
 
 

 

 

 
 

Abstract 

           Background and objectives: In recent years, exercise 

immunology studies have focused on key components of 

immune function, such as immune cells, immunoglobulins, and 

messenger molecules, as well as the effects of environmental and 

exercise factors. The aim of this study was to evaluate effects of 

8 weeks of selected training on serum levels of interleukin (IL)-

4, IL-6, and motor performance in elite water polo players. 

           Methods: For this purpose, 20 male water polo players 

(mean age: 23 years) were randomly divided into an 

experimental group (n=10, selected water polo training) and a 

control group (n=10, traditional water polo training). The 

selected water polo training was performed for 8 weeks, 6 

sessions per week. The intensity of training was controlled using 

maximum heart rate (80-100%) and increased by 5% every week. 

Water polo performance tests included a record of 50 meters 

swimming, 100 meters high swimming, 200 meters’ breaststroke, 

6 ×50 meters swimming, and 400 meters swimming. To evaluate 

the serum levels of IL-6 and IL-4, venous blood (5 ml) was taken 

in the pretest and posttest stages. The serum levels of IL-4 and 

IL-6 were measured by sandwich enzyme-linked immunosorbent 

assay. Mean values were compared using the t-test, at significant 

level of 0.05. 

           Results: The selected water polo training significantly 

changed IL-4 levels in elite water polo players (p<0.05). 

However, IL-6 levels and performance of the subjects did not 

change significantly. 

           Conclusion: The selected swimming exercises could 

relatively improve swimming stagnation of water polo players. 

However, due to the limited knowledge in this regard, there is a 

need for further research. 

           Keywords: Anti-Inflammatory Agents, Interleukin-6 , 

Interleukin-4, Water Sports. 
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inflammatory factors to intense intermittent 

training in water polo athletes, without 

nutritional and pharmacological 

considerations. This study evaluates effects of 

8 weeks of selected training on serum levels of 

IL-4 and IL-6 in elite water polo athletes. 

 

MATERIALS AND METHODS 

This was a practical and quasi-experimental 

study with a pretest-posttest design. The 

statistical population included all water polo 

players in Mashhad, Iran. Inclusion criteria 

included age of 20-25 years, at least 4 years of 

experience in continuous training, and 

participation in the national water polo premier 

league. Overall, 20 athletes were purposefully 

and accessibly selected and divided into a 

selected water polo exercise group (n=10) and 

a traditional water polo exercise group (n=10). 

After explaining the objectives and methods of 

the research, written consent was taken from 

all participants. It should be noted that all 

subjects were healthy at the time of the study 

and were not on any medication. 

Water polo performance tests included 50-

meter swimming record, 100-meter high 

swimming, 200-meter breaststroke, 6×50-

meter swimming, and 400-meter swimming. 

Selected water polo exercises were performed 

for 8 weeks (Table 1). The Karvonen method 

was used as a percentage of the maximum 

heart rate (80-100%). In addition, the intensity 

of training was increased by 5% every week 

(13). 

To evaluate the serum levels of IL-6 and IL-4, 

5 ml of venous blood were drawn. After 

separating serum, the levels of IL-6 and IL-4 

were measured by sandwich enzyme-linked 

immunosorbent assay (ELISA) method, using 

commercial kits (ab46027 and ab46087, 

Eastbiopharm Company, USA). In this study, 

The Kolmogorov-Smirnov test was performed 

to assess normality of data, and t-test was 

performed to compare mean values at a 

significant level of 0.05. 

 

RESULTS 

Table 2 shows the characteristics of the 

participants in the study groups.  

 

 

 

 

 

INTRODUCTION 

In recent years, many studies have focused on 

exercise immunology and key components of 

immune function, such as immune cells, 

immunoglobulins, glutamine, and cytokines, 

as well as the influence of environmental, 

nutritional, and exercise factors (1). Cytokines 

are soluble agents in the immune system. In 

general, these proteins are divided into two 

major groups: proinflammatory [interleukin 

(IL)-18, IL-1 beta, and IL-6] and anti-

inflammatory (IL-4, IL-6, and IL-10) 

cytokines. Proinflammatory cytokines are 

involved in the development and progression 

of inflammation, while anti-inflammatory 

cytokines are secreted in response to 

inflammation to limit and reverse the 

inflammatory processes (2). On the other hand, 

IL-6 is a dual-function cytokine that has a 

different effect on cell types due to the nature 

of its receptors (3). It is mainly secreted by 

immune cells, vascular endothelial cells, 

adipocytes, and muscle fibers, and its receptor 

is present in various cells, including most 

leukocytes, hepatocytes, adipocytes, and 

epithelial cells (4).  

