Cibtech Journal of Zoology ISSN: 2319-3883 (Online)
An Open Access, Online International Journal Available at http://www.cibtech.org/cjz.htm
2015 Vol. 4 (2) May-August, pp.16-24/Salehzadeh

Research Article

CYTOKINES, TESTOSTERONE AND CORTISOL IN OVERWEIGHT
ATHLETE MEN

*Karim Salehzadeh
Department of Physical Education and Sport Sciences, Azarbaijan Shahid Madani University,
Tabriz; Iran
*Author for Correspondence

ABSTRACT

Exercise training-induced increase in anti-inflammatory cytokines is one of methods proposed to reduce
chronic inflammation. The purpose of the present study was to investigate the effects of strength training
on plasma anti-inflammatory cytokines and their relationships with testosterone and cortisol hormone and
body composition in young men. Nineteen sedentary men (age, 20-30 yr), volunteers and participant in
the study were randomly divided into two groups, strength training (n=10) and control (n=9) group. Blood
samples were collected before and after 10 weeks from intervention, and the concentrations of plasma IL-
4, IL-10 and testosterone were measured. Ten weeks strength training programme consisted of 7 exercises
in two sets with 8 repetitions at 70% of 1-RM in each exercise, and this was then progressively changed
to three sets with 8 repetitions at 80% of 1-RM in weeks 10. Dependent and independent t test, indicated
that strength training increased upper and lower body strength, fat free mass, testosterone hormone and
decreased cortisol hormone and body fat percent (P<0.05), but concentrations of plasma IL-4 and IL-10
not changed (P>0.05). In addition, Pearson’s correlation indicated that no relationships were between
changes in anti-inflammatory cytokines concentrations and changes in testosterone cortisol hormone and
body composition (P>0.05). These results indicated that despite significant improvement of strength and
body composition, 10 weeks strength training did not effect on anti-inflammatory cytokines in young
men.
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INTRODUCTION

Sedentary lifestyle increases the risk of cardiovascular diseases, diabetes and other diseases related to
plasma concentration of inflammatory cytokines. Increase in the level of inflammatory mediators is
associated with wide variety of chronic diseases (Kohut et al., 2006). From the historical point of view,
inflammation is the natural response of body to a severe infection episode; however, chronic
inflammation is a symptom of chronic infection (Mathur and Pedersen, 2008). During the last decade,
inflammatory mechanisms have been identified to be of key importance in pathologic process of several
health disorders including ischemic cardiovascular diseases (Hansson, 2005), rectum cancer (Landi et al.,
2005), heart attack (Hallenbeck, 2002), type 2 diabetes (Lu et al., 2009), chronic obstructive pulmonary
disease (Gan et al., 2004), and Alzheimer (Akiyama et al., 2000). Considering the widespread and
harmful effects, finding the behavioral interventions to decrease the inflammation such as exercise
training is of extreme importance. Therefore, it is thought that inflammatory pathway is potential
therapeutic target for interventions to reduce disease and disability (Beavers et al., 2010).

Although a few pharmacological interventions, such as statin, and angiotensin converting enzyme
inhibitor, use decrease inflammation, as evidence by reducing the concentration of CRP, no current
medical agents with anti-inflammatory effects is known to be used for treatment persistent inflammation
in the non-elderly (Nicklas et al., 2005). Yet, to date, there is little definitive evidence for therapies that
can effectively treat individuals with elevated markers of inflammation that are within the clinically
normal range. On the other hand, lifestyle behavioural interventions, including changes in food/dietary
intake and physical activity, may have clinically significant benefits for improving inflammation over the
long-term (Beavers et al., 2010). Similar intervention studies indicated the relationship between physical
activities and the level of inflammatory markers especially in case of chronic diseases with rising
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inflammation condition (Petersen and Pedersen, 2005). Specifically, lower inflammatory biomarker
concentrations are observed in individuals who report performing more frequent and intense physical
activity (Beavers et al., 2010).

