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IMUNIDADE INATA IMUNIDADE ADAPTATIVA

NEUTRÓFILOS MACRÓFAGOS NATURAL KILLER
PROTEÍNAS DO COMPLEMENTO

REALIZAM FAGOCITOSE E DESTROEM ANTÍGENOS 
ATRAVÉS DA PRODUÇÃO E LIBERAÇÃO DE 

RADICAIS LIVRES E EROS

LINFÓCITO B LINFÓCITOS T

PRODUZ 
ANTICORPOS 

(RESPOSTA HUMORAL)

LTCD4, LTCD8, 
TREG

(RESPOSTA CELULAR)

CITOCINAS (TNF-α, IL-1, IL-6, IL-10, IFN-Υ), PROSTAGLANDINAS, TROMBOXANOS, LEUCOTRIENOS
MINERAIS (ZINCO, FERRO, SELÊNIO) E VITAMINAS (VITAMINA A, D, C, E) PLAQUETAS
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LINFÓCITO B LINFÓCITOS TCOMPLEMENTO

ANTICORPOS

HORAS DIAS
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Diminuição de células T virgens na periferia

Número aumentado de células T e B de memória
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EFEITO AGUDO EFEITO CRÔNICO
MOBILIZAÇÃO DE 

CÉLULAS
MANUTENÇÃO DAS 
FUNÇÕES IMUNES

Nieman & Wentz. The compelling link between physical activity and the body's defense system. Journal of Sport and Health Science 8 (2019)
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ADRENALINA
/NORA

CORTISOL
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EXERCÍCIO PROMOVE 
LEUCOCITOSE

Nat Rev Immunol. 563–572 (2019).
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Brain Behavior and Immunity 97 (2021) 303–318 @lazaronunes
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CÉLULAS NATURAL KILLER (NK)

SÃO OS LINFÓCITOS QUE MAIS 
SE ELEVAM IMEDIATAMENTE 

APÓS O EXERCÍCIO.
NO PERÍODO DE 

RECUPERAÇÃO MIOCINAS 
INDUZEM REDISTRIBUIÇÃO

Idorn & Hojman Exercise-Dependent Regulation of NK Cells in Cancer Protection. Trends in Molecular Medicine. 2016.
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Tidball, 2017. Regulation of muscle growth and regeneration by the immune system

ADAPTAÇÃO POSITIVA AO TREINAMENTO
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Jeanne Erika Maila Patrícia Tássia Barbara Mônica Yasmin Licinara
Leucócitos (103/μL) 6,1 5,3 7,9 6,6 5,9 4,3 3,9 6,4 4
Neutrófilos (103/μL) 3,17 3,23 5,06 3,1 3,42 2,32 1,17 3,01 1,4

0

1

2

3

4

5

6

7

8

9

10
3 /
μL

Marcadores de Inflamação

MARCADORES DE INFLAMAÇÃO E IMUNIDADE EM MULHERES ATLETAS

LEUCOPENIA
DIMINUIÇÃO DA RESPOSTA IMUNE
DIFICULDADE DE ADAPTAÇÃO TREINAMENTO
MAIOR SUSCEPTIBILIDADE À INFECÇÕES
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IMUNIDADE 
HUMORAL

IMUNIDADE 
CELULAR

CORTISOLADRENALINA E 
NORADRENALINA

Diminuição 
da imunidade 
contra Vírus

Tausk et al., Psychoneuroimmunology. 2008
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https://www.rndsystems.com/resources/articles/cytokines-and-overtraining

MACRÓFAGOS 
ATIVADOS IL-1β

TNF-α

IL-6

CNS

AUMENTO DE CORTISOL

DIMINUIÇÃO DE 
HORMÔNIOS SEXUAIS

ALTERAÇÕES 
COMPORTAMENTAIS

AUMENTO DE PROTEÍNA C REATIVA

GLICONEOGENESE

IMUNOSUPRESSÃO

(DIMINUIÇÃO DE 
LINFÓCITOS)

CATABOLISMO PROTEICO

ELEVAÇÃO DE CK, MIOGLOBINA, URÉIA

(PERDA DE MASSA MAGRA)

SÍNDROME DO 
OVERTRAINING
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INFLAMAÇÃO CRÔNICA E PERDA DE MASSA MUSCULAR

ESTRESSE 

OXIDATIVO

FIBROSE

Tidball, 2017. Regulation of muscle growth and regeneration by the immune system

16



07/10/2024

9

VITAMINA D E SISTEMA IMUNE

Induz fenótipo 
imunossupressor em 

neutrófilos e inibe 
recrutamento

Induz polarização de 
macrófagos M2 

Reduz a produção de 
citocinas pró-inflamatórias

Suprime a produção de 
citocinas pró-
inflamatórias

Induz a diferenciação das 
células Treg 
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Asia-Pacific Journal of Sports Medicine, Arthroscopy, Rehabilitation and Technology 29 (2022) 22e29

