UNIVERSIDADE FEDERAL DE CIENCIAS DA SAUDE DE
PORTO ALEGRE - UFCSPA
CURSO DE POS-GRADUAGAO EM CIENCIAS DA
REABILITAGAO

Giovanna Tedesco Barcelos

Efeitos da suplementacao de L-
Arginina e do treinamento aeroébico
continuo ou intervalado na tolerancia
ao exercicio, funcao hemodinamica,
perfil inflamatorio e nos parametros de
estresse oxidativo na insuficiéncia
cardiaca experimental.

Porto Alegre
2016



Giovanna Tedesco Barcelos

Efeitos da suplementacao de L-
Arginina e do treinamento aerodbico
continuo ou intervalado na tolerancia
ao exercicio, funcao hemodinamica,
perfil inflamatorio e nos parametros de
estresse oxidativo na insuficiéncia
cardiaca experimental.

Dissertagdo submetida ao Programa de
Pd6s-Graduagao em Ciéncias da
Reabilitacdo da Fundacdo Universidade
Federal de Ciéncias da Saude de Porto
Alegre como requisito para a obtencao do
grau de Mestre.

Orientador: Dr.Ramiro Barcos Nunes
Co-orientador: Dr. Pedro Dal Lago

Porto Alegre
2016



AGRADECIMENTOS

Em primeiro lugar gostaria de agradecer aqueles que confiaram no meu
trabalno e me deram a oportunidade de iniciar meu mestrado na Universidade
Federal de Ciéncias da Saude, a qual também foi a minha casa na graduacgéo, meus
orientadores. Ao Prof. Dr. Pedro Dal Lago por proporcionar a oportunidade de ser
sua orientanda e vivenciar o dia a dia do Grupo de Pesquisa em Interagao
Cardiopulmonar (GPIC). Agradeco por todo o seu suporte quando foi preciso, seus
grandes ensinamentos, e também por incentivar seus alunos a crescerem cada vez
mais. Ao Prof. Dr. Ramiro Barcos Nunes que desde o inicio me incentivou a ir
adiante com a ideia de iniciar um projeto de mestrado e esteve sempre ao meu lado.
Nao posso descrevé-lo apenas como um orientador, pois mais do que isso, foi para
mim um psicélogo, incentivador, um “pai” — como ele mesmo se intitulava -, ou, por
que nao, um grande amigo. Levo comigo ndo s6 os aprendizados da area cientifica
que me passou, mas um exemplo de ser humano que leva a humildade,
simplicidade e a generosidade na esséncia.

A minha familia, principalmente aos meus amores: meus pais, Jugara
Barcelos e Alexis Barcelos por me incentivarem sempre. Por se mostrarem
orgulhosos com as pequenas coisas que para mim nao passariam da obrigagao. Por
entenderem minhas auséncias em datas comemorativas — isto €, passar o natal com
os ratos e ndo com eles — ou na rotina do dia a dia. As minhas irmas e sobrinhas
que formam essa familia linda exclusivamente de mulheres que me dao muita forga.
Por ultimo, porém ndo menos importante, a minha avd Olinda Tedesco, por ser um
exemplo de pessoa forte e determinada para mim. Muito obrigada por estarem
sempre ao meu lado dando esse suporte essencial.

Agrade¢o ao meu namorado Pedro Bonatto que me atura ha mais de cinco
anos. Sempre me apoiou em todas as minhas decisbes, se mostrando um
companheiro e um pilar essencial para que eu conseguisse ir adiante. Esteve
presente em todos os meus momentos de estresse e fraqueza e me proporcionou
momentos de reflugio, me reerguendo para que eu prosseguisse com meus
objetivos. Sou muito grata por té-lo em minha vida e fazer de mim uma pessoa
melhor.

Nao posso deixar de agradecer aos meus amigos de longa data que séao

sempre essenciais para os momentos de lazer e de escape para a mente. Aos



presentes que o mestrado me deu - Gustavo Ribeiro, Rosangela Melo e Karina
Romeu - agradeco pelas trocas de conhecimento e risadas. Em especial a Karina
que dividiu momentos intensos de estudo comigo e me proporcionou muitos
chimarrdes - fator essencial para me manter acordada. Obrigada meu amor.

Ao Me. Jadson Alves que esteve presente na maior parte das praticas de
laboratorio comigo e teve muita paciéncia para me ajudar com tudo que eu precisei.
Admiro muito a pessoa que és, estudioso, inteligente e de um coragdo enorme. Foi
praticamente um terceiro orientador para mim, sou muito grata.

Ao Me. Douglas Rossato que aceitou nosso convite em participar do projeto
e viajava quildmetros para nos encontrar em finais de semana de experimento.
Obrigada pelos ensinamentos, conselhos, e por deixar o trabalho - mesmo que
extenuante - mais leve.

A Jualia Perini pela troca de conhecimento e pelas horas infinitas de
dedicagéo no laboratério. Obrigada pela persisténcia para continuar com as nossas
coletas, mesmo quando parecia que nada iria dar certo.

A Camila Scheid que foi essencial para que eu conseguisse realizar as
analises de estresse oxidativo, revisando cada técnica comigo, se preocupando
quando algo dava errado e correndo atras de respostas. Parabéns pela profissional
que és, obrigada por tudo.

Aos bolsistas de iniciagao cientifica Lucas Pinheiro — meu fiel escudeiro - e
Carol Carvalho. Nossa parceria foi essencial para que o trabalho n&do se tornasse
pesado demais para ninguém. Obrigada pelo estabelecimento de confianga que
pudemos criar, além da troca de amizade. Sem vocés eu nao teria finalizado esse
trabalho, tenho certeza.

Por fim, a todos aqueles que ndo me negaram ajuda em momento algum:
Bruna Marmett, Joana Fish, Dr. Vitor Scotta, Dr. Leonardo Calegari, Dr. Rodrigo
Jaenisch, Me. Giuseppe Stefani, Dr. Luis Fernando Deresz, Me. Giovana Baldissera,
Dra. Claudia Rhoden, Fernanda Andrade, Marilia Lambrecht, Ignes Cristiane Paiva.

Sou muito grata a todos.



“A lei da mente é implacavel.
O que vocé pensa, voceé cria;
O que vocé sente, vocé atrai;
O que vocé acredita
Torna-se realidade.”

Buda



RESUMO

Introducdo: A insuficiéncia cardiaca (IC) € uma sindrome multissistémica. Disfun¢des
hemodinamicas, vasculares e, além disso, o quadro inflamatério e de estresse
oxidativo caracterizam esta patologia. O conjunto de disfungdes contribui para o
principal sintoma da sindrome: a intolerancia ao exercicio. Ainda, anormalidades na
biodisponibilidade de L-arginina (Arg) podem agravar a fungdo vascular destes
pacientes. Obijetivos: Avaliar a capacidade funcional, os parametros hemodinamicos,
a massa muscular, o estresse oxidativo e o perfil inflamatorio apds oito semanas de
suplementagdo oral de Arg em associagdo ou nao com o treinamento aerdbico
continuo (TAC) ou treinamento aerdbico intervalado (TAl) em ratos com IC.
Metodologia: 38 Wistar machos, apés 6 semanas da cirurgia de infarto agudo do
miocardio (IAM), foram randomizados em 6 grupos: sedentarios (SED), sedentarios
suplementados com Arg (SED+Arg), treinamento aerdbico continuo (TAC),
treinamento aerdbico continuo e suplementados com Arg (TAC+Arg), treinamento
aerdbico intervalado (TAI) e treinamento aerdbico intervalado e suplementados com
Arg (TAI+Arg). Todos os animais foram submetidos ao teste de tolerdncia maxima
ao exercicio (TTE) no periodo pré e pos protocolos. Os grupos suplementados
recebiam diariamente L-Arginina (1g/kg) por gavagem e o treinamento aerobico era
realizado cinco vezes por semana em esteira elétrica. O TAI consistiu de 7 séries de
3 min a 85% da velocidade maxima atingida no TTE intercalada com 4 min de
recuperagao ativa a 60% da velocidade maxima do TTE. O TAC era realizado a 60%
da velocidade maxima do TTE até atingir a mesma distancia realizada no TAI. Ao
término de oito semanas de protocolos foi realizada a coleta de sangue e tecidos e,
posteriormente, as avaliagdes de hemodinamica, perfil inflamatério e de estresse
oxidativo. Resultados: Todos os grupos treinados foram capazes de aumentar a
distancia percorrida e a duragdo do TTE em comparagao aos grupos sedentarios e
aos testes pré-protocolos intragrupo. A melhora da fungdo hemodinamica foi
observada principalmente nos grupos que associaram o treinamento com a
suplementagdo. Houve redugao da pressio diastdlica final do ventriculo esquerdo
nos grupos TAC+Arg, TAl e TAI+Arg em relagdo ao SED. Além disso, o grupo
TAI+Arg apresentou tendéncia de normalizagdo da presséao sistélica do ventriculo
esquerdo, da pressdo arterial sistdlica, além do indice de contratiidade e de
relaxamento. Os grupos TAI+Arg e TAC+Arg apresentaram maior atividade de
superoxido dismutase (SOD) no gastrocnémio e maior atividade de catalase (CAT) e
menor lipoperoxidagdo nos rins. No gastrocnémio, além do TAI+Arg e TAC+Arg, o
grupo SED+Arg também apresentou reducdo da lipoperoxidagdo. Os grupos
submetidos ao TAIl apresentaram menores valores plasmaticos de TNF-a, além de
uma maior razao IL-10/TNF-a em relacdo aos demais grupos. Ja os grupos que
associaram o exercicio aerdbico com a suplementacédo de Arg (TAC+Arg e TAI+Arg)
apresentaram uma maior massa do gastrocnémio em relagdo aos SED. Conclusao:
TAC e TAI foram capazes de aumentar a tolerancia ao exercicio de ratos com IC e a
associagao de ambos com a suplementacédo de Arg atenuou a perda muscular.
Associagdo do TAI+Arg promoveu melhoras expressivas na hemodinamica, perfil
inflamatério e nos parametros de estresse oxidativo nos ratos IC.

Palavras-chave: Insuficiéncia cardiaca, Arginina, Estresse Oxidativo, Terapia por

Exercicio, Hemodinamica, Citocinas.



ABSTRACT

Introduction: Heart failure (HF) is a multifactorial syndrome, which reduced exercise
tolerance is the major symptom. Diminished bioavailability of L-Arginine (Arg) in HF
could be related to dysfunction in vascular system. Hence, all dysfunctions together
lead to an inflammatory and oxidative stress state. Objective: To investigate the
effects of 8 weeks of L-arginine (Arg) supplementation associated with aerobic
continuous training (ACT) or aerobic interval training (AIT) on maximal exercise
capacity, pulmonary and hepatic congestion, muscle mass, and hemodynamic,
inflammatory, and oxidative stress parameters in rats with chronic heart failure
(CHF).Methods: Thirty-eight male Wistar rats post 6 weeks of myocardial infarction
(MI) surgery were randomly assigned into 6 CHF groups: sedentary (SED, n = 6);
SED+Arg (n=7); ACT (n=8); ACT+Arg (n=05); AIT (n=7); AlIT+Arg (n=25).
Exercise test capacity (ETC) was performed pre and post 8 weeks of intervention.
Supplemented rats received Arg (1g/kg) by oral gavage (7x/week). Exercise training
was performed on a rat treadmill (5x/week). The AIT consisted of 7 bouts of 3 min at
85% of maximum ETC velocity with 4-min active recovery at 60% of maximum ETC
velocity. The ACT was performed at 60% of maximum ETC velocity until reaching the
same distance of AIT. Hemodynamic variables, tissue collection, congestion,
inflammatory cytokines, and oxidative parameters were evaluated at the end of
protocols. Results: All trained groups showed a superior exercise capacity compared
to SED groups on the post-intervention test. Pulmonary congestion was attenuated in
AIT and AIT+Arg compared with the SED group. Left ventricular end-diastolic
pressure was lower in continuous ACT+Arg, AIT, and AIT+Arg groups than SED
group. Association of AIT with Arg supplementation was able to improve
hemodynamic responses (left ventricular systolic pressure, systolic blood pressure,
dP/dtmax, and -dP/dtnax, likewise, decrease muscular and renal lipid peroxidation and
tumor necrosis factor (TNF)-a, and increase interleukin (IL)-10/TNF-a plasmatic
levels. Groups associated with aerobic exercise and Arg supplementation (ACT+Arg
and AIT+Arg) revealed higher gastrocnemius mass compared to the SED group.
Conclusions: Both aerobic training protocols were capable to improve aerobic
capacity, and the association with Arg supplementation was important to attenuate
muscle loss. Moreover, interval training associated with Arg supplementation elicits
greater improvements in hemodynamic parameters, contributing to reduction in
pulmonary congestion, and demonstrated particular responses in the inflammatory
profile and in the antioxidant status.

Key words: Heart failure, Arginine, Oxidative Stress, Exercise Therapy,

Hemodynamics, Cytokines
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1 INTRODUGAO

A insuficiéncia cardiaca (IC) crbnica € caracterizada pela incapacidade do
coragao em manter o fluxo sanguineo sistémico adequado, prejudicando a fungéo da
maioria dos Orgaos e sistemas corporais. Essa condicdo é considerada uma
sindrome complexa e multifatorial, que esta diretamente relacionada a redugao da
qualidade de vida e sobrevida dos pacientes. Dentre os diversos marcadores
prognoésticos dessa sindrome, a intolerancia ao exercicio tem demonstrado ser um
forte preditor de mortalidade nessa condi¢céo (1, 2). As alteragbes cardiovasculares
e ventilatorias observadas nesta sindrome contribuem significativamente para a
progressao e agravamento da IC. Contudo, fatores neuro-humorais, tais como maior
ativacao do sistema simpatico e do sistema renina-angiotensina-aldosterona (SRAA)
(3, 4), além de disfungbes vasculares e musculoesqueléticas, estdo diretamente
relacionados a fadiga precoce e intolerancia ao exercicio em pacientes com IC (5,
6).

