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RESUMO

GUEDES, Juliano Magalhdes, D.Sc., Universidade Federal de Vigosa, agosto de 2020.
Efeitos do treinamento resistido e da suplementacio com f-hidroxi B-metilbutirato
(HMB) sobre a forca muscular, composi¢ao corporal e metabolismo lipidico em ratos
Wistar. Orientador: Antonio José Natali. Coorientadores: Maria do Carmo Gouveia Peluzio,
Miguel Aradjo Carneiro Junior e Leandro Licursi de Oliveira.

Objetivo: O objetivo deste estudo foi verificar os efeitos do treinamento resistido (TR) e da
suplementagdo com sal de calcio do [B-hidroxi B-metilbutirato (CaHMB) sobre a forca
muscular, composi¢do corporal e metabolismo lipidico em ratos Wistar. Métodos: Ratos
Wistar adultos (idade: 3 meses) foram aleatoriamente distribuidos em 4 grupos de 12 animais
cada: sedentdrio controle (SC); sedentdrio com suplemento (SS); treinamento resistido
controle (RTC) e treinamento resistido com suplemento (RTS). Os animais dos grupos SS e
RTS receberam, por gavagem, 1 mL de CaHMB (320 mg/kg de peso corporal). Os animais
dos grupos RTC e RTS realizaram um programa de TR (4 séries de 10 repeticdes com
intervalo de 90 s entre as séries; 1 vez/dia, 5 dias/semana; carga de 80% de 1 repeticao
méaxima — 1 RM), por 8 semanas. Todos os animais foram pesados e tiveram a circunferéncia
abdominal mensurada e o indice de Lee calculado semanalmente e o consumo alimentar e a
forca muscular monitorados durante o periodo experimental. Ao final das intervengdes foram
determinadas: a composicdo corporal, o perfil lipidico, a expressdo génica de interleucinas
(IL-6, IL-10 e IL-15), da proteina contendo o dominio 5 da fibronectina do tipo 3 (FNDC-5)
no musculo esquelético e de IL-6 e proteina desacopladora mitocondrial do tipo 1 (UCP-1) no
tecido adiposo branco (TAB) e a concentrag@o de irisina no TAB. Resultados: O TR isolado
aumentou a for¢a muscular e reduziu o consumo alimentar, o ganho de peso, o indice de Lee,
a circunferéncia abdominal, as percentagens de gordura e dgua, as concentragdes plasmaticas
de lipoproteinas de muito baixa densidade (VLDL), colesterol ndo lipoproteinas de alta
densidade (Nao-HDL), triglicerideos, colesterol total e aumentou a expressdo génica de
FNDC-5 no musculo séleo e a concentracdo de irisina no TAB. A combinacio do TR com o
CaHMB potencializou a reducdo da circunferéncia abdominal (5,3 %), indice de Lee (2,4 %),
porcentagem de gordura (24,4 %), concentragdes plasméticas de VLDL (16,8 %) e
triglicerideos (17 %) e aumentou a expressao génica de IL-6 (47,4 %) e FNDC-5 (78.9 %) no
sOleo e a concentracdo de irisina (26,9 %) no TAB. Isoladamente, tanto o TR quanto a
suplementagao com CaHMB nao afetaram o percentual de proteina e a expressdo gé€nica de
IL-6 e UCP-1 no TAB e de IL-10 e IL-15 no gastrocnémio. Nao houve esteatose hepatica com
os diferentes tratamentos apds a intervencdo. Conclusdes: A suplementacdo com CaHMB

potencializou os efeitos benéficos do TR na redu¢do de gordura corporal, em associagdo com



aumento da expressdo génica de IL-6 e de FNDC-5 muscular e da concentragdo de irisina no

TAB, apesar de nao ter afetado o contetido de proteinas e a for¢a muscular.

Palavras-chave: Exercicio. Suplementac¢do. Tecido Adiposo. Irisina.



ABSTRACT

GUEDES, Juliano Magalhaes, D.Sc., Universidade Federal de Vicosa, August, 2020. Effects
of resistance training and p-hydroxy B-methylbutyrate (HMB) supplementation on
muscle strength, body composition and lipid metabolism in Wistar rats. Adviser:
Antdnio José Natali. Co-advisers: Maria do Carmo Gouveia Peluzio, Miguel Aratdjo Carneiro
Junior and Leandro Licursi de Oliveira.

Objective: The aim of this study was to verify the effects of resistance training (RT) and
calcium salt of B-hydroxy B-methylbutyrate (CaHMB) supplementation on muscle strength,
body composition and lipid metabolism in Wistar rats. Methods: Three-month old male
Wistar rats were randomly divided into 4 groups of 12 animals each: sedentary control (SC);
sedentary with supplement (SS); resistance training control (RTC) and resistance training
with supplementation (RTS). The animals from SS and RTS groups received, by gavage, 1
mL of CaHMB (320 mg / kg of body weight). The animals from RTC and RTS groups
performed an RT program (4 sets of 10 repetitions with 90 s interval; 1 session / day, 5 days /
week; load of 80% 1 maximum repetition - 1 RM), for 8 weeks. All animals were weighed
and had abdominal circumference measured and Lee index calculated weekly and the food
consumption and muscle strength monitored throughout the experimental period. By the end
of interventions, the body composition, plasma lipid profile, the gene expression of
interleukins (IL-6, IL-10 and IL-15) and fibronectin type III domain containing 5 (FNDC-5)
in skeletal muscle and IL-6 and uncoupling protein-1 (UCP-1) in white adipose tissue (WAT)
and the concentration of irisin in WAT were determined. Results: Resistance training alone
increased total and relative muscle strength; reduced food intake, weight gain, Lee index,
abdominal circumference, percentages of fat and water, plasma concentrations of very low-
density lipoprotein (VLDL), non-high-density lipoprotein (Non-HDL) cholesterol,
triglycerides, total cholesterol; and increased FNDC-5 gene expression in soleus muscle and
the concentration of irisin protein in WAT. Compared to RT alone, the combination of
CaHMB supplementation with RT further reduced abdominal circumference (5.3 %), Lee
index (2.4 %), fat percentage (24.4 %), plasma VLDL-cholesterol (16.8%) and triglycerides
(17%) and increased the gene expression of FNDC-5 (78.9 %) and IL-6 (47.4%) in
gastrocnemius muscle and irisin concentration (26.9 %) in WAT. Neither RT nor CaHMB
supplementation alone affected the protein percentage and the gene expression of IL-6 and
UCP-1 in WAT and IL-10 and IL-15 in gastrocnemius muscle. There was no hepatic steatosis
with the different treatments after the intervention. Conclusions: CaHMB supplementation

increased the beneficial effects of RT on body fat reduction and was associated with increased



muscular genic expression of IL-6 and FNDC-5 and irisin concentration in WAT, despite no
change in protein content and muscle strength.

Keywords: Exercise. Supplementation. Adipose Tissue. Irisin.
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1. INTRODUCAO GERAL

O excesso de gordura corporal estd normalmente associado ao maior risco de doencas
cardiovasculares, o que compromete a qualidade de vida de pessoas de diferentes idades (1).
Estima-se que, em breve, havera mais criangas e adolescentes obesos que malnutridos no
mundo (2). Desta forma, torna-se um desafio para os governantes, no que se refere a satde
publica, pensar em estratégias que previnam obesidade e promovam qualidade de vida.

Neste sentido, uma composicao corporal adequada, ou seja, massa muscular e massa
gorda em proporcdes adequadas, assim como a forca muscular sdo relevantes tanto para
atletas, voltados ao rendimento esportivo, como para ndo atletas que buscam a boa forma, pois
estes fatores estdo relacionados com uma boa satide (3). Assim, exercicio fisico e suplementos
nutricionais que podem afetar a composicdo corporal t€ém atraido o interesse de diferentes
populacdes. Para ilustrar, estudos reportam que o treinamento resistido (TR) € benéfico para a
prevencdo do acimulo de gordura corporal e para a melhora da saude (4,5). Adicionalmente,
o B-hidroxi B-metilbutirato (HMB), um metabdlito resultante do aminoacido essencial leucina,
vem sendo utilizado como suplemento por praticantes de atividade fisica de diferentes idades,
que buscam otimizar o desempenho esportivo e/ou melhorar indicadores de satide (6,7), como
ganho de massa magra e perda de massa gorda. Desta forma, a combinacdo do TR com a
suplementag¢do proteica tem sido alvo de investigacdes cientificas ha alguns anos e € sugerida
para aumentar a massa magra e a forca muscular (8), apesar dos mecanismos ainda nao
estarem completamente esclarecidos.

Em relagdao ao HMB, estudos mostram que este aumenta a massa e a forca muscular e
reduz a gordura corporal (9-14) apesar de resultados divergentes (15,16). O aumento da
massa muscular em resposta a suplementagdo com HMB parece ser devido ao aumento da
sintese proteica pela estimulacdo da via de sinalizagdo do alvo da rapamicina em mamiferos
(mTOR) e a inibicdo da protedlise pela via do sistema catabolico ubiquitina-proteassoma
(17,18), o que € influenciado por citocinas (19,20). Tem sido reportado que o HMB pode
também estimular a termogénese no tecido adiposo por meio do aumento da oxidagao lipidica
e biogénese mitocondrial via expressdo de coativador 1-o do receptor gama ativado por
proliferador de peroxissoma (PGC-1a), proteina desacopladora do tipo 3 (UCP-3) e irisina
(21-23).

Ainda nesse contexto, o metabolismo do HMB demonstra que uma fracdo do
metabdlito € convertida em colesterol no figado sob acdo da enzima [-Hidroxi pB-

Metilglutaril-CoA (HMG-CoA) redutase (24-25). Assim, um grande aumento na biossintese
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de colesterol pelos hepatdcitos, em funcdo do excesso de consumo, poderia resultar em
acimulo de gordura no figado. Neste sentido, no presente estudo, foi realizada a anélise de
esteatose hepdtica nos animais experimentais (veja apéndice), onde observou-se que a dose de
HMB usada nao alterou a concentragdo de gordura nos hepatécitos dos animais.

