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RESUMO

A obesidade € um dos fendmenos epidemiologicos da atualidade. Responsdvel pelo
desenvolvimento das doengas cronico metabdlicas. E, além disso, € caracterizada pelo aumento
exacerbado do tecido adiposo. E uma maneira possivel de diminuir os efeitos deletérios do acimulo
exacerbado de tecido adiposo é o aumento do processo de termogénese, que estd relacionado ao
aumento da atividade da uncoupling protein-1 (UCP1). Assim, o presente estudo tem como objetivo
investigar a influéncia do treinamento de forca de curto duracdo (TFCD) nos processos de lipdlise,
lipogénese e begeamento do tecido adiposo subcutaneo (TAs) de camundongos obesos. Para isso,
foram utilizados camundongos swiss, divididos em trés grupos: controle magro (CT), obeso
sedentdrio (OBS) e obeso exercicio de forca (OBexT). Como desenho experimental, os animais do
grupo obeso treinado foram submetidos a sete sessdes de exercicios de for¢a. De forma interessante,
os resultados demonstraram que sete sessdes de exercicio de forca foram capazes de aumentar a
sensibilidade a insulina e reduzir a glicemia em jejum sem reduzir o peso corporal. No TAs, foi
demonstrado que o TFCD ndo aumentou os niveis de proteinas responséveis pela lipdlise, ABHDS5
e PLINI. Por outro lado, demonstramos que o TFCD diminuiu a expressdo de SCDI1. Ainda,
pudemos observar que TFCD foi capaz de diminuir os niveis do perfil de acidos graxos de cadeia
longa, 4cido graxo saturado e 4cido graxo palmitico (C16:0) no TAs. Por fim, nosso estudo
demonstrou que o treino de forca aumentou os genes relacionados ao processo de begeamento,
PRDM16 e UCPI. E importante ressaltar que todos esses mecanismos biomoleculares foram
observados independentemente das alteracdes no peso corporal dos animais. Assim, concluimos que

o TFCD pode ser uma estratégia eficaz para os processos de begeamento do TAs.

Palavras-chave: Begeamento; exercicio de forca; obesidade; lipogénese; tecido adiposo
subcutaneo.



ABSTRACT

Obesity is a disease characterized by the exacerbated increase of the adipose tissue. A possible way
to decrease the harmful effects of the excessive adipose tissue is to increase the thermogenesis
process, which is related to the increased activity of UCP1. Thus, the present study aims to
investigate the influence of short-term strength training (STST) on fatty acid composition, lipolysis,
lipogenesis and browning processes in the subcutaneous adipose tissue (sWAT) of obese mice. For
this, Swiss mice were, divided into three groups: lean control (CT), obesity sedentary (OBS) and
obese strength exercise (OBexT). Obese animals were fed a high-fat diet. Trained obese animals
were submitted to seven strength exercise sessions. It was demonstrated that seven strength exercise
sessions were able to reduce fasting glycemia. In the sSWAT, the STST was able to decrease the
levels of the long-chain fatty acids profile, saturated fatty acid, and palmitic fatty acid (C16:0).
Moreover, it was showed that STST did not increase protein levels responsible for lipolysis, the
ABHDS, and PLINI. On the other hand, the exercise protocol decreased the expression of the
lipogenic enzyme, SCDI. Finally, our study demonstrated that the STST increased genes-related
browning process such as PRDM16 and UCP1 in the sWAT. Interestingly, all these biomolecular
mechanisms have been observed independently of changes in body weight. Therefore, it is
concluded that short-term of strength exercise can be an effective strategy to initiate morphological
changes and the browning process in sSWAT.

Keywords: Browning; strength exercise; obesity; lipogenesis; subcutaneous adipose tissue.



LISTA DE TABELAS

Tabela 1 - Genes e sequéncia de primers utilizado para avaliar o tecido adiposo subcutaneo



LISTA DE FIGURAS

Figura 1 - Teste fISIOIOZICO. ... .coutiiiiiiiiiiiieieeitctece ettt ettt 29
Figura 2 - Resultados da anélise por eSpectrofOtOMELIO.......cccueieriieeriieeniieeiiie et 30
Figura 3 - Resultados da andlise por cromatografia dos 4cidOS graxos........cccceevvueeueeniersieeneeeieene 31
Figura 4 - Resultados da andlise proteica da via da lipOliSe..........cccueereiriiiiniiniiiiiiiieniceceeceeen 32
Figura 5 - Resultados da andlise proteica da via da lipOZENese. .......ccccueeevuvierriieiniieeniieeeiieeeieeee 33
Figura 6 - Resultados da andlise proteica e génica da via do begeamento..........c.cccceceeevienienneennnen. 34
Figura 7 - Desenho eXperimental...........ccocuiiiriiiiiiieiiieeeiieeeiteeeite ettt ettt e st esiae e 41

Figura 8 - Conclusao dos reSultadOs. ........eevuieiiiiiiiiiiieiiieeiteeete et 55



ABREVIATURAS

| 1Y U S Diabetes mellitus tipo II
DOV ettt ettt e e e e s es Doencas cardiovasculares
TAB ..o e et e e e e e e be e e e ae e e nreeeanree s Tecido adiposo branco
N USSR Tecido adiposo subcutaneo
TAM ..ottt ettt e ettt e st e e e e e ea Tecido adiposo marrom
TN -0ttt ettt st Fator de necrose tumoral-a
TElrB ettt et ettt et n e nanes Interleucina-6
0 I 1 T USSP RRRPPRRRRUPRNt Interleucina-1beta
INFIKB ..ttt ettt e e Nuclear factor kappa B
TN K et ettt e c-Jun N-terminal kinase
T K ettt et e bt et e b e e et e e bt e e it e e bt e e it e e bt e sat e e bt e e b e e nteenteas Ixb kinase
T ettt ettt ettt e b e st e bt et e h e et esh e et esbe e et eenareeane Controle
OB Sttt sttt et et aee Obeso sedentério
0] 2755 ¢ LR UOUPRRSPPSPR Obeso exercicio de forca
HED .. ettt e sttt e et e e et e e s be e e e tb e e et e e bt e e eabee s High fat diet
MVCC ... Mixima carga de carregamento voluntario
TECD....oiieeeee e e Treinamento de for¢a de curta duragdo
HDL...ceceee e et ettt e st et s High density lipoprotein

| ) D) OSSO PP PPORUPPOROPPRRUPRRRNt Low density lipoprotein
GLUTA ...ttt et s e e sbee e snbaeenaneeenes Transportador de glicose tipo 4
|8 = PP OSUR PP Uncoupling proteinl
ABHDS ... e Abhydrolase domain containing 5
PLIIN L.ttt e et e et e ettt e et e e s st e e essteesnsteesasaeensbeeennseeennseeenseens Perilipin 1
ATGL e e e Adipose triglyceride lipase
H L et Hormone sensitive lipase
N G B SRS UPRRRPSR Stearoyl-CoA desaturase 1
ACC ..t st Acetyl-CoA carboxylase
AMPK ..o Adenosine monophosphate-activated protein kinase

PPARY..cooiiieieeeee e Peroxisome proliferator-activated receptor gamma



PRDMIO......oiiiiiiieeee ettt ettt e PR-domain containing 16

PGC-10eiiiiiiiiiiieeieeeieeeee e Peroxisome proliferator-activated receptor-gamma co-ativador
R ettt et e et e st e et e st e e s bt e e sabteesabeeeeaaeeeas Insulin receptor
TRS T/ 2. ettt et e e et e e e Insulin receptor substrate 1/2
AMP .o ettt adenosina monofosfato
ADP ..ottt ettt adenosina difosfato
ATttt b ettt ettt b e st be e st enbee e adenosina trifosfato
STRT ettt ettt et e s bt et e bt et e bt e et esb et s beesabeesbeeeaneenaeeeneenaneean Sirtuinl
MGttt ettt e ettt e e Monoacylglycerol lipase
ALCL ettt ettt sttt e b e e e Acylglcyerol lipase
NADPH.....cootiiiiiie e Nicotinamida adenina dinucleotido fosfato
Ottt ettt ettt ettt et e e e Didxido de carbono

H2O et et e e Monéxido de dihidrogénio



SUMARIO

1. INTRODUGAO ...t 16
1.1 A obesidade e comorbidades assoCiadas ..........cceeruiriiieniiiiiienieeieee e 16
1.2 O processo inflamatorio e o tecido adipOSO SUDCULANEO ........eeeeevveeeriieeeiiieerieeeieeeeeeeieeeeans 17
1.3 Lipdlise e lipogénese do tecid0 adiPOS0 .....cueeeriieiiiiieriieeiiie ettt 17
1.4 As influéncias do exercicio fisico no tecido adipOSO ......ccceeevviieriiiiiriiieiniie et 18

1.5 O begeamento do tecido adipOSO BIANCO ........ceeuiiiiiiriiiiiiieeiieie ettt 20

1.6 O exercicio e 0 begeamento do adipOSO Branco ...........ccceveeiiiiniiiiieniiiieieeeeeeee e 20
2. JUSTIFICATIVA ..ottt sttt ettt st 21

3. HIPOTESE ......oooooomiiiiimeeeiesieee it sessss sttt 23
Q. OBJETIVO ...ttt ettt ettt et et esa et e eneesstenbeentesseenseensennean 24
5. RESULTADOS ...ttt ettt et st e bt et e s st et e ente s et e seenseenaenseensesneanseenees 25
5.1 Trabalho de mestrado 01 ........cooiiiiiiiiiiieieee et 25
6. DISCUSSAD ......coveriimriiieeiiesiiee st 47
7. CONCLUSAQ ...ttt sttt 54
8. REFERENCIAS .......oooovomiiiimriiieeeeiee e ees st 55
APENDICE ......ccooooooiiiieeei ettt 67
APENDICE 1: Certificagdo de curso em manipulagio animal ...............cceveeveveevereeveuerereeeneneen. 67

APENDICE 2: Aprovacio comité de ética de uso animal (CEUA) ..........cocovvvveevrverereeresrrrnnnn. 68



16

1. INTRODUCAO
1.1 A OBESIDADE E COMORBIDADES ASSOCIADAS
Atualmente, a obesidade afeta diferentes populacdes em todo o mundo ultrapassando 1bilhdao de
pessoas acometidas pela doenca!?. Os niimeros também sdo preocupantes quando se trata de
criangas entre 0 a 5 anos que passaram de 32 milhdes em 1990 para 41 milhdes no nimero de casos
registrados em quadro de sobrepeso e obesidade em 2016>*. Sabe-se que a obesidade é decorrente
de uma m4 alimentacio e do consumo exacerbado de alimentos ricos em gordura trans®. E com o
consumo sendo maior do que o gasto calérico ocorre a hipertrofia das células adiposas®. Esse
aumento exacerbado promove o colapso dos sistemas arterial, muscular, hepatico e adiposo.
Culminando no desenvolvimento de doencas tais como: hipertensao, cancer, doencas metabolicas,

doenca cardiovascular (DCV) e o Diabetes Mellitus tipo II (DM2).

