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Fisiologia Neuromuscular e
Metabolismo energético

Prof. Dr. Rafael Herling Lambertucci - Universidade Cruzeiro do Sul - Sdo Paulo / SP

» Fisiologia da contracdo muscular
(neuromuscular), tipos de contragcdo e sua
relacdo com o metabolismo energético,
tipos de substratos energéticos, integracdo
metabdlica na oferta de energia, fadiga
metabdlica e a dindmica corporal dos
nufrientes essenciais e ndo essenciais ao
organismo humano.
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O gue é necessdrio sabere

» Citologia;

» Histologia;

» Fisiologia;

» Bioguimica;

» Biologia molecular...

CITOLOGIA

Hengminogdo dada pela primeira vez em 1665 por Robert
ook;

Utilizou o termo para descrever “pequenos buracos” que
ele visualizava em uma cortica;

Trata-se da unidade estrutural e funcional bdésica e viva do
Ccorpo;

Compostas  por 5, substéncias bdsicas: agua, eletrdlitos
(ions), proteinas, lipidios, carboidratos.
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» Principal componente celular;

» Muitas espécies quimicas sdo dissolvidas ou ficam
suspensas nela;

» Aprox. 70-85% do volume celular (exceto
adipocitos).

» Inorgdnicos;

» Necessdrios para o controle de diversas funcdes
celulares.

Proteinas

Lipidios

» Substancia mais abundante apds a dgua (10-20%);

» Possui  funcdes estruturais  (citoesqueleto) e
funcionais (fransportadores e enzimas).

» Aprox. 2% da massa celular (fosfolipidios e
colesterol);

» Maiorreserva de nutrientes;

» Células especializadas - adipocitos (até 95%).




Carboidratos

» Pequeno papel estrutural e grande papel na
nutricdo;

» Aprox. 1% massa celular (exceto musculo 3% e
hepatbcitos 6%);

» Clicose sempre presente no liquido extracelular.
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Célula Generalizada

Microvillus |
e O Micrcfilament

\ o,

// N\

Smooth—"
endoplasimic
raticulum

Mitochendrien

Rough /

endoplasmic: P
reticulum \ ASA
: membrang

Golgi apparatus Lyscsome

Citosol (citoplasma)

» Podem ser divididas em 3 componentes
principais:

- Membrana plasmatica;
- Citosol;

- Organelas.

» A porcdo espessa e semifluida do citoplasma é o
citosol;

» Composto por aproximadamente 75 a 90 % de
agua;

» Local onde ocorre decomposicdo e sintese de
subst@ncias de uso celular.
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Citosol

Organelas

» “Pequenos érgdos” com caracteristicas e papéis especificos no
crescimento, na manutengdo, no reparo e no controle celular;

- NUcleo;

- Reticulo Endoplasmdtico;
- Ribossomos;

- Complexo de Golgi;

- Lisossomos;

- Peroxissomos;

- Mitocéndrias;

- Citoesqueleto;

- Centrossomos e Centriolos.

Nucleo Celular

Nuclear pores

NUcleo (centro de controle)

_~Nuclear
envalope

» Nucleus = cerne;

» Maior estrutura na célula;

» Contém os genes controlando assim as atividades
celulares;

» Possui em seu interior o nucléolo, que é formado
por proteinas, RNA e DNA.
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Reticulo Endoplasmatico

Muglcar crvelope, 5 . Nucicoplasm

Nuclear

o » Dividido em:
S lamina

- Liso ou agranular (ndo possui ribossomos) = sintetiza

substancias lipidicas e desintoxica certas moléculas.

Formam também fosfolipidios e colesterol
(incorporam-se na membranay);

Nucleolus

Nucledr pores

- Rugoso ou granular (presenca de ribossomos) >
sintetiza proteinas que serdo secretadas.

Reticulo Endoplasmatico

Ribossomos

‘\ \ 2 7 » Granulos minUsculos formados por RNA e proteinas;
// )/

r
Smooth—"
endoplasinic
raticulum

» Estdo espalhados no citosol ou ligados ao reficulo
endoplasmatico;

Rough
endoplasmic
reticulum

» Sitio da sintese proteica.
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Ribossomo
Complexo de Golgi

~508 subunits S

» Sacos achatados (cisternas) empilhados
como pratos nos quais o produto do RE
continua sendo processado;

» Processa, seleciona, empacota e distribui,
através de vesiculas secretdrias: proteinas,
lipidios para inclusdo na membrana,
hormaonios e lisossomos.

Complexo de Golgi

Golgi apparatus:

' Membrana
| plasmatica




Lisossomos

» lysis (dissolucdo) + soma (corpo);

» Sacos delimitados por membrana formados a partir
do complexo de Golgi;

» Contém enzimas digestivas poderosas (hidrolases)
que digerem estruturas celulares e corpos
estranhos.
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Lisossomos

\
Lysasome

Peroxissomos

Mitocoéndria (casa de forca)

» Os peroxissomos contém enzimas oxidativas com
as quais oxidam determinadas  moléculas
orgdnicas (dlcool);

» Formados por auto-replicacdo ou pelo RE liso, e
ndo via complexo de Golgi.

» mitos (fio) + chondros (gré&nulos);

» Pequenas esfruturas arredondadas, ou em
formato de bastdo;

» Aparecem distribuidas no citoplasma;

» Possui duas membranas, chamadas de
interna e externa;

» Na membrana interna ocorrem uma série de
reacdes que acabam por gerar ATP.
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MitocOndria

Citoesqueleto

»  Constituido por microfilamentos, microtUbulos e filamentos
intermedidrios;

- Microfiamentos:  Envolvidas na contracdo das_ células
musculares, proporcionam suporte e forma e auxiliam no
movimento celular e intracelular;

- Microtlbulos: Proporcionam suporte e forma, formam canais

el condutores intracelulares e auxiliam no movimento celular;

- Filamentos intermedidrios: proporcionam reforco estrutural em
algumas células.

Citoesqueleto

Centrossomo e centriolos

Microfilaments
~—

» Os cenfrossomos auxiliom na organizacdo do fuso
mitdtico durante a divisdo celular;

—
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» Os centriolos formam e regeneram flagelos e cilios.

Mizrotubules




02/07/2015

Centrossomo e centriolos

Membrana Plasmdtica

» Circunda a célula e é constituida por uma
bicamada lipidica, por proteinas e carboidratos
(55% proteinas, 25% fosfolipidios, 13% colesterol, 4%

outros lipidios e 3% carboidratos).

Fosqullpldlos (permeabilidade Colesterol
seletiva) o

» Encontram-se dissolvidos na bicamada lipidica e

confrolam o grau de permeabilidade da
membrana;

Cabega

hidrofilica

» Impermedvel a substdncias hidrossolUveis (ions,
glicose);

Caudas

hidrofébicas

» Permedvel a substdncias lipossolUveis (02, CO2 e
dlcool).

10
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Proteinas

» Proteinas diferentes estdo encravadas na
membrana (periféricas e integrais);

Periféricas - atuam como moléculas de adesdo
celular ou enzimas;

- Integrais > carreadoras, canais (substé@ncias
hidrossolUveis), receptores e enzimas.

Carboidratos

» Formam em conjunto com proteinas e lipidios
algumas glicoproteinas e glicolipidios,
respectivamente;

» Presentes na superficie externa celular e agem
como receptores ou ligam-se entre si (diferentes
células) ancoragem.
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Cytoplasm

~ Integral protein

e
bilayar
Peripharal
protein
Intraceliular
fluid

Membrana Plasmdtica

» Membrana limitante externa que separa as partes
internas das células dos materiais extracelulares e
do meio ambiente externo (porteiro);

» Formada por uma bicamada fosfolipidica e por
proteinas (integrais ou periféricas).

11
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Membrana Plasmdtica

»  Funcodes:

1. Comunicacdo: Interage com outras células do corpo,
células estranhas e vdarias substancias quimicas;

2. Manutencdo de um gradiente eletroquimico;

3. Forma e protecdo: D& forma, delimita e protege o
conteUdo interno das células;

4. Permeabilidade seletiva: Permite passagem de algumas
substéncias e restringe a passagem de oufras.

Transportes celulares

» Para uma célula viver, crescer e reproduzir
ela deve obter nufrientes e outras
substancias do LEC;

» A maior parte dessas entram na célula por
difus@o ou transporte ativo.

Sem gasto de energia (transporte

PAssivo)

» Difusdo de substancias:

- Difusdo simples;
- Difusdo facilitada;

- Osmose.

ina possui Moléculas do corante  vemprana (segao transversal)
bassagem
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Transportes com gasto de energia

(ativo)

» As vezes torna-se necessdrio o transporte de
substéncias de um local de menor [ ] para um de
maior;

» Nesse caso os carreadores  transportam
subst@ncias contra seus gradientes elétricos e
quimicos;

» Essa forma de transporte, que requer energia, é
conhecida como fransporte ativo (ex.: lons,
agucares, e varios aa).

Qutside

Inside
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Potencias de
membrana e de

acao

Potencial de membrana

» Todas as células possuem membranas que apresentam um
potencial elétrico;

» Formado pela diferenga entre ions presentes no meio intra e
extracelular (negativo dentro e positivo fora - aprox. — 0 mV);

» Alferacdo destes potencias: controla fungdes celulares e
transmite sinais.

Potencial de membrana

» Importante para:

» Células Nervosas: neurdnios
- Transmissdo de sinais;

» Células Musculares: fibras musculares
(Esquelético, Liso e Cardiaco)

- Contracdo

EXTRACELLULAR / INTRACELLULAR

FLUID FLUID

Na* ————— 142 mEg/L _I-_ 10 mEq/L
K- e & MEQ/L ~emfeme 140 mEg/L
Ca** ————— 2. mEq/L —4—-0.0001 mEg/L
HCO; -
Phosphatesem 4 MEQ/L ~eememms?5 mEq/L
so,” — 1 mEg/L ——+——2 mEq/L
Glucose ——— 80:mgidl — L0 to 20 mg/d|
Amino acids — 30 mg/dl -———— 200 mg/dl 7
Cholesterol
Phospholipids > 0.5 g/dl-——— 2 to 95 g/dl
Neutral fat
PO, ————— 35:mm Hg —— 20 mm Hg ?
PCO, ———46 mm Hg —— 50 mm Hg ?
pH — —74 170
Proteins ————2 g/dl ———4— 16 g/d|

(5 mEg/L) (40 mEg/L)

14
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Potencial de difusdo

» A concenfracdo de K+ é maior no LIC >
uma maior quantidade deste ion saia
(carga positiva);

» Da mesma forma a concentracdo de Na+ é
maior no LEC - uma maior quantidade
deste ion entra na célula.
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Figure 53

Potencial de Acao

» Forma de transmissdo de sinais;
» Variacdes rdpidas do potencial de membrana;

» Fluem rapidamente ao longo de toda
membrana;

» Ocorre por variagdo do potencial negativo
(repouso) para positivo (despolarizacdo) e volta
rapidamente para negativo (repolarizacdo).

Propagacdo do

potencial de acdo

» Trafega até toda membrana ficar
despolarizada.

