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2 . Hydrogen Unclear Magnetic Resonance
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7. Principal component analysis

8. Partial Least Squares Discriminant Analysis

iy olBidls 4 basged Jnl 1 e sl e
M 5ids See 10 ) aiged 5| 1y S FO- alolidl
D lodds) 5 g ont > (S 53,5 SY gl,») D20
iy (NMIR olSs ogien) Yl s b (5 2n oo
500 MHz Bruker DRX HNMR o&iws o ¢ o
&g e Sl CPMG iy, 4 b ol osls )3
45,5 CPMG el ~ STy s s laiges e
Vb J5Sge 039 b DlaS 5 g ol CPMG ol
S9ben w9 a0 Rl ) lagtigy alex
ol alecr 31 ot S5 335 b 5 SanLi
JiSa) SLSY it 4 lacids dan (Y1) 05 ol
b sl )l plo asals ools gl NYPPM o Sbgo
NOYF Sl olass oK) 6l YAA (glos :aings & i pay
¥S by oles 5 AYAR/ Y8 HZ Sy csligs

5 sl 3T 5355 HNMR (glacinb (s 3tuosbol
beagbo o lols

lg5 ymo 138l 5 5l lacads (g 5lwoskel 4 samlive (s
e o' pile dalas 4 axg Load oslanul
ey 5o J8ley o, Jiles ol (VA
ilwoslel gl (YY) el WSnglple HNMR
o3 et S Ly e Bl O Sy izl e b
Alasias BB by plo 3529 O jae ;0 9 Sl
Joy 58 am Ao y0 2855 el aly oead o
e 3 o Sl ik 550 5 5
Bgod .0l ST 041y g oel,0 e S @ lacads don
Jondlygws 4y azgi b og dae FoA 5l oy ol
6l 5 iye ST L5 o laools Sedllilglio I3l 5

CodUlglie 0 3slT J3las l o gylel U

1. Martin

2. Baseline correction
3. Alignment

4. Metaboanalyst


http://www.hmdb.ca/

PC2(16.2%)

1FAQ 5leg ) 8 lols AV 8590 ()59 5o o g 599 8 S Jpg S &y s

\44

Oleo Blyzil  (52Silao) b G905 chmogi G T3 ) Jour

Peibaile  gudey pels

) ) ON (2% 039 o3 O
9 Sy g Fool 055 9duS) )
(w2,3) (P55 9k5) (o ) (J)
(Jlw) S aiws (&0
\AEATA ¥/ £V /A VeVERY ANSEEA/E VAYAYERVYY  YEOEYY

3 Sandlin Slallls 3 5 5505 e 5
PLSDA (j5051 (gamgd &M 09 o oolatul i) g0
olas O ol el sads esls Hlas YO SS o 5
Sleloe s o aiws g0 (pl (Sdgle Ol oss wes o

ilesglaie

argi b el o0 a5l ) SE ;0 PCA (yg03] <l

Sl OS5 sl plie auilys 5031 (nl JSS @
Jelosga iz lp bl aes Geed o U ) 3550 9
ise)l PCA a2 solicd PLSDA cyse5l 51 5i5do

a8 g ol 00l JyiS Sge3] PLSDA Lol conis J yiuS

Scores Plot

- 1
- - 2
R
- O%@‘Z@S
= %> ° e
S > @
o @ o égbo
O ') &
"] S
. 2%
O 6’ o
A M > o > }

PC 1 (258.6 %)

PCA 5051 el ) U



vy

oSaogdgrlio 31 ool b JloSiums dlbsbuno 10 (g0l 9 (635 30 LS 3L (S galive ol g’ Ay Lo

Scores Plot

® 1
® 2
7 o
o
o ©
© =)
© o O,
= 7 ?@3 &P o o
3 %9 & &2
= %@O - o > ©
E ° © e (¢ 3} 8%)0
£l - o
3 o © e
< ]
o Su®
o &
T T T T T

0

Component 1 ( 27.8 %)

