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ABSTRACT

Exercise training-induced increase in anti-inflantorg cytokines is one of methods proposed to reduchronic
inflammation. The purpose of the present study twasvestigate the effects of 10 weeks strengtimitrg on
plasma anti-inflammatory cytokines and their redaships with testosterone and cortisol hormone &ody
composition in youngs men. Nineteen sedentary mg®, 0-30 yr), volunteers to participant in thedst, that
randomly divided to two groups of strength trainifmg=10) and control (n=9) group. Blood sample wedlected
before and after 10 weeks from intervention, arel dbncentrations of plasma IL-4,-10 and testosterone were
measured. Ten weeks strength training programmsistsnof 7 exercise in two sets with 8 repetitiang0% of 1-
RM in each exercise, and this is then as progresshanged to three sets with 8 repetitions at 83%-BM in
weeks 10. Dependent and independent t test, imdicttat strength training increased upper and loveedy
strength, fat free mass, testosterone hornank decreased cortisol hormone and body fat pér(fen0.05), but
concentrations of plasma IL-4 atid-10 not changed (P0.05). In addition, Pearson’s correlation indicatétht no
relationships were between changes in anti-inflatomyacytokines concentrations and changes in téstose
cortisol hormone and body composition>@P05). These results indicated that despite sicgifi improvement of
strength and body composition, 10 weeks strengihiirg did not effect on anti-inflammatory cytolgnie young
men.
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INTRODUCTION

Sedentary lifestyle increases the risk of cardiouks diseases, diabetes and other diseases rdatatpthsma
concentration of inflammatory cytokines. Increasehe level of inflammatory mediators is associaigth wide
variety of chronic diseases [1]. From the histdrfmaint of view, inflammation is the natural resgerof body to a
severe infection episode; however, chronic inflafiomais a symptom of chronic infection [2]. Duriribe last
decade, inflammatory mechanisms have been idahtifiebe of key importance in pathologic processeferal
health disorders including ischemic cardiovascdiaeases [1, 2, 3], rectum cancer [4], heart afthcR , 5], type 2
diabetes [1, 2, 6], chronic obstructive pulmondisease [2, 7], and Alzheimer [1, 8]. Considering widespread
and harmful effects, finding the behavioral intertiens to decrease the inflammation such as exet@ming is of
extreme importance. Therefore, it is thought thaftammatory pathway are potential therapeutic taripe
interventions to reduce disease and disability [9].
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Although a few pharmacological interventions, sashstatin, and angiotensin converting enzyme itdrbuse

decrease inflammation, as evidence by reducingctimeentration of CRP, no current medical agent$ waitti-

inflammatory effects is known to be used for treaimpersistent inflammation in the non-elderly 19]. Yet, to

date, there is little definitive evidence for thaies that can effectively treat individuals witleeted markers of
inflammation that are within the clinically normednge. On the other hand, lifestyle behaviouratrirgntions,

including changes in food/dietary intake and phgisactivity, may have clinically significant bentsfifor improving

inflammation over the long-term [1, 9]. Similar éntention studies indicated the relationship betwphysical

activities and the level of inflammatory markerpeadally in case of chronic diseases with risinflaimmation

condition [9, 11]. Specifically, lower inflammatobfomarker concentrations are observed in indivigludno report
performing more frequent and intense physical agt[9].

Altered levels of cytokines are not only seen iflaimmatory disease; acute exercise has an effeatytokine

responses and inflammation in healthy individu@lgtokine production can be affected by physiologfeators

present in exercise such as stress hormones, egidagdative stress, and heat among others [IR]addition,

cytokine response may vary by the type of exerdisgnsity, duration, recovery between exercisetband

training status [11, 12]. The effects of regulacbronic exercise on basal levels of inflammatogrkers have been
used to recommend exercise as an anti-inflammabtenapy [11, 13]. Compared to acute bouts of égerchronic

exercise effects on inflammatory markers have besninvestigated [12, 14, 15].

Cytokine responses to a one-session resistanceigxaiffer with the response to long-term resistatraining. In
case of severe responses, metabolic needs and larudamages play a great role [12]. On the oth@dhéng-
term resistance training change the mass of thg,bodtabolism and tissues' function [12, 15]. Fwtance, on
bout of acute resistance exercise prompts the ptmafuof reactive oxygen species (ROS) [12]. Noaktbs, long-
term resistance training increase the antioxidaptcity of the cell [9].