15



02/07/2015
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Potencial de Acdo

» Ocorre em 3 estdgios:

1- Repouso;

2- Despolarizacdo;

3- Repolarizacdo.

1° Estagio: Repouso

» Membrana Polarizada;

» Repouso: - 70mV.

2° Estagio: Despolorizc:c;do |

» Membrana permedvel aos ions Na*;

» Fluxo infenso de Na+ para o interior
das células;

» Potencial negativo €& rapidamente
neufralizado.

16
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3° Estagio: Repolarizagao

» Apds décimos de milésimos de segundos, os canais
de Na+ se fecham e os de K+ se abrem mais que o
normal;

» Cessa a enfrada de sdédio nas células e ocorre
rdpida difusdo de potdssio para fora das células;

» Reestabelecimento do potencial negafivo da
membrana.

Inversdo dos ions...

» Importancia da bomba de Na+ e K+l
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Transmissdo de

-sinqis Nos froncos
Nervosos

» O SNC possui mais de 100
bilhdes de neurbnios;

» Se comunicam transmitindo
sincis de axbénio para
dendritos;

» Se comunicam através de
sinapses.

Brain

Cetbedy.

Axer

Synepses
o
AN
Spinal cord Fd

Secona oraer
euus

Figura 45-1
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Sinapse

Existern dois fipos (quimica e
eléfricas);

As quimicas sdo as principais
em humanos;

Um 1° neurdnio (pré-sindptico)
secreta  na sinapse  uma
substéncia chamada
neurofransmissor;

Este vai atuar em receptores
de membrana do neurénio
seguinte (pos-sindptico).

Transmitter vesiches

Sistema muscular

esquelético

18
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Tipos de tecido muscular

» Musculo Estriado Cardiaco

» Musculo Liso Visceral

Tipos de tecido muscular

» Musculo estriado
cardiaco:

Formado por  células
alongadas e ramificadas,
que  se unem por
intermédio  dos  discos
intercalares e apresentam
estrias fransversais.
Apresenfam  confracdo
involuntdria, vigorosa e
ritmica.

T

e }\\\“\\\\\\\\Wﬁ%\m@wi
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Tipos de tecido muscular

» MuUsculo liso:

- Formado por
aglomerados de
células  fusiformes
gue ndo possuem
estfrias  fransversais.
Seu processo de
contracdo & lenfo e
ndo estd sujeito ao
controle voluntdrio.

19
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Fig. 10.5

Corte da parede muscular de intestino, mostrande
mitsculo liso em corte longitudinal e transversal. HE.
Aumento médio.,

— Células musculares
lisas. Corte longitudinal

Células musculares lisas.
Corte transversal

Tipos de tecido muscular

» Musculo estriado
esquelético:

- Formado por feixes de
células cilindricas
muifo longas e
mulfinucleadas,
apresentam estriacoes
fransversais. Tém
contracdo rdpida,
vigorosa e sujeito ao
controle voluntdrio.

Asterila

Fibeas musculares em
corte ansversal. —_
Niicleos na periferi

— Perimisio

[ibras musculares em
i

Estriages transversais

=
™ Endomfsio

Celula adiposa

i, mosirando fibras musculares.
ionadas I nalc

Musculo Estriado Esquelé’tico

» O corpo humano possui
mais de 400 musculos
esqueléticos,
representando 40 - 50%
de todo peso corporal.

= W
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Funcdes do musculo esquelético

1 - Geracdo de forca para locomocdo;

2 - respiracdo;

3 - sustentacdo postural;

4 - producdo de calor durante periodos de
exposicdo ao frio.

Estrutura do musculo esquelético

» Sarcolema: membrana  plasmdtica e um
revestimento externo por uma fina camada de
polissacarideo que contém inUmeras e finas fibrilas
colagenas;

» Na exiremidade a camada superficial se funde
com uma fibra tendinosa.

Figura 8.1
Tecido conjuntive que envolve o misculo esquelético o
!
N
\
) — Tendda
) ; ,Fascie
Osse F /
" | ,‘)&—‘ Masculo
Epimisio — - g‘* _ Fascioulo
Perimisio < j
\_ Endomisio ~

W " oo o
naurénio motor

Fibras musculares w _

Sarcolema —

Reticulo Nicleo
sarcaplasmatico

"\ Filamentos

Estrutura do musculo esquelético

» Todos os musculos esqueléticos sdo constituidos por
inUmeros fasciculos;

» Cada um destes fasciculos sGo formados por inbmeras
fioras (células);

» Cada fibra € constituida por unidades sucessivamente
menores - miofibrilas;

» Cada miofibrila & formada por cerca de 1500
flamentos de miosina e 3000 filamentos de actina >
grandes  proteinas responsdveis pela contragdo
muscular.

21
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tura do musculo esquelético

» Contém envoltérios de tecido conjuntivo:
Endomisio: envolve cada fibra muscular;

Perimisio: envolve um feixe de fibras musculares
(fasciculo);

Epimisio: circunda todo o muUsculo;

» Tendoes: Formados pelo afunilamento e mistura das
camadas envoltdrias de tecido conjuntivo, unem as
extremidades dos muUsculos & cobertura mais externa
do esqueleto (o peridsteo).

Figura 8.1

Tecido conjuntivo que envolve o misculo esquelético =)

N,

) .

Y ‘j Fasca
Osso /

o
AR vosuo
\

Epimisio — . Fasciculo

Perimisio <

Fibras musculares — A,
< wério do
4 neurénio motor
Sarcolema =
Miofibrilas.
=

Ralicul Nucleo

sarcoplasmatico

Miofibrilas

» Extremidade dos filamentos de actina e miosina fixam-se
ao denominado disco Z;

» Disco Z - filamentos que passam fransversalmente
através da miofibrila e de uma miofibrila para outra;

» Distrofina: proteina de um complexo de glicoproteinas
lintegrais) que fixa a actina ao sarcolema;

» Titina: responsdvel por fixar e estabilizar a miosina;

» Sarcdémero: a porcdo da miofibrila localizada entre dois
discos Z.

Zdisk Miine Zdisk
/ Nebulin Actin
* -
* . 4
Titn Myosin

22
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Proteinas integrais /
da membrana de fibra
muscular esquelética

V4

distrofina

Actina —_Adim

Sarcoplasma

» Citoplasma do musculo esquelético;

» Possui muito K+, magnésio, fosfato e diversas
enzimas;

» Rico em mitocondrias (paralelo as miofibrilas - ATP);

» Reticulo sarcoplasmdtico.

Thick
filament

Wyoibril

23
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Excitacdo do musculo esquelético

» Juncdo neuromuscular:

Contracdo

mUSCUIOr - Transmiss@o de impulsos dos nervos ds fibras
i musculares;

- Fibras musculares inervadas por grandes
fibras nervosas mielinizadas.

Juncdo neuromuscular - axénios

» Potencial de acdo propaga pelo terminal ocorre a
abertura de canais de cdlicio voltagem dependente
(Ca+ entra na célula);

» Acetilcolina armazenada nas vesiculas sindpticas é
secretada nas fendas;

» Receptores especificos de acetilcolina na
membrana pods sindptica a reconhecem.

24
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Juncdo neuromuscular - misculo

() Um potencial de agao
'despolariza o terminal axdnico.
£ A despolarizagio abre canais da y
Ca?* controlados por voltagem Terminal axdnico
0 Ga?* entra na célula.
Vesicula sinaptica
£) A entrada do célcio inicia a
exoitose do conteido cas
vesfculas sindpticas.

O neurotransmissor se difunde
através dafenda sindpticacse | proteina o ancoragem
liga aos receptores na célula
pés-sindptica. Resposta da célula

Moléculas do
newrctranemissor

» Ligacdo de acefilcolina no receptor -
abertura do canal;

» Enfrada de todos ions positivos, principalmente
Na+;

£ A ligago do neurstransmissor
inicia uma resposta na célula
pés-sinaptica.

| = Z : » Inicia o potfencial de acdo que propaga por
coua Canal de Ca | toda a membrana muscular, acarretando na
N e contracdo;

» A acetilcolina é removida pela acdo de
acetilcolinesterases, impedindo a re-excitacdo.

- - Importéncia dos TUbulos T

» TUbulos T circundam as miofibrilas;

A » Penetram por toda espessura da fibra;

» Originam-se da membrana celular;

-\ - » Prolongamentos internos da membrana
celular;

» H&d propagacdo do  potencial de

membrana pelo tibulo T, levando a
contfracdo muscular.

25
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Sarcolemma
Terminal
cisternae
Transverse:
tubule
Mitochandrion)
reticulum
Transverse
tubule

Wyofibils T

Potencial de acdo muscular

» Potencial de acdo nos tubulos T leva a
liberacdo de cdicio do reticulo
sarcoplasmdtico;

» O cdicio é indispensdvel para que ocorra o
processo de contracdo muscular - miofibrilas;

» Finalizada a contracdo, canais de cdicio no
reticulo sarcoplasmdtico (SERCA), bombeiam
este ion de volta para o interior destas
organelas.

— Terminal axdnico do
neurdnio motor somético

gy © newrtnio moter somatico liere
ACh na jungao neuromuscular.

£y A entrada liquida de Na* através do
receptor-canal da ACh desencadela
um polencial de agao muscular.

26
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Organizacdo € acdo
das miofibrilas na
contracdo muscular

[ Sarcomero

‘ — Banda A—‘

=l
—Bndal—) [——2Zona H—— —Bandal 1
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Filamentos de Miosina

- Possui 2 estruturas importantes:

» Cauda da molécula de miosina > 2 cadeias
pesadas que se enrolam em forma de hélice.
Forma também o braco;

» Na extremidade, cada uma dessas moléculas se
dobra formando a cabeca da miosina.

A Head

Tail

OO 00090008080

o~
[

b -
Ry
Light chains

Two heavy chains

B Actin filaments

Cross-bridges Hinges

Myosin filament

Filamentos de actina (actina F)

Tropomiosina e Troponina

» Bases se inserem nos discos Z;

» Possuem sitios ativos (locais atfivos) que se

inferagem com a miosing;

» Constituido por: actina, tropomiosina e

froponina.

» Tropomiosina: se enrolam formando espirais ao redor das
actinas;

- Repouso > estdo sobre os sitios ativos ndo havendo
portanto atracdo entre os filamentos de actina e miosina;

» Troponina: presa & tropomiosina e une-a & actina.
Composta por 3 unidades de proteina:

- Troponina I: grande afinidade com acting;
- Troponina T: afinidade com Tropomiosing;

- Troponina C: afinidade com cdicio.
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Interacdo entre os filamentos

Artive sites Tropeein comple » Relaxado: sitios ativos da actina sdo
. . L R, inibidos pelo complexo Tropomiosina-
- Ll = . o .
- et \ /. % \_,._-_‘ > il Troponing;
F-actin Tropomyosin

» Contracdo: o complexo Tropomiosina-
Troponina se desloca deixando os sitios
afivos livres para intferacdo.

