercise (5, 19, 2). We used LDH enzyme activity and MS as
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markers of cellular damage. Results showed that MS increased after 48 hours of the
eccentric exercise and decreased over the following days, principally in the
supplemented groups. LDH levels increased significantly from the 4" day after the
eccentric exercise (table 1). The mechanisms that may possibly contribute to skeletal
muscle damage include ROS-mediated processes (1, 3) and inflammatory factors
while those that liberate prostaglandins and activate local pain receptors are the main
factors in the increase in MS 48 hours after intense exercise (28). It is possible that
the vitamin E supplementation can accelerate the decreased those effects.

We also observed a significant decrease in LDH level in the group
supplemented for 21 days (table 1). Few studies have reported that supplementation
with vitamin E had, in fact, attenuated LDH increases following eccentric exercise (2,
15, 27). It is possible that ROS has an important role in those processes. Specifically,
ROS may play a central role in the etiology of skeletal muscle damage via oxidation
of ion transport systems, leading to disruption of Ca*? -ion homeostasis, impaired
mitochondrial respiratory control, distortions in signal transduction pathways, and
ultimately, cell dysfunction (18). Therefore, we believed that quenching of ROS by
vitamin E could protect against muscle damage caused by eccentric exercise.

To assess the oxidative damage in lipid membranes, we measured
malondialdehyde (MDA) levels. According to figure 1, we observed a significant
increase in the levels of lipoperoxidation in the placebo group on the 2", 4" and 7"
day after eccentric exercise. It is possible that eccentric exercise causes an
immediate inflammatory response and consequently increases the levels of
lipoperoxidation, probably as a result of the activation of macrophages and
neutrophils on the tissue. The alterations in lipoperoxidation levels following physical

exercise are directly related to the type, intensity and duration of the exercise (30).
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Thus, it seems that different forms of exercise result in different levels of oxidative
damage, although the results that point to the influence of exercise on levels of
oxidative stress remain controversial.

We observed that 14 and 21 days for supplementation reduced MDA levels
significantly (figure 1). These results suggested an antioxidant effect of vitamin E
supplementation against lipoperoxidation and indicate that vitamin E supplementation
suppressed oxidative damage induced by eccentric exercise. It is possible that the
protection mechanism of vitamin E is for protecting cellular membranes and other
fatty cellular components by donating electrons to free radicals (37, 25).

Similarly to lipoperoxidation, PC increased after eccentric exercise and was
inhibited by 21 days of supplementation (figure 2). Jackson (16) has suggested that
the rise in PC after eccentric exercise, where muscle damage is often produced, may
be attributed to invasion of mononuclear cells and neutrophils infiltrating the
damaged tissue, which typically occurs several hours after exercise and can
generate a substantial amount of ROS. The catabolic breakdown of protein and
anabolic utilization of amino acids for remodeling and the generation of news fibers is
a continuous process that may last several weeks after initial muscle injury (24).
Additionally, the disruption of iron-containing proteins such as erythrocytes can lead
to an increase in free iron, which is known to catalyze radical reactions (16).
Therefore, eccentric exercise that creates a significant degree of trauma can lead to
destruction of these heme proteins, potentially increasing free iron to aid in the
production of ROS (14). Thus, ROS production could lead to oxidation of amino acid
side chains and fragmentation of polypeptides, as all amino acids are susceptible to

metal-catalyzed oxidation (14).
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It is still possible that the PC results are related, in part, with the signaling
process leading to induction of transcription factor of HSPs (heat-shock proteins) in
other cell types (8). The increased expression of HSPs following contractile activity is
associated with an increase in the generation of oxidants by skeletal muscle and
transient oxidation of protein thiols (22).

These factors could help to explain the elevation in protein oxidation observed
after eccentric exercise.

Additionally, vitamin E supplementation attenuated the increase of carbonyl
protein as evidenced by the marked reduction in PC in subjects pretreated for 21
days with supplementation. Oxidized proteins are catabolized to reform amino acids
but carbonyl by-products cannot enter this process. Consequently, protein turnover,
genetic transcription and cell integrity are reduced under ROS actions. ROS also
have the ability to alter the lysosomal system and the proteasomes, two major
pathways by which proteins are degraded (35). The molecular structure of vitamin E
enables ROS inactivation (17).

Previous studies show the role of antioxidants in eccentric exercise-induced
cytokine production (29, 36). These studies show that proinflammatory interleukins
increase progressively after eccentric exercise. The cytokine response to exercise
represented a reaction to exercise-induced muscle injury and inflammation (38).

TNF-a are the early-response, proinflammatory cytokines that are most likely
synthesized by resident macrophages and local post-capillary vascular endothelium,
with synthesis occurring rapidly after the onset of injury or infection (9). Changes in
serum TNF-a have been reported after a bout of strenuous exercise. Here, we

demonstrate that serum concentrations TNF-a (figure 3a) increase significantly on
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the 2" day after eccentric exercise, decreasing in the following days, irrespective of

the supplementation.

