28/07/2016

TREINAMENTO DE FORCA E OBESIDADE ANTES.....

) T

EYOLUTION...

Padrao estético muda com o tempo DEPOIS...

FORMAGAO DO ADIPOCITO

Positive transcriptional
effectors

PPARY

Cold Spring Harb Perspect Biol 2012;4:a008417 KLFs CEBP piaiis
AP-T Aand6 Bands %5 STATsA  SREBP-1

Adipogenesis \l/l l l

) Glonal expansion  Increasing ipid accumulation and insuin sersitviy ‘@ ®
3

Kelesha Sarjeant and Jacqueline M. Stephens > A
Department UfBio\ogim\ Sciences, Louisiana State University, Baton Rouge, Louisiana 70803 —‘V —‘7 \ / —‘7

Corespondence: jstephl @lsu.edu

KLFs PREF-1
GATA panar Wni-10b

2and 8 Wnt-5a




TIPO CELULAR
CARACTERISTICAS EVENTOS MOLECULARES
=t
== P
Pluripotents Célula tronco

Figura 2. VisGo esquematica do processo de diferenciogdo do adipbeito. O atual entendi-
mento da diferenciage do adipdcito indica que precursores de células fronco pluripotentes
GO crigem o CeIUIGs Precursormas mesenqmm@s com um potencial de se diferenciarerm em
mioblastos, cor Seletivas moléculos acompanham este
processo de diferenciogdo como \ndwcodo acima, com sua duragde aproximada representa-
da pela inha sélida. (Adaptado de ref. 58)

PPAR-y= receptor y ativado por proliferaderes de percxissomas; C/EBP= proteina amplificado-
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raligante ao CCAAT; Pref-1= fator pré-adipdcito 1: MEC= matriz extracelulor AG= &cido graxo.

Caracteristicas Eventos Moleculares
PLURIPOTENTE ”n
Célula Embrido
MULTIPOTENTE
Cartilagem
Osteoblastos
Mioclastos
Células Precursoras
- -
= DETERMINACAO Pref-1
2 Crescimento C/EBPB
3‘“ Mitose PPARY
% Multiplicagio C/EBPa.
5 Pré-Adipocito B
2 Gregorie, EM et al., 1998 Enzimas Lipogénig
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TIPOS DE ADIPOCITO
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Caracteristica Ocupada quase Grande i
principal inteiamente por goticula mitoctndrias e pmlel'lws milocdndrias e mpﬂmhcle de
de gordura {uce1) produtoras de calor aumentar o metabolismo
Fungio Aunazenar gordura Puxdugio de cilor & Movimento, sustenlagio e
“desperdicar” energia estimulo para demais tecidas.
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Peso num aduito A-12kg 0,050Kg 9-17Kg
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[ Gasto energético Menas que 15 Kcalfdia 75 Kealfdia 600 Kcalfdia ]
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Aspectos Epidemiologicos da Obesidade

15% a 50% da Populagdo
dos Paises Civilizados
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Source: Behavioral Risk Factor Surveillance System, reported in The Surgeon General’s Call to Action to Prevent
and Decrease Overweight and Obesity
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Aspectos Epidemiologicos da Obesidade
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Y da Populagdo Brasileira

Sobrepeso ou Obesidade

nire 1976 e 1991, a populacio de obesos praticamente
tituto Nacional de Alimentacéo e Nutri¢ao - INAN).

Prevaléncia (%) de Excesso de Peso
Segundo Regides
Bragil, 1989

Prevalénc obesidade no Brasil e outros

%

Brasil: 1975 - 1997
China: 1991-1997
l EUA: 1971/74 — 1988

Homens

Déficitde peso

Mulheres

Sobrepeso Obesidade
Obesidade
19a7s

197475 w1989

Tabela 3 - Participacdo relativa de macronutrientes no total de calorias
tleterminado pela aguisicdo alimentar domiciliar, por situagao do domicilio
Brasil - periodo 2002-2003 Participacdo relativa (%)

Participagdo ralative (%)

Macron utrientes Situstéo do domicilio
Total

\Urbana Rural

Carboidratos 5856 64,61
Aglicar (sacarose) 13,70 1367
Demais carboidratos 4685 60,90
Proteinas 128 1244
Animeis 687 618
Vegetsis 586 628
Lipidios 2761 nw%
Acidos graxos mono-inssturados 728 804
Acidos graxos poliinssturados 872 744
Acidos graxos ssturados. 864 aw 768

Fonts: IBGE, Diretoria de Pasquisas, Coordenagdo da Indices de Pregos, Pesquisa de Orgamentos Familiarss 20022003,
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1] OBESIDADEE TRANSIGAD SECULAR
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DIMINUIGAO DA TAKA METABOLICA

Speakman e Selman, 2003

0 fast food também engordou m NUTRICIONAL
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DIMINUIGAO DA TAXA METABOLICA

OBESIDADE - TRANSIGAO SECULAR
DIMINUIGAO DA TAXA METABOLICA

< 1% POPULACAO (1 CARR
86% NAO TINHAM CARRO

2000
> 75% FAMILIAS (1 CARRO)
> 27% (2 OU MAIS CARROS)

Speakman e Selman, 200 Speakman e Selman, 2003

{] oBEsiapEE TRANSIGAO SECULAR

DIMINUIGAO DA TAKA METABOLICA
REVERTERA |

\ER
) GR |

REVENCAO

JIMINUIGAC
DE PG

HOMEM PRIMITIVO vs HOMEM ATUAL
MINUTOS DE ATIVIDADE FISICA INTENSA

sessdes exercicio intenso/semana
30minutos/dia
Aumento 5,3% gasto energético

Speakman e Selman, 2003

100 Keal/dia X 365dias = 36.500 Kca Role of physical activity in preventing and treating
obesity

James O. Hill and Holly R. Wyatt

Jowrnal of Applied Physiology 99:765-770, 2005. dei:10.1152/japplphysiol.00137.2005

1Kg 7000 Kcal

XKg 36.500 Kcal

365dias = 521Kg
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Kecal

Energy intake
Threshold of Energy Expenditure

: Energy expenditure

1900 1950 2000
Fig. 1. Hypothetical depiction of how the decline in physical activity over the
past decades could have caused tofal energy expenditure for most people to be
reduced below a threshold where it is possible to achieve ance between
energy intake and energy expenditure. Solid line. energy expenditure; dotied
line, energy intake. The current obesity-conducive environment in the year
2000 has cre: st possibility for error in
regulating er at body weight regulatory
wide r r

e. The hypothesis is

inge of expenditures
depicted over U

however, it becomes difficult for many pe
and thus weight gain oceurs. Increasin y expenditure above some level
(threshold of energy expenditure) may be necessary to allow for better
physiological matching between expenditure and intake and thus allow body
weight stability. The figure was developed in collaboration with Dr. Steve
Blair, Cooper Institute, Dallas, TX

to match intake and expenditure,

OBESIDADE — CONCEITO ATUAL

ETIOLOGIA MULTIFATORIAL
GENETICA
'MEIO AMBIENTE
SOCIO-ECONOMICA
PSICOLOGICA

pelo aumento na
generalizada ou
rdura em relacdo ao

UCZMARSKI, 1992)

MORBIDADE
E
MORTALIDADE

nica e multifatorial
[0MS, 2002)

Vendrell et al., 2004

idade ndo  estd
a exclusivamente
Ncesso de ingestdo
einatividade fisica;

ente identificada;
S comportamentais do:

a e Aspectos Fisiologicos.
[DAMASO et cols, 2003)

[DAMASO et cols, 2003)
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|ENDOGENOS

GENETICOS

[EXOGENOS |

ALIMENTACGHO
ENDOCRINO ESTRESSE
PSICOGENICO INATIVIDADE
FISICA

METABOLICOS

REPRESENTA 95% OU MAIS DOS CAS0S

MEDICAMENT0SO [DAMASO et cols, 2003

REPRESENTA 5% OU MAIS DOS CAS0S
(DAMRASO et cols, 2003)

EXERCICIO FiSICO E OBESIDADE
antoa DISTRIBUICAO REGIONAL:
-9 & |
B-ADRENORRECEPTOR RY
CENTRAL PERIFERICA
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] _CLASSIFICAGHO DA OBESIDADE _

ENOGENA
moRroron  MIPERPLASICA
HIPERTROFICA
DISTRIBUIGRD O VRAL
PERIFERICA

A ADIPOSIDADE

“*150 diferentes expressoes génicas

Klaus, S. Current Drug Targets, 2004

Por que essa preocupacao
frequente com o aumento da
obesidade?




Por que essa preocupacao freqiiente com
o aumento da obesidade?

* Obesidade esta associada a diversas condigdes e
doengas:
- Doenga cardiovascular
- Hipertrofia ventricular esquerda
- Dislipidemia
— Hipertensdo arterial
— Diabetes mellitus
— Colecistopatia
— Apnéia obstrutiva do sono
— Neoplasias
— Distarbios reprodutivos
- Problemas ortopédicos e articulares
— Problemas psico-sociais

IMC E RISCO DE DESENVOLVIMENTO DE DOENGAS

25
Doenca Cardiovascular
digestiva Vesicula biliar

e Diabetes melito

s 2.0 pulmonar
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indice de massa corporal

Tecido adiposo visceral

Acidos graxos livres

Difus&do de células
pancreaticas

HIPERINSULINEMIA

. N N Reabsorgao
MAtividade simpatica

HIPERTENSAO ARTERIAL

Fator de
crescimento
vascular
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Obesidade e Doencas Correlacionadas

DOENGCAS Incidéncia

Diabetes melittus tipo Il 61%
Cancer no endométrio 34%
Colecistopatias 30% _
Osteoartrite 24% i
Hipertensio arterial 17% :{,'3’
Doengas coronarianas 17%
Cancer de mama 11%
Cancer de célon 11%

1- DAMASO, A.; TOCK, L. Obesit Perguntas e Koogan, 2006.
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Adipocyte Infiltrating immune cells
* @ e J IFNy receptors

| TNFa receptors

- i TNFo- IFNg- IFNy-
FEDEEE SN mmn mmnm
macrophages NK cells T calls

Proteinas Ligantes de
Vias Alternativas Complementares: 3 i R
Adipisina, Adiponectina e ASP IGF-1 eIRetmoI Fa&"arlgﬁég:ﬁ'iga"

Proteinas da Matriz

Fator de
Extracelular gy

crescimento d

endotélio
vascular
Monobutirina <

=) IL-6
— Rdipocitos

TNF-oc—]| =) Rdipécitos e pré-adipdcitos
= Pré-adipécitos

LPL
Resistina(—

Leptina{— Estrogenid
Angiotensinogéhia

Inibidor-1 do ativador

Angiotensina Il ﬂ. de Plasminogénio

LPA Eicosandides:
(Acido Lisofosfatidico)  pGE2, PGI2, PGF 2a

Dre ANA DAMASO
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1 Acinos GRAXOS

- As células de gordura
armazenam triglicérides e os
liberam na corrente
sanguinea como  dcidos
graxes, que tém funcdo
energética.

Mas guando sdo Ssecretados
em grande quantidade, sdo
armazenados diretamente no
figado, coracio e
miisculos, causando doencas.

+ 2.11-6 e TNF-Alfa

Proteinas produzidas pelo tecido
adiposo. Essas substincias estio
envolvidas no entupimento de
artérias.

« Elas levam a formacéo de radicais
livres (relacionados ao
envelhecimento celular) e a lesdao
do endotélio [camada gue reveste
artérias e veias por
dentro), favorecendo o acimulo
de placas de colesterol, que faz
com gue o individuo tenha mais
doencas do coracio e

circulatorias.

4. ANGIOTENSINOGENIO E PAI-1

0 angiotensinogénio é convertido
em uma substincia gue causa
constri¢cdo dos Vasos
sanguineos, causando hipertensao.

R diminuicio do PAI1, um
anticoagulante  natural,  estd
relacionada a formacéo de trombos.
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Tecido adiposo visceral

Acidos graxos livres
| . !
Resisténcia a insulina
lisculo

ﬂ. Insulina
Neoglicogénese \ captagéo de glicose

g ‘ DIABETES TIPO 2 ‘ 2

Difus&do de cels pancreaticas

l Tecido
adiposo|

« Tem _um papel
anmnlla_mamnn [ n_rmege
as artérias do entupimento
pelo aciimulo de gordura.

+ _Ha é secretada pelo
tecido _  adipeso  em
condicdes normais, mas
quando a  pessoa
engorda, sua produgao
diminui.

CONTROLE DA PRESSAO SANGUINEA — MEDIO PRAZO

SISTEMA RENINA ANGIOTENSINA ALDOSTERONA

ANGIOTENSINOGENIO
(FIGADO) !
+
RENINA s [ R.
(RINS) 9

ANGIOTENSINA I
ECA ou QUIMASE
ANGIOTENSINA II
RECEPTORES AT1 e AT2

ALDOSTERONA RETENCAO AUMENTO
DE SODIO ~ DA
VOLEMIA

ELEVACAO DA PRESSAO SANGUINEA

HIPERTENSAO ARTERIAL ZET

11



. Secretadaem
grande quantidade esta
~_ relacionadaa
resisténciaa insulina.

DIABETES TIPO 2
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LEPTINA —

+ZHANG et al., 1994
¢Leptos (GREGO) = MAGRO

¢ O gene ob no
interior do
adipodcito produz a
leptina

¢ A leptina vai para
corrente
sanguinea

¢ Envia sinais ao
hipotalamo
reduzindo ou
interrompendo o
impulso de comer

Brain
Releasing hormones

Neuropeptide Y \ e

Metabolic effects .‘g‘;: 1 / r n"“"';'""

4 NPY secretion : -’,.:.“;-é? Glvoocorieonds  Cathotamines

4 Food intake: Insalin Tam4

+ Bady weight TNF-0/IL-1 CAMP

1 Sympathetic tone 1‘

1 Encrgy expenditure .

‘Normalization of ghaoose. i Fertiliy

oty Leptin synthesis

Fat tissue
-
LN e,
' )("‘ Main functions:
e -..‘7 Glucose uptake, Fat storage.

T
Yoo o
1 ? Metabolism
/ .t

Pancreas.

- Skeletal muscle
W Liver \
Insulin secretion W Glucoss uptake and metabolism
Hepatic glacose production
Fg. 1. Action of leptin on the hypothalamus and periphecal crgans (pancreas, liver. and skelotsl muscle).

