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Abstract
Tumour necrosis factor-alpha (TNF-α), a pro-inflammatory cytokines, is produced by human adipose tissue and
it relation with cigarette smoking are not well understood. The aim of this study was to investigate immediate
response of serum TNF-α to moderate exercise test fourteen non-athletes adult smoker men aged 40-48 years.
For this purpose, venous blood sample was collected prior to exercise and immediately following of 35 min
running at 70% of heart rate max. Pre- and post exercise serum TNF-α were compared using a paired-samples ttest. Signiﬁcance was accepted at P < 0.05. Compared to pre-exercise, serum TNF-α decreased significantly (p =
0.015) after exercise test when compared to pretest. These data support anti-inflammatory effect of moderate
exercise in smokers.
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Introduction

was found that levels of TNF-α would increase in

Smoking is undoubtedly one of the major public

skeletal muscles of lean elderly subjects, and exercise

health problems. Tobacco use is well known to be

would decrease it (Greiwe et al., 2001).

important in increasing cardiovascular, respiratory
and blood circulation diseases and its potential role in

Despite the findings on the potential impact of

some

inflammatory

cancers

reported. Meanwhile

has

circulatory levels of TNF-α (Bermudez et al., 2002;

anti-inflammatory cytokine levels that are particularly

Helmersson et al., 2005). Confirming the above, the

important in cardiovascular or respiratory disease has

literature

been observed in some recent studies (Yang et al.,

production of inflammatory molecules in different

2006). In other words, active inflammatory cells

cell types and leads to the prevalence of systemic

produce and release a variety of inflammatory

inflammation

mediators

the

inflammatory biomarkers, such as TNF-α (Frohlich et

inflammatory cytokines are the most important of

al., 2003; Barbieri et al., 2007). Given the limited

them. Importance

increasing

studies on the response of TNF-α to exercise in

inflammatory cytokines has been reported in some

smokers and also the contradictory findings in

previous

pro-

healthy or other ill populations in this area, this study

inflammatory cytokines, tumor necrosis factor (TNF)

aims to explain the response of this pro-inflammatory

is the main chemical mediator of inflammatory

cytokine to a relatively long exercise session in male

responses in the face of negative bacterial infections

smokers.

of

smoking,

smoking

studies (Patrícia,

smoking

studies

support the increasing effect of smoking on the

to

of

TNF-α some

on

response

effect

diseases on

increased inflammatory cytokine levels or decreased

in

the

frequently been

in

and

2011). Among

points

out

associated

that

with

smoking

an

increases

increase

in

and other infectious microbes and infections and is
responsible

for

the

infections. Literature

symptoms
reports TNF-α

of

acute

as

an

.
Method and subjects
This study involved 14 non-athletes adult smoker men

inflammatory cytokine the plasma or serum levels of

aged 40 - 48 years and height 172-180 cm.

which are higher than normal in the presence of

objective of this investigation was estimate acute

obesity

2008). The

response of serum TNF-a to a long time exercise test

stimulatory role of TNF-α in increased production

with moderate intensity in mentioned subjects. This

of vLDL has been observed in some studies which

study was approved by the institutional ethical

describes

committee of Azad University, Iran. After the nature

or

insulin

the

resistance

relationship

of

(Ye,

this

cytokine

The

of the study was explained in detail, informed consent

with TG Plasma (Qin et al., 2008).

was obtained from all participants. An inclusion
TNF-α is in fact, one of the most important cytokines

criterion was cigarette smoking for 5 years at least.

secreted by adipose tissue and increase the presence

Participants were included if they had not been

of other inflammatory cytokine such as IL-6 and IL-

involved in regular physical activity or diet in the

1 in the blood (Weiss, 2005). Scientific findings about

previous 6 months. The exclusion criteria were

the response of TNF-α to exercise in healthy and ill

infections, renal diseases, and hepatic disorders, use

populations are inconsistent. For example, in a recent

of alcohol and diabetes symptom.

study, 12 weeks of exercise led to a significant
reduction in serum levels of CRP but to no change

Anthropometric measures

in TNF-α in

al.,

Body weight was measured in the morning following

2004). There are also other studies reporting no

a 12-h fast. Height and body weight were measured

changes in the levels of TNF-α following a training

twice, with subjects being barefoot and lightly

program compare to baseline levels (Miller et al.,

dressed; the averages of these measurements were

2006; Puglisi et al., 2008). But in another study it

recorded. Body mass index (BMI) was calculated as

obese

adults (Sharman
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weight (kg)/ [height (m)]2.

assay CV was 6.0%, and inter-assay variability ranged
from 7.4%.