Skeletal muscles have the capacity to express 

several cytokines, including IL-6, IL-8, and 

IL-15, collectively called myokines (5). These 

are in fact cytokines produced by muscle cells 

that link exercise to inflammation (6). 

Myokines facilitate several cellular responses 

to exercise, such as angiogenesis, suppression 

of proteolysis, and regulation of muscle 

glycogen (7). Induction of IL-6 and IL-4 

secretion following exercise may be due to 

skeletal muscle injury and inflammation (8). 

Some studies indicated that strength training 

increases muscle mass and contractile proteins, 

which in turn increases muscle strength and 

capillary damage. Exercise programs with 

different intensities and durations affect 

cytokine levels (9). There are conflicting 

findings about the appropriate exercise 

intensity to achieve the anti-inflammatory 

effects of physical activity (10). Exercise with 

moderate or high intensity/duration has a 

greater anti-inflammatory effect compared 

with low intensity exercise (11). The 

relationship between intermittent exercise and 

IL-4 and IL-6 changes has not been studied 

extensively, and only nutritional and 

pharmacological  interventions on patients 

have been emphasized  upon (12). In the 

present    study,  we   investigate   response   of  
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in the experimental group compared to the 

control group. The selected water polo training 

did not change the swimming records of 50 

meters, 100 meters, 200 meters, and 400 

meters in experimental subjects. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Given the normality of data, parametric tests 

were used. Results of the independent and 

paired t-tests are presented in Table 3.  

Based on the results of the paired t-test, the 

level  of  IL-4  and IL-6 increased significantly  
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Day of the week General warmup Special warmup Main exercise Cool down 

Saturday warm-up exercises,  5 

minutes jogging 

200 meters free, 4×50 

meters mixed, 200 

meters mixed feet 

10 × 100 meters swim 

with 3 minutes rest, 

swim head up with the 

ball, work with the ball, 

shoot, and pass 

2×200 meters chest 

crawl, 2×100 meters 

crawl back with frog 

legs 

Sunday warm-up exercises, 5 

minutes running 

200 meters free, 4×50 

meters mixed, 4×50 

meters mixed feet 

6 × 200 meters free 

swimming with 4.5 

minutes rest, 10 × 50 

meters swimming with 

1.5 minutes rest, work 

with the ball 

400 meters chest 

crawl, 100 meters 

crawl back 

Monday warm-up exercises, 

move the water polo 

shot with the cache in 

different directions 

4×50 meters mixed, 

4×50 meters mixed 

feet 

4 × 15 (minutes) water 

polo game (without 

restarting from the 

middle of the field) 

400 meters freestyle 

 

Tuesday warm-up exercises 4×50 meters mixed, 

4×50 meters mixed 

feet 

5× 400 meters (with 

insole + twin) chest 

crawl, 5 × 400 meters (50 

butterflies + 300 chest 

crawl + 50 butterflies) 

with fin 

400 meters freestyle 

Wednesday warm-up exercises, 5 

minutes running 

4×50 meters mixed, 

200 meters mixed feet 

3× 15 (minutes) shallow 

water polo game without 

dangerous errors 

without water polo rules, 

rescue swimming with z-

shaped ball and attack 

and counter-attack by 

shooting 

200 meters chest 

crawl, 100 meters 

crawl post, 100 

meters feet 

Thursday warm-up exercises, 5 

minutes running 

4×50 meters mixed, 

100 meters mixed legs 

(100-200-300-400 

meters) breast crawl, 

(100-200-300-400) 

meters breast crawl, 

work with the ball, 

shoot, practice team 

tactics 

200 meters chest 

crawl, 100 meters 

crawl post, 100 

meters feet 

 

Friday Official game with complete rules            

 

Table 1- Details of the selected water polo training program 

 

Group Number Age (years) Height (cm) Weight (kg) 

1 Selected water polo exercises 10 23.17 ± 2.51 182.8 ± 6.32 91.2 ± 6.32 

2 Traditional water polo exercises 10 23.02 ± 2.67 181.1 ± 5.58 88.6 ± 5.96 
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iterative speed performance test. Another 

study investigated effects of using sodium 

bicarbonate and beta-alanine on 100-meter 

freestyle swimming in 30 elite male swimmers 

(18). Subjects were divided into four groups: 

placebo, beta-alanine supplementation, sodium 

bicarbonate supplementation, and beta-

alanine-sodium bicarbonate supplementation. 

