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RESUMO

O jejum intermitente ¢ uma estratégia alternativa que poderia promover efeitos similares a
restri¢ao caldrica linear. No entanto, ingestdo inadequada de proteina e longos periodos de
jejum poderiam reduzir o tecido muscular. Assim, o objetivo deste estudo foi analisar o
efeito agudo do exercicio de forga associado ao consumo de proteina do soro do leite durante
jejum intermitente (12hs) na ativacdo de alvos intracelulares de sintese protéica. Ratos
(n=48) wistar foram divididos em 8 grupos divididos em repouso e exercitados. Os animais
exercitados foram submetidos ao exercicio agudo em modelo de levantamento de peso. Foi
investigado o efeito do consumo concomitante de proteina do soro do leite antes de 12 horas
de jejum. A expressdao de 4EBP1, 4EBP1 fosforilada e proteinas de estresse térmico (HSP70
e HSP90) foram analisadas por imunoblotting. O consumo de proteinas do soro do leite e/ou
exercicio de forca antes do periodo de jejum aumenta a expressao de fosfo-4EBP1 na mesma
extensao no musculo séleo e a 4EBP1 total aumentou significativamente com o consumo de
proteina do soro do leite. O jejum intermintente induz um aumento de 4EBP1 fosforilada no
diafragma e apresenta um efeito importante na expressdo muscular de HSP70. No entanto,
nao houve alteragdes significativas na expressao de HSP90 no séleo. A associacdo do
consumo de proteina e exercicio de forca antes de 12 horas de jejum aumenta
significativamente a expressdo de HSP70 e HSP90 no diafragma. Concluimos que o
exercicio de for¢a e o consumo de proteina do soro do leite podem aumentar a ativacdo de
alvos intracelulares de sintese proteica durante protocolo agudo de jejum, essas adaptagdes

a longo prazo poderiam melhorar a manutencao do tecido muscular.

Palavras-chaves: Jejum intermitente. Manutencdo muscular. Sintese proteica. Exercicio

fisico.
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ABSTRACT

Intermittent fasting is an alternative strategy that could promote effects similar to continuous
dietary restriction. However, inadequate feed of daily protein and fasting can be linked to
reduction fat-free mass. Thus, the aim of this study was analyse the acute effect of strength
exercise associated with whey protein consumption during acute intermittent fasting (12hs)
in intracellular targets of protein synthesis. Male wistar rats (n=48) were divided in rest and
exercised in 8 groups. The exercised were submitted to acute strength exercise in a weight-
lifting model. Concomintat comsuption of whey protein or water control before 12 hours of
intermittent fasting was investigated. The expression of 4EBP1, phospo-4EBP1 and heat
shock proteins (HSP70 and HSP90) was analyzed by imunoblotting. Consumption of whey
proteins and/or strength exercise before fasting period increases phospho-4EBP1 expression
in the same extent in the soleus muscle and overall 4EBP1 was increased with comsuption
of whey protein. Fasting induces an increase of phospho-4EBP1 in the diaphragm and was
an important effect on muscle HSP70 expression. However, there were no significant
changes in the expression of HSP90 in the soleus. The association of protein consumption
and and strength exercise before fasting period increases the expression of HSP70 and
HSP90 in diaphragm. We conclude that exercise and whey protein consusumption can
increase the activation of intracellular targets of protein synthesis during acute fasting

protocol, these long-term adaptations could improve the maintenance of muscle tissue.

Key-words: Intermittent fasting. Muscle maintenance. Protein synthesis. Physical exercise.
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1 INTRODUCAO

O geno6tipo humano evoluiu de 600000 a.C. para 25000 a.C quando os humanos ainda
eram cacgadores. Neste contexto, as oscilagdes de disponibilidade de alimentos modularam
genes responsaveis pelo metabolismo energético e aumento de estoque de gordura, dada a
necessidade evolutiva destas adaptagdes (Zimmet e Thomas, 2003).

Atualmente a producdo, industrializagdo e distribuicdo de alimentos em grande
escala os tornam de facil acesso e o cenario tecnologico limita a atividade fisica didria, um
ambiente diferente do qual o gendtipo humano foi adaptado. Estas condi¢des podem ser uma
das causas das epidemias de distiirbios metabdlicos como obesidade, doengas cronicas entre
outras (Ridker, 2002; Zimmet e Thomas, 2003; Halberg et al., 2005).

Restricao caldrica ¢ umas das estratégias nutricionais mais utilizadas para perda de
peso e controlar disturbios metabdlicos como obesidade e dislipidemias (Omodei e Fontana,
2011). A restricdo caldrica linear consiste em reduzir a ingestdo energética diaria em 20-
50% (Omodei e Fontana, 2011). Entretando, a restricdo calorica intermitente tem sido
proposta como método alternativo. A restricdo caldrica intermitente (jejum intermitente)
também tem apresentado resultados positivos no controle de distirbios metabdlicos (Anson
et al., 2003). O jejum intermitente consiste em limitar a ingestdo de alimentos por ciclos de
periodos de jejum (Ahmet et al., 2011; Cerqueira et al., 2011).

Entretanto, longos periodos de jejum e ingestdo inadequada de nutrientes,
principalmente proteinas podem levar a uma redugdo da massa muscular (Andrews,
MacLean e Riechman, 2006). Isto ¢ um dos principais desafios para a perda de peso dada a
influéncia da massa muscular no metabolismo (Atlantis ez al., 2009).

A manutengao da massa muscular depende do equilibrio entre sintese proteica (SP)
e degradacao proteica (DP). Cascatas moleculares desempenham um papel central na
regulagdo da sintese proteica, principalmente a alvo de rapamicina em mamiferos (do inglés
mammalian target of rapamycin, mTOR). Fator de inicia¢do da traducdo eucarittica 4E
proteina de ligagdo 1 (do inglé€s eukaryotic translation initiation fator 4E binding protein 1
(4EBP1), uma proteina final da cascata mTOR tem sido descrita como uma proteina

representativa da ativacdo da cascata (Morley, Coldwell e Clemens, 2005; Proud et al.,
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2007). Ativagdo aguda da via mTOR apresenta correlagdo com aumento da massa muscular
(Terzis et al., 2008).

De fato, fosforilagdo da 4EBP1 foi significativamente menor em individuos
destreinados durante jejum (Bak et al., 2016) indicando uma perda na sintese proteica.
Entretanto, Moro et al., (2016) demonstrou que exercicio de for¢a associado ao jejum
intermitente pode diminuir o tecido adiposo e manter a massa muscular em individuos
treinados. Jejum intermintente ndo afeta o ganho de massa muscular e a performance
esportiva em jovens adultos (Tinsley et al., 2016).

Exercicio de forca ¢ um potente estimulo para o aumento da massa muscular
(Wernnnborn, Augustsson e Thomee, 2007). H4 um consideravel corpo de evidéncias de
que a ingestdo de proteinas de alta qualidade associado ao exercicio de forca aumente as
respostas adaptativas (Cermak et al., 2012) em especial as proteinas do soro do leite (do
inglés whey protein, WP) (Lollo, Amaya-Farfan e Carvalho-Silva, 2011; Miller, Alexander
e Perez, 2014).

Consumo de WP influencia significativamente a sintese proteica pois sdo proteinas
com alta qualidade nutricional e uma rapida cinética de absor¢do, fornecendo um réapido
aumento de aminodcidos e peptideos no plasma (Morato et al., 2013). Uma metanalise
demonstrou um aumento significativo na massa muscular entre os estudos que realizaram
exercicio de for¢a concomitante a ingestdo de WP (Miller, Alexander e Perez, 2014). Assim,
exercicio de forca e WP sdo estimulos para a sintese proteica e sao ambos reguladores da
massa muscular via ativagao da via mTOR.

Desde modo, devido a: 1) aumento de evidéncia do uso de jejum intermitente como
intervengao para perda de peso e 2) evidéncias de que exercicio de forga e consumo de WP
sdo estratégias efetivas para manutencdo/aumento da massa muscular, o objetivo deste
estudo foi analisar o efeito agudo do exercicio de forga associado ao consumo de proteina
do soro do leite durante jejum intermitente na ativacdo de alvos intracelulares de sintese
protéica. Hipotetizamos que o exercicio de for¢a associado ao consumo de WP poderia levar
a mudancas intracelulares agudas favorecendo a sintese protéica durante o jejum

intermitente.
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2 REVISAO DA LITERATURA

2.1 Restricao calorica

Restrigcdo calorica ¢ uma intervengao efetiva para perda de peso (Omodei e Fontana,
2011). Modelos animais de restri¢do caloérica tém demonstrado efeitos promissores no
aumento da longevidade (Panowski et al., 2007; Fontana, Partridge e Longo 2010; Longo e
Mattson, 2014), redugdo do risco de aterosclerosis, doengas metabolicas e funcao cognitiva
(Anson et al., 2003; Duan et al., 2003; Wan, Camandola e Mattson, 2003; Panowski et al.,
2007; Vasconcelos et al., 2014).

Modelos experimentais em primatas ndo humanos tém demonstrado que a restri¢ao
calorica traz beneficios a satude (Ingram et al., 1990; Kemnitz et al., 1993). Kemnitz et al.
(1993) apds um ano de restricao caldrica de 30% diariamente demonstrou menor percentual
de gordura enquanto nao houve diferenga significativa na massa muscular.

Ha dois tipos de restricdo caldrica (figura 1). A restrigdo caldrica linear pode ser

" sem desnutricdo

definida como uma reducao da ingestdo caldrica abaixo do ad libitum
(Roth, Ingram e Lane, 2001; Bordone e Guarente, 2005) e a restri¢ao caldrica intermitente
(neste trabalho descrita como jejum intermitente) que consiste em um padrao de alimentagdo
que envolve ciclos de jejum e alimentacdo (Ahmet et al., 2011; Cerqueira et al., 2011).

O jejum intermintente € uma alternativa promissora a restricao caldrica linear por ter
uma melhor aderéncia e resultados similares (Varady, 2011; Anastasiou et al., 2015). Esses
efeitos sdo importantes frente ao aumento epidemiolédgico de obesidade (Ng et al., 2014).
Além da perda de peso, o jejum intermintente tem demonstrado efeitos benéficos em

modelos animais com cancer, doencas cardiovasculares, diabetes, doencas

neurodegenerativas e longevidade (Longo e Mattson, 2014).

! Expressdo latina que significa “a vontade”/”sem restrigdes”

10
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Figura 1 - Tipos e definicoes de restri¢cio calorica.

Restricao caldrica

. v

Restricao caldrica linear Restricao caldrica intermitente
v 4
Restricao alimentar (20-50%) Ciclos alternados de
diariamente Jejum/alimentacdo

Fonte: O autor (2017)

2.2 Jejum intermitente

O jejum intermitente tem recebido atencdo da comunidade cientifica devido ao fato
de que modelos animais ¢ humanos tem demonstrado potencial para redugdo do tecido
adiposo (Varady, 2011), redugdo dos niveis de glicemia e insulina no plasma (Anson ef al.,
2003) melhora do perfil lipidico (Bhutani et al., 2013) entre outros. O padrao alimentar da
sociedade moderna (3 refeicdes mais lanches todos os dias) ¢ anormal do ponto de vista
evolutivo e parece que a restauragao do padrao “natural” (ciclos de jejum/alimentagdo) pode
ser responsavel pelos beneficios descritos (Tillotson, 2004).

Diferente do homem moderno, o padrao alimentar da maioria dos mamiferos ¢
caracterizado por uma ingestdo energética intermitente. Animais selvagens podem conseguir
alimentos esporadicamente (Gervasi et al., 2012; Metz et al, 2012) e dependem
exclusivamente da disponibilidade de comida (Cordain et al., 2002; Strohle, Hahn e
Sebastian, 2010; Gervasi et al., 2012). A habilidade de funcionar perfeitamente, fisica e
mentalmente, durante longos periodos de privagdo alimentar possui grande influéncia para
histéria evolutiva humana (Raichlen e Gordon, 2011).

Jejum intermitente em modelo experimental com camundongos submetidos a uma
dieta high fat ndo afetou a quantidade caldrica total ingerida, mas restabeleceu o ritmo

circadiano normal de atividade de vias metabdlicas e preveniu o ganho de peso, o acumulo

11
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de gordura, inflamacdo, resisténcia a insulina e perda de capacidade fisica e coordenagdo
motora (Chaix et al., 2014).

Um interessante modelo de jejum intermitente em humanos ¢ o Ramadan. O
Ramadan ¢ um dos pilares do islamismo e ocorre no nono més do calendario lunar islamico.
Durante este periodo adultos saudéaveis se abstém de comer e beber durante o dia (do
amanhecer ao entardecer) que resulta em aproximadamente 12 horas de jejum diario por
aproximadamente 30 dias (Fenneni et al., 2014). Entretanto a duragcdo do jejum varia
consideravelmente dependendo da localizacao geografica e a estagdo do ano, podendo variar
de 10 a 18 horas de jejum (Chtourou et al., 2011; Burke e king, 2012; Trabelsi et al., 2013;
Damit et al., 2015).

Essa carateristica faz do Ramadan um modelo natural de estudo dos efeitos do jejum
intermitente em humanos. Aksungar et al., (2005) verificou que durante o Ramadan,
individuos saudéaveis apresentaram aumento nos niveis de HDL e diminuicao da propor¢ao
colesterol total/HDL, assim como melhora no perfil de coagulagdo sanguinea, que poderia
ter importantes contribui¢cdes para o risco de doengas cardiovasculares. H4 também uma
melhora no perfil inflamatorio durante o Ramadan (Aksungar et al., 2007).

De fato, ensaios clinicos que utilizaram ciclos de jejum de 12 horas diarias
apresentam consistentes redugdes no peso corporal (Nematy et al., 2012; LeCheminant et
al., 2013) o que torna este periodo de jejum diario relavante em estudos cientificos.
Entretanto ha diversos protocolos de jejum intermitente, os protocolos citados pelos estudos
desta revisao estdo sumarizados na quadro 1.

Deste modo, o jejum intermitente tem demonstrado beneficios na redug@o de peso e
uma aderéncia superior a outros protocolos e poderia consistir em uma alternativa eficaz a

restricao calorica linear.

