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Resumo

Objetivo: O objetivo do estudo foi comparar os efeitos de uma dose-Unica de
caseina micelar (MCa) com a ingestdo de caseina micelar associada a
proteina do soro do leite (whey protein) (1:1) sobre a resposta aminoacidémica
e a via de sinalizacdo do alvo da rapamicina (MTOR) em musculos
esqueléticos de ratos durante a fase de inatividade (periodo de luz ambiente).
Métodos: Apos 10h de jejum durante a fase ativa, os ratos foram alimentados
com MCa ou PB (5,69 proteina por kg de massa corporal) por gavagem e a
agua foi usada como veiculo (grupo controle, PLA). Em 30 e 450 min apos a
suplementacado das proteinas, os animais foram sacrificados e as amostras
de sangue e do muasculo gastrocnémio foram coletadas para analises
bioguimicas. Resultados: Os niveis plasméticos dos amino&cidos de cadeia
ramificada (BCAA) aumentaram apés as suplementacdes de MCa (3 vezes) e
PB (3,2 vezes). Ainda mais relevante, os niveis estimulatérios da fosforilagéo
da mTOR e do seu alvo downstream p70S6K foram maiores 30 min apos MCa
(2,6 e 2,9 vezes, respectivamente) e PB (2,8 e 3,8 vezes, respectivamente)
guando comparado com PLA. As concentracdes plasmaticas de leucina forma
correlacionadas com a ativagdo da mTOR (r = 0,60; p < 0,05) e p70S6K (r =
0,77; p < 0,05) em 30 min. Nao existiu diferenca para as concentracbes
plasmaticas de BCAA e a via de sinalizacdo da mTOR em 450 min.
Conclusao: NoOs concluimos que a suplementacdo de MCa e PB resultaram
em um efeito anabdlico semelhante no musculo esquelético dos ratos pela
inducdo de um aumento transitério nas concentracdes plasmaticas de BCAA
e ativacao do eixo da mTOR / p70S6K.

Palavras-chave: Caseina micelar; Whey protein; mTOR; Mdasculo
esquelético, Sintese proteica



Abstract

Objective: The aim of the study was to compare the effects of single-dose
supplementation of a protein blend (PB) composed of micellar casein and
whey protein (1:1) with isolated micellar casein (MCa) on aminoacidemic
response and the mammalian target of the rapamycin (mTOR) signaling
pathway 30 and 450 min after the beginning of the inactive phase in Wistar
rats. Methods: After 10h of fasting during the active phase, rats were fed with
MCa or PB (5.69 protein per kg of body mass) by gavage and water was used
as the vehicle (PLA, placebo group). At 30 and 450 min after protein
supplementation, the animals were euthanized and blood and gastrocnemius
muscle samples were collected for biochemical and immunoblot analysis.
Results: Plasma BCAA levels increased after MCa (3-fold) and PB (3.2-fold)
supplementations. More importantly, the stimulatory phosphorylation levels of
MTOR and its downstream target ribosomal protein S6 kinase (p70S6K) were
higher 30 min after MCa (2.6 and 2.9-fold, respectively) and PB (2.8 and 3.8-
fold, respectively) when compared with PLA. Plasma leucine levels were
correlated with activation of mTOR (r = 0.60, p < 0.05) and p70S6K (r = 0.77;
p < 0.05) at 30 min. There were no differences for plasma amino acids levels
and the mTOR signaling pathway at 450 min. Conclusions: MCa and PB
supplementations resulted in a similar anabolic milieu in rat skeletal muscle by
inducing a transient increase in BCAA plasma levels and activation of the
MTOR/p70S6K axis.

Keywords: Micellar casein; whey protein; mTOR; skeletal muscle; protein

synthesis.
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INTRODUCAO

A manutencdo da massa muscular é regulada pelo balango entre os
processos de sintese proteica e degradacao proteica (1, 2). O jejum durante
0 sSono caracteriza-se por um aumento da degradacao proteica que excede a
sintese, resultando em um balanco negativo (3). A degradacéo proteica pode
resultar em perdas de proteinas musculares (atrofia), uma vez que a
velocidade de degradacdo supera a sintese e o balanco é negativado. Em
contrapartida, a ingestdo de proteina antes de dormir, seguido ou ndo ao
exercicio de forca (4), tem demostrado ser eficiente em estimular a SPM
durante todo o periodo noturno promovendo um balanco proteico positivo (5,
6). O predominio desse balanco positivo resulta na preservacéo e aumento do
musculo esquelético (7), o qual é de fundamental importancia para a
manutencédo da capacidade funcional e metabdlica ao longo da vida (8, 9).

Mais importante, a estimulac&o da sintese proteica poderia ser benéfica
no envelhecimento, que pode ser definida como a perda lenta e progressiva
da funcéo e da massa muscular (8), e em inUmeras patologias como cancer e
diabetes, uma vez que essas condi¢cGes apresentam uma resposta de sintese
proteica reduzida frente a um estimulo anabdlico (ingestao de proteinas) (10,
11). Esse processo pode levar a perda de massa muscular, a qual é associada
com um risco maior de quedas, fraturas e morte em idosos sarcopénicos (8),
assim como, um desfecho clinico desfavoravel em uma variedade de canceres
(12). Além disso, a recorréncia do cancer em individuos tratados é

diretamente relacionada a extenséo da perda muscular (13).
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A resposta da sintese proteica pode ser modulada por mudancas na
guantidade, momento e fonte da proteina ingerida (14, 15). Dessa forma,
houve um aumento no interesse em identificar as caracteristicas da proteina
ingerida, isoladamente (16, 17) ou na forma de blend (18, 19), que determinam
a magnitude da resposta da sintese proteica pés-prandial para desenvolver
estratégias nutricionais mais eficientes que contribuam para a manutencéo da
massa muscular na saude e na doenga.

Proteinas do leite

Entre as proteinas alimentares mais estudas, a proteina do leite é a que
contém maior score de classificacdo de acordo com o sistema de pontuagéo
gue mede a qualidade da proteina baseado nas necessidades de aminoacidos
do organismo — PDCAAS (20). A proteina do leite bovino, como o leite de
cabra e bufala, contém cerca de 80% de caseinas e 20% de proteina do soro
do leite.

