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ABSTRACT

VIEIRA, R. D. P., A. C. TOLEDO, L. B. SILVA, F. M. ALMEIDA, N. R. DAMACENO-RODRIGUES, E. G. CALDINI, A. B. G.

SANTOS, D. H. RIVERO, D. C. HIZUME, F. D. T. Q. S. LOPES, C. R. OLIVO, H. C. CASTRO-FARIA-NETO, M. A. MARTINS,

P. H. N. SALDIVA, and M. DOLHNIKOFF. Anti-inflammatory Effects of Aerobic Exercise in Mice Exposed to Air Pollution.Med. Sci.

Sports Exerc., Vol. 44, No. 7, pp. 1227–1234, 2012. Purpose: Exposure to diesel exhaust particles (DEP) results in lung inflammation.

Regular aerobic exercise improves the inflammatory status in different pulmonary diseases. However, the effects of long-term aerobic

exercise on the pulmonary response to DEP have not been investigated. The present study evaluated the effect of aerobic conditioning

on the pulmonary inflammatory and oxidative responses of mice exposed to DEP. Methods: BALB/c mice were subjected to aerobic

exercise five times per week for 5 wk, concomitantly with exposure to DEP (3 mgImLj1; 10 KL per mouse). The levels of exhaled nitric

oxide, reactive oxygen species, cellularity, interleukin 6 (IL-6), and tumor necrosis factor > (TNF->) were analyzed in bronchoalveo-

lar lavage fluid, and the density of neutrophils and the volume proportion of collagen fibers were measured in the lung parenchyma. The

cellular density of leukocytes expressing IL-1A, keratinocyte chemoattractant (KC), and TNF-> in lung parenchyma was evaluated with

immunohistochemistry. The levels of IL-1A, KC, and TNF-> were also evaluated in the serum. Results: Aerobic exercise inhibited the

DEP-induced increase in the levels of reactive oxygen species (P G 0.05); exhaled nitric oxide (P G 0.01); total (P G 0.01) and differential

cells (P G 0.01); IL-6 and TNF-> levels in bronchoalveolar lavage fluid (P G 0.05); the level of neutrophils (P G 0.001); collagen density

in the lung parenchyma (P G 0.05); the levels of IL-6, KC, and TNF-> in plasma (P G 0.05); and the expression of IL-1A, KC, and TNF->

by leukocytes in the lung parenchyma (P G 0.01). Conclusions: We conclude that long-term aerobic exercise presents protective effects

in a mouse model of DEP-induced lung inflammation. Our results indicate a need for human studies that evaluate the pulmonary

responses to aerobic exercise chronically performed in polluted areas. Key Words: AEROBIC TRAINING, IMMUNOLOGY, LUNG

INFLAMMATION, DIESEL EXHAUST PARTICLES, NITROSATIVE STRESS, OXIDATIVE STRESS

D
iesel exhaust particles (DEP) emitted during the
combustion of diesel fuel represent a major contrib-
utor to the airborne particulate matter mass in urban

areas (8). DEP consists of metals, organic species, and poly-
cyclic aromatic hydrocarbons and affects different aspects of
health and disease (16,18). DEP and its compounds induce
many proinflammatory effects in different organs (4,18), es-
pecially the respiratory tract. The inhalation and deposition
of DEP result in the release of different proinflammatory
molecules, contributing to the development and exacerbation
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of pulmonary diseases, such as asthma, chronic obstructive
pulmonary disease, and acute respiratory distress syndrome
(10,27,35).

Short-term and long-term administrations of DEP in ro-
dents are related to the increased release of proinflammatory
cytokines into the lungs, notably interleukin 6A (IL-6A), IL-6,
KC, and tumor necrosis factor > (TNF->) (4,11,31). The re-
lease of these cytokines in exposed animals is associated with
the recruitment and activation of different types of leukocytes,
which contribute to the development of pulmonary inflam-
matory diseases (28,41). A possible mechanism underlying
DEP-induced cytokine release is the production of reactive
oxygen species (ROS) and reactive nitrogen species (RNS)
that activate transcription factors, such as nuclear factor JB
(4,42,43).

