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SANTOS, JL. AVALIACAO DO ESTRESSE OXIDATIVO E LESAO MUSCULAR
NO EXERCICIO RESISTIDO DE ALTA INTENSIDADE EM ANIMAIS TRATADOS
COM BOWDICHIA VIRGILIOIDES. Sergipe: Universidade Federal de Sergipe.
Educacao Fisica. 2014, 73f.

Resumo

Embora considerada uma modalidade de exercicio fisico segura a execugao do
exercicio resistido (ER) de alta intensidade pode levar a periodos de isquemia-
reperfusdo e consequentemente ao aumento de radicais livres (RL). O uso de
agentes antioxidantes naturais pode reduzir os danos oxidativos em resposta ao ER
de alta intensidade. O objetivo do presente estudo foi investigar o potencial
antioxidante in vitro e o efeito protetor do extrato hidroetandlico de Bowdichia
virgilioides (BV) sobre lesdo muscular e parametros de estresse oxidativo em ratos
submetidos a exercicio resistido de alta intensidade. Ratos machos da linhagem
Wistar com 200-250 gramas foram divididos em 4 grupos: 1) Grupo sedentario (GC)
— tratado com veiculo (tween 80, via oral, vo) e eletroestimulagao; 2) Grupo treinado
(GT) - tratado com veiculo (tween 80, a 3% vo) e treinamento resistido; 3) Grupo BV
sedentario (GBV) - tratado com extrato EHE de BV (200 mg.kg-1, vo); 4) Grupo BV
treinado (GBVT) - tratado com EHE de BV a (200 mg.kg-1, vo). A peroxidagao
lipidica no plasma e tecido foi diminuido em 55,68% (p <0,0001) e 66,61% (p
<0,0012), respectivamente, a partir de TBVG em comparag¢ao com TG. Além disso, o
stress oxidativo foi diminuido em 62,83% (p <0,0005), e 54,97% (p <0,0197) no
plasma e no musculo esquelético, respectivamente, a partir de TBVG comparando a
TG. Nossos estudos demonstram que o EHE da BV foi capaz de reduzir alguns
marcadores de estresse oxidativo frente ao exercicio resistido de alta intensidade, e
reduziu o conteudo de algumas enzimas marcadoras de lesdo tecidual.

Palavras Chaves: Estresse Oxidativo; Exercicio Fisico; Extrato hidroetanolico de

B.Virgilioides
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SANTOS JL. EVALUATION OF OXIDATIVE STRESS AND NO EXERCISE
MUSCLE INJURY RESISTANCE OF HIGH INTENSITY IN ANIMALS TREATED
WITH Bowdichia virgilioides. Sergipe: Universidade Federal de Sergipe.
Educacao Fisica. 2014, 73f.

Abstract

Despite being considered as a safe form of exercise, carrying out high-intensity
resistance exercise (RE) can cause periods of ischemia-reperfusion and can
consequently lead to an increase in free radicals (FR). The use of natural
antioxidants can reduce oxidative damage caused by high-intensity RE. The aim of
this study was to investigate the antioxidant potential in vitro and the protective effect
exerted by the hydroethanolic extract (HEE) of Bowdichia virgilioides (BV) on
muscular damage and oxidative stress in rats subjected to high-intensity RE.
Methods: Male Wistar rats with 200—-250 grams of body weight were divided into four
groups: 1) Control group (CG), vehicle-treated (Tween 80, oral administration, P.O.)
and electrostimulation; 2) Trained group (TG), vehicle-treated (Tween 80, 3% P.O.)
and resistance training; 3) BV untrained group (BVG), treated with HEE of BV (200
mgekg-1, P.O); 4) Trained BV group (TBVG), treated with HEE of BV (200 mg+kg-1,
P.O.). Lipid peroxidation in plasma and tissue was diminished at 55.68% (p<0.0001),
and 66.61% (p<0.0012), respectively, from TBVG comparing to TG. In addition,
oxidative stress was diminished at 62.83% (p<0.0005), and 54.97% (p<0.0197) in
plasma and skeletal muscle, respectively, from TBVG comparing to TG. HEE of BV
was capable of reducing some oxidative stress markers caused by high-intensity RT,
and reduced the content of some marker enzymes of tissue damage.

Keywords: Oxidative stress; physical exercise; hydroethanolic extract.

viii



SUMARIO

[ 1 e o [1 7= o TSP 14
| @ o] (=1 117/ 1 SRR SPPPPPPPRPRt 15
N B =T - | PPt 15
2.2 ESPECITICOS. ..uuiiiiei i e —————————— 15
Il — ReVISA0 de Literatura..........ccovviiiii e 16
3.1 Beneficios do Exercicio @ Saude........ccccoeeeeiiiiiiiiiiiiiiieeeeeeeeeeees 16
3.2 Exercicio Resistido (ER)........oecieiiiiiiiiiii e 17
3.3 RAdICAIS [IVIES.....cc et 19
3.4 ANLIOXIANTES.... .ot 21
3.5 Exercicio Resistido e Estresse Oxidativo..........cccooviiiiiiiiiiiieee 23
3.6 Exercicio resistido e danos teCiduais.............ccceeiiiiiiiiiiiiii e 24
3.7 Exercicio Resistido e suplementagado antioxidante.............cccccceeeiiiiiiiccieienennnn. 26
3.7.1 Exercicio resistido € polifensis. ... 27
3.8 Plantas MediCINGiS. .......uuuuuuuiiiiiieice e 28
3.8.1 Bowdlichia VirgiliOIQEs....................uuemeeeiiieeieeeeeeeeeee e 30
3.9 IMANUSCIILO. ... et et e e et e e e e e e e et e e e e e e s seeaaaaenns 32
LYY (o o J P UEEPPRRRN 33
Protective Effect of Hydroethanolic Extract of Bowdichia virgilioides on 33

Muscular Damage and Oxidative Stress in Rats Caused by Strenuous Resistance
Exercise

AV 07 g Lo [V 17 To TR TR 61
NV = RO O BN CIAS . . ..ottt e e e 62
VA 1 B AN o 1) (o TR 73



INDICE DE FIGURAS

Figura 1: Foto da Bowdichia virgilioides



LISTA DE FORMULAS, ABREVIATURA E SIGLAS

AA — Atividade antioxidante
AAPH - dihidrocloreto de 2,2’azobis-2-amidopropano
ABTS — Radical 2,2'-azinobis-3-etilbenzotiazolino-6-sulfonato
AG — Acido galico
AMP — Monofosfato de adenosina
ALT- Alanina Aminotransferase
AST - Aspartato aminotransferase
ATP — Trifosfato de adenosina
BHT — Hidroxitolueno butilado
Ca?* - ion calcio
CAT - enzima catalase
CK creatina-quinase
CEso — Concentragao eficiente em 50%
DNA — Adenina dinucleotideo
DNPH — Acido dinitrofenilhidrazina
DPPH - Radical 2,2-difenil-1-picrilhidrazina
DTNB — Acido 2-nitrobenzdico 5,5-ditio-bis
EA - Exercicio aerébio
EAG - equivalente de acido galico
EO — Estresse Oxidativo
EROs — espécies reativas de oxigénio
FACctE — Fracao acetate de etila
EHE-Extrato Hidroetanolico
FADH - Flavina adenina dinucleotideo (forma reduzida)
FCI — Fracao cloroférmica
FeCls — Cloreto férrico
FeSO4 — Sulfato ferroso
FHMoH — Fragdo hidrometandlica
FT — Fendis totais
GPx — Glutationa peroxidase

Gr — glutationa redutase

Xi



GT- grupo treinado

GC -grupo controle

GBV- grupo Bowdichia Virgilioides
GBVT- grupo Bowdichia Virgilioides treinado
GSH — Glutationa reduzida

GSSG — Glutationa oxidada

H- - ion hidrogénio

H202 — Perdxido de hidrogénio

H2S04 — Acido sulfurico

HCI — Acido cloridrico

HOCI — Acido hipocloroso

IAA — indice de atividade antioxidante
KCI — Cloreto de potassio

L* — Acido graxo livre

LDH - Lactato desidrogenase

LOO* — Radical peroxil

MDA - Malonaldeido

MeOH — Metanol

NADPH - Nicotinamida adenina dinucleotideo fosfato (Forma reduzida)
NaOH — Hidroxido de sodio

NO* — Radical oxido nitrico

O2 — Oxigénio molecular

02— Oxigénio singlet

O2: — Radical superéxido

OH' — Radical hidroxila

ONOOr - Radical peroéxido nitrico
OOH" - Radical hidroperéxido

PMSF — Fluoreto de Fenilmetilsulfonila
RL — Radial livre

RO’ — Radial alcoxila

ROO" - Radical peroxila

SDS — Sulfato dodecil de sodio

SH - Grupos sulfidrilas

Xii



SOD - Enzima superdxido dismutase

TBA — Acido tiobarbitdrico

TBARSs — Espécies reativas ao acido tiobarbiturico
TCA — Acido tricloracético

VO2max — Volume maximo de oxigénio

xiii



| - INTRODUGAO

E consenso na literatura que a pratica regular de exercicio fisico é uma
importante ferramenta na manutencdo da saude e prevencao de diversas doencas
como o diabetes, hipertensdo e obesidade. Diante deste quadro, nas ultimas
décadas tornou-se crescente o numero de individuos envolvidos em programas de

exercicio fisico (Mendes et al., 2006).

Neste contexto o exercicio resistido quando praticado em alta intensidade, o
musculo ativo sofre momentaneos estados de isquemia e reperfusdo, mecanismo
esse responsavel pelo aumento de espécies reativas de oxigénio (EROs) e dano
oxidativo muscular (FREISLEBEN, 2000; MOSCARDINI et al., 2012). Além disso, foi
evidenciado, também, que a deficiéncia de alguns nutrientes associado ao esfor¢o
fisico de alta intensidade contribui para a deplecdo do sistema de defesa
antioxidante e reducado da capacidade do organismo em remover EROs. Estes
eventos cursam com o aumento da produgédo de radicais livres (RL), tendo como
consequéncia, danos celulares e teciduais (GROUSSARD et al., 2003; SOUZA,
FERNANDES, CYRINO, 2006).

