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ABSTRACT

The purpose of this study was to assay the effetv@ months exercise and two months silent onlahels of
interleukin-17 (IL-17), melatonin and cortisol iersim, whole blood (WB) and peripheral blood mondsaccells
(PBMCs) cultures. Thirteen male non-athletic healtiunteers participated in a two months moderatereise
program (running %50-%65 VO2 max). The blood sasplere collected in three stages, 24 hours befoisdrt
exercise, 48 hours and two months after the lassiea of the training. WB and PBMCs were cultureithw
mitogens phytohemagglutinin and lipopolysaccharifies 48 hours. The serum and supernatants of WB and
PBMCs were analyzed for IL-17, melatonin and cottisy enzyme-linked immunosorbent assay. Red hietsl
(RBC) variables were also measured. IL-17 secrebignPBMCs in the post-exercise stage (51.1415.48nf)g
compared with pre-exercise (36.7446.98 pg/ml) wageéased. But, the amount of melatonin produce@BWCs
in the post- exercise (7.9440.35 pg/ml,) and 2-rhogitent (6.05+0.27 pg/ml) stages compared with-@xercise
(9.1640.19 pg/ml) were decreased. Regardless otffext of the exercise, PBMcs had more abilitprimduce IL-
17 than WB. As well as, level of cortisol in WB wagher than in serum and PBMCs culture. Mean cegular
volume, mean corpuscular hemoglobin and mean cogashemoglobin concentration RBCs were also iasead
in post- exercise stage. The other measured pamasmatere not changed during exercise and recowdoderate
exercise caused to higher in vitro production ofll.and lower production of melatonin by PBMCs.
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INTRODUCTION

The inflammation is a physiological response ofithenune system to microbial agents or tissues damageveral
factors such as cytokines, lymphocytes and someadrees orchestrate inflammation. There are some@ansial
reports that exercise could have anti/pro-inflamomaeffects and can protect/vulnerable us agahestievelopment
of several chronic diseases [1-4].

IL- 17 is a cytokine produced by lymphocytes T leeipl7, epithelial, endothelial, and fibroblastells. IL- 17

induces inflammatory process by effect on a wideeaof cells in order to produce inflammatory cytas such as
tumor necrosis factor, interleukin- 1 (IL- 1), in&ukin-6 (IL- 6) and prostaglandin-E2. In additjoh.- 17

production, it is mainly induced by IL- 6 productidhat some researchers have reported that cestaonic

diseases are associated with excessive productiti A7 [3, 5]. A study shows that combined exsecifor 8

weeks significantly reduces the production of |- ih plasma and peripheral mononuclear blood ¢BIBMCSs)

culture [6]. Meanwhile, another study reported tnahour of exercise significantly increases ILidien [7].
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Melatonin, N-acetyl-5-methoxytryptamine, mainlypoduced from pineal gland but its production is limoited to
pineal gland and can be produced by blood lymplescgind bone marrow [8-10]. Melatonin as an immuysées
regulatory agent seems to inhibit inflammation dgriexercise according to the intensity of exercRksma
melatonin levels increase after exercise in a temhsand short-term process. But a decrease orhaoge in
melatonin amount have also been reported afteceseej2, 11].

Cortisol is a steroid hormone and is produced dugnstress response and could have anti-inflammatifects.
During exercise, catecholamine's are produced wbichd reduce production of cortisol and some mftaatory
cytokines like IL- 1 and tumor necrosis factor [13].

This study was designed due to existence of coatsis reports about the effect of exercise onitflammatory

system factors. Therefore, the chronic effect oflerate exercise (running) on the secretion of IL- rhelatonin
and cortisol in serum, whole blood (WB) and PBMQ@#twes samples were investigated. The routinebtedd

cells parameters were also determined. The sammes collected in different stages of pre-exerqmest-exercise
and two- month silent after the exercise (recovégin volunteers.

MATERIALS AND METHODS

Subjects

This study was a part of a larger study to exptheeeffect of exercise on immune systems. All thinteers who
participated in this study filled out a questiomeabssessing their physical activities, medicaltohiss and

demographic characteristics. The participants dichave any altitude exposure, intake of iron sep@nts or other
medications. Thirteen healthy male university stisage 19-23 years) were selected and attendgdsistudy.

