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RESUMO

EFEITOS DO EXERCICIO RESISTIDO SOBRE A ATIVIDADE DAS ENZIMAS
ACETILCOLINESTERASE E NA*/K*ATPASE E ESTRESSE OXIDATIVO NA
HIPERTENSAO INDUZIDA POR L-NAME

Autor: Thauan Faccin Lopes
Orientadora: Prof2 Dra. Vera Maria Melchiors Morsch

A hipertenséo arterial sistémica (HAS) € uma doenca que afeta bilhdes de pessoas no
mundo, sendo fator de risco para outras inUmeras doencas cardiovasculares, podendo
chegar, inclusive, a afetar o cérebro através da ma distribuicdo de sangue. Em modelos
experimentais, a hipertenséo induzida é feita pela administracdo diaria de L-NAME. Ja
o treinamento resistido tem aparecido cada vez mais como uma alternativa auxiliar no
tratamento da HAS por apresentar efeitos anti-hipertensivos, antioxidantes e
neuroprotetores. Desse modo, o0 objetivo desse trabalho foi avaliar o efeito de 4
semanas de exercicio resistido em atividades enzimaticas e parametros de estresse
oxidativo no cortex cerebral de ratos com hipertenséo induzida por L-NAME. Para isso
foram utilizados 40 ratos machos divididos em 4 grupos: Sedentario Controle (Sed-
Ctrl), Exercicio Controle (Ex-Ctrl), Sedentario L-NAME (Sed-L-NAME) e Exercicio L-
NAME (Ex-L-NAME). A dose de L-NAME utilizada foi de 30mg/kg/dia e comegou uma
semana antes do inicio do protocolo de exercicio. Apos 48 horas da ultima sessao de
exercicio, as amostras foram coletadas para aviacdo dos niveis de nitritos e nitratos
(NOx), conteudo total de espécies reativas de oxigénio (tERO), proteina carbonil,
espécies reativas ao acido tiobarbiturico (TBARS), conteldo total de tidis e atividade
das enzimas glutationa peroxidase (GPx), redutase (GR), s-transferase (GST),
acetilcolinesterase (AChE) e Na*/K* ATPase. Os resultados obtidos demonstraram um
menor ganho de peso causado pelo L-NAME, que, na ultima semana, foi restaurado
aos niveis normais pelo exercicio. Além disso, foi encontrado niveis aumentados de
tERO e tidis no grupo Sed-L-NAME, ambos revertidos para o normal no grupo Ex-L-
NAME. O contetdo de NOx no grupo Sed-L-NAME diminuiu e o exercicio o restaurou
no grupo Ex-L-NAME. Um aumento da atividade da GPx no grupo Sed-L-NAME foi
observado e também seu restabelecimento no grupo Ex-L-NAME. Também pudemos
observar um aumento na atividade da AChE e uma reducdo na Na*/K* ATPase no
grupo Sed-L-NAME, mas o protocolo do exercicio resistido ndo conseguiu restaurar
esses parametros. As outras medidas analisadas —TBARS, carbonilacédo proteica, GR e
GST- nao apresentaram diferenca significativa. Espera-se com esses resultados
entender melhor os danos causados pela HAS no sistema nervoso central bem como
os efeitos deste protocolo de exercicio fisico como possivel auxilio no tratamento da
HAS.

Palavras-chave: Hipertensdo; cértex cerebral; estresse oxidativo; exercicio resistido;
L-NAME.



ABSTRACT

EFFECTS OF RESISTANCE EXERCISE ON ACTIVITY OF
ACETYLCHOLINESTERASE AND NA*/K*ATPASE AND OXIDATIVE STRESS IN L-
NAME-INDUCED HYPERTENSION

Author: Thauan Faccin Lopes
Advisor: Prof2 Dra. Vera Maria Melchiors Morsch

Hypertension (HT) is a disease that affects billions of people around the world, being a
risk factor for numerous other cardiovascular diseases, and may even affect the brain
through poor blood distribution. In experimental models, induced hypertension is by
daily administration of L-NAME. Resistance training has increasingly appeared as an
auxiliary alternative in the treatment of hypertension due to its antihypertensive,
antioxidant and neuroprotective effects. Thus, the objective of this study was to evaluate
the effect of 4 weeks of resistance exercise on enzymatic activities and oxidative stress
parameters in the cerebral cortex of rats with L-NAME-induced hypertension. For this
purpose, 40 rats were divided into four groups: Sedentary Control (Sed-Ctrl), Exercise
Control (Ex-Ctrl), Sedentary L-NAME (Sed-L-NAME) and Exercise L-NAME (Ex-L-
NAME). The L-NAME dose used was 30mg / kg / day and began one week before the
exercise protocol. After 48 hours of the last exercise session, the samples were
collected for the evaluations of nitrite and nitrate levels (NOXx), total reactive species of
oxygen (tROS), carbonyl protein, reactive species of thiobarbituric acid (TBARS), total
thiols content and the activity of glutathione’s peroxidase (GPx), redutase (GR) and s-
transferase (GST), acetilcolinesterase (AChE) and Na*/K* ATPase. In this experiment,
we saw an L-NAME-induced lower gain of weight, which was restored to normal levels
by the exercise, in the last week. We found increased levels of tROS and thiols in Sed-
L-NAME group, both reverted to standard in Ex-L-NAME group. The NOx content in the
Sed-L-NAME group decreased and the exercise restored it in Ex-L-NAME group. An
increased activity of GPx for the Sed-L-NAME group was observed and its
reestablishment in the Ex-L-NAME group was seen. We also could see an increased
activity in AChE and a reduction in Na*/K* ATPase of Sed-L-NAME groups, but the
resistance exercise protocol was not able to restore this parameters. The other
measures —TBARS, protein carbonylation, GR and GST- did not present a significant
difference. These results are expected to better understand the damage caused by
hypertension in the central nervous system as well as the effects of this exercise
protocol as a possible aid in the treatment of HT.

Keywords: Hypertension; cerebral cortex; oxidative stress; resistance exercise; L-
NAME.
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APRESENTACAO

Os resultados obtidos nesta dissertacdo estdo apresentados sob a forma
de um manuscrito, e podem ser encontrados no item 4. As secOes Materiais e
Métodos, Resultados, Discussdo e Referéncias encontram -se no proprio

manuscrito e representam a integra deste estudo.

As referéncias bibliograficas aqui presentes, no item 6, referem-se somente
as citacles utilizadas nos itens 1 - Introducéo - e 3 - Reviséo Bibliografica - desta

dissertacao.

O manuscrito esta estruturado de acordo com as normas da revista cientifica

para a qual foi submetido para publicacdo: Experimental Physiology.

O presente trabalho foi realizado com apoio da Coordenacdo de
Aperfeicoamento de Pessoal de Nivel Superior - Brasil (Capes) - Codigo de

Financiamento 001.
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1. INTRODUCAO

A hipertensdo arterial sistémica (HAS) é uma doenca cronica e de etiologia
multifatorial (KEARNEY et al., 2005). O numero de hipertensos no mundo aumentou de
600 milhbes na década de 80 para mais de 1 bilhdo de pessoas em 2008
(ORGANIZACAO MUNDIAL DA SAUDE, 2013). No Brasil cerca de 32,5% da
populacdo adulta (36 milhdes de pessoas) é hipertensa, com a prevaléncia acima de
60% em idosos (SOCIEDADE BRASILEIRA DE HIPERTENSAO, 2016).
Consequentemente estima-se que até 2025 cerca de 1,25 bilhdes de pessoas sejam
afetadas por essa doenca (KEARNEY et al., 2005). A progressao da hipertensao, e o
descaso no seu tratamento, esta associada a eventos cardiovasculares perigosos
como o infarto agudo do miocérdio e o acidente vascular encefalico (METHA, 2001).

