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ABSTRACT

Int ] Exerc Sci 1(2) : 71-78, 2008. The purpose of this study was to verify the histophysiological
alterations in monocytes and macrophages induced by short periods of exercise. Male Wistar rats
(age = 2 months, body weight = 200g) were divided into seven groups (N = 6 each): sedentary
control (C), groups exercised (swimming) at low intensity for 5 (5L), 10 (10L), and 15 minutes
(15L), and groups exercised at moderate intensity for 5 (6M), 10 (10M) or 15 minutes (15M). At
moderate intensity the animals carried a load of 5% of body weight on their backs. Blood
monocytes were evaluated for quantity and morphology, and peritoneal macrophages were
analyzed for quantity and phagocytic activity. Data were analyzed using ANOVA and Tukey’s
post hoc test (p <0.05). Low intensity groups and 5M exhibited an increase in monocyte levels
when compared with the control. There was an increase in monocyte cellular area for the 5L, 10L,
5M and 10M groups; monocyte nuclear area increased for the 10L, 5M and 10M groups in
comparison with the control. There was an increase in peritoneal macrophages for the 15L, 10M,
15M and decrease for the 5M group. Macrophage phagocytic capacity increased for low intensity
groups and for 10M group. The exercise performed for short periods modulated macrophage
levels and function, and monocyte levels and morphology, in an intensity-dependent manner.
The sum of acute responses observed in this study may exert a protective effect against sickness
and may be used to improve health and lifespan.
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INTRODUCTION

The present day lack of time, excessive
work journeys and stress have led
individuals to perform short bouts of
exercise (5-25 minutes). Exercise intensity,
duration and frequency, and individual
levels of physical fitness are important
factors in determining immune response to
physical effort (14). Exercise may stimulate

or lower immune function. Macrophages
and monocytes are part of the innate
immune system and are quickly activated
when there is an infection. Macrophages
phagocytize microorganisms, kill some and
present them as antigens to lymphocytes.
Immunosuppression of these functions
potentially exposes the organism to
antigens, which may result in complex
diseases (1). Regular exercise performed at
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moderate intensity is commonly associated
with increased immune resistance against
infections (12). On the other hand,
strenuous exercise has been associated with
transitory immune suppression, potentially
increasing susceptibility to infections (14),
especially upper respiratory infections. (6,
7).

Glucocorticoids and catecholamines are
released during exercise and stimulate
leukocyte chemotaxis, adhesion,
phagocytosis and antigens presentation (22,
8, 21). Thyroid, prolactin, growth hormone
(GH) and endorphins contribute to
exercise-induced stress on phagocytosis
(17). Stress hormones, especially
glucocorticoids, released during strenuous
exercise are immunosuppressive for
lymphocytes. In this situation, phagocytosis
and other innate immune mechanisms are
stimulated and could compensate
suppressed lymphocyte activity (17).
Exhaustive exercise has been shown to
enhance or suppress certain functions of
macrophages; it appears that the
modulatory effect of exercise on the
monocytes and macrophages is dependent
on the parameter being measured, source of
tissue macrophages, and the intensity and
duration of exercise (22). However, very
little information exists with regard to the
effect of brief periods of acute exercise on
monocyte and macrophage function. It was
expected that even a short duration exercise
(five to fifteen minutes) would increase
monocyte number; macrophage function
and morphology due to the
immunomodulatory stress imposed by an
acute session.

Understanding of the role exercise plays in
the immune system function is important to
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enable one to know whether or not to
recommend exercise for people with
depressed or dysfunctional immune
systems. An animal model was used,
because it is a more homogeneous
population and external variables are more
easily controlled. The aim of the study was
to investigate the effect of acute exercise
performed at low and moderate intensities
on the histophysiology of rat macrophages
and monocytes.

METHOD

Animals

All  experiments were conducted in
accordance with the policy of the American
College of Sports Medicine on Research
with Experimental Animals and was
approved by the Federal University of Sao
Carlos Experimental Animals Committee.
Two-month-old male Wistar rats (Rattus
novergicus var. albinus, Rodentia,
Mammalia) with a mean weight of 190-210g
were used. Animals had free access to
water and were fed a commercial chow for
rodents (Labina, Purina, Campinas, SP,
Brazil). The animals were maintained in
collective cages (5 rats per cage) at a
constant temperature of 23(x 2)°C, and a
cycle of 12 hours light/12 hours dark, with
light from 06:00h to 18:00h (the housing
was pathogen-free). Before the beginning of
the experiments, the animals underwent 48
hours of adaptation to the laboratory
conditions.

Experimental groups

Animals were divided into seven groups (N
= 6 each group): a sedentary control group;
groups exercised at low intensity for 5 (5L),
10 (10L), or 15 minutes (15L), and groups
exercised at moderate intensity for 5 (5M),

http:/ /www.intjexersci.com
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10 (10M), or 15 minutes (15M). The
exercised groups performed a single acute
exercise session.

Physical Exercise

The physical exercise chosen was
swimming, accomplished between 14.00h
and 17.00h in a tank maintained at
30(x2)°C. The groups exercised at low
intensity did not carry additional loads. At
moderate intensity the animals carried a
load of 5% of body weight on their backs,
which corresponds to intensity below the
inflection point of the curve of the lactate
threshold (9). The animals were sacrificed
immediately after the end of the exercise
and blood and macrophages were collected.
Analyses were carried out after that, on the
same day.

