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RESUMO

A importancia do exercicio fisico para um estilo de vida saudavel é bem compreendida.
Existem diferentes tipos de protocolos de exercicio, incluindo treinamento intervalado de
alta intensidade, treinamento aerobio e treinamento de forca (TF). Sabe-se que o TF pode
modular sistemas regulatorios. No entanto, existem poucos estudos sobre as interacdes
entre TF e o sistema renina angiotensina (SRA) em humanos. Neste estudo, foi
investigado o efeito da TF nos niveis de moléculas do SRA na urina e no plasma. Doze
voluntarios do sexo masculino com idade de 23,4 + 2,7 anos realizaram o protocolo de
TF por 10 semanas (trés vezes por semana), que consistiu de 3 séries em 65% de uma
repeti¢do maxima (1RM) de 3 exercicios de perna, pausa de 90” entre séries, e duragdo
de tempo de repeticdo de 5 7. O efeito da TF foi avaliado na contagem de leucdcitos
circulantes, niveis urinarios e plasmaticos de moléculas do SRA, incluindo Angiotensina
(Ang) Il, Ang- (1-7), enzima conversora de angiotensina (ECA)1 e ECA2, antes e
imediatamente apds a primeira (S1) e a Gltima (S30) sessdo de treinamento. O nivel de
forca aumentou significativamente na Gltima sessdo de treino em comparacdo com a
primeira sessdo. O exercicio aumentou agudamente os niveis de lactato sanguineo pds-
treino e a contagem de leucdcitos. O protocolo de treinamento reduziu significativamente
a porcentagem de gordura e aumentou a massa magra total. Em relacdo as moléculas do
SRA, os niveis plasmaticos de Ang Il foram maiores ap6s a Ultima sessdo em comparagdo
com 0s niveis anteriores a esta sessdo e também se comparados aos valores apés a
primeira sessdo de exercicio. Os niveis de Ang-(1-7) aumentaram significativamente no
plasma e na urina ap6s a primeira e a Ultima sessdo e na comparacgdo dos valores antes e
depois da ultima sessdo com os valores de antes e depois da primeira sesséo,
respectivamente. Os niveis de ECA1 e ECA2 ndo se modificaram em nenhuma condig&o.
Em conclusdo, as concentragdes plasmaticas e urinarias de Ang Il e Ang-(1-7) foram
modificadas por TF. O efeito sobre Ang- (1-7) tambem foi observado nos niveis basais

antes da Ultima sessdo de exercicios.

Palavras-chave: exercicio fisico, Sistema Renina Angiotensina, treinamento de forca,

Angiotensina Il, Angiotensina-(1-7)



ABSTRACT

The importance of physical exercise for a healthy lifestyle is well understood. There are
different types of exercising protocols, including high intensity intermittent training,
endurance, and strength training (ST). It is known that ST can modulate regulatory
systems. However, there are very few studies regarding the interactions between ST and
renin angiotensin system (RAS) in humans. Here, we investigated the effect of ST on
levels of RAS molecules in urine and plasma. Twelve male volunteers with 23.4+2.7
years old performed our ST protocol for 10 weeks (three times a week), which consisted
of 3 sets at 65% of one maximum repetition (LMR) of 3 leg exercises, pause of 90”
between sets, and time duration of repetition of 5. The effect of ST was evaluated on
circulating leukocytes count, urinary and plasma levels of RAS molecules, including
Angiotensin (Ang) Il, Ang-(1-7), angiotensin converting enzyme (ACE) 1 and ACE 2,
before and immediately after the first (S1) and the last (S30) session of training. The level
of strength significantly increased in last training session as compared to first session.
Exercise acutely increased post-training blood lactate levels and leukocyte count. The
training protocol significantly reduced the percentage of fat and increased the total lean
mass. Regarding RAS molecules, plasma levels of Ang Il were higher after the last
session in comparison to levels before this session and also if compared to values after
the first session of exercise. Levels of Ang-(1-7) significantly increased in plasma and
urine after first and last sessions and in the comparison of values before and after last
session to those before and after first session, respectively. Levels of ACE1 and ACE2
did not modify in any condition. In conclusion, plasma and urinary concentrations of Ang
Il and Ang-(1-7) were modified by ST. The effect on Ang-(1-7) was also observed in

baseline levels before last exercise session.

Key-words: physical exercise, Renin Angiotensin System, strength training, Angiotensin
I1, Angiotensin-(1-7)



NOTA EXPLICATIVA

A apresentacédo da presente dissertacdo foi organizada sob a forma de artigo cientifico, de
acordo com a resolucéo 03/2010, aprovada pelo Programa de Pds-graduacdo em Medicina
Molecular da Faculdade de Medicina da Universidade Federal de Minas Gerais.

A tese inclui as seguintes partes: resumo, introducdo, objetivos, metodologia, artigo
original e consideragdes. No artigo original, séo apresentados e discutidos os resultados
obtidos na tese em relacdo ao efeitos agudo e crénico do treinamento de forca sobre
enzimas e peptideos do sistema renina-angiotensina em individuos jovens.

As referéncias bibliograficas estdo dispostas ao final de cada sesséo e do artigo original.
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1 INTRODUCAO

O treinamento da capacidade fisica de for¢ca provoca no organismo adaptacGes
especificas que proporcionam alteragdes de desempenho nas diferentes formas de
manifestacdo da forca muscular. Uma resposta esperada com o treinamento de forca é a
“Hipertrofia Muscular” que ocorre com a prescri¢ao de volume e intensidade moderadas,
gerando significativa adaptacdo morfoldgica (ACSM, 2018). A intensidade do
treinamento de forca pode estar relacionada a forca méxima no exercicio especifico em
uma repeticdo maxima (1-RM), ou seja, 0 peso maximo em uma contracdo maxima
voluntaria (GORGENS et al, 2015).

Estudos recentes tém mostrado que tanto as células do sistema imune, quanto
mediadores por elas produzidos possuem papel importante no processo de regeneracao,
reparo e crescimento muscular em resposta a lesdo muscular ocasionada pelo treinamento
de forca (PEAK, et al.; 2005; PEAK, et al., 2015; TIDBALL, 2017; YANG e HU, 2018).

O Sistema Renina Angiotensina (SRA) é composto por dois eixos principais. Um
eixo classico formado pela Enzima Conversora de Angiotensina (ECA), Angiotensina 11
(Ang I1) e o receptor angiotensinérgico do tipo 1 da Ang Il (AT1) e um eixo alternativo
ou contrarregulatorio formado pela Enzima Conversora de Angiotensina 2 (ECA2),
Angiotensina-(1-7) [Ang-(1-7)] e seu receptor acoplado a proteina G denominado MAS
(TIPNIS, et al., 2002; DONOGHUE, et al., 2002; SANTOS, et al., 2003; SIMOES E
SILVA & TEIXEIRA, 2016). No musculo esquelético, o eixo classico promove a
degradacdo de proteinas e aumenta o estado inflamatério e o estresse oxidativo, levando
a perda de massa muscular (FRANTZ, et al. 2018; TAKADA, et al. 2013). No entanto, 0
eixo alternativo desempenha um papel contrarregulador ao se opor aos efeitos da Ang Il
(FRANTZ, et al. 2018; NUNES-SILVA, et al, 2017; STEFAN, et al. 2003). O acimulo
de tecido adiposo e a perda de massa muscular estdo associados a maior risco de
morbidade e mortalidade (STEFAN, et al. 2005), o que poderia estar relacionado, em
parte, & ativacdo excessiva do eixo cldssico do SRA. Por outro lado, o treinamento fisico
poderia deslocar o equilibrio do SRA para o eixo alternativo, promovendo efeitos
protetores (NUNES-SILVA etal. 2017). Assim, a mobilizacéo de gordura e a manutencéo
da massa e fungdo muscular seriam estimulados.