* 6. Leptina

* Horménio produzido
exclusivamente pelas
células de gordura.

* E ele o responsavel
pela sensagao de
saciedade no cérebro.
Quanto mais gordura a
pessoa tem no
corpo, mais leptina é
produzida.

LEPTINA

LEPTINA { ingestido alimentar
7 lipélise: T UCP2 e UCP3
J

1 taxa de oxidagdo de gordura

¢
T TMB

Dr2 ANA DAMASO
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* 6.LEPTINA

+ 0 problema ¢ gue pessoas
ohesas, apesar de produzirem
grande  guantidade  do
hormdnio, acabam criando
resisténciaa sua agdo

Tabela 4.2 Principais Locais de Armazenamento de Carboidratos e de Gorduras no Corpo
de um Homem Pesando 70 Quilos, Saudavel e Ndo Obeso (20% de Gordura
Corporal)
Observe que a ingestdo de carboidratos da dieta influencia a quantidade de glicogénio armazenado. tanto no figado
quanto nos miisculos. As unidades de massa do armazenamento sio gramas (g) e quilogramas (kg). As unidades de
energia sao quilocalorias (keal) e quilcjoules (k). Os dados sio das referéncias 21, 20 e 47.
Carhoidratos (CHO)
Local de Armazenamento Dicta Mista Dieta Rica em Carboidratos  Dieta Pobre em Carboidratos
Glicogénio hepitico 60g 90g <303
1240 keal 1360 keal (120 keal
ou 1.005 ki) ou 1.507 KjI ou 502 k)
Glicose no sangue € no 10g 10g 10g
liquido extracelular 140 keal 140 keal (40 keal
ou 167 k]} ou 167 ki) ou 167 kI
Glicogénio muscular 3508 600g 3008
(1,400 keal 12:400 keal (1.200 keal
ou 5.860 ki ou 10.046 kJ) ou 5.023 k)
Gorduras
Local de Dieta Mista
Adipécitos 14kg
1107.800 keal
ou 451,251 k)
Misculos 05ke
(3.850 keal
ou 16,116k}

LIPOLISE

ACIDOS GRAXOS LIVRES

~

e

N

Lipdlise: os hormdnios adrenalina, noradrenalina, glucagon, hormdnio
adrecorticotréfico, hormdnio do crescimento e leptina estimulam a Lipase Hormdnio Sensivel
(LHS), que por sua vez atua sobre os triglicerideos, liberando 4cides graxos livres paraa
circulacdo.

28/07/2016

METABOLISMO DAS GORDURAS

@

= Reservaiorio dz Gerdura

RS
i m
LIPOGENESE
ALIMENTOS * ATP-citrato liase
PLASMA: * Acetil Co-A carboxilase
ra. ™ LACTATO * Acido graxo sintetase
z %@& Zmﬁgﬁ'&?{)es * Enzima malica
= e
e S )
! ~
L 1—
x
INTESTINOS: //
AMINOACIDOS -~ TECIDO
GLICOSE
— ADIPOSO
TRATO GASTRO
INTESTINAL

Lipogénese: subistratos endégenos (actato, piruvato e aminodcidos) e exégenos (glicose e
aminodcidos) sio convertidos em triglicerideos no tecido adiposo, através da acdo das

enzimas ATP-citrato liase, acetil-CoA carbioxilase, 4cido graxo sintetase e enzima malica. A
insulina atua estimulando a captacéo de glicose pelas células e promovendo a transcrigdo
génica das enzimas envolvidas.

METABOLISMO DAS GORDURAS

Reservitério de Gordura

Nideo

13



TECIDO ADIPOSO
REGULAGAO HORMONAL DO BALANGO

ENERGETICO

Dr2 ANA DAMASO
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ANTI-LIPOLITICOS

!

Dr2 ANA DAMASO

LIPOGENICOS

Dr? ANA DAMASO

REGULAGAO HORMONAL DA LIPOGENESE

Horménio Secregdo Efeitos

Insulina Pancreas 4 namero de B-receptores
J LHS, fosfodiesterase e { AMPc

1 incorporagédo AGL nos TG

Dr? ANA DAMASO

TRATAMENTO

% Cirurgia
IMC acima de 40 Kg/m2 ou IMC acima de
35 kg/m2 com comorbidades

% Medicamento

% Exercicio

% Dieta

Tratamento Eficiente para a Obesidade

1l

Multidisciplinar

Modificacoes do
comportamento —
Mudancgas do Estilo
de Vida

14



Tratamento Medicamentoso

- LIPOLISE
ACIDOS GRAXOS LIVRES
e
e ] LSH @)

ADRENALINA

- NORADRENALINA

\ GLUCAGON
HORMC:)NIO ADRENOCORTICOTROFICO
HORMONIO DO CRESCIMENTO
LEPTINA

Lipélise: os horménios adrenalina, noradrenalina, glucagon, horménio
adrecorticotréfico, hormdnio do crescimento e leptina estimulam a Lipase Horménio Sensivel
(LHS), que por sua vez atua sobre os triglicerideos, liberando 4cides graxos livres paraa
circulagdo.

TECIDO ADIPOSO
REGULAGAO HORMONAL DO BALANGO

ENERGETICO

Dr2 ANA DAMASO
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Tratamento Cirurgico

SIBUTRAMINA

C about i inal Surgery to Severity Obesity of the National Institutes Health, 1991

METABOLISMO DAS GORDURAS

a-ADRENORRECEPT Y

LIPOLITICOS ANTI-LIPOLITICOS

! !

Dr2 ANA DAMASO

15



28/07/2016

REGULA(}T\O HORMONAL DA LIPOLISE
REGULAGAO HORMONAL NO TECIDO ADIPOSO L . :
Horménio Secregdo Efeitos

Epinefrina Medula Adrenal 1 ligada a B-receptores
{ ligada a a-2receptores

Norepinefrina SNS 71 ligada a p-receptores

'-'P°GE“'°°5 ANTI- LIPOGENICOS
{ ligada a o-2receptores

Dr2 ANA DAMASO Dr2 ANA DAMASO

T3eT4 Glandula Tiredide 1 nimero de B-receptores
nos adipocitos

GH Glandula Pituitaria T i nao conhecido!

Insulina Pancreas 4 nimero de B-receptores
{ LHS, fosfodiesterase e { AMPc
1 incorporagido AGL nos TG

METABOLISMO DAS GORDURAS

o Antes da liberagao de energia pela gordura, a

molécula de TG é hidrolisada no citosol da célula:

lipase

TG + 3H,0 glicerol + 3 acidos graxos

o Os acidos graxos contém a maior parte da rica

e upper buttocks. The anes & sterilized
ce. Phatonicrograpls of e adipocytes

Figure 30,11 (Lpper panel] Needle bopsy 10 extraet adigooy
and anesthetized, o the hiopsy nesdie & placed beneath the " .
fram ke bublocks of o ghysically active professar befoe (o er fright) B months of maratbon taineig. energia Potenclal dos TG.
Aadipocyti diameter averaged 869 siaalbor after training, T ol af Fat i each cell decriased by
18.25% Th Inigye sphesical stracturcs i the backgrount aro N draplets. Sartom pemet, Crass seciion of Timan
ipocytes 4440, (Fram Geneser F, Color atlas of histolagy: Philndelphia: Lea & Febiges. 1985, Tap panel photo
microgrphs courtesy of P M. Clarksan, Muscle Blochemistry Laboratory, Exercise Science Department,
University of Massachusetts. Amberst, MA)

Coopyegpe © 3001 Ligpaasi Wik, & Wik

ADIPOCITO
METABOLISMO DAS GORDURAS = receoal < FiGADO

¢ Mobilizagio dos triglicerideos: & a-ADRENORRECEPTOR

Através da LIPOLISE = Catabolismo dos triglicerideos: // \ @
TRIGLICERIDEO + 8H20 -LIPASE~ 1 GLICEROL + 3 AGL. wemam:eﬁmm
%; /-~ AGL - energia
« Nas situacées de: o TG .
as situagoes de: LIPoLiTICOS: =
1. Exercicio de intensidade leve a moderada e de longa duragio « ADRENALINA LIPOGENICOS: ENZIMAS LIPOGENICAS:
, . . . 5 < NORRDRENALINA INSULINA
2. Exercicio de intensidade alta a moderada e de curta duragio o ";:1“, ol TP CITRATO LIASE
; H iad ° AG SINTETASE
3. Dieta pobre em calorias ou jejum - ACETILCOA CARBOIILASE
ENZIMA MALICA

*ACTH - CORTISOL
|-T3 & T4 (ICP3)

16



LPOLISE

LIPOLISE

CAHU

Exercicio

Dieta

ACIDOS GRAXOS LIVRES
e

- JLsH @3

ADRENALINA
NORADRENALINA

“~ GLUCAGON
HORMONIO ADRENOCORTICOTROFICO
HORMONIO DO CRESCIMENTO
LEPTINA

Lipdlise: os hormdnios adrenalina, noradrenalina, slucagon, hormdnio
adrenocorticotréfico, horménio do crescimento e leptina estimulam a Lipase

Hormonio Sensivel (LHS), que por sua vez atua sobre os triglicerideos, liherando
dcidos graxos livres para a circulagdo.

REGULACAO LIPOLITICA

ADRENALINA
“ NORADRENALINA |

MEMBRANA

RECEPTORES 8
ADRENERGICOS

RECEPTORES a

2,3 ADRENERGICOS
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LPOLISE |

Catecholamine

Bs *
adrenoceptor

CAHU

B,
adrenoceptor

B, * %A
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CAHU

COMO MOBILIZAR ESTA GORDURA ?

vocé esta fazendo isso errado’

CADEIA RESPIRATORIA

CADEIA RESPIRATORIA

¢ Processo metabdlico de sintese de ATP a partir da energia
liberada pelo transporte de elétrons na cadeia respiratéria.
Por moléculas especificas nas membranas internas da

mitocéndria - Citocromos.

CICLO DE KREBS
=/
(=)

s
NAD*
1. Ciclo de Krebs = (Ciclo do icido tricarboxilico ou Ciclo do - i NADH +
. . o ai, i
4cido citrico & O e,
FADH, o ”%_
o co, H,0 o o‘%y%
2. Sistema ou Cadeia transportadora de elétrons FAD g ,/ "%
& NAD*
. Ly e NADH +
3. Fosforilagio Oxidativa %&é @

CADEIA RESPIRATORIA

% f |
Citocromo. OYoict]
Citocromo
A Cytochrome
%'I.' \ £ myduclase @
Citocromo 1/202
\“'( 2H41/2

. » 2H*
m \ e
H,0
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LIBERAGCAO DE ENERGIA
PELOS CARBOIDRATOS

« Os carboidratos sio os Gnicos macronutrientes cuja
energia armazenada pode ser usada para gerar o ATP
anaerobicamente;

« Importante no exercicio vigoroso: liberacio rapida;
« Leve a moderado, metade das necessidades;

» 2 estagios da degradacio da glicose:
# Anaerdbica
o Aerdébica

X

REGULAGAO GLICOLITICA

ADRENALINA
« NORADRENALINA |

MEMBRANA
CELULAR

RECEPTORES B
DRENERGICOS

RECEPTORES a

1.2,3 ADRENERGICOS

ADELINATO
CICLASE

ATP ——> cAMP
PROTEINA KINASE DEPENDENTE-cAMP
HIDROLISE

po —> GLICOSE
GLICOGENIO

FOSFORILAGAO E
ATIVAGAO DA PHS
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TH,OH

w )——o » DEGRAGAO DA GLICOSE

OH H
OH oH

H OH

OCORRE EM DOIS ESTAGIOS:

NO PRIMEIRO ESTAGIO: DECOMPOSIGAO DA MOLECULA DE
GLICOSE EM DUAS MOLECULAS DE PIRUVATO - LACTATO.
OCORRENDO SEM PRESENGCA DE OXIGENIO (GLICOLISE
ANAEROBIA).

NO SEGUNDO ESTAGIO: AS MOLECULAS DE PIRUVATO SAO
DEGRADADAS EM CO2 e H20. NESTE SEGUNDO ESTAGIO
TORNA-SE NECESSARIO O TRANSPORTE DE ELETRONS E A
FOSFORILAGAO OXIDATIVA (GLICOLISE AEROBIA).

Calmodulih
[ ]

Glicogénio

Pi \1 PHOS
HK

1Glicose —— G6P

F£P

Noraepinefrina

]
£ PFK
]
s F1.6DP -
2 _
s} FOSFOENOLPIRUVATO i
PIRUVATO
N\ e d
Lactato
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t Lactato LDH
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NAD* <«— \| <1>
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<_
FAD N ze GAo
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% < >
% N\ DA
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S| % N 2e FO
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%o \ 2e
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® < >
®
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%
‘a \ 4
°°0 2e Y2 02
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ENERGIA ISOMERASE Frute uinase
e HE Frutose &-fosfato sl Frutose
W Gpgede feec 27T
GLICOLISE: " wtome 1 6-cifonteto
2x ATP
ANAEROBIA s | ALDOLASE
25 NADH + H* 2x ADP
& Fosfoenolpiruvato
, e
AEROBIA B AGL-Con

— = s

YTF

Oxaloacetato

4 caT

~
\*——\
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CICLO DE KREBS

Lactato =——— Piruvato Citossol

NAD*  NADH +H*

Piruvato Acetil CoA Miitocondria

Lactato™ , - A
CltratoG)
Oxaloacetato Citrato Ca2e ADP()
NADH@/ NADHQ®

Malato < ......... Isocitrato
e
““““ t4 <. . ‘+ H*
........ a-Cetoglutarato

N ca?@®
% GDP+Pi .H NADH(D)

Su Cinat03ucc|n|| oA ‘co,

Glicogénio ¢

= FOSFORILASE . .

