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3. Troadec
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6. Basic Combat Training (BCT)
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1. Reactive Oxygen Species (ROS)
2. Robson



OLSen 9 Juddl o2 )) sabuao

Olyalli 13 JoSio 0o pto 9 (51352 Solig po5 3]

olod S8 ISl ol gl )3 9 60 (g2 o it Sy
)5 3529 5 0ad (5 pSoilul sla e NS I Jelge
O bl (630) £95 5l 5 (225 dow oS el b
G A (b Jold Jiune yiiie ()00 L &5 porda
Ol Jolds sl (slojuite )3 o Sl Clyess’ (Silgn o
e 2 S PU G g Y1 b jledlazal L) IL-6
7= P PL e g 1Y (g 5l 02latul) (a2
oy 9 YT Sl alizil b) Leasdly ol gl o (52 Lo
SB)S lyE JoS g jas g (cwpp 090 (i 2 9o e
Loyl il do gdgel Gl Sl g pol Baios 5
b Lyl Lol (s ytoggy0l 5 (Sojelgaid slo it (o)
Ol o 050 (ol Sgn layeiie 2l Gln e
Jado gl 51 S o3l g 03900 axrlye olKitlol 4 o gidgesl
ad>yo ool jlam s 485 (Sl (g3 ) (e )
el (slan (D 090 Sy )3 (225 09,5 (sl g0l
o 3903l ¢ e dtim (1 | g 2905 555 (s3lom
&S0 bl ) gl doyo ailo g adly jpis oSyl 5
laShy Jsl abye wilo atin (25 ol )3 el Josa,
sl b g ySoiluil o)ligd 35 ogeil (Sijslaasd g S
g S 5alsS (ygel 3l dyiie @385 (g s 3l ligabol
A Sl am s edliwl clbgly (cla S3ge5l (¢l gyl
dmmlie (gl @00)8 pasde Laodls gje5 (1992 b
b9y J L gdgafl slapadls (o 29)S (9 slacgles
el g 4525 a8yl Sy uibly el g o (5 5ol
A P PSeT003)lge don 53 (il ine s sl A
255 SPSS sl 38l 55 b (soll liles 48 05 45,5

1 plol uS] 5 )A
sl

83,8 slp o 4y by pe jlure By 53l 5 (1 SGLe
F opS o ol Ol yss sl oad a1,V Jgas )3 by 5]

A ol 45 )5 Al 3y900 5508 byt
o Alisgdy 45 andlSo )3 (i (5t Sliios
390 WIS o Bl G550 ol Cundy p yese iyl
IS pmd jd OVl ol )8 de 3)lge HUS 0 Ll L
AL-6 1 (silgm oy iy yed aim (25 Ll 455,85
ol 6y gixe Slyais B W90 55 Lawdly o] § s
2l Slymgy S G atin (1 Ll cprizmen S48 0

Sl 5o HBNg 3 lawdly o2l g s JL-6

(e
i U35 Gl laye 1) ol tmgdy (g lol dmel>
o glaollil 5l S oS eS8 Jw Yo LY.
Geyb 5l esylol abges lsasl gl aoly LS5 ol g
(o9 oD a1y o3 Lulyh o8 Gngail ¥ gl 3
WA000,5 olswl w1y e JSu ol i pbs] pae g
©)ygods ddgl (6 pSaiges D plol dl> o 93 )3 (6 S Wi
diged | dobcols, 33151 00,5 ploul ol oo oy
AogS ¥ a Bolas jebds g 15 YV Jolis &S dslllas 550
04 S By uno =Y i g5len o Sl el 09,5 =V 2 ol 0405
9 10limgS Byae g (silpr o Ol ped Y Sl ang S
Ol Gde &y (955 (6log )5 A el yiS 09,5 =¥
Y ai L) ool asliy )0 duds dw atdn o g dion
5 490)5 85 (gl Cpgody g dipir B s VA
Giee S oS (g yed g5y ploxil (g J5US 095
Slydng S /5 JeSo Ol jaungs S 008 L puan 09,5 Aidg
Cllad Sl adda Ve o 53 (g p)SolS 2 p (e V)5 1)
TIPS RERST S u")L‘C 4 Aidged d).tao 75 Q])J@y;
L V0] 55,8 GByme asin £ e |y (S5 2,5 5
ki (slmog, S ol )3 48 3iod )b gy an dng
Pl | Gty alo o 93 )3 9 09,5 Jaz > Sl sla o]l