As doencas cardiovasculares representam cerca de 17 milhdes de mortes ao ano segundo a
Organizag¢io Mundial de Sadde®. E cerca de 5% das causas de morte estdo relacionadas diretamente
com o sobrepeso e a obesidade®. A OMS classifica as doencas cardiovasculares em diferentes
grupos, que englobam as doencas corondrias, cerebrovascular, problemas congénitos, doencgas
arterial periférica, trombose e embolia pulmonar’. E a obesidade de forma cronica é um fator

N 2110 .
preponderante para elevar esses agravamentos a sadde'”. Sendo a principal causa do

desenvolvimento da falha cardiaca e fibrilacdo atrial'

. Além disso, podendo causar danos por
ruptura ou formacgdo de codgulos nas artérias do coragdo, devido ao aumento de dcidos graxos livres

na circulacdo sanguinea e decorrente do aumento no processo inflamatério!!.

Além das doencgas desenvolvidas a nivel macro, o desenvolvimento das doengas associadas a
obesidade deve-se a grandes alteracdes moleculares ocorridas em decorréncia do aumento gradativo
da massa adiposa'?. Assim, as doencas metabdlicas vem apresentando aumento gradual ao longo
dos anos'®. Diferentes estudos demonstram os efeitos deletérios ao sistema circulatério e cardiaco
causado pelo aumento exacerbado da liberacdo de citocinas pro-inflamatorias, levando ao
desenvolvimento das doencas autoimunes'>!'#. Nesse contexto, o tecido adiposo branco (TAB) é um
importante 6rgdo enddcrino responsavel pela liberacdo de hormodnios e de citocinas pré e anti-
inflamatérias®’. E ao se encontrar em um estado inflamatério agudo, o TAB é capaz de secretar
elevados niveis de citocinas pré-inflamatorias na corrente sanguinea, sendo elas: TNF-a, IL-6 e IL-
1B'5. Esse fendmeno ocasiona o processo de quimiotaxia no tecido adiposo, promovendo a
infiltracdo de macréfagos tipo M1 proporcionando o aumento da liberacdo de adipocinas pro-
inflamatdrias'®. Ao se estender de forma cronica, respostas moleculares prejudiciais atingem outras

células, além do adipdcito, conduzindo a um dos principais efeitos deletérios para o sistema celular,
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a reducdo da comunicacdo entre insulina e seu receptor de membrana'’. Essa reducio, faz com que
as proteinas downstream da via da insulina parem de exercer seu papel de ativacdo do translocador
de vesiculas que contém o transportador de glicose, GLUT4, para a membrana celular reduzindo a

captagio de glicose para a célula'®.

1.2 0 PROCESSO INFLAMATORIO E O TECIDO ADIPOSO SUBCUTANEO

Ap6s a diferenciacdo de macréfagos, estes passam pelo processo de polarizagdo infiltrando-se no
tecido adiposo!®. Em seguida, ocorre o aumento e a sinalizacdo de adipocinas pré-inflamatérias
(TNF-a, IL-1B, IL-6), que sao responsaveis pela maior transcri¢ao do fator nuclear-kB (NFkB), esse
aumento proporciona uma maior ativacio das proteinas JNK e IKK no interior da célula adiposa'®.
Ao serem ativadas, JNK e IKK atuam promovendo maior sinalizacdo para transcricdo de NF«kB, e
com isso, ocorre o aumento do processo inflamatdrio local, que ird resultar na menor propagagao de

sinal da via da insulina??!

. Como resposta ao aumento do processo inflamatério e bloqueio da
sinalizacdo da insulina, uma maior atividade da via da lipdlise ocorre no tecido adiposo?. E esse
processo quando elevado, resulta na maior liberacio de 4cidos graxos livres, promovendo a
resisténcia periférica i insulina em outros tecidos (como misculo e figado)?’. Além de prejudicar a
interacdo do hormonio insulina com o seu receptor (IR) e seu substrato (IRS1/2)%%. O bloqueio na
sinalizacdo resulta na diminuicdio da ativacdo da vesicula transportadora de glicose (GLUT-4)%.
Com a menor sinalizacdo de GLUT4, menor serd a captacdo de glicose para o meio interno da

célula adiposa, diminuindo func¢des essenciais a manutencdo do tecido adiposo, como a

sobrevivéncia e o crescimento celular®.

Esse fendmeno ocorre devido a fosforilagdo de IRS-1 no seu residuo serina, que € mediado pela
maior ativagdo de NF«xB, essa acdo resulta na menor interacido entre insulina e seu receptor de
membrana®’. Para que esse processo ocorra, é necessdrio o recrutamento de Ixb (IKK), responsavel
por atuar tanto na translocacdo de NFxB para o nucleo quanto auxiliando na fosforilacdo do
receptor de insulina®®. Com o aumento gradual do processo inflamatério, maior serd a ativacdo de
IKK exercendo seu papel carreando mais NFkB para atuar na transcricdo de proteinas
inflamatérias®’. Esse fator é preponderante para o aumento da glicemia sérica’®. E o aumento de
glicose sanguinea ocasiona no aumento da producio e secrecdo de insulina com o objetivo de

aumentar a captacdo de glicose pela célula®.
1.3 LIPOLISE E LIPOGENESE DO TECIDO ADIPOSO

O processo que envolve a lipdlise do TAs € complexo e depende da sincronia de diferentes

enzimas. E a proteina responsdvel pelo comeco da sinalizacio é a AMPK?. Iniciando o processo
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que ird gerar a quebra de 4cidos graxos no tecido adiposo®!. Entio, ao ser fosforilada, a AMPK ativa
outras duas proteinas lipases, a hormone sensitive lipase (HSL) e a adipose triglyceride lipase
(ATGL)*. Com a ativacio de HSL e ATGL, ocorre, também, a fosforilagiio de perilipina (PLIN)
liberando uma terceira proteina, abhydrolase domain containing 5 (ABHDS), para atuar na
estabilidade da ATGL*}. Quando ABHD5 e ATGL estiio associadas, sdo capazes de promover a
reducio de triacilglicerol em diacilglicerol, liberando uma molécula de 4cido graxo®. O processo
seguinte envolve a acdo da HSL, que ao interagir com pPLIN, atua reduzindo diacilglicerol em
monoacilglicerol, liberando também uma molécula de 4cido graxo34. Por fim, ocorre a atuagdo da
proteina acylglycerol lipase (MGL), responsével pelo dltimo processo de redugdo do triacilglicerol.

Reduzindo monoacil em uma molécula de glicerol e 4cido graxo®.

Quanto a via da lipogénese, para que a agregacdo de acidos graxos ocorra de maneira constante
uma maquinaria muito bem regulada é necessaria*®. Todo o processo se inicia a partir do aumento
de citrato no citoplasma da célula®’. Com isso, temos a primeira acfio da enzima citrato liase (ACL),
que atua convertendo citrato em Acetil-CoA, essa reacdo utiliza uma molécula de ATP e Coenzima-
A (CoA-SH)*73%. Como subproduto dessa reacdo, forma-se Acetil-CoA e oxaloacetato®®. Logo em
seguida, entre em acdo a enzima Acetil-CoA carboxilase (ACC) que converte Acetil-CoA em
Malonil-CoA, inserindo um grupamento carbono na molécula e utiliza uma molécula de ATP para
tal reacio®. Posteriormente temos a diversos ciclos de condensacdo, reducdo, desidratacio e
redugiio, novamente, para que seja formado um 4cidos graxo com uma cadeia de quatro carbonos*.
Esse processo ocorre no complexo proteico, dcido graxo sintase (FAS), até formar um 4cido graxo
com a quantidade exata de carbonos necessdrio a demanda do organismo*'. E durante todo esse
processo, ocorre a acdo de diferentes enzimas que utilizam ATP, para a primeira reacdo, e NADPH,

na primeira reducio dos 4cidos graxos*!. Durante toda a reacdo do ciclo de formacio de 4cidos

graxos, é liberado CO2, NADP* e H,O*'.

1.4 AS INFLUENCIAS DO EXERCICIO FISICO NO TECIDO ADIPOSO

Com o intuito de reduzir os efeitos inflamatdrios e aumentar a responsividade entre insulina e
seu receptor de membrana, o exercicio fisico demonstra ser uma importante ferramenta nao
farmacoldgica nesse processo*’. Sabe-se que o exercicio aerébio tem papel fundamental para a
satide metabélica, por aumentar a degradacdo de dcidos graxos e reduzir a atividade inflamatéria®.
Ademais, o exercicio fisico de forca também atua colaborando com a reducdo do tamanho do tecido
adiposo (via indireta)***. Assim como na redugio de adipocinas pré-inflamatérias no tecido

adiposo (via direta), antes que ocorra a reducio do tamanho do tecido adiposo*®*’. Apés a sessdo de
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exercicio fisico uma série de proteinas sdo ativadas, e uma delas € a proteina quinase ativada por

AMP (AMPK)*®,

A AMPK ¢€ capaz de controlar a homeostase energética celular, a ativacdo de PGC-1a e atuar na
diminui¢do do processo de gliconeogénese e no processo inflamatério®. Sua ativa¢ido ocorre pelo
aumento da razdo (AMP/ATP ou ADP/ATP), que resulta em adaptagdes metabdlicas capazes de
inibir os processos anabdlicos, restaurando assim o equilibrio energético durante o estresse
celular’®. No tecido adiposo subcutaneo, a AMPK pode controlar o actimulo de gorduraSI, a

oxidagio de 4dcidos graxos®%, bem como o perfil inflamatério

€, consequentemente, a interagﬁo da
insulina com seu receptor’*. Ao ser fosforilada, a AMPK reduz a biogénese de 4cidos graxos
aumentando a captacdo de glicose e a oxidagdo de triacilglicerol, reduzindo assim, o acimulo de
gordura, a sinalizacio de NF«kB e a resisténcia a insulina®. Os efeitos anti-inflamatérios da AMPK
podem ser compartilhados com a a¢do da SIRTI1, ja que ambas sdo capazes de ativar a proteina

PGC-10, proteina que tem papel importante regulando a atividade anti-inflamatdria e a transcri¢io

mitocondrial®>’°.

Sabendo do processo molecular envolvido na quebra de lipidios. Diferentes estudos buscaram

6061 - Agsim, estudos

demonstrar os efeitos do exercicio fisico ativando esse conjunto de proteinas
demonstraram que tanto o treino aerébio quanto o de for¢a foram bem-sucedidos em aumentar a
atividade da pAMPK em animais obesos quando comparado com o grupo sedentdrio’®%2. Por outro
lado, o exercicio aerébio agudo ndo demonstra ter a mesma efici€éncia no aumento da fosforilacao
da AMPK no tecido adiposo branco subcutineo de animais obesos®>. Em relacdo a PLIN, diferentes
estudos avaliaram os efeitos do exercicio aerébio cronico na ativacdo de PLIN1, HSL e ATGL
demonstrando aumento na expressdo proteica apds a realizacdo de exercicio® . Analisando a
capacidade do exercicio sobre a proteina ABHDS, € possivel observar que o exercicio aerébio € o
exercicio de for¢a de curta duragdo ndo foram capazes de aumentar a transcricdo génica de ABHDS

no tecido adiposo subcutaneo®-¢’.