Blood samples and exercise protocol
A venous blood sample was collected from all the

Statistical analyses

subjects prior to exercise and immediately following

Statistical analysis was performed with the SPSS

exercise.

all

software version 15.0. All values are given as mean

participants. Exercise test was 35 min running at 70%

and standard deviation. For the descriptive statistics

of heart rate max. Blood samples were analyzed for

after having checked the normality of the variables

serum IL-6. Subjects were asked to avoid doing any

using the Kolmogorov-Smirnov test. Pre- and post

heavy physical activity for 48 hours before blood

exercise serum IL-6 were compared using a paired-

sampling. After sampling in ETDA- or serum-tubes,

samples t-test. Signiﬁcance was accepted at P < 0.05.

Exercise

protocol

was

same

for

blood was immediately chilled on ice, centrifuged and
aliquots were frozen at – 80˚C until assayed. Plasma

Results

TNF-α concentration was determined using an

Table 1 presents the anthropometric characteristics of

Enzyme-linked

the fourteen smoker subjects used.

Immunosorbent

Assay

for

quantitative detection of human TNF-α. The intraTable 1. The physical characteristics of the subjects.
Variables

Age (years)

Weight (kg)

Height (cm)

BMI (kg/m2)

BF (%)

Mean and SD

44.7 ± 2.4

91.1 ± 7.94

177.5 ± 1.99

28.98 ± 2.56

28.47 ± 2.99

BMI, body mass index; BF, Body fat percentage.
Main objective of present study was to estimate

fundamental role in the genesis of pathological

serum TNF-a response to exercise test included 35

cardiovascular events (Silvia et al., 2011). Previous

min running at 70% of heart rate max in smoker men.

investigations have described an association Between

Data showed that exercise test led to significant

smoking risks with changes in the expression of these

decrease in this inflammatory cytokine in these

cytokines (Lowe et al., 2006; Vanderschueren et al.,

subject (Pre to post: 56.57 ± 30.45 pg/ml, p = 0.015,

2006) emphasizing that short-term exposure to

Fig 1).

cigarette smoke in vivo is sufficient to increase IL-1b
and/or TNF-a (Barbieri et al., 2007; Castro et al.,

Discussion

2004). It has recently been recognized that current

Our study finding showed that exercise test was

smokers are characterized by increased white blood

associated with significantly decrease in serum TNF-α

cell (WBC) counts and increased tumor necrosis

in studied subjects. On the other hand, we observed

factor-a (Taylor et al., 1986; Petrescu et al., 2010). On

that one session running test with relatively long-time

the other hand, It is known that cigarette smoking

at moderate intensity decreases serum TNF-α in adult

exposure to cigarette smoke increases levels of TNF-a

smoker men. A growing body of evidence supports

in bronchial lavage ﬂuid (Churg et al., 2009) and in

link between smoking and increased morbidity and

circulating mononuclear cells in smokers more than

mortality, and current trends indicate that of the one

in non-smokers (Ryder et al., 2002).

billion smokers worldwide, 500 million will die
prematurely from smoking-related diseases (WHO,

Although most recent studies support non-impact of

2008).

short-term

or

inflammatory
Accumulating

evidence

indicates

that

single
cytokine

session
levels

of
and

exercise

on

repeatedly

cigarette

emphasize the point that only those long-term

smoking damages vascular endothelium which plays a

exercises causing considerable body weight loss or
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those single exercise sessions that lasts more

References

than 60 minutes would lead to a significant reduction

Barbieri SS, Weksler BB. 2007. Tobacco smoke

in serum levels of inflammatory cytokine (Hqjbjerre

cooperates with interleukin-1 β to alter β-catenin

et al., 2007; Kraemer et al., 2000), but based on the

trafficking in vascular endothelium resulting in

findings of this study, perhaps it can be inferred that

increased

the response pattern of TNF-α in smokers is an

cyclooxygenase-2 expression in vitro and in vivo.

exception to this rule, although the mere findings of

Federation of American Societies for Experimental

this study cannot be considered definitive findings

Biology 21, 1831-43.

and to achieve more comprehensive results, further

http://dx.doi.org/10.1096/fj.06-7557com

permeability

and

induction

of

laboratory studies are needed.
Bermudez EA, Rafai N, Buring JE. 2002.
Relation between markers of systemic vascular
inflammation and smoking in women. American
Journal of Cardiology 89, 1117–1119.
http://dx.doi.org/10.1016/S0002-9149(02)02284-1
Castro P, Legora-Machado A, Cardilo-Reis L,
Valenca S, Porto LC, Walker C. 2004. Inhibition
Fig. 1. This Fig indicate significant decrease of serum
TNF-α by exercise test when compared with baseline
in smokers subjects.

was of moderate rather than high intensity, it seems
that implementing exercise protocols of relatively
long duration with moderate intensity is associated
with an anti-inflammatory effect in male smokers or
diseases.