Para atenuar estes efeitos, novas estratégias tém sido desenvolvidas, uma
delas é a ingestdao de constituintes com fitoquimicos especificos presentes em
alimentos e/ou chas provenientes de vegetais. Algumas destas substancias
apresentam a capacidade de atenuar o estresse oxidativo decorrente do esforgo
fisico, sendo os constituintes polifendlicos responsaveis pelos efeitos antioxidantes.
Neste sentido, estudos tém demonstrado que o consumo de chas que apresentam
polifendis demostrou efeito protetor em diversos 6rgaos e tecidos de ratos contra o
estresse oxidativo induzido pela pratica do exercicio extenuante (LIMA, 2011). Nao
obstante, foi observado em seres humanos, que a ingestdo aguda ou regular de
alimentos ricos em polifendis pode reduzir danos oxidativos em resposta ao esforgo.
Desta forma, o consumo de produtos naturais, parece ser uma alternativa importante
na prevencado de possiveis danos celulares decorrente do aumento de EROs e
estresse oxidativo (EO) em resposta ao esforgo fisico de alta intensidade. (LIMA,
2011; PANZA, 2008).
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Dentre os diversos géneros de plantas que apresentam alta concentracao
destes compostos, estudo ainda nao publicado e realizado no Laboratdrio de
Quimica de Produtos Naturais e Bioquimica da Universidade Federal de Sergipe
(LQPNB-UFS), demonstrou que a Bowdichia virgilioides (B. virgilioides) possui em
sua composicado grande quantidade de compostos fendlicos, bem como, um indice
de moderado a alto em atividade antioxidante, sendo capaz de prevenir a
lipoperoxidagao in vitro. Diante do exposto, o presente estudo avaliou o efeito da
ingestao de produto contendo componentes fendlicos da B. virgilioides na atenuagao
elou reducao do estresse oxidativo geradas apos a pratica de exercicio resistido de

alta intensidade.

Il - OBJETIVOS

2.1 Geral

Avaliar o efeito protetor do extrato hidroetandlico de B. virgilioides sobre
lesdo muscular e parametros de estresse oxidativo induzido por programa de

exercicio fisico resistido de alta intensidade em ratos.

2.2Especificos

e Avaliar a capacidade antioxidante do extrato hidroetandlico da B. virgilioides
no modelo radicalar de DPPH; determinar o comportamento cinético do extrato
hidroetandlico da B. virgilioides em reduzir o radical DPPH;

o Verificar o perfil fitoquimico do extrato hidroetandlico da B. virgilioides em
HPLC;

e Quantificar o conteudo de fendis totais do extrato hidroetandlico da B.
Virgilioides;
e Avaliar a capacidade do extrato em inibir a peroxidacao lipidica determinada

por meio do monitoramento da producdao de substancias reativas ao acido
tiobarbiturico (TBARS) nos modelos (AAPH) [dicloreto de 2,2-azobis (2-

amidinopropano) 0,17 M] e solu¢ao de FeSOq4;

e Determinar a capacidade do extrato hidroetandlico da B. virgilioides em

prevenir o estresse oxidativo induzido por programa de treinamento resistido
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de alta intensidade pelo método da quantificacdo dos subprodutos da
peroxidagao lipidica e oxidagao de proteinas plasmatica e tecidual,

e Determinar a capacidade do extrato hidroetandlico da B. virgilioides em
prevenir lesdo muscular através do método de quantificacad dos marcadores
creatina Kinase (CK), lactato desidrogenase (LDH), alanina aminotransferse

(ALT) e aspartato aminotransferse (AST) plasmatico.

lll - REVISAO DE LITERATURA

3.1 Beneficios do Exercicio a Saude

O exercicio fisico (EF) € uma atividade realizada com repeticées sistematicas
de movimentos orientados, com consequente aumento no consumo de oxigénio
decorrente do recrutamento das fibras musculares durante a execugdo do
movimento. Além disso, pode também ser definido como qualquer atividade
muscular capaz de induzir uma série de respostas fisioldgicas nos sistemas
corporais com proposito a manutencado e/ou otimizagdo do condicionamento fisico
(BORGES, ARAUJO, CUNHA, 2010; CASPERSEN, POWELL, CHRISTENSON,
1985; FORJAZ, et al., 2003).

O exercicio fisico é classificado conforme sua exigéncia metabdlica. Aqueles
com maior requerimento de oxigénio séo classificados como exercicios aerdbicos
ciclicos. De uma forma geral é proposto em programas para manutengdo do peso
corporal, reabilitagdo cardiorrespiratoria entre outros objetivos (FONTOURA,;
ASSUMPCAO; MORAIS, 2002). Por outro lado, quando o exercicio é realizado com
baixo requerimento de oxigénio, estes sao classificados como anaerdbicos aciclicos,
podendo variar em média de 30 segundos a 5 minutos o intervalo entre os
exercicios, e de 1 a 20 repeticdes por série de exercicio, dos quais podemos chamar
de exercicio resistido (ER) (ou de forgca) e os de velocidade (GONCALVES;
VILARTA, 2004). Os ER sao bastante empregados nas academias de ginastica para
ganho de massa magra (hipertrofia muscular), aumento da densidade mineral éssea,
ganho de forca e resisténcia muscular localizada (CAMARA et al., 2007, PITANGA,
2004, ADAM et al., 2013).
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N&o obstante, a pratica regular de exercicio fisico alicergado em um programa
de treinamento adequado, respeitando a individualidade biolégica de cada praticante
com intensidade, duracdo, frequéncia e progressdo adequadas, resultara em
beneficios a componentes relacionados a saude funcional do mesmo, prevenindo
e/ou atenuando os efeitos decorrentes de doengas crénicas degenerativas como:
hipertensdo, diabetes, obesidade, artrose, osteoporose, dislipidemia, sindrome
metabdlica entre outras (LAKKA et al., 2003; CIOLAC ; GUIMARAES, 2004).

Estudos tém demostrando que a pratica regular de exercicio é capaz de
reduzir gordura corporal localizada, normalizacdo da glicemia, como também
reabilitar individuos que foram sujeitos a algum tipo de trauma e/ou acometidos por
doencas crénicas ndo transmissiveis (CAMARA et al., 2007; GRAVES, FRANKLIN,
2007). Além disso, a promogao da saude esta diretamente relacionada ao volume e
intensidade da modalidade de atividade fisica, assim, desta forma sdo desenvolvidos
em sessdes continuas e/ou intervaladas desde que as mesmas ultrapassem pelos
menos trinta minutos por dia em pelo menos trés sessdes semanais em intensidade
moderada (ZAMAI E BANKOFF, 2010).

3.2 Exercicio Resistido (ER)

O exercicio resistido (ER) caracteriza-se por atividade nas quais ocorrem contragoes
voluntarias da musculatura esquelética de um determinado segmento corporal
contra alguma resisténcia externa, ou seja, contra uma forca que se opde ao
movimento, sendo que essa oposigcdo pode ser oferecida pela propria massa
corporal, por pesos livres ou por equipamentos, como aparelhos de musculagao,
elasticos ou resisténcia manual (FORJAZ et al., 2003; BORGES et al., 2010). O ER
€ um método eficaz de treinamento para individuos com os mais diversos objetivos e
niveis de aptidao fisica (AZEVEDO et al.,, 2007), por propiciar beneficios como
aumento da forga e de resisténcia muscular (AZEVEDO et al., 2007; MUNN et al,
2005).
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Atualmente, o ER tem sido aplicado para uma grande variedade de processos
patolégicos, por seus efeitos benéficos associados aos ajustes benéficos na fungéo
cardiovascular, metabolismo, diminuicdo dos fatores de risco coronarios e bem-estar
psicossocial. Além disso, essa modalidade de exercicio estimula a hipertrofia e a
coordenagdo motora, resultando na melhora da capacidade funcional durante as
atividades desempenhadas diariamente (GRAVES, FRANKLIN, 2007; KELLEY,
KELLEY 2000; JORGE et al.,, 2009). Uma vez que essas melhorias implicam
alteragdes morfofuncionais em diversos tipos de fibras, principalmente, as do tipo lla
e lIb (FAIAL, et al., 2007).

As fibras musculares do tipo lla, também chamadas de intermediarias ou
mistas, sao constituida em sua grande maioria de fibras brancas cujo metabolismo é
predominantemente anaerdbico, além disso, apresenta uma capacidade oxidativa
superior quando comparada aos outros tipos de fibras musculares, o que as torna
ligeiramente mais resistente a fadiga (KIERSZENBAUM, 2004). Quanto as fibras do
tipo Ilb, estas sdo predominantemente do tipo glicoliticas ou seja, tem seu
metabolismo predominantemente anaerébico (MINAMOTO 2005). Por conta destas
caracteristicas, as fibras musculares sdo de contragdes rapidas com acumulo de
acido latico ao fim de sequéncias de contragcdes duradouras (KIM et al., 2014). Outra
caracteristica importante para esse tipo de fibra é o elevado numero de
motoneurénios presentes, conferindo assim, em alto numero de recrutamento e
velocidade de condugdo. Quanto ao aspecto estrutural, as fibras musculares do tipo
Ilb possuem fibra muscular de didmetro grande, com a densidade -capilar,
mitocondrial e o conteudo da mioglobina baixos. No tocante ao armazenamento
energético, caracteriza-se por alto predominio de fosfocreatina e glicogénio. Porém,
devido a atividade ATPasica da miosina e de enzimas glicoliticas, esta fibra
muscular apresenta baixa eficiéncia energética e resisténcia a fadiga (FOSS;
KETEYIAN, 1998).

Entendendo as caracteristicas dos tipos de fibras recrutadas prioritariamente
durante a pratica do exercicio resistido, sugere-se que exista uma elevagcdo no
conteudo de acidos (acido latico e ions H*) formados dentro da fibra muscular, os

quais sdo moléculas envolvidas na génese de EROs e outros radicais livres.
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O ER quando praticado em alta intensidade eleva-se o consumo de oxigénio
ou por varias outras vias, geram um aumento na produgdo de (EROs) e radicais
livres (NEUBAUER et al., 2010; JI et al., 2002; BRAND-WILLIAMS et al,1996), e que
a constante exposicdo a esta condicdo o (ER), como consequéncia, o estresse
oxidativo estara elevado (SHNEIDER et al., 2009; VICENT, MORGAN e VICENT,
2004), podendo ocasionar agravos na membrana lipidica celular, proteinas e DNA,
fadiga e estresse muscular, diminuicdo da performance e causando overtraining
(FINAUD, LAC, FILAIRE, 2006; SOUZA, OLIVEIRA, PEREIRA, 2005).

3.3 Radicais livres

Os radicais livres (RLs) sao espécies quimicas originadas do processo de
oxidacao que ocorre de maneira natural ou por alguma disfungcéo biolégica através
de reagdes bioquimicas que envolvam a presencga de oxigénio, caracterizados pela
presenca de um ou mais elétrons desemparelhados em sua ultima camada de
valéncia (AYRES, CHAVES, 2009; BARREIROS, DAVID, 2006). Sao capazes de
existir na forma livre (LIMA, BEZERRA, 2012, SIGNORINI & SIGNORINI, 1995),
possuem tempo de vida muito curto na ordem de milésimos de segundo, o qual esta
associado a sua reatividade (BACURAU, ROSA, 2004).