POSSÍVEIS CAUSAS DE DEFICIÊNCIA DE VITAMINA D EM ATLETAS

Baixa exposição ao sol e Dieta
Aumento da demanda e 
depleção dos estoques

Falha na conversão hepática

Excesso na conversão renal

Uso excessivo de corticoides

19

TREINO ATLETA X TREINO MODERADO

42KM 
Maratona

30 - 45min 
Caminhada

Duração ou grau da alteração

Nieman & Wentz (2019)
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urate than controls (Table 2). However, volleyball
players had higher serum basal concentration of
creatinine and urea and higher serum activities of
AST, ALT, and GGT. No effects were observed
attributable to the volleyball season.

Immediately after the maximal exercise test the
number of erythrocytes, hematrocrit, and the blood
hemoglobin level rose markedly, but returned to pre-
exercise level in the 30-min recovery period (Table 3).
However, these changes induced by the exercise test
were not affected by competitive season. The loss of
plasma volume was calculated to explain the increase
in hematocrit observed immediately after the exercise,
taken into account the constancy of the number of
erythrocytes in blood. Plasma volume loss during the
maximal exercise test was about 10% and erythrocytes
were concentrated in blood about 1.12 times. This
factor of concentration attributable to loss of plasma
was lower than we calculated for urea and creatinine.

Maximal incremental exercise test significantly
induced leukocytosis that was maintained after
30 min (Table 3). Total T-lymphocytes (CD3+) and
B-lymphocytes (CD19+) significantly increased after
exercise and maintained higher during recovery. This
pattern was observed in both at the beginning and at
the final of volleyball season.

Cortisol levels were affected by both the volleyball
season and by the exercise (Table 4). Post-exercise
cortisol levels were significantly higher at the final of
season than at the beginning. The response to
maximal exercise was similar both at the beginning
and at the final of season, with increased values
immediately after exercise and during recovery with

respect to basal. Serum levels of immunoglobulins
(IgG, IgA, and IgM) and complement fractions (C3,
C4) were unaffected by the volleyball season;
however, IgG, IgM, and C4 were significantly
modified as results of maximal exercise test. The
IgG and IgM levels were significantly higher after
exercise and recovery than basal levels, whereas C4
was increased after exercise.

Discussion

The parameters related with protein turnover or with
the amount of muscular mass are higher in the
volleyball players than controls. The higher amount
of lean body mass of the volleyball players is
reflected with higher serum levels of creatinine, urea,
AST, and ALT in players compared to controls. In
fact, we previously observed that females have lower
serum CK than males but when these results are
expressed per unit of lean body mass, the differences
are negligible [27].

The maximal incremental test induced a loss of
plasma volume reflected in a general increase in
erythrocytes, hematocrit, and blood hemoglobin.
These results were similar to those obtained in other
experiments with a loss of plasma volume about 10%
[1, 6]. Blood cellular changes returned quickly to
basal values during recovery, in accordance with the
water intake immediately after the test. This picture
was not influenced by the volleyball season, indicat-
ing a similar condition in the realization of both the
initial and final maximal incremental tests.

Table 3 Influence of the competitive season on the hematological parameters in the sportsmen determined in the different situations
of the exercise test

Beginning of season Final of season ANOVA

Pre Post Recovery Pre Post Recovery T E T×E

RBC (×106/μL) 5.01±0.3 5.52±0.2a 5.07±0.3 4.74±0.3 5.43±0.3a 4.95±0.3 X

Hematocrit (%) 44.9±2.5 48.5±2.7a 44.7±2.6 43.8±2.6 49.3±2.8a 45.4±1.7 X

Hemoglobin (g/dL) 15.4±1.0 16.7±1.0a 15.5±1.1 15.3±1.1 16.5±0.9a 15.4±1.2 X

WBC (×103/μL) 5.77±1.00 10.3±2.1a 7.83±2.3a 5.35±1.23 9.33±2.12a 8.38±1.60a X

T-lymphocytes CD3+ (×103/μL) 1.73±0.40 2.48±0.53a 2.15±0.50a 1.50±0.33 2.18±0.47a 2.01±0.41a X

B-lymphocytes CD19+ (×103/μL) 0.27±0.10 0.44±0.12a 0.36±0.13a 0.20±0.10 0.32±0.12a 0.26±0.12a X

Red blood cells (RBC), hematocrit, hemoglobin, white blood cells (WBC), and lymphocytes in the sportsmen at the beginning and at
the end of the season the competition determined pre-, post-exercise, and after recovery. Two-way ANOVAwith time (T) and maximal
incremental exercise (E) as ANOVA factors. Values are mean±SEM (n=12) a p<0.05 vs. pre-exercise values
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Immune response to exercise in elite sportsmen
during the competitive season