Na literatura a maioria dos estudos relacionados a exercicio fisico e SRA foram

feitos utilizando camundongos e ratos em modelos experimentais.
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Em camundongos, o treinamento de corrida (8 semanas, 5x por semana e 60
minutos por dia) aumentou a expressao de ECA2 no coracdo e a fungéo ventricular
quando comparado aos camundongos destreinados (PEREIRA, et al, 2009). Em estudo
subsequente, Guimardes (2012) prop6s a hipotetese que o treinamento fisico ativaria a
via contra regulatéria do SRA e teria efeito sobre o remodelamento cardiaco. Os
resultados desse estudo mostraram que treinamento fisico (natacdo a 80% da carga
maxima, por 6 semanas consecutivas, durante 1 hora por dia e em 5 dias por semana) em
camundongos com delecéo genética do receptor Mas apresentavam ativacdo exacerbada
de ECA-Ang II-ATz que contribuiu para efeitos deletérios sobre o musculo cardiaco.
Mesmo havendo aumento das concentrages de Ang-(1-7) nos animais com delecdo
genética do receptor Mas, tal elevacdo foi menor do que a detectada nos amimais sem
delecdo.

Em ratos, o efeito de dois diferentes tipos de treinamento de natacdo (T1 e T2)
foram investigados em relacdo aos mecanismos moleculares da hipertrofia cardiaca do
ventriculo esquerdo. Os niveis de Ang | e Ang Il foram menores nos tecidos cardiacos, e
a atividade e expressao de ECA foram menores nos grupos T1 e T2 quando comparados
aos animais sedentarios. Além disso, ECA2 e Ang-(1-7) aumentaram seus niveis e sua
expressdo tecidual. O exercicio induziu hipertrofia do ventriculo esquerdo do coragao por
meio de ativacdo do receptor AT: (FERNANDES, 2011). No estudo de Agarwal e
colaboradores (2011) foram investigados os efeitos do exercicio fisico nos mecanismos
centrais de regulacdo do sistema cardiovascular em ratos espontaneamente hipertensos.
Os ratos se exercitaram em uma esteira durante 16 dias. O protocolo era de um exercicio
de intensidade moderada, 5 dias por semana, durante 60 minutos por dia e com a esteira
numa inclinacdo de 18%. Os resultados mostraram que o exercicio foi capaz de reduzir
componente da via classica do SRA, moléculas inflamatérias (TNF, IL-1B) e 0 estresse
oxidativo. Além disso, o treinamento induziu a ativacdo do eixo contrarregulatorio do
SRA e vias antiflamatdrias no sistema nervoso central. Esses efeitos poderiam explicar
em parte a reducgdo da pressao arterial induzida pelo treinamento fisico crénico.

No entanto, apesar de investigados em animais de experimentagéo, 0s mecanismos
relacionados as alteragdes induzidas pelo exercicio no SRA permanecem pouco claros,
sobretudo em seres humanos (NUNES-SILVA, et al. 2017 e FRANTZ, et al. 2018). Além
disso, ndo se sabe qual seria 0 melhor método de treinamento para reducdo dos
marcadores de inflamacdo sistémica e estimulo ao eixo alternativo do SRA (SLAMAT,
et al. 2015; NUNES-SILVA, et al. 2017 e FRANTZ, et al. 2018).
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Nesse contexto, o presente estudo teve como hipotese principal de que o
treinamento de forca em musculagdo fosse capaz de alterar as concentragdes séricas e

urinérias dos componentes do SRA em adultos jovens saudaveis do sexo masculino.
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2

Objetivo

2.1 Objetivo Geral

Avaliar os efeitos agudos e cronicos do treinamento de for¢a na musculagéo nos

niveis plasmaticos do SRA em homens adultos jovens.

2.2 Objetivos especificos

1-

Avaliar leucometria e concentragdo serica de lactato antes e ap0s a primeira sessao
de exercicio e antes e ap6s 10 semanas de treinamento (Ultima sessdo) para
hipertrofia em musculacéo.

Avaliar composicédo corporal por meio de densitometria e capacidade fisica antes
e apos a primeira sessdo de treinamento e antes e ap6s 10 semanas de treinamento
(Gltima sessédo) para hipertrofia em musculagéo.

Medir as concentracOes sericas e urinarias de ECAL, ECA2, Ang Il e Ang-(1-7)
antes e ap0s a primeira sessao de exercicio e antes e apos 10 semanas de
treinamento (Ultima sessdo) para hipertrofia em musculacéo.

Comparar as mensuragoes e avaliagOes realizadas antes e ap6s a primeira e Gltima
sessOes de exercicio e entre valores prévios e posteriores a primeira e a ultima

sessdo de exercicio.
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3 METODOLOGIA

Delineamento e aspectos éticos

Trata-se de estudo longitudinal do efeito agudo e crénico do exercicio de
musculagdo com carga de treinamento orientada para o ganho de hipertrofia muscular em
biomarcadores plasmaticos e urinarios em jovens adultos universitarios.

Participaram deste estudo 12 jovens adultos do sexo masculino, com idade entre
20 a 31 anos, sem distingdo de raca, cor, sexo, idioma e crenca. Este estudo respeitou
todas as normas estabelecidas pelo Conselho Nacional em Satde envolvendo pesquisas
com seres humanos (Resolucdo 466/2012) e somente teve inicio ap6s aprovacdo pelo
Comité de Etica em Pesquisa em Seres Humanos (UFOP) sob o nlmero de parecer
1.881.170. Antes de iniciarem qualquer atividade neste projeto, os voluntérios receberam
todas as informacBes quanto aos objetivos, ao processo metodoldgico bem como os
possiveis riscos e beneficios de participacdo no estudo. Os voluntarios assinaram um
Termo de Consentimento Livre e Esclarecido (TCLE) no qual tomaram ciéncia de que a
qualquer momento poderiam deixar de participar da pesquisa. Foram tomadas precaucoes
no intuito de preservar a privacidade dos voluntarios, sendo que a salde e o bem-estar

estiveram sempre acima de qualquer outro interesse.

Critérios de inclusao e excluséo

Como critério de inclusdo os voluntéarios deveriam ser adultos jovens que nédo
praticavam musculacdo por pelo menos 6 meses antes de iniciar o estudo e que nao
apresentassem nenhuma contraindicacdo ao exercicio fisico de moderada e alta
intensidades.

Como critério de exclusdo ndo participariam deste estudo, individuos com
contraindicacdo a préatica de exercicio moderado e intenso, com sinais e sintomas de
problemas ortopédicos, pulmonares, metabdlicos e cardiovasculares. Assim como,

individuos em uso cronico de medicamentos.
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Protocolo de estudo

O estudo seguiu o protocolo mostrado na figura 1.

Pre 3 séries 3 séries Pos
10-12 repeticoes 10-12 repeticoes
65% de 1RM 65% de 1RM
2 3
s

T SES580 = o o o o o o e e - - - - — - - 30" sessao
] | | ]
SEMANA 1 SEMANA 2 SEMANA 11 SEMANA 12
Antropometria Inicio do Fim do Antropometria
DXA treinamento treinamento DXA

Testede 1RM

Figura 1: Protocolo do estudo. Legenda: DXA — densitometria por dupla emissao

de raio X; 1RM — uma repeticdo maxima

Para a avaliacdo da integridade (PAR-Q) e aptidao do voluntario (IPAQ), assim
como de sua atual condicdo no momento da pesquisa, foi aplicado um questionario de
anamnese na primeira semana (semana 1) do protocolo (ACSM, 2018; MATSUDO, et
al., 2001).