PLSDA (9051 cd Y U5

O30l @S & az i bog S 5o s samlis 5l

Aloas &SILY Jgaz j0 a5 wiad  olulis wiles S

212 90 pStewd Ol i b glacudglin .Y Jous

JSLSTH1LarRVOW S UL IUMPRVOW| IS PEUUWL W PROY

Wog ol (Geelm GGl Ho &5 olac sl

YT slsY

Wogr 5ok 655 e LS5k yo a5 slecdsln

POl g Weboo (o) SISE 4 el
slo g odae o sl el apll 4 4l S5
855 il 5l 1 oS 5 el alie (FF) Conlayls)|
05> SIS 4 el Jlas J3uS sl o' (SheST b
Eob 5o oS WS &5 Jal8ll nlple S o o
o (Giegh (el o JLiSew) 03y cullad o
5 O 5T, (FF) 050 55 )l MLae Lo

JB @0 Al ¥ uly 3 1) cnpg 38l

2.Ra

S sl SeinS o 295 0500 LS s

oYl 5 SLSY 5 bgelry LS5k 50 JgpmedS 5 o
Ll 039y ok (g blize v 3 (6355 (LS5l o
e wil lasllas sl fash (nl oo e
Splie lagul Oolss (o) p sl oSeegdalie
(b S (oo oaliinl LS diles SG o LS5k

Aol ,0 0, 0y bl duglis &l stelie io g

1. Reactive Oxygen species



1FAQ 5l o) 5,lols VY 5,90 ¢S )9 30 Cu o g Sig2 18 Sla d gl & s YA

Sl ylogd a4 ] o e a5 el 5559008 Sl g
Ao s s Shoe PS5, 20 cal Jo 095 o
AYO) Slaudls 9 cadlad 3 b JrRvow
OBl o a8 Cwl (65500 Sudslie (g pandS
55950 (JgyadS sl 0l (g lobire 9 50 el s
5 950 ol JgpualS ol 65 4325 51 &5
Oezmen (YY) 09d oo a3 )5 Sl e asld
Lt ¥ g poeelS 42 5l Jg clS o2 351 Lanwgs lss 0
2509 Sllad pln 098 555555 9IS jae 35l 5 oS
5 e (Plas 0I5 58, Llw Jdea
JordS Gl g ol ool obj —50 033555545 5l5
oyl Gol38l clalllne dod ol cewles] ol a0l
aSiliz (FFFY) wilos,S 0l i))s codlad 5 g |,
S Foelrm 0Lk w oo B ol oLl
el yor il (5555 o8 Az po 5 )l (5 0L
lecan b awlio j0 a5 bl 5l uoen ool 4,
Ol 33l S o oolitul 5ok (g5lsm (sl yrne 51 (555
ey o0 i (a5 e
@5 woyn A Ly o o555 slacdled o
ol 8 (SESY (s 5 SESY L) (55l g oK ol
aibe eSS sloes gl 8 Cllil czge oS 05 o
o1y el sy yols gt gl e oo OLSY
Jot sy Sl amde Gl 35 e GUSSSL
Silop e peadglie il p5 50 wad S sle S0
WJods Gred a9 )18 (655 0 OLSUSL o 0k
ol @l cwl ol LSl cpl e DS lade
Semganad L Aoyl fiion mlis b SUSY 83l )5 gy
Ser 5 I clatesy mbs L LI (YOS
b (VDT VE) Ken 5 pedle 5 (FOXT-1)
€55 5 159903« sagmanl nl o sy o0 laias oo

b tagh (ol 90 @ 50 1ny wdl biegh JSyp

slagiagn 3w cpl (VF) whos 518
OHSer 5 05 9 (YO) (Y+10) 00 5 uslsdS,
olid Ol zuls .casl ool (5155 55 (FF) (Y+10)
ek s e Seelim GLSL e oo
5 S9elim OBk ol (Fwigs o Jels s 0 Sain
5 sl ol (53lgm olSiws  yito 455 Yoo
5 olple e (S5enST b slaaisS wdsi ais o
3l seml JLid JS slp 650k npe LSk
Sl S s 3 el ST g S sl 00l (55
b Sl OSsk 5o gl g0 ol (o9 5oL 5
3 Seelm oLSosl ol solatwl a5 wes o lis
sl ozls Selplio 50 12 015 o b, (s3lsm olKius
98 Jlazl T Gaaljil g g o0 Jladiay )S 3552
Jedots )5 45 2 la mle (Slgl 2 S j0 Ay
5o 5L TV 318 (55l9a pad plie (gl yana 0l 5 colad
£ 5l am ) Cadplie 50 ol Sil3l (YY) o] Ses
Soyd Ve oad bl op <S5 )5 ) g
o s (YA) wis S 518 e oy ;0 IRM
VDTN GBes 5 £ 90 S b izmen 0>
Ohes g ulealSo 5 (F2) (VO F) e 5 oSy
e > et Ll Casgaen (F)) (Yo))
Aol 51 s S el ol (Vo10) S 5 pucilsnlSy
AL e A Sl (93 Cugs ) (n oS S5
O slaids Voo sl il glcgls b See cs
O 5l g 5 p9d Cugs G 4B Ve g ped 5 gl Sy
Sl g 3 Ol s oo )5 83 52 S0 Lol (2xile
5 ShlslsesT ¥og cdl sl il 5 als
illls ol ol o (¥0) o, s SliaslgllsS
s sl S g @alis Ve e dalllas b sl dSS
o) Lal hlSes 5 GuloddSy cnl 3529 bl (55
s al3l Yol SlanS g als s wlos S