A funcédo vascular depende diretamente da biodisponibilidade de éxido nitrico
(NO), que é um importante fator envolvido no relaxamento do musculo liso dos
vasos sanguineos. Anormalidades na sua fungdo podem estar relacionadas a baixas
concentragdes de L-Arginina (Arg), ou ainda, a reduzida expressao da 6xido nitrico
sintase endotelial (eNOS) (7, 8). Além disso, o conjunto de altera¢des caracteristicas
dessa sindrome, contam com um quadro inflamatério e de estresse oxidativo
sistémicos (9) que agravam o sintoma de intolerédncia ao exercicio e culminam
também em atrofia da musculatura esquelética.

O 6éxido nitrico exerce fungdes fundamentais para a saude vascular, sendo
responsavel pela vasodilatacdo, inibicio da adesdo plaquetaria e fatores
antiateroscleréticos (10, 11). Assim, a inadequada produgé&o de NO, devido a baixa
biodisponibilidade de L-Arginina tem sido associada a disturbios cardiovasculares
(12). Alguns estudos ao longo dos ultimos anos tém investigado o uso da
suplementagdo de L-Arginina em doengas cardiovasculares e sua agao sobre a
fung&o endotelial, perfil inflamatorio e até mesmo sua ag&o antioxidante (13, 14).

O exercicio fisico é outra intervengdo ndo farmacolégica que sem duvida tem
um notavel papel na reabilitacdo de pacientes com insuficiéncia cardiaca. O

treinamento aerdbico tem sido amplamente estudado e ja € bem estabelecido que,
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quando realizado em pacientes estaveis com IC e com supervisao profissional, &
uma ferramenta segura. Além disso, esta pratica esta diretamente relacionada a
menor taxa de internagdes hospitalares e a um menor risco de mortalidade (15, 16).

Nos ultimos anos, o treinamento aerdbico intervalado (TAI) tem sido alvo de
investigacdes, tanto em pacientes com insuficiéncia cardiaca, quanto em outras
patologias ou em individuos saudaveis. Quando esse treinamento baseia-se na
alternancia de periodos de baixa a moderada intensidade com periodos de alta
intensidade, permite que o individuo consiga totalizar um maior tempo em alta
intensidade e, ainda, realizar um treino mais curto do que os de intensidade continua
(17). Ha evidéncias sugerindo superioridade do TAIl de alta intensidade em relagéo
ao treinamento aerdbico continuo de moderada intensidade, principalmente em
relacdo ao consumo maximo de oxigénio (VOzmax), tanto em individuos saudaveis,
quanto em pacientes com IC (18, 19). Todavia, a superioridade dos beneficios do
treinamento intervalado nos parametros hemodinamicos, inflamatérios e de estresse
oxidativo ainda n&o é clara (19-21).

Tendo em vista a necessidade de inovacbes nas intervencdes nao
farmacoldgicas para a reabilitacdo na insuficiéncia cardiaca, o presente estudo
objetivou verificar os efeitos da suplementagdo de L-Arginina e do treinamento
aerobico, tanto continuo de intensidade moderada, quanto o intervalado de alta
intensidade, sobre a capacidade funcional, estresse oxidativo e parametros
hemodinamicos e inflamatoérios. O estudo foi conduzido em modelo experimental de
ratos Wistar com IC induzida por ligagédo da artéria coronaria descendente esquerda.
A pesquisa experimental nos proporciona uma abordagem mais completa dos
aspectos fisiopatolégicos que contribuem para progressao da insuficiéncia cardiaca,
uma vez que alguns parametros nao seriam possiveis de ser analisados em estudos
clinicos. Por fim, nossa hipétese é que o treinamento intervalado de alta intensidade
possa promover ganhos mais expressivos comparado ao treinamento continuo de
intensidade moderada e, ainda, que a associacdo do treinamento aerdbico com a
suplementagao oral de L-Arginina — pelo método da gavagem - possa promover
efeitos ainda mais benéficos comparados a utilizacdo de apenas os protocolos de

exercicio fisico.
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2 REVISAO DA LITERATURA

2.1 FISIOPATOLOGIA DA INSUFICIENCIA CARDIACA

A insuficiéncia cardiaca tem como principal caracteristica a incapacidade do
coragdo em manter um adequado suprimento sanguineo para as necessidades
metabdlicas do organismo (1). Atualmente, € considerada uma sindrome clinica
complexa, pois ha o envolvimento de diversos sistemas organicos. Nao s6 o sistema
cardiovascular € prejudicado, mas anormalidades musculoesqueléticas, renais,
neuroenddcrinas e imunologicas contribuem sobremaneira para o agravamento
desta sindrome (2, 22).

A IC pode decorrer de uma alteracdo estrutural ou funcional ao musculo
cardiaco, seja pelo uso continuo de alcool ou drogas, infecgao viral, hipertensao ou
o infarto agudo do miocardio (3). Apds a lesdo das células miocardicas e
consequente disfungdo ventricular, mecanismos compensatorios sao ativados. Estes
mecanismos, em um primeiro momento, estabilizam a fungao cardiaca, porém em
longo prazo levam a piora progressiva da faléncia cardiaca (23).

Quando ocorre reducdo da capacidade funcional do miocardio pode ser
observado um aumento na ativacdo do sistema nervoso simpatico, e,
consequentemente, estimulacdo dos receptores [B-adrenérgicos que, inicialmente,
ajudam a aumentar a forga, a contratiidade e a frequéncia das contragdes no
miocardio (4). Além disso, a hiperativagdo do SRAA auxilia a hemodinamica pelo
aumento da retencdo de sodio e do volume sanguineo (3). Essa complexa

modulagao de mecanismos neuro-humorais esta exemplificada na Figura 1.
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Figura 1. Rede de mecanismos compensatoérios apds o dano agudo ao miocardio.
Adaptado de Packer (3). TNF-a: Fator de necrose tumoral alpha; IL-1: Interleucina 1;

IL-6: Interleucina 6; SRAA: Sistema renina angiotensina aldosterona

Os principais sintomas relacionados a reducado da qualidade de vida nesta
sindrome sdo a dispnéia, a fadiga muscular precoce e a intolerancia ao exercicio
fisico (6). Sabe-se que os sintomas de fadiga muscular pouco se relacionam com a
disfungdo hemodindmica central da IC. Os fatores periféricos relacionados, como
anormalidades no musculo esquelético e na fungao vascular, tém sido investigados.
Observa-se uma reducdo do numero de fibras do tipo |, de contragdo lenta
(oxidativas), que sdo compensadas por fibras do tipo Il — fibras de contragao rapida
(glicoliticas), culminando em prejuizo do metabolismo oxidativo. Entretanto, apesar
da maior quantidade de fibras do tipo Il, estas sofrem atrofia (5). Ocorrem também
outras anormalidades, tais como diminuicdo no volume de mitocondrias, ou ainda,

alteracdes na dinamica e na homeostase de calcio intracelular (1, 24, 25).
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A reducao na capacidade funcional também esta relacionada com mediadores
inflamatorios (25). As citocinas pré-inflamatorias mais envolvidas na patologia s&o o
TNF-a, a IL-1 e a IL-6 (22). Estas contribuem para o estado de anorexia e caquexia,
que caracterizam a falta de apetite, perda de massa muscular e de tecido adiposo
nos pacientes com IC (26). Uma vez instalados os sintomas de caquexia, estes
podem, ainda, contribuir para a formagao de radicais livres e levar ao estado de
estresse oxidativo (3). O conjunto destes fatores culmina na piora progressiva dos

individuos com IC.

2.2 ALTERACOES HEMODINAMICAS

O dano ao miocardio e os decorrentes prejuizos estruturais incitam
diretamente a prejuizos hemodinamicos. Desde 1937, Fishberg et al. ja reconheciam
duas formas de insuficiéncia cardiaca. A insuficiéncia cardiaca diastélica ou IC com
fracdo de ejecdo preservada e, a mais comum, a insuficiéncia cardiaca sistélica — de
fracao de ejecao reduzida.

A perda de tecido muscular cardiaco integro - caracteristico de situagdes pos
IAM - leva a queda no volume de ejecdo. As redugbes da capacidade de
contratilidade e de dilatagéo do ventriculo ndo permitem que o coracao expulse todo
0 sangue da camara cardiaca. Desta maneira, a IC sistdlica engloba redugédo na
fracdo de ejecdo, no trabalho e volume sistdlicos e, portanto, na diminuicdo do
débito cardiaco (27, 28).

Ja a IC diastdlica, a qual pode ocorrer concomitantemente a IC sistdlica,
caracteriza-se pela fracdo de ejegcao preservada. As alteragdes mais comuns sao
anormalidades no padrdo de enchimento e maior pressédo diastdlica final do
ventriculo esquerdo (PDFVE) (29). No ventriculo integro, a maior taxa de
enchimento diastolico exigida durante o exercicio € suprida pela capacidade de
distensibilidade da cdmara, que resulta num maior volume diastoélico final no VE,
sem que ocorra aumento de pressao. Entretanto, no portador de IC com disfuncao
diastdlica, ha comprometimento da distensibilidade do ventriculo, resultando no
rapido aumento de presséo diastdlica, bem como na presséo venosa pulmonar (30).

A reduzida velocidade de relaxamento ventricular € outra anormalidade
caracteristica da disfuncao diastélica. Dentre os fatores envolvidos no relaxamento

ventricular, pode-se citar a ligagao entre as pontes cruzadas, a recaptagao de calcio
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pelo reticulo e, ainda, a formagdao de O&xido nitrico (NO) (31). Todavia, na
insuficiéncia cardiaca ha baixa biodisponibilidade de NO, uma vez que o quadro de
estresse oxidativo e inflamagdo dessa sindrome favorecem a metilacdo de
compostos de seu aminoacido precursor — a L-Arginina. Ocorre também inibicdo da
enzima que catalisa a formagao de NO — a éxido nitrico sintase (NOS). A principal
isoforma relacionada a esta inibigdo € a dimetilarginina (ADMA), a qual também esta
relacionada tanto com a disfungao sistdlica, quanto a disfuncdo diastdlica e,
inclusive, pode servir como marcador de eventos adversos (32).

Alguns pacientes com fragdo de ejecdo preservada, apesar de nao
apresentarem aumento na deposi¢ao de colageno, também demonstram, entretanto,
alteragbes hemodinamicas similares aqueles com maior fragdo de colageno. Com
base nisso, verificou-se a importancia da rigidez de cardiomidcitos na disfungao
hemodinamica. O principal fator molecular que tem sido ligado a rigidez do ventriculo
€ o aumento da expressdo de titina — proteina elastica do citoesqueleto. A
hiperfosforilagdo de residuos da proteina, ou ainda, o estresse oxidativo gerado
pelas pontes dissulfeto na molécula de titina poderiam contribuir para a rigidez

passiva na diastole, mesmo sem haver deposig¢ao de colageno (31).

2.3 L-ARGININA NA INSUFICIENCIA CARDIACA

2.3.1 Metabolismo da L-Arginina

A L-arginina € um aminoacido condicionalmente essencial, sendo essencial
ou ndo essencial de acordo com a idade biolégica ou estado de saude do individuo
(33, 34). Aminoacido essencial é todo aquele que nao é produzido endogenamente
e deve ser consumido a partir da dieta para suprir as necessidades fisioldgicas. As
fontes dietéticas de L-Arginina s&o, principalmente, fontes proteicas, tais como carne
de gado, porco, peixe, nozes, sementes e concentrados proteicos de arroz e soja
(35). De forma contraria, aminoacidos nao essenciais sao capazes de ser
sintetizados a partir de outros compostos pelo metabolismo, ndo sendo necessaria a
ingestéo.

A sintese endogena da L-Arginina ocorre pelo catabolismo proteico ou através
da citrulina. Os rins sao 0s maiores responsaveis por manter os niveis plasmaticos

de L-Arginina, junto com a ingestao dietética. A sintese ocorre entre o eixo intestinal
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e renal. A citrulina é sintetizada na mitocdndria dos enterdcitos através da glutamina,
glutamato e prolina e, apos, é liberada na corrente sanguinea e captada pelos rins
para sua conversdo em arginina (35, 36). A L-arginina exdgena, por sua vez, é
absorvida no intestino e, em mamiferos adultos — humanos, roedores e porcos —,
boa parte da ingestdo (40%) é degradada no intestino delgado logo no inicio do
metabolismo do aminoacido. O aminoacido também pode ser transportado para o
figado no ciclo da uréia e ser degradado a ornitina e uréia (37). O metabolismo da L-

Arginina esta melhor exemplificado na imagem a seguir.

PROTEINA ENDOGENA ( MUSCULO )

Gin Arg

ARG DIETETICA ARG DO CATABOLISMO PROTEICO
INTESTINO | FIGADO
Arg —> Arg —> UREIA
GlIn —= Glu — Orn
Cit . Cit de novo A.rg
EIXO INTESTINAL-RENAL V¥ RIM

Cit —¢> Cit— Arg

ADMA

. CELULAS ESPECIFICAS

v _—~—NO
Ci&)\rg
Orns

Figura 2. Metabolismo extra-hepatico da L-Arginina em humanos saudaveis. Arg:
Arginina, Cit: Citrulina, GIn: Glutamina, Glu: Glutamato, Orn: Ornitina, ADMA:
Dimetilarginina assimétrica, NO: éxido nitrico. Adaptado de Luiking, et al. (38).