CARBOIDRATO:
FONTE DE

INASE T Glicose &-fosfarase
Glicose 6-fosfato

ENERGIA ISOMERASE Frute uinase
He+ HY Frutose 6-fosfato .;.qT Frutose
ADP ATP
] Mo foele | ek
LI LISE: o-Frutose 1.6-difosfato
He
z 2x ATP
ANAEROBIA s | ALDOLASE
25 NADH + H* 2x ADP
& Fosfoenolpiruvato
S oBIA =

)
nor S
s -~ 13
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4 caT
~
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- yEo

?
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Citoplasma

\

/

Glicogénio

Pi \1 PHOS

HK  Gep

|

F6P

PFK 1

F1.6DP

FOSFOENOLPIRUVATO

PIRUVATO

Lactato

Produc¢ao Hepatica de Glicose no Exercicio

60 7

Glicemia
(mmol.L")

) 5
Inibe a captacao de glicose pela via da insulina

aumento dos contra reguladores:

Adrenalina, Glucagon, GH e Cortisol)

80%

50%
VO,méx

VO,msx
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Figado

piruvato

lactato

piruvato
l 2H* 4> @<—l» 2H*  Lactato desidrogenase

lactato

Musculo

SANGUE

CICLO DE CORI T
Lancgadeira de lactato ;

0

GLUCAGON

15 30 45 60 75 90 105 120 135
Minutos

15 0

F3.5 Adaptado de Hargreaves, 1995
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Quando essa Glicose sanguinea
- £
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DE ONDE
SAIU ISS02!?

BLOISAS i

TRANSPORTADORES DE GLICOSE - GLUTS

* GLUT1-captacdo de glicose hasal ndo mediada por insulina

« GLUT 2- células beta das ilhotas para sinalizacdo e percencio
dos valores sanguineos de glicose e consequente liberacio de
insulina

* GLUT 3- cérebro, niio dependente de insulina

« GLUT 4- dependente de insulina, presente especialmente em
miisculos e tecidos adiposos

CARBOIDRATO: GLICOSE CIRCULANTE

[ Glicos

e sangiinea ],,

Receptor da
insulina

Proteinas
transportadoras
GLUT,

,’» Gy P h(}hcogénio.

Glicdlise

,.Ji—r-'—'

Sarcolem

L ]
00 0,000
[ I ] °®
[ L]

Anteliplise

Meio intracelular

S PDK 1/2

Fosfoinositideos

Meio extracelular

/i

Sintese de
PTN

Sintese de

glicogénio

Glut 4

Slide by Rodrigo J. Pauli
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(0 ; | METABOLISMO DAS GORDURAS

ADRENALINA

B - receptor

AGL—"B oxidagao

Acetil CoA H20

ATp NADHE S /
TR0 ATP
o FADH+ E @

CAHU |

o
Adipocito
Adrenalina

B - receptor

/

Glicerol  Acido Graxo

Albulmina
Plasmatica + A

—_—

Adrenalina
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IS

B -
catecolaminas

Utilizacao de lipides no exercicio

Corrente sangiiinea

MITOCONDRIA

B-oxidacao

Acetil CoA

TIPOS DE ADIPOCITO

mitochondria ‘ nucleus

Mesenchymal
precursor
precursor
White adipocyte | |Beige adipocyte | | Brown adipucyiel
- -\
A Y
AR
& A Y
B3-adrenergic stimulation
chronic PPARy induction
cold exposure

= lipid droplet

o L____1
- mesenchym:

ATP ap 4 Py

FRA AephCo

Camitne Acycaritne

GARNITIN
ITOVL:

CoA Acyicarmiine.

Acyicarniine oy iaion

Figure 24-1. Rl of camitine in the transport of long-
chain fatty acids through the inner mitochondrial mem-
brane. Long-chain acy-GoA cannot pass through the in-
ner milachondrial membrane, but its metabolic product,
acyicamitie, can.

Aci-COA GOr8UIESA | GH,— CH,— CH,— COCOA (Gyed

acll-CoA gordurosa —-FAD
il

higroxiacil-GoA

cetoacil-Coa

acil-CoA gordurosa
(agora com menos 2-C)

Fig. 4.8 O ciclo de B-oxidagdo dos écidos graxos

FADH,
A— GH,— CH==CH — COCoA

+H:0 | encil-Coa hidratase

R—CH,— »Tnfcnzfcocou

OoH

= NADH + H*
— CH,—COCoA

O acell-GoA acetiransierase

acetyl CoA

—+ acelyi CoA
—+ acetyl CoA

) —+ acelyl CoA
) —» acelyl CoA
—= acetyl CoA

—+ acetyl CoA

acetyl CoA
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DIRETRIZES DO ACSM, 2008

NSIDADE: 50 A 85 DO VO2 MAX

Efeito da Intensidade do
Exercicio

UENCIA: 3,5 A 7 X SEMANA

CAO: 30 A 60 MINUTOS

DE EXERCICIO: PREDOMINANTE AEROBIO
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DIRETRIZES DO ACSM, 2011

Fraguancy: 25 dwk to maximize caloric expenditure

Intensity: Moderate- to vigorous-intensity physical activity should be encouraged. Initial exercise training
intansity should be moderate (.8, 43%-5_.7% [V with Mavs’OzR or HRR). Evantual progression to mare
vigarous-axercise intensity (1.e., 50%=75% [V with dot above]02R or HRR) may result in further
nealth/fitnass benafits.

Tima: 30-80 min-d” 1o tatal 150 minutes per waak, progressing to 300 minutes per waek, of moderate
physical activity; 150 minutes of vigorous physical activity; or an equivalant combination of modarate and
vigarous physical activity. Parformance of intermittent exercise of at least 10 minutes in duration;

accumulating these duration recommendations is an effective alternative to continuous exercise.

Typa: The primary mode should be aerabic physical activities that involve the large muscle groups. As part
of a balanced exercise program, resistance-training exercise should be incorporated. 3ee Chapter 7 on
exercise prascription recommendations for resistance training for additional information.
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300 ANAEROBIO ?7?
PENSADO
AEROBIO
250 IN
Ty
200 —

Dispéndio de energia, keal/kg/min

65 85
Por cento de VO, max

=———= Glicogénio muscular u AGL plasmalico
E——= Trigliceridios musculares S Glicose plasmatica

< f‘j
£ 250 !

Regulation of endogenous fat and carbohydrate metabolism
in relation to exercise intensity and duration

J. A. ROMIJN, E. F. COYLE, L. S. SIDOSSIS, A. GASTALDELLI,
J. F. HOROWITZ, E. ENDERT, AND R. R. WOLFE

Metabolism Unit, Shriners Burns Institute and Departments of Anesthesiology and of Surgery,
University of Texas Medical Branch, Galveston 77550; Human Performance Laboratory,
Department of Kinesiology and Health, The University of Texas at Austin, Austin, Texas 78712;
and Depay of Endocrinology, Academisch Medisch Centrum,
University of Aq‘ts:r;erdam, 1105 AZ Amsterdam, The Netherlands

Am. J. Physiol. 265
(Endocrinol. Metab. 28): E380-E391, 1993.—Stable isotope
For cento de V O, max ) B )

=———= Glicogénio muscular “ AGL plasmalico
E——= Trigliceridios musculares —— Glicose plasmatica

Poats e mecr
| izagso de gordura| 12
70

5 Vs 7585 VO

VOsria

[La) mae

curva do consumn de

5 10 150 00 250 an 80
intonsidade (W)
Figura 2 Curva de utizacso de gordura sm funcan da intsnsidade dsmonstranda o ponto de maior utlizacéo
(linha tracejada). Adaptado de Acthen etal.**

Rev. Bras.Cineantropom. Desempenho Hum. 2006,8(4).106-114

Regulation of endogenous fat and carbohydrate metabolism
in relation to exercise intensity and duration

J. A. ROMIIN, E. F. COYLE, L. §. SIDOSSIS, A. GASTALDELLI,

J. F. HOROWITZ, E. ENDERT, AND R. R. WOLFE

Metabolism Unit, Shriners Burns Institute and Departments of Anesthesiology and of Surgery,
University of Texas Medical Branch, Galveston 77550; Human Performance Laboratory,
Department of Kinesiology and Health, The University of Texas at Austin, Austin, Texas 78712;
and Depa of Endocrinology, Academisch Medisch Centrum,

University of Amsterdam, 1105 AZ Amsterdam, The Netherlands

Am. J. Physiol. 265
(Endocrinol_ Metab. 28): E380-E391, 1993.—Stable isotope

Five endurance-trained cyclists (age 24 + 2 yr, weight 75.2 +
3.6 kg, height 1.78 + 0.03 m, VO, nax 67 + 3 ml-kg~'-min-1)
volunteered for this study. All subjects were healthy, as indi-

Exercise Protocol

The subjects were studied on three consecutive days in the
postabsorptive state. On each day a different exercise intensity
was performed (25, 65, or 85% of VO may); the order of the
intensities was randomized. On each occasion, stable isotopes
were infused, and indirect calorimetry was used to determine
oxygen consumption (V0,) and carbon dioxide production
(Vco,) during a basal period of 2 h and during either 30 min
{85% of VO max) or 120 min of exercise (25 and 65% of VO, pax)
on a stationary ergometer (Monark 819). Immediately after ex-
ercise, the subjects lay down on a bed while the infusion of
stable isotopes was continued for 1 h during recovery. Immedi-
ately after recovery from exercise, carbohydrate repletion was
started by having the subjects drink a solution of cornstarch at
frequent intervals. The amount of carbohydrate ingested each
day (300-400 g) was approximately two times the maximal
amount of glycogen oxidized during exercise.
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A

mmol.L" '

Fig. 1. Glycerol (0) and free fatty acid (FFA; a) concentrations (means
+ SE) during exercise al 25% (4),85% (B), and 85% (C) of maximal O,
consumption (V02 max) and subsequent recovery in 5 trained subjects.

- -1

ittt

1
o213 Exarcise Exercise
0.0 T T .0 T T T
0 60 1?0 180 o 60 1 fﬂ 180

o sk 60 90
Yime (min)

pmol-kg-tmin-t 2>

pmol-kg-1-min-1

% of VO, max

Fig. 7. A: FFA tissue uptake (hatched bars) and whole boedy fatty acid
oxidation (open bars) measured after 30 min of exercise at 3 different

idation (open Bava) eaeasured nfior 30 mm of oxerciso ot § dlﬂere'nt
mtene.\ties in 5 athletes (means + SE). * P < 0.05 va. 26% of V0s ma
# P < 0.05 va. 85% of VOu mu.
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pmolkg-t-min-1
8

10

pmolkg-1-min-t

Exercise

0 30 60 920
Time (min)
Fig. 5. Rates of appearance of glucose (means + SE) during exercise at
95,65, and 85% of VO, .., and subsequent recovery in 5 trained subjects
calculated by non-steady-state equations with pool fraction of 100 ml/

kg. Values obtained during different exercise intensities were signifi-
cantly different (P < 0.05).

Table 1. Effect of exercise intensity
on fat metabolism, measured after 30 min
of exercise in five endurance-trained athletes

. Glycerol R,
IEI:;:;:S . Plasma Total Fat
% of VO max Vg(l;g)l]e Peripheral mlu';tcr":m FFA R. Oxidation
25 10.9+1.0 9.8+1.6 1.1+0.7
65 13.6+1.9 6.9+0.6 6.7+1.2*
85 13.420.9 8.5+2.5 4.9+19*

Values are means + SE in ymol-kg~!-min~'. R,, rate of appearance.
* P < 0.05 vs. exercise at 25% of maximal O, consumption (VO3 mmax)-
1 P < 0.05 vs. exercise at 65% of VO3 max.

Table 2. Plasma concentrations of catecholamines
at rest, during exercise, and after 60 min of recovery

Exercise Exercise, min

Intensity, Rest ]::6‘(;:{

% VO3 max 30 120

Epinephrine
25 3846 59+3* 52x8* 364
65 58£17 199+18*f 239+28*t 6217
85 36+7 625+86*} 4418
Norepinephrine

25 23143 388+54* 372141 22327
65 291431  1,694+237*t  1,851+286*f 424130
85 266+19  5,085+914*f 293452

Values are means + SE in mg/l. * P < 0.05 vs. rest. ¥ P < 0.05 vs.
exercise at 25% of VO, pax. § P < 0.01 vs. exercise at 25 and 65% of

VO max.

RECOMENDAGCOES NAS INTENSIDADES DE EXERCICIOS

Intensidade % VO, Aplicagio
Leve <%40 intensidade inicial para clientes descondicionados
Moderado 40%-59% apropriado para queimar calorias e algum

beneficio cardiovascular

Maximo 90%-100% intervalos aerobicos; provém o maior aumento
100 VO
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I

PIROMET

Test Spead Grade Heart VE VT RR VECO? etCO2 VED2 et02 VCO2Z VO2 vaz R METS KCAL

Time Ka/h % Rate BTPS BTPS /min ma Hg mm Hg STPD STPD /KB /ain

oz 20 w2 stz 175 18 2 s .0 1.2t 160 29 0.7 & 7 PROCESSO DO METABOLISMO LIPIDICO
1:00 28 104 36.4 2.350 15 26 43.0 21 .38 1.77 25.3 0.78 7 9

1:30 20 109 36,0 2.06 18 28 1.9 23 .30 1.56 22.2 0.84 & 8

2:00 28 108 39.2 2.36 17 27 42.5 23 .46 1.72 24.5 0.85 7 8

2:30 28 108 37.5 1.89 20 28 42.3 24 B6.9 1.33 1.38 22.3 0.85 s 8

3:00 28 109 36.6 2.32 186 26 43.2 23 BS5.B 1.39 1.62 23.1 0.86 7 8

3:30 30 1% 114 40.0 1.98 20 27 42.3 24 B7.8 1.46 1.47 23.9 0.87 ¥, 8

4:00 30 120 37.5 2.28 17 26 44.t 22 B4.7 1.S3 1.80 25.8 0.85 7 9

4330 32 123 46.9 2.55 1B 26 44,2 22 84.8 1.82 2.09 29.9 0.87 8 10

s 32 130 4832 24 2 26 sas 2 B3 1 2w o o I 1 QUOCIENTE RESPIRATORIO
5:30 34 125 50.7 2.5 20 26 A4 23 87.3 1.97 2.20 g.g g.: 9 11

6:00 34 124 53.3 2.58 21 26 44.4 23 B7.2 2.08 2.34 o N 10 12 -~

6:30 36 135 6.6 2.35 26 26 443 23 07.9 2.20 2.47 35.2 0.89 1o 12 relag,ao das trocas gasosas do
7:00 36 133 &5.1 2.5 25 26 43.4 24 90.4 2.50 2.69 38.5 0.93 11 13