Altered levels of cytokines are not only seen in inflammatory disease; acute exercise has an effect on
cytokine responses and inflammation in healthy individuals. Cytokine production can be affected by
physiological factors present in exercise such as stress hormones, acidosis, oxidative stress, and heat
among others (Calle and Fernandez, 2010). In addition, cytokine response may vary by the type of
exercise, intensity, duration, recovery between exercise bouts and training status (Petersen and Pedersen,
2005). The effects of regular or chronic exercise on basal levels of inflammatory markers have been used
to recommend exercise as an anti-inflammatory therapy (Pedersen and Hoffman-Goetz, 2000). Compared
to acute bouts of exercise, chronic exercise effects on inflammatory markers have been less investigated
(Bruunsgaard, 2005; Peter et al., 2013).

Cytokine responses to a one-session resistance exercise differ with the response to long-term resistance
training. In case of severe responses, metabolic needs and muscular damages play a great role (Calle and
Fernandez, 2010). On the other hand, long-term resistance training changes the mass of the body,
metabolism and tissues' function (Peter et al., 2013). For instance, on bout of acute resistance exercise
prompts the production of reactive oxygen species (ROS) (Calle and Fernandez, 2010). Nonetheless,
long-term resistance training increases the antioxidant capacity of the cell (Beavers et al., 2010).

It is also revealed that resistance training may at least improved insulin resistance in two ways: first, by
decreasing low grade systemic inflammation and second by improving glucose uptake by muscular cells
(Calle and Fernandez, 2010).

These effects may in part be the result of improved body composition (increase in muscle mass), quality
of the muscle mass and metabolic adaptations (Beavers et al., 2010). Although the effects of aerobic
training on inflammatory markers have been attentional more, a handful of resistance training studies
have been conducted, with results largely negative. In a recent study, Abd El-Kader reported a decrease in
the levels of serum IL-6 and TNF-a after 12 week resistance training program (Abd, 2011). However,
Ferreira et al., (2010) and Levinger et al., (2009) failed to found any change in the concentration of serum
IL-6, IL-1PB and TNF-a after a 10 week resistance training (Ferreira et al., 2009; Levinger et al., 2009).
Moreover, Brochu et al., (2009) demonstrated that resistance training does not improve inflammatory
markers; but if weight loss occurs at the same time, significant improvement is found in inflammatory and
metabolic parameters (Brochu et al., 2009).

Prior studies have demonstrated that acute strength exercise transiently elevated circulating concentration
of anabolic and catabolic hormones (i.e. testosterone and cortisol), and cytokines include IL-10, IL-1ra,
IL-6 and IL-1P. With the controversy of the role of testosterone and cortisol in circulation, one of the
primary targets might be the modulating activities of immune cells in the circulation (Taheri et al., 2012;
Dan et al., 2009). It is now accepted that, there is a significant inverse relationship between testosterone
and IL-6 soluble receptors (Dan et al., 2009) i.e. the lower of the level of testosterone is associated with
the more pro-inflammatory state. In vitro evidence demonstrates that testosterone may suppress
expression of pro-inflammatory cytokines of IL-1, TNF-a and IL-6 but potentiate expression of IL-10
anti-inflammatory cytokine (Daniel and Stuart, 2012). Similarly, the age-induced decrease in the level of
steroid hormones are considered as an important reason for the probable increase in pro-inflammatory
markers (Dan et al., 2009). Yet, the interaction between endocrine and cytokine responses in trained and
untrained individuals has not been elucidated (Pedersen, 2012).

Most of the studies on strength exercise interventions on inflammatory markers were conducted on
middle-aged and elderly patients thus generalization of their results to younger individuals could be
somehow dubious. Therefore, given the potential advantages strength training have on health and in an
attempt to identify the effects strength training on anti-inflammatory cytokines, the present study
investigates the changes in the plasma concentration of IL-4 and IL10 and their relationship with cortisol
and testosterone response and body composition changes in overweight young men after 10 weeks of
strength training.
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MATERIALS AND METHODS

Nineteen sedentary overweight (BMI>25 kg/m?) men who had no regular exercise for at least 12 months
were recruited into this study. Subjects were randomly assigned to one of the two groups: strength
training group (n=10) or control group (n=10). All subjects were asked to complete a personal health and
medical history questionnaire, which served as a screening tool. All subjects were non-smokers and had
no history of any kind of medical condition that would prevent them from participating in the exercise
intervention. The University’s ethics committee approved the experimental procedures and study
protocols, which were fully explained to all subjects. A written consent form was signed by each subject
after having read and understood the details of the experiments.