Total Circulating Levels of Leukocytes and
Monocytes

Blood samples were collected and stored in
glass tubes with EDTA and kept on ice for
the analysis of blood variables. The total
leukocyte count was obtained with Turk’s
solution  (Merck KGaA, Darmstadt,
Germany) and counting was performed in a
Neubauer chamber. The circulating levels
of monocytes were measured under an
optical microscope using a blood smear
stained  with  Giemsa-May-Griinwald
(Sigma, St. Louis, MO, USA) (2). The blood
counts were blinded, only one of the
authors knew what the groups were and
this author did not participate in the
counting.

Total count and phagocytic
peritoneal macrophages

Peritoneal cavity was washed with 10mL of
PBS (pH 7.4 and 4°C) to remove resident

capacity  of
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macrophages. Cells were counted in a
Neubauer Chamber with Trypan Blue
colorant (Sigma, St. Louis, MO, USA). A
calculation was made to obtain a solution
aliquot in 2.0 x 10° cells/mL dilutions. To
this aliquot, the following components were
added: 50uL of rat serum opsonized
Zymosan (Sigma, St. Louis, MO, USA),
100pL of glucose 56mM (Sigma, St. Louis,
MO, USA), 200uL of defatted albumin
(Sigma, St. Louis, MO, USA), and PBS to
complete 1mL. The solution was incubated
at 37°C for 40 minutes with low shake, and
100 cells were analyzed wunder light
microscope using Trypan Blue colorant.
When three particles of Zymosan were
phagocytized by the macrophage, the cell
was considered to have increased
phagocytic capacity (Figure 1) (19).

Figure 1.

Photomicrography  of
macrophage (M), total preparation stained with
Trypan Blue. The dense structures observed in the
cell cytoplasms are the phagocytized particles of
Zymosan (arrow). Around these cells are several
Zymosan particles indicated by the thick white
arrows.

peritoneal

Morphometry analysis

Initially the blood smears were prepared in
duplicate, followed by 2-3 minutes of
drying. Thereafter, the staining was done

http:/ /www.intjexersci.com
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with 3ml of May-Griinwald and Giemsa
(Sigma, St. Louis, MO, USA) and the
analysis was conducted under a light
microscope according to recommendation
of Sokol et al. (20). From 20 monocytes
taken from each animal, cellular and
nuclear areas were obtained by applying an
image analyzer system Image Pro Plus
Version 4.0 for Windows.

Statistical analysis

Data are presented as mean + SEM
(standard error of the mean). The normality
of distribution of all parameters was
checked with the Kolmogorov-Smirnov
test. Differences were analyzed by using
two-way analysis of variance (ANOVA)
considering exercise duration and intensity
as intervenient factors, followed by Tukey’s
post hoc test. A significance level of p < 0.05
was used for all comparisons (duration of
exercise with control and between groups
and intensity of exercise with control and
between groups). The software package
used was SPSS for Windows version 10.0.

RESULTS

A significant increase in total leukocytes
was observed for the exercised groups
when compared with the control group. An
increase was observed for the 5M group in
comparison the 5L (44%) group. An
increase in circulating monocytes was
observed for the groups exercised at low
intensity and for 5M group, in comparison
with the control. Lower monocyte values
were evident for the 10M (60%) and 15M
(45%) groups when compared with the 10L
and 15L groups, respectively (Table 1).

A significant increase in peritoneal
macrophages was observed for the 15L,
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10M and 15M exercised groups of 26%, 22%
and 48%, respectively; the 5M group
presented decrease (23%) when compared
with the control. In the comparison
between groups, a decrease in peritoneal
macrophages was observed for the 5M
(25%); increase for the 10M (25%) and for
thel5M (18%) groups when compared with
the 5L, 10L and 15L groups, respectively
(Table 1).

Table 1. Circulating levels of leukocytes, monocytes
and peritoneal macrophages, and phagocytic
capacity of macrophages for the control and groups
exercised for 5, 10 and 15 minutes at low and
moderate intensities.

Group (liirculating Circulating Peritoneal Phagocytosis
eukocytes  monocytes  macrophages (%)

C 412+0.17 1.53+0.3 14.08 + 0.57 74.8 +0.74
5L 8.70 +1.07*  5.03 +0.71* 1447 + 0.4 79.8 + 0.49*
10L  11.53 +1.09* 7.36 +0.91* 13.73+0.13 78.8 +0.8*
15L 9.50 + 0.92* 6.35 + 0.6* 17.77 + 0.5* 83 + 0.45*
5M 1(2)';25 524 +0.3*  10.80 + 0.54*# 75 + 0.63#

10M 917 +0.6* 290+024# 17.20+0.35*#  79.6 + 0.68*
15M  11.61 +0.61* 3.45+0.69# 2091 +0.56*# 77.4 +0.75#

Values are mean + SEM, cells are expressed x 10¢. C,
control group; 5L, 5 minutes low-intensity exercise,
10L, 10 minutes low-intensity exercise, 15L, 15
minutes low-intensity exercise, 5M, 5 minutes
moderate-intensity exercise, 10M, 10 minutes
moderate-intensity exercise, 15M, 15 minutes
moderate-intensity exercise. *Significant difference
when compared with the control group. #Significant
difference between exercised groups for the same
duration (p <0.05).

