Acao do Sistema Nervoso Autonomo sobre a fibra muscular
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Papel do Sistema Nervoso Auténomo
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Dupla Inervacao do Sistema Nervoso Auténomo
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Neuroransmissores e Receptores do Sistema Nervoso Auténomo
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Mecanismo de transducao de sinal por proteina G
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O Sistema Nervoso Simpatico regula uma série de fungées no musculo esquelético

Motor axon

Na®/K*
pump

Skeletal muscle fiber

Metabolismo de proteina e glicose

Aumento da atividade da bomba de Na+/K+

Aumento da liberag¢ao de acetilcolina na sinapse

Modulacao da captacao e liberacao de calcio do reticulo sarcoplasmatico

B wnN e

Roatta and Farina. Sympathetic actions on the skeletal muscle. Exerc Sport Sci Rev. 2010 Jan;38(1):31-5



https://www.ncbi.nlm.nih.gov/pubmed/20016297

Modulacao do metabolismo de glicose
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Modulacao da atividade da bomba de Na+/K+

1. Ativacao do receptor 2

2. Ativacao da via cAMP/PKA

D 3. PKA fosforila FXYD1 e estimula a
e =
atividade da bomba Na+/K+
4. Aumento do potencial de membrana e
amplitude de potencial de acao
5. Atenuacao da fadiga
The journal of

Physiology



Modulacao no fluxo de calcio

1. Ativacao do receptor 32

2. Ativacao da via cAMP/PKA

3. PKA fosforila o canal de DHPR, RYR1
Muscle fibre - e PLB
4. Aumento do fluxo de calcio
5. Aumento na for¢ca contratil
The journal of




Modulacao do metabolismo de proteina

1. Ativacao do receptor 2

2. Ativacao da via cAMP/PKA e PI3k
3. Ativagao de Akt

4. Fosforilacao e inativacao de FoxO1 e
subsequente inativacao da expressao
de genes atréficos

5. PKA também aumenta a expressao de
calpastatina que inibe calpainas
(protease)

6. Aumento de sintese e reducao da
degradacao de proteinas




Vias de sinalizagcao cAMP/PKA em fibras musculares esqueléticas

Berdeux R, Stwart R. cAMP signaling in skeletal muscle adaptation: hypertrophy, metabolism, and regeneration. Am J Physiol Endocrinol Metab 303: E1-E17, 2012



Localizacao intracelular de PKA em fibras musculares esqueléticas

r—samnmmma- ; Table 3. AKAPs expressed in skeletal muscle

and localization
AKAP I .oncalization Citation

AKAPIS T-tubules (78)
AKAP-100 (m-AKAP) Sarcoplasmic reticulum (159)
Yotiao (AKAP9) Neuromuscular junction (144)
D-AKAPI Mitochondria (107)
D-AKAP? Mitochondria, cytosol, nucleus (29, 106)
Myospryn Costameres (187)

basal laming

Berdeux R, Stwart R. cAMP signaling in skeletal muscle adaptation: hypertrophy, metabolism, and regeneration. Am J Physiol Endocrinol Metab 303: E1-E17, 2012



Substratos cAMP/PKA em fibras musculares esqueléticas

_© w - sarcolemma ——

-]
=
nAChR F-
ldegradation Myoblast 2 | phospho- =t}
rate Migration F | lamban 19

{_* @
/\

Stim prot.  Inh Ub-
synthesis Proteasome T

< Substratos de PKA

V7
L X4

K/
%

X/
0%®

K/
%

X/
0%®

K/
0%®

Bomba de Na+/k+
Fosfolambam
Glicogénio sintase
Fosforilase quinase
Receptor de rianodina

Proteina de ligagao ao elemento
de resposta do cAMP (CREB)

Berdeux R, Stwart R. cAMP signaling in skeletal muscle adaptation: hypertrophy, metabolism, and regeneration. Am J Physiol Endocrinol Metab 303: E1-E17, 2012



Proteina de ligagao ao elemento de resposta do cAMP (CREB)

