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ABSTRACT

Lactate has been recently considered as a signaling factor involved in metabolism.
The aim of this study was to investigate the role of lactate entrance into the brain on
endurance training-induced adaptations in lipid oxidation.

24 male rats (age: 8 weeks, weight: 197 + 21 g) were divided into control (C), trained
(T), and traind+4-CIN (T+4-CIN, which experienced the inhibition of lactate entrance
into the brain during exercise). All animals performed a single session of acute
endurance exercise following their 12-weeks training protocol. Free fatty acids (FFA)
and triglyceride content in plasma and adipose tissue and cAMP and Inositol
triphosphate (PI3) content in epididymal fat were measured immediately after acute
exercise using ELISA and were compared among the groups by one-way analysis of
variance (ANOVA).

Acute exercise significantly increased lactate concentration in cerebrospinal fluid
(SCF) in both T and T+4-CIN compared to the C group. Lactate concentration was
slightly lower in T + 4-CIN compared to the T. Immediately after acute endurance
training, a significant decrease of 61 and 31% in plasma triglyceride levels, a
significant decrease of 39 and 26% in adipose tissue triglyceride levels, a significant
increase of 125 and 56% in plasma FFA levels, a significant increase of 217 and
125% increase in FFA plasma levels, a significant increase of 87 and 41% in
adipose tissue cAMP levels, and a significant increase of 90 and 49% in adipose
tissue inositol triphosphate levels was observed in the T and T+4-CIN compared to
the control group, respectively (all P < 0.01). Plasma triglyceride and adipose tissue
levels in the 4-CIN + training group were significantly higher and plasma and adipose
tissue FFA levels were significantly lower (all P < 0.05) than the values found in the
T group. In conclusion, the results of the present study showed that lactate can be
effective on endurance training-induced adaptations in lipid oxidation due to its
action in the brain.

Published by Kharazmi University, Tehran, Iran. Copyright(c) The author(s) This is an open access article under e:
BY _NC CC BY-NC license (https://creativecommons.org/licenses/by-nc/4.0/)

https://jsmt.khu.ac.ir/
1


https://creativecommons.org/licenses/by-nc/4.0/
koushkie53@yahoo.com
http://dx.doi.org/10.61186/jsmt.21.25.1
https://dor.isc.ac/dor/20.1001.1.22520708.1402.21.25.1.5
https://c4i2016.khu.ac.ir/jsmt/article-1-571-fa.html

VEY (V0 0)lond comd5m 093 (539U 9 ()59 b )3 piR93

P-4 & . & &
S902 9 (W9 b 30 w9
YOAA-TAYO : o9 mI Ly YYOY—+Y-A :ol> LY s
Homepage: https://jsmt.khu.ac.ir

Sl (539 90 S &y gmilmnS'| 33 (oLt (3 303 31 (il (55U 3l (519 30 4 LS 0959
bl sl dea | T gl | T e (S8 | ansl ame

‘-"j‘.’.‘ L)‘J:..;rc‘)ljyﬁ bK..:..:‘J LJN[M;J\))‘)J::JJJ r‘}lﬁ a.,&.;.;\; ‘JJJ)-’ H}Jtﬂ}w&ﬁ (5‘/,:5)\

Q\ﬁ\ gj‘ﬁ.&‘)lj:,ﬁ o&i}‘: g‘;xw‘j)}&ﬁj r}lﬁom‘b LL;:J).)} fﬁl"ﬁd’"\’ C“:—’j AJ;QL‘;«\.Y
Q'ﬁ] ‘)‘J:“:" g)'\ﬁ.j:eli.ij\b ‘Jﬂt.u\)));;’:ﬁj (:jl.o 0SSN s ‘g;‘j’J.Jﬁ€jl"'.5g5;'\'f CA.:.:J.T a);)t.izh.w‘r
Q\J._v‘\ ‘QLAJS ‘Qu;fﬁb%@;c&b‘b ‘wlﬂ& S ) cjjg sl 8

koushkie53@yah00.com : s ¢ S 5S 2 S ok 5

oS> 1o Gl

£

[ Downloaded from c4i2016.khu.ac.ir on 2026-06

Aol aallas Sl Gas ol sl wlid pd e 3 LS S ble S Ol 4 DS | on sz s e g g

dﬂwﬁj dJ.:;Sa}qu):DfMV:I:Y\ U)Jwipbﬁumw)’f&‘ﬁu‘)‘ﬁ”

aj‘)f@l.oﬁ..)d.lﬁir.:mﬁc(.:;k;o‘tuerjO.lﬁ.?&:}-)J‘)Jﬁu@QMJ})JC‘AAS)CIN—£+Q.1I‘J¢}J§}