7:30 38 141 68.1 2.45 28 26 43.1 28 92.7 2.58 2.75 39.3 0.94 11 14 H

s 3 fio &7 lés m 36 aai 2t 04 s 258 o3 o3 12 e metabolismo

8:30 40 146 73.0 2.55 29 26 43.8 24 91.0 2.81 3.03 43.3 0.93 12 15

9:00 40 149 76.1  2.66 29 26 44.0 24 90.6 2.96 3I.16 45.1 0.94 13 16

?:30 42 152 B80.0 2.69 30 26 43.9 24 91.4 3I.09 3.32 47.4 0.93 14 17

10:00 42 157 82.7 2.77 30 26 43.9 24 91.2 3.20 3.44 49.1 0.93 14 17 -
10:30 44 161 83.9 2.63 32 26 43.8 25 91.3 3.22 3.40 48.6 0.95 14 17 QR: co produz'do
11:00 44 164 87.9 2.74 32 26 43.6 23 91.5 3.39 3.5 50.9 0.95 15 18 2

113130 46 17t 96.4 2.76 35 27 42.7 26 93.9 3.62 3.74 53.5 0.97 135 19

12:00 46 172 101.1 2.73 37 27 41.7 27 93.8 3.70 3.71 53.0 1.00 15 19 H
12:30 48 177 109.0 2.86 3B 28 41.3 28 96.7 3.9 3.95 561 1.01 16 20 02 consum|do
13:00 48 182 114.9 2.89 40 27 M1.3 28 97.1 4.18 4.07 '58.2 1.03 17 21

13:30 48 2% 184 125.3 2.93 43 28 40.8 29 99.1 4.47 4.25 0.7 1.05 17 22

14:00 48 2% 189 135.5 3.00 45 29 39.7 31 101.2 4.71 4.33 61.B 1.09 18 2z

14:30 48 3% 192 143.7 2.99 48 30 38.7 33 102.1 471 4.32 61.7 1.09 18 22

15:00 48 3% 195 157.7 3.11 51 30 38.1 35 103.4 5.22 4.57 65.3 1.14 19 24

15:30 48 4% 199 161.0 3.05 53 30 38.7 35 103.8 5.3b6 4.62 66,0 1.16 19 24

16:00 REC 170 155.1 3.07 St 29 40.1 36 103.5 5.35 4.33 61.8 1.24 18 23

16330 REC 155 136.8 3.02 45 30 39.6 39 105.5 4.63 3.4B 49.8 1.33 14 19

17:00 136 122.2 2.81 44 32 3.6 41 106.8 3.81 2.98 42.5 1.28 12 16

17:30 131 108.4 2.63 41 32 36.1 39 105.6 3.34 2.81 40.2 1.19 12 15

18100 125 9s.9 262 3 32 365 37 10M.6 2.89 2.3 36.3 115 10 13

18:30 114 91.2 2.50 34 34 35.1 38 104.7 2.70 2.42 34.6 1.11 10 13

19:00 106 2.47 33 34 35.2 36 103.2 2.43 2.27 32.5 1.07 b & -4

19130 101 75.8 2.22 38 37 326 40 1062 2.07 1.90 27.1 1.09 8 10

20:00 96 58.3 2.09 28 36 34.2 36 101.9 1.63 1.64 23.4 1.00 7 8

PROCESSO DO METABOLISMO LIPIDICO RAZAO DE TROCA RESPIRATORIA (R)

Porcentagem de Gorduras e Carboidratos
Metabolizados pela Razdo de Troca Respiratéria (R)
nao-Protéica

R % de Gorduras % de
Carboidratos
0.70 100 0
0.75 83 17
0.80 67 33
0.85 50 50
0.90 33 67
Carga crescente 0.95 17 83

QR =RER
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Hypothetical Model (Skinner, 1980) LA PCR

Fase 01 Fase 02 Fase 03

Lipidio
LACTAPO
*
7/
*
/' P
/ -
Ad - s
Y |

CLASSIFICACAO DO EXERCICIO

Classificagdo %VO,max METS Kcal/min
Muito leve <20 <24 8.4
Leve 20-39 24-37  84-147
Moderado 40 - 59 3.8-5.1 14.8-20.9
Muito pesado >80 >7.0 >31.4

ACSM - Howley, 2001

Regulagao da oxidagao de Substrato vs Intensidade
do Exercicio

Regulagao da oxidagao de Substrato vs Intensidade
do Exercicio

Muscle Glycogen

[ Trinlycarides

IS e
\\

@ Plasma FFA \

Fat oxidation

Y W Plsma Glucase

s @ ® W e M s W B @ %
% of VOzmax

% of VOymax

(JEUKENDRUP, A.E.; 2002)

FAT max

Intensidade de Maior Taxa de Oxidagao Lipidica

55% a 72% do VO2max para todos individuos avaliados
TREINADOS: 59% A 64%

POPULAGAO GERAL: 47% A 52%

(Achten et al.; 2002)

Regulagao da oxidacdo de Substrato vs estado de
treinamento

0.7 —o— moderately trained
0.6 —a— highly trained

L
W B oW
b il

B
N

Fat oxidation (g'min ")

e o
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o b

W
]

45 55 75 85 85
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Achten e Jeukendrup (2004)
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DURANTE O TREINO

i E NA RECUPERACAO ?

- l OXIDACAO DE GORDURA

0
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010 -

Fat exidation (g + m
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VO, (Lmin'y

Figure 1 = Theoretical curve indicating fat oxidation as a function of exercise intensity (V0;). The
exercise intensity at which the highest rate of fat oxidation is observed is referred to as Fatmax.

(Jeukendrup; Achten, 2001).

PROCESSO DO METABOLISMO LIPiDICO

Rui Curi
Cliudia J. Lagranha
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Regulacao da oxidacao de acidos graxos
pelo musculo esquelético quando ha oferta
abundante de glicose

A metabolizagio elevada da glicose pelo misculo
esquelético reduz a oxidacio de dcidos graxos.[ |
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CRITICAS AO AEROBIO

Supercompensagio
do Tecido Adiposo
2,

.

sdelocos.cdm \

o

\ .
) Aplicaggo da carga\ ecuperagio
s \
\
[ 1 \
\
A oxidagdo elevada de AG durante icios de e estd iada a
uma razdo elevada das concentragées das i Acetil CoA (abundt em refei¢ées CHO e

lipidios), que forma a Malonil CoA, causando uma redugdo na oxidagéo elevada de lipidios.

Figura 2. Aplicacdo de carga (Dantas, 1998, p. 49 “A Pratica de Preparacdo Fisica).

AMP, Py, Ca™, adrenaline (cAMP)

[uscle giveogen |

ATP
Liver glycogen Glucose-1-P
«+— Glucagon, adrenaline,
@ noradrenaline_ _
©= - insulin” L
Plasma glucose > Glucose-6-F
Fructose-6-P
Fructose-1,6-bp
Adipose tissue and PEP -~ ' Muscle protein
muscle x () Cortisol
triacylglycerol ) A S
@ Adrenaline. glucage |
® <cortisal ~ Amino acids
© Inzulin = Ca®, ADP, COA, NAD* |
Fatty acids h

MALONILCoA &| ©=;-am nact -

. ADP (O] £

Farty acyl-Coa Ao —
a acy\—@;inibe aCPT Acetyl-C A—%Cta(el

ry r ' _ATP
[oxatoacetate] . THADH

@ ——Activatars Succinyl-CoA

e -

29



28/07/2016

Regulacao da oxidacédo de Substrato vs Intensidade
do Exercicio

Regulacao da oxidacao de Substrato vs Zona
lipolitica de treinamento

=~ .
% L Sera isso mesmo?

=

: L

X ﬁ

et =3
A% )

® Questdo da zona lipolitica
¢ Seria por volta de 60% doVO2 max.

60% VO2 max
400 Kcal
l_l_|

Gorduras Carboidratos
(70%) (30%)
L
| | | |
r p—
(.

280 Keal 120 Kcal

CAHU EEITHETTTIETN

* 50 2 60% % Recuperagio

* 60 a 70% W Perda de Peso ?
* 70 a 85% W Aerébica

* 85292% % Anaerébica

* 92 2 100% " Vermelha ou Perigosa (risco)

What Should
We Prescribe?

by David P. Swain, Ph.D., FACSM

EXERCICIO DE INTENSIDADE
MODERADA OU VIGOROSA:
QUAL DEVEMOS PRESCREVER?

David P. Swain, Ph.D., American College of Sports Medicine

Intensidade vs Gasto calorico

“Caminhada” 1 hora 6,6 km/h 46,2 km

QUANTO MAIS CALORIAS
UTILIZADAS DURANTE O
TREINO MELHOR?!

“Corrida” 30 minutos 11,7 23,4 km

GASTO CALORICO TOTAL

30
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Impact of Exercise Intensity on Body Fatness and Skeletal Muscle Metabolism

Angelo Tremblay, Jean-Aimé Simoneau, and Claude Bouchard

Impact of Exercise Intensity on Body Fatness and Skeletal Muscle Metabolism

Angelo Tremblay, Jean-Aimé Simoneau, and Claude Bouchard

17 sujeitos
(8 homens e 9 mulheres)

12 grupo: 20 semanas -> ET= endurence training

22 grupo: 15 semanas -> HIIT — High Intensity Interval
Training

ET
(endurence training)
17 (8 homens; 9 mulheres)
(18-32 anos)

502

HIT
(High Intensity interval

10 (5 homens; 5 mulheres)

242,25 (18-32 anos)

1) 4xsemana (60% FCR)
2) Sxsemana (85% FCR)

20 weeks

training) i

Kcal I- 15 weeks
CETHHIT

Impact of Exercise Intensity on Body Fatness and Skeletal Muscle Metabolism

Impact of Exercise Intensity on Body Fatness and Skeletal Muscle Metabolism

Angelo Tremblay, Jean-Aimé Simoneau, and Claude Bouchard Angelo Tremblay, Jean-Aimé Simoneau, and Claude Bouchard

Table . EHfects of T and HIT on Body Weight and S5 Measirements Table 2 Efectsof T and HIT n et neyne Acvins U/

yme Befoe A e

ET HIT
- — ' = e Atletas de ET
ariable efore Afer Before Aftar
" HK 1082023 0832019" 0152024 normalmente
Body weight (kg) 606134 50.1 121 6392110 6382115 PR 1004:%09 06+ -88: 308 p inibicdo
SS {mm] MDH 12222292 179822781 566+ 41.9 dessa enzima, pelo
. - — HADK 381210 62601 . o
(;::i; e Tz s og 21 fato da atividade ser
iceps 84, 0252 6032 HK 1005006 1312005t 031207 sempre de maneira
o 1Mex1p 56288 147+83 PR W88:22  183:86 0622t continua.

7178 135 5.4 MK 180:119 1906:231 6262208

ARER) o110 N oAS ATIVIDADES DAS HADH  349:076  5EcisSt 21021288 o
Abdomen 193+ 127 16995 ENZIMAS QUINASE NOTE. Values are the mean = SD.
Xlimb SS 1= 168 125515, P < 05,1P < .01, significant effectofrining, energética oxidativa
§ trunk 58 o e as P 3 <.06, 8P < 0, signfcan diference between changes induced
L6SS 42237 803 36, ET#HIIT.
/M RENOVAGAO DA GLICOSE

NOTE. Valugs are the mean « SC.
Abbreviations: 3, sum; 88, subcuteneous skinfelds; X fimk S, triceps + biceps + calf $S; X trunk SS, subscapular + supraiiac + abdomen SS.
*P < 05, tP < .01, significant effect of training

Fat combustion increases with
duration

% Energy
100

é Total
. Calories
.

Efeito da Duragao do 80} ¢
Exercicio %
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40
20 FAT
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CHO m Gorduras

28/07/2016

S\ S SX\VAN Ciclo, ~60% VO,mix

-

15 0 15 30 45 60 75 90 105 120 135
Minutos

GLUCAGON CiC]O, ~60% VOzmzix

—

15 0 15 30 45 60 75 90 105 120 135

Minutos

Oxidagao de Gorduras aumenta com a

duracao do Exercicio

Possible reasons:

1 [Glicogénio] = ft a oxidagdo de gorduras, caso a
intensidade do exercicio seja mantida constante.

Liberacio de Hormoénios Hiperglicemiantes que
bloqueiam a captacao periférica de Glicose, desviando
o metabolismo muscular para os AG

Ingestao de Glicose apesar de nao diminuir a utilizagao
do CHO muscular, preserva o Hepatico, aumentando a
duracgédo do exercicio. Quanto maior a dose de Glicose
ingerida durante o exercicio, menor a utilizagdao de
gorduras.

CORTISOL Ciclo, ~60% VO,max

1]
15 0 15 30 45 60 75 90 105 120 135
Minutos

13 Ciclo, ~60% VO,max

1,0

0,8

0,5

0,3

0,0
15 0 15 30 45 60 75 90 105 120 135
Minutos
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Regulagao da oxidagao de Substrato vs Intensidade

do Exercicio

Brendan Egan'# and Juleen R. Zierath®*4"

Dublin 4, Ireland
2Department of Molecular Medicine and Surgery

Karolinska Institute, Stockhalm SE-171 77, Swedsn
(Copenhagen DK-2200, Denmark

“Comespondence: juleen.ierath@ki se
http/fcbx.doiorg/10.10164.omet 2012.12.012

Cell Metabolism 17, February 5, 2013

Cell Metabolism

Exercise Metabolism and the Molecular
Regulation of Skeletal Muscle Adaptation

Institute for Sport and Health, School of Public Health, Physiotherapy and Population Science, University Golliage Dubiin, Bedfield,

Department of Physiology and Phamacology, Section of Integratve Physioogy

“Novo Nordisk Foundation Center for Basic Metabolic Research, Faculty of Health Sciences, Universty of Copenhagen,

Endurance training decreases plasma glucose turnover
and oxidation during moderate-intensity exercise in men

ANDREW R. COGGAN, WENDY M. KOHRT, ROBERT J. SPINA,

DENNIS M. BIER, AND JOHN O. HOLLOSZY

Section of Applied Physiology and Metabolism Division, Department of Medicine, and Irene Walter
Johnson Institute of Rehabilitation, Washington University School of Medicine, St. Lowis, Missouri 63110

J. Appl. Physiol. 68(3): 990-996, 1990
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{umol / kg FFM /min)

Glucose turnover

\_  Glucose oxidation /

FIG. 2. Plasma glucose turnover and oxidation during final 30 min
of exercise before and after training. FFM, fat-free mass. Bars, group
means; circles and lines, individual subjects. T P < 0.001.

