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Abstract
Background: Regular aerobic exercise improves the inflammatory status in different lung diseases. However, 
the effects of long-term aerobic exercise on the lung response have not been investigated. The present study 
evaluated the effect of aerobic exercise on the lung inflammatory.
Materials and Methods: 12 adult male Wistar rats were divided to 2 groups: A: control (n=6), B: aerobic 
exercise (five times per week for 4 week; n=6). The gene expression of NF-κB and TNF-α were analyzed in 
lung tissue by Real time–PCR. In order to determine the significant differences between groups independent t-
test were used.
Results: Aerobic exercise inhibited the gene expression of NF-κB and TNF-α. But there was no significant 
difference between A and B groups for TNF-α and NF-κB.
Conclusion: We conclude that four week aerobic exercise decrease inflammatory status in lung tissue. Our 
results indicate a need for human studies that evaluate the lung responses to aerobic exercise.
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Introduction
Increased expression of inflammatory proteins 
including cytokines in air way is associated with 
asthma, chronic obstructive pulmonary disease, and 
lung cancer. Inflammation appears to be etiologically 
linked to the pathogenesis of all of these conditions1-

4, and the development of a chronic low-grade 
inflammatory state has been established as a 
predictor of risk for several of them5. However, when 
the inflammatory conditions are persistent, or when 
resolution mechanisms fail, a state of chronic 
inflammation ensues that can lead to loss of normal 
physiological functions. A central role in the 

induction of chronic inflammation is played by a set of 
genes encoding proinflammatory cytokines such as IL-
1, IL-2, IL-6, and TNF-α (Tumor necrosis factor- α) 
and monocyte chemotactic protein 1. What is common 
to all these molecules is that they are regulated by the 
NF-κB (nuclear factor-κB)6-8. Some NF-κB-regulated 
cytokines, such as TNF- α and IL-1β, in turn regulate 
NF-κB itself9. Physical inactivity and sedentary 
behavior also increase the risk of these conditions.
Exercise has anti-inflammatory effects, and therefore, 
in the long term, regular physical activity can protect 
against the development of chronic diseases10-13. In the 
present study, we hypothesized that a decrease in 
NF κ- B and TNF-α expression could be the basis for 
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decrease the chronic inflammation and in above 
diseases.

Methods
In all experiments, the Tarbiat Modares University 
guidelines for animal care were followed. This study 
was approved by the Tarbiat Modares University of 
Tehran (Cod number: 62/2987).
Animals 
Twelve adult male Wistar rats aged 8 weeks were 
obtained from Pasteur Institute of Iran and randomly 
divided into the 2 groups: A; control (n=6), B; 
aerobic exercise (five times per week for 4 week; 
n=6), Rats were housed in cages under controlled 
environment (23°C and 12h light–dark cycle) with 
free access to normal chow and tap water.
Exercise treadmill test and training
Animals in B group were adapted to the treadmill for 
rat (will running treadmill, Lafayette American) 
training for 3 days (15min, 20m/min). On the fourth 
day, the individual maximal exercise capacity test 
was performed with a 5min warm-up (6m/min) and 
followed by an increase in treadmill speed (3m/min 
every 3min) until animal exhaustion (i.e., when they 
were not able to run voluntarily after 3 mechanical 
stimuli)14-16. The maximal exercise capacity (100%) 
was defined as the maximum speed reached by each 
animal. The physical test was performed for each rat 
individually. The speed average of group was 
calculated, and then the rats were submitted to 
treadmill training as a mean speed of the group 
workload. rat were trained at low intensity, 
corresponding to 50% of the initial maximal speed 
obtained in the exercise test, for 60 min, 5 five times 
per week, as previously described14-16.
Analysis of mRNA Expression NF-κB and TNF-α 
by RT-PCR
After scarified rat and Total lung tissue RNA was 
isolated using Trizole reagent (Qiagen, Germany), 
according to the manufacturer’s instructions. The 
RNA samples were subjected to reverse transcription 
using Thermos Scientific Revert Aid First Strand 
cDNA Synthesis Kit (Ferementase). In the 
subsequent step, the cDNAs were used as templates 
to perform real-time PCR using SYBR green PCR 
master mix (SYBR green I,) by step one ABI system 
(Applied Bio system).The crossing threshold values 