Also

some

studies

somehow

suggesting the anti-inflammatory effects of exercise
argue that increased secretion and release of IL-6 by
muscles active during exercise tests inhibit the
secretion of TNF-α in the subjects, which supports the
anti-inflammatory effects of exercise (Steensberg et
al., 2002; Steensberg et al., 2000). In another study
on non-smoker populations it was found that aerobicresistance

exercise-induced

muscle

contractions

decrease the expression of inflammatory Cytokines
such as TNF-α at muscle levels (Charles et al.,
2008). In a general summary, the findings of this
study do not support the anti-inflammatory role of
relatively

interleukin-1beta

reduces

mouse

lung

inﬂammation induced by exposure to cigarette
smoke. European Journal of Pharmacology 498,
279–286.

However, since the exercise test protocol in this study

other

of

moderate-intensity

exercise

of

short

duration on systemic inflammation profiles in male
smokers although measuring TNF-α alone cannot
represent all the effects of exercise on inflammation
in smokers.

319 Mohamadzaman et al.

http://dx.doi.org/10.1016/j.ejphar.2004.07.047
Lambert CP, Wright NR, Finck BN, Villareal
DT. 2008. Exercise but not diet-induced weight loss
decreases

skeletal

muscle

inﬂammatory

gene

expression in frail obese elderly persons. Journal of
Applied Physiology 105, 473–478.
http://dx.doi.org/10.1152/japplphysiol.00006.2008
Churg A, Zhou S, Wang X, Wang R, Wright JL.
2009. The role of interleukin-1beta in murine
cigarette smoke-induced emphysema and small
airway remodeling. American Journal of Respiratory
Cell and Molecular Biology 40, 482–490.
http://dx.doi.org/10.1165/rcmb.2008-0038OC
Frohlich

M,

Independent
characteristics

Sund

M,

association
with

Frolich
of

various

markers

of

M.

2003.

smoking
systemic

inflammation in men: results from a representative
sample of the general population (MONICA Augsburg
Survey 1994/95). European Heart Journal 24, 1365–
1372.

Int. J. Biosci.

2014

http://dx.doi.org/10.1016/S0195-668X(03)00260-4

Petrescu F, Voican SC, Silosi I. 2010. Tumor
necrosis factor-α serum levels in healthy smokers and

Greiwe JS, Cheng B, Rubin DC, Yarasheski

nonsmokers.

International

Journal

of

KE, Semenkovich CF. 2001. Resistance exercise

Obstructive Pulmonary Disease 5, 217-222.

Chronic

decreases skeletal muscle tumor necrosis factor alpha
in frail elderly humans. Federation of American

Puglisi MJ, Vaishnav U, Shrestha S, Torres-

Societies for Experimental Biology 15, 475–482.

Gonzalez M, Wood RJ, Volek JS, Fernandez

http://dx.doi.org/10.1096/fj.00-0274com

ML. 2008. Raisins and additional walking have
distinct effects on plasma lipids and inﬂammatory

Helmersson J, Larsson A, Vessby B. 2005.

cytokines. Lipids in Health and Disease 7, 14.

Active smoking and a history of smoking are

http://dx.doi.org/10.1186/1476-511X-7-14

associated

with

enhanced

prostagladin

F(2α)

interleukin-6 and F2-isoprostane formation in elderly

Qin B, Anderson RA, Adeli K. 2008. Tumor

men. Atherosclerosis 181, 201–207.

necrosis

http://dx.doi.org/10.1016/j.atherosclerosis.2004.11.0

overproduction of hepatic apolipoprotein B100-

26

containing VLDL via impairment of hepatic insulin
signaling.

factor-a

directly

American

stimulates

Journal

of

the

Physiology

-

Hqjbjerre L, Rozenzweig M, Deala F, Bruun

Gastrointestinal and Liver Physiology 294, 1120–9.