Conforme Koury & Donangelo (2003) os RLs, elementos quimicos instaveis,
tendem a ligar seus elétrons desemparelhados a outros elementos e estruturas
celulares proximas, podendo, com isso, ceder um elétron (radical redutor) ou captar
um elétron (radical oxidante). Como consequéncia dessa ag¢ao redox, a homeostase
celular pode ser alterada e, com isso, o funcionamento celular e tecidual podera
apresentar um desequilibrio em seu funcionamento (SEN, 2001; VANCINI et al.,
2005).

Entretanto, o termo RL é muito amplo para classificar todas as espécies de
radicais livres produzidas no organismo, haja vista que, ha espécies que néao
apresentam elétrons desemparelhados, porém, mesmo assim, apresenta potencial
pré-oxidante das estruturas biolégicas, os quais sao estaveis (FERREIRA,
MATSUBARA, 1997; LIMA, BEZERRA, 2012).
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No caso de possuirem elétrons desemparelhados, os radicais livres
possuem duas classificacdes a depender do tipo de atomo que apresenta a camada
de valéncia em desequilibrio. Caso seja um atomo de oxigénio, o radical livre é
denominado de espécie reativa de oxigénio (ERO) e, no caso de atomos de
nitrogénio, espécie reativa de nitrogénio (ERN) (BARREIROS, DAVID, 2006;
CARPES, 2008). Os principais tipos de EROs estdao difundidos em duas
classificacbes: as espécies formadas por radicais especificos, como os radicais
hidroxila (HO¢), alcoxila (RO¢), peroxila (ROQO¢) e superdxido (O2¢-) e, espécies nao
radicalares, que podem induzir reagcdes de radicais livres no organismo, como o
acido hipocloroso (HOCI), o peréxido de hidrogénio (H20z2), o oxigénio singlete ('0O2)
e o0 ozbnio (O3) (BARREIROS, DAVID, 2006; HALLIWELL, GUITTERIDGE, 2000).

Apesar do oxigénio (Oz2), por exemplo, ser imprescindivel a vida, ele pode
apresentar uma elevada toxicidade para o organismo (YU, CHUNG, 2006). Por
exemplo, a cadeia transportadora de elétrons é responsavel por mais de 90% do
consumo de O:2 total do organismo. Nela o oxigénio é o aceptor final de elétrons do
Nicotinamida-Adenina-Dinucleotidio (NADH) e do flavina-adenina dinucleotideo
(FADH2) que sao derivados da oxidagdo de fontes energéticas (carboidratos e
lipidios, por exemplo). Nesta via, o Oz é fundamental para geragao de energia (ATP).
Porém, neste processo de redugao do oxigénio e geragao de energia, oxidases dao
origem a EROs, tais como o O2:, H202 e/ou OH* (RODRIGUES, 2005).

Para Lima & Bezerra (2012), Ferreira & Matsubara (1997), Olszewer (2001),
Lancha Jr., (2004), o radical OH* é o radical livre mais reativo que pode existir no
organismo. Porém, se tratando de importancia biolégica, tanto ele quanto o O2: sdao
relevantes, uma vez que os mesmos podem ser formados tanto no metabolismo em
condicbes em que ha a homeostase fisioldgica, quanto no processo exacerbado de
reducdo do Oz molecular no interior das mitocdndrias. A producdo dos radicais
acima citados também pode ser obtida durante a metabolizagao de bases purinicas
pelo ciclo de Lowenstein, e ainda, através da redugdo do peréxido de hidrogénio
(H202) pelo anion O2:, pelo Fe2* e Cu* através de reagdes de Fenton e Haber-Weiss,
como mostrado abaixo (LOWENSTEIN, 1990; BENZI, 1993; YU, 1994):
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Fe*2+ H202 — Fe**+ OH '+ OH- —  Reacao de Fenton
Cu*+H202 —» Cu2+'OH+0OH- — Reacgao de Fenton
02~ + H202 — O2 + H20 + OH" — Reacao de Haber-Weiss

O O2: é formado no organismo através da redugcdo monovalente do O:2
molecular, o qual adquire um unico elétron, o principal local de formacédo desse
radical no organismo € a cadeia transportadora de elétrons, cuja producédo pode ser
aumentada a medida que se aumenta a concentragdo do O2 (RODRIGUES, 2005).
Nao obstante, o0 mesmo autor referencia ainda que, mesmo sendo menos reativo
que outros radicais, ha muitos alvos sensiveis a ele que a outras espécies
radicalares. Além disso, esta espécie radicalar € uma das principais fontes
geradores de hidroxila radicalar (OH"), a qual é responsavel pela maioria dos danos
oxidativos induzidos por RL no organismo, podendo interagir com todos os tipos de
biomoléculas, originando reagées em cadeia e induzindo, assim, alteragdes redox no
sistema biolégico como peroxidagéao lipidica e oxidagao de proteinas (CLARKSON,
THOMPSON, 2000; EVANS, 2000; POLLACK, LEEUWNBURGH, 1999).

Neste sentido, a medida que o organismo necessita de maior aporte
energético e/ou maior concentragao de O2, como no exercicio fisico, por exemplo, ha
inevitavelmente uma maior produgcéo de EROs, uma vez que cerca de 2 a 5% do Oz

consumido pode resultar na geragao dessas espécies reativas (RODRIGUES, 2005).

Os radicais livres apresentam afinidade acentuada por uma forma de
estabilizagdo do seu elétron desemparelhado, buscando outro elétron, para formar
pares de atomos estaveis. Existem varios fatores ambientais que podem contribuir
para a producao excessiva desses radicais, tais como a superexposicao a radiagao
solar, temperaturas altas, poluicdo, metais pesados, alteracido de pH, pesticidas,
consumo de bebidas alcodlicas em excesso e tabaco. Foram evidenciadas que além
do desequilibrio bioquimico intracelular ja citados anteriormente, estes fatores

podem contribuir para o envelhecimento precoce do organismo, bem como também
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para o desenvolvimento de determinados estados patolégicos (CARPES, 2008;
SCHEIBMEIR et al., 2005).

3.4 Antioxidantes

Antioxidantes sdo agentes responsaveis pela estabilizagdo de radicais livres
ocasionando uma inibicao e/ou reducdo das lesbes ocasionadas nos organismos
pela acao radicalar. Esses agentes desenvolvem uma atividade antioxidante mesmo
estando em baixas concentragdes, podendo ser classificados como enddgenos
enzimaticos, como as enzimas catalase (CAT), superéxido dismutase (SOD),
glutationa peroxidase (GPx), glutationa redutase (GR) e a glutationa reduzida (GSH)
e enddgenos ndo-enzimaticos, como bilirrubina, ceruloplasmina, horménios sexuais,
melatonina, coenzima Q, acido urico, entre outros, e exdgenos, adquiridos a partir da
dieta ou suplementagdo alimentar como acido ascorbico (vitamina C), a-tocoferol
(vitamina E), B-caroteno (precursor de vitamina A) e grupos fendlicos de plantas
como flavondides (BIANCHI, ANTUNES, 1999; HALLIWELL, GUITTERIDGE, 2000;
BARREIROS, DAVID 2006; CERQUEIRA et al., 2007; VALKO et al., 2007).

Os antioxidantes podem ser definidos como uma familia heterogénea de
moléculas naturais, que, presentes em baixas concentracdes, comparativamente as
biomoléculas que supostamente protegeriam, podem prevenir ou reduzir a extensao
do dano oxidativo, e atuam também no reparo das lesdes ocasionadas pelos
radicais livres, procedimento este relacionado com a remocdo dos danos da
molécula de Acido desoxirribonucleico (DNA) e com a estabilizagdo das membranas
celulares lesadas. Em alguns processos podendo acontecer uma adaptagao
organica em resposta a geracdo desses radicais resultando em um aumento da
sintese de enzimas antioxidantes (BIANCHI e ANTUNES, 1999, COSTA et al.2013).

O sistema antioxidante age sacrificando sua propria integridade molecular
para evitar desordem nas moléculas. Pois estdo constituidos em um grupo de
substancias que deve estar presente em concentragdes superiores em relagdo ao
substrato oxidavel, reduzindo ou prevenindo significativamente a atividade deste,

assim, resultando em inibicdo e redugéo das lesdes as células (DOLINSKY, 2009).
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3.5 Exercicio Resistido e Estresse Oxidativo

As unidades celulares sdo capazes de se defender contra as acbes nocivas
dos radicais livres a partir da ativagdo de mecanismos de defesa antioxidantes, que
em organismos saudaveis, encontra-se em equilibrio com essas substancias
radicalares. No entanto, a desestabilidade metabdlica entre o aumento da
concentracdo de espécies reativas e decréscimo das moléculas antioxidantes
caracteriza uma condigdo organica e metabdlica denominada estresse oxidativo, a

qual esta associada a inumeras patologias (ARCEGO et al.,2014).

Desta forma, estresse oxidativo pode ser desencadeado por inumeros
fatores, desde mutagdes nas enzimas de defesa antioxidante, reducao da ingestao
de vitaminas e outros constituintes da dieta, aumento da producao de EROs devido
a fatores ambientais, consumo excessivo de gordura e alcool, estresse fisico e
mental ou ao desenvolvimento de inflamagbdes e infeccdes (CARPES, 2008;
MORAIS et al., 2009).

Conforme Ferreira & Matsubara (1997), Leite & Sarni (2003) e Schneider &
Oliveira (2004), ja sdo mais de 50 patologias associadas as acdes deletérias das
EROs tais como enfisema pulmonar, displasia bronco-pulmonar, pneumoconiose,
asma, sindrome de angustia respiratéria do adulto (SARA), artrite reumatdide, lesao
de retina, mutacdes, mal de Alzheimer e Parkinson, envelhecimento precoce,
aterosclerose e cancer, sendo as duas Ultimas, as principais causas de 6bito da

sociedade moderna.

Além dos fatores pro-oxidantes citados acima, estudos demonstraram
aumento significativo do estresse oxidativo associado a pratica de exercicio fisico
com intensidades maximas e supra-maximas (GROUSSARD et al 2003; FINAUD,
LAC, FILAIRE., 2006; CRUZAT et al., 2007). Sob esta condicao especifica de
treinamento, foram evidenciados incremento nas espécies reativas de oxigénio
(EROs) na cadeia transportadora de elétrons mitocondrial, associado ao aumento da
atividade da enzima xantina-oxidase, prolongando assim, o processo de isquemia e

reperfusdo tecidual. No entanto, o aumento de acido latico e catecolaminas apés
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exercicios resistidos também contribuem significativamente para a produgédo de
EROs (JI, 2002; BLOOMER, GOLDFARB, 2004; CRUZAT. et at., 2007).