Regular exercise training ensures their presemagffects through inducing the expression of endoge
antioxidants and anti-inflammatory cytokines. Sasdhave revealed that exercise training not ordyce levels of
pro-inflammatory cytokines of ILfi, TNF-, IL-6 and CRP, but also increases the concentratib anti-
inflammatory cytokines of IL-1ra, IL-4, IL-10 artdansforming growth factds (TGF) [23, 30]. IL-1ra, IL-4,
IL-10 and TGFB are not only anti-inflammatory in nature but algpress the production of pro-inflammatory
cytokines IL-1, IL-6 and TNFe[23, 30].

It is also revealed that resistance training malgadt improved insulin resistance in two waysstfiby decreasing
low grade systemic inflammation and second by imim® glucose uptake by muscular cells [12]. The$ects
may in part be the result of improved body compmsi{increase in muscle mass), quality of the neisehss and
metabolic adaptations [9]. Although the effectsaefobic training on inflammatory markers have batentioned
more, a handful of resistance training studies Haen conducted, with results largely negativea hecent study,
Abd El-Kader reported a decrease in the leveleaim IL-6 and TNFe after 12 week resistance training program
[16]. However, Ferreira et al. (2010) and Levingerl. (2009) failed to found any change in thecemration of
serum IL-6, IL-B and TNFe after a 10 week resistance training [17, 18]. Mwesz, Brochu et al. (2009)
demonstrated that resistance training does notawnepinflammatory markers; but if weight loss occatgshe same
time, significant improvement is found in inflamrogt and metabolic parameters [19].

Prior studies have demonstrated that acute streegghcise transiently elevateds circulating corregion of
anabolic and catabolic hormones (i.e. testosteamkecortisol), and cytokines includes IL-10, IL-1Ha-6 and IL-

1B [21]. With the controversy of the role of testostee and cortisol in circulation, one of the prisn&argets might
be the modulating activities of immune cells in theculation [20]. It is now accepted that, theseai significant
inverse relationship between testosterone anddbhléble receptors [21] i.e. the lower of the levEtestosterone is
associated with the more pro-inflammatory statevitro evidence demonstrates that testosterone sogpress
expression of pro-inflammatory cytokines of IL-INF-a and IL-6 but potentiate expression of IL-10 anti-
inflammatory cytokine [21, 22]. Similarly, the ageduced decrease in the level of steroid hormonesansidered
as an important reason for the probable increageafinflammatory markers [20, 21]. Yet, the inttian between
endocrine and cytokine responses in trained an@ined individuals has not been elucidated [20, 23]

Most of the studies on strength exercise intereastion inflammatory markers were conducted ordheidged
and elderly patients thus generalization of thesuits to younger individuals could be somehow olugi Therefore,
given the potential advantages strength trainingehan health and in an attempt to identify the @ffestrength
training on anti-inflammatory cytokines, the presstudy investigates the changes in the plasmaectration of
IL-4 and IL10 and their relationship with cortisahd testosterone response and body compositiongeban
overweight young men after 10 weeks of strengtinitrg.
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MATERIALS AND METHODS

Nineteen sedentary overweight (BMI>25 kg/nmen who had no regular exercise for at least baths were
recruited into this study. Subjects were randonslsigned to one of the two groups: strength traigiraup (n=10)
or control group (n=10). All subjects were askedctonplete a personal health and medical historstipmnaire,
which served as a screening tool. All subjects wewsa-smokers and had no history of any kind of medi
condition that would prevent them from participgtin the exercise intervention. The University’sies committee
approved the experimental procedures and studypgolst, which were fully explained to all subjecéswritten
consent form was signed by each subject after gaeiad and understood the details of the expersnent

Experimental design

Following familiarisation, subjects were asked épart to the laboratory for an additional test messlesigned to
determine one-repetition maximum (1-RM) for sevemrreises involving the upper and lower body. A deth
description of the 1-RM testing procedure can hmdbelsewhere (24).

Anthropometric measurements

BMI was calculated by dividing weight (kg) to tequare height (m). Waist was measured betweerotinest rib
and the iliac crest. The hips were measured irr thiglest part in the pelvic area [25]. The waisthip ratio was
calculated through dividing waist to the hips. mler to calculate the percentage of body fat, kinekhess of the
subcutaneous fat in the three point three headmasth and upper pelvic of the subjects was measusid) a
calliper and then was estimated via Jackson anlddkahree point equation [25].

