Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231-6345 (Online)
An Open Access, Online International Journal Available at http://www.cibtech.org/jls.htm
2015 Vol. 5 (2) April-June, pp.146-155/Namazi

Research Article

THE EFFECTS OF SHORT TERM CIRCUIT RESISTANCE TRAINING
ON SERUM LEVELS OF IL-8, IL-6, AND TNF-A IN ACTIVE AND
INACTIVE FEMALE

*Asieh Namazi
Department of Physical Education and Sport Science,
Iran University of Science & Technology (IUST), Tehran, Iran
*Author for Correspondence

ABSTRACT

Elevated levels of serum biomarkers such as cytokines are independently associated with cardiovascular
risk. However, the prevalence of concurrent changes of these biomarkers and their relationship with
cardiovascular disease after short-term circuit resistance training in females is unknown. This study aims
to compare the effects of short-term circuit resistance training on some cytokines in active and inactive
females. Serum concentrations of I1L-8, IL-6, and TNF-a in 43 healthy female university students were
calculated (mean age 22/74+3/9 y, weight 59/91+9/8 kg, height 165/9+0/04 cm, BMI21/73£3/1 (kg/m2),
PBF 26/47+5/01, and Vo2max 38/65+5/43 (ml/kg/min)). Our subjects were randomly divided into four
groups: Active test (n=8), Active control (n=8), inactive test (n=13), and inactive control (n=
14).Participants took part in a two-week short-term circuit resistance training including 5 sessions per
week (10 sessions). The exercises include chest press, leg extension, sit-ups; pull down, front row, foot
raising, back extension, and leg curl with free weights and machines. During the first week the training
was done at 40% 1RMfor 15 repetitions and 3 sets. During the second week the intensity of training was
increased to 50% 1RM, while other features of training remained constant. Before starting the training
program and 48 hours after the last training session, fasting and resting blood samples were collected and
measured using ELISA Test. Finding show that 1L-6 and IL-8 decreased in all groups. The same goes
with TNF-a, except in inactive test. Comparison among groups reveals that changes in IL-8, IL-6, and
TNF-a were significant (p<0.05). It seems that short-term circuit resistance training may improve the
inflammatory condition in body. It also may lower the risk of diseases related to cytokines.
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INTRODUCTION