JM, Stallknecht B. 2007. Acute exercise increases

http://dx.doi.org/10.1152/ajpgi.00407.2007

adipose tissue interstitial adiponectin concentration
in healthy overweight and lean subjects. European

Ryder MI, Saghizadeh M, Ding Y, Nguyen N,

Journal of Endocrinology 157(5), 613–623.

Soskolne A. 2002. Effects of tobacco smoke on the

http://dx.doi.org/10.1530/EJE-07-0213

secretion of interleukin-1beta, tumor necrosis factoralpha, and transforming growth factor-beta from

Kraemer RR, Chu H, Castracane DV. 2000.

peripheral

Leptin and exercise. Experimental Biology and

Microbiology

blood

mononuclear

Medicine 227, 701–708.

http://dx.doi.org/10.1034/j.1399302X.2002.170601.

and

Immunology

cells.
17,

Oral

331–336.

x
Lowe GD, Pepys MB. 2006. C-reactive protein and
cardiovascular

disease:

weighing

the

evidence.

Sharman MJ, Volek JS. 2004. Weight loss leads to

Current Atherosclerosis Reports 8, 421–8.

reductions in inﬂammatory biomarkers after a very-

http://dx.doi.org/10.1007/s11883-006-0040-x

low-carbohydrate

diet

and

a

low-fat

diet

in

overweight men. Clinical Science (Lond) 107, 365–9.
Miller GD, Nicklas DJ, Loeser RF. 2008.

http://dx.doi.org/10.1042/CS20040111

Inﬂammatory biomarkers and physical function in
older, obese adults with knee pain and self-reported

Silvia SB, Elena Z, Patrizia A, Sara G, Luciana

osteoarthritis after intensive weight-loss therapy.

M, Babette BW. 2011. Cytokines present in

Journal of the American Geriatrics Society 644, 51-

smokers' serum interact with smoke components to

56.

enhance

endothelial

dysfunction.

Cardiovascular

Research 90(3), 475-483.
Patrícia ES. 2011. Physical Exercise Improves

http://dx.doi.org/10.1093/cvr/cvr032

Insulin Sensitivity of Rats Exposed to Cigarette
Smoke. Revista Brasileira de Medicina do Esporte

Steensberg A, Keller C, Starkie RL, Osada T,

17(3), 202-206.

Febbraio MA, Pedersen BK. 2002. IL-6 and TNFalpha expression in, and release from, contracting

320 Mohamadzaman et al.

Int. J. Biosci.
human

skeletal

muscle.

2014
American

Journal

of

Weiss ST. 2005. Obesity: insight into the origins of

Physiology - Endocrinology and Metabolism 283,

asthma.

Nature

Immunology

6,

537-539.

1272-1278.

http://dx.doi.org/10.1038/ni0605-537

Steensberg A, van Hall G, Osada T, Sacchetti

World Health Organization. 2008. WHO Report

M, Saltin B, Klarlund PB. 2000. Production of

on the Global Tobacco Epidemic: The MPOWER

interleukin-6 in contracting human skeletal muscles

Package. Geneva, World Health Organisation, 2008.

can account for the exercise-induced increase in
plasma interleukin-6. Journal of Physiology 529,

Yang SR, Chida AS, Bauter MR, Shafiq N,

237-242.

Seweryniak K, Maggirwar SB. 2006. Cigarette

http://dx.doi.org/10.1111/j.1469-7793.2000.00237.x

smoke induces proinflammatory cytokine release by
activation

of

NF-kB

and

posttranslational

Taylor RG, Woodman G, Clarke SW. 1986.

modifications of histone deacetylasein macrophages.

Plasma nicotine concentration and white blood cell

American Journal of Physiology - Lung Cellular and

counts in smokers. Thorax 41, 407-408.

Molecular Physiology 291, 46-57.

http://dx.doi.org/10.1136/thx.41.5.407

http://dx.doi.org/10.1152/ajplung.00241.2005

Vanderschueren S, Deeren D, Knockaert DC.

Ye J. 2008. Regulation of PPAR gamma function by

2006.

TNF-alpha. Biochemical and Biophysical Research

Extremely

elevated

C-reactive

protein.

European Journal of Internal Medicine 17, 430–3.

Communications 374, 405–8.

http://dx.doi.org/10.1016/j.ejim.2006.02.025

http://dx.doi.org/10.1016/j.bbrc.2008.07.068

321 Mohamadzaman et al.