Blood sampling and analysis

Blood samples were obtained from all subjects #&00B after an overnight fast before and after 1@ksefrom
intervention. Post-training blood samples from sutly in the training groups were obtained 3-4 a@dies their last
exercise session. On the days before the blood lsamyere taken, subjects were asked to consumeightwe
maintenance diet for 3 days and to avoid streneaascise for 4 days.

For cytokines and hormones measurement, 5-ml biasidrawn into a glass tube and were centrifugéldeatoom
temperature, separated and frozen at -80c anddstoré# subsequent analysis. IL-4, IL-10 (ELISAiBender
MEd systems, Austria), testosterone and cortis@lISE kits, IBL, Germany) were analyzed by commeltgia
available enzyme-linked immunosorbent assay. Tim-irand inter-assay coefficients of variation éytokines
were <10%.

Training program

The strength training program utilized in the présstudy was similar to that reported previously][2n brief,
strength training was performed 3 days per weel foweeks, with 48-72 h of recovery between trgrsassions.
The training was consisted of 7 exercise (chessprehoulder press, lat pull-down, seated rowphegs, leg curl
and lunge) in two sets with 8 repetitions at 70%.-&tM in each exercise, and this is then as pregre€hanged to
three sets with 8 repetitions at 75% of 1-RM in ksedO (table 1). Recovery between sets and exeroiss
standardized at 120 s, and an increase in resesiaas warranted if two extra repetitions could bgfgrmed in the
last set on two consecutive occasions, which prethetibjects to train proximally to “momentary miestailure”
by exercise completion [27]. Each training sesdimnthe resistance group commenced with a 5-minadyo
stretching warm-up routine, followed by the maissien, and concluded with 5 min of stretching esex The
control group did not do any physical activity.

Table 1. Per iodized strength exercise training prgram overview

Weeks 1-2| Weeks 3-4 Weeks 5-6 Weeks 78 Weeks 9t10
Chest press 2Sx10R| 2Sx10R 3Sx8R 3Sx8|R 3Sx8R
Shoulder press 2Sx10R| 2Sx10H 3Sx8R 3Sx8R 3Sx8R
Lat pull-down 2Sx10R| 2Sx10R 3Sx8R 3Sx8|R 3Sx8R
Seated row 2Sx10R| 2Sx8R 2Sx8R 2Sx8R
Leg press 2Sx10R| 2Sx10R 3Sx8R 3Sx8|R 3Sx8R
Leg curl 2Sx10R| 2Sx10H 3Sx8R 3Sx8|R 3Sx8R
Lunge - - - 2S°x8R| 4Sx8R
Session intensity 70 70 75 75 75
Session volumé 100 120 136 152 168
Session duration 30 35 40 45 50

2 Each set of lunge is for one leg, that is, 2 e eet for each the right and left leg, 4 S = tets$or each the left and right IégPercentage of
10RM.® Total lifts performed? Does not include dynamic warm-up and warm-dowetsiies.
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Statistical analysis

Descriptive statistics were computed and distrdngiof all variables were assessed for normalityceSthe data
distribution was normal, t-test and Pearson cdicgldest was used in order to analyze the data.rméan values of
variables obtained before and after 10 weeks i lgpbups were compared using the dependent “st.tén
independent “t” test was used for the comparigetween the two groups. The relationships betwesialMes at
baseline and in response to training were deternising Pearson’s correlation test. The level giificance in all
statistical analyses was set aOFD5.

RESULTS

Physiological characteristics of the participantpie and post-test are presented in table 2. Béfiar intervention,
there was no significant difference in the BMI, pddt percentage, WHR, 1RM of the bench and leggpend the
plasma concentration of IL-4, IL-10, cortisol aedtosterone (P<0.05).

Dependent and independent t tests revealed tleatgskr training significantly increased the 1RM lod tbench and
leg press in the post-test (P=0.00) compared t@didrol group. Furthermore, strength training dase the body
fat percentage in the post-test significantly (P€@). However, BMI and WHR did not demonstrate gnificant
change during the study period (P<0.05) (table 2).