Inicialmente foram realizadas as medidas de massa corporal, estatura e o
percentual de gordura também na semana 1. A massa corporal foi obtida por meio de uma
balanca antropométrica (MARTE, Brasil) com preciséo de 0,1 kg, enquanto a estatura foi
registrada através de estadidmetro acoplado a balanga, com precisdo de 0,5 cm (MARTE,
Brasil).

Para avaliacdo da composicao corporal pré e pos treinamento foi utilizado também
0 método de densitometria por dupla emissdo de raio X (DXA) (BRAZ, 2017). Para esta
avaliacdo houve um agendamento de horario para cada voluntario na Faculdade de
Medicina-UFMG. O equipamento utilizado para o DXA foi o Discovery W (Hologic,
Bedford, MA, USA), software versao 3.3.

Para se estimar a carga de treinamento, apds a familiarizacdo ao protocolo, foi
realizado um teste de repeticdes maximas para os trés aparelhos de musculacdo (Leg
Press, Banco Extensor e Mesa Flexora), através da equacdo de Bryzick (1993). Durante

a realizacdo do teste de estimativa de 1 RM (Repeticdo Maxima) foi solicitado que o
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voluntario se posicionasse de forma mais confortavel possivel nos aparelhos para que
fossem registrados todos 0s ajustes necessarios para a execu¢do do exercicio, permitindo
assim que este posicionamento pudesse ser replicado em todos os procedimentos e

sessOes de coleta posteriores.

Apds os testes iniciais, tendo o desempenho de 1RM como parametro de
referéncia, os voluntérios realizaram uma sessdo de treinamento, respeitando a mesma
ordem da execucdo do teste para estimar o 1 RM. Os protocolos foram constituidos de 3
exercicios, com 3 séries de 10 a 12 repeti¢cbes maximas voluntarias a 65% de 1RM, com
uma pausa de 90s entre as séries e exercicios, com duracdo da repeticdo de 5 segundos,
sendo 2 segundos para a concéntrica e 3 segundos para a excéntrica (KRAEMER e
RATAMESS, 2004).

Como critério de interrupc¢éo do exercicio, foi adotado o voluntario ndo conseguir
manter a duracdo das acGes musculares estabelecidas ou realizar uma amplitude
incompleta de movimento durante duas repeticdes seguidas. Para que os voluntarios
mantivessem as duracgdes das acdes musculares durante o treinamento foi utilizado um
metrdbnomo.

Na 12 (S1) e ultima (S30) sesséo de treinamento foram coletados sangue e urina
antes (Pre) e apds (Pos) o término da sessdo de exercicios de musculacdo. Todas as coletas
de sangue, 10 mL, foram realizadas através de punc¢do venosa na veia antecubital e em
local adequado (UNIBH). O sangue foi coletado em tubos sem anticoagulante (5 ml) e
em tubos com EDTA (5 ml), posteriormente, centrifugado (3000 rpm a 4° C por 10
minutos). As amostras soro e plasma foram armazenadas a -80°C para posterior analise
dos componentes do SRA, que foram mensurados por ELISA por meio de Kits
ultrassensiveis da My Bio-Source (San Diego, CA, USA). A contagem diferenciada de
leucdcitos foi analisada por método automatizado. Todos os materiais utilizados nas
coletas foram descartaveis e esterilizados, obedecendo as normas de descarte para
materiais contaminados.

Amostras de urina foram coletadas em recipientes estéreis apropriados para essa
finalidade. Apds homogeneizacdo, 15 ml da urina coletada foi centrifugada a (3000 rpm
a 4° C por 10 minutos). Posteriormente ao processamento, as amostras foram aliquotadas
(1 ml) em tubo tipo eppendorf e armazenadas em freezer -80°C até o momento das
analises dos componentes do SRA por ensaio imunoenzimatico (ELISA).
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A osmolaridade das amostras de sangue e urina foram avaliadas para comparar o
estado de hidratacdo dos voluntérios.

Os niveis de lactato sanguineo foram dosados por meio de tiras teste para a
determinacdo quantitativa de lactato em sangue capilar fresco Acsusport BM-Lactate®.

Como procedimentos prévios ao exercicio fisico, as instru¢des foram dadas aos
participantes de forma padronizada para evitar uma possivel interferéncia nos resultados.
O plano de coleta e anélise dos dados seguiu 0s seguintes passos:

Os voluntarios chegaram a academia e receberam informaces verbais de como
seria realizada a coleta. Foi retirada uma amostra sanguinea, e o voluntario entdo
encaminhado a bicicleta onde fez o aquecimento durante 5 minutos pedalando em
intensidade baixa. Ap6s 0 aquecimento geral o voluntério foi posicionado no aparelho
onde foi feito o ajuste de banco e posicionamento dos segmentos corporais para realizagcdo
da sessdo de treino.

Durante as sessdes de treino de musculacdo em trés momentos o voluntario foi
questionado sobre a Percepcao Subjetiva de Esforco (PSE) e a Escala Visual Analdgica
(VAS) de dor. Ao final da sesséo de treinamento na musculacao foi coletada, novamente,
a amostra sanguinea e urina com posterior liberacdo do voluntério.

O treinamento foi realizado durante 10 semanas, trés vezes por semana,
preferencialmente segundas, quartas e sexta feiras, nos mesmos horarios. Todas as
sessOes foram orientadas por um profissional/pesquisador. A variavel peso nos aparelhos
foi aumentado ao longo do treinamento. Sempre que o voluntario conseguisse executar
12 repeticGes nas trés séries do mesmo aparelho, o peso era aumentado na sessdo seguinte
em media 10%.

Determinacdo dos componentes do SRA por imunoensaio enzimatico

A determinacdo das moléculas do SRA [Ang Il, Ang-(1-7), ECA e ECAZ2] foi
realizada pela técnica de ELISA, seguindo as recomendacGes do fabricante (My
Biosource, San Diego, CA, USA). A técnica de ELISA tipo sanduiche foi aplicada na
determinacdo dos niveis urinarios de Ang Il, Ang-(1-7) e ECA2. O método de ELISA
competitivo foi usado para a mensuragéo de ECA (FILHA, et al., 2019; ROCHA, et al.,
2019).

O procedimento € baseado em interacBes antigeno-anticorpo do marcador

investigado e um substrato de deteccdo colorimétrico especifico para enzima. A
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sensibilidade estimada do ensaio € de 1,0 pg/mL para ECA e ECA2 e 2,0 pg/mL para Ang
Il e Ang-(1-7).

Brevemente, foi feita a adicdo das amostras de soro ou urina e os padrdes as
microplacas revestidas com anticorpos especificos para cada marcador analisado e
anticorpos especificos ligados a enzima. Apds um periodo de incubacéo, as placas foram
lavadas e um substrato especifico para a enzima foi acrescido gerando cor, sendo a
intensidade da cor diretamente proporcional as concentra¢fes plasmaticas e urinarias de
Ang IlI, Ang-(1-7), ECA2 e, inversamente proporcional, a concentragdo de ECA.
Finalmente, uma solucéo de parada foi adicionada para interromper a reacdo. As placas
foram lidas a 450 nm em espectrofotdometro (Emax — Molecular Devices).

Os niveis séricos e urinarios dos marcadores nas amostras dos participantes foram
obtidos interpolando os valores da absorbancia em uma curva de calibracdo feita com
padrdes de concentracdo conhecida, fornecidos pelo fabricante, utilizando o software

SoftMaxPro®. As concentragdes foram expressas como pg / mL.