The intervention lasted 2 weeks, and the 

subjects performed 100-meter swims three 

times. The results showed no difference 

between the groups in the first 100-meter 

swim, but after the second and third swims, 

lactate levels in the beta-alanine and beta-

alanine-sodium bicarbonate supplementation 

groups increased compared with the control 

group. In the mentioned study, the subjects 

were not elite swimmers, but they were used in 

many research sources, the athlete's progress at 

the professional level reaches a functional 

plateau, which at this stage is very difficult to 

improve performance. In other words, the 

stagnation of swimmers in the selected training 

group increased slightly compared to the 

control group, although it was not statistically 

significant. 

Other important  factors in achieving these 

results include the nature  of the  sport of water 

polo and its basic required skill  i.e. swimming 

(19). In addition to physical fitness, the 

technical performance of the  swimmer also 

plays    a  major   role   in   improving   overall 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Based on the results of the paired t-test, the 

level of IL-4 and IL-6 increased significantly 

in the experimental group compared to the 

control group. The selected water polo training 

did not change the swimming records of 50 

meters, 100 meters, 200 meters, and 400 

meters in experimental subjects.  

 

DISCUSSION 

The present study examined the level of IL-4 

and IL-6 in water polo athletes. In this regard, 

a previous study showed that 12 weeks of 

swimming training reduced IL-6 in mice (14). 

The mentioned study reported that 8 weeks of 

endurance swimming training increased IL-10 

and decreased IL-6 in heart tissue (15). In our 

study, 8 weeks of selected training had no 

effect on motor performance of elite water 

polo players. In this regard, a precious study 

investigated the effect of 4 weeks of 

swimming training and beta-alanine 

supplementation on repetitive speed 

performance in 22 elite male water polo 

players (16). Before and after receiving the 

supplement, the subjects performed repetitive 

speed performance tests in 30 minute-sessions 

with an interval of 30 minutes (17). 

The results showed no significant difference 

between the experimental and control groups 

as a result of the first iterative speed 

performance. However, this difference was 

statistically significant as a result of the second 

Variable Group Pretest 

 

Posttest 

 

Changes 

 intergroup 

Changes 

 intergroup 

t value Significance 

level 

t value Significance 

level 

IL-6 

(pg/ml) 

Experimental 70.14±2.19 2.41±20.71  4.871 0.062 34.4 *0.00 

Control 4.32±22.14  4.48±22.49  1.922 0.087 

IL-4 

(n/gl) 

Experimental 19.05±12.32 10.62 ±31.88  12.345 0.00 0.640  *0.00 

Control 10.32 ±32.18  8.60±13.73  0.246 0.811 

50 m 

record 

Experimental 1.02±72 .82  0.78±27.76  6.29 0.001 1.32 0.21 

Control 0.53±10.29 0.52±28.53  2.09 0.09 

100 m (sec) 

record 

Experimental 3.48±61.62 2.55±59.87  6.04 0.001 1.29 0.22 

Control 1.89±00.64 1.60±62.16  3.37 0.02 

100/200 m 

(sec)  

record 

Experimental 5.22±00.161 3.68±158.71  1.48 0.18 1.060 0.31 

Control 3.60±16.164 5.39±164.33  0.09 0.92 

400 m (sec) 

record 

Experimental 13.30±85.358 13.49 ±353.00  4.46 0.004 0.34 0.74 

Control 8.67±00.362 6.73±356.83  3.18 0.02 

6 ×50  m 

(sec) 

record 

Experimental .2±71.34 49 2.47±33.85  2.52 0.045 0.99 0.32 

Control 2.07±50.35 1.50±34.66  2.71 0.042 

 

Table 3-Comparison of intragroup and intergroup changes of variables in elite water polo players 
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performance.  

 

CONCLUSION 

Overall, the results showed that 8 weeks of 

selected water polo exercise could 

significantly change plasma IL-4 level of elite 

water polo athletes. Regular aerobic exercise 

appears to reduce this by reducing sympathetic 

stimulation and increasing anti-inflammatory 

cytokines. On the other hand, the exercises 

could not significantly change IL-6 levels. 

However, due to the limited knowledge in this 

regard, there is a need for further research. 