The groups exercised at low intensity and
the 10M group exhibited increased
phagocytic ~ capacity in  peritoneal
macrophages when compared with the
control. A  significant decrease in
phagocytic ~ capacity = of  peritoneal
macrophages was observed for the 5M (6%)
and for the 15M (7%) groups in comparison
with the 5L and 15L groups (Table 1).

http:/ /www.intjexersci.com
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Figure 2. Cellular and nuclear morphometry of
circulating monocytes. Values are expressed for area
in pum? mean + SEM. C, control group; 5L, 5 minutes
low-intensity exercise, 10L, 10 minutes low-intensity
exercise, 15L, 15 minutes low-intensity exercise, 5M,
5 minutes moderate-intensity exercise, 10M, 10
minutes moderate-intensity exercise, 15M, 15
minutes moderate-intensity exercise. *Significant
difference when compared with the control group;
#Significant difference between exercised groups for
the same duration, (p <0.05).

The 5L, 10L, 5M, and 10M groups presented
an increase in monocyte cellular area (12%,
9%, 15% and 19%, respectively) when
compared with the control. A significant
increase in monocyte nuclear area was
observed for the 10L (15%), 5M (37%), and
10M (18%) groups in comparison with the
control. The 5M group presented a
significant increase in nuclear area (23%) in
comparison with the 5L group (Figure 2).

DISCUSSION

In parallel with a general leukocytosis, the
findings for low intensity exercise were
mainly an increase of circulating monocytes
and peritoneal macrophage phagocytosis
seen for any duration of short-term
exercise. On the other hand, for the
moderate intensity short-term exercise, the
main findings were an increase in the
numbers of peritoneal macrophages for ten
and fifteen minutes of exercise and an
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increased phagocytosis for ten minutes of
exercise. Concerning circulating monocytes
a picture of a transient increase of nuclear
and/or cellular morphometry was seen in
the five and ten minutes exercises,
disappearing in fifteen minutes exercise,
irrespective of the intensity.

Leukocytosis is caused by contraction of the
spleen and other secondary lymphatic
organs, in addition to the modulation of
increased plasma catecholamines on
immune cell migration and activity. This
mechanism induces an alteration in the
interaction between cells and the
endothelium promoting fast leukocyte
demargination during exercise (11, 13). In
the present study, a significant increase in
total leukocytes was observed for the
groups exercised at low and moderate
intensities.

Moderate exercise increases the expression
of adhesion molecules in monocytes and
transendothelial migration induced by
oxidized low density lipoprotein (ox-LDL)
(21). However, exercise performed at high
intensity promotes down-regulation in

transendothelial ~migration (20). This
mechanism is partially responsible for the
increase observed in peritoneal

macrophages for the groups 15L, 10M, and
15M. In this case, monocytes would be
stimulated to migrate through the
endothelium; the migration of these
monocytes could culminate in infiltration
into the peritoneum. Hence, the increase in
thyroid hormones induced by exercise
stimulates macrophage chemotaxis (16),
and also low levels of noradrenalin
modulate macrophage chemotaxis
mediated by the f-adrenergic receptors (8).
In addition, P-endorphin improves the

http:/ /www.intjexersci.com
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chemotaxis of monocytes and macrophages
(10).

Monocytes located at the marginal pool
produce  TNF-a and  other  pro-
inflammatory cytokines that coordinate
innate and specific immune cell functions,
including interactions with endothelial
cells, differentiated expression of effective
molecules on the cell surface, growth and
differentiation (13). Additionally, these cells
are quickly and selectively mobilized to the
central circulation, as exercise induces an
increase in catecholamines (18). In the
present study, this increase in circulating
monocytes was seen after exercise
performed at low intensity and in 5 minutes
of exercise performed at moderate
intensity. Although catecholamine levels
were not measured, the increase in this
hormone is a classical alteration observed in
the first few minutes of physical exercise.
With 10 and 15 minutes of exercise at
moderate intensity, circulating monocytes
were not changed compared with the
sedentary group, but monocyte values were
lower as compared with the same duration
low intensity groups. No previous studies
have evaluated this exercise length and no
mechanisms have thus far been proposed in
the literature. However, a possible
explanation may be a higher migration of
circulating monocytes to peritoneal tissue.
This may explain the observation in
peritoneal monocytes, in which the 10 and
15 minute moderate intensity groups
presented higher values in tissue than low
intensity groups.

These are possible explanations for the
increase in circulating monocytes observed
in the present study and for the increase in
the cellular and nuclear area of these
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monocytes verified during the first 5 and 10
minutes of exercise, performed at low and
moderate intensities. This response to
exercise promotes selective mobilization in
monocyte subsets from the marginal pool
and may induce morphological alterations.
However, with regard to morphological
alterations, it is difficult to establish the
exact mechanism responsible for the
alterations observed and the studies are
sparse.

It is important to mention that the present
study has limitations, for example, only
peritoneal tissue monocytes and
macrophages were counted. For future
investigations the activated monocytes and
peritoneal = macrophages should be
measured with flow cytometry so that the
changes induced by short duration exercise
may bring more important clinical
perspectives.