Adaptacgoes Induzidas pelo Treinamento Fisico
Aerébio - Resumo

Mudanga na utilizagdo de substratos energéticos

TREINADO

I -usa preferencialmente LIPIDEOS

-Poupa GLICOGENIO

SEDENTARIO

CARBOIDRATO

Pesquisadores mais importantes nessa

area
John Holloszy Edward Coyle
Bengt Saltin David Costill
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TABLE 4. Contribution of fat, carbohydrate, and plasma
glucose oxidation to total energy expenditure
during 90- to 120-min period of exercise

Before Training After Training

expenditure, keal/min 9.7+0.5 9.3+0.6*
Fat oxidation

keal/min 3.5+0.2
% of total ener, 36.8+3.1

Carbohydrate oxidation
keal/min 6.2+0.6 4.940.61
% of total energy 63.2+3.1 52.6+3.2t

Plasma glucose oxidation
keal/min

2.0+0.2 1.3+0.2t
% of carbohydrate oxidation 33.1£2.9 26.7£2.9*
% of total energy 21.2x1.2 14.8+2.2%

Values are means + SE for 7 subjects. * P < 0.05; T P < 0.001.

associado a uma maior sensibilidade hormonal e
atividade enzimdtica:

TREINAMENTO FISICO AEROBIO E

METABOLISMO DE GORDURA

O aumento da densidade capilar e mitocondrial,

« Facilita a lipélise.

* Melhora o transporte de AGL pela membrana.

- Aumenta o transporte de AGL para a mitocéndria

+ Aumenta expressivamente a oxidagdo de AGL
(intframuscular e do tecido adiposo)

Efeito do Treinamento Fisico no
Metabolismo de Gordura
700
600 1
fam) .
T 50l * Treinado
X
A —
o 400 A
o ’ .
3 = Sedentdrio
[ 300 1 [ ]
8 A
200 .
A
100 .
&
0 T T T T T T T T T 1
0 30 60 % 120
Tempo de Exercicio (min)

VO, (mL/kg/min)

Contribuigdo dos Substratos Energéticos
(Mesma Intensidade Relativa)
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200 A
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FFA concentration

TREINAMENTO FISICO AEROBIO E
METABOLISMO DE GORDURA
* Identificar se a perda de peso se da de
maneira mais eficiente pela dieta, pelo
exercicio, ou por ambos, verificando as
mudancas ocorridas na massa corporal e

em indicadores antropométricos apdés o
periodo de intervengao.

TREINAMENTO FISICO AEROBIO E
METABOLISMO DE GORDURA

« Base de dados:

publ@Qed %

« Descritores:

- Perda de peso; exercicio fisico; dieta;
adultos; obesidade.

Consenso atual: a combinagao de restrigdo calérica +
exercicio aerdbico regular é o tratamento mais eficaz
para a obesidade total e abdominal.

A perda de peso induzida pela dieta, pela dieta +
exercicio aerdbio de intensidade moderada ou de alta
intensidade leva a redugdes semelhantes na gordura.

Estudo com homens de meia-idade obesos: intervengéo
para perda de peso com exercicios de intensidade
moderada: - 4% de peso corporal e -8% de gordura
pericardica (Kim et al., 2009).

Programa de perda de peso induzido por dieta (30% de
redugao caldrica) em homens obesos: - 11% de peso

corporal e -17% de gordura pericardica (Kim et al., 2009).

Embora a combinacgéo dieta + exercicio aerébico ndo
resulte em maiores reduc¢des na gordura do
pericardio, quem faz exercicio associado a dieta tem
maiores melhorias no VO, .4, , redugdes significativas no
tamanho dos adipdcitos subcutaneos abdominal e maior
preservagdo da massa magra( Brinkley et al., 2011).

Ha algumas evidéncias de que a adigao de exercicios
aerobicos a dieta ajuda a manter a perda de peso por um
periodo mais longo de tempo (Curioni; Lourenco, 2005).

O treinamento fisico preserva a massa magra durante a
perda de peso induzida por dieta (Wey et al., 1999).

O grau de adesdo a mudanga de estilo de vida influencia
no peso e na composigao corporal. Quanto maior a
adeséo a intervengao com exercicios, maior a redugéo
de peso ou melhora na composicéo corporal (Foster-
Schubert et al., 2012).

35



28/07/2016

Abstract

Excessive visceral adipose tissue appears to trigger a cascade of metabolic disturbances that seem to coexist with ectopic
fat storage in muscle, liver, heart and the B-cell. Therefore, the reduction of visceral adipose tissue potentially plays a pivotal
role in the treatment of the metabolic syndrome. The purpose of this systematic review and meta-analysis is to describe the
overall effect of exercise on visceral adipose tissue and to provide an overview of the effect of different exercise regimes,
without caloric restriction, on visceral adipose tissue in obese persons. A systematic literature search was performed
according to the PRISMA statement for reporting systematic reviews and meta-analyses. The initial search resulted in 87
articles after removing duplicates. After screening on title, abstract and full-text 15 articles (totalling 852 subjects) fulfilled
the a priori inclusion ariteria. The quality of each eligible study was assessed in duplicate with “The Critical Review Form for
Quantitative Studies”. Using random-effects weights, the standardized mean difference (Hedge’s g) of the change in visceral
adipose tissue was —0.497 with a 95% confidence interval of —0.655 to —0.340. The Z-value was —6.183 and the p-value
(two tailed) was <0.001. A subgroup analysis was performed based on gender, type of training and intensity. Aerobic
training of moderate or high intensity has the highest potential to reduce visceral adipose tissue in overweight males and
females. These results suggest that an aerobic exercise program, without hypocaloric diet, can show beneficial effects to
reduce visceral adipose tissue with more than 30 ¢m” (on CT analysis) in women and more than 40 cm® in men, even after
12 weeks.

Estes resultados sugerem que um programa de exercicios
aerodbicos, sem dieta hipocaldrica, podem apresentar efeitos benéficos|
para reduzir o tecido adiposo visceral, com mais de 30 cm2 (para
analise CT) em mulheres e mais de 40 cm2, em homens, mesmo depois
de 12 semanas.

AMP, P, Ca?*, adrenaline (cAMP)

PROCESSO DO METABOLISMO LIPiDICO
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Arq Bras Endocrinol Metab vol 47 n° 2 Abril 2003 @
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CRITICAS

Sumario Jejum

* Definitivamente treinar em jejum nio é uma
boa estratégia para aumentar a oxidaciio de
gordura.

*Além disso ha um aumento da protedlise
muscular para fornecimento de alanina para

manter a glicemia.
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AS EVIDENCIAS EXPERIMENTAIS
INDICAM QUE 0S EXERCiC10S DE 4
INTENSIDADE ~ MAIS  ALTA |;
DIMINUEM R ADIPOSIDADE
SUBCUTANER PARA UM DADO
GASTO ENERGETICO. [ *
(TREMBLAY, 1990)
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[ Impacto da intensidade do exercicio sobre o |

metabolismo da gordura e do misculo esquelético

'o7:\3 LU] PRESCRICAD DO EXERCICIO FiSICO

UM PROGRAMA:
TREINO INTERVALADO DE ALTA INTENSIDADE

+

TREINO DE RESISTENCIA

MAIS EFETIVO NA REDUGAO DO PESO CORPORAL DO QUE
APENAS 0 TREINO DE RESISTENCIA ISOLADO;

PRODUZEM ALTERAGOES NO POTENCIAL OXIDATIVO DO
MOSCULO ESQUELETICO,

PODENDO MELHORAR A CAPACIDADE DE ONIDAR
GORDURAS==) [ HADH — ESTIMULA A BETAOXIDAGAO)
(TREMBLAY, 1994)

Metabolism, Vol 43, No 7 {July), 1994: pp 814-818 . X
. . The HIIT group performed 25 36-minute sessions of continuous
Impact of Exercise Intensity on Body Fatness and Skeletal Muscle Metabolism exercise at 70% of the heart rate reserve, ie, at an intensity

Angelo Tremblay, Jean-Aimé Sii and Claude mparable to that imposed in the ET program. In addi!ion_. they
performed 19 short- and 16 long-interval sessions over a period of
15 weeks. The distribution of the sessions was planned in such a
way that half of the continuous sessions were completed by the fifth
week of the program to expose subjects progressively only to
high-intensity-interval sessions. Each high-intensity-interval ses-
sion began with a 5-minute warm-up at_an_intensity of 509

Trutning Programs

Subjects of the ET group were submitted to a 20-week ergocycle

ET program consisting of uninterrupted cycling four times @ week maximal oxyzen uptake (Vo;max). The short-inferval work con-

f . . . . sisted of initially 10 and later 15 bouts of 15 seconds’ increasing to
and increasing to five times a week. The duration of the sessions 105 mnmmw——lm
was 30 minutes at the beginning of the protocol and progressively 10 five bouts of 60 seconds’ increasing to 90 seconds’ duration.

. . AT . . These bouts were separated by recovery periods allowing the heart
increased to 45 minutes. The initial intensity of exercise corre- rate to return to 120 to 130 beats per minute. The intensity of the

Spl}ﬂded 10 60% and increased to 85% of the maximal heart rate short exercise bouts was initially fixed at 60% of the maximal work

. . N . output in 10 seconds. and that of the long exercise bouts corre-
reserve, During cach Lraining session, heart rate was motiitored sponded to 70% of the individual maximal work output in 90
every 2 minutes to maintain the pl‘edetcrmincd exercise imensﬂy seconds. The intensity of the short- and long-interval exercises was

. . increased by 5% every 3 weeks. The dropout rate was approxi-
and to ensure thar subjects were al submitted to the same mately the same in the two programs and corresponded to 25% 1o

standardized training stimulus. 30% of the initial sample.
Table 2. Effects of ET and HIIT on Skeletal Enzyme Activities {U/g Table 1. Efctsof ET and HIT on Body Weight and S5 Measurements
wet weight}
11 HiT
Cnzyme Before After Change Variable Before After Balore After
Body weight (kg) 606 134 6012121 639110 63815
HK 1.08 = 0.23 0.93 = 0.19% ~0.15 % 0.24 88 {mm)
PFK 100.4 = 30.9 90.6 = 35.1 9.0 +308 Triceps N544 15267 1569 12249
. Biceps 6834 6842 80252 60x32"
MDH 123.2 £ 202 179.8 = 27.8¢ gs.ﬁ f ?1'9 Calf 100438 19220 166286 14703
HADH 361110 426 +1.20 65 = 1.45 Subscapulr 15267 1724 157278 135254
HIT Supraiiac 1842120 15984 [IRESTE] 7010t
HK 1.00 = 0,16 1.31 £ 0.161 0.31 + 0.27% Abdomen 100116 16995 1932122 169295
PFK 108.8 + 27.2 129.3 = 28.6* 205+ 27.7¢ 3 limb 8 832107 3024169 312188 3092162
MDH 128.0 = 11.9 190.6 £ 25.3t 62.6 + 20.9 Itrunk 3§ 509279 448 x 21.0% 5612315 4742250t

HADH 349 £ 0,76 559 + 165t 210 + 1.295 1688 792+ 31 7472342 2317 803+ 360t

val h +SD NOTE. Values are thy meen = 8D.
NOTE. Values are t e.m.ss?n +50. . 5, sum; S5, folds; £ imb SS, trceps + biceps + calf SS; 3 trunk S8, subscapular + suptailac + abdonen 5.
*P < .05, TP < .01, significant effect of training.

N *P < 05, 1P < .01, significant effect of raining.
1P < .05, 8P < .01, significant difference between changes induced
by the two programs.
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Figure 24-1. Role of camiting in the transport of lang- s acotyl CoA
chain fatty acids through the inner mitachondrial mem-

brane. Long-chain acyl-CoA cannot pass thraugh the in- acetyl CoA
ner mitachondrial membrane, but its metabolic praduct,

acylcamnitine, can.

Fig. 4.8 O ciclo de B-oxidagdo dos cidos graxos

CONCLUSAO

In summary, the results of the present study show that for
agiven level of energy expenditure, 2 high-intensity training
program induces a greater loss of subcutaneous fat com-
pared with a training program of moderate intensity. This is
probably explained by an enhancing eftect oT high-intensity
excreise on postexercisc lipid utilization, which favors a
greater body lipid deficit following exercise. From a clinical
standpoint. it is obvious that high-intensity exercise cannot
be prescribed for individuals at risk for health problems or
for obese people who are not used to excreise. In these
cases, the most prudent course remains a low-intensity
exercise program with a propressive increase in duration
and frequency of sessions

USO OBRIGATORIO DE
HIIT

Impact of Exercise Intensity on Body Fatness and Skeletal Muscle Metabolism

Angelo Tremblay, Ji Al i and Claude

Quando se fala em tipos de exercicio e
emagrecimento, o artigo de Angelo Tremblay e
colaboradores (Metabolism, 1994) é provavelmente o
trabalho mais conhecido a favor do exercicio de alta
intensidade (HIIT) em comparagao ao exercicio de baixa
intensidade.

http://www.evidenciasaude.com.br/tremblay-ate-quando/

Impact of Exercise Intensity on Body Fatness and Skeletal Muscle Metabolism

Angelo Tremblay, Ji Aii i and Claude

Embora o estudo de Tremblay seja uma referéncia
conhecida sobre as intensidades de exercicio e
composigao corporal, este artigo tdo aclamado pelos
“Profetas do Apocalipse do Exercicio Aerobio”
(PAEA) apresenta sérias limitagdes metodoldgicas.

Sem qualquer exagero, este artigo NAO deve ser usado
como referéncia para escolher um método de exercicio
para emagrecimento.

Impact of Exercise Intensity on Body Fatness and Skeletal Muscle Metabolism

Angelo Tremblay, Ji Aii i and Claude

(1) Tente achar o indice de massa corporal (IMC) dos
participantes.

Vocé ndo encontrara.

Mas vocé vera que os participantes eram SAUDAVEIS E
NENHUM ERA OBESO. O peso corporal dos grupos variou de 60
a 63 kg, ou seja, é muito provavel que os individuos tivessem IMC
normal, e nem mesmo apresentassem sobrepeso.
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Impact of Exercise Intensity on Body Fatness and Skeletal Muscle Metabolism

Angelo Tremblay, Ji Aii i and Claude

(2) O tamanho da amostra foi BEM pequeno.