Regular aerobic exercise results in multiple health bene-
fits, including improvement of cardiorespiratory fitness and
quality of life, reduction of obesity and blood pressure, and
increased longevity (15,24). When performed chronically
on a regular basis, aerobic exercise also reduces oxidative
stress systemically (13) in different diseases, such as heart
diseases, type 2 diabetes, rheumatic arthritis, and Alzheimer
and Parkinson diseases (29), as well as in the airway epi-
thelial cells of animals with long-term allergic lung inflam-
mation (40). Chronic practice of regular exercise exerts a
marked anti-inflammatory effect in different models of pul-
monary diseases, such as in asthma models (25,37–40), acute
respiratory distress syndrome (22,30), and chronic obstructive
pulmonary disease (20,36).

Studies that have investigated the effects of exposure to
air pollutants during exercise have suggested that people ex-
ercising in polluted environments are at increased risk of res-
piratory and cardiovascular morbidity related to air pollution
owing to an exercise-induced amplification in respiratory
uptake, lung deposition, and toxicity of inhaled pollutants
(3,12,26,32–34). Exercise may increase the likelihood of an
adverse effect by increasing the dose of pollutants delivered
to target sites in the lungs as ventilation increases to meet
metabolic demands (5). However, these studies do not take
into account the potential anti-inflammatory effects of aerobic
conditioning, which could inhibit the proinflammatory events
induced by air pollution. Therefore, the aim of the present
study was to investigate the effects of 5 wk of aerobic exer-
cise performed in association with DEP exposure on pulmo-
nary and systemic inflammation, oxidative, and nitrosative
stress and remodeling.

METHODS

In all experiments, the American College of Sports Medi-
cine guidelines for animal care was followed. This study was
approved by the review board for human and animal studies
of the School of Medicine of the University of São Paulo
(protocol 1225/09).

DEP Collection, Analysis, and Suspension

A particle trap device was adapted to the exhaust pipe of
a bus from the public transportation fleet of São Paulo. The
bus was equipped with a Mercedes Benz MB1620, 210-hp
engine, without electronic fuel injection control, which ran
on diesel containing 500 ppm of sulfur. This particular type
of bus was chosen because it is the most frequently operat-
ing bus in São Paulo, based on information provided by the
municipality. Briefly, a stainless steel mesh was inserted into
the exhaust pipe of the bus. Diesel particles were collected
after 1 d of routine bus operation and stored for toxicological
studies. Twenty-four hours after collection, particle composi-
tion analysis was performed following previously published
methods (16). Following the analysis, DEP was suspended in
0.9% NaCl (3 mgImLj1) for 1 h to obtain a homogeneous
solution (16).

Experimental Protocol

Animals and experimental groups. Thirty-two BALB/
c male mice were obtained from the Animal Facility of the
School of Medicine of the University of São Paulo and
maintained under controlled conditions of temperature, hu-
midity, and a dark–light cycle. The animals were divided into
four groups (n = 8 each group) as follows: control (non-
exercised and non–DEP-instilled), exercise (Exe; exercised and
non–DEP-instilled), DEP (nonexercised and DEP-instilled),
and DEP + Exe (DEP-instilled + exercise).

DEP instillation. Aiming to mimic exercise performed
in air-polluted areas, DEP (3 mgImLj1) was intranasally
instilled (10 KL per mouse) with a 100-KL micropipette
10 min after the beginning of exercise. DEP instillation
was performed five times per week, during 5 wk. The in-
tranasal instillation induced a reflex of apnea followed by a
deep inspiration. The noninstilled groups were administered
vehicle (0.9% NaCl).