Analise estatistica

Os dados foram avaliados quanto a distribuicdo Gaussiana. Quando a distribuicdo
foi normal, foram expressos como média e desvio-padrdo, caso contrario como mediana
e intervalos interquartilicos. Para comparacao entre as médias de dados de distribuicdo
normal, foi utilizado o teste t de Student para dados pareados quanto o mesmo individuo
foi comparado em dois tempos. Para comparacdo de medianas, foi usado teste de
Wilcoxon quanto o mesmo individuo foi comparado em dois tempos. Também
calculamos as proporcGes de moléculas representando os vias contra-regulatorias /
classicas do SRA [Razbes ACE2 / ACE e Ang (1-7) / Angll]. O nivel de significancia
adotado para as analises foi de p < 0,05. As analises estatisticas foram realizadas por meio
do software SPSS versdo 22.0 (SPSS Inc., Chicago, IL, USA) e GraphPad Prism verséo
6.0 (GraphPad Software, Inc., La Jolla, California, USA).
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Abstract:

The importance of physical exercise for a healthy lifestyle is well understood. There are
different types of exercising protocols, including high intensity intermittent training,
endurance, and strength training (ST). It is known that ST can modulate regulatory
systems. However, there are very few studies regarding the interactions between ST and
renin angiotensin system (RAS) in humans. Here, we investigated the effect of ST on
levels of RAS molecules in urine and plasma. Twelve male volunteers with 23.4+2.7
years old performed our ST protocol for 10 weeks (three times a week), which consisted
of 3 sets, performed between 10 and 12 repetitions for each exercise at 65% of one
maximum repetition (1RM) of 3 leg exercises, pause of 90” between sets, and time
duration of repetition of 5”. The effect of ST was evaluated on circulating leukocytes
count, urinary and plasma levels of RAS molecules, including Angiotensin Il, Ang-(1-7),
angiotensin converting enzyme ACE 1 and ACE 2, before and immediately after the first
(S1) and the last (S30) session of training. The level of strength significantly increased in
last training session as compared to first session. Exercise acutely increased post-training
blood lactate levels and leukocyte count. The training protocol significantly reduced the
percentage of fat and increased the total lean mass. Regarding RAS molecules, plasma
levels of Ang Il were higher after the last session in comparison to levels before this
session and also if compared to values after the first session of exercise. Levels of Ang-
(1-7) significantly increased in plasma and urine after first and last sessions and in the
comparison of values before and after last session to those before and after first session,
respectively. Levels of ACE1 and ACE2 did not modify in any condition. In conclusion,
plasma and urinary concentrations of Ang Il and Ang-(1-7) were acutely and chronically

modified by ST.
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Abbreviations lists

S1 = first training session; S30 = last training session; AE = acute exercise; RAS = renin-
angiotensin system; ACE = angiotensin converting enzyme; ACE2 = angiotensin Il
converting enzyme; AT = angiotensin 1l type 1 receptor; LAC= blood lactate; Pre=
before session; Post= after session; ST= Strength Training; 1RM = one-repetition
maximum; IPAQ = international physical activity questionnaire; PAR-Q = physical
activity readiness questionnaire; ELISA = enzyme - linked immunosorbent assay; white

blood cells = WBC
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INTRODUCTION

In the past years, strength training (ST) has received more attention from the
scientific community due to its role in health promotion. ST protocols consist primarily
of anaerobic exercises that vary in intensity and time duration (1, 2). ST promotes skeletal
muscle hypertrophy, which not only prevents aging- and neurodegenerative-related
atrophy but also improves athletic performance (3-7). However, the mechanisms that
underlie such muscle gain are still not well understood (7, 8).

Previous studies showed that even a single acute exercise (AE) session increases
the concentration of circulating leukocytes (9-11). AE was shown to play a role in white
blood cells (WBC) activation (12-14). Inflammatory processes, such as the synthesis of
interleukin (IL)-6 and IL-8, are also associated to the physiological responses to tissue
injury by stimulating migration of neutrophils, monocytes, and lymphocytes to the site of
muscle injury (3, 15). Accordingly, untrained individuals subjected to ST also display an
increase in WBC concentration immediately after the exercises, and such spike comes
back to basal levels 24 hours later (16). WBC migration may also play a regenerative role
on the injured skeletal muscle tissue (17, 18). These processes might contribute to muscle
hypertrophy in ST (19, 20).

The Renin Angiotensin System (RAS) may take part in the physiological process
of muscle hypertrophy as well (5, 21, 22). RAS molecules are present in white adipose
tissue and skeletal muscle and act co-operatively in response to pathophysiological
changes in these tissues (5, 23). However, the effects of ST on the modulation RAS
molecules in humans are still not elucidated (5, 6, 24). On one hand, the classical RAS
axis, comprising angiotensin converting enzyme (ACE), the octapeptide Angiotensin 1l
(20) released from the skeletal muscle, and Ang type 1 (AT1) receptor, promotes protein

degradation via inflammation and oxidative stress, which leads to muscle mass loss (25).
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On the other hand, Ang Il binding to AT1 receptor may also exert proliferative effects,
thus contributing to muscle hyperthophy (26, 27). The alternative RAS axis, formed by
the enzyme homologue to ACE named ACEZ2, the heptapeptide Ang-(1-7) and its receptor
Mas, generally plays a counter regulatory role that opposes the effects of Ang Il (28, 29)
from the classical RAS axis. Previous studies on animal models showed that physical
training could shift the balance of RAS molecules to those of the alternative axis, thus
promoting beneficial effects to the cardiovascular system and systemic metabolism (6).
Accordingly, fat mobilization and maintenance of muscle mass are stimulated via
physical exercise by means of changes in local RAS components (22, 30). In addition,
acute and chronic physical exercise frequently leads to blood pressure reduction in part
due to interaction with RAS-related molecules (6).

Unfortunately, studies with human subjects on the role of physical exercise upon
RAS molecules are very scarce. Only components belonging to the classical RAS axis
have been investigated in healthy and hypertensive adults submitted to physical exercise
(30). Their findings demonstrate that physical training may act as a stimulus to decrease
blood pressure by reducing the generation of reactive oxygen species and AT1 receptor.
Therefore, the main objective of the present study was to evaluate the effect of ST on

plasma and urinary concentrations of RAS hormones in healthy adults.
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PATIENTS AND METHODS

Study design and ethical aspects

This is a prospective study that aimed at evaluating acute and chronic effects of
ST on plasma and urinary RAS molecules in young adult males. Twelve young adult
males, aged from 20 to 31 years old, enrolled in the present study. Inclusion criteria
included healthy young male adults who had not practiced ST for at least 6 months prior
to the study. To evaluate volunteer integrity and physical fitness, a questionnaire (PAR-
Q) was applied (30). Physical evaluation including body mass, height, and body fat
percentage, was performed before and after 10 weeks of training (Figure 1). Body mass
was obtained via an anthropometric scale (MARTE, Brazil). Height was measured with
a stadiometer coupled to the scale (MARTE, Brazil). Pre- and post-training body
composition was measured by dual-energy X-ray absorptiometry (DXA) using the
Discovery W equipment (Hologic, Bedford, MA, USA), software version 3.3 (31).

In order to estimate the training load, a maximal repetition (LRM) test was
performed for the three types of exercises (Leg Press, Leg Extension and Leg Curl) and
calculated with Bryzick's equation (32). Volunteers were allowed to warm up for 5
minutes in a bicycle by pedaling at a low intensity. Next, they were asked to position
themselves as comfortably as possible on the device in order to record all the necessary
adjustments for the sake of consistency throughout the study. After the initial tests,
volunteers performed a training session. The protocols consisted of 3 exercises within 3
sets, performed between 10 and 12 repetitions at 65% of 1RM (1). Ninety second breaks
intercalated each set. Repetition duration time was of 2 seconds for concentric muscle
action and 3 seconds for eccentric muscle action (1). If the volunteer was able to perform
12 repetitions of the same exercise perfectly, the weight would increase by approximately

10% in the next session.
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Exercise interruption was only done when the volunteer was unable to either keep
the time duration for the established muscle actions or to perform exercises in complete
range of motion during two following repetitions. A metronome was used to keep time
duration of muscle action consistent. Training happened three times a week, on Mondays,
Wednesdays and Fridays, at the same time of the day. The volunteers were instructed to
maintain their routine of physical exercises as well as their dietary habits throughout the
period of this study. Training sessions were guided by a trained professional.