As caseinas séo as proteinas que precipitam quando o leite € mantido
sob pH de 4,6 a 20°C, enquanto que as proteinas do soro do leite permanecem
no soro nessas mesmas condi¢cdes (21). Durante a producdo de queijo, as
proteinas do soro do leite eram descartadas como um produto residual, no
entanto, devido ao seu alto teor nutricional passaram a ser processadas em
proteina em po6 na forma de suplemento, denominado whey protein (21).
Whey protein

A fracdo do soro do leite, whey protein, € composta por varias proteinas
individuais, incluindo B-lactoglobulina, alfa-lactalbumina, albumina de soro

bovino, lactoferrina e imunoglobulinas. Entre estas, a B-lactoglobulina é a
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proteina mais abundante do whey, correspondente a cerca de 50 — 55% de
sua composicdo, e apresenta um alto teor de aminoacidos de cadeia
ramificada (BCAA) (22, 23). Os BCAA, importantes para atletas e individuos
ativos, sdo metabolizados no trabalho muscular para o fornecimento de
energia. Adicionalmente, a leucina desempenha papel-chave na estimulacao
da sintese proteica muscular (SPM) (24-26).

Diversos estudos tém demonstrado que a ingestao de whey protein é
uma estratégia eficiente em estimular a sintese proteica comparado a outras
fontes de proteina (14, 27, 28). Tang et al. (14) mostraram que a ingestao de
whey protein apos o exercicio de forga resultou em uma resposta da sintese
proteica 31% e 123% maior comparado a soja e a caseina, respectivamente,
em individuos jovens saudaveis. Em repouso (perna nao exercitada) a sintese
proteica apresentou um comportamento similar a condicdo com exercicio (14).

Norton et al. (29) usaram um modelo animal para comparar o efeito
anabdlico do whey protein com outras diferentes fontes proteica, trigo, ovo e
soja, sobre as proteinas da via do alvo da rapamicina (mTOR) , a proteina
guinase ribossomal (p70S6K) e a proteina 1 ligante do fator de iniciacédo
eucariotico 4E (4E-BP1) e a sintese proteica, usando uma dieta que consistia
de trés refeicdes por dia. Trigo e soja ndo estimularam a sintese proteica
acima dos valores basais, enquanto as proteinas do ovo e whey
significativamente aumentaram a sintese proteica. As respostas de sintese
proteica foram relacionadas com as mudancas plasmaticas de leucina e a
fosforilacdo de p70S6K e 4E-BP1. Mais importantemente, apés 2 e 11

semanas da ingestdo, foi demonstrado que o conteddo de leucina das



13

refeicdes aumentou a massa muscular e foi inversamente relacionada com a
gordura corporal (29). Kanda et al. (19) também encontraram que a
suplementacdo de whey protein por gavagem seguida de um protocolo
aquatico em roedores foi mais eficiente em estimular a sintese proteica
comparado a soja isolada.

Ainda mais relevante, recentemente foi demostrado que 12 semanas
de suplementacdo diaria de whey protein aumentou a massa muscular e
ocasionou maiores reducdes de gordura em idosos fisicamente ativos quando
comparados com controles (30).

Além de whey protein conter todos os aminoacidos essenciais,
particularmente leucina, whey é rapidamente digerido, o que resulta em um
aumento rapido porém transitorio na aminoacidemia (31, 32). Possivelmente
por esses motivos, whey confere a capacidade de ativar rapidamente e em
maior grau a sintese proteica comparado a outras fontes de proteina.

Via de sinalizacdo da mTOR e leucina

Whey protein é considerado uma proteina com alto teor de BCAAs,
particularmente leucina, sendo que esse aminoacido desempenha papel-
chave na estimulacéo da sintese proteica muscular (SPM) (24-26).

O mecanismo através do qual a leucina regula a sinalizacdo da mTOR
sdo elusivos, mas sdo independentes da ativacdo da AKT (33). A
suplementacdo de leucina em animais em jejum promove fosforilacdo de
proteinas que sao substratos diretos da mTOR, incluindo 4E-BP1 e S6K1 (33).
O suporte para essa sugestao é fornecido por Anthony et al. (34), os quais

injetaram um inibidor especifico da mTOR (rapamicina) em ratos
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anteriormente a suplementacdo de leucina. O estudo demonstrou que a
rapamicina bloqueia totalmente o efeito do aminoacido sobre a sintese
proteica no musculo. De acordo com esses resultados, 0os autores sugerem
gue a leucina estimula a sintese proteica muscular por meio da ativacédo da
via da mTOR (34).

Provavelmente, esse efeito envolve duas proteinas que diretamente se
associam com a mTOR, a Proteina Regulatdria Associada a mTOR (raptor) e

a Proteina homologa de ras enriquecida no cérebro (Rheb) (Figura 1) (35).

Amino acids

A‘AA
A AA
AAA
A
(P
TSC2 €D
TSC1

GTP _1_ GDP

Rheb 5:-> Rheb

A A J"Raptor.l
(P L P
P70 S6K 4E-BP1
Ribosomal = S6 elF4E
protein Complex

v
Protein synthesis

Figura 1. Represetacdo esquematica da ativacdo odo complexo 1 mTOR por
meio de aminoacidos (33) ADAPTADO.

Raptor € identificada pela habilidade de se ligar a mTOR e assim, formar um

complexo sensivel a nutriente (36). Além disso, raptor se liga tanto a 4E-BP1
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e S6K1 (36). Estudos subsequentes mostraram que 4E-BP1 e S6K1
compartilham um dominio que contém uma estrutura referida como uma TOR
signaling motif (TOS), que medeia a associagdo com raptor. Evidéncias
disponiveis demonstram que raptor atua como um adaptador molecular que
recruta substratos para a mTOR, tais como 4E-BP1 e S6K1, para
subsequente fosforilag&o (35).

A interacdo entre mTOR e raptor é regulada em parte pela mudanca na
disponibilidade dos aminoacidos. Tem sido sugerido que 0 aumento na
disponibilidade de leucina pode promover uma alteracdo conformacional no
complexo raptor-mTOR, que assim se adapta a uma conformagcdo menos
estavel quando comparado na auséncia desse aminoacido (37). Nesse
sentido, tem sido proposto que os aminoacidos, particularmente leucina,
promovem uma mudanca no complexo raptor-mTOR que muda de um estavel
e inativo para um instavel e ativo complexo (37). Embora os detalhes
moleculares de tal mudanca conformacional ndo tenha sido elucidada, uma
possivel explicacdo para essa observacdo € que, em células privadas de
leucina, a TOS-binding domain em raptor € bloqueda pela mTOR. Dessa
forma, o fornecimento de leucina através de um mecanismo induziria a uma
mudanca conformacional em raptor e/ou mTOR que resulta na exposicao de
TOS-binding domain em raptor, permitindo que se ligue a 4E-BP1 e a S6K1,
recrutando os ao complexo para serem fosforilados (37).