The increase in TNF-a could be related to muscle damage; LDH levels
observed were markedly elevated after eccentric exercise (figure 1). TNF-a may
accumulate in the cell or be released, suggesting a dissociation between intracellular
TNF-o production and release (34). It is possible that the decreases on the 4" and 71"
day after eccentric exercise were due to rapid clearance or an undetectable
accumulation at the site of injury (9). Nedzvesky and colleagues (25) suggested that
the reduction in TNF-a levels with vitamin E supplementation may be ascribed to the
inhibition of activation and translocation of NF-kB by antioxidants. Increase in the
production of ROS leads to the activation of NF-kB, causing the release of inhibitory

subunits and increase in the synthesis of TNF-a.

We also observed that serum concentration of IL-10 increases significantly on
the 4" and 7" day after eccentric exercise in all the groups (figure 3b). IL-10 is a
primary anti-inflammatory cytokine that acts by inhibiting proinflammatory cytokine
production by activated monocytes and macrophages. Studies have shown
significant increase immediately after intense exercise (34, 26) although it is not clear
why elevations were observed at different times. However, in the present study, this
time period would fit well with the period of resolution of an acute inflammatory
response (27) and may, in part, be responsible for the reduction in proinflammatory

TNF-a that was significantly reduced during those periods.

Although studies have shown that oral supplementation with antioxidants can

attenuate the exercise-induced increase in proinflammatory interleukins (38), our
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results do not confirm these studies. We did not find differences in TNF-o and IL-10

levels between the placebo group and the groups supplemented with vitamin E.

Conclusion

The results presented in this study offer strong evidence to suggest that
supplementation with vitamin E represents an important factor in the defense against
free radicals, acting in different forms on the lipoperoxidation and protein
carbonylation process, but those effects were not observed on the inflammatory
response. It is possible that the contradictory results found in the literature may be
due to the differences among the protocols in relation to the type and time of
supplementation, type, intensity and duration of the exercise and variation in the

methods used to assess the levels of oxidative damage and inflammatory responses.
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Figure legends

Groups Sareness Muscle LOH (Uidl serum)
Pre-EE | 2day | 4day fday | Pre-FE | 2day 4day 7 day
placeho 0 5.2+0.8° | 2.3:0.7° | 1.2:0.3% | 224220 | 24852 | 1292+161° | 1221+77°

14 days vitE 0 5.111.01 1.70.8° EI.EIDJf 155:11 | 20022 11?"2i11_ﬁ\E 1349113_Dj'
21 days vitE 0 3.8¢0.7% | 124050 | 0.00% | 203#17 | 224427 | 981s76% | 1001245

Table 1: Soreness Muscle (MS) and Lactate Dehydrogenase (LDH) activity of young
university students after muscular lesion induced by eccentric exercise. Subjects
marked their subjective rating of MS on a 0= without pain; 10=extreme pain. The
values are presented as Mean+SD and the significant difference used in relation to

pre-EE (), placebo (°) and in relation to 2 day (°) was from p<0.05.
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Figure 1: Lipoperoxidation levels in the serum of young university students after
muscular lesion induced by eccentric exercise. The values are presented as
Mean+SEM and the results expressed in nmol of MDA/mg of proteins. The significant
difference used in relation to pre-EE (*) and in relation to placebo (*) was from

p<0.05.
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Figure

muscular lesion induced by eccentric exercise. The values are presented as
Mean+SEM and the results expressed in nmol/mg of proteins. The significant
difference used within in relation to pre-EE (*) and in relation to placebo (*) was from

p<0.05.
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students after muscular lesion induced by eccentric exercise. The values are

presented as Mean+SEM and the results expressed in pg/ml of serum. The
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2: Carbonylation levels in the serum of young university students after
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significant difference used within in relation to pre-EE (*) was from p<0.05.

lii




100.
80.
80.
70
60.
50.
40.
.00
20.
10.
.00

g/ml serum

P
(3]
[ ]

oo
oo
oo
oo
oo
oo
oo

on
on

Pre-EE 2 days 4 days

Time interval

OPlacebo
m14 days witE
BZ1 davs witE

7T days

Figure 3b: Interleukin 10 (IL-10): in the serum of young university students after

muscular lesion induced by eccentric exercise. The values are presented as

Mean+SEM and the results expressed in pg/ml of serum. The significant difference

used within in relation to pre-EE (*) was from p<0.05.
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Abstract