Experimental Design

Following familiarisation, subjects were asked to report to the laboratory for an additional test session
designed to determine one-repetition maximum (1-RM) for seven exercises involving the upper and lower
body. A detailed description of the 1-RM testing procedure can be found elsewhere (Konstantinos et al.,
2015).

Anthropometric Measurements

BMI was calculated by dividing weight (kg) to the square height (m). Waist was measured between the
lowest rib and the iliac crest. The hips were measured in their widest part in the pelvic area (Philippou et
al., 2009). The waist to hip ratio was calculated through dividing waist to the hips. In order to calculate
the percentage of body fat, the thickness of the subcutaneous fat in the three point three heads, stomach
and upper pelvic of the subjects was measured using a calliper and then was estimated via Jackson and
Pollack three point equation (Donges et al., 2010).

Blood Sampling and Analysis

Blood samples were obtained from all subjects at 0800 h after an overnight fast before and after 10 weeks
from intervention. Post-training blood samples from subjects in the training groups were obtained 3-4
days after their last exercise session. On the days before the blood samples were taken, subjects were
asked to consume a weight-maintenance diet for 3 days and to avoid strenuous exercise for 4 days.

For cytokines and hormones measurement, 5-ml blood was drawn into a glass tube and was centrifuged at
the room temperature, separated and frozen at -80c and stored until subsequent analysis. I1L-4, IL-10
(ELISA kits, Bender MEd systems, Austria), testosterone and cortisol (ELISA Kits, IBL, Germany) were
analyzed by commercially available enzyme-linked immunosorbent assay. The intra- and inter-assay
coefficients of variation for cytokines were <10%.

Training program

The strength training program utilized in the present study was similar to that reported previously
(Pedersen and Hoffman-Goetz, 2000).

Table 1: Per iodized strength exercise training program overview.

Weeks 1-2 Weeks 3-4 Weeks 5-6 Weeks 7-8 Weeks 9-10
Chest press 2Sx10R 2Sx10R 3Sx8R 3Sx8R 3Sx8R
Shoulder press 2Sx10R 2Sx10R 3Sx8R 3Sx8R 3Sx8R
Lat pull-down 2Sx10R 2Sx10R 3Sx8R 3Sx8R 3Sx8R
Seated row 2Sx10R 2Sx10R 2Sx8R 2Sx8R 2Sx8R
Leg press 2Sx10R 2Sx10R 3Sx8R 3Sx8R 3Sx8R
Leg curl 2Sx10R 2Sx10R 3Sx8R 3Sx8R 3Sx8R
Lunge - - - 2S%x8R 4S%x8R
Session intensity > 70 70 75 75 75
Session volume © 100 120 136 152 168
Session duration® 30 35 40 45 50
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& Each set of lunge is for one leg, that is, 2 S = one set for each the right and left leg, 4 S = two sets for
each the left and right leg. ® Percentage of 10RM. © Total lifts performed. ¢ Does not include dynamic
warm-up and warm-down stretches

In brief, strength training was performed 3 days per week for 10 weeks, with 48-72 h of recovery
between training sessions. The training was consisted of 7 exercise (chest press, shoulder press, lat pull-
down, seated row, leg press, leg curl and lunge) in two sets with 8 repetitions at 70% of 1-RM in each
exercise, and this is then as progressive changed to three sets with 8 repetitions at 75% of 1-RM in weeks
10 (table 1). Recovery between sets and exercises was standardized at 120 s, and an increase in resistance
was warranted if two extra repetitions could be performed in the last set on two consecutive occasions,
which promoted subjects to train proximally to ‘‘momentary muscle failure’” by exercise completion
(Kraemer et al., 2002). Each training session for the resistance group commenced with a 5-min dynamic
stretching warm-up routine, followed by the main session, and concluded with 5 min of stretching
exercises. The control group did not do any physical activity.

Statistical Analysis

Descriptive statistics were computed and distributions of all variables were assessed for normality. Since
the data distribution was normal, t-test and Pearson correlation test was used in order to analyze the data.
The mean values of variables obtained before and after 10 weeks in both groups were compared using the
dependent “‘t’’ test. An independent ‘‘t’” test was used for the comparison between the two groups. The
relationships between variables at baseline and in response to training were determined using Pearson’s
correlation test. The level of significance in all statistical analyses was set at P<0.05.