Llod ay (gjlan o o ped athn Gid plosl 5l e g (5



(OF Jundono 1 D 3l cpgun 0 )losd o 32B 5)93)

e Oloys 9 dlawl cudlag o)1l / L (ol (sode dloxo

g5 S & Lows¥ly 0T 5 (gt 1 5] 1 s Y Jpin
(090510ms 9 (i) Ao Sy

09031 ot 9 09031 L sl 5> ilidee (Sleg S 5 Bl Silasuaiio - Jgusa

Plsde 9050 093! e 29,5 e
feeen FA/AYES/FR AZYAAES VAN SNV WO g, EENCN IO |
N F\EANY Y\EY/-4 Cpyed
o[-5¥ YY/\SEV/OV TY/AYEQ/Y - lydangsyS— S
N F\EANY Y\EY/-4 Js
eeem OVESSENS[S YREVWALY o seiclmg S JETRVIS
SoNNE OVW/YYEVMA.  YAV/SSEVYS/E. OpeS
oYY FYUAYED- VY YAVEOS/VS lydangsyS— S
</YEA YAV/O-EVVYY  0F[EEEVA/Y- Js
[-0A \YV/s5ENA/YY QNFEVW/A oyl gy S ol
A VAYEYY/YY a5/0-£12/FY S
NARYS VY JAVEYY/YD VNSEFFOY  lyang S— xS
AN WA/ \SEYF/YS adty. Jys

P /o0 gaw )3 (g)ld sixe

Lasgyls g lidengS 09,5 93 12 50 (5l gime ysboas (g3
Ladl 09,5 9 (s gLl 3929 (pgiy ] ety 2ol
Y /8 Shdag,S Jeoe G 5l oaliiul 45T 455,8 sanlie
sreliiasl (9> (o iy Yeop SolS o (ol 4yl e
A5 il ]y (g3 5l dm <83k 0)9> Jsbo > alecd] sl
5 335 olitel 78 SliangnS 5l 5yl 3oy (VY]
s 5 (V) +) oan g (gl gl L ool s 4y gl
a8 amd o b Sladss )b Slesten (Y4IY) o) Ken 4
5 ©ad b cunlite 5 03305 By 4 gl o IL-6 clale
9 y=ed b e GllpBl 1S ) SHas 0395 g )9 e
doole S plaear ()9 e Coenl (V1 7))o
9 o (V0] 3le2, 5 ST o504 IL-6 sly 52 o
L g am gl 2 L6 )5 lpis 55 (V4Y) )y Sen
IL-6 sosly s ¢ 455,8 dslio ) o listo cise g4 9
Y] edl Gialidl e ped 1 gy alob ()l gime ysbod
7= S O g g5 S (V) ()Sen 5 mans coppionen
IL-6 55 (e 5l oy oo (Rl g (2 |y 1L-6
P S ine pybody 48 128 ssnliio g0l al> jo ym 3
o s ol s g2 (oogls o0 51 i gl eed
(oS 3 e Bipg @b b gg (i) 5 3 (e &
San o M Ko [V8] e szl L IL-6 il58
ol olaw g9y (Ui il yoi Wdld LS 56 (V+Y)
sy s Lagl ol ecdly il IL-6 ¢ 540 iS50

¥

o9l o o9l o 09,5 # puiie
Y IAEV\S Y INEVNS RYPCEH AWK ¢ (JW) oy
\DAY=2VANS Y-NFEV/AF R
Y- /0N AY Y. JaEN AV gy S— J S
YVNSE- VD YANSE- VD Jys
\YAISSEV/AS \YAISSEV/AS RVPCEH WS ¢ (o siil) 43
VAY/dEA/ D] VAY/dEA/DA Cyes
AS/\S0/ Y VAE/\S£D/ Y AWV S 4
WF/AYEY/ A AVF/AYEY/ <A Jys
SEINVEY/PY Vo£¥/5 RYPCEH WS ¢ (25945) o339
FA/OVEF/A YE/FFEYIVA S
AOY¥EY/AD IN{iz=a1/2% Olydangs S s
YV/YAEA/ ¥ YE[55EY - [oY JyS
Ye/yeke /vy YA/AE/AY oS e S G 03gi Lad L
\RAN /N YY/YFE [ 005 (qap0 s 2 05 5kS)
Yo/ -EV/¥A YEASEY/VF gy S— S
YE/NOEVAY YEAAEYV/PE Jys