The objective of the study was to verify the effect of NAC supplementation on the
development of muscle soreness, parameters of oxidative damages and
inflammatory response after high-intensity eccentric exercise (EE). 29 subjects with a
mean age of 21.3 + 4 yr, weight of 74.5 + 7.7 kg and height of 177.2 £ 6.9 cm were
selected and divided randomly into 3 groups (n=6): Placebo (21 days of placebo;
n=8), NAC (21 days of NAC; n=9); NAC plus placebo (14 days of NAC + 7 days of
placebo; n=8). During the study, four subjects withdrew from the groups for personal
reasons. Fourteen days after starting supplementation, the subjects performed EE:
three series until exhaustion (elbow flexion and extension on the Scott bench, 80%-
1RM). Blood samples were collected before and on the 2", 4™ and 7™ day after EE.
Muscle soreness (MS), LDH activity, lipoperoxidation, protein carbonylation, TNF-a,
and IL-10 were determined. Results showed a significant increase in MS in all the
groups on the 2" day after EE and a decrease in the following days; LDH activity
was significantly higher on the 4™ and 7" day only in the placebo group, while in the
supplemented groups this increase occurred on the 2™ day, decreasing in the
following days. A significant increase was observed in MDA and carbonyl levels on
the 4™ and 7" days after EE in all groups. TNF-a increased significantly on the 2™
day after eccentric exercise and decreased in the following days irrespective of of
NAC supplementation; concentration of IL-10 increased significantly on the 4™ in all
groups. Only the supplemented groups maintained high levels of IL-10 on the 7™ day
after EE. In summary, the results suggest that treatment with NAC represents an
important factor in the defense against muscle soreness and presents different

effects on oxidative damage and pro and anti-inflammatory cytokine.
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Introduction

High intensity eccentric exercise increases the production of Reactive Oxygen
Species (ROS) altering the antioxidant defense system (1-2). This can lead to
oxidative stress and contribute to a decrease in performance, fatigue, muscle
damage and muscle soreness (MS) (3,4,5).

During the performance of eccentric physical exercise, neutrophils and
macrophages migrate to and infilirate the lesioned muscular tissue, activating pro-
inflammatory cytokines and producing additional ROS (1). However, ROS is also
produced in other ways such as activation of xanthine oxidase, production of NAPH
oxidase, ischemia-reperfusion, increase of phagocyte activity, protein breakdown and
excessive accumulation of calcium (2).

Several studies have suggested antioxidants supplementation to decrease
ROS production during physical exercise, as well as to improve the body’s defense
systems against the attack of free radicals (4,5,6). Therefore, while many studies
have pointed to antioxidant supplementation as essential in fighting oxidative
damage induced by eccentric physical exercise, it remains unclear which biological
mechanisms are involved in this process, and which supplementation model can
improve the response of oxidative defense (7).

N-acetylcysteine (NAC) is a donor of antioxidant thiols used in clinical practice
to facilitate glutathione biosynthesis, improving the enzymatic defense system, as
well as decreasing the harmful effects of ROS (8). NAC acts as scavenger of ROS
including hypochlorous acid, hydroxyl radical and hydrogen peroxide (9,10).
However, in high doses, in case of homeostasis breakdown or after reacting with
transition metals, it can cause a cytotoxic effect and produce additional ROS such as

superoxide, hydrogen peroxide and hydroxyl radical (11-12).
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Thus, it is possible that antioxidants supplementation can reduce the oxidative
responses and muscle soreness induced by eccentric exercise. The objective of the
study was to verify the effect of NAC supplementation on the development of muscle
soreness, parameters of oxidative damages and inflammatory response after high-

intensity eccentric exercise.

Materials and Methods

Subjects: 29 male volunteers - students of UNESC (Universidade do Extremo Sul
Catarinense, Criciuma, Santa Catarina state, Brazil) with a mean age of 21.3 + 4yr,
weight of 74.5 + 7.7 kg and height of 177.2 £ 6.9 cm - were selected. They were
nonsmokers, did not take NAC or related supplements, had not participated in
resistance training or any other form of structured exercise for at least 6 months, who
did not have a history of muscular lesion or were not carriers of any disease that
might compromise the results or aggravated by physical exercise. All the subjects
were informed about the purpose of the study and the associated risks, and all of
them gave written informed consent. All the procedures were approved by the local
ethics committee.

Supplementation: Subjects were randomly selected in a single-blind manner to

receive either a placebo (capsule containing starch or NAC supplementation (capsule
containing 10mg/kg body mass), without previous control of the diet. Volunteers
received one capsule per day for a total of 14 days before the eccentric protocol and
for 7 days post-exercise, and were randomly allocated in three groups: placebo (21

days of placebo; n=8), NAC (21 days of NAC; n=9); NAC plus placebo (14 days of
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NAC+ 7 days of placebo; n=8). During the study, four subjects withdrew from the
groups due to personal reasons. Subjects were instructed to maintain their normal
diet throughout the duration of the study. Fourteen days after starting
supplementation, the subjects performed eccentric exercise.

Eccentric Exercise protocol: Eccentric exercise (EE) of short duration and high

intensity was performed with elbow flexion and extension on the Scott bench at an
intensity of 80% of maximum repetition - 1RM (13). The concentric phase of the
exercise was performed with manual assistance from the instructor. The eccentric
phase was performed for duration of 6 to 8 seconds. Three sets of the exercises

were performed, with 2 minute intervals, until exhaustion.

Blood Collection: Blood samples were collected prior to the exercise and on the 2",

4™ and 7" day after the exercise. Blood (10 mL) was obtained from the cubital vein of
the right arm and collected in vacutainer tubes without additives. It was then
processed and the serum separated, aliquoted and immediately stored in a freezer at

—80°C for later analysis.

Muscle Soreness (MS): MS levels were measured by a visual analogue scale.
Subjects marked their subjective rating of MS between 0 (without pain) and 10

(extreme pain) (14).