Durante o processo de isquemia e reperfusdao muscular, condi¢cao
caracteristica no exercicio resistido de alta intensidade associado ao aumento de
EROS e RL, é evidenciado estresse oxidativo, situacdo onde a sintese de ATP é
inferior a sua degradacao. Estes fatores contribuem para o aumento no conteudo
adenosina monofosfato (AMP), a qual por sua vez ativa alostéricamente enzimas
responsaveis por sua oxidagcdo (BLOOMER, GOLDFARB, 2004). Isso ocorre da
seguinte forma: quando a oferta de oxigénio esta reduzida no processo isquémico, a
AMP por deaminacao (AMP deaminase) é convertida em IMP (inosina monofosfato)
até ser transformada em xantina e, posteriormente, a acido urico pela enzima
xantina-oxidase junto com a redugéo do Oz, produzindo assim o radical superéxido
("O? -) e perdxido de hidrogénio (H202) (MCARDLE, 2001). No momento em que
ocorre a reperfusdo tecidual, ou seja, durante o relaxamento do musculo em
atividade, o processo de reducdo do O:2torna-se elevado, formando ainda mais
radical hidroxila (*OH-) no tecido recrutado (FINAUD, LAC, FILAIRE. 2006; PETRY
et al., 2010).

3.6 Exercicio resistido e danos teciduais

Nos dias atuais € consenso que o exercicio resistido, quando praticado de
forma regular, é determinante para a aquisigdo de forga, hipertrofia, e associado a
um estilo de vida saudavel, exercendo beneficios como a prevengao do risco de
morbidades, contribuindo assim, para a diminuicdo da mortalidade (LEE, BOOTH,
2005; FERREIRA, DUARTE, ALBERTO, 2007). No entanto, em oposicdo aos seus
potenciais efeitos benéficos, o exercicio resistido de alta intensidade, pode induzir
alteracdes organicas acentuadas, principalmente quando os diversos tecidos, 6érgaos
ou sistemas nao estdo adaptados suficientemente para suportar os ajustes
homeostaticos impostos pelos diferentes tipos de sobrecarga (OGONOVSZKY et al.,
2005; FERREIRA, DUARTE, ALBERTO, 2007). Durante a execu¢ao de movimento
simples, por exemplo, € verificado aumento do estresse mecanico as células dos

sistemas Osteo-articular e cardiovascular, além disso, aumento da temperatura
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corporal e da taxa metabdlica, ajustes tanto nas estruturas musculares quanto
sistémicas sao evidenciadas. No entanto, quando este movimento é realizado contra
resisténcia e sob alta intensidade podem gerar e/ou exacerbar lesbes decorrentes
desta atividade (POWER, LEEUWENBURH, 1999; POWERS, HOWLEY, 2001;
MORAES et al., 2012).

O estresse tecidual decorrente do exercicio induz o recrutamento e migragao
de leucécitos e células do sistema imune para o local danificado, o qual é
proporcional a intensidade do exercicio (HAWKE, 2005; SAXTON et al., 2003). Esse
mecanismo obedece a uma via de sinalizagao a partir de mediadores inflamatérios e
células do sistema complemento e ativacdo de eventos desencadeiam a coagulagcdo
e a atividade fibrinolitica (TODO-BOM, PINTO, 2007). As possiveis lesbes estao
relacionadas, tanto ao componente contratil, quanto ao ndo contratil, como a matriz
extracelular, sarcolema e lamina basal (FOSCHINI, PRESTES, CHARRO, 2007;
VIERCK., 2000; STUPKA., 2000; DIAS et al., 2008 ).

Estudos realizados por Stupka (2000) e Butterfield; Best; Merrick (2006)
mostraram que quando ha lesdo no tecido, os midcitos e outras células liberam
citocinas como TNF-q, IL-1B e IL-6. Desta forma, os neutréfilos sdo mobilizados para
reparar o dano muscular induzido pelo exercicio e fagocitam a fibra muscular
lesionada por meio da ativacdo do sistema enzimatico nicotinamida adenina
dinucleotidio fosfato-oxidase (NADPH) e liberagdo de enzimas proteoliticas a partir
dos seus granulos intracelulares que, também contribuem para a liberagdo de EROs.
A sintese das citocinas pro-inflamatérias, como TNF- a e IL-1B3, estimulam a sintese
de IL-6 que, por sua vez, resultando na producdo hepatica de proteinas de fase
aguda, como a proteina C reativa (PCR) e inibidores de proteases. A IL-6 é
conhecida por desempenhar um papel modulador da extensdao da resposta
inflamatdria por aumentar a sintese de citocinas anti-inflamatérias e também por
mediar a interagdo entre células satélites e macréfagos pela liberagdo de fatores
moleculares envolvidos com o aumento do processo de reconstrucido tecidual
(CRUZAT et al., 2007; PRESTES et al., 2007; HAWKE, 2005).
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3.7 Exercicio Resistido e suplementacao antioxidante

Como ja estabelecido, o exercicio resistido de alta intensidade aumenta a
producado de radicais livres, assim gerando estresse oxidativo, com isso muitos séo
os estudos que preconizam o uso de suplementos alimentares ricos em
antioxidantes por atletas e individuos ativos (URSO e CLARKSON, 2003;
MORILLAS-RUIZ et al., 2005; SENTURK et al., 2005; BLOOMER, GOLDFARB,
MCKENZIE, 2006). Atualmente, os principais suplementos usados para atenuagao
dos efeitos e/ou produgdo dos radicais livres sdo produtos farmaceuticos que
conttm em sua formulagdo as vitaminas A (Retinol), E (a-Tocoferol), C (Acido
ascorbico), betacaroteno, os quais também estdo presentes em muitos alimentos
como, por exemplo, a uva, a groselha, o cha verde e mirtilo (MACHEFER et al.,
2003; HOFFMAN et al., 2010; ARENT et al., 2010).

Embora o exercicio resistido de alta intensidade promova aumento na
producdo de estresse oxidativo, em contra partida, algumas vitaminas como as
vitaminas “E” e “C”, conjuntamente atuam como um efeito protetor por reduzir e/ou
prevenir danos causados por radicais livres. A vitamina E por ser lipossoluvel atua
na prevencdo de algumas reacbes na cascata de peroxidacdo lipidica das
membranas celulares, interferindo na propagac¢ao dos radicais lipidicos. A vitamina
C, um antioxidante soluvel em agua, por sua vez, € encontrado no citoplasma onde
o fluido extracelular interage diretamente com os radicais livres assim havendo um
impedimento no dano oxidativo por estes agentes. Desta forma, devido as diferentes
caracteristicas e distribuicdo intracelular das vitaminas E e C, estudos tem
demonstrado que o uso combinado apresenta efeito antioxidante mais eficaz do que
quando utilizadas isoladamente (RINNE et al. 2000; MICHAEL et al., 2010). Isso
porque com a geracdo dos oxidantes provindos da membrana celular oxidam a
vitamina E, neutralizando e formando o radical tocoferil, o qual pode ser regenerado
pela vitamina C (HALLIWELL, 1996; MICHAEL et al., 2010).

A vitamina A, uma vitamina lipossoluvel relacionada ao retinol (vitamina A
pré-formada) e que compartiiham atividades biolégicas. Entre as suas fungdes

apresenta a capacidade de inibir a oxidagdo de compostos pelos perdxidos. O
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mecanismo pelo qual estas substancias protegem os sistemas biolégicos contra os
danos mediados pelos radicais livres (SANTOS, CRUZ., 2001).

Betacaroteno antioxidante lipossoluvel que esta presente nas membranas
celulares. Apresenta de forma eficaz como neutralizador de oxigénio singlete em
condi¢des de hipdxia tecidual. Isto se deve, em parte, a sua agao direta com o anion
superoxido e com os radicais peroxila devido a sua longa cadeia que contém duplas
ligacdes conjugadas (YU, 1994; PANZA, 2008).

Senturk et al. (2005) constatou efeito antioxidante apds dois meses de
suplementacdo com vitaminas (A-50mg/dia, C-1000mg/dia e E-800mg/dia) em 18
individuos (nove sedentarios e nove treinados) onde foi verificado o potencial
antioxidante que as vitaminas tem sobre a prevencgao da resposta inflamatéria apés
exercicio intenso. Andersson et al. (2010), examinaram a influéncia da
suplementacao antioxidante frente ao estresse oxidativo induzido por um programa
de exercicio desenvolvido em jogadoras de futebol, notaram que uma
suplementagdo com antioxidante quando ingeridas apés uma partida de futebol
(contendo acido ascorbico e outros) atuam sinergicamente com os antioxidantes
endogenos, isto se deve, em parte, ao equilibrio entre 0 aumento de glutationa
oxidada (GSSG) induzida pelo exercicio associado a uma redugado da peroxidagao

lipidica.

3.7.1 Exercicio resistido e polifendis

Como exposto em tdpico anterior, os beneficios do exercicio resistido na
manutencdo da saude s&o evidentes. No entanto, deficiéncias nutricionais e
alteracdes na carga de treinamento implicam em respostas negativas decorrentes da
pratica do exercicio fisico. Para minimizar este efeito e que possa promover
respostas positivas do exercicio sobre o organismo, estudos com substancias
antioxidantes estdo sendo empregadas no campo da atividade fisica e nutricao
esportiva. Uma classe de antioxidante que vem sendo bastante estudada s&o de
origem naturais como os polifensdis (LIMA, 2011). Isso porque sao relatadas na
literatura cientifica como atenuadores do estresse oxidativo e lesdes induzidas pelo
exercicio fisico (LUKASKI, 2004).
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Os compostos polifendlicos sdo substéncias de origem vegetal
extremamente ampla e complexa, sdo sintetizados através do metabolismo
secundario das plantas e responsaveis por diversas propriedades fisiologicas e de
defesa dos vegetais (GOTTI et al.,2006). Atualmente vém sendo amplamente
estudadas em razao dos beneficios que pode propiciar a saude humana, dentre as
diferentes propriedades que possui, € a sua capacidade antioxidante em prevenir
danos oxidativos as estruturas celulares, teciduais e ou proprio DNA sdo as que
apresentam maior interesse. Paralelamente, também é comprovado cientificamente
que estes compostos possuem outros efeitos, como atividade anti-inflamatoria,
anticarcinogénica, antiaterogénica, antitrombdética, antimicrobiana, analgésica e
vasodilatadora (WOLLGAST, ANKLAN, 2000; EFRAIM, ALVES, JARDIM., 2011;).
Nao obstante, estudos recentes observaram que a ingestdo aguda ou regular de
alimentos que sejam ricos em polifendis pode reduzir os danos oxidativos em
resposta ao esforgo fisico causado pelo exercicio fisico resistido (MCANULTY et al.,
2004; MORILLAS-RUIZ et al., 2005).

Panza (2008) demonstrou que o consumo de cha verde, vegetal rico em
polifendis, durante 7 dias, consecutivamente, foi capaz de reduzir danos oxidativos
teciduais causados pelo estresse induzido pelo exercicio resistido de alta

intensidade.