DNA

5'-TGACGTCA-3 CRE

Caracteristicas do CREB

Fator de transcricao
E ativado por fosforilagdo (PKA e Camk)
Regulacao por cofatores (ex: CRTC2, NCoR1)
Se liga em elementos responsivos a AMPc (CRE)
Importante para a maioria dos efeitos da ativacao do PKA
Em células musculares esqueléticas controla:

+ Biogénese mitocondrial

<% Metabolismo oxidativo

< Hipertrofia

< Miogénese

Berdeux R, Stwart R. cAMP signaling in skeletal muscle adaptation: hypertrophy, metabolism, and regeneration. Am J Physiol Endocrinol Metab 303: E1-E17, 2012

Scarpula paper



Via PKA/CREB controla o trofismo da fibra muscular

1. Ativacao do receptor 2

2. Ativacao da via PKA/CREB e PI3k

3. Ativacao de Akt e inativacao de genes
atroficos

4. PKC fosforila CREB e aumenta a
expressao de calpastatina

5. Aumento de sintese e reducao da
degradacao de proteinas

6. Hipertrofia muscular

Berdeux R, Stwart R. cAMP signaling in skeletal muscle adaptation: hypertrophy, metabolism, and regeneration. Am J Physiol Endocrinol Metab 303: E1-E17, 2012



Agonista-f§ adrenérgico controla o trofismo da fibra muscular

B> -adrenergic agonist Glucocorticoids
(sports doping) (hormones or drugs)

o OH

-

<5

i

.

Hypertrophy Normal
1B-adrenergic receptor

Exercise training Disuse
(endurance training) (immobilization)

Atrophy

| B-adrenergic receptor




Clembuterol

Agonista-f§ adrenérgico controla o trofismo da fibra muscular

WORLD S1- Anabaolic agents
.ANTI—DDPING Clenbuterol
AGENCY
play true
June 15, 2011

WADA statement on clenbuterol

Following current media interest in relation to clenbuterol, WADA wishes to clarify the following: 1. Clenbuterol is a prohibited
substance and there is no threshold under which ...

CLENBUTROL
L mFHn.u Al llﬂ‘h-l’




Via PKA/CREB/PGC-1a controla a biogénese mitocondrial da fibra muscular

Cold, fasting

1. Ativacao do receptor 2

2. Ativacao da via PKA/CREB

( 3. Expressao de PGC-1a
P
Nitric oxide - 5
ol (€ 4. Ativacdo de MEF-2, PPARs, ERRs e
T v s> — NRFs
m?@ 5. Expressao de genes mitocondrias
4
p 6. TBiogénese mitocondrial
AMPK
7. TMetabolismo oxidativo
Energy deprivation
(axarcise)

Berdeux R, Stwart R. cAMP signaling in skeletal muscle adaptation: hypertrophy, metabolism, and regeneration. Am J Physiol Endocrinol Metab 303: E1-E17, 2012



Agonista- adrenérgico modula genes do metabolismo oxidativo

Table I: Significant differentially expressed genes in skeletal muscle after acute systemic administration of [},-AR agonist

Gene Name Genebank ID I HOUR 4 HOURS Potential Relevant Function Administragﬁo aguda
change p-value change p-value de Formoterol

Metabolism and mitochondrial related

PPARY coactivator | alpha (Pge-la) NM 008904.1 +1.53 NS +5.25 0.022 Mitochondrial biogenesis

Pyruvate dehydrogenase kinase 4 (Pdk4) NM 013743.1 +1.35 NS +2.88 0.016 Pyruvate metabolism

Protein phosphatase | regulatory subunit 3C NM 016854.1 +1.34 NS +2.55 0.021 Glycogen maintenance

(Ppplr3c) Carbohydrates Fatty acids

Uncoupling protein 3 (Ucp3) NM 0094642 +1.42 NS +2.37 0.017 Mitochondrial uncoupling \