Cytokines are soluble glycoproteins that are produced by immune and non-immune cells within and
between organs and systems (Haahr et al., 1991; Behr, 2007; Mackinnon, 1999, Moldoveanu et al., 2001
& 2000; Nieman et al., 1997; Nosaka et al., 2002). Cytokine synthesis is activated by a broad range of
stimulants including free radicals, physical activity, trauma, tissue injury, and infection factors. Regarding
function, they are classified into two groups: pro-inflammatory and anti-inflammatory (Behr, 2007;
Pedersen et al., 1998; Elenkov et al., 2000; Fa'bio et al., 2009). They are produced periodically by
immune cells. They act both locally and generally (Remick et al., 1997; Phillips, 2001; Mackinnon,
2003). Mild chronic inflammation is identified with higher than normal level of few cytokines including
Tumor Necrosis Factor (TNF-o), Interleukin-6 (IL-6), and C-reactive protein (CRP). They are
independent predictors of such chronic diseases as coronary heart, stroke, and diabetics. Chemotactic
cytokines such as Interleukin-8 (IL-8) is able to recruit and activate neutrophils to the site of tissue injury
or infection. It also can appear in any tissue and produced in response to tissue injury due to IL-1 and
TNF-0. In case of injury, endothelial cells are able to produce excessive amounts of cytokines,
inflammatory materials, including IL-1 o, IL-1 B, IL-6, IL-8, and various Colony Stimulating Factor
(CSF), (Phillips, 2001; Sukovich et al., 1998). Exercise or physical activity is a potent activator of the
immune system resulting in changes in the pro-inflammatory cytokine concentrations (Rohit et al., 2007;
Pedersen, 2000) that is related to exercise intensity, duration, the mass of muscle recruited, and one’s
endurance capacity (Rohit et al., 2007; Pedersen et al., 2003; Febbraio et al., 2002; Pedersen et al., 2001;
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Pedersen et al., 2000). A recent study investigating an ultra-distance foot race showed markedly elevated
IL-6 Plasma (Rohit et al., 2007; Alexandra et al., 2005). On the other hand, intensive and prolonged
exercise training does not have a significant impact on the adaptive immune system at the resting state
(Rohit et al., 2007; Baj et al., 1994; Nieman et al., 1995). Another researches showed; chronic exercise
decreases cytokine production in healthy rat skeletal muscle (Fa’bio et al., 2009). In other words, Physical
activity and exercise can make a lot of changes in the immune system and affect local and systemic
cytokine production at different levels, often exhibiting striking similarity to the cytokine response to
trauma and infection and lead to release of cytokines (Behr, 2007) which is a protective mechanism to
fight and inhibit general immune responses after physical training. Long-term and regular exercise slows
or stops the production of atherogenic cytokines in people with high risk of cardiovascular disease (Smith
et al., 1999). It may have anti-inflammatory and protective effects against cardiovascular diseases.
Nakajaki et al., (2001) find that regular exercise reduces the level of cytokines. Also changes in life style
such as losing weight and getting more exercise can lead to a decrease in inflammatory factors (Ryan et
al., 2004). Significant decrease in IL-8 and CRP is followed by decrease in and prevention of
atherogenisis and cardiovascular diseases (Solini et al., 2006). Haghighi et al., (2006) report that 13
weeks of resistance training in overweight male participants decreases the level of IL-6 and TNF-a
(Haghighi, 2006). Philips (2001) state that after 10 weeks of resistance exercise during menopause, the
release of TNF-o and IL-6 in monocytes decreases (Phillips, 2001). In addition, it is evidently suggested
that high-intensity eccentric exercise caused a more pronounced increase in the plasma level of IL-6
(Bejeh, 2002; Bruunsgaard et al., 1997), and moderate and vigorous endurance exercises cause a
significant decrease in IL-6 and TNF-a (Moldoveanu et al., 2000; Ullum et al., 1994; Nemet et al., 2003).
Literature review reveals that there are limited reports regarding exercise and the level of IL-8 which
suggests endurance training decreases the level of IL-8 (Nieman et al., 2003a; Nieman et al., 2004a;
Timmons, 2005). It is also reported that moderate exercise has no effect on IL-8. It suggests that produced
IL-8 is a local response to exercise (Timmons, 2005; Belperio et al., 2000). As the effect of training and
exercise with different intensity, severity and duration on cytokines and inflammatory factors has been
investigated in prior studies, further research is required to investigate the effects of resistance training
particularly short-term training, on cytokines. This paper, therefore, aims to determine the effects of short-
term circuit resistance training on serum levels of IL-8, IL-6, and TNF-a in active and inactive female
after two weeks (10 sessions) of training.

MATERIALS AND METHODS

Methodology

Subjects

Having released an invitation for participation in the research, 43 Volunteered female students at Tehran
Azad University were selected randomly and divided into active and inactive groups. Inclusion Criteria
were being healthy and had no infection , being on no special diet, no use of drug, no smoking, no
menstruation during the training course (to control some hormonal factors), had no regular sport or
exercise in inactive group, undergoing training or exercise for a minimum period of 6 months for active
group, and aged 20-30. In order to control the effective factors on results, the training program and what
participants were expected to do were explained in detail for them. Moreover, a written approval letter
was asked from the participants. Our subjects were randomly divided into four groups: Active test (n=8),
Active control (n=8), inactive test (n=13), and inactive control (n=14). Demographic features and 1RM
were determined a week before the training started. Blood samples were collected 48 hours before the
training and repeated at the end of the training course. Subjects performed circuit resistance training,
including 5 one-hour training sessions a week at the gym. The course lasted for two weeks (10 sessions).
All environmental conditions — temperature, machines, weights, time and length of sessions- were the
same over the period of study. Every session included warm-up (10 minutes of stretching), resistance
training, and cool-down exercises. The exercises include such station resistance exercises as chest press,
leg extension, sit-ups, pull down, front row, foot raising, back extension, and leg curl with free weights
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and machines. During the first week the training was done at 40% 1RMfor 15 repetitions and 3 sets. 1
minute rest between sets and 3 minutes between circuits were allowed. During the second week the
intensity of training was increased to 50% 1RM, while other features of training remained constant.