Com relacdo aos efeitos do HMB no perfil lipidico, estudos sugerem que o aumento da
biossintese de colesterol via HMG-CoA, da oxidacdo lipidica e biogénese mitocondrial via
PGC-1a, UCP-3 e irisina (21-23) poderia alterar as concentracdes de colesterol no sangue
(24). Entretanto, os resultados sdo controversos (24—27). Por exemplo, h4 relatos de nenhuma
alteracdo (27), aumento (26) e redugdo (25) do colesterol de baixa densidade (LDL-c) ou
colesterol total. Destaca-se aqui a falta de padronizacdo dos protocolos dos estudos e dos
métodos estatisticos para analise dos dados (28).

O HMB € comercializado em cépsulas ou em pé e nas formas de 4cido livre (AL) sal
de célcio (Ca). Em estudo comparativo, observou-se em humanos que o HMB-AL apresenta
maiores concentracdes plasmadticas e maior disponibilidade em relagdo ao HMB-Ca (29). O
consumo de HMB por humanos, normalmente, € feito com a dosagem de 38 mg/kg de peso
corporal; ou 3 g/dia, ingeridas em 3 doses equivalentes ao longo do dia (30,31). A dosagem
de 3 g/dia corresponde a, aproximadamente, 60 g de leucina (32). Em estudos com ratos, a
dosagem de 320 mg/kg de peso corporal tem sido usada (33,34).

Quanto ao TR, sabe-se que este potencializa o desempenho esportivo por causar
hipertrofia muscular e aumentar a forca, resisténcia, coordenagdo intra e inter-muscular e a
oxidacdo de substratos energéticos (5,35). O TR induz o aumento da sintese proteica ao
estimular vias de sinalizacdo de anabolismo e a diminui¢do da protedlise ao inibir vias de
sinalizagdo de catabolismo (36,37). O TR pode também reduzir a gordura corporal, pois
aumenta a taxa metabdlica basal (38,39) e a termogénese no tecido adiposo branco (TAB)
(40,41). Durante o TR, as contra¢cdes musculares promovem a sintese e secre¢do de citocinas
tais como interleucinas (IL), proteina contendo o dominio 5 da fibronectina do tipo 3 (FNDC-
5) e irisina que exercem efeitos locais e em outros 6rgaos como o figado e tecido adiposo para
suprir demandas de reparacao muscular, hipertrofia e metabolismo energético (42—44).

Especificamente, a IL-6 age como um “sensor de energia na célula” por estimular
positivamente a captacdo de glicose pelo muisculo via aumento da sensibilidade da insulina
(45,46), ativa a diferenciacdo de células satélites no musculo esquelético (46,47), diminui a
expressdo proteica de citocinas pré-inflamatérias (fator de necrose Tumoral alfa - TNF-a) e
aumenta a expressao proteica de citocinas anti-inflamatérias (IL-10 e IL1-ra) (48,49). No

TAB, a IL-6 estimula a termogénese via ativacdo da expressdao génica do RNA mensageiro
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(mRNA) da UCP-1 aumentando o gasto energético e, consequentemente, o potencial
oxidativo de gorduras (50).

A IL-10, quando expressa no musculo, causa mudancas no fenétipo de macréfagos de
fenétipo M1 para M2 promovendo crescimento celular e regeneracdo tecidual (51). Ademais,
a [L-10 também estimula a resposta imunoldgica por aumentar a concentracdo de mastdcitos e
inibir a produgdo de interferon-gama (IFN-y) pelas células natural killer (52).

A IL-15 € uma citocina com ag¢do anti-inflamatdéria por inibir a expressao da proteina
c-reativa (PCR) e TNF-a (53), estd positivamente associada a hipertrofia muscular (54,55),
inibicdo da degradacdo proteica e apoptose nuclear (56), melhora do metabolismo da glicose
(aumento da sensibilidade a insulina) e oxidac¢do dos lipideos (57,58). Em cultura de célula
muscular humana a inoculacao de IL-15 induziu a formacdo da cadeia pesada de miosina em
miotubos (59,60).

Diferentemente da acdo anabdlica da IL-6, IL-10 e IL-15 no musculo esquelético, a
irisina tem grande potencial termogénico no TAB (61,62). Essa citocina vem sendo muito
estudada por desempenhar papel promissor no tratamento de patologias como dislipidemia,
diabetes mellitus tipo 2, obesidade e/ou doenca gordurosa do figado (63—66). Em nivel
molecular, a via de sinalizacdo para formacdo da irisina demonstra que o exercicio fisico
promove o aumento da expressdo do PGCl-a no musculo que, por sua vez, estimula a
producdo da FNDC-5, logo, o FNDC-5 € clivado dando origem a irisina. Depois de secretada
no sangue pelo musculo, a irisina € conduzida ao TAB estimulando a acdo da UCP-1 no
interior da mitocondria aumentando o browning do TAB e a producdo de calor (63). Nesse
contexto, apesar do FNDC-5 / irisina ser uma citocina secretada, principalmente, pelo
musculo durante o exercicio fisico, sua acdo no metabolismo energético estd longe de ser
totalmente compreendido (63).

Portanto, a combina¢do do TR com a suplementacdo parece promissora para o ganho
de forca e para a composi¢do corporal. De fato, estudos demonstram que o TR associado a
suplementacdo com HMB aumenta a massa e a forca muscular e reduz a gordura corporal
(12,14,15). Todavia, existem resultados divergentes ao ndo encontrarem tais efeitos (67,68) e
que a eficiéncia desta combina¢do depende da populacdo estudada (69,70). Resultados
controversos também sdo encontrados em estudos que testaram os efeitos desta combinagdo
sobre citocinas relacionadas a hipertrofia muscular (71,72) e a atividade metabdlica no tecido
adiposo (23,73). Assim, estas divergencias estimulam novas investigacdes, especialmente

sobre 0s mecanismos envolvidos.
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O modelo de TR para ratos adotado no presente estudo (74) estd bem consolidado na
literatura (75-78) e apresenta algumas vantagens: 1) simula o aparelho de barra guiada
utilizado por humanos; 2) exige uma forte ativacdo concéntrica da musculatura esquelética de
membros inferiores durante a fase de extensdo dos joelhos; 3) recruta principalmente fibras
musculares de contracdo rapida (tipo ITA); e 4) utiliza, predominantemente, o metabolismo
energético anaerdbico. Porém, uma desvantagem desse modelo € que a fase excéntrica do
movimento de flexdo dos joelhos ocorre muito rapidamente. Nesse contexto, para protocolos
de TR que visam hipertrofia muscular, é preciso que a escolha desse modelo seja analisada

com cautela.
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2. OBJETIVOS

2.1 Objetivo Geral
Verificar os efeitos do treinamento resistido e da suplementacdo com sal de cdlcio do
B-hidroxi B-metilbutirato sobre a forca muscular, composicao corporal e metabolismo lipidico

em ratos Wistar.

2.2 Objetivos especificos
Verificar se um programa de treinamento resistido e a suplementacdo com sal de
calcio do B-hidroxi B-metilbutirato afetam, em ratos Wistar:
For¢a maxima e relativa;
Circunferéncia abdominal e indice de Lee;
Percentual de proteina, gordura e adgua;
Expressdo génica de IL-6, IL-10, IL-15 e FNDC-5 no musculo esquelético;
Expressdo génica de IL-6 e UCP-1 no TAB;
Concentragdo de irisina no TAB; e

Perfil lipidico.

HIPOTESES

HO: A suplementacdo com CaHMB nao afeta os efeitos do TR na for¢ca muscular, composi¢ao

corporal e metabolismo lipidico em ratos Wistar.

HI: A suplementacio com CaHMB afeta os efeitos do TR na forca muscular, composi¢ao

corporal e metabolismo lipidico em ratos Wistar.
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ABSTRACT

The excess body fat is a risk for cardiovascular diseases such as obesity and diabetes which
compromises human health and quality of life worldwide. In this sense, nutritional
supplements and exercise are related to changes of body composition and have been currently
used by different populations. B-hydroxy-p-methylbutyrate (HMB) has demonstrated positive
effects on body fat reduction and resistance training (RT) is thought to increase lean body
mass and reduce body fat. However, the effects of combining HMB supplementation with RT
related to adipose tissue metabolic activity are controversial. This review updated the
signaling pathways (AMPK, PGCl1- a, irisin and SIRTs) of lipid metabolism underlying the
effects of the combination of HMB supplementation with RT on the body composition.

Keywords: resistance training; HMB; body composition; lipid metabolism.

RESUMEN

El exceso de grasa corporal es un problema grave para aumentar el riesgo de enfermedades
cardiovasculares como la obesidad, comprometiendo la salud y la calidad de vida de la
poblacién. En este sentido, el entrenamiento de resistencia (ER) es un tipo de ejercicio fisico
que mejora la composicién corporal al aumentar la masa corporal magra y reducir la masa
corporal grasa. La ER en combinacién con la nutricién (e.g. la suplementacion con proteinas)
es una intervencion clave para mejorar el metabolismo de las grasas corporales y reducir la
obesidad. Con respecto a la suplementacion de proteinas, el B-hidroxi-pB-metilbutirato (HMB)
es un metabolito del aminoédcido de cadena ramificada leucina que ha demostrado efectos
positivos en la reduccidon de grasa corporal. Sin embargo, los efectos de combinar
suplementos de HMB con ER relacionados con la actividad metabdlica del tejido adiposo son
controvertidos y justifican investigaciones adicionales. Este estudio analizé los efectos de los
suplementos de HMB asociados con la ER en la concentracién de grasa corporal y las vias de
sefnalizacion del metabolismo de los lipidos.