Lactate Dehydrogenase (LDH): LDH enzyme activity was used as a marker of

cellular damage. A specific kit, supplied by Labtest Diagnéstica SA, was used. The
dosage was made from an enzymatic system with final point reaction in serum
samples, following the technical instructions that accompanied the Kkit.

Thiobarbituric Acid Reactive Species (TBARS): as indicator of lipid peroxidation, the

formation of substances that react to the heating of thiobarbituric acid
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(malondialdehyde — MDA) measured spectrophotometrically (532nm) and expressed

as malondialdehyde equivalents (15).

Protein Carbonylation: oxidative damage in proteins was measured by determining

the carbonyl grouping based on the reaction with dinitrophenylhydrazine. Carbonyl
content was determined spectrophotometrically (370nm) using a coefficient of 22.000
M (16).

Interleukins: Tumor Necrosis Factor-a (TNF-a) and IL-10 were determined by ELISA
with commercially available kits (R&D Systems, Minneapolis, MN).

Protein Determination: The quantity of proteins in TBARS and carbonyl assays was

measured using the technique of Lowry et al (17).

Statistical Treatment: Data was expressed in mean and standard error of the mean

(SEM), and statistically analyzed using two-way analysis of variance (ANOVA),
followed by the SNK post hoc test. The level of significance established for the test

was p<0.05. SAEG version 9.0 was used.

Results
Muscle Soreness (MS): The results showed a significant increase in MS in all the
groups in the second day after EE and a significant decrease in those values in all

the groups from the fourth day after EE onwards (Table 1).

Lactate dehydrogenase (LDH): LDH activity was defined as the indicator of
cellular membrane integrity. The results show a significant increase in LDH activity on
the 4™ and 7™ days after EE only in the placebo group, while in the supplemented

groups this increase occurred on the 2" day, decreasing in the following days (Table

1),
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Lipoperoxidation: Oxidative damage to membrane lipids was evaluated by the
formation of MDA, a sub-product of lipoperoxidation. The results show (Figure 1) a
significant increase in MDA levels on the 4™ and 7" days after the eccentric exercise,

in all groups.

Protein Carbonylation (PC): To verify the oxidative damage in proteins, we evaluated
the carbonyl groups based on the reaction with dinitrophenylhydrazine. Similarly to
lipoperoxidation, the results (figure 2) also show a significant increase in PC on the
4™ and 7" days after eccentric exercise in all groups, and NAC supplementation did

not alter these results.

Interleukins: To quantify the inflammatory response, we measured the tumor necrosis
factor-a (TNF-o) and interleukin 10 (IL-10). All the groups significantly increased the
tnf-o. on the 2" day after eccentric exercise. The supplemented groups maintained
high levels of tnf-a. until the 4™ day after ee when compared to pre-ee and the
placebo group, with levels decreasing in the following days (figure 3a). Serum
concentration of IL-10 increased significantly on the 4™ day in all the groups. Only the
supplemented groups maintained high levels of IL-10 on the 7" day after ee (figure

3b).

Discussion
The purpose of the study was to verify the effect of NAC supplementation on
the development of muscle soreness, parameters of oxidative damages and

inflammatory response after high-intensity eccentric exercise.
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Initially, we verified the markers of muscular lesion. Several indicators have
been used to determine the level of the muscular lesion induced by eccentric
exercise (4,7,18). We used MS and LDH activity as markers of cellular damage.

Exercise may damage fibers in the active muscles, especially when exercise is
relatively intense, of long duration, and includes eccentric contractions. Clinically, this
presents itself as muscular discomfort and pain in the stressed muscles, reaching a
peak 24 to 48 hours after exercise (19,20). Our results show a significant increase in
MS on the second day after the EE in all the groups and that these values decrease
in the following days irrespective of NAC supplementation (table 1). Our results are in
accordance with other studies that do not suggest a protecting effect of antioxidants
against muscle soreness (1, 7,21).

We also used the LDH enzyme activity as marker of cellular damage. Results
showed that LDH activity increased on the 4™ and 7™ days after EE only in the
placebo group. On the other hand, the supplemented groups had a smaller increased
on the 2" day and a decrease over the following days. The increased LDH activity
may be related with the fluidity of the lipid membranes, which leads to increased
permeability of the cellular membrane. However, those markers of muscular damage
tend to decrease with time.

Our results are similar to the results presented in other studies (1,20,22).
However, we show that NAC supplementation alters the response of LDH activity.
Few studies have reported that supplementation with NAC had, in fact, attenuated
LDH increases following eccentric exercise. It is possible that ROS has an important
role in those processes. Specifically, ROS may play a central role in the etiology of
skeletal muscle damage via oxidation of ion transport systems, leading to disruption

of Ca*® -ion homeostasis, impaired mitochondrial respiratory control, distortions in
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signal transduction pathways, and ultimately, cell dysfunction (23). Therefore, we
believed that quenching of ROS by NAC could protect against muscle damage
caused by eccentric exercise.