3.8 Plantas Medicinais

O interesse em plantas medicinais para a manutengcao da saude cresceu
desde as ultimas décadas, o que estimulou o advento de estudos cientificos para
comprovar sua eficacia e seguranca. Diversos constituintes quimicos como
alcaldides, taninos e flavonodides quando isolados de distintos tipos de plantas
medicinais e/ou frutos sdo possiveis candidatos para serem explorados como
agentes antioxidantes (CALIXTO, 2000; MACIEL et al., 2002; SILVA et al., 2010-3a;
ALBUQUERQUE et al., 2012; SILVA et al., 2012).
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A busca pela atenuacado e/ou cura de doencgas por meio do uso de plantas
medicinais provavelmente foi o primeiro recurso natural utilizado pelo ser humano
(VEIGA JR. et al., 2005; CASTRO 2006; VIEGAS, BOLZANI, 2006). Desta forma,
desde a pré-histéria 0 homem utiliza as plantas pela necessidade de sobrevivéncia,
além da utilizacao na alimentacao, vestimenta e como artefatos para abrigos. Outras
propriedades sao atribuidas para diversas plantas como a utilizagdo para caca,
guerra entre tribos como armas, rituais espirituais e até para eliminar individuos
indesejados de determinados grupos sociais, estas necessidades levou o homem a
se deparar com a possibilidade de aplicacbes terapéuticas de determinadas
espécies (BARREIROS, DAVID, 2006; CASTRO, 2006).

Geralmente o uso de plantas medicinais pela populagdo é basicamente
empirico, sendo a Raiz, caule, casca, folhas, flores, frutos e sementes de diversas
espécies de plantas consumidas na forma de cha, tintura, d6leos, po, xarope,
cataplasma entre outros sem orientagdo profissional quanto a posologia e
administragcdo (MARCAL, et al., 2003). Alguns preparos vegetais sem respaldo
cientifico tém originado intoxicagdes devido aos efeitos ja conhecidos ou ao uso
incorreto, ou ainda, por dificuldade na identificagdo das espécies, o que justifica mais
uma vez a importancia do estudo com espécies vegetais de forma a validar seu uso
terapéutico (FERREIRA, 1993; VEIGA JR. et al., 2005; CASTRO, 2006).

Existem aproximadamente 350.000 a 550.000 espécies de plantas no planeta
e desse numero, o Brasil possui 55.000 espécies vegetais catalogadas distribuidas
em diversos ecossistemas como Floresta Tropical Amazénica, Mata Atlantica,
Pantanal, regides de Mangue, Cerrado e Caatinga, desta forma, o Territério
Brasileiro € o detentor da maior biodiversidade vegetal do mundo (FOGLIO et al.,
2006,). Porém, apesar da biodiversidade atribuida a flora brasileira, sdo necessarias
estratégias importantes para a conservacao e recuperacdo das espécies de areas
degradadas, o que justifica a utilizacdo de plantas, principalmente as consideradas
como plantas medicinais, de forma sustentavel (BARREIROS, DAVID, 2006;
FOGLIO et al., 2006; BARROS et al., 2010).
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A pratica do uso de plantas medicinais no Brasil resulta da forte influéncia
cultural dos indigenas, das tradicbes africanas e européias. Comumente ocorre a
prescricdo de plantas medicinais sem se conhecer seus constituintes quimicos.
Dessa forma as observagdes populares sobre a utilizacao e a eficacia das referidas
plantas contribuem relevantemente para a divulgagao das virtudes dessa alternativa
terapéutica (BARREIROS, DAVID, 2006; CASTRO, 2006; GOMES et al., 2008).

Além disso, aumento do consumo de plantas medicinais é evidente na
atualidade, e isto se deve a varios fatores como a conscientizagdo dos
consumidores com relagdo aos possiveis danos causados pelos medicamentos
sintéticos, o exacerbado apelo da midia em prol do consumo de produtos naturais
(CASTRO, 2006). No entanto, as pesquisas brasileiras com plantas medicinais e
fabricagdo e utilizacédo de fitoterapicos, ainda sado insuficientes. As informagdes
cientificas sobre essas plantas cresceram apenas 8% nas duas ultimas décadas,
sendo que o volume de recursos e tecnologia empregados nesses estudos explica a
centralizagdo da pesquisa e desenvolvimento de novos farmacos nos paises
desenvolvidos, mesmo o Brasil possuindo a maior biodiversidade vegetal do mundo
(CASTRO, 2006; FOGLIO et al., 2006).

3.8.1 Bowdichia virgilioides

A Bowdichia virgilioides € uma &arvore leguminosa, pertencente a familia
Fabaceae, subfamilia Papilonoidae e é conhecida popularmente como "sucupira",
"sucupiraroxa” ou "sucupira-preta" (KANEGAE et al., 2000; LIMA, 2008; SILVA et al.,
2011a). Esta espécie é abundante no Brasil, sendo sua ocorréncia mais comum nas
regides Norte e Nordeste, bem como nos cerrados do Planalto Central e em outras
savanas da América do Sul (KANEGAE et al., 2000; SAMPAIO et al.,, 2001;
ALBUQUERQUE; GUIMARAES, 2007).
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Figura 1. Bowdichia virgilioides (Sucupira-preta). http://www.fiocruz.br

A arvore da B. virgilioides apresenta casca grossa e fendilhada, sendo que
sua altura pode chegar a 20 metros. O tronco possui didmetro maximo de 60
centimetros. Possui folhas compostas, pinadas, com foliolos pubescentes. A
floracao pode ocorrer entre os meses de agosto a dezembro, com a arvore quase
totalmente despida da folhagem, porém apresentando pequenas flores, com corola
lilas, conferindo um aspecto ornamental e apicola a planta. Os frutos séao
caracterizados por serem legumes, indeiscentes, achatados, com pequenas
sementes de coloragao avermelhada (ROJAS; RIBBON, 1997; SAMPAIO et al.,
2001; SMIDERLE; SOUSA, 2003).

A B. virgilioides é considerada uma planta pioneira e adaptada a seca e
terras pobres. Sua madeira é estriada, de cerne pardo escuro, de alta densidade e
longa durabilidade natural, sendo empregada para acabamentos internos, como
assoalhos, lambris, molduras, painéis e portas, em areas externas como postes,
cercas (principalmente em areas sujeitas a queimadas anuais, devido a sua elevada
resisténcia ao fogo) e na construgdo civil, o que confere elevada importancia
econbmica a esta planta. Por ser eminentemente ornamental em sua floragéo, a
arvore € empregada no paisagismo, util para a arborizagcao urbana (SAMPAIO et al.,
2001; SILVA et al., 2001; SMIDERLE; SOUSA, 2003; ALBUQUERQUE;
GUIMARAES, 2007; SILVA et al., 2011-a).
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O uso da B. virgilioides na medicina popular é bastante abrangente e
diversificado. Sao relatados de acordo com o uso empirico, aplicacbes da planta
para os diferentes tipos de doencas tais como: no tratamento da diarréia,
reumatismo, dor de cabega e aneurisma (GOMES et al, 2008), diabetes,
adstringente (ARRIAGA et al., 2000, SILVA et al., 2010-a) bronquite, gota, ténico do
corpo e facilitador da digestdo, hipertermia (BARROS et al., 2010), depurativa,
leishmaniose (SANTANA et al., 2010), anti-ulcera, antisséptico e doencas de pele
(BARBOSA —FILHO, 1997; ALMEIDA et al., 2006), anti-malarico (MARIATH et al.,
2009) e de inflamagbes em geral (SMIDERLE; SOUSA, 2003).

Ja foram descritas e comprovadas cientificamente atividades anti-
hiperglicemiante, antimalarica (DEHARO et al., 2001), antimicrobiana (ALMEIDA et
al., 2006), inibidor da enzima acetilcolinesterase (BARBOSA-FILHO et al., 2006),
anti-inflamatoria e analgésica (SILVA et al., 2010-b; THOMAZZI et al., 2010).

Dentre os compostos ja encontrados na espécie pode-se citar alcaldides e
terpendides, flavondides, taninos, taninos condensados, isoflavonas, triterpendides,
flavondides glicosidicos, agliconas, fendis, cetonas, saponinas, da planta in natura
ou de extratos organicos e/ou inorganicos (BARBOSA-FILHO, 1997; TRUGILHO et
al., 1997; ARRIAGA et al., 2000; ALMEIDA et al., 2006; SILVA et al. 2007; VEITCH,
2009; BARROS et al., 2010; SANTANA et al., 2010;

SILVA et al., 2010-b; THOMAZZ| et al., 2010).

3.9 Manuscrito

A seguir, os resultados obtidos durante o Mestrado em Educacédo Fisica,
bem como a metodologia e a discussao foram sistematizados na forma de um artigo
cientifico e submetido na revista Journal of the International Society of Sports
Nutrition (fator de impacto = 1,50) e esta classificado como A2 na area de Educagéao

Fisica até a presente data.
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Abstract

Background: The use of natural antioxidants can reduce oxidative damage caused
by High-intensity resistance training (RT). We propose to investigate the “in vitro”
antioxidant potential of the hydroethanolic extract (HEE) of Bowdichia virgilioides
(BV) on muscular damage, and oxidative stress in rats subjected to high-intensity RT.
Methods: Thirty-two Male Wistar rats (3 months old) were divided into four
experimental groups: 1) Control group (CG), vehicle-treated (Tween 80), oral
administration (P.0O.); 2) Trained group (TG), vehicle-treated, and resistance training;
3) BV untrained group (BVG), treated with HEE of BV (200 mg-kg' - P.O); 4) Trained
BV group (TBVG), treated with HEE of BV (200 mg-kg™', P.0O.). Animals from groups
CG, TG, GBV and TBVG underwent habituation to the apparatus for one week. After
that, the animals of groups CT and TBVG were subjected to the training protocol with
three sets of 10 repetitions (rest intervals of 60 s), with 75% of the load established
using the one-repetition maximum, three times a week on alternate days, during four
weeks. The groups CG and GBV were manipulated and fixed to the apparatus three
times a week (with no load). The treatment of animals with HEE of BV was initiated
after 25 days of RE (5 days; one dose per day). Control group was treated with
vehicle in the same conditions. At the end of experiments, plasmatic and
gastrocnemius fractions from all groups were isolated for the assessment of lipid
peroxidation (according to thiobarturic acid method), and Creatine kinase activity.
Results: Lipid peroxidation in plasma and tissue was diminished at 55.68%
(p<0.0001), and 66.61% (p<0.0012), respectively, from TBVG comparing to TG. In
addition, oxidative stress was diminished at 62.83% (p<0.0005), and 54.97%
(p<0.0197) in plasma and skeletal muscle, respectively, from TBVG comparing to
TG. Conclusions: HEE of BV was capable of reducing some oxidative stress
markers caused by high-intensity RT. We also observed that consuming HEE of BV
during training significantly prevented or reduced the content of some marker
enzymes of tissue damage.