A HAS, em seus mecanismos fisiopatolégicos, causa alteracdes na funcéo
endotelial que resultam em uma menor biodisponibilidade de 6xido nitrico (NOXx), o que
esta diretamente relacionado com o estresse oxidativo (HUSAIN et al., 2015). O NOx,
por sua vez, é um gas liberado na corrente sanguinea com funcdo altamente
vasodilatadora. Seus metabdlitos, os nitritos e nitratos, sdo moléculas endécrinas que
sao transportadas no sangue, acumulam-se nos tecidos e tém potencial para serem
reconvertidas a NOx sob condicbes fisiolégicas estaveis (JENSEN, 2009; KIM-
SHAPIRO et al, 2006). No cérebro, o NOx tem funcbes primarias de neurotransmissao
e neuromodulagdo, agindo como um neurotransmissor em nervos perivasculares
(ISHIOKA et al., 2014; ANTOSOVA et al. 2005).

Entretanto, para que se tenha um modelo animal experimental da HAS faz-se
necessario a administracdo da substancia Nw-Nitro-L-arginina-metil-ester (comumente
conhecido como L-NAME), um analogo e antagonista do aminoacido l|-arginina -o qual
€ necessario para a sintese de NOx pela enzima 6xido nitrico sintase (NOS)-. Dessa
forma, baixas concentragcdes de NOx, causam vasoconstricdo e consequentemente o
aumento da pressao arterial. Somado ao aumento de ERO faz-se, entdo, com que se
tenha um quadro experimental de hipertensdo induzida (BERNATOVA et al, 2002;
SCHULZ et. al 2008; BHATT et. al 2014).

O estresse oxidativo é um fendmeno biolégico caracterizado pelo aumento da
producdo das espécies reativas de oxigénio (ERO) (MARCHESI et al., 2008). As ERO
e os radicais livres sdo mediadores de varias formas de danos nos tecidos, e estdo

presentes nas lesdes isquémicas e respostas inflamatoérias. (PARAVICINI et al., 2008;

14



MARCHESI et al., 2008). Diante do aumento das ERO h& um aumento das defesas
antioxidantes na tentativa de recuperar o balanco oxidativo celular e compensar o
excesso de radicais livres na circulagéo (TSUTSUI et al., 2011).

Por outro lado, o sistema antioxidante funciona através da atividade de diversas
enzimas a fim de combater os radicais livres e as espécies reativas, como, por
exemplo, a superéxido dismutase (SOD) que catalisa a dismutagdo do O2" em H20:.
Consequentemente, o H202 é reduzido a H20 e Oz por peroxidases tais como a
catalase e a glutationa peroxidase (GPx) (HALLIWELL et al, 2007; DALLE-DONNE et
al., 2006). No caso do sistema das glutationas, a GPx desfaz a molécula de H20:2
através da reducdo de uma molécula de glutationa reduzida (GSH) em glutationa
oxidada (GSSG). A GSSG pode ser reduzida novamente pela acdo da enzima
glutationa redutase (GR). Por fim a enzima glutationa s-transferase (GST) é
responsavel pela excrecdo de moléculas s-conjugadas de glutationa.

Além disso, visto que HAS pode afetar o cérebro e o sistema nervoso central
(SNC), é de suma importancia que os mantenhamos bem cuidados e em pleno
funcionamento. Para isso, € consideravel a avaliacdo da atividade das enzimas
acetilcolinesterase (AChE) e Na*K*ATPase. A primeira regula os niveis de acetilcolina
(ACh) na fenda sinaptica e € a principal enzima do sistema colinérgico, uma das vias
mais importantes na modulacdo do SNC e periférico (PALEARI et al. 2008). Logo,
qualquer alteracdo na atividade dessa enzima pode levar a variacdes, para mais ou
para menos, do conteido de ACh no cérebro, afetando funcdes cognitivas como
memoéria e aprendizado e também funcgbes fisiolégicas do organismo (CHEN et. al
2000; KANEKO et al. 2006). Ja a segunda exerce um papel de grande importancia na
manutencdo do potencial de repouso de células de diversos tecidos, como por
exemplo, células nervosas, cardiacas e musculares. No SNC, a atividade dessa enzima
controla o gradiente eletroquimico através da membrana plasmatica, o qual
desregulado pode afetar a atividade neural, bem como a neurotransmissédo. Estudos
mostram que as ERO podem reduzir a atividade da Na*, K* -ATPase no cérebro,
levando a déficits de comportamento e memoria (LIMA et al. 2008).

Visto os altos indices de prevaléncia da hipertensdo, suas possiveis complicacdes
e 0 desencadeamento de outras doencas, investigacdes recentes tém destacado a
importancia do exercicio fisico na HAS (CORNELISSEN et al., 2011; CARDOSO et al.,
2013).

Nos ultimos anos algumas sociedades médicas nacionais e internacionais, como
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a Sociedade Brasileira de Hipertensdo (SBH) e a Organizacdo Mundial da Saude
(OMS), introduziram o exercicio fisico como intervencdo ndo medicamentosa no
tratamento da HAS. Alguns estudos vém demonstrando reducdes na pressao arterial
em individuos hipertensos através do treinamento com exercicios resistidos (TR)
(QUEIROZ et al, 2015; QUEIROZ et al., 2013). Assim, o efeito observado é de
hipotensdo poOs-exercicio, caracterizado pela diminuicdo dos niveis pressoéricos apos
uma e/ou algumas sessoes de TR.

O exercicio resistido € qualquer forma de exercicio que faz com que os musculos
contraiam contra a resisténcia externa, com a expectativa de aumentar a forca
muscular, a massa e a densidade Ossea. O exercicio resistido também melhora a
dislipidemia, hipertensdo e resisténcia a insulina (CASTANEDA et. al, 2002;
HALLSWORTH et. al, 2011; LEMES et. al, 2016). Uma caracteristica do exercicio
resistido € que ele melhora os parametros metabdlicos com menos consumo de
energia (CHATZINIKOLAOU et. al, 2008). No entanto, o exercicio resistido pode ser
menos acessivel que o exercicio aerObico, devido a exigéncia de equipamento
especializado e métodos especificos de exercicio.

Dessa maneira, esse estudo buscou investigar os danos causados no cortex
cerebral de animais com hipertensdo induzida por L-NAME e se o TR, por sua vez, foi
eficaz como sendo uma intervencdo ndo-medicamentosa para essa doenca. Sendo
assim, espera-se que os dados deste trabalho incentivem a pratica de exercicios fisicos
de forma regular, ndo sé como tratamento para doencas, mas também como op¢ao por

uma melhor qualidade de vida as pessoas.
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2. OBJETIVOS
2.1 OBJETIVO GERAL

Investigar os efeitos de um protocolo de exercicio resistido em cérebro de ratos
com hipertensdo induzida por L-NAME em atividades enzimaticas e parametros de

estresse oxidativo.

2.2 OBJETIVOS ESPECIFICOS
Em cértex cerebral de ratos com hipertensao induzida por L-NAME e submetidos

a um protocolo de 4 semanas de exercicio fisico resistido foi avaliado:

e O conteudo de nitritos e nitratos (NOX);

¢ Os niveis de espécies reativas de oxigénio totais (tERO);

¢ A peroxidacao lipidica e carbonilacéo proteica;

e O conteudo de ti6is totais;

e A atividade das enzimas glutationa peroxidase, glutationa redutase, glutationa s-

transferase, acetilcolinesterase e Na*/K* ATPase.
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3. REVISAO BIBLIOGRAFICA

3.1 HIPERTENSAO ARTERIAL SISTOLICA (HAS)

A HAS é caracterizada por um quadro clinico de elevacédo cronica da pressao
arterial (PA) (Sociedade Brasileira de Hipertensao, 2010) e contribui substancialmente
para o aumento das taxas de mortalidade devido a doencas cardio e
cerebrovasculares (MESSERLI et al., 2007). A SBH (2016) alerta para a associacao
independente da HAS com eventos como infarto agudo do miocardio, acidente
vascular encefalico, morte subita, insuficiéncia cardiaca, doenca arterial periférica e
doenca renal cronica.

No Brasil, a associagdo entre o aumento da PA e essas doencas pode ser
observada a partir de niveis acima de 130x85mmHg, estagio caracterizado como pré-
hipertensdo (Figura 1). Além disso, novas diretrizes publicadas pelo Colégio
Americano de Cardiologia, em 2017 (Figura 2), ja consideram a pressao arterial

sistolica elevada entre 120-129 mmHg.