RESULTS AND DISCUSSION

Results

Physiological characteristics of the participants in pre and post-test are presented in table 2. Before the
intervention, there was no significant difference in the BMI, body fat percentage, WHR, 1RM of the
bench and leg press and the plasma concentration of IL-4, IL-10, cortisol and testosterone (P<0.05).
Dependent and independent t tests revealed that strength training significantly increased the 1RM of the
bench and leg press in the post-test (P=0.00) compared to the control group. Furthermore, strength
training decrease the body fat percentage in the post-test significantly (P<0.007). However, BMI and
WHR did not demonstrate a significant change during the study period (P<0.05) (table 2).

As showed in table 3, plasma concentration of cortisol significantly decreased and plasma concentration
of testosterone significantly increased in strength training group (P<0.05), while no significant change in
the control group was found. In addition, strength training caused non-significantly increase of IL-4 and
IL-10 after 10 weeks (P>0.05) (table 3).

Table 2: Physiological characteristics (mean + SD) of the groups in pre and post-test

Variable Control group Strength group
Body mass (kg) Pre 83452 84.1+51
Post 84+£49 86.2+5.6
BMI (kg.m?) Pre 27.3+1.6 29+18
Post 276+ 15 28.7+2
WHR Pre 91.1x21 914+19
Post 93.4+29 89.6+2.7
Body fat percent (%) Pre 211+21 22.7+2.7
Post 224+ 1.6 19.8+2.1*
Chest press (kg) Pre 7344 74.7+4.3
Post 7457 95 + 10.6*t
Leg press (kg) Pre 149.1+10.4 1428+ 11
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Post 150.8 £+ 11.2 170.6 = 9.5*t

« Indicates significant difference between pre- and post-training values (P<0.05). 7: Indicates significant
difference between control and strength group values (P<0.05)

Table 3: Plasma hormones and cytokines concentrations (mean + SD) of the groups in pre and post-
test

Variable Control group Strength group
Testosterone (ng.ml™) Pre 47+19 51+09
Post 45+23 8.8+22*
Cortisol (ng.ml™) Pre 151.3+72.1 146.1 + 67.4
Post 155.1 £ 68.9 101.4 £ 34.6*
IL-4 (pg.mI™) Pre 0.84+0.21 0.79+£0.19
Post 0.86 £5.7 0.87+0.2
IL-10 (pg.ml™) Pre 34+0.38 3.1+£0.87
Post 3.3+09 35+11

« Indicates significant difference between pre- and post-training and control and strength group values
(P<0.05)

Pearson correlation coefficient demonstrated that there was no significant difference between the plasma
concentration of cortisol with IL-4 (P= 0.3 and R=0.27) and IL-10 (P=0.13 and R= 0.37) and the plasma
concentration of testosterone with IL-4 (P= 0.81 and R= 0.06) and IL-10 (P= 0.7 and R= 0.10) in both
groups. They experienced no changed during the study period as well (P<0.05). Moreover, the study
failed to find a significant difference between BMI with plasma concentrations IL-4 (P= 0.31 and R=
0.21) and IL-10 (P= 0.15 and R= 0.48), body fat percentage with plasma concentrations of IL-4 (P= 0.88
and R=0.04) and IL-10 (P= 0.74 and R= 0.08) and WHR with plasma concentrations IL-4 (P=0.17 and
R=-0.37) and IL-10 (P=0.78 and R=-0.08) in both groups.

Discussion

The present study demonstrated that, 10 weeks of strength training significantly increased muscular
strength, fat-free mass and testosterone and decreased the fat percentage and cortisol. However, the
plasma concentration IL-4 and IL-10 and their relationship with testosterone, cortisol and body
composition did not change.

In strength group, the increase in the 1RM of the upper and lower body was accompanied by an increase
in the fat-free mass of the body which was significantly higher than the control group. This increase in the
fat-free body mass indicates that, the strength group exhibited more protein synthesis and as a result
experienced greater muscle hypertrophy (Donges et al., 2010). The increase in muscle mass the main
insulin target site, induced by strength training, not only has positive impact in energy expenditure but
also improves insulin sensitivity (Calle and Fernandez, 2010).