In humans, exercise performed at moderate
intensity and for a duration of 3 hours will
induce increases in IL-1P, IL-6 and TNF-a
plasma concentration; however, gene
expression and mRNA of these proteins do
not change in blood monocytes. It was
suggested that activated intratissue cells,
such as macrophages, could be responsible
for the increase in systemic cytokines (13).

The secretion of these cytokines may
contribute to the alteration in monocyte
cellular and nuclear area. Exercise increases
the plasma concentration of several
substances: B-endorphins, glucocorticoids,
catecholamines, prolactin, and thyroid
hormones. Macrophages and monocytes
have surface receptors for these molecules
(17). In monocytes, the synthesis and
expression of these receptors can be up-

http:/ /www.intjexersci.com
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regulated, as verified by the increase in
adhesion molecules (21) and p-endorphin
synthesis (3), mediated by exercise.
Consequently, these factors promote
alterations in monocyte cellular and nuclear
area.

The increase in phagocytosis of tissue
macrophages can be correlated with
increased  corticosterone levels after
strenuous exercise (4, 5). Noradrenalin, in
synergy with its end metabolite 4-hydroxy-
3-metoxyphenyl-glycol (HMPG), modulates
the phagocytic process of macrophages
mediated by the stimulation of a- and (-
adrenoreceptors (8). The increase in
prolactin plasma concentrations induced by
exercise stimulates chemotaxis,
phagocytosis, and microbicidal activity of
phagocytes (15). The exercise protocols
(intensity and duration) used by previous
studies are potentially different from the
exercise performed in the present study
(short-term), although an increase in
peritoneal macrophage phagocytic capacity
was observed; the exact mechanism still
needs to be addressed.

High concentrations of thyroid hormones
and p-endorphins secreted during exercise
also modulate chemotaxis and phagocytosis
of macrophages (10, 5, 16).

The main findings of this study were the
morphological and functional alterations in
monocytes, through the increase in cellular
and nuclear area and an increase in
phagocytic capacity after short periods of
exercise. There is a paucity of studies that
have analyzed the acute immune responses
to 5, 10 and 15 minutes of exercise. The
alteration in immune cell morphometry
after exercise can bring new investigation
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perspectives, indicating a research field to
be explored in exercise immunology.
Exercise performed for a short duration
may  stimulate  monocyte  function.
However, the consequences of these acute
alterations need to be investigated from a
chronic perspective. The sum of acute
responses observed in this study may exert
a protective effect against sickness and may
be used to improve health and lifespan (14).
Based on the results of the present study,
one may conclude that short-term, low and
moderate intensity exercise may be
interesting for starting a physical activity
program for sedentary individuals, since no
deleterious alterations were observed in
monocyte function.
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RESUMO

Int ] Exerc Sci 1(2): 71-78, 2008. O propédsito desse estudo foi verificar as alteracdes
histofisiolégicas em mondcitos e macréfagos induzidas por curtos periodos de exercicios. Ratos
Wistar (idade = 2 meses, peso corporal = 200g) foram divididos em sete grupos (n=6 cada):
controle sedentario (C), grupos exercitados (natacdo) na intensidade leve por 5 (5L), 10 (10L) e 15
minutos (15L), e grupos exercitados em intensidade moderada por 5 (5M), 10 (10M) e 15 minutes
(15M). Na intensidade moderada os animais carregaram uma carga de 5% do peso corporal dos
mesmos em seus respectivos dorsos. Os mondcitos sangtiineos foram avaliados quanto a
quantidade e morfologia e os macréfagos peritoneais foram analisados quanto a quantidade e
atividade fagocitaria. Os dados foram analisados usando ANOVA e Tukey’s post hoc test (p
<0,05). Os grupos de intensidade leve e 5M apresentaram aumento nos niveis dos mondcitos
quando comparados com o controle. Foi observado aumento na &rea celular dos mondcitos para
os grupos 5L, 10L, 5M e 10M; a area nuclear aumentou para os grupos 10L, 5M e 10M em
comparagdo com o controle. Houve aumento nos macréfagos peritoneais para os grupos 15L,
10M, 15M e diminui¢do no grupo 5M. A capacidade fagocitaria dos macréfagos aumentou nos
grupos de intensidade leve e para o grupo 10M. O exercicio realizado por curtos periodos
modulou o ntimero e fungdo dos macréfagos, assim como o ndmero e morfologia dos monécitos,
sendo tais alteracdes dependentes da intensidade. A soma das respostas agudas observadas nesse
estudo pode exercer um efeito protetor contra doencas, podendo ser utilizada para a melhora da
satde e qualidade de vida.

KEY WORDS: Exercicio, morfometria celular, sistema imune inato, fagocitose

INTRODUCAO

Nos dias atuais, a caréncia de tempo,
jornada de trabalho excessiva e estresse tém
levado os individuos a realizar sessodes
curtas de exercicios (5-25 minutos). A
intensidade, duracdo e freqtiéncia do

exercicio, assim como niveis individuais de
aptiddo fisica, sdo importantes fatores na
determinacdo da resposta imune em relagao
ao esforco fisico (14). O exercicio pode
estimular ou reduzir a funcdo imune.
Macréfagos e mondcitos sdo componentes
importantes do sistema imune inato sendo
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rapidamente ativados frente a uma
infeccdo. Macroéfagos fagocitam
microorganismos, eliminando alguns destes
e apresentam os antigenos aos linfécitos. A
imunossupressao dessas funcdes
potencialmente expde o organismo aos
antigenos, resultando em complexas
doencas (1). O exercicio regular realizado
em intensidade moderada esta associado
com aumento da resisténcia imune contra
infecgdes (12). Por outro lado, o exercicio
extenuante, tem sido associado com

transitoria supressao imune,
potencialmente aumentando a
susceptibilidade  as  infecgoes  (14),
especialmente infeccOes da vias

respiratdrias superiores (6, 7).

