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1. Cross Over Point
2. Free Fatty Acid
3. Central Nervous System



14 e 3 55hos 1 oy )5 1 g opidlS 5l foSo o jed b pare il s Jole

3 Moo 2815 Bl (355alS 3l esliial il (ol ) 45 el ol 135 1) i oo
(F) 05 plonil 5 Vol loy D (sl Wil o0 aition ) Glaad b (2355 Sollad sy
o8 Brae Jlisa 1) 0y slaawl zolaw (iol58l a7 sabplonl Glalllae goled oplog>ol
Ailgs oo Jlozz! Jdo oS wiloos S5 5 138 1) calaiwl o Slae 5 (55lge Sgupn cilos 57 5158
G M g 9,0 4 (oly a5 abl 4Bl a8l ol iz slasl Bpan 5o s blas LUl
€0) ol oy LS oS ol 5l (6,0 g (g, s ST oy il Jlal cadly o
57 Sl i JUES (6l I3 052 Sl (gamslannST Gl Bl sla g, 51 50 (S cnl e
CPT 4 CPTIN I 51 3l il Jateally (i IS S o a5 Cansl (6,005 e (33,0 s ol;]
gt 3 i 6908 el glasl I lailiey [0 a5 coul sy (68 (i )5 el N
(U8 Jlad JS8) G 51 (F) 2500 o iz (9l3é @) Jawgs b 0gd 0 a2l
ootz GoleST (3o 0 o (o o6 g (090 & 3T o al JUDI (S35 Jeloe,
dSul dlac o CPT Iy CPT I sl 551 sl (55950 (s3loiion (a5 cadlg o (V) o)ls
g (B slad Sl i i by b oy el sloeg S S 0 o 5T ol .ol
—Jh it deSe (A) a8 (oo Ll 1) poen (o8 eS| Ly Al oy a3)l5 9 (6,045 g
OseloenST Rl & (6,05 e (59,0 4 3] el JU S 2 g l8l L et )8
38koe 39t b olyon (S G950 50 b 5 5SS RS 5 SIS s alS ooz
22,3 A0 5l i 998 o0 VOamax (il 33l 9 SUSY adgs pals Sl 5 (1) 90 p2ie (o559
oS i IS il g ol5T it IS IS g0 @ g Sl dlae céb o oy s )5 S

(D) 05 oo
S 1 5 ol3T oz slbinl Linl33l S cyntlS LaSo B e diras o oabplon] lalllas
2l il o8 e gty s Sl Ygame i3S glayil ol (Ve VAY) wlos S
obol g Xz 52 1358 o0 e G 9 Shes S 4 3 )lge (B 50 9 9l e BUST G (335 25 OkS
OV 2 od yesd FRA Cadgzge (Rali8 L (3555 4 55logcd g slagaly cladllas jiicy
G, Py SBL o FRFA @ 0yl 5 (g 5 o0 Al e | Slgil ] Oldlas &
o5l G5y s S3008 ko3l ooy s il Alize 5 FFA b oS stee Jlisl il o
2tz 8 shoul ol oz laal pogieald Jds caul (See i letia
a8 oSS o9ty JoSo 93 (nl Sl Sl 4 az i b onlply sl il 052 genlinnS]

1. Carnitine Palmitoyl Transferase 1&2
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1. Fat Maximal Point
2. Tri Glyceride
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1. Low Dead Space
2. Respiratory Exchange Ratio



"y e 3 55hos 1 oy )5 1 g opidlS 5l foSo o jed b pare il s Jole

oy aads b s Baos A S oS 8l S 50 aiald solaiu] (gow sla Sl g jou
Eyan eS| ).'{QLM laco!l Fatmax yasls dwlxe glpams o lis |y Giegh sl Soge;l ;)
SEran § A (s Wl dewlxe (503 (GlaSl Ve dlag o b Jolee pwis Jols Cos g
Syrse s IS gz ub RER pslie 55,8 045,5 b 5081 Bye olien (] b Jolas
(Vo) s Gend Gloj dlag p2 30 IS I )0 (07 (o ot iy Al 50 0 gl e
Sl psie sl Zlseinl 5las al ad 3 s Fatmax olsicds odwlcassas sae oy yiin
oolaiul (gans (glo Jdmxiga 25 (sl g o 15wl (6,5 ,L g (8 pan e Jolis T L Jolas
olis Liegh sla Sogesl 51 (So yo |y alaii cpl ol B B i oSG 3 ke IS 50 ada
REX P