12
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Quadro 1 — Protocolos de jejum intermitente

Tipo de jejum Protocolo

Referéncias

Dia alternado de jejum
1 dia de jejum alternado por 1
dia de alimentacao ad libitum

Jejum a cada dois dias
20-24horas de jejum a cada dois
dias de alimentacdo ad libitum

5:2
2 dias de jejum durante a semana

Ramadan
Jejum do amanhecer ao
entardecer (~12-18h de jejum)

Alimentacio com restricio de tempo
8h de acesso a alimentagdo
9h de acesso a alimentacao
12h de acesso a alimentagao

Sakamoto e Grunewald, 1987; Wan, Camandola e Mattson, 2003; Johnson et

al., 2007; Varady et al., 2007; Leiper et al., 2008; Varady et al., 2009;
Cerqueira et al., 2011; Klempel e Kroeger, 2013; Buthani ef al., 2013;
Varady et al., 2013; Vasconcelos et al., 2014; Gotthardt et al., 2016;

Halberg et al., 2005

Harvie et al., 2011; Harvie et al., 2013;

Ramadan, 2002; Gueye et al., 2003; Faye et al., 2004; Mesbahzadeh et al.,

2005; Karli et al., 2007; Reilly e Waterhouse, 2007; Kirkendall et al., 2008;

Shirreffs et al., 2008; Stannard e thompson, 2008; Zerguni et al., 2008;
Chaouachi et al., 2008; Chaouachi et al., 2009; Mujika et al., 2010;

Chtourou et al., 2011; Ho-heng et al., 2011; Memari et al., 2011; Trabelsi et

al., 2011; Chaouachi et al., 2012; Nematy et al., 2012; Aloui et al., 2013;
Trabelsi et al., 2013; Fenneni et al., 2014; Damit et al., 2015; Cherif et al.,

2016;

Moro et al., 2016
Chaix et al., 2014

Fergunson et al., 2009; Izumida ef al., 2013; LeCheminant ef al., 2013;

Chaix et al., 2014

13
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2.2.1 Jejum intermitente e sindrome metabolica

Jejum intermitente reduz tecido adiposo simultaneamente a uma maior retengao de
massa muscular em modelos animais e humanos (Varady et al., 2007; Gotthardt ez al., 2016).
A propor¢ao massa muscular/tecido adiposo ¢ normalmente maior em animais submetidos
ao jejum intermitente quando comparado a restri¢cao calorica linear de 30-40% (Gotthardt et
al., 2016).

Anson et al. (2003) reportou que camundongos submetidos a jejum intermitente
manteram o peso corporal similar aos animais alimentados ad [ibitum, entretanto
apresentaram significativa melhora no metabolismo de glicose e mobilizacao de acidos
graxos, interessantemente essas melhoras foram superiores as observadas em animais
submetidos a restrigao calorica linear de 40%.

Tem sido demonstrado consistentes beneficios do jejum intermitente em relacdo a
perda de peso, tecido adiposo, perfil lipidico e metabolismo de glicose (Tinsley e La Bounty,
2015; Seimon et al., 2015).

Varady et al. (2013) conduziu um estudo com individuos com peso normal e com
sobrepeso por 12 semanas, randomizado em jejum ou controle. Foi reportado significativa
reducdo de peso (6.5 = 1.0%) em relagdo ao grupo controle. Houve reducdo de 3.6 += 0.7 kg
no tecido adiposo sem alteracdo significativa na massa muscular.

Uma revisao sistematica concluiu que o jejum intermitente € um método efetivo para
perda de peso (Seimon ef al., 2015). A perda minima de peso foi 2.1 kg ap6s 3 semanas e a
maxima foi 16.6 kg apds 20 semanas, em média a perda de peso consistiu em 3-5 kg apos
aproximadamente 10 semanas de jejum intermitente. Além do peso corporal, ha uma
diminui¢do do indice de massa coporal (IMC), diminui¢dao da circunferéncia abdominal e
tecido adiposo. Entretanto, dos 17 estudos inclusos na revisao sistemdtica que mensuraram
a massa muscular, 8 reportaram nenhuma alterag@o e 9 reportaram uma diminuic¢ao (Seimon
et al., 2015). Portanto, estratégias que aumentem a manutencao da massa muscular durante
intervengoes para perda de peso sdo de interesse dada a importancia da massa muscular no
metabolismo energético (Atlantis et al., 2009).

Os mecanimos pelos quais o jejum intermitente pode induzir beneficios na
composi¢ao corporal € metabdlicos sao provavelmente complexo e envolvem inimeras vias.
Quando um individuo altera o padrdo alimentar para jejum intermitente fisiologicamente

exibe uma robusta alteragdo no metabolismo energético caracterizado pelo aumento da

14
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sensibilidade a insulina, diminui¢@o dos niveis de leptina e insulina, maior mobilizagdo de
acidos graxos e aumento da producdo de corpos cetonicos (Johnson et al., 2007; Harvie et
al., 2011; Klempel et al., 2013; Varady et al., 2013). Modelos animais ¢ humanos tém
demonstrado maior sensibilidade a insulina apds jejum intermitente (Anson et al., 2003;
Harvie et al., 2011; Harvie et al., 2013). Pela deplegao dos estoques de glicogénio hepatico
e muscular, o jejum aumenta as taxas de lipdlise (Cahill, 2006; Izumida et al., 2013).

Entretanto, o jejum intermintente aumenta as taxas de acidos graxos livres circulantes
(Clayton et al., 2016). Aumento nos niveis séricos de acidos graxos livres desempenham um
papel patogénico na resisténcia a insulina, no desenvolvimento de doencas cardiacas e
doencgas metabolicas como diabetes mellitus ndo-insulino-dependente (Salter, 2013; Perry et
al.,2014; Turner et al., 2014).

O aumento da circulagdo de acidos graxos ¢ associado a uma maior produgdo de
corpos cetonicos (Colleone er al., 2002). O excesso de produgdao pode resultar em
cetoacidose metabodlica (Kellum, Song e Venkataraman, 2004). Cetoacidose metabolica ¢
inversamente relacionada ao nivel de fungao renal (Kraut e Kurtz, 2005) e fun¢do cardiaca,
podendo levar a arritmias graves e resisténcia vascular periférica (Kraut e Madias, 2010)

Deste modo, a gama de evidéncias terapéutica disponivel sobre jejum intermitente
necessita de uma analise cautelosa sobre a sua eficiéncia a longo prazo e sobre as alteragdes

metabolicas adversas decorrentes da alteracdo do metabolismo energético.

2.2.2 Jejum intermitente e resisténcia celular

Jejum intermitente pode aumentar a resisténcia celular contra danos citotoxicos via
aumento das vias de prote¢ao celular (Mattson, 2008). Estas vias incluem o aumento da
expressdo de quinases e deacetilases, incluindo sirtuinas, proteinas chaperones que
coordenam o enovelamente, sintese, desagregacdo e degradacao proteica (Hartl, Bracher e
Hayer-Hartl, 2011), aumento de enzimas antioxidantes e autofagia (Mattson, 2008).

Em ratos, jejum intermitente tem se mostrado efetivo em reduzir dano tecidual no
cérebro e coragdo em relagdo a animais alimentados ad libitum (Mattson, 2014) com efeito
neuroprotetor superior a restri¢ao calorica linear (Anson ef al., 2003).

Paradoxalmente, ¢ necessario a producao de espécies reativas de oxigénio (ROS)
para a indugdo do sistema de prote¢do celular, que aumenta a expressdao de sistemas

antioxidades e pode minimizar os efeitos cronicos do estresse oxidativo (Ristow, 2014).
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Anson et al. (2003) demonstrou que as alteragdes histopatologicas no cérebro induzida por
kainate (exotoxinas) foi minimizado em animais submetidos a jejum intermitente. Estes
achados foram reproduzidos em outros estudos (Wan, Camandola e Mattson, 2003).

O jejum intermitente possui efeito cardioprotetor (Ahmet ef al., 2005). Curiosamente
o efeito protetor ¢ similar ao verificado apds indugdo de proteinas de estresse térmico (do
inglés, heat shock proteins - HSPs) (Rinaldi et al., 2006; Staib et al., 2007). Apds 3 meses
de jejum intermitente os animais foram submetidos a um modelo experimental de infarto do
miocardio e os animais submetidos ao jejum demonstraram menor massa ventricular
esquerda e menores alteragdes teciduais em relacdo ao grupo controle (ad libitum). Os
autores concluiram que o jejum intermitente por si induz um pré condicionamento isquémico
e pode proteger células do miocardio contra dano isquémico, devido ao fato de que 23 horas
apds a cirurgia os animais em jejum demonstraram significativamente menores graus de
apoptose celular e infiltragdo de neutroéfilos que o grupo controle.

Até o momento nenhum estudo abordou as alteragdes na expressao de HSPs no tecido
muscular decorrente do jejum intermitente. Dado o seu papel como sistema de defesa
molecular e ser responsivo a diversos tipos de estresses, como hipertermia (Staib et al., 2007)
e exercicio fisico (Rinaldi et al., 2006; Lollo et al., 2013) noés hipotetizamos que o jejum
intermitente associado ao exercicio fisico poderia induzir um aumento da expressao dessas
proteinas no tecido muscular, entretanto estudos experimentais devem ser conduzidos para

confirmar esta hipotese.

2.2.3 Jejum intermitente e exercicio fisico

Jejum intermitente pode influenciar a perfomance fisica e cognitiva e tem sido um
desafio em estudos relacionados ao esporte (Chaouachi et al., 2012; Tian et al., 2011; Reilly
e Waterhouse, 2007). Entretanto, essa influéncia parece ser dependente do tipo de atividade
solicitada, a duragdo do jejum e o periodo do dia em que sao feitas as avaliagdes (Trabelsi et
al.,2011).

Ingestdo de nutrientes e agua proximos a atividade fisica tem importantes
implicagdes na performance (Aloui et al., 2008). A auséncia de ambos pode alterar a resposta
fisiologica ao exercicio e ter efeitos negativos na performance esportiva (Shirreffs e

Maughan, 2008). De fato, jejum intermitente diminui a performance esportiva em sprints’

2 Corrida de velocidade de curta distancia
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(Cherif et al., 2016). Em pilotos durante o Ramadan houve redu¢ao da performance muscular
e tolerancia ortostatica (Bigard et al., 1998; Boussif et al., 1996). Entretanto, outros estudos
nao observaram nenhum efeito negativo na performance esportiva durante jejum (Gueye et
al., 2003; Ferguson et al., 2009).

De acordo com o Comité Olimpico Internacional o jejum de curta duragdo nao possui
efeito negativo para saude e performance dos atletas (Maughan ef al., 2012). Em atletas de
judd mantendo alta carga de atividade fisica durante jejum intermitente houve uma minima
alteracdo nos testes maximos aerdbicos e anaerdbicos, apesar de 1,8% de reducao da massa
corporal (Chaouachi et al., 2009). Entretanto, prolongado periodo de jejum aumenta o risco
de déficit calorico, falta de nutrientes especificos assim como distirbios eletroliticos, estas
alteragdes podem ser prejudiciais associadas ao exercicio fisico (Maughan et al., 2012).

Fisiologicamente durante o jejum o metabolismo regula os niveis de glicemia por
gliconeogeneses hepatica e renal, metabolizando lactato, glicerdis e aminoacidos (Ramadan,
2002; Mujika, Chaouachi e Chamari, 2010). Isso leva a um estado de maior circulagdo de
hormonios catabolicos (Ben et al., 2002; Ghiravani e Mehrjoofard, 2005) ¢ uma
predominancia da degradacao proteica (Terzis et al., 2008) e possivelmente uma perda
progressiva de massa muscular (Bouhlel ez al., 2006; Bouhlel et al., 2008).

Atletas masculinos de varios esportes perderam 0.31 kg de massa muscular e 0.11 kg
de tecido adiposo durante o Ramadan (Shaygan, 2011), em mulheres atletas de Tackwondo
a perda foi de 1.6 kg de massa corporal® durante o periodo de jejum (Memari ef al., 2011).
Entretanto, Faye et al. (2005) e Bouhlel et al., (2006) nao verificaram alteragdo na massa
corporal durante jejum intermitente.

Atletas mantém a ingestdo calorica diaria durante jejum intermitente (Chaouachi et
al., 2008; Zerguini et al., 2008). Atletas necessitam de uma quantidade maior de proteinas
quando comparados a populacao geral, estudos sugerem uma quantidade de 1.4 g/kg para
atletas de endurance e 1.6-1.8 g/kg para atletas de forca (Tarnopolsky, 2004). Possivelmente
quando a ingesta proteica diaria ¢ adequada hd manuten¢do da massa muscular. Stannard e
Thompson (2008) reportaram uma reducao de 1.2 kg na massa corporal, mas nenhuma
alteracao na massa muscular durante o Ramadan.

Os niveis de atividade fisica podem ser mantidos durante jejum intermitente (Karli

et al., 2007; Leiper et al., 2008; Chaouachi et al., 2008; Kirkendall et al, 2008).

3 Sem discriminac3o entre massa muscular e tecido adiposo
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Interessantemente em modelos animais a combinacdo de jejum intermitente e exercicio
resultou em uma maior manuten¢do da massa muscular do que o jejum ou exercicio
isoladamente (Sakamoto e Grunewald, 1987).

Hé uma maior perda de peso quando associado jejum intermintente e exercicio fisico
(Bhutani et al., 2013). Adicionalmente tem sido proposto que a combinagdo com exercicio
pode reduzir a hiperfagia emocional quando comparado com jejum ou exercicio apenas
(Bhutani et al., 2013). Desde modo, o exercicio poderia auxiliar a perda de peso e a

manutengao da massa muscular durante jejum intermintente.

2.3 Exercicio de forca

O exercicio de forca tornou-se uma das formas mais populares para melhorar aptidao
fisica e condicionamento de atletas. O termo ¢ utilizado para descrever um exercicio onde ¢
exigido que a musculatura produza movimento (ou tente) em oposi¢do a uma forga,
geralmente exercida por pesos ou algum equipamento (Fleck, 2006) e tem sido descrito
como efetivo na melhora da composi¢ao corporal e preservacao de massa muscular (Mitchell
et al., 2013). Sendo um importante estimulo para o crescimento ¢ modelamento muscular
(Bassel-Duby e Olson, 2006; Potthoff et al., 2007).

Exercicio de forca ¢ um importante estimulo para o anabolismo muscular (McGlory,
Devries e Phillips, 2016). O aumento da massa muscular ocorre pela estimulagdo da sintese
proteica induzida pelo exercicio de for¢a (Tang et al., 2008; Wilkinson et al., 2008). A
sintese proteica muscular aumenta dentro de 1-3h ap6s uma sessdo aguda de exercicio de
forga (Dreyer et al., 2006). O efeito agudo no aumento da sintese proteica (West et al., 2009;
Tang et al., 2009; Burd et al., 2010) pode durar pelo menos 48 horas (Phillips e Tipton,
1997) ou mais (Miller et al., 2005). Deste modo, o exercicio de forca representa um dos
principais meios nao farmacolégicos de aumento e/ou manutengdo do tecido muscular
(Walker et al., 2011).

O acumulo dos periodos de aumento da sintese proteica leva a uma sustenta¢dao do
balango nitrogenado positivo (onde a sintese excede a degradacdo proteica) e resulta em
hipertrofia muscular (Burd et al., 2009; Wilkinson et al., 2014). Assim os acumulos de
estimulos agudos sdo necessarios para o crescimento muscular (Ahtiainen et al., 2003;

Hulmi et al., 2009).
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O exercicio de for¢a induz alteragdes na expressdo intracelulares de proteinas que
mediam a agregacao proteica (Hansen et al., 2005; Hawley et al., 2011). Esta alteracdo a
longo prazo ¢ responsavel pela hipertrofia muscular, caracterizada por um aumento na area
de seccao transversa das fibras musculares e volume total dos musculos (Drummond ef al.,
2008; West et al., 2010; Mitchell et al., 2012).