Ademais, diferentes estudos buscaram elucidar a influéncia do exercicio no processo de sintese
dos 4cidos graxos™%. Entdo, verificaram o potencial do efeito do exercicio aerébio em reduzir a
atividade da enzima ACC, e foi demonstrado que o treino aerdébio cronico foi capaz de reduzir a
atividade dessa proteina®. Ademais, foi demonstrado que apés trinta minutos de treino aerébio jd é
possivel observar uma potencial reducio da atividade da ACC no tecido adiposo’’. Quanto ao treino
de forga, foi demonstrado que o exercicio de curta duracdo € capaz de reduzir a atividade de ACC

no tecido adiposo de animais obesos’!2.
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1.5 O BEGEAMENTO DO TECIDO ADIPOSO BRANCO

No intuito de compreender como reestabelecer a interagdo entre insulina e seu receptor,
diferentes métodos de pesquisas visaram desenvolver estratégias capazes de tratar a obesidade e
suas doencas associadas’>’*. Nesse sentido, observaram que o aumento do processo de termogénese
¢ um interessante método para reduzir os efeitos deletérios do actimulo exacerbado de gordura’. E
o principal mecanismo envolvido no gasto energético relacionado a termogénese, ocorre devido ao
aumento da atividade da uncoupling protein-1 (UCP1), localizada na parede transmembrana da
mitocondria, no tecido adiposo marrom (TAM) e bege76. Sabendo disso, diversos estudos buscaram
compreender como ocorre a transcricio do gene UCPI no tecido adiposo branco’”’8. Assim, foi
elucidado que a sinalizagdo para transcri¢do de UCP1 no tecido adiposo branco depende da acdo de
trés principais proteinas, PPARY/PGC-1a/PRDM168. Que juntas, formam o complexo responsdvel
pela transcri¢do do gene Ucpl no tecido adiposo’®.

Ap6s compreender como ocorre a sinalizacdo molecular para a formacdo de UCP1, buscou-se
identificar quais estimulos, além da inducdo ao frio, eram responsdveis pelo aumento da
proteina”®. Portanto, diferentes métodos demonstram serem capazes de induzir o aumento da
transcricdo de UCP1, alguns deles sdo: farmacoldgico, estresse, hipotermia e o exercicio fisico®!.
Estes estimulos agem em diferentes tecidos, dentre os quais o tecido adiposo branco®?. E no tecido
adiposo branco, o aumento de UCP1 além de ser capaz de alterar seu processo termogénico, €
responsdvel por promover alteracdes no fenétipo do adiposo branco®34. Esse processo molecular é
conhecido como begeamento do tecido adiposo branco, e culmina no surgimento de um novo
adipécito, o tecido adiposo bege’®*°. Além de alterar a caracteristica do adiposo branco, o aumento
de UCP1 também promove a alteracio da funcionalidade do tecido’®. Passando entdo, a atuar de

forma semelhante ao adiposo marrom, gerando maior gasto energético e degradacdo de lipidios

devido ao aumento da producio de calor’®.

1.6 O EXERCICIO E O BEGEAMENTO DO TECIDO ADIPOSO BRANCO

Ja € sabido que o exercicio é um meio pelo qual pode-se aumentar o gasto caldrico e, assim,
potencializar a redugdo da massa adiposa®®. Sendo um método ndo farmacolégico eficiente e
importante para o combate aos males caracteristicos do sobrepeso, obesidade e diabetes®¢7. Nesse
sentido, estudos demonstram que o treino aerébio atua positivamente reestabelecendo a captacdo de
glicose pela célula em individuos obesos e diabéticos®®. No que diz respeito ao gasto energético,
estudos demonstraram que o treino aerdbio é capaz de aumentar a expressao do gene UCPI, no
tecido adiposo subcutineo, em relagio ao grupo de animais sedentdrios®°. Segundo Stanford et. al,

ao analisar o efeito de onze dias de treino aerébio, observaram que o treino foi capaz de aumentar a
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expressdo das proteina PRDM16 e UCP1 no TAs”'. Por fim, Cao et. al avaliaram os efeitos do
treino aerdbio, por quatro semanas em camundongos e apds as andlises foi possivel observar que os
animais que realizaram o treinamento apresentaram aumento da expressdo génica de PRDMI16 e
UCP1 no tecido adiposo retroperitoneal quando comparado com o grupo ndo exercitado®”.
Demonstrando assim, o potencial efeito do exercicio aer6bio em aumentar a expressao génica e
proteica responsével pela via do begeamento no tecido adiposo branco.

Além dos efeitos do exercicio aerébio, o treino resistido também demonstra ser uma estratégia
interessante para aumentar o processo termogénico no tecido adiposo®®. Estudos demonstram que o
exercicio resistido atua positivamente na expressdo das proteinas PPARy e PGC-1a, aumentando
seu contetido proteico em camundongos treinados’**>. Além disso, foi demonstrado que o treino
resistido também € capaz de aumentar a expressao génica de UCP1 no tecido adiposo subcutaneo de
camundongos treinados’®®’. Assim, podemos compreender o efeito do treino aerébio e do treino
resistido em aumentar a expressdao de UCPI1 no tecido adiposo branco, sendo um método nao
farmacolégico atuando no aumento do processo termogénico. Contudo, ainda permanece
desconhecido na literatura o potencial efeito do treino de for¢a de curta duracdo na expressao génica
e proteica de UCPI e de seu complexo, responsavel por promover o begeamento do tecido adiposo

subcutaneo.

2.  JUSTIFICATIVA

Sob a clareza de tais evidéncias apresentadas, a obesidade demonstra ser um fator preponderante
para o desenvolvimento de diferentes doencas nfio transmissiveis'>. Dentre as quais, as doencas
cronico metabdlicas'. No entanto, estudos recentes demonstram que diferentes estratégias sdo
capazes de promover a diferenciaciio do tecido adiposo branco’. Além disso, demonstram, também,
ser eficazes em reduzir o processo inflamatério, o acimulo de gordura e aumentar o gasto

calérico’.

Nesse sentido, sabe-se que o exercicio fisico se torna um importante estimulo ndo farmacolégico
responsavel por gerar adaptagdes genéticas, fisioldgicas e morfoldgicas, promovendo o aumento da
degradacio de 4cidos graxos estimulado pelo processo termogénico’!?8. Além disso, sabe-se que o
exercicio aerdébio se enquadra como potencial estimulador das proteinas responsdveis pela
transcri¢io de UCP1 no tecido adiposo®. No entanto, pouco se sabe sobre o efeito do exercicio de
forca na inducdo da alteragc@o do perfil lipidico no TAs e sobre os fatores relacionados ao aumento
da expressao de UCP1 no TAs. Portanto, faz-se necessario investigar os efeitos do exercicio de

forca na sintese e degradacdo de gordura junto ao tecido adiposo subcutaneo. Além disso, é de
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extrema importancia compreender como o treino de for¢ca atua na expressdo de UCP1 e das

proteinas responsdveis pela sua transcri¢cao no tecido adiposo subcutaneo.
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3.  HIPOTESE
Aventamos a hipétese de que o exercicio de forca de curta duracdo possa induzir a expressao
génica e proteica de UCP1 no tecido adiposo subcutineo. Assim, podendo culminar no aumento da
degradacdo de dcidos graxos aumentando a participacdo das proteinas responsdveis pelo processo

da lipdlise.
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4. OBJETIVO
4.1 Objetivo Geral
= Avaliar se o exercicio de forca de curta duracdo estimula o processo de begeamento do tecido
adiposo subcutaneo.
* Analisar os efeitos do treino de for¢a de curta duracio na alteracdo do perfil lipidico, na sintese
e degradacao de gordura no tecido adiposo subcutaneo.

= Avaliar os efeitos do treinamento de forca na expressao génica de Ucpl.
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ABSTRACT

Obesity is a disease characterized by the exacerbated increase of the adipose tissue. A possible way
to decrease the harmful effects of the excessive adipose tissue is to increase the thermogenesis
process, which is related to the increased activity of UCPI. Thus, the present study aims to
investigate the influence of short-term strength training (STST) on fatty acid composition, lipolysis,
lipogenesis and browning processes in the subcutaneous adipose tissue (sWAT) of obese mice. For
this, Swiss mice were, divided into three groups: lean control (CT), obesity sedentary (OBS) and
obese strength exercise (OBexT). Obese animals were fed a high-fat diet. Trained obese animals
were submitted to seven strength exercise sessions. It was demonstrated that seven strength exercise
sessions were able to reduce fasting glycaemia. In the sSWAT, the STST was able to decrease the
levels of the long-chain fatty acids profile, saturated fatty acid, and palmitic fatty acid (C16:0).
Moreover, it was showed that STST did not increase protein levels responsible for lipolysis, the
ABHDS, and PLINI1. On the other hand, the exercise protocol decreased the expression of the
lipogenic enzyme, SCDI. Finally, our study demonstrated that the STST increased genes-related
browning process such as PRDM16 and UCP1 in the sWAT. Interestingly, all these biomolecular

mechanisms have been observed independently of changes in body weight. Therefore, it is
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concluded that short-term of strength exercise can be an effective strategy to initiate morphological

changes and the browning process in SWAT.

Keywords: Browning; strength exercise; obesity; lipogenesis; subcutaneous adipose tissue.
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INTRODUCTION

Obesity is a pandemic condition affecting different populations worldwide, exceeding one billion
people!?. It is a disease characterized mainly by disruption in signaling in the hypothalamus and
peripheral tissues, culminating in exacerbated body fat accumulation, by changes on food intake
and energy expenditure, which leads to several physiological and molecular disarrangement®. The
increment of fatty acids in the adipose tissue exacerbates the subclinical inflammatory process
associated to saturated fatty acid intake, leading to the decrease of insulin sensitivity and glucose
uptake, which can culminate in diseases such as type 2 diabetes*.

In this sense, increasing the thermogenesis process can be a strategy to reduce the harmful
effects of adipose tissue accumulation®. The main mechanism involved in this thermogenesis
process occurs due to increased activity of the uncoupling protein-1 (UCP1), peroxisome
proliferator-activated receptor gamma (PPARY), peroxisome proliferator activated receptor gamma-
coactivator 1 alpha (PGC-1a) and PR domain containing 16 (PRDM16) on brown adipose tissue
(BAT)"®. Therefore, due to pharmacological effects, stress, hypothermia, and physical exercise, the
subcutaneous white adipose tissue (sSWAT) can undergo modifications, such as increasing its UCP1
and PGC-1a levels and thermogenesis® !!. This molecular process is known as browning of SWAT,
and it originates a new adipose tissue, the beige adipose tissue!*!>. Originated from white adipose
tissue, beige adipose tissue has similar molecular characteristics to BAT!*.

In this sense, knowing molecules that can stimulate mainly UCP1 expression becomes important
to increase the range of strategies to fight against obesity and diabetes'*!>. According to Syrovy
and colleagues, the activation of the proteins responsible for transcription of the Ucpl gene reduces
the Acetyl-CoA carboxylase (ACC) enzyme activities'*. Thus, a mechanism that increases UCP1
expression is capable of promoting the reduction of the ACC protein involved in the lipogenesis
process in the liver'®. Furthermore, the expression of UCP1 and browning stimulus in sWAT
promotes the decrease of tumor necrosis factor-alpha (TNF-a), insulin resistance and regulates
mitochondrial dysfunction!”.