A atividade da mTOR também é regulada por uma pequena proteina G
monomeérica da familia de proteinas Ras, chamada Rheb. Assim como outras

proteinas G pequenas, Rheb se encontra na conformagédo ativa quando
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estiver ligada a um trifosfato de guanosina (GTP) (35). Rheb-GTP se liga ao
complexo mTOR, estimulando sua atividade cinase, provavelmente pela
inducdo de uma alteracdo conformacional no seu dominio cinase (38). Por sua
vez, a Rheb é regulada por um heterodimero composto pelas subunidades
TSC1/TSC2, nomeados pelo seu envolvimento na sindrome médica complexo
esclerose tuberosa, descrita a seguir. Na sua conformacdo ativa, o0
heterodimero TSC1/TSC2 atua como proteina de ativacdo de GTAase para
Rheb (Rheb-GAP), causando a hidrélise da molécula de GTP ligada a Rheb
em difosfato de guanosina (GDP). Essa reacdo converte Rheb para sua
conformacao ligada a GDP, que se liga ao complexo mTOR e inibi sua
atividade cinase. Por fim a atividade do complexo TSC1/TSC2 Rheb-GAP é
regulada por diversos sinais, permitindo que a célula integre diferentes vias
de sinalizacao celular para controlar a taxa geral de sintese proteica (39).

A sinalizacao eficiente induzida pelos aminoacidos via mTOR requer
tanto Rheb e TSC1/TSC2. Por exemplo, em células super expressando Rheb,
a fosforilacdo de S6K1 € mantida durante a privacdo de aminoacido, o que
sugere que Rheb é envolvida na transducao de sinais a partir dos aminoacidos
via mTOR (40, 41). Esses achados podem ser interpretados como evidéncia
gue os aminoacidos, particularmente leucina, regulam a sinalizacéo através
da mTOR por repressdo do complexo TSC1/TSC2. No entanto, uma
interpretacdo alternativa é que o aumento na atividade de Rheb-GAP causada
pela maior expressdo de TSC1l/TCS2 € dominante para a entrada de
aminoacidos na mTOR (40). Assim, os aminoacidos podem ativar os fatores

de troca de nucleotideo de guanina (GEF) 41.
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Evidéncias sugerem que os aminoacidos ndo modulam a sinalizacao
de mTOR pela regulacdo da atividade de TCS1/TCS2-GAP sentido a Rheb.
Estudos demonstram que a privagdo de aminoacidos néo altera a proporcao
de Rheb ligado a forma GTP (42, 43). Mas sim, os aminoacidos podem regular
a funcdo de Rheb modulando a ligacdo dessa proteina com mTOR. Nesse
sentido, um estudo mostrou que a privacdo de todos os aminoacidos ou
apenas leucina resulta na dissociacdo do complexo Rheb-mTOR (42). Sendo
gue a adicao dos aminoacidos reverte o efeito.

Nesse sentido, a proteina cinase mTOR, e mais especificamente o
complexo 1 mTOR, desempenha papel central na resposta do metabolismo
proteico para os efeitos regulatérios da leucina, conforme ilustrado na figura 1
(44).

Caseina

A caseina (do latim “caesus”, queijo) € a outra grande fracdo proteica
do leite, compondo aproximadamente 80% das proteinas lacteas. Cerca de
95% da caseina do leite estdo na forma de micelas, que permitem que o leite
coagule para o processo de fabricacao do queijo (45).

Em contrapartida ao whey protein, a caseina é acido-insoluvel, coagula
no estbmago retardando a digestao e o transito para o intestino, o que resulta
em uma aminoacidemia reduzida em amplitude, porém maior em
permanéncia sanguinea (31, 32). Além disso, a caseina apresenta
caracteristicas intrinsecas, tais como peptideos opidides que diminuem a
motilidade gastrica (46). Boirie et al. (31) demonstraram que a ingestdo de

caseina aumentou moderadamente e de forma prolongada a concentracéo
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plasmatica dos aminoacidos, além disso, inibiu a degradacéo proteica total
em 34%. No entanto, apresentou uma velocidade de sintese proteica inferior
guando comparado a ingestao de whey protein por adultos saudaveis (31).

Reitelseder et al. (16) constataram que a suplementacdo de caseina
apos uma Unica sessao de exercicio de forca apresentou resultados similares
guanto ao grau da extenséo da resposta de SPM comparado ao whey protein
durante um periodo de 6h. No entanto, a suplementacdo de whey resultou em
um maior aumento na sintese proteica no periodo early poés-intervencao,
enquanto a caseina demonstrou um moderado mas prolongado aumento (3.5
- 6h).

A ingestao de caseina também tem sido testada em individuos idosos
(17, 27, 28), uma vez que estes apresentam uma resposta de sintese proteica
minimizada frente a ingestdo de proteinas seguida ou ndo ao exercicio de
forca (11). Dessa forma, identificar o tipo de proteina que confere maior
capacidade em estimular a sintese proteica pode ser crucial para manutencéao
da massa muscular e qualidade de vida desses individuos.

Pennings et al. (28) mostraram que a suplementacdo de caseina
resulta em uma resposta da sintese proteica minimizada quando comparado
a ingestdo de whey protein em individuos idosos apés o exercicio de forca.
Burd et al. (27) corroboram o estudo anterior ao observarem que a caseina foi
menos eficiente (65%) em estimular a sintese proteica comparado a ingestao
de whey tanto apds o exercicio de forca como em repouso. Os resultados

encontrados em ambos o0s estudos sdo provavelmente atribuidos ao fato do



19

whey ser uma proteina digerida mais rapidamente e ainda apresentar um
contetdo maior de leucina comparado a caseina.

Recentemente, Gorissen et al. (17) avaliaram a aminoacidemia e a
sintese proteica apdés a ingestdo de 35g de proteina isolada de trigo
comparada a caseina e ao whey protein. Os autores observaram que a
ingestdo de caseina resultou em um aumento mais prolongado na
concentracdo dos aminoacidos circulantes, similarmente a proteinaisolada de
trigo, enquanto que whey causou um aumento mais robusto na
aminoacidemia. No entanto, interessantemente, apenas a ingestdo de
caseina apresentou uma resposta de sintese proteica maior comparado ao
basal (48%). Os autores sugerem que a caseina por ser uma proteina digerida
lentamente possa ter fornecido substrato no momento em que as proteinas
gue regulam a sintese proteica estivessem mais ativadas, uma vez que 0s
individuos idosos apresentam um atraso na ativacédo dessas proteinas frente
a um estimulo anabdlico (47), o que pode ter resultado em uma maior
estimulacéo da sintese proteica (17).