Volume e carga influenciam a resposta do metabolismo proteico apds exercicio de
for¢a. Em resposta a uma tnica sessao de exercicio de for¢a, Kulmar et al. (2009) demostrou
um platdé acima dos 60% da repeticdo méaxima (1 repeticio maxima — 1RM). Burd et al.
(2010) demosntrou que uma Unica sessao de alto volume e baixa intensidade (30% 1RM) foi
mais efetiva na amplitude e duracdo da sintese proteica que uma sessdo de baixo volume e
alta intensidade (90% 1RM).

Esses resultados sao consistentes com publicagdes reportando que exercicio com alta
e baixa intensidade apresentou resultados hipertréficos similares, sugerindo que
levantamento de pesos exageradamente altos ndo sdo necessarios para alcancar uma resposta
anabolica no metabolismo proteico e hipertrofia (Mitchell et al., 2012).

Interessantemente, Kumar et al., (2009) demonstrou que mesmo em jejum uma
sessdo aguda de exercicio de for¢a aumentou as taxas de sintese proteica em homens e
mulheres. Entretanto ndo existem mais estudos que reforcem este resultado. De fato, ¢
consenso que embora o exercicio de for¢a seja um potente estimulo agudo para a sintese
proteica, a auséncia do consumo de nutrientes o balango nitrogenado pode se tornar negativo
(Kumar et al., 2009). Com o fornecimento de nutrientes o balanco nitrogenado se torna
positivo e pode persistir por aproximadamente 48h (Miller et al., 2005; Cuthbertson et al.,
2006), permitindo agregacdo proteica e consequentemente maior hipertrofia muscular

(Atherton e Smith, 2012).

2.4 Proteinas do Soro do leite

Proteinas diferem em qualidade com base no seu perfil de aminoacidos,
digestibilidade e biodisponibilidade (FAO/WHO Expert Consultation, 1991). As duas
proteinas provenientes do leite sdo caseina, que correspondem a aproximadamente 80% das
proteinas do leite e as proteinas do soro do leite (do inglés whey protein - WP)
correspondende aos 20% restantes. WP ¢ encontrada no liquido remanescente da produgado

de queijos ou pode ser especificamente isolada por um processo especifico de filtracdo do
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leite e ¢ uma das proteinas mais utilizadas entre atletas e esportistas com intuito de aumentar
a hipertrofia muscular e melhorar a performance esportiva (Atherton e Smith, 2012).

Essas proteinas possuem uma alta concentracdo de aminodcidos essencial (45-
55g/100g), poucas gorduras ou carboidratos, alto valor biologico e rapida digestibilidade e
absorcao (Pennings et al., 2011) sendo uma das fontes mais ricas em aminoacidos conhecida
(Bucci, 2000). Adicionalmente, consumo de WP apresenta uma maior resposta na sintese
proteica do que a caseina tanto em repouso quanto apos exercicio fisico (Tang et al., 2009;
Pennings et al., 2011; Burd et al., 2012). Ambas proteinas apresenta um bom perfil de
aminoacidos (Furst e Stehle, 2004). Entretanto WP apresenta resposta a sintese proteica
devido a sua rapida cinética de digestdo e absor¢do (Dangin et al., 2003).

WP também apresenta componentes bioativos como lactoferrinas, imunoglobulinas,
glutamina, lactalbumina, peptideos bioativos e um excelente perfil de aminoacidos
(Marshall, 2004; Morato et al., 2013) o que poderia exercer efeitos fisioldgicos adicionais.
WP possui a caracteristica de ser solivel em ambiente 4cido e isto aumenta sua
digestibilidade e resulta em um répido e pronunciado aumento de aminoacidos na corrente
sanguinea (Katsanos et al., 2006; Dreyer et al., 2008; Tang et al., 2009; West et al., 2011).

WP apresenta um alto teor do aminodcido leucina, que desempenha um papel
fundamental na estimulagdo da sintese proteica (Anthony et al., 2001). De fato, leucina
exclusivamente aumenta os marcadores intracelulares de sintese proteica (ativagdo da
cascata mTOR, ver proxima sessdao) (Atherton et al., 2010). Outras fontes proteicas como
caseinas e proteinas de soja, embora sejam proteinas completas (que possui todos os
aminoacidos) apresentam menores concentragdes de aminoacidos de cadeias ramificadas
(BCAAs) e menores concentracdes de leucina (tabela 1) e ambos sdo necessarios para

estimular a sintese proteica no tecido muscular (Fouillet ef al., 2002).
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Tabela 1 — Composicao de aminoacidos do whey protein e caseina (g/100g de proteina).

Aminoacido Whe.y Caseina
protein
Treonina 8 3,7
Valina 6,3 5,5
Isoleucina 7,2 4.2
Leucina 11,2 8,4
Lisina 8,8 6,9
Metionina 2.2 2,6
Fenilalanina 3,1 4.3
Triptofano 1,9 1,2
Tirosina 3,2 4,8
Cisteina 2,7 0,4
Acido aspartico’ 11,9 6,3
Arginina 2,2 29
Serina 5,3 49
Histidina 2,1 2,2
Acido glutamico? 18,9 18,8
Glicina 1,7 1,7
Alanina 53 2,7
Prolina 7,8 10,6

Fonte: adaptado de Haraguchi et al., 2014. 1 — Acido aspartico: acido
aspartico + asparagina. 2 — Acido Glutamico: acido glutamico +

glutamina.

Adicdo de leucina a fontes proteicas pode aumentar o efeito anabolico. Koopman et

al., (2005) demonstrou que a adicao de leucina a bebidas proteicas resulta em uma maior

estimulagdo da sintese proteica. Entretanto, embora possa estimular independentemente

sintese € mais eficiente na presenca de outros aminoacidos essenciais (Anthony et al., 2000;

Crozier et al., 2005; Escobar et al., 2006, Katsanos et al., 2006). Somando estes fatores o
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consumo de WP consiste em uma excelente forma nutricional de estimulacdo da sintese
proteica (Tang et al., 2009; Pennings et al., 2011; Burd et al., 2012).

A ativagdo de marcadores intracelulares de sintese pela ingestdo de WP ¢ dose
dependente (Kakigi et al., 2014; Areta et al., 2013; D’Souza et al., 2014). A ingestao destas
proteinas tem consistentemente demonstrado efeito na ativagdo de cascata mTOR, e seus
complementos (Anthony et al., 2001)

Ingestao de aminoacidos em repouso estimula a sintese proteica muscular acima dos
valores basais (Morton et al., 2015; Witard et al., 2016) entretanto, Pennings et al. (2011)
demonstrou que maior resposta em musculos exercitados. Assim, a associagdo de exercicio
de for¢ca e o consumo de WP possui efeito sinérgico na estimulagdo da sintese proteica

muscular.

2.5 Exercicio de forc¢a e proteina do soro do leite: influéncia na sintese proteica

Recuperacdo muscular envolve diversos processos que auxiliam o retorno da
homeostase levando em consideracdo uma adaptacdo ao estresse fisiologico. No periodo
imediatamente apds o exercicio de forca ha um aumento agudo nas taxas de sintese proteica
para reparar o dano tecidual causado pelo exercicio (Burd et al., 2010). O reparo depende da
agregacao proteica decorrente de periodos de balango nitrogenado positivo (Hawley et al.,

2011).

O balango nitrogenado pode ser entendido como o equilibrio entre a sintese e a
degradagdo proteica, mas ¢ primordialmente regulado pelo grau e extensdo de sintese
(Atherton e Smith, 2012). A resposta na sintese induzida pelo exercicio pode ser aumentada
com o fornecimento de aminoacidos (Rasmussen e Phillips, 2003; Wolf, 2006, Pennings et
al., 2011). A ingestdo de proteinas de alta qualidade apds exercicio de forca aumenta a
sintese com simultdneo bloqueio na degragao proteica (Morton et al., 2015; Witard et al.,
2016). A disponibilidade de nutrientes pos exercicio serve como potente modulador das

adaptagdes morfologicas relativas ao exercicio (Hawley ef al., 2011).

Um estudo duplo-cego conduzido por Cribb et al. (2006) verificou um significante
aumento no ganho de massa muscular e for¢a no grupo suplementado com WP comparado
ao grupo que recebeu suplementacdo equivalente com caseina. WP pode aumentar a
recuperagao muscular e sintese proteica apds exercicio de forga (Beck et al., 2007). A
diferenga se da pelo pico plasmatico de aminoacidos apds ingestdo de WP prevenindo
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agudamente a degracdo proteica (Kerksick et al., 2007). O tipo, o tempo de ingestdo e a
quantidade de proteinas sdo fatores que influenciam a reposta a resposta de sintese pds

exercicio (Witard et al., 2016)

A via anabdlica mais bem caracterizada que representa os niveis de sintese proteica
¢ a proteina intracelular denominada mecanismo alvo da rapamicina (do inglés mechanistic
target of rapamycin, mTOR) (Goodman, 2014). A mTOR existe em dois complexos
proteicos denominados mTORC1 e mTORC2, sendo a mTORCI1 o principal regulador da
transducao proteica. Ativacdo da mTORCI1 via mecanotransdugdo, fatores hormonais e
aminoacidos) leva a um aumento da sintese proteica pela inibi¢do da proteina homologo da
Ras enriquecido no cérebro (do inglés Ras homolog enriched in brain, Rheb) (Inoki et al.,
2003) e da ativagdo do glicerofosfolipideo acido fosfatidico (Sun et al., 2008; Yoon et al.,
2011; You et al., 2014). Aumento da ativagao (fosforilagao) das proteinas p70 quinase s6
ribossomal (p70s6k) e proteina de ligagdo 1 do fator de iniciag@o eucaridtico (4EBP1) sdo
marcadores agudos da ativacdo da via mTOR durante o periodo de recuperagdo e
correlacionam-se com hipertrofia muscular (Burd ef al., 2010; Dreyer et al., 2008; Karlsson

et al., 2004; Koopman et al., 2007).

A administrag¢do de rapamicina, um inibidor farmacolégico da via mTOR, leva a uma
inibicao do estimulo da sintese proteica apos exercicio de for¢a, confirmando que a ativagado
da via ¢ necessaria para as adaptacdes musculares decorrente do exercicio (Drummond et
al., 2009; Ogasawara et al., 2014). Deste modo, a ativagcdo aguda da via mTOR representa
um fator critico para a sintese muscular em resposta ao exercicio de for¢ca e consumo de
proteinas. Ativagcdo da via mTOR leva a fosforilagcao de substratos da cascata como proteina
de ligacdo 1 do fator de iniciacdo eucaridtico 4 (4EBP1), proteina quinase s6 ribossomal
(p70s6k) que consequentemente aumenta a sintese proteica muscular (Proud, 2009). Como

mostra a figura 2.
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Figura 2 — Visao geral da ativacao da via mTOR pelo exercicio de forca e consumo de
whey protein

Exercicio Whey
de forga protein

D .
v @

p70s6k

Sintese proteica

Fonte: O autor (2017). AKT — proteina quinase B; IRS1 — Substrato receptor de insulina 1; mTOR —
mecanismo alvo da rapamicina; mTORC1 — Complexo do mecanismo alvo da rapamicina; p70S6k
— proteina p70 quinase s6 ribossomal; PA — acido fosfatidico; PI3K — fosfatidilinositol 3-quinase;
RHEB - homélogo da Ras enriquecido no cérebro; TSC2 — complexo esclerose tuberosa 2; 4EBP1
— proteina de ligacdo 1 do fator de iniciag@o eucariotico 4.

Exercicio de forca e ingestdo de whey protein possuem efeito sinérgico na ativacao
da via mTOR (Pennings ef al., 2011). O exercicio de for¢a estimula a sintese por meio de
mecanotransduc¢do, que ¢ o processo que converte sinais mecanicos e desencadeia uma
resposta intracelular por meio de “sensores” no tecido muscular (O'Neil et al., 2009). Ja os
aminoacidos, especialmente a leucina realiza a ativagao celular da via mTOR complexo
P13K/AKT (fosfatidilinositol 3-quinase e proteina quinase B, respectivamente) e

independente via transportadores de leucina (Norton e Layman, 2006).
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A ativagdo aguda da via mTOR possui correlacdo com o aumento do tecido muscular
induzido por exercicio de forga (Terzis et al., 2008). Adicionalmente uma metanalise
demonstrou que WP associado ao exercicio de forca pode aumentar significativamente o
ganho de massa muscular (Cernak et al., 2012). Enquanto a capacidade anabdlica da
disponibilidade proteica ¢ primariamente atribuida a ingestdo de aminoacidos essenciais,
especialmente a leucina, fatores como dose (Moore et al., 2009; Witard et al., 2013), fonte
(Reidy et al., 2013) e timing de ingestdo (Areta et al., 2013) também modulam a resposta

anabolica da ingestdo proteica.

Outros beneficios do consumo de WP sdo: aumento da performance esportiva
(Hoffman et al., 2010; Josse et al., 2010), melhora na recuperagdo (Hoffman, 2010) e

aumento da for¢a muscular (Rankin et al., 2004; Josse et al., 2010).

Devido uma predominancia da degradagdo proteica durante periodos de jejum
(Norton e Layman, 2006) estimulos na sintese proteica poderiam minimizar a perda de tecido
muscular. Deste modo, hipotetizamos que o exercicio de for¢a associado ao consumo de WP
antes dos periodos de jejum poderia auxiliar a manuten¢ao do tecido muscular. Como
alteragcdes agudas na via mTOR correlacionam-se com adaptagdes cronicas (Terzis et al.,
2008) o entendimento do comportamento intracelular agudo pode fornecer informagdes
importantes sobre o metabolismo proteico no tecido muscular quando associado exercicio

de forca e consumo de whey protein e jejum intermitente.
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3 OBJETIVOS

3.1 Objetivo geral

Verificar quais sdo as alteragdes celulares agudas decorrentes do exercicio de forca e o

consumo de proteinas do soro do leite associado ao jejum intermitente

3.2 Objetivos especificos

Em situagdo de jejum intermitente, apds exercicio de for¢a e consumo de proteinas do soro
do leite, quantificar:
a) Marcadores intracelulares de sintese proteica (expressio de 4EBP1 e 4EBPI1
fosforilada como marcadores da ativagdo da via mTOR)
b) Marcadores de dano muscular (CK e LDH)
¢) Marcadores de estresse celular no tecido muscular (expressao de heat shock protein

70 e 90 kda)

26



oo ~NOOTULL B~ W N B

A RADADPADDPDAEARADWWWWWWWWWWNRNRNNNNNNNNRRPRRPRRPRRRERRRERRR
ONO U DNWNRPOOLONOOTUDNWNROOLOKNOUPNWNRPROOOODNOUD WNPRO

4 REFERENCIAS BIBLIOGRAFICAS

AHMET, Ismayil et al. Cardioprotection by intermittent fasting in rats. Circulation, v.
112, n. 20, p. 3115-3121, 2005.

AHMET, Ismayil et al. Effects of calorie restriction on cardioprotection and cardiovascular
health. Journal of molecular and cellular cardiology, v. 51, n. 2, p. 263-271, 2011.

AHTIAINEN, Juha P. et al. Muscle hypertrophy, hormonal adaptations and strength
development during strength training in strength-trained and untrained men. European
journal of applied physiology, v. 89, n. 6, p. 555-563, 2003.