Exercise treadmill test and training. Animals were
adapted to the treadmill for rodents (Super ATL; Imbramed,
RS, Brazil) training for 3 d (15 min, 25% inclination,
0.2 kmIhj1). On the fourth day, the individual maximal
exercise capacity test was performed with a 5-min warm-up
(25% inclination, 0.2 kmIhj1) and followed by an increase
in treadmill speed (0.1 kmIhj1 every 2.5 min) until animal
exhaustion (i.e., when they were not able to run voluntarily
after 10 mechanical stimuli) (37–40). The test was repeated
after 5 wk of training. The maximal exercise capacity (100%)
was defined as the maximum speed reached by each animal.
The physical test was performed for each mouse individ-
ually. The speed average of each group was calculated, and
then the mice were submitted to treadmill training as a mean
speed of the group workload. Mice were trained at low in-
tensity, corresponding to 50% of the initial maximal speed
obtained in the exercise test, for 60 minIdj1, 5 dIwkj1 for
5 wk, as previously described (37–40).

Determinationof exhaled nitric oxide levels. Twenty-
four hours after the last DEP instillation and exercise session,
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mice were anesthetized with 50 mgIkgj1 intraperitoneally of
thiopental sodium, tracheostomized, and connected to a
rodent ventilator (FlexiVent; Scireq, Montreal, Quebec,
Canada) with a tidal volume of 10 mLIkgj1 at a frequency of
2 Hz. The levels of exhaled nitric oxide (eNO) were measured
after a 5-min collection at the expiratory port of the ventilator
using a mylar bag. The concentrations of eNO were measured
by chemiluminescence using a nitric oxide analyzer (NOA
280; Sievers Instruments, Boulder, CO) (30).

ROS in bronchoalveolar lavage fluid. Immediately
after the collection of bronchoalveolar lavage fluid (BALF,
3 � 500 KL 0.9% sterile saline solution lung lavage),
400 KL was used for evaluation of the levels of ROS by
chemiluminescence with luminol as previously described
(1). The results were expressed as photons per minute per
cell � 105.

Total and differential cells in BALF. After BALF
collection, the samples were centrifuged at 800 rpm, at 4-C
for 10 min. The supernatant was stored at j70-C for cyto-
kine analysis, the cellular pellet was resuspended in 1 mL of
0.9% sterile saline, and the total cell count was performed
using a Neubauer chamber (Carl Roth GmbH, Karlsruhe,
Germany) (30). For the differential cell count, cytospin slides
were prepared and stained with Diff Quick (Medion Diag-
nosis, Düdingen, Switzerland), and 300 cells were counted in
a blinded fashion (30).

Cytokine analysis. The levels of IL-1A, IL-6, KC, and
TNF-> in BALF and in serum were measured using com-
mercial ELISA kits according to the manufacturer’s instruc-
tions (R&D Systems, Minneapolis, MN).

Lung histology and immunohistochemistry. All
animals from each group were used for histological analysis.
Four-micrometer-thick slides were stained with hematoxylin
and eosin for the evaluation of the number of polymorpho-
nuclear (PMN) cells in the lung parenchyma and with
picrosirius for the evaluation of the collagen content in the
lung parenchyma (30,38). The density of PMN cells in the
lung parenchyma was assessed by conventional morpho-
metric techniques (30,38). The content of collagen in the
lung parenchyma was evaluated with image analysis, as
previously described (30). Briefly, 20 aleatory fields of lung
parenchyma at 400� magnification in each lung were pho-
tographed and analyzed using the software (Image Pro Plus
4.5; MediaCybernetics, Silver Spring, MD) (30). A color
threshold (corresponding to positive area for collagen fibers)
was established to be sure that all images were analyzed
under the same color standard. The parenchymal tissue area
was determined by subtracting the area of parenchymal
airspaces from the total area in each field (30). The volume
proportion of collagen fibers were determined as the relation
between area of collagen fibers in total tissue area and were
expressed as percentage (%) (30).