Forkhead box Ol (FoxOl) NM 0197392 -1.03 NS +2.29 0.025 Lipid metabolism . (P

Kinesin family member IB (KifIb), transcript ~NM 008441.1 1.00 NS  -2.28 0034  Mitochondrial transport - N\

variant | O Sorbs1 O Foxo1

Hexokinase 2 (Hk2) NM 013820.1 +1.53 NS +2.18 0.006 Glycolysis OHexz O s

Phosphomevalonate kinase (Pmvk) NM 026784.1 +1.31 NS +2.07 0.012  Cholesterol/steroid synthesis Glycogen _—y i

Plasma membrane associated protein ($3-12) NM 020568.1 -1.02 NS +2.03 0.041 Lipid droplet protein OP pp1r3c O @ Prary

Lipin | (Lpinl) NM_015763 +1.16 NS +2.03 o0.011 Lipid metabolism Pmvk

ATPase, H+ transporting, V| subunit B, NM 0075092 +1.19 NS +202 0.012 ATPase Acetyl-CoA ==—==3»Cholesterol

isoform 2 (Atpévib2) Oxidative ' O Pgcla

Sorbin and SH3-domains containing | (Sorbs|) NM 009166  +1.38 NS +2.01 0.006 Insulin signaling \_ Ragspboratio

Scavenger receptor class B member | (Scarbl) NM 016741.1 -1.40 NS - 1.91 0.008 Regulation of blood lipids

Peroxisome proliferator activator receptor NM 011145 +1.06 NS + .87 0.040 Lipid metabolism

delta (Pparé)

Expression profiling of skeletal muscle following acute and chronic 8,-adrenergic stimulation: implications for hypertrophy, metabolism and circadian rhythm
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Papel da via B-adrenérgica/CREB no controle da diferenciagcao da fibra muscular

Stage Ligand Targets Function

O@% Whts {,g’:; :53‘) Proliferation
unknown Determination
MPC others
5 myoblasts
‘E RB
< Q} unknown ., . Differentiation
© . follistatin :
S (urocortin2) Fusion
= others
5| myocytes
cytc
f-AR Ppargci1a Differentiation
others Sik1 Adaptation
(Table 1) Nr4a2 Survival
E others
myofibers

Berdeux R, Stwart R. cAMP signaling in skeletal muscle adaptation: hypertrophy, metabolism, and regeneration. Am J Physiol Endocrinol Metab 303: E1-E17, 2012
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Biogénese mitocondrial durante a diferenciacao da fibra muscular
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Vias enriquecidas durante a diferenciacao da fibra muscular
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Ativacao da via cAMP/PKA durante a diferenciacao
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DAVID Bioinformatics Resources 6.7 Lima et al. dados nao publicados
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H&DH dehydmgenase

Ativacao da fosforilacao oxidativa durante a diferenciacao

s 203 [ 1.6.5.11
MaD+ O OH+

Comnples ]

Croraple I Complex [11 Complex [V

Complex V

1202

o#{2741}-»0
POt 2741 +O—{36.11 |

E [ Dt | npz | nD3 PND4 RDaL BANDS BAHD6 |

E dufs] [F¥chafsd | Nofs3 Flchafsd | Ndufsd | Hdufad | Mauts? | Hdofs® [Bduf] | HMdufid | Hdafid

Bib | Mook | MuooB | Muwol | HooD | HuwE | Huof | Moo | HuoH | Musl | Mool | Huek | Mool | Hoobd | Huali |

it | M | e | Wb | Hand | sdbe | MaW | Haws | 6dbE | BdbF | HdbD | HdkB | ML | Hen | Mokt | HooE | HoeF | Hosl |

E [Hdufl | Haf | Naufas | Heufad | Naafes [ldutss Wldufa | Ndafs | Hdufad Haufal0 |Ndufbl | Nl || Nafel 2 Nl 3

E [Ndufol| Hdabd | Haufos | Heufod | Naufbs | Haufos | N | Hdabs | Naui Hdufol0 [l 1] Hduel | Nl |