::;:\‘\f e ]
\\\“MM i ’- I‘almn"\
2 A A ;

R rt‘AA‘/‘ (mso\:‘m.\ Y- \.\0

(e 33) pmaned ol
« - v v
N

4 r . 2 N re & & < r * 4 “\' & o &
(438 S (4si) )
S i9503T 31 52 53 (B) (st ymlipmsS ST Ak 3 (A) bl A (ypead byoxi —) S5

a0 ol 5,550 2 50 15 oz e 3l Gl S e B jlogas

S 5T a3l a5 51 (9% Aged couialid ygasl plasl 5l an Alolddly § JoSo B pas 5l J3
Sl cslin ladlg) )3 6 pslaaz 3l (S Digad o a8y 2 s @y e 4 g Cewd
Gaeds (S95 Bgad dowsdly (40 ST (sl o Jaiie olfinlejl 4 g 0l (6,)lagSs Lawsdly 0 ,STa
Sloo 13 5 9u0,5 o LoDy s §auy il Yoo o g y0 0l 5 il &> 0 e sles ;o 438510
b 6N Ly S5 g oy sl Sl 6l ol S Bl dx e A ke
oliss S5 a5 ol il (505l msk S8 b laceS 5l eoliiul by dS (6 5 (5 S5l
BT yr loaml clile s, Fojuil &l b bl (Mind Ray BS200) g5tlys!



WWAA Gl FF o Lol ) 0,90 (%0359 559090 8 ¥

b ldS3l 1045 Jgame RANDOX 5 5 NEFA  oxiascSs, s 51 dlanidly 5y sl o
REW) oéLoa.Ma'J.uJJ.s Js—cle.».—c </ MLM&

5 st ol i yo el Vel gl G388 ) eolil b (bl Jelosigay
bl el i 3 b plol 8 il Gl il g aSilen bl 635 0 (ST, (slo sl
b il lgs5 (et (sl 5 T B ransl-B9 )5 5alS” (051 3l Waools a355 (yogiril e (52
S Sartin 09031 57550 S eIl b (il g 5IUT (g5l 1o oolinl T (S50 S (505T
ples jo (g lolixs GL"““ Al oolaul iome sl idisS o Gipeh b arls duslas oly
Al ax8 )8 1o (o= 0.05) bawslie

el
0358 arliy (7 90,0 105 e o ol b G3505] Slonzr sla Shag 90 B)lod Jour 5
Sloas 5,55 FBMI) oy

SRoR s og0jl SSlbcures b Sho il S p-Y Joux

3yl B il + (puSileo S
YE/EE £ YA (JLo)
VYN £ AT (PS5 9kS) 09
WY £ 0N (o siilo) 3
YY/A0 £ Y/OF @y sl ,S5lS) BMI

O = slaw) s o lasbiwl Blyxil 5 .Sl daosls

4 Comad FFA ooy jlolins Giol8l o (i o3 lizme (iedisS oz j2 50 0anyl3d (5051 plnl
OeigS 1 FFA zolaw &l s 50 (o 8,lels Jga ,0 P < 0.05 anr) 0l 903l i polie
29 (J S GidgS 0 1 Olps  Canns (00 )3 YF) (oS 5 bS50 9 (050 VA) (pu3lS
=S 5 09,5 10 ol Ol s g FFA &l s i (wimon (P <0.05 95 10) 0g0 yiion (6, lobins
Loy TG shans woslid (g3l plowl (950 02 s 5yloline o j5boay (58S 09,5 &y s

1. SPSS

2. Kolmogorov—Smirnov Test

3. Mauchly’s Test of Sphericity

4. ANOVA with Repeated Measure
5. Bonferoni

6. Body Mass Index



10 e 3 55hos 1 oy )5 1 g opidlS 5l foSo o jed b pare il s Jole

Ol s iz il lolne (6 yuuss uyo)iuu...‘ polie 4 Cacds S OasS Gz o 0
blad loliae @glas iieS Hlez e oS ey LoDy TG olans

ooyl Ol i 30 9 9031 s 9 Jod Loy TG g FFA @1 bgy o o 0lio -Y Jgu

=Sy Oy 5= JI Rl Jyes o (3o pee s
YAQ £ FY Y40 £ £Y YYY £ 50 YAF £ 0F ol 3l 8 T oy ol
YY) EAYEE VPR YEE FYOENYEH OFAE VYR syl 5l o LoDy

