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IMMUNITAS

Isencao dos deveres civicos dos
senadores romanos

IMUNIDADE

Distingdo e reacio = PROTECAO a
substancias estranhas no hospedeiro



CONCEITOS BAs[céas_“E

IMUNOLOGIA

Estudo dos eventos moleculares e celulares
. que ocorrem quando o organismo entra em

. contato com antigenos

SISTEMA IMUNE

As barreiras fisicas, células e moléculas
responsaveis pela imunidade
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CONCEITOS BASICOS |

""

SISTEMA IMUNE

Ceélulas e substancias que compoem a
~ imunidade

' RESPOSTA IMUNE

Acao coordenada e coletiva sobre
substancias estranhas ao organismo
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HISTORICO

ANTIGA CHINA

As criancas eram obrigadas a inalarem um po
preparado de cascas das feridas de pacientes
com variola.

Sir Edward Jenner
(1798)
Vaccinus = Vacca
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- A RESPOSTA IMUNE E MEDIADA POR:

* 1) Reacgoes Iniciais - IMUNIDADE INATA

« 2) Reacoes Tardias - IMUNIDADE ADQUIRIDA

'
\




»Limitada capacidade para distinguir um |
antigeno de outro;_

a5

»Natureza estereotipica, funciona quase
do mesmo modo contra a maioria dos

P

| agentes infecciosos.




PRINCIPAIS
COMPONENTES

Barreiras fisicas e quimicas, tais como

epitelios
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Proteinas sangumeas

Neutrofilos, Macrofagos e células NK



ORAOS LINFOIDES

ORGAOS LINFOIDES CENTRAIS
TIMO E MEDULA OSSEA

MATURACAO DE LINFOCITOS



ORGAOS LINFOIDES

ORGAOS LINFOIDES
SECUNDARIOS

Baco, linfonodos, placas de Peyer
Amigdala.
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N ‘q‘r),ﬁﬁ ’Ug.,\ associado ao intestino

V aso
linfatico
‘_“aferente

Capsula

' Medula
ossea

Vaso linfatico i1 \\\ Agrupamento de
1/ Iy| células imunes

Artéria e veia do linfonodo



Célula trgo O hematopoética p ipotente

HEMATOPOIESE

SILVERTHORN, 2003

Ceélulas tfonco
comprormrgetidas

v élulas tronco

e |linfocitos

Erit;'écito Plaguetas Neutroéfilo

Basofilo Eosindfilo Linfécito
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DIVISAO DOS LEUCOCITOS

Granulodcitos Monocitos
Basofilos %
Eosinofilos & , Macréfag oS

Neutrofilos @ @o

Linfocitos @/ -




IMUNIDADE ADQUIRIDA

Mecanismos de defesa mais altamente
evoluidos;

Aumenta sua capacidade defensiva em
cada exposicao a um determinado antigeno

Abbas et al., 2003
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CARACTERISTICAS

Notavel especificidade para distintas

moléculas; ﬂ

Especializacao de suas células a responder
de modos particulares aos tipos de

antigenos; ﬂ

Capacidade de “lembrar” e responder mais
vigorosamente ao mesmo antigeno.

‘. . Stites e Terr, 1991




Aspectos da Imunidade Inata Adquirida
CARACTERISTICAS

Especificidade Limitada Muito grande
Diversidade Limitada Muito grande
Memoria Nenhuma Sim

Nao reacao ao Sim Sim

proprio

COMPONENTES

Barreiras fisicas e
quimicas

Pele, epitélio de mucosas,
substancias quimicas

Linfocitos nos epitélios,
anticorpos secretados nas

antimicrobianas superficies epiteliais
Proteinas sangiiineas | Complemento Anticorpos
Ceélulas Fagocitos (macrofagos, | Linfocitos

neutrofilos) e células NK




Reconhecimento do antigeno Fungdes efetoras
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Linfocito B
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Sintese de
novas proteinas

Proliferacao
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Volume do
plasma ~58%

Plasma

Elementos |[leucécitos
figurados — e
do sangue |plaquetas

<1%

429, eritréocitos




TIPOS DE RESPOSTA
IMUNE ADQUIRIDA

Imunidade humoral: mediada por
moleculas do sangue = ANITICORPOS.
Transferida pelo plasma. Linfocito B.

Imunidade celular: mediada pelos
linfocitos 1. Transferida por celulas.