No total, 27 individuos comegaram o estudo, dos quais 17 foram
alocados no grupo baixa intensidade e 10 individuos no grupo
HIIT. Ao longo das intervengdes, as desisténcias em ambos os
grupos foram de aproximadamente 25%.

Considerando essa perda de sujeitos no grupo HIIT, temos um
total de 7 ou 8 pessoas que completaram a intervengdo. Vocé
quer basear sua pratica em emagrecimento usando um estudo
em MAGROS, SAUDAVEIS, QUE TOTALIZAVAM 7 ou 8
INDIVIDUOS?

28/07/2016

Impact of Exercise Intensity on Body Fatness and Skeletal Muscle Metabolism

Angelo Tremblay, Ji Al i and Claude

(3) O estudo nao foi randomizado, e o grupo HIIT iniciou o
estudo com maior peso e gordura corporal.

Olhe a tabela 1 do estudo. Ja na largada do estudo, sem qualquer
intervengdo nos individuos, a média do grupo HIIT foi 3 kg maior
do que o grupo de baixa intensidade (se vocé achar que a
estatistica é importante aqui, fique a vontade para comentar).

Além disso, o somatério de gordura corporal foi também maior,
(~16%) no grupo HIIT. Isto demonstra um aparente desequilibrio
entre os grupos ja no inicio do estudo. Assumindo a existéncia
deste desequilibrio, vale lembrar que “quanto menos treinado um
individuo, mais treinavel ele serd”. Com isso em mente, é mais
facil emagrecer pessoas com mais peso e com mais gordura
corporal (como era o caso do grupo HIIT).

CAHU EXERCICIO FISICO E OBESIDADE

EFEITOS DOS EXERCICIOS DE ALTA INTENSIDADE NAS VARIAVEIS
RELACIONADAS A PERDA DE PESO

-Aumento da perda da massa gorda subcutanea:
- Rumento da capacidade lipolitica muscular: (TREMBLAY1994)

-Intensificacéo do potencial dos exercicios para aumentar a taxa
metabalica em repouso e a oxidagao das gorduras, no pés-
exercicio:

[YOSHIOKA et al. 1997

C AH U PROCESSO DO METABOLISMO LIPIDICO |

« Sugeriu-se que o lactato seria um fator regulador da lipélise durante o
exercicio;

<Em atividades extenuantes, concentracdes inibidoras de lactato sdo
atingidas localmente;

- Porém, ndo esta claro se este efeito limitador significativo da cinética dos
dcidos graxos tenha ocorrido, quando Individuos aitamente treinados
exercitaram-se acima ou abaixo do limiar de lactato.

[Kanaley et al, 1995)

C AH L’j PROCESSO DO METABOLISMO LIPiDICO |

[The data of the present
study showed that accumulation of lactate in plasma is strongly
correlated to the reduction seen in fatty acid oxidation with
increasing exercise intensities. The first rise of lactate concentra-
tion occurred at the same intensity as the intensity which
elicited maximal fat oxidation rates.

00 4 : . . . b |Fatmin

30 40 50 60 70 80 20 100
% VOzmax

Fig.1 Fatoxidation rates (open circles) and plasma lactate concentra-
tions (closed circles) versus exercise intensity expressed as percentage
of VO,max; N = 33; values are mean =SEM.

C AH L’j PROCESSO DO METABOLISMO LIPiDICO |

« Em individuos treinados esta acdo inibidora é diminuida, facilitando a
mobilizagdo de AGL.

(Phillips et al, 1996)
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rentes programas de exercicio fisico na funcio
cardiovascular de obesos
Schierve IE, Clin Sci (Lond) 2008;115(9):283-93.

Gancal Soeace (2008) 115, 283-293 (Praed  Groat Brtam)  doc 1010420200703

Both aerobic endurance and strength
training programmes improve cardiovascular
health in obese adults

Inga E. SCHJERVE*, Gjertrud A. TYLDUM-, Arnt E. TIGNNA*, Tomas STOLEN=,

Jan P. LOENNECHENT, Harald E. M. HANSEN®, Per M. HARAMY,

Garreth HEINRICHS, Anja BYE®, Sonia M. NAJJARS, Godfrey L. SMITH" ||,

Stig A. SLORDAHL*}, Ole J. KEMI|| and Ulrik WISLOFF-+

“Department of Circulation and Medical Imaging, Norwegian University of Science and Technology, Trondheim, Norway,
{Department of Cardiology. St. Olavs Hospital, Trondheim, Norway, }Department of Cardiothoracic and Vascular Surgery,
University Hospital North Norway, Tromss, Nerway, §Department of Physiology, Phammacology, Metabolism and Cardiovascular
Sciences, Medical University of Ohio, Toledo. OH, USA. and [linstitute of Biomedical and Life Sciences. University of

Glasgow, Glasgow, UK

i dividida em trés grupos:

1)
(4

to Aerébio Intervalado de Alta Intensidade
95% da freqiiéncia cardiaca maximay);
2) nto Aerdobio Continuo de Moderada intensidade

70% da freqiiéncia cardiaca maxima — 47 min);

dividida em trés grupos:

to de forca maxima

Leg press

DURAGAO 12 SEMANAS

ABSTRACT (lnical Sciene (2008) 115, 183-193

Regular exercise taining s recognized as a powerful tool to improve work capacity, endothelil
function and the cardiovascular risk profile in obesity, but it is unknown which of high-intensicy
aerobic exercise, moderate-intensity aerobic exercise or strength training is the optimal mode of
exercise. In the present study, a tatal of 40 subjects were randomized to high-intensicy interval
aerobic training,_continuous moderate-intensity aerobic training or_maximal strength training
programmes for 12weeks, three times/week. The higheintensity group performed aerobic
incerval walking/running at 85-95% of maximal heart rate, whereas the moderate-intensity
group exercised continuously at 60-70% of maximal heart rate; protocals were isocaloric.
The strength training group performed “high-intensity’ leg press, abdominal and back strength
training, Maximal oxygen uptake and endothelial function improved in all groups; the greatest
improvement was obser ved after high-intensity training, and an equal improvement was observed
after moderate-intensity aerobic training and strength training. High-intensity aerobic training
apd sgrength training were associated with increased PGC: I (peroxisome-proliferator-activated
receptor  co-activator la) levels and improved Calt transport in the skeletal muscle, whereas
only strength training improved antioxidant status. Both strength training and moderate-intensicy
aerobic training decreased oxidized LDL (low-density lipoprotein) levels. Only aerobic training
decreased body weight and diastolic blood pressure. In conclusion, high-intensity aerobic interval
training was better than moderate-intensity aerobic training in improving aerobic work capa-
cityand endothelial function. An important contribution tawards improved aerobic work capacity,
endothelial function and cardiovascular health originates from strength training, which may serve
as a substitute when whole-body aerobic exercise is contra-indicated or difficult to perform.

I
Table | Baseline characteristics
Values are means == SEM. No sigoificant differnces were observed between the groups. b, lean body mas.

Gaup
Characteristic Strength training Moderate-intensity training Higheintensity training
hye (e 41+29 EIESY #9422
Heght (om) 1601 +26 1611+129 LIRS
Gender (1) (malefem) i1 ) 31
oy weigh (kg [sss£as 1041 +45 laets1 |
BHI (/') ] TiEaT] 66+ 11
Body fat (%) [+ B+I1S ws+14 |
Lean bedy mass g) GIE=S] IRERT] [AEST]
Waisihip rato 030+003 090+003 10+ 013
W, peatsimin) 3+ 1842 mss
Vo (0l b - in ) 33440 318448 107468
Vv {0l kg of body weight- min~') BAELY BI+14 BE+13
ek L+0m Ll4+0m L4+ 0
1R feg) 1741+ 130 1628+ 19,1 1804+ 134
Gl (nmol) 54403 1410 52401
Choeserol (mmol) 63+03 58+03 $3+02
Triacyyerst {mnol) 2w+ 15403 12401
HDl-chalesteo! (mmol) 13£01 14£01 13401
Haemoglbin (g/d) 144+03 134+03 145+ 03
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Fig. 1. Potential role of decreased peroxisome proliferator-activated recep-
tor-y coactivator (PGC)-la expression in skeletal muscle as it relates to the
development of the metabolic phenotype of insulin resistance and Type 2
diabetes mellitus. [Revised from Ref. 34.] Liang & Ward (2006)
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Aerobic interval training reduces cardiovascular
risk factors more than a multitreatment
approach in overweight adolescents

50+
e ) p<0.03
p<0.02
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pre pos| pre post pre post
Strength Moderate High
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ABSTRACT

The aim of the present study was to compare the effects of a multidisciplinary approach (MTG

and aerobic interval training (AlT) on cardiovascular risk factors in overweight adolescents. A
total of 62 overweight and obese adolescents from Trondelag County in Norway, referred to
medical treatment ac St Olavs Hospital, Trondheim, Norway, were invited to participate. Of
these, 54 adolescents (age, 14.0+0.3 years) were randomized to either AIT (4 x 4 min intervals
at_90% of maximal heart rate_each interval separated by 3 min at 70 %, twice a week for
3 months) or to MTG (exercise, dietary and psychological advice, twice a month for |2 months).
Follow-up testing occurred at 3 and 12 months. Y03 me, (maximal oxygen uptake) increased more

i G, both at 3 months (11 compared with 0% P <0.01) and |2 months

(12 compared with — 1 %; P< 0.01). AIT enhanced endothelial function compared with MTG at
both 3 months (absolute change, 5.1 compared with 3.9%; P<0.01) and 12 months (absoluce

change, 6.3 compared with .0%; P< 0.01). AIT was favourable compared with MTG in reducing
BMI (body mass index), percentage of fat, MAP (mean arterial blood pressure) and increasing
peak oxygen pulse. In addition, AT nduced a more favourable regulation of blood glucose and
insuln compared with MTG. In conclusion, the novel findings of the present proof-of-concept
study was that 3 months of twice weekly high-intensity exercise sessions reduced several known
cardiovascular risk factors in obese adolescents more than that observed after a multitreatment
strategy, which was initiated as hospital reatment. Follow-up at |2 months confirmed that AIT
improved or maintained these risk factors to a better degree than MTG.

Table | Variables related to the overweight adolescents during the experimental period
Vlues are means = LEM, except basline valus which are means %D, *P << 0.05 and **P < 0.0, sgncantly beter compared with baseine wihin the goup:
§ < 005, sigifcandly beter compared with the respecive time in the HTG group. IRH; one repetiion maimum: om, not measured.

HIG ( m)
3 Honths Rots 3 Honths 12 Honths
Varible Bastlne =) =14 Baslne (=) n=1)
Body compositon
Weight (k) MIEI3 BALIE IEIT MIEBI MLl HAE1T
Heght () 06 169404 08 194108 m0t0at  B4st
[ fgin?) BIEAS  3IF04  39F0S  Batel  dsH0dr 34405 |
Waist (cn) WIAEI08 0216 101423 1534105 49 +1T e
Toul fat (4) ACEAT 805 WIE0S 653 08 exer]
ar veght (k) WEETT  BIEN WIE WSEm JEN TTETS
Fat weiht trnk (ig) 7453 119406 IIE0B IB3ETY 006 168308
m, (g) SEIE8]  SI9H06  SAE0B  SS9EI8 SI9L0E®  H0+08
]
B (nmkg) 504128 MLSELS IS DBSERS  NAELET  R0IE2T
D8P (nmig) BSE0E H3ELE S2E MALIS  MIEIET G520
HAP () BIEIS BAEI4 BUIEIS WIEES QT4 BT
rercie variabes
Vi (0l k! of bty weght-min') 323448 33408 39E10 R3ESS ISIE08MS AL
Vg (0l =" Lny =) MOSEIT4 WESEAD  IMIE4S  ISILNI IALAUG  IMSHILG
Peak ongen pse (nlfbeat 1426 16401 M3E08 48439 I2EI0M§  183E14§
Maximal Ieg strength (1Y) (hg) 1634300 M3 m 63430 M8 m
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Resultados
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PROCESSO DO METABOLISMO LIPIDICO

) (2009) comparou o efeito de um programa

m um programa de treinamento aerébio
Ita intensidade sobre os fatores de risco
m adolescentes obesos ou com sobrepeso;
erobio intervalado de alta intensidade era
inhada e corrida em esteira, realizado em
nais de 40 minutos com intensidade entre
eqiiéncia cardiaca maxima;

: diminuigdo da pressédo arterial média, do
na regulagdo da glicose sanguinea pela
estes efeitos mais acentuados no

bio intervalado de alta intensidade.

No estudo de Alkahtani (2014) colocaram dois grupos de
homens com sobrepeso e obesidade sob intervengdo de dois
tipos de protocolo:

HIIT (8 30” 80% VO,p,co/ 30 REST

ET30° 45% V0,50

4 semanas de intervengdo

O grupo HIIT diminuiu em 16% a ingestdo de gordura e a
vontade de comer

Ja o ET aumentou a vontade de comer e a ingestdo de
gordura (38%)

(ALKAHTANI, 2014)

HIIT vs Aerobic Exercise
Hours of Fat Burning

® HIT ™ Aerobic Exercise

\

ISIRENT T

o
ornw
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TREINO DE FORCA

r‘—'\.