FYY £ V0A F YA\ £ AP FYEAVER YAV £ e oo | (2l S
YV £ YV AVIS £ YY/E YY/EEAY AR L YY/S sl ks s elS s

VYO EYYE  YAMFEAUA YRR EIAY YAD EYYV/F oveyl lan o) Lewdly
A ERTA fi5 £\ /Y /Y £ FEYV Sl lpe Gid oo p )5

RV V- | GRS KT W) - O PR | BN VY
(P <0.05) uyo)]w polie b jlobire B! i «P <0.05) IS GiseS b loliae O A

Sk ST o Faibely 4 awn; o) o B pan (5eaST S 4 b ye polie )l 8)led Joor
OS5 6315 )b 4 bgaje polie ommizmen 9 9 luilinl ail33 (503l plonil (50 805 Jed (5,18
Iy o lasbawl salid eyl S50 blas cpl 4 aww; loj 3 COP g FATmax b Joles (3 ya0
S VYA o s «ossS 5 5 Bl S ;5 COP i L Jolas 3 puno (y5meS as so oyl
g ol b5 Rl WY (S5 (2edsS 50 5 95 JyS GisS o o] eslis ply V/FA
<0.01) JiuS g (55 sloog)S (P < 0.01) JyuS 5 (o8 sloog S (55551 (nl polie
Falnae b Jobee o 55meS] bl Joline @3l (P < 0.05) (putdlS 5 oS 5 sloog,5 5 (P
OS50 5 S GisS 53 5 of ol plp VIFY (oS5 (85 p0 9 VIVA (8857 (18 5o
<0.0D) a5 5 8l slaog,S o )9S (nl polie S (28 (2dsS plp VIV (oS 5
Jsbine Sglis (P < 0.05) (puiilS 5 oS 5 sloog,S 5 (P < 0.01) J5iS 5 oS 5 (slnos, (P
ol 23lie i VYV 5 VVA i 5 oS 5 5 (eSS 10 COP L Jolas (6,5 cudls
el G558 O jeolie gy el GisS plp VNN (oS 5 s )0 9 S5 (iedsS po
<0.05) (o255 5 G 2855 (9 (P <001 93 y2) JyuS 5 (oS 5 (bSO oS
VXY s 5y onsS 5 5 Bl S o Fattma abai L Jobee 6,15 b 2lo Jloline cglis (P
sdlie 09y (e 8lS (15gS plp WIY (oS 5 GidisS 50 9 JyS (iedsS ) ol polie plp V/EY

9 e ibsS G g JASS g oS S GRS G oS g e LilsS G 59 (]
5 5e8lS idsS )0 COP &l ay fyoueas) b w2edls Sloline glis (P < 0.05 aus o) oS 5



1¥aA gL».w.o) FF oyl N 0,90 ()9 ‘539.‘9;).6 M d

Bl 28 L VN0 (S 5 absS 55 g J5S beS i VIBF g VYF (o Sa oS
GicisS (P < 0.01) J,uS g ptBlS (inhsS my COP i 4y iens; e 55351 jy0lie o9
il aline Sglis (P < 0.05) (S 5 5 ptdlS idisS g (P < 0.01) JyuS 5 oS 5

oaial38 (yg03T plal IS 50 gy Aiwly Gl yuiio Cinogi —F Jgu

—dlS) . s . .
) R Ll Rl Js o
(g5 !
V-2 AN VO E S £\/5 £ 21V £-0¥ £ AA VOarmax
- - - - ml.kg™.min'%
A e (6,5 L S Tas
YOA £ YY YEY £ YY Yo- Y0 YEF £ VP ’ i
(elg)
. . COP il 4y e, oolej
OFOEV-0F  YYALAS FVO £ 4f * TR £ AY
(as6)
) , Fatmax ki 4 asw, ;b
Y. £ AS® YY- £ FF TEA £ VY YoAEYO
(asb)
Cross over b Jolxs (5,5 b
WAEYE® Ve EAEY NIRRT AV/A £ YYIE