Stites e Terr, 1991



Microrganismo

Linfécitos
respondedores

Mecanismo
efetor

Imunidade
humoral

Bactéria
extracelular

Linfécito B

Anticorpo f

)
77
secretado ‘}Q\\g

Imunidade me-
diada por célula

\

. Microrganisimos
_ . . intracelulares
Microrganismos fagocitados (p. ex., virus) replicando
no macrofago dentro de célula infectada !

A
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Linfocito T Linfocito T

Linfocitos




Hormonios protéicos =3 citocinas
promovem a ativacao de linfocitos
especificos para antigenos. \

4

Grupo muito extenso de moléeculas
envolvidas na emissao de sinais entre as
células durante o desencadeamento de

respostas imunes.

Ortega et al., 2003
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CITOCINAS _

- .
%Algumas citocinas, em particular as
proinflamatorias IL-18 e TNF-a, sao
liberadas durante o exercicio;

4

Citocinas exercem importante papel na
inflamacao, e o exercicio pode causar

dano e inflamacao no musculo;

f.“" » ¢ 1l ‘ 7z Ortega et al., 2003




Algumas citocinas como a IL-1B e TNF-a

também tem sido relacionadas a proteolise
muscular;

Reparacao seguida de dano/inflamacao, que
pode ocorrer em resposta ao exercicio.

Nemet et al., 2004



“ CITOCINAS ™

As diferentes citocinas podem ser
enquadradas em diversas categorias;

4

Interferons (IFN), Interleucinas (IL), fator
estimulador de colonias (CSF), fator de
necrose tumoral (TNF) e fator de
transformacao de crescimento (TGF).

Naoum, 2001




INTERLEUCINAS

Compoem um grande grupo de
citocinas classificadas de IL-1 a IL-18;

Sao produzidas por ceéelulas T,

macrofagos e celulas teciduais;

Cada interleucina atua sobre um grupo
limitado e especifico de ceélulas que
expressam receptores adequados para

cada uma delas.




Na diferenciacao das ceélulas, citocinas
especificas de linhagens apresentam
atividades importantes;

Eritropoietina = Eritrocitos

M-CSF —p  Macroéofagos

" G-CSF P Granulocitos

T -

. Fielding, Ager e Russel, 1998

.




~ EXERCICIOE = -
SISTEMA IMUNE
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O exercicio melhora o sistema imune?

Individuos idosos submetidos ao exercicio
melhoram o sistema imune?

Uma unica sessao de exercicio pode
mudar o sistema imune agudamente?
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~ EXERCICIO E
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Quais sao as adaptacoes imunes agudas e
cronicas causadas pelo exercicio?

A intensidade, volume, duracao e
frequéncia do exercicio alteram a resposta

imune?

Existem diferencas entre exercicio aerobio
e TF na resposta imune?



ASPECTOS GERAIS

Existe uma interacao funcional do sistema
Imune com o sistema neuroendocrino, que
modula a resposta iImunitaria

= i | A S, NS\ _.‘:;
FLESHNER, 2000; JONSDOTTIR 2000 S t_,g,»" b~ C) -
: \'

A pratica regular de exercicio fisico esta
associada a reducao de alguns tipos de
cancer como o de colon e de mama

ATHI



ARTIGOS DE RevisAo )

EFEITOS DO EXERCICIO FiSICO SOBRE O SISTEMA IMUNE
PHYSICAL EXERCISES EFFECT ON THE IMMUNE SYSTEM

Jonato Prestes
Mestre em Performance Humana do Programa de Pés-Graduagao da Universidade Federal de Sao Carlos (UFSCar)

Denis Foschini

Mestre em Performance Humana e docente do Curso de Graduagao em Educagao Fisica da Universidade Metodista de Sio
Paulo (UMESP)

Felipe Fedrizzi Donatto
Mestrando em Educagao Fisica no Nucleo de Performance Humana da Universidade Metodista de Piracicaba (UNIMEP)

Revista Brasileira de Ciéncias da Satde, ano Ill,n® 7, jan/mar 2006
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E O SISTEMA IMUNE,
ENVELHECE? COMO?




Aging, Persistent Viral Infections, and
Immunosenescence: Can Exercise “Make Space”?