As showed in table 3, plasma concentration of soltisignificantly decreased and plasma concentratib
testosterone significantly increased in strengéining group (P<0.05), while no significant changehe control
group was found. In addition, strength training seinon-significantly increase of IL-4 and IL-1@eafl0 weeks
(P>0.05) (table 3).

Table 2. Physiological characteristics (mean + SIf the groups in pre and post-test

Variable Control group | Strength group
Body mass(kg) Pre 83.4+5.2 84.1+5.1
Post 84+4.9 86.2+5.6
BMI (kg.m?) Pre 27.3+1.6 20+1.8
Post 27615 28.7+2
WHR Pre 91.1x21 91419
Post 93.4+29 89.6 +2.7
Body fat percent(%) | Pre 21.1+2.1 22727
Post 224+16 19.8 +2.1*
Chest press(kg) Pre 73.4+4 74.7+£4.3
Post 74+57 95 + 10.6*
Leg press(kg) Pre 149.1+10.4 142.8 + 11
Post 150.8+11.2 170.6 * 96*

*: Indicates significant difference between predaost-training values (P<0.05§. Indicates significant difference between contmod
strength group values (P<0.05).

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

Variable Control group | Strength group
Testosterone(ng.mi®) | Pre 47+1.9 5.1+0.9
Post 45+23 8.8 +2.2*
Cortisole (ng.mf) 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.miY) Pre 34+0.8 3.1+0.87
Post 3.3+0.9 35+1.1

*: Indicates significant difference between predgrost-training and control and strength group \edyP<0.05).

Pearson correlation coefficient demonstrated thatré was no significant difference between theméasoncentration of cortisol with IL-4 (P=
0.3 and R=0.27) and IL-10 (P=0.13 and R= 0.37)lahe plasma concentration of testosterone witd [B= 0.81 and R= 0.06) and IL-10 (P=
0.7 and R=0.10) in both groups. They experieneedhanged during the study period as well (P<0.0&)reover, the study failed to find a
significant difference between BMI with plasma @rimtions IL-4 (P=0.31 and R=0.21) and IL-10 (P=15 and R= 0.48), body fat
percentage with plasma concentrations of IL-4 (P88%and R= 0.04) and IL-10 (P=0.74 and R= 0.08)affHR with plasma concentrations
IL-4 (P=0.17 and R=-0.37) and IL-10 (P= 0.78 aRg& -0.08) in both groups.

DISCUSSION
The present study demonstrated that, 10 weeksesfggh training significantly increased musculaesgth, fat-free

mass and testosterone and decreased the fat @ayeeamd cortisol. However, the plasma concentrdtieh and
IL-10 and their relationship with testosterone tisot and body composition did not change.
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In strength group, the increase in the 1RM of thpan and lower body was accompanied by an incrieathe fat-
free mass of the body which was significantly higtien the control group. This increase in thefffe¢- body mass
indicates that, the strength group exhibited mamgin synthesis and as a result experienced greatscle
hypertrophy [26]. The increase in muscle mass tamfimsulin target site, induced by strength tragninot only has
positive impact in energy expenditure but also iowes insulin sensitivitj12].

The relationship between physical activities anffiammation has been reported in several studiesl(9,14].
Lower concentration of inflammatory markers hasnbebserved in individuals who reporting more freguand
more intense physical activities [9, 10]. The reafw this inverse relationship is not fully knowygt it could be
concluded that there must be a relationship betybgsical activity and adiposity. Consequentlyisifeasible that
body fat has the greatest effect on the conceotraif inflammatory markers in circulation [9, 1QJherefore, it
could be concluded that the reason for a lowerlamfhation in active individuals is primarily becauselower
absolute amount of total and visceral body fat [9gt, despite of the 13% decrease in the body fassnno
significant change was observed in the plasma cdratéon of the inflammatory cytokines. Moreoveng tstudy
failed to find a significant relationship betweehtbe fat mass, or any body composition measurekspasma
concentration of cytokines. One group recently destrated that, when induced by diet and exercisgéghw loss
produced cytokine concentration changes that wenesient during the period of weight loss, but lefier a
subsequent 2-week period of weight maintenance. [PBliS, since the cytokine changes induced by rdjetr
medical interventions cause transient weight ldssould be concluded that cytokine changes areelated to the
changes in the fat mass [28]. According to theifigd of the present study, alternations in the eatration of
cytokine, reported in the past, May be more diyelitked to the rate of change in adipose tissue.