va oSaogdgrlio 31 ool b JloSiums dlbsbuno 10 (g0l 9 (635 30 LS 3L (S galive ol g’ Ay Lo

21y el Gloal g5 l pedslin 51 B30 Sligel
&b Gall gl GLS3L o ol lade o )ls eage
el ails
w3 ge oli Ghagh cnl slaadl (L5 ke
Ol 5 iler o 2 (Soslim OLSUL &S
A eizres el 50l G5ler o Sl e 2 (535 0
9ol LSk ) (5eeST JLd slaaiss 0 dgi oy o0
Soyed Ay oeb oo lpaing oelpls il ol
5 il Dluyed ol ASS L el OLSSSL
Silpe Doyl p i &S5 L 65 e oLk
oBiwd Cosli djo0 SE4 Guizes 09h (2b
5,8 0ae 0902 il oo (Sgaly GES3L o (SlaraST il
S Oghen Sling L atily oljesar 1) ;b
Splie Sl Syl eanl slaiag
Oyt oyt oMoy D98 (g Gl il 3l
ol Wiy o o slocwdleSus o (Sslio
Gr5 0 a5 Jole (I B wS (asiin ) (o

Dy aid S Lais o izl sl iagh mls

S8 g Sl
AOATNIYY 5lels siwghy ok Jol> adlas )
Sk, ol o RKagh 5l Coles Bgaio jo sabcds

5l U5

sagi 5o Ll wisg Gl b (y35 ALl o)l by Soge ]
g s glandlaS L:osxog.oﬂ ol
2 59 555 0 GBSk o o8 cel Sl (Y]
Oe 5 eilsadSs (sl gy el 5ol (g lolins
5 oFp (F) (TVF) oSen 5 aSy (YOXT- VD)
L QP DTV E) o, Kan 5 padla o FAXT 1Y) oS
OhSes 5 Gyt s (F7) (V) (lSen
50 Lol aslos S 155 1y s T ial38l 55 (FYX(Y +VF)
ST ke ((YR) (YN F) S § 7y g0 Lidgh
ailss (g oline @iglis staliiin! o pod dudd S5 3l o
S5 5 agogesl 5o (rme dusyo0 ShI4 o
Lo Gragh b gypge Gagh mli olds s cglins
0,18 3939 VT iulidl sl Jleis! asgs g0 0l
OeV1 el 3555555 918 (glajl iy 31 ¥ T aS1 sl
o5 YT w3l Gasb 5l Slsse Ggeslinel Gl 5]
s ead 055 Olz ol o e ooy Lol
S s 5 Sy 4 Ll 0 090 050 g L]
ol go 35950V &5 2 1) al B cal a5 098 s
Gl &S & Ssgel Jliml (VT S dilg Lol (FA)
s sh @83 ol (e Jolo cnl Giyb cnl I G
g Sliwdgie el Garuliels Jdoay disluse § (52 p03
Sl Jld odlas s Sligel Jade e BCAA!
a7 oo |y sVl Gl Wisiee alnln b

OESsl L, WBCAA 1 solinul Ylaasl (FA) oS

Jo dalsg &YT aS sl 3y sl 00gr S0l (635 e

1. Brain Chain Amino Acid



1FAQ Lo o) 5,Lols VY 5,90 ¢S89 30 Cu oo 9 STl ;8 S g & i A

aslo 9 &l

1. Hilka K, Cuberek R, Bélka JJAG. Heart rate and time-motion analyses in top junior players
during basketball matches. 2013;43(3):27-35.