Palabras clave: entrenamiento de resistencia; HMB; composicién corporal; metabolismo de

los lipidos.
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INTRODUCTION

The excess of body fat, especially visceral fat, is related to the increased risk for several
cardiovascular and metabolic diseases such as stroke, atherosclerosis, obesity and diabetes,
which compromises the health and quality of life of individuals of different ages worldwide
(1). It is estimated that the world will have more obese than malnourished children and
adolescents by the year 2022 (2). Thus, the reduction of body fat and the enhancement of
energy metabolism are common goals for both government agencies and the general
population that seek strategies to prevent obesity and improve other physiological factors
related to high quality of life.

In this context, nutritional supplements related to changes of body composition have
been currently used by different populations. For instance, the B-hydroxy-B-methylbutyrate
(HMB) has been used by sedentary individuals, elderly and even athletes (3-5). Moreover,
epidemiological studies have shown that resistance training (RT) is a suitable type of physical
exercise for the prevention of body fat accumulation and for health improvement (6,7).
Therefore, the combination of a balanced diet based on proteins and amino acids with RT has
been shown to optimize the reduction of body fat (8).

In this sense, the molecular signaling pathways of lipid metabolism such as AMP-activated
protein kinase (AMPK), peroxisome proliferator-activated receptor gamma co-activator 1-a
(PGCI1-a), irisin and sirtuins (SIRTs) which are either activated or inhibited by the
combination of HMB supplementation with RT has been investigated, though not fully
understood. Thus, in this review we thought to update the signaling pathways (AMPK, PGC1-
a, irisin and SIRTs) of lipid metabolism underlying the effects of the combination of HMB

supplementation with RT on the body composition.

B -HIDROXI p -METILBUTIRATO (HMB)

The search for nutritional strategies to increase muscle mass gain and reduce body fat
has been the focus of study in the last decades (8). The increase of muscle strength and
improvement of body composition are attributes related to good health for different
populations (9,10), such as children, adults and elderly of different physical fitness level,
health or metabolic diseases.

In this context, the B-hydroxy B-methylbutyrate (HMB) is a metabolite resulting from the

essential amino acid leucine that has gained notoriety due to its beneficial effects in
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improving physiological and morphological parameters related to strength gain, muscle

hypertrophy and body fat reduction (3-5), although there are some results in contrast (11,12).

HMB metabolism

Initially, the leucine is transaminated in a-ketoisocaproate (KIC) mainly in skeletal muscles
by the action of the branched chain amino acid aminotransferase enzyme (BCAT). The KIC
increases rapidly in the systemic circulation and becomes readily available to the liver. In the
liver, the KIC has 2 pathways: 5% is converted into HMB by the cytosol of hepatocytes,
through the action of the enzyme KIC dioxigenase and 95% is converted into isovaleryl-CoA
by the mitochondria of hepatocytes, through the action of the enzyme branchedchain a-keto
acid dehydrogenase (BCKD) (13).

Subsequently, the HMB-CoA enzyme converts the HMB formed in the liver into -
Hydroxy B-Methylglutaryl-CoA (HMG-CoA). The HMG-CoA has two different pathways: 1%
- cholesterol synthesizes, through the action of the HMG-CoA enzyme reductase that converts
HMG-CoA into mevalonic acid that is directed to cholesterol biosynthesis; and M acetyl-
CoA synthesis, through the action of the enzyme HMG-CoA synthetase.

Moreover, a significant amount (i.e. 14% to 29%) of the HMB formation is excreted in
the urine. This percentage of metabolite loss change with specific dosages. The higher the
dosage, the greater the excretion (14).

The isovaleryl-CoA pathways of HMB formation follows a series of reactions that
results in acetyl-CoA synthesis, where it will be directed to the supply of energy (4,14).
Figure 1 illustrates the HMB metabolism.
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Figure 1. B-hydroxy-pB-methylbutyrate metabolism.
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amino acid aminotransferase enzyme; HMG-CoA, B-Hidroxi B-Metilglutaril-CoA; BCKD,

branchedchain a-keto acid dehydrogenase enzyme.

Mechanisms of action

The HMB acts through different mechanisms: 1* - inhibition of the action of the ubiquitin-
proteolytic proteasome pathway (15); 2" _ increases in the expression of the HMG-CoA
reductase enzyme accelerating the cholesterol synthesis of skeletal muscle tissue membrane
(13,16); 3" _ increases in the insulin-like growth factor (IGF-1) gene transcription (17,18)
which stimulates muscle growth via serine/threonine-protein kinases (AKT) phosphorylation;
4" increases in the proliferation of fast-twitch fiber satellite cells (19); and 5" _ increases in
the phosphorylation and activation of the AKT / mammalian target of rapamycin (m-TOR) /
ribosome protein kinase 1 B (p70°°%) pathway (17,20). Figure 2 illustrates the mechanisms of
action of the HMB.

Figure 2. B-hydroxy-f-methylbutyrate mechanisms of action.
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Legend: HMB, B-hidroxi B-metilbutirato; HMG, CoA-B-Hidroxi B-Metilglutaril-CoA; IGF-1,

insulin-like growth factor; SC, satellite cells; AKT/m—TOR/p7OS6K, serine/threonine-protein

kinases / mammalian target of rapamycin / ribosome protein kinase 1 f3.
Endogenous HMB and supplementation

The liver is the main organ that produces HMB. Skeletal muscle and other tissues also
produce HMB in low amounts (13). An adult individual of 70-kg synthesizes an average of
0.3-0.4 g per day of HMB (21). In this sense, to obtain the ergogenic effects of HMB in the
human body, it would be necessary to consume it in concentrated amounts in the form of
supplements.

The most used dosage in human studies is 3 g / day, taken immediately after exercise
or in 3 doses of 1 g/ day. This dosage corresponds to approximately 60 grams of leucine (3).
In rats, the most found dosage in studies is 320 mg / kg of body weight, dissolved in water
(5,22). In humans, this dose would be equivalent to 38 mg / kg weight / day (5).

B-hydroxy-B-methylbutyrate is commercialized on the market by capsules and powder
and it is found in the form of free acid (FA) or in the form of calcium salt (Ca). In humans,
supplementation with HMB-FA showed higher plasma concentrations and greater availability
compared to HMB-Ca, without significant differences in the urine metabolite excretion,

indicating greater retention of HMB-FA in the body (23).
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RESISTANCE TRAINING

Resistance training enhances sports performance by increasing the strength, hypertrophy,
resistance and oxidation of energetic substrates in skeletal muscle (7), as well as promoting
health benefits by reducing body fat, plasma triglycerides, blood pressure and risk of type 2
diabetes (24,25), which contributes positively to the increase in quality of life (26). In
addition, chronic RT improves the immune system, through modulation of pro-inflammatory
and anti-inflammatory cytokines (27,28), thus contributing to the prevention of diseases

caused by various types of microorganisms.

HMB AND RESISTANCE TRAINING

Athletes from different sports use HMB as supplement to gain lean body mass, muscle
strength, and reduce fat mass (3-5,17,19) In fact, several studies have shown that HMB
supplementation associated with RT for a period of time more than 3 weeks improves the
body composition of adults with low to moderate physical fitness level (29), elderly
(16,30,31) and trained individuals (32,33).

The study of Stout et al. (31) with elderly evaluated the effects of HMB supplementation on
body fat mass for 12 weeks. After the intervention, the HMB-RT group reduced abdominal fat
compared to that of the RT group only. These results suggested that HMB supplementation
optimized the metabolic capacity of using fatty acids by muscle fibers. In addition, the study
of Shirvani et al. (34) with elderly rats, demonstrated that supplementation with HMB-FA
associated with RT for 8 weeks increased muscle strength, gene expression of the PGC1-a in
skeletal muscle and plasma irisin concentration. The PGCl-o and irisin are important
molecules related to the control of lipid metabolism.

The proliferator-activated receptor gamma co-activator la is synthetized after RT (35)
activating the peroxisome proliferator-activated receptors (PPARSs), nuclear respiratory factors
(NRFs) 1 and 2 and estrogen-related a receptors (ERR-a)(36). These factors increase [-
oxidation and mitochondrial biogenesis through increased activity of fatty acid transport
proteins into the mitochondria and activation the nuclear transcription of oxidative enzymes
(36). In addition, one of the important proteins that increases in adipose tissue after RT (35)
activating the PGC1-a is the AMPK. The AMPK increases the enzyme carnitine palmitoyl
transferase 1 (CPT-1). This enzyme is responsible for transporting fatty acids from the

sarcoplasm to the mitochondria to be oxidized (37) (Figure 3).
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The signaling pathways of irisin demonstrate that physical exercise promotes in the
skeletal muscle an increase of PGC-1-a, which, in turn, stimulates the production of the
fibronectin type III domain-containing protein 5 (FNDC-5), therefore, FNDC-5 is cleaved
forming irisin. Once produced, irisin is transported through the blood to the adipose tissue
stimulating thermogenesis via activation of the mitochondrial membrane uncoupling protein
(UCP-1). This action increases the browning of white adipose tissue, converting it to brown
adipose tissue and, consequently, increasing the white thermogenesis and oxidation of fatty
acids (38,39) (Figure 3).

Considering the importance of AMPK, PGCI1- a and irisin in the control of lipid
metabolism (34,36,38,39) and HMB supplementation associated with RT in body fat loss
(30,31,33), as shown in the figure 3, it is relevant that other studies investigate the
combination of this type of intervention in the activation of metabolic pathways of adipose
tissue.