Interacdo entre os filamentos

o o ol
° (oo aocer
Troperina. Acting G D O A bopomiosina s ‘aumentam re sitosol
2

o
dosloca, expondo o
z siodefgactons | 80T
"_ troponina (TN,
omy
2

a
© | Qe
) Topon |
Asctina || g iropomicaina do
sitio de ligagio da
miosina na actina G.

¢ A miosina se
liga A actina &
completa o
movimento do forga.

= 2 — = == @ Oflamertode
e . . N . - o - - — — actina sa move.
» O cdicio se liga a troponina C, que altera sua o Estac retsxado, Gabega de micsia engaitads, [ Inclo da ontracho. _
conformacdo, puxando a tropomiosina >
libera os sitios ativos.

» Os sitios ativos da actina e as pontes cruzadas
da miosina possuem grande afinidade de
ligacdo;

Atropomiosina

» Repouso: forcas inibidas = tropomiosina; e

|( b
Movimento @) P
deforca

» Potencial de acdo se propaga - liberacdo de
cdlcio pelo reticulo sarcoplasmdatico;
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Resumindo...

— Terminal axdnico do
neurdnio motor somético

O neurtnio meter somatico libera
ACh na jungao neuromuscular.

£y A entrada liquida de Na* através do
receptor-canal da ACh desencadela
um polencial de agao muscular.

1

O potencial de agdo ne tubulo T altera)
a conformagéo do receptor DHP.

O receptor DHP abre os canais
RyR de liberagdo de Ca®* do
reticulo sarcoplasmético e o Ga2*
entra no citoplasma.

O Ca?* se liga a troponina,
permitindo a ligago entre a
miosina e a actina.

As cabegas de miosina
executam o movimento de forga.

Os filamentos de actina deslizam
em llilsﬁﬁ ao eentro do sarcémers.
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Principio do Tudo-ou-Nada

» Se o estimulo é forte o suficiente para
desencadear um potencial de acdo no
motoneurdnio, fodas as fibras musculares que
participam da unidade motora  sdo
estimuladas para se contrairem
sincronicamente;

» Ndo existe uma contracdo forte ou fraca de
uma unidade motora, o impulso é ou ndo
suficiente para provocar uma contracdo.

Como é feita a
gradagdo da forca?

Somacdo de forca

» Somacdo de multiplas fibras: aumento do niumero
de unidades motforas que confraem, com
excitacdo de pequenas UM primeiro;

» Somacdo de frequéncia: aumenta a frequéncia de
contracdo;

» Tetanizacdo: contracdes tdo rdpidas que chegam
a se fundir, estado contrdtil pleno.

Strength of muscle contraction

Tetanization

|

1 1 1 1 1 1 | T T T T
5 10 15 20 25 30 35 40 45 50 55
Rate of stimulation (times per second)
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Tétano @ 1 leading to

Fatigue

Tension

Single-twitch tengion

| | |
A AAAAAAAAAAAAAAAAAAAAAAAALAALLAAL

a 1

Time (msec) —

Pintura de Sir Charles Bell, 1809

Tipos de contfracdo

» Confracdo Concéntrica: o musculo se encurta e traciona outra
estrutura, como um tenddo, reduzindo o dngulo de uma articulagdo.

Ex: Trazer um livro que estava sobre a mesa ao encontro da cabega; C O n -I-ro g é O m U SC U | O r
» Confracdo Excéntrica: quando aumenta o comprimento total do d e m O n d O e n erg iO 8

musculo durante a contracdo. Ex: idem anterior, porém quando
recolocamos o livro sobre mesa;

» Confracdo Isométrica: servem para estabilizar as arficulagdes
enquanto oufras sGdo movidas. Gera tensdo muscular sem realizar D .I:
movimentos. E responsdvel pela postura e sustentacdo de objetos em e q U e Orl I IO 8
posicdo fixa. Ex: idem anterior, porém quando o livro é sustentado em
abducdo de 90°.
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Energética da contracdo muscular

- Necessidade de muito ATP;
» Ufilizado para o deslocamento da actina;

» Energia para bombear cdlcio para o interior
do ret. sarcoplasmdatico apds contracdo;

» Energia para bomba Na+/K+ manter
ambiente idnico;

» Estoque suficiente para 2 segundos de
contracdo.

Comprimento muscular e

forca de contracdo

» Existe um grau de distensdo ideal para a confracdo

mdxima da musculatura;

» E importante sempre haver um grau de

sobreposicdo dos flamentos de actina e miosing;
» Se encurtada, a forca de contracdo é reduzida;

» Se hiperestendida, a forca de contracdo pode ser

proxima de zero.

Actine e 1
L =T TR SR —o POl
ke - - -
ot it 1 sss san sas aas s
= = e = ees ess =
- sa>
[Pes 22— ) . | sds sam | ] 2 Jéd e ] [iie
165um 225 pm 365 um
Comprimenta Compriente Comprimento
abaixo do idsal ceal acima do iges!
Pouces inleragdes da pontes eragao méxima das pontes Nio ocarram interagbes
cruzadas = desenvolvimento cruzadas = dasenvolviments das ponles cruzadas = o nd
de tenséo reduzida de tansdo méxima desenvolvimento de lensdo
Figura 8.17

Relagdes comprimenta - tensdo do misculo esquelético. Ha um comprimento Ideal domésculo, o qual produz uma forga
méxima quando estimulado. Os comprimentos acima ou abaixo do ideal acamretam redugéo da quantidade de forga

quando estimulados.

8
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tmd z
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2
q
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]
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@ repouso ideal
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O que é
importante fazer

antes de iniciar
uma atividade
fisicae Por qué®?

Aquecimento é necessdrio?

» Aumento na velocidade de conducdo do PA no
muUsculo;

» Maior vasodilatagcdo: maior aporte de oxigénio e
nutrientes p/ o musculo;

» Diminui¢do da Rigidez Muscular (Passival):

- Rigidez causada pelas ligacdes de actina e
miosina durante o repouso.

- Exercicio leve quebra um pouco dessas ligacdes;
ATP é necessdrio para a quebra das ligacdes.

Coerrane Daishsse SvetRew 2011 Jul6;(7)CO0D4ST7.
Stretching to prevent or reduce muscle soreness after exerclse.

erbert RD, de Noionta b, Kamper S
Musculoskeletal Divison, The George Institite for GiobalHeath, FO Bax M201, Missencen Road, Camperdown, Sydney, Austialia, NWS 2050,

Abstract

BACKGROUND: Iany peaple siretch bzfore or after engaging in athistic actvity. Usually the purpose is to reduce risk cf injury. reduce soreness after
exercise, cr enhance athistic performance. This is an update of a Cochrene “eview frst published in 2007,

OBJECTIVES: The aim of this review was to determine effscts of stretching before cr afer exercise or the development of dlayed-onset muscle
sareness.

SEARCH STRATEGY: We searchec the Gechrane Bone. Joirt and Muscle “rauma Greup Speciaiised Regiscer {to 10 August 200). the Cochrane
Central Registar of Controlled Trials (2010, Issue 1], MEDLINE (1366 to th Febuary 2010), EMBASE (1988 to Eth February 2010), CINAHL (1982 to
23rd February 2010), SPORTDiscus (1949 to &h February 2010), PEDro (to 15th February 2010) and referenze Ists of articles

SELECTIGN CRITERIA: Zligble studies were randomised or guasi-randomised studies of any stretching technique
designed to prevent o treat celayed-oncet muscle soreness (JOMS). Fer the studies to be included, the e ng 1ad to be conductsd soon before
or soor aftsr exercise and misc e sareness had to be assessed.

DATA COLLECTION AND ANALY SIS: Risk of bias was zssessed using Th Cochiane Collaboration's Risk of bias"tool and quality of evidenze was
assessed using CRAJE. Esimates of effects of stretching were converted ta a common 100-poin: scale. Outcomes were pooled in fixed-ettect meta-
analyses.

MAIN RESULIS: lwelve studies were included in the review. |his update incorporaled wo new studies. Une of the new tnals was 2 large held-based
tral that incluced 2377 participants, 1220 o° whom were alocatec stretching. Al other 11 stud es were small, with between 10 and J0 pariicipants
racaivirg the stratch condition. Ten studias wara laboratory-basad and othar two wars fisld-basad. All studies wars axposad to aithsr a modarata or
high risk of bias. The quality of evidence was low to moderate There was a high degree of consistency of esults across studies. Tre pooled estimate
showed that pre-exercise stretcting reduced soreness at one day after exercise by, n averag, half a point on a 100-peint scae (mean diference
0.2, 95% CI-1130 10 10.26; 3 studiec). Fost-exercise stretzhirg reduced soreness at ore day after exercise by, on averzge, one paint on = 10)-
point scale (mzan ditterence -1.04, 5% C1-6.84 to 4./9; 4 studies). Similar effects were endent betwzen hat a day and three cays after exercise.
One laige stucy showed hat stretching before and after exercise rediced peak soreness over a one week period by, on average, four points on a 100
point soala (maan diffaranca -3.80, G5% CI -5.17 to -2.13). Thie affact, thougn statistically significznt, ic vary small

\4s Goi ports Exare 2014 Mar; 16,2565 03 dci 10.121GSS 0900BDCON00T3E
Effects of dynamic stretching on strength, muscle imbalance, and muscle activation.
Cocta PE' Herda TJ, Herca AA Cramer JT.

 Author information

Apstract

URROSE T/ e e oo o 3 6 el RS o e o e bt
flexor peas torque, and the conventiona and func:onal Famatring-uadiiceps H-Q} ra

MI- THONS: Tutenty-one women (mean + 510 age =711 6+ € yr. body mass = 654 5 +9 3 kg heicht = 164 { + 5 em) periamed maxiral valimtary
sokinetic leg extension. flexicn. and eccentrc hamstring muscle actiors at the angulzr velocities of 60°s and 180" befoe znd after a bout of
Syt bamsiring and uaticeps stielcring 4 well e @ ool cordlion

RESUITS: | ag flex an pezk tarrue decreased under bota contia. (mean + 57 for 6158 = 785~ 2710 724 -37Nm B8 =R1 143710591+
31 Nm) and Stretzhing (50%5 = 73,1 £3910.35.8 £ 3.3N-m, 160°5 = 612+ 3310547 £ 2.6 N-tm) concftions, whereas eccertiic hanrst g seak
nques dscrsiessd unly aller e slrelahing (605 - 673 £5.1 10 73.3 £ 36 Nm 180 - 892 £ 44 lo 7.0 1 2.4 Now) irLervenion (P = 0.05).
Siretching elso caused a decreaze in convertionel 4'Q (60° 5 = 0.53 1002 to 054 1 002, 180° = = .67 L0 02to 0.5 L 0.03) and funztional F-Q
atios (60°-e = 169 £ 00310 0,50 + .03, 180 = 100 £0 06 to 0 50 = 0.03)(P = 0.05)

CONCLUSIONS: Because dynamic stretching recuced conceniric and eccentfc hamsting sirenarh s well as the conventicnal and funzional F-Q
atios, fitness and allizd-health orofessiona’s mey need fo be cautious when recommending dynamic rather tha siatic stretching to mainta n mussle
force.