AKSUNGAR, Fehime B. et al. Effects of intermittent fasting on serum lipid levels,
coagulation status and plasma homocysteine levels. Annals of nutrition and metabolism,
v.49,n. 2, p. 77-82, 2005.

AKSUNGAR, Fehime B.; TOPKAYA, Aynur E.; AKYILDIZ, Mahmut. Interleukin-6, C-
reactive protein and biochemical parameters during prolonged intermittent fasting. Annals
of Nutrition and Metabolism, v. 51, n. 1, p. 88-95, 2007.

ALOUI, Asma et al. Effects of Ramadan on the diurnal variations of repeated sprints
performances. Int J Sports Physiol Perform, v. 8, n. 3, p. 254-62, 2013.

ANSON, R. Michael et al. Intermittent fasting dissociates beneficial effects of dietary
restriction on glucose metabolism and neuronal resistance to injury from calorie

intake. Proceedings of the National Academy of Sciences, v. 100, n. 10, p. 6216-6220,
2003.

ARETA, José L. et al. Reduced resting skeletal muscle protein synthesis is rescued by
resistance exercise and protein ingestion following short-term energy deficit. American
Journal of Physiology-Endocrinology and Metabolism, v. 306, n. 8, p. E989-E997,
2014.

ATHERTON, P. J.; SMITH, K. Muscle protein synthesis in response to nutrition and
exercise. The Journal of physiology, v. 590, n. 5, p. 1049-1057, 2012.

ATHERTON, Philip J. et al. Distinct anabolic signalling responses to amino acids in
C2C12 skeletal muscle cells. Amino acids, v. 38, n. 5, p. 1533-1539, 2010.

BASSEL-DUBY, Rhonda; OLSON, Eric N. Signaling pathways in skeletal muscle
remodeling. Annu. Rev. Biochem., v. 75, p. 19-37, 2006.

BECK, Travis W. et al. Effects of a drink containing creatine, amino acids, and protein
combined with ten weeks of resistance training on body composition, strength, and
anaerobic performance. The Journal of Strength & Conditioning Research, v. 21, n. 1,
p. 100-104, 2007.

27



O 0O NOOULL D WN B

A A DADDDAEARADREDWWWWWWWWWWNRNNNNNNNNNRRPRRERERRPRRPRRR
OCoONOU D WNRPOOONIITGTDWNROOONODUDNWNREPRPOOLOLNOOUDWNIERERO

BEN, Salem L. et al. [Circadian rhythm of cortisol and its responsiveness to ACTH during
Ramadan]. In: Annales d'endocrinologie. 2002. p. 497-501.

BHUTANI, Surabhi et al. Alternate day fasting and endurance exercise combine to reduce
body weight and favorably alter plasma lipids in obese humans. Obesity, v. 21, n. 7, p.
1370-1379, 2013.

BHUTANI, Surabhi et al. Effect of exercising while fasting on eating behaviors and food
intake. Journal of the International Society of Sports Nutrition, v. 10, n. 1, p. 1, 2013.

BIGARD, A. X. et al. Alterations in muscular performance and orthostatic tolerance during
Ramadan. Aviation, space, and environmental medicine, v. 69, n. 4, p. 341-346, 1998.

BORDONE, Laura; GUARENTE, Leonard. Calorie restriction, SIRT1 and metabolism:
understanding longevity. Nature reviews Molecular cell biology, v. 6, n. 4, p. 298-305,
2005.

BOUHLEL, E. et al. Effect of Ramadan fasting on fuel oxidation during exercise in trained
male rugby players. Diabetes & metabolism, v. 32, n. 6, p. 617-624, 2006.

BOUHLEL, E. et al. Effects of Ramadan fasting on plasma leptin and adiponectin
concentrations, biochemical parameters and body composition in trained young men. Int J
Sport Nutr Metab, v. 18, p. 617-27, 2008.

BOUHLEL, Ezzedine et al. Ramadan fasting and the GH/IGF-1 axis of trained men during
submaximal exercise. Annals of nutrition and metabolism, v. 52, n. 4, p. 261-266, 2008.

BOUSSIF, M. et al. Effets du Ramadan sur les performances physiques de pilotes d'avions
de combat. Médecine aéronautique et spatiale, v. 35, n. 139, p. 166-174, 1996.

BUCCI L, UNLU L. Proteins and amino acid supplements in exercise and sport. In:
Driskell J,Wolinsky I, editors. Energy-yielding macronutrients and energy
metabolism in sports nutrition. Boca Raton: CRC Press; 2000. pp. 191-212.

BURD, Nicholas A. et al. Exercise training and protein metabolism: influences of
contraction, protein intake, and sex-based differences. Journal of Applied Physiology, v.
106, n. 5, p. 1692-1701, 2009.

BURD, Nicholas A. et al. Low-load high volume resistance exercise stimulates muscle
protein synthesis more than high-load low volume resistance exercise in young men. PloS

one, v. 5, n. 8, p. 12033, 2010.

BURKE, Louise M.; KING, Christine. Ramadan fasting and the goals of sports nutrition
around exercise. Journal of sports sciences, v. 30, n. supl, p. S21-S31, 2012.

CAHILL JR, George F. Fuel metabolism in starvation. Annu. Rev. Nutr., v. 26, p. 1-22,
2006.

28



O 0O NOOULL D WN B

A A DADDDAEARADREDWWWWWWWWWWNRNNNNNNNNNRRPRRERERRPRRPRRR
OO NOU D WNRPOOONIITGTDWNRPROOONODUDNWNREPRPOOLOLNOOUDWNIERELO

CERMAK, Naomi M. et al. Protein supplementation augments the adaptive response of
skeletal muscle to resistance-type exercise training: a meta-analysis. The American
journal of clinical nutrition, v. 96, n. 6, p. 1454-1464, 2012.

CERQUEIRA, Fernanda M. et al. Long-term intermittent feeding, but not caloric
restriction, leads to redox imbalance, insulin receptor nitration, and glucose intolerance.
Free Radical Biology and Medicine, v. 51, n. 7, p. 1454-1460, 2011.

CHAIX, Amandine et al. Time-restricted feeding is a preventative and therapeutic
intervention against diverse nutritional challenges. Cell metabolism, v. 20, n. 6, p. 991-
1005, 2014.

CHAOUACHLI, A. et al. Lipid profiles of judo athletes during Ramadan. International
journal of sports medicine, v. 29, n. 04, p. 282-288, 2008.

CHAOUACHLI, Anis et al. Effect of Ramadan intermittent fasting on aerobic and anaerobic
performance and perception of fatigue in male elite judo athletes. The Journal of
Strength & Conditioning Research, v. 23, n. 9, p. 2702-2709, 2009.

CHAOUACHLI, Anis et al. The effects of Ramadan intermittent fasting on athletic
performance: Recommendations for the maintenance of physical fitness. Journal of sports
sciences, v. 30, n. sup1, p. S53-S73, 2012.

CHERIF, Anissa et al. Three days of intermittent fasting: repeated-sprint performance
decreased by vertical stiffness impairment. International journal of sports physiology
and performance, p. 1-26, 2016.

CHTOUROU, Hamdi et al. The effect of Ramadan fasting on physical performances,
mood state and perceived exertion in young footballers. Asian Journal of Sports
Medicine, v. 2, n. 3, p. 177, 2011.

CLAYTON, David J. et al. Effect of 24-h severe energy restriction on appetite regulation
and ad libitum energy intake in lean men and women. The American Journal of Clinical
Nutrition, v. 104, n. 6, p. 1545-1553, 2016.

COLLEONE, V. V. et al. Aplicagdes clinicas dos acidos graxos de cadeia
média. Entendendo a gordura: os acidos graxos. Sio Paulo: Manole, p. 439-54, 2002.

CORDAIN, L. et al. Original Communications-The paradoxical nature of hunter-gatherer
diets: Meat-based, yet non-atherogenic. European journal of clinical nutrition, v. 56, n.
1, p. S42, 2002.

CRIBB, Paul J. et al. The effect of whey isolate and resistance training on strength, body
composition, and plasma glutamine. International journal of sport nutrition and
exercise metabolism, v. 16, n. 5, p. 494, 2006.

CUTHBERTSON, Daniel J. et al. Anabolic signaling and protein synthesis in human

skeletal muscle after dynamic shortening or lengthening exercise. American Journal of
Physiology-Endocrinology and Metabolism, v. 290, n. 4, p. E731-E738, 2006.

29



O 0O NOOULL B WN B

A A DADDDAEAPADREDWWWWWWWWWWNRNNNNNNNNNRRPRRERERRERRPRRR
OCOONOU D WNRPOOONIITGTDWNRPROOONOODTULBDWNRPRPOOLOLNOOUDWNIERELO

DAMIT, Nurhayatul Filzah et al. Exercise responses and training during daytime fasting in
the month of Ramadan and its impact on training-induced adaptations. In book: Effects of
Ramadan fasting on health and athletic performance. California, USA, 2015.

DANGIN, Martial et al. Influence of the protein digestion rate on protein turnover in
young and elderly subjects. The Journal of nutrition, v. 132, n. 10, p. 3228S-3233S,
2002.

DANGIN, Martial et al. The rate of protein digestion affects protein gain differently during
aging in humans. The Journal of physiology, v. 549, n. 2, p. 635-644, 2003.

DICKINSON, Jared M. et al. Mammalian target of rapamycin complex 1 activation is
required for the stimulation of human skeletal muscle protein synthesis by essential amino
acids. The Journal of nutrition, v. 141, n. 5, p. 856-862, 2011.

DREYER, Hans C. et al. Resistance exercise increases AMPK activity and reduces 4E-
BP1 phosphorylation and protein synthesis in human skeletal muscle. The Journal of
physiology, v. 576, n. 2, p. 613-624, 2006.

DRUMMOND, Micah J. et al. Rapamycin administration in humans blocks the
contraction-induced increase in skeletal muscle protein synthesis. The Journal of
physiology, v. 587, n. 7, p. 1535-1546, 2009.

DRUMMOND, Micah J. et al. Skeletal muscle protein anabolic response to resistance
exercise and essential amino acids is delayed with aging. Journal of applied physiology,
v. 104, n. 5, p. 1452-1461, 2008. \

D'SOUZA, Randall F. et al. Dose-dependent increases in p70S6K phosphorylation and
intramuscular branched-chain amino acids in older men following resistance exercise and
protein intake. Physiological reports, v. 2, n. 8, p. e12112, 2014.

DUAN, Wenzhen et al. Reversal of behavioral and metabolic abnormalities, and insulin
resistance syndrome, by dietary restriction in mice deficient in brain-derived neurotrophic
factor. Endocrinology, v. 144, n. 6, p. 2446-2453, 2003.

FAO/WHO Expert Consultation. 1991. Protein quality evaluation report of the joint
FAO/WHO Expert Consultation held in Bethsed, Md, USA, in 1989. FAO Food and
Nutrition Paper 51, Rome.

FAYE, J. et al. [Effects of Ramadan fast on weight, performance and glycemia during
training for resistance]. Dakar medical, v. 50, n. 3, p. 146-151, 2004.

FENNENI, Mohamed A. et al. Effects of Ramadan on physical capacities of North African
boys fasting for the first time. Libyan Journal of Medicine, v. 9, n. 1, 2014.

FERGUSON, Lisa M. et al. Effects of caloric restriction and overnight fasting on cycling

endurance performance. The Journal of Strength & Conditioning Research, v. 23, n. 2,
p. 560-570, 2009.

30



O 0O NOOULL D WN B

A A DADDDAEARADREDWWWWWWWWWWNRNNNNNNNNNRRPRRERERRPRRPRRR
OO NOU D WNRPOOONIITGTDWNRPROOONODUDNWNREPRPOOLOLNOOUDWNIERELO

FLECK, Steven J. Fundamentos do treinamento de for¢ca muscular / Steven J. Fleck,
William J. Kraemer; tradugdo Jerri Luiz Ribeiro. — 3d. — Porto Alegre: Artmed, 2006.
376p. :il. 28 cm.

FONTANA, Luigi; PARTRIDGE, Linda; LONGO, Valter D. Extending healthy life
span—from yeast to humans. science, v. 328, n. 5976, p. 321-326, 2010.

FURST, Peter; STEHLE, Peter. What are the essential elements needed for the
determination of amino acid requirements in humans?. The Journal of nutrition, v. 134,
n. 6, p. 1558S-15658S, 2004.

GERVASI, Vincenzo et al. Predicting the potential demographic impact of predators on
their prey: a comparative analysis of two carnivore—ungulate systems in
Scandinavia. Journal of Animal Ecology, v. 81, n. 2, p. 443-454, 2012.

GOODMAN, Craig A. The role of mMTORCI1 in regulating protein synthesis and skeletal
muscle mass in response to various mechanical stimuli. In: Reviews of Physiology,
Biochemistry and Pharmacology 166. Springer International Publishing, 2013. p. 43-95.

GOTTHARDT, Juliet D. et al. Intermittent Fasting Promotes Fat Loss with Lean Mass
Retention, Increased Hypothalamic Norepinephrine Content, and Increased Neuropeptide
Y Gene Expression in Diet-Induced Obese Male Mice. Endocrinology, v. 157, n. 2, p.
679-691, 2016.

GUEYE, L. et al. Physiological adaptations to exercise during a short-term fasting. Scr
Med (Brno), v. 76, p. 291-6, 2003.

HALBERG, Nils et al. Effect of intermittent fasting and refeeding on insulin action in
healthy men. Journal of Applied Physiology, v. 99, n. 6, p. 2128-2136, 2005.

HANSEN, Anne K. et al. Skeletal muscle adaptation: training twice every second day vs.
training once daily. Journal of Applied Physiology, v. 98, n. 1, p. 93-99, 2005.

HARAGUCHI, Fabiano Kenji et al. Whey protein modifies gene expression related to
protein metabolism affecting muscle weight in resistance-exercised rats. Nutrition, v. 30,
n. 7, p. 876-881, 2014.

HARTL, F. Ulrich; BRACHER, Andreas; HAYER-HARTL, Manajit. Molecular
chaperones in protein folding and proteostasis. Nature, v. 475, n. 7356, p. 324-332, 2011.

HARTMAN, Joseph W. et al. Consumption of fat-free fluid milk after resistance exercise
promotes greater lean mass accretion than does consumption of soy or carbohydrate in
young, novice, male weightlifters. The American journal of clinical nutrition, v. 86, n.
2, p. 373-381, 2007.

HARVIE, Michelle et al. The effect of intermittent energy and carbohydrate restriction v.
daily energy restriction on weight loss and metabolic disease risk markers in overweight
women. British Journal of Nutrition, v. 110, n. 08, p. 1534-1547, 2013.

31



O 0O NOOULL D WN B

A A DADDDAEARADREDWWWWWWWWWWNRNNNNNNNNNRRPRRERERRPRRPRRR
OO NOU D WNRPOOONIITGTDWNRPROOONODUDNWNREPRPOOLOLNOOUDWNIERELO

HARVIE, Michelle N. et al. The effects of intermittent or continuous energy restriction on
weight loss and metabolic disease risk markers: a randomized trial in young overweight
women. International journal of obesity, v. 35, n. 5, p. 714-727, 2011.

HAWLEY, John A. et al. Nutritional modulation of training-induced skeletal muscle
adaptations. Journal of Applied Physiology, v. 110, n. 3, p. 834-845, 2011.