Richard J. Simpson

Laboratory of Integrated Physiology, Department of Health and Human Performance, University of Houston,
Houston, TX

SIMPSON, R.]. Aging, persistent viral infections, and immunosenescence: can exercise “make space”? Exerc. Sport Sci. Rev.,
Vol. 39, No. 1, pp. 23-33, 2011. Overcrowding the immune space with excess clones of viral-specific T cells causes the naive

T-cell repertoire to shrink, which increases infection susceptibility to novel pathogens. Physical exercise preferentially mobilizes senescent T
cells from the peripheral tissues into the blood, which might facilitate their subsequent apoptosis and create “vacant space” for newly functional
T cells to occupy and expand the naive T-cell repertoire. Key Words: immune risk profile, cytomegalovirus, lymphocyte apoptosis,
T cell, immunology
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Terminal
Differentiation
and Undergoes
Proliferative
Arrest

Extravasation
and Migration
of Effector T-
cells to Site of

Antigen-
Specific T-
cell Clones

Differentiated Effector T-cells
Enter the Peripheral Blood
Compartment

“Immune Space” “Immune Space”
Low High

]

Persistent Viral
Reactivation

Effector CD8+ T-
cells Detect and

Kill Target Cells in
Peripheral Tissues

Viral-Specific T-
cells Form Part of

the Memory T-
cell Pool

Some Oligoclonal T-
cells Survive and
Enter the “Memory”
T-cell Pool

Infection

¢ VIRAL RESOLUTION

!

Excess T-cell Clones
Selected for
__ Apoptosis

Simpson, 2011



Total Naive and Expanded Naive

Preferential Memory T-cell Pool T-cell Repertoire Newly Generated

Mobilization of /) —— Naive T-cells fill the
Effector-Memory k?)‘ k-/' Vacant Space
and SenescentT- Acute Bout -

cells () (G X
b_/ &/' of Exercise

EXERCISE L Thymus

- Increased Intestines
(Lymphocytosis) Apoptotic \

Signals / Looped :‘
[ Feedback </

1T ROS \ x\
T Glucocorticoids AN Liver
1T Catecholamines Immune M

1 cytokines Space [~/ '
1 Fas/FasL K-/

RECOVERY - 3 B = Survived memory T-
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Tissue Migration | (502 W @ W . NaiveTcells
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Simpson, 2011




Senescent T-cells Memory T-cells Memory T-cells Senescent T-cells

CD57+,CD27-,CD62L-, CD57, CD27-, CCR7+, CD45R0+, CD28+, CD2% CCR7+, CD2¢-, CD27-, CD62L-, CCR7-,
CCR7-, CD45R0+4, CD127+, perforin-, granzyme B+ CD45RO+, CD127+, perforin-, CD45RO+ perforint+,
perforin4+, granzyme B++ granzyme B+ granzyme B++

5-21% 14-26% 19-33% 4-15%
(23-41%) (10-23%) (16-34%) (18-31%)

Naive T-cells Naive T-cells

CCR7+, CD27+, CDASRA+ CD62L+, CCR7+, CD27+, CDA5RA+ CD62L+,
CD127+, CD57-, perforin-, CD127+, CD28+, perforin-

granzyme B- granzyme B-

49-73% 53-73%
(32-58%) (34-58%)

Simpson, 2011




The microbiota: An exercise immunology perspective
Stéphane Bermon'2, Bernardo Petriz’#4, Alma Kajénienés¢, Jonato Prestes’, Lindy Castell3, Octavio L. Franco37*°

LAMHESS, Nice Sophia Antipolis University, France
Monaco Institute of Sports Medicine and Surgery, Monaco
Centro de Analises Protedmicas e Bioquimicas, Programa de Pés-graduacao em Ciéncias Gendmicas e Biotecnologia —
Universidade Catolica de Brasilia, DF, Brasil.
UDF — Centro Universitario, Brasilia, DF, Brasil.
Lithuanian University of Health Sciences, Institute of Sport, Kaunas, Lithuania
¢ Kaunas Sports Medicine Centre, Kaunas, Lithuania
7 Programa de P6s-Graduacao em Educacao Fisica, Universidade Catolica de Brasilia, DF, Brasil.
Green Templeton College, University of Oxford, Oxford, United Kingdom
Po6s Graduacao em Biotecnologia, Universidade Catolica Dom Bosco, Campo Grande, MS, Brasil.
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Research on Aging
o XX(X) 1-14
Comparlson of ©The Author(s) 201 |

Reprints and permission:
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and Anthropometric httpr//"oaégglz‘bgg

Parameters in Elderly

Women With and Without

Insulin Resistance

Alessandro O. SiIva"z, Hildeamo B. Oliveiraz,
Adriano B. Tavares', Silvana S. Funghetto3,
Jonato Prestes', and Margo G. O. Karnikowski'”