Classificacdo Pressao Sistdlica Pressdo Diastolica
(mmHg) (mmHg)
Otima <120 < 80
Normal <130 < 85
Limitrofe 130-139 85-89
Hipertensao
Estagio 1 (leve) 140-159 90-99
Estagio 2 (moderada) 160-179 100-109
Estagio 3 (grave) > 180 > 110

Figura 1: Valores de referéncia vigentes para hipertensdo no Brasil. (Fonte: Sociedade Brasileira de
Hipertenséo, 2010)

NORMAL ABAIXODE 120 MENOR QUE 80
ELEVADA 120-129 e MENOR QUE 80
PRESSAQ ALTA 130 - 139

(HIPERTENSAD) ESTAGIO 1

Figura 2: Valores de referéncia para hipertensdo nos EUA. (Fonte: adaptado de American College of
Cardiology, 2017)
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A Associacdo Americana do Coracao (American Heart Association, 2017) traz
dois grupos de fatores de risco para hipertensédo: os nao-modificaveis, como histérico
familiar, idade, sexo e raca, e os modificaveis, como a falta de exercicio fisico, dieta
desbalanceada, alta ingestdo de soddio, obesidade, excesso de alcool, apneia do
sono, colesterol alto, tabagismo e estresse.

Dados mais atuais trazidos pela OMS (2019) estimam ja haver cerca de 1.13
bilhdes de hipertensos no mundo, e a grande maioria em paises de baixa e média
renda. Além disso, a taxa de prevaléncia da HAS em 2015 era de 1 a cada 4 homens
e 1 a cada 5 mulheres.

Devido as complicacdes decorrentes da HAS (cardiacas, renais e cerebrais),
estima-se que o impacto econémico na renda familiar dos brasileiros pela perda da
produtividade de trabalho seja de cerca de US$ 4,18 bilhées entre 2006 e 2015 (SBH,
2016).

A 72 Diretriz Brasileira de Hipertensdo Arterial, recentemente constatou que o
controle da hipertensdo no Brasil, nas regiées Sudeste, Sul e Centro Oeste, € muito
baixo, variando de 10,1% a 35,5%. Parafraseando o Dr. Marcus Bolivar Malachias,

ex-presidente da SBH:

“A hipertensdo é uma doencga silenciosa com
tratamento conhecido, mas que os brasileiros
ainda negligenciam por ndo aderirem ao
tratamento quando € diagnosticada, ou por
sequer saberem que tém presséo alta.”

Por consequéncia, estima-se que 17.9 milhdes de pessoas morreram por causa
de doencas cardiovasculares em 2016, representando 31% de todas as mortes do
mundo naquele ano (OMS, 2017). Dessas mortes, 85% foram por infarto agudo do
miocardio e acidente vascular encefalico, eventos comumente associados a HAS.
Esses numeros fazem com que as doencas cardiovasculares sejam a principal causa
de mortes no mundo todo. Segundo o Ministério da Saude, em 2017 no Brasil houve
141.878 mortes devido a HAS ou a causas atribuidas. Sao cerca de 388,7 mortes por
dia, ou 16,2 por hora.

Entre os mecanismos de desenvolvimento da HAS, € importante destacar a
disfuncdo endotelial que acontece, principalmente, devido a um desequilibrio redox-

nitrosativo causado pela doenca (HUSAIN et al, 2015). Com o aumento das ERO, o
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anion superoéxido (O2" 7), derivado em grande quantidade de erros inatos da cadeia
transportadora de elétrons e também de enzimas como NADPH oxidase e xantina
oxidase, reage de forma muito rapida com o NOXx circulante, formando peroxinitrito
(ONOO") (HUIE & PADMAJA, 1993), outra espécie altamente reativa (LANDMESSER
et al, 2002). Assim, a HAS pode ser considerada uma sindrome que se caracteriza
pela reducdo da vasodilatacdo endotélio-dependente, causada pela diminuicdo dos
niveis de NOx (SU, 2015). Desse modo podemos perceber uma relacdo importante

entre o estresse oxidativo e a HAS.

3.2 ESTRESSE OXIDATIVO

O estresse oxidativo é um fendmeno biolégico caracterizado pelo aumento da
producdo das espécies reativas de oxigénio e nitrogénio. Esse fendbmeno ocorre
guando nossas defesas antioxidantes ndo sdo capazes de deter a alta producao de
ERO, causando um quadro de desequilibrio redox (CRUZAT et al, 2007),
exemplificado na figura 3.

Defesas antioxidantes

ERQ, radicais livres

Estresse oxidativa

Figura 3: Desequilibrio redox e estresse oxidativo. (Fonte: elaborado pelo autor)

Quando em concentracdes adequadas no organismo, algumas ERO, como o
anion superoxido (02" 7), peroxido de hidrogénio (H202) e radical hidroxila (OHe),
podem exercer fungbes fisiologicas de sinalizacdo celular e combate a agentes
infecciosos (VALKO et al, 2007). Entretanto, em altas quantidades podem causar
injarias em varias moléculas, como lipideos e proteinas da membrana plasmatica e

até no DNA (DALLE-DONNE et al, 2006), pela sua capacidade de remover elétrons
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dos compostos celulares (HENDRE et al, 2013).

Dentre as defesas antioxidantes do nosso organismo podemos citar dois grandes
grupos: as enzimaticas (Figura 4) e as ndo-enziméticas. No primeiro grupo destacam-
se as enzimas superoxido dismutase (SOD), que catalisa a dismutacdo do O2"~ em
H20:2, catalase e glutationa peroxidase (GPx), que reduzem o peroxido de hidrogénio
em H20 e O2 (no caso da GPx é necessario uma molécula de glutationa reduzida para
gue aconteca a reacao) e glutationa s-transferase, que por sua vez € responsavel por
inativar e excretar metabolitos secundarios das células, como aldeidos e
hidroperoxidos (BIRBEN et al 2012). Entre as nao-enzimaticas podemos citar
moléculas de baixo peso molecular como as vitaminas C e E, as glutationas e outros
compostos que apresentam grupamento tiol (R-SH). Essas moléculas atuam
principalmente como doadoras de elétrons a fim de neutralizar as ERO e os radicais
livres (BIRBEN et al, 2012).

NADPH NADP+ GSH + Xenobidtico (X)
>_< GSTl
H20 + 02 GR GSX
GSH GSSG
catalase C )
oy — 290 1o GEx > Hi0
+ OH Dano oxidativo

NO‘—“ﬁnmkh__ﬁﬂmh f//f/f///ﬂ
ONOO -

Figura 4: Defesas antioxidantes enziméticas. (Fonte: elaborado pelo autor)

Visto que as ERO podem reduzir a biodisponibilidade de NOx na circulagéo, essa
molécula se tornou um fator critico quando se discute a hipertensdo. Ja esta
estabelecido que o NOx apresenta um potente efeito vasodilatador (CARDOSO et al
2012), melhorando a circulagdo sanguinea e consequentemente o aporte de oxigénio
e glicose no cérebro. Com base nesses efeitos, essa molécula tem sido proposta com
propriedades neuroprotetoras, além de efeitos anti-hipertensivos, antitromboticos e
anti-ateroscleroticos (TOUSOULIS et al, 2012).

Além disso, ao se difundir das células endoteliais para as células musculares
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lisas, o NOx proporciona relaxamento e vasodilatacdo. Dessa forma, ha um
mecanismo onde essas moléculas sdo capazes de reduzir a resisténcia vascular
periférica e diminuir a presséo arterial (LARSEN & MATCHKOV, 2016).

Desse modo, tendo o estresse oxidativo como um possivel alvo de intervencéo na
HAS e a importancia do equilibrio redox nessa patologia, diferentes estratégias
terapéuticas vem sendo sugeridas como tratamento para essa doenca, incluindo o
exercicio fisico (CARDOSO et al, 2012; MONTEZANO et al, 2015).