Possivelmente por essas caracteristicas citadas acima, a caseina tem
sido eficiente em sustentar o fornecimento de AAESs, prolongando a resposta
de SPM no musculo esquelético tanto de sujeitos jovens (5) como de idosos
(6).

Pre Sleep

Durante o sono noturno, em um estado pés-absortivo, a disponibilidade

plasmatica de AAEs é diminuida, a degradacdo proteica excede a sintese

proteica e o balanco proteico se torna negativo. Este desequilibrio entre a
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degradacdo e a sintese contribui para a perda de massa muscular, o que pode
resultar em uma capacidade funcional e saude metabdlica reduzidas (48, 49).
No entanto, mais recentemente, Res et al. (5) identificaram que o periodo de
sono durante a noite pode ser uma nova janela de oportunidade para
potencializar as adaptacdes do treinamento apds o exercicio de forca. Essa
janela acontece porque a ingestdo de caseina (40g) antes de dormir, seguida
ou ndo do exercicio, demonstrou ser eficiente em prolongar a aminoacidemia
e manter estimulada a resposta de sintese proteica durante toda a noite (O -
7.5h), tanto em individuos jovens como em idosos (5, 6, 50).

Além disso, a ingestéo cronica de ~ 30g de caseina antes de dormir,
durante 3 meses, resultou em um aumento da forca e da massa muscular
apos 12 semanas de exercicio de forca em sujeitos jovens saudaveis (7). Em
contrapartida, Trommelen et al. (51) observaram que a ingestdo de 30g de
caseina antes de dormir, com ou sem um adicional de leucina (2g), nao
aumentou a sintese proteica durante o periodo de recuperacdo apos o
exercicio (0 - 7.5h). Esses resultados sugerem existir uma relacdo entre dose
de proteina ingerida antes de dormir e a resposta da sintese proteica. Essa
dose difere da quantidade consumida no momento em que se inicia o periodo
de recuperacdo pés-exercicio, no qual a ingestdo de uma quantidade
moderada de proteina, 20g, é capaz de maximizar a resposta de sintese
proteica (0-4h) em jovens adultos (14, 15).

Embora a ingestdo de 30g de caseina antes de dormir pareca néo ser
suficiente para estimular a sintese proteica durante todo o periodo de sono (0

—7.5h), Trommelen et al. (51) demonstraram que a proteina ingerida forneceu
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aminoacidos como precursores para um novo acréscimo de proteinas
miofibrilares durante todo o periodo noturno. Devido a extensao desse periodo
se comparado ao tipico periodo pds-prandial (8h vs. 4h), é possivel especular
que grandes quantidades de proteina (= 40g) sejam necessarias para
maximizar a resposta da sintese proteica durante o sono noturno (50).
Blend de proteinas

Caseina e whey sédo proteinas de alta qualidade compostas por todos
0s aminoacidos essenciais (AAES) (tabela 1) em diferentes proporcoes, e a
ingestdo de um blend composto por essas proteinas pode oferecer uma
concentragdo meédia alta desses aminoacidos, 0s quais desempenham
inimeras funcbes especificas, como impulsionar e prolongar a sintese
proteica (52). Além disso, suplementos compostos por proteinas lacteas com
diferentes velocidades de digestdo e absor¢cdo possivelmente apresentam a
capacidade de aumentar as adaptacdes do treinamento fisico (53). Ainda
nesse sentido, estudos demonstram que a ingestdo de um blend de proteinas
apos o exercicio de forca pode prolongar a aminoacidemia e a sintese proteica
(18, 54), acelerar a recuperacado muscular (55), aumentar o reabastecimento

de glicogénio (56) e a hidratacdo em um ambiente umido e quente (57).
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Tabela 1. Classificacdo dos Amino4cidos

Essenciais Condicionalmente Nao
Essenciais Essenciais
Fenilalanina Arginina Acido aspartico
Histidina Acido
Glutamico
Isoleucina Alanina
Leucina Arginina
Metionina Asparagina
Treonina Cisteina
Triptofano Glicina
Valina Glutamina
Prolina
Serina
Tirosina

Recentemente, Traylor et al. (18) compararam os efeitos da ingestao
de um blend de proteinas, composto por caseina micelar e whey protein (1:1),
com as proteinas isoladas caseina micelar e whey protein sobre a resposta
aminoacidémica em sujeitos jovens em repouso. Os autores demonstraram
gue o blend foi mais eficiente em sustentar elevados os niveis plasmaticos de
BCAA apds 300 e 360 min comparado a caseina isolada. Além do mais, a
area sob a curva do periodo total de 6h para o nivel de BCAA foi maior apos
a ingestéo do blend.

Em um estudo realizado com roedores, Kanda et al. (19) investigaram
os efeitos da suplementacdo de uma dose Unica de proteinas do leite (80%
caseina e 20% whey), de caseinato de célcio, de whey protein e de soja
seguida de um protocolo aquatico sobre a sintese de proteinas. Os autores
encontraram que o blend de proteinas lacteas foi mais eficiente em estimular
a sintese proteica comparado a soja isolada em 90 e 120 min. Ademais,

embora ndo tenha sido realizada uma andalise estatistica, a area sob a curva
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para o periodo de 6 horas apds a suplementacdo das proteinas derivadas do
leite apresentou uma tendéncia em ser maior comparada a da soja isolada.
Dessa forma, a coingestdo de proteinas lacteas com diferentes
velocidades de digestdo e absorcdo tem demonstrado a capacidade de
prolongar o fornecimento de aminoacidos, mTOR e a sintese proteica tanto
em modelos animais (58) como em humanos (54). No entanto, até o presente
conhecimento, nenhum estudo avaliou o efeito potencial da suplementacéao
de uma Unica dose de um blend de proteinas composto por caseina micelar e
whey protein (1:1) sobre a aminoacidemia e a via de sinalizagdo da mTOR
comparado a CA isolada. Dessa forma, n6és comparamos os efeitos da
suplementacdo de MCa com um blend de proteinas composto por MCa e
whey protein (1:1) sobre as concentracdes de BCAA e a via de sinalizacao da

MTOR 30 e 450 min apos o inicio da fase inativa de rator Wistar.
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Capitulo 1.