Glicocorticéides e catecolaminas sao
liberadas durante o exercicio e estimulam a
quimiotaxia, adesao, fagocitose e
apresentacao dos antigenos pelos leucécitos
(22, 8, 21). A prolactina, hormonios
tireoidianos, hormoénio do crescimento
(GH) e endorfinas contribuem para a
fagocitose, frente ao estresse induzido pelo
exercicio (17). Os hormonios do estresse,
especialmente os glicocoticoides, liberados
durante o exercicio exaustivo sdo
imunossupressores para os linfocitos.
Frente a essa situagao, a fagocitose e outros
mecanismos da imunidade inata, sao
estimulados e podem compensar a
supressao da atividade linfocitaria (17). O
exercicio exaustivo tem mostrado melhorar
ou suprimir certas fun¢des dos macréfagos;
parece que o efeito modulatério do
exercicio nos mondcitos e macréfagos é
dependente dos parametros que sao
avaliados, origem dos  macréfagos
teciduais, assim como intensidade e
duracao do exercicio (22). Contudo, as
informacdes existentes com respeito a
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breves periodos de exercicios agudos sobre
os monocitos e funcdo dos macréfagos sao
escassas. Foi hipotetizado que um exercicio
de curta duracdo (cinco a quinze minutos)
poderia aumentar o niimero dos mondcitos;
funcdo e morfologia dos macréfagos em
decorréncia do estresse imunomodulatério
imposto por uma sessao aguda de exercicio.

O entendimento do papel que o exercicio
desempenha nas fun¢des do sistema imune
é importante para capacitar os profissionais
da fisiologia do exercicio na recomendagdo
ou ndo do exercicio para individuos com
disfungdo ou depressao do sistema imune.
Foi utilizado um modelo animal devido a
este ser uma populagdo mais homogénea e
as variaveis externas serem mais facilmente
controladas. O objetivo o estudo foi
investigar o efeito do exercicio agudo,
realizado em intensidade leve e moderada
sobre a histofisiologia de macréfagos e
mondcitos de ratos.

METODO

Animais

Todo o experimento foi conduzido de
acordo com as recomendagdes do Colégio
Americano de Medicina do Esporte para o
Trabalho com Animais Experimentais e foi
aprovado pela Comissio de FEtica em
Experimentacdo Animal da Universidade
Federal de Sao Carlos. Foram usados ratos
Wistar com dois meses de idade (Rattus
novergicus var. albinus, Rodentia,
Mammalia) com peso médio de 190-210g.
Os animais tiveram livre acesso a agua e
racdo comercial para roedores (Labina,
Purina, Campinas, SP, Brasil). Os animais
foram mantidos em gaiolas coletivas (5
ratos por gaiola) a uma temperatura
constante de 23(+ 2)°C e ciclo claro/escuro
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de 12 horas, com luz das 06:00h as 18:00h
(os animais estavam livres de patdgenos).
Antes de iniciar o0s experimentos, o0s
animais passaram por 48 horas de
adaptagao as condigdes do laboratério.

Grupos experimentais

Os animais foram divididos em sete grupos
(N = 6 cada grupo): um grupo controle
sedentario (C); grupos exercitados na
intensidade leve por 5 (5L), 10 (10L) e 15
minutos (15L), e grupos exercitados na
intensidade moderada por 5 (5M), 10 (10M)
e 15 minutos (15M). Os grupos exercitados
realizaram apenas uma sessao de exercicio

agudo.

Exercicio fisico

O exercicio fisico escolhido foi a natacao,
realizada entre 14.00h e 17.00h em um
tanque mantido a temperatura de 30(+2)°C.
Os grupos exercitados em intensidade leve
ndo transportaram cargas adicionais. Na
intensidade = moderada os  animais
transportaram uma carga correspondente a
5% do peso corporal dos mesmos em seus
respectivos dorsos, correspondendo a uma
intensidade abaixo do ponto de inflexdo da
curva do limiar do lactato (9). Os animais
foram sacrificados imediatamente apds o
final do exercicio e o sangue e macréfagos
foram coletados. As andlises foram
realizadas apds este procedimento, no
mesmo dia.

Concentracao circulante total de leucocitos e
mondocitos

Amostras sangtiineas foram coletadas em
tubos com EDTA e armazenadas no freezer
para andlise das varidveis sangiiineas. O
namero total de leucocitos foi obtido com
solugdo de TURKEY (Merck KGaA,
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Darmstadt, Germany) e a contagem foi
realizada na camara de Neubauer. A
concentracdo circulante de monoécitos foi
mensurada através do microscépio Optico
utilizando esfregaco sangtiineo corado com
Giemsa-May-Griinwald (Sigma, St. Louis,
MO, USA) (2).