AUTIIORS CONCLUSIONS: The evidence from randomised studies suggests trat muscle stretching, whethr conducted before, efter, or before and
after axerc sa, doss not prodace clirically importart reductions in delayed-onset muscls soreness in heakhy aduits
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Scand J Med Sci Sports. 2012Felr 8 doi 10.1111/11600-0838 2012.01444 X [Epub ahead of prit]

Does pre-exercise static ing inhibit i performance? A meta-analytical
review.

SimicL Saraton N, Markoic

Wotor Control ard Human Perfermance Laboratory, School ef Kinesiology, Universty of Zagreb, Zagreb Croatia

Abstract

We applicd a mota analytical approach to derive a robuct estimats of the acute offects of pro cxorcse static stictehing (S8 on strength, power, anc
explosise muscular performance. A cemputerized search of ariicles published between 1966 and Dzcember 2010 was performed using PubMed,
€COPUS, and Web of Science databases. A tota of 104 studies yielding 31 data poins for strength. 12 data points for pover, and §7 cata paints for
explosive performarce met our inclusian criteria. The pooled estimats of the acute effects of S on strength, pawer, and explosive performancs,
expressed in standardized units as well as in percentages, were -0.°0 [95% confidence interval (GIi--0.15 to -0.04], -0.04 (95% G- -0.16 to 0.08), and
-0.03 (6% C: -0.07 to 0.01), or -5.4% (95% Cl: -£.6% to -4.2%), -1.9% (95% CI: -4.0% to 0.2%), and -2.0% (6% CI -2.8% to -1.3%). These efiects
were not related to subject’s age. gender. or fitness level; however. they were more pronounced in isametiic vs dynamis tesis. and were related to the

the sole activty during warm-up routine should generally be avaided

Total duration of stretch, with the smallest negative acute efiecs being observed with stretch duration of <45 5. We conclude that the usage of S8 as

Caimbrase

» Banana tem potdssio...

ORIGINAL ARTICLE

Serum electrolyte concentrations and hydration status are
not associated with exercise associated muscle cramping
(EAMC) in distance runners

M P Schwellnus, J Nicol, R Laubscher, T D Noakes

BrJ Spors Med 2004,38.488-4972. doi: 101136/ bjsm 2003007021

Table 1 Age, weight, and finishing fime for the cramp

and control groups

Variable Cramp group (=21} Control group [n=22)
Age [years) 36.6 (7.7] 42.4(7.5)

Weight (kg) 777 (11.3) 72.8(8.4)

Finishing fime (min)  309.0 (41.3) 304.3 (35.5)

Values are mean (SD).

Disténcia da prova > 56 Km

Table 2 Clinical characteristics and race history of
muscle cramping in the cramping group (n=21)
Category Subcategory Percentage
Muscle group Quadriceps. 38%
Hamstring 48%
‘Gastroenemius 14%
Other 5%
Race distance when cramp <28 km 0%
started 28 fo 42 km 33%
=42 km 87%
Duration of cramping episode <30 s 38%
301w 120s 38%
>120s 24%
Number of recurring episodes 0 10%
1-2 19%
34 38%
>4 33%
Cramping severity Mild 43%
Moderate/severe  57%
Relieving factors Strefching 52%
Massage 24%
Slowing race pace  76%
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Table 3 Values for pre-race, immediate post-roce, and 60 minute post-race serum sodium, potassium, total calcium, and total
magnesium concentrations, serum osmolality, rlasmm glucose concentration, plasma proteins, packed cell volume, and
hoemoglabin resuls far the cramp and canfrol groups, expressed as mean (D) and median {15t and 3rd quariles)

Pro-race Immediate postrace. 60 min post-racc.
Variable Cremp (n=21)  Conrrel [n=22] Cremp (n=21) Cortrsl (1=21) Cramp (=13  Conrol (n=16) .
M;;:"‘[T:MVI 139.2(2.1) 139.3 (20) 139.8 (311" 123211 140.3 (1.9) 0707 COI'ICIUSIOnS
g‘:,zj;:”,ni:;“,‘,{:" S Ba  aa60 e The results of our study do not support the common
iy VY L ) T 1 11 LN 91, A1 1 hypotheses that EAMC is associated with either changes in
Glucose (mmol/l) 63131) 61(1.1) 6.311.9] $5(29) 43010 $5(1.1) . . .
Fosmaprocre o) 2369 727(9) 764152 7371158) serum electrolyte concentrations or changes in hydration
PCv £00(4.0) 420{40) 40030 40.0(3.0)
Heemabi /| 13 (1 LT i LEia status following ultra-distance running. An alternative
hypothesis to explain the aetiology of EAMC must therefore

Table 4 Per cent change (pre-roce to post-race) in body .

weight, blood volume, plasma volume, and red cell be SOnght.

volume during the race for the cramp and control groups

Cramp group  Contral group

Variable In=21) In=22

Change in body weight (%]~ —2.91(1.2) -36012)

Change in blood volume (%) —1.3(5.5) 37 (40)

Change in plesma volume (%) 0.21(6.3) -0784)

Chenge in red call valme (%) —21 (15672 —B3I(124)

Values are mean (5D)

2010

[ Athletic Training 1

Exercise-Associated Muscle Cramps:
Causes, Treatment, and Prevention

Kevin C. Miler, PhD, ATC, CSCS*T Marcus S. Stona, PhD, ATC# Kellia C. Huxal, PhD, ATC,5
and Jeffrey E. EGwards, PhD'

incticenve, and intravenous Huid may providc a faster delivery
for athlctes suffering from acute EAMC.# It is interesting that
stretching the attected muscle almost immediately relieves
EAMC™ and yet has no effect on the fluid conditions of the

A S B N Y
(cg, excrtional hyponatremia, heat strokc)

The neuromuscular theory of EAMC proposes that muscle
overload and neuromuscular fatigue cause an imbalance
between excitatory impulses from muscle spindles and
inhibitory impulses from Golgi tendon organs (GTOs). These
localized EAMC tend to occur when the muscle is contracting
in an already-shortened position™ The reduced tension in the

Muscle Cramps during Exercise — Is It Fatigue or
Electrolyte Deficit? Guarr. Sporss Med. Rep., Vol. 7, No. 4,

Michael F. Bergeron pp. 350-355, 2008.
Mational Institute for Youth Sports & Health at Sanford, Sanford USD Medical Center, Sioux Falls, SD

regards to the separate etiologies.

The information presented here supports the contention
that there are two pritary catepories of exercise-associated
muscle cramps — those related to muscle overload and
farigue and those skeletal muscle cramps associared with a
sweat-induced sodium deficit (exertional heat cramps)

2d Tuscles can Icad to muscle or tendon
While the muscle fatigue hvpothesis (4,50) is a reasonable e Th TR = -
i ang focs farigue e muscle fatigue hypothesis

suggests thar such a scenario can prompt an excitatory
alteration (increase) in muscle spindle afferent activity and
a concomirant decrease in Golgi rendon organ inhibirion
leading to abnormal @ motor neuron control and sustained
a motor neuron activity (19,34,49,50). That is, the neural
wechanisms designed w inhibit muscle contraction, in
response to muscle tension detected by the Golgi tendon
organ, are disrupted or depressed. At the same time,
enhanced excitatory activity from the muscle spindle
triggers an intense and sustained involuntary muscle con-
rracrion thar is unopposed hy Golgi tendon argan conrral
Notahlv. sharrencd muscles wirh snsrained conrraction mav
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Receptores Musculares

»

Para que o Sistema Nervoso possa confrolar os
movimentos de maneira adequada, ele deve
receber uma retroalimentacdo sensorial continua
do musculo que estd confraindo.  Essa
retroalimentacdo sensorial inclui:

Informacdes referentes d tensdo desenvolvida pelo
musculo (Orgdo tendinoso de Golgi);

Uma avaliocdo do comprimento muscular (Fuso
Muscular).

FUSO MUSCULAR

> Funciona como detector do comprimento
muscular;

> S@o encontrados em grandes quantidades em
todos os muUsculos, principalmente os que requerem
graus mais refinado de controle.

FUSO MUSCULAR

> Sdo compostas por vdarias células musculares finas
(fibras intrafusais), circundadas por uma bainha de
tecido conjuntivo e é disposto paralelamente as
fibras musculares;

> Sua funcdo é auxiliar na regulacdo do movimento
e na manutencdo da postura.

Fibra nervosa
sensorial

Terminagoes
nervosas

/
Fibra muscular
esquelética

Fuso muscular

y Bainha de tecido
R .‘ conjuntivo

Figura 8.21
Estrutura do fuso muscular e sua localizacao no misculo
esquelético
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Orgdo tendinoso de Golgi Orgdo tendinoso de Golgi
» Monitoram continuamente a tensd@o » Ajuda a impedir a forca excessiva durante a
produzida pela contrac&o muscular; confracdo muscular;
» Localizam-se no tenddo e estdo em série > E provavel que ele fenha um importante

com as fibras: papel na realizacdo de atividades de forca;

o ) . » O freinamento de forca promove uma
» Sua funcdo € servir como um “dispositivo de reducdo gradual das influéncias inibitorias

seguranca”. dele.

Neurdnio sensorial
X

Fadiga Muscular

» Fadiga muscular é a diminuigdo da capacidade do musculo
em desenvolver forca méxima e/ou manter determinado
i) nivel de forga.

» MuUsculo fatigado ndo consegue gerar forca suficiente
para realizar movimentos de forma adequada.

tendnoso » Caracterizada por:

de Golgi
» Reducdo na forga
\M k » Reducdo na velocidade de encurtamento
jolonauronic
alfa inibido » Aumento do intervalo entre potenciais de agcdo

Figura 8.22
0 6rgao tendinoso de Golai. Ele esté localizado em série com o misculo e serve como “moniter de tensao”, atuando
como um dispesitiva de protegao co miisculo. Ver detalhes no texto.
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Fadiga Muscular

» Depende do:
» Tipo, duragdo e intensidade do exercicio.
» Tipo de fibras musculares recrutadas.
» Nivel de treino do individuo.

» Condicoes ambientais de realizagdo do
exercicio.

Origem da Fadiga Muscular

» Fadiga Central

» Sistema Nervoso Central (SNC)

» Diminvicdo da intensidade/numero de impulso nervoso vindo do
SNC e enviados aos MNs

» Motoneurdnios

» Redugdo no estoque de Ach nos MNs

» Fadiga Periférica

» Sistema Muscular

Fadiga Central

» Moftivagdo: vontade e quantidade de esforco dispendido na
execucdo da tarefa.

» A motivagcdo pode ser uma das causas de fadiga.

» Forca pode ser mantida elevada por mais fempo se uma
fonte externa (eletroestimulador) gera o impulso elétfrico para
desencadear contracdo muscular.

» A falta de motivagdo resulta num

impulso  central
inadequado para os MNs.

Fadiga Cenfral

» Propagagdo Neuromuscular

» Processos envolvidos na conversdo de um PA do axdnio
do MN para um PA no sarcolema.