3.3 EXERCICIO FisICO

A préatica de atividades fisicas e esportes no Brasil tem crescido ao longo dos
anos e chegou a marca de 61,3 milhdes de pessoas em 2015, segundo dados do
Instituto Brasileiro de Geografia e Estatistica (IBGE). Dentre os esportes, a
modalidade mais praticada € o futebol e, dentre as atividades fisicas, em primeiro
lugar vem a caminhada, seguido pelas academias/fitness e pela musculagéo (IBGE,
2015).

Além disso, na Figura 5 podemos notar que a populacdo jovem (15 a 17 anos) é
guem mais pratica atividades fisicas e esportes no Brasil. Também vemos que a
pratica decai gradativamente com o passar dos anos, 0 que pode se tornar um fator
de risco para diversas causas negativas e doencas.
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Figura 5: Percentual de pessoas que praticaram algum esporte ou atividade fisica, no periodo de 365

dias, em 2015, na populacéo de 15 anos ou mais de idade, por grupos de idade. (Fonte: IBGE, 2015).
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O médico brasileiro, Dr. Drauzio Varella, em seu artigo “Ai, que preguica” alerta
para a importancia da pratica de atividades fisicas e para o risco do sedentarismo:

‘O corpo humano é uma maquina
desenhada para o movimento, portanto,
nao projetada para o estilo de vida que se
leva hoje em dia. Por isso, os efeitos
adversos da praticidade contemporanea
ndo demoraram a surgir.”

Nesse trecho, o Dr. Varella alerta que nossos corpos foram feitos para se
exercitar e movimentar, € ndo para as excessivas comodidades da vida moderna.
Assim, com o sedentarismo em alta, logo comecam a aparecer as dores localizadas,
0 cansaco com pequenos esforgos e as doencas.

Nesse contexto, € importante ressaltar as diferencas entre os termos atividade
fisica e exercicio fisico. Atividade fisica inclui os movimentos corporais com gasto
energético acima dos niveis de repouso, incluindo atividades diarias como banhar-se,
atividades do trabalho, andar, carregar objetos; e as atividades de lazer, como dancar,
praticar esportes ou se exercitar (Caspersen, 1985; Shepard & Balady, 1999). Para
esses autores, o0 exercicio fisico se diferencia pela intencionalidade do movimento, ou
seja, é planejado, estruturado por um profissional da area e repetitivo. Dessa forma, o
propésito do exercicio fisico € a manutencdo ou otimizacdo do condicionamento
fisico. Pate et. al (1995) também complementa que o exercicio fisico objetiva melhorar
um ou mais componentes de aptiddo fisica: condicionamento aerdbico, forca e
flexibilidade.

Ja o treinamento resistido (TR), também chamado de musculag&o ou treinamento
de forca, é amplamente praticado em academias do Brasil e do mundo, caracterizado
pela execugédo de exercicios contra uma determinada resisténcia, durante um curto
periodo de tempo, praticado principalmente em intensidade moderada ou alta, sem a
utilizac&@o de oxigénio como principal substrato energético (GOMES et al., 2012).

Entretanto, dados recentes estimam que 47% da populacdo brasileira, de ambos
0S sexos e acima de 18 anos, ndo praticam atividade fisica suficiente (OMS, 2016).
Além disso, essa organizacdo alerta que a falta de atividade fisica € um dos principais
fatores de risco para morte no mundo, por aumentar a chance de se obter doencas
nao-comunicaveis, como doengas cardiovasculares, cancer e diabetes (OMS, 2018).
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Assim sendo, cabe ressaltar alguns dos beneficios da pratica regular de
atividades fisicas, como a melhora muscular e cardiorrespiratéria, fortalecimento
0sseo, manutencdo e controle da massa corporal e do equilibrio energético (OMS,
2018). Além disso, cada vez mais estudos cientificos vém destacando o papel do
exercicio fisico para melhora de marcadores do estresse oxidativo, aumento da
resposta antioxidante e também no aprimoramento da capacidade oxidativa do
musculo esquelético e do cérebro (CARDOSO et al., 2012; CLAUDINO et al., 2010;
POWERS, 2010; RADAK et al., 2005).

Estudos tém demonstrado que durante o exercicio fisico ha um aumento da
producédo de ERO, de forma benéfica, levando a uma adapta¢do do organismo e um
posterior aumento na atividade de enzimas antioxidantes (CARDOSO et al, 2012;
RADAK et al., 2005) melhorando essa capacidade fisioldgica de protecéo e reduzindo
0 dano oxidativo durante e depois do exercicio. Ou seja, constantes episodios agudos
de estresse oxidativo, durante o exercicio, podem manifestar resultados positivos
ativando vias de sinalizacdo que levam a adaptacao celular (POWERS, 2010).

Considerando a HAS, muitos trabalhos vém sendo feitos para tentar entender e
esclarecer a associacdo do exercicio fisico com essa doenca. Um dos principais
mecanismos observados pelos estudos € o de hipotensdo pos-exercicio.
(BORJESSON et al, 2016; SIMAO et al, 2005). Embora haja evidéncias da reducéo
da presséao arterial pelo treinamento resistido (UMPIERRE & STEIN, 2007; FAGARD,
2006), o exercicio aerdbico é guem ganha mais crédito nesse quesito por ser alvo de
maior numero de estudos realizados e analisados (BOUTCHER & BOUTCHER,
2016).

Essa menor propor¢cdo de dados na literatura sobre os efeitos do exercicio
resistido na HAS traz reflexos para o cotidiano, fazendo com que se prescreva e
recomende, principalmente, a pratica aerdbica. Entretanto, o exercicio resistido vem
se mostrando eficaz, sobretudo, na reducdo da pressao diastélica, reduzindo a
resisténcia vascular periférica (CORNELISSEN & SMART, 2013). Uma meta-analise
verificou uma reducdo de cerca de -3,87 mmHg para presséao sistélica e -3,6 mmHg
para pressao diastolica em protocolos de exercicios resistidos (CORNELISSEN et al,
2011). Reducdes desses valores de pressao arterial ja sdo relacionados com um
menor risco de infarto (5%) e acidente vascular encefalico (8%) (LEWINGTON et al,
2002).

Entretanto, sob outras perspectivas, os estudos envolvendo o exercicio resistido
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vem aumentando e ganhando destaque na comunidade académica. Lee e
colaboradores (2018) mostraram que 8 semanas de exercicio de subir escadas, em
ratos diabéticos, foi capaz de melhorar o quadro oxidativo dos animais,
reestabelecendo a atividade de enzimas antioxidantes e reduzindo a expressao de
marcadores pré-apoptéticos. Em outro estudo, um protocolo similar de exercicio
resistido foi capaz de reduzir marcadores de estresse oxidativo e de dano muscular
em animais portadores de tumor (PADILHA et al, 2017).

Além disso, foi verificado que uma Unica sessdo de exercicio resistido aumentou o
fluxo sanguineo e os niveis de nitritos plasmaticos de pacientes com doenca arterial
periférica (LIMA et al, 2015). Desse modo, estima-se que a producdo de H202 por
uma sessdo aguda de exercicio esta altamente associada com a regulacdo e
sinalizacdo de vias que estimulam o sistema de defesas antioxidantes (WANG et al,
2016).

Embora os mecanismos pelo qual o exercicio fisico exerce efeitos anti-
hipertensivos ndo estarem bem claros ainda, tem sido sugerido que o relaxamento
endotélio-dependente e a adaptacdo endotelial séo, sobretudo, mediadas pelo
aumento significativo na producdo de NOx e/ou pela reducéo na eliminacdo de NOx
pelas ERO (PETERS et al, 2006; MCGOWAN et al, 2007). Nesse contexto, € relatado
uma melhora nos niveis de NOx em animais submetidos a administracdo de L-NAME

guando condicionados ao exercicio fisico (CLAUDINO et al., 2010).
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What is the central question for this study?
Hypertension (HT) is know to cause oxidative stress and enzymatic alterations and

resistance exercise is know to enhance antioxidant defenses. However, it's not clear the

effects of this disease in the brain and if exercise could protect it.
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What is the main finding and its importance?