As suplementacdes de um blend de proteinas e caseina micelar
ativam similarmente a via de sinalizacgdo da mTOR no musculo
esquelético de ratos Wistar.

O presente artigo foi submetido para publicagdo em julho de 2019 para
“Journal of the American College of Nutrition”
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ABSTRACT

Objective: The aim of the study was to compare the effects of single-dose
supplementation of a protein blend (PB) composed of micellar casein and whey protein
(1:1) with isolated micellar casein (MCa) on aminoacidemic response and the
mammalian target of the rapamycin (mTOR) signaling pathway 30 and 450 min after
the beginning of the inactive phase in Wistar rats. Methods: After 10h of fasting
during the active phase, rats were fed with MCa or PB (5.6g protein per kg of body
mass) by gavage and water was used as the vehicle (PLA, placebo group). At 30 and
450 min after protein supplementation, the animals were euthanized and blood and
gastrocnemius muscle samples were collected for biochemical analysis and
immunoblot. Results: Plasma BCAA levels increased after MCa (3-fold) and PB (3.2-
fold) supplementations. More importantly, the stimulatory phosphorylation levels of
mTOR and its downstream target ribosomal protein S6 kinase (p70S6K) were higher
30 min after MCa (2.6 and 2.9-fold, respectively) and PB (2.8 and 3.8-fold,
respectively) when compared with PLA. Plasma leucine levels were correlated with
activation of mTOR (r = 0.60; p < 0.05) and p70S6K (r = 0.77; p < 0.05) at 30 min.
There were no differences for plasma amino acids levels and the mTOR signaling
pathway at 450 min. Conclusions: MCa and PB supplementations resulted in a similar
anabolic milieu in rat skeletal muscle by inducing a transient increase in BCAA plasma
levels and activation of the mTOR/p70S6K axis.

Keywords: Micellar casein; Whey protein; mTOR; Skeletal muscle; Protein synthesis.
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INTRODUCTION

Muscle mass is regulated by the balance between the processes of protein
synthesis and protein breakdown [1, 2]. During overnight fasting, protein breakdown
exceeds protein synthesis rates [3]. In contrast, protein (casein) ingestion before
sleeping, with or without exercise [4], has been shown to be efficient in stimulating
protein synthesis rates throughout the night [5, 6]. The predominance of this positive
protein balance may preserve or even increase skeletal muscle mass [7], which is of
fundamental importance for the maintenance of functional and metabolic capacity
throughout life [8-10]. More importantly, protein synthesis stimulation could be
beneficial for sarcopenic elderly, who present a loss of muscle mass and function,
associated with several adverse health outcomes [10]. In addition, diabetics and cancer
patients could also benefit, since these individuals have shown a reduced protein
synthesis response [11, 12].

Protein synthesis response (overnight) to pre-sleep protein intake may be
determined by the type and amount of protein consumed [5, 13], which has led to
increased interest in investigating the characteristics of the protein ingested (digestion
rate and amino acid composition) and its effects on aminoacidemia and the magnitude
of overnight protein synthesis [5, 6, 13-16].

Among dairy proteins, casein has been cited as a “slow” protein since it
precipitates in the stomach and is more slowly digested, which results in a modest but
prolonged increase in amino acid levels [17], conferring on casein the ability to
prolong muscle protein synthesis stimulation [5, 18]. In contrast to casein, whey
protein has high leucine content and has been referred to as a "fast" protein according

to its digestion and absorption rates, resulting in a pronounced and transient increase
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in plasma levels of leucine that peaks at 40 — 60 min [17, 19-21]. In addition, whey
protein ingestion has been shown to stimulate muscle protein synthesis rates to a
greater extent compared with casein when evaluated for up to 4 hours [22-24].

Among essential amino acids, the branched chain amino acid (BCAA) leucine
can activate the mammalian target of rapamycin (mTOR), a key intracellular regulator
of muscle protein synthesis [25]. Activation of mTOR with subsequent
phosphorylation of its downstream targets p70 ribosomal protein S6 Kinase (p70S6K)
and eukaryotic translation initiation factor 4E-binding protein 1 (4E-BP1) [26] plays
an important role in the initiation of the mRNA translation and de novo muscle protein
synthesis [27]. Due to its protein anabolic role, mTOR signaling has been considered
an indirect indicative of muscle growth [28].

Since milk proteins (casein and whey) present different features of digestibility
and absorption, interest in evaluating the co-ingestion of these proteins in the form of
a blend on aminoacidemia and muscle protein synthesis has increased [19, 21, 29, 30].
These kinds of nutrients are high-quality proteins composed of all essential amino
acids, but in a different proportion for each protein [31]. It is of note that ingestion of
a protein blend (PB) composed of casein (50 %) and whey protein (50 %) provides a
higher average concentration of essential amino acids, which may directly stimulate
and extend protein synthesis in rest [32] and post-exercise [28] conditions. However,
few studies have tested the possible synergistic action of co-ingestion of casein and
whey protein, in similar proportions, on protein anabolism.

The purpose of this study was to compare the effects of single-dose
supplementation of a protein blend (PB) composed of micellar casein and whey protein

(2:1) with isolated micellar casein (MCa) on aminoacidemic response and the mTOR
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signaling pathway 30 and 450 min after the beginning of the inactive phase in Wistar
rats. We hypothesized that PB would result in higher and prolonged BCAA levels and
mTOR signaling pathway activation compared with MCa.
MATERIALS AND METHODS

Experimental animals

Male Wistar rats (8 weeks old; ~250g; n = 30) from Séo Paulo State University
(Botucatu, Brazil) were used in the study. All animals were housed in polypropylene
cages (three animals per cage) in a rack with controlled temperature (22 + 2 °C), with
lighting on from 8 a.m. to 8 p.m. and off from 8 p.m. to 8 a.m. The animals had free
access to water and food (Purina chow). All experimental procedures were performed
according to the Brazilian College of Animal Experimentation (COBEA) and were
approved by the Ethics Committee of the University of S&o Paulo (2018.5.14.90.3).