assessed by the real-time PCR were evaluated for the 
transcripts and normalized to the results for GAPDH 
mRNA. The corresponding primer pairs for NF-κB, 
and TNF-α and GAPDH (housekeeping gene) were 
listed in table 1.
Real-Time PCR
All the tests were done duplicated in each group. The 
threshold cycle (Ct) for each specific gene, 
corresponding housekeeping gene (GAPDH) and their 
differences (ΔCt) were determined and then evaluated 
gene expression changes using ∆∆CT formula.
Statistical Analysis
Results are expressed as Mean±SD. Differences in 
NF-κB, and TNF-α expression between control and 
exercise groups were examined by independent t-test. 
P<0.05 were considered statistically significant

Results
Data presented in figure 2 demonstrate that aerobic 
exercise decreases the gene expression of NF-κB and 
TNF-α in lung tissue compared with control group. No 
significant effect was observed on the gene expression 
TNF-α (P=0.669) and NF-κB (P=0.079) by 
independent t-test.

Discussion
In the present study, we demonstrated that aerobic 
exercise inhibits lung inflammation and 
proinflammatory cytokine release in lung tissue in an 
experimental model. A central role in the induction of 
chronic inflammation is played by a set of genes 
encoding proinflammatory cytokines such as IL-1, IL-

Table 1: Primer Sequences Used in Real-Time PCR.

Primer sequenceGene

FOR:5´-
AACACTGCCGAGCTCAAGAT -3´

REV:5´-
CATCGGCTTGAGAAAAGGAG -3´

NF-kB

FOR:5´-
GACCCTCACACTCAGATCATCTTC 

-3´
REV:5´-  

TGCTACGACGTGGGCTACG  -3´

TNF-α

FOR:5´-
GACATGCCGCCTGGAGAAAC  -3´

REV:5´-  
AGCCCAGGATGCCCTTTAGT   -3´

GAPDH
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2, IL-6, and TNF-α and monocyte chemotactic 
Protein 16-8 that are regulated by the transcription 
factor (NF-κB)6-8. Increased expression of NF-κB 
associated with asthma, chronic obstructive 
pulmonary disease1-4. 
The mechanisms responsible for the effects of 
exercise on immune responses in the lung remain ill 
defined: however, data presented suggest that such 
mechanisms may involve exercise-induced changes 
in NF-κB activation. Pastva et al. have reported that 
aerobic exercise attenuates airway inflammation in a 
mouse model of atopic asthma via modulation of NF-
κB activation17. Similarly, Henriksen and Nielsen 
demonstrated a beneficial effect of endurance 
training on exercise-induced bronchoconstriction and 
working capacity18. Exercise decreased the numbers 
of each of the observed infiltrating cell types. In 
general, exercise appeared to decrease cellular 
infiltration by improving the integrity of the 
epithelial layer19. Catecholamine’s, such as 
epinephrine, may exert bronchodilatory effects that 
lessen compressive pressures and thereby decrease 
stress-induced NF-κB activation in the airways20,21. 
Catecholamine’s increased during exercise.
Specifically, we showed that aerobic exercise 
decreased NF-ΚB and TNF-α expression in lung 
tissue. Alternatively, improved physical fitness and 
decreased inflammatory load as a consequence of 

moderate intensity training can be reason for this 
result.

Conclusion
We conclude that four week aerobic exercise decrease 
inflammatory status in lung tissue. Although change in 
gene expression in present study was slight, however 
this result can be clinically important. Our results 
indicate a need for human studies that evaluate the 
lung responses to aerobic exercise.

Acknowledgements
We would like to thank the members of this research 
for assistance in conducting this study.

References
1. Mathis D, Shoelson S. Immuno metabolism: an emerging frontier. 
Nature Rev. 2011;11:81–93.
2. Hotamisligil GS. Inflammation and metabolic disorders. Nature. 
2006;444:860–7.
3. Ouchi N, Parker JL, Lugus JJ, Walsk K. Adipokines in 
inflammation and metabolic disease. Nature Rev. 2011; 11:85–97.
4. Rook GA, Dalgleish A. Infection, immune regulation, and cancer. 
Immunol Rev. 2011;240:141–59.
5. Pradhan A D, Manson J E, Rifai N, Buring JE, Ridker PM. 