We saw that HT is clearly affecting the brain. We show that resistance exercise could
attenuate cerebral damage induced by L-NAME administration. The role of resistance
exercise in protecting brain damage from HT has not previously been reported and

demonstrates to be a good therapeutic option.

Abstract

Hypertension (HT) is a health problem, contributing to increased mortality rates.
In experimental models, HT is induced by the administration of L-NAME. Resistance
exercise is known to improve oxidative parameters, but the mechanisms by which it
promotes antihypertensive effects are not clear. This study evaluated the oxidative
stress and activities of enzymes on the cerebral cortex of hypertensive rats after four
weeks of resistance exercise. The animals were divided into four groups: Sedentary
Control (Sed-Ctrl), Exercise Control (Ex-Ctrl), Sedentary L-NAME (Sed-L-NAME), and
Exercise L-NAME (Ex-L-NAME); exercise groups performed a protocol of climbing stairs
with overload. Samples were collected for the evaluation of nitrite and nitrate levels
(NOx), carbonyl protein, TBARS, total reactive oxygen species (tROS), total thiol
content, glutathione peroxidase (GPx), glutathione reductase (GR), glutathione s-
transferase (GST), acetylcholinesterase (AChE), and Na*/K*-ATPase. We observed that
L-NAME reduced weight gain, which was restored to normal levels by exercise. We
found increased tROS and thiols in Sed-L-NAME group, but both reverted to standard
levels in Ex-L-NAME group. The NOXx levels in the Sed-L-NAME group decreased and it
was restored by exercise. Increased GPx activity in the Sed-L-NAME group was
observed, as well as its reestablishment in the Ex-L-NAME group. We also observed
increased AChE and Na*/K*-ATPase activity in the Sed-L-NAME group, but the
exercise was not able to restore these parameters. Our findings suggest physical
exercise is able to reduce the effects caused by L-NAME-induced hypertension in the
cerebral cortex and can be considered a promising therapeutic model against HT.

1. Introduction

Hypertension (HT) is a worldwide health care problem, contributing to the increase
of mortality rates due to heart and brain diseases (Messerli et al.,, 2007). Projections

suggests that until 2025, there will be nearly 1.56 billion cases of HT around the world.
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(Kearney et al., 2005; World Health Organization, 2013).

It is well known that nitric oxide (NOx) possesses a potent vasodilator effect
(Cardoso et al., 2012), improving blood flow, and consequently the access to oxygen
and glucose in the brain. Based on these effects, this molecule has been proposed to
be neuroprotective, as well as antihypertensive, anti-atherosclerotic, and antithrombotic
(Tousoulis et al., 2012). In the brain, NOx functions primarily as a neurotransmitter and
a neuromodulator. By acting in perivascular vasodilator nerves, it has been suggested
that NOx acts as the main neurotransmitter in the non-adrenergic and non-cholinergic
inhibitory system (Ishioka et al., 2014; Antosova et al., 2005).

Chronic NOx inhibition promotes vasoconstriction, which increases blood pressure
and causes, physiologically and pathologically, an experimental model of HT (Baylis et
al. 1992). For this model purpose, the administration of Nw-Nitro-L-arginine-methyl-
ester (L-NAME) works by competing with his analogue, the amino acid I-arginine,
reducing the production of NOx by the nitric oxide synthase (NOS) enzyme.

Regarding cell damage caused by HT, the production of malondialdehyde (MDA)
and protein carbonylation are important biomarkers of oxidative stress, as they are
indicative of damaged lipids and proteins of the cell membrane, respectively (Dalle-
donne et al., 2006; Cardoso A. M et al., 2012). These markers are very important since
the brain is rich in polyunsaturated lipids, such sphingolipids, phospholipid membranes
and the myelin sheath of axons.

In addition, the production of reactive oxygen species (ROS) in HT are increased by
several mechanisms, such as the production of hydrogen peroxide (H202) and
peroxynitrite (ONOO"), for example, which contributes to the progression of neural
diseases, such as stroke (Harrinson et al., 2007).

In contrast, glutathione is the main endogenous antioxidant agent in the body,
preventing damage to important cellular components and participating in the direct
neutralization of free radicals through its enzyme system (Diaz-Vivancos, 2015). Thus,
the function of the glutathione system in the brain is of great importance because the
antioxidant system is present in a lower rate in this region (Goraca & Astanowicz-
Antkowiak, 2009).

Therefore, since HT can affect the brain, it seems reasonable to evaluate whether
HT affects the activity of two enzymes that are very important for proper brain function,
acetylcholinesterase (AChE) and Na*/K*-ATPase. AChE is known to regulate the levels

of acetylcholine in the synaptic cleft, being the main enzyme in the cholinergic system
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(Paleari et al., 2008). Na*/K*-ATPase maintains the resting potential of cells and
controls the electrochemical gradient across the plasma membrane (Lima et al., 2008).

Regular physical exercise is recognized as a coadjutant in the treatment and/or
prevention of HT due to its antihypertensive effects, such as the reduction of blood
pressure (Humphrey, 2001; Cardoso et al., 2012, 2014). Recent studies have shown
that during physical exercise, there is an increase in the production of total ROS,
leading to the subsequent increase in the activity of antioxidant enzymes (Cardoso et
al., 2012), improving this physiological capacity of protection. Thus, constant acute
oxidative stresses may manifest beneficial results by activating signaling pathways, like
MmTOR, MAPK and ERKSs, leading to cellular adaptation (Powers, 2010).

Therefore, the purpose of this study was to evaluate the oxidative stress parameters
and the activity of antioxidant enzymes, AChE and Na'/K*-ATPase in the cerebral
cortex of L-NAME-induced hypertensive rats after four weeks of a resistance exercise

protocol.

2. Material and Methods

2.1 Animals

Forty male Wistar rats, (70-90 days, 250-300 g) obtained from the Biotério
Central of the Federal University of Santa Maria, were used in this experiment. The
animals were kept at controlled temperature (23 °C + 2), with a light/dark cycle of 12
hours and free access to food and water. The Ethics Committee of Animal Use of
this university, under the protocol number: CEUA n°® 7356221117, approved this

study and project.

2.2 L-NAME—-induced hypertension

The animals were randomly distributed into four groups: Sedentary Control (Sed-
Ctrl), Exercise Control (Ex-Ctrl), Sedentary L-NAME (Sed-L-NAME), and Exercise L-
NAME (Ex-L-NAME), with n = 10 in each group. The induction of HT was completed
by oral administration, via gavage, of L-NAME every day of the experiment. A
median dose was chosen (30 mg/kg/day) based on previous studies (Cardoso,
2012, 2014; Furstenau, 2008).

2.3 Resistance exercise protocol in experimental models
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The exercise protocol consisted of the rats climbing stairs carrying an overload
(Lee, 2003; Kim et al., 2015). First, the groups that participated in the exercise
protocol had a training period to learn the processes of climbing, for one week on
non-consecutive days, without overload. Subsequently, the animals were
encouraged to perform 10 climbs (with 80% of body weight-overload) on a vertical
ladder (80° slope) with equivalent weights attached to their tails, for four weeks. The
animals had 30—60 seconds of rest at each climb in a dark box atop the stairs. We
gently guided the animals to keep going up the stairs if they stopped climbing. No
rewards were used during the resting place. The protocol continued for four weeks,
three times a week, on non-consecutive days. In the beginning of the experiment,
and at the end of each week, the animals were weighed and the overloads adjusted

according to the values, for the intensity maintenance.

2.5 Collection of biological material

Forty-eight hours after the last training session, the animals were anesthetized
with an i.p injection of ketamine (90 mg/kg) and xylazine (3 mg/kg) and submitted to
euthanasia. Soon after, the cerebral cortex was separated and put in a freezer at -80

°C until use for the biochemical analyses.

2.6 Nitrite and nitrate contents

The NOx content in the cerebral cortex was stimulated in a medium containing
100 pL of 2% VCls (in 5% HCI), 50 yL of 0.1% N-(1-naphthyl)ethylenediamine
dihydrochloride, and 50 pL of 2% sulfanilamide (in 5% HCI). After incubation at 37
°C for 60 minutes, the levels of nitrites and nitrates, which correspond to an estimate
of NOx, were determined by spectrophotometry at 570 nm. This method is based on
the reduction of nitrate to nitrite by VCIs (Miranda, 2001). The levels of nitrites plus

nitrates were expressed in mM NOx/mg protein.