This study complied with all norms established by the National Health Council
involving research with humans (Resolution 466/2012) and was approved by the Ethics
Committee on Research in Human Beings (UFOP) under the number 1881.170.

Sample Collection

Blood and urine samples were collected from each volunteer before and
immediately after the first (S1) and last (S30) training sessions. A total of 10 mL of
venous blood was collected via peripheral venipuncture by a trained professional. Blood
was collected in both EDTA and heparin tubes, containing 5 mL of sample each, and
centrifuged (3000 rpm at 4°C for 10 minutes). Plasma and serum samples were stored at
-80°C.

Urine samples of 15 mL were collected in sterile containers, homogenized. Next,
collected urine was centrifuged at 3000 rpm 4°C for 10 minutes. Each sample was
aliquoted (1 mL) into eppendorf tubes and stored in a freezer at -80°C.

Measurements of WBC and Lactate concentration
Differential WBC count was obtained by fluorescent flow cytometry via an
automated instrument (CELL-DYN Ruby, Abbott Laboratories, Santa Clara, CA, USA).

All materials used in the collection process were disposable and sterilized.
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Lactate levels were measured before and immediately (3 minutes) after S1 and
S30 through test strips using fresh capillary blood (Acsusport BM-Lactate®).
Measurement of RAS components

RAS molecules [Ang I, Ang-(1-7), ACE and ACE2] were measured via enzyme-
linked immunosorbent assays (ELISA) using My Bio-Source kits (My Biosource, San
Diego, CA, USA), following the manufacturer's protocol as previously described
elsewhere (33, 34). Sandwich ELISA technique was used to determine the urinary levels
of Ang Il, Ang- (1-7) and ACE2, whereas competitive ELISA method was used to
measure ACE. Assays’ levels of detection were estimated as 1.0 pg/ml for ACE and
ACE2, and of 2.0 pg/ml for Ang Il and Ang-(1-7). Results were read as the absorbance
at 450 nm in the spectrophotometer (TP-Reader NM, Thermo Plate, USA).
Concentrations of all molecules were expressed in pg/ml and data were generated by the
software SoftMaxPro® (Molecular Devices Corparation, 2005, USA). All samples were
assayed in duplicate and simultaneously to avoid inter-assay variability. The intra-assay
variability was below 3%.
Statistical analysis

Statistical analyzes were performed using SPSS software version 22.0 (SPSS Inc.,
Chicago, IL, USA) and GraphPad Prism version 6.0 (GraphPad Software, Inc., La Jolla,
California, USA). Variables were initially checked for normal distribution by Shapiro
Wilk tests. For quantitative variables with Gaussian distribution, values were expressed
as means and standard deviations. Medians and interquartile ranges were used for non-
parametric quantitative variables. Comparisons between the same individual at two time-
points (before versus after exercise session or before first session versus before last

session or after first session versus after last session) were calculated via paired student’s
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t-tests (Gaussian variables) or Wilcoxon’s tests (non-parametric variables). Significance
level of significance was set at p <0.05.
RESULTS

General characteristics and measurements

A total of 12 healthy young adult males, aging from 20 to 31 years old (23.4£2.7),
weighing 75.4+10.4 kg and with heights of approximately 173.0+0.7 cm were enrolled in
the present study. The mean body fat percentage of volunteers was of 26.2+4.6 %.

Table 1 shows the weigh load of three apparatuses used at first (S1) and last
training (S30) sessions. As expected, there was a progressive and significant increase of
weight load from S1 to S30 in all apparatuses.

Results of blood cell count before and after the first (S1) and the last (S30) training
sessions are displayed on table 1. Neutrophils and monocytes increased significantly after
S1, whereas lymphocytes, basophils and eosinophils did not exhibit statistically
significant differences. Leukogram analyses before and after S30 showed a significant
increase in the total number of WBC, neutrophils, lymphocytes, and monocytes. Basophil
and eosinophils did not differ significantly (Tablel).

Table 2 shows results obtained on body composition. Leg fat percentage decreased
throughout the study (p<0.05). Total lean mass increased significantly (p=0.0037) and leg
lean mass also increased (p=0.0037). Total body mass and fat mass were not statistically
different (p>0.05).

Lactate levels increased significantly before and after the S1 and S30 sessions
(p<0.0005) as show in table 2. However, lactate levels did not differ significantly when
comparing S1 to S30 levels, both before (p=0.5830) and after (p=0.7002) the sessions.

In order to evaluate if ST affect the state of hydration, urinary and serum

osmolalities were measured before (pre) and after (post) first (S1) and last (S30) exercise
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sessions (Table 2). No changes were detected in the comparisons of pre and post values
of S1 and of S30. In addition, pre S1 versus pre S30 and post S1 versus post S30 results
did not differ significantly (Table 2).

RAS molecules measurements

The effect of ST on serum and urinary levels of RAS molecules were also analysed
during the first (S1) and the last (S30) training sessions. Comparisons were conducted on
RAS molecule levels before and after the same training sessions as well as on basal levels
before the first (S1) versus before the last (S30) sessions, and on post-training levels after
S1 versus after S30 sessions.

Serum and urinary levels of Ang |1

When comparing pre- and post-training levels of Ang Il for the same training
session, serum Ang Il concentrations significantly increased only after S30 (p=0.0011,
Figure 2B). Post-training serum levels of Ang Il at S30 were significantly higher than
Ang 1l levels post S1 (p=0.0151, Figure 2D). No significant differences were found
between pre- and post-training serum levels of Ang Il in the first (S1) training session
(p=0.7911). Neither was found a statistical difference when comparing pre-training Ang
Il serum levels before the first and last training sessions (p=0.0714) (Figure 2).

Urinary levels of Ang Il increased significantly when post-training concentrations
were compared to pre-training levels at both S1 and S30 sessions (p=0.0001 for both
comparisons). The comparison between levels before the first (S1) and before the last
(S30) training sessions also revealed significant differences. Urinary levels of Ang Il
before S30 were higher than before S1 (p=0.0001). The same was true when comparing
levels after both training sessions. Post-training urinary levels of Ang Il were higher after
S30 than it was after S1 (p=0.0001) (Figure 3).

Serum and urinary levels of Ang-(1-7)
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Serum levels of Ang-(1-7) significantly increased after the first (S1) and after the
last (S30) training sessions in comparison to basal concentrations before both training
sessions (Figure 4, panels A and B).

Ang-(1-7) was significantly increased when comparing pre- and post-training
plasma and urinary levels in both S1 and S30 training sessions (p<0.05 for both
comparisons). Ang-(1-7) was also significantly increased when comparing S1 to S30 pre-
and post-training in urinare and plasma (p<0.05 for both comparisons) (Figure 4 and 5).

Serum and urinary levels of ACE1 and ACE2

Serum and urinary levels of both ACE1 and ACE2 did not differ significantly in

any of analyzed situations (p > 0.05) (Table 3).
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DISCUSSION

The present study investigated the role of ST on RAS molecules in healthy male
individuals. It was found that ST significantly changed plasma and urinary levels of Ang
Il and Ang-(1-7) without modifying ACE1 and ACE2 concentrations. In addition, ST
acutely and chronically modulates angiotensin peptides, since changes were detected just
after a single exercise session and as a response of successive sessions.