In addition, the number of cells positive for IL-1A, KC,
and TNF-> in the lung parenchyma was evaluated with im-
munohistochemistry and conventional morphometric tech-
niques (38). Briefly, lung sections were deparaffinized, and

a 0.5% peroxidase methanol solution was applied for 10 min
to inhibit endogenous peroxidase activity. Antigen retrieval
was performed with a citrate solution for 30 min. The sections
were incubated overnight at 4-C with anti–IL-1A (1:300),
anti-KC (1:500), and anti–TNF-> (1:400) (Santa Cruz Bio-
technology, Santa Cruz , CA). An ABC VECTASTAIN Kit
(Vector Elite PK-6105; Vector Laboratories, Burlingame, CA)
was used as a secondary antibody, and 3,3-diaminobenzidine
(Sigma Chemical Co., St. Louis, MO) was used as a chromo-
gen. The sections were counterstained with Harris hematoxy-
lin (Merck, Darmstadt, Germany).

Statistical Analysis

The statistical analysis was performed using the soft-
ware SPSS 13.0 (SPSS, Inc., Chicago, IL). Parametric and
nonparametric data are expressed as the means T SD or the
median + interquartile range, respectively. Comparisons be-
tween the two outcomes (exercise and DEP) were performed
by two-way ANOVA followed by Student–Newman–Keuls
post hoc test (parametric data) or by Dunn post hoc test
(nonparametric data). Differences were considered statisti-
cally significant at P G 0.05. In addition, a multivariate
ANOVA was performed to resolve the main effects of exer-
cise and DEP for all outcomes evaluated. This test also pro-
duces an interaction term that identifies whether or not the
effects of one factor (exercise) are influenced by the effects
of the other (DEP exposure).

RESULTS

Effects of aerobic training and DEP on exercise
capacity. As demonstrated in Table 1, the exercised mice
not subjected to DEP instillation (Exe group) significantly
improved their physical capacity compared with all other
groups (P G 0.01). The multivariate ANOVA revealed that
both exercise (F = 29.518, P G 0.001) and DEP (F = 15.031,
P = 0.001) presented a significant effect on the exercise
capacity, but no interaction effects between exercise and
DEP was observed (F = 3.19, P = 0.086).

Effects of aerobic exercise and DEP exposure on
eNO and ROS release. Figure 1A shows that DEP in-
stillation increased the release of eNO compared with all
groups (P G 0.01). Exercised mice exposed to DEP (Exe +
DEP) showed a significantly lower production of eNO com-
pared with the DEP group without exercise (P G 0.01). The
multivariate ANOVA demonstrated that exercise alone did
not result in significant effect on eNO release (F = 3.03,

TABLE 1. Effects of aerobic training and DEP on exercise capacity.

Groups Initial Test Final Test Final j Initial Test

Control 23.6 T 2.3 30.1 T 3.4 6.4 T 3.1
Exe 21.8 T 2.5 38.6 T 3.1 16.79 T 4.0*
DEP 25.2 T 3.5 28.6 T 4.6 3.4 T 2.9
DEP + Exe 28.1 T 4.2 36.8 T 4.2 8.4 T 4.1

Results are expressed as mean T SD.
* P G 0.01 compared with all other groups.
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P = 0.094), DEP instillation resulted in a significant effect
(F = 9.77, P = 0.004), and there was an interaction effect
between DEP and Exe (F = 7.20, P = 0.013). Figure 1B
shows that DEP significantly increased the ROS levels in
BALF compared with all the other groups (P G 0.05). Aerobic
exercise (Exe) reduced the ROS levels compared with all
other groups (P G 0.01). We also observed that DEP + Exe
animals presented lower levels of ROS production compared
with the DEP group (P G 0.05). The multivariate ANOVA
confirmed the effects of exercise (F = 23.20, P G 0.001) and
DEP instillation (F = 32.69, P G 0.001) on ROS release, but
no interaction between DEP and exercise was observed
(F = 0.001, P = 0.971).