The entire subject participating in the researgmesil an informed written consent form approved h®y Ethics

Committee of Hamadan University of Medical Sciences

Exercise protocol

Before beginning the protocol, two primary exercsssions were performed to detect the heart faggesy one
and each participant himself measured his heagtthatt might be not less than 130 and not more 113%n The
exercise protocol (running) was used with the ayeratensity of 50%-65% maximum oxygen consumptibime
participants took part in the exercise every ottlay for two months at 19:30 to 19:55. Each exersisgsion
included: 5 minutes warm-up and 20 minutes of maemtensity exercise (running). According to #ge and
resting heart rate, exercise intensity and minimramd maximum heart rate for each individual wasdated by
Karvonen formula [14]. The highest minimum and ldne@est maximum heart rate were chosen for all pigdints.

Blood collection

Blood were collected in three different times frath participants. Twenty four hours prior to theesise
protocol (pre- exercise), forty eight hours afthe flast session of the exercise (post- exercisé)emd of two
months rest after exercise (2- month silent). Fagtvenous sterile blood samples were taken from the
cubital vein with the each participant at rest. @losamples were collected in two specimen contgjnene
containing ethylenediamine tetra acetic acid (EDB&)anticoagulant, and the other without anticaagulSera
were isolated and frozen at -80 °C for subsequenyree-linked immunosorbent assays (ELISA) analyaig] the
bloods containing anticoagulant were used to caltB and PBMCs and red blood cells (RBC) tests]. [15

In vitro production of 1L- 17, melatonin and cortisol by the WB culture activated with mitogens

To determinein vitro production of IL- 17, melatonin and cortisol by WBne ml of fresh blood containing
anticoagulant was suspended in one ml complete REAN medium (Gibco-BRL, Australia) containing 100nU
penicillin G (Hayan, Iran), 10% FCS (Gibco-BRL, Asdia), 100 pg/ml streptomycin (Hayan, Iran) angd@'ml
PHA (Sigma, Germany), 25 pg/ml LPS (Sigma, Germaagyl incubated for 48 h in a CO2 incubator at G7 °
Thereafter, the supernatants were collected armbffrat -80°C until IL- 17, melatonin and cortisetekction [16,
17].

In vitro production of 1L- 17, melatonin and cortisol by PBMCs culture activated with mitogens

Briefly, four ml of fresh blood containing anticadgnt was diluted with 8 ml Hank's solution. PBM@gre
isolated by Ficoll- Paque and washed twice with liasolution. 2x1dcells were cultured as monolayer culture in
1ml RPMI1640 medium, supplemented with materidte lior the WB culture and incubated for 48 h in @2C
incubator at 37 °C. The supernatants were colleeted frozen at -80°C until IL- 17, melatonin andrtsml
measurements [16].
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IL- 17, melatonin and cortisol measurement by ELISA

Serum and supernatants levels of IL- 17, melat@wid cortisol were determined by ELISA accordingthe
manufacturer’s instructions (Boster Biological T€bh. USA for IL- 17, Chongging Biospes Co. China fo
melatonin and DiaPlus inc. USA for cortisol). Therslard curves were generated by Smart Mad&llatata
analysis software and the amount of IL- 17, melimt@md cortisol were calculated.

RBC parameters

RBC count, hemoglobin (Hb) concentration, packe vidume (PCV), mean corpuscular volume (MCV), mea
corpuscular Hb (MCH) and mean corpuscular Hb commagan (MCHC) of the samples were determined bipgis
standard laboratory procedures and an Sysmex-KX&lINounter analyzer [15].

Statistical analysis

To comparehe data of IL- 17, melatonin and cortisol fromfeliént stages within each samples the General Linea
Models (GLM) procedure as a repeated measuremenet wged. Paired- sample T- test was also usedtéondiee

the differences in the mean values (P<0.05). Tdyaisaproduction of IL- 17, melatonin and cortisodétween
different samples serum, WB and PBMCs Kruskal- Walnd Mann-Whitney tests were used for this amalys
Statistical analysis was performed using the SiediisPackage for Social Sciences (SPSS for WindaXession
16). Results were expressed as mean * standard erro

RESULTS

Thirteen male university students with main dempgra characteristics include: mean age= 22.38+@&&s,
mean weight=71.54+2.50 kg, mean height=176+2 cmanmeeart rate at rest=63.38+0.33 beat, mean maximum
heart rate=197.62+0.89 beat and mean heart rareatise=130.46+0.53 beat were recruited for thidys Three
different samples of blood serum, WB and PBMCs waokected at three different stages, twenty hdwefore
exercise, forty eight hours after two months exaraend after two months rest.