Keywords: Oxidative stress; physical exercise; hydroethanolic extract.
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Background

Physical exercise is characterized as any form of muscular activity that
induces a series of physiological responses in body systems and that maintains
physical fitness. 1231 Amongst the different types of exercise, resistance training
(RT) is characterized as physical activity involving voluntary contractions of the
skeletal muscles of a given body segment against an external resistance, i.e., against
a force that opposes motion, with this opposition being one’s own body mass,
through free weights or other equipment such as strength training and elastic or

manual resistance machines.23]

Resistance training is considered as a safe form of physical exercise and,
thus, is practiced by individuals of various age groups. Currently, it is recognized as a
significant promoter of health in diverse populations .45 The benefits of resistance
training include increasing muscular resistance and forcel® individuals and blood
sugar levels in diabetic individuals .I"! However, during high intensity resistance
training, muscles undergo periods of ischemia-reperfusion,!8! which is a mechanism
responsible for the increase in free radicals (FR) such as hydroxyl (HO-), alkoxy
(ROe¢), peroxyl (ROOe<) and superoxide (O2e-) radicals, and non-radicals such as
hydrogen peroxide (H202), oxygen ('O2), and ozone (O3).I% 19 These molecules,
which are constantly in search of stability, react with the electrons of biomolecules,
proteins, lipids, carbohydrates and nucleic acids consequently leading to changes in
cell function and cell death. Moreover, FR is associated with mechanisms of post-
exercise inflammatory response, possibly with the propagation of muscular damage.
[11]

Oxidative stress is an organic condition that is detrimental to the body, in
which there is an imbalance of oxidants and antioxidants.['213] It is not only caused by
overtraining, but also by other factors known as xenobiotics, some of which include
exposure to pollutants, use of antibiotics and UV radiation.[' Also, high-intensity
resistance training can cause microtears in muscular tissue; evidence shows that
leucocytes and cells of the immune system then migrate to the damaged area,
thereby triggering an increase in the production of free radicals and other reactive

species involved in the activation of inflammation mediators.['5] Moreover, Hawkel'6]
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and Saxton et al.['"] stated that muscular damage and the inflammatory process are
proportional to the exercise intensity. It is possible that these injuries are related to
both the contractile as well as non-contractile component, such as the extracellular
matrix, sarcolemma and the basal membrane. [18.19.20. 211 |n other studies, some
authors showed that chronic exercise training may cause depletion of many
antioxidants, as a consequence, when was associated with a diminished ingestion of
nutrients with antioxidant proprieties, may increase exercise-induced oxidative stress

and tissue damage. 1221

As for preventing or minimizing the deleterious effects of oxidative stress, a
number of approaches have been taken, some of which include the use of natural
and synthetic antioxidants such as vitamin C (ascorbic acid), E (a-tocopherol), A (B-
carotene), and polyphenols of medicinal plants. [ 23 24] Moreover, recent studies have
observed that in human beings, the high or regular intake of food rich in polyphenols
can reduce oxidative damage in response to physical exertion caused by high-
intensity physical resistance training. 25 26. 271 |n rodents supplemented with oil grape
seed extract, which contained a higher concentration of polyphenolics [28], there was
a diminished lipid peroxidation and DNA damage [?° 30 This evidence suggested that
supplementation with substances with higher levels of anti-oxidative molecules may
play an important role in the maintenance of oxidative stress at suitable conditions to

attenuate muscular damage after high-intensity physical exercise.

We propose, for the first time, to investigate the in vitro antioxidant potential
and the protective effect of the hydroethanolic extract of Bowdichia virgilioides on
muscular damage and oxidative stress parameters in rats subjected to high intensity
RT. We hypothesized that supplementation with Bowdichia virgilioides would reduce

lipid peroxidation and prevent muscle injury in rats high-intensity resistance training.
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Methods
Animals and treatment period

Thirty-two Male Wistar rats, 3-month-old were used (weight range: 200-250
g) obtained from the bioterium at UFS. The rats were randomly housed (four rats per
cages) and kept under temperature-controlled conditions (22 + 3°C) with a light-dark
cycle of 12 h (lights on between 06:00 h — 18:00 h), free access to food specific to
rodents (Labina®) and water ad libitum. All the procedures described in this study

were approved by the Animal Research Ethics Committee at UFS (protocol 10/12).

The animals were divided into four groups: 1) Control group (CG, n = 8)
composed of healthy by vehicle-treated animals (Tween 80, P.O., (Vetec, LTDA, Rio
de Janeiro-Brazil) and electrostimulation; 2) Trained group (TG, n = 8) composed by
healthy vehicle-treated animals (Tween 80, at 3% P.O.) and subjected to resistance
training protocol; 3) Group Bowdichia virgilioides (GBV, n = 8) composed by healthy
animals treated with extract of Bowdichia virgilioides (200 mg-kg', P.O); 4) Trained
extract of Bowdichia virgilioides Group (TBVG, n = 8) composed by animals
subjected to resistance training and treated with hydroethanolic extract of Bowdichia
virgilioides (200 mg.kg', P.O). All animals were either vehicle-treated or received
hydroethanolic extract of Bowdichia virgilioides on day 25 of the resistance training
protocol (for five days of treatment period, according to the below mentioned at

Training protocol), which is shown in the organogram (Figure 1).
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Figure 1. Organogram of the experimental protocol. The experiment was held in 30 days for all

animal groups: 0 — 65t day were submitted to an adaptation period without charge (white bars); 7st -
25st day of training without the use of Bowdichia virgilioides, 265t — 30%t (5 days with intake of the
extract Bowdichia virgilioides) after initiating the resistance training session, and 31 days the animals

were submitted to euthanasia.
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The inner bark of Bowdichia virgilioides was collected in March 2011 from the
vilage of Fazenda Riachdo, in the municipality of Japaratuba, Sergipe, Brazil
(10°32'04.49 S, 36°53'57" W). The exsiccate of this species was stored in the
herbarium at the Federal University of Sergipe (UFS) under the reference ASE
23.107.

Antioxidant potential and redox property of hydroethanolic extract of

Bowdichia virgilioides

The samples were dissolved in methanol to obtain a stock solution of 0.5
mg/mL, from which aliquots were removed and added to a solution of 2,2-difenil-1-
picrilhidrazina (DPPH¢) (Sigma-Aldrich, Steinheim-Germany) (40 pg/mL) to obtain
final concentrations of 5, 15, and 25 ug/mL in a final reaction volume of 3 mL. The
blank was composed of a mixture of the analyzed sample and methanol (Vetec,
LTDA, Rio de Janeiro--Brazil); gallic acid (Abiquim, Sdo Paulo-Brazil) was used as
the positive control.

The absorbance values of each sample were obtained using an
spectrophotometer at a wavelength of 515 nm, and the readings were taken at 1, 5,
and 10 min and at 10-min intervals thereafter, up to 60 min Souza et al.l3'l The
percentage of DPPH (DPPHREM%) remaining was calculated according to the

method stated by Brand-Willams et al. 321 using the following equation:
DPPHREM% = (DPPH) T / (DPPH) To x 100
where [DPPH] T is the concentration of radicals in the reaction medium after reaction

with the sample; and [DPPH] To is the initial concentration of DPPH. From the

DPPHREM% values, the inhibition percentage at 60 min was calculated.
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Measuring lipid peroxidation in vitro

The capacity of the HEE of BV to inhibit lipid peroxidation was determined by
monitoring the production of thiobarbituric acid reactive substances (TBARS) in the
lipid medium, according to the protocol described by Brand-Williams et al.[32 For the
quantification of TBARS, the protocol of Lapenna et al. was used.[33 Briefly, 1.0 mL
of egg yolk homogenate (1% w/v) was completely dissolved in a 20-mM phosphate
buffer solution (pH 7.4) and then homogenized with 0.1 mL of HEE; the positive
control at different concentrations (50, 100 and 200 pg/mL) was prepared

immediately after the experiment using methanol.

Lipid peroxidation was induced upon the addition of 0.1 mL of 0.17 M solution
of 2,2'-azobis(2-amidinopropane) dihydrochloride (AAPH) (Sigma-Aldrich, Steinheim-
Germany) and of a 0.17 M solution of iron sulfate (FeSO4) (Sigma-Aldrich, Steinheim-
Germany) at different time points. Trolox (Sigma-Aldrich, Steinheim-Germany) was
used as the positive control, and the extract and solvent (water or methanol) were
used as the negative control. The reactions lasted for 30 min at 37°C. After cooling,
the samples (0.5 mL) were centrifuged in the presence of 0.5 mL of 15%
trichloroacetic acid (TCA) (Vetec, LTDA, Rio de Janeiro-Brazil) at 1,200 g for 10 min.
A 0.5 mL aliquot of the supernatant was mixed with 0.5 mL of 0.67% thiobarbituric
acid (TBA) (Sigma-Aldrich, Steinheim-Germany) and heated at 95°C for 60 min. After
cooling, the absorbances were measured using a spectrophotometer at a wavelength

of 532 nm. The results were expressed as percentages of inhibition.

High-performance liquid chromatography

The high-performance liquid chromatography (HPLC) system used includes a
Shimadzu Prominence chromatograph composed by two LC-6AD pumps, an
autoinjector, DGU 20 A5 degasser, solvent selector valve and photodiode detector
(DAD SPD M20A). For chromatographic analysis, two C18 columns were used, as
well as an analytical column (25.0 x 0.46 cm, 5-mm particles) and another
preparatory column (25.0 x 2 cm, 5-mm particles), both manufactured by Shimadzu®.

To obtain and process the data, the chromatographic software LC Solution was used.
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Training protocol

Resistance training was carried out using a squat machine; the animals wore
a leather jacket, connected to a mobile 35-cm long wooden bar, and the loads were
allocated. The rats wearing jackets remained sitting down with their back legs bent
and supported, according to the model by Tamaki et al. 34 All animals from groups
CG, TG, GBV, and TBVG underwent habituation to the apparatus for one week,
where they received electrostimulation. After this period, the animals of groups CT
and TBVG were subjected to the training protocol of three sets of 10 repetitions, with
rest intervals of 60 s, at an intensity of 75% of the load established using the one-
repetition maximum (1RM) test, three times a week on alternate days, during four
weeks 1351, The training load and intensity were adjusted every two weeks following a
new 1RM test. The animals of groups CG and GBV were manipulated and fixed to
the apparatus three times a week, with electrostimulation on alternate days, using
three sets of 10 repetitions and rest intervals of 60 s; however, with no load, 0%
intensity (Table 1).