Table 2. Comparison of the Anthropometric, Metabolic, and Inflammatory
Parameters Between IR and NIR Elderly Women

NIR (n = 99)

IR (n=73)

BMI (Kg/m?)
WC (cm)
WHR

LBM (%)

FM (%)

TG (mg/dL)

TL (mg/dL)
t-COL (mg/dL)
HDL (mg/dL)
LDL (mg/dL)
VLDL (mg/dL)
Glycated Hg (%)
Glucose (mg/dL)
Insulin (pU/mL)
CRP (pg/ml)
IL-6 (pg/ml)
TNF-o (pg/ml)

INF-v (pg/ml)

2584 £ 401
84.99 £ 10.5
0.86 £ 0.75
60.71 £ 6.35
35.49 + 6.63
134.25 + 63.36
731.73 £ 142.84
234.37 £ 40.1 |
61.35 + 9,53
144.99 + 34.53
26.57 = 12.73
553 £0.57
91.69 + 12.29
6.54 +2.23
4.15+1.93
241 £ 041
2.6.£0.16

0.72 £ 0.04

29.10 + 3.27
95.32 +8.25
0.92 £ 0.06
56.95 + 4.67
39.94 £ 5.17
174.48 + 67.20
76981 = [31.50
231.49 +43.30
60.42 = | |.15
135.05 =+ 40.59
34.03 £ 13.17
57+10.72
118.08 = 60.19
15.01 £5.21
4.6 +2.20
2.43 +0.36
2.08 £ 0.12

0.72 £ 0.05




OPEN @ ACCESS Freely available online @PI.OS | ONE

Enhancing of Women Functional Status with Metabolic
Syndrome by Cardioprotective and Anti-Inflammatory
Effects of Combined Aerobic and Resistance Training

Ramires Alsamir Tibana'*, Dahan da Cunha Nascimento', Nuno Manuel Frade de Sousa?, Vinicius
Carolino de Souza', Jodo Durigan®, Amilton Vieira®, Martim Bottaro®, Otavio de Toledo Nobrega®,
Jeeser Alves de Almeida'3, James Wilfred Navalta®, Octavio Luiz Franco'?, Jonato Prestes’

1 Catholic University of Brasilia, Graduation Program on Physical Education, Brasilia, Brazil, 2 Laboratory of Exercise Physiology, Faculty Estacio of Vitoria, Espirito Santo,
Brazil, 3 University of Brasilia, Brasilia, Brazil, 4 Department of Kinesiology and Nutrition Sciences of the University of Nevada, Las Vegas, Nevada, United States of America,
5 Centro de Analises Proteomicas e Bioquimicas. Programa de Pos-Graduacao em Ciencias Genomicas e Biotecnologia, Universidade Catolica de Brasilia, Brasilia, Brazil

November 2014 | Volume 9 | Issue 11 | e110160




Enrollment

Allocation

Women assessed for eligibility
and recruited through
advertisements
(n = 20)

Participants allocated to
intervention
(n = 20)

Follow-up

—>

Lost to follow-up
- Due to caloric restriction (n = 2)
- Missed more than 25% of
training sessions (n = 5)

Analysis

—

Participants analyzes
(n=13)

Figure 1. Flow-chart of the participants.
doi:10.1371/journal.pone.0110160.g001




13 mulheres com sindrome metabolica

TREINAMENTO COMBINADO - 10 SEMANAS:

Treinamento aeroébio:

30 min de esteira a 70-80% da frequéncia
cardiaca de reserva

Treinamento de forca:
3 séries de 8-12 RM com intervalo de 1
minuto entre as séries e 0s exercicios.



Table 1. Anthropometric and hemodynamic characteristics of the subjects (n=13) before and after the training program (mean *
SD).

Pre Post

Weight, kg 74872 742%75
Body mass index, kg/m’ 30.0+25 29.7+20
Waist circumference, cm 85.8+4.9 84.9*5.6
Hip circumference, cm 1059145 105.1+43
Neck circumference, cm 352121 357%1.6
Waist to height ratio 0.54+0.04 0.54+0.03
Waist to hip ratio 0.810.04 0.810.05
Body adiposity index, % 268+26 264+19
Systolic blood pressure, mmHg 11921146 112.7+9.7
Diastolic blood pressure, mmHg 79.5%156 728%10.1
Mean arterial pressure, mmHg 92.8+146 86.1+8.8
Metabolic syndrome z score 1.26+0.17 1.19+0.09

*Statistically significant (p=0.05).
doi:10.1371/journal.pone.0110160.t001
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Figure 2. Nitric oxide (NO) concentration before (pre) and after
(post) the training program (mean *= SD). *Statistically different
compared with pre-values (p=0.05).
doi:10.1371/journal.pone.0110160.g002




Table 2. Evaluation of Interleukin-10 (IL-10), osteoprotegerin (OPG), interleukin-6 (IL-6) and interleukin-12 (IL-12) concentrations
before and after the training program (mean * SD).