e Bl £ ke
el ond &)Y Jsaz 53 (se3l 5 09031 i)
O3l edlail Ly osly Lo g o5 S0 (50
2 gyhlixe cglay a S ol Hlis ad,b S iyl Juloo
D)3 3959 liste slmog, 5 s IL-6 &l o300
F= oS ol 40 Ui (9 il 905l @IS e ien
095 9 (P=+/++A)ope o5 8ol lidgy S 09,5
Ui il 381 ]S 09,5 d s (P= /43T 2 o
Jlos 905l 5l ealiiul b lodly Juoss 9 4555 .0 1> dgng
Oli=e 0 (gyhbline glas a S sy s a8 laS, yuily)lg
loog)S e (P=-IVAY) o0l 5 (D= /T5F) g e

Dyl 093y ol Dy B g0 jd Calises

S5 4B 9 S
oLox] 45 45 asuto il adlle slaasl bl
5 ORI ZTAIVD b lams: S GBpae b o yed aiin (i
Ggo ORI TV Ly Clyang: S B pan (i (08
5 3980 g OB Lawdly 16 gl Jlosine ial38)
YAVRL W I IS U JRUV VI S R P T 1
)10 o) mime 15U Loy IL-6 polau , 2ol 3l
029 Sl g (YY) hlSen 5 e (p—ionen
b Obiss 3l o Sladl g 555 s> (b Slias S
Aol pyw IL-6 a8 sls lis 5 2655,8 wyp



OLSen 9 Juddl o2 )) sabuao

Olyalli 13 JoSio 0o pto 9 (51352 Solig po5 3]

Olie 33 (g )bline glas a5 W odalive 5 8,5 418wy
oyg Jaidy 21> g2y il (slrog)S o IL-6 i
Gl Olwe e > kol Jolge (h)y9 ©de g A3 93 10
Ol 2 (o 45l 8 ()9 Cllid g il el
2ol (h)y9 95 9 e DAD oS Wi e LS Laaidly
b W9 4= Gl sla b gule Gl Cusl (Sas ogill,
g paSedio it yuito y i oJl (pl b dialed s
pLosl 45 05 oo il adllas (ol Lolul 5

By (g (nyed «Slidapgy)S Bpas b o ped didn i
il e ge el (93 ClpaegS g ljaegS
09,5) Olo> 30 55> 53 Lawdly (s ko 5l sine
TXNI0 2030 y05 0955 il 381 ZAVIY 2l yaumgs S oy s
25U 5 9 cn (Ll ZOVIVG 1l yamgs S 095 5 33l
odalie () dxe glas Wog )3 yu dgzg cpl b dyld b xe
OhlESen g LiaS bwg aslllas S jd ciliie jobody auis
ssbds &5 A oanlie (pdeug )3 () ixe L8l (Y +0)
olee aduly ol Y ] og: olpon IL-6 gl o b (S35
2 Ot 3 L (il3 8l IL-6 cdled ) 238l
Slym g cpyJeiome g Cunl oad y)l55 dasiie Cldllas
LS o wily8 |y adllas cpl ) 0l sdalie Cpdued iol38l
sdalie (Vo +q) oL)Ken o Kby «liuis jl )5 (S5 50
Show celw VY odal Cauwddy 10l it Zalaw oS 20,8
P9 Gglite (g5l ne ysbas 4l zobaw 4 S (b))
asllas gl [V ] il 5929 (al33 (o8 o2 join
P9 YL (5509 5l o p o g il oy (LS ol
5 (Ver0) ohlsen 5 LaS Buiod @l b pol> oo gl
O 9D (&3P ime GRalj1 S (V4 +0) GlSen 5 ST,
350,8 sdalie (yeilylo 50 Al plodl 5l an joy G 10l
2 O ) poli e ioli 8l wl g seen [YY ]
g & 555 Olills g pils adlllas 4 s S, adlllan