Therefore, knowing non-pharmacological strategies or molecules that stimulate UCP1 increasing
is important to increase the basal energy expenditure of obese people!®. Nonetheless, it is well
known that aerobic physical exercise is an important non-pharmacological stimulus responsible for
generating genetic, physiological, and morphological adaptations, such as increased energy
expenditure by increasing the degradation of fatty acids and improving insulin signaling in several
tissues'®2!. However, little is known about the effect of strength exercise on the induction of factors

related to the increase of UCP1 expression in the sSWAT.
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Moreover, it has been shown that the browning of sWAT is dependent on PPARY/PGC-
1o/PRDM complex protein activity leading to increased Ucpl gene expression both in vivo and in
vitro®!. This phenomenon is stimulated by irisin derived from skeletal muscle of chronic animal
training (swimming or running exercise) that can increase caloric expenditure and insulin
sensitivity?>?}. However, the effects of strength exercise, without body weight alterations have not
been described in the scientific literature. Therefore, firstly, the present study aims to assess
whether short-term strength exercise can stimulate the browning process in subcutaneous adipose
tissue. Secondly, to analyze whether there was an alteration in fat synthesis and degradation in this

fat tissue. Importantly, all observations will be carried out without interference of body changes.

RESULTS

Strength training and the influence on physiological parameters

Initially, during 14 weeks, the animals were induced to obesity and insulin resistance conditions.
After that, the animals of the obese trained group (OBexT) initiated the short-term strength exercise
protocol. After 14 weeks on a high-fat diet, obese group demonstrated a series of harmful
characteristics resulting from obesity, such as increased body weight (Fig. 1A), hyperglycemia (Fig.
1B), fasting hyperinsulinemia (Fig. 1C) and insulin resistance (Fig. 1D-G). On the other hand, it
was shown that this exercise protocol decreased insulin resistance and, as a consequence, decrease
both fasting hyperglycemia and hyperinsulinemia. The insulin resistance condition was verified by
using the glucose decay curve graph. It was possible to observe that the obese group decreased the
rate of glucose uptake after insulin administration and that the short-term strength exercise
ameliorated this condition (Fig. 1D-F). As expected, there was no difference in body weight
between both obese groups at the end of the study.
*INSERT FIGURE 1
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Figure 1. Effect of obesity and strength training on (A) Body weight; (B) Fasting insulin (8 hours); (C) Fasting blood
glucose (8 hours); (D) Glycemic curve; (E) kITT; (F) AUC. In figure 1, *p < 0.05 CT vs OBS, **p < 0.05 CT vs
OBexT and ***p < 0.05 OBS vs OBexT (n =4 CT x 5 OBS x 5 OBexT). One-way ANOVA statistical analysis was
used, followed by tukey post-test.

Furthermore, it was analyzed the serum lipid profile. Obese animals increased total cholesterol
and the physical exercise reduced this parameter (Fig.2A). Ahead, no difference was found serum
triglycerides (Fig. 2B) and HDL (Fig. 2C). Moreover, the short-term strength training was able to
reduce the LDL cholesterol (Fig. 2D), compared to the sedentary obese.

*INSERT FIGURE 2
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Figure 2. Effect of obesity and strength training on (A) Total Cholesterol; (B) Triglycerides; (C) High Density
Lipoproteins (HDL); (D) Low Density Lipoproteins (LDL) levels in control, obese and trained obese animals. Values of
LDL were estimated according to the Friedewald formula. In figure 2, *p < 0.05 CT vs OBS, **p < 0.05 CT vs OBexT
and ***p < 0.05 OBS vs OBexT (n = 4 CT x 5 OBS x 5 OBexT). One-way ANOVA statistical analysis was used,
followed by bonferroni post-test.

The subcutaneous adipose tissue fatty acids profile

To assess the more accurated fatty acid profile in the sWAT, it was carried out the gas-
chromatography technique acoupled to mass-spectrometer to understand the modulation of the lipid
profile of sSWAT induced by obesity and short-term strength exercise. It was observed that obesity
increased the amount of total saturated and monounsaturated fatty acid, while short-term strength
exercise decreased it significantly. On the other hand, the total polyunsaturated fatty acids was
reduced by the obesity and even more by the short-term strength exercise. When it was stratified
each fatty acid component, the obesity increased significantly palmitc (C16:0) and stearic (C18:0)
fatty acids, while short-term strength exercise significantly decreased it. As expected, due to high-
fat diet, obesity increased oleic fatty acid (C18:1) and it was not changed by the short-term strength
exercise. The omega 6 and omega 3, such as linoleic (C18:2) and alpha-linolenic (C18:3) fatty acids
respectively, were reduced significantly by obesity and even more reduced by the short-term
strength exercise. Other fatty acids such as mirystic (C14:0), palmitoleic (C16:1) or eicosanoic
(C20:1), did not was changed by treatments (Fig. 3A-K).

*INSERT FIGURE 3
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Figure 3. Subcutaneous adipose tissue fatty acids profile. (A) Total saturated fatty acids; (B) Total monounsaturated
fatty acids; (C) Total polyunsaturated fatty acids; (D) Myristic fatty acids (C14:0); (E) Palmitic fatty acids (C16:0); (F)
Palmitoleic fatty acids (C16:1); (G) Stearic fatty acids (C18:0); (H) Oleic fatty acids (C18:1); (I) Linoleic fatty acids
(C18:2); (J) a-Linolenic fatty acids (C18:3); (K) Eicosanoic fatty acids (C20:1). The bar charts represent the means and
mean standard error (SD) of each experimental group. In figure 3, *p < 0.05 CT vs OBS, **p < 0.05 CT vs OBexT and
*##%p < 0.05 OBS vs OBexT (n=6 CT x 7 OBS x 7 OBexT). One-way ANOV A statistical analysis was used, followed
by bonferroni post-test.



32

Short-term strength training and its influence on the lipolysis pathway

After the experimental period, the subcutaneous adipose tissue was removed to analyze the
lipolysis pathways (Fig. 4A). Regarding lipolytic activities, it was possible to observe that both
obesity and exercise groups did not alter the ABHDS levels (Fig. 4B). However, when the pPLIN1
was evaluated, it was shown that obesity reduced pPLIN1 levels and that the seven sessions of
exercise were not effective in reversing this parameter (Fig. 4C). Moreover, when the pAMPK was

analyzed, it was shown that obesity increased its levels and that the short-term exercise was not

effective in reversing this parameter (Fig. 4D).

*INSERT FIGURE 4
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Figure 4. Total protein extract obtained from the subcutaneous adipose tissue was used to Western Blotting
experiments (A). The protein content of, (B) ABHDS; (C) pPLIN1ser497; (D) pAMPKser172. The bar charts represent
the means and mean standard error (SD) of each experimental group. The bars were relativized by the CT group
(100%). In figure 4, *p < 0.05 CT vs OBS, **p < 0.05 CT vs OBexT and ***p < 0.05 OBS vs OBexT (n=4 CT x 5

OBS x 5 OBexT). One-way ANOV A statistical analysis was used, followed by tukey post-test.

Short-term strength training and its influence on the lipogenesis pathway

In figure 5, it was observed the influence of obesity and strength training on the proteins
responsible for lipogenesis in sSWAT (Fig. SA). It was possible to observe that all groups did not
show any difference in pACC (Fig. 5B). However, when the levels of SCD1 were analyzed (Fig.

C), it was observed that the sedentary obese group increase its levels when comparate to lean
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control. Also, it was shown that after seven strength exercise sessions the levels of SCD1 reached
the control level, showing efficient effects of short-term strength exercise in reducing its levels.

*INSERT FIGURE 5
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Figure 5. Total protein extract obtained from the SWAT was used to Western Blotting experiments. (A) The protein
content of, (B) pACCser79; (C) SCDI1. The bar charts represent the means and mean standard error (SD) of each
experimental group. The bars were relativized by the CT group (100%). In figure 5, *p < 0.05 CT vs OBS, **p < 0.05
CT vs OBexT and ***p < 0.05 OBS vs OBexT (n =4 CT x 5 OBS x 5 OBexT). One-way ANOVA statistical analysis
was used, followed by tukey post-test.
Short-term strength training and its influence on browning of sSWAT

In addition, it was evaluated the genes and proteins responsible for the browning of sWAT.
Firstly, it was measured PPARy metabolism. It was possible to observe that the sedentary obese
group showed a significant increase in this gene compared to the control. However, after short-term
strength exercise, its gene levels decreased (Fig. 6F). When the total PPARYy was analyzed, it was
observed that both obese groups increased its levels when compared to the control group, however,
no exercise effects were observed (Fig. 6B). Secondly, when PGC-1a gene and its total protein
levels were analyzed, it was not possible to identify any difference between all groups (Fig. 6C and
6F). Thirdly, the sedentary obese group showed no difference in PRDM16 content in relation to the
control group. However, it was possible to observe that the trained animals increased the Prdml6
gene-level when compared to the CT and obese groups (Fig. 6F). Subsequently, analyzing PRDM 16
protein, no difference was found between lean and obese groups. However, after performing
strength exercise, obese animals increased its levels when they were compared to lean mice (Fig.
6D). Ultimately, the sedentary obese group showed no difference in UCP1 gene and protein content
compared to the control group. However, when the trained animals were observed, short-term
strength training was able to increase the Ucpl gene-level compared to the obese group (Fig. 6F).

However, no differences were found in UCP1 protein levels for all groups (Fig. 6E).

*INSERT FIGURE 6
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Figure 6. Total protein extract obtained from the subcutaneous adipose tissue was used to Western Blotting
experiments. (A) The protein content of, (B) PPARy; (C) PGC-1a; (D) PRDM16; (E) UCP1. The bars were relativized
by the CT group (100%). In figure 6, *p < 0.05 CT vs OBS, **p < 0.05 CT vs OBexT and ***p < 0.05 OBS vs OBexT
(n =4 CT x 5 OBS x 5 OBexT). In (F), Effect of strength training protocols on the induction of mRNA expression of
genes involved in browning subcutaneous adipose tissue. Representative analysis in control, obese sedentary and obese
training swiss animals. Gene expression analysis of Ppary, Pgc-1a, Prdml6, and Ucpl (n = 6 CT x 4 OBS x 4 OBexT)
each). In graph (F), *p < 0.05 CT vs OBS, **p < 0.05 CT vs OBexT and ***p < 0.05 OBS vs OBexT (n = 7 per group).
One-way ANOVA statistical analysis was used, followed by tukey post-test.

DISCUSSION

The present study firstly aimed to assess whether seven strength exercise sessions promote
sWAT browning. If so, secondly, to observe if this thermogenic adaptation can change lipid profile,
increase lipolysis and reduce lipogenesis activity pathway in this tissue. At the end of this study, it
was possible to observe that short-term strength training was able to change fat tissue profile and
moderately decrease the lipogenesis pathway. These findings were associated with the slightly
beginning of browning process in obese animals.