2. Torres-Ronda L, Ric A, Llabres-Torres I, de las Heras B, i del Alcazar XSJTJoS, Research
C. Position-dependent cardiovascular response and time-motion analysis during training
drills and friendly matches in elite male basketball players. 2016;30(1):60-70.

3. Abdelkrim NB, Castagna C, Jabri I, Battikh T, El Fazaa S, EI Ati JJTJoS, et al. Activity
profile and physiological requirements of junior elite basketball players in relation to
aerobic-anaerobic fitness. 2010;24(9):2330-42.

4. Castagna C, Impellizzeri FM, Chaouachi A, Ben Abdelkrim N, Manzi V. Physiological
responses to ball-drills in regional level male basketball players. Journal of sports sciences.
2011;29(12):1329-36.

5. Abdelkrim NB, Castagna C, El Fazaa S, El Ati J. The effect of players' standard and tactical
strategy on game demands in men's basketball. The Journal of Strength & Conditioning
Research. 2010, 62-2652(10)24,10.

6. Marcelino PR, Aoki MS, Arruda AF, Freitas CG, Mendez-Villanueva A, Moreira A. Does
small-sided-games’ court area influence metabolic, perceptual, and physical performance
parameters of young elite basketball players?. Biology of sport. 2016 Mar;33(1):37.

7. Aoki MS, Ronda LT, Marcelino PR, Drago G, Carling C, Bradley PS, et al. Monitoring
training loads in professional basketball players engaged in a periodized training program.
The Journal of Strength & Conditioning Research. 2017;31(2):348-58.

8. Conte D, Favero TG, Niederhausen M, Capranica L, Tessitore A. Physiological and
technical demands of no dribble game drill in young basketball players. The Journal of
Strength & Conditioning Research. 2015;29(12):3375-9.

9. Conte D, Favero TG, Niederhausen M, Capranica L, Tessitore A. Effect of different number
of players and training regimes on physiological and technical demands of ball-drills in
basketball. Journal of sports sciences. 2016;34(8):780-6.

10. Klusemann MJ, Pyne DB, Hopkins WG, Drinkwater EJ. Activity profiles and demands of
seasonal and tournament basketball competition. International journal of sports physiology
and performance. 2013;8(6):623-9.

11. Puente C, Abian-Vicén J, Areces F, Lopez R, Del Coso J. Physical and physiological
demands of experienced male basketball players during a competitive game. Journal of
strength and conditioning research. 2017;31(4):956-62.

12. Torres-Ronda L, Ric A, Llabres-Torres I, de las Heras B, i del Alcazar XS. Position-
dependent cardiovascular response and time-motion analysis during training drills and
friendly matches in elite male basketball players. The Journal of Strength & Conditioning
Research. 2016;30(1):60-70.

13. Arruda AF, Aoki MS, Freitas CG, Drago G, Oliveira R, Crewther BT, et al .Influence of
competition playing venue on the hormonal responses, state anxiety and perception of effort
in elite basketball athletes. Physiology & behavior. 2014;130:1-5.



A oSaogdgrlio 31 ool b JloSiums dlbsbuno 10 (g0l 9 (635 30 LS 3L (S galive ol g’ Ay Lo

14. Leite GdS, Prestes J, Urtado CB, Marchetti PH, Padovani CR, Padovani CRP, et al .
Objective and subjective variables for monitoring of different season cycles in basketball
players. Revista Brasileira de Medicina do Esporte. 2012;18(4):229-33.

15. Manzi V, D'ottavio S, Impellizzeri FM, Chaouachi A, Chamari K, Castagna C. Profile of
weekly training load in elite male professional basketball players. The Journal of Strength
& Conditioning Research. 2010;24(5):1399-406.

16. Nunes JA, Moreira A, Crewther BT, Nosaka K, Viveiros L, Aoki MS. Monitoring training
load, recovery-stress state ,immune-endocrine responses, and physical performance in elite
female basketball players during a periodized training program. The Journal of Strength &
Conditioning Research. 2014;28(10):2973-80.

17. Scanlan AT, Wen N, Tucker PS, Borges NR, Dalbo VJ. Training mode’s influence on the
relationships between training-load models during basketball conditioning. International
journal of sports physiology and performance. 2014;9(5):851-6.