(elg)

, ‘ Fatmax b Jolw )5 L
VCAEYSNE AT EOVE AV IV EYVWY R YRR EYE

(C»‘})
0/ Ll b Joles 5,05 5L
YVe 2\pI5® VAY/F R AVIY E O A\YYAENEF
VAY/Y (Slg) s5l9o o
b Joles (8 pae ST
YAY EYIYH \EIY Y VAIA £ YN * VEIY £4 ml.kgt.min") Cross over
(l
b Jolee 8 e
\Y/E + YA ¥ \YWE £ VY W ERTA RAERTN - 1“;.’&;”"
ml.kg*.min™) Fatmax
BTl Joleo &8 eS|
YEEEAYE YN EEY YYD+ V/E* YAy £ v/f  Jolee (Srme 5

ml.kg.min?y s;lsa o
QY = slasd) ot ol Gzl 5 o Kiles daosls
(P <0.05) J,uS ossS b jloline B




"y o 3,5t 3 iS5 1 g a5 U oo ylo sl o yuil  Jole
S 4 e Fallmae 5 COP Ly Jolee (gla 52515 o loline (5gli5 et 5 | Gy o2 0
sl Gy oo 5 5 Lo (515 b 55T VO ol s i sl J 5

DBl loline (Folds pa b (g yed (dsS Sl (e

S5 A g S

SBl p e - g (BB sladeSe plojer Bpae 25U e Baa L ol Al
et 8 el (elinad o Shos T ool Gl gy coizmen 5 (Brae Sl s
GRIRL s Bl oS 5 50 9 plia (BB oS Bran &5 39 (ol gl slaasdly
Ol 999808 (207 Ceomis (B Sl ;0 et o g (nl (el 5 FFA oo
5,Skas o3t 5l ol s dme 995 co Falmax 5 COP &lais gody 15 o3l el ol s
(izpe 05 350 5ilam g BT b Joleo (8 ran ()5nSTL Ghgsy ol 5o 45 ol ol
2 @B (88 JoSe Bpae 5l i 68 G -l g BB laJeSe (S 5 S pan
Byls B ran sl g ol

g DB 2 i Sl 5 (23l sl JoSa 5l 51 linall (s il ol g3y 5o
3kl (y3051 bl 51 s Lawsdly TG 5 FFA &l s JaSio 0 ol sl il o cioliciol o Slac 5
@l 58 SBras (0,0 FFA zolaw i Gl sl gl g ol sasmin 6 5095 )| a3
oz slassl gohaw Al og (Sl S ideS 4 Cund Gt -l coS 5 0 b
OIS aBdS Glaiegh )0 (B Bras (0,0 (V) (nyed o0 4z 5 Coliul clls o
o3l (p S okS 50 )5 (oo i) ;2> Ghogh (Bras 590 b aline (5590 5l 45 Cewl oad
OB polie (nlp Ve 5l i) azgs yo3 50 (RIBl i Slaiagh ) (izren los S
3 olsebl Jya> sln onlply «VY) Sonl ol (5155 (Bpae 99 (nl 5l am aids 72 Ladly
Peose3l Eard el o0 i (hgiws (o JoSe (g0 pOl (iaghy 50 (eSS sl aSy]
2ol o es 4 lewdy FFA zohaw 5 (835 sla Jl .ol ools j1 3 JeSe B pas 3l oy adds
el 50928 @351 e b et 09 o bgspo Vs el 3 g il (93580 o5
clale oI5l cams WS o Joos AMP @ | "(CAMP) (g4il> Slandgige (gl 45 ool
Ol e a5 95500 THSL) (90550 & ol SLd b Jlad s § (12 <8l j0 CAMP