EPOC

VARIAVEIS

*EPOC (gasto energético)

Consumo excessivo

“TAXA METABOLICA DE
REPOUSO
*HORMONIOS: ANABOLICOSE 4ot de (L\’i&;élli() apés 0
LIPOLITICOS . e
§ ®,
MARCADORES exercicio
INFLAMATORIOS

Eslllllandll 0 EPIIG V:?i em exercicio

E a fase do pés exercicio onde a taxa metabélica

permanece elevada acima dos niveis do repouso

do pré exercicio, e assim o VO2 permanece =
. . E
acima dos valores basais. =
o~
Divida de O, 9

t

,/
/

/'

Py
VO,em
Steady-state

REPOUSO
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METABOLISMO PREDOMINANTE
+ Gorduras

TEMPO DE PERMANENCIA

« Intensidade do Exercicio p

+ Duracio do Exercicio Magnitude ,

« Tipo de Exercicio do EPOC Duraqﬁu

do EPOC

Postexercise oxygen consumption and
substrate use after resistance exercise e oeoto e T
in women 0 Exercicio recuperagio Resistido

20

60

CARCL A. BINZEN, PAMELA D, SWAN, and MELINDA M. MANORE « Controle

Vo, (m))
]
L]

Consumo de oxigénio pds exercicio e uso de

substrato depois do Treinamento de for¢a em w0
mulheres. 20
100
40minutos- 45 minutos- oo 30 60 20 120
P<0.001  *P<0.05 Tempo (min)

Medicine & Science in Sports Exercise, 2001

BINZEN ET AL 2001

{ODE TROCA RESPIRATORIA (R)

ve|  n e reesa = Porcentagem de Gorduras e Carboidratos
Metabolizados pela Razao de Troca Respiratéria (R)
B = nio-Protéica
g| o= R % de Gorduras % de
Carboidratos
ot ﬁ 0.70 100 0
o \\//——/* = 0.75 83 17
e T 0.80 67 33
T e e 0.85 50 50
0.90 33 67
0.95 17 83

BINZEN ET AL 2001
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Postexercise oxygen consumption and
substrate use after resistance exercise Estudando o EPOC
in women

CAROL A. BINZEN, PAMELA D. SWAN, and MELINDA M. MANORE

UTILIZOU MULHERES DE 24 — 34 ANOS MEDINDO O EPOC APOS UM MELANSON,E L, T A, SHARP, H. M. SEAGLE, W. . DONAHOO, G. K. GRUNWALD, . C. PETERS, J. T. HAMILTON, and
PROTOCOLO DE 3 X SERIES 1,0, HILL Resistance and aerbic exercis have simila effects on 24-h mlientoxidaion. Med. S, Sport Evere, Vol. 4, No. 11,
9 EX- 27 SERIES DE TF REALIZADAS ) A o o R e i
10 REP A 70%-80% DE 4 RM. Int 4 min op. 1793-1800, 2002, Background: Whether resistance exercise is s effectve as aerobic exercse for body-weight management i

DADO IMPORTANTE= EM UMA SESSAO DE TREINAMENTO = 155KCAL
120 MIN= 6,2 L = 41 KCAL

>79% NO USO DE GORDURA DEPOIS DA SESSAO EM RELAGAO AO
REPOUSO.

> adedicing &engienss RuRRTE BSHEisBoa i) > 1%

ALTA UTILIZAGAO DE GORDURA.

W. A. Braun - W. E. Hawthorne - M. M. Markofski

Acute EPOC response in women to circuit training and treadmill exercise
of matched oxygen consumption

Resposta aguda do EPOC em mulheres no
treinamento de circuito e esteira para o

mesmo consumo de oxigénio

- I Eur J Appl Physiol (2005) 94: 500-504
Controle Resistido.

o ] ] o

Aerdbio — 85% da Femax
M ETODOLOGIA HFC—3X 15rep (65% RM) - leg press, flexdo de joelho, rosca direta, triceps pulley e bench press
115 i
O estudo foi realizado com mulheres na idade de 31 anos ,_10'; I
realizando trabalho aerdbio de estagios de 3 minutos; 1 ‘,’i \
. 4 N\
, . - R — wa e w YT
Inicio de aproximadamente 3 km/h com zero de inclinagdo; T oes ; ' _%\{ e - —=—TM
08 - T = —_—
A L ) L e
Em cada término do estagio era aumentada a velocidade em ‘107.3 TR, e il
aproximadadmente 1,5 Km/h até atingirem 85% da Fcmax. 0.65 m— =
e gt @ + & H & &
o o FFE N L
Ja o treinamento de forca foi realizado com 3 x 15 reps 65 Time (min)
% RM (leg press, flexao de joelho, rosca direta extensédo _ _ ) o
tri bench pr Fig. 2 Mean RER at the end of pre-exercise supine rest (Pre-ex), in
cepse' e chp es.s . . response to CT or TM exercise and during 60 min of supine
Medlclne & SC1ence mn Sports EXCTCISG, 2001 recovery (Rec) from exercise. Ree recovery data points represent 5-
min averages. * = Significant difference between CT and TM
(P=0.05)
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E TROCA RESPIRATORIA (R)

R = VCO,/VO,
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Armico or Rrvisio

Porcentagem de Gorduras e Carboidratos
Metabolizados pela Razdo de Troca Respiratéria (R)
nao-Protéica
R % de Gorduras % de
Carboidratos
0.70 100 0
0.75 83 17
0.80 67 33
0.85 50 50
0.90 33 67
0.95 17 83

EPOC e controle e redugao ponderal aerébio

Efeito do consumo excessivo de oxigénio apds exercicio
e da taxa metabdlica de repouso no gasto energético

Giselle Foureaux'?, Kelerson Mauro de Castro Pinta’ e Ana Damaso’

Rov Eras Med Esporte Vol 12, N'6  Nov/Dez, 2006

Gasto energético e Treinamento de Forga

TABELA 1
Trabalhos que mencionam o EPOC no controle e reducéo ponderal

Autores Amostra Exercicio Duragao do EPOC GE Comentarios
Ryan at alF 15M 12 semanas de trein. - Adioonal de  # sigpificativo da TMR
resistido S0kcal/da
Bingen et &l 45" de exercicio resistido >t 2. 2kcal 0 EPOC éinsignificante pl esses autores.
Burleson et al® 15H 2T (caminhada) & >1:3h Wdereoup: 0 volume do trein. resistido
T femercicio resstido) B4 @ 95heal € muitp importante
Haltom et al® H Exercici resistido >Th 103eTdkcdl O GE doewercico + recup.
(20e 60" de intervala) Foi » no protocolo de 60
Melby et al® 2x6H  Exercicio resistido I - # o 4.7 da TMR ia manha sequinte

TABELA 1
Trabalhos oEPOC ponderal
Autores Amostra Exercicio Duragzo do EPOC GE Comentarios

Mastum et al & MK 80270%doVO, >z O EPOC pode persisti por ata 24h
(@outxde10:30)

Bahr etal ] 20,402 75'a70% 0 VO, 76> 12h 12h:4 15% na TVR

Sadlock et al® 10H 20'a75% 30 2 0% e EPOC curto 204143 Exerciio de zlta intens dade
602 0% do VO, el2.Tkcal e curta dur. (> EPOC)

Karinsky et al ) Y 50’ de coricae, 2 25 30 6, 39cal x Bxercicio intervalado: > EPOC e GE
270% do VO, 13, 88kcal

Gore e Witners) EY 20.£0e80'a30,50e oh Nao houve diferenca somente
0% doV0, p/30% 40 V0,

Laforgia etal (™ N 302 70%; 201" a h ¢h 1°trabaho a usar cargas
105% do VO,,,, igua's no sub. e supramaimo

Dawson et al® av 0 a€T%; (1 e E5% e 1392741 Masmo trabalho total (atraves
292 45% do VO, de gasto energetica)

Quinn etal® av 20 40e60'a70% 40 VO, >3 26,55 EPOC: # de TMR em -15,5%

89.2kcal

Fukuba et al % Y 60 2 10% do VO, h 4 dietas nas 2 fases do cclo mensirua

Brockman etal® Y 2ha25%; 10'a81% 72 >1h # de 12, 23 € 44% do metabolismo
289% do VO,

Imermura e al.#n ™ 30e62a60% 40 VO, 6 & 116 Magnitude do EPOC: mais import

pl 0 emagrecimento

[ ]Concluindo, a literatura aponta que a periodizacao
de um treinamento que possa maximizar tanto o EPOC quanto a

TMR podem ser importantes fatores para 0 emagrecimento €,
embora, 0 custo energético dessas variaveis em uma sessao de
exercicio se mostre pequeno, em longo prazo podera ser bastan-
te significativo. No entanto, novos estudos deverao ser realizados
com o intuito de confirmar essas evidencias.

H = homens; M = muheses; GE = gasto energétion; # = slevagaa Irein = renamento: cur = duragas; sub = sbmizima; TMR = taxa metabeica de Fepousd; fecup = FEUpersan.
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Efeitos agudos da atividade contra-resisténcia sobre o gasto
energético: revisitando o unpacto das principais variaveis

Claudia de Mello Meirelles'** e Paulo Sergio Chagas Gomes'*

OBJETIVO: Discutir o efeito termogénico da atividade
contra-resisténcia,

buscando esclarecer o impacto das
variaveis — intensidade de duragdo, numero de
Séries, intervalo entre as séries, velocidade de execugdo e
modo (circuito ou séries multiplas).

| Rev Bras Med Esporte — Vol. 10, N® 2 - Mar/Abr, 2004
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Gasto energético durante a EXECUGAO do TF

Gasto energético durante a FASE DE RECUPERAGAO

(EPOC) do Treinamento de Forga

TABELA 1
Gasto energético (GE) liquido para execucao de uma sessio de exercicios contra-resisténcia
Autores Sujeitos Idade Protocolo de exercicios GE
{anos) (keal.min!)
Wilmore et af.? 20HT 17-36 22.5min, circuit, 10 exerc., 3 series, H:58
20MT 17.26 15-18 reps a 40% 1RM, 155 int. M: 4.2
Ballor et al."> 0M 3e2 42min, & exerc, 2 series (10RM + 33
obesas NT 1 serie reps max)
Ballor et al.® 20HT 25:4 37min, circuil, 9 exerc, 3 series, Lenta: H: 7,9; M: 5.2°
15MT 24 305 2 44% max, int. 1:1. Interm: : .
Velockdades lenta, intermediaria e rapida Rapida: H: 8,0; M: 5,0
NS entre as condigdes)
Pichon et al# BHeM 2334 4 exerc, 2 series Circuito: 4,9*
Circuito: 12min, 20 reps a 47% 1RM, 30s int Sesies multiplas: 4,5
‘Séries multiplas: 15min, 10 reps a 69% NS entre as condigdes)
1RM, 905 int.
Burleson et al. = 15HI1 20-26 27min, B exerc. 2 séries, 64"
10reps a 60% TRM, Tmin int.
De Groot et al.= 9HNI 5475 Circuito, 6 exerc., 3 séries, 30s por estaao 1)3.8: (2135
com DAC (1) 18min, 60% 1RM, 305 int. 13) 3.8 (4) 3.0
(2) 2Tmin, 60% 1RM, 60 int ip <005 entre a
(3) 18min, 40% 1RM, 305 inl. condigao 4 e
(4) 27min, 40% 1RM, 60s int as demais)

Treinamento de Forga

e Estimulo importante para incrementar a massa livre de gordura
(MLGQ), for¢a muscular, e poténcia — sendo um importante
componente nos programas de perda de peso — preservando a

MLG e maximizando a perda de gordura. salior ctal., 1988; Garrow e
Summerbell, 1995; Geliebter et al., 1997; Kracmer et al., 1999; Marks et al., 1995; Pavlou et al., 1989;
Ross, Pedwell e Rissanen, 1995; 1995).

® Wadden et al. (1997) — 40 semanas — [um dos poucos estudos
de longo prazo] demonstraram que o TR “sozinho” ou em
combinagado com exercicio de endurance NAO incrementou a
perda de peso — comparado — com endurance “sozinho’ —
[todos os grupos foram submetidos a uma dieta com amplitude
de 900-1250kcal/d].

TADCLA =
Gacto wn = Faco da da
Autoros Sujeives Idade Protossle de exoreieies CE liquida
tarners) Poesusrcicio
—— au 2137 ABemin, T wcorc, @ warion, -
10 2 12RN. 2rmin it Misciicdes cltirarte Glmin
[nas & Abenarmyer 7 H 1 20-53 SEMIN, CIFCUNLD, 7 SXBrT., 2 5érias, Intenso. 39 1 A0Kzal
e Leve: 31 + 3s6cal
#4S eore s condicoes)
o i
frcioy o aiew THT 2040 35 + Gheal
Medigo durante 2n
T———— EHT 2028
franam or are T e a
5
(<005 ermre
P )
Medide dursme Gomin
Binzer ecaren zZMT 2430 45min. 10 exerc. 3 saries, 31kcal”
10 reps a 70% TRM, Temin int. Medido durante 60min
MMT 27as © amars., 3 sarius, e I 11 4 Sheal
Intonso: 23min, & v & = 1
| avn 2Emun, 15 rens & <o sntrs
condict
EPOC aurou ens 60
105/
- THT 1928 Circuito, 31 min, # axarc., 4 corior, Mio calcutade
e mmarn e raps e eorDn e ERAOC mrrus 98 hnras
DB Frmin ine
e BT ———————

Treinamento resistido (TR) e

taxa metabdlica de repouso

e Estudos tém demonstrado que o TR NAO previne o
declinio na taxa metabdlica de repouso — decorrente
de dietas para induzir a redug@o do peso (Geliebter etal., 1997;

Kraemer et al., 1997; Kraemer et al., 1999; Svendsen, Hassager ¢ Christiansen, 1993;
Sweeney et al., 1993).

Estudando o EPOC
VO, em exercicio
3-
24
£
£
g
1]
VO, em recuperagtio
EPOC
03] |
o[ ‘
0 Tempo (min) 60
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Fig. 1. Phosphocreatine (PCr) kinetics of the medial gastrocnemius
during 30 seconds of repeated maximal plantar flexions of the foot
determined from localised nuclear magnetic resonance imaging.
Open circles represent PCr as a percentage of resting values; bars
represent standard deviations (reproduced from Walter et al >
with permission).