Several studies investigating the effects of raas training on inflammatory markers, have foundflicting
results. In one of the first study in 1966, similarthe findings of the present work, a study régmbthat 12 weeks
of incremental resistance training with high inigngoes not influence the serum concentration NFf, IL-1(3,
IL-6 and IL-2 [30]. Similarly, studies by Ferreigt al. (2010) and Levinger et al. (2009) revealsat L0 week
circuit resistance training did not induce a chaimgéne serum concentration of pro-inflammatoryokynes and IL-
10. Ogawa et al. [31] demonstrated that 12 weeksiftance training does not change the plasmeeotration
TNF-o and IL-6 in elderly women. Brochu et al. [19], wsll, failed to identify an effect of resistancaitiing
without other interventions such as dieting onanfimatory and metabolic parameters.

On the other hand, Balducci et al. [32] showed #hatombined resistance and aerobic training formbaths,
reduces the serum concentration IL-4 and IL10 abeliics and patients with metabolic syndrome. Abdaeler et
al. [16] reported a decrease in TNFnd IL-6 in diabetics after a 12-week resistanaming program. Reduction in
the TNFea of the elderly women after 10 weeks of trainin@][and after 10 months of resistance and flexipilit
training in male and female patients [1] have &leen reported.

The reason for these conflict results from thisigtand other ones [1, 16, 32, 33] may be the stdbjeuder study,
the methodology or the baseline levels of inflamomamarkers and study design. Since some studéesaarducted
on healthy individuals [1, 33] and some othersaratients [16, 30], it could be concluded thatiging healthy
and young subjects would be easier in order totifyethe response inflammatory cytokines have tereise

training. It seems as if the elderly, the obese thediemales are more sensitive to the effectgesitance training
on inflammatory markers.

Another probable reason for these contradictiong b&the intensity and length of the training peogs. In the
present study, healthy men participated in traimrmgrams for only 10 weeks with 70 to 80% maxinmaemetition

but other studies reporting the reduction of inflaatory markers were conducted in a longer periotwé¢ than 10
months) and were more severe [1, 32]. Studies Bawan that the length and the intensity of traisiadfect the
cytokine responses so as the extreme responseep@dad after a 16 week program with intensitiesr @0% with

one maximum repetition [12]. The intensity of th&@ning and other indices of the protocol, inclglthe number of
repetitions produces unique cytokine responsesaridus adaptations to the exercise training [R, 1

Furthermore, the intervals in time for samplingg/rhave profound effect on the cytokine responsesdistance
training. In the similar studies, sampling was dafter 17 [31], 48 [17], and 72 to 96 [1, 8] hoafter the last bout.
It is reported that, to evaluate the training effemt rest, samples must be taken at least 72 ladtersthe last bout
[12].

The findings of this study demonstrated that despftthe significant 36% reduction in the corti$iobm 146.1 to
109.4 ng/mL) and the 31% increase in testosterfmen(5.1 to 8.8 ng/mL), there was no significanatienship
between cytokine changes and plasma concentratimstosterone and cortisol after 10 weeks of gtitetraining.
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Since the plasma concentration of the cytokinessomea in this study did not have any change, it rbay
concluded that 10 weeks of training is not suffitifor creating a relationship between changebkéncytokines and
cortisol and testosterone and a longer trainingpgerould be needed. The present study failedrno & significant
relationship between body fat mass, BMI and thestvin hip ratio and the plasma concentration obkiyies.
However, there is a probability for further redoctiin the percentage of the fat to create moréndistesponses by
serum concentration of cytokines; however, findiofjthe present study and some other ones [28)@8] revealed
that the reduction in the fat mass is independemt the systemic changes in inflammatory cytokines.

In conclusion, according to the findings of thigdst and despite of the significant increase in mlescstrength, fat-
free mass and testosterone and the decrease isot@id body fat mass, 10 weeks of strength tngirdid not
induce a significant change in the plasma conctotraf anti-inflammatory cytokines in overweighbyng men.
Longer periods of training and combined the strierigdining with aerobic ones or dieting may havédreeffects
on reducing the concentration of systemic cytokinEksese findings also indicated that the changeshe
concentrations of systemic cytokines are not diyeatlated to the absolute changes in the fat nbasshey are
generally related to the fat mass in the body. ifig@sthis hypothesis through controlled intervensiomay be
worthwhile.
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