2.7 Protein Carbonylation

The carbonylation of cerebral cortex proteins was determined by the modification
of the Levini method (Levini et al.,, 1990). First, 250 pL of the sample was
precipitated using 100 pL of 10% trichloroacetic acid (TCA) and then centrifuged at
5000 rpm for 5 minutes, discarding the supernatant. Next, 150 pL of 2,4-
Dinitrophenylhydrazine (DNPH) (test)/HCl (blank) was added to this sample
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precipitate and incubated at room temperature for 30 minutes. During the incubation,
the samples were mixed vigorously every 10 min. After incubation, 100 pyL of 10%
TCA was added to the sample, and the sample was centrifuged at 5000 rpm for 5
minutes. After discarding the supernatant, the precipitate was washed twice with 250
ML of ethanol/ethyl acetate (1:1), via centrifugation at 10,000 rpm for 5 minutes, and
the supernatant was discarded to remove any free DNPH. The precipitate was
dissolved in 800 pL of denaturation solution (2 g of sodium dodecyl sulfate (SDS)
and 50 mg of EDTA in 100 mL of 80 mM potassium phosphate buffer, pH 8.0) and
incubated at 37 °C for 10 minutes. The color intensity of the supernatant was
measured using a spectrophotometer at 370 nm. The carbonyl protein content was
expressed in nM of carbonyl protein/mg protein.

2.8 Determination of Lipid Peroxidation

Lipid peroxidation was estimated by the measurement of thiobarbituric acid
reactive species (TBARS) according to the modified method of Jentzschet et al.
(1996). 100 pL of sample was added to a reaction mixture containing 250 pL of 1%
glacial acetic acid, 125 pL of 0.8% SDS, and 125 pL of TBA, followed by a 60-
minute incubation at 95 °C. After cooling, the samples and standard
malondialdehyde (MDA) were read at 532 nm by spectrophotometry. The results

were expressed as nM MDA/mg protein.

2.9 Total Reactive Oxygen Species

2'-7'-dichlorofluorescein (DCF) levels were determined as an index of peroxide
production by cellular components, as previously described by Halliwell and
Gutteridge (2007). This experimental method is based on the oxidation of reactive
species to DCF, a highly fluorescent compound. The cerebral cortex sample was
added to a medium containing distilled water and DCF (1 mM) and incubated in the
dark at room temperature for 2 minutes until the measurement process started (488

nm excitation/525nm emission). The results were expressed as UDCF/mg protein.

2.10 Total Thiol Content (TSH)

To measure the total thiol content, 30 yL of the samples plus 260 pL of
potassium phosphate buffer (1 M, pH 7,4) and 15 yL of 5,5'-dithio-bis-[2-nitrobenzoic
acid] (DTNB) (10 mM) was added into a 96-weel plate, using a pipette, and read at
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412 nm by spectrophotometry immediately after the addition of DTNB. This protocol

is based on Ellman (1959). The results were expressed as pmol TSH/mg of protein.

2.11 Glutathione Peroxidase, Glutathione Reductase and Glutathione S-
Transferase activities

Glutathione peroxidase (GPx) activity was determined using the cerebral cortex
supernatant, reduced glutathione and NADPH. This method is based on the
oxidation of NADPH (Paglia & Valentine, 1967). The glutathione reductase (GR)
activity was determined as described by Carlbergue et al. (1985). This method is
based on the use of the enzyme to convert oxidized glutathione (GSSG) to reduced
glutathione (GSH) in the presence of the NADPH cofactor. Glutathione S-
Transferase (GST) activity was measured by the method of Habig et al. (1974). All
assays were measured using spectrophotometry at 340 nm and the results were

expressed as nmol/min/mg protein.

2.12 AChE and Na*/K* ATPase activities

The enzymatic assay of AChE was conducted according to Ellman et al. (1961).
100 pL of the sample was pipetted into a mixture containing 100 mM phosphate
buffer, pH 7.5, and 10 mM DTNB and distiled water. The samples were
preincubated for 2 minutes at 27 °C. The reaction was started by the addition of 200
ML of 0.8 mM acetylthiocholine iodide (AcSCh). The method is based on the
hydrolysis of the substrate acetylthiocholine forming acetate and thiocholine. The
thiocholine product is reacts with DTNB and forms the yellow 5-thio-2-nitrobenzoic
anion, measured by absorbance at 412 nm for 2 minutes. The activity of the enzyme
will be expressed in uM of AcSCh/h/mg protein. For Na*/K*-ATPase, the protocol
was based on that described by Wyse et al. (2000), with modifications of Carvalho et
al. (2012). Briefly, the assay medium consisted of a 30 mM Tris-HCI buffer (pH 7.4),
0.1 pg EDTA, 50 yg NaCl, 5 uyg KCI, 6 pyg MgCl2 and 50 pyL of sample in the
presence or absence of ouabain (1 mM), in a final volume of 350 yL. The reaction
was initiated by the addition of ATP to a final concentration of 3 mM. After 30
minutes at 37 °C, the reaction was stopped by the addition of 10% TCA. The amount
of inorganic phosphate (Pi) released was quantified colorimetrically. The specific
activity of Na*/K*- ATPase was calculated by subtracting the activity of the ouabain -
insensitive from the total activity (in the absence of ouabain) and expressed in ymol
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Pi/min/mg protein.

2.13 Statistical Analysis

The data are presented as mean + standard error (SEM). The two-way Analysis
of Variance (ANOVA) was used followed by the post-hoc Tukey’s multiple
comparison test using GraphPad Prism version 6.00 for Windows (GraphPad
Software, La Jolla California USA, www.graphpad.com). Significant differences

between groups were considered significant when p < 0.05.

3. Results

In Figure 1, we can see the weight curve of the animals throughout the experiment.
Two-way ANOVA followed by Tukey multiple comparisons between groups showed a
significant difference for Sed-L-NAME compared to Sed-Ctrl (p < 0.05) and Ex-L-NAME
compared to Sed-L-NAME in the last week of treatment.

The results obtained for NOx content are shown in Figure 2. The presence of the
interaction between the factors in the analysis of two-way ANOVA, with F (1,23) = 6.386
and p = 0.0188, was observed. In addition, through the Tukey multiple comparison, the
statistical differences between the Sed-L-NAME and the Sed-Ctrl (p < 0.01) groups, as
well as the Ex-L-NAME and the Sed-L-NAME (p < 0.05) groups were verified.

Figure 3 shows the results obtained for the oxidative stress parameters in the
cerebral cortex through analyses of total ROS (Figure 3A), the total thiol content (Figure
3B), lipid peroxidation (Figure 3C), and protein carbonylation (Figure 3D). There were
interactions between the factors in the analysis of the two-way ANOVA for the
production of total ROS [F = (1,21) = 6.188 and p = 0.0213]. The Tukey multiple
comparison test showed statistical differences between the Sed-L-NAME and Sed-Ctrl
groups (p < 0.05), as well as the Ex-L-NAME and Sed-L-NAME groups (p < 0.05)
(Figure 3A). In addition, the graph shown in Figure 3B represents the statistical
differences observed between the Sed-L-NAME and Sed-Ctrl groups (p < 0.05) and the
Ex-L-NAME and Sed-L-NAME groups (p < 0.05). No significant differences were
observed in the Tukey multiple comparisons for lipid peroxidation and protein
carbonylation.

Regarding the antioxidant enzymatic activity analyzed, it was possible to verify that
GPx activity (Figure 4A) showed interaction between the factors with F (1,26) = 24.28

and p < 0.0001. In addition, a significant difference was observed between the groups
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Sed-L-NAME versus Sed-Ctrl (p < 0,0001) and Ex-L-NAME vs Sed-L-NAME (p <
0.0001). The GR enzyme (Figure 4B) showed interaction between the factors in the
two-way ANOVA analysis, with F (1,22) = 5.182 and p = 0.0329. There was also a
significant difference in the Sed-L-NAME group versus the Sed-Ctrl group (p < 0.01) for
GR. No interaction nor significant difference between groups was found for GST
enzymatic activity (Figure 4C).