O transporte da L-Arginina, assim como de outros aminoacidos catidnicos,
ocorre principalmente pelo sistema y*. O sistema y" é caracterizado por ser
independente de sodio, nesse sistema o aminoacido catidbnico liga-se com a
membrana plasmatica da célula alvo e, apds, € internalizado por proteinas

carregadoras especificas (13).



19

A L-Arginina quando nao convertida em ornitina, pode gerar outras
substancias com notaveis fungdes fisiologicas. Dentre elas, as poliamidas, a
creatina e o oxido nitrico. As enzimas envolvidas na conversao de arginina nessas
substancias sao, respectivamente, a arginil-RNAt sintetase, a arginina-glicina
amidinotransferase e, por fim, a 6xido nitrico sintase (NOS) (39). Sdo reconhecidas
trés diferentes isoformas de NOS, a NOS endotelial (eNOS ou NOS3), NOS
neuronal (NNOS ou NOS1) e a NOS induzivel (iNOS ou NOS2) (40). Essa ultima é
expressa em estados inflamatorios através de citocinas e endotoxinas bacterianas.
Ja a nNOS pode ser expressa tanto em nervos, quanto no musculo esquelético e a
eNOS em células endoteliais e em midcitos (13, 41). Ademais, a atividade das NOS
depende de cofatores, tais como o NADPH, a flavina mononucleotideo (FMN), a
tetrahidropterina (BH4), a flavina adenil dinucleotideo (FAD) e também da
disponibilidade de seu substrato — a L-Arginina (42). Na figura 3 esta ilustrada a
estrutura molecular da NOS. Para a formagao de NO, ha a transferéncia de elétrons
do NADPH para o dominio oxidase, via FAD e FMN. Estes elétrons, por sua vez, sao
transportados da enzima NOS para a L-Arginina, fazendo com que o aminoacido se
reduza a L-Citrulina e libere o NO (43).

H,N
z\l/

SiH
NH; coo"
L-ARGININA "NO + L-CITRULINA

NH

PORCAO
OXIGENASE !

PORCAO |
REDUTASE |

NADPH* + H,0

Figura 3. Estrutura molecular da o6xido nitrico sintase (NOS). FMN: flavina

mononucleotideo, FAD: flavina adenil dinucleotideo. Adaptado de Lorin, et al. (13).
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2.3.2 Suplementagao de L-Arginina na Insuficiéncia Cardiaca

A média populacional de ingestdo de L-Arginina através da dieta, de acordo
com o estudo de King, et al. (44), é de 4,4g/dia e em torno de 25% dos individuos
apresentam uma ingestdo menor do que 2,6g/dia. Além disso, sabe-se que
aproximadamente metade do que é ingerido é transformado em ornitina e uréia pela
arginase (45). No entanto, ainda que pouca parte do catabolismo da L-arginina seja
direcionado para a sintese do O6xido nitrico, esse € o0 Unico substrato para a
formacao de NO, o que a torna chave essencial desta via metabdlica (46).

O oxido nitrico é essencial para a regulagdo do funcionamento cardiaco, € o
principal mediador da vasodilatagcdo endotelial, capaz de reduzir a resisténcia
periférica, aumentar a perfusao, bem como modular a fungao contratil do coragao.
Além disso, age inibindo a adesao plaquetaria e tem sido denominado como uma
molécula antiaterosclerotica (10, 11, 47). Em condigdes normais o NO é produzido
no endotélio em presenga de oxigénio (O3) pela catalisagdo da L-Arginina através da
enzima eNOS. Na musculatura lisa adjacente o NO é modulado pela guanilato
ciclase, que tem a fungdo de converter a guanosina trifosfato (GTP) em guanosina
monofosfato ciclica (cGMP), gerando, por fim, o relaxamento da parede vascular
(48).

Anormalidades na produgdo e transporte de NO podem agravar diversas
doencas cardiovasculares, além de gerar disfungdo endotelial. Na insuficiéncia
cardiaca e em outras condi¢gbes patoldgicas os niveis plasmaticos de L-arginina
podem estar reduzidos (7, 8, 49). Além disso, pode haver maior expressdo de
substancias que competem pelo substrato L-Arginina. Como ja descrito
anteriormente, a arginase utiliza a L-Arginina como substrato para a formagcao de
uréia e ornitina. Desta maneira, a arginase e a NOS competem pelo mesmo
substrato. Existem duas formas de arginase, a Arginase |, a qual é citosdlica e se
expressa no figado como componente do ciclo da uréia e a Arginase Il que é
mitocondrial e esta expressa nos rins. Em células endoteliais a presenca da arginase
pode limitar a sintese de NO. Outro inibidor endégeno da NOS tem sido estudado
nos ultimos anos, a dimetilarginina assimétrica (ADMA) (45). A acdo da ADMA e da
suplementagao de L-arginina na liberagdo de 6xido nitrico estdo exemplificadas na
Figura 4.



21

A L-ARGININA

\ > ADMA

NO SINTASE
. NO ->» VASODILATACAO

B L-ARGININA ADMA

NO SINTASE
T~ NO > VASODILATACAO
C ARG DIETETICA
v
LARGININA p o

.
.

NO SINTASE

- NO => VASODILATACAO

Figura 4. Interacédo entre as concentragdes de L-Arginina e ADMA no funcionamento
da enzima NOS.

Concentragdes fisioldgicas normais de L-Arginina permitem o funcionamento total da
enzima NOS, na presenga de concentragdes normais (baixos niveis) de ADMA (A).
Entretanto, na presenga de concentragbes elevadas de ADMA, a converséo de L-
Arginina em NO esta bloqueada, resultando na deficiéncia das agdes biologicas do
NO (B). Nessas condi¢des, pequenas doses de suplementacdo de L-Arginina
através da dieta podem restaurar a produgcdo de NO aos niveis normais (C).
Adaptado de Boger RH. (45).

Na insuficiéncia cardiaca e em outras patologias ha menor concentragao dos
niveis plasmaticos de L-Arginina, maiores concentragdes de ADMA e, portanto,
reduzida sintese de NO. Desta maneira, a suplementacdo de L-Arginina nessas
condi¢cbes tem sido investigada (8). O primeiro estudo com o objetivo de investigar
os efeitos da suplementacdo de L-Arginina na fungédo vascular foi conduzido em
1991, por Drexler et al. (50). Deste entao, os estudos tém demonstrado resultados
distintos, porém os estudos realizados especificamente em pacientes com
insuficiéncia cardiaca, ainda sdo escassos.

Estudo realizado em 15 pacientes com IC que receberam de forma

randomizada, de 5,6 a 12,6g/dia de L-arginina ou placebo, por seis semanas,



22

constatou que aqueles que receberam a suplementagcao do aminoacido aumentaram
nao so o fluxo sanguineo do antebrago durante exercicios para esse local, como
também a distancia percorrida no teste de caminhada de seis minutos (51). Outro
delineamento utilizou a dosagem de 5g/3x ao dia e verificou uma melhora na fungéo
renal de pacientes com insuficiéncia cardiaca crénica (52). Além disso, a
suplementagao de L-Arginina (8g/dia) associada a protocolos de exercicio durante
quatro semanas mostrou-se benéfica e as intervengdes, quando associadas, foram
capazes de produzir efeitos aditivos (53).

No entanto, alguns estudos nao foram capazes de demonstrar efeitos
positivos da suplementagao de L-Arginina em pacientes com insuficiéncia cardiaca.
A dosagem de 20g/dia suplementada por 28 dias nao apresentou nenhuma
influencia na fungdo endotelial em estudo de Chin-Dusting, et al. (54). Da mesma
forma, a administragdo de 3g/3x/dia no periodo pés infarto do miocardio fracassou
em demonstrar melhora na complacéncia ou na fragéo de ejegao (55).

Outras linhas de pesquisa tém descrito a L-Arginina como um importante
antioxidante, mecanismo pelo qual a sua suplementacdo poderia beneficiar
condi¢bes patoldgicas especificas (56). Ao reestabelecer as quantidades fisioldgicas
necessarias circulantes do substrato para a formacdo de NO, os danos oxidativos
vasculares poderiam ser minimizados, uma vez que em condicbes de baixa
disponibilidade do aminoacido L-arginina, o 6xido nitrico torna-se mais susceptivel a

reagir com anions superéxidos e formar o potente oxidante peroxinitrito (7).

2.3.3 Estresse Oxidativo e L-Arginina

Na insuficiéncia cardiaca, o aumento de agentes oxidantes pode decorrer de
anormalidades da propria doencga e, associados a baixa atividade de antioxidantes,
s&o capazes de agravar ainda mais determinados sistemas organicos na patologia.
Por fim, o estresse oxidativo - estado que pode ser definido como o desequilibrio
entre a formacado de agentes oxidantes e a capacidade de defesa antioxidante —
contribui para o agravamento do quadro de pacientes com IC (9).

As Espécies Reativas de Oxigénio (ERO) englobam a maioria dos agentes
oxidantes, porém também ha o grupo das Espécies Reativas de Nitrogénio (ERN).
Entre as principais EROs, pode-se citar o anion radical superoxido (O,7), o peréxido

de hidrogénio (H,O;) e o radical hidroxila (OH’). Ja entre as ERNs destacam-se o
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oxido nitrico (NO), nitritos (NO2), nitratos (NO3) e o peréxinitrito (ONOQOY) (57).
Ressalta-se que em condi¢bes normais as espécies reativas sdo necessarias a
diversos processos fisiologicos (Ray PD, 2012), todavia quando em excesso geram
danos oxidativos a macromoléculas celulares, atingindo proteinas (carbonilagdo de
proteinas), lipideos (lipoperoxidagao) ou o DNA, contribuindo para disfungéo celular
e para a progressao de doengas cardiovasculares (58, 59).

Na doenga cardiovascular, sabe-se que ha uma producdo excessiva de
superoxido e de peréxido de hidrogénio — este ultimo sendo o produto da reagao
entre o superdxido e a enzima superdoxido dismutase (SOD). Ha, ainda, maior
expressao e atividade da enzima xantina oxidase — a qual doa elétrons para
moléculas de oxigénio, contribuindo, portanto, para o aumento do O, e do H;O,. O
superoxido em excesso reage com o Oxido nitrico, formando o peréxinitrito -
composto altamente citotoxico (57, 60). Esse potente oxidante € capaz de inativar o
NO, além de gerar o desacoplamento da eNOS (61, 62). A producao deficiente de
oxido nitrico, por sua vez, promove aumento do metabolismo da L-Arginina como um
mecanismo compensatorio para formar mais NO. Ocorrendo, portanto, deple¢cao dos
estoques de L-Arginina (63). As reagdes envolvidas na geragao e degradacao de

EROs estéo ilustradas na Figura 5, a seguir.
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Figura 5. Reagbes envolvidas na geragao e degradagédo de espécies reativas de
oxigénio. SOD: Superéxido dismutase, NO: Oxido nitrico, GSHPx: Glutationa
peroxidase, OH™: Radical hidroxila, H2O,: Peroxido de hidrogénio, O, Superoxido,
ONOQO'": Peroxinitrito, Fe: Ferro, H,O: agua. Adaptado de Tsutsui, et al. (58).
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Células com deplegdo de L-Arginina tendem a favorecer ainda mais a
formacgao de oxidantes. De acordo com alguns estudos, em células com deficiéncia
de L-Arginina a iINOS tende a produzir mais O, e NO, favorecendo a formagao de
peréxinitrito. Ademais, durante o exercicio fisico a INOS também estaria envolvida
com a maior formagao de O, (64, 65).

Outro mecanismo associado ao aumento de espécies reativas de oxigénio e,
consequentemente, do estresse oxidativo na insuficiéncia cardiaca € a hiperativacao
do sistema nervoso simpatico e do SRAA. A angiotensina |l é capaz de ativar a
NADPH oxidase através dos receptores AT1 que, por sua vez, ira favorecer a
formacéo de superdxido. A partir disso, € desencadeado um complexo mecanismo
de formacgao de espécies reativas de oxigénio e o desacoplamento da NO sintase
(9).

Diversos mecanismos antioxidantes agem a fim de combater o excesso de
agentes oxidantes e estabelecer um equilibrio no estado redox. Os antioxidantes
podem transformar as espécies reativas em outra molécula menos reativa
(“scavenger’), como também neutralizar completamente a molécula (“quencher’)
(66). Os mecanismos de defesa antioxidante também podem ser divididos em dois
grupos, os antioxidantes enzimaticos, tais como a SOD, a catalase e a glutationa
peroxidase, e os antioxidantes ndo enzimaticos, que incluem a glutationa, vitamina
C, vitamina E, entre outros. Da mesma forma que vitaminas e minerais, outros
antioxidantes podem ser adquiridos de forma exdgena pela dieta, com base nisso
diversas pesquisas tém sido realizadas na area de suplementag&o de nutracéuticos
— especificamente suplementagéo de antioxidantes (58).