» PA ndo é transmitido para todos os ramos dos axdnios
dos MN.

» Reducdona [] de Ach

» DiminuicGo da excitabiidade da menbrana pods-
sindptica (sarcolema).

FUSION OF SYNAPTIC

VesicLes fr i
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Fadiga Periférica Fadiga periférica — Fluxo songun’néo

» Durante a atividade fisica o fluxo sanguineo nos musculos

» Fatores que afetam a ciclagem das pontes exercitados deve aumetar para:
fransversas enfre actina e miosina sdo: » Suprimento de substrato energético
» Reducdo no ritmo de liberacGo e, » Remogdo de metabdlitos
principalmente, captacdo de cdicio intracelular » Dissipacdo de calor
pelo reticulo sarcoplasmatico; » Porém, ...
» Reducdo da afinidade pelo cdicio da troponina- » Quando um musculo estd ativo aumenta a presséo
fropomiosina para poder ocorrer a ligacdo entre inframuscular que ...

actina e miosing; » Comprime os vasos sanguineos e diminui ...

» Reducdes no suprimento de energia ao musculo » Ocorre mais durante confragdes isométricas sustentadas
(ATP). » Forca acima dos 15% do maximo

Tipos de fibras musculares

» Em humanos sdo enconfradas 3 fipos
principais de fibras:

Ti p OS d e fi brO S Tipo | } Contragéo lenta

Tipo lla

m U S C U | G r Contragao rapida

Tipo llb/x

» Encontradas também algumas denominadas
hibridas.
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Tipos de fibras musculares

» Tipo | (vermelhas)

Alto nUmero de mioglobina;
« Alfo nUmero de mitocondrias;
« Grande quantidade de enzimas oxidativas;
« Baixa velocidade da enzima ATPase;
« Mais resistente d fadiga.

Tipos de fibras musculares

» Tipo llb/x (brancas)

Menor nUmero de mioglobina;
« Poucas mitocondrias;
« Possui mais enzimas glicoliticas;
- Alta velocidade da enzima ATPase;
« Menos resistente a fadiga.

Tipos de fibras musculares

» Tipo lla (avermelhada)

Conhecida como intermedidria por
apresentar quantidades de mioglobinas e
mitocdndrias, nUmero e velocidade de
enzimas e resisténcia a fadiga entre a Tipo | e
a fipo llb/x.

2 4 5 60 Tempe, min 4
Temps, min
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Distribuicdo dos tipos de

fioras em diferentes
esportistas deve ser iguale

Biopsia muscular

Muscle Blopsy Noode
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Biopsia muscular

Tabela 8.2 Composicao Tipica da Fibra
Muscular dos Atletas de Elite
Representando Diferentes
Esportes e dos Nao-Atletas

Esporte % de Fibras % de Fibras Répidas
Lentas (Tipo 1) [Tipos 11b e lla)
Corredores de 70-80 20-30
distancia
Corredores de 25-30 70-75
curta distancia
Halterofilistas 45-55 45-55
Nao atletas 47-53 47-53

Plasticidade Muscular

» E o capacidade do muisculo de se alterar,
adaptando-se a diversos tipos de estimulos.

(PETTE & STARON 2001. Histochem. Cell Biol.)

» Esta adaptabilidade deve-se a habilidade das fibras
musculares  franscrever diferenfes isoformas de
proteinas contrateis.

(WRIGTH et al. 1997. J. Appl. Physiol.)

Plasticidade Muscular

» Vdrios fatores induzem uma transicdo de tipos de
filoras  puras, e esses fatores dependem
principalmente da qualidade, intensidade e duracdo
dos estimulos;

» De um modo geral o aumento da atividade
neuromuscular gera tfransicoes de “FAST — SLOW” e a
diminuicdo da atfividade neuromuscular gera
fransicoes de “SLOW - FAST".

(PETTE, 2002. Can. J. Appl. Physiol.)
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The adaptive potential of
skeletal muscle fibers.

ARTICLE /7 CANADIAN JOURNAL OF APPLIED PHYSIOLOGY = REVUE
CANADIENNE DE PHYSIOLOGIE APPLIQUEE - SEPTEMBER 2002

—_—

INCREASED NEUROMUSCULAR ACTIVITY / OVER{.OADING
e.g.. exercise, low-frequency stimulation, myotonia., streich

—
fast —— slow

DECREASED NEUROMUSCULAR ACTIVITY / UNLQADI NG
e.g.. denervation, spinalization. immobilzation,
tenotomy. microgravity. hindlimb suspension

Figure 3. Schematic representation of reversible fiber type transitions in muscles of
small mammals in response to altered neuromuscular activity.

Alteracdes de fibras

B NBD WD A 1A Itad 1

MHGH MHCHbNd MHCTW  MHORGHIS MHCIa MRCHaHL  MHCIZ

RS Ramd H|4—+|

slowest

Vrmaz

Figure 12.  Simplified scheme af Fast-to-slow and slow-to-fast fiber type transitions
within 2 cottinunm of pure and hybrid fiber types where type 1B and type | represent the
fastest and slowest phenotypes, respectively.
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Figure 5. Time-dependent changes in relative concentrations of the major electro-
phoretically separated MHC isoforms in rat soleus muscles tnweighted for various time
periods. Values are means * SD, n = 5-7 for each ime point. Wich permissian from
Stevens et al., 1999,
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Eletroestimulacdo (12 e 24 h)

100 4 12 heurs daily J

@ MM & MCIR O MNCHS T WHGID

100 = 24 hours caity

Time of stmulation [days]

JPhysici S70.3 (2006) po 611-627

Skeletal muscle hypertrophy and structure and function
of skeletal muscle fibres in male body builders

Giuseppe D’Antona', Francesca Lanfranconi?, Maria Antonietta Pellegrino', Lorenza Brocca!,
Raffaella Adami', Rosetta Rossil, Giorgio Mora®, Danilo Miatti®, Manica Canepari’
and Raberto Bottinelli!*

*Department of Medici
*Department of Sciences and Biomedical Te
2Fandazione Salyatore Maugeri (IRCCS,
“Tntcruniversitary Institutc of Miology, Unéversicy of Pavia, Pavia, Italy

CTRL

analomical CSA

(=1
(=1

quadr
muscles

Figure 3. Mean values (+ S.E.M.) of the anatomical
cross-sectional area (ACSA) of the vastus lateralis (VL) and
qQuadriceps (quadr) muses of control subjects (CTRL) and body
builders (B)

MHC-1

MHC isoform distribution

CACTRL
=3es

MHC-2A  MHC-2X MHC-neo

Regeneracdo muscular
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#

satellite call

Remodelagem muscular

» O musculo liso, em _caso, de lesdo, se, regenera
faciimente por divisdo mitotica das células que
permanecerem vidveis;

» O musculo cardiaco ndo se regenera. Nas lesoes,
as partes destruidas sao invadidas por fibroblastos
que produzem fibras coldgenas, formando uma
cicatriz de tecido conjuntivo denso;

» O muUsculo esquelético se regenera pela ativacdo
de células satélites, que apds lesdo sdo ativadas e
se proliferam fundindo as fibras musculares.

Hipertrofia x hiperplasia

» Hipertrofia:

- aumento no nUmero dos flamentos de actina e miosina >
aumento da forga;

- quando musculos sdo alongados, até comprimento superior
ao normal, pode haver acréscimo de sarcémeros nas
extremidades das fibras (inverso pode ocorrer);

» Hiperplasia: aumento no nimero real de fibras, divisdo
linear de fibras (muito contraditério).
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» Atrofia: mUsculo deixa de ser utilizado;

- Decomposi¢do de proteinas contrateis, mais répido que a hipertrofia;
- Encurtamento do musculo;

- Desnervagdo muscular;

- Se ainervacdo retorna, volta a plena fungdo em 3 meses;

-1 a2 anos, fibras destruidas e substituidas por tecidos fibroso e adiposo.

EFEITOS DA MIOSTATINA

Mstn +/+

Belgian blue
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Belgian blue

Ocorre naturalmente
em humanos?

7)) (&

Locm
E-67em? I-3lcm?

patient nermal child

Neonate 7 Months

Schuelke,et al. Myostatin - Mutation Associated with Gross Muscle
Hypertrophy in a Child. New England Journal Medicine 2004; 350:2682-

Miostatina = hiperplasia +

hipertrofia
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Treinamento de
forca induz

Skeletal muscle fiber hyperplasia
Med, Sci. Sports Exere. Vol. 25, No. 12, pp. 1333-1345, 1993,
JOSE ANTONIO and WILLIAM J. GONYEA
Department of Cell Biology and Neurosciences,
University of Texas Southwestern Medical Center,
Dallas, TX 75235-9039

TABLE 1. Quantitaifve evk i yperp fiber number determi afer it
Overload Protocol) Fiber Counting Mean Fiber i
o L3 Reference Treatment Duration  Subject Muscle Technigue Muscle Mass Area Fiber Number
h I p e rT O f I O Vaughn and Goldspink  Tenotomy/208 d Mce  Soeus Histologic oross-  43% increase $%icease  10-33%Increase
& seclions i ]
sa(]a 31 al. (64) Chronic slretich/ Chicken ~ ALD Histologic cross- 120-180% increase  130%increase  16% increase
42-56d seclions
2 Awayetal.(4) Chuoricstretchyd0d ~ Qual  ALD Nitic acid dgestion 172% increase §7%increase  52-74% ncrease
muscular et
{ - crosssecions .
| Away (3) Chronlg stretch/30d ~ Qual  ALD Nitrc acid dgestion  150% increase S0%Increase 4% increase
| Away etal. (5) Chvoriosiretch/7d ~ Qual  ALD Nirc acd digestion 64% increase 29% horease  27% increase
AnonoandGonyea  Progressivelntermit: - Ouall  ALD Histologio cross-  319% increase 30% norease 2% increase
®) tent/sirelch 37 d seolions . ) )
| Gonyea 33) Weightlitng/238d  Gat FCR Hisidlogio cross-  16-4d%increase  11%inorease  20% increase
. | . s 2o
) Gonyeaetal. (35) Weightlifing/707d ~ Cat FCR 11% ncrease N 9% ncrease
E h I p e rp | G S I G 2 Hoetal (8 Weightlfting/56d Rt Addiuctor longus 14% Increase 21% decrease  12% increase
secfon
Tamakietal (66) Weightlfing/a¢d  * Rat Plantatis Nitric acid dgeston 1.5% ncrease: N 14% increase
Sosirom ek al, (62) Leftright lowerex-  Human  TA Histologlc cross: N nodfieence  10% inorease
remilies (acciden- secllon ft> right)
. death)
'ALD, anerforatissimus dors; FCR, lexor carpi radials; TA, tibials anterior; NM, not measured.
T

||
Mechanical overload and skeletal muscle fiber
hyperplasia: a meta-analysis

GEORCE KELLEY
Pepaariment of Physic

cal Felucation, Nocthern Hilinois University, DeKally, Illinois 60115-2854

Percent Change (%)

Avian  Mammalian

J. Appl. Physiol. 81(4): 15841588 1996.

@ National Strength & Canditioning Assoriation
Volime 22, Numher 2, pages 28-29

II POINT/COUNTERPQINT II

Skeletal Muscle Fiber
Hyperplasia: Why It Can or
Cannot Occur in Humans

= -~y - s - ~
plasia can occur under every con-  fibers. If this were true, then the
dition of tension overload? Of intense training over years and

course not. In fact, it is the human
data that is the most intriguing,.
For instance, numeron. vesliga-
tions have found bodybuilders to
possess muscle fibers that are the
same size as untrained controls.
Yct these bodybuilders posscss a
greater absolute muscle mass.