s ol 3o bl eilhle (90 SV lo; e

Py L6 5> (o) ime 8y Vb &y oie pollss iy
oas Idgi IL-6 wiad oo )lis 3o Slisiss 5y [YY] A
o o559 wad Sluyed I ey Has (Ll g
3t 35 (V) giSen 5 ggmmogs] ol aibly il
IL-6 clale S 658 samlio YU s b Jlg i) oy e
LYV edl iols 8l og, S 90 s 0 iy 5l de celw S
SMae canl OLE jd (6)ls dme jobas IL-6 a5 o Lo
55 35 onle i (VAT bbesn (I3 359 S o
$9) Sl e pboas bawgie G L ()9 (> 4 wlosls
V0] 5138 o )»b Jleé cMae 1 L-6 @i 5

b 9539 2 IL6 gomen olacplSgule musilSa
IL-6 ,> (al8l o pole 3o 53 (gpsbotr ol odey
33205 Gl3 31 Ly el (5 Som g 3 o 00 ol
038 (b (b9 admg 5l o S plgiear b (s
b (ROS) (s b oty a5 ol og3ls s
Sy @2 Mg & e Cusl (e VL ©AB L b))
ohaliBl )3 She belgs lgieas 55 Wil 95 1L-6 |
aS ol o 0oy LS e picman Wlodds (S5 o plS gl
Lo gl g5 580 cov b5y culld (b IL-6 s
b IL-6 pgule s g oole a8l o)bys 5,5 0 )8
G131y el i slo S sl S s s ol
gl (Sl s ¢ yg e g £55 (AS Ao
(Sl gy Sdiges Gloj g Jome s oz b ge]]
0338 (s Jolgs (6 S0l Il Gl 9 (Shag g
BV Glgiea wlgi o o [YA] s o plSgnle ag )
ssbd il Clidod ;s b plores pols Budod > gl
5 Y b b (o859 cullad & s o (Lt Slllas ¢ S
S it Sy sbp Gl sl ie (Vo b L
AU psls 5ios 13 Y] 35 e ol oS gl

dy9—0 Slydapg S Byuae g Slgn o Slo joi dida b

1. Antosiewicz

¥y



(OF Jundono 1 D 3l cpgun 0 )losd o 32B 5)93)

e Oloys 9 dlawl cudlag o)1l / L (ol (sode dloxo

0o e 5> 0did odaldie LIl S e cpl cnl 2l
S oo dblie sl (25 ]

1 atie ol adlae il olul y pioman
0SS B yae Ly (e dtin (i ploxil o5
= S 9t SS9 Syl S Bae e
29,5) Slsme 75U Gl B AS90 Lesdly ol pglaus
TXID oy 3 0955 il 8l ZYAIND 1ol yaimgs = oy po
Sl (Ll 38l VY Al iy S 09,5 g il -8l
5 4m3jlsd slac gyl | ool Sile, (el s
ol 038 Lo (yngd 2 055 Jos Gyl il dajléy Sl
Sl [YEAA] 39 g0 pywr oyl iS4 yoxie oS ]
Cdled il38l ol e g ol a5 005 ol
sl ol 8Ll g Gialey o o Cllaie el 5 pdpne
2 b sxe (5o BY ialS (Y++0) o) LSen 5 LaS
oanlie )L (g Gy j) o ol VY oy 0]
O Sl tme GRIBIL oy cpal o il ol ki S
45 0008 ooty Wl g olyed a3 3l ey sl 0
45 Col (] (oo Bsnle 4 ool Gl )3 (e 185
S S8 0 291 | p2loe slacog,Sn 4y ool b2
O-Ses aslllae (ol I ol bl 4 4o b [T ] los oo
O dw ddlus I G cpdaeed clale (]38l aS cul
ool pialS el oy S il Wl 5 2k ool ¢,
A2 S YY] hen ¢ jold 550 )0 o0l odalive p yu
Sl yod j e ol polie 3 4 uii pae pols adlllae )
s pas ool 03 sl Clidg S Bpae 5 silon
3 ormg e ) Giel38l 5 IL-6 (I8 L s 0l
0l ploul i ¢ olde 5 39 ol y o L poi 090

el YF 5 alolodl a5 ol L o San 5 Kl dliussay

P onl i )3 (63l ne 13RI (319 Al 93 51 g
onl ) ielisl ol a8 16,8 sht sl [¥V] 5,5 sl
OntgISgen D30y 4 )3 9 ¢(hgd jlgen Sl e 4 pyw
A4S el g5 o B sla ol 5l ol 12 29290 2]