To assess the oxidative damage we measured malondialdehyde (MDA) levels
(figure 2) and protein carbonilation (figure 3). Unlike what we believed, the results
show significant increase in the level of lipoperoxidation and protein carbonilation on
the 4™ and 7" days after eccentric exercise in all supplemented groups. It is possible
that those results are related with the presence of iron in the serum. The eccentric
exercise increased the inflammation and the level of the free iron (1). According to
Pinho et al. (8), the use of NAC alone may have limitations and present pro-oxidant
effects, due to the facility with which it interacts with iron. This mechanism can lead to
the formation of additional ROS and to an increase in oxidative damage.

We have also observed that NAC supplementation did not decrease protein
carbonilation after eccentric exercise. These results can be related with phagocytic
cells migrating to the tissue after muscular injury (2,24).

Previous studies show the role of antioxidants in eccentric exercise-induced
cytokine production (25,26). These studies show that proinflammatory interleukins
increase progressively after eccentric exercise. The cytokine response to exercise
represented a reaction to exercise-induced muscle injury and inflammation (27).

TNF-a are the early-response, proinflammatory cytokines that are most likely
synthesized by resident macrophages and local post-capillary vascular endothelium,
with synthesis occurring rapidly after the onset of injury or infection (28). Changes in
serum TNF-a have been reported after a bout of strenuous exercise (20-30). Here,

we demonstrate that TNF-a serum concentrations (figure 3a) increase significantly
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on the 2" day after eccentric exercise, decreasing in the following days irrespective
of NAC supplementation.

The increase in TNF-a could be related to muscle damage; LDH levels
observed were markedly elevated after eccentric exercise (figure 1). TNF-o may
accumulate in the cell or be released, suggesting a dissociation between intracellular
TNF-o production and release (29). It is possible that the decreases on the 4™ and 71"
day after eccentric exercise were due to rapid clearance or an undetectable

accumulation at the site of injury (28).

We also observed that serum concentration of il-10 increases significantly on
the 4™ day after eccentric exercise in all groups and on the 7™ day only in the groups
supplemented with nac (figure 3b).

IL-10 is a primary anti-inflammatory cytokine that acts by inhibiting
proinflammatory cytokine production by activated monocytes and macrophages.
Studies have shown significant increase immediately after intense exercise
(29,30,31) although it is not clear why elevations were observed at different times.
However, in the present study, this time period would fit well with the period of
resolution of an acute inflammatory response (29), and may, in part, be responsible
for the reduction in pro-inflammatory TNF-a that was significantly reduced during
those periods.

It is possible that the mechanism by which NAC stimulates the production of
anti-inflammatory cytokines can be related with the inhibition of ROS production with
a concomitant decrease in NF-kB activation and expression of cytokine-induced
neutrophil chemoattractant (32). In models of pre-existing inflammation, it has been
shown that NAC can also modulate phagocytic activity by suppressing PMN oxidative

burst, and by potentiating host defense (33,34).
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In conclusion, the results presented in this study suggest that treatment with
NAC don't alter oxidative damage caused by eccentric exercise (lipoperoxidation and
protein carbonylation). It seems that NAC has some anti-inflammatory effects and
acts on the down-regulation of pro-inflammatory cytokines. These results indicate
that NAC presents different effects on oxidative damage and pro-inflammatory
cytokines. Thus, we suggest further studies in order to clarify the effects of NAC

supplementation on oxidative damage after eccentric physical exercise.
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Legends

Soreness Muscle

LDH (U/dl serum)

Groups Pre-EE | 2day 4 day 7day | Pré-EE | 2day 4 day 7 day
placebo 0 5.43+0.8 1.8420.7° 0.87+0.3" 24119 248417 145979° 1188125°
14 days NAC 0 5.83+1.0% 1.6720.8° 0.00° 155+15 | 631+37% 245+11° 239+9°
21 days NAC 0 3.8610.7° 1.2920.5° 0.00° 239+4 918+69% 202+12° 198+5%

Table 1: Soreness Muscle (MS) and Lactate Dehydrogenase (LDH) activity of young

university students after muscular lesion induced by eccentric exercise. Subjects

marked their subjective rating of MS on a 0= without pain; 10=extreme pain. The

values are presented as Mean+SD and the significant difference used in relation to

pre-EE (), placebo (°) and in relation to 2 day (°) was from p<0.05.
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Figure 1: Lipoperoxidation levels in the serum of young university students after

muscular lesion induced by eccentric exercise. The values are presented as

Mean+SEM and the results expressed in nmol of MDA/mg of proteins. The significant

difference used in relation to pre-EE () and in relation to placebo (¥) was from

p<0.05.
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Figure 2: Carbonylation levels in the serum of young university students after
muscular lesion induced by eccentric exercise. The values are presented as
Mean+SEM and the results expressed in nmol/mg of proteins. The significant
difference used within in relation to pre-EE (') and in relation to placebo (*) was from

p<0.05.
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Figure 3a: Tumor Necrosis Factor-a (TNF-a) in the serum of young university
students after muscular lesion induced by eccentric exercise. The values are
presented as Mean+SEM and the results expressed in pg/ml of serum. T he
significant difference used within in relation to pre-EE () and in relation to placebo (¥)

was from p<0.05.
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Figure 3b: Interleukin 10 (IL-10): in the serum of young university students after
muscular lesion induced by eccentric exercise. The values are presented as
Mean+SEM and the results expressed in pg/ml of serum. he significant difference

used within in relation to pre-EE (') and in relation to placebo (¥) was from p<0.05.
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CAPITULO IV