The first characterization of our protocol was the evaluation of blood leucocytes
and lactate concentration. As expected, a single session of ST increased total blood
leukocytes and lactate concentration. The comparison between total blood leukocytes
and serum lactate showed higher values after S1 and S30 versus before both training
sessions. Accordingly, protocols of acute aerobic exercise and of high intensity interval
training (HIIT) promoted acute changes in total blood leukocytes, lymphocytes and
granulocytes both in sedentary and active subjects (35, 36). The same was reported for
lactate levels. Wirtz et al. showed that a single session of intensive exercise like ST
increases blood lactate concentration (37). Indeed, levels of lactate have been used as one
variables related to the index of effort during resistance exercises (38). However, as also
reported in the literature for HIIT and aerobic exercise (35, 36, 38, 39), ST did not
chronically change these parameters, since lactate levels and leukocyte were similar
before S1 and S30 as well as after both exercise sessions.

Concerning RAS molecules, our findings showed that ST acutely and chronically
changes circulating and urinary levels of Ang Il and of Ang-(1-7). An acute effect was
initially detected after the first session of exercise, in which serum and urinary levels of
both Ang-(1-7) and Ang Il significantly increased. This acute effect of a single session
also persisted after the last exercise session, since post-training serum and urinary levels

of both Ang Il and Ang-(1-7) significantly increased. There are at least two possible
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explanations for this acute effect of exercise on angiotensin peptides. Firstly, ST may
cause an overall activation of RAS, resulting in changes of serum and urinary levels of
these molecules. The acute inflammatory response induced by exercise may stimulate
both RAS axes (40). Secondly, ST may stimulate local production of angiotensin peptides
in muscle tissue. Thus, high levels of Ang Il and Ang-(1-7) might reflect enhanced local
synthesis at muscle tissue. It has been shown that skeletal muscle expresses several
components of RAS (41-43) ACE was expressed in the sarcolemma and endothelial cells
of local capillaries in skeletal muscle (41). Ang Il receptors, AT and AT>, are also found
in fetal and adult skeletal muscle fibers, satellite cells and microcirculation in both
humans and rodents (42, 43). Therefore, the most likely arrangement of the local RAS is
a combination of local synthesis and uptake from the systemic RAS components.

The metabolic and molecular responses to an acute exercise load are different
between chronic exercise training. Chronic exercise generates different physiological and
functional adaptations. In this regard, strength or resistance training is recommended to
improve muscle strength and muscle resistance and to stimulate muscle hypertrophy (44).
RAS molecules very likely contribute to chronic adaptations to physical training. In
regard to Ang II, urinary levels were significantly higher before and after S30 when
compared to before and after S1, respectively, while serum concentrations were only
higher when comparing post S30 versus post S1 concentration. Previous studies reported
a role for the classical RAS axis in heart hypertrophy in response to exercise. In an
experimental model with rats, resistance training promoted cardiac hypertrophy
associated with increased expression of the ATy receptor in heart tissue (27). In addition,
a living high training low protocol of exercise also resulted in heart hypertrophy
associated with increased protein expression for ACE and AT: receptor in the

endocardium (45). Interestingly, in recent years, many studies have proposed that ACE2-
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Ang-(1-7)-Mas receptor axis exerts beneficial effects in skeletal muscle, including
improvement in insulin sensitivity (21, 29, 46) and protection against muscle atrophy (47,
48). Additionally, Ang-(1-7) seems to have a critical role for muscle hypertrophy induced
by exercise since ACE2 knockout mice did not show an increase in muscle diameter after
exercise (22). In line with these experimental data, our study showed that the comparisons
between urinary and serum levels before first versus before last ST sessions revealed
higher levels of Ang-(1-7) in S30 than in S1. The same was true for the comparisons
between levels of Ang-(1-7) after S30 versus after S1 in serum and urine. Therefore, our
findings indicated that ST significantly enhances Ang-(1-7) levels in plasma and urine,
which, in turn, may contribute to muscle hypertrophy possibly benefiting the
cardiovascular system and metabolic processes. In addition, Ang-(1-7) may counteract
the deleterious effects of high concentrations of Ang I1.

To the best of our knowledge, our study was the first one that measured RAS
molecules in healthy individuals submitted to ST. Despite the significant changes in Ang
Il and Ang-(1-7), we were not able to investigate the mechanisms responsible for these
enhancements and the local effects elicited by these molecules. Further studies are
necessary to understand the physiological role of RAS on acute and chronic adaptations

to physical exercise.

Perspectives: (i) This study evaluated the effect of ST on RAS molecules; (ii) The ST
significantly produced muscle hyperthrophy and increased levels of Ang Il and Ang-(1-
7) in acute and chronic manner; (iii) Our findings support a role of ACE2-Ang-(1-7)-
Mas receptor axis in skeletal muscle hyperthrophy and in benefits to metabolism and

cardiovascular system.
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TABLES
Table 1. Comparisons of weight load (kg) of each apparatus and body composition (kg)

at first (S1) and last (S30) training session

APPARATUS MEAN = SD (S1) MEAN = SD (S30)

Leg press 122.25+29.50 233.83+55.63 0.0001
Leg extension 27.05%7.53 47.05+13.73 0.0001
Leg curl 26.25+7.11 38.33+7.78 0.0005
Body weight 75.4+10.5 76.0£10.7 0.1986
% Body fat Dxa 26.2+4.6 25.3+5.7 0.0487
Fat mass Dxa 19.8+6.1 19.3+5.5 0.1835
Total lean mass Dxa 51.745.9 52.946.6 0.0057
Leg lean mass Dxa 17.9+2.3 18.9+2.8 0.0037

Legend: Dxa Dual-energy X-ray absorptiometry; kg kilogram; SD Standard deviation.
Values in pre and post exercise sessions (S1 and S2) are expressed as means and standard

deviations. Differences were considered significant at p <0.05 (Paired t Test).

Table 2 — Comparison of leukocytes, serum lactate levels, urinary and serum osmolalities

before (Pre) and after (Post) first (S1) and last (S30) sessions of exercise.

Pre S1 Post S1 P Pre S30 Post S30 P
TOTAL LEUKOCYTES 7466+1832 885612583 0.0009 6548+1571 8448+1980 0.0001
NEUTROPHILS 42971817 511742061 0.0007 3585+1050 4421+1179 0.0002
LYMPHOCYTES 2301+445 2733£927 0.0829 2141+492 3005x767  0.0003
BASOPHILS 42+26 38+18 0.4073 3514 41+22 0.1675
MONOCYTES 597+176 723+£297 0.0253 559+170 727+239 0.0020
EOSINOPHILS 2291167 2461168 0.2479 224+118 2544133 0.0509
LACTATE 2.74+0.62 8.31£3.03 0.0005 2.96£1.02 9.25£1.02  0.0005
URINARY OSMOLALITY 696,8+344  558,3+307 0,1950 818,0£313 585,9+300 0,0601
SERUM OSMOLALITY 341,9+62,8 324,7+49,0 0,4333 337,0£80,3 324,8453,5 0,9238

Legend: Values in pre and post exercise sessions (S1 and S30) are expressed as means
and standard deviations. Differences were considered significant at p <0.05 (Paired t
Test).
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Table 3- Comparisons of serum and urine levels of ACEL (angiotensin converting

enzyme 1) before (Pre) and after (Post) first (S1) and last (S30) session of exercise.

Serum Urine
ACE1 P value ACE1 P value
Pre S1 149.9 0.0640(a) 114.7 0.1514(a)
(124.6-295.0) (84.91-144.91)
Pos S1 151.5 0.2234(b) 82.30 0.1050(b)
(117.2-264.2) (63.76-115.9)
Pre S30 136.6 0.2661(c) 109.6 0.4648(c)
(130-247.8) (80.54-73.16)
Pos S30 136.9 0.3804(d) 86.01 0.5186(d)

(126.9-265.5)

(73.16-109.2)

Legend: Values in pre and post exercise sessions (S1 and S2) are expressed as medians
and interquartile range (percentile 25 and percentile 75). (a) p value for the comparisons
Pre S1 versus Pos S1, (b) p value for the comparisons Pre S30 versus Pos S30, (c) p value
for the comparisons Pre S1 versus Pre S30 and (d) p value for the comparisons Pos S1

versus Pos S30. Differences were considered significant at p <0.05 (Wilcoxon test).