¥y

5 2b plogl atie b (b (sjlspe ©ae (SYsb Ol e
8 Gladss L glles Cpdomd ) ol odalin yil;él
45 ol plis pob 35 @l de2g (nl b oCusl phany
sbogyS G pdand Slpes Glise 53 (5)bline gl
o 2 S opd g dewgds (B9 2yl D929 il
Lo b ATP 1 (ol (5] 5l oalil (30
Ot (Jol 3 Slas 3903 ol o5 56 el 4 a2y
atos lie o Uiy (s ol g0 5l el ol & by o
5 LSl ol o dlaly (gly ) sl (5900 oyl
) ol gt sl 0 onliie (0 (351 g9y
Slalllas [YY] 48 oo s o] e 51 (Sl aliusge,
2 ol p8 4y yome et SV ol o Wlodls (L
4 yoie (e D950S & Jlo 53 g0 g0 9 (s
45 s o jlaids ol D90 ol sl Sy g
oy U s ol b al L 4lsl g el i g0
= Ot oo g5l 35 (00 )8 3,8 0309 (s
(PEtalojl Ll s )3 [YF] ol gl (455958 55
O 04555 (303098 41 ppdpegt 45 Sloj &S 05 mlte
lopgjosed 55 st Byl j) g 93 o 9o Juate
3 onl G )9958 4 Cusl 00 jasetie Nigd g G
d9dese @B andjley (slacumwg il jl 4l slic o ajlss Sl
oielS ]y ool Glic ooy Qo uds el 51 (YD)
e 1) sdsen bawgi oad o) ool bl rizan cand
Ayien i 4 okt a0l o a2 STl ogdle S e
15le cepnl J1 L Laspe dlge 1 503 (S cypamgt &S
&9 ol oMo D)5 o Sl ()b 9 56 (g Uil
oBalS o yoxie sla (o859 Cllid (b 53 (b duome
2 Y (S g 4 4D > D9 e M5 & 95 b
2 0959 3 =26 a8l ol A8 e SaS il
L bLsyl ) pSee (ol Jelge 5 1500 (S0 (S g
Gl Jls ol L S el ) e 0o
DS o Jos et Gl 0y lp (S g



OLSen 9 Juddl o2 )) sabuao

Olyalli 13 JoSio 0o pto 9 (51352 Solig po5 3]

P59 Ddoe 5 s ggs il elgl 4y o] gl 5 ity
JAS ) G (lals) o (Jaxe (S om0 39 plo]
Loy ol Cundg g (S g eolad] Jold 08 o
soban) laedl sla gl 59y ol adlas it
oS G ymo ol o &y Loy ol Cung 5 (IL-6 ol

sy o P51 Ldltn 5 (slome Slopod g Slyaangs S
Se Oloed pdss Glal .l oAb 5 pele (pdpns
(Pl g (Sl sladigas 93 2 > el S 20 | dons
L5 ol sl 0l 00l i 3l Cannidg 5l e
w0 plodl Gldllas S (B cpicmed g pols adllas
&) Uiy il Aot S plgisas pal Cundy 0 & (Gl
Yiwis! 45 wins o i Slalllas aimd o L |y o3 oo
509 3 536 ssmn ) @ o Glgisar oy al Gl
oy b ggedme )3 S (o S8 (pdean a1l
oAlie i d aagi by ol (gl £9d90 (SSU
A Aagld 45 35 3y 2y (o3iste SV lgu joia Ogge

al Sl Sladlbae 3y

S1ey8 9 K

Sy gyl ol 3 (93905 g0ty o (ool den |
Ui bjg (oSt b oS5l LSS pmizxan ¢ Slazsls
s g s Lol loys g olael ccudlagg o)lol 5 oyl s
el Josay