Effects of aerobic exercise and DEP exposure on
lung inflammation and remodeling. Data presented in
Figure 2A demonstrate that DEP exposure induced a sig-
nificant increase in the number of total cells (P G 0.05),
neutrophils (P G 0.01), macrophages (P G 0.05), and lym-
phocytes (P G 0.05) in BALF compared with the control and
Exe groups. We also observed that aerobic exercise (DEP +
Exe) inhibited the pulmonary accumulation of neutrophils
(P G 0.01) and lymphocytes (P G 0.05) compared with the
DEP group. The multivariate ANOVA revealed that only DEP
alone resulted in a significant effect on the number of total
cells (F = 16.22), lymphocytes (F = 10.44), and macrophages
in BALF (F = 25.35, P e 0.004), whereas no effects of ex-
ercise alone (P Q 0.175) or DEP interaction with exercise
(P Q 0.175) were observed. The multivariate ANOVA showed
a significant effect of DEP on the number of neutrophils in
BALF (F = 8.54, P = 0.007) as well as an interaction effect
between DEP and exercise (F = 6.72, P = 0.015). DEP in-
duced an increase in the density of PMN cells in the lung
parenchyma compared with all other groups (P G 0.001).
Aerobic exercise in animals instilled with DEP (DEP + Exe)
significantly reduced the density of PNM cells in the lung
parenchyma compared with the DEP group (P G 0.001;
Fig. 2B). The multivariate ANOVA showed an effect of both
exercise (F = 6.71, P = 0.016) and DEP (F = 21.88, P G
0.001), and also an interaction effect between DEP and ex-
ercise (F = 32.14, P G 0.001) on the density of PMN cells

in the lung parenchyma. Figure 2C shows that DEP induced
an increase in the volume proportion of collagen fibers in
the lung parenchyma when compared with all of the other
groups (P G 0.05). Aerobic exercise significantly inhibited
DEP-induced collagen accumulation in the lung paren-
chyma (P G 0.05). The multivariate ANOVA showed that
DEP significantly affected the volume proportion of col-
lagen fibers in the lung parenchyma (F = 5.54, P = 0.029),
whereas exercise alone did not present any effect (F = 3.68,
P = 0.069). No interaction between DEP and exercise
(F = 2.07, P = 0.166) was observed. Figure 2D shows repre-
sentative photomicrographs of slides stained with hematoxylin
and eosin from all experimental groups, demonstrating the
level of inflammation in the lung parenchyma.

Effects of aerobic exercise and DEP exposure
on cytokine production. Data presented in Figure 3A
demonstrate that DEP instillation increased the TNF-> and
IL-6 levels in BALF compared with all of the other groups
(P G 0.05) and that aerobic exercise in DEP-instilled ani-
mals significantly decreased the levels of these cytokines
compared with the DEP group (P G 0.05). The multivariate
ANOVA also demonstrated that exercise (P e 0.027) and
DEP (P G 0.040) presented a significant effect on the TNF->
(Exe, F = 5.57; DEP, F = 5.97) and IL-6 levels (Exe, F =
6.57; DEP, F = 4.69), but no interaction effect was observed
(P Q 0.06). Data presented in Figure 3B demonstrate that
DEP induced the increase in TNF->, IL-6, and KC levels in
serum compared with all other groups (P G 0.05). Again, the
results demonstrated that aerobic exercise in DEP-instilled
animals significantly decreased the levels of these cytokines
compared with the DEP group (P G 0.05). The multivariate
ANOVA showed that exercise (F = 8.96, P = 0.006) and
DEP (F = 8.36, P = 0.007) presented a significant effect on
serum levels of TNF->, whereas no interaction effect be-
tween DEP and exercise was observed (F = 3.48, P = 0.073).
There were an effect of exercise (F = 7.29, P = 0.012) and
DEP (F = 6.45, P = 0.018) and an interaction effect of DEP
and exercise (F = 7.47, P = 0.012) on the IL-6 levels in
serum. Further, a significant effect on serum levels of KC
was observed for DEP (F = 6.35, P = 0.018), as well as an