The relationship between physical activities and inflammation has been reported in several studies
(Beavers et al., 2010; Nicklas et al., 2005; Bruunsgaard, 2005). Lower concentration of inflammatory
markers has been observed in individuals who reporting more frequent and more intense physical
activities (Beavers et al., 2010; Nicklas et al., 2005). The reason for this inverse relationship is not fully
known, yet it could be concluded that there must be a relationship between physical activity and
adiposity. Consequently, it is feasible that body fat has the greatest effect on the concentration of
inflammatory markers in circulation (Beavers et al., 2010; Nicklas et al., 2005). Therefore, it could be
concluded that the reason for a lower inflammation in active individuals is primarily because of lower
absolute amount of total and visceral body fat (Nicklas et al., 2004). Yet, despite of the 13% decrease in
the body fat mass, no significant change was observed in the plasma concentration of the inflammatory
cytokines. Moreover, the study failed to find a significant relationship between of the fat mass, or any
body composition measures and plasma concentration of cytokines. One group recently demonstrated
that, when induced by diet and exercise, weight loss produced cytokine concentration changes that were
transient during the period of weight loss, but lost after a subsequent 2-week period of weight
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maintenance (Huffman et al., 2008). Thus, since the cytokine changes induced by dieting or medical
interventions because transient weight loss, it could be concluded that cytokine changes are not related to
the changes in the fat mass (Nicklas et al., 2004). According to the findings of the present study,
alternations in the concentration of cytokine, reported in the past, May be more directly linked to the rate
of change in adipose tissue.

Several studies investigating the effects of resistance training on inflammatory markers, have found
conflicting results. In one of the first study in 1966, similar to the findings of the present work, a study
reported that 12 weeks of incremental resistance training with high intensity does not influence the serum
concentration of TNF-a., IL-1f3, IL-6 and IL-2 (Hideaki et al., 2006). Similarly, studies by Ferreira et al.,
(2010) and Levinger et al., (2009) revealed that 10 week circuit resistance training did not induce a
change in the serum concentration of pro-inflammatory cytokines and IL-10. Ogawa et al., (2010)
demonstrated that 12 weeks of resistance training does not change the plasma concentration TNF-o and
IL-6 in elderly women. Brochu et al., (2009) as well, failed to identify an effect of resistance training
without other interventions such as dieting on inflammatory and metabolic parameters.

On the other hand, Balducci et al., (2012) showed that a combined resistance and aerobic training for 12
months, reduces the serum concentration IL-4 and IL10 in diabetics and patients with metabolic
syndrome. Abd et al., (2011) reported a decrease in TNF-a and IL-6 in diabetics after a 12-week
resistance training program. Reduction in the TNF-a of the elderly women after 10 weeks of training
(Welc and Clanton, 2013) and after 10 months of resistance and flexibility training in male and female
patients (Kohut et al., 2006) have also been reported.

The reason for these conflict results from this study and other ones (Abd El-Kader, 2011; Stefano et al.,
2012; Welc and Clanton, 2013) may be the subjects under study, the methodology or the baseline levels
of inflammatory markers and study design. Since some studies are conducted on healthy individuals
(Welc and Clanton, 2013) and some others are on patients (Abd El-Kader, 2011; Hideaki et al., 2006), it
could be concluded that studying healthy and young subjects would be easier in order to identify the
response inflammatory cytokines have to exercise training. It seems as if the elderly, the obese and the
females are more sensitive to the effects of resistance training on inflammatory markers.

Another probable reason for these contradictions may be the intensity and length of the training programs.
In the present study, healthy men participated in training programs for only 10 weeks with 70 to 80%
maximum repetition but other studies reporting the reduction of inflammatory markers were conducted in
a longer periods (more than 10 months) and were more severe (Kohut et al., 2006; Stefano et al., 2012).
Studies have shown that the length and the intensity of trainings affect the cytokine responses so as the
extreme response was reported after a 16 week program with intensities over 80% with one maximum
repetition (Calle and Fernandez, 2010). The intensity of the training and other indices of the protocol,
including the number of repetitions produce unique cytokine responses and various adaptations to the
exercise training (Calle and Fernandez, 2010; Peter et al., 2013).

Furthermore, the intervals in time for samplings may have profound effect on the cytokine responses to
resistance training. In the similar studies, sampling was done after 17 (Ogawa et al., 2010), 48 (Ferreira et
al., 2009), and 72 to 96 (Kohut et al., 2006; Akiyama et al., 2000) hours after the last bout. It is reported
that, to evaluate the training effects at rest, samples must be taken at least 72 hours after the last bout
(Calle and Fernandez, 2010).