HIETANIEMI, Mirella et al. The effect of a short-term hypocaloric diet on liver gene
expression and metabolic risk factors in obese women. Nutrition, Metabolism and
Cardiovascular Diseases, v. 19, n. 3, p. 177-183, 2009.

HOFFMAN, Jay R. et al. Effect of a proprietary protein supplement on recovery indices
following resistance exercise in strength/power athletes. Amino acids, v. 38, n. 3, p. 771-
778, 2010.

HO-HENG, Tian et al. Effects of fasting during Ramadan month on cognitive function in
Muslim athletes. Asian journal of sports medicine, v. 2, n. 3, p. 145, 2011.

HULMLI, Juha J. et al. Resistance exercise with whey protein ingestion affects mTOR
signaling pathway and myostatin in men. Journal of Applied Physiology, v. 106, n. 5, p.
1720-1729, 2009.

INGRAM, Donald K. et al. Dietary restriction and aging: the initiation of a primate
study. Journal of gerontology, v. 45, n. 5, p. B148-B163, 1990.

INOKI, Ken et al. Rheb GTPase is a direct target of TSC2 GAP activity and regulates
mTOR signaling. Genes & development, v. 17, n. 15, p. 1829-1834, 2003a.

INOKI, Ken; ZHU, Tianqing; GUAN, Kun-Liang. TSC2 mediates cellular energy response
to control cell growth and survival. Cell, v. 115, n. 5, p. 577-590, 2003b.

[ZUMIDA, Yoshihiko et al. Glycogen shortage during fasting triggers liver—brain—adipose
neurocircuitry to facilitate fat utilization. Nature communications, v. 4, 2013.

JOHNSON, James B. et al. Alternate day calorie restriction improves clinical findings and
reduces markers of oxidative stress and inflammation in overweight adults with moderate
asthma. Free Radical Biology and Medicine, v. 42, n. 5, p. 665-674, 2007.

JOHNSTONE, A. Fasting for weight loss: an effective strategy or latest dieting
trend&quest. International Journal of Obesity, v. 39, n. 5, p. 727-733, 2015.

JOSSE, Andrea R. et al. Body composition and strength changes in women with milk and
resistance exercise. Med Sci Sports Exerc, v. 42, n. 6, p. 1122-1130, 2010.

KAKIGI, Ryo et al. Whey protein intake after resistance exercise activates mTOR

signaling in a dose-dependent manner in human skeletal muscle. European journal of
applied physiology, v. 114, n. 4, p. 735-742, 2014.

32



O 0O NOOULL D WN B

A A DADDDAEARADREDWWWWWWWWWWNRNNNNNNNNNRRPRRERERRPRRPRRR
OO NOU D WNRPOOONIITGTDWNRPROOONODUDNWNREPRPOOLOLNOOUDWNIERELO

KARLI, Umid et al. Influence of Ramadan fasting on anaerobic performance and recovery
following short time high intensity exercise. J Sports Sci Med, v. 6, n. 4, p. 490-7, 2007.

KELLUM, John A.; SONG, Mingchen, VENKATARAMAN, Ramesh. Effects of
hyperchloremic acidosis on arterial pressure and circulating inflammatory molecules in
experimental sepsis. CHEST Journal, v. 125, n. 1, p. 243-248, 2004.

KEMNITZ, Joseph W. et al. Dietary restriction of adult male rhesus monkeys: design,
methodology, and preliminary findings from the first year of study. Journal of
Gerontology, v. 48, n. 1, p. B17-B26, 1993.

KERKSICK, Chad M. et al. Impact of differing protein sources and a creatine containing
nutritional formula after 12 weeks of resistance training. Nutrition, v. 23, n. 9, p. 647-656,
2007.

KERKSICK, Chad M. et al. The effects of protein and amino acid supplementation on
performance and training adaptations during ten weeks of resistance training. The Journal
of Strength & Conditioning Research, v. 20, n. 3, p. 643-653, 2006.

KIRKENDALL, Donald T. et al. The influence of Ramadan on physical performance
measures in young Muslim footballers. Journal of Sports Sciences, v. 26, n. S3, p. S15-
S27, 2008.

KLEMPEL, Monica C.; KROEGER, Cynthia M.; VARADY, Krista A. Alternate day
fasting (ADF) with a high-fat diet produces similar weight loss and cardio-protection as
ADF with a low-fat diet. Metabolism, v. 62, n. 1, p. 137-143, 2013.

KRAUT, Jeffrey A.; KURTZ, Ira. Metabolic acidosis of CKD: diagnosis, clinical
characteristics, and treatment. American journal of kidney diseases, v. 45, n. 6, p. 978-
993, 2005.

KRAUT, Jeffrey A.; MADIAS, Nicolaos E. Metabolic acidosis: pathophysiology,
diagnosis and management. Nature Reviews Nephrology, v. 6, n. 5, p. 274-285, 2010.

KUMAR, Vinod et al. Age-related differences in the dose-response relationship of muscle
protein synthesis to resistance exercise in young and old men. The Journal of physiology,
v.587,n. 1, p. 211-217, 20009.

LECHEMINANT, James D. et al. Restricting night-time eating reduces daily energy intake
in healthy young men: a short-term cross-over study. British journal of nutrition, v. 110,
n. 11, p. 2108-2113, 2013.

LEIPER, John B. et al. Alteration of subjective feelings in football players undertaking
their usual training and match schedule during the Ramadan fast. Journal of Sports

Sciences, v. 26, n. S3, p. S55-S69, 2008.

LONGO, Valter D.; MATTSON, Mark P. Fasting: molecular mechanisms and clinical
applications. Cell metabolism, v. 19, n. 2, p. 181-192, 2014.

33



O 0O NOOULL D WN B

A A DADDDAEARADREDWWWWWWWWWWNRNNNNNNNNNRRPRRERERRPRRPRRR
OO NOU D WNRPOOONIITGTDWNRPROOONODUDNWNREPRPOOLOLNOOUDWNIERELO

MARSHALL, N. D. Therapeutic applications of whey protein. Alternative Medicine
Review, v. 9, n. 2, p. 136-156, 2004.

MATTSON, Mark P. Challenging oneself intermittently to improve health. Dose-
Response, v. 12, n. 4, p. dose-response. 14-028. Mattson, 2014.

MATTSON, Mark P. et al. Meal frequency and timing in health and disease. Proceedings
of the National Academy of Sciences, v. 111, n. 47, p. 16647-16653, 2014.

MATTSON, Mark P. Hormesis defined. Ageing research reviews, v. 7, n. 1, p. 1-7, 2008.

MAUGHAN, R. J. et al. Fasting and sports: a summary statement of the IOC
workshop. British journal of sports medicine, p. bjsports73064, 2010.

MCGLORY, Chris; DEVRIES, Michaela C.; PHILLIPS, Stuart M. Skeletal muscle and
resistance exercise training; the role of protein synthesis in recovery and
remodelling. Journal of Applied Physiology, p. jap. 00613.2016, 2016.

MEMARI, Amir-Hossein et al. Effect of Ramadan fasting on body composition and
physical performance in female athletes. Asian journal of sports medicine, v. 2, n. 3, p.
161-166, 2011.

MESBAHZADEH, B.; GHIRAVANI, Z.; MEHRJOOFARD, H. Effect of Ramadan
fasting on secretion of sex hormones in healthy single males. Eastern Mediterranean
Health Journal, 11(5-6):1120-3, 2005.

METZ, Matthew C. et al. Seasonal patterns of predation for gray wolves in the multi-prey
system of Yellowstone National Park. Journal of Animal Ecology, v. 81, n. 3, p. 553-563,
2012.

MILLER, Benjamin F. et al. Coordinated collagen and muscle protein synthesis in human
patella tendon and quadriceps muscle after exercise. The Journal of physiology, v. 567, n.
3, p. 1021-1033, 2005.

MITCHELL, Cameron J. et al. Muscular and systemic correlates of resistance training-
induced muscle hypertrophy. PloS one, v. 8, n. 10, p. €78636, 2013.

MITCHELL, Cameron J. et al. Resistance exercise load does not determine training-
mediated hypertrophic gains in young men. Journal of applied physiology, v. 113, n. 1, p.
71-77,2012.

MORATO, P. N. et al. A dipeptide and an amino acid present in whey protein hydrolysate
increase translocation of GLUT-4 to the plasma membrane in Wistar rats. Food chemistry,
v. 139, n. 1, p. 853-859, 2013.

MUIIKA, Inigo; CHAOUACHI, Anis; CHAMARI, Karim. Precompetition taper and

nutritional strategies: special reference to training during Ramadan intermittent
fast. British Journal of Sports Medicine, v. 44, n. 7, p. 495-501, 2010.

34



O 0O NOOULL D WN B

A A DADDDAEARADREDWWWWWWWWWWNRNNNNNNNNNRRPRRERERRPRRPRRR
OO NOU D WNRPOOONIITGTDWNRPROOONODUDNWNREPRPOOLOLNOOUDWNIERELO

NEMATY, Mohsen et al. Effects of Ramadan fasting on cardiovascular risk factors: a
prospective observational study. Nutrition journal, v. 11, n. 1, p. 69, 2012.

NG, Marie et al. Global, regional, and national prevalence of overweight and obesity in
children and adults during 1980-2013: a systematic analysis for the Global Burden of
Disease Study 2013. The Lancet, v. 384, n. 9945, p. 766-781, 2014.

NORTON, Layne E.; LAYMAN, Donald K. Leucine regulates translation initiation of
protein synthesis in skeletal muscle after exercise. The Journal of nutrition, v. 136, n. 2,
p. 533S-5378S, 2006.

OGASAWARA, Riki et al. The order of concurrent endurance and resistance exercise
modifies mTOR signaling and protein synthesis in rat skeletal muscle. American Journal
of Physiology-Endocrinology and Metabolism, v. 306, n. 10, p. E1155-E1162, 2014.

OMODETI, Daniela; FONTANA, Luigi. Calorie restriction and prevention of age-
associated chronic disease. FEBS letters, v. 585, n. 11, p. 1537-1542, 2011.

PANOWSKI, Siler H. et al. PHA-4/Foxa mediates diet-restriction-induced longevity of C.
elegans. Nature, v. 447, n. 7144, p. 550-555, 2007.

PENNINGS, Bart et al. Whey protein stimulates postprandial muscle protein accretion
more effectively than do casein and casein hydrolysate in older men. The American
journal of clinical nutrition, v. 93, n. 5, p. 997-1005, 2011.

PERRY, Rachel J. et al. The role of hepatic lipids in hepatic insulin resistance and type 2
diabetes. Nature, v. 510, n. 7503, p. 84-91, 2014.

PROUD, Christopher G. mMTORCI1 signalling and mRNA translation. Biochemical Society
Transactions, v. 37, n. 1, p. 227-231, 2009.

RAICHLEN, David A.; GORDON, Adam D. Relationship between exercise capacity and
brain size in mammals. PloS one, v. 6, n. 6, p. €20601, 2011.

RAMADAN, J. Does fasting during Ramadan alter body composition, blood constituents
and physical performance?. Medical Principles and Practice, v. 11, n. Suppl. 2, p. 41-46,
2002.

RASMUSSEN, Blake B.; PHILLIPS, Stuart M. Contractile and nutritional regulation of
human muscle growth. Exercise and sport sciences reviews, v. 31, n. 3, p. 127-131, 2003.

REILLY, Thomas; WATERHOUSE, Jim. Altered sleep—wake cycles and food intake: The
Ramadan model. Physiology & behavior, v. 90, n. 2, p. 219-228, 2007.

RIDKER, Paul M. On evolutionary biology, inflammation, infection, and the causes of
atherosclerosis. Circulation, v. 105, n. 1, p. 2-4, 2002.

RISTOW, Michael. Unraveling the truth about antioxidants: mitohormesis explains ROS-
induced health benefits. Nature medicine, v. 20, n. 7, p. 709-711, 2014.

35



O 0O NOOULL D WN B

A A DADDDAEARADREDWWWWWWWWWWNRNNNNNNNNNRRPRRERERRPRRPRRR
OO NOU D WNRPOOONIITGTDWNRPROOONODUDNWNREPRPOOLOLNOOUDWNIERELO

RIZZA, Wanda; VERONESE, Nicola; FONTANA, Luigi. What are the roles of calorie
restriction and diet quality in promoting healthy longevity?. Ageing research reviews, v.
13, p. 38-45, 2014.

ROTH, George S.; INGRAM, Donald K.; LANE, Mark A. Caloric restriction in primates
and relevance to humans. Annals of the New York Academy of Sciences, v. 928, n. 1, p.
305-315, 2001.

SAKAMOTO, Kazuko; GRUNEWALD, Katharine K. Beneficial effects of exercise on
growth of rats during intermittent fasting. The Journal of nutrition, v. 117, n. 2, p. 390-
395, 1987.

SALTER, A. M. Dietary fatty acids and cardiovascular disease. Animal, v. 7, n. s1, p. 163-
171, 2013.

SEIMON, Radhika V. et al. Do intermittent diets provide physiological benefits over
continuous diets for weight loss? A systematic review of clinical trials. Molecular and
cellular endocrinology, v. 418, p. 153-172, 2015.

SHAYGAN, N. The effects of Ramadan fasting on endurance running performance in
male athletes. Int J Sport Studies, v. 1, n. 1, p. 18-22, 2011.

SHIMAZU, Tadahiro et al. Suppression of oxidative stress by B-hydroxybutyrate, an
endogenous histone deacetylase inhibitor. Science, v. 339, n. 6116, p. 211-214, 2013.

SHIRREFFS, Susan M.; MAUGHAN, Ronald J. Water and salt balance in young male
football players in training during the holy month of Ramadan. Journal of Sports
Sciences, v. 26, n. S3, p. S47-S54, 2008.

STANNARD, Stephen R.; THOMPSON, Martin W. The effect of participation in
Ramadan on substrate selection during submaximal cycling exercise. Journal of Science
and Medicine in Sport, v. 11, n. 5, p. 510-517, 2008.

STROHLE, Alexander; HAHN, Andreas; SEBASTIAN, Anthony. Estimation of the diet-
dependent net acid load in 229 worldwide historically studied hunter-gatherer
societies. The American journal of clinical nutrition, v. 91, n. 2, p. 406-412, 2010.

SUN, Yan et al. Phospholipase D1 is an effector of Rheb in the mTOR
pathway. Proceedings of the National Academy of Sciences, v. 105, n. 24, p. 8286-8291,
20

TANG, Jason E. et al. Ingestion of whey hydrolysate, casein, or soy protein isolate: effects
on mixed muscle protein synthesis at rest and following resistance exercise in young
men. Journal of applied physiology, v. 107, n. 3, p. 987-992, 2009.

TANG, Jason E. et al. Resistance training alters the response of fed state mixed muscle

protein synthesis in young men. American Journal of Physiology-Regulatory,
Integrative and Comparative Physiology, v. 294, n. 1, p. R172-R178, 2008.