Contagem total e capacidade fagocitiria de
macréfagos peritoneais

A cavidade peritoneal foi lavada com 10mL
de PBS (pH 7,4 e 4°C) para remover
macréfagos residentes. As células foram
contadas na Camara de Neubauer com o
corante Triplan Blue (Sigma, St. Louis, MO,
USA). Um célculo foi utilizado para obter
uma aliquota da solugao em diluicoes de 2,0
x 106 células/mL. A esta aliquota, os
seguintes componentes foram adicionados:
50uL de Zymosan sérico de ratos
opsonizado (Sigma, St. Louis, MO, USA),
100pL de glicose 56mM (Sigma, St. Louis,
MO, USA), 200uL de albumina (Sigma, St.
Louis, MO, USA), e PBS para completar
ImL. A solucao foi incubada a 37°C durante
40 minutos com agitacao leve, e 100 células
foram analisadas em microscopia de luz
usando colorante Trypan Blue. Quando trés
particulas de Zymosan eram fagocitadas
pelo macréfago, a célula era considerada
com capacidade fagocitdria aumentada
(Figura 1) (19).

Andlise morfométrica

Os mondcitos sangiiineos foram analisados
por microscopia de luz usando esfregago
sangiliineo corado com May-Griinwald e
Giemsa (Sigma, St. Louis, MO, USA). A
partir de 20 mondcitos retirados de cada
animal, as areas celulares e nucleares foram
obtidas por meio da aplicagdo de um
sistema de andlise de imagens Pro Plus
Version 4.0 para Windows.
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Figure 1. Fotomicrografia de macréfagos peritoneais
(M), preparagdo total corada com Trypan Blue. As
estruturas densas observadas nos citoplasmas das
células sdo particulas fagocitadas de Zymosan (seta).
Ao redor destas células estdo varias particulas de
Zymosan indicadas pelas setas brancas grossas.

Andlise estatistica

Os dados sao apresentados como média +
EPM (erro padrdao da média). A
normalidade e distribuicido de todos os
parametros foram conferidas com o teste
Kolmogorov-Smirnov. As diferencas foram
analisadas por meio da andlise de variancia
two-way (ANOVA) considerando como
fatores intervenientes a duracdo e
intensidade do exercicio seguido pelo teste
de Tukey post hoc. Um nivel de
significancia de p <0,05 foi usado em todas
as comparacdes (duracdo do exercicio com
o controle e entre grupos e intensidade do
exercicio com o controle e entre os grupos).
O software utilizado foi o SPSS, plataforma
Windows, versao 10.0.

RESULTADOS

Foi observado aumento significativo nos
leucécitos totais para os grupos exercitados
quando comparados com o grupo controle;
aumento nos leucoécitos totais no grupo 5M
em comparacdo ao grupo 5L (44%). Foi
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observado aumento nos  mondcitos
circulantes para os grupos exercitados em
intensidade leve e para o grupo 5M, em
comparagdo com o controle. Houve
diminuicdo nos mondcitos nos grupos 10M
(60%) e 15M (45%) quando comparados
respectivamente, com os grupos 10L e 15L
(Tabela 1).

Tabela 1. Concentragdo circulante de leucdcitos,
mondcitos e macréfagos peritoneais, e capacidade
fagocitaria de macréfagos para os grupos controle e
grupos exercitados por 5, 10 e 15 minutos nas
intensidades leve e moderada.

Total

Grupo leucocitos Total mondcitos  Total macrofagos Fagocitose
circulantes x circulantes x 105 peritoneais x 106 (%)
106

C 4,12+0,17 153+0,3 14,08 + 0,57 74,8 +0,74
5L 8,70 +1,07* 5,03 +0,71* 1447 + 0,4 79,8 + 0,49*
10L 11,53 +1,09* 7,36 +0,91* 13,73 +0,13 78,8 +0,8%
15L 9,50 +0,92* 6,35 + 0,6* 17,77 + 0,5* 83 +0,45*
5M 12,56 +0,9*# 5,24 +0,3* 10,80 + 0,54*# 75 + 0,63#
10M 917 +0,6* 2,90 +0,24# 17,20 +0,35*# 79,6 + 0,68*
15M 11,61 +0,61* 3,45 +0,69# 20,91 + 0,56*# 77,4 + 0,75#

Valores sao média + EPM. C, grupo controle; 5L, 5
minutos de exercicio na intensidade leve; 10L, 10
minutos de exercicio na intensidade leve; 15L, 15
minutos de exercicio na intensidade leve; 5M, 5
minutos de exercicio na intensidade moderada; 10M,
10 minutos de exercicio na intensidade moderada;
15M, 15 minutos de exercicio na intensidade
moderada.  *Diferenca  significativa  quando
comparado com o grupo controle. *Diferenca
significativa entre grupos exercitados na mesma
duracgdo (p <0,05).

Houve  aumento  significativo  nos
macrofagos peritoneais para os grupos
exercitados 15L, 10M e 15M,
respectivamente de 26%, 22% e 48%; o
grupo 5M apresentou diminui¢do (23%)
quando comparado com o controle. Na
comparacdo entre o0s grupos, uma
diminuicdo nos macroéfagos peritoneais foi
observada para o grupo 5M (25%); aumento
para os grupos 10M (25%) e 15M (18%)
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quando comparados respectivamente, com
os grupos 5L, 10L e 15L (Tabela 1).