The findings of this study demonstrated that despite of the significant 36% reduction in the cortisol (from
146.1 to 109.4 ng/mL) and the 31% increase in testosterone (from 5.1 to 8.8 ng/mL), there was no
significant relationship between cytokine changes and plasma concentration of testosterone and cortisol
after 10 weeks of strength training. Since the plasma concentration of the cytokines measured in this
study did not have any change, it may be concluded that 10 weeks of training is not sufficient for creating
a relationship between changes in the cytokines and cortisol and testosterone and a longer training period
would be needed. The present study failed to find a significant relationship between body fat mass, BMI
and the waist to hip ratio and the plasma concentration of cytokines. However, there is a probability for
further reduction in the percentage of the fat to create more distinct responses by serum concentration of
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cytokines; however, findings of the present study and some other ones (Nicklas et al., 2004; Huffman et
al., 2008) have revealed that the reduction in the fat mass is independent from the systemic changes in
inflammatory cytokines.

In conclusion, according to the findings of this study and despite of the significant increase in muscular
strength, fat-free mass and testosterone and the decrease in cortisol and body fat mass, 10 weeks of
strength training did not induce a significant change in the plasma concentration of anti-inflammatory
cytokines in overweight young men. Longer periods of training and combined the strength training with
aerobic ones or dieting may have better effects on reducing the concentration of systemic cytokines.
These findings also indicated that the changes in the concentrations of systemic cytokines are not directly
related to the absolute changes in the fat mass but they are generally related to the fat mass in the body.
Testing this hypothesis through controlled interventions may be worthwhile.

ACKNOWLEDGEMENT
The authors wish to thank the volunteers for their enthusiastic participation in this study.

REFERENCES

Abd El-Kader SM (2011). Aerobic versus resistance exercise training in modulation of insulin
resistance, adipocytokines and inflammatory cytokine levels in obese type 2 diabetic patients. Journal of
Advertising Research 2 179-183.

Akiyama H, Barger S, Barnum S, Bradt B, Bauer J and Cole GM et al., (2000). Inflammation and
Alzheimer's disease. Neurobiology of Aging 21 383- 421.

Beavers KM, Brinkley TE and Nicklas BJ (2010). Effect of exercise training on chronic
inflammation. Clinica Chimica Acta 411 785- 793.

Brochu M, Malita MF, Messier V, Doucet E, Strychar | and Lavoie JM et al., (2009). Resistance
training does not contribute to improving the metabolic profile after a 6-month weight loss program in
overweight and obese postmenopausal women. Journal of Clinical Endocrinology & Metabolism 94
3226-33.

Bruunsgaard H (2005). Physical activity and modulation of systemic low-level inflammation. Journal of
Leukocyte Biology 78 819- 835.

Calle MC and Fernandez ML (2010). Effects of resistance training on the inflammatory response.
Nutrition Research and Practice 4 259-269.

Dan N, Yoav M, Sheli BS, Frank Z, Dan MC and Alon E (2009). Effect of local cold-pack application
on systemic anabolic and inflammatory response to sprint-interval training: a prospective comparative
trial. European Journal of Applied Physiology 107(4) 411-417.

Daniel WDW and Stuart M (2012). Associations of exercise-induced hormone profiles and gains in
strength and hypertrophy in a large cohort after weight training. European Journal of Applied Physiology
112(7) 2693-2702.

Donges CE, Duffield R and Drinkwater EJ (2010). Effects of resistance or aerobic exercise training on
interleukin-6, C-reactive protein, and body composition. Medicine & Science in Sports & Exercise 42(2)
304- 313.

Ferreira FC, Medeiros Al, Nicioli C, Nunes JED, Shiguemoto GE and Prestes J et al., (2009).
Circuit resistance training in sedentary women: body composition and serum cytokine levels. Applied
Physiology, Nutrition, and Metabolism 35 163-171.

Gan WQ, Man SF, Senthilselvan A and Sin DD (2004). Association between chronic obstructive
pulmonary disease and systemic inflammation: a systematic review and a meta-analysis. Thorax 59 574-
580.

Hallenbeck JM (2002). The many faces of tumor necrosis factor in stroke. Nature Medicine 8 1363-
1368.

Hansson GK (2005). Inflammation, Atherosclerosis, and Coronary Artery Disease. New England Journal
of Medicine 352 1685-1695.