It was identified that fourteen weeks of obesity induction was able to increase fat mass, develop
insulin resistance, and increase fasting glycemia and insulinemia. Corroborating our findings,
Nakandakari and colleagues showed that four weeks of HFD in mice induces insulin resistance,
body weight gain and increased fasting glucose®*. Moreover, it was possible to observe that obese
exercised animals reduced fasting glycemia, blood glucose, the area under the glycemic curve, total

cholesterol, and LDL parameters. In a study conducted by Pereira et al. (2019), they showed that
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fifteen sessions of strength exercise were able to reduce fasting glucose, hepatic triglyceride, and
lipogenesis pathway in obese mice?. In parallel to our findings, Clark and et al. observed that
sixteen weeks of aerobic exercise were able to reduce LDL levels of women in the gestational

period during and after the exercise period when compared to the control®

. For a chronic period,
Marson and colleagues (2016) demonstrated that chronic aerobic, resistance or combined training is
associated with reduced fasting insulin in overweight or obese children?’.

Subsequently, it was analyzed the effects of the high-fat diet on altering the lipid profile of fatty
acids of subcutaneous adipose tissue. It sought to understand the composition of fatty acids in
sWAT and the potential effect of strength training on altering this lipid profile.

The increment in the total saturated and monounsaturated fatty acid was expected in the SWAT
of the groups treated with high-fat diet, once the main source of lipids in the diet was provenient
from lard. We followed the American Institute of Nutrition?®, to planning the modificated high-fat
diet, in accordance to Cintra el al., (2012)?°. This diet contains ~21% of palmitic fatty acid and ~40
of oleic fatty acid in its composition. However, when compared to the content of these fatty acids in
the commercial food for rodents, palmitic fatty acid reaches only 13%, and ~27% of oleic fatty
acid®. Then, these fatty acids are incorporated to adipose tissue depots, proportionally to founded in
the diet. Interestingly, the group treated with the physical exercise protocol, the saturated fatty acids
profile was changed in the subcutaneous adipose tissue, but not monounsaturated fat profile,
including its representants, palmitoleic and oleic fatty acids. We strongly believed that palmitic
fatty acid was drived to B-oxidation process. This affirmative is corroborated by the partially
reduction in the FAS and pACC protein contents, but strongly correlated to reduction in the SCD1
protein. With the absence in the SCDI protein, the desaturation and elongation process are
compromised. It is certified once more due to the non changes in the palmitoleic content (the first
product after SCD1 action in palmitic fatty acid) nor oleic fatty acid content. On the other hand, the
increased AMPK activity represent the main nutritional intracellular sensor, which indicates the
catabolism signaling. Also, Choi and colleagues, described that the reduction of the saturated fatty
acid profile, the greater reduction of the inflammatory process, and consequently greater sensitivity
to insulin®®. Besides, Rodrigues et al. evaluated the effects of voluntary physical exercise and
aerobic training for eight weeks in lean rats. They demonstrated that both the voluntary exercise
protocol and aerobic training were not effective in reducing the levels of saturated fatty acids
(C16:0 and C18:0). However, both protocols were able to decrease the amount of unsaturated fatty
acid (C16:1) in the epididymal adipose tissue 3!. In parallel to our findings, Sutherland and

colleagues, analyzing trained men to four months of high volume aerobic training (marathon),
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observed that the training load was able to reduce the levels of fatty acids palmitic (C16:0) and oleic
(C18:1) in the subcutaneous adipose tissue when compared to sedentary individuals®.

The lipolysis of sSWAT can be controlled by AMPK. When phosphorylated, AMPK activates two
lipases proteins, the hormone-sensitive lipase (HSL) and adipose triglyceride lipase (ATGL).
Thirupathi et al. compared the effects of strength and aerobic training on the pAMPK in white
adipose tissue. They showed that both exercise protocols were successful in increasing the activity
of AMPK in trained animals when compared to the sedentary group'®. Corroborating these findings,
Higa and colleagues evaluated the effects of chronic aerobic exercise on the pAMPK levels in the
visceral adipose tissue of obese mice. They showed that the exercise protocol was efficient in
increasing the phosphorylation of AMPK?*. On the other hand, Kurauti et al. observed that acute
aerobic exercise was not effective in increasing the AMPK phosphorylation in the subcutaneous
white adipose tissue of obese animals®. In the present study, obese animals increased pAMPK
levels in the subcutaneous adipose tissue and the short-term exercise protocol was not sufficient to
change this parameter. In our study, such changes may be observed if the training period was longer
as shown by the literature. Another limiting factor for not observing changes in pAMPK after
exercise, it was the time of tissue collection after the exercise session. As demonstrated by Halling,
immediately after the exercise session, the pAMPK is elevated in adipose tissue. However, two
hours after, its phosphorylation already reaches baseline values>®.

Wohlers and colleagues evaluated the effects of acute aerobic exercise on the PLINI
phosphorylation in the visceral adipose tissue of obese mice. It was observed that the exercised
animals did not increase the phosphorylation of PLIN1?’. On the other hand, Ko et al. (2018)
showed that after chronic aerobic exercise the activation of PLIN1, HSL, and ATGL was increased.
Corroborating the findings of Ko et al., Americo and colleagues observed that eight weeks of
aerobic exercise was able to significantly reduce the diameter of adipocytes through the modulation
of proteins pPLINI1 and pHSL in obese animals®. In this sense, these findings suggest that the
PLIN1 phosphorylation in the subcutaneous adipose tissue seems to be exercise time-dependent™.
Thus, in the present study, it was observed that obese animals decreased the phosphorylation of
PLIN1. Moreover, the short-time exercise protocol was not able to revert this condition in sSWAT.
In this sense, it seems that the short-term strength exercise may not be enough to increase the PLIN
phosphorylation in subcutaneous adipose tissue.

Studies have demonstrated the influence of exercise on ABHDS protein in subcutaneous adipose
tissue. The ABHDS, when associated with ATGL, results in greater fatty acid degradation in

adipose tissue*>*!. Stephenson et al. showed that six-week of strength exercise was not enough to
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change the ABHDS levels in visceral adipose tissue of obese animals. Moreover, Yao and
colleagues showed that twelve weeks of aerobic training was not sufficient to alter the Cgi-58 gene
transcription (ABHDS5) in the subcutaneous adipose tissue of overweight humans*?. Corroborating
these results, it was not possible to observe changes in ABHDS levels in response to obesity and
after a short-term strength exercise protocol.

Regarding the lipogenesis pathway, Pereira and colleagues evaluated the effects of short-term
strength exercise (15 days of exercise) on ACC in the liver tissue of obese mice. They demonstrated
that exercised obese animals were able to reduce the levels of fat accumulation and inflammation in
the liver, due to the reduction of ACC activity when compared with the sedentary obese group®.
Moreover, Chen et al. evaluated the effect of chronic moderate aerobic training on pACC levels in
the subcutaneous adipose tissue of obese mice and they observed that the exercise protocol was not
effective in increasing the levels of pACC*. On the other hand, Arnt et al. evaluated patients with
metabolic syndrome and submitted them to sixteen weeks of exercise (high-intensity training
"HIIT" vs moderate exercise). In the present study, seven sessions of strength exercise were not
enough to observe a difference for the pACC protein. Based on other studies, it is believed that the
time of intervention was not enough to activate these enzymes in the SWAT of obese trained
animals*>*,

Lee and colleagues demonstrated that the high activity of the SCD1 enzyme in 3T3-L1 cells
(adipose cells) is responsible for increasing the fatty acid synthesis process*’. Pereira et al. showed
that 15 days of strength exercise decreased the SCD1 levels in the liver of obese mice®. In parallel,
Stotzer et al. evaluated the effects of chronic aerobic exercise on subcutaneous and mesenteric
adipose tissue of obese mice. They observed that exercised animals decrease SCD1 gene levels in
mesenteric adipose tissue, but with no difference in the subcutaneous adipose tissue*®. In the present
study, it was demonstrated that obese animals increased SCD1 levels in sWAT and that only seven

session of strength exercise were sufficient to reverse this parameter.

The browning process of white adipose occurs through the modulation of the PPARy/PGC-
1a/PRDM16 pathway that stimulates the synthesis of UCP1%. Castellani et al. (2014) and Reynolds
et al. (2015) evaluated the effects of chronic aerobic exercise on the expression of Ppary mRNA in
epididymal adipose tissue of obese animals. They demonstrate that the exercise protocol was not
efficient in increasing the transcription of the Ppary gene when compared with sedentary obese

animals !

. On the other hand, Petridou and colleagues showed that eight weeks of voluntary
running increased the expression of PPARY in the subcutaneous adipose tissue of lean rats>2. In the

present study, it was possible to observe that the sedentary obese group increased the levels of the
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Ppary gene compared to the control group and that the exercise protocol decreases its levels.
However, when the total protein content of PPARy was evaluated, both obese groups increased its
levels and no effects of the exercise were found. Possibly, the relationship between gene level and
protein expression for the trained group has not occurred. This phenomenon may be occurred due to
the beneficial effects of exercise in minimizing the stimuli of differentiating pre-adipocyte cells into
mature adipocytes since obesity is responsible for the increase of PPARy expression inducing

adipocyte hyperplasia and collaborate in the white adipose browning process™.

Stephenson and collaborators demonstrated that six weeks of aerobic exercise was not efficient
in increasing the protein content of PGC-la in sSWAT of ovariectomized rats when compared to
sedentary>*. Norheim et al. (2014), analyzing healthy and overweight men submitted to 12 weeks of
combined training (strength + endurance training), found no difference in the expression of the Pgc-
Ia gene in the subcutaneous adipose tissue!!. Corroborating these findings, the present study did not

observe changes in the gene levels and protein expression for PGC-1a in mice.

1%. Lee et al.

The PRDM16 is the protein responsible for regulating the transcription of UCP
demonstrated that the PRDMI16 collaborates with the browning of WAT in adipocyte cell culture
(3T3-L1)%. Stanford and colleagues (2015), demonstrated that eleven days of aerobic running was
able to increase the gene levels of Prdml16 in the white adipose tissue of obese mice!. Still, Khalafi
et al. evaluated the effects of twelve weeks of high-intensity interval training (HIIT) in obese male
rats on PRDM16 expression, they demonstrated that the HIIT exercise was efficient in increasing
the protein content of PRDM16, in subcutaneous adipose tissue’’. In the present study, it was
demonstrated that short-term strength training was able to increase gene levels as well as the protein

content of Prdml6, when compared to control mice. Probably, the time of intervention with training

was not enough to find a difference in the protein content of PRM16 between the obese groups.