 

ACKNOWLEDGEMENTS 

 We appreciate all participants for their 

cooperation in this study. 

 

DECLARATIONS 

funding 

This research received no specific grant from 

any funding agency in the public, commercial 

or not-for-profit sectors. 

 

Ethics approvals and consent to participate 

Written consent was taken from all subjects 

prior to participation in the study. 

 

CONFLICT OF INTEREST 

The authors declare that there is no conflict of 

interest regarding publication of this article. 

 
REFERENCES 

1. Agha Alinejad H, Molanori Shamsi M. Exercise 

Induced Release of Cytokines From Skeletal Muscle: 

Emphasis on IL-6. Iranian Journal of Endocrinology and 

Metabolism. 2010; 12(2): 181-190. [Persian] [View at 

Publisher] [Google Scholar] 
 

2. Andring JM. The consistency of inflammatory 

responses and muscle damage to high -force eccentric 

exercise. Montana State University. 2006; 107: 1893-

900. [View at Publisher] [Google Scholar] 
 

3. Arazi H, Demirchi A, Babaie P. Respond to the acute 

phase to one and two sessions of concurrent endurance 

and resistance training. Olympic Journal 2007; 15(3): 

67-80.[Persian] [View at Publisher] 
 

4. Azad A. The study of the effect of World Health 

Organization recommended physical activity program on 

C- reactive protein and interleukin-6 in middle-aged 

men. Iran South Med J. 2013; 16 (1) :49-60. [Persian] 

[View at Publisher] [Google Scholar] 
 

5. Banitalebi E, T. Razavi, Nouri M, Bagheri tulips. The 

Effect Of Combined Aerobic Exercise Training And 

Green Tea Extract On Serum Tnf-α And Il-6 Levels In 

Obese Women With Type 2 Diabetes . Address Scientific 

Research Shahed University 2016; 23(123): 20-11. 

[Persian] [View at Publisher] [Google Scholar] 

 
 
 

35/ Hoseini and colleagues 

 

Medical Laboratory Journal,  Sep-Oct, 2022; Vol 16: No 5 

 