Another signaling pathway of adipose tissue is the sirtuin (SIRT). Sirtuins are classes
of proteins that are related to mitochondrial biogenesis and activation of enzymes involved in
glucose metabolism and lipid oxidation such as PGC1- a (40) (Figure 3).

According to Vargas-Ortiz (41), SIRT-1 is activate with high-intensity interval

training (HIIT), but not, with RT. Another study by the same group (42), discussed that RT
did not induce a sufficient metabolic stress to activate oxidative phosphorylation, and
consequently, the SIRT pathway.
In relation to HMB, the study of Baggett et al. (43) demonstrated that HMB combined with
resveratrol increased SIRT activity. Furthermore, regardless of RT, other studies
demonstrated that HMB supplementation increases the transport of free fatty acids into the
cell as a result of activation of PGCl-a (43,44), hormone-sensitive lipase (HSL) (45) and
mitochondrial biogenesis (44).

Therefore, the cellular signaling pathways of AMPK, PGCI- a, irisin and SIRTs are
determinants in the control of lipid metabolism and, consequently, weight loss, via
improvement of thermogenesis and / or mitochondrial biogenesis (34,36,38-40). However, it
is not known yet the magnitude of activation of these pathways by combining HMB
supplementation with RT. It is possible that HMB supplementation optimizes the effects of
RT on body fat reduction through activation of AMPK, PGC1- q, irisin and SIRTs, as shown
in figure 3.

It is important to highlight that the reduction of body fat is important for several

reasons: protection against cardiovascular and metabolic diseases caused by excess adipose
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tissue (1); improvement of body composition and sports performance in several modalities
(46,47); and reduction of psycho-social problems (48). In this context, HMB supplementation
associated with RT emerges as an interesting intervention for the reduction of body fat,
which, in turn, is an important factor of improving health and sports performance. Figure 3
summarizes the effect of HMB supplementation associated with RT on body fat and the

possible signaling pathways of lipid metabolism.

Figure 3. Effects of B-hydroxy-B-methylbutyrate supplementation associated with resistance

training on body fat and the possible signaling pathways of lipid metabolism.
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Legend: HMB, B-hidroxi B-metilbutirato; PGC1-a, proliferator-activated receptor gamma co-
activator la; AMPK, adenosine monophosphate activated protein kinase; SIRTs, sirtuins;
FNDC-5, fibronectin type III domain-containing protein 5; UCP-1, type 1 mitochondrial
uncoupling protein; PPARs, peroxisome proliferator-activated receptors, NRFs, nuclear
respiratory factors 1 and 2; ERR-a, estrogen-related o receptors; CPT-1, carnitine palmitoil

transferase 1; FA, fatty acids; WAT, white adipose tissue.

In relation to trained and competitive athletes, a meta-analysis study found no effect of
HMB supplementation on strength and body composition in trained and competitive athletes

(49). It 1s possible that HMB does not alter the metabolic activity of adipose tissue in these
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individuals due to their high level of physiological adaptations in skeletal muscle and lipid
metabolism.

The results of studies on the effectiveness of HMB associated with RT in the
metabolic activity of adipose tissue should be analyzed carefully since there are variations
among studies’ methodologies, dosage supplement (HMB-AL or HMB-Ca), duration of
intervention and populations. Thus, it is essential that other studies are carried out to address

this question.

CONCLUSION

In this review we updated the signaling pathways (AMPK, PGCI- q, irisin and SIRTs) of
lipid metabolism underlying the effects of the combination of HMB supplementation with RT
on the body composition. Although HMB supplementation associated with RT is thought to
reduce body fat and enhance lean body mass, the framework of lipid metabolism signaling
pathways is not completely known which warrants further investigations, especially on

AMPK, PGCI- q, irisin and SIRTs.
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ABSTRACT

The effects of resistance training (RT) associated with calcium B-hydroxy-B-
methylbutyrate (CaHMB) supplementation on the body composition and gene expression of
cytokines related to skeletal muscle hypertrophy and adipose tissue metabolism were studied
in rats. Male Wistar rats were divided into four groups of 12 animals: sedentary control
(SC); sedentary supplemented (SS); resistance training control (RTC) and resistance
training supplemented (RTS). Rats from RTC and RTS groups were submitted to a RT
program and those from SS and RTS groups received 1 mL of CaHMB (320 mg kg™ day™)
by gavage, for 8 weeks. We evaluated: body composition; plasma lipid profile; the gene
expression of interleukin (IL)-6, IL-10, IL-15 and fibronectin type III domain-containing
protein 5 (FNDC-5) in skeletal muscle, and IL-6, mitochondrial uncoupling protein 1 (UCP-1)
in white adipose tissue (WAT); and the concentration of irisin in WAT. Compared to RTC
alone, the combination of CaHMB with RT (RTS) further reduced abdominal circumference
(5.3 %), Lee index (2.4 %), fat percentage (24.4 %), plasma VLDL-cholesterol (16.8%) and
triglycerides (17%) and increased the gene expression of FNDC-5 (78.9 %) and IL-6
(47.4%) in skeletal muscle and irisin concentration (26.9 %) in WAT. Neither RT nor
CaHMB affected the protein percentage and the gene expression of IL-6 and UCP-1 in WAT
and IL-10, IL-15 in skeletal muscle. In conclusion, CaHMB supplementation increased the
beneficial effects of RT on body fat reduction and was associated with muscular genic
expression of IL-6 and FNDC-5 and irisin concentration in WAT, despite no change in
protein mass and maximal strength.

Key words: resistance training, HMB, body composition, irisin, cytokine
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INTRODUCTION

Optimal body composition and muscle strength are relevant for athletes and non-athletes as
these attributes are associated with ideal health [1]. Resistance training (RT) in combination
with protein supplementation has been shown to promote muscular hypertrophy and increase
muscular strength [2].

Resistance training is known to increase muscle mass and strength and reduce body
fat [3]. Muscle hypertrophy induced by RT triggers an increase in muscle protein synthesis
via upregulation of anabolic signaling pathways and an attenuation in proteolysis via
downregulation of catabolic signaling pathways [4]. Body fat is also reduced by RT because it
increases basal metabolic rate [3,5] and thermogenesis in white adipose tissue (WAT) [5].
Skeletal muscle contraction during RT triggers the production and release of cytokines such
as interleukin (IL) and irisin which exert effects both locally and in a crosstalk manner with
other organs, such as, the liver and adipose tissue, to cope with muscle repair, hypertrophy
and fuel metabolism [6]. For instance, the pro-inflammatory cytokine IL-6 mediates lipid
oxidation [7], induces the production of anti-inflammatory interleukins during exercise (e.g.
IL-10 and IL-1ra) [8] and stimulates muscle growth [9]. Interleukin-15 exerts local
anabolic/anti-catabolic effects [10] and increases glucose uptake, thus inhibiting lipid
deposition [10,11]. Through action of peroxisome proliferator-activated receptor gamma
coactivator la (PGC-1a), skeletal muscle expresses fibronectin type III domain-containing
protein 5 (FNDC-5), which encodes a membrane protein that is cleaved and secreted as irisin.
FNDC-5 is known to drive brown-fat-like cells development in WAT, which enhances lipid
metabolism/oxidation via mitochondrial uncoupling protein 1 (UCP-1) activity [12].
Additionally, higher irisin concentrations are associated with favorable lipid profile and
reduction of metabolic diseases in the general population [13].

Previous studies demonstrated that RT and the metabolite of the branched-chain amino
acid leucine, B-hydroxy-B-methylbutyrate (HMB), increased muscle mass and strength and
reduced body fat [14-18], despite recent findings [19,20]. HMB has been shown to increase
muscle mass through enhancement of protein synthesis via upregulation of mTOR signaling
pathways and attenuation of proteolysis via downregulation of ubiquitin-proteasome system
catabolic pathway [21,22], which is influenced by cytokines [23,24]. HMB may also
stimulate thermogenesis in adipose tissue by increasing lipid oxidation and mitochondrial

biogenesis through the expression of PGC-1a, UCP-3 and Irisin [25,26].
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The combination of RT with HMB supplementation has shown to augment muscle
mass and strength and reduce body fat [27]. However, there are divergent results showing no
such effects [28] and the efficiency of this combination appears to be population-specific [27].
Moreover, such differing results also are reported in studies on effects of RT associated with
HMB supplementation on cytokines related to skeletal muscle hypertrophy [29] and adipose
tissue metabolic activity [30-32], which warrants further investigations. Therefore, this study
assessed the effects of RT associated with CaHMB supplementation on the body composition
and gene expression of cytokines related to skeletal muscle hypertrophy and adipose tissue

metabolic activity in an animal model.

MATERIALS AND METHODS

Animals and experimental design

Three-month-old male Wistar rats were randomly divided into groups: sedentary control (SC);
sedentary supplementation (SS); resistance training control (RTC); and resistance training
supplemented (RTS). The animals were housed in individual cages, in a temperature-controlled room
(22°C £ 2°C) with a 12/12 light/dark cycle and received water and standard commercial chow

(Presence, Paulinia, SP - Brazil) ad libitum.
Maximum load test and resistance training program

All animals were adapted for 2 weeks and on the last day of adaptation, the maximum weight
lifted [one repetition maximum (1RM)] was measured with the squat-training apparatus. The
IRM was defined as the minimum load that rats were unable to jump following electrical
stimulation. The maximum load measurement was repeated on weeks 2, 4 and 6 in
animals from resistance training groups in order to update the training load. After the g™
week of RT, all animals had their maximum load measured and it was used as our index of
maximal strength.