VERY (a8 il 00
VERY s bt el
VENY s i

sl slao 3l

gﬁdu,\wlcp.mb&gldﬂd\mw IS5 5l A el VY 1 el oy el adr G s
dr Alodl Sl (65 I 50l s CAMP 5 Jles sl oy @b 5 ety 3 L ,edS (6 5 5 (FFA) 5151
z z ¢ S s T
atlle as S by K eolisly el Ay 5 68 oIl W) KaSE b sl zelinad e ) HeeedS 5 5 Al r ed
_ 2alizel o o3 he S
b+ el 5 G el 03,5 33 58 53 R S5k b SSY Gl 1 Cely malizal o 5 E
Qrpcﬁ)dycﬂ_ijN—i+L~ﬂfdU)fﬁgob'u'Lg}iAGbQLS’YCﬁEJL.MJ;SeJ;A{WQN

¢ SR be ¢ T . L?"
S5 oy sl 53 5hoys TVl ine (58S ol il s ) ey Aol g 5 ol O O S sl i)
01 5 1Y0 s ins Sl g SOl el (65 paha 53 says Y 5 TA s s el dS M0 S5 agy (b Sl
Sl (o508 A OseldnST s

Cj.\a.,.u 6M)> £4 9 q. )‘J v,\:u u:“i‘f‘ ERS C,JL; CAMP C)Ja..» BL 6M)> £ )/\V )\J ;;""d

[ DOR: 20.1001.1.22520708.1402.21.25.1.5]

é 0 - g . é . g 2 a . ) b A g
d%o};qw CIN—i“’w‘J-«NjAJJJ‘ﬂ‘,M ejjsjé %f‘\;_&ﬁ CJ[.« CJLa.w.%éJ.a J}:;_Jﬁ‘ J IS . 22 oI

a}JfMWJ‘:L;\M)}JoMCIN—i+wﬁo);deﬁ@bjwm%mkfde}]amMAML:..A
s Sro 23S 5 5 bl are sk 3L 5 LS FRA 2l 5 VL G o (e
03 el g a3 5 8l Bl g Wl e e 5 iles dauly 4 SSY &S sl Ol Guiss S

Al IS A O el S|

VIV (YO £ YT gl

[ DOI: 10.61186/jsmt.21.25.1 ]


koushkie53@yahoo.com
http://dx.doi.org/10.61186/jsmt.21.25.1
https://dor.isc.ac/dor/20.1001.1.22520708.1402.21.25.1.5
https://c4i2016.khu.ac.ir/jsmt/article-1-571-fa.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-24 |

[ DOR: 20.1001.1.22520708.1402.21.25.1.5]

[ DOI: 10.61186/jsmt.21.25.1 ]

YET V0 2 )lows oid umw 2,9 (5 55Ud g (o059 Sb 3 gy

Aodio

o el n s eVl el e 3 G5 el S B Gl P e Sldrn S 5 2
AS I55SUS Sl Jeole 05 SIS el e 03 5 0508 G54 ool mie Ll el Jsb s L
555558 53 (TB)' s S ol 65 3dsobed 51 s o b 35 51 e 55T (FFAS) 5151 o sl
s 30 (IMTGS) * Jsho 0355 o Js el (55 5 Dlae 03,508 ¢ (VLDL-TG) "oy sl JE b sla
rrd e 5 Dl a5 b ip el o 53 (B e Sl SBE1(V) daes (AUl (SHlde gla b s
S 3se 855 i (VO2MAX) 5 pae 50eS) ST 110-10) Loyt B oS o 3 3 s ol nelin
o e () 353 o i SIS 0 senldenST 1 oS ke 4 5 FFA 0 genlteeST 51 e Sl o520
Loy N0 U Y0 lgdd jo il ate p el Sl 5 SAd 4 a5 b0 el e s eslanad s s FFA
& A Ly FRA (e cVO2max 7.Y0 5 spd e Grie Ll FRA Sl els dst o 2 < VO2Zmax
Ly ot JS Ol eS| (g oslinal 5550 FFA 51 o 530 5 b o (2l 31 IMTG & sl eS| e 5 L
DS G sad e 03 o O el e 5 Olje o 5 bl Dby el ke il plasl (V) S e ol
3l et il ol () 353 e e s oyl Sl s A O el denS| Jiulsl Csl oS S 4 o
(ot s S8 5 e IP L il el A3l e (B G (Jobe plaw s Sl
A s 03 A 0l denST GBI 4 S5 s ADP e SIS 5 LS| glee 3T 1S
2 0S8 Cond s el IS ey 5 il e 53 el b Ll e elitad (8 imen 35
b alial o ad So3 ik 510 3T eal 3 1 e O gealdenST G131 Dlr g 05 0 35055 5 e
A7) 555 o tn e e 03 e3liul 3550 o e sl Lol (G 055 o DSt 2 Rl
cho 53 3l e e a5 3L sl oa el 5 ol o 53 Ao O gl B33 oS i
Aoy 06 3,8 o 0B e Gl s A gl Sl Osesn J S o Bles e 3L sl w2l
3 by Jolss 5 pam A (D) WS e U S L G Sl s (S50 b le e S oS
DS e 03 e Ol ST (e Sl Slodes i gy cal b daes S0 55 3L e U S
s o Db e et 5 e ssb 4 ONS st olil (ONS) "G5S rae i Lauss
woien ssb 4 (WAT) di oz 5l oS Wl osls 0L oo T3 5 Sladllas -l 1S3 i 0 sl