Blood Samples

Resting blood samples were collected 48 hours before the training and repeated at the end of the training
course. Subjects were asked to eat nothing for 12 hours before collecting the samples. Samples were taken
between 8-8:30 A.M. and collected samples were centrifuged for 5 minutes at 2000rpm. The separated
serum was distributed in eppendorfs and stored in freezer at -80c for later analyses. The serum samples
was used to estimate the levels of cytokines IL-6 and TNF-a, IL-8, by using ELISA method and Bender
med highly sensitive kits (Bender med Co. Germany). Reading was carried out with Biohit ELISA reader.
Statistical Methods

Descriptive statistics was used to identify the main factors and distributions. The normal distribution of
data was tested by Kolmogorov-Smirnov. In order for variance homogeneity between groups, Levin test
was applied. By using Correlated t-test, the effectiveness of training in groups was estimated. ANOVA
was used to compare the measured variables. In case of significant difference in variance analysis, LSD
test was used to analyze and compare the variances (Vincent, 1999). Significance level was p<0.05 for all
statistical results. The Statistical software namely SPSS 11.0 used for the analysis of the data and
Microsoft Word and Excel have been used to generate graphs, tables, etc.

RESULTS AND DISCUSSION
Findings
Table 1 shows the demographic features of participants for each group.

Table 1: Demographic features of participants for each group

Variety Groups Inactive control  Inactive test ~ Active test Active control  Total
Height(m) 163.25+0.05 167.31+0.00  166.25+0.1 168+0.00 165.9+0.04
Weight before test ~ 55.5+9.8 62.04+8.8 62.45+10.3 61.54+9.7 59.91+9.8
(kg) After test  56.07+9.9 62.248.6 61.7+9.5 61.5£9.2 60.00+9.4
%changes  0.93 0.27 -1.1 -0.04 0.15
%BF before test ~ 24.86+6.05 27.6+4.7 27.35+4.9 26.52+3.5 26.4745.01
After test 24.58+5.6 26.9+4.9 26.1+5.10 26.5+3.4 25.95+4.9
%changes  -1.14 -2.39 -4.6 0.19 -1.95
BMI before test ~ 20.82+3.3 22.21+3.4 22.58+3.2 21.71+2.1 21.7343.1
(kg/m?) After test 20.99+3.3 22.27+3.4 22.25+2.9 21.71+2.1 21.7443.01
%changes  0.79 0.28 -1.4 0.11 0.06
V02max before test ~ 38.08+4.6 37.15+3.2 40.09+9.4 40.64+4.4 38.65+5.43
(ml/kg/min  After test 38.96+4.3 37.38+2.8 41.47+45.8 40.34+4.2 39.34+4.3
D) %changes 2.3 1.8 3.4 0.7 1.79

Findings show that the levels of IL-8, IL-6, and TNF-o decreased in active test group which was
significant for IL-6 and TNF-a. No significant change is observed in IL-8 and TNF-a show in inactive
test group. Comparison between changes in resting levels of cytokines reveals significant differences
between the groups (IL-8 (p=0.03); IL-6 (p=0.0003); TNF-a (p=0.001). These differences are in IL-8
between active test group and inactive control group (p=0.05) and inactive test and inactive control
(p<0.006); IL-6 between active test and active control (p=0.001), inactive control (p=0.0001), and
inactive test (p=0.0001); TNF-a between active test and active control (p=0.003), active and inactive
control (p=0.022), active and inactive test (p=0.0001), and inactive test and control (p=0.0004).