Animals from resistance training groups were submitted to a RT program as described
previously [33,34] which was adapted from Tamaki et al. [35]. In each training session the
animals performed 4 sets of 10 repetitions (Load: 80% of 1RM) with a 90-s interval between
sets. The animals performed 5 sessions/week, for 8 weeks. Animals from sedentary groups

performed the same training sets without additional load.
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Calcium f-hydroxy-f-methylbutyrate supplementation

Animals from SS and RTS groups were supplemented with CaHMB (Metabolic Technologies
Inc., Ames, IA, USA — purity: 99.5 %). A daily dose of 320 mg/kg of body weight of CaHMB
was administrated by gavage (volume: 1 mL saline) for 8 weeks, immediately prior to the RT
session (08:00 a.m.) on week days and at the same time on weekends. Animals from SC and
RTC groups received the same volume of saline at the same times. This dose of CaHMB was
shown to increase oxidative metabolism and muscle strength [36] and is considered safe for
rats [37]. CaHMB was administered prior to the RT in order to avoid any interference of

exercise stress in the HMB intake.

Body weight and food intake

All animals were weighed weekly and food intake was monitored and calculated daily by

diminishing the residual (dirty waste + clean waste) from the amount of food offered.

Determination of body composition

The Lee index was calculated by dividing the body weight cubic root by the naso-anal
length [38]. The abdominal circumference was measured immediately anterior the
hind paws [39]. These indirect measures were performed before, after the 4th and the
8th weeks of intervention, under anesthesia.

After euthanasia, the skin and viscera were separated from muscles and bones
(empty carcass) and head and tail were disposed. The water percentage was evaluated
using the gravimetric method by evaporation of water in an oven (Fanem, Guarulhos -
SP, Brazil) at 105°C for 24 h. The water percentage was determined by the difference
between the pre- and post-drying weight. The fat percentage was determined by the
gravimetric process using Soxhlet equipment, with the use of petroleum ether as
solvent for the 8-hour extraction, and the fat percentage was calculated. The
percentage of protein was calculated by the indirect method of nitrogen determination
[Protein (g) = nitrogen (g) x 6.25] and the Kjeldahl method [40]. The remaining

percentage was defined as mineral residue (i.e. mineral and carbohydrate).
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Sample collection

After an 8-hour fast, trained animals performed the last RT session and two hours later they
were euthanized by decapitation. Immediately, the blood samples were collected from the
torso in tubes with heparin (BD Vacutainer®, Siao Paulo, Brazil) and then centrifuged at 3400
rpm, for 15 minutes at 5°C to obtain plasma for analysis. The soleus and gastrocnemius
muscles were dissected and stored at -80°C. The gastrocnemius muscle was used for the gene
expression analyses of IL-6, IL-10 and IL-15, while the soleus muscle was used for the
analysis of FNDC-5. A sample of the epididymal WAT were removed and stored at -80°C for

the gene expression analysis of IL-6 and UCP-1 and irisin levels.

Determination of gene expression

Samples of skeletal muscle and WAT (30-50 mg) were homogenized to isolate total RNA
using TRizol reagent (Invitrogen, Sao Paulo, SP, Brazil) following manufacturer’s instruction.
RNA purity (180/130 nm ratio) and concentration (ng/mL) were determined
spectrophotometrically by NanoDrop 2000 (Thermo Scientific, Rockford, IL, USA), and
RNA integrity was checked electrophoretically by 1% agarose gel stained with Nancy-520
(Sigma-Aldrich, Sao Paulo, SP, Brazil). Messenger RNA (mRNA) levels of IL-6, IL-10, IL-
15, FNDC-5 and UCP-1 genes were assessed by quantitative real-time polymerase chain
reaction (QRT-PCR). For this purpose, cDNA was synthetized from 2 pug of total RNA using
oligo dT (0.5 pug), RiboLockTM RNAse inhibitor (20 U), ImM of dANTP Mix, RevertAidTM
Reverse Transcriptase (200U), totaling a solution with a final volume of 20 ul (Fermentas,
Glen Burnie, MD, EUA). After cDNA synthesis, qRT-PCR for target genes and endogenous
reference gene Ppia were run separately, and amplifications were performed with an ABI
Prism 7500 Sequence Detection System (Applied Biosystems, Foster City, CA, USA) by
using Power SYBR Green PCR (Thermo Fisher Scientific, EUA). The amplification
conditions included a denaturation step of 2 min at 95°C, followed by 40 cycles of 0.1 sec of
denaturation at 95°C, 5 sec of annealing at 60°C, and 15 s of elongation at 72°C, followed by
a single fluorescent measurement and finally 25 sec of final elongation. Amplification was
followed by a melting curve analysis between 65 and 95°C and finally a cooling step for 1
min at 40°C. Results were expressed using the comparative cycle threshold (Ct) method as
described by the manufacturer. The ACt values were calculated in every sample for each gene

of interest as Ctgene of interest minus Cthousekeeping, using Ppia as housekeeping. The



45

calculation of the relative changes in the expression level of one specific gene (AACt) was
performed by subtraction of the average ACt from the SC group to the ACt from each sample,
and fold-change determined as 2(-AACt) [41]. The following primers were used: IL-6
(accession number: NM_012589.2) - forward TCCTACCCCAACTTCCAATGCTC and
reverse TTGGATGGTCTTGGTCCTTAGCC; IL-10 (accession number: NM_012854.2) -
forward TTGAACCACCCGGCATCTAC and reverse CCAAGGAGTTGCTCCCGTTA; IL-
15 (accession number: XM_017601189.1) - forward GCTGTGTCAGTGTAGGTCTCC and
reverse AGGAGAAAGCAGT-TCATTGCAG; FNDC-5 (accession number:
NM_001270981.1) - forward AGAAGGCACAAGTCCGTGAG and  reverse
TGATGGAGTCGGAACCCTGA; UCP-1 (accession number: NM_012682.2) - forward
GGCGATCCGGGCTTAAAGAG and reverse AGCCACCAGGGCTATTTGTG; and Ppia
(accession number: NM_017101.1) - forward TGGCAAGCATGTGGTCTTTGGGAAG and
reverse GGTGA TCTTCTTGCTGGTCTTGCCATTC.

Determination of irisin protein concentration

The quantification of irisin in epidydimal WAT was performed using Rat Irisin enzyme-
linked immunosorbent assay (ELISA) Kit - detection range: 0.78-50 ng/mL (Express Biotech
International, USA), based on sandwich ELISA technology. Anti-irisin antibody was pre-
coated onto 96-well plates. The biotin conjugated anti-irisin antibody was used as detection

antibodies.

Determination of plasma lipid profile (mg/dL)

The plasma total cholesterol, triglycerides and high-density lipoprotein cholesterol (HDL-c)
were determined by the enzymatic colorimetric method (Cobas®, ¢ 111 analyzer, Roche,
USA) using commercial kits (Bioclin, Belo Horizonte, MG, Brazil), according to the
manufacturer’s instructions. The low-density lipoprotein cholesterol (LDL-c) and very low-
density lipoprotein (VLDL-c) were calculated by the Friedewald formula: LDL-c = total
cholesterol — (HDL-c + triglycerides / 5) and VLDL-c = triglycerides / 5 [42]. The non-HDL-
¢ was calculated by the difference between total cholesterol and HDL-c: non-HDL-c = (total

cholesterol — HDL-c) [43].

Statistical analyses



46

The Shapiro-Wilk test was use to assess the data distribution and the Levene’s test was used
to assess the equality of variances. Repeated-measures ANOVA was used to identify
differences in rat body weight gain, food intake, 1RM, Lee index and abdominal
circumference during the experimental period. Two-way ANOVA followed by the Tukey
post-hoc test was used to compare data for gene expression and protein concentration. Effect
size (ES) was reported to emphasize the size of the difference among groups. The effect sizes
(ES) were interpreted as partial eta squared (n2): small (ES > 0.01 < 0.06); medium (ES >
0.06 < 0.14); large (ES > 0.14) [44]. Data are presented as means + SD, and significance was
accepted if p < 0.05. All statistical analyses were performed using SPSS 17.0 software (SPSS
Inc., Chicago, Ill., USA).

Ethics

The experimental procedures were approved by the Ethics Committee for Animal Use of the
Universidade Federal de Vigosa (process number 28/2016) and were conducted in accordance

with the national guidelines for the care and use of animals.

RESULTS

Maximal strength

The mean weekly absolute maximal load lifted (1RM) (Fig. 1A) was significantly higher in
RTC than in SC group in week 4 (1250.00 + 52.22 vs 883.33 + 57.74 g, F3,44 = 125.76, p =
0.001; ES = 0.896) and week 8 (1783.33 + 93.74 vs 966.67 + 88.76 g, F3,44 = 284.12, p =
0.001; ES = 0.951). Likewise, the relative IRM (Fig. 1B) was higher in RTS versus SS group
in the 4th week (3.14 + 0.39 vs 2.16 £ 0.21 g, F3,44 = 33.42, p = 0.001; ES = 0.695) and in
the 8th week (4.46 £0.76 vs 2.31 £0.39 g, F3,44 = 56.87, p = 0.001; ES = 0.795).
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Figure 1. Maximum load lifted in one repetition. SC, sedentary control; SS, sedentary
supplementation; RTC, resistance training control; RTS, resistance training supplementation.

IRM, one repetition maximum. “p < 0.05 vs. SC; bp <0.05 vs SS.

Food intake and weight gain

The food intake (Fig. 2A) was lower in RTC than in SC group (80.25 £ 4.90 vs. 92.42 + 8.70
gvs, F3,44 =11.35, p=0.001; ES = 0.436); and lower in RTS than in SS group (75.50 + 6.91
vs. 88.25 £ 7.42 g, F3,44 = 31.11, p = 0.001; ES = 0.414) in week 8. The weight gain (Fig.
2B) was lower in RTC versus SC group (21.83 + 6.47 vs. 3592 £ 9.09 g, F3,44 =5.53, p =
0.02; ES =0.112); and lower in RTS versus SS group (17.25 + 6.06 vs. 30.58 £9.74 g, F3,44
=4.96, p = 0.03; ES = 0.101) in week 4. Additionally, weight gain was lower in RTC versus
SC group (36.17 + 8.47 vs. 56.88 £ 8.25 g, F3,44 = 6.36, p = 0.02; ES = 0.126) in week 8.
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Figure 2. Food intake and weight gain. SC, sedentary control; SS, sedentary supplementation;
RTC, resistance training control; RTS, resistance training supplementation. 2-way ANOVA

followed by Tukey post hoc test: *p < 0.05 vs. SC; °p < 0.05 vs SS.