Os grupos exercitados na intensidade leve e
grupo 10M apresentaram aumento na
capacidade fagocitdria dos macroéfagos
peritoneais quando comparados com o
grupo controle. Uma diminuicdo na
capacidade fagocitaria dos macréfagos
peritoneais foi observada para os grupos
5M (6%) e 15M (7%) em comparagao
respectivamente, com os grupos 5L e 15L
(Tabela 1).

0 Cell mNucleus
30 - * * *

Area (um ?)

Control ] 10L 151
Groups

Figura 2. Morfometria celular e nuclear dos
mondcitos circulantes. Valores sdo expressos por
drea em um? média + EPM. C, grupo controle; 5L, 5
minutos de exercicio na intensidade leve; 10L, 10
minutos de exercicio na intensidade leve; 15L, 15
minutos de exercicio na intensidade leve; 5M, 5
minutos de exercicio na intensidade moderada; 10M,
10 minutos de exercicio na intensidade moderada;
15M, 15 minutos de exercicio na intensidade
moderada.  *Diferenca  significativa  quando
comparado com o grupo controle. *Diferenca
significativa entre grupos exercitados na mesma
duracgdo (p <0,05).

Os grupos 5L, 10L, 5M e 10M apresentaram
um aumento na area celular dos monécitos
(12%, 9%, 15% e 19%, respectivamente)
quando comparados com o controle. Foi
observado aumento significativo na area
nuclear dos mondcitos para os grupos 10L
(15%), 5M (37%) e 10M (18%) em
comparagdo com o controle. O grupo 5M
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apresentou aumento na area nuclear (23%)
em comparacdo com o grupo 5L (Figura 2).

DISCUSSAO

Em paralelo com a comum leucocitose, os
achados para o exercicio de intensidade
leve foram: principalmente um aumento
nos mondcitos circulantes e fagocitose de
macrofagos peritoneais observados para
qualquer duracao frente as sessdes de
exercicios de curtos periodos. Por outro
lado, para os exercicios de curta duragdo na
intensidade moderada, o principal achado
foi o aumento no numero de macréfagos
peritoneais para dez e quinze minutos e
uma aumentada fagocitose para dez
minutos de exercicio. Com relacdo aos
mondcitos circulantes um quadro de
aumento agudo no ndcleo e /ou
morfometria celular foi observado nas
sessoes de exercicios de cinco e dez
minutos, desaparecendo em 15 minutos de
execicio, independente da intensidade do
mesmo.

A leucocitose é provocada pela contracdo
do bago e outros o6rgdos linfaticos
secundarios, em adicao a modulacdao do
aumento das catecolaminas plasmaticas na
migracdo e atividade das células imunes.
Esse mecanismo induz uma alteracdo na
interacdo entre as células e o endotélio,
promovendo uma rapida desmarginagao
dos leucécitos durante o exercicio (11, 13).
No presente estudo, um significativo
aumento nos leucdcitos totais foi observado
nos grupos exercitados na intensidade leve
e moderada.

O exercicio moderado aumenta a expressao
das moléculas de adesdao nos mondcitos e
induz uma migracdo trans-endotelial
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induzida pela lipoproteina de baixa
densidade oxidada (ox-LDL) (21). Contudo,
o exercicio realizado em alta intensidade
promove uma regulacdo negativa na
migracdo trans-endotelial  (20). Esse
mecanismo,  parcialmente  pode  ser
responsavel pelo aumento observado nos
macréfagos peritoneais nos grupos 15L,
10M e 15M. Nesse caso, os monodcitos
poderiam ser estimulados para migrar
através do endotélio; a migracdo desses
mondcitos pode culminar na infiltragdo
para dentro do peritonio.
Conseqiientemente, o aumento nos
hormoénios tireoidianos induzido pelo
exercicio, estimula a quimiotaxia dos
macroéfagos (16) e também baixos niveis de
noradrenalina modulam a quimiotaxia dos
macréfagos mediado pelos receptores [-
adrenérgicos (8). Em adicdo, a f-endorfina
melhora a quimiotaxia dos mondcitos e
macrofagos (10).

Os monocitos situados no pool marginal
produzem TNF-a e outras citocinas pro-
inflamatérias que coordenam as fungdes
celulares imunes especificas e inatas,
incluindo interacdes com as células
endoteliais, expressdo diferenciada de
moléculas efetoras sobre a superficie
celular, crescimento e diferenciagdo (13).
Adicionalmente, essas células sdo
rapidamente e seletivamente mobilizadas
para a circulagdo central, a medida que o
exercicio induz aumentos nas
catecolaminas (18). No presente estudo,
esse aumento nos mondcitos circulantes foi
observado depois do exercicio realizado na
intensidade leve e em 5 minutos de
exercicio  realizado na  intensidade
moderada. Embora os niveis de
catecolaminas ndao tenham sido medidos, o
aumento nesses hormonios é uma alteragao
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classica observada nos primeiros minutos
de exercicio fisico. Com 10 e 15 minutos de
exercicio em intensidade moderada, os
mondcitos circulantes ndo se alteraram
comparado com o grupo controle
sedentario, mas os valores dos monocitos
estavam reduzidos comparados com o
grupo de mesma duragdo na intensidade
leve. Nenhum estudo prévio avaliou essa
duracdo de exercicio e nenhum mecanismo
foi proposto na literatura. Contudo, uma
possivel explicagdo pode ser uma alta
migracdo dos mondcitos circulantes para o
tecido peritoneal. Isso pode explicar as
observacdes quanto aos  mondcitos
peritoneais, nos quais, os grupos 10 e 15
minutos em intensidade moderada
apresentaram valores teciduais mais
elevados em comparagdo com os grupos de
intensidade leve.