Apesar de ainda ser uma area nova e em ascendéncia, alguns estudos tem
investigado o papel da L-Arginina como antioxidante. Estudo de Shan, et al. (56)
estudou os efeitos da suplementacdo de L-Arginina em ratos submetidos a
protocolos de natacdo (6x/semana). Os animais suplementados apresentaram
maiores concentracbes séricas de NO, além disso, o conjunto de resultados
encontrados sugeriram menor produgédo de superdxido do que aqueles que apenas
treinaram. Da mesma forma, estudos em Diabetes mellitus tém demonstrado
resultados promissores. A L-Arginina nessa condicdo patolégica foi capaz de
aumentar a atividade de enzimas antioxidantes, tais como a glutationa peroxidase,

SOD e catalase (67-69). Estudos testando o papel antioxidante da L-Arginina na
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insuficiéncia cardiaca ainda sdo escassos, dessa maneira deve ocorrer a realizagdo
de mais investigagdes na area para que futuramente seja possivel a prescrigao

deste suplemento com embasamento cientifico.
2.4 O EXERCcIcCIO FisicO NA REABILITACAO CARDIACA DA IC

A reducao na qualidade de vida dos pacientes com insuficiéncia cardiaca esta
estreitamente relacionada com a intolerancia ao exercicio, e a fadiga precoce. Esses
fatores sdo determinantes para que o individuo consiga realizar suas tarefas
cotidianas com independéncia. Nesse ambito, o exercicio fisico surge como uma
terapia eficaz para a melhora da capacidade funcional e reinser¢&o a vida social dos

pacientes com IC (16).

POSSIVEIS MECANISMOS RELACIONADOS A INTOLERANCIA AO EXERCICIO NA ICC
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Figura 6. Figura esquematica dos principais mecanismos que levam a intolerancia
ao exercicio na insuficiéncia cardiaca. eNOS: Oxido nitrico sintase endotelial, EROs:
Espécies reativas ao oxigénio, GH=Horménio do crescimento, IGF-1: Fator de

crescimento semelhante a insulina. Adaptado de Okita, et al. (5).
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Apesar de na década de 50 ja existirem evidéncias de que o exercicio fisico
poderia ser um fator protetor para doengas cardiovasculares (70), até o inicio da
década de 90 nao era recomendado que o individuo com IC realizasse exercicios
fisicos, pois se acreditava que aqueles com fragcao de ejegao reduzida teriam risco
aumentado de morbimortalidade relacionado ao exercicio fisico (17). O principal
marco para essa mudanga de paradigma foi o estudo de Sullivan, et al. (71), o qual
comprovou que o treinamento aerdbico crénico ndo gerou prejuizos na fracdo de
ejecao do ventriculo esquerdo (FEVE).

Desde entdo, diversos estudos randomizados tem sido conduzidos em
pacientes com insuficiéncia cardiaca (72-76), confirmando que o exercicio fisico
quando realizado em pacientes estaveis e com supervisdo profissional € uma
ferramenta segura e capaz de reduzir, tanto internagdes hospitalares, quanto o risco
de mortalidade (77-79). Atualmente sabe-se que o exercicio e a reabilitagdo
cardiaca sdo capazes de modular as disfuncdes presentes em diferentes sistemas
organicos nessa patologia e classificam-se como nivel A de evidéncia e classe | de
recomendacgao em diretrizes das sociedades de cardiologia (80, 81).

O aumento da capacidade maxima ao exercicio, associado a modificagdes na
funcdo metabdlica, tébnus vascular, producdo de citocinas e modulacdo neuro-
hormonal, sugere um importante e positivo papel do exercicio fisico (16, 80, 82).
Atenuacdo da atividade simpatica, melhora do tdénus parassimpatico e a
consequente melhora na variabilidade da frequéncia cardiaca durante o exercicio
foram verificadas em ensaios randomizados e, recentemente, compilados em uma
revisdo sistematica (83-85). A atenuacdo da hiperativagdo da angiotensina I,
aldosterona e norepinefrina também sao fatores associados ao treinamento fisico
que é capaz de atuar na regulacao da disfungado autonémica (86-88).

O desequilibrio pré/anti-inflamatoério, por sua vez, também parece estar
envolvido com a disfuncdo autonémica, através da influéncia da interleucina-6 no
eixo hipotalamo-pituitaria-adrenal (89). O exercicio poderia ndo s6 promover a
reducao das citocinas proé-inflamatérias (IL-6, TNF-a, IL-1), mas também aumentar
os niveis de citocinas anti-inflamatorias (IL-10) (90-92). Em estudo experimental os
ratos com IC que realizaram treinamento aerdbico continuo por oito semanas

(5x/sem) apresentaram menores valores plasmaticos de IL-6 e TNF-a e maior
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expressao da IL-10. Além disso, a melhora do perfil inflamatério na IC parece estar
associada a melhora da fungéo cardiaca e do padréo de remodelamento (93).

Alguns autores tém atribuido a capacidade de reversdo do remodelamento
cardiaco diretamente ao exercicio fisico. Hambrecht, et al. (94) verificaram um
aumento em torno de 30% na fragao de ejecéo e redugao no didmetro do ventriculo
esquerdo ao final da diastole. Principalmente o exercicio aerobico (EA) e com
duracdo de treinamento maior do que seis meses tem se mostrado eficaz na
reversao do remodelamento (95, 96). Em estudo do nosso grupo de pesquisa, citado
anteriormente, o exercicio aerébico continuo foi capaz de atenuar o remodelamento
cardiaco, principalmente devido a menor deposicdo de colageno na matriz
extracelular (93).

Apesar de o treinamento fisico ser capaz de melhorar o percentual de fracdo de
ejecdo, com 0 avango das pesquisas nessa area, verificou-se que a intolerancia ao
exercicio observada na IC pouco se correlaciona com fatores hemodinamicos.
Assim, possivelmente, os prejuizos periféricos da musculatura esquelética tem uma
importante participacdo nas queixas de fadiga precoce (97, 98). Uma série de
alteracdes pode levar a miopatia esquelética, a qual esta associada a disfuncdes
metabodlicas, tais como mudanga do tipo de fibra (99, 100), menor expressédo da
PGC-1a e, consequentemente, diminuicao na densidade de mitocondrias (101, 102).
A resposta da musculatura esquelética ao exercicio aerdbico € maior do que
terapias farmacoldégicas isoladas. O EA, portanto, € capaz de reverter a maioria dos
disturbios relacionados a miopatia e contornar a deficiéncia na producao e utilizagao
de energia, resultando principalmente num aumento no VO;de pico (15, 103, 104).

Além do miocardio e da musculatura esquelética, o sistema vascular esta
igualmente prejudicado na insuficiéncia cardiaca e também pode sofrer influéncias
positivas do exercicio fisico. A fungao vascular é regulada principalmente pelo NO,
todavia na IC ha o desacoplamento da eNOS (68, 105). O exercicio ou o estresse de
cisalhamento sao capazes de ativar a eNOS, sendo assim, os principais fatores de
estimulo para vasodilatagdo endotélio-dependente (68, 106, 107). Em contrapartida,
a reduzida disponibilidade do substrato L-Arginina e o excesso de agentes oxidantes
contribuem para a reduzida biodisponibilidade de NO (7, 33). O exercicio aerdbico
cronico ja se mostrou capaz de estimular enzimas antioxidantes, atenuando,
portanto o estresse oxidativo. Dessa maneira, a aplicagdo mutua do exercicio

aerdbico em conjunto com a suplementagao de L-Arginina, além de poder atuar mais
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expressivamente na estabilidade do estado redox, seria capaz de promover melhora

do toénus vascular e da fungdo endotelial (108).

2.4.1 Diferentes Programas de Treinamento Aerdbico e suas Particularidades na IC

Exercicios aerobicos como caminhada, corrida ou exercicio em bicicleta
ergométrica sdo amplamente estudados na populagdo com insuficiéncia cardiaca. O
uso de protocolos com velocidade continua e com intensidade e duragdo bem
definidas sdo amplamente utilizados em protocolos de reabilitagdo cardiaca (109). A
utilizagdo mais frequente de intensidades baixas a moderadas e velocidade continua
se deve ao fato de que se acreditava que a intensidade maxima que os individuos
com IC poderiam atingir seria dentro do primeiro limiar ventilatério, entre 50-60% do
pico de VO, (17).

Os pacientes com IC, todavia, em comparacdo a individuos saudaveis,
precisam de um maior percentual do seu VO, de pico para exercer suas funcdes
cotidianas (17). Nesse contexto, atualmente tem se discutido o uso de intensidades
acima do primeiro limiar ventilatério. Utilizando-se de intensidades entre 65-90% do
VOzmax, NO limite entre alta intensidade e intensidade severa, no treinamento de
individuos com IC sem que haja o risco de situagdes adversas (110, 111). Dessa
maneira tem surgido o interesse por diferentes estratégias de treinamento para essa
populacao, como por exemplo, o treinamento aerdbico intervalado.

O treinamento aerobico intervalado (TAIl) pode ser descrito pela alternancia de
curtos periodos de alta intensidade (>80-85%VO2max) com periodos de baixa
intensidade ativa ou passiva. Diferentes protocolos podem ser definidos, temos
como exemplo um protocolo de 4 minutos de alta intensidade (90-95%VO2max)
intercalados com 3 minutos de baixa intensidade (50% VO2msx) (20, 112, 113).

Diversos estudos tém surgido a fim de determinar se o exercicio aerobico
intervalado €& superior ao exercicio aerdbico continuo, tanto em populacdes
saudaveis, quanto em populagdes especiais. Alguns estudos tem demonstrado
resultados promissores, tais como reversao do remodelamento cardiaco, melhora da
fung&o endotelial e melhor capacidade aerdbica, com aumento do VOamax (113, 114).
Entretanto outros delineamentos nao verificaram diferengas entre os dois protocolos
de treinamento, porém com efeitos positivos de ambos em relagéo ao grupo controle

ou ao baseline (20, 115). Vale ressaltar que o grande numero de possibilidades de
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protocolos pode estar envolvido com a heterogeneidade observada nos ensaios
clinicos.

Em 2013, uma meta-analise, ao avaliar diferentes intensidades de
treinamento em individuos com IC, concluiu que quanto maior a intensidade do
exercicio maior sdo os ganhos em capacidade cardiorrespiratéria, principalmente
devido a maior adesao dos pacientes nesse tipo de protocolo, visto que o aumento
de intensidade possibilita a utilizagdo de treinos de curta duragdo (116). Em
contrapartida, outro estudo verificou que as principais variaveis para melhora da
capacidade funcional, em ordem decrescente, sdo: gasto energético da sessao,
frequéncia de sessobes, duracao do treino e, por ultimo, a intensidade do exercicio
(117). Em relagdo aos beneficios cardiovasculares, estudos meta-analiticos tém
demonstrado que o TAI é mais efetivo em gerar aumento no VO, maximo, tanto em
pacientes com doencgas cardiovasculares, quanto em individuos saudaveis, porém
falha em se mostrar superior no aumento da FEVE na populagdo com IC (18, 19).
Sendo uma area de investigagao ainda muito recente, mais investigacbes devem ser

realizadas.

2.5 MODELOS EXPERIMENTAIS DE IC E EXERCICIO AEROBICO

O uso de modelos animais € essencial para entender mecanismos
moleculares, fisioldgicos e testar diferentes terapias. Ha a facilidade de desenvolver
delineamentos bem controlados e testar diferentes tratamentos comparando com
grupos placebo. Nesse contexto, modelos experimentais de insuficiéncia cardiaca
tém sido utilizados com o objetivo de melhor compreender os mecanismos
fisiopatolégicos envolvidos nessa sindrome. Em virtude do grande numero de
investigacdes e novas condutas de tratamento na area, nos ultimos 40 anos, foi
possivel reduzir a mortalidade da IC (118, 119).

O modelo de IC através da cirurgia de infarto agudo do miocardio é
amplamente utilizado. No grupo de Pesquisa em Interagdo Cardiopulmonar (GPIC),
diversos trabalhos ja foram conduzidos a partir desse modelo (90, 93, 120-122).
Uma vez que o IAM é uma das principais causas de |IC em humanos (23), esse
modelo animal é capaz de mimetizar disfungbes importantes observadas em
humanos (123).
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O procedimento utilizado pelo grupo de pesquisa foi, pela primeira vez,
descrito por Pfeffer et al. (124). A cirurgia de IAM se baseia na ligadura da artéria
coronaria (LAC) descendente esquerda. Para isso, o animal é anestesiado e
intubado, apds € realizada a toracotomia esquerda, o coragao é exposto, o atrio
esquerdo afastado e, entado, é realizada a LAC, provocando a isquemia miocardica.
Apds a cirurgia, os animais levam em torno de quatro a seis semanas para
desenvolver caracteristicas da fisiopatologia da IC. Nesse modelo, infelizmente,
tanto a area de infarto, quanto a mortalidade sdo dependentes da experiéncia do
cirurgido. A area de infarto pode variar de 4-59%, ja a mortalidade de 16 a 60%
(124-126).

Apesar da alta mortalidade, os animais que sobrevivem e desenvolvem uma
area de infarto acima de 30% mimetizam alteragdes importantes tipicas de pacientes
com IC. Observa-se a disfungao tanto sistélica, quanto diastdlica, uma vez que os
animais apresentam queda no volume sistdlico, nas derivadas positivas e negativas
de pressé&o e na pressao sistolica ventricular esquerda (PSVE), bem como aumento
da pressao diastdlica final do ventriculo esquerdo - valores acima de 20mmHg (125).