Body composition

The abdominal circumference was lower in RTC group than SC group (16.72 + 0.98 vs. 18.27
+0.52 cm, F3,44 =34.14, p = 0.001; ES = 0.437) in week 8 (Fig. 3A). The RTS group (15.83
+ 0.54 cm) presented lower abdominal circumference versus SS group (18.05 £ 0.44 cm)
(F3,44 =70.358, p = 0.001; ES = 0.615) and RTC group (16.71 £ 0.97 cm) (F3,44 = 11.30, p
= 0.002; ES = 0.204) in week 8. The Lee index (Fig. 3B) was higher in SS group (311.62 +
8.67) than in SC group (300.58 + 7.42) (F3,44 = 10.62, p = 0.002; ES = 0.194) and in RTS
group (301.06 = 5.86) (F3,44 = 9.77, p = 0.003; ES = 0.182) in week 1. The RTS group
(296.62 + 7.11) presented lower Lee index compared to SS group (306.24 + 9.88) (F3,44 =
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10.14, p = 0.003; ES = 0.187) and to RTC group (305.83 + 6.47 (F3,44 = 9.29, p = 0.004; ES
= 0.174) in week 4. Similarly, the Lee index in RTS group (298.23 + 5.24) was lower
compared to SS group (309.83 £ 6.54) (F3,44 = 18.21, p = 0.001; ES = 0.293) and to RTC
group (305.59 £7.85) (F3,44 =7.34, p =0.01; ES = 0.143) in week 8.
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Figure 3. Abdominal circumference and Lee index. SC, sedentary control; SS, sedentary
supplementation; RTC, resistance training control; RTS, resistance training supplementation.

p < 0.05 vs. SC; °p < 0.05 vs. SS; °p < 0.05 vs. RTC.

The fat percentage was lower in training groups (RTC and RTS) compared to sedentary
groups (F1,44 = 40.71, p = 0.001; ES = 0.53) (Table 1). Supplemented groups (SS and RTS)
had lower fat percentage than control groups (F1,44 = 6.19, p = 0.01; ES = 0.143). The RTS
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group exhibited lower fat percentage versus RTC group (F1,44 = 7.83, p= 0.03; ES = 0.175).
The percentage of water was higher in training groups (RTC and RTS) than sedentary groups
(F1,44 =73.73, p = 0.001; ES = 0.666). The percentage of residues in RTS group was higher
than in SS group (F1,44 = 25.54, p = 0.001; ES = 0.408).

Table 1. Body composition.

SC SS RTC RTS
Fat (%) 16.44 227 15.69 +3.41 12.68+1.77° 9.58 + 1.97™
Protein (%) 17.87 +0.98 18.85 + 1.95 18.60 + 0.99 18.28 + 1.86
Water (%) 61.38+2.13 60.42 +2.01 63.16 + 3.50° 64.38 +2.47"
Other (%) 431+034 5.04 +0.42 556+0.51 7.76 = 0.36"

SC, sedentary control. SS, sedentary supplemented. RTC, resistance training control. RTS,
resistance training supplemented. Other, residues of mineral and carbohydrate. “p < 0.05 vs.

SC; °p <0.05 vs SS. °p < 0.05 vs RTC.

Gene expression

The gene expression of IL-6 in gastrocnemius muscle (Fig. 4A) was higher in RTS group than
in RTC group (1.16 = 0.23 vs 0.61 + 0.25, F1,44 = 14.749, p = 0.001; ES = 0.251). The
expression of IL-10 (Fig. 4B) did not differ between groups (F1,44 = 0.110, p = 0.92; ES =
0.025), neither did the gene expression of IL-15 (Fig. 4C) (F1,44 = 0.67, p = 0.98; ES
=0.002). The gene expression of FNDC-5 in the soleus muscle (Fig. 4D), was higher in
training groups (RTC and RTS) than in sedentary groups (F1,44 = 35.29, p = 0.001; ES =
0.445). FNDC-5 gene expression was higher in supplemented groups (SS and RTS) than in
control groups (F1,44 = 27.44, p = 0.001; ES = 0.38). The RTS group presented higher
FNDC-5 gene expression than RTC group (3.32 + 1.08 % vs 1.83 + 0.36, F1,44 =35.28, p =
0.001; ES =0.445).
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Figure 4. Gene expression of interleukin and fibronectin type III domain-containing protein 5
in skeletal muscle. SC, sedentary control; SS, sedentary supplementation; RTC, resistance
training control; RTS, resistance training supplementation. IL, interleukin (gastrocnemius
muscle); FNDC-5, fibronectin type III domain-containing protein 5 (soleus muscle). HMB, -
hydroxy B-methylbutyrate; RT, resistance training. “p < 0.05 vs. SC; ®» < 0.05 vs. SS; p <
0.05 vs. RTC.

There was no difference between groups either in IL-6 (Fig. 5SA) (F1,44 = 0.03, p =
0.75; ES = 0.002) or in UCP-1 gene expression (Fig. 5B) (F1,44 = 0.06, p = 0.73; ES = 0.002)
in epididymal WAT.
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Figure 5. Gene expression of interleukin and mitochondrial uncoupling protein 1 in
epididymal adipose tissue. SC, sedentary control; SS, sedentary supplementation; RTC,
resistance training control; RTS, resistance training supplementation. IL, interleukin; UCP-1,

mitochondrial uncoupling protein 1.

Irisin protein concentration

The concentration of irisin in epididymal WAT was higher in training groups (RTC and
RTS), compared to sedentary groups (F1,44 = 7.98, p = 0.007; ES = 0.153) (Fig. 6). The
supplemented groups (SS and RTS) had higher irisin concentration than control groups (F1,44
= 7.10, p = 0.001; ES = 0.139). In addition, the RTS group exhibited higher irisin
concentration versus the RTC group (124.93 + 31.33 ng/mL vs. 98.11 + 19.36 ng/mL, F1, 44
=9.22, p=0.004; ES =0.173).
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Figure 6. Concentration of irisin in epididymal adipose tissue. SC, sedentary control; SS,
sedentary supplementation; RTC, resistance training control; RTS, resistance training

supplementation. °p < 0.05 vs. SC; °p < 0.05 vs. SS; °p < 0.05 vs. RTC.

Plasma lipid profile

Plasma concentration of VLDL-c was lower in training groups (RTC and RTS), compared to
sedentary groups (F1,44 = 130.72, p = 0.001; ES = 0.748) (Table 2). The supplemented
groups (SS and RTS) had lower plasma VLDL-c concentration than control groups (F1,44 =
7.99, p = 0.007; ES = 0.154). Plasma non-HDL-c concentration was lower in training groups
(RTC and RTS) than in sedentary groups (F1,44 = 32.98, p = 0.001; ES = 0.428). Plasma
concentration of triglycerides was lower in training groups (RTC and RTS), compared to
sedentary groups (F1,44 = 130.72, p = 0.001; ES = 0.748). The supplemented groups (SS and
RTS) exhibited lower plasma triglycerides concentration than control groups (F1,44 =7.99, p
= 0.007; ES = 0.154). Plasma total cholesterol was lower in training groups (RTC and RTS)
than in sedentary groups (F1,44 = 81.44, p = 0.001; ES = 0.649).



Table 2. Plasma lipid profile.

54

SC SS RTC RTS
LDL-c (mg/dL) 38.88 £8.41 38.50+7.09 36.00 £4.20 37.18 £6.36
HDL-c (mg/dL) 4525 +£3.98 4491 £5.28 4383 +£4.21 44.00 £3.90
VLDL-c (mg/dL) 25.00+£3.68  24.00+1.66 17.80+£2.68°  14.80+ 1.65"
Non-HDL-c (mg/dL) 63.90+£7.55  62.50+574 5380443  52.00+6.67
Triglycerides (mg/dL) 125.16 + 18.37 120.00+8.31 89.16+ 11.89°  74.08 + 8.22"
Total cholesterol (mg/dL) 109.16 £5.52 107.41 +£3.80 97.66 +3.33" 96.00 + 4.60"

LDL-c, low-density lipoprotein cholesterol. HDL-c, high-density lipoprotein cholesterol.
VLDL-c very low-density lipoprotein cholesterol SC, sedentary control. SS, sedentary
supplemented. RTC, resistance training control. RTS, resistance training supplemented. p <

0.05 vs SC; °p < 0.05 vs SS; p < 0.05 vs RTC.

DISCUSSION

The present study demonstrated that RT improved body composition by reducing the Lee
index, abdominal circumference and body fat, with no change in mass protein. Moreover,
despite no isolated effect of CaHMB supplementation on body composition, combining
CaHMB with RT amplified the effects of RT on body composition. It is important to consider
here trained animals experienced similar food intake and weight gain over the experimental
period. Thus, our results suggest that CaHMB supplementation magnifies the effect of RT on
body fat reduction. It is noteworthy that RT animals presented lower food intake and hence
weight gain than sedentary ones. It is conceivable that RT has diminished the animals’
appetite by affecting hormones such as acylated ghrelin, leptin and peptide tyrosine tyrosine
(PYY) [45].