Figure 1 shows that there was a significant ina@éaghe production of IL- 17 by PBMCs in post-enise status
(51.14+45.43 pg/ml) compared with its level in peeereise time (36.74+6.98 pg/ml, P=0.017). But, rafteo months
rest the potential of activated PBMCs by mitogepraduce IL- 17 has returned to pre- exercise stiageels of IL-

17 in serum and WB cultures were not changed ioreednd after exercise and after two months regover

Final results for each sample in different stagesagd thatn vitro production of melatonin from PBMCs were
decreased significantly after exercise (7.94+0.§6nh P=0.038) and 2- month silent (6.05+0.27 pg/@#0.010)
compared with pre- exercise state (9.16+0.19 pgfRifure 2).

According to data, it seems that exercise andrmgstid not change the levels of cortisol in diffgreamples and in
different stages (Figure 3).

Figure 4 shows the total levels of IL- 17, melatoand cortisol in three samples of serum, WB aniEB cultures
supernatant regardless the effect of exerciseis@itat analysis showed that the level of IL- 17simpernatant of
PBMCs (36.75+7.48 pg/ml) were increased compardt its level in the supernatant of WB culture (2%3.90
pg/ml, P=0.012). Levels of cortisol in differentnggles were also varied (serum: 16.51+1.12 pg/ml,:WB
27.09+3.25 pg/ml and PBMCs: 9.40+0.56 pug/ml, P<D)0There was no statistical difference betweenater
samples in different times.

RBC variables analysis in different stages of ptereise, post-exercise and 2- month silent showeatl MCV,
MCH and MCHC were increased due to exercise (Taple

Table 1: Comparison the effect of exercise and résg on RBC variables

Parameter Pre-exercise  Post-exercise  2-month-silent P values
RBC count (x134/L) 5.15+0.22 5.08+0.19 5.27+0.14 0.795
Hb concentration (g/L)  15.00+0.36 15.25+0.43 15.36+0.43 0.434
PCV (%) 46.08+1.08 45.75+1.02 46.09+1.07 0.538
MCV(fl) 81.46+2.24 83.17#2.52 '81.82+2.68 <0.001
MCH(pg/cell) 27.50+0.49 29.09+0.58  127.27+1.09 <0.001
MCHC(g/L) 32.54+0.27 33.80+0.13  '33.50+0.27 <0.001

Results are presented as mean + SEM. Red blood R&C; hemoglobin=Hb; packed cell volume=PCV; MCVean corpuscular volume;
MCH= mean corpuscular Hb; MCHC= mean corpuscular etincentration. Test values are expressed as lat@mal System of Units.
ey
Significant
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Figure 1: Effect of exercise and resting on IL- 1production. One ml WB and 2x16 PBMCs from each participant in each stage were
cultured in one ml RPMI in the presence of mitogen®HA (5 pg/ml) and LPS 25 pg/ml) for 48 hr. Serumiad the supernatant of each
sample were assayed for IL- 17. Final results forazh sample in different stages showed that vitro production of IL- 17 from PBMCs
were increased significantly P=0.017) from 36.74+6.98 pg/ml, in pre- exercise &1.14+5.43 pg/ml, in post- exercise. There was no
statistical difference between the other samples iother stages. * P<0.05
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Figure 2: Comparison the effect of exercise and sting on melatonin production. One ml WB and 2x1DPBMCs from each participant
in each stage were cultured in one ml RPMI in the igsence of mitogens PHA (5 pg/ml) and LPS 25 pg/nir 48 hr. Serum and the
supernatant of each sample were assayed for melatanFinal results for each sample in different time showed thatn vitro production
of melatonin from PBMCs were decreased significantlafter exercise (7.94+0.35 pg/mR=0.038) and 2- month silent (6.05+0.27 pg/ml,
P=0.010) compared with pre- exercise state(9.16+0.pg/ml). There was no statistical difference betweethe other samples in other
stages. * P<0.05
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Figure 3: Comparison the effect of exercise and sting on cortisol production. One ml WB and 2x10PBMCs from each participant in
each stage were cultured in one ml RPMI in the presice of mitogens PHA (5 pg/ml) and LPS 25 pg/ml)rfd8 hr. Serum and the
supernatant of each sample were assayed for cortis&inal results for each sample in different timeshowed that there was no statistical
difference between the level of cortisol in diffenet samples and in different stages
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Figure 4: Different levels production of IL- 17, melatonin and cortisol in serum, WB and PBMCs cultue supernatants. Statistical
analysis showed that the level of IL- 17 in supertant of PBMCs cultures (36.75+7.48 pg/ml) were in@ased compared with its level in
the supernatant of WB culture (19.42+3.90 pg/ml, R&:012). Levels of cortisol in different samples weralso variable (serum: 16.51+1.12
pg/ml, WB: 27.09+3.25 pg/ml and PBMCs: 9.4040.56 {rgl, P<0.001). Kruskal- Wallis and Mann- Whitney tests were used for this
analysis. There was no statistical difference betwe the other samples. * P<0.05