A. Córdova & A. Sureda & J. A. Tur & A. Pons

Received: 22 January 2009 /Accepted: 12 March 2009 /Published online: 29 April 2010
# University of Navarra 2010

Abstract Our aim was to evaluate the chronic effects
of training and competition during a 4-month season
on immune response in professional volleyball players.
Players took part in an incremental maximal cycling test
at the beginning and at the end of the season. As control
group, subjects with regular recreational activity were
selected. Blood samples were obtained at rest, immedi-
ately after the exercise test, and after 30 min recovery.
Volleyball players have similar basal levels of eryth-
rocytes, hematocrit, hemoglobin, and total protein and
urate than controls and higher levels of creatinine and
activities of AST, ALT, and GGT. Maximal incremental
exercise test significantly increased erythrocyte counts,
hematocrit, and blood hemoglobin levels in volleyball
players. T- and B-lymphocytes significantly increased
after exercise test and were maintained high during
recovery. Cortisol levels were significantly increased
immediately after exercise and during recovery with
respect to basal values. Basal and post-exercise cortisol

levels were significantly higher at the final of season than
at the beginning. Serum levels of immunoglobulins
(IgG, IgA, and IgM) and complement fractions (C3, C4)
were unaffected by the volleyball season. The IgG and
IgM levels were significantly higher after exercise and
recovery than basal levels. Maximal exercise test
induced an acute phase/inflammatory response charac-
terized by increased circulating lymphocytes, antibody
response, and cortisol levels. Competition season
increases cortisol concentration indicative of accumulat-
ed stress intensity.

Keywords Stress . Immunoglobulin . Lymphocytes .

Cortisol . Volleyball

Introduction

The immune system is a multifaceted array of cells,
proteins, and compounds that respond sensitively to a
variety of stimuli such as acute exercise and prolonged
training in athletes [9–22]. In elite athletes, immuno-
logical alterations reduce performance and endurance
levels [13, 18, 19] associated to decreased immune
function and increased susceptibility to infections [9].
However, the mechanisms of these immunological
changes with training or exercise are still unclear.
Adrenocorticotropin hormone, cortisol, catechol-
amines, and other hormones are known to cause
redistribution of lymphocytes and to have direct effects
on lymphocyte function [12, 19, 21]. Several factors

J Physiol Biochem (2010) 66:1–6
DOI 10.1007/s13105-010-0001-2
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O SISTEMA IMUNE SOFRE INFLUÊNCIA DO PERÍODO DE TREINOS OU COMPETIÇÃO
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Sistema imune Influência de exercício prolongado (> ou = 90min)

Imunidade inata

Neutrofilia

Aumento de bastonetes na circulação

Monocitose

Aumento de macrófagos M1

Diminuição de burst respiratório

Diminuição da atividade de células NK

Mucosas

Diminuição da IgA salivar

Aumento de lisozima, lactoferrina e defensinas na saliva

Aumento da atividade da alfa amilase salivar

Imunidade Adquirida

Aumento da contagem de linfócitos (imediatamente após)

Diminuição da contagem de linfócitos (0,5 h após)

Diminuição da relação CD4/CD8

Principais 
alterações 

transitórias da 
imunidade após 

exercício 
prolongado 

Walsh NP. Recommendations 
to maintain immune health in 
athletes. Eur J Sport Sci. 
2018;18(6):820–31 
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TRIATLETAS TREINO
DE ROTINA

ATLETAS COM FADIGA PERSISTENTE E QUEDA DE 
RENDIMENTO
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ALFA AMILASE SALIVAR INDICA O 
NÍVEL DE ESTRESSE FÍSICO E 

COMPORTAMENTAL
AUMENTO DEPOIS DO JOGO TEM 
RELAÇÃO COM A INTENSIDADE E 

EFEITO AGUDO DO EXERCÍCIO

MARCADORES DE STRESS EM JOGADORES DE FUTEBOL
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VALORES DE REFERÊNCIA PARA ALFA AMILASE SALIVAR EM INDIVÍDUOS FISICAMENTE 
ATIVOS SÃO DIFERENTES DEPENDENDO DO HORÁRIO DA COLETA

COLETA 6:00 – 8:00 horas

HOMENS: 5,0 – 155,0 U/mL

COLETA AS 16:00 horas

HOMENS: 24,0 – 368,0 U/mL

Reference intervals for saliva analytes collected by a standardized method in a
physically active population