Finally, UCPI is transcribed by the PPARY/PGC-10/PRMD16 complex®. It is a transmembrane
protein located between the inner membrane and the mitochondrial matrix, responsible for
modulating the proton gradient by removing H* ions from the intramembranous space to the matrix

and generating energy in the form of heat™®

. Schaalan and colleagues (2017) showed that six weeks
of combined training increased the expression of Ucp! gene in the inguinal adipose tissue of obese
rats®. On the other hand, after submitted obese mice to high-intensity interval training (HIIT),
Davis et al. did not observe any UCP1 modulation in the epididymal and retroperitoneal adipose
tissue®. However, in the sSWAT, Diaz and colleagues showed that twelve weeks of aerobic training

increased Ucpl gene expression in the subcutaneous adipose tissue of overweight and obese

humans (women and men)®!. In the present study, it was demonstrated that strength exercise was
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able to increase the Ucpl gene levels. Interestingly, analyzing the UCP1 total protein content in
sWAT, it was not observed any difference between the groups. Our findings do not present a
relationship between gene transcription and its protein expression. Thus, it is believed that the time
of the strength training was not effective in promoting the necessary gene mRNA translation.
Furthermore, the effects of strength training are still not well described in the literature as

influencing changes in the sSWAT genotype.

Therefore, we can conclude that short-term of strength session was able to collaborate with the
glucose and serum LDL homeostasis in obese mice. Decreased the levels of saturated,
polyunsaturated, palmitic fatty acids and a-Linolenic fatty acids in sWAT. It did not change the
lipolysis and slightly decrease the lipogenic pathway and increased the browning process. Thus, it is
concluded that 7 days of strength exercise can be an effective strategy to initiate morphological

changes and the browning process in sSWAT.
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METHODS

Experimental Animals
In the present study, it was used eight-week-old swiss mice from the UNICAMP Central

Animals Facility (CEMIB). Animal experiments were carried out under Brazilian legislation on the
scientific use of animals (Law No. 11,794, October 8, 2008) and were accepted by the Animal
Ethics Committee (CEUA) of Biological Sciences, UNICAMP-Campinas-SP, No. 4773-1. The
number of animals used in the present experiment is found in the description of each figure. The
animals were individually maintained in polyethylene cages in an enriched environment (PVC tubes
were sawed into the medium yielding a 10 x 10 cm base and 5 cm high shelter) under controlled
cycle conditions (12/12h) with free access to water and conventional food, the light was switched
on from 06:00 am to 06:00 pm, the temperature was controlled at 22 + 2 °C, the relative humidity
was 45-55%, and the noises were below of 85 decibels. Initially, the animals were divided into two
groups, the chow diet (CT) and the high-fat diet (HFD). The animals from HFD were fed a high-fat
diet (HFD, 60% of the calorie derived from lipids) for fourteen weeks, that were subdivided into
two groups: obese sedentary (OBS) and obese strength exercise (OBexT).

Short-term training adaptation

Before starting the training protocol, the animals were adapted to exercise and its apparatus. The
procedures were performed for 5 consecutive days. Before the first attempt to climb with the empty
conic tube used to carry the load, the animal was kept inside the chamber at the top of the ladder for
60 seconds. In the first attempt of climbing, the animal was positioned on the stairs 15 cm away
from the entrance of the chamber. For the second attempt, the animal was positioned 25 cm away
from the chamber. By the third attempt, the animal was positioned at the base of the ladder, 70 cm
away from the chamber. When the animal reached the chamber, an 60 seconds resting period was
given. Attempts from the bottom of the ladder continued until the animal successfully completed

three attempts without any stimulus.

Maximal Voluntary Carrying Capacity determination - MVCC
To control exercise intensity the animals performed the test to determine the maximum voluntary

2062 and was standardized for mice®. It consist in an

carrying capacity (MVCC), proposed for rats
incremental test aiming to identify the maximum individual load with which the animal can perform
a series of climbs of 70 cm. After the adaptation protocol, the animals rested for one day before
starting the test. During the test, the animals left the base of the ladder, and the attempt was

considered successful when they reached the minimum distance proposed of 70 cm.
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The initial series was performed with 75% of animal’s body weight overload, if the animal
reached the desired height, increments of 5 grams were added to the tube within each new attempt
to climb until the animal could not complete the entire course, being considered exhaustion. In each
successful attempt, the animal was removed from the ladder and placed in an individual cage resting
for 5 minutes until the next attempt. The maximum load of the last successful attempt was

considered the MVCC and was used to prescribe the individual loads during the experiment.

Exercise Protocol

Forty-eight hours after the MVCC determination, the strength training protocol was initiated.
The exercise sessions consisted of 20 climbing series, with an overload of 70% of the MVCC and
with a rest interval of 60-90 seconds between sets. After completing a series, the animal was
removed from the ladder and placed in an individual cage during rest time. The animals were
exercised for 5 consecutive days. Then, 8 h after their last exercise session they performed the
insulin tolerance test. After that, they performed more 2 days of exercise. Lastly, 8 h after their last

exercise session they were euthanized for tissue samples harvest and biomolecular analyses (Figure

7).
*INSERT FIGURE 7
Rest (48h)
5 days of 2 days of Biomolecular Analysis
14 weeks of HFD adaptation | | 5 days of training training (8h after the last
| | training session)
Obesity .
Induction Adaptatlf)n of Insulin Tolerance Test
Exercise

Determination of (ITT)

MVCC

Figure 7: Experimental Design. Schematic representation of the duration of the experiment.
Intraperitoneal Insulin Tolerance Test (ITT)

After a fasting period of 8 hours and after the 5th physical exercise session, the animals were
submitted to ITT to estimate glucose uptake capacity. Before starting the test, baseline blood
glucose was assessed. Then the insulin (1U/kg body weight) was injected intraperitoneally (i.p.) and
blood samples were collected at 5, 10, 15, 20, 25 and 30 minutes from the tail to determine blood
glucose. Glucose levels were determined using a glucometer (Accu-Chek®; Roche Diagnostics).
Results were evaluated by determining areas under serum glucose curves (AUC) by the trapezoidal

method®® using Microsoft Excel®.
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Adipose Tissue extraction

After the ITT all animals were submitted to two additional strength exercise session and 8 h after
the 7™ exercise session they were anesthetized via ip injection of chloral hydrate (300 mg/kg,
ketamine, Parke-Davis, Ann Arbor, MI) and xylazine (30 mg/kg, Rompun, Bayer, Leverkusen).
After this, the corneal reflexes were verified and assured. Thereafter, the blood was collected and
the subcutaneous adipose tissue was rapidly removed and snap-frozen in liquid nitrogen and stored
at -80 °C until analysis. The tissue was homogenized in extraction buffer (1% Triton-X 100, 100
mM Tris (pH 7.4), 100 mM sodium pyrophosphate, 100 mM sodium fluoride, 10 mM EDTA, 10
mM sodium vanadate, 2 mM PMSF and 0.1 mg of aprotinin/mL) at 4 °C with a TissueLyser II
(QUIAGEN®) operated at maximum speed for 240 seconds.

Western Blotting
The lysates were centrifuged (Eppendorf 5804R) at 12.851 g at 4 °C for 45 min to remove

insoluble material, and the supernatant was used for the assay. The protein content was determined
according to the bicinchoninic acid method®. The samples were applied to a polyacrylamide gel for
separation by SDS-PAGE and transferred to nitrocellulose membranes. The membranes were
blocked with 5% dry milk at room temperature for 1 h and then incubated with primary antibodies
against the protein of interest ([Cell® UCP1#14670, PPARY#2435, SCD1#2794s, B-actin#3700,
pACC #3661], [Vala Sciences® pPLIN1#4855], [Abcam® PRDM16#ab106410], [Santa Cruz® PGC-
la#sc13067, pAMPK#sc33524, AMPK#sc25792], [Proteintech® ABHDS5#12201-1-ap)).
Thereafter, a specific secondary antibody was used, according to the primary antibody. The specific
bands were labeled by chemiluminescence and visualization was performed by photo
documentation system in G:box (Syngene). The bands were quantified using the software UN-

SCAN-IT gel 6.1.

Spectrophotometry

Blood serum levels of triglycerides, cholesterol, glucose, and HDL were determined according to
the manufacturer's instructions using a commercial kit (Laborlab, Guarulhos-SP, Brasil) and using
Biotek Gen5™. LDL determination by manufacturer's instructions method and Friedewald

formula®.

Quantitative Real-Time PCR

Total RNA was isolated using TRIzol reagent (Invitrogen, Grand Island, NY, USA). An amount
of 2 ug total RNA was used as a template for cDNA synthesis using the SuperScript® III First
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Chain Synthesis System (Invitrogen). Real-time PCR reactions were performed using 150 ng
cDNA, 300 nM primers (Exxtend®) and SYBR® Select Master Mix (Applied Biosystem,
Warrington, UK). Thermocycling parameters were: 10 minutes at 95 °C, followed by 40 cycles of
15 seconds at 95 °C, 30 seconds at 60 °C and 30 seconds at 72 °C. Relative expression of mRNAs
was determined after normalization with Ywhaz using the AACt method. Each primer set were

designed to recognize unique regions of gene sequences, according to Table 1.

Tablel. This table represents the browning pathway gene sequence used for qPCR analysis.

FORWARD REVERSE

Pparg 5'GTACTGTCGGTTTCAGAAGTGCC3” | 5’ ATCTCCGCCAACAGCTTCTCCT3”

Pgc-1(alpha) | 5’GAATCAAGCCACTACAGACACCG3 | 5"CATCCCTCTTGAGCCTTTCGTG3”

Prdml6 5’ATCCACAGCACGGTGAAGCCAT3” | 5’ACATCTGCCCACAGTCCTTGCA3”
Ucpl 5'GCTTTGCCTCACTCAGGATTGG3” 5'CCAATGAACACTGCCACACCTC3
Ywhaz 5’'GAACTCCCCAGAGAAAGCCT3” 5'CCGATGTCCACAATGTCAAGT3”

Adipose tissue lipid profile analyses

Lipids from subcutaneous adipose tissue were extracted following the proposed by Folch et al.®®.
About 50 mg of tissue was added to 1 mL of chloroform: methanol (2:1 v/v). The samples were
homogenized in the TissueLyser (QIAGEN®), centrifuged at 13.000 x g for 2 minutes, and then the
supernatant was collected. The esterification of the lipid fraction was performed according to the
method adopted by Shirai et al. (2005)%7. The fatty acids methyl esters were analyzed with a gas
chromatograph-mass spectrometer (Shimadzu® GCMS-QP2010 Ultra), and a fused-silica capillary
Stabilwax column (Restek Corporation, U.S.) with dimensions of 30 m x 0.25 mm internal diameter
coated with a 0.25-um thick layer of polyethylene glycol. High-grade pure helium (He) was used as
the carrier gas with a constant flow rate of 1.0 mL/min. Using an automatic injector (AOC-201),
sample volumes of 1 puLL were injected at 250 °C using a 20: 1 split ratio. The injector temperature
was maintained at 250 °C, while the oven heating schedule started at 80 °C, with heating speed
programmed in a ramp from 5 °C/min to 175 °C, followed by a heating rate of 3 °C/min until 230

°C, where the temperature was maintained for 20 minutes®®. Mass conditions were as follows:
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ionization voltage, 70 eV; ion source temperature, 200 °C; full scan mode in the 35-500 mass range

with 0.2 s/scan velocity.