|y S e oy s slmalng Satdgon 3] 1505
OnslSonld oy cbale )3l ine il S (gl
pla 4 ) malsile (sl Slas an3 oo )] (4559 poSUlS
sladshs j| Jlo glyieas) lawdly )3 3131 (gl an o5l
Gl oSl (el (alord 55 48 55 508
opl s ASlealy coris oglgen )3 39390 oyl glas]
S plgiear |y o (ol (A8 (559 5| o e Gl
3Lsj il g JyuS ) oS b opl jlugan oS’ golass
ol b S o Jlasl 359 51 (53U Sidsam ae 10 s 0]
2 S)hlise &glis a8 ol (L pole 300 b g2y
a2 b0yl dgpg il (slaog)S (8l s lne
5 il Lags o ool Slalllas busgs 005 1)) gl 4,
e ) Gl 8l sl adllae (pizmen 5 (VY] ) Se
3 oal Gialay LS an 4 yomie coul (Son (03
29 g3 31 4 andles (slacug il 5 iy Sle
0)9> Sy (pol> dallan (glaaisl ol oM joboa,
A cpl o (B (pden (ol (Slona (e
O ably oy 292 elyon IL-6 I3 L (e sl 5
el a8 LS ) ol Cundg g cpdpesn Sl (g
G el e s 5 0 S8 5 o Sl
Clled 2 h559 WU st 3 LS e 3 pols adlllas
3l glasises 3 al Cnsg 1 o s SISl g e
S 45 WS e wald My S Cpdeant D9 (S
OBl i g 5 (GYob Ol pes by > o S
o) 1515 ool (s el (oobs Slaings S oo Sl

¥¥



(OF Jundono 1 D 3l cpgun 0 )losd o 32B 5)93) loles Oloys 9 shal eulngs 0,031 / L ol (sole dlono

References

1. Neumann G. Cycling. In: Shepard RJ, Astrand PO, eds. Endurance in sport. Oxford: Blackwell scientific
publication; 1992:582-596.

2. Romijn JA, Coyle EF, Sidossis LS, Gastaldelli A, Horowitz JF, Endert E, et al. Regulation of endogenous fat
and carbohydrate metabolism in relation to exercise intensity and duration. The American journal of
physiology. 1993;265(3 ):E380-E391.

3. Jeukendrup AE, Moseley L, Mainwaring GI, Samuels S, Perry S, Mann CH. Exogenous carbohydrate
oxidation during ultraendurance exercise. J Appl Physiol 2006;100(4):1134-1141.

4. Ropelle ER, Flores MB, Cintra DE, Rocha GZ, Pauli JR, Morari J, et al. IL-6 and IL-10 anti-inflammatory
activity links exercise to hypothalamic insulin and leptin sensitivity through IKKf and ER stress inhibition.
PLoS Biol. 2010;8(8):1000465.

5. Peeling P, Dawson B, Goodman C, Landers G, Trinder D. Athletic induced iron deficiency: new insights into

the role of inflammation, cytokines and hormones. European journal of applied physiology. 2008;103(4):381-

391

Ganz T. Hepcidin and iron regulation, 10 years later. Blood. 2011;117(17):4425-4433.

Lukaski HC. Vitamin and mineral status: effects on physical performance. Nutrition. 2004;20(7-8):632-644.

8. McClung JP, Murray-Kolb LE. Iron nutrition and premenopausal women: effects of poor iron status on
physical and neuropsychological performance. Annual review of nutrition. 2013;33:271-288.

9. McClung JP, Karl JP, Cable SJ, Williams KW, Young AJ, Lieberman HR. Longitudinal decrements in iron
status during military training in female soldiers. The British journal of nutrition. 2009;102(4):605-609.

10. Ashenden MJ, Martin DT, Dobson GP, Mackintosh C, Hahn AG. Serum ferritin and anemia in trained female
athletes. International journal of sport nutrition. 1998;8(3):223-229.

11. Siegel AJ, Hennekens CH, Solomon HS, Van Boeckel B. Exercise-related hematuria. Findings in a group of
marathon runners. Jama. 1979;241(4):391-392.

12. Smith LL. Cytokine hypothesis of overtraining: a physiological adaptation to excessive stress? Medicine and
science in sports and exercise. 2000;32(2):317-331.

13. Smith LL. Tissue trauma: the underlying cause of overtraining syndrome? Journal of strength and conditioning
research / National Strength & Conditioning Association. 2004;18(1):185-193.

14. Sim M, Dawson B, Landers G, Swinkels DW, Tjalsma H, Trinder D, et al. Effect of exercise modality and
intensity on post-exercise interleukin-6 and hepcidin levels. International journal of sport nutrition and exercise
metabolism. 2013;23(2):178-186.