In relation to the activity of the enzymes AChE and Na*/K*-ATPase (Figure 5A and
B, respectively), the graph (Figure 5A) shows the interaction between the factors
analyzed, with F (1,19) = 11.22 and p = 0.0034. In addition, we verified a significant
difference between the groups Sed-L-NAME and Sed-Ctrl (p < 0.05), as well as Ex-Ctrl
and Sed-Ctrl (p < 0.05), through the Tukey multiple comparison. In relation to the graph
shown in Figure 5B, the interaction between factors was also present, with F (1,21) =
4.932 and p = 0.0375 and significant differences between the Sed-L-NAME and Sed-
Ctrl (p < 0.001) groups, as well as the Ex-L-NAME and Sed-Ctrl (p < 0.05) groups.

4. Discussion

In this study, we aimed to study the effect of a 4-week resistance training protocol in
L-NAME-induced hypertensive rats. The animals climbed a vertical ladder (80° slope)
carrying an overload of 80% body weight. During the entire experiment, we monitored
the body mass gained by the animals. Figure 1 shows the mean weight throughout the
five weeks that we kept the rodents. As expected, the Sed-Ctrl group had the highest
weight gain, followed by the Ex-Ctrl group. In contrast, L-NAME caused a reduction in
weight gain in the first four weeks, which was reversed by the resistance exercise
protocol. These effects can be explained by the synergy of the enhanced NOXx
production shows with exercise, favoring body mass gaining. (Darryn et al. 2015;
Pahlavani et al., 2017).

The NOx molecule is highly recognized for its neuroprotective effects (Wu et al.,
2016; Gutierres et al., 2014). Many studies have demonstrated that the hypertensive
effect of L-NAME stems from the reduced bioavailability of NOx in several types of
samples through inhibition of NOS (Cardoso et al., 2012; Akinyemi et al., 2017;
Furstenau, 2008), similar to what we found in this study. Four weeks of resistance
exercise was able to restore NOx levels in the cerebral cortex of hypertensive rats.
These data show the importance of the neuroprotective effects of intense physical

exercise on the normalization of NOx content at basal levels, corroborating recent
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findings in the literature (Campos et al., 2016; da Silva et al., 2016). However, in this
study we could not verify which NOS isoform was mostly involved in this exercise
protocol. We can suggest, based on literature, that exercise effects in the brain may be
associated with neuronal-NOS (nNOS) (Sherman et al., 1999).

Although many studies have demonstrated the damage caused by HT in peripheral
systems, tissues and organs (Cardoso al., 2012; Akinyemi et al., 2017), the literature
lacks research that involves this subject in the central nervous system. In our study,
hypertensive animals (L-NAME 30 mg/kg) demonstrated a significant increase in tROS
levels, which were restored by the resistance exercise protocol. Conversely, we did not
find cell membrane damage through lipid peroxidation (TBARS) and carbonylation of
proteins in the cerebral cortex. These results suggest that defense systems in the brain
were fight the increased tROS levels to avoid structural injuries. Increased levels of TSH
in the Sed-L-NAME group may show the brain's effort in this restorative struggle, which
was normalized by the protocol in the Ex-L-NAME group. Our research group already
showed that this protocol of resistance exercise could prevent alterations in the
oxidative stress and purinergic system in an experimental model of sepsis (Miron et al.,
2018).

Regarding the antioxidant enzyme system that was evaluated in our study,
resistance exercise (three times a week, on non-consecutive days) was able to reverse
the significant increase of GPx in the L-NAME group, showing that this type of exercise
was effective in reducing hydrogen peroxide at basal levels, suggesting a highly
neuroprotective effect. Other studies on the peripheral system have shown a reduction
in GPx activity in hypertension (Chavez, 2007), suggesting that in the brain, other
mechanisms may be activated for this disease. Similarly, recent studies have
demonstrated beneficial effects of physical exercise on enzyme activity in the
antioxidant defense system (Azizbeigi et al., 2014; Mallikarjuna et al., 2010). In contrast,
L-NAME showed a reduction in GR activity, and the exercise protocol was not effective
in restoring GR activity. While in other studies HT also leads to a reduction in GR
activity (Chavez, 2007; Da Silva, 2010), exercise seems to reverse this reduction in the
liver (Mallikarjuna et al., 2010), suggesting that resistance exercise activity by itself, in
this protocol, was not effective in restoring the activity of this enzyme in the brain.
Finally, for the GST enzyme, studies have shown that this enzyme does not present
changes in the life span spontaneously hypertensive animals when compared to control
animals (Siew-Keah et al., 2014) and also a recent review shows that this enzyme is not
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related to the risk of developing this disease (Ge et al., 2015).

Regarding AChE, studies have shown that inhibition of this enzyme may delay the
development of HT in spontaneously hypertensive rats (Lataro et al., 2015). As we saw
in our study, hypertensive animals showed a high activity of this enzyme, in accordance
with Lataro’s findings. During exercise, an increased release of AChE by the central
nervous system can be observed because its release and subsequent binding with
nicotinic receptors in skeletal muscle are required for muscle contraction. This could
explain the increase per se of this enzymatic activity in the Ex-Ctrl group. Although other
studies (Ben, et al., 2009; Farzi et al., 2018) have reported that physical exercise
restored AChE activity in other pathologies, we did not see this in association with HT.

Hamlyn et. al (1982) showed that inhibiting Na*/K*-ATPase increased the systemic
arterial pressure of patients, propounding a relationship between HT and this enzymatic
activity. In our results, the L-NAME-induced hypertension showed a significant reduction
in Na*/K*-ATPase activity, in accordance with Hamlyn’s findings, but the four weeks of
resistance exercise was not able to restore this reduction to basal levels. Two different
protocols of exercise, swimming and running, were able to restore the activity of this
enzyme in different pathologies, rats that suffered cranial trauma and female rats that
underwent an ovariectomy, respectively (Lima et al., 2009; Ben et al., 2009). These two
studies suggest that improvements in the parameters of this enzyme may be related to
the specificity of the physical exercise practiced or the protocol time involved.

In conclusion, it was possible to verify that the resistance exercise protocol caused a
considerable improvement in the oxidative status in L-NAME-induced hypertensive rats,
reversing the deleterious effects caused by L-NAME, mainly on NOx production, levels
of total ROS, normalization of GPx activity and preventing low weight gain of the
rodents. Thus, we should consider resistance exercise as an important adjuvant in the
treatment of HT, as well as a method of prevention of many diseases, particularly when
we analyze the effects of this disease on the brain. In addition, this work comes to
reinforce the literature regarding studies of this disease in the CNS. Therefore, more

studies are currently underway from our research group to complement these results.
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Figure Legends

Figure 1. Effect of four weeks of resistance exercise on the weight of L-NAME-induced
hypertensive rats. Unpaired T-test from the last week of treatment (week 5). * shows
statistical difference between Sed-L-NAME vs Sed-Ctrl groups (p<0,05). # shows
statistical difference between Sed-L-NAME vs Ex-L-NAME groups (p<0,05).
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Figure 2. Effect of four weeks of resistance exercise on NOx content in the cerebral
cortex of L-NAME-induced hypertensive rats. ANOVA (two-way) followed by Tukey's
multiple comparison test. There was interaction between the factors [F (1,23) = 6,386
and P = 0,0188]. ** shows statistical difference between the Sed-L-NAME vs Sed-Ctrl (p
<0,01) and # shows statistical difference for Ex-L-NAME vs Sed-L-NAME (p <0,05).
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Figure 3: Effect of four weeks of resistance exercise on (A) total ROS content, (B) total

thiols content, (C) production of MDA through TBARS, and (D) levels of carbonyl protein
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in the cerebral cortex of L-NAME-induced hypertensive rats. ANOVA (two-way) followed
by Tukey's multiple comparison test. There was interaction between the factors in (A),
with F (1,21) = 6,188 and P = 0,0213. There was no interaction in the other analyzes.*
shows statistical difference between the Sed-L-NAME vs Sed-Ctrl (p <0,01) and #
shows statistical difference for Ex-L-NAME vs Sed-L-NAME (p <0,05) in both graphs (A)