FIGURE 1—Effects of aerobic exercise and DEP on the levels of eNO and the levels of ROS in BALF. A, eNO: bars represent the mean T SD of eight
animals from each group. Asterisk indicates treatments that are significantly different at P G 0.01 compared with all of the other groups. B, ROS: bars
represent mean T SD. Asterisk indicates treatments that are significantly different at P G 0.05 compared with all of the groups. Pound sign indicates
treatments that are significantly different at P G 0.01 compared with all of the groups.
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interaction effect between DEP and exercise (F = 4.84,
P = 0.036). In addition, we observed that DEP induced the
expression of KC (P G 0.01), TNF-> (P G 0.001), and IL-1A
(P G 0.001) by leukocytes in the lung parenchyma compared
with the control group (Fig. 3C). Similarly, aerobic exercise
in DEP-instilled animals (DEP + Exe group) significantly
reduced the expression of KC (P G 0.01), TNF-> (P G
0.001), and IL-1A (P G 0.001) by leukocytes compared with
DEP instillation without exercise (DEP group) (Fig. 3C).
The multivariate ANOVA showed an effect of Exe (F = 9.86,

P = 0.004) and an interaction effect between DEP and
exercise (F = 13.42, P = 0.001) on the expression of KC in
lung tissue, whereas no effect of DEP alone was observed
(F = 2.94, P = 0.099). The multivariate ANOVA also showed
an effect of exercise (P e 0.003) and DEP (P G 0.001) and
an interaction effect between DEP + Exe (P G 0.001) on
the expression of TNF-> (Exe, F = 12.77; DEP, F = 33.68;
DEP + Exe, F = 46.78) and IL-1A (Exe, F = 10.89; DEP,
F = 34.06; DEP + Exe, F = 74.05) in lung tissue. Figure 3D
shows representative photomicrographs of TNF->–stained

FIGURE 2—Effects of aerobic exercise and DEP on lung inflammation and remodeling. Bars represent the mean T SD of eight animals from each
group. A, Asterisk indicates treatments that are significantly different at P G 0.05 (total cells and macrophages) compared with the control and Exe
groups. For neutrophils, asterisk indicates treatments that are significantly different at P G 0.01. For lymphocytes, asterisk indicates treatments that are
significantly different at P G 0.05 compared with all of the other groups. B, Asterisk indicates treatments that are significantly different at P G 0.001
compared with all of the other groups. C, Asterisk indicates treatments that are significantly different at P G 0.05 compared with all of the other groups.
D, Representative photomicrographs of hematoxylin-eosin–stained slides from the control (right upper panel), Exe (left upper panel), DEP (right bottom
panel), and DEP + Exe (left bottom panel). Scale bar = 50 Km.
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slides from the control (right upper panel), Exe (left upper
panel), DEP (right bottom panel), and DEP + Exe (left bot-
tom panel).

DISCUSSION

In the present study, we demonstrated for the first time
that aerobic exercise inhibits lung inflammation, pulmonary
and systemic proinflammatory cytokine release, and the
pulmonary levels of oxidative and nitrosative stress in an

experimental model of chronic DEP-induced pulmonary
inflammation.

Several experimental and human studies have demonstrated
that increased levels of air pollution boost the release of free
radicals, notably reactive oxygen and nitrogen species, either
systemically or locally in different organs (4,14,19,21,42,43).
The release of reactive species is closely associated with
pulmonary inflammation (42,43). Moreover, the use of anti-
oxidant therapeutic strategies in animals exposed to parti-
culate matter decreases the levels of several inflammatory
parameters (42,43). In agreement with these previous studies,