Além da indugdo de patologias, nosso laboratério tem desenvolvido
protocolos de exercicio especialmente para ratos Wistar (21, 90, 93, 127, 128). Ja
foram realizados trabalhos com exercicio aerdbico, tais como natagcdo e corrida,
como também exercicio de forga, realizado em aparelho de agachamento préprio
para ratos. O exercicio aerdbico de corrida ou caminhada é realizado em esteira
elétrica adaptada para ratos. O aparelho consiste de oito divisérias — podendo treinar
oito animais por vez-, porém todas sao submetidas a mesma velocidade, a qual sera
estipulada pelo pesquisador. E possivel desenvolver diferentes protocolos de
exercicio em esteira, tais como treinamento continuo ou intervalado com distintas
intensidades, inclinacéo e duracao.

De acordo com o supracitado, o presente trabalho foi realizado com o intuito
de avaliar os efeitos crénicos da suplementagcao de L-Arginina e do treinamento
aerobico, tanto o continuo de intensidade moderada, quanto o intervalado de alta
intensidade, isolados ou combinados sobre a capacidade funcional, massa
muscular, parametros hemodindmicos, perfil inflamatério plasmatico e par@metros de

estresse oxidativo no gastrocnémio e rim de ratos com insuficiéncia cardiaca.
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Abstract

Objective: To investigate the effects of 8 weeks of L-arginine (Arg) supplementation
associated with aerobic continuous training (ACT) or aerobic interval training (AIT) on
maximal exercise capacity, pulmonary and hepatic congestion, muscle mass, and
hemodynamic, inflammatory, and oxidative stress parameters in rats with chronic heart failure

(CHF).

Methods: Thirty-eight male Wistar rats post 6 weeks of myocardial infarction (MI) surgery
were randomly assigned into 6 CHF groups: sedentary (SED, n = 6); SED+Arg (n =7); ACT
(n=28); ACT+Arg (n=Y5); AIT (n="7); AIT+Arg (n=15). Exercise test capacity (ETC) was
performed pre and post 8 weeks of intervention. Supplemented rats received Arg (1g/kg) by
oral gavage (7x/week). Exercise training was performed on a rat treadmill (5x/week). The
AIT consisted of 7 bouts of 3 min at 85% of maximum ETC velocity with 4-min active
recovery at 60% of maximum ETC velocity. The ACT was performed at 60% of maximum
ETC velocity until reaching the same distance of AIT. Hemodynamic variables, tissue
collection, congestion, inflammatory cytokines, and oxidative parameters were evaluated at

the end of protocols.

Results: All trained groups showed a superior exercise capacity compared to SED groups on
the post-intervention test (p<0.0001). Pulmonary congestion was attenuated in AIT and
AIT+Arg compared with the SED group (»p<0.05). Left ventricular end-diastolic pressure
(LVEDP) was lower in continuous ACT+Arg, AIT, and AIT+Arg groups than SED group
(p<0.05). Association of AIT with Arg supplementation was able to improve hemodynamic
responses (left ventricular systolic pressure (LVSP), systolic blood pressure (SBP), dP/dt;ax,
and -dP/dt..x (p<0.05), likewise, decrease muscular and renal lipid peroxidation and tumor
necrosis factor (TNF)-0, and increase interleukin (IL)-10/TNF-a plasmatic levels (p<0.01).
Groups associated with aerobic exercise and Arg supplementation (ACT+Arg and AIT+Arg)

revealed higher gastrocnemius mass compared to the SED group (p<0.01).

Conclusions: Both aerobic training protocols were capable to improve aerobic capacity, and
the association with Arg supplementation was important to attenuate muscle loss. Moreover,
interval training associated with Arg supplementation elicits greater improvements in
hemodynamic parameters, contributing to reduction in pulmonary congestion, and

demonstrated particular responses in the inflammatory profile and in the antioxidant status.
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Keywords: L-Arginine, Chronic heart failure, exercise, interval training, oxidative stress,
inflammation

Abbreviation list: +dP/dtmax, maximum positive derivative of LV pressure; ACT, aerobic
continuous training; AIT, aerobic interval training; Arg, L-Arginine; CAT, catalase; CHF,
chronic heart failure; DBP, diastolic blood pressure; —dP/dtmax, maximum negative
derivative of LV pressure; eNOS, endothelial nitric oxide synthase; ETC, exercise test
capacity; GM:BM, gastrocnemius mass:body mass; HF, heart failure; HIIT, high intensity
interval training; HR, heart rate; IA, infarcted area; IL, interleukin; LV, left ventricle;
LVEDP, left ventricular end-diastolic pressure; LVM:BM, left ventricle mass:body mass;
LVSP, left ventricular systolic pressure; MDA, malondialdehyde; MI, myocardial infarction;
NO, nitric oxide; NOS, nitric oxide synthase; RNS, reactive nitrogen species; ROS, reactive

oxygen species; SBP, systolic blood pressure; SED, sedentary; SOD, superoxide dismutase;
TNF, tumor necrosis factor.

1. INTRODUCTION

Chronic heart failure (CHF) is a multifactorial syndrome, which leads to important
injuries in several organs and tissues [1]. Reduced exercise tolerance is the leading contributor
to a poor quality of life in those with CHF. Cardiovascular and ventilatory abnormalities
associated with increased activation of neurohumoral systems (i.e., renin-angiotensin-
aldosterone and sympathetic systems) are known as the major predictors for early exercise
fatigue [2, 3]. In addition, peripheral factors, such as vascular and intrinsic skeletal muscle
dysfunctions, inflammation, and increased oxidative stress, are apparently correlated with
skeletal muscle wasting and exercise intolerance [4]. Abnormalities of the vascular system in
CHF are directly related to impaired nitric oxide (NO) production. Defects in NO
bioavailability might be explained by the low plasmatic levels of its amino acid precursor, L-
arginine (Arg) or by reduced endothelial NO synthase expression (eNOS) [5].

Since NO plays an important role in endothelial vasodilatation and vascular structure
and in inhibition of platelet adhesion [5], diminished bioavailability of Arg in those with CHF
was associated with advanced myocardial disturbances [6, 7]. Thereby, some studies have
been investigating the restoration of Arg by supplementation. Enhanced blood flow through
Arg supplementation may be crucial for increasing exercise tolerance or even for increasing
nutrient supply to the skeletal muscle [8, 9]. Moreover, in cardiovascular dysfunctions, Arg
might have an important role in inflammation and oxidative stress reduction [10, 11]. In that
view, Arg may be a potential supplement for preventing muscle atrophy.

Moreover, since exercise intolerance is the main symptom in those with CHF, there
are no doubts that exercise training is an indispensable therapeutic approach [12]. Several

studies have been conducted in patients with CHF, confirming that physical exercise when
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performed in stable patients and under professional supervision is a safe tool for reducing
hospital admissions and mortality risk. Aerobic exercise training is able to improve functional
capacity elicited by molecular changes in multiple organs [13]. Furthermore, moderate-
intensity continuous training was previously related to an anti-inflammatory effect in those
with CHF. Studies conducted in rats verified reductions in both tumor necrosis factor (TNF)-a
and interleukin (IL)-6 levels and augmented IL-10 and IL-10/TNF-a ratio levels in plasma or
skeletal muscle [14, 15]. Improvements in the inflammatory profile were also related to
preserved cardiac function and muscle mass [16].

Currently, training prescription for cardiac rehabilitation has been discussed,
considering intensity, duration, frequency, and caloric expenditure. In this way, aerobic
interval training (AIT) has emerged. When the main goal is to achieve high intensities, the
training is based in interspersed high-intensity intervals with recovery periods of low to
moderate intensities or passive recovery. Consequently, AIT allows heart failure (HF) patients
to achieve longer periods in high-intensity zones, compared to aerobic continuous training
(ACT) [17]. The AIT protocols have demonstrated to be more effective than ACT for
improvements on VO, peak either in healthy individuals or clinically stable patients with HF
[18, 19]. On the other hand, the beneficial effects of AIT on hemodynamic parameters,
myocardial hypertrophy attenuation, immune function, and redox status in those with CHF are
not well established [18, 20, 21].

Considering the beneficial effects of aerobic exercise training and a possible
superiority of AIT associated with Arg supplementation on HF disturbances, the present study
was designed to test the effects of 8 weeks of Arg supplementation associated with ACT or
AIT on maximal exercise capacity, pulmonary and hepatic congestion, muscle mass, and

hemodynamic, inflammatory and oxidative stress parameters in rats with CHF.

2. METHODS

2.1 Animals

Experiments were performed on 38 male Wistar rats weighing between 240 and 290 g
(~90 days of age) obtained from the Animal Breeding Unit of the Universidade Federal de
Ciéncias da Saude de Porto Alegre (UFCSPA-Brazil). Animals were housed in groups of 3
per cage and received water and a standard chow ad libitum in a controlled room maintained
at 22°C under 12:12 hours light-dark cycle. The investigation obeyed law n° 11,794 of
10/08/2008, law n° 6,899 of 07/15/2009, and Resolution n° 879 of 02/15/2008 (CFMV). All
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procedures in this study were approved by UFCSPA Ethics Committee and Institution of
Animal Use, under the protocol 14-151.

2.2 Induction of Myocardial Infarction

Rats (n =90) were anesthetized by inhalation of 2% isoflurane (isoforine, 100 ml-
Cristalia) 100% oxygen [22], endotracheally intubated, and artificially ventilated (Sam Way
VR 15). The animals were kept in anesthetic level III plan Guedel during the surgery [23].
The myocardial infarction (MI) induction was based on the method previously described by
Pfeffer et al [24]. The heart was exposed through the left thoracotomy between the fourth and
fifth ribs and then a 6-O mononylon suture (Ethilon, Ethicon, Sao Paulo, Brazil) was passed
into the main left descending coronary artery, at a point between 1 and 2 mm distal to the
edge of the left atrium, and the left coronary artery was ligated. The thorax was closed; the
skin was sutured, and the pneumothorax was drained by a continuous aspiration system. After
the surgeries, the animals were placed in a heated environment for recovery and received an
injection of ketoprofen (5.4 mg/kg/ml, i.p.) every 6 hours completing 48 hours and a single

dose of penicillin (20,000 U, i.p.).

2.3 Exercise Test Capacity (ETC)

Five weeks after MI surgery, all rats were submitted to a progressive treadmill running
test to measure maximal running capacity. First, animals were submitted to an adaptation
period (5 days) and ran 10 to 20 min/day at 10 to 15 m/min. The test protocol was performed
at 15° angulation and started at 5 m/min and then the speed was incrementally increased
5 m/min every 3 min until exhaustion. The same test was also performed at the end of the

experiments.

2.4 Experimental Design

Animals were allowed 6 weeks for recovery before MI (time necessary to develop the
CHF state). Rats were randomized to one of 6 experimental groups: sedentary group (SED,
n=06), sedentary supplemented with Arg group (SED+Arg, n=7), aerobic continuous
training group (ACT, n = 8), aerobic continuous training and supplemented with Arg group
(ACT+Arg, n=15), aerobic interval training group (AIT, n=7), and aerobic interval training

supplemented with Arg group (AIT+Arg, n =15).
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The mortality rate post-surgery of the animals was ~45% and 9 animals were excluded
because they lacked the minimum infarcted area to characterize HF (infarct size <35%) (see

Figure 1).

2.5 L-Arginine Supplementation Protocol

Supplemented groups were given a daily treatment of Arg (presentation form: powder,
99.9% purity, Sigma-Aldrich, Brazil). The supplementation dose was 1 g/kg/ml per day;
solutions were made with distilled water and given by oral gavage to ensure that the desired

dose was achieved. Animals were weighed every 15 days to adjust the dose if necessary.

2.6 Training Protocol

After the adaptation period, the animals allocated to the trained groups began the
aerobic exercise training. It was performed on a motorized treadmill 5 days/week for 8 weeks.
Previous to the specific protocol, both AIT and ACT groups performed 8-minute warm-up
periods at 10 m/min. The AIT consisted of 7 periods of 7 minutes of exercise, consisting of
intervals of 3 minutes at 85% of maximum ETC velocity (~20 m/min) and 4 minutes of active
recovery at 60% of maximum ETC velocity (~14 m/min). In addition, ACT was performed at

60% maximum ETC velocity (~14 m/min) until completing the same distance reached at AIT.

2.7 Cardiac Hemodynamic, Infarct size, Lung and Liver Edema, Blood and Tissue
Collection

At the end of the 8-week training and supplementation protocols, in order to rule out
any interference of acute exercise or supplementation, assessments were performed 2 days
after the final ETC. Afterward, rats were anesthetized with xylazine (12mg/kg, i.p.) and
ketamine (90mg/kg, i.p.) for hemodynamic evaluation. A catheter was connected to a pressure
transducer (Strain — Gage — Narco Biosystem Miniature Pulse Transducer RP-155, Houston,
TX, USA) and coupled to a pressure amplifier (Stoelting, Wood Dale, IL, USA) and was
placed into the right carotid artery to measure arterial and ventricular pressures. Arterial
pressure was first recorded and then the catheter was positioned inside the left ventricle (LV);
both arterial and ventricular pressures were recorded during a 5-minute period. Signals were
digitized with a data acquisition system (CODAS — Date Acquisition System). The collected
data were used to determine heart rate (HR), systolic blood pressure (SBP), diastolic blood

pressure (DBP), left ventricular systolic pressure (LVSP), maximum positive (+dP/dtmax)



53

and negative (—dP/dtmax) derivatives of left ventricular pressure, and left ventricular end-
diastolic pressure (LVEDP).