a4 6elS 358 vaé o CAMP adl ynoljdl clalée (pumen ol oy S8l o jdend s

1. Cyclic Adenosine Monophosphate
2. Hormone Sensitive Lipase



1¥aA gL».w.o) FF oyl N 0,90 ()9 ‘539.‘9;).6 1A

S el gz S8l P AT 055 00 e ol (655 0 G 5l 0¥ eSS il Sy
Srae 20 ]) bwdly 0y sl &8 A8 polaw sl oo Jelge cnl (VY Wigd oo lsd
Ol ALBAT Gla gty )0 45 (Gl s i et S-S 5 0 b lesa 288
GiesS & S 0aial33 gesl plal o Loy s jeddS (6 5 olaw «0nlog gl «(VF) Conl o
gy b JeSe (LIS ST Jdoar b Wlgh oo amet (ol i Jboline i (g 508
widen Sl ;5 Lewdly W S 6 5 6 S oIl Sl b Leadly &y S 6 5 00525 0 p2l>
lae o, 55lS 52 0 Joo oo ¥ B V- dials o 02 5l Kotz jlade d 5 Bl ool slasl
SHae(9)0 Y pedlS 65 w7 2S5l aie (aegs 4S5 5k 358 0 003d sl (S
AyplS ey e 4y ae ST YU cbaad el o Ysare el '(IMTG)
iz o ilS Lonsdly TG 6y a4y 1551y ljlgnats 5 (Y0) auly oo Lial33l _Dliae g,
(S o Bpan oy 5| il ) bpan o5eS] 45) (caid mlie 4 151 YL clacads 4o

ol T ol 5l 5 ams Lol | Laasdly TG i gas 4 151 Wl oo 093 45 s i3l
51 35y Jlazl oyl eazdl o S cys pod ol (slocsis yo FATMAX 5 COP oSyl a4y azg5 L
sl |y ooz sloasul (ol oS s Jil slajls wlsi oads cnl )0 (s -l zslaw o5
e $90lsd (pizen Bk 4l ety Gl 65T (aoJeSe anl B cnlpln 5 was
olllas sloasdl (Jloo (sl 0l 9925 S galinnST 2 SleSa (s -1 A 30
& o)) 5 09dsinl (oeiS)T il S 85 el (Sl (V) )fKas 5 (Slag0m
O 5=l 5l (B St cnl (Jy 0gdioe e GeelannSTEL g o] ol 2l
Jlx>t (nl uizmen Caulonis onalive fsd p leiiar (i =1 B pas 156y rass
Y YOI RVU. 1 ISV I ESI JPORPT SR B el JeSo 3l atus Ol 932 o -l aS 0,18 0429
Sl Wl ] GgmlanaST Gl B b oSt cnl 3l oolitul (sl g bl JI88 531 o
| 2less & JoSo ol s 3l a8 Slllan jis s 008 1315 jgmms 53 0T el
Ol ady Gl el by sslosls plol 1) sl (g5l JoSo Baas cailos )57 5 158 aud yguloenST
biegh pbml (gl o Sas (i 5= 1 1 Aieyo (ool L Ll (Sl 5 g dguee
Sy B JoSo b o] (holss Sl romin 5 (s 5=l oosils (s 3le JoSie B b oo o