DISCUSSAO GERAL

Os objetivos desta dissertacdo foram pautados na possivel relacdo entre a

suplementacao de antioxidantes e as alterac6es nos parametros de dano oxidativo,
resposta inflamatéria e dores musculares apds a lesdo muscular aguda induzida por
exercicio excéntrico em soro humano. Para tanto, partimos das seguintes evidéncias
cientificas previamente descritas na literatura:
a) O exercicio excéntrico altera os marcadores de dano oxidativo, a resposta
inflamatéria e provoca o desenvolvimento de dores musculares tardias em individuos
treinados e destreinados (Smith et al., 2000; Walsh et al., 2001; Maclntyre et al.,
2001; Lee at al., 2002; Nosaka e Newton, 2002; Lee e Clarkson 2003; Athanasios et
al, 2005;). Segundo Childs et al. (2001) durante o exercicio excéntrico existe um
aumento na respiracao mitocondrial seguido pelo aumento na producao das ERO
pela reducdao incompleta do oxigénio na cadeia transportadora de elétrons.
Respondendo ao dano induzido pelo exercicio excéntrico neutréfilos e macréfagos
migram e infiltram no tecido muscular lesado, ativando citocinas pré-inflamatérias e
produzindo ERO adicionais (Stupka et al., 2000; McInTyre et al., 2001).

Especificadamente sobre a producdo de ERO durante e apds o exercicio
excéntrico, varias rotas metabdlicas tém sido sugeridas como a ativacdo da Xantina
Oxidase, producao de NADPH oxidase, isquemia-reperfusdo, rompimento nas
proteinas que contém ferro e o desequilibrio nas concentragdes de Ca*™, resultando
da alta performance do exercicio (Goldfarb et al., 2005).

b) A suplementagdo de antioxidantes pode melhorar os pardmetros de dano

oxidativo, resposta inflamatéria e a dores musculares tardias induzidas pelos
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exercicios excéntrico (EE) ( Sacheck et al., 2003; Phillips et al., 2003; Goldfarb et al.,
2005 Bryer and Goldfarb, 2006). Entretanto outros trabalhos demonstram resultados
contraditérios (Warren et al., 1992; Child et al., 2001; Beaton et al., 2002; Thompson
et al.,, 2004). Os antioxidantes exdgenos podem agir de trés maneiras: Primeiro,
doando elétrons aos radicais desemparelhados; segundo, aumentando a atividade
antioxidante de enzimas; terceiro, regenerando outras vitaminas que ajudam no
processo de defesa contra os RL. A vitamina E atua como um potente “scamvenger”
de radicais peroxil e recentes pesquisas tem demonstrado sua utilizacao depois do
exercicio intenso (Sacheck et al, 2003). A N-acetilcisteina (NAC) é um tiol que atua
como antioxidante por ser precusor da cisteina intracelular, aumentando a sintese
de glutationa (Sprong et al., 1998) e esta relacionada diretamente no processo de
scanvenger de &cido hipocloroso, radical hidroxil e peroxido de hidrogénio (Aruoma
et al., 1989).

c) A associacdo entre exercicio excéntrico marcadores oxidativos, resposta
inflamatéria e desenvolvimento de dores musculares tardias tem sido alvo de muitos
estudos (Smith et al., 2000; Childs et al., 2001; Beaton et al., 2002; Sacheck et al.,
2003; Bloomer et al., 2004; Goldfarb et al., 2005 Bryer e Goldfarb, 2006). Esta
crescente preocupacado dos pesquisadores se deve a dois fatos: Primeiro porque
este tipo de contragdo parece produzir danos nos sistemas bioldégicos mais severos
e prolongados do que em outros modelos de exercicio; segundo porque a
suplementacdo com antioxidantes parece interferir no processo de recuperacao
apos a lesado diminuindo os efeitos deletérios induzidos pelos exercicios excéntricos.
Embora esses achados tenham sido evidenciados nos estudos, os resultados se
contradizem quanto ao tipo, duracao e intensidade do exercicio e tipo e dosagem do

antioxidante utilizado.
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Com base nessas evidéncias, hipotetizamos que a suplementacdo de
vitamina E e N-acetilcisteina apresentam efeitos protetores contra a acdo das ERO
induzida pelo exercicio excéntrico.

Desta forma, para avaliar o efeito da suplementacdo destes antioxidantes
sobre parametros de dano oxidativo, resposta inflamatéria e nivel de lesdo muscular,
foi elaborado um modelo de exercicio excéntrico de alta intensidade. Os resultados
desse estudo estao apresentados no capitulo Il e lll dessa dissertagao.