18. Alexiou H, Coutts AJ. A comparison of methods used for quantifying internal training load
in women soccer players. International Journal of Sports Physiology and Performance.
2008;3(3):320-30.

19. Lambert MI, Borresen J. Measuring training load in sports. International journal of sports
physiology and performance. 2010 Sep;5(3):406-11.

20. Krustrup P, Mohr M, Steensberg A, Bencke J, Kj&r M, Bangsbo J. Muscle and blood
metabolites during a soccer game: implications for sprint performance. Medicine and
science in sports and exercise. 2006;38(6):1165-74.

21. Bogdanis GCJFip. Effects of physical activity and inactivity on muscle fatigue. 2012;3:142.

22. Yan B, Jiye A, Wang G, Lu H, Huang X, Liu Y, et al. Metabolomic investigation into
variation of endogenous metabolites in professional athletes subject to strength-endurance
training. 2000.

23. Egan B, Hawley JA, Zierath JRICm. SnapShot: exercise metabolism. 2016;24(2):342-. el.

24. Svensson MB, Ekblom B, Cotgreave IA, Norman B, Sjoberg B, Ekblom O, et al. Adaptive
stress response of glutathione and uric acid metabolism in man following controlled exercise
and diet. Acta physiologica scandinavica. 2002;176(1):43-56.

25. Pohjanen E, Thysell E, Jonsson P, EKlund C, Silfver A, Carlsson I-B, et al. A multivariate
screening strategy for investigating metabolic effects of strenuous physical exercise in
human serum. Journal of proteome research. 2007;6(6):2113-20.

26. Dunn WB, Bailey NJ, Johnson HEJA. Measuring the metabolome: current analytical
technologies. 2005;130(5):606-25.

27. Fiehn O. Metabolomics—the link between genotypes and phenotypes. InFunctional
genomics 2002 (pp. 155-171). Springer, Dordrecht.

28. Howe CC, Alshehri A, Muggeridge D, Mullen AB, Boyd M, Spendiff O, et al. Untargeted
metabolomics profiling of an 80.5 km simulated treadmill ultramarathon. 2018;8(1):14.

29. Abdelkrim NB, Castagna C, El Fazaa S, Tabka Z, El Ati JJTJoS ,Research C. Blood
metabolites during basketball competitions. 2009;23(3):765-73.



WA 5l ) 85Lous AT 8593 ¢(8) 59 30 S pcke 9 S50 92 18 (Slb Sidg s & pidd AY

30. Scanlan AT, Dascombe BJ, Reaburn P, Dalbo VJ. The physiological and activity demands
experienced by Australian female basketball players during competition. Journal of Science
and Medicine in Sport. 2012;15(4):341-7.

31. Brown FF, Campbell ID, Kuchel PW, Rabenstein DC. Human erythrocyte metabolism
studies by 1H spin echo NMR. FEBS letters. 1977;82(1):12-6.

32. Martin M, Legat B, Leenders J, Vanwinsberghe J, Rousseau R, Boulanger B, et al.
PepsNMR for 1H NMR metabolomic data pre-processing. Analytica chimica acta.
2018;1019:1-13.

33. Chong J, Soufan O, Li C, Caraus I, Li S, Bourque G, Wishart DS, Xia J. MetaboAnalyst
4.0: towards more transparent and integrative metabolomics analysis. Nucleic acids
research. 2018 May 14;46(W1):W486-94.

34. Huffman KM, Koves TR, Hubal MJ, Abouassi H, Beri N, Bateman LA, et al. Metabolite
signatures of exercise training in human skeletal muscle relate to mitochondrial remodelling
and cardiometabolic fitness. 2014;57(11):228.

35. Pechlivanis A, Papaioannou KG, Tsalis G, Saraslanidis P, Mougios V, Theodoridis
GAJJopr. Monitoring the response of the human urinary metabolome to brief maximal
exercise by a combination of RP-UPLC-MS and 1H NMR spectroscopy. 2015;14(11):4610-
2.

36. Kim J, Banton S, Awad M, Yadalam A, Sher S, Tran V, et al. Training-related metabolic
adaptations in American-style football participants. 2015;2(8):1048.

37. Zafeiridis A, Chatziioannou AC, Sarivasiliou H, Kyparos A, Nikolaidis MG, Vrabas IS, et
al. Global metabolic stress of isoeffort continuous and high intensity interval aerobic
exercise: a comparative 1H NMR metabonomic study. 2016;15(12):4452-63.