D9 50

1. Intramuscular Tri Glyceride
2. Murosaki



"4 e 3 55hos 1 oy )5 1 g opidlS 5l foSo o jed b pare il s Jole

o0 Ledly 03T O yz slaannl zoban (il oad heas sla oSe B pan il anl 5l e
Pl FFA b Gl il 00,8 9ol 58 onw ol ingiy walis eil ol
Sl iyl Jol wluly ans)8 cnl Blate . CBlS (o3 (1023 (B rae sl fmsgm
Oy Selglie S8l G Ul g (G Sudled sl CBL G e Glgrsar (Sl dlae o
(s el (S ge Sl g ailie 4 aS s 5l olecdl (ol pl Buds 0gy jleiul oy el
Tl S g o STl slals a4 4z 5 b wiiles oo cailied e 008 9 (e g (Dl 0009 S
az g5 b1, Ll sgw (ol 5l oadeslaiwl slads o b oS Gl 05290 bl yisgumw sl 1) 055
G Julge 7S Gt (el (30 (B pan (8l g Gl ains o 35290 Layl 0 4y
bl 0,86 Jelse ol )0 (Brae linmse oold 5 Codgzge Ll w05 e )8
@7 9 Dldees S Caderge oS (lalyh o b aws falS ) (n el (e ys (Brae Dliaees S
beeS 5 ok ke oo JoSo Sras (0,0 FFA 295 59550 (il 4 429 b ol ple
‘5‘).: ‘u*’L“‘u“)-’ sCuils S99 J..al.> UeRgh 50 @)»a.c ‘_gb.’l.m;}w 9O S )Ua.,.s| ‘W)U—Jl
dslie S0SG L b jidsS )0 Falmax 9 COP blas ol> dsllae 1o qugo (pl ood jastioe
OIS Gl il b op o 0 (Bpan (8l unges 3,90 5 gl o asls cpl 5l eolatul aiud
5 eadodslice &l s 0 She Julge i gl (YA) sl oads 51358 inn sla egh jo
5 seliiul o Slas ,o sadosalive Olpas LT a5 Cllae opl (592 gcun> g coliiwl o ,Slae
ST e 45 092 S 0l ) pol gl gl Wah duglie 0o b o el (105 ez
J)..J sz )‘ ]Mn_u.’ (5..5)3 9 wiBLf Lngwss S COP 9 Fatmax L) JOL:A alags o ‘59],.49
).u..uul)ms.:;dq@)})‘ GBJAA u}j.w UT)O aS Cowl L}"JN )‘ ‘sn)w.: COP dlags .l 0092
rlple sl 0 pe8 G2 )0 (Bras limage 0 et Glae 4 abal (pl jo i 5 WS (o
oolictul ay Kiwsly Jdods wilgs o onsS 5 g idlS (sla it 0 COP dlaii jiivs 3G b g3y
A 02315 il slgizme lajen Gl b ez 5 S g 50 i (nl 050 alae jo o)z

1. Acetyl Coenzyme A



WWAA Gl FF o )lods 1) 0,90 ()59 559092 7 Y.

35 (55 051 53 Called L &2 Sl 5 A 3158 el GRal58 355 ol s et S
w31 95 cnl les ool )3 358 oo oie T(PFK) LS55 53 gind o ' (PDH) 355 ,0000 &g
ol ls )Li:ﬂ Judo a8l o 339054 COP dlaits £434 sL'j a4 g b o tals Slyaurg,S
5 Sran OieST 505 5YL (oS O a0 5 Qe (B8 JoSe Bran 050 0z CS g
Og JyuS S A Camnd b iissS (pl jo Fatmax ddais Joleo 5,15 4L

o285 Cossrae (Bl (n el 5l S (B JoSe Bpae a5 ol plis ol dallhe s
olojed B pas 09 o Cule> Fatmax 3 COP Llis g43g oislasl s biay b 3l ool oidu o
S e S | B8 B e arbe (sl H i IS — 1L JaSe ]

JoSo 90 plojpn Bran Cote 551 65050 saslio iy yolo hegh bs rallie ply
S3la s Dbl o5 Bogumme 101, 093 1 e 45 Sl (SIS 59 9,8 hae (e IS 1 5 (sdlS

&bo

1. Gagnon DD, Perrier L, Dorman SC, Oddson B, Lariviére C, Serresse O. Ambient
temperature influences metabolic substrate oxidation curves during running and
cycling in healthy men. Eur J Sport Sci. 2020; 20(1):90-9.

2. Farhadi H, Hadi H, Sabegh MA. Effect of caffeine gum ingestion on blood lactate
and glucose during 1500 m running. Ann Biol Res. 2011; 2(5):252-7 (in persian).

3. Oberlin-Brown KT, Siegel R, Kilding AE, Laursen PB. Oral presence of carbohydrate
and caffeine in chewing gum: independent and combined effects on endurance
cycling performance. Int J Sports physiol. 2016;11(2):164-71.

4. Marshall K. The effect of different dosages of caffeine on time to exhaustion in
prolonged exercise in trained athletes (a meta analysis). The Plymouth Student
Scientist. 2010;3(2):18-39.

5. Kudoh Y, Aoyama S, Torii T, Chen Q, Nagahara D, Sakata H, et al. L-carnitine
kinetics in chronic hemodialysis patients: comparison between oral and intravenous
supplementation. J Biochem Pharmacol Res. 2014; 2(2):117-24.

6. Kelek SE, Afsar E, Ak¢ay G, Danisman B, Aslan M. Effect of chronic L-carnitine
supplementation on carnitine levels, oxidative stress and apoptotic markers in
peripheral organs of adult Wistar rats. Food Chem Toxicol. 2019;134: 1-7.