Statistical analysis
All results were expressed as mean * standard deviation (SD). The data were analyzed by the
ANOVA test compared and the analysis of variance, followed by the multiple mean Bonferroni or

Tukey test, when appropriate. The statistical significance was set at p < 0.05.
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6. DISCUSSAO

A obesidade é uma doenca multifatorial e responsavel pelo desenvolvimento de diversas doencas
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em decorréncia do aumento do peso corporal””. Até o momento, diferentes estratégias foram

desenvolvidas para combater os efeitos adversos causado pelo excesso de tecido adiposo!'4%!%,
Assim, encontrar maneiras de aumentar o gasto energético basal pode ser um interessante método
para auxiliar no gasto caldrico e na redu¢do do tamanho do tecido adiposo. Nesse sentido, o gasto

de energia que ocorre no tecido adiposo marrom (TAM) € uma possivel estratégia para aumentar o
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consumo calérico'®!. No intuito de compreender possiveis alteracdes no TAB, estudos mostram que
o tecido adiposo branco pode sofrer modificagcdes moleculares tornando-se altamente semelhante ao
TAM3!78 Entre as principais mudangas estd o aumento da expressio de PRDMI16 e UCPI,
processo que é conhecido como begeamento do tecido adiposo branco'>?. Sabendo disso, torna-se
necessdrio conhecer os mecanismos que possam induzir o TAB as alteracdes moleculares que o leva
a aumentar o gasto energético consumindo o excesso de energia de forma semelhante ao TAM.
Nesse contexto, € sabido que o exercicio fisico aerébio é um fator importante capaz de proporcionar
o begeamento do TAB!>. No entanto, os efeitos do exercicio de forca de curta duracdo no
begeamento do TAs ainda ndo estdo esclarecidos. Assim, primeiramente, o presente estudo teve
como objetivo avaliar a capacidade do treinamento de forca de curta duracdo em promover o
begeamento do TAs. Ademais, buscamos observar se essa adaptacio termogénica poderia alterar o
perfil lipidico, aumentar a lipdlise e reduzir a atividade lipogénica no tecido adiposo subcutineo. No
final do estudo, foi possivel observar que o treinamento de forca de curta duracdo foi capaz de
iniciar parcialmente o processo de begeamento em animais obesos e que essa ligeira alteracdo na
composi¢cdo do TAs foi suficiente para alterar o perfil de &4cidos graxos do tecido adiposo

subcutaneo e diminuir moderadamente a resposta da via da lipogénese.

No presente estudo, identificamos que 14 semanas de indu¢do a obesidade foram capazes de
aumentar a gordura corporal, desenvolver resisténcia a insulina e aumentar a glicemia e a
insulinemia de jejum. Corroborando os achados, Nakandakari e colaboradores (2019), mostraram
que 4 semanas de HFD em camundongos foi capaz de induzir a resisténcia a insulina, ganho de
peso corporal e aumento da glicemia de jejum!!’. Em contrapartida, foi possivel observar que os
animais do grupo obeso exercitado reduziram a glicemia de jejum, a 4rea sob a curva glicémica, o
colesterol total e os parametros de LDL. De encontro com os achados do presente estudo, Pereira et
al. (2019), observaram que apenas 15 sessoes de exercicio de forca foram capazes de reduzir a
glicemia de jejum, triglicerideo hepético e o processo de sintese de lipideos no figado de
camundongos obesos’!. Em paralelo aos nossos achados, Marson et al. (2016) demonstraram que o
treinamento aerdbio, de resisténcia ou combinado executado de forma crdnica esta associado a
reducdo da insulina de jejum em criancas com sobrepeso ou obesidade®®. Por um periodo cronico,
Clark e colaboradores, induziram 14 mulheres, em periodo gestacional, a 16 semanas de exercicio
aerébio e foi possivel observar a reducdo dos niveis de LDL durante e apds todo o periodo de

exercicio, quando comparadas com o grupo controle!'!!.

Posteriormente analisamos os efeitos da dieta hiperlipidica em alterar o perfil lipidico dos 4cidos
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graxos que compdem o tecido adiposo subcutianeo, buscamos compreender qual a composi¢dao dos
acidos graxos no TAs e o potencial efeito do exercicio de forca em alterar esse perfil lipidico.
Verificou-se entdo, que o exercicio de forca de curta duragdo foi capaz de promover a redugio da
quantidade de 4cidos graxos monoinsaturados, saturados e palmitico (C16:0) no tecido adiposo
subcutaneo, os efeitos foram observados em comparacdo com o grupo obeso que ndo realizou as
sessOes de exercicio. Com o intuito de demonstrar o efeito benéfico da reducio de 4cidos graxos
saturados, Choi et al. descrevem que a diminuicdo do perfil de dcidos graxos proporciona uma
maior reducdo do processo inflamatério no tecido adiposo e, consequentemente, um aumento da
sensibilidade a insulina no tecido''*. Assim, Rodrigues et al. (2017), avaliaram os efeitos do
exercicio fisico voluntario e do treinamento aerébio durante 8 semanas em modelo experimental,
apos o periodo de intervencdo, foi demonstrado que tanto o protocolo de exercicio voluntario
quanto o treinamento aerobio ndo foram eficazes na reducio dos niveis de acidos graxos saturados
(C16:0 e C18:0). No entanto, ambos os protocolos foram capazes de diminuir a quantidade de acido
graxo insaturado (C16:1) no tecido adiposo epididimal'!>. Paralelo aos nossos achados, Sutherland
et al. ao submeterem 20 homens treinados a 4 meses de treinamento aerdbio de alto volume
(maratona) e observou que a carga de treino foi capaz de reduzir os niveis de dcido graxo palmitico
(C16:0) e oleico (C18:1) no tecido adiposo subcutdneo quando comparados com individuos

sedentarios!'®.

ApOs analisarmos o contetdo lipidico de 4cidos graxos que compdem o tecido adiposo
subcutaneo, se torna necessario investigar as proteinas envolvidas no processo de degradacdo de
lipidios. No entanto, poucos estudos demostraram a influéncia do exercicio sobre a proteina
ABHDS5 no tecido adiposo subcutineo, proteina que ao se associar a ATGL resulta na maior
degradagdo de 4cidos graxos no TAs**!?2, Com o intuito de investigar os efeitos do exercicio sobre
a proteina ABHDS, Stephenson e colaboradores, realizaram o protocolo de seis semanas de
treinamento de resisténcia em animais obesos buscando avaliar os efeitos do treino na modulacdo de
ABHDS no tecido adiposo visceral. Apés o periodo de treinamento, ndo foi encontrado altera¢do no
contetido proteico de ABHD5 em comparagio ao grupo obeso sedentdrio'**. Concomitantemente,
Yao (2011) analisou o efeito de doze semanas de treinamento aerébio na transcri¢ao génica de Cgi-
58 (ABHDS) no tecido adiposo subcutaneo de humanos com sobrepeso. O autor ndo encontrou
diferenca entre o grupo sedentério e treinado nos niveis génicos de Cgi-58'%. Corroborando os
achados da literatura, no presente estudo ndo encontramos alteragdes nos niveis de ABHDS no

grupo obeso sedentdrio e no grupo obeso treinado apds o treino de curta duragdo.
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Em relacdo a proteina PLIN1, com o intuito de avaliar os efeitos do exercicio na modulagdo da
PLIN1 no tecido adiposo, Wohlers et al. avaliaram o potencial de uma sessdo de exercicio aerobio
na capacidade de fosforilagdo da proteina PLINI1 no tecido adiposo visceral de camundongos
obesos, ao término do experimento observou-se que os animais que realizaram a sessido aguda de
exercicio ndo aumentaram a concentracdo de PLINI fosforilada no tecido adiposo quando

comparado com os animais sedentdrios'?’.

Por outro lado, quando avaliado os efeitos do
treinamento cronico, Ko et al. (2018), induziram camundongos obesos a oito semanas de
treinamento de corrida em esteira, apds analises moleculares foi possivel observar o aumento na
ativacao de pPLIN1, pHSL e ATGL em comparacdo com o grupo obeso sedentdrio, demostrando
que o exercicio aerdbio realizado por um longo prazo € um método eficiente para ativar proteinas
responsdveis pela lipélise no tecido adiposo branco'?!. Corroborando os achados de Ko, Americo e
colaboradores observaram que oito semanas de treinamento aerébio foi capaz de reduzir
significativamente o didmetro de adipdcitos em animais obesos através da modulagc@o das proteinas
pPLIN1 e pHSL, resultando, ainda, em maior sensibilidade dos receptores de insulina®'. Com isso,
no presente estudo € possivel observar que apds a ingestdo de dieta hiperlipidica o grupo obeso
diminuiu a capacidade de fosforilagdo de PLINI, no entanto, quando comparamos com o grupo

obeso treinado é possivel observar que o treino de forca de curta durac@o ndo foi capaz de aumentar

os niveis de pPLIN1 no TAs.

Demonstrando os efeitos do exercicio sobre a enzima AMPK, Thirupathi e colaboradores
compararam a resposta da enzima frente a dois protocolos de treinamento, grupo treino de forca e
treino aerébio, por um periodo de 8 semanas avaliando seu conteddo no tecido adiposo branco.
Ap6s as andlises moleculares, foi possivel observar que ambos os protocolos de exercicio tiveram
éxito em aumentar a atividade da pAMPK em animais idosos treinados quando comparados ao
grupo idoso sedentdrio”. Corroborando os achados do estudo anterior, Higa et al. avaliaram os
efeitos do exercicio aerobio, por 8 semanas, na capacidade de ativagdo da pAMPK no tecido
adiposo visceral de camundongos obesos. De acordo com os resultados, foi possivel observar que o
treinamento aerébio cronico aumentou a fosforilacio de AMPK no grupo obeso treinado quando
comparado ao grupo obeso sedentdrio®. Em contrapartida, quando foi analisado o curto efeito do
exercicio sobre a enzima, o estudo realizado por Kurauti e colaboradores, avaliou o papel do
exercicio aerébio agudo em resposta a ativacio da pAMPK no tecido adiposo branco de animais
obesos, o grupo demonstrou que o exercicio agudo nao foi eficaz em aumentar a capacidade de
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fosforilagdo da AMPK quando comparado com o grupo obeso sedentdrio’ °. No presente estudo,

animais obesos aumentaram os niveis de pAMPK. No entanto, o protocolo de treinamento de forca
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de curta duracio ndo foi eficaz no aumento da atividade da AMPK em comparacdo ao grupo obeso
sedentdrio. Paralelamente aos nossos resultados, Kurauti demostrou que o treinamento agudo pode
ndo ser uma estratégia eficaz para aumentar a capacidade de fosforilagio da AMPK em
camundongos obesos'!®, Em nosso estudo, o perfodo de curta duragio também nio demonstrou
alteracdes na ativacdo da AMPK no grupo obeso treinado, essas alteragdes poderiam ter sido
observadas caso o periodo de treinamento fosse mais longo, como demonstra a literatura, ou se o
tempo de extracdo fosse Oh pds-exercicio, ja que a fosforilacdo da AMPK demonstra diminuir em

relacdo ao tempo de extragio pés-exercicio'!?.