Experimental Protocol

The night before the experiment, the animals were fasted for 10 h.
Subsequently, at 8 a.m., the rats were supplemented with MCa (Grow Dietary
Supplements, USA), PB (MCa with isolated whey, Grow Dietary Supplements, USA),
or water (PLA) by gavage, as summarized in Figure 1. The protein blend was
composed of equivalent amounts of micellar casein (50%) and whey protein (50%).
The amino acid composition of each supplement is shown in Table 2. The
macronutrient composition of each supplement is shown in Table 3. Each rat was
supplemented with an equal amount of protein [2.4 ml/100 g of body mass (BM), 5.6

g protein/kg of BM].
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Table Il. Amino acid composition of the supplements

MCa PB
g/100g

Alanine 2.55 3.12
Arginine 3.01 2.53
Aspartic Acid 5.93 6.85
Cystine 0.48 1.02
Glutamic Acid 15.93 14.54
Glycine 1.42 1.39
Histidine 3.62 2.47
Isoleucine 3.75 4.00
Leucine 7.43 7.71
Lysine 6.24 6.62
Methionine 2.16 1.90
Phenylalanine 3.40 2.86
Proline 7.45 5.87
Serine 4.15 3.95
Threonine 3.40 4.27
Tryptophan 1.31 1.27
Tyrosine 3.95 3.07
Valine 4.73 4,52
Overall BCAA 15.91 16.23

MCa, isolated micellar casein; PB, protein blend (micellar casein
and whey protein); BCAAs, branch chain amino acids (leucine,

isoleucine, and valine); EAAs, essential amino acids.

Table Ill. Macronutrient composition of the supplements

Carbohydrate Protein Lipids Energy

(g/1009) (kcal/100g)
MCa 5.7 80.9 2.9 372.5
PB 7.6 77.9 3.85 376.6

MCa, isolated micellar casein; PB, protein blend (micellar casein and whey

protein)
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The rats were anesthetized with an intraperitoneal injection of xylazine (10 mg
/ kg of BM) and ketamine (100 mg / kg of BM), and euthanized by exsanguination 30
min (n = 15) and 450 min (n = 15) after supplementation. Blood was taken by cardiac
and plasma collection. Gastrocnemius muscles were collected and immediately frozen

in liquid nitrogen for future biochemical analysis and immunoblotting.

r--» PLA
H--»MCa [ (5.6g/kg BM)

\---»PB
1

Time
(min)

Muscle Blood
excised sample

Figure 2. Experimental design. PLA, placebo, MCa, isolated micellar casein;
PB, protein blend (micellar casein and whey protein); BM, body mass.

Amino acid measurements

Plasma leucine, isoleucine, and valine analysis were performed by Shimadzu®
High-Performance Liquid Chromatography (HPLC), model LC 10 AD, using the Deyl
method. Leucine (99%), isoleucine (99%), and valine (99%) (Sigma-Aldrich®, St.
Louis, MO, USA) were used as standard and values were expressed in pmol / L.

Immunoblotting technique

Gastrocnemius muscles were homogenized in extraction buffer (1% Triton X-
100, 100 mM Tris, pH 7.4, containing 100 mM sodium pyrophosphate, 100 mM
sodium fluoride, 10 mM EDTA, 10 mM sodium vanadate, 2 mM PMSF, and 0.1 mg
mlt aprotinin) at 4°C with a Polytron PTA 20S generator (model PT 10/35);

Brinkmann Instruments, Westbury, NY), operated at maximum speed for 30 sec. The
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extracts were centrifuged (9,9009) for 40 min at 4°C to remove insoluble material, and
the supernatants were used for protein quantification using the Bradford method as
previously described (Bradford, 1976). Proteins were denatured by boiling in Laemmli
sample buffer containing 100 mM DTT, run on an SDS-PAGE gel, and transferred
onto nitrocellulose membranes (GE Healthcare, Hybond ECL, RPN303D). The
transfer efficiency onto nitrocellulose membranes was confirmed by brief staining of
the blots with de Ponceau red stain. These membranes were then blocked with Tris-
buffered saline (TBS) containing 5% BSA and 0.1 Tween -20 for 50 min at room
temperature.

Antibodies used for immunoblotting overnight at 4°C were phospho-4E-BP1
(Thr70; CELL 9455S), phospho-mTOR (Ser2448; CELL 2971S), mTOR (CELL
2972S) from Cell Signaling Technology (Beverly, MA) at a dilution of 1:1000 as well
as 4E-BP1 (SC6936), p70S6k (SC230), phospho-p70S6K (Thrag9; SC11759) from
Santa Cruz Biotechnology (Santa Cruz, CA) at a dilution of 1:750. After the
membranes were washed with TBS containing 0.1% Tween-20, they were incubated
for 1h at 4°C with secondary antibody conjugated with horseradish peroxidase. The
specific immune reactive bands were detected using chemiluminescence (GE
Healthcare, ECL Plus Western Blotting Detection System, RPN2132). Images were
acquired by the C-DiGit™ Blot scanner (LI-CORR, Lincon, NE) and quantified using
the software Image Studio for C-DiGit Blot Scanner.

Statistical analysis

All data are expressed as means + standard error of the mean (SE). Multiple
comparisons were made using two-way analysis of variance (ANOVA) followed by a

Bonferroni post hoc test in normally distributed variables or those that showed a
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normal distribution after logl0 transformation. The normality of the dependent
variables was assessed using the Kolmogorov-Smirnov test. Statistical significance
was defined as p < 0.05. Statistical analysis was performed using IBM SPSS Statistics
(version 19; SPSS Inc, Chicago, IL).
RESULTS

MCa and PB supplementations induce a similar and transient increase in

plasma aminoacidemia

Plasma levels of leucine (3.4 and 3.7-fold), isoleucine (2.4 and 2.3-fold),
valine (2.3 and 2.3-fold), and overall BCAA (3 and 3.2-fold) were higher 30 min after
MCa and PB supplementations, respectively, compared with PLA (p < 0.001).
However, at the same time point, there were no differences between MCa and PB for
plasma levels of leucine, isoleucine, valine, or overall BCAA. At 450 min, no
difference was observed between groups for the analyzed amino acids. Conversely,
plasma leucine, isoleucine, valine, and overall BCAA significantly decreased after
MCa and PB supplementations at 450 min compared with 30 min (Figure 2; A - D).
Altogether, these findings suggest that MCa and PB ingestion is capable of transiently
increasing plasma BCAA levels, which possibly induces the activation of the mTOR

signaling pathway, particularly through the anabolic action of leucine.
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Figure 3. Effects of PLA, MCa, and PB supplementation on plasma Leu (A), Iso (B),
Val (C), and overall BCAA (Leu, Iso, and Val; D) levels of Wistar rats. Significant
group*time interactions (p < 0.001) were found (A, B, C, and D). Values are presented
as means + SE of 5 animals. * p < 0.05, vs PLA (30 min); # p < 0.05, 450 vs 30 min
(MCa); + p < 0.05, 450 vs 30 min (PB). Leu, leucine; Iso, isoleucine; Val, valine;
BCAA, branched-chain amino acids; PLA, placebo; MCa, isolated micellar casein;
PB, protein blend (micellar casein and whey protein).