1. Pyruvate Dehydrogenase
2. Phospho Fructo Kinase
3. Glucose 6 Phosphate



\Ag}

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

e 3 55hos 1 oy )5 1 g opidlS 5l foSo o jed b pare il s Jole

Pooyandjoo M, Nouhi M, Shab-Bidar S, Djafarian K, Olyaeemanesh A. The effect of
(L-) carnitine on w eight loss in adults: a systematic review and meta-analysis of
randomized controll edtrials. Endocrinologia. 2018; 23(1):83-90.

Fielding R, Riede L, Lugo JP, Bellamine A. I-Carnitine supplementation in recovery
after exercise. Nutrients. 2018;10(3):1-17.

Leelarungrayub J, Pinkaew D, Klaphajone J, Eungpinichpong W, Bloomer RJ.
Effects of L-carnitine supplementation on metabolic utilization of oxygen and lipid
profile among trained and untrained humans. Asian J Sports Med. 2017; 8(1): 1-9.
Bell DG, Jacobs I, Ellerington K. Effect of caffeine and ephedrine ingestion on
anaerobic exercise performance. Med Sci Sports Exercise. 2001; 33(8):1399-403.
Gongalves LdS, Painelli VdS, Yamaguchi G, Oliveira LFd, Saunders B, da Silva RP,
et al. Dispelling the myth that habitual caffeine consumption influences the
performance response to acute caffeine supplementation. J Appl Physiol.
2017;123(1):213-20.

Mielgo-Ayuso J, Calleja-Gonzalez J, Del Coso J, Urdampilleta A, Leon-Guerefio P,
Fernandez-Lazaro D. Caffeine supplementation and physical performance, muscle
damage and perception of fatigue in soccer players: A systematic review. Nutrients.
2019;11(2):1-15.

Kammerer M, Jaramillo JA, Garcia A, Calderin JC, Valbuena LH. Effects of energy
drink major bioactive compounds on the performance of young adults in fitness and
cognitive tests: a randomized controlled trial. J Int Soc Sports Nutr. 2014;11(1):1-7.
Cha Y-S, Choi S-K, Suh H, Lee S-N, Cho D, Lim K. Effects of carnitine coingested
caffeine on carnitine metabolism and endurance capacity in athletes. J Nutr Sci
Vitaminol. 2001;47(6):378-84.

Burrus BM, Moscicki BM, Matthews TD, Paolone VJ. The effect of acute I-carnitine
and carbohydrate intake on cycling performance. Int J Exer Sci. 2018;11(2):404-416.
San Juan AF, Lopez-Samanes A, Jodra P, Valenzuela PL, Rueda J, Veiga-Herreros
P, et al. Caffeine supplementation improves anaerobic performance and
neuromuscular efficiency and fatigue in Olympic-level boxers. Nutrients.
2019;11(9):1-15.

Nikooie R, Gharakhanlo R, Rajabi H, Bahraminegad M, Ghafari A. Noninvasive
determination of anaerobic threshold by monitoring the %SpO2 changes and
respiratory gas exchange. J Strength Cond Res 2009;23(7):2107-13.

Pallarés JG, Moran-Navarro R, Ortega JF, Fernandez-Elias VE, Mora-Rodriguez
RJPo. Validity and reliability of ventilatory and blood lactate thresholds in well-
trained cyclists. PLoS One. 2016;11(9):1-16.

Gmada N, Marzouki H, Haboubi M, Tabka Z, Shephard R, Bouhlel E. Crossover and
maximal fat-oxidation points in sedentary healthy subjects: methodological issues.
Diabetes Metab. 2012;38(1):40-5.

Croci |, Borrani F, Byrne N, Wood R, Hickman I, Cheneviere X, et al. Reproducibility
of Fatmax and fat oxidation rates during exercise in recreationally trained males. PloS
one. 2014;9(6):1-10.

Talanian JL, Spriet LL. Low and moderate doses of caffeine late in exercise improve
performance in trained cyclists. Appl Physiol Nutr Metab. 2016;41(8):850-5.




WWAA Gl FF o Lol ) 0,90 (0359 559090 8 \YY

22,

23.

24,

25,

26.

27.

28.

Silva RPd, Martinez D, Fiori CZ, Bueno KSdS, Uribe Ramos JM, Kaminski RSR, et
al. The effect of caffeine supplementation on exercise performance evaluated by a
novel animal model. Clin Biomed Res. 2017; 37(4): 316-22.