Table 1. Resistance training protocol

Week Intensity (%) Days of the Sets Repetitions Interval (s)

week**
12 75 3 3 10 60
22 75 3 3 10 60
3 75 3 3 10 60
42 75 3 3 10 60

* Tamaki et al. (1992). **Alternate days.

The training was conducted for 4 weeks on alternate days at 75% intensity defined by MRI with 3
sets and 10 reps with 60-second intervals between a series and another.
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The animals were stimulated by applying electrical stimulation during each
set (20 V/0.3 s in duration, 3-s interval) using electrodes (ValuTrode, Model CF3200,
Axelgaard, Fallbrook, CA, USA) fixed to the tail and connected to an electrostimulator
(BIOSET, Physiotonus Four, Model 3050, Rio Claro, SP, Brazil).

Collection of biological material

Twenty four hours after the last session, the animals were anesthetized using
sodium thiopental (Cristalia, Itapira Sdo Paulo-Brazil) (40 mg/kg, i.p.) and sacrificed
(all animals were submitted to overnight fasting); the blood was collected by means
of cardiac puncture, and then the rats were decapitated. After the blood was
collected, it was immediately centrifuged at 800 g for 15 min at #4°C, and the
supernatant was stored at + -80°C. The organs were removed, and the
gastrocnemius muscle was washed three times in a solution of 1.15% potassium
chloride (KCI, Vetec, LTDA, Rio de Janeiro-Brazil)), dried and then weighed. These
were then homogenized, and each gram of tissue was mixed with 5 mL of KCI + 10
uL of phenylmethylsulfonyl fluoride (PMSF, 100 mmol-!, Sigma-Aldrich, Steinheim-
Germany) + 15 pL of 10% Triton solution, centrifuged at 3,000 g for 10 min at +4°C,
and the supernatant was stored at +70°C until further analyses of markers of

oxidative stress and tissue damage.

Biochemical analysis

Eight animals from each group were anesthetized using sodium thiopental
(Cristalia, Itapira Sdo Paulo-Brazil) (40 mg/kg, i.p.) and sacrificed (all animals were
submitted to overnight fasting); the blood was collected by cardiac puncture, and
then the rats were decapitated. After the blood was collected, it was immediately
centrifuged at 800 g for 15 min at £4°C, and the supernatant was stored at + -80°C.
The biological materials (plasmatic fraction) were collected, prepared and analyzed
for markers of tissue damage and oxidative stress according to the methodology
described by Castello Branco et al.38] The quantification of the damaged tissue

caused by high-intensity resistance training was assessed by measuring the enzyme
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markers of tissue damage such as creatine kinase (CK), lactate dehydrogenase
(LDH), alanine aminotransferase (ALT) and aspartate aminotransferase (AST). For
quantification, a commercial kit (Labtest®, Santa Lagoa, Minas Gerais-Brazil) was
used, where 20 pL of plasma from each animal was homogenized in specific
reagents at 37 = 0.2°C and readings were taken using a spectrophotometer
(Bioespectro Model SP-22 UV/Visible, Minas Gerais - Brazil) at a wavelength of 340

nm.

To determine lipid peroxidation, the oxidation of lipids was determined by
measuring thiobarbituric acid reactive substances (TBARS) according to the method
of Lapenna et al. [33] For the assessment of carbonyl protein assessment, the
oxidation of proteins was assessed by determining carbonyl residues (CR) according

to the methodology of Faure and Lafond. 1371

Statistical analyses

The results are represented as mean * standard deviation (SD). Differences
between the samples were considered statistically significant when P < 0.05. All the
analyses were carried out in triplicate. After assessing the normality of the data using
the Shapiro Wilk test, the data were statistically analyzed amongst groups using one-
way analysis of variance (ANOVA), followed by Bonferroni or Dunnett multiple tests
when appropriate. For the majority, the statistical software Graph Pad Prism version

5.0 was used.

Results

Antioxidant potential and redox property of hydroethanolic extract of

Bowdichia virgilioides

To verify the antioxidant potential, the reduction of DPPH free radical activity
test was carried out; HEE of BV presented a dose-dependent antioxidant activity
(Figure 2), with significant variations between concentrations (5-30 mcg-mL), and
with an IC50 of 33.45 + 5.97 pug-mL-" for 60 min.
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Figure 2. The percentage of antioxidant activity of different concentrations of hydroethanolic extract

of Bowdichia virgilioides during the 60 min exercise (A). Kinetic behavior of hydroethanolic extract of
Bowdichia virgilioides at a concentration of 25 ug-mL-' to reduce DPPH free radical (B). Results are
expressed as mean * standard deviation (SD). The statistical difference between the concentrations
was determined by using one-way ANOVA, followed by Bonferroni post-hoc test. Different letters on
the graph stand for a statistical difference between the concentrations of hydroethanolic extract of

Bowdichia virgilioides used (P < 0.05). All experiments herein were performed in triplicate.

From the data, it was possible to verify that hydroethanolic extract of
Bowdichia virgilioides had an antioxidant activity index of (AAl) of 0.89 + 0.05, which
classifies it as having a moderate antioxidant effect [38. We also observed that
hydroethanolic extract of Bowdichia virgilioides had moderate reaction kinetics, with
60 min considered necessary to reduce the amount of DPPH radicals by more than
half, as shown in Figure 2 via the dose-response curve, showing the percentage

decrease of remaining DPPH (% DPPHRrewm) over time (min).

Redox property of HEE of B. virgilioides

The hydroethanolic extract of Bowdichia virgilioides showed a high capacity
to prevent lipid peroxidation that was induced by iron sulfate with respect to lipid
peroxidation induced by 2,2'-azobis(2-amidinopropane) dihydrochloride (AAPH). It
also showed a high potential as a chelating agent of transition metals and neutralizer

of Fenton reactions. Regarding the prevention of lipid peroxidation induced by two
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inductors, the results for hydroethanolic extract of Bowdichia virgilioides were

statistically similar (p > 0.05) to the positive control, Trolox, as shown in Figure 3.
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Figure 3. The effect of the hydroethanolic extract from the inner bark of B. virgilicides at a
concentration of 50 pg-mL"" on the lipid peroxidation induced by 2,2'-azobis(2-amidinopropane)
dihydrochloride (AAPH) (A) and FeSO.; (B). The results are shown as the concentration of
malondialdehyde formed (nmol-mL-"). Values are expressed as mean + standard deviation (SD).
Different letters on the graph stand for a statistical difference between the groups. The statistical
analysis was carried out using one-way ANOVA, followed by Bonferroni post-hoc test (P < 0.05). All

experiments herein were performed in triplicate.

Phytochemical profile and the total phenolic content of hydroethanolic extract

of Bowdichia virgilioides

The chromatographic profile assessed as HPLC-DAD of hydroethanolic
extract of Bowdichia virgilioides showed a characteristic fingerprint of medium to high
polarity substances similar to phenolic compounds as shown in Figure 4. This result

obtained was similar to Im and colleagues 391,
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Figure 4. Chromatographic profile of hydroethanolic extract from the inner bark of Bowdichia
virgilioides on the experimental 5:100% water/methanol condition gradient, measured at a wavelength
of 250 nm - 350 nm with the absorption spectra of UV / Vis prominent peaks (A) of spectra, and
segmented (B) for each peak: Peak 1 - band “A” 271 nm, and band “B” = 334 nm; Peak2 - band “A”
271 nm, and band “B” 336 nm; Peak3 - band “A” 269 nm, and band “B” 334nm; Peak 4 - band “A”
270 nm, and band “B” 335nm.

Quantification of the total phenol content
Total phenol content was quantified using the spectrophotometer, the total
phenolic compound content was assessed to be 128.05 + 26.10 mg eq AG/g of

extract from Bowdichia virgilioides.

Effect of hydroethanolic extract of Bowdichia virgilioides on the reduction or

prevention of oxidative stress induced by high intensity resistance training

To assess the effects of hydroethanolic extract of Bowdichia virgilioides in the

body, we studied the effects of ingesting hydroethanolic extract of Bowdichia
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virgilioides in animals trained during a resistance training period, whereby the
animals that ingested the Bowdichia virgilioides presented a reduction in some
oxidative stress markers. In Figure 5, we observe a significant reduction in plasma
(55.68%, p < 0.0001) and tissue (66.61%, p < 0.0012) lipid peroxidation in the group
that ingested hydroethanolic extract of Bowdichia virgilioides, trained group
bowdichia virgilioides (TBVG) during the training period compared to trained group
(TG). This finding shows that hydroethanolic extract of Bowdichia virgilioides can

effectively reduce oxidative stress in cellular lipid components.
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Figure 5. Effect of hydroethanolic extract intake from the inner bark of Bowdichia virgilioides on

plasma samples, and muscular lipid peroxidation induced by high-intensity exercise. (A) refers to
samples of plasma and (B) to muscular tissue from all animal groups: trained group (TG), trained
Bowdichia virgilioides group (TBVG), control group (CG) and group Bowdichia virgilioides (GBV), each
consisting of eight animals. The values represent the mean + standard deviation (SD), different letters
indicate significant differences between groups (P < 0.05). The statistical differences were determined
using one-way ANOVA, followed by Bonferroni post-hoc test. All experiments herein were performed

in triplicate.

Moreover, we also verified that the hydroethanolic extract of Bowdichia
virgilioides more efficiently prevented and/or reduced oxidative attachment of
proteins, as shown in Figure 6. Hydroethanolic extract of Bowdichia virgilioides
significantly prevented the oxidation of proteins in GBV compared to CG as well as in
trained group bowdichia virgilioides (TBVG) compared to trained group (TG). This
reduction or prevention of plasma and tissue oxidation is approximately 62.83% (p <
0.0005) and 54.97% (p < 0.0197), respectively, in group bowdichia virgilioides (GBV)
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compared to that in control group (CG). In the group trained bowdichia virgilioides
(TBVG) compared to trained group (TG), the rate of oxidative reduction prevention
was 58.90% (p < 0.0013) in the plasma and 52.75% (p < 0.0059) in the muscular

tissue.
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Figure 6. Effect of HEE of B. virgilioides on the oxidation induced by high intensity exercise. (A)
refers to samples of plasma and (B) to muscular tissue from all animal groups: trained group (TG),
trained Bowdichia virgilioides group (TBVG), Control group (CG) and Group Bowdichia virgilioides
(GBV), each consisting of eight animals. The values represent the mean * standard deviation (SD)
and different letters stand for significant differences between groups (P < 0.05). The statistical
differences were determined using one-way ANOVA followed by Bonferroni post-hoc test. All

experiments herein were performed in triplicate.