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


http://www.ncbi.nlm.nih.gov/pubmed/?term=Bradt%20B%5BAuthor%5D&cauthor=true&cauthor_uid=10858586
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bauer%20J%5BAuthor%5D&cauthor=true&cauthor_uid=10858586
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cole%20GM%5BAuthor%5D&cauthor=true&cauthor_uid=10858586
http://www.sciencedirect.com/science/article/pii/S0009898110001646
http://www.sciencedirect.com/science/article/pii/S0009898110001646
http://www.ncbi.nlm.nih.gov/pubmed/?term=Doucet%20E%5BAuthor%5D&cauthor=true&cauthor_uid=19567540
http://www.ncbi.nlm.nih.gov/pubmed/?term=Strychar%20I%5BAuthor%5D&cauthor=true&cauthor_uid=19567540
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lavoie%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=19567540
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nemet%20D%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Meckel%20Y%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bar-Sela%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zaldivar%20F%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cooper%20DM%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Eliakim%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=West%20DW%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Phillips%20SM%5Bauth%5D

Cibtech Journal of Zoology ISSN: 2319-3883 (Online)
An Open Access, Online International Journal Available at http://www.cibtech.org/cjz.htm
2015 Vol. 4 (2) May-August, pp.16-24/Salehzadeh

Research Article

Hideaki A, Alberto JSD and Valéria MN (2006). The effects of long-term endurance training on the
immune and endocrine Milton systems of elderly men: the role of cytokines and anabolic hormones.
Immunity & Ageing 3 9, do0i:10.1186/1742-4933-3-9.

Huffman KM, Slentz CA, Bales CW, Houmard JA and Kraus WE (2008). Relationships between
adipose tissue and cytokine responses to a randomized controlled exercise training intervention.
Metabolism - Clinical and Experimental 57 577- 583.

Kohut ML, McCann DA, Russell DW, Konopka DN, Cunnick JE and Franke WD et al., (2006).
Aerobic exercise, but not flexibility/resistance exercise, reduces serum IL-18, CRP, and IL-6 independent
of b-blockers, BMI, and psychosocial factors in older adults. Brain, Behavior, and Immunity 20(3) 201-
200.

Konstantinos AV, llias S, Apostolos TS, Christos EZ, Helen TD and Martin H (2015). Acute Pro-
and Anti-Inflammatory Responses to Resistance Exercise in Patients with Coronary Artery Disease: A
Pilot Study. Journal of Sports Science and Medicine 14(1) 91-97.

Kraemer WJ, Adams K, Cafarelli E, Dudley GA, Dooly C and Feigenbaum MS et al., (2002).
American College of Sports Medicine position stand, Progression models in resistance training for
healthy adults. Medicine & Science in Sports & Exercise 34 364— 380.

Landi S, Moreno V, Gioia-Patricola L, Guino E, Navarro M and de Oca J et al., (2005). Association
of common polymorphisms in inflammatory genes interleukin (IL) 6, IL8, tumor necrosis factor alpha,
NFKB1, and peroxisome proliferator-activated receptor gamma with colorectal cancer. Cancer Research
63 3560-3566.

Levinger I, Goodman C, Peake J, Garnhamt A, Hare DL, Jerums G and Selig S (2009).
Inflammation, hepatic enzymes and resistance training in individuals with metabolic risk factors. Diabetic
Medicine 26 220-229.

Lu Qi, Rifai N and Frank B Hu (2009). Interleukin-6 Receptor Gene, Plasma C-reactive protein, and
Diabetes Risk in Women. Diabetes 58(1) 275-278.

Mathur N and Pedersen BK (2008). Exercise as a mean to control low-grade systemic inflammation.
Mediators of Inflammation 109502, Epub 20009.

Nicklas BJ, Ambrosius W, Messier SP, Miller GD, Penninx BW and Loeser RF et al., (2004). Diet-
induced weight loss, exercise, and chronic inflammation in older, obese adults: a randomized controlled
clinical trial. American Journal of Clinical Nutrition 79 544-51.

Nicklas BJ, You T and Pahor M (2005). Behavioral treatments for chronic systemic inflammation:
effects of dietary weight loss and exercise training. CMAJ 172 1199-209.