Table 4- Comparisons of serum and urine levels of ACE2 (angiotensin converting

enzyme 2) before (Pre) and after (Post) first (S1) and last (S30) session of exercise.

Serum Urine
ACE2 P value ACE2 P value
Pre S1 47 .4 0.0923(a) 4.96 0.2661(a)
(26.82-86.41) (0.00-9.86)
Pos S1 67.48 0.1763(b) 10.52 0.1294(b)
(38.4-120.0) (3.77-12.12)
Pre S30 43.12 0.8561(c) 4.92 0.9854(c)
(26.16-61.06) (3.02-8.88)
Pos S30 68.80 0.8501(d) 12.10 0.4697(d)

(52.83-111.3)

(7.22-58.26)

Legend: Values in pre and post exercise sessions (S1 and S2) are expressed as medians
and interquartile range (percentile 25 and percentile 75). (a) p value for the comparisons
Pre S1 versus Pos S1, (b) p value for the comparisons Pre S30 versus Pos S30, (c) p value
for the comparisons Pre S1 versus Pre S30 and (d) p value for the comparisons Pos S1

versus Pos S30. Differences were considered significant at p <0.05 (Wilcoxon test).
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FIGURE 1- Schematic view of the study protocol.

Legend: MR — maximal repetition; DXA - Dual-energy X-ray absorptiometry; reps —

repetitions.
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FIGURE 2 - A) Comparison of serum levels of Angiotensin Il (Ang I1) evaluated before
(pre) and after (post) the first (S1) session of exercise. B) Comparison of serum levels of
Ang 1l evaluated before (pre) and after (post) the last (S30) session of exercise. C)
Comparison of serum levels of Ang 11 evaluated before (pre) the first (S1) exercise session
versus before (pre) the last (S30) exercise session. D) Comparison of serum levels of Ang
Il evaluated after (pre) the first (S1) exercise session versus after (pre) the last (S30)
exercise session. The results were expressed as medians and individual values.
Differences were considered significant at p <0.05 (Wilcoxon test).
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FIGURE 3 - A) Comparison of urine levels of Angiotensin Il (Ang 1) evaluated before
(pre) and after (post) the first (S1) session of exercise. B) Comparison of urine levels of
Ang |l evaluated before (pre) and after (post) the last (S30) session of exercise. C)
Comparison of urine levels of Ang Il evaluated before (pre) the first (S1) exercise session
versus before (pre) the last (S30) exercise session. D) Comparison of urine levels of Ang
Il evaluated after (pre) the first (S1) exercise session versus after (pre) the last (S30)
exercise session. The results were expressed as medians and individual values.
Differences were considered significant at p <0.05 (Wilcoxon test).
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FIGURE 4 - A) Comparison of serum levels of Angiotensin-(1-7) (Ang 1-7) evaluated
before (pre) and after (post) the first (S1) session of exercise. B) Comparison of serum
levels of Ang 1-7 evaluated before (pre) and after (post) the last (S30) session of exercise.
C) Comparison of serum levels of Ang 1-7 evaluated before (pre) the first (S1) exercise
session versus before (pre) the last (S30) exercise session. D) Comparison of serum levels
of Ang 1-7 evaluated after (pre) the first (S1) exercise session versus after (pre) the last
(S30) exercise session. The results were expressed as medians and individual values.
Differences were considered significant at p <0.05 (Wilcoxon test).
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FIGURE 5- A) Comparison of urine levels of Angiotensin-(1-7) (Ang 1-7) evaluated
before (pre) and after (post) the first (S1) session of exercise. B) Comparison of urine
levels of Ang 1-7 evaluated before (pre) and after (post) the last (S30) session of exercise.
C) Comparison of urine levels of Ang 1-7 evaluated before (pre) the first (S1) exercise
session versus before (pre) the last (S30) exercise session. D) Comparison of urine levels
of Ang 1-7 evaluated after (pre) the first (S1) exercise session versus after (pre) the last
(S30) exercise session. The results were expressed as medians and individual values.
Differences were considered significant at p <0.05 (Wilcoxon test).

52



6 CONSIDERACOES FINAIS

Os achados desse estudo mostraram que o treinamento de forga induz em
individuos adultos jovens e saudaveis aumentos significativos em alguns componentes
do SRA. Ang Il aumentou apenas na ultima sessdo de treinamento e cronicamente quando
comparados os valores de Pré e P6s no soro. Ja na urina, foram detectados aumentos
significativos em todas situacGes avaliadas, inclusive logo ap6s a primeira sessdo de
treinamento. Em relacdo a ECAL, ndo foram encontradas alterac@es significativas tanto
aguda como cronicamente. O aumento de Ang Il pode ser interpretado como uma ativagédo

sistémica e/ou local do SRA.

Em nosso estudo, os niveis de Ang-(1-7) aumentaram significativamente no
plasma e na urina apds a primeira e a ultima sessdo e na comparacdo dos valores antes e
depois da ultima sessdo com os valores de antes e depois da primeira sessdo,
respectivamente. Os niveis de ECA2, outro componente da via contra-regulatoria, ndo se
modificaram em nenhuma condi¢do. O aumento de Ang-(1-7) pode representar uma
resposta compensatoria & elevacdo de Ang Il. Ressalta-se que apenas a Ang-(1-7)
apresentou aumento significativo no plasma e na urina dos valores anteriores a ultima
sessdo em relacdo aos valores anteriores a primeira sessdo. Esse resultado sugere que o
treinamento de forga promova cronicamente aumento dos niveis basais de Ang-(1-7) no
soro e na urina. Tal aumento poderia se associar, pelo menos em parte, aos efeitos
benéficos promovidos pelo treinamento de forca, tais como hipertrofia muscular, melhora

do perfil metabdlico e cardioprotecéo.

Nossos resultados podem contribuir para o entendimento dos mecanismos
envolvidos nas adaptacGes cardiovasculares e renais promovidas pelo treinamento de
forca. Além disso, faz-se necessaria a investigagdo dos efeitos do exercicio fisico em
individuos com doengas relacionadas ao comprometimento do eixo ECA2/Ang(1-7)/Mas
para identificar se h& potencial terapéutico do treinamento de forca para esta populacéo.
Além disso, vale ressaltar que o presente estudo € o primeiro que investigou 0s eixos
classico e contra-regulatorio do SRA em humanos submetidos a protocolo de exercicio
fisico.

Todavia, este estudo tem limitacGes que devem ser reconhecidas. Primeiro, as
alteracdes moleculares relatadas na periferia (ou seja, sangue e urina) podem nao refletir

com exatiddo mudancas reciprocas nos outros sistemas como tecido muscular, coracéo,
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entre outros. As analises nestes 0rgaos e tecidos poderiam ter acrescentado informacdes
significativas a esse respeito, embora questdes éticas ndo permitam sua realizagdo. Outra
limitacdo diz respeito ao fato de que nosso estudo ndo avaliou 0s mecanismos subjacentes

ao aumento de moléculas do SRA.
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7 PERPECTIVAS FUTURAS

Como desdobramentos de nosso estudo, pretendemos avaliar associagdes entre
medidas de marcadores inflamatdrios, adipocinas, miocinas e moléculas do SRA nos
individuos submetidos ao treinamento de forca em musculacao.. Nossa principal intencao
é tentar entender as vias metabdlicas ativadas ou inibidas em resposta ao treinamento de
forca e sua possivel associacdo com alteracBes morfologicas e funcionais de Orgdos

importantes como 0 musculo esquelético, 0 coracao e os rins.
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Titulo da Pesquisa Efeitos de diferentes protocolos de exercicio fisico, agudos e crénicos no
comportamento, gualidade de vida, marcadores imunolégicos, inflamatdrios, de
estresse oxidativo e do sistema renina angiotensina.