DISCUSSION

The main findings of the present study were sigaiit increase in the production of IL- 17 by PBM&she post-
exercise stage compared with the pre- exerciseisst&urthermore, melatonin secretions in the swtamt of
PBMCs cultures were continuously decreased in eesteise and in two months rest (recovery stage) in
comparison with the pre-exercise status.

High production of IL- 17 by PBMCs of the particifga in the post- exercise stage may support trentdindings
by our pioneers that exercise caused an increasieeitblood levels of IL- 17 [3, 5]. It is supposttat IL- 6
increases dramatically following long- lasting erahce exercise. This response may stimulate thduption of IL-
17 in the blood. Meanwhile, the expression of IZ-ifh the blood is transient. Because of in our gtikde blood
collection in the post-exercise stage was perforfioety eight hours after the end of the last sasdiaining. It
seems that the high level of Il- 17 in the bloodswat able to be detected. However, PBMCs werkecstilable to
release IL- 17 to the culture when were stimulatéti mitogens. Although, the precise role of thisrease in IL-
17 release by PBMC during exercise is not yet estidblished and further works are needed in teis g, 5, 18].
Following exercise, inflammatory responses will ine@nd researches show that melatonin can have anti
inflammatory roles and repair the skeletal musaendges [2]. Accumulating evidences suggest thatbtbed
melatonin levels increase immediately after exer@ad rebound back to pre-exercise levels afterhme. In
contrast, half-life within cells is believed to lnger and is determined by how rapidly it is ussda free radical
scavenger. Therefore, because exercise produeesafilicals, melatonin’s intracellular half-life wslsortened as it
was rapidly used as a free radical scavenger [ may be able to explain why the melatonin redefrom
PBMCs in the post- exercise and two- month silemtendecreased.

Cortisol is a glucocorticoid hormone and is an @gatlor for evaluate of stress from physical or psjagical stimuli.
In the recent years, cortisol measurement has tvghely used to assess physical stress responsestoige [12].
The results of cortisol evaluation in differentgaaand different samples of the present study didshow any
significant change at the levels of cortisol. Thigling is accordance with other studies like Jebal who found
that long-term regular aerobic exercises had necefin cortisol [20]. Furthermore, it can be coasidl that thén

vitro production of cortisol by PBMCs is a novel findiimgthe present study.

Regardless of the effect of exercise or sedentheycumulative abilities of the blood, WB and PBM&zsnples in
the production of IL- 17, melatonin and cortisol revealayzed. The results of this analysis showetl RBEMCs
produce more IL- 17 in comparison with WB cultufEhe reason could be due to higher concentration of
lymphocyte Th17 population in the PBMCs comparethiie blood. [6, 18]. In addition, the productiohhigh
level of cortisol in WB culture compared with seramd PBMCs predicts the possibility production oftisol by
RBC or by neutrophils that need to be more invastig [21, 22].

RBC parameters evaluation showed that RBC countamtbPCV were not changed during exercise and w&fiter
months of recovery. In contrast, MCV, MCH and MCHiere increased due to exercise and returned to pre-
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exercise levels after two months silent. The inseein MCV suggests that intraerythrocyte osmolalitsis
increased. This high osmolality probably leadingtelling of the RBC cells induced by a shift ofterafrom the
diluting cell counter solution into the red cellsgp to the MCV measurement .[23].

CONCLUSION

Chronic effects of moderate exercise cause to higheduction of IL- 17 and lower production of melain by
PBMCs cultures. Therefore, this imbalance between 1I7 and melatonin production would be in favor of
inflammation increase.
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