36



O 0O NOOULL D WN B

A A DADDDAEARADREDWWWWWWWWWWNRNNNNNNNNNRRPRRERERRPRRPRRR
OO NOU D WNRPOOONIITGTDWNRPROOONODUDNWNREPRPOOLOLNOOUDWNIERELO

TAPSELL, L. et al. Short term effects of energy restriction and dietary fat sub-type on
weight loss and disease risk factors. Nutrition, Metabolism and Cardiovascular
Diseases, v. 20, n. 5, p. 317-325, 2010.

TARNOPOLSKY, Mark. Protein requirements for endurance athletes. Nutrition, v. 20, n.
7, p. 662-668, 2004.

TERZIS, Gerasimos et al. Resistance exercise-induced increase in muscle mass correlates
with p70S6 kinase phosphorylation in human subjects. European journal of applied
physiology, v. 102, n. 2, p. 145-152, 2008.

TILLOTSON, James E. America's obesity: conflicting public policies, industrial economic
development, and unintended human consequences. Annu. Rev. Nutr., v. 24, p. 617-643,
2004.

TINSLEY, Grant M.; LA BOUNTY, Paul M. Effects of intermittent fasting on body
composition and clinical health markers in humans. Nutrition reviews, p. nuv041, 2015.

TRABELSI, Khaled et al. Effect of fed-versus fasted state resistance training during
Ramadan on body composition and selected metabolic parameters in

bodybuilders. Journal of the International Society of Sports Nutrition, v. 10, n. 1, p. 1,
2013.

TRABELSI, Khaled et al. Effect of Ramadan fasting on body water status markers after a
Rugby sevens match. Asian journal of sports medicine, v. 2, n. 3, p. 186, 2011.

TURNER, Nigel et al. Fatty acid metabolism, energy expenditure and insulin resistance in
muscle. Journal of Endocrinology, v. 220, n. 2, p. T61-T79, 2014.

VARADY, K. A. et al. Effects of modified alternate-day fasting regimens on adipocyte
size, triglyceride metabolism, and plasma adiponectin levels in mice. Journal of lipid
research, v. 48, n. 10, p. 2212-2219, 2007.

VARADY, Krista A. et al. Alternate day fasting for weight loss in normal weight and
overweight subjects: a randomized controlled trial. Nutrition journal, v. 12, n. 1, p. 1,
2013.

VARADY, Krista A. et al. Short-term modified alternate-day fasting: a novel dietary
strategy for weight loss and cardioprotection in obese adults. The American journal of
clinical nutrition, v. 90, n. 5, p. 1138-1143, 2009.

VARADY, Kristina A. Intermittent versus daily calorie restriction: which diet regimen is
more effective for weight loss?. obesity reviews, v. 12, n. 7, p. €¢593-e601, 2011.

VASCONCELOS, Andrea R. et al. Intermittent fasting attenuates lipopolysaccharide-

induced neuroinflammation and memory impairment. Journal of neuroinflammation, v.
11,n.1,p. 1,2014.

37



O 0O NOOULL D WN B

B DA DD WWWWWWWWWWNNNNNNNNNNRRPRRRERPRPRP R R
WNPRPOOVOWONIOTUDWNPOOVOMNODUDWNRPRPOWOVLOMNOODUDWNIERO

o
S

WALKER, Dillon K. et al. Exercise, amino acids and aging in the control of human
muscle protein synthesis. Medicine and science in sports and exercise, v. 43, n. 12, p.
2249, 2011.

WAN, Ruigian; CAMANDOLA, Simonetta; MATTSON, Mark P. Intermittent fasting and
dietary supplementation with 2-deoxy-D-glucose improve functional and metabolic
cardiovascular risk factors in rats. FASEB journal, v. 17, n. 9, p. 1133-1134, 2003.

WAN, Ruigian; CAMANDOLA, Simonetta; MATTSON, Mark P. Intermittent food
deprivation improves cardiovascular and neuroendocrine responses to stress in rats. The
Journal of nutrition, v. 133, n. 6, p. 1921-1929, 2003.

WEST, Daniel WD et al. Elevations in ostensibly anabolic hormones with resistance
exercise enhance neither training-induced muscle hypertrophy nor strength of the elbow
flexors. Journal of Applied Physiology, v. 108, n. 1, p. 60-67, 2010.

WILKINSON, Daniel J. et al. A validation of the application of D20 stable isotope tracer
techniques for monitoring day-to-day changes in muscle protein subfraction synthesis in

humans. American Journal of Physiology-Endocrinology and Metabolism, v. 306, n. 5,
p. E571-E579, 2014.

WILKINSON, Sarah B. et al. Differential effects of resistance and endurance exercise in
the fed state on signalling molecule phosphorylation and protein synthesis in human
muscle. The journal of physiology, v. 586, n. 15, p. 3701-3717, 2008.

WOLFE, Robert R. Skeletal muscle protein metabolism and resistance exercise. The
Journal of nutrition, v. 136, n. 2, p. 525S-528S, 2006.

YOON, Mee-Sup et al. Class III PI-3-kinase activates phospholipase D in an amino acid—
sensing mTORC1 pathway. The Journal of cell biology, v. 195, n. 3, p. 435-447, 2011.

YOU, Jae-Sung et al. The role of diacylglycerol kinase { and phosphatidic acid in the
mechanical activation of mammalian target of rapamycin (mTOR) signaling and skeletal
muscle hypertrophy. Journal of Biological Chemistry, v. 289, n. 3, p. 1551-1563, 2014

ZERGUINI, Yacine et al. Influence of Ramadan fasting on physiological and performance
variables in football players: summary of the F-MARC 2006 Ramadan fasting
study. Journal of Sports Sciences, v. 26, n. S3, p. S3-S6, 2008.

ZIMMET, P.; THOMAS, C. R. Genotype, obesity and cardiovascular disease—has

technical and social advancement outstripped evolution?. Journal of internal medicine, v.
254,n. 2, p. 114-125, 2003.

38



S ANEXOS

39



5.1 Artigo 1: Previous whey protein consuption and strength exercise
improve 4ebp1 phosporilate expression in muscle after 12hrs intermitent
fasting

40



PREVIOUS WHEY PROTEIN CONSUPTION AND STRENGTH EXERCISE
IMPROVE 4EBP1 PHOSPORILATE EXPRESSION IN MUSCLE AFTER
12HRS INTERMITENT FASTING

Santos Junior’, V.A., Morato, P.N., Souza, G.G., Amaya-Farfan, J., Lollo, P.C.B.

Abstract: Intermittent Fasting is an alternative strategy that could promote effects similar
to those observed with continuous dietary restriction. However, inadequate feed of daily
protein and fasting can be linked to reduction fat-free mass. Thus, the aim of this study
was analyse the acute effect of strength exercise associated with whey protein (WP)
consumption during acute intermittent fasting (12hs) in intracellular targets of protein
synthesis. Male Wistar rats were divided in rest and exercised rats. The exercised were
submitted to acute SE in a weight-lifting model. Concomintat comsuption of WP or water
control before 12 hours of intermittent fasting was investigated. The expression of 4EBP1
and phospo-4EBP1 and heat shock proteins (HSP70 and HSP90) was analyzed by
imunoblotting. Consumption of WP and/or strength exercise before the intermittent
fasting period increases phospho-4EBP1 expression in the same extent in the soleus
muscle and overall 4EBP1 was increased with comsuption of WP. Intermittent fasting
induces an increase of phospho-4EBP1 in the diaphragm and was an important effect on
muscle HSP70 expression. However, there were no significant changes in the expression
of HSP90 in the soleus. In the diaphragm the association of protein consumption and
strength exercise increases the expression of HSP70 and HSP90, with a significant
increase in expression after 12 hours of intermittent fasting. In summary, previous
strength exercise and consuption of WP may lead to improve in phosphorylation of
cellular target of protein synthesis and can improve muscle mass maintenance in both,
soleus and diaphragm muscle and intermittent fasting can increase heat shock protein

expression in muscle tissue.

Key-words: Protein metabolism. Muscle maintenance. Protein synthesis. Physical

exercise. mMTOR. Supplementation.

* Corresponding author



Introduction

Dietary restriction is a nutritional approach widely used for weight loss and
involves a reduction in the total of caloric intake ingested daily (Omodei and Fontana,
2011), however, prolonged adherence it may be difficult for most people (Anastasiou et
al., 2015). Intermittent Fasting is an alternative strategy that could promote effects similar
to those observed with dietary restriction (Mattson and Wan, 2005) in fat loss (Varady et
al., 2007; Gotthardt et al., 2016) and lifespan (Honjoh et al., 2009). The intermittent
fasting can be understand as cycles of access to feed and fasting period (Tisley et al.,

2016).

However, inadequate feed, mainly in daily protein, can be linked to reduction fat-
free mass (Andrews, MacLean and Riechman, 2006) and this has been described as one
of the major challenges for weight loss given the influence of muscle mass on whole
metabolism (Atlantis et al., 2009). Maintenance of fat-free mass depends on the balance

between protein synthesis (PS) and protein degradation (PD).

The role of molecular cascades in the regulation of protein synthesis, mainly the
role of mammalian target of rapamycin (mTOR). Eukaryotic translation initiation fator
4E binding protein 1 (4EBP1), the final downstream target of mTOR cascade protein was
described as a target that correlates with mTOR activation (Morley et al., 2005; Proud et
al., 2007). Indeed, phosphorylation of 4EBP1 was significantly decreased in lean

subjetcts after fasting indicating a loss in protein synthesis (Bak et al., 2016).

Whey protein (WP) consumption significantly influences the synthesis of proteins

because they are proteins with high nutritional quality and rapid absorption kinetics,



providing a rapid increase of amino acids and peptides (Morato et al., 2013) in plasma. A
meta-analysis demonstrated a significant increase in lean mass between studies that
performed strength exercise concomitantly with WP intake (Miller, Alexander and Perez,
2014). Thus, strength exercise and protein are stimuli for protein synthesis acutely via
activation of mTOR downstream, and the sum these acute changes correlates with na

increase in muscle mass (Terzis et al., 2008).

Since, due to: 1) widely use of intermittent fasting linked to weight loss; 2)
metabolic need to maintain muscle mass; 3) evidence that strength exercise associate with
WP consumption are effective strategies for maintaining/increasing muscle mass; 4) poor
scientific evidences of the effects of association between acute strength exercise and
intermittent fasting, we hypothesized that strength exercise associated with WP
consumption could lead to molecular changes favoring protein synthesis during acute
intermittent fasting (12hs). Then, during acute intermittent fasting after strength exercise
and WP consumption we analyze: expression of 4EBP1 (mTOR target) total and
phosphorylated; muscle damage markers (creatine kinase and lactate dehydrogenase) and

heat shock proteins (70 and 90 Kda).

2. Material and methods

2.1. Animals

Forty-eight male (21-day-old) Wistar rats, bred at the LabFex (UNIFAL, MG,
Brazil), were housed (~22 °C, 55% relative humidity, inverted 12-h light/12-h dark

cycles) in growth cages, with free access to commercial chow and water at all times, until



they reached a body weight of 251,18+ 16,16 g. The research methodology was approved

by the Ethics Committee on Animal Experimentation (CEEA-UFGD, protocol 06/2016).

The experimental design was created to analyze the acute effects of strength
exercise and WP consumption and its effects after 12hrs of fasting. The animals were
randomly by initial weight and assigned to 1 of 8 groups (n= 6 per group): rest control
(R-C); exercised control (E-C); rest whey protein (R-WP) exercised whey protein (E-
WP); rest control (R-C12h) and exercised control after 12hrs fasted (E-C12h); rest whey
protein (R-WP12h) and exercised whey protein (E-WP12h) after 12hrs fasted, how show
figure 1.A). Fast period was definied because trial that implemented ~12hrs fasting/day
has demonstrated consistent reductions in body weight in humans (Nematy et al., 2012;
LeCheminant et al., 2013; Zare et al., 2011; Ziaee et al., 2006) and been more relevant to

weight loss/fat free mass maintenance.

How ilustred in figure 1.B, the animals in protein groups were gavaged with
relative to 25% of diary protein (0,8740,07g) of the WP isolate or the same volume of
water to controls groups postexercise. Euthanasia occurred one hour after drinking, in the
animals submitted to fasting was performed after 12 hours of fasted, on hour after the

second dose of treatment.
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(c) Only R-C12h; E-X12h, R-WP12h and E-WP12h

Figure 1- Study design

2.2. Exercise protocol

Acute strength exercise was perfomed using a Tamaki weight-lifting exercise
model (Tamaki, Uchiyama and Nakno, 1992). Rats was fifted with a canvas jacket
adequate to regulate the twisting and flexing of their torsos and we suspended them in a
standard position on their hindlimbs. The rats flexed their legs repeatedly, which lifted
the weight-arm of the exercise apparatus. An electrical stimulation (25A, 0.3-second
duration at 3-second intervals) was applied to the rat’s tail through a surface electrode

using a electroestimalator.

The acute exercise was perfomed after a two days of adaptation (96hrs intervals
between the acute exercise and the last day of adaptation) to familiarize the animals to
apparatus and exercise, reducing the effects of stress as described by Galdino et al. (2014).

The measurement of the maximum weight lifted (1 repetition maximum) was performed



with a separate group of animals to not influence the results of an acute exercise session
(Clarkson and Hubal, 2002; Chen ef al., 2007; Chen et al., 2009). The exercise load was

set a 85% of maximum repetition to mimic a strengh exercise bout (D'souza ef al., 2014)

2.6. Biochemical parameters

Blood samples were collected, maintened at 4 °C, and centrifuged at 3000 xg (4
°C, 12 min) to obtain serum for the assessment of creatine kinase (CK) and lactate
dehydrogenase (LDH) in triplicate measurements. Standard spectrophotometric
determinations were carried out using comercial laboratory kits in microplate reader

according to specific kit recommendations.

2.8. Protein extraction and immunoblotting

The samples of soleus and diaphragm muscle were prepared as described
previously (Lollo et al., 2013), by homogenizing ~100 mg of frozen tissue in Triton buffer
(100 mM Tris, pH 7.4, 1% Triton X-100) containing 100 mM sodium pyrophosphate, 100
mM NaF, 10 mM EDTA, 10 mM Na3Vo4, 2 mMPMSF and 0.1 mg/mL aprotinin. The

total protein contente of the muscle samples was determined.

For immunoblotting, tissue homogenates were subjected to SDS-PAGE and
transferred onto a nitrocelulose membrane. The blots were probed with the appropriate

antibodies to determine the total 4EBP1 (dilution 1:1000, ref#A300-501A) using Bethyl



laboratories antibodie; phospho-4EBP1 (thr 37/46, dilution 1:1000, ref #9459) using cell
signaling and the heat shock proteins 70kda (dilution 1:1000, ref#ADI-SPA-810) and
90kda (dilution 1:1000, ref#ADI-SPA-831) using Enzo life Science. Tubulin was the
loading control (dilution 1:2000, ref#sc-8035) used to assess the protein levels in the
tissues. The appropriate secondary antibody conjugated to peroxidase and the BM
chemiluminiscence blotting systemwere used for detection. The bandswere visualized by
chemiluminescence and the band intensities were quantified by processing with the

Imagel program (v. 1.44).