and (B). There was no significant difference between groups in the other groups.
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Figure 4. Effect of four weeks of resistance exercise on the enzymatic activity of (A)
GPx, (B) GR and (C) GST in the cerebral cortex of L-NAME-induced hypertensive
rats. ANOVA (two-way) followed by Tukey's multiple comparison test. Graph (A)
showed interaction between the factors with F (1,26 = 24,28) and P <0,0001 and
there was a significant difference between the Sed-L-NAME vs Sed-Ctrl (p <0,0001)
and Ex-L-NAME vs Sed-L-NAME (p <0,0001). Graph (B) showed interaction between
the factors [F (1,22) = 5,182 and P = 0,0329] and significant difference between the
Sed-L-NAME vs Sed-Ctrl (p <0,01) groups. Graph (C) showed no interaction nor

significant differences.
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Figure 5: Effect of four weeks of resistance exercise on the enzymatic activity of (A)
acetylcholinesterase and (B) Na +, K + -ATPase in the cerebral cortex of L-NAME-
induced hypertensive rats. ANOVA (two-way) followed by Tukey's multiple
comparison test. Graph (A) showed interaction between factors (F (1,19) = 11,22 and
P = 0,0034) and significant difference between Sed-L-NAME vs Sed-Ctrl (p <0,05)
and Ex-Ctrl vs Sed-Ctrl vs groups (p <0,05). Graph (B) showed interaction between
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the factors [F (1,21) = 4,932 and P = 0,0375] and significant difference between Sed-
L-NAME vs Sed-Ctrl (p <0,001) and Ex-L-NAME vs Sed-Ctrl groups (p <0,05).
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5. CONCLUSAO

Com os resultados obtidos nesse estudo, foi possivel verificar alteracfes
significativas nas atividades enziméticas e parametros de estresse oxidativo em cortex
cerebral de ratos com hipertensao induzida por L-NAME. Pode-se sugerir que o modelo
experimental, reduzindo a biodisponibilidade de Oxido nitrico nos animais, causou
efeitos negativos no cérebro através do aumento das espécies reativas e pela
desregulacdo na atividade das enzimas avaliadas. Por sua vez, o exercicio fisico foi
capaz de reverter a grande maioria das alteragdes significativas encontradas. Assim,
guatro semanas de exercicio fisico resistido foram capazes de:

- Reestabelecer o ganho adequado de peso dos animais;

- Restaurar a biodisponibilidade de 6xido nitrico;

- Reduzir os niveis de espécies reativas de oxigénio totais;

- Retomar os niveis normais de tiéis totais;

- Retornar a atividade da enzima glutationa peroxidase a niveis normais.

Desse modo, deseja-se reforcar a importancia de se considerar a pratica regular
de exercicios como um adjuvante no tratamento da hipertensédo. Além disso, busca-se
incentivar essa pratica como um beneficio em amplos aspectos para o bem-estar e
melhor qualidade de vida das pessoas. Também, espera-se fomentar o acervo e a
pesquisa sobre os diversos mecanismos pelo qual o exercicio atua, além de outras

alteracOes que a hipertenséo possa causar em nosso corpo.
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Certificamos que a proposta intitulada "Efeito de um protocolo de exercicio resistido sobre o estresse oxidativo cerebral e memdria
de ratos hipertensos induzidos por L-NAME", protocolada sob o CEUA n¥ 7356221117, sob a responsabilidade de Vera Maria
Melchiors Morsch e equipe; Thavan Faccin Lopes; Pauline da Costa; Thalison Faccin Lopes; Vanessa Valéria Miron - que envolve a
producdo, manutencdo efou utilizacdo de animais pertencentes ao filo Chordata, subfilo Vertebrata (exceto o homem), para fins de
pesquisa cientifica ou ensino - esta de acordo com os preceitos da Lei 11.794 de 8 de outubro de 2008, com o Decreto 6.899 de 15
de julho de 2009, bem como com as normas editadas pelo Conselho Macional de Controle da Experimentagdo Animal (CONCEA), e
foi aprovada pela Comissdo de Etica no Uso de Animais da Universidade Federal de Santa Maria (CEUAJUFSM) na reunio de
08/03/2018.

We certify that the proposal "Effect of a resistance exercise protocol on the cerebral oxidative stress and memaory of L-NAM-
-induced hypertensive rats”, utilizing 60 Heterogenics rats (60 males), protocol number CEUA 7356221117, under the responsibility
of Vera Maria Melchiers Morsch and team; Thauan Faccin Lopes; Pauline da Costa; Thalison Faccin Lopes; Vanessa Valéria
Miron - which invalves the production, maintenance and/or use of animals belonging to the phylum Chordata, subphylum
Vertebrata (except human beings), for scientific research purposes or teaching - is in accordance with Law 11.794 of October 8,
2008, Decree 6899 of July 15, 2009, as well as with the rules issued by the Mational Council for Control of Animal Experimentation
(CONCEA), and was approved by the Ethic Committee on Animal Use of the Federal University of Santa Maria (CEUA/UFSM) in the
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Finalidade da Proposta: Pesquisa (Académica)
Vigéncia da Proposta: de 11/2017 a 11/2019 Area: Bioguimica E Biologia Molecular
Origem: Biotério Central UFSM

Espécie: Ratos heterogénicos sexo: Machos idade: 60 a 70 dias N &0
Linhagem: Wistar Peso: 200a250¢g

Resumo: A hipertensao arterial sistémica (HAS) € uma doenca que afeta bilhdes de pessoas ao redor do mundo, sendo
caracterizada pela elevagao da pressao arterial, de modo a se tornar fator de risco para indmeras doencas cardiovasculares,
podendo chegar, inclusive, a afetar o cérebro através da ma distribuicdo de sangue. A HAS esta diretamente ligada a uma menor
producdo de dxido nitrico, aumentando o dano através de espécies reativas de nitrogénio, oxigénio e estresse oxidativo nos tecidos
alvo. Nesse sentido se faz importante também a avaliacdo da enzima acetilcolinesterase para verificar se 0s danos causados pela
HAS podemn estar afetando a neuromodulacao e a memdria. |a o treinamento resistido tem aparecido cada vez mais como uma
alternativa auxiliar no tratamento da HAS por apresentar efeitos anti-hipertensivos, antioxidantes e neuroprotetores. Desse modo,
0 objetivo desse trabalho sera avaliar o efeito de 4 semanas de exercicio resistido em biomarcadores de estresse oxidativo,
enzimas antioxidantes, bem como na atividade da enzima acetilcolinesterase e na memdria de ratos hipertensos induzidos por L-
NAME. Para isso serdo utilizados 60 ratos machos divididos em 4 grupos: Controle (n=15), Treinados (n=15), HAS (n=15) e HAS
Treinados (n=15). Todas as técnicas serao realizadas em cértex cerebral e hipocampo. Espera-se com isso entender melhor os
danos causados pela HAS no sistema nervoso central bem como os efeitos do exercicio fisico no mesmo.

Local do experimento: 0s animais serdao mantidos no biotério setorial da farmacologia, prédio 21, em um ambiente com
temperatura controlada (23°C £ 1) e com um ciclo de 12 horas claro/escuro, o ambiente possui 2 exaustores de ar para uma
completa renovacao do ar interno do biotério. A racdo que 0s animais recebem tem balanceamento de nutrientes essenciais,
proteinas, carboidratos e lipideos, componentes basicos e iguais aos utilizados no biotério central, sendo a dgua e a racdo solida
fornecidas ad libitum. Antes do inicio do experimento, 05 animais passardo por um periodo de adaptacdo de 10 dias e o fundo das
caixas receberdo maravalha, que apds o uso, serd descartada como contaminante. Além disso, 0s animais serdo distribuidos em 5
ratos por caixa durante todo o periodo do tratamento, e todas as caixas receberdo objetos (rolos de papel efou PVC) para
enriquecimento ambiental.
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