No segundo capitulo “Changes in inflammatory and oxidative markers in
human serum induced by intense eccentric exercise after vitamin e supplementation”
ndés demonstramos que a suplementacdo de vitamina E foi eficiente na protecéao
contra o dano oxidativo e no nivel de lesdo muscular induzida pelo exercicio
excéntrico. O mesmo nao foi observado em relagao as respostas inflamatérias.

Sobre a lesdo muscular, varios marcadores tém sido utilizados (Beaton et al.,
2001; Lee et al., 2002; Avery et al., 2003). Nos utilizamos a atividade da enzima LDH
e o desenvolvimento de dores musculares tardias.

Nossos resultados demonstraram que a suplementacdo de vitamina E
diminui o desenvolvimento das dores musculares e a atividade de LDH ap6s o
exercicio excéntrico. E provavel que essa resposta a vitamina E esteja diretamente
relacionada aos mecanismos envolvidos na lesdo muscular, que de acordo com
Armstrong et al. (1991) e Balnave et al. (1993), sdo mediados por ERO. A ativacao
de macrofagos no tecido lesionado liberam prostaglandinas (PG2) que ativam os
receptores locais de dor, intensificando a estimulacao dolorosa (Crosier et al., 1996).
O tempo para que estes eventos ocorram, explica em partes a demora entre o dano

na estrutura do tecido muscular e a percepcao de dor tardia.
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Acredita-se que as ERO tém uma funcao especifica nesse processo de dano
muscular por oxidar ions de ferro e interromper temporariamente a homeostase do
célcio. Isso prejudica o controle da respiracdo mitocondrial e a comunicacdo de
sinalizadores celulares e por fim provoca a disfuncédo celular (Kourie et al., 1998).
Por tanto, nés acreditamos que a suplementacao de vitamina E neutraliza as ERO e
protege o tecido contra o dano muscular e o desenvolvimento de dores tardias.

Sobre os marcadores de danos oxidativos n6s observamos que a vitamina E
diminuiu os niveis de lipoperoxidacao e carbonilacdo de proteinas. No processo de
lipoperoxidacao, isso se justifica, pois 0 depésito de vitamina E nas camadas das
membranas celulares e a sua facilidade de doar elétrons aos peréxidos e
hidroperoxidos, faz com a vitamina E tenha alta afinidade na protecao dos lipideos
de membrana contra acdo dos RL (Burton et al., 1999; Penteado, 2003; Jackson et
al., 2004). Quanto a diminuicao dos niveis de carbonilacao de proteinas o possivel
mecanismo da protecdo da vitamina E pode estar relacionado com o metabolismo
protéico, uma vez que a degradacdo protéica durante o exercicio e nos dias
seguintes torna-se necessario para a producdo de novas fibras musculares.
Adicionalmente, a destruicdo de proteinas contendo ferro pode levar a um aumento
no ferro livre o que favorece a producgao de radicais livres.

Diversos estudos tém mostrado o efeito de antioxidantes na produgédo de
citocinas inflamatérias (Cannon et al., 1990; Nieman et al., 2000; Petersen et al.,
2001; Vassilakopoulos et al., 2003). A presenca de citocinas representa uma
resposta a lesdo muscular e a inflamacao induzida pelo exercicio. Nossos resultados
mostraram que a suplementagcédo nao alterou os marcadores inflamatérios (TNF-alfa

e IL10).
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Assim, sugerimos que a suplementacdo de vitamina E representa um fator
importante apenas na defesa contra os radicais livres.

No terceiro capitulo “N-acetylcysteine supplementation on the oxidative
damage an inflammatory response after eccentric physical exercise of high intensity”
nds hipotetizamos que a suplementacado de N-aceltilcisteina (NAC) poderia diminuir
o efeito deletério das ERO induzidas pelo EE.

A NAC é um antioxidante exégeno, usado comumente na pratica clinica, que
possui propriedades antioxidantes capazes de alterar o sistema enzimatico (Pinho et
al., 2005). Atua como doadora de tidis, precursores da sintese de glutationa (Gohil,
1988; Holdiness,1991). Ela pode atuar contra a formacao de ERO, agindo sobre o
acido hipocloroso, radical hidroxil e peroxidos de hidrogénio (Aruoma, 1989).

Os resultados desse estudo nao confirmaram nossa hipétese. Os achados
demonstraram que a suplementacdo nao alterou o dano oxidativo, resposta
inflamatéria e o desenvolvimento de dores musculares apés a lesao.

E possivel que a NAC possa apresentar limitacdes como antioxidante, e
ainda, apresentar possiveis efeitos pro-oxidantes pela sua facil interacado com ferro.
Esse processo poderia ser potencializado, pois o processo inflamatério induzido pelo
exercicio excéntrico aumenta a disponibilidade de metais de transicdo, como ferro e
cobre, no tecido lesionado.