© Copyright 2014 | Centre for Info Bio Technology (CIBTech) 148



Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231-6345 (Online)
An Open Access, Online International Journal Available at http://www.cibtech.org/jls.htm
2015 Vol. 5 (2) April-June, pp.146-155/Namazi

Research Article

Table 2: Statistical results for IL-6 concentration (pg/ml) in the studied groups before and after the
test

Statistical Before test After test Mean Significance F
indices variance level
groups
Active test 1.92+0.65 1.21+0.43 -0.7125 0.0003 8.121
P =0.001, t=5.206
Active control 1.21+0.34 1.36+0.53 -0.1500
P=0.307,t=1.101
Inactive test 1.31+0.7 1.32+0.33 -0.0333
P =0.691,t=0.408
Inactive control 1.38+0.71 1.48+0.77 -0.0971

P =0.230,t=1.260

Table 3: Statistical results for IL-8 concentration (pg/ml) in the studied groups before and after the
test

Statistical indices Before test ~ After test Mean Significance F
groups variance level
Active test 8.11+1.1 7.79+1.27 -0.3250 0.033 3.217
P =0.305,t=1.106
Active control 8.92+0.99 8.01+1.04 -0.9125
P=0.103,t=1.876
Inactive test 7.66+1.13 7.66+0.66 -0.0083
P =0.870,t=0.167
Inactive control 8.45+1.48 7.01+0.99 -0.4429

P =0.005, t = 3.406

Table 4: Statistical results for TNF-a concentration (pg/ml) in the studied groups before and after
the test

Statistical Before test  After test Mean Significance F
indices variance level
groups
Active test 4.57+2.27 2.31+0.68 -2.2625 0.001 6.579
P =0.007,t=3.720
Active control 2.52+0.79 2.33+0.5 -0.1875
P = 0.555,t=0.620
Inactive test 2.44+0.65 2.44+0.68 0.00
P =0.368,t=0.935
Inactive control 3.36+1.66 1.76+0.56 -1.5929

P =0.003, t = 3.645

Discussion

IL-6

IL-6 is one of the most important cytokines. It has prominent metabolic and anti-inflammatory roles in
adults (Timmons, 2005). findings from studies on animals (mice) suggest that increase in IL-6 leads to
decreased muscle growth and causes muscular atrophy due to increase in proteolytic enzyme function. It
also leads to endothelial growth factor expression as an angiogenic factor (Cohen et al., 1996). Physical
activity, exercise and training decrease the inflammatory factors including IL-6 (Pitsavos et al., 2005).
Our findings show that after the training course, this factor decreases in active test group, which is
statistically significant. Although the primary levels of this variable were higher (most probably due to
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chronic inflammation or long-lasting effects of prior physical exercise program) the significant decrease
in IL-6 shows that our training program had a stimulating role in creating changes. It is in consistency
with Khaleghi et al., (2007) and Ziyaee (2007). They reported that increasing the cardiovascular fitness is
linked to increase physical activity and reduce levels of inflammatory markers such as IL-6 (Khaleghi et
al., 2007; Ziaee N et al., 2007).

Prior studies in the effect of resistance training on inflammatory cytokines reveal the same findings
(Phillips, 2001; Haghighi, 2006). Due to limited number of related studies, mechanisms through which
Physical activity, exercise and training influence inflammatory cytokines are unknown. Researchers
believe that one of possible mechanisms is the decreases gene expression and serum levels in adhesive
leukocyte molecules after resistance training. This reaction can synthesize Granulocyte macrophage
colony-stimulating factor (MG-CSF) and consequently produce cytokines. Another likely mechanism
may be the antioxidant effects of physical exercise. Human and animal evidence show that endurance
training can decrease the oxidative stress by elevating the antioxidant defense capacity of body (Powers et
al., 1999 & 2008). Resistance training has probably the same effect, but not studied yet. Moreover, it may
reduce the release of pro-inflammatory cytokines from mononuclear cells through strengthening the
cardio respiratory system (Greiwe et al., 2001) by decreasing daily hypoxia as the stimulator of gene
expression in inflammatory cytokines through free radicals production (Ali MH et al., 1999). In addition,
resistance training decrease gene expression of cytokines in muscular tissues by increasing the protein
synthesis (Greiwe et al., 2001) through increasing the serum testosterone, resistance training may result in
elevated protein synthesis and inhibited cytokines - induced atrophy. The partial effect of training on
decreasing disease risk may be due to prevented or decreased inflammation. Releasing IL-6 is dependent
on the intensity and duration of training (Behr, 2007; Sorichter et al., 2006; Kasapis and Thompson,
2005; Petersen and Pedersen, 2005; Steensberg et al., 2000).