MCa and PB supplementations similarly promote an anabolic status by

stimulating p70S6K branch of mTOR signaling in skeletal muscle

The anabolic actions of BCCAs, particularly leucine, activate mTOR, which in
turn can phosphorylate two downstream targets such as p70S6K and 4E-BP1. In the
present study the phosphorylated mTOR was higher 30 min after MCa (2.6-fold) and

PB (2.8-fold) supplementations compared with PLA (p < 0.05), with no differences
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between protein treatments (p = 0.70; Figure 3B). At 450 min, phosphorylated mTOR
in MCa- and PB-supplemented rats returned to basal values. There were no differences

for the total mMTOR among the groups at any studied period (Figure 3C).
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Figure 4. Effects of PLA, MCa, and PB supplementations on phosphorylation levels
of mTOR (p-Ser?*8; B) and total protein content (C) in gastrocnemius muscle from
Wistar rats. Phosphorylated protein was normalized to total protein and relative to PLA
30 min. Total protein, in turn, was normalized to GAPDH and relative to PLA 30 min.
Representative immunoblot (A) is shown. Significant group*time interactions (p <
0.05) were found (B). Values are presented as means + SE of 5 animals. Black lines
between lanes indicate that samples were run on the same gel but were noncontiguous.

*p < 0.05, vs PLA (30 min); # p < 0.05, 450 vs 30 min (MCa); Tp < 0.05, 450 vs 30
min (PB). PLA, placebo; MCa, isolated micellar casein; PB, protein blend (micellar
casein and whey protein).

Similar to mTOR, phosphorylated p70S6K was higher 30 min after MCa (2.9-
fold; p < 0.05) and PB (3.8-fold; p < 0.05) compared with PLA and no differences
were observed between supplementation protocols (p = 0.16; Figure 4B). At 450 min,
there were no differences (p = 0.725) in phosphorylated p70S6K between the groups
and levels returned to basal values in MCa- and PB-supplemented rats (Figure 4B).
Total p70S6K was unaffected in any group (Figure 4C).

Another branch of mTOR signaling is the 4E-BP1 protein, however, MCa and

PB supplementations did not alter phosphorylation or total content levels of 4E-BP1

protein at any period (Figure 4; E and F).



36

30 min_ 450 min
A T EIT T B C [ PLA
89 ™S an —~ 6~ —~3q I MCa
p- (Thr38%) p7086K § =6 z 3 =R
PTOS6K [ = [ e = g E * = &
'a & T <&
GAPDH [ =4 S 221 T
: s \:é o -
— 100 KDa Iy :; o= _
—75 KDa < =94 = 5 14~
Ponceau '“E E 2 ;‘g
> e | = s E
- - < % [2 L
=== 4 E20- £0-
30 450 30 450
Time (min) Time (min)
30 min_ 450 min
D T T O E F
p- (The ") 4E-BP1 [yoie m e = = = =4 = 237
4E-BP1 [ o B ; . g E
[ [ T
GAPDH [ | o ] i; < o < 2
— 75 KD ° == 2- B A
|~ =5 =2 s
. ERbs Sl
Ponceau [* [0 = 21 T2 :
—25 KDa t E g _“E
2 2o =2
30 450 30 450
Time (min) Time (min)

Figure 5. Effects of PLA, MCa, and PB supplementations on phosphorylation levels
of p70S6K (p-Thr3; B) and 4E-BP1 (p-Thr’®; E), and total protein content of p70S6K
(C) and 4E-BP1 (F) in gastrocnemius muscle from Wistar rats. Membranes were
stripped and reprobed for GAPDH as a loading control. Phosphorylated proteins were
normalized to total proteins and relative to PLA 30 min. Total proteins were
normalized to GAPDH and relative to PLA 30 min. Representative immunoblots (A
and D) are shown. Significant group*time interactions (p < 0.05) were found (B).
Values are presented as means + SE of 5 animals. Black lines between lanes indicate
that samples were run on the same gel but were noncontiguous. *p < 0.05, vs PLA (30
min). T p < 0.05, 450 vs 30 min (PB). PLA, placebo; MCa, isolated micellar casein;
PB, protein blend (micellar casein and whey protein).

Phosphorylated mTOR and p70S6k were correlated with plasma leucine (r =
0.60, p<0.05;r=0.77, p < 0.05 respectively) and overall BCAA (r =0.79, p < 0.001;

r = 0.60, p < 0.05, respectively) levels, at 30 min (Figure 5; A - D). However, at the
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same time-point, no correlations were observed between phosphorylated 4E-BP1 and

plasma leucine (p = 0.43) and BCAA (p = 0.44) levels.
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Figure 6. Correlations between phosphorylated mTOR and plasma leucine (r = 0.60,
p <0.05; A) and overall BCAA (r = 0.60, p < 0.05; B) levels. Phosphorylated p70S6K
and plasma leucine (r = 0.77, p < 0.05; C) and overall BCAA (r = 0.79, p <0.001; D)
levels. Data were analyzed as 2-tailed of significance using Pearson’s correlation
coefficients (n=15). PLA, placebo; BCAA, branched-chain amino acids; Leu, leucine.
DISCUSSION

The present study shows that both PB and MCa supplementations caused a
similar, fast, and transient anabolic status involving the increase in circulating levels
of BCAA and activation of mTOR signaling in rat skeletal muscle. However, these

findings contradict our hypothesis that PB supplementation would promote more

potent and prolonged anabolic effects than MCa.
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Casein and whey protein are considered high quality proteins since they contain
all the essential amino acids [33], although in different proportions for each protein. In
this sense, whey protein has a greater content of BCAAs, particularly leucine, besides
being rapidly digested, which results in a rapid increase in the plasma levels of this
branched chain amino acid, with a peak at around 45 - 60 min [34]. However, this
effect is transient, thus, plasma levels return to baseline after 2-3 hours [21, 24]. In
contrast to whey, casein is slowly digested, which causes smaller but more prolonged
aminoacidemia [22].