Neal et al. (1998), sugerem que os ions de ferro livre liberados na inflamacao,
em contato a NAC levam a formacgao de perdxido de hidrogénio, radical hidroxil e
radicais sufidrilas como RS™, RSO™ . Tém sido demonstrado que a produgéo de O™
derivada de leucdcitos polimorfonucleares potencializam a liberagao catalitica de
ferro, potencializando o efeito pré-oxidante da NAC (Biemond et al.,1984; Bolann e

Ulvik, 1990). Segundo Childs et al., (2001) o ferro € um metal de transicdo que

Ixxvi



tende a seqestrar os sitios ativos de antioxidantes hidrossollveis desestabilizando-
0S quimicamente.

Com base nos resultados apresentados nos dois capitulos podemos concluir
que a vitamina E e a NAC apresentam respostas diferenciadas nos marcadores de
dano oxidativo, respostas inflamatérias e dores musculares. Portanto, a
suplementacao de vitamina E apresenta um potencial antioxidante importante nas

respostas deletérias induzidas pelo exercicio fisico excéntrico.
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CAPITULO V

CONCLUSOES

Atentos aos objetivos iniciais desse estudo, chegamos as seguintes conclusées:

1)

A suplementacdo de vitamina E representa um fator importante na defesa
contra os danos oxidativos induzidos pelo exercicio excéntrico.

A suplementacédo de vitamina E atua de diferentes formas sobre os processos
de lipoperoxidacao e carbonilacao de proteinas.

O tratamento com NAC ndo altera os danos oxidativos induzidos pelo
exercicio excéntrico.

A NAC atua sobre os niveis de IL-10 e TNF.

A suplementacao de vitamina E e NAC apresentam respostas diferenciadas
nos marcadores de dano oxidativo, respostas inflamatérias e dores

musculares.
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PERSPECTIVAS

Os resultados apresentados nesse estudo sugerem que o uso vitamina E atua

de forma eficiente principalmente na diminuicdo dos danos oxidativos € nos niveis

de lesdo muscular induzidos pelo exercicio fisico excéntrico. Contudo, 0 mesmo nao

foi observado com a suplementacao de NAC. Assim, pretende-se ainda:

1)
2)

Realizar novos estudos com grupos amostrais maiores;

Analisar outras variaveis relacionadas ao estresse oxidativo, como atividade
de enzimas antioxidantes, e outras relacionadas ao processo anti e pro-
inflamatério, como IL-1b, IL-6 e recepetores de citocinas.

Realizar estudos com controle da dieta.

Correlacionar suplementacdo de antioxidantes, parametros de estresse

oxidativo, respostas inflamatérias e performance muscular.
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LABORATORIO DE FISIOLOGIA E BIOQUIMICA DO EXERCICIO

TERMO DE CONSENTIMENTO INFORMADO

Eu (nome do(a) paciente), abaixo identificado(a) e
firmado(a), declaro ter sido informado(a) claramente sobre todas as indicagdes, contra-indicacoes,
principais efeitos colaterais, relacionados ao uso de suplementagéo de vitamina E e N-acetilcisteina
e relacionados a prética de exercicio fisico excéntrico.

Os termos utilizados foram explicados e todas as minhas duvidas foram resolvidas pelo pesquisador
responsavel.
Expresso também minha concordancia e espontdnea vontade em submeter-me ao referido
experimento, assumindo a responsabilidade e os riscos pelos eventuais efeitos indesejaveis
decorrentes.

Assim declaro que:

Fui claramente informado que o exercicio fisico excéntrico e o treinamento de for¢ga pode trazer as
seguintes conseqiiéncias musculares:

a) Dores musculares localizadas momentéaneas;
b) Edemas musculares localizados momentaneos;
¢) Aumento da massa muscular (hipertrofia).

Fui também claramente informado a respeito dos potenciais efeitos colaterais, contra-indicagées,
riscos e adverténcias a respeito da suplementacéo de vitamina “C” e vitamina “E”, a saber:

N-acetilcisteina: Quando inalado pode ocorrer irritagdo da garganta, coriza, estomatite, nausea e
vémito Estas reac6es adversas sdo pouco freqlentes.
Contra-indica¢6es: gravidez e amamentacao.

Efeitos colaterais da vitamina E: Doses acima de 1000Ul pode provocar disturbios gastrintestinais
passageiros nauseas, flatuléncia, diarréia.
Contra-indicacoes: nao existe.

Em relacdo a coleta de sangue, fui claramente informado que em geral a coleta praticamente néo traz
riscos, desde que todo material usado para coleta seja descartavel e que o profissional apresente
habilidade técnica. Porém, eventualmente pode ocorrer queda de pressao/ tonturas e hematomas no
local da puncéo.

Estou ciente que posso abandonar o referido programa de treinamento a qualquer momento, sem que
este fato implique em qualquer forma de constrangimento, punicdo e ressarcimento. Declaro ter
compreendido e concordado com todos os termos deste consentimento informado.

Assim o assino por livre e espontanea vontade e por decisdo pessoal.

Nome: RG:

Sexo: Masculino ) Feminino  ( ) Idade:: Endereco:
Cidade:_

CEP: Telefone:  ( )
Data: Assinatura:

Pesquisador responsavel:
Registro  Profissional: Endereco:
Cidade: CEP: Telefone: ( )
assinatura: Data

/ /
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