Arterial blood was collected, stored in 2 ml Eppendorf microtubes containing
ethylenediaminetetraacetic acid (EDTA), and subsequently centrifuged (3,000 rpm for 10
minutes at 4°C). Supernatant plasma was collected and stored at -20°C. Following the blood
collection, tissues (heart, lungs, kidney, liver, and gastrocnemius) were collected and
weighed. The heart was removed and the LVs were dissected and weighed. The LV and
gastrocnemius weight were adjusted for animal body mass and were expressed in milligrams
of tissue per gram of body mass (mg/g BM). The MI area was evaluated by planimetry using
Image J 1.47 software. The lungs and liver were dehydrated (80°C) for 48 hours and then

weighed again to assess water percentage. The other tissues were frozen at -80°C.

2.8 Oxidative Stress Evaluation
2.8.1 Tissue homogenization

Gastrocnemius muscle and kidney samples were homogenized in a KPi buffer
(30 mM KCI + KH,PO,), pH 7.4, with a proportion of 9 mL/g of tissue for gastrocnemius and
5 mL/g for the kidneys. Homogenized samples were centrifuged at 3,000 rpm for 10 minutes

at 6°C to remove cell debris, and the supernatant was used as a sample.

2.8.2 Total protein by Bradford method

The Bradford method was used to assess the dosage of protein in the tissue [25]. A
homogenized sample (10 pl) was diluted in distilled water (190 pl). Sixty microliters of this
solution were placed in plastic cuvettes (optical path: 10 mm) containing 2,900 uL of
Bradford reagent, previously prepared, and 40 uL of distilled water. Absorbance readings
were taken at 595 nm, in a Lambda 35 spectrophotometer (PerkinElmer of Brazil, SP, Brazil).
The protein standard curve was obtained from known concentrations of bovine serum albumin

solutions. Results are expressed in milligrams of protein per milliliter of sample.

2.8.3 Catalase activity

Catalase activity (CAT) was determined through the decomposition of hydrogen
peroxide (H,0O,). In a quartz cuvette, 2,865 pl of phosphate buffer (50 mM; pH 7.0) and 30 pl
of homogenized tissue were added. Then, 105 pl of 0.02 M hydrogen peroxide was added to

the solution. Sample absorbance was determined in a Lambda 35 spectrophotometer
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(PerkinElmer of Brazil, SP, Brazil), at 240 nm per 120 s, and the results are expressed in CAT

units per milligram of total protein.

2.8.4 Superoxide dismutase activity

Superoxide dismutase (SOD) activity consists of the reaction of inhibition of
pyrogallol auto-oxidation by SOD activity. One unit of SOD is defined as the enzyme
quantity capable of inhibiting 50% of the reaction. A total of 970 pl of tris buffer (TRIS 50
mM/EDTA 1 mM; pH 8.2), 4 ul of 30 uM catalase and 10 pl of homogenized tissue
supernatant was placed into cuvettes. Then, 16 pl of 24 mM pyrogallol in 10 mM HCI was
added to the solution. Absorbance measures were determined in a Lambda 35
spectrophotometer (PerkinElmer of Brazil, SP, Brazil), at 420 nm after 60 and 120 s. Results

were expressed in SOD units per milligram of total protein.

2.8.5 Malondialdehyde through thiobarbituric acid reactive substances test

To measure lipid peroxidation, malondialdehyde (MDA) concentration was
determined by the technique of thiobarbituric acid reactive species (TBARS). To promote the
precipitation of proteins, 1 ml of tissue homogenate was added to 1 ml of 10% trichloroacetic
acid solution (TCA). After standing on ice for 30 min, samples were centrifuged (3,000 rpm
for 10 min at 6°C). Supernatant was collected (~1.8 ml) and 1.8 ml of 0.670% thiobarbituric
acid was added (1:1 proportion). Next, the mixture was heated at 100°C in a water-bath for 1
hour. After cooling, 2.5 ml of butanol was added and samples were once again centrifuged
(2,000 rpm for 5 min at 6°C), the supernatant was collected and placed in glass cuvettes to
determine the absorbance at 532 nm in a Lambda 35 spectrophotometer (PerkinElmer of
Brazil, SP, Brazil). The MDA standard curve was obtained from known concentrations of 1,
1, 3, 3 tetramethoxypropane (TMP). Results were expressed in nanomoles per milligram of

total proteins.

2.9 Determination of Plasma TNF-a and IL-10 Levels
Plasma TNF-a and IL-10 protein levels were determined by multiplex bead array
using Milliplex MAP rat cytokine kits (RCYTO-80 K) (Millipore, Billerica, MA, USA).

Cytokines results are reported in picograms per milliliter.
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2.10 Statistical Analysis

All data are presented as the mean + SD. The Kolmogorov-Smirnov test was used to test
normal distribution. One-way analysis of variance (ANOVA) and the Student Newman-Keuls
post-hoc test were used to compare the groups. The two-way ANOVA followed by the
Bonferroni post-hoc test was used to test groups at different times. The accepted significance
level was 5% (p<0.05). Data were evaluated using the software GraphPad Prism 5 for
Windows (GraphPad Software, San Diego, CA).

3. RESULTS

3.1 Infarct Size, Body Mass, Heart and Gastrocnemius Mass, Pulmonary and Hepatic
Congestion

Infarct size, initial and final body mass, heart and gastrocnemius mass, and congestion
measures are shown in Table 1. No statistical differences were observed among groups on the
myocardial infarcted area, suggesting a uniform disease condition in all groups. The
LVM:BM ratio and initial and final body mass were similar between groups. Groups
associated with aerobic exercise and Arg supplementation (ACT+Arg and AIT+Arg) revealed
higher gastrocnemius mass compared to the SED group. Lung and liver wet-to-dry ratios were
taken to determine the water percentage in tissues, as an indication of congestion. Hepatic
congestion did not show statistical differences among groups. By contrast, pulmonary

congestion was attenuated in both AIT groups (AIT and AIT+Arg) compared with the SED
group.

3.2 Maximum Exercise Test

At the beginning of the study, all groups presented similar performance on pre ETC
(»>0.05). After 8 weeks of training, AIT and ACT protocols were able to improve maximal
exercise capacity when comparing pre and post measurements within each trained group and

compared to SED groups on the post-intervention test (Figure 2.A and 2.B) (p<0.001).

3.3 Hemodynamic Variables

Hemodynamic variables are listed in Table 2. There were no statistical differences in
resting HR or DBP among groups. The LVEDP was lower in the continuous training group
supplemented with Arg (ACT+Arg) and in both interval training groups (AIT and AIT+Arg)
than in the SED group. Animals in the AIT+Arg group also presented higher LVSP compared
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to the sedentary animals (SED and SED+Arg) and higher SBP versus the SED group only.
Similar results were observed on positive and negative dP/dt, on which the AIT+Arg group

presented superior values when compared to SED, SED+Arg, ACT, and SED, respectively.

3.4 Oxidative Stress and Antioxidant Enzymes Activity

Figure 3 shows the antioxidant enzymes activity and lipoperoxidation levels in
gastrocnemius. The CAT activity in gastrocnemius was similar among groups (Figure 3.A),
while activity of SOD was higher in trained supplemented groups (ACT+Arg and AIT+Arg)
compared to other groups (Figure 3.B). Lower MDA concentrations were observed in
supplemented groups when compared to SED and ACT groups (Figure 3.C).

Figure 4 shows the antioxidant enzyme activity and lipoperoxidation levels in the
kidney. Renal CAT activity was greater in ACT+Arg and AIT+Arg groups compared to SED
and also ACT+Arg compared to SED+Arg (Figure 4.A). No differences were observed
among groups in relation to SOD activity in this tissue (Figure 4.B). Lower MDA
concentrations were observed in both trained and supplemented groups (ACT+Arg and

AIT+Arg) in relation to all other groups (Figure 4.C).

3.5 Plasma TNF-a and IL-10

Figure 5 shows the cytokine plasmatic levels after 8 weeks of intervention. Plasma
levels of TNF-a were lower in both aerobic interval training groups (AIT and AIT+Arg)
compared with all other groups (Figure 5.A). When IL-10 plasma levels were analyzed there
were no significant differences among groups (Figure 5.B); however, the IL-10/TNF-a ratio

was greater in the AIT groups versus all other groups (p<0.0001) (Figure 5.C).

4. DISCUSSION

To our knowledge, this is the first study that investigated the effects of Arg
supplementation associated with distinct aerobic training protocols (ACT and AIT) in
experimental CHF. According to our aims, the major findings of the present study were 1)
association of aerobic training and Arg supplementation (ACT+Arg and AIT+Arg groups)
improved muscle mass, 2) pulmonary congestion was reduced only in AIT and AIT+Arg
groups, 3) both training protocols were able to increase maximal exercise tolerance, and 4)
association of AIT with Arg supplementation was able to improve hemodynamic responses
(LVSP, SBP, dP/dt,,x and -dP/dt,,,y), likewise, decrease muscular and renal lipid peroxidation
and TNF-a, and increase IL-10/TNF-plasmatic levels.
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Induction of HF was based on MI through descendent coronary left artery ligation,
which is the most frequent experimental model for CHF studies [24]. Our model mimics a
severe CHF. An inflammatory profile and higher lipoperoxidation levels were previously
demonstrated by this HF model when compared to sham-operated groups [14, 16].

In the present study, there was no difference in the infarcted area size between groups
and the average infarcted area was 40%, which is bigger than preceding studies (~35%),
which is in relation to several systemic complications [14, 16, 26]. The increase left
ventricular mass was present in all groups. Pulmonary and hepatic congestion is a common
symptom, although interval training groups showed lower pulmonary congestion compared to
the SED group. Gastrocnemius mass was higher in the ACT+Arg and AIT+Arg groups
compared to the SED group. In this view, our experimental model probably induces muscle
wasting in non-trained animals. Moreover, functional capacity was impaired and the LVEDP
was significantly increased (>20 mmHg) in the SED group.

Exercise tolerance capacity was improved in all trained groups. In contrast to the
previous study of our group, AIT was not superior to ACT for improving functional capacity.
In the present report, 85% of maximum ETC speed was used in the higher intensity zone,
while Nunes et al. used 92% of maximum ETC speed [21]. In that view, exercise intensity
possibly has an important role in improving exercise tolerance in CHF. Conversely, a recent
meta-regression analysis demonstrated that, in order of importance, the major contributors for
exercise capacity are total energy expenditure, session frequency, session duration, and
session intensity [27]. Thus, possible explanations for equal improvements in ACT and AIT
in the present study are that, in order to correct disparities, both groups had matched session
frequency and distance roamed at the end of each training session.

On the other hand, AIT seems to be superior for improving hemodynamic parameters,
primarily when associated with Arg supplementation. Association of AIT and Arg was able to
increase positive and negative dP/dtmax as well as normalize LVSP and SBP. Moreover,
LVEDP was significantly reduced in both AIT along with ACT+Arg. On AIT groups,
hemodynamic responses went along with improvements on pulmonary congestion.
Diminished lung water percentage can be explained by lower LVEDP, since higher afterload
will possibly culminate in severe pulmonary congestion [28].

Improvements on the hemodynamic aspects by Arg supplementation in conditions of
endothelial dysfunction had already been described. The Arg actions on hemodynamic are
primarily related to improvements in blood flow [29], controlled mainly by endothelium-

dependent relaxation via NO [30, 31]. In healthy subjects, Arg supplementation in association
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with resistance training did not change hemodynamic or vascular parameters [32]. In our
study, Arg supplementation by itself was not able to significantly improve hemodynamic
parameters. However, Arg apparently enhanced aerobic interval training effects, suggesting a
synergic effect between AIT and Arg therapies.

The Arg effects may not be exclusively centered on NO production [30]. It was
previously described that Arg also acts as an angiotensin-converting enzyme (ACE) inhibitor
[33]. Angiotensin II (ANG II) modulates sympathetic nerve activity promoting sympatho-
excitation. In cardiovascular diseases, an excess of ANG II stimulates removal of
mitochondrial ROS to cytosol, leading to more ROS production and, thus, eNOS uncoupling
[34]. At the same time, ANG II is able to arouse NO synthase (NOS) to turn into a source of
O, via protein kinase C (PKC) [35]. Moreover, aerobic exercise training has the potential to
diminish sympathetic activation through ANG II [36]. These data complement the theory for
antioxidant actions of Arg and, apart from that, support the synergic effects on hemodynamic
parameters among Arg supplementation and AIT in our study.

The present results demonstrated that groups with Arg supplementation combined with
aerobic exercise, either ACT or AIT, significantly diminished MDA levels. These results are
in concordance with a study by Huang et al., which demonstrated Arg was able to blunt
lipoperoxidation caused by an exhaustive exercise in both skeletal muscles and kidneys [10].
In our study, gastrocnemius MDA levels were also lower in SED+Arg versus SED and ACT
groups. However, SOD and CAT were not increased in the gastrocnemius of the SED+Arg
group. Accordingly to this, Arg might have acted as an ROS scavenger, capable of reducing
lipid damage itself.

In classical situations of imbalance between ROS formation and ROS degradation, like
cardiovascular diseases and exhaustive exercise, the SOD enzyme was decreased in both
skeletal muscle and plasma [37-39]. This is probably because, in stress conditions, an excess
of H,0O; could inhibit SOD activity [40]. Nevertheless, as shown in previous studies, Arg
supplementation was able to restore SOD activity [38, 40]. Thus, a longer supplementation
period results in greater SOD activity [40]. In concordance with those previous trials, we
found augments in gastrocnemius SOD activity in both trained groups after chronic Arg
supplementation. No differences were seen in gastrocnemius CAT activity. Conversely,
kidney SOD activity was similar among groups, and CAT activity was increased in both
trained and supplemented groups (ACT+Arg and AIT+Arg).