We further assessed the synergistic effect of RT and CaHMB on cytokines related to
fat metabolism in skeletal muscle and adipose tissue. It is important to point out that cytokine
expression has been reported to be different between gastrocnemius and soleus muscles [46].
Furthermore, the secretion of FNDC-5 is around 40 % higher in slow-oxidative fiber-type
muscle (i.e. soleus) than in fast-glycolytic fiber-type muscle (i.e. gastrocnemius) [47]. Even
though the combination of RT with CaHMB supplementation reduced body fat, gene
expression of IL-10 and IL-15 in gastrocnemius muscle, and of IL-6 and UCP-1 in WAT was
not altered by treatments. However, the combined treatments increased the gene expression of

IL-6 in gastrocnemius, FNDC-5 in soleus muscles, and irisin concentration in WAT. RT has
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been reported to increase FNDC-5, irisin and UCP-1 [5,48], and HMB has been suggested to
increase lipid oxidation in adipose tissue via increase in the gene and protein expression of
hormone-sensitive lipase [49], mitochondrial biogenesis [25] and activation of the PGC-1la
[31,32]. Additionally, HMB associated with polyphenols was suggested to activate sirtuin
signaling and FNDC-5/irisin pathway, resulting in significant increases in fatty acid oxidation
in adipocytes and myotubes [26].

In this context, the results of this study indicate that CaHMB supplementation
amplifies the effect of RT on body fat reduction by activating FNDC-5/irisin pathway related
thermogenesis in WAT. Although eccentric RT associated with HMB free acid increased the
serum irisin levels in rats [32], our study is the first to demonstrate reduction in body fat in
response to RT associated with CaHMB linked to activation of the FNDC-5/irisin pathway.

Our data showed no increase in UCP-1 gene expression in WAT. Although Bostrom et
al. [50] reported that irisin reduced body fat via increasing the expression of UCP-1 in adipose
tissue, Norheim et al. [51] demonstrated that UCP-1 mRNA did not correlate with gene
expression of FNDC-5 in skeletal muscle, adipose tissue and serum irisin levels in response to
endurance and resistance exercise training. In this sense, it is conceivable that irisin may act
on WAT by increasing energy expenditure, fatty acids oxidation and thermogenesis through
other mechanisms beyond UCP-1 activity. Indeed, we observed increased FNDC-5 gene
expression in soleus muscle and irisin expression in WAT along with the reduction in body
fat. Other studies have reported effects of irisin on body fat reduction through other
mechanisms, such as improved glucose tolerance and lipid oxidation via phophorylation of
AMP-activated protein kinase (AMPK) and acetyl-CoA-carboxylase [52,53]. Therefore, our
results suggest an alternative effect of CaHMB supplementation on WAT metabolism.

The RT model used here augmented the maximal strength in trained animals,
independent of CaHMB. Such increase in strength observed here is probably due to
neuromuscular adaptations to the exercise [54,55], inasmuch as no change in protein was
observed in these animals as a result of RT. Aligned with such absence of effect on protein
mass, our results also showed no effect of treatments on the gene expression of IL-10 and IL-
15 in gastrocnemius muscle, although the treatments increased the gene expression of IL-6.

Finally, alongside the reduction in body fat, the applied RT reduced the plasma
concentrations of VLDL-c, non-HDL-c, triglycerides and total cholesterol. Like in body fat,
the combination of CaHMB with RT amplified the effects of RT on plasma lipid profile, since
VLDL-c and triglycerides concentrations were ~ 17 % greater in RTS than in RTC group. RT

is reported to reduce serum triglycerides and total cholesterol [56,57], mainly due to
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stimulation of lipid metabolism via reduction of free fatty acid synthesis and increase in lipid
oxidation [5] in the liver. The CaHMB supplementation also was efficient in reducing serum
triglycerides in resistance trained individuals [58].

This study has a limitation. We evaluated the gene expression of cytokines and irisin
concentration only in specific tissues with high activities of these cytokines. We believe that
evaluation of IL-6, IL-10, IL-15, FNDC-5 and irisin in different muscles and adipose tissues
could generate more on this issue. Despite that, the findings presented here are of clinical
relevance and have practical implications since it reinforces the usefulness of combining

CaHMB supplementation and RT to promote attributes associated with good health.

CONCLUSIONS

The supplementation with CaHMB improved the benefits of RT on reducing body
fat and was associated with increased muscular genic expression of IL-6 and
FNDC-5, and irisin concentration in WAT, despite no change in body protein and

strength.
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4. LIMITACOES DO ESTUDO

Esse estudo com modelo animal forneceu evidéncias sobre a eficidcia da combinacao
do TR com a suplementacio com CaHMB na redu¢do da gordura corporal, melhora do perfil
lipidico e sobre o envolvimento de uma importante via de sinalizac¢do celular relacionada ao
metabolismo lipidico. Assim, estes resultados possuem relevancia clinica e implica¢des
praticas, pois apontam beneficios de combinar TR com suplementacdo com CaHMB em prol
de atributos relacionados a satide como redug¢do da gordura corporal e melhora do perfil
lipidico.

Apesar da relevancia, os achados deste estudo devem ser analisados com cautela, pois
existem limitagdes: primeiro, foi avaliada expressdo génica de citocinas e concentracdo de
irisina apenas em tecidos especificos com alta atividade destas moléculas. Possivelmente, a
avaliacdo de todas as citocinas (IL-6, IL-10, IL-15, FNDC-5 e irisina) em diferentes tipos de
fibras musculares (tipo I, tipo IIa e tipo IIb) e por¢des do tecido adiposo (subcutineo, inguinal
e retroperitonial) geraria mais informacdes sobre seus efeitos sist€émicos nos animais desse
estudo; e segundo, as amostras para estas andlises foram coletadas logo apds uma sessdo de
TR. Os tempos para as citocinas analisadas alcangarem o pico de concentracdo no musculo e
no TAB sdo diferentes. Dessa forma, outras informacdes importantes poderiam ser obtidas

com coletas de amostras em tempos distintos apds a sessdo de TR.
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5. CONCLUSOES GERAIS

Com base nos resultados da revisao de literatura, as vias de sinalizacdes celulares da
AMPK, do PGCI1- a, da FNDC-5/irisina e das sirtuinas sio determinantes no controle do
metabolismo lipidico por estarem relacionadas ao aumento da termogénese do tecido adiposo
e/ou biogé€nese mitocondrial e, consequentemente, do emagrecimento e de melhoras de
parametros de sadde. Todavia, apesar das evidéncias que a suplementagdo com CaHMB
associada ao TR pode reduzir gordura corporal e aumentar massa corporal magra, as vias de
sinalizacdo do metabolismo lipidico envolvidas ainda ndo estdo bem esclarecidas, o que
estimula novas investigagdes, especialmente sobre AMPK, PGC1- a, irisina e sirtuinas.

De acordo com os resultados do estudo original, o TR aumentou a forca muscular,
melhorou o perfil lipidico e a composi¢do corporal ao reduzir a gordura corporal, com
possivel envolvimento da via FNDC-5/irisina no TAB, mas ndo alterou a massa magra. A
suplementacdo com CaHMB, quando associada ao TR, potencializou os beneficios do TR
sobre o perfil lipidico, a composi¢do corporal e o metabolismo do TAB, em associacdo com
aumento da expressdo génica de IL-6 e FNDC-5 muscular e da concentracdo de irisina no
TAB, apesar de ndo ter afetado a massa magra e a forca muscular. Desta forma, os resultados

confirmaram parcialmente a hipétese do estudo.
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6. APENDICES

Analise de esteatose hepatica

Apés eutandsia, foram coletados fragmentos do figado, que foram fixados em
formalina a 10% por 24 horas. Em seguida, os fragmentos foram desidratados em etanol,
clarificados em xilol e embebidos em parafina. Os blocos foram seccionados transversalmente
em cortes histolégicos de 4 um de espessura e posteriormente corados com hematoxilina-
eosina (H & E) e montados em 1aminas de histologia. Para evitar andlises repetidas da mesma
area histoldgica, as se¢des foram avaliadas em semi-séries, usando uma de cada 10 seccdes.
As laminas foram visualizadas e as imagens capturadas usando um microscopio de luz
(Olympus AX-70, Téquio, Japao) conectado a uma camera digital (Olympus Q Color-3,
Toéquio, Japao).

As andlises semiquantitativas das esteatoses micro e macrovesiculares, além do grau
de inflamacgdo verificado pelas células de Kupffer, foram realizadas com a contagem dos
quadrantes (grade com 266 intersecdes) em que houve presenga desses tipos de esteatoses
utilizando-se o software Image-Pro-Plus 4.5 (Media Cybernetics, Silver Spring, MD, USA).
Foram usadas 12 imagens aleatérias de cada animal. Os resultados foram interpretados de
acordo com os critérios estabelecidos por Brunt et al. (1). Os graus de esteatose vesicular
foram categorizados como: O(ausente) 1; (< 10%); 2(10-33%); 3 (33-66%); e (4 > 66%).