Some findings show that in order to prevent and decrease the inflammation in skeletal muscles and fat
tissues (Timmons, 2005; Pitsavos et al., 2005) and due to anti-inflammatory function of IL-6, long-term
training and exercise (> 1 hour, > 60% Vo2max), through which a large group of muscles are involved,
requires increase in IL-6. More recent observations on IL-6 production and IL-6 release from contractions
in muscles reveal that increase in IL-6 during physical exercise is related to regulation of glucose
production (Pedersen et al., 2001). Therefore, 1L-6 increases during long-term and vigorous exercise and
trainings with eccentric contractions, and more muscular damage, mechanical stress, and glycogen
depletion. Considering the findings, our training program probably leads to less muscular damage,
mechanical stress, and glycogen depletion. Findings from studies with non-resistance training show that
playing tennis leads to no significant change in IL-6 level in male and female participants. Here, the
researchers assumed that their training and exercise program would not create enough stress (Nieman et
al., 1997). In contrast, water polo causes a significant increase in IL-6 in female. In explaining the results
is expressed that Contradictory findings may be due to the type of training or sport and individuals
physical fitness (Nemet et al., 2003). Rohit et al., (2007) in their study about Cytokine response to
strenuous exercise in athletes and non-athletes reported that majority of the athletes and non-athletes
demonstrated a rise in I1L-6 levels. Further, the athletes showed a lesser magnitude of change in the
cytokine levels following a longer duration of exercise than non-athletes (Rohit et al., 2007). Stewart et
al., (2007) found no changes in IL-6 in female (both young and old inactive females) after 12 weeks of
aerobic and resistance training (Stewart et al., 2007). Findings suggest that our training program has not
created too much stress. Although several factors influence the findings including different methodology,
age, physical fitness, training program, research protocol, measurement techniques, time of measurement
and study, the primary levels of variable, sensitivity of measurement tools. Changes in the activity,
production, and reproduction of cells and cytokines of immune system is highly relied on the intensity,
duration, and the type of the trainings, as well as muscles contraction and timing of training.

IL-8

Our findings show that IL-8 decreases in active and inactive test groups which is not statistically
significant. 1L-8 is cleared from the injured tissues very slowly. It is probably one of the intermediates in
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neutrophils accumulation in injured muscular cells during long-term intensive training, exercises, and
eccentric contractions (Mackinnon, 2003). Accordingly, our resistance training program seems to have
not caused any damage and perhaps can prevent and decrease atherogenisis and cardiovascular diseases
(Solini et al., 2006) (Although this factors no measured).

Few studies on the effect of training and physical exercise on IL-8 reveal different findings which are not
consistent with our findings. Evidence suggests that long-term and vigorous training and sports activities
increase IL-8 (Timmons, 2005). Nieman et al., (2003, 2004) show that resistance training leads to an
increase in IL-8 (Nieman et al., 2003a, 2004a). It seems that the slow clearance of IL-8 is the reason of
increase in its level after training and sports activities. On the other hand, more recent studies document
that muscular contraction which happens during moderate exercises can increase the IL-8 expression as a
possible atherogenic factor (Belperio et al., 2000) in muscle fibers (Akerstrom et al., 2005). Henson et al.,
(2000) report that moderate intensity and duration training has no effect on IL-8 (Henson et al., 2000).
Contradictory findings may be due to the effective factors on changes in cytokines such as intensity,
duration, and type of the training or exercises, type of muscular contractions, timing of training,
individuals’ physical fitness, prior training and exercise, the place and methods of measuring cytokines.
TNF-a

The significant decrease in TNF-a in active test group shows that the intensity and duration of our
training program is a good stimulator to create changes, while no change was observed in inactive test
group which may be due to individuals’ physical fitness (Khaleghi et al., 2007; Ziaee et al., 2007).
Accordingly, considering the atherogenisis inflammatory background and the relationship between
physical activity and exercise and low levels of inflammation, we may conclude that our training program
decreases inflammation and creates cardiovascular protective effects in subjects. The impact of resistance
training on cytokines has not studied broadly. Haghighi (2006) and Philips (2001) findings are consistent
with our findings (Haghighi, 2006; Philips, 2001). It seems that in addition to possible mechanisms such
as decrease in gene expression and serum level in adhesive leukocyte molecules, decrease in daily
hypoxia and decrease in production of pro-inflammatory cytokines from mononuclear cells, protein
synthesis that leads to gene expression in muscular tissue, possible increase in anti-oxidative defense
capacity, and decrease of oxidative stress (Powers et al., 1999 & 2008) which is attributed to resistance
training, our training program and those used in more recent studies has reversed or changes the
mechanisms related to skeletal muscles injury and inflammation. From suggested mechanisms we can
mention the collision of broken proteins (released from injured muscles) with white cells and other cells
such as fibroblasts and releasing cytokines.