Excess of reactive oxygen species (ROS) and reactive nitrogen species (RNS) could

intensify the inflammatory process that occurs after muscle damage or in disease conditions,
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such as HF [41, 42]. Despite this, several studies have reported that regular aerobic exercise
training has an anti-inflammatory effect in CHF [14, 43]. In the present study, anti-
inflammatory responses were seen in AIT groups; both had lower plasma TNF-o expression
and increased IL-10/TNF-a ratio in relation to other groups. Increased IL-10/TNF-a ratio and
decreased TNF-a expression in CHF have been reported by previous experimental studies,
although those improvements were seen after continuous moderate-intensity protocols [16,
44]. Similar to the present report, Souza et al. observed an increase in serum TNF-a levels in
the HF SED group compared to the SED control group [45]. However, moderate-intensity
continuous exercise only attenuated TNF-o, with no significant decreases in relation to the HF
sedentary group. In other chronic diseases, it has already been proposed that high-intensity
interval training (HIIT) may elicit greater benefits. In addition, HIIT was proposed to reduce
oxidation and inflammation by up-regulating specific mRNA expression [46, 47].

Gastrocnemius mass was higher in trained groups associated with Arg
supplementation. It has already been reported that Arg has the potential to stimulate
anabolism and also to improve immune function [48]. In HF, a balance between catabolic and
anabolic function is directly related to oxidative stress and the immune system [49]. Thereby,
aerobic exercise training and Arg supplementation may act synergistically in preserving
skeletal muscle mass. Since gastrocnemius MDA levels were reduced in both ACT+Arg and
AlIT+Arg, those groups might have increased anti-inflammatory cytokines or decreased TNF-
a in skeletal muscle, leading to a reduced skeletal muscle atrophy.

Our study has some limitations. Training stimulus was the same during the 8 weeks
without ETC during protocols for progressive intensity adjustment. In addition,
echocardiography to assess cardiac function or changes in ventricular diameter and
histological technique for LV mass evaluation could have improved the accuracy of our
results. Finally, future studies with ANG II, NO, IL-6, and eNOS analysis may contribute for
more robust conclusions about the mechanisms underlying those CHF therapies.

In conclusion, our data indicated that aerobic physical training is important to
improve exercise tolerance in CHF-induced rats, despite intensity. In association with Arg
supplementation, aerobic exercise was able to attenuate muscle loss. Moreover, AIT
associated with Arg supplementation elicits greater improvements in hemodynamic
parameters, contributing to a reduction in pulmonary congestion, and was shown to have

particular responses in the inflammatory profile and antioxidant state.
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Tables

Table 1: Infarct Size, body mass, pulmonary and hepatic congestion, heart and gastrocnemius
mass of the 6 studied groups

SED SED+Arg ACT ACT+Arg  AIT AIT+Arg
IBM (g)  274:10 26318 272+18 26318 27610 256412
FBM (g)  356+45 342441 338:30 344334 334422 344438
1A (%) 38+3 452 3944 40+l 4146 4242
PC (%) 832 80+l  78+3 7945 7643 76:3%
HC (%) 71+l 71=l 70£2 71+ 711 7121
LVM:BM 5501 2702 2502  25£02 2,602 2.540.1
(mg/g)
GM:BM (mg/g) 4.5:0.6 54:07 5208 62+0.7% 5602 6.0+1*

Values are mean+SD. SED: sedentary; ACT: aerobic continuous training; AIT: aerobic
interval training; IBM: Initial body mass; FBM: final body mass; [A: infarcted area; PC:
pulmonary congestion; HC: hepatic congestion; LVM:BW: left ventricle mass:body mass;
GM:BM: gastrocnemius mass: body mass. One-way ANOVA followed by the Student-
Newman-Keuls post-hoc test was used for statistical analysis.

*p<0.05 vs. SED
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Table 2: Hemodynamic of the 6 studied groups after 8 weeks of intervention

SED

SED+Arg ACT ACT+Arg AIT AlIT+Arg

HR (bpm) 223421
LVEDP (mmHg) 30467

LVSP (mmHg) 84+12
dP/dty.x(mmHg/s) 3597+773
-dP/dtmax
(mmHg/s) 2401+489
SBP (mmHg) 84+11
DBP (mmHg) 77+8

223420 208+11 207+21 220+11 230+19
2245 2248 15+£9* 14+£6* 16£9*
97+13 103+9 103+12 101+6 125428

39444829  4146+399 4748+£704 4456+£567 5792+13007

2701544  2647+170 2965717 3040+227 3100+645*

95+12 97+14 100£10 96+8 109+11%*
82+13 80+8 77+6 7943 86+5

Values are mean+SD. SED: sedentary; ACT: aerobic continuous training; AIT: aerobic
interval training; HR: heart rate; LVEDP: left ventricular end-diastolic pressure; LVSP: left
ventricular systolic pressure; +dP/dtmax: maximum positive derivative of LV pressure; —
dP/dtmax : maximum negative derivative of LV pressure; SBP: systolic blood pressure; DBP:
diastolic blood pressure. One-way ANOV A followed by the Student-Newman-Keuls post-hoc
test was used for statistical analysis.

*P<0.05 vs. SED; tP<0.05 vs. SED, SED+Arg and ACT; $P<0.05 vs. SED and SED-Arg
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Figures Legends

Figure 1 — Fluxogram
SED: sedentary; ACT: aerobic continuous training; AIT: aerobic interval training;

Figure 2- Exercise tolerance test pre and post intervention

Values are the means + SD. SED: sedentary; ACT: aerobic continuous training; AIT: aerobic
interval training. Two-way ANOVA followed by Bonferroni post-hoc test was used for the
statistical analysis.

*P<0.01 vs. SED and SED+Arg in pre and post moment; ACT, ACT+Arg, AIT, AIT+Arg in
pre moment.

Figure 3 - Oxidative stress in gastrocnemius after 8 weeks of intervention. Concentrations
of A) Catalase (CAT) in gastrocnemius; B) Superoxide dismutase (SOD) activity in
gastrocnemius; and C) Malondialdehyde (MDA) activity in gastrocnemius. Values are the
means + SD. SED: sedentary; ACT: aerobic continuous training; AIT: aerobic interval
training. One-way ANOV A followed by Student-Newman-Keuls post-hoc test was used for
the statistical analysis.

B) * P<0.001 vs. ACT+Arg, AIT+Arg ; T P<0.01 vs. AIT+Arg; § P<0.0001 vs. ACT+Arg,
AlT+Arg

C) * P<0,001 vs. SED+Arg, ACT+Arg, AIT+Arg

Figure 4 - Oxidative stress in kidney after 8 weeks of intervention.

Concentrations of A) Catalase (CAT) in kidney; B) Superoxide dismutase (SOD) activity in
kidney; and C) Malondialdehyde (MDA) activity in kidney. Values are the means = SD. SED:
sedentary; ACT: aerobic continuous training; AIT: aerobic interval training. One-way
ANOVA followed by Student-Newman-Keuls post-hoc test was used for the statistical
analysis.

A) * P<0.01 vs. SED+Arg; T P<0.01 vs. SED

C) * P<0.01 vs. AIT+Arg; ¥ P<0.01 vs. AIT+Arg, ACT+Arg; ; P<0.001 vs. ACT+Arg

Figure 5 - Plasmatic levels of anti and pro-inflammatory cytokines after 8 weeks of
intervention.

Plasmatic concentrations of A) Tumor Necrosis Factor-alpha (TNF-a); B) Interleukin-10 (IL-
10); and C) IL-10:TNF-a ratio. Values are the means + SD. SED: sedentary; ACT: aerobic
continuous training; AIT: aerobic interval training. One-way ANOVA followed by Student-
Newman-Keuls post-hoc test was used for the statistical analysis.

*P<0.001 vs. all SED, SED+Arg, ACT, ACT+Arg.
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5 CONCLUSAO GERAL

Ao final de nosso estudo concluimos que os protocolos de exercicio fisico,
aerdbico continuo ou intervalado, foram capazes de aumentar a capacidade maxima
ao exercicio. Ainda, tanto o protocolo de exercicio continuo, quanto o intervalado,
em associagao a suplementacdo de L-Arginina foi eficaz em atenuar a perda de
massa muscular no modelo experimental estudado.

O treinamento intervalado principalmente quando associado a suplementacéo
de L-arginina promoveu efeitos mais expressivos na melhora da fungao
hemodinamica, na diminuicdo da congestdao pulmonar, no perfil inflamatério
plasmatico e nos parametros de estresse oxidativo no musculo gastrocnémio e nos
rins.

Este trabalho ressalta que estratégias multidisciplinares, tais como a
combinagdo da nutricdo e do exercicio fisico, podem ter um ganho adicional na
terapéutica da insuficiéncia cardiaca crbénica. Assim, o presente trabalho espera abrir

novas perspectivas de estudo clinicos na reabilitagdo cardiovascular.
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offering free lectures, interactive training and professional advice to support you in
publishing your research. The College of Skills training offers modules on how to
prepare, write and structure your article and explains how editors will look at your
paper when it is submitted for publication. Use these resources, and more, to ensure
that your submission will be the best that you can make it.

Language (usage and editing services)
Please write your text in good English (American or British usage is accepted, but not
a mixture of these). Authors who feel their English language manuscript may require
editing to eliminate possible grammatical or spelling errors and to conform to correct
scientific English may wish to use the English Language Editing service available
from Elsevier's WebShop.

Informed consent and patient details

Studies on patients or volunteers require ethics committee approval and informed
consent, which should be documented in the paper. Appropriate consents,
permissions and releases must be obtained where an author wishes to include case
details or other personal information or images of patients and any other individuals
in an Elsevier publication. Written consents must be retained by the author and
copies of the consents or evidence that such consents have been obtained must be
provided to Elsevier on request. For more information, please review the Elsevier
Policy on the Use of Images or Personal Information of Patients or other Individuals.
Unless you have written permission from the patient (or, where applicable, the next of
kin), the personal details of any patient included in any part of the article and in any
supplementary materials (including all illustrations and videos) must be removed
before submission.

Submission

Our online submission system guides you stepwise through the process of entering
your article details and uploading your files. The system converts your article files to
a single PDF file used in the peer-review process. Editable files (e.g., Word, LaTeX)
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are required to typeset your article for final publication. All correspondence, including
notification of the Editor's decision and requests for revision, is sent by e-mail.
Submit your article

Please submit your article via http://ees.elsevier.com/metabolism/.

Referees

Please submit the names and institutional e-mail addresses of several potential
referees. For more details, visit our Support site. Note that the editor retains the sole
right to decide whether or not the suggested reviewers are used.

PREPARATION

Use of word processing software

It is important that the file be saved in the native format of the word processor used.
The text should be in single-column format. Keep the layout of the text as simple as
possible. Most formatting codes will be removed and replaced on processing the
article. In particular, do not use the word processor's options to justify text or to
hyphenate words. However, do use bold face, italics, subscripts, superscripts etc.
When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces,
to align columns. The electronic text should be prepared in a way very similar to that
of conventional manuscripts (see also the Guide to Publishing with Elsevier). Note
that source files of figures, tables and text graphics will be required whether or not
you embed your figures in the text. See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and
'‘grammar-check' functions of your word processor.

Article structure

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should
be numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in
section numbering). Use this numbering also for internal cross-referencing: do not
just refer to 'the text'. Any subsection may be given a brief heading. Each heading
should appear on its own separate line.

Introduction

State the objectives of the work and provide an adequate background, avoiding a
detailed literature survey or a summary of the results.

Material and methods

Provide sufficient detail to allow the work to be reproduced. Methods already
published should be indicated by a reference: only relevant modifications should be
described.

Theory/calculation

A Theory section should extend, not repeat, the background to the article already
dealt with in the Introduction and lay the foundation for further work. In contrast, a
Calculation section represents a practical development from a theoretical basis.
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Results
Results should be clear and concise.

Discussion

This should explore the significance of the results of the work, not repeat them. A
combined Results and Discussion section is often appropriate. Avoid extensive
citations and discussion of published literature.

Conclusions

The main conclusions of the study may be presented in a short Conclusions section,
which may stand alone or form a subsection of a Discussion or Results and
Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae
and equations in appendices should be given separate numbering: Eq. (A.1), Eq.
(A.2), etc.; in a subsequent appendix, Eq. (B.1) and so on. Similarly for tables and
figures: Table A.1; Fig. A.1, etc.

Essential title page information

. Title. Concise and informative. Titles are often used in information-retrieval
systems. Avoid abbreviations and formulae where possible.
. Author names and affiliations. Please clearly indicate the given

name(s) and family name(s) of each author and check that all names are accurately
spelled. Present the authors' affiliation addresses (where the actual work was done)
below the names. Indicate all affiliations with a lowercase superscript letter
immediately after the author's name and in front of the appropriate address. Provide
the full postal address of each affiliation, including the country name and, if available,
the e-mail address of each author.

. Corresponding author. Clearly indicate who will handle correspondence
at all stages of refereeing and publication, also post-publication. Ensure that the
e-mail address is given and that contact details are kept up to date
by the corresponding author.

. Present/permanent address. If an author has moved since the work
described in the article was done, or was visiting at the time, a 'Present address' (or
'Permanent address') may be indicated as a footnote to that author's name. The
address at which the author actually did the work must be retained as the main,
affiliation address. Superscript Arabic numerals are used for such footnotes.