Partindo para as andlises da sintese de dcidos graxos no tecido adiposo. Sabe-se que no TAB a
enzima acetil-CoA carboxilase (ACC) € responsdvel pela sintese de 4cidos graxos, seu papel € atuar
na quebra da molécula acetil-CoA em malonil-CoA. Os altos niveis de concentracdo dessa proteina
é capaz de auxiliar na insercdo de novos carbonos, formando um 4cido graxo de cadeia longa!>*.
Posteriormente, a enzima &cido graxo sintase (FAS) atua na conversdao de malonil-CoA em acil-
CoA!. Nesse sentido, Blomquist et al. (2018) demonstrou o efeito da enzima FAS no processo de
lipogénese de novo em células 3T3-L1 (adipdcito), onde observaram a FAS como sendo um dos
fatores responsdveis pelo aumento da obesidade!S. Ao analisar os efeitos do exercicio frente a
enzima ACC, Pereira e colaboradores (2019) demonstraram que animais obesos apds realizarem 15
sessoes de treinamento de forca foram capazes de reduzir os niveis do acimulo de gordura e
inflamacdo no figado, devido a reducdo da atividade da pACC quando comparados com o grupo
obeso sedentdrio’'. No presente estudo, ndo foi possivel observar diferenca para a proteina pACC
entre os grupos obeso sedentdrio e obeso treinado. Com base em outros estudos, acreditamos que o
tempo de intervencdo proposto possa ter interferido na capacidade de ativagdo dessa enzima no TAs
dos animais treinados. Conforme demonstrado por Pereira, quinze dias de treinamento de forca ja

demonstra efeito positivo na diminui¢ao de ACC.

No processo final de sintese de acidos graxos, a enzima SCD1 € responsavel pela conversao de
dcidos graxos saturados em dcidos graxos insaturados, processo que ocorre nho reticulo
endoplasmaético, agregando uma dupla ligacdo ao 4cido graxo formando os triacilglicerdis,
facilitando seu processo de insercdo junto a gota lipidica!®>. Sabendo disso, Pereira et al.,
analisaram os efeitos da obesidade e de 15 dias de treinamento de for¢ca nos parametros fisiologicos
e moleculares no tecido hepatico, apds o periodo de intervencdo foi possivel observar que com
apenas quinze sessodes de treinamento de forca os animais do grupo obeso treinado apresentaram

reducdo nos niveis de SCD1 quando comparado ao grupo obeso sedentdrio’!. Paralelamente aos
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achados de Pereira, Stotzer e colegas avaliaram os efeitos do treino aerébio, por um periodo de dez
semanas, no tecido adiposo subcutaneo e mesentérico. Os autores observaram que o treinamento
aerébio foi responsavel pela redug¢do dos niveis de SCD1 apenas no tecido adiposo mesentérico do
grupo obeso treinado quando comparado com o grupo obeso sedentério!?®. No presente estudo,
demonstramos que os niveis de SCD1 estdo aumentados no grupo OBS quando comparado ao
grupo CT e ao analisar os animais obesos, podemos observar que o protocolo de treino de forga de
curta duracdo foi capaz de reduzir os niveis de SCD1 no TAs comparado com os animais
sedentdrios. Com isso, pode-se sugerir que o atual protocolo de treinamento de for¢a possa iniciar o

processo de diminuicdo da sintese de lipideos junto ao TAs.

Muitos estudos ja elucidaram os efeitos de diferentes farmacos como método para inibi¢ao do
processo de lipogénese, aumento da sensibilidade a insulina e estimulacdo do begeamento no tecido
adiposo subcutineo com o intuito de reduzir os efeitos deletérios da obesidade!’” 1%, No entanto,
ainda pouco se sabe sobre os efeitos do treinamento no estimulo do begeamento no tecido adiposo
branco. Buscando avaliar os efeitos do exercicio, Reynolds et al. (2015), analisaram os efeitos do
exercicio cronico de baixa intensidade em animais obesos sobre a expressdao de RNAm de Ppary no
tecido adiposo epididimal. O estudo demonstra que o exercicio nao foi eficiente em aumentar a
transcricdo do gene Ppary em comparag¢do com animais do grupo obeso sedentdrio'’!. J4 Castellani
e colaboradores, avaliaram o efeito de quatro semanas de exercicio aerébio sobre o conteido
proteico de PPARY no tecido adiposo epididimal de animais obesos. O estudo demonstrou que o
exercicio ndo foi eficiente em aumentar a quantidade da proteina PPARY quando comparado com o

grupo obeso sedentdrio!'*’

. Aqui, pudemos observar que apenas o grupo obeso sedentério foi capaz
de aumentar a transcri¢ao génica de Ppary em comparacdo ao grupo controle e obeso treinado. No
entanto, quando o conteudo proteico total de PPARy foi avaliado, ambos os grupos obeso
aumentaram os niveis da proteina quando comparados com o grupo controle, ndo sendo encontrado
os efeitos do exercicio. Possivelmente, essa relagdo entre expressao génica e formacao proteica no
grupo obeso treinado nao ocorreu devido aos efeitos positivos do treinamento em minimizar o
estimulo de diferenciacdo de células pré-adipdcitas em adipdcitos maduros, uma vez que a
obesidade ¢ responsavel pelo aumento da expressdo de PPARY com a finalidade de formar novas

células de tecido adiposo!*>.

Para auxiliar a PPARy no processo de begeamento do tecido adiposo branco a PGC-la
demonstra ser uma proteina importante para que ocorra a sinaliza¢io nuclear no adipécito!'®. Ao

longo do tempo diferentes estimulos demonstraram ser capazes de promover o aumento do



53

contetido de PGC-1a no TAB®*!®!, Sabendo disso, Stephenson e colaboradores buscaram avaliar se
o exercicio seria capaz de atuar nesse processo, € apds seis semanas de exercicio aerdbio, foi
possivel observar que o exercicio nao foi eficiente em aumentar o contetido proteico de PGC-1a no
tecido adiposo subcutineo de animais treinados quando comparado aos animais sedentrios'**. Em
estudo realizado por Norheim et al. (2014), foi avaliado homens sauddveis e homens com
sobrepeso, ambos submetidos ao protocolo de treinamento combinado durante doze semanas. ApOs
ds andlises, os autores ndo encontraram diferenca na expressdo do gene Pgc-Ia no TAs dos
individuos que realizaram protocolo de treinamento em compara¢io com o grupo sobrepeso®*.
Entretanto, Wu e colaboradores observaram que oito semanas de treinamento de resisténcia foi
capaz de induzir o aumento dos niveis de PGC-1a no tecido adiposo inguinal de animais obeso
treinado em comparacio com o grupo obeso sedentdrio!®?. J4 o presente estudo ao analisar o
conteudo génico e proteico de Pgc-1a, demonstrou que o treino de for¢a de curta duragdo ndo foi
eficaz em aumentar os niveis de PGC-1a no TAs de animais treinados em comparagdo com 0s

animais obeso sedentdrio. Nesse sentido, tais mudangas, talvez, poderiam ter sido observadas caso

fosse analisado outro tecido adiposo branco, como demonstrado nos artigos ja apresentados.

Completando o complexo de proteinas responsdveis pela sinalizacio de transcri¢do de UCP1, a
PRDM16 demonstra ter um papel fundamental na transmissdo do sinal para o nicleo da célula

adiposa!®?

. Com o objetivo de descrever a importancia do exercicio nesse processo, Stanford et al.
(2015), demonstraram que o treinamento aerobio em esteira realizado durante onze dias foi capaz
de promover o aumento nos niveis do gene Prdmi6 no tecido adiposo branco de animais obesos
treinado’!. No mesmo sentido, Khalafi e colaboradores avaliaram os efeitos do treinamento
intervalado de alta intensidade (HIIT), por doze semanas, na expressio de PRDM16 em animais
obesos, ao término das andlises foi demonstrado que o exercicio HIIT foi eficiente em aumentar o
contetido proteico do PRDM16 quando comparado ao grupo sedentirio'®’. No presente estudo,
demonstramos que o treinamento de for¢a de curta duracio foi capaz de aumentar os niveis do gene
Prdm16 no grupo OBexT em comparagdo aos grupos CT e OBS. Concomitantemente, observamos
o aumento no conteddo proteico total de PRDM16 para o grupo exercitado quando comparado ao

grupo controle. Acreditamos que o tempo de intervencdo ndo foi o adequado para observarmos

alteracdes na quantidade proteica de PRDMI16 entre os grupos obesos.

Por fim, avaliamos os efeitos do TFCD na transcricdo gé€nica e na expressao proteica de UCP1
no TAs. Com o intuito de avaliar os efeitos do exercicio na expressdo do gene Ucpl no TAB,

Schaalan et al. (2017) induziram animais obesos a seis semanas de treinamento combinado, apds o
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periodo de exercicio, foi possivel observar o aumento de Ucp! no tecido adiposo inguinal do grupo
que realizou o protocolo de treinamento quando comparado ao grupo obeso sedentirio!*. No
entanto, quando Rachel et al. avaliaram o contetido proteico de UCP1 apds induzir os animais a
doze semanas de treinamento intervalado de alta intensidade (HIIT), ndo foi possivel encontrar
diferenca nos niveis de UCP1 no tecido adiposo epididimal e retroperitoneal, dos animais que
realizaram o protocolo de alta intensidade em comparagcdo com o grupo obeso sedentirio'*’. No
presente estudo, demonstramos que o exercicio de for¢a de curta duracao foi capaz de aumentar os
niveis génicos de Ucpl no grupo OBexT em comparacdo com os grupos CT e OBS. No entanto,
ndo foi observado aumento entre os grupos obeso sedentdrio e obeso treinado para o conteddo
proteico de UCP1 no TAs apods as sete sessdes de treinamento. Curiosamente, nossos achados nao
apresentam uma relagdo entre o conteido proteico e a transcricdo génica de UCP1. Assim,
acreditamos que o periodo de treinamento ndo foi eficaz nas alteragdes necessdrias para a traducao

do RNAm e por conseguinte formar a proteina UCP1 no tecido adiposo subcutaneo.

7. CONCLUSAO

De acordo com nossos achados acima elucidados, podemos concluir que apenas sete sessoes de
treino de forca foi capaz de reduzir a resisténcia a insulina. Houve, ainda, diminuicao dos niveis de
acidos graxos saturados, poliinsaturados, palmitico e a-linoleico analisados no TAs. No entanto, os
animais treinados ndo apresentaram modulacdo expressiva das proteinas responsdveis pelo
begeamento quando comparados com o grupo obeso sedentdrio. Por outro lado, pudemos observar
que o treinamento de forca de curta duracdo promoveu adaptagdes dos genes Prdmli6 e Ucpl
relacionadas ao begeamento do TAs. Portanto, os achados demonstram o inicio da alteracdo do
tecido adiposo branco demonstrando a importancia do treinamento de forma cronica, pensando no
aumento do gasto energético basal de individuos obesos e, assim, colaborar com o tratamento da

obesidade e suas comorbidades.
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Figura 8. Conclusdo. O treino de forga de curta duracdo é responsdvel pela diminuigdo da expressdo de SCDI,
consequentemente, houve redugdo do perfil lipidico de acidos graxos poliinsaturados e do acido graxo a-linolénico.
Além disso, o exercicio de forca foi responsavel pela leve alteragdo na expressdo génica de Prdm16 e Ucpl. Isso resulta

no inicio do processo de begeamento do tecido adiposo branco.
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