This mechanism is relatively justifying, because intensive training and exercise and vigorous sports
activities that lead to muscular damages (such as eccentric trainings and contraction) are followed by
changes in cytokines concentrations (Mackinnon, 2003). Another suggested mechanism states that
although physical exercise - induced incremental temperature cannot directly lead to releasing cytokines,
it may release hormones like catecholamines. They mobilize and activate immune cells indirectly through
releasing cytokines during and after exercise (Mackinnon, 2003; Phillips, 2001). Evidence show that
some cytokines like TNF-a increase in response to high levels of stress hormones including
catecholamines and corticosteroids during physical stresses like intensive exercises (Phillips, 2001).
Therefore, our training program has not imposed vigorous mechanical stress on body. Evidence suggests
that atherosclerosis plaque produced by endothelial cells in smooth muscles, oxidized lipids, and risky
biomarkers and factors such as homocysteine and other losses, accumulate at the vascular walls and as a
result IL-6, IL-8, and TNF-a are produced (Phillips, 2001). Produced inflammatory cytokines at the site
of atherosclerosis, stimulate and activate leucocytes to produce more coordinating cytokines cascade
(Phillips, 2001). In fact, the incremental production of leucocytes or cytokines is the indicator of
atherosclerosis. Findings from the above-mentioned researches suggest that such training programs
decrease the risk of disease by influencing the processes. Rohit et al., (2007) found Majority of the
athletes and non-athletes demonstrated a fall in TNF-a level. Further, the athletes showed a lesser
magnitude of change in the cytokine levels following a longer duration of exercise than non-athletes
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(Rohit et al., 2007). Significant decrease in TNF-a in Ravasi, Slovan and Gharebagh are in consistency
with partial of our findings (Ravasi, 2006; Slovan et al., 2007; Gharebagh, 2007).

Although the adaptation have been mentioned as reason for achieving these results in these researches,
but it seems that our findings are similar and identical with the above-mentioned researches. It is clear
that moderate to vigorous long-term training and exercises such as marathon decrease the TNF-a
(Sorichter et al., 2006). Studies with short-term exercises and races show an increase in TNF-o. Releasing
cytokines during and after physical exercises, therefore, is a protective mechanism to fight against
immune responses.

Our findings show that the levels of TNF-a does not change due to circuit resistance training in inactive
group. Training — induced stress, thus, has not created enough stimulator to change TNF-a in this group.
Unlike IL-6 which is highly dependent on the intensity and duration of training, TNF-a increases only
during long-term training exercises and more involved muscles (Steensberg et al., 2000). It can be one of
the causes of no change in inactive group. Different measurement methods; sensitivity and specialization
of measurement tools, laboratory techniques, and measurement time are factors influencing the findings,
because it is known that the timings of appearance, clearance, and excretion of cytokines are different.
Intensity, duration, and the kind of training and contractions, the time of training, individuals physical
fitness, different sports parameters, prior trainings, the place and the time of measuring cytokines are
other reasons for different finding

Conclusion

Our findings related to the effect of training and exercises on immune indicators suggest that regular
sports activities and changes in life style can lead to anti-inflammatory and protective effects against
diseases (Stewart et al., 2007; Khaleghi et al., 2007). Regular training and sports activities are followed
by lower amounts of inflammatory indices (Pitsavos et al., 2005; Ziaee et al., 2007). People with better
physical fitness who are physically more active show lower levels of inflammatory indices (Mora et al.,
2006). Our findings show that resistance training with decrease in inflammatory indices improve the
inflammatory condition of body. It probably decreases the risk of diseases related to cytokines.
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