G ESE T TS

Figura 3.4 O oxigénio consumido durante o componen-
te rapido da recuperagao fornece a maior parte da ener-
gia necessdria para reabastecer as reservas de ATP e
PC no musculo que foram depletadas durante o exerci-
cio. Parte do ATP ressintetizado é armazenada direta-
mente no musculo e parte é desintegrada imediatamen-
te para ressintetizar PC (fosfocreatina) que, a seguir, é
armazenada no musculo. A glicélise anaerébica também
pode proporcionar alguma energia (ATP) para a restau-

ragao dos fosfagénios.
(De Bowers e Fox.”)
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Fig. 2. The influence of oxygen availability on phosphocreatine
(PCr) recovery kinetics of the gastrocnemius following 5 minutes of
repeated submaximal plantar flexions of the foot determined from

localised nuclear magnetic resonance imaging.®2 soas ved 2005 35
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Fig. 3. Phosphocreatine (PCr) recovery kinetics of the medial gas-
trocnemius following 30 seconds of repeated maximal plantar flex-
ions of the foot determined from localised nuclear magnetic
resonance imaging (reproeduced from Walter et al.,*8 with permis-
sion).
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Fig. 4. Time course of muscle pH during passive recovery from 6
minutes of exhaustive dynamic exercise ! Spors Med 2005; 35 (9)

Fatoras que Contribuem para o Excesso
de Consumo de Oxigénio Pés-Exercicio

Débito de Dxigénic
ou Excesso de
Consumo de
Oxigénic
//}r Fos-Exercicio K\\
- y S
Ressintese f \ (T
de CP e
no musculo / \ gt
3 Elevagéo
Remogac daFCe
de laciato daFR
pbe-axercicio
Restauragao
dos estoques Elevagac da
de cxigénio temperatura
dos musculos corporal
e do sangue
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AMERICAM COLLEGE OF SPORTS MEDICINE. Appropriate
Intervention Strategies for Weight Loss and Prevention of

eight Regain for Adults. Med Scie Sports Exerc 2001; 33:
2143-2156.

TREINAMENTO DE FORGA

= O T F é um potente estimulo no aumento da
Forca Muscular e perda da massa gorda;

= Aumento no peso corporal relacionado a
massa magra, resulta o aumento da TMB;

= PREVENINDO DECLINIO NA TMB

Custo metabédlico da massa
muscular

Paciéncia é tudo.

Efeitos agudos da atividade contra-resisténcia sobre o gasto
energético: revisitando o unpacto das principais variaveis

Clandia de Mello Meirelles'** e Paulo Sergio Chagas Gomes'#

OBJETIVO: Discutir o efeito termogénico da atividade
contra-resisténcia, buscando esclarecer o impacto das

variaveis — intensidade de duragdo, numero de
Séries, intervalo entre as séries, velocidade de
execucdo e modo (circuito ou séries multiplas).

| Rev Bras Med Esporte - Vol. 10, N° 2 — Mar/Abr 2(u)4|

Gasto energético durante a EXECUGAO do TF

TABELA 1
Gasto energético (GE) liquido para execucao de uma sessio de exercicios contra-resisténcia
Autores Sujeitos Idade Protocolo de exercicios GE
(anos) (keal.min'")
Wilmore et af.? 20HT 17-36 22.5min, circuit, 10 exerc., 3 series, H:58
20MT 17.26 15-18 reps a 40% 1RM, 15s int. M: 4.2
Ballor et al."> 0M 3e2 42min, 8 exerc, 2 series (10RM + 33
obesas NT 1 serie reps max)
Ballor et al.® 20HT 25:4 37min, circuil, 9 exerc, 3 series, Lenta: H: 7,9; M: 5.2°
15MT 24 305 2 44% max, int. 1:1. Interm: 51
Velocidaes lenta, intermediaria e rapida Rapida: H: 8,0; M: 5,0"
NS entre as condigdes)
Pichon et al# BHeM 2334 4 exerc, 2 series Circuito: 4,9*
Circuito: 12min, 20 reps a 47% 1RM, 30s int Series multiplas: 4,5
‘Séries multiplas: 15min, 10 reps a 69% NS entre as condigdes)
1RM, 905 int.
Burleson et al. = 15H1 2026 27min, B exerc. 2 séries, 64"
10reps a 60% TRM, Tmin int.
e Groot et al 9HNI 5475 Circuito, 6 exerc., 3 séries, 30s por estaao 1)3.8: (2135
com DAC (1) 18min, 60% 1RM, 305 int. 131 3.8 (4) 3.0
() 2Tmin, G0% TRM. 60s int. ip <005 entre a
(3) 18min, 40% 1TRM, 30s inL. condigao 4 e
(4) 2Tmin, 40% TRM, £0s int as demais)

52



Considerando todas as limitacoes dos
estudos revisados, a revisao da literatura
aponta que o VOLUME do TF tem maior

impacto sobre o gasto energético
DURANTE o exercicio.

Considerando todas as limitacoes dos
estudos revisados, a revisao da literatura

aponta que a INTENSIDADE do TF tem
maior impacto sobre o EPOC.

EPOC: Consumo de Oxigénio pos-exercicio

Spors Medl 2005, 36 (3) 215938
01121642106/ 0006.C215/530,95/0

REVIEW ARTICLE

5 2006 Adk Data Informfion B, AN ihts resarve

Possible Stimuli for Strength and
Power Adaptation

Acute Hormonal Responses |

Blair Crewther,! Justin Keogh,? John Cronin® and Christian Cook!

1 Human Health and Performance Group, HortResearch, Auckland, New Zealand
2 School of Exercise, Biomedical and Health Sciences, Faculty of Computing, Health and
Science, Edith Cowan University, Perth, Western Australia, Australia

©w

Institute of Sport and Recreation Research New Zealand, Division of Sport and Recreation,
Auckland University of Technology, Auckland, New Zealand
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Gasto energético durante a FASE DE RECUPERAGAO
(EPOC) do TF

TADCLA =

Bacto anorgeticn (GE) lcquido durante 2 Face da da

Autores Sujeivos Idado

tanos)
- sur 2197
e ——— TN 2055 56
pcity oo THT 2040
Te——r EHT 2028
fraom ot ares a1 2721 Gira E ropm
pinzen ecar=n zmT 2430 45min. 10 exerc_ 3 series,
10 reps & 70% TRM, Tmin int.

Jricinen o umT 27as © amars., 2 cor -
S Intonso: 23min. &

PRESCRIGAO DE TF E
EMAGRECIMENTO
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ORIGINAL ARTICLE

Changes in inflammatory biomarkers following
one-year of moderate resistance training in
overweight women

TP Olson', DR Dengel', AS Leon' and KH Schmitz!

is, MN, USA and

1 Cardigvascular Disea.
airs Medical Center, M

Mudancas nos marcadores

inflamatérios apés 1 ano de TF
moderado em mulheres com sobrepeso

METODOLOGIA

% 32 individuos IMC > 25 Kg/m2 — 24-44
anos, sedentarios

+ 2 sess6es de TF por semana, 1 ano, 3
séries de 8-10RMs para os principais
grupos musculares

Table 1 Physical characterisics a haseline and folowing 1 year of resistance training

Reshtonce boned Control Interocion

Bosefire Fobow-up Bosedne Follw-u P-rabe
i

3945 ®16 916 0.33

Height {m) 1.7=01 16200 16:00 0.6
Weight (k) Ha=114 =0 T20£10.6 014
Body mass index (k') 269230 20530 268:3.2 0.17
Lean body mass (kg) 422359 Hatds* H0=52 403251 0.5 |
T == = = =

Body fa (%) 434237 415147 Hiz4d 43049 052

Biood pressure measures

Systolic (mm Hy) 18295 105:258 121:104 141126 0.45
Diasiolic {men Hg) 69101 B1166 =12 67495 (F2)
Mean arterial (mm Hg) 85295 51191 =78 31102 0.3
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OBESITY Vol. 14 No. 11 November 2006

Resistance Training Lowers Exercise-Induced
Oxidative Stress and Homocysteine Levels in
Overweight and Obese Older Adults

Heather K. Vincent,*t Cheryl Bourguignon,* and Kevin R. Vineent?

28/07/2016

OBESIDADE E TREINO DE FORCA

[ | Therefore, the purpose
of this study was to determine whether chronic RX training
can reduce oxidative stress (i.e., lipid peroxidation levels),
plasma homocysteine, and Lp(a) in overweight/obese older
adults compared with normal-weight age-matched adults.

OBESIDADE E TREINO DE FORCA

Table 1. Baseline participant characteristics

Normal-weight (n = 20) Overweight/obese (n = 29)

OBESIDADE E TREINO DE FORCA

Table2. RX fitness. and body L-weight
obese elderly adults

Non-trained RX-trained Non-trained RX-trained
(n =10) (n =10) (n =10) (n=19)
Age 709 + 1.4 68.1+ 15 712%21 66.5 % 1.2
Height (m) 169.5 + 2.5 1710 £62 169.2 £ 2.1
Weight (kg) 67 3.1 85.9 £53% 85.2 £2.6*
BMI (kg/m?) 23905 228*05 294 £0.7* 29.8 £ 0.9*%
% Body fat 278+20 259+35 350 £3.5% 33.0 = 1.4%
% Lean mass 719+23 692+ 14 64.6 45 658 2.6
Systolic BP (mm Hg) 1339+53 140.2 X 1324 =29
Diastolic BP (mm Hg) 804 +28 844+69 81719
MAP (mm Hg) 92730 983 + 3.1 103075 98.6 1.9

BP, blood pressure; MAP, mean arterial pressure. Means * standard error are shown.
* Significantly different from normal-weight group at p < 0.05

Normal-weight (n = 20) Overweight/obese (n = 29)
Non-trained RX-trained Non-trained RX-trained
Fat-free mass (k)
Pre-RX 46339 495235 535+68 56325
PostRX 468235 515232 549+ 61 558+23
048 = 0.62 19%076 L4027 ~073227
Fat mass (kg)
Pre-RX 17415 18313 W10
Post-RX 186215 169+ 14 257218
A 089 = 045 ~081 = 0.45 ~053 041
Total body strength (Nm)
Pre-RX 11780 % 160 1048 % 126 14913 = 105
PostRX 11537 % 189 12755 * 149t 17658 = 124%F
A ~2432206 1707 = 3143 2413 %249t
Vo, peak (mLikg per min)
21222 01%12 5 208210
PostRX 22223 4812t 213225 243211t
A ~086= 15 47=084 047 +080 352052
AX test time (min)
Pre-RX 1807 18208 nax17 16205
PostRX. 19213 158 = 08¢ n2%14 133207t
A 0132054 3920788 —145204 17203¢

. the change in the vaiable from baseline to month 6; Vo;peak, peak rae of oxygen consumption. Values are means = standsrd eror.
* Different from normal-seight group at p < 0,05

+ Different from pre-post RX trsiing at p < 005

4 Different from controls at p < 0.05,

§ Different from overweightlobese RX group at p < 0.5

OBESIDADE E TREINO DE FORCA

Table 3. Total cholesterol and HDL-C values at baseline and 6 months

Normal-weight (n = 20) Overweight/obese (n = 29)

Non-trained RX-trained Non-trained RX-trained
Total cholesterol (mM)
Bascline 52+05 43+ 04 51+06 45%03
6mo 51%04 43+03 52+05 44+02
A 02018 012+ 1.0 012205 0.11%12
HDL-C (mM)
Baseline 14+03 15+02 13203 12£01
6mo 14201 16+03 14204 13+03
A 021 202 023 0.6 017 202 02105

HDL-C, high-density lipoprotein cholesterol; A, the change in the variable from baseline to month 6. Values are means * standard error.

OBESIDADE E TREINO DE FORCA

A

>
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PEROX (nmol/mi)
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SBaseline
26 Months.

TBARS (nmolimi)
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% Change in Homocysteine (Baseline - 8 months)

.
a0 .
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% Change in Muscle Strength (Baseline-6 months)
Figure 3: Scatterplot of the change in muscle strength and change
in serum homocysteine levels from baseline to 6 months. The
correlation value was significant (r = —0.452, p = 0.006).

ENDURANCE, PESOS E COMBINADOS (sc-mm-TMB)

28/07/2016

OBESIDADE E TREINO DE FORCA

Summary

Six months of RX training reduced systemic oxidative
stress levels and homocysteine in overweight/obese and
normal-weight elderly adults. This exercise program, how-
ever, did not induce significant changes in total cholesterol,
HDL-C, and Lp(a). RX may be a useful exercise modality to
reduce some of these emerging CVD risk factors, but further
studies are warranted to determine whether significant re-
ductions in total cholesterol. HDL-C. and Lp(a) can be
achieved over a training period longer than 6 months or with
RX programs of different intensity.

Gordura Corporal (Kg) Massa Magra (Kg)

Forga Endurance Combo

Forga Endurance Combo

BPRE BPOS12s
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CONCLUSAO

Taxa Metabdlica Basal (kcal/dia) Diferenca na TMB (Kcal/dia)

O treino combinado parece predominar na reducao da
adiposidade e manutengao da massa magra

A Taxa Metabdlica Basal apresentou incremento nos
grupos de forga e combinado, mas sem impacto nos

valores de adiposidade
Forga Endurance Combo

HPRE BPOS12s

DIRETRIZES DO ACSM, 2007

SIDADE: 40 A 85% DA FC reserva
ENCIA: 3,5 A 7K SEMANA

10: 20 A 60 MINUTOS

EXERCICIO: PREDOMINANTE AEROBIO

I 4
DIRETRIZES DO ACSM, 2007 CAHU DIRETRIZES DO ACSM, 2009
Funcn Fraguancy: &5 dwk ' to maximize caloric expenditure

“l‘““' Intensity: Moderate- to vigorous-intensity physical activity should be encouraged. Initial exercise training

intansity should be maderate (i.8., 40%=60% [V with dot abovelO2R or HRR). Eventual prograssion ta mare
Fadiga Volicional; = Suie g

. _ . vigarous-axercise intensity (1.e., 50%=75% [V with dot above]02R or HRR) may result in further
parar2-3 rensm;ﬁes antes da fadiga velicional; health/fitnass benafits.
12a20TEP

Tima: 30-80 min-d” 1o tatal 150 minutes per waak, progressing to 300 minutes per waek, of moderate
e 2 3 s physical activity; 150 minutes of vigorous physical activity; or an equivalant combination of modarate and
“ In‘ l K EMA“A vigarous physical activity. Parformance of intermittent exercise of at least 10 minutes in duration;

accumulating these duration recommendations is an effective alternative to continuous exercise.

:1 se"e de 3 —2" reps. l3-5y 8-10, 12‘15] Typa: The primary mode should be aerabic physical activities that involve the large muscle groups. As part

of a balanced exercise program, resistance-training exercise should be incorporated. 3ee Chapter 7 on
exercise prascription recommendations for resistance training for additional information.
10S: 8 -10 Incluindo todos os grandes grupos musc. :
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TREINAMENTO DE FORGA
TREINAMENTO INTERVALADO (HIIT)
TREINAMENTO AEROBIO
X
CONTROLE ALIMENTAR
X
OXIDAGAO DAS GORDURAS

?
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