Pesquisador: Albena Hunes da Silva

Area Tematica:
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CAAE: G0064216.5.0000.5140

Instituicio Proponente: Universidade F ederal de Ouro Preto
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

MNimero do Parecer: 1.881.170

Apresentagao do Projeto:

"Pesguisa interinstitucional (UFMG, UFOP, UNIBH) cujo objetivo sera avaliar o efeito, em biomarcadores no
sangue, tanto de uma sessdo de exercicio fisico gquanto do treinamento crdnico. Prevé 80 participantes
voluntarios (estudantes do centro universitario UNIBH Belo Horizonte) serdo submetidos 4 uma sessdo de
treino & as amostras sanguineas serdo coletadas imediatamente antes e apds uma sessdo de treino. Os
participantes também serdo submetidos a um periodo de 8 semanas de treinamento e as amostras serdo
coletadas, antes, no meio (semana 4) & ao final do treinamento crinico de 8 semanas. A coleta serd
realizada no Lahoratdrio de biomecdnica e a sessdo de treinamento acontecerd no laboratorio de
musculagdo, ambos localizados no Centro Desportivo da UFOP{CEDUF OP) sob a supervisdo de um ou
mais profissionais de educagdo fisica devidamente treinados. Erm sequida, as amostras serio conduzidas
para o Laboratdrio de Irmunobiologia da Inflarmagdo (LABIM, UFMG) e para o Laboratdrio Piloto de Analises
Clinicas da Farmacial LA PACILIFOR).

Asandlises das mesmas moléculas serdo realE adas antes e apds este periodo de treinamento”

Objetivo da Pesguisa:
"Cikjetivo Prirmario;
Avaliar e analisar o efeito de diferentes protocolos de exercicio fisico, agudos e cranicos no

Enderego: Moo do Cruzeire-ICEB 1, SalaZa -PROFPFP/UFOP

EBairro: Campus Universitario CEP: 25400-000

UF: Mz Municipio: OURO PRETO
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Cortnuagdo do Parecer: 1.881.170

cormportarmento, gqualidade de vida, marcadore s imunoldgicos, inflamatdrios, de estresse oxidativo e do
sisterma renina angintensina.

Ohjetivo Secundario:

Ohjetivo 1- Quantificar as células do sisterna imunoldgico (neutrdfilo, basdfilo, neutrdfilo & mondcito) em
voluntarios submetidos a um protocolo de treinamento de forga na musculagdo com duragdo de 08
sermanas.Chjetivo 2 Quantificar a produgdo de biomarcadores plasméticos e urinarios (CCL2, IL-8, CCLA, IL
-1, 12, IL-4, 16, IL-10, IL-17 e THF) em voluntarios submetidos a um protocolo de treinamento de forga na
musculagdo com durag d0 de 08 semanas.Ohjetiva 3 Quantificar marcadores de lesdo muscular (Ck, LOH e
escala subjetiva de dor) em um protocolo de treinamento de forga na musculagdo com duragdo de 08
sermanas Ohjetivo 4- Avaliar o eguilibrio oxidante redutor através da andlise das substéncias reativas do
dcido tiobarbitdrico (TBARS), relagdo nitrtomitrato, alutationa reduzida (G SH) capacidade antioxidante do
plasma {CAP) e produtos de oxidagio proteica (AOPP).Objetiva 5- Avaliar a hipertrofia muscular e o
aumento da capacidade fisica forga apds um periodo de 08 semanas de treinamento na
musculagdo.Chjetiva 6- Avaliar os niveis plasmaticos de Angiotensina 11, Angiotensina-{1-7), enzima
conversora de angiotensing (ECA) e ECAZ2 apds um periodo de 08 semanas de treinamento de hipertrofia
na musculagdo. Chjetiva 7- Avaliar comportamenta humano e qualidade de vida em praticantes de atividade
fisica."

Avaliagdo dos Riscos e Beneficios:

"Risc oz

Este estudo respeitara todas as normas estabelecidas pelo Conselho NMacional em Sadde envalyendo
pesquisas com seres humanos (Resolugdo 46612012) e somente terd inicio apds aprovagdo pelo Comité de
Etica em Pesquisa em Seres Humanos (UF QP Antes de iniciarem qualguer atividade neste projeto, os
voluntarios receberdo todas asinformagdes quanto aos objetivos, a0 processo metodoldgico, bem coma os
possiveis riscos e beneficios de participagfo no estudo. Caso aceitem participar, 0s voluntarios assinarao
urm Termo de Consentimento Livre & Esclarecido (TCLE) no gual tomardo ciéncia de gue a gualguer
mormento poderdo deikar de participar da pesquisa. Serdo tomadas precaugdes no intuito de preservar a
privacidade dos voluntarios, sendo gque a salde e o berrestar estardo sempre acima de gualguer outro
interesse. Todos os procedimentos adotados neste estudo estdo de acordo com as "Diretrizes e Mormas
Regulamentadoras das Pesguisas Ervolvendo Seres Humanos" do Conselho Macional da Salde (Res. 1961
98 ervolvendo pesguisas com seres humanos. A coleta serd realizada no Laboratdrio de biomecdnica e a
sessao de treinamento acontecera no laboratdrio de rmusculacdo, ambos
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localizados no Centro Desportivo da UF OP{CEDUF OF) sob a supervisdode um ou mais profissionais de
educacdo fisica devidamente treinados. Em seguida, as amostras serdoconduzidas, em condigdes de
transporte de amostras hioldgicas padrio, para o Laboratdrio de Imunobiologia da Inflamag&o (LABIIN) e
para o Labaratdrio Piloto de Andalises Clinicas da FarmaciailLAPAC). A realizagfo deste estudo envalve os
Hscos gerais relacionados 8 pratica de exercicios fisicos,como lesdes misculoesgueléticas e traumatismo.
Porérn, a freqléncia com gue esses eventos ocorrem ern condigdes laboratoriais @ minima.

Beneficios:

Cormos dados gerados por este estudo, serd possivel um melhor entendimento do efeito de urma sessdo de
treinamento de forga na musculagdo em biomarcadores inflamatdrios e de estresse oxidativo, 0 que
permitird um melhor ertendimento da carga de treinamento & suas conseguéncias. Com estes dados serd
possivel analisar a melhor maneira de aplicar uma sessdo de treino, bem como no tempo necessario para
recuperacdo. Ainda serd possivel fazer inferéncias sobre os niveis de citocinas e as possiveis respostas
adaptativas geradas por estes estimulos."

Comentarios e Consideragies sobre a Pesquisa:
Peszquisa relevante.

Consideragibes sobre 0s Termos de apresentagao obrigatoria
Termos apresentados e adeguados.

Conclusdes ou Pendéncias e Lista de Inadequaci es:
Aprovado.

Consideragbes Finais a critério do CEP:

Este parecer foi elahorado haseado nos documentos abaixo relacionados:

Tipo Docurmento Arguivo Postagem Autar Situagdo
Informagdes Basicas| PE_INFORMACOES_BASICAS_DO_P T4 22016 Aceito
do Projeto ROJETO 773635 pdf 07:40:38
TCLE! Termos de  [TCLE_UFOP. docy 14122016 |Albend Munes da Aceito
Assentimento [ 07:39:32 | Silva
Justificativa de
Auséncia
Qutros CARTA_CEP1.doc 14122016 |Alkbens Munes da Aceito

073916 | Siva
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