Sucomate debsrdrogenase | Fumarate reductase

E [sDHC [ sDHD WDHA [ SDHE |

Cytockrorme ¢ reductase
ERANSE | ontb | Ol

IH+ HaO

Cytochrome ¢ oxdase
(horving)

,

3H+
o

Proton | aTP syuthas
(Eachenchia -;::u;

il

I'}

i

Fiumit

F-type ATPae (Bacteria)
alplka | bets | gawena | delts ]epml:ml
& b 5
W
F-type & (Buksaryotes)
alpka | befta | gamma | delta | epsilon
CSCP a b [ d &
£ g fisrh ] k 2

Yiitype hTPase (Bactorin, h8faees) W W W

pro We Wrc Wo e [ F [ om |

1 K

V-type ATPase (Eubaryotes)

A

B

C

ps [ SahC | SabD | Sdhé | Sabb COR1 [ QCR2 [ QCRé | CR? [ QCR8 | QCRS [QCRI0]
Frdt, | Frdb | FrdC | FudD |
Cytochrome ¢ ooadase EBii
E [coxion] o3 [CO%l | CoxXz MEORA | COX5A| CORSB| COX6A| COXEEMNURAEC] COXTA| COXTB| COXIT] COXE W
Bt | CyoE | CwoD [ CyoC [ CweB [ Oyt
CooelD) | CoxC | Coedh | CoxB Crytockeome ¢ oradess | chb3-type Crytochmme bd complex
Qoa | Qo | QoxB | Qaws e[ 1 [ o [ w [ m] ma[cps]cmue]

DAVID Bioinformatics Resources 6.7

C

d

Lima et al. dados n&o publicados



Ativacao da hipertrofia muscular durante a diferenciacao
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Sinalizagao da insulina e metabolismo de proteinas durante a diferenciagao
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Vias enriquecidas durante a diferenciacao

Receptor- adrenérgico
CREB
PGC-1a

—> 5

Metabolismo
Biogénese mitocondrial
Sintese proteica

http://www.nature.com/nm/journal/v16/n2/fig_tab/nm0210-171_F1.html



Papel da ativacao aguda e cronica da via PKA/CREB na fibra muscular

Acute effects : Chronic effects
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Acao do Sistema Nervoso Simpatico na fibra muscular

Receptor B-adrenérgico

l

Contratilidade -— AMPc/PKA —_— Biogénese mitocondrial

Metabolismo Sintese e degradacao
proteica



Neurobiology of Disease

Volume 85, January 2016, Pages 11-24

Review

B>-Adrenoceptor agonists as novel, safe and potentially
effective therapies for Amyotrophic lateral sclerosis (ALS)

The role of B-adrenoceptor signaling in skeletal muscle:
therapeutic implications for muscle wasting disorders

René Koopman', James G. Ryall?, Jarrod E. Church and Gordon S. Lynch

Meurclogy. 2004 Mar 23;62(6).1006-8.

Pilot trial of albuterol in Duchenne and Becker muscular dystrophy.

Fowler EG', Graves MC, Wetzel GT, Spencer MJ.

@ | Physiological

Society Reviews:

SCIENTIFIC Q A J'{D.mwifofgg
RE P?R TS h i /FOR .n'LIJTHORS

Sci Rep. 2017; 7: 41046.
Published online 2017 Jan 24. doi: 10.1038/srepd 1046

PMCID: PMC5259768

Beta-agonist stimulation ameliorates the phenotype of spinal and bulbar
muscular atrophy mice and patient-derived myotubes

The International Journal of Biochemistry & Vi

ll Bl

Cell Biology
Volume 45, Issue 10, October 2013, Pages 2309-2321

B2-Adrenergic agonists and the treatment of skeletal muscle
wasting disorders *

‘?B American Phy:‘;iOIOQical

Role of B-Adrenoceptor Signaling in Skeletal Muscle: Implications for Muscle Wasting

and Disease

Meurclegy. 2008 Jan 8;70(2):137-43. Epub 2007 Oct 17.

Albuterol increases lean body mass in ambulatory boys with Duchenne or Becker muscular

dystrophy.