C-reactive protein, interleukin 6, and risk of developing type 2 

diabetes mellitus. JAMA. 2001;286:327–34.
6. Greten FR, Eckmann L, Greten TF, Park JM, Li ZW, Egan LJ, et 
al. IKKbeta links inflammation and tumorigenesis in a mouse model 

Figure 1. Effects of aerobic exercise on of NF- κB and TNF-α expression in lung. NF- κB and TNF-α expression decreased after 4 weeks 
aerobic exercise



Fashi et al.                                                     The Effects of Aerobic Exercise on NF-κB and TNF-α in Lung Tissue of Male Rat

NBM                                                                           134                                   Novelty in Biomedicine 2015, 3, 131-4

of colitis-associated cancer. Cell. 2004;118:285–96.
7. Luo JL, Maeda S, Hsu LC, Yagita H, Karin M. Inhibition of NF-
kappaB in cancer cells converts inflammation- induced tumor 
growth mediated by TNF-alpha to TRAIL-mediated tumor
regression. Cancer Cell. 2004;6:297–305.
8. Pikarsky E, Porat RM, Stein I, Abramovitch R, Amit S, Kasem 
S, et al. NF-kappaB functions as a tumor promoter in inflammation 
associated cancer. Nature. 2004;431:461–6.
9. Mercurio F, Manning AM. Multiple signals converging on NF-
kappaB. Curr Opin Cell Biol. 1999;11:226–32.
10. Pedersen B K, Saltin B. Evidence for prescribing exercise as 
therapy in chronic disease. Scand. J. Med. Sci. Sports.
2006;16(1):5–65.
11. Hardman A E, Stensel DJ. Physical Activity and Health: The 
Evidence Explained. 2rd ed; American and Canada. 2009.
12. Warren TY, et al. Sedentary behaviors increase risk of 
cardiovascular disease mortality in men. Med. Sci. Sports Exerc. 
2010;42:879–85.
13. Walsh N P, et al. Position statement. Part one: immune function 
and exercise. Exerc. Immunol. Rev. 2011;17:1–65.
14. Vieira RP, Toledo AC, Ferreira SC, et al. Airway epithelium 
mediates the anti-inflammatory effects of exercise on asthma. 
Respir Physiol Neurobiol. 2011;175(3):383–9.
15. Vieira RP, de Andrade VF, Duarte AC, et al. Aerobic 

conditioning and allergic pulmonary inflammation in mice. II. Effects 
on lung vascular and parenchymal inflammation and remodeling. Am 
J Physiol Lung Cell Mol Physiol. 2008;295(4):L670–9.
16. Vieira RP, Duarte AC, Santos AB, et al. Exercise reduces effects 
of creatine on lung. Int J Sports Med. 2009; 30(9):684–90.
17. Amy Pastva, Kim Estell, Trenton R. Schoeb, T. Prescott 
Atkinson, Lisa M. Schwiebert. Aerobic Exercise Attenuates Airway 
Inflammatory Responses in a Mouse Model of Atopic Asthma. J 
Immunol. 2004;172(7):4520–6.
18. Henriksen JM, Nielsen TT. Effect of physical training on 
exercise-induced bronchoconstriction. Acta Paediatr. Scand 
1983;72:31.
19. Schwiebert LM, Stellato C, Schleimer RP. The epithelium as a 
target of glucocorticoid action in the treatment of asthma. Am. J. 
Respir. Crit. Care Med. 1996;154:S16.
20. Tschumperlin DJ, Shively JD, Swartz MA, Silverman ES, Haley 
KJ, Raab G, et al. Mechano transduction in the lung: bronchial 
epithelial compression regulates MAP kinase signaling and HB-EGF-
like growth factor expression. Am. J. Physiol. 2002;282(5):904-11.
21. Kumar A, Lnu S, Malya R, Barron D, Moore J, Corry DB, 
Boriek AM. Mechanical stretch activates nuclear factor-κB, activator 
protein-1, and mitogen-activated protein kinases in lung parenchyma: 
implications in asthma. 2003;17(13):1800-11.