Os resultados sdo apresentados na Figura 1. Nao houve diferenca estatistica (p > 0.05)
entre os grupos para o grau de esteatose hepdtica. Aproximadamente 91.2% dos grupos
apresentaram grau 0 (SC - 81.7%, SS - 91.6%, RTC - 98.3% e RTS - 93.3%), grau 1 ~ 5.4%
(SC - 8.3%, SS —5.0%, RTC — 1.7% e RTS — 6.7%), grau 2 ~ 2.1% (SC — 6.6%, SS — 1.8%,
RTC e RTS - 0%), grau 3 ~ 1.2% (SC —3.3%, SS — 1.7%, RTC e RTS - 0%) e grau 4 nenhum
grupo. Pode-se observar também que a dose usada nesse experimento € segura, pois no causa

esteatose hepadtica.
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Figura 1. Esteatose hepdtica. (A) Fotomicrografia representativa de laminas histolégicas do
figado dos animais. (B) Grau de esteatose. SC, sedentdrio controle; SS, sedentdrio
suplementado; RTC, treinamento resistido controle; RTS, treinamento resistido
suplementagdo. Valores (média de 60 imagens por grupo). ANOVA de uma entrada, seguida

do teste post hoc de Tukey.
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7. ANEXOS

Anexo 1 — Aprovacao do comité de ética

MINISTERIO DA EDUCAGAO

UNIVERSIDADE FEDERAL DE VICOSA

COMISSAO DE ETICA NO USO DE ANIMAIS - CEUA
Campus Universitario - Vigosa, MG - 36570-000 - Telefone: (31) 3899-3783

Vigosa, 08 de junho de 2016

Ilmo. Prof.
Anténio José Natali

Coordenador do projeto
DES/UFV

Sr. Coordenador,

Apoés avaliagdo da Metodologia utilizada no Projeto de Pesquisa intitulado
“Efeitos cronicos da suplementag@o com beta-hidroxi beta-metilbutirato (HMB) e do
treinamento resistido nos marcadores inflamatdrios e composi¢do corporal de ratos
wistar ”, aqui nomeado Processo 28/2016, a CEUA/UFV emite parecer favoravel ao
protocolo de utilizagdo de animais proposto, tendo como base para analise a Legislagdo
vigente (Lei N° 11.794, de 08 de outubro de 2008), as Resolugdes Normativas editadas
pelo CONCEA/MCTI, bem como a DBCA (Diretriz Brasileira de Pratica para o
Cuidado e a Utilizagéio de Animais para Fins Cientificos e Didaticos) e as Diretrizes da
Pratica de Eutanasia preconizadas pelo CONCEA/MCTI.

Acresce a esse Parecer a exigéncia de Relatorio Final de Atividades conforme
itens a seguir:

RESUMOQ DOS RESULTADOS FINAIS OBTIDOS A PARTIR DOS EXPERIMENTOS ENVOLVENDO A
UTILIZACAQ DE ANIMAIS NO PROJETO DE PESQUISA

1 Numero do protocolo de submissdo do projeto de pesquisa 8 CEUA/UFV:

2 Metodologia completa obrigatoriamente com:
- Local (is) Geral (is) e especifico (s) oficial (is) onde ocorreu a experimentago;
- O nome cientifico do animal em questo,
- Numero total de animais utilizados na pesquisa.

3 Resultados:

4 Nome do Coordenador do Projeto:
Assinatura:

5 Nome do Responsavel Técnico:
Assinatura:
Inscricdo e

Prof’. Atima Clemente Alves Zu
Presidente
Comissdo de Etica no Uso de Animais — CEUA/UFV



Anexo 2 — Doacao do suplemento

Material Transfer Agreement

This Agreement, made and entered into this ) 0 day of 0Q, 2017 (hereinafter referred to as the

“Effective Date”) by and between Metabolic Technologies, Inc., having its principal address at 2711

South Loop Drive, Suite 4400, Ames, lowa 50010 (hereinafter referred to as “Provider”) and QM:[Q NIO

Vo056 NATALL , having its principal address at_ DE PAR TME AT OF
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PHY Sl EDUCP\TsoM FEDE Rl UMVERG|ITY OF Vicosn , 36.590- \IlCoC,A MG, BREZIL

(hereinafter referred to as ”Reaplent”) {coliectively the “Parties”),

WITNESSETH:

WHEREAS, Provider has developed a material known as Calcium Beta-hydroxy-Beta-

methylbutyrate (CaHMB) (“Material”),

WHEREAS, Recipient desires Material for the purpose of internal research in the nature of

testing and development efforts and Provider is willing to provide Material to Recipient for this purpose.

#2297567

THEREFORE, for and in consideration of the mutual understandings by the Parties, it is hereby
agreed:

1. The Material is the confidential and proprietary property of Provider and is to be used by

Recipient solely for internal research in the nature of testing and development efforts at
Recipient’s facilities. Recipient shall not reverse engineer or analyze the Material by any
means for its physical and chemical properties without the express written authorization of
Provider. No further license or permission is granted by Provider, and all other rights in the
Material are expressly withheld. Provider shall be free, in its sole discretion, to distribute
the Material to others and to use it for its own purposes.

All disclosures of and related to the Material by Provider to Recipient shall be considered
proprietary and confidential. Recipient shall not transfer the Material to anyone or use the
Material for any purpose other than for the purposes stated in this Agreement. Recipient
shall treat the Material and any disclosure related thereto with the same degree of care as
Recipient accords to its own proprietary and confidential material but no less than
reasonable care,

Provider retains ownership of the Material and Recipient agrees that nothing herein shall be
deemed to grant to Recipient any rights to use the Material for any products or processes
for profit-making or commercial purposes. Recipient acknowledges that the Material is or
may be the subject of a patent application{s). No express or implied licenses or other rights
are provided to the Recipient under any patents, patent applications, trade secrets or other
proprietary rights of the Provider, including any altered forms of the Material made by the
Provider. The Material will not be used in research that is subject to consulting or licensing
obligations of Recipient to another individual, institution or business entity unless prior



written permission is obtained from Fiovider. At the request of Provider, Recipient will
return all unused Material.

Recipient acknowledges and understarnis that any invention or discovery made by Recipient
while using the Material which is or miy be patentable (“Inventions”), and any substance
made by Recipient which containsfincciporates the Material (“Modifications”) shall be the
sole property of Provider, and Recipient shall promptly disclose any such Invention or
Modification to Provider and agrees to assist and cooperate with Provider in any efforts to
protect the intellectual property righis therein. No express or implied licenses or other
rights are provided to use the Material, Modifications or any related patents of the Provider
for commercial purposes.

Any Material delivered pursuant to this Agreement is understood to be experimental in
nature and may have hazardous proparties. NOTHING IN THIS AGREEMENT SHALL BE
DEEMED TO BE A REPRESENTATION OR WARRANTY BY PROVIDER OF THE ACCURACY,
SAFETY, OR USEFULNESS FOR ANY PI,RPOSE OF THE MATERIAL AT ANY TIME MADE
AVAILABLE BY PROVIDER. The Material is provided WITHOUT WARRANTY OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE OR ANY OTHER WARRANTY,
EXPRESS OR IMPLIED. PROVIDER MAKES NO REPRESENTATION OR WARRANTY THAT THE
USE OF THE MATERIAL WILL NOT INFR:NGE ANY PATENT OR OTHER PROPRIETARY RIGHT.
Neither Provider nor any affiliated comy-any shall have any liability whatsoever to Recipient
or any other person for or on account of any injury, loss, claim or damage of any kind or
nature sustained by, or any damage assessed or asserted against, or any other liability
incurred by or imposed upon Recipient or any other person, arising out of or in connection
with or resulting from the use of any Material.

Recipient may not publish any information relating to the Material, Inventions,
Modifications, or the work performed :.nder this Agreement without the express written
consent of Provider.

Recipient will use the Material in compliance with all laws, governmental regulations and
guidelines applicable to the Material, ir.:luding Public Health Service and National institutes
of Health regulations and guidelines such as, for example, those relating to research
involving the use of animals or recombinant DNA. Except to the extent t;rohibited by law,
the Recipient assumes all liability for ~amages which may arise from its use, storage or
disposal of the Material.

This Agreement will terminate on the earliest of the following dates: (a) on completion of
the Recipient’s current research with the Material, or (b) on thirty (30) days written notice
by either party to the other. This Agreament shall be terminable by Provider upon any
material breach of the Agreement by Recipient. The provisions of this Agreement that
contain rights and obligations that would naturally extend beyond the term of this
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Agreement shall survive termination. Upon termination or expiration of this Agreement,
the Recipient will discontinue its use of the Material and will, upon direction of the Provider,
return or destroy any remaining Material.

This Agreement is not assignable, whether by operation of law or otherwise, without the
prior written consent of Provider.

This Agreement shall be governed by and construed in accordance with the laws of the State
of lowa and any action brought to enfcrce any provision or obligation hereunder shall be
brought in a court of competent jurisdiction in the State of lowa.

. This Agreement represents the total understanding between the Parties and supersedes any

and all other understandings or agreements. Should any part of this Agreement be found

unenforceable, the remaining provisions of the Agreement shall remain in full force and
effect.

IN WITNESS WHEREOF, the Parties have caused this Agreement to be executed by their
respective authorized representatives.

BY:Z/’—- / ; )7
/ &

4 s
Printed Name:, Sﬁww@mﬁﬁ_ Printed Name:_J:0m 00 & T wATAL
Title: C..0 .45, Tide: P %H. D

Date:

Llln [_;z(,n pate L O FEBRUARY 2013
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JULIANO GUEDES, Maria do Carmo Peluzio, John Rathmacher, Tiago Leal, Miguel
Carneiro Junior, Diego de Carvalho, Leandro de Oliveira, Antdnio Natali
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BIOLSPORT-01450-2019-03

B-HYDROXY B -METHYLBUTYRATE SUPPLEMENTATION BENEFITS THE
EFFECTS OF RESISTANCE TRAINING ON BODY FAT REDUCTION VIA
INCREASED IRISIN EXPRESSION IN WHITE ADIPOSE TISSUE

Dear Prof. JULIANO GUEDES,

| am pleased to inform you that your manuscript, entitled: B-HYDROXY B
-METHYLBUTYRATE SUPPLEMENTATION BEENEFITS THE EFFECTS OF
RESISTANCE TRAINING ON BODY FAT REDUCTION VIA INCREASED IRISIN
EXPRESSION IN WHITE ADIPOSE TISSUE, has been finally accepted for
publication in our journal.

Thank you for submitting your work to us.

Piotr Zmijewski, PhD
Editor-in-Chief

Biology of Sport

Institute of Sport in Warsaw, Poland