2.9. Statistical analysis

Was used the SPSS statistical software (version 17.0, SPSS Inc., Chicago, IL).
The monovariate ANOVA was used for parametric data, and the means compared using

the Duncan test, adopting a value of P < 0.05 as the criterion for statistical significance

Results

Protein metabolism in muscle

The association between WP intake and strength exercise does not present a
synergistic or cumulative effect. Consumption of WP and/or strength exercise before the
intermittent fasting period increases phospho-4EBP1 expression in the same intensity in

the skeletal muscle (figura 2.A). The expression of 4EBP1 in its total form is increased



with consumption of WP (Figura 2.B). After the intermittent fasting period (12hrs) both

exercise and WP intake were able to increase the expression of total 4EBP1 in the soleus

muscle.

Intermittent fasting induces an increase of phospho-4EBP1 in the diaphragm.
After 12 hours of intermittent fasting there was a marked increase in phospho-4EBP1
expression in all groups regardless of the interventions (Figura 2.C). However, changes
in total 4EBP1 expression were less expressive, showing a short increase after 12 hrs of

fasting in the exercised groups and in the rest control group, with no significant difference

for the rest WP group (Figura 2.D).
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Figure 2 —4EBP1 and phosphorylated 4EBP1 response in soleus and diaphragm muscle. ANOVA
was perfomed and means were compared by Duncan post hoc test. Different letters indicate
significant diferences between groups. The value of p<0.05 was adopted as a criterion for
statistical significance. Experimental groups: R-C, rest conrol; E-C, exercised control; R-WP, rest
whey protein; E-WP, exercised whey protein; R-C12h, rest control after 12h fasting; E-C12h,
exercised control fter 12h fasting; R-WP12h, rest whey protein fter 12h fasting; E-WP12h

exercised whey protein fter 12h fasting.
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In figure 3 we shows the expression and pattern of response of HSP70 and HSP90
in the soleus and diaphragm muscle. After 12 hours of intermittent fasting, the response
to HSP70 expression in the soleus muscle was similar between treatments. Demonstrating
an important effect of intermittent fasting on muscle HSP70 expression (Figura 3.A).
However, there were no significant changes in the expression of HSP90 in the soleus

acutely and after 12hrs of intermittent fasting (Figura 3.B).

In the diaphragm the association of protein consumption and strength exercise
increases the expression of HSP70 and HSP90, with a significant increase in expression
after 12 hours of intermittent fasting (Figure 3.C and D) showing a synergistic response

between treatments.
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Figure 3 — HSP70 and HSP90 expression in soleus and diaphragm muscle. ANOVA was
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significance. Experimental groups: R-C, rest conrol; E-C, exercised control; R-WP, rest whey
protein; E-WP, exercised whey protein; R-C12h, rest control after 12h fasting; E-C12h, exercised
control fter 12h fasting; R-WP12h, rest whey protein fter 12h fasting; E-WP12h exercised whey

protein fter 12h fasting.
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Serum mucle biochemical parameters

There was significant difference in CK and LDH values between exercised groups
1h and 12h post exercise regards rests groups. However, both exercised groups presented
similar values of CK and LDH (figure 4). However, the experimental design does not
contemplate the optimal points for the measurement of muscle damage markers and that

may explain a lack of difference between the groups exercised.
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Figure 4 —Serum muscle damage markers. Ck: Creatine kinase; LDH: lactate dehydrogenase.
ANOVA was perfomed and means were compared by Duncan post hoc test. Different letters
indicate significant diferences between groups. The value of p<0.05 was adopted as a criterion
for statistical significance. Experimental groups: R-C, rest conrol; E-C, exercised control; R-WP,
rest whey protein; E-WP, exercised whey protein; R-C12h, rest control after 12h fasting; E-C12h,
exercised control fter 12h fasting; R-WP12h, rest whey protein fter 12h fasting; E-WP12h

exercised whey protein fter 12h fasting.
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Discussion

We showed that consumption of WP, strength exercise or both, result in acute
increase phosphorylation of 4EBP1 in muscle tissue after 12 hours of intermittent fasting.
Surprisingly, in the 12hrs fasting diaphragm increased the phosphorylation of 4EBP1.
WP associated with strenght exercise previous fasting increased the expression of HSP70
and HSP90 in the diaphragm, however, in soleous there is an increase only in HSP70

expression after fasting period.

Strength exercise or consumption WP leads increase in phosphorylation of mTOR
protein target 4EBP1 acutely (Figure 2). This alteration is linked to long-term muscle

mass maintenance and this can help during intermittent fasting (Terzis et al., 2008).

In the first studies about intermittent fasting, Sakamoto and Grunewald (1987)
was verified that animals subjected to intermittent fasting associated with physical
exercise had 29% more lean mass and 18% less fat in the carcass content than animals
submitted only to intermittent fasting, suggesting a beneficial effect of the association of

physical activity with nutritional intervention.

Current studies have also shown that intermittent fasting associated with strength
exercise decreases adipose tissue and maintain muscle mass in trained individuals (Moro
et al., 2016). Tinsley et al. (2016) demonstrated that fasting not affect the lean mass gain
and muscular performance in young adults. The fat-free mass/fat mass ratio is usually
higher in animals submitted to intermittent fasting than those subjected to only continuous

dietary restriction of 30-40% daily (Gotthardt et al., 2016).

13



The strength exercise could sensitizes the muscle to a subsequent increase in
aminoacidemia (Pennings et al., 2011) and this could serve as a compensatory response
during intermittent fasting. Strength exercise is a powerful stimulus for maintaining
muscle mass (Wernnnborn, Augustsson and Thomee, 2007). There is a considerable
number of evidence that high-quality protein intake associated with strength exercise
increases adaptive responses (Cermak et al., 2012) in particular WP (Lollo, Amaya-

Farfan and Carvalho-Silva, 2011; Miller, Alexander and Perez, 2014).

In light of this results, the WP intake could support a positive period in the
nitrogen balance and the maintenance of the muscle mass (Morton, McGlory and Phillips,
2015). It is important to emphasize that we study the consumption of proteins and not a
form of supplementation (i.e, consumption of protein over and above a habitual protein

intake).

The main mechanism by WP and strength exercise increase the protein synthesis
is the activation of mTOR, once activated, phosphorilates downstrean target like 4EBP1
that lead protein synthesis (Kimball and Jefferson, 2004; Proud 2004; Proud, 2007;
Atherton et al., 2005; Mayhew et al., 2009; Wilkinson et al., 2008). Thus, consumption
of high quality proteins and strength exercise could explain the diferences in expression
of 4EBP1 of our results or those described by Bak et al. (2016) wich demonstrates a
reduction in phosphorylation of 4EBP1 in untrained individuals after fasting, evidencing

the importance of these factors in maintaining muscle mass during intermittent fasting.

Therefore, based on the acute results, it seems that the consumption of WP and

the exercise of strength associated with intermittent fasting would favor the maintenance

14



of muscle tissue (Terzis et al., 2008). However analyse chronic alterations are necessary

to confirm this hypotheses.

The diaphragm catabolism can be harmfull, especially in critical mechanically
ventilated patients, because the respiratory deficent could be lethal (Yang et al., 2002), so
the stimulation of anabolic pathways of diaphragm are of potential interest (Lollo et al.,
2012). Lollo et al. (2012) showed that chronic physical exercise can increase anabolic
responses in the diaphragm, while different protein sources (whey protein and casein plus

leucine) presented a similar response.

Interestingly, 12hrs of intermittent fasting increased the expression of p-4EBP1 in
the diaphragm with no differences for the interventions. The mTOR signalling have a
positive correlation with muscle mass (Lang et al., 2012; Winbanks et al., 2012) and a
negative correlation between autophagy (Alers et al., 2012). Therefore, this result is
potentially new and could indicate an activation of mTOR downstream by the unknow

pathways (see Qi et al., 2013).

Intermittent fasting increases HSP70 expression in soleus and diaphragm (Figure
3). HSPs are molecular chaperone proteins that are expressed by various types of stress
(Rohde et al., 2005). HSPs are intracellular defense mechanisms that increase cell
resistance under systemic stresses they are a mechanism of cellular control that by means
of theses proteins are responsible for fold and refold damaged proteins, or eliminate

irreversibly damaged proteins (Rohde et al., 2005).

HSP70 are considered a complementary antioxidant system (Silver and Noble,

2012). HSP70 may increase after the exercise because this are a conjunt of manies
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stressful stimuli, as mechanic stress, hyperthermia and hypoxia (Khalil et al., 2011; Rohde

et al., 2005).

The increase in HSP70 has beem reported to promote longevity (Salway et al.,
2011). Similarly, extensive evidence shows that animal models of intermittent fasting can
improve longevity (Honjoh et al., 2009; Fontana, Partridge and Longo, 2010; Longo and
Mattson, 2014). Activation of transcription factors heat shock factor-1 and other factors
by upregulating HSP70 induces several antioxidant enzymes, prevents the age-dependent
impairment of proteostasis and promotes the maintenance of cell structure (Akerfelt et

al., 2010; Martin-Montalvo et al., 2011).

Taken together, the increase in HSP70 and its benefits could be one of the means
by which intermittent fasting to increase citoprotection effect (Lanneau et al., 2008),
improving cell resistance (Samali and Cotter, 1966), protect against reactive oxygen
species production (Lee et al., 2005) and in muscle tissue the proteins has been show to

protect from exercise-induced damage (Khassaf et al., 2001; Kinnunem et al., 2009).

Strength exercise associated with WP increases expression of HSP70 and HSP90
in diaphragm in a greater intensity. In previous study using endurance exercise protocol,
has showed that WP hydrolysate increased HSP90 expression in the skeletal muscle of
rats in both the sedentary and exercised groups, but in the exercised groups different

protein sources did not alter the observed responses (Moura et al., 2014).

This is clear a sistemic effect of intermittent fasting on HSP expression, the
protocol have a hormesis effect, whereby fasting acts as a low-intensity stressor that
protective effects via adaptive upregulation of cellular stress resistance pathways

(Mattson, 2008). This low-intensity environmental stressors act like a biological dose-

16



response compensation characterized by lowdose stimulation and high-dose of inhibition

(Mattson 2008a, Mattson 2008b; Kouda and Iki, 2010).

WP intake did not influence differences in post-exercise muscle damage markers.
CK and LDH are both blood indicators of muscle damage (Byrne and Eston, 2002; Cooke
et al., 2010). Moura et al. (2013) showed that CK and LDH has no significant alteration

in relation to the diet.

However, its consensus that CK and LDH have a peak around 24 to 72 h
postexercise (Cooke et al., 2010), in 12 h post-exercise group there was a significant
increase in the groups exercised but without differences between the groups with WP or
control, perhaps in later and more adequate peak periods of this markers we might have
noticed some difference in these markers given the role of muscle damage secondary to
mechanical injury induced by exercise (Pizza ef al., 2005; Tee and Bosch, 2007; Baird et
al.,2012) and studies could investigate the response of these markers in laboratory models
of chronic exercise-associated intermittent fasting, given the role of muscle damage in

impairement in replacement of glycogen (Costill et al., 1990).

Conclusion

In summary, we showed that previous resistance exercise and consuption of WP
may lead to improve in phosphorylation of intracellular target of protein synthesis in both,
soleus and diaphragm muscle. Interestingly intermittent fasting increase heat shock
protein expression in muscle tissue and possibly can increase the antioxidant system and

mechanism of cellular defense. However, this results are meansured by acute response of

17



intermittent fasting and the effect of long-term or cronic interventions remains nuclear.
New research should be conduct to elucidate this lacks. Regarding the retention of muscle
mass in long-term intervention for weight loss are of public and health interest and this
initial results shows that intermittent fasting plus resistance exercise and WP come to be

a efficient strategy.
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Resumo

Um dos suplementos alimentares mais comuns entre os usuarios sdo 0s compostos por proteinas e/ou aminoacidos, no qual se enquadra as proteinas do soro do
leite, mais conhecidos como Whey Protein. O objetivo deste estudo € sintetizar os conhecimentos a respeito da suplementagdo de Whey Protein e suas implicagdes no
desempenho fisico com o intuito de fornecer informagdes importantes ao consumo deste suplemento. Estudos evidenciam que as caracteristicas dos aminoacidos do Whey
Protein sdo similares as do musculo esquelético, portanto podem favorecer o anabolismo muscular. Whey Protein apresenta a caracteristica de suas proteinas serem mais
rapidamente digeridas, transportadas e absorvidas, aumentando as concentragdes de aminoacidos plasmaticos logo apés a ingestdo. As proteinas tém grande influéncia
na recuperagdo muscular e sintese protéica, portanto a ingestdo € fundamental devido a degradagéo constante de proteinas pelo corpo. A falta de proteinas pode
resultar em perda de massa corporal e de desempenho fisico. Diversos estudos na literatura evidenciam a melhora da performance tanto em treinamentos resistidos
quando em treinamentos de endurance concomitante com a suplementagdo com Whey Protein. Sendo orientado o seu consumo juntamente com carboidratos e préximos
ao periodo do treino. Seu uso parece melhorar a resposta da sintese protéica, a recuperagdo e diminuir os marcadores de danos musculares.

Unitermos: Whey Protein. Suplementagdo. Nutrigdo esportiva.

Abstract

One the most common dietary supplements are composed by proteins and / or amino acids, normally known as whey protein. Therefore aim of this study is to
synthesize the knowledge about the supplementation with whey protein and its implications on physical performance, to provide important information about the use of
this supplement. Studies show that the characteristics of the whey protein amino acids are similar to skeletal muscle, and may promote muscle anabolism. Whey protein
has the characteristic of yours proteins are quickly digested, absorbed and transported, promoting acute increasing plasma amino acid concentrations after ingestion.
Proteins have great influence on muscle recovery and protein synthesis, so the intake is important owing to the constant degradation of body protein. The lack of protein
can result in loss body mass and physical performance. Several studies show the improved physical performance in both resistance training and endurance training by
supplementation with whey protein. Instructed that consumption is done with carbohydrates around the training period. Consume of Whey protein seems to improve
protein synthesis response, recovery and decrease muscle damage markers.

Keywords: Whey protein. Supplementation. Sport nutrition.
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Introducao

O surgimento de novos produtos de suplementagdo alimentar ocorre freqiientemente, e a massiva divulgacdo pelos meios de
comunicagao a respeito destes suplementos e seus efeitos influenciam no uso indiscriminado em uma grande parcela da populagdo. Ha
muitas décadas o homem busca recursos que o permitam aumentar a performance e o desempenho em praticas esportivas, a
suplementacdo alimentar é uma forte aliada para alcancar esses objetivos (DANTAS, 2003). Sdo os chamados recursos ergogénicos, que
deriva do grego “ergon” que significa “trabalho” e “genes” que significa “producdo/criagcdo”, portanto qualquer otimizacao no trabalho total
pode ser considerado como recurso ergogénico (Bernstein et al, 2003; Williams, 1992). Os recursos ergogénicos nutricionais, que
envolvem carboidratos, proteinas, vitaminas, e outros nutrientes alimentares sao os mais utilizados devido ao facil acesso e menor custo
(Maughan et al, 2007), estima-se que embora a prevaléncia de uso seja maior entre a populacdo considerada “atleta” (Molinero et al,
2009) ha uma expressiva parcela de consumidores entre a populagdo “ndo atleta” (Hirschbruch et al, 2008). Um dos suplementos mais
comuns entre os usuarios sdo os compostos por proteinas, no qual se enquadram as proteinas do soro do leite, mais conhecidas como
Whey Protein (Hallak et al., 2007). Em sua maioria este consumo € realizado sem prescricdo por profissionais qualificados, evidenciando
uma tendéncia ao consumo de uma dieta hiperprotéica, com quantidades de proteinas acima das recomendacdes diarias (Pereira, 2003)
0 que pode acarretar em complicacbes hepdticas, renais e metabdlicas (Sgarbieri, 2004). Estudos feitos por Petrdczi et al (2007)
demonstraram que as razdes para consumir suplementos alimentares entre atletas apresentaram incongruéncia com seu real efeito e

alguns dos motivos ndo foram evidenciados na literatura.