https://link.springer.com/article/10.1186/1472-6793-11-3
https://doi.org/10.1186/1472-6793-11-3
https://pubmed.ncbi.nlm.nih.gov/21255427/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Capomaccio+S%2C+Cappelli+K%2C+Spinsanti+G%2C+et+al.+Athletic+humans+and+horses%3A+comparative+analysis+of+interleukin-6+%28IL-6%29+and+IL-6+receptor+%28IL-6R%29+expression+in+peripheral+blood+mononuc
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Capomaccio+S%2C+Cappelli+K%2C+Spinsanti+G%2C+et+al.+Athletic+humans+and+horses%3A+comparative+analysis+of+interleukin-6+%28IL-6%29+and+IL-6+receptor+%28IL-6R%29+expression+in+peripheral+blood+mononuc
https://link.springer.com/article/10.1007/s00421-013-2592-0
https://doi.org/10.1007/s00421-013-2592-0
https://doi.org/10.1007/s00421-013-2592-0
https://pubmed.ncbi.nlm.nih.gov/23361845/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Christiansen+T%2C+Bruun+JM%2C+Paulsen+SK%2C+%C3%98lholm+J%2C+Overgaard+K%2C+Pedersen+SB%2C+Richelsen+B.+Acute+exercise+increases+circulating+inflammatory+markers+in+overweight+and+obese+compared+with
https://www.hindawi.com/journals/bmri/2014/429248/
https://www.hindawi.com/journals/bmri/2014/429248/
https://doi.org/10.1155/2014/429248
https://pubmed.ncbi.nlm.nih.gov/25050349/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Del+Giacco+SR%2C+Scorcu+M%2C+Argiolas+F%2C+Firinu+D%2C+Del+Giacco+GS.+Exercise+training%2C+lymphocyte+subsets+and+their+cytokines+production%3A+experience+of+an+Italian+professional+football+team+and
https://mjms.modares.ac.ir/article-30-10248-fa.html
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Doostdar+M%2C+Fathei+M%2C+Hejazi+K%2C+Kiani+gol+M.+The+effect+of+eight+weeks+of+aerobic+training+on+leptin%2C+interlukin-6%2C+and+tumor+necrosis+factor-alpha+levels+in+inactive+elderly+women.+2017%3B
https://ebnesina.ajaums.ac.ir/browse.php?a_id=418&sid=1&slc_lang=en
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ebrahimpur+Z%2C+peeri+M%2C+Matin+Homaee+H%2C+farzanegi+P.+Effects+of+exercise+preconditioning+on+the+levels+of+interleukin-6+and+10+of+Myocardial+in+mice+with+breast+cancer.+EBNESINA-+Journal+of+Medi
https://www.jbc.org/article/S0021-9258(19)56486-9/fulltext
https://doi.org/10.1074/jbc.M512077200
https://pubmed.ncbi.nlm.nih.gov/16464856/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Gustafson+B%2C+Smith+U.+Cytokines+promote+Wnt+signaling+and+inflammation+and+impair+the+normal+differentiation+and+lipid+accumulation+in+3T3-L1+preadipocytes.+J+Biol+Chem+2006%3B+281%3A+9507-16.&btnG
http://umj.umsu.ac.ir/article-1-4180-en.html
https://doi.org/10.5812/jcrps.79971
https://www.nature.com/articles/nature07206
https://doi.org/10.1038/nature07206
https://pubmed.ncbi.nlm.nih.gov/18650917/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Handschin+C%2C+Spiegelman+BM.+The+role+of+exercise+and+PGC1alpha+in+inflammation+and+chronic+disease.+Nature+2008%3B+454%3A+463-9.&btnG=
http://jmj.jums.ac.ir/browse.php?a_id=1181&sid=1&slc_lang=en&ftxt=0
http://jmj.jums.ac.ir/browse.php?a_id=1181&sid=1&slc_lang=en&ftxt=0
https://doi.org/10.52547/jmj.16.4.10
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hooshmand+Moghadam+B%2C+Kordi+M+R%2C+Attarzade+Hosseini+S+R%2C+Davaloo+T.+Aerobic+exercises+and+Supplement+Spirulina+reduce+inflammation+in+diabetic+men.2018%3B+Pars+Journal+of+Medical+Sciences%2C+Vo
https://link.springer.com/article/10.1007/s00421-006-0362-y
https://link.springer.com/article/10.1007/s00421-006-0362-y
https://doi.org/10.1007/s00421-006-0362-y
https://pubmed.ncbi.nlm.nih.gov/17206443/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kim.+H.+J.+Y.+H.+Lee%2C+and+C.+K.+Kim%2C+%282007%29.+Biomarkers+of+muscle+and+cartilage+damage+and+inflammation+during+a+200km%2C+Eur+Appl+physiol%2C+99%3A+443-47.&btnG=
https://ijem.sbmu.ac.ir/article-1-799-en.html
https://ijem.sbmu.ac.ir/article-1-799-en.html
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Agha+Alinejad+H%2C+Molanouri+Shamsi+M.+Azarbayjani+M.A%2C+Asghari+Jafarabadi+M%2C+Tofighi+L.S%2C+Mirani+SM.+The+effects+of+Active+Recovery+on+Serum+IL-6%2C+IL-8%2C+IL-10+and+CK+Concentrations+after+E
https://scholarworks.montana.edu/xmlui/handle/1/839
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Andring+JM.+The+consistency+of+inflammatory+responses+and+muscle+damage+to+high+-force+eccentric+exercise.+Montana+State+University%3B+2006%3B+107%3A1893-900.&btnG=
https://www.sid.ir/en/Journal/ViewPaper.aspx?ID=104084
http://ismj.bpums.ac.ir/article-1-390-en.html
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Azad+A.+The+study+of+the+effect+of+World+Health+Organization+recommended+physical+activity+program+on+C-+reactive+protein+and+interleukin-6+in+middle-aged+men.+Iran+South+Med+J.+2013%3B+16+%281%29+%253
https://www.sid.ir/en/journal/ViewPaper.aspx?id=505830
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Banitalebi+E%2C+T.+Razavi%2C+Nouri+M%2C+Bagheri+tulips.+The+Effect+Of+Combined+Aerobic+Exercise+Training+And+Green+Tea+Extract+On+Serum+Tnf-%CE%B1+And+Il-6+Levels+In+Obese+Women+With+Type+2+Diabetes+
https://mlj.goums.ac.ir/browse.php?mag_id=69&slc_lang=en&sid=1


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

16. Kohut ML, McCann DA, Russell DW, Konopka DN, 

Cunnick JE, Franke WD, et al. Aerobic exercise, but 

notflexibility/resistance exercise, reduces serum IL-18, 

CRP and IL-6 independent of beta-blockers, BMI 

andpsychosocial factors in older adults. Brain Behav 

Immun. 2006; 20(3): 201-9. [View at Publisher] 