15. Robson-Ansley P, Walshe I, Ward D. The effect of carbohydrate ingestion on plasma interleukin-6, hepcidin
and iron concentrations following prolonged exercise. Cytokine. 2011;53(2):196-200.

16. Brodal P, Ingjer F, Hermansen L. Capillary supply of skeletal muscle fibers in untrained and endurance-trained
men. The American journal of physiology. 1977;232(6):H705-H712.

17. Nemeth E, Rivera S, Gabayan V, Keller C, Taudorf S, Pedersen BK, et al. IL-6 mediates hypoferremia of
inflammation by inducing the synthesis of the iron regulatory hormone hepcidin. The Journal of clinical
investigation. 2004;113(9):1271-1276.

18. Nemeth E, Tuttle MS, Powelson J, Vaughn MB, Donovan A, Ward DM, et al. Hepcidin regulates cellular iron
efflux by binding to ferroportin and inducing its internalization. Science. 2004;306(5704):2090-2093.

19. Troadec MB, Laine F, Daniel V, Rochcongar P, Ropert M, Cabillic F, et al. Daily regulation of serum and
urinary hepcidin is not influenced by submaximal cycling exercise in humans with normal iron metabolism.
European journal of applied physiology. 2009;106(3):435-443.

20. Awuersperger I, Knap B, Jerin A, Blagus R, Lainscak M, Skitek M, et al. The effects of 8 weeks of endurance
running on hepcidin concentrations, inflammatory parameters, and iron status in female runners. International
journal of sport nutrition and exercise metabolism. 2012;22(1):55-63.

21. McClung JP, Karl JP, Cable SJ, Williams KW, Nindl BC, Young AJ, et al. Randomized, double-blind,
placebo-controlled trial of iron supplementation in female soldiers during military training: effects on iron
status, physical performance, and mood. The American journal of clinical nutrition. 2009;90(1):124-131.

22. McClung JP, Martini S, Murphy NE, Montain SJ, Margolis LM, Thrane |, et al. Effects of a 7-day military
training exercise on inflammatory biomarkers, serum hepcidin, and iron status. Nutrition journal.
2013;12(1):141.

23. Telford RD, Sly GJ, Hahn AG, Cunningham RB, Bryant C, Smith JA. Footstrike is the major cause of
hemolysis during running. J Appl Physiol. 2003;94(1):38-42.

24. Sim M, Dawson B, Landers G, Wiegerinck ET, Swinkels DW, Townsend MA, et al. The effects of
carbohydrate ingestion during endurance running on post-exercise inflammation and hepcidin levels. European
journal of applied physiology. 2012;112(5):1889-1898.

25. Fischer CP, Berntsen A, Perstrup LB, Eskildsen P, Pedersen BK. Plasma levels of interleukin-6 and C-reactive
protein are associated with physical inactivity independent of obesity. Scandinavian journal of medicine &
science in sports. 2007;17(5):580-587.

No

Yo



OLSen 9 Juddl o2 )) sabuao

Olyalli 13 JoSio 0o pto 9 (51352 Solig po5 3]

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Newlin MK, Williams S, McNamara T, Tjalsma H, Swinkels DW, Haymes EM. The effects of acute exercise
bouts on hepcidin in women. International journal of sport nutrition and exercise metabolism. 2012;22(2):79-
88.

Antosiewicz J, Kaczor JJ, Kasprowicz K, Laskowski R, Kujach S, Luszczyk M, et al. Repeated "all out"
interval exercise causes an increase in serum hepcidin concentration in both trained and untrained men.
Cellular immunology. 2013;283(1-2):12-17.

Febbraio MA, Pedersen BK. Muscle-derived interleukin-6: mechanisms for activation and possible biological
roles. FASEB journal : official publication of the Federation of American Societies for Experimental Biology.
2002;16(11):1335-1347.

Nieman DC, Henson DA, Gross SJ, Jenkins DP, Davis JM, Murphy EA, et al. Quercetin reduces illness but not
immune perturbations after intensive exercise. Medicine and science in sports and exercise. 2007;39(9):1561-
1569.