Diante deste contexto, torna-se de fundamental importancia analisar e sintetizar os avancos cientificos sobre o consumo de Whey
Protein e seus efeitos no desempenho fisico, utilizando a literatura publicada até o momento como balizador deste estudo. Tendo em vista
a ampla utilizagdo de Whey Protein por praticantes de atividades fisicas, o objetivo deste estudo € sintetizar os conhecimentos a respeito
da suplementacdo de Whey Protein e suas implicagdes no desempenho fisico com o intuido de fornecer informagdes importantes ao

consumo deste suplemento alimentar.

Whey Protein (Proteina do soro do leite)
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As proteinas do soro do leite sdo extraidas do soro do leite que é gerado
durante a fabricacdo de queijo. Estudos sobre as propriedades e
aplicabilidades destas proteinas tem se intensificado nas ultimas décadas.
Estas proteinas possuem uma boa composicgdo de aminodcidos, alta
digestibilidade, biodisponibilidade de aminoacidos essenciais e tem
apresentado efeitos agudos da suplementagdo superior a outras proteinas
(Etzel, 2004), sendo classificada como alto valor nutritivo devido ao seu perfil
de aminodcidos (tabela 1) (Zinsly et al, 2001; Sgarbieri, 2004).

Tabela 1. Perfil dos aminodcidos totais do Whey Protein (Valores médios 100mg)

Alanina 4,9 mg Leucina 11,8 mg
Arginina 2,4 mg Lisina 8,5 mg
Asparagina 3,8 mg Metionina 3,1 mg
Acido aspartico 10,7 mg Fenilalanina 3,0 mg
Cisteina 1,7 mg Prolina 4,2 mg
Glutamina 3,4 mg Serina 3,9 mg
Acido glutdmico 154 mg Treonina 4,6 mg
Glicina 1,7 mg Triptofano 1,3mg
Histidina 1,7 mg Tirosina 3,4 mg
Isoleucinag 4,7 mg Valina 4,7 mg

Fonte 1. Adaptado de Salzano Jr (2002)

Estudos tém evidenciado que os aminodcidos essenciais, principalmente a leucina, sdo os principais responsaveis pelo aumento da
sintese protéica (Anthony et al, 2001), fato desejavel em ocasides onde necessita de uma maior taxa de sintese protéica como

queimaduras e periodos pds cirlrgicos (Biolo et al, 2002) e recuperagcdo muscular e hipertrofia (Cooke et al, 2010) por exemplo.
Whey Protein e desempenho fisico

O balanco nitrogenado é definido pela sintese de proteina menos sua degradacdo e estratégias que facam este balango permanecer
positivo podem resultar em aumento da massa muscular. O exercicio € um estimulo para a sintese protéica, entretanto o balango pode
ser negativo nos casos em que a recuperacdo € feita em jejum (American College of Sports Medicine, 2009; Pitkanen et al, 2003).
Exercicios fisicos aumentam o gasto energético, resultando no aumento do catabolismo protéico, em especial a oxidacdo de aminoacidos
(Biolo et al, 1995). Entretanto se forem fornecidas proteinas/aminodcidos satisfatoriamente é possivel favorecer a sintese protéica e a
recuperacdo muscular, além de manter um balanco nitrogenado positivo (Borshein, 2004; Tipton, 2007; Tang et al, 2007; Breen et al,
2011; Hansen et al, 2014). A quantidade e o tipo de proteinas fornecidas influenciam nesta resposta (Wolfe, 2000). O Whey Protein
apresenta a vantagem que suas proteinas sdo mais rapidamente digeridas, transportadas e absorvidas que a caseina e outras proteinas,

aumentando as concentragdes de aminoacidos plasmaticos logo apds a ingestdo (Dangin, 2001).

Ha & Zemel (2003) evidenciam que as caracteristicas dos aminoacidos do Whey Protein sdo similares aos do musculo esquelético,
portanto, podem favorecer o anabolismo muscular. Exercicios resistidos com pesos sdo o principal meio para obter hipertrofia muscular
(Phillips et al, 1999; Hasten et al, 2000). A ingestao de Whey Protein potencializa a sintese protéica através do fornecimento adequado de

aminoacidos.

Em seu estudo Tang et al (2007) investigou a influéncia do treinamento resistido combinado com uma pequena dose (10 gramas) de
Whey Protein na sintese protéica e verificou que o treinamento resistido por si s6 pode aumentar a sintese protéica. Entretanto, as
respostas podem ser maiores se suplementado com proteinas. Assim como Andersen et al (2005) que evidenciou que apenas o grupo
suplementado com proteinas demonstrou hipertrofia das fibras tipo I e II apds 12 semanas de treinamento resistido. Deixando evidente a
eficacia da suplementacdo com Whey protein com intuido de se obter hipertrofia. Em conjunto com o consumo de Whey Protein
recomenda-se o consumo de carboidratos em uma proporgao 1:3 (IVY et al, 2002; Moore et al, 2009), pois deste modo utilizaria a
sinalizacdo induzida pela insulina para potencializar a sintese protéica, além de atenuar o catabolismo e promover a recuperacao de
glicogénio (Ivy et al, 2002). Entretanto a utilizagdo do Whey Protein vai além dos beneficios ao treinamento resistido, sendo utilizado

como recurso ergogénico em exercicios de endurance (Ivy et al, 2003; Saunders et al, 2004; Hansen et al, 2014).

Saunders et al (2004) ao comparar o efeito da suplementacdo de uma bebida com carboidratos mais proteinas (7,3 % e 1,8%,
respectivamente) ou apenas carboidratos (7,3%) em ciclistas (0,52g de carboidrato + 0.13g de Whey Protein/kg ou apenas 0,52g de

carboidrato/kg) verificou um maior tempo até a exaustdo entre os ciclistas que ingeriram a bebida contendo proteinas, apresentando
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melhora de 29% em relacdo ao grupo que consumiu apenas carboidratos. Além disso, estudos evidenciaram uma melhora na
recuperacdo muscular de atletas de endurance que consumiram Whey Protein, diminuindo os marcadores de lesdo e melhorando a

percepgao de esforgo (Saunders et al 2004).

A aplicabilidade do Whey Protein se estende por uma grande gama de esportes, entretanto, sua dosagem deve ser calculada e
prescrita por um profissional qualificado. Deste modo, torna-se preponderante redigir os norteadores para esta prescricdo. Como visto
neste trabalho, proteinas tem grande influéncia na recuperacdao muscular e sintese protéica, portanto a ingestdo é fundamental devido a
degradagdo constante de proteinas pelo corpo. A falta de proteinas pode resultar em perda de massa corporal e de desempenho fisico
(Lemon, 1997). As recomendagles didrias para o consumo de proteina para a populagdo normal é 0,89 por quilo corporal, entretanto
para individuos submetidos a treinamentos exaustivos a quantidade recomendada é um pouco acima deste valor. Habitualmente atletas
de forga ingerem uma excessiva quantidade de proteina, cerca de 1,6 a 2,8 g/kg de proteina por dia (Tarnopolsky, 2010) e atletas de
endurance também apresentam ingestdo de proteina acima das recomendacGes (Paschoal & Amancio, 2004). As recomendagdes para
atletas de endurance variam de 1,1 g/kg a 1,6 g/kg devido a alta oxidagdo de aminoacidos decorrentes dos exercicios prolongados
(Tarnopolsky, 2004) e para atletas de forca a recomendacgdo de ingestdo diaria de proteina sdo 1,2 g/kg para atletas avancados e 1,5-1,7
g/kg para atletas iniciantes., Devida a elevada sintese protéica verificada em atletas avangados, valores acima destas recomendagdes
favorecem a maior oxidacdo de proteinas (Moore et al, 2009; Lemon, 1997; Lemon et al, 1992; Phillips, 2004). Cribb & Hayes (2006)
demonstraram em seu estudo que o horario da suplementagdo com Whey Protein possui impacto na sintese protéica e adaptagdes
provenientes do treinamento, sendo indicado seu consumo préximo ao periodo do treino. Ressaltando que altas doses de proteina diarias
ndo apresentam beneficios, visto que pode estimular a oxidacdo de proteinas e ter efeitos limitados na sintese protéica (Tarnopolsky,

2010), além de , o alto consumo de proteinas pode provocar uma aceleragdo da doenga renal pré-existente (Friedman, 2004).

Tabela 2. Estudos com Whey Protein em humanos — Norteadores gerais
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Autor Objetivo Resultado Conclusoes
Comparar o efeito de 12 .
i Foi encontrada uma vantagem
semanas de treinamento | Apenas o grupo Proteinas mostrou ~
o . . ) na suplementagdo com
resistido combinado com | hipertrofia nas fibras tipos I e Il e 3 .
N proteinas em relagdo a
suplementagdo de melhora na altura do salto . )
Andersen et ., suplementacdo de carboidratos,
proteina ou “Squat”, entretanto o salto
al, 2005 . estes achados possuem mais
suplementagao de contramovimento e pico de torque R ,
3 relevancia para os individuos
Carboidrato sobre isocinético aumentou em ambos . .
) com o objetivo de hipertrofia
hipertrofia e desempenho 0S grupos.
muscular.
muscular.
N Grupo suplementado com Whey
Verificar se a ingestao de
. Protein aumentou sua massa L o
Whey Protein Exercicios resistidos aumentam
] corporal e a espessura muscular o
imediatamente antes e . a sinalizagdo de Mtor e podem
) N (vasto lateral) ja na semana 10. o .
depois de uma sessao de diminuir a expressao da
. . . Na semana 21 este aumento i )
Hulmi et al, || treinamento resistido teria proteina da miostatina no
N estava semelhante entre os i N
2009 um efeito agudo, mas ndo L, L musculo, entretanto a ingestdo
i grupos (diminuigdo pés-exercicio )
duradouro sobre os niveis ) . de Whey Protein aumenta e
N da miostatina ocorreu apenas no
de fosforilagao da mTOR e prolonga a resposta de
. grupo placebo). O aumento da N
na expressao da N sinalizagdo da Mtor.
. . fosforilagdo de mTOR ocorreu
miostatina. ,
apenas no grupo proteinas.
Verificar o efeito da
ingestdo de uma pequena
dose de Whey Protein com Exercicio resistido aumentou a
) i . ) i Uma pequena dose de Whey
carboidratos pés-exercicio | sintese de proteina muscular em . ]
Tang et al, i . . Protein (10g) pode estimular a
na sintese protéica em ambos os grupos exercitados. , ,
2007 ’ sintese de proteina muscular
conjunto com exercicio de || Entretanto este aumento foi maior i L .
o . apos exercicio de resisténcia.
resisténcia. (grupo no grupo Whey Protein.
controle=bebida com
carboidrato apenas).
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Cribb &
Hayes, 2006

Comparar o efeito do
tempo da suplementagdo
comparando a
suplementacdo de Whey
Protein/creatina/glicose
em horas distantes do
treino. (manha-noite vs

antes-depois).

Suplementagdo antes/depois do
treino apresentou melhor aumento
de forga e massa magra (aumento

da secgdo transversal das fibras

tipo II e proteinas contracteis),
além de apresentar maior
concentracdo de creatina e
glicogénio muscular apds o

treinamento.

Embora simples, a hora da
suplementagdo é uma
estratégia eficaz para melhorar
as adaptagOes provenientes do

treinamento resistido.

Kerksick et
al, 2006

Verificar o efeito da
suplementagao de Whey
Protein na composicdao
corporal, forga muscular,
resisténcia muscular e
capacidade anaerdbia em
10 semanas de

treinamento resistido.

O grupo Whey Protein+Caseina
apresentou 0 maior aumento de
massa magra (em relagdo ao
grupo placebo e Whey Protein +
Glutamina). Houve aumento
significativo de 1RM no supino e

leg press em todos os grupos.

A combinagdo de Whey Protein
e caseina promoveram os
maiores aumento de massa
magra durante 10 semana de
treinamento, portanto torna-se
uma estratégia para aumento
de massa corporal livre de

gordura.

Hansen et
al, 2014

Verificar o efeito do
consumo de Whey Protein
hidrolisado antes e apds
exercicio de longa duracgéo
no desempenho e
recuperacdo de atletas de
corrida de orientagdo de

elite.

Grupo suplementado com Whey
Protein melhorou o desempenho
no teste de corrida de 4 km. O
aumento da concentragdo de
creatina quinase foi maior no
grupo controle. Lactato
desidrogenase e cortisol nao
diferiram entre os grupos.
Reducdo da percepcao do
desempenho foi maior no grupo

controle.

A ingestao de Whey Protein
hidrolisado melhora o
desempenho e reduz os
marcadores de lesdo muscular
durante exercicios extenuantes.
A suplementagdo indica uma
melhora na recuperagdo dos

treinamentos extenuantes.

Breen et al,
2011

Determinar a sintese
protéica mitocondrial e
miofribilar na ingestdo de
carboidratos ou
carboidratos + Whey
Protein seguidos de
exercicio prolongado na

bicicleta.

Aumento dos aminoacidos no
plasma sé ocorreu no grupo
Carboidrato + Whey (C+P) e este
grupo teve um maior aumento nas
concentragdes de insulina e na
sintese protéica muscular
comparado ao grupo carboidrato.
Nao houve diferenca significativa
nas taxas mitocondriais de sintese

de proteina.

O estudo demonstrou que a
ingestdo de proteina mais
carboidrato estimula a sintese
protéica miofibrilar, e ndo
mitocontrial, seguido de
exercicio prolongado na
bicicleta.

Consideragoes finais

Diversos estudos na literatura evidenciam a melhora do desempenho tanto em treinamentos resistidos quanto em treinamentos de
endurance concomitante com a suplementacdo com Whey Protein. As recomendagOes de ingestdo diaria protéica para atletas sdo
ligeiramente maiores que para a populacdo em geral, sendo orientado o seu consumo juntamente com carboidratos e préximos ao
periodo do treino. Bebidas contendo proteinas parecem otimizar a resposta da sintese protéica, melhorar a recuperacéo e diminuir os
marcadores de danos musculares. Estas alteragdes a curto e a longo prazo podem influenciar positivamente o desempenho fisico. Mais
estudos precisam ser realizados para definirmos parametros ideais para dose/resposta, assim como estabelecer protocolos de

fracionamento, melhores momentos para ingestdo e a proporcdo correta de proteinas de acordo com cada esporte. Entretanto, os

estudos tém evidenciado cada vez mais respostas positivas em relagdo ao seu uso.
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