Pre Post

IL-10, pg/mL 14.96+7.48 19.38+1230
OPG, pg/mL 0.49+0.26 0430.19
IL-6, pg/mL 0.63£1.95 0131033
IL-12, mg/dL 1.04£1.49 0.6610.89
IL-10/NO 1211053 235+1.36

*Statistically significant (p=0.05).
doi:10.1371/journal.pone.0110160.t002




Table 5. SF-36 scores before and after the training program (mean * SD).

Pre Post

Physical function 7691210 827+19.5
Role Physical 750£289 7691374
Bodily pain 60.3128.1 659+23.0
General health 56,1176 59.0114.8
Vitality 57.7£103 57.7£120
Social function 7891219 81.7£237
Role emotional 7431309 69.2139.6
Mental health 588%7.7 5841112

*Statistically significant (p=0.05).
doi:10.1371/journal.pone.0110160.t005




Hindawi Publishing Corporation
BioMed Research International

Volume 2014, Article ID 694801, 5 pages
http-//dx.doi.org/10.1155/2014/694801

Hindawi

Research Article

Three Consecutive Days of Interval Runs to Exhaustion Affects
Lymphocyte Subset Apoptosis and Migration

James W. Navalta,' Ramires Alsamir Tibana,” Elizabeth A. Fedor,’
Amilton Vieira,' and Jonato Prestes’

(1) Health questionnaire Intermittent run exercise Intermittent run exercise Intermittent run exercise

(I1) Informed consent |7 gy t 24h t 2%4h t
(I11) Graded treadmill test

(Vinay determination) (305 run at 100% and 30 (305 run at 100% and 30 (305 run at 100% and 30
srunat 50%of V. ) srunat 50% of V. ) srunat 50%of V. )

A A A A A A

Blood sample Blood sample Blood sample Blood sample

FIGURE 1: Graphical description of study timeline.
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Neutropenia in elite male cyclists

Robin Parisotto, BAppSci, David Pyne, PhD, Dcavid Mcartirn, PhHbi,
Chris Gore, PhlD, Kiercrt Fcallorn, PhlD. Peter Fricker, MID., ciridd
Allctr: Heth e, PhHhiD

((f//ll\/ Sport Med 2003:13:303-305)

TABLE 1. Incidence of Neutropenia in Elite Cyclists

Minimum
Mean  95%RIfor  Value
Neutrophil Neutrophil Neutrophil No. Subjects
No. Counts Counts Counts  with Counts Incidence
Group Cyclists  (x10°/L)  (x10°/L)  (x10°/L) <1.9x10°/L (%)

1.07-5.43 1.34 16

0.26-5.66 0.67 29
0.0-5.64 1.0 : 38
1.2-6.0 2.0 ( 0
2.0-7.5* NA ' 2.5

(™

Track cycling

Road cycling
Mountain bike
Recreational athletes
General population

—_—
—

]
= O IND O 9
S I N

1
‘Jl
pes

Mckenzie, 1996



The anti-inflammatory effect of exercise

Anne Marie W. Petersen and Bente Klarlund Pedersen
Journal of Applied Physiology 98:1154-1162_ 2005. doi1:10.1152/japplphysiol.00164.2004

A Sepsis

(P ro—inﬂammatory) (Anli-inﬂammatory)
-

(Anti-inflamrnatory)




Concentragao de linfocitos concentragio de neutréfilos
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ATIVIDADE DA CELULA NATURAL KILLER (NK)

Exercicio ——>
Atividade da célula natural killer (NK) é suprimida

abaixo dos valores basais apos o0 exercicio
intenso de longa duracao Pedersen, 2005
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UNGAO CELULAR E
PRODUGAO DE ANTICORPOS

h_" Foroooer emm— (‘ﬁ_

“* Imunoglobulina A (IgA) apenas 10-15%
do total sérico;

** No entanto, as concentracoes de IgA nos
fluidos das mucosas se correlacionam
melhor ¢/ ITRS do que as concentracoes
séricas de outros anticorpos.