In this line, the co-ingestion of these proteins with specific characteristics, in
the form of a blend, could confer a synergic effect of greater amplitude and more
prolonged aminoacidemia [34], besides offering a higher average of the essential
amino acids. According to previous studies [21, 34], we demonstrated that PB and
MCa supplementations caused rapid (30 min) and similar increases in BCAA and
leucine plasma levels, and this effect was lost over time for both supplements, contrary
to the hypothesis of this study. However, we cannot rule out that PB supplementation
could have resulted in higher and longer concentrations of BCAA and leucine between
30 and 450 min, as reported by Traylor et. al. [34], who observed higher levels of
BCAA at 300 and 360 min after supplementation with a blend compared to isolated
casein.

It is known that the increase in plasma availability of essential amino acids [35,
36], followed by ingestion of either isolated casein or a blend of proteins, is effective
in activating and prolonging the stimulation of protein synthesis [5, 32]. Although the
present study did not measure protein synthesis, an important marker of muscle cell

pro-synthetic activity was evaluated, mTOR. Activation of mTOR signaling can
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phosphorylate and activate its downstream target, p70S6K, which, in turn,
phosphorylates the ribosomal S6. mTOR can also induce inhibitory phosphorylation
its other branch, 4E-BP1, which inhibits elF4E. Both downstream targets of mTOR,
p70S6K and 4E-BP1, are crucial to promote translation initiation and elongation [37].

In the current study, both supplementation protocols (PB and MCa) were able
to similarly activate the mTOR signaling and its downstream target p70S6K at 30 min
compared with the PLA group. However, this signaling returned to baseline levels, as
did aminoacidemia, 450 min after supplementations. The results of the present study
contradict our hypothesis because, although both supplements are composed of similar
amounts of essential amino acids and leucine, PB consists of proteins with different
digestion kinetics, which also modulate the anabolic response, and may confer more
robust and prolonged activation of the mTOR signaling pathway [28] compared to
MCa. In disagreement with our results, previous studies demonstrated that blend intake
was more efficient in extending mTOR activation and muscle protein synthesis
compared to isolated whey and soy protein in both human [28] and animal models [21,
32]. This discrepancy can be explained by the different methodologies adopted in each
study.

Several studies have shown the anabolic potency of BCAAs, particularly
leucine, on mTOR signaling and skeletal muscle protein synthesis in both rodents [27,
38] and humans [39, 40]. Crozier et al. [38] demonstrated that following incremental
amounts of leucine administration in rats, a dose of 0.14 g / kg BM produced a near
maximal increase in protein synthesis. Norton et al. [41] showed that a specific
threshold of leucine intake is needed (47 mg) to boost protein synthesis in the skeletal

muscle of rodents [41]. In addition, Kanda et al. [21] observed that mTOR reached a
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plateau after casein and whey protein co-ingestion containing ~ 43 mg of leucine (0.29
g/ kg of BM) and that higher amounts of leucine ingested were not efficient in further
-stimulating mTOR. Therefore, although the amount of leucine present in the groups
supplemented with MCa (133 mg, 0.51 g / kg of BW) and PB (143 mg, 0.53 g / kg of
BW) was not matched, both groups provided similar and sufficient amounts of
circulating leucine to completely activate mTOR, phosphorylate p70S6K and,
according to previous studies [21, 38, 41], similarly stimulate protein synthesis. These
results provide support for the role of leucine as a key trigger for postprandial
stimulation of protein synthesis after supplementation with PB and MCa. In this line,
the present study demonstrated a strong positive correlation between plasma leucine
levels with mTOR and p70S6K activation.

The importance of p70S6K in muscle physiology has been shown in knockout
animals that present muscle atrophy [42]. Marabita et al. [43] showed that p70S6K can
independently mediate rapamycin-sensitive muscle growth and is required to increase
adult muscle strength in rats. Thus, the phosphorylation and activation of the p70S6k
component of the mTOR pathway, as demonstrated in the present study, is essential to
promote an anabolic effect on rat skeletal muscle.

Human clinical trials are needed to confirm the observation made in the present
study that supplementations of MCa and PB consisting of whey protein and micellar
casein cause a similar amino acid response and activation of mTOR signaling. These
data suggest that both supplements may be efficient anabolic stimuli for protein
synthesis in healthy young subjects. In this line, it is important to emphasize that
recently Gorissen et al. [44] demonstrated that ingestion of isolated casein was more

efficient in stimulating protein synthesis in older adults compared to isolated whey and
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soy protein. Thus, our results also suggest that PB supplementation may possibly be
an efficient strategy, like MCa, in the stimulation of protein synthesis in older adults.
In addition, another possible advantage is the use of PB in cancer patients where
supplementation with a protein blend has shown a positive effect [45]. From an
economic point of view, PB supplementation may be a less costly strategy when
compared to isolated casein, since the costs of casein production are higher [29]. In
addition, casein can be difficult to work with as it is non-water soluble, making PB a
more viable and more applicable supplement [29]. More research is needed to confirm
that protein blends in general can induce muscle growth in the long-term and whether
the results can be replicated in elderly or cancer patients.
CONCLUSION

This study compared the effects of ingestion of PB with MCa alone on
aminoacidemia and the mTOR signaling pathway. We demonstrated that both PB and
MCa supplementations caused a similar, fast, and transient anabolic status involving
the increase in circulating levels of BCAA and the activation of mTOR signaling in
rat skeletal muscle. The findings of the present study provide new insights into the
effects of protein supplementation for use in sports nutrition and especially under
conditions of muscle wasting, such as sarcopenia and cancer.
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CONSIDERACOES FINAIS
O presente estudo demonstra que as suplementacdes de PB e MCa
antes de dormir resultaram em um estado anabdlico rapido, transitorio e

similar envolvendo o aumento nos niveis circulantes de BCAAs e na ativacao
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da via de sinalizagdo da mTOR no musculo esquelético de ratos Wistar. Estes
resultados oferecem novas implica¢des na utilizacdo de blends de proteinas
para a manutencao e o aumento da massa muscular de atletas engajados no
exercicio de forca e poténcia, contribuindo para uma melhor performance,
assim como popula¢gdes em condi¢des clinicas especificas como individuos
idosos e pacientes com cancer onde a suplementacdo de um blend de

proteinas foi eficiente em estimular a SPM.
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