[DOI:10.1016/j.bbi.2005.12.002] [PubMed] [Google 

Scholar] 
 

17. Margeli A, Skenderi K, Tsironi M, Hantzi E, Matalas 

AL, Vrettou C, et al. Dramatic elevations of interleukin-6 

and acute-phase reactants in athletes participating in the 

ultradistance foot race spartathlon: severe systemic 

inflammation and lipid and lipoprotein changes in 

protracted exercise. J Clin Endocrinol Metab. 2005; 

90(7): 3914-8. [View at Publisher] 

[DOI:10.1210/jc.2004-2346] [PubMed] [Google Scholar] 
 

18. Mathur N, Pedersen BK. Exercise as a mean to 

control low-grade systemic inflammation. Mediators 

Inflamm. 2008; 2008: 109502. [View at Publisher] 

[DOI:10.1155/2008/109502] [PubMed] [Google Scholar] 
 

19. Mendham AE, Duffield R, Marino F, Coutts AJ. A 

12-week sports-based exercise programme for inactive 

Indigenous Australian men improved clinical risk factors 

associated with type 2 diabetes mellitus. Journal of 

Science and Medicine in Sport. 2015; 18(4): 43843. 

[View at Publisher] [DOI:10.1016/j.jsams.2014.06.013] 

[PubMed] [Google Scholar] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

36/ Effects of a Selected Training. . . 

 

How to Cite: 

Hoseini SM, Barjaste Yazdi A, Khajei R, Rashid Lamir A [Effects of a Selected Training Program on Motor Performance and 

Serum Levels of IL-4 and IL-6 in Elite Water Polo Players]. mljgoums. 2022; 16(5): 31-36 DOI: 10.29252/mlj.16.5.31 

 

 

 

Medical Laboratory Journal,  Sep-Oct, 2022; Vol 16: No 5 

 

https://www.sciencedirect.com/science/article/abs/pii/S0889159105003727
https://doi.org/10.1016/j.bbi.2005.12.002
https://pubmed.ncbi.nlm.nih.gov/16504463/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kohut+ML%2C+McCann+DA%2C+Russell+DW%2C+Konopka+DN%2C+Cunnick+JE%2C+Franke+WD%2C+et+al.+Aerobic+exercise%2C+but+notflexibility%2Fresistance+exercise%2C+reduces+serum+IL-18%2C+CRP+and+IL-6+independent+
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kohut+ML%2C+McCann+DA%2C+Russell+DW%2C+Konopka+DN%2C+Cunnick+JE%2C+Franke+WD%2C+et+al.+Aerobic+exercise%2C+but+notflexibility%2Fresistance+exercise%2C+reduces+serum+IL-18%2C+CRP+and+IL-6+independent+
https://academic.oup.com/jcem/article/90/7/3914/2837226
https://doi.org/10.1210/jc.2004-2346
https://pubmed.ncbi.nlm.nih.gov/15855262/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Margeli.+A.%2C+K.+Skenderi%2C+M.+Tsiromi%2C+E.%2C+A.L.+Matalas%2C+C.+vrettou%2C+E.+Kanavakis%2C+G.+Chrousos+and+I.Papassotiriou%2C+%282005%29.+Dramatic+elevations+of+interleukin-6+and+acute+phase+rea
https://www.hindawi.com/journals/mi/2008/109502/
https://doi.org/10.1155/2008/109502
https://pubmed.ncbi.nlm.nih.gov/19148295/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mathur+N%2C+Pedersen+BK.+Exercise+as+a+mean+to+control+low-grade+systemic+inflammation.+Mediators+of+inflammation.+2009.&btnG=
https://www.sciencedirect.com/science/article/pii/S1440244014001248
https://doi.org/10.1016/j.jsams.2014.06.013
https://pubmed.ncbi.nlm.nih.gov/25060913/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mendham+AE%2C+Duffield+R%2C+Marino+F%2C+Coutts+AJ.+A+12-week+sports-based+exercise+programme+for+inactive+Indigenous+Australian+men+improved+clinical+risk+factors+associated+with+type+2+diabetes+mell
file:///E:/semnani/2020/4%20Jul-Aug%202020/1-article%20A-10-913-1-nasir/10.29252/mlj.14.4.1
https://mlj.goums.ac.ir/browse.php?mag_id=69&slc_lang=en&sid=1