Structured abstract

A structured abstract, by means of appropriate headings, should provide the context
or background for the research and should state its purpose, basic procedures
(selection of study subjects or laboratory animals, observational and analytical
methods), main findings (giving specific effect sizes and their statistical significance,
if possible), and principal conclusions. It should emphasize new and important
aspects of the study or observations.
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Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet
points that convey the core findings of the article and should be submitted in a
separate editable file in the online submission system. Please use 'Highlights' in the
file name and include 3 to 5 bullet points (maximum 85 characters, including spaces,
per bullet point). You can view example Highlights on our information site.

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American
spelling and avoiding general and plural terms and multiple concepts (avoid, for
example, 'and’, 'of'). Be sparing with abbreviations: only abbreviations firmly
established in the field may be eligible. These keywords will be used for indexing
purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on
the first page of the article. Such abbreviations that are unavoidable in the abstract
must be defined at their first mention there, as well as in the footnote. Ensure
consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the
references and do not, therefore, include them on the title page, as a footnote to the
title or otherwise. List here those individuals who provided help during the research
(e.g., providing language help, writing assistance or proof reading the article, etc.).

Formatting of funding sources

List funding sources in this standard way to facilitate compliance to funder's
requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers
xxxX, yyyyl; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz];
and the United States Institutes of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants
and awards. When funding is from a block grant or other resources available to a
university, college, or other research institution, submit the name of the institute or
organization that provided the funding.

If no funding has been provided for the research, please include the following
sentence:

This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Units

Follow internationally accepted rules and conventions: use the international system
of units (SI). If other units are mentioned, please give their equivalent in SI.
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Math formulae

Please submit math equations as editable text and not as images. Present simple
formulae in line with normal text where possible and use the solidus (/) instead of a
horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to be
presented in italics. Powers of e are often more conveniently denoted by exp.
Number consecutively any equations that have to be displayed separately from the
text (if referred to explicitly in the text).

Footnhotes

Footnotes should be used sparingly. Number them consecutively throughout the
article. Many word processors can build footnotes into the text, and this feature may
be used. Otherwise, please indicate the position of footnotes in the text and list the
footnotes themselves separately at the end of the article. Do not include footnotes in
the Reference list.

Artwork

Electronic artwork General points

» Make sure you use uniform lettering and sizing of your original artwork.

« Embed the used fonts if the application provides that option.

« Aim to use the following fonts in your illustrations: Arial, Courier, Times New
Roman, Symbol, oruse fonts that look similar.

* Number the illustrations according to their sequence in the text.

» Use a logical naming convention for your artwork files.

« Provide captions to illustrations separately.

 Size the illustrations close to the desired dimensions of the published version.

o Submit each illustration as a separate file.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed

information are given here. Formats

If your electronic artwork is created in a Microsoft Office application (Word,

PowerPoint, Excel) then please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic

artwork is finalized, please 'Save as' or convert the images to one of the following

formats (note the resolution requirements for line drawings, halftones, and

line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of

300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a

minimum of 1000 dpi. TIFF (or JPEG): Combinations bitmapped line/half-tone (color

or grayscale), keep to a minimum of 500 dpi.

Please do not:

» Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these
typically have alow number of pixels and limited set of colors;

» Supply files that are too low in resolution;

» Submit graphics that are disproportionately large for the content.
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Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG),
EPS (or PDF) or MS Office files) and with the correct resolution. If, together with your
accepted article, you submit usable color figures then Elsevier will ensure, at no
additional charge, that these figures will appear in color online (e.g., ScienceDirect
and other sites) in addition to color reproduction in print. Further information on the
preparation of electronic artwork.

lllustration services

Elsevier's WebShop offers lllustration Services to authors preparing to submit a
manuscript but concerned about the quality of the images accompanying their article.
Elsevier's expert illustrators can produce scientific, technical and medical-style
images, as well as a full range of charts, tables and graphs. Image 'polishing' is also
available, where our illustrators take your image(s) and improve them to a
professional standard. Please visit the website to find out more.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached
to the figure. A caption should comprise a brief title (not on the figure itself) and a
description of the illustration. Keep text in the illustrations themselves to a minimum
but explain all symbols and abbreviations used.

Tables

Please submit tables as editable text and not as images. Tables can be placed either
next to the relevant text in the article, or on separate page(s) at the end. Number
tables consecutively in accordance with their appearance in the text and place any
table notes below the table body. Be sparing in the use of tables and ensure that the
data presented in them do not duplicate results described elsewhere in the article.
Please avoid using vertical rules.

References

Citation in text

Please ensure that every reference cited in the text is also present in the reference
list (and vice versa). Any references cited in the abstract must be given in full.
Unpublished results and personal communications are not recommended in the
reference list, but may be mentioned in the text. If these references are included in
the reference list they should follow the standard reference style of the journal and
should include a substitution of the publication date with either 'Unpublished results’
or 'Personal communication'. Citation of a reference as 'in press' implies that the item
has been accepted for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by
online links to the sources cited. In order to allow us to create links to abstracting and
indexing services, such as Scopus, CrossRef and PubMed, please ensure that data
provided in the references are correct. Please note that incorrect surnames,
journal/book titles, publication year and pagination may prevent link creation. When
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copying references, please be careful as they may already contain errors. Use of the
DOl is encouraged.

A DOI can be used to cite and link to electronic articles where an article is in-press
and full citation details are not yet known, but the article is available online. A DOl is
guaranteed never to change, so you can use it as a permanent link to any electronic
article. An example of a citation using DOI for an article not yet in an issue is:
VanDecar J.C., Russo R.M., James D.E., Ambeh W.B., Franke M. (2003). Aseismic
continuation of the Lesser Antilles slab beneath northeastern Venezuela. Journal of
Geophysical Research, http://dx.doi.org/10.1029/2001JB000884i. Please note the
format of such citations should be in the same style as all other references in the
paper.

Web references

As a minimum, the full URL should be given and the date when the reference was
last accessed. Any further information, if known (DOI, author names, dates,
reference to a source publication, etc.), should also be given. Web references can be
listed separately (e.g., after the reference list) under a different heading if desired, or
can be included in the reference list.

References in a special issue

Please ensure that the words 'this issue' are added to any references in the list (and
any citations in the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most
popular reference management software products. These include all products that
support Citation Style Language styles, such as Mendeley and Zotero, as well as
EndNote. Using the word processor plug-ins from these products, authors only need
to select the appropriate journal template when preparing their article, after which
citations and bibliographies will be automatically formatted in the journal's style. If no
template is yet available for this journal, please follow the format of the sample
references and citations as shown in this Guide.

Users of Mendeley Desktop can easily install the reference style for this journal by
clicking the following link:

http://open.mendeley.com/use-citation-style/metabolism

When preparing your manuscript, you will then be able to select this style using the
Mendeley plugins for Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References
can be in any style or format as long as the style is consistent. Where applicable,
author(s) name(s), journal title/book title, chapter title/article title, year of publication,
volume number/book chapter and the pagination must be present. Use of DOl is
highly encouraged. The reference style used by the journal will be applied to the
accepted article by Elsevier at the proof stage. Note that missing data will be
highlighted at proof stage for the author to correct. If you do wish to format the
references yourself they should be arranged according to the following examples:
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Reference style

Text: Indicate references by number(s) in square brackets in line with the text. The
actual authors can be referred to, but the reference number(s) must always be given.
List: Number the references (numbers in square brackets) in the list in the order in
which they appear in the text.

Examples:

Reference to a journal publication:

[1] Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. J
Sci Commun2010;163:51-9.

Reference to a book:

[2] Strunk Jr W, White EB. The elements of style. 4th ed. New York: Longman; 2000.

Reference to a chapter in an edited book:

[3] Mettam GR, Adams LB. How to prepare an electronic version of your article. In:
Jones BS, SmithRZ, editors. Introduction to the electronic age, New York: E-
Publishing Inc; 2009, p. 281-304.

Reference to a website:

[4] Cancer Research UK. Cancer statistics reports for the UK,
http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/; 2003
[accessed 13.03.03].

Note shortened form for last page number. e.g., 51-9, and that for more than 6

authors the first 6 should be listed followed by 'et al.' For further details you are

referred to 'Uniform Requirements for Manuscripts submitted to Biomedical Journals'

(J Am Med Assoc 1997;277:927-34) (see also Samples of Formatted References).

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word
Abbreviations.

Supplementary material

Supplementary material can support and enhance your scientific research.
Supplementary files offer the author additional possibilities to publish supporting
applications, high-resolution images, background datasets, sound clips and more.
Please note that such items are published online exactly as they are submitted; there
is no typesetting involved (supplementary data supplied as an Excel file or as a
PowerPoint slide will appear as such online). Please submit the material together
with the article and supply a concise and descriptive caption for each file. If you wish
to make any changes to supplementary data during any stage of the process, then
please make sure to provide an updated file, and do not annotate any corrections on
a previous version. Please also make sure to switch off the 'Track Changes' option in
any Microsoft Office files as these will appear in the published supplementary file(s).
For more detailed instructions please visit our artwork instruction pages.

AudioSlides

The journal encourages authors to create an AudioSlides presentation with their
published article. AudioSlides are brief, webinar-style presentations that are shown
next to the online article on ScienceDirect. This gives authors the opportunity to
summarize their research in their own words and to help readers understand what
the paper is about. More information and examples are available. Authors of this
journal will automatically receive an invitation e-mail to create an AudioSlides
presentation after acceptance of their paper.
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Submission checklist

The following list will be useful during the final checking of an article prior to sending

it to the journal for review. Please consult this Guide for Authors for further details of

any item.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

o E-mail address

e Full postal address

All necessary files have been uploaded, and contain:

» Keywords

« All figure captions

« All tables (including title, description, footnotes)

Further considerations

» Manuscript has been 'spell-checked' and 'grammar-checked'

» References are in the correct format for this journal

« All references mentioned in the Reference list are cited in the text, and vice versa

» Permission has been obtained for use of copyrighted material from other sources
(including thelnternet)

Printed version of figures (if applicable) in color or black-and-white

« Indicate clearly whether or not color or black-and-white in print is required.For any
further information please visit our Support Center.

AFTER ACCEPTANCE

Online proof correction

Corresponding authors will receive an e-mail with a link to our online proofing
system, allowing annotation and correction of proofs online. The environment is
similar to MS Word: in addition to editing text, you can also comment on
figures/tables and answer questions from the Copy Editor. Web-based proofing
provides a faster and less error-prone process by allowing you to directly type your
corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF
version. All instructions for proofing will be given in the e-mail we send to authors,
including alternative methods to the online version and PDF.

We will do everything possible to get your article published quickly and accurately -
please upload all of your corrections within 48 hours. It is important to ensure that all
corrections are sent back to us in one communication. Please check carefully before
replying, as inclusion of any subsequent corrections cannot be guaranteed.
Proofreading is solely your responsibility. Note that Elsevier may proceed with the
publication of your article if no response is received.

Online proof correction

Corresponding authors will receive an e-mail with a link to our online proofing
system, allowing annotation and correction of proofs online. The environment is
similar to MS Word: in addition to editing text, you can also comment on
figures/tables and answer questions from the Copy Editor. Web-based proofing
provides a faster and less error-prone process by allowing you to directly type your
corrections, eliminating the potential introduction of errors.
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If preferred, you can still choose to annotate and upload your edits on the PDF
version. All instructions for proofing will be given in the e-mail we send to authors,
including alternative methods to the online version and PDF.

We will do everything possible to get your article published quickly and accurately.
Please use this proof only for checking the typesetting, editing, completeness and
correctness of the text, tables and figures. Significant changes to the article as
accepted for publication will only be considered at this stage with permission from the
Editor. It is important to ensure that all corrections are sent back to us in one
communication. Please check carefully before replying, as inclusion of any
subsequent corrections cannot be guaranteed. Proofreading is solely your
responsibility.

Offprints

The corresponding author will, at no cost, receive a customized Share Link providing
50 days free access to the final published version of the article on ScienceDirect. The
Share Link can be used for sharing the article via any communication channel,
including email and social media. For an extra charge, paper offprints can be ordered
via the offprint order form which is sent once the article is accepted for publication.
Both corresponding and co-authors may order offprints at any time via Elsevier's
Webshop. Corresponding authors who have published their article open access do
not receive a Share Link as their final published version of the article is available
open access on ScienceDirect and can be shared through the article DOI link.

AUTHOR INQUIRIES

Track your submitted article

Track your accepted article

You are also welcome to contact the Elsevier Contact Center.

© Copyright 2014 Elsevier | http://www.elsevier.com



ANEXO B

- COMISSAO CIENTIFICA E COMISSAO DE PESQUISA E ETICA EM SAUDE

COMISSAO DE ETICA NO USO DE ANIMAIS - CEUA
UFCSPA

A Comiss&o de Etica no uso de Animais, analisou o Projeto:
Projeto: 14-151 Versao do Projeto: Versao do TCLE:

Pesquisadores:
PEDRO DALL'AGO

RAMIRO BARCOS NUNES
GIOVANA BARCELOS

Titulo: TREINAMENTO AEROBIO CONTINUO OU INTERVALADO E SUPLEMENTAGAO DE
L-ARGININA NA INSUFICIENCIA CARDIACA EXPERIMENTAL

Este projeto foi aprovado em seus aspectos éticos e metodoldgicos. Todo e qualquer alteragéo do projeto,
assim com eventos adversos graves, deverdo ser comunicados a esta CEUA.

Porto Alegre, 12 de novembro de 2014.

Katya'V. ‘atto2

CEUA
A
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