Kashef M, Moonikh KU, Kashef A. The effects of different doses of caffeine on time
to exhaustion, resting levels and hemodynamic parameters response in young male
athletes. psj. 2017; 15(4):56-65. (in persian).

Goldstein ER, Ziegenfuss T, Kalman D, Kreider R, Campbell B, Wilborn C, et al.
International society of sports nutrition position stand: caffeine and performance. J
Int Soc Sports Nutr. 2010;7(1):1-15.

Jevons E, Gejl KD, Hvid LG, Frandsen U, Jensen K, Sahlin K, et al. Restricting
carbohydrate during recovery from prolonged exercise does not effect intramuscular
triglyceride resynthesis. 23rd international Congress of the European College of
Sports Science; 2018 Jul 4-7; Ireland.

Murosaki S, Lee TR, Muroyama K, Shin ES, Cho SY, Yamamoto Y, et al. A
combination of caffeine, arginine, soy isoflavones, and L-carnitine enhances both
lipolysis and fatty acid oxidation in 3T3-L1 and HepG2 cells in vitro and in KK mice
in vivo. J Nutr. 2007;137(10):2252-7.

Manninen AH. Metabolic Effects of the Very-Low-Carbohydrate Diets:
Misunderstood "Villains" of Human Metabolism. J Int Soc Sports Nutr. 2004; 1(2):
7-11.

Sidossis LS, Gastaldelli A, Klein S, Wolfe RR. Regulation of plasma fatty acid
oxidation during low-and high-intensity exercise. Am J Physiol Endo Metab. 1997;
272(6):1-9.

SHOEL

5 oni3lS o oS lojed OB pas ;30 . paone ol g, (2955 ST Jole
S0 8 o))y Cudlid ple oLl gl ngw 5 (silse o Slas s 5
B |CICT I WA IR R A  SA 4 S VR IFAL 4.V SN CONUS S SN

10.22089/spj.2020.8022.1968

Adeli A, Nikooie R, Aminaie M. Effect of Simultaneous Consumption
of Caffeine and L-Carnitine on Aerobic Performance and Substrate
Selection During Exercise. Sport Physiology. Winter 2020; 11(44):
107-22. (In Persian). DOI: 10.22089/spj.2020.8022.1968




Sport Physiology, Vol 11, No 44, Winter2020 12

Effect of Simultaneous Consumption of Caffeine and
L-Carnitine on Aerobic Performance and Substrate Selection
During Exercise

A. Adeli!, R. Nikooie?, M. Aminaie®

1. M.Sc. of Exercise Physiology, Shahid Bahonar University of Kerman

2. Associate Professor of Exercise Physiology, Shahid Bahonar University of
Kerman (Corresponding Author)

3. Assistance Professor of Exercise Physiology, Shahid Bahonar University of
Kerman

Received: 2019/10/24 Accepted: 2020/02/05

Abstract

The purpose of the current study was to investigate the effect of coingestion of caffeine
and L-carnitine supplements on substrate selection during exercise and its probable effect
on endurance performances in elite male karate. Twelve elite athletes performed a
progressive standard test following placebo (250 mg Lactose), caffeine (5 mg/kg), I-
carnitine (3 g), and caffeine and I-carnitine (5 mg/kg, 3 g) consumption in four sessions
separated by one-week interval. Respiratory gases and blood samples were collected
before and after exercise. Cross over point (COP), as a point that metabolic substrate
changes from fat to carbohydrates, and Fatmax, as a point at which fat has the highest
contribution to energy supply, were determined, workload and oxygen consumption
corresponding to them were extracted, and compared among trials by repeated measures
analysis of variance. Following consumption of caffeine alone and in combined with L-
carnitine, the changes in plasma free fatty acid (FFA) during exercise, workload and
oxygen consumption corresponding to COP and Fatmax points were significantly higher
compared to the control trial (all P < 0.05). The values of these variables in combined trial
were significantly higher than those found in the caffeine trial (all P < 0.05). L-carnitine
consumption did not induce significant change in these variables compared to the control
trial. In sum, Caffeine consumption improves endurance performance through changing
substrate selection during exercise toward fat and this effect could be exacerbated by
simultaneous consumption of L-carnitine.
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