Effect of hydroethanolic extract of Bowdichia virgilioides on the prevention of

tissue damage induced by high intensity resistance training

The results presented in Table 2 suggest that high intensity resistance
training induces muscular tissue damage (Group TG vs. CG). There was a significant
increase (173.18%, p < 0.0001) in the amount of plasma creatine kinase (CK) in
trained group (TG) compared to control group (CG). We also observed that the
consumption of HEE of BV during training prevented an increase in the number of
marker enzymes of tissue damage in group trained bowdichia virgilioides (TBVG)
compared to that of group trained (TG) such as creatine kinase, alanine

aminotransferase and aspartate aminotransferase.
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Table 2. Serum concentrations of the tissue damage enzymes in UI/L.

GROUPS CK * (SD) LDH * (SD) ALTE (SD)  AST  (SD)
CG 1987 £35.21A  23.61+ 14.57AB 47.15 + 1289+
27.62A 42.76A

GBV 199.0 £ 72.13AC  875+3.948  10.05+7.848  92.95+
45.48~

TG 542.0+43.008 2712+ 17.19A 37.10 + 9257+
12.57A 23.90A

TBVG 101.4 £80.758C  925+5598  9.11+4.448 30.03 +
19.968

CK: creatine kinase, LDH: lactate dehydrogenase, ALT: alanine aminotransferase and AST: aspartate
aminotransferase. Trained group (TG), trained Bowdichia virgilioides Group (TBVG), control group
(CG), and group Bowdichia virgilioides (GBV).

* Values with different letters stand for significant differences (p < 0.05). Data presented as means

plus or minus standard deviation (SD). The statistical differences were determined using one-way

ANOVA followed by Bonferroni post-hoc test. (n = 8, for all animal groups).

Discussion

In this study, we showed that the intake of Hydroethanolic extract of
Bowdichia virgilioides caused a moderate antioxidant effect in vitro, although a
characteristic profile of substances with medium to high polarity has been diagnosed.
In addition, we reported a significant reduction in markers of oxidative stress and
muscle damage from rats submitted to resistance training when supplemented by

Hydroethanolic extract Bowdichia virgilioides.

According to Wang and Huang [#0], supplying animals with polyphenol-based
compounds can prevent lipid peroxide damage of cellular compounds. Similarly,
Bansala et al.*!l reported that products rich in polyphenols are also effective in
preventing both lipid peroxidation and protein oxidation in various animal tissues
subjected to a high-intensity exercise protocol. That is because some of these
compounds present amphipathic antioxidant properties, which increase their effects
on cellular structures, neutralizing both intracellular and extracellular oxidizing

agents.*2l Moreover, some of these polyphenols have significant antioxidant
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properties under low partial pressures of oxygen, a condition typical of skeletal

muscles during intense exercise.*3:44.45]

Phenols belong to a group of compounds whose structures extensively vary
(simple and complex) and are characterized by one or more hydroxyl groups linked
to an aromatic ring. They are subdivided into several categories, including simple
phenols, phenolic acids (derived from benzoic and cinnamic acid), coumarins,
flavonoids, stilbenes, condensed and hydrolysable tannins, lignans and lignins, which
also confirm the results of the phytochemical experiments.[27:48] |t also confirms that
these compounds are responsible for preventing lipid peroxidation, primarily due to
their capacity to chelate transition metals, cellular oxidizing agents, especially those

that interact with intracellular proteins. 4748l

When we assessed hydroethanolic extract Bowdichia Virgilioides through
chromatographic analysis (High-performance liquid chromatography), we detected
that peaks with absorption spectra in UV / VIS were characteristic of phenolic
compounds such as flavonoids. These absorption spectra show variation between
250 nm - 350 nm 9 as observed in the spectra. This evidence is supported by
studies of Im and colleagues,®8 which describe fingerprints characteristic for
phenolic compounds of varying polarity. Data suggest that these molecules may be
responsible for preventing lipid peroxidation detected after carrying out the proposed
resistance training in our study. That is partly due to the ability of phenols to chelate
transition metals, which prevents cellular oxidizing agents [“9. Moreover, the
compounds present in the extract are also capable of reducing lipid peroxidation,
thereby neutralizing peroxyl radicals that originate from the lipid peroxidation
cascade. The compounds present in the Bowdichia virgilioides extract were also
capable of reducing lipid peroxidation induced by 2,2'-azobis(2-amidinopropane)
dihydrochloride (AAPH) and neutralizing peroxyl radicals, suggesting that they have
an important role in the neutralization and sequestration of free radicals and chelation
of transition metals, frequently acting in the initiation and propagation stages of the
oxidative process.l?”l This process may occur due to the phenols present in the
hydroethanolic extract of Bowdichia virgilioides, which were similar to those found by

Dias et al.5%in Abarema cochliacarpos and that presented high antioxidant activity.
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The high antioxidant activity of phenols increases with the degree of
hydroxylation and depends on the rearrangement of functional groups around the
nuclear structure of the molecule.l514%1 Thus, during reaction with a free radical, these
compounds donate hydrogen with an unpaired electron, giving rise to another radical,
which is stabilized by the rearrangement of electrons produced in the molecular
resonance structure of the aromatic ring.l5253 The relevance of these data to this
study is based on the fact that many studies show a significant correlation between
high phenol content and antioxidant activity; that activity arises from the secondary
metabolism in plants possessing these phenols, being primarily attributed to the
hydroxyl groups attached to the aromatic ring. [45.52.53.54.55.56] Similar to extracts from
other species, the hydroethanolic extract of Bowdichia virgilioides appears to have an

antioxidant effect after the practice of intense resistance training.

Resistance training programs like the one adopted in this study are able to
generate changes in muscle fibers due to neural adaptations 7. Considering that
high intensity resistance training causes tissue damage,*?! animals subjected to the
intensity of 75% of 1RM show muscular damage, as demonstrated by the increase in
plasma Creatine kinase compared to control animals that did not engage in
resistance training. Such alterations may contribute to the development of
morphological adjustments in skeletal muscles (i.e. disruption of muscle fibers).
However, one limitation of our study was the use of high-intensity resistance training
for a period of four weeks. Thus, other studies should be made to demonstrate this

hypothesis.

Because high-intensity resistance training causes tissue damage,*2 this
study has shown that animals subjected to resistance training at 75% of 1RM
showed muscular damage, which was observed from the increase in specific and
non-specific markers in the serum. There is scientific consistency concerning the
enzymes as lactate dehydrogenase from the cytoplasm of skeletal muscle fibers
(58591  Aspartate aminotransferase from mitochondria of skeletal muscle and
hepatocytes, Alanine aminotransferase from cytoplasm of hepatocytes 69 and
Creatine kinase from cytoplasm of skeletal muscles, which increase in the serum as

a result of disturbances to plasma membrane integrity. The animals that were treated
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with hydroethanolic extract of Bowdichia Virgilioides showed a significant reduction in
all of these markers.

According to Clarkson and Huball®'l and Deminice,['®! the tissue damage
caused by intense exercise primarily depends on the intensity and type undertaken.
This damage usually occurs in contractile muscle fibers and components of the
cytoskeleton, causing rupture, widening or lengthening of the Z-line, which is the
contact point of contractile proteins and support for the transmission of force when
muscle fibers contract. Breakage of the muscle fiber membrane (sarcolemma) may
also occur.62 The exact mechanisms involved in muscle damage induced by
resistance training are still not fully understood.l63 However, the hypothesis that
metabolic stress is associated with an increase in reactive oxygen species (ROS),
with a consequence of oxidative stress, is becoming increasingly common in
literature.[® Mastaloudis et al. 6% stated that RT increases the metabolism of
prostanoids such as the enzymes xanthine oxidase and nicotinamide adenine
dinucleotide phosphate-oxidase (NADPH) oxidase, oxidation of purine bases and
proteins containing iron ions, and also causes disturbances in calcium (Ca?*)
homeostasis and other secondary sources. These events favor the increased
production of oxidizing agents, triggering damage to cells and tissues. [6667]
Nonetheless, these evidences may seem conflicting, as reported by Kerksick and
colleagues,[®® who state that each marker exhibits different responses to the
exercise. Regarding to lipid peroxidation, these authors found no increments
following a program of eccentric exercise, which may be justified depending on the
length, volume and intensity of the exercise adopted in both studies. Thus, our
results showed tissue damage caused by mechanical stress of exercise as
evidenced by the increase in serum levels of the enzyme markers as well as an

increase in lipid peroxidation and protein oxidation in the trained group.

This study showed that a lower degree of muscular damage and oxidative
stress in rats subjected to a high-intensity resistance training protocol were observed
after ingesting the hydroethanolic extract of Bowdichia virgilioides. Some authors

state that tissue damage caused by oxidative stress during high-intensity resistance
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training can be lessened through supplementation with antioxidants such as vitamins
C, E, A and products derived from medicinal plants such as polyphenols.[4243. 69, 38,36]
The results of this study are in agreement with those of Panza,*2 who
reported that the consumption of green tea can prevent oxidative stress, as well as
muscular damage in individuals engaged in high-intensity resistance training.
According to this same author, green tea is a natural product rich in polyphenols,
which are excellent antioxidants capable of neutralizing the deleterious effects of free
radicals and other oxidizing agents produced during physical exercise. The level of
phenols in hydroethanolic extract of Bowdichia virgilioides was moderate, and thus,
showed a moderate antioxidant activity in terms of reducing 2,2-difenil-1-

picrilhidrazina (DPPH) free radicals.

Consuming hydroethanolic extract of Bowdichia virgilioides significantly
reduced lipid peroxidation in the plasma and muscles of the animals in the group that
exercised and was treated with hydroethanolic extract of Bowdichia virgilioides.
Nevertheless, we also found that there was a reduction in the level of oxidized
protein in the group of animals who were given hydroethanolic extract of Bowdichia
virgilioides compared to those who only exercised. These data suggest that the
hydroethanolic extract can prevent or reduce muscular oxidative stress caused by
high-intensity resistance training as well as minimize or prevent muscular tissue
damage caused by oxidative stress. There was a reduction in the plasma creatine
kinase content in the group of animals that were given hydroethanolic extract of

Bowdichia virgilioides compared to the group that only engaged in exercise.

Conclusion

Our study showed that the hydroethanolic extract of Bowdichia virgilioides
could reduce some markers of oxidative stress and tissue damage caused by high-
intensity resistance training for a period of four weeks. We also suggested that the
intake of hydroethanolic extract of Bowdichia virgilioides during and/or after
resistance training may act as an important adjuvant to the reestablishment of

muscular function.
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V — CONCLUSAO

De acordo com os dados apresentados no presente trabalho, demonstramos
que existe uma correlagdo significativa entre o elevado conteudo fendlico e a
atividade antioxidante detectada no EHE de B. Virgilioides.

Assim O EHE da B. Virgilioides € capaz de proteger estruturas teciduais
contra os danos oxidativos produzidos pelo organismo, como também foi capaz de
prevenir lesdo tecidual em ratos induzidos ao estresse oxidativo através do exercicio

fisico resistido de alta intensidade.
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