Qnma cranticte hava cnmcactad

decades performed by elite body-
builders has resulted in average-
sized muscle fibers. Thus you are
Ieft to conclude that some body-
builders are born with many mus-
cle fibers of helow-average size,
and training mercly brings them
to an average size. This explana-
Hibirs FaorerTiroiramFhha it dreo
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plausible and scientifically defen-
sible that the larger muscle mass Como é obtida a
seen in elite bodybuilders and c .
strength-power athletes is primar- h I perTrOfIO [

ily due to muscle fiber hypertro-
phy, and also to fiber hyperplasia.

Depende
somente do
EEREEEEEE Nonetheless, scientif- trein O mento?

im Arrmdasmas dasmssasssteatan alassles

—_—

Skeletal Muscle Protein Metabolism and Resistance Exercise'™
Robert R. Wolfe*

Department of Surgery, The University of Texas Medical Branch and Metabolism Unit,
Shriners Burns Hospital, Galveston, TX

J. Nutr. 136: 52555288, 2006.

Net Muscle Balance
(nmol PHE/min/100 mi leg)
=}

-s0 Rest Exercise Rest+AA  Exercise
+AA
40
M Rest
W satanced

P enne

Muscle Net Balance
(%/h)

Net Muscle Protein Synthasis
(nmol PHE/MIn/100 m leg)

Rest 3h 24 h 48 h
Hours Following Exercise
40
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Treinamento
concomitante...

Vocé indicaria?

fur S 4001 PhystolSccup Phsel, 1565
of strength

ing for strength and endurance

Hicksan RC

Abstract
The purpose of his study was 1o determine how indviduals acapt to a combinatior of strength and endurance traning as compared tc the sdapiations

produced by citnor sirongih or cnduranca trainng soparalely. Thore wors thice oxorcioe goLps. a strength group (S) that oxorcised 30 40 min _day
1,5 days . week-1, znd endurance group () that exercised 40 mir . day-1. € days . week-1; andan S and = group that performed thz same daily
exercise regimens as the S and £ groups. After 10 weeks of training, VOZMax increased approx. 25% when measured durng bicycle exercise and

0% e TEESUrEY AU TSRS REr IS T B E A S 2 £ grapE e NS I VO may WAT ShTaE e S Qroup TheTE WA
consistent rate of development of leg-strength 3y thz S group throughout the raining, wierezs the E group cid not show any appreciadle gains in
trength The rate of strength. by h, and E group was similar to the group ‘or the firet ke of training. but lavelad

off and declined durirg the Sth and 10th weeks. These firdings demonstate that s multaneously taining for S and E will result i a reduced capacity
1 develup stiength, bul wil nol afect e rragnilude uf irciease in VO2inax.

140
| 4
5 120
=
c
2 ™y
o
P 100
S*E ~—E
3
80}
S 1 L
5] 5 10

Training Duration (week)

s SciSport Exare 2006 Hov:2811):156 70
Concurrent strength and endurance training: from molecules to man.
Nader 5A

Research Center for Genetic ediche, Chidren's Nationsl ledical Cemer, Washingten, DC 20010, USA. gnader@znmeresearch. org

Abstract

Strength and endurance training produce widely diversified adaptations, with ittle overlap between them. Strength training typically resuits in
increases in muscle mass and muscle stength. In contras:, endurance train ng induces increases in maximal cxygen uptake and metabolic
adaptations that lead to an increased exercise capacity. In many sports, a combination f strength and erdurance training is required to impiove
performance, but i1 some situations wher strength and encurance training are performec simultanecusly. a potential interference in strength
development takes place, making such a seeming! patibe. The of concurrent training, or simultaneously training for
strength and endu-ance, was 1rst describad in the scientihc literature in 1980 by Robert C. Hickson, and zithough work that followed provide:
evidence for and against it the intererence effect seems to hold frue in specfic situations. At he malecular level, there seems to be ar explanation
far the interference of stiength develapment during cotcurrent training: tis now clear that different forms o exercise irduce antaganistic intrazellulzr

signaling mechanisms that. intum, could have 3 negative impact an the muscle's adaptize response to this particular form of trairing. That is
activaton of AMPK by enduraice exercis2 may inhibt signaling to the protei-synihesis machinery by inhibiting the activity of mTOR and its
downs:ream targets. The purpase of this reviewis to briefly describe the problem of concurrent strength ard endurancs trairing and to examine new

dota-hightigkting-petortiamelestl that-rmey-hets-oxoiain-the-imhibiton-stotrencth hon-strongth
rligh y-help-explaid o g

are performed sim.itaneously
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EurJ Appl Pavsidl, 2012 Apry 12(2):1467-66. doi: *0.1007/s00421-011-2112-2. Epub2011 Aug 1

High volume of endurance training impairs adaptations to 12 weeks of strenath training in well trained endurance
athletes.

Renestac BR, Hansen EA, Raastad T,
Lilehanmer University Colicae, PE. $52, 2604 Lilehammer. orway. ben:romesiadghilro

intJ oorle eg, 2012
Molecular Adaptations to Concurrent Training.
Ut Suuiea EO, Tritul ¥, Rusiel H, B PG, Bavu

Oct . [Epub ahead of prinf]

il AY, Us Ruc s Curred Feinandes A Uainowilst G
Department of Sport, School of Fhysical Education ard Sgart, Universty of &0 Pauio, SP, Brezil

Abstract

The purpose of the present study was to campare the effsct of 12 weeks of strength tiaining combinzd with a large volume of endurasce training wih
the effect of sirangth training alons on the strength training adaptations. Wall-tainad cycists with no stength trairing experisncs performed heavy

This study investigated the chronic efects of concurrant training (CT) on morphological and molecular adaptations. 37 men (age=23.746 6 year) were
diided into 4 graups: interval (IT), strength (ST) and cancurrent (CT) training and a conirol group (C) and underwent 0 weeks of training. Maximunm

Strengih training twice a week i addition 1> a high vo UM Of endurznce training during a 12-wesK preparatcry perod (5 + £

) A roup of non-
strengh trained inclivduzls performed t1e same sirength training as S + E, but without acdec endurance trainirg (S; n = 7). Thigh masce cross-
sectional arez, 1 repstition maximum (1RN) i leq exercises, scuat jump perfcrmance, and peak rate o forse development (RFD) were megsurzd.
Followng the intervention perioc, both 5 + E and S increase 1RM strengtn, thigh muscle crass-sectional arez. and squet jump periormance

{p-c008) ani ihe celative In Suwele gieater hanin S + F (p < 105) S increaser peak RED while S+ E cid rol_and this imprauerrent

e RIS TOS T AT (G SAT WerE BVt Detore M 3Mer T3y USCHe Samples Were Dbraie-before the Tramimy,
program and 48 h after the last trainng sess on. VO2max improved in £+0.95% and 15:1.3% (ure- to postest) in groups CT andIT, respectively.
when compared to C_Time to exhaustion (TE} improved from pre- to post-test when compared to C (CT=5 10 53%. [T=8 340 83%. ST=32+0 66%)

was greater thanin § 1 E (g < 0.05). To the best of our knowledge. this is the first cantrolled study o demonstrate that the strength training response
on muscle hypertrophy, 1RN strength, squat ump performance, and peak RFD is attenuatec in welltrained endurance athletes during = period of
concurrent endurancs trainirg.

1RM increased from pre-to post-test only in 5T and CT groups (ST=16 6£3.16%; CT=17.643.01%). Simlarly, ST and CT groups increased quadricepd

CBA from pre-to post-teat (3.201.4%; 7.811.66%). The p70S6K1 total protein content increased after CT. The ST group showed increased Al
phosphonyiation at Ser473 i45.0+3 3%) whereas AMPK phosphorylatian at Thr172 increased only in IT group, (100+17.6%). In summary, our data
suggest that despite the differences in molecular adaptations betweer training regimens, CT did not blunt musclz strength and hypertrophy
inzrements when comparec with ST

Int Sports 1ed. 2012 ALg;33(8)527-34. doi: 10, 1058/5-0031-129955. Epub 2012 Ny .
Concurrent training with different aerobic exer

Fedzral Jniversiy of Rio Grande do Sul, Exercise Labortory Research, Physical EdLeation School, Porto Alegre, Brazl. rof. fenari@tera.com.br

batracs

The aim of the present siudy wes to compare the effects of using difersnt ntensit es and tyges of asrobic sxerciss (i. o., cycle srgomser or running)
durng concurient training on neromuscular adapations. A fota of 44 young women wers randomly assigned to 1 of 4 giougs: concurrent strength

ANC COTINUOUS TCnmimg traiming (SCR, 1=TU], SOnSUrent strength and mtewval funming tranimg (SIR, =" 1], Corcunant stength Znd Sontnuous Cyele
ergameter training (SCE. n=11). or strength training only (STO. n=12). Each g-oup treined twice a week duing 11 weeks. Th fallowing strength
messuements were made on al stbjects before and after training period: maximal strength (1RVI) in knee extension, bench press and leg press
exercices; local musculzr endwiance (number of r2petitions at 79% of 1 RM) in knee 2xtension and berch press exercises; and isometric and
isokingtic geatarqus of knee wxtensicn. Theis vire significant ing-eases in 112 upper and lwerbedy 1 B, izeretic and isolinslic peal teraus in

all frairing groups (p<0.001). with na differences between groups. The present res.its suggest that in young women. concurrant training pe-formed
twice aweek promotes imilar neuromuscular adaptations to stiength raining alone. regardiess of the type and the intensity in which the aerosic
training is performed.

L Sirerqth Cond Res. 2012 Aug26(8)2293-307 do: 10.151G/5C 601 36318233821

[of training: a met: I of 2erobic and resi ises.

hoa W3, Wilcon S Loonneks JP, Anderson JC.