Lázaro Alessandro Soares Nunes a,⁎, René Brenzikofer b, Denise Vaz Macedo a

a Laboratory of Exercise Biochemistry — LABEX, Biochemistry Department, Biology Institute, State University of Campinas, Cidade Universitária Zeferino Vaz, s/n, Barão Geraldo,
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Objectives: Our aims were to test a liquid-based saliva collection system for total antioxidant status (TAS),
uric acid (UA), total protein concentration (TP) and salivary alpha-amylase (SAA) activity; to determine if
these analytes in serum and saliva are correlated in a physically active population and to establish reference
intervals for these parameters.
Design and methods: Participants in this study were 115 physically active males (18–20 years old). Saliva
samples were collected using the Saliva Collection System (Greiner Bio-One®) immediately before obtaining
blood. Biochemical analyses were conducted using an Autolab Boehringer analyzer.
Results: We found a correlation between UA and TP concentrations in serum and saliva samples. The refer-
ence intervals for TP and SAA activity in the morning were lower than in the afternoon (pb0.0001). The ref-
erence intervals for UA and TAS did not vary with the time of collection.
Conclusion: The establishment of reference intervals for these saliva constituents increases their diagnostic
utility and allows for detection of physiological or pathological states.

© 2011 The Canadian Society of Clinical Chemists. Published by Elsevier Inc. All rights reserved.

1. Introduction

Monitoring biochemical blood parameters can be a powerful
methodology for evaluating the physical stress thresholds of athletes
during a competitive season. Such evaluations, however, require fre-
quent and successive blood samplings. These samplings are normally
done by venous puncture, which is stressful for some individuals [1].
Saliva presents a potential application as a substitute for blood in the
diagnosis and monitoring of different metabolic states because it can
be collected by an easier, noninvasive method that does not require a
trained specialist [2].

The term “saliva” is generally used to designate the fluid present
in the oral cavity, which mainly originates from three salivary glands:
parotid, submandibular, and sublingual [3]. Saliva is consists of 98%
water and 2% proteins and peptides (e.g., α-amylase, immunoglobu-
lins, mucins, cystatins, and proline-rich peptides), electrolytes (e.g.,
sodium, potassium, chlorides, and bicarbonate), microorganisms,
lipids [4] and metabolites (e.g., uric acid, urea, and lactate) [5,6].

Saliva composition can be altered in the course of circadian rhythm
and by sympathetic nervous system activity [3,7], medications [8],
and physical exercise [5].

Previous studies have used saliva to diagnose and monitor renal
diseases by measuring the concentration urea and creatinine [9]. Sali-
va has also been used in therapeutic drug management [10] to mon-
itor lactate concentrations [5] and antioxidant status after exercise
[11], and to measure cortisol concentrations and alpha-amylase activ-
ity under stress [12].

Exercise is associated with stress and increased production of re-
active oxygen species (ROS) [13]. Enzymatic and low-molecular-
weight antioxidants minimize the deleterious actions of ROS through
redox reactions. Athletes and physically active individuals displayed
enhanced antioxidant capacity [14] and increased plasma concentra-
tions of uric acid (UA), which is a major antioxidant in plasma and sa-
liva [15]. Thus, assays of the antioxidant capacity of either plasma or
saliva can be useful tools for monitoring oxidative stress during train-
ing [11].

Saliva can be collected using a non-stimulated method, such as
spitting directly from the mouth into a receptacle; however, only a
small volume is obtained using this method [2]. Stimulated saliva
can be collected through masticatory action (e.g., from a subject
chewing on paraffin) or gustatory stimulation with citric acid applica-
tion [2]. Collection can also be done using cotton rolls; however, cot-
ton may interfere with some analyses [16]. The main problemwith all

Clinical Biochemistry 44 (2011) 1440–1444

Abbreviations: TAS, total antioxidant status; UA, uric acid; TP, total protein concen-
tration; SAA, salivary alpha-amylase.
⁎ Corresponding author at: Biology Institute, State University of Campinas, Cidade

Universitária Zeferino Vaz, s/n, Barão Geraldo, CEP: 13083-970, CP6109, Campinas,
SP, Brazil. Fax: +55 19 3521 6129.

E-mail address: lazaroalessandro@yahoo.com.br (L.A.S. Nunes).

0009-9120/$ – see front matter © 2011 The Canadian Society of Clinical Chemists. Published by Elsevier Inc. All rights reserved.
doi:10.1016/j.clinbiochem.2011.09.012
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PRINCIPAIS BIOMARCADORES PARA AVALIAR O SISTEMA IMUNE DO ATLETA

HEMOGRAMA

PROTEÍNA C-REATIVA

LINFÓCITOS TCD4/TCD8

CORTISOL SALIVAR
IGA SALIVAR
IL-6

DHEA
ZINCO
VITAMINA D
RET-He
SATURAÇÃO DE TRANSFERRINA
ALFA AMILASE SALIVAR

Nunes LAS., Exames Laboratoriais no Esporte. Amazon. 2ed. 2019.
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