FIGURE 3—Effects of aerobic exercise and DEP on TNF->, IL-6, and KC levels in BALF and serum and the expression of KC, TNF->, and IL-1A by
leukocytes in the lung parenchyma. A, Bars show the median + interquartile range of eight animals from each group for the BALF levels of TNF-> and
IL-6. B and C, Bars represent the mean T SD of eight animals from each group, for TNF->, IL-6, and KC levels in serum and the expression of KC,
TNF->, and IL-1A by peribronchial leukocytes, respectively. In A and B, asterisk indicates treatments that are significantly different at P G 0.05 when
compared with all of the groups. In C, asterisk indicates treatments that are significantly different at P G 0.01 (KC) and asterisk indicates treatments
that are significantly different at P G 0.001 (TNF-> and IL-1A). D, Representative photomicrographs of TNF->–stained slides from the control (right
upper panel), Exe (left upper panel), DEP (right bottom panel), and DEP + Exe (left bottom panel). Scale bar = 50 Km.
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we showed that long-term exposure to DEP increased the
release of pulmonary ROS and RNS, specifically eNO, rein-
forcing the concept that exposure to air pollution is associated
with increased production of free radicals. Furthermore, we
demonstrated that the long-term and regular practice of low-
intensity aerobic exercise was protective from the effects
of DEP exposure by inhibiting the pulmonary production of
ROS and nitric oxide. We also showed that DEP induced a
significant increase in the number of total cells, neutrophils,
macrophages, and lymphocytes in the BALF and in the den-
sity of PMN cells in the lung parenchyma. This DEP-induced
inflammatory response was also inhibited by aerobic exer-
cise. Our results suggest that the reduction in oxidative stress
is a primary event linked to the anti-inflammatory effects of
long-term exercise.

The increase in oxidative and nitrosative stress induced
by particulate matter is also associated with the release of
proinflammatory cytokines in humans and mice and in iso-
lated cell cultures (6,23,42,43). Zhao et al. (43) demon-
strated that DEP increased the production of ROS and nitric
oxide by alveolar macrophages, and DEP increased pro-
duction of the proinflammatory cytokine IL-12. Similarly,
den Hartigh et al. (6) demonstrated that some components
of particulate matter are involved in the activation of endo-
thelial cells, which resulted in the further coactivation of
circulating monocytes. In addition, it was recently demon-
strated that DEP induced the systemic release of IL-6, a
cytokine considered to be a reliable biomarker of the in-
flammatory process, in mice (2,9,23). In this study, exposure
to DEP induced increased levels of IL-6 in both serum and
BALF. Other proinflammatory cytokines, such as IL-1A,
TNF->, and KC, were also increased in BALF and lung
parenchyma after DEP instillation. By using quantitative
immunohistochemistry analysis, we also demonstrated that
leukocytes in the lung parenchyma are involved in the re-
lease of these cytokines and that low-intensity aerobic ex-
ercise inhibited both the total amount of proinflammatory
cytokines and the activation of parenchymal leukocytes.

By evaluating lung collagen content through a quantita-
tive histomorphometric technique, we observed that exposure
to DEP increased parenchymal remodeling. Lung remodel-
ing is likely a consequence of unresolved chronic inflamma-

tion and is associated with functional changes in airway and
interstitial pulmonary diseases (7,17,21). We demonstrated
that aerobic exercise reduced the DEP-induced lung parenchy-
mal remodeling, indicating the potential benefit of long-term
aerobic exercise in preventing structural changes in the lung
parenchyma associated with chronic inflammatory con-
ditions.

The pulmonary and systemic effects of a short-term exer-
cise session performed in a highly polluted area were re-
cently evaluated (12). The authors observed that, immediately
after the exercise session, the numbers of blood neutrophils
increased significantly, but no other important parameters
of inflammation, such as exhaled nitric oxide, IL-6 levels,
platelet function, and serum levels of Clara cell protein,
were changed. The authors concluded that healthy people
should be discouraged from performing exercise in areas of
heavy traffic with concentrated air pollution (12). Because
the authors reached this conclusion based on a short-term
experiment, long-term experiments evaluating populations per-
forming daily exercise in air-polluted areas are urgently re-
quired. Therefore, our experiment was designed to mimic this
situation in a laboratory setting, aiming to provide initial evi-
dence concerning the long-term effects of aerobic exercise on
systemic and pulmonary inflammation in populations living
in polluted areas. Taken together, our results indicate that the
decreased inflammatory status achieved by long-term aerobic
exercise has a protective effect on DEP-exposed mice, de-
creasing the proinflammatory effects of long-term exposure to
air pollution.

We conclude that low-intensity aerobic exercise presents
protective effects from DEP-induced lung inflammation, re-
modeling, and pulmonary oxidative stress.
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