Dbt L el Sciences snd Hunei Perfn

wx, The Universily o Terpa, T, Flrids, USA. jivisun@ul sty

Abstract

The primary objeciive of this investigetion was to identify which componznts of endurance training (e.g.. modality. duration frequancy) are decrimenal
to resistance training oucomes. A meta-analysis of 21 studies was performec with a total of 422 effzct sizes (ESs). Citeria for the study includzd
were (a) compare strength training alone to strancth olus endurance training (conzurem:) or to compare comeinatiors cf concurrent traning; ib) the
autcome measures include at east one measure of strength, power, or hypertrophy: and (c) the data necessary to calculete =S5 mus: be inzluded or
available The mean ES for hypertropy ‘or streng:h training was 1.23; for endurance trainirg, t was 027 and for concurrent waining. it wes (.62, with
strenglh and concunent aining being signiicenly giealer han erduarce Uaiing only. The mean ES r stength develupment for stiength aining
wes 1.7C for endurarce traning, & was 2.73; and for corcurent training, it was 1.44. Grrength and consuren: training was significantly greater than
endurance training. Tae mean =S for power devclopment for strength treining only was 0.91- for cndurance training. t was 0.11: and for concurrent
training, it was 0.€5. Significart differances were found batween all the 3 gioups. For moderator variables, ‘e stznee training concutently with
munning. but nat cycling. resultad n significant dacraments in hath hypertrephy and strengih Comelatinaal analysis denfified significant negative
relations 1ips between frequancy (-0.26 to -0.35) and duration (-0.29 to -).75) of endurance training fer hypertrophy. strengta. and power. Signficant

relations1ips (¢ < 0.05) between ES for decreased body fat and % rraximal heart rate (r = -0.60) we'e alsc found. Our (esults indiczte tha
interference effects of endurance training ars a factor of the modaity, frequency, and duration of the endurancs training selected.
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Hipertrofia
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Quais mecanismos?

» Componente neural;

» Baixo conteldo de glicogénio;

» Alteracdes no tipo de fibras;
» Overtraining;
» Turnover profteico.
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STRENGTH ENDURANCE
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Cell Metabolism

Cell Metabolism 17, February £, 2013

Exercise Metabolism and the Molecular
Regulation of Skeletal Muscle Adaptation

Brendan Egan’ 2 and Juleen R. Zierathz:24.*

Instituts for Sport and Health, School of Public Heatth, Physiotherap: pulation Science, Unversty Beltels,
Cubiin 4, Ireiznd
rtment of Molecular I4edicing and Surgary

¥ Saction of g

Kar ute, Stockioln SE-171 77, Sweden
#Nearo Nordisk Forndation Center for Rase: Melaboic: Rusearch, Facully of Heallh Seieness, University of Goperhagen,
Copenhagzn DK-2200, Denmark

Table 2. Adaptations and Health Benefits of Aerobic Compared to

Resistance Exercise

Skeletal Muscle Morpholegy and Exercise Performance

Muscle hypertrophy

Muscle strength and power
Muscle fiber size

Neural adaptations
Anaerobic capacity
Myofibrillar protein synthesis
Mitochendrial protein
synthesis

Lactate tolerance
Capillarisation
Mitochondrial density

and oxidative function

Endurance capacity

Aerobic Resistance
= TT1
el Tttt
ani ) TT1
- 1 Tttt
t Tt
sl | ttt
Tt |
Tt ol
Tt b
(% i | =
Tt o f

Table 2. ions and Health Aerobic C to
Resistance Exercise

~ Aerobic Resistance
Whole-Body and Metabolic Health
Bone mineral density T Tr
Body compaosition
Percent body fat L il
Lean body mass - Tl
Glucose metabolism
Resting insulin levels i 1
Insulin response to glucose 1l L
challenge
Insulin sensitivity Tt Tr
Inflammatory markers o 1
Resting heart rate 1 -
Stroke volume, resting t1 o0y
and maximal
Blood pressure at rest
Systolic 1 -
Diastolic 1 =il
Cardiovascular risk profile i 1
Basal metabalic rate 1 (Tl
Flexibility T T
Posture - 1
Ability in activities of daily living 1 1T
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7
7/ AEROBIC
P

Metabolismo celular
(bioenergética)

Energia

Metabolismo - Subdivisdes

» Bioenergética: capacidade de exirair
energia dos macronutrientes e fransferir
para a confracdo muscular, afivacdo de

neurdnios ...

>

Catabolismo

Processos de
biodegradagdo,
com liberagdo de
calor e energia

livre.

» Anabolismo

Processos de
biossintese, que
requerem adigdo
de energia e
precursores
especificos.
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Metabolismo Basal

» Consumo caldrico corporal no estado de
repouso absoluto, ou seja, em auséncia de
atividade muscular, ndo dormindo, ho periodo
pés-absorvitivo e com temperatura ambiente

confortdvel.

Metabolismo de Atividade

» Produgdo e consumo de energia, para
manutengdo das fungdes do organismo
durante a realizagdo de uma atividade fisica,
bem como durante a recuperagdo da mesma,
até que o individuo encontre-se novamente no
estado basal (WEST, 1989).

Requerimento Energético

» Em corrida e natagdo de velocidade, o
requerimento energético pode ser até 120
vezes maior que em repouso;

» Em exercicios continuos menos intensos, a
demanda energética aumenta cerca de 20 a 30
vezes acima dos valores de repouso.

(McARDLE et al, 1998).

Trifosfato de adenosina- ATP

» Energia armazenada no organismo -

- Substratos energéticos:

1) carboidratos;
2) lipidios;
3) proteinas.
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Energia para o Trabalho Bioldgico

» Anaerdbio Aldtico
» Adenosina Trifosfato - ATP

» Fosfocreatina - CP
» Anaerdbio Ldtico
» Glicélise
» Aerébio
» Ciclo do Acido Citrico (Krebs)
» Cadeia de Transporte de Elétrons - CTE

ﬁ = = Energy = @ = Energy = @ = Energy = @

ATPase

P, LW + @ + Energy

(ATP) (ADPy

Creatina Fosfato

Creatingy -
kinase 4
E > N Energy —— . @

57



02/07/2015

Rendimento Energético f

i Oxidagao aerdbica

'§: AGLS plasméticos

g "'7 Triglicerideos dotecido adipose
1ATP / CP it

u-: Glicogénio muscular \
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' Glicogénio hepatico

‘ g e
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Exercicio e Recuperagao

esforco maximo de 14 segundos _

120
——ATP
100 35
o 30 b
o —_
2 80 <
H g
£

S L o
T e g2
s
o Em
T 40 [ o
® o
= 10 b

20 | 5

0 " 0

o 2 M 6 s 10 12 14 8 -6 4 2 0 2 4 6 8 10 12 14 16 18 20 22

Te_mw Tempo (minutos)

58



02/07/2015

100 metros rasos SISTEMA CREATINA-FOSFATO

wl > VANTAGENS:

35 1) Disponibilidade imediata de energiq;

an | 2) Mantém [ATP] constante nos primeiros segundos
éz: de atividade;
£ 3) N&o requer oxigénio;

10

st

> DESVANTAGEM:
0 . . . . . ,

0 20 40 60 80 100 120 Estoque limitado — deplecdo répida: 3-15s.

Distancia (m)

Suplementacdo.

B J Sports hied, 1996 Sep;30(5):222:5.
i " . e o cids (2012) 43:519-52
Effect of creatine on aerobic and anaerobic metabolism in skeletal muscle in swimmers. Amino Acids (2012) 43:319-529

DOl 10.1007/500726-011-1132-7
Thompson CH', Kemp GJ, Sanderson AL, Dixon RM, Styles P, Taylor 0J, Radda GK.

@® Author information INVITED REVIEW

Abstract
OBJECTIVE: To examine the effect of a relatively low dose of creatine on skeletal muscle metabclism and oxygen supply in a grcup of training

alhislen In sickness and in health: the widespread application
METHODS: 31P magnetic resonarce and near-infrared spectroscopy were used to study calf muszle metabolism n a group of 10 female members

of a university swimming tsam_ Studies were performed before and after a six week period of training during which they took either 2 g creatine dall of creatine supplementation
wn slaceb. Call musle mestabolisn and cieatine/coline ratius were studied in esting muscle, duing plantar Mexion exercse (10-15 i), and duiny
recovery from exercise.

i Rrunn Gualano - Hamilton Raschel -
Antonio Herbert Lancha-Jr. -

RESULTS: Therc was ne cffoct of creatine on metabolite ratios at rest or on metabolism during exercise and recovery from excrcise. Muscle oxygef
supply and exercise perfornance were not improved by creatine if compared to plecebo treated subjects

Charles E. Brighthill - Eric S. Rawson
CONCLUSIONS: Oral creatine supplementation at 2 g daily has n effect on muscle creatine concentration. musc e oxygen supply or muscle!

aerobic or anaerobe metabolism during endurance exerciss.
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Variable

Effect

ATP-PCr system (<30 s)
Arm ergometry

Bicycle ergometry
Isokinetic torque production
Isometric force production
Isotonic strength

Jumping

Sprint running

Speed skating

Swimming

i
t
N
i
'
T
i
'

Glveolysis (30-150 s)
Bicycle ergometry

Izsokinetic torque production

Isometric force production

Isotonic strength

Jumping
Kayaking
Sprint running

Swimming

rr1r1r—7—1r

Oxidative phosphorylation (=150 s)

Bicycle ergometry
Isokinetic torque production
Isotonic strength

Kayaking

Sprint running

Swimming

Rowing

1.

I

Table 2 Longitudinal prospective studies examining the effects of Cr supplamentation on kidnay function in healthy humans

Authors Samiple  Sample’s Supplementation proocol ~ Kidney funetion markers Harmiful
characteristics 0 kidney
function?
Peommans st al. 5 Healthy males 20 g for 5 d Crm, CmCl, microalbuminuria, protcinuia  Ne
(1597)
Poortmans and 94 Athletes From 2 10 30 gid. from  Crm, CmCL, Clalb, CICr No
Francaux 10 months 10 § years
(1999)
Rohinsan et al 8 Male and females 3 gid for | week + Cm, urea, sodium and pota No
@11 resistance trined or 20 g/d for § weeks
wot
Kreider et l 98 American foathall ~5 gid For 21 mantas O, CenCl No
(2003) players
Poormans ctal. 20 Healthy males 21 g for 14 d CmCl, Cm, microalbuminuria No*
(2005)
Gualano et al. 14 Healthy males ~10 d for 3 menths  CistatineC. Cm Nu
(2008) undergoing acrobic
training
Gualano ct al. 1 Healthy male with one 20 g/d for I weck + EDTA-clearance, Crn, microalbuminusia, No
0100 ) single Kidney 5 @/ for 3 weeks proteinuriz, sodium and poassivm, urea
Neves.Jr. et al 13 Postmenopausal womea 20 g/d for 1 week 4 EDTA-clearance, Crn, microalburinusia, No
(@011b) 5 ghl for 11 wecks proteinuric, sodium and potassium, urca
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Table 3 Case reports linking creatine supplementation to renal dysfunction

Authors

Patient

Self reported supplementation
protocol

Self reported use of other
drugs or supplemants?

Pre existing
renal disease?

Kuehl et al (1998)

Pritchard and Kalra
(1998)

Koshy et al. (1999)

Barisic et al. (2002}

Revai et al. (2003)

Thorstein:
2006)

sdottir et al.