Ogawa K, Sanada K, Machida S, Okutsu M and Katsuhiko S (2010). Resistance Exercise Training-
Induced Muscle Hypertrophy Was Associated with Reduction of Inflammatory Markers in Elderly
Women. Mediators of Inflammation 10 1155- 61.

Pedersen BK (2012). Muscular interleukin-6 and its role as an energy sensor. Medicine & Science in
Sports & Exercise 44(3) 392-6.

Pedersen BK and Hoffman-Goetz L (2000). Exercise and the immune system: regulation, integration,
and adaptation. Physiological Reviews 80(1) 1055-1081.

Peter T, Campbell AV, Patel ChC, Newton Eric JJand Susan MG (2013). Associations of
recreational physical activity and leisure time spent sitting with colorectal cancer survival. American
Society of Clinical Oncology, doi:10.1200/JC0.2012.45.9735.

Petersen AM and Pedersen BK (2005). The anti-inflammatory effect of exercise. Journal of Applied
Physiology 98(1) 1154-1162.

Philippou A, Bogdanis G, Maridaki M, Halapas A, Sourla A and Koutsilieris M (2009). Systemic
cytokine response following exercise-induced muscle damage in humans. Clinical Chemistry and
Laboratory Medicine 47(6) 777-82.

Stefano B, Silvano Z, Patrizia C, Gerardo S, Sara F and Antonio N (2012). Supervised exercise
training counterbalances the adverse effects of insulin therapy in overweight/obese subjects with type 2
diabetes. Diabetes Care 35(1) 39-41.

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


http://www.sciencedirect.com/science/article/pii/S0889159105003727
http://www.sciencedirect.com/science/article/pii/S0889159105003727
http://www.ncbi.nlm.nih.gov/pubmed/?term=Volaklis%20KA%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Smilios%20I%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Spassis%20AT%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zois%20CE%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Douda%20HT%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Halle%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kraemer%20WJ%5BAuthor%5D&cauthor=true&cauthor_uid=11828249
http://www.ncbi.nlm.nih.gov/pubmed/?term=Adams%20K%5BAuthor%5D&cauthor=true&cauthor_uid=11828249
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cafarelli%20E%5BAuthor%5D&cauthor=true&cauthor_uid=11828249
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dudley%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=11828249
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dooly%20C%5BAuthor%5D&cauthor=true&cauthor_uid=11828249
http://www.ncbi.nlm.nih.gov/pubmed/?term=Feigenbaum%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=11828249
http://www.ncbi.nlm.nih.gov/pubmed/?term=Qi%20L%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rifai%20N%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hu%20FB%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/21799452
http://jco.ascopubs.org/search?author1=Peter+T.+Campbell&sortspec=date&submit=Submit
http://jco.ascopubs.org/search?author1=Alpa+V.+Patel&sortspec=date&submit=Submit
http://jco.ascopubs.org/search?author1=Christina+C.+Newton&sortspec=date&submit=Submit
http://jco.ascopubs.org/search?author1=Eric+J.+Jacobs&sortspec=date&submit=Submit
http://jco.ascopubs.org/search?author1=Susan+M.+Gapstur&sortspec=date&submit=Submit
http://www.ncbi.nlm.nih.gov/pubmed/19445648
http://www.ncbi.nlm.nih.gov/pubmed/19445648
http://www.ncbi.nlm.nih.gov/pubmed/19445648
http://www.ncbi.nlm.nih.gov/pubmed/?term=Balducci%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zanuso%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cardelli%20P%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Salerno%20G%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fallucca%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nicolucci%20A%5Bauth%5D

Cibtech Journal of Zoology ISSN: 2319-3883 (Online)
An Open Access, Online International Journal Available at http://www.cibtech.org/cjz.htm
2015 Vol. 4 (2) May-August, pp.16-24/Salehzadeh

Research Article

Taheri Kalani A, Ebrahim Kh and Azarbayjani MA (2012). The effect of endurance training on serum
levels of pro-inflammatory cytokines, testosterone and cortisol in sedentary young men. Journal of
Kermanshah University of Medical Sciences 16(4) 302-310

Welc SS and Clanton TL (2013). The regulation of interleukin-6 implicates skeletal muscle as an
integrative stress sensor and endocrine organ. Experimental Physiology 98(2) 359-71.

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


http://www.ncbi.nlm.nih.gov/pubmed/22941979
http://www.ncbi.nlm.nih.gov/pubmed/22941979