Essas sdo possiveis explicacdes para o
aumento nos mondcitos  circulantes
observadas no presente estudo e para o
aumento na area celular e nuclear nesses
mondcitos verificada durante os primeiros
5 e 10 minutos de exercicio, realizado na
intensidade leve e moderada. Essa resposta
ao exercicio promove uma seletiva
mobilizacdo dos mondcitos do pool
marginal e podem induzir alteragdes
morfologicas. Contudo, com relacdo as
alteracdes morfoldgicas, é dificil estabelecer
o exato mecanismo responsavel pelas
alteracbes observadas e os estudos sao
€scassos.

E importante mencionar que o presente
estudo apresenta limitacdes, por exemplo,
somente o0s mondcitos e macréfagos
teciduais peritoneais foram contados. Para
futuras  investigacbes, 0s  mondcitos
ativados e  macréfagos  peritoneais
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poderiam ser medidos através da técnica de
citometro de fluxo, de tal modo que, as
alteracdes induzidas por exercicios de curta
duracdo podem trazer mais importantes
perspectivas clinicas.

Em humanos, o exercicio realizado na
intensidade moderada e por uma duracédo
de 3 horas induzird& aumento na
concentracdo plasmatica de IL-1p, IL-6 e
TNF-a; Contudo, a expressdo génica e
RNAm dessas proteinas nao se alteraram
nos mondcitos do sangue. Dessa forma, foi
sugerido que células intra-teciduais
ativadas, assim como macrofagos,
poderiam ser as responsaveis pelo aumento
nas citocinas sistémicas (13).

A secrecao dessas citocinas pode contribuir
para a alteracdo na area celular e nuclear
dos mondcitos. O exercicio aumenta a
concentragdo  plasmatica de  vadrias
substancias: P-endorfinas, glicocoticéides,
catecolaminas, prolactina e hormonios
tireoidianos. Macréfagos e mondcitos
apresentam receptores de superficies para
essas moléculas (17). Nos mondcitos, a
sintese e expressdo desses receptores
podem ser reguladas positivamente, como
verificado pelo aumento nas moléculas de
adesdo (21) e sintese de [-endorfina (3),
mediada pelo exercicio. Conseqiientemente,
esses fatores promovem alteraces na éarea
celular e nuclear dos mondcitos.

O aumento na fagocitose dos macréfagos
teciduais pode ser correlacionado com
aumentos nos niveis de corticosterona
depois do exercicio extenuante (4, 5). A
noradrenalina, em sinergia com o seu
metabdlito final 4-hidroxi-3-metoxifenil-
glicol (HMPG), modulam o processo
fagocitario dos macréfagos mediado pela
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estimulagdo dos adrenoreceptores a e 3 (8).
O aumento nas concentracdes plasmaticas
de prolactina induzido pelo exercicio
estimula a quimiotaxia, fagocitose e
atividade microbicida dos fagocitos (15). Os
protocolos de exercicios (intensidade e
duracao) utilizados nos estudos acima sao
potencialmente diferentes do exercicio
realizado no presente estudo (curtos
periodos), embora um aumento na
capacidade fagocitdria dos macréfagos
peritoneais tenha sido observado; o exato
mecanismo ainda precisa ser demonstrado.

Altas  concentracbes de  hormonios
tireoidianos e [-endorfinas, secretados
durante o exercicio também modulam a
quimiotaxia e fagocitose dos macroéfagos
(10, 5, 16).

Os principais achados do presente estudo
foram as alteracdes morfologicas e
funcionais nos mondcitos, por intermédio
do aumento na area celular e nuclear e um
aumento na capacidade fagocitaria depois
de curtos periodos de exercicio. Existe uma
escassez de estudos que avaliaram essas
respostas agudas ap6s 5, 10 e 15 minutos de
exercicio. A alteracio na morfometria
celular depois do exercicio agudo pode
trazer novas perspectivas de investigacdes,
indicando um campo de pesquisa para ser
explorado dentro da imunologia do
exercicio. O exercicio realizado com curta
duracdo pode estimular a funcdo dos
mondcitos. Porém, as conseqiiéncias dessas
alteragdes agudas precisam ser investigadas
sobre uma perspectiva cronica. A soma
dessas respostas agudas observadas nesse
estudo pode exercer um efeito protetor
contra doengas, podendo ser utilizadas para
melhora da satide e qualidade de vida (14).
Baseados nos resultados do presente
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estudo, pode-se concluir que o exercicio de
curta duracdo, de intensidade leve e
moderada pode ser interessante para iniciar
um programa de atividade fisica para
individuos sedentarios, j4 que nenhuma
alteracdo deletéria foi observada na funcao
dos mondcitos.
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