19-year Americen foohall player

25-year mule recrcational soceer
player

20-year healthy male

18-year male with MELAS
syndrome

22 year male bodybuilder

24-year male recreational
Dodybuilder

10 g/d for 3 months

3 for 1 week + 2 gid for
7 weeks

5 gd for & weeks

20 g/d for 12 d + S/y/d for
26 months

200 &/ (chronic use)
15 gfweek for 6 weeks

Alhuterol
Cyclosporine

Not reported
Not reported

Metandione

17 types of dictary
supplements

Na

Nephui
syndrome

No

CKD

No
No

CKD chronic kidney disease, MELAS mitochondrial mycpathy, encephalopathy, lactic acidosis, and stroke

Glicdlise anaerdbia

latica

Primeira fase da glicolise

(a)

Glucose
first
peimine| (1) |G
reaction
> ADP
Glucose 6-phosphate
Fructose 6-phosphate
second ATP
priming
reaction N ADP
Fructose 1,6-bisphosphate
deavage
of 6-carbon
sugar
phosphate to (4)
two B-carbon -
sugar
phosphates
Glyceraldehyde 3-phosphate

¥
Dihydroxyacetone phosphate

2 ‘

\
\

(B0—CH,
H " B
- 1) Hexokinase
HO OH
. ) Phosphohexose
s isomera
(P—0—CH, O__ CH,—OH
H HO Phospho-
e CE fructokin
OH H
() Aldolase
®-0-CH, 0 CH,—0-®
H HO
OH H
ﬂD
@—O—CH,A?H—C\
OH

Preparatory phase

Phosphorylation of glucose
and its eonversion to
glyceraldehyde 3-phosphate

®—O—CH,—ﬁ—CHQOH
o
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2 (3-difosfoglicerato)

NAD
NADH +H*

2 (1-3-difosfoglicerato) o
| ==
ATP
2 (Acido 3-fosfoglicérico)

2 (Acido 2-fosfoglicérico)

!

2 (fosfoenolpiruvato)
ADP

l CATP
e

icolise

Segunda Fase da

Gl

Glyceraldehyde 3-phosphate (2)

|~ 2B
oxidation and &y |1 2NAT)
phosphorylation >/
2({NADH +H"

1,3-Bisphosphoglycerate (2)

first ATP- 2ADP
forming reaction

(substrate-level

phesphorylation) 2

3-Phosphoglycerate (2)

D
)
&)

2-Phosphoglycerate (2)
® 2H,0

Phosphoenolpyruvate (2)
second ATP- - 2ADP

forming reaction (75
(substratelevel -
phosphorylation)

&

> 20 ATP

Pyruvate (2)

0
A
[P}o—cl-lx4}!—c\

®—O—(‘HZ—CH—C’
\
P
®—0—CH2—?H— o

0
CH,—CH—C

Payoff phase

Oxidative conversion of

pyruvate and the coupled

on H i
formation of ATP and NADH

0
(6) Glyceraldehyde

by o—=® 3-phosphate
dehydrogenase
(7) Phospho-
glycerate
kinase

OH

Phospho-
glycerate
mutase

I ~,
OH
Enolase
)
P @0 Pyruvate
CHa=g—C kinase
o ©
®
CH,—C- cfo
S
o

glyceraldehyde 3-phosphate to

Rendimento Energético

2 ATP / Glicose

Fonte de energia

acka werdbion

AGLSs plasmaticos
Triglicerideos dotecido adiposo

I Glicose plasmatica

Glicogénio muscular
Glicose plasmética

- Glicogénio hepatico
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> VANTAGENS:

1) Sistema répido de producdo de ATP;
2) N&o requer oxigénio;

» DESVANTAGEM:
1) Baixa eficiéncia de produgcdo de ATP
- 2 ATP/glicose
- 3 ATP/glicogénio
2) Mantém atividade muscular por periodos curtos (seg a min);
3) Gera &cido Idtico (produto final da glicdlise) (podendo aumentar em até 25 x);
- &cido ldtico: leva & acidez muscular e plasmdtica
inibe a afividade de enzimas
inibe ligacdo do cdicio as miofibrilas

Resumindo...
lactato (acido
|atico) € um vildo.

Ceﬁo?

2 (3-difosfoglicerato)

NAD
NADH + H*

2 (1-3-difosfoglicerato)

-
| CATP

2 (Acido 3-fosfoglicérico)

!

2 (Acido 2-fosfoglicérico)

|

2 (fosfoenolpiruvato)
ADP

| =
2 (acido pirdvico) Acido Lactico.

Segunda Fase da

Glicolise

Importéncia da formacdo
CH.0H
0.
H AH H
HO :0" H: OH
H H
Glucose
@;ﬁi z 2 J
..
SATP; < 2 +2 2
A
-
icoo* g SN tion €00"
‘C*'O H—L“r—OH
lactate,
CH > CH,
5 ,!. dehydrogenase) -
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Utilizacdo do lactato

Metabolismo
aerobio

Suche (t:.:;mia

Ciclo de Krebs

RESULTADO DO CICLO DE KREBS:
1) Produg&o de NADH
2) Produgdo de FADH,

3) Produgdo de GTP
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Mitochondrial Electron Tronsgor‘r Chain .

Complex: 1 n m v

#

Tabela 3.1 Producéo Aerobica de ATP a Partir da Degradagie de uma Molecula de Glicose

Produtos de ATP a Partir da
Processo Metabdlico Alta Energia Fosforilagio Oxidativa Subtotal de ATP
AT Y R Glicslise 2ATP - 2{total se anaerdbico)
Succinate dehydrogenase 2 NADH 6 8 (se aerdhico)
3 Cytochrome he 1 complex :
NADH deliydrogenase \ Acido pirvico em acetil-CoA 2 NADH 6 14
Ciclo de Krebs 1GTP - 16
6 NADH 18 34
2 FADH 4 38

Krebs GPx

Cycle — @0 +@ Total 384TP

Animated by Peter Rabinovitch

Background after Mandavilli et al. Mutation Research

5092002 127.15]

Rendimento Energético

38 ATP / Glicose e

- Glicogénio hepéatico
17} 8 S e e G C, Jo T B
012 3456 1 2 3 k!
i Horas
Minutos Tempo
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CICLO DE KREBS =

FOSFORILAGAO OXIDATIVA

> VANTAGENS:
1) Alta eficiéncia: 38/39 ATPs por glicose/glicogénio;

2) Duradoura: até vdrias horas;

> DESVANTAGEM:
1) Mais lenta que os demais sistemas;
2) Requer oxigénio.

Mitochondrial Electron Tronsgort Chain .

Complex: 1 n m

SucSare
Succinate dehydrogenase
Cytachrome be | complex

NADH dehydrogenase o
MnSOD
Krebs

GP:
Cycle @E0p — @o+@
Cat

Animated by Peter Rabinovitch

Background afier Mandayilli et al, Mutation Research 509 (2002) 12715

Compr Physiol. 2011 April ; 12): 941-969. doi:10.1002/cphy 100054

REACTIVE OXYGEN SPECIES: IMPACT ON SKELETAL MUSCLE

Scott K. Powerst LiLi .Ii2, Andreas N. Kavazis1, and Malcolm J. Jackson®
Department of Applied Physiclogy and Kinesiology, University of Florida, Gainesville, Florida

2De;:»::lrtm&nl of Kinesiology, University of Wisconsin, Madison, Wisconsin

3institute of Ageing and Chronic Disease, University of Liverpool, Liverpool, UK

Oxidative = ©
'Z; Damage

X ts
/ \ 22
0%

fial @
52
se

ey 8 @
oy

o
PROTEIN Reduced Cellular Caidized
redox state

Response and adaptation of skeletal muscle to
exercise——the role of reactive oxygen species.

ARTICLE 1 FRONTIERS IN BIOSCIENCE - FEBRUARY 2007

Impact facio.4.25+DOE 103741/2431 Source: Pubtied
Chlanve vimes Oxidized Exercise-nduced
Oxidative DNA madification state ROS formatien
Lipid paroxidation

Prolein oxidation €.9. Mitochondial
Inacage’

NADPH oxidase

Muscie fatigue
i Redox-aguiated Xanthine oxidase
T " tee iron
APTN transcription Fi
Antiodant syslem
Muszle proliferation Optimal contractlity
Glucose transpart (Wfatigued musce)
Mitochondrial biogenesis
- v

Suppressed convractity
{unfaligued muscie)

capacity +
Reductive stress

Reduced

state chronic exercise (Training)
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Oxidacao de

Lipidios

Metabolismo de Lipidios

» Mais abundante fonte corporal de energia
potencial;

» Fontes para o catabolismo de gorduras:

- Triacilglicerdis  dentro  das fibras musculares
proximo das mitocondrias;

- Triacilglicerdis nas lipoproteinas;
Acidos graxos livres do tecido adiposo.

Lipdlise

‘ Lipase horménio sensivel ‘
Triacilglicerol + 3 H,0 — Glicerol + 3 Acidos Graxos

Beta oxidacdo

Glucosa -3 (R » | Glycerol | + 3 Fatty acids
Activated
3 phasphog o fatty acids
Pyruvate Y 4
2 ! Beta-
Oxidation
AcetylCoA o CoA 4+ 2-carban Acyl graup
‘ 20
.
7 2@
Citric b
Acid I
Cycle

_.‘\A 2} ——— | Electron transport chain
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Saldo do metabolismo de

gorduras

» Acido graxo de 18 carbonos -> formadas 147
moléculas de ATP;

» Triacilglicerol- 3 dacidos graxos (3 x 147 ATP) + 1
glicerol (19 ATPs);

460 moléculas de ATP

""""""""" Uxidagaaapmbica T T T T T T T TN
< % 128 1
= AGLs plasmaticos 1
g Triglicerideos do tacido adiposo L
S i
% Glicose plasmatica :
(T 1
Glicogénio muscular H 1
Glicose plasmatica ;
Glicogénio hepéatico '
i
______ e gl e

3 3 4

Exercicio fisico em
jejum.

Qual é o
beneficio?

“A gordura queima
nas chamas do
carboidrato”.
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Metabolismo de proteinas

» Aminodcidos de cadeia ramificada: leucina,
isoleucina, valina, glutamina, aspartato;

Figado

Desaminagéo

Transaminagéo Musculo

esquelético

Sintese de ATP
Sintese de novos aminoacidos

Arginine

Proline

]
- | Isaleucine
Tryptophan Glutamate Methionine
Tyrosine Threonine
valine

Tryptophan

Alanine
Cysteine
Glycine
Serine
Tryptophan

Phenylalanine
Tyrosine

Figure 125, Major metabolic pailiways for amino acids following emoval of siteesen group by deamination or
transamanation. Upon removal of Uheis amine 2roup, all amino acids form reactive cittie acid cyele intermediates or
related compounds. Some of the larzer amino acid molecules (e g, leucine, try plophan, isoleucine) generate carbon
containing compounds that enter metabolic pathways at dilferent sites

Copichl £2001 Lippieicon Witams & Vi

] 11

s-oxication | Giycotysts | ‘Deamination |
&
| Nucleotides Ammenia
| Amine sugars
| Glycotipids
| Glycoproteins

Aspartate
Other amino acids

Purines
Pyrimidines

ts or
amino acids

. Nonessential
amino acids

[ ] . Carbohydrates
or fats

69



02/07/2015

MUITO

OBRIGADO!

rhlamber@yahoo.com.br
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