Liew et al., 1984



FUNGAO CELULARE
PRODUGAO DE ANTICORPOS

f@{m: --/[/,"
* Reducoes na IgA salivar foram

observadas em esquiadores apos uma
corrida, apos ciclismo extenuante de longa

duracio; @

+ ApoOs natacao intensa, corrida e teste
incremental de corrida até a exaustao.

Tomasi et al., 1982; Mackinnon et al., 1987; Gleeson et al., 1995; Steerenberg et al., 1997; McDowel et al., 1992.



Linfocitos

Adrenalina

Noradrenalina Cortisol

Subpopulacoes de Linfocitos

Células NK CD16*
Células T CD8*

Células T CD3*
Células T CD4*
Células B CD19*

Pedersen, 2005




Neutrofilos

Hormonio do crescimento

Adrenalina Cortisol

Atividade das células NK

Adrenalina
Noradrenalina

Cortisol

Pedersen, 2005
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" “FUNCAO DOS
NEUTROFILOS

MR o

+ Reposta rapida inicial, 30 minutos apos :

. 0 exercicio: demarginacao induzida pela |
adrenalina;

 Aumento tardio apos varias horas:
células imaturas da medula induzido pelo

- cortisol.

Peake et al., 2002.
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Exercicio

Vaso

| sangiiineo LEGENDA
/L/"_ L @® Adrenalina
7w

€D Vaso sangiiineo

AN " Adrenalina
~ Medula da adrenal J

@» Leucocitos

3 [ M
“ V) @)

/ j j Leucécitos no

pool marginal

Leucocitos no
pool central



Exercicio _ Risco de infecgoes
Resposta imune reduzido

moderado

Risco de infeccoOes

Exercicio aumentado

mtenso

_'t;_’g

Janela
aberta

‘ Exercicio

Tempo Pedersen, 2005
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Myofiber damage
Sarcomere
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Satellite cell




O (+) Immediately following exercise

-6 — ) (tissue damage)

Satellite cell # HGF ‘—]

Macrophage

N

Proliferation

-HGF -IL-6
-IGF-I -FGF

2 NN, t=llletn
®© @‘Z @ é @ @ g —

_/

Satellite c-ells alhign

_@ @ Differentiation
-IGF-1 -Insulin
-LIF -IL-15
l -GH -Leptin
-Testosterone

S
=3

Satellite cells fuse and form a myotube. ’/
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RELAGAO ENTRE EXERCICIO FiSIQO, DANO MUSCULAR E DOR
MUSCULAR DE INICIO TARDIO

RELATIONSHIP BETWEEN PHYSICAL EXERCISE, MUSCLE DAMAGE
AND DELAYED-ONSET MUSCLE SORENESS
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FOSCHINI, PRESTES e CHARRO, 2006

Sobrecarga “
l l Intensidade
Extravasamento celular de
ENZIMAS (CK e LDH) e
Linhaz sarcolema Tabulos T miofibrilas —» | PROTEINAS (mioglobina,
troponina | e fragmentos
l de MHCQ).
v
Neutrofilos Macroéfagos Influxo de Cat+
v v
Prostaglandinas/Histaminas/Cininas/K* Necrose celular
—> Receptores de dor -~

Fatores intrinsecos

Condicées ambientais ' DMIT

Figura 1. Representacao tedrica das relacdes entre o exercicio, dano muscular e DMIT proposta por Foschini,
Prestes e Charro. CK = creatina kinase, LDH = lactato desidrogenase, fragmentos de MHC = fragmentos de

cadeia pesada de miosina, DMIT = dor muscular de inicio tardio.
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The immune response to resistive breathing

T. Vassilakopoulos, C. Roussos, S. Zakynthinos

Reposta imune a respiracao resistida




7 (A
Arcuate

nucleus .
Respiratory
~centres

Hypothalamus -~
Hypophysis ------- O .
Respiratory e - Blood vessels
controller T Pt POMC T
"—’_,——"‘—‘- Te-a _‘-~\~ \_\
- (3-endorphin T ACTH
/”” \\
;’l Breathing / AN AN ‘..
| pattern /\/\/’ D —— /\ ‘\/A‘.Vf \V' \ / \/ ".,:/
\\ : \/ | -
Small afferents
Strenuous
contraction
Diaphragm
contractility
/ |
Ener Reduces
T supp oge Adrenal inflammation
\ Oge O
— ee
Liver TG .
Lipolysis Cortisol
o o FFALGlycerol Fat

— )