Kemna E, Pickkers P, Nemeth E, van der Hoeven H, Swinkels D. Time-course analysis of hepcidin, serum
iron, and plasma cytokine levels in humans injected with LPS. Blood. 2005;106(5):1864-1866.

Peeling P, Dawson B, Goodman C, Landers G, Wiegerinck ET, Swinkels DW, et al. Effects of exercise on
hepcidin response and iron metabolism during recovery. International journal of sport nutrition and exercise
metabolism. 2009;19(6):583-597.

Roecker L, Meier-Buttermilch R, Brechtel L, Nemeth E, Ganz T. Iron-regulatory protein hepcidin is increased
in female athletes after a marathon. European journal of applied physiology. 2005;95(5-6):569-571.

Knutson MD. lIron-sensing proteins that regulate hepcidin and enteric iron absorption. Annual review of
nutrition. 2010;30:149-171.

Preza GC, Pinon R, Ganz T, Nemeth E. Cellular catabolism of the iron-regulatory peptide hormone hepcidin.
PloS one. 2013;8(3):e58934.

Lymboussaki A, Pignatti E, Montosi G, Garuti C, Haile DJ, Pietrangelo A. The role of the iron responsive
element in the control of ferroportinl/IREG1/MTP1 gene expression. Journal of hepatology. 2003;39(5):710-
715.

Andrews NC. Iron metabolism: iron deficiency and iron overload. Annual review of genomics and human
genetics. 2000;1(1):75-98.

Taylor C, Rogers G, Goodman C, Baynes RD, Bothwell TH, Bezwoda WR, et al. Hematologic, iron-related,
and acute-phase protein responses to sustained strenuous exercise. Journal of Applied Physiology.
1987;62(2):464-469.

\rg



1. MSc in physical education,
Ayatollah Amoli science and
research branch of Islamic Azad
University, Amol, Iran.

2. PhD student of sport physiology,
Sport physiology research center,
Bagiyatallah University of Medical
Sciences, Tehran, Iran
(*Corresponding Author)
Shakibaee.abolfazl@yahoo.com

3. Assistant professor, Aerospace
Research Center, School of
aerospace and subaquatic medicine,
AJA University of Medical
Sciences, Tehran, Iran

4. BSc student of physical education,
Faculty of physical education and
sport sciences, Shahid Beheshti
University, Tehran, Iran

5. Assistant professor, Department
of sport physiology, Ayatollah
Amoli science and research branch
of Islamic Azad University, Amol,
Iran

6. Assistant professor, Department
of sport physiology, Shahr-e-Qods
branch, Islamic Azad University,
Tehran, Iran

Ebnesina - IRIAF Health Administration / Vol. 18, No. 3, Serial 56 Autumn 2016

The effects of six weeks anaerobic
training and carbohydrate consumption on
plasma levels of interleukin-6, hepcidin,
and iron in military men

Zarinafzal M', *Shakibaee A2, Nezami Asl A3, Zarinafzal M4, Barari A5, Soheyli Shé

Abstract

Background: In order to physical readiness in military men, it is
important to evaluates the of blood variables. So, the aim of this
study was to evaluate the effects of six weeks anaerobic training
and carbohydrate consumption on plasma levels of interleukin-6,
hepcidin, and iron in military men.

Materials and methods: The statistical society included 32 randomly selected
military men who were divided into four groups: control, anaerobic
training, carbohydrate, and anaerobic training with carbohydrate
group. The experimental groups participated in the training program
for six weeks, three times a week. The control group without doing
any exercise and carbohydrate intake was controlled by the
researcher. After 12-hour fasting and during two stages, before and
after six weeks, blood samples were collected. Data was analyzed
using t-test and ANOVA statistical analysis. The significance level
was considered at p < 0.05.

Results: Based on our findings, it was observed that the level of
interleukin-6 increased significantly in anaerobic training with
carbohydrate group (p=0.008) as well as anaerobic training group
(p=0.013) in comparison with the control group. Moreover, six
weeks anaerobic training and with and without carbohydrate intake
had no significant effect on plasma levels of hepcidin and iron.
Conclusion: 1t seems that anaerobic exercise with intensity of 70 to 90%
of maximum heart rate may be important in determining the extent
of the inflammatory response.

Keywords: Physical Activity, Carbohydrates, Armed Forces
Personnel, Interleukin-6, Hepcidin
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