38. Berton R, Conceicdo MS, Libardi CA, Canevarolo RR, Gaspari AF, Chacon-Mikahil MPT,
et al. Metabolic time-course response after resistance exercise: A metabolomics approach.
2017;35(12):1211-8.

39. Mukherjee K, Edgett BA, Burrows HW, Castro C, Griffin JL, Schwertani AG, et al. Whole
blood transcriptomics and urinary metabolomics to define adaptive biochemical pathways
of high-intensity exercise in 50-60 year old masters athletes. 2014;9(3):e92031.

40. Peake JM, Tan SJ, Markworth JF, Broadbent JA, Skinner TL, Cameron-Smith DJAJoP-E,
et al. Metabolic and hormonal responses to isoenergetic high-intensity interval exercise and
continuous moderate-intensity exercise. 2014;307(7):E539-E52.

41. Pechlivanis A, Kostidis S, Saraslanidis P, Petridou A, Tsalis G, Mougios V, et al. 1H NMR-
based metabonomic investigation of the effect of two different exercise sessions on the
metabolic fingerprint of human urine. 2010;9(12):6405-16.

42. Tiidus PM, Tupling AR, Houston ME. Biochemistry primer for exercise science: Human
Kinetics; 2018.

43. Pechlivanis A, Kostidis S, Saraslanidis P, Petridou A, Tsalis G, Veselkov K, etal. 1H NMR
study on the short-and long-term impact of two training programs of sprint running on the
metabolic fingerprint of human serum. 2012;12(1):470-80.



AY oSaogdgrlio 31 ool b JloSiums dlbsbuno 10 (g0l 9 (635 30 LS 3L (S galive ol g’ Ay Lo

44. Pohjanen E, Thysell E, Jonsson P, Eklund C, Silfver A, Carlsson I-B, et al. A multivariate
screening strategy for investigating metabolic effects of strenuous physical exercise in
human serum. 2007;6(6):2113-20.

45. Glynn EL, Piner LW, Huffman KM, Slentz CA, Elliot-Penry L, AbouAssi H, et al. Impact
of combined resistance and aerobic exercise training on branched-chain amino acid
turnover, glycine metabolism and insulin sensitivity in overweight humans.
2015;58(10):2324-35.

46. Ra S-G, Maeda S, Higashino R, Imai T, Miyakawa SJAP, Nutrition,, Metabolism.
Metabolomics of salivary fatigue markers in soccer players after consecutive games.
2014;39(10):1120-6.



1FAQ L o) 5,lols VY 5,90 ¢S y9 3O Co poe g Gig 18 sla g 4 i A¥

A Comparison of the Metabolic Changes in Backcourt and
Frontcourt Players in a basketball Game Using Metabolomics

Keyvan Khoramipour! - Abbas Ali Gaeini?* - Elham Shirzad®

1.PhD in Exercise Biochemistry and Metabolism, Exercise Physiology Department,
Faculty of Physical Education and Sport Sciences, University of Tehran, Tehran, Iran 2.

Proffesor, Exercise Physiology Department, Faculty of Physical Education and Sport
Sciences, University of Tehran, Tehran, Iran 3. Assistant Professor, Sport Medicine and

Health Department, Faculty of Physical Education and Sport Sciences, University of

Tehran, Tehran, Iran
(Received: 2019/01/12;Accepted: 2019/04/18)

Abstract

Recently, researchers have shown game simulation as the best way of training. On the
other hand, there are various posts in basketball which have different physiological and
training demands. Therefore, metabolic changes of backcourt and frontcourt players
were investigated during a basketball game. 5 main players of 14 teams that participated
in 2017 under 23 years of age, national or premier leagues were selected as the subjects.
Players’ saliva samples were collected after 40 minutes of a basketball game (with
regard to the FIBA roles) and compared using metabolomics. HMNR was used for
metabolomics and MestReNova and Metaboanalyst were applied for data analysis. PCA
and PLSDA were used for statistical tests. Results showed that taurine, succinic acid,
citric acid and glycerol metabolites were higher in backcourt players and lactate and
alanine in frontcourt players. Therefore, it can be concluded that backcourt and
frontcourt plays relay more on aerobic and anaerobic pathways repetitively. Also, it
seems that active oxygen species production is more in backcourt players.
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