- Free fatty acid

- Triacylglycerol

- Low density lipoprotein

- Intramuscular triglyceride

- Maximal oxygen consumption
- central nervous system

- White adipose tissue

N o A W N R

https://jsmt.khu.ac.ir/
3


http://dx.doi.org/10.61186/jsmt.21.25.1
https://dor.isc.ac/dor/20.1001.1.22520708.1402.21.25.1.5
https://c4i2016.khu.ac.ir/jsmt/article-1-571-fa.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-24 |

[ DOR: 20.1001.1.22520708.1402.21.25.1.5]

[ DOI: 10.61186/jsmt.21.25.1 ]

YET V0 2 )lows oid umw 2,9 (5 55Ud g (o059 Sb 3 gy

s 8L s 03 e Sl AlE e lasl il S s 050 (0 (3 e SSlen (2 e b8
o D3 s 53 DRI Ll e Jhdes B s oles Ghe 3 ol (8 S S e (0) 550
d s At Y At s ol ks 8 LT b it b sk 4 Ll e (izmes CNS (V) 553 e
JAS s 5 ol s Uy e 36 s o 3L LT IS5 TGRBT 5 s S 03
5V CNS BT dajls 0T 0351 otns o b iiees 31 Jite €NS Lawr i o or 3L 5 g (oS (A V) 4
53 sy Sl G K bug e opl Sl s il el o 5wl SRl S5 slasl
Aas e el [ o3V OB 5 J RS 1 0 Glend sl mslaw pslde jsla & s pd e pll sae e VU s
ol e 3 Ol 5 SN S ses 5 GG gls el e SRl b g Sledis nl 5l S i
S Olpe s e KOs G Sl AL nses L psdle SO slasl Sl Wl g SO 51 aS 550

Q) &S Lee NS s JLKon
L3 osle DSV rw ag o Gk b a ol 035 el jen O g abae 53 SUSY LIEIL (p pes il 5L s
5> ran 6551 Gl S Ol 402,515 ol 5l Sledllas (S sl e B g5lse o SIS
LS o5l o ed e 53 e Sl bole G Olse 4 e 5 e 5 B S e S Lt
Sy S35 A 53 (MCTS) a5 sl 5 SleS 5 S 55 g0 USY (gla sdtias JUisil 3 g5 alanaly 4 (V) ) 2)
S s |y Sime SUSY sl 5 el re syl amly a4 LS s el e g g5 SSYOY)
35 DY L 315 gy elimal s e 53 she 53 SISV Gl I e ool el Bl s iled
S a8 Ll eslanal sy5e ke 53 WS sl 655 Gl S Olse 4 Ll Gk Sl e el
SC L5 e (GRPBLY) 0T 0l 18 plalid w5 b S b 515 8 Cola 0 el G 3 he e e
o3 G S Sl el eals 0L (S plie S8 Sl 5 Jlie Olge 4 Q) A4S Jes e s SIS bele
2> 05 SIS Slagtese bis cer S8 S5 G ow Ob Ll e Jhdes By s > SSY
o e Jldes B ated oS sl cpl odias QLS 4zt ol L(VE VYY) s il 5l 1 LadS g Lol
eomen AL SIS R K ohaid S8 w4 le gla 05 omdl dauly 0 4SOl Bl G551 K
AL slesnsn fuly GABA) Ml 5 el Ll o 5l L e SUSY 8 305 sy sdals
ALl & LT 508 ) tas 2l 1 (UspissS 5 o s ot ) | 6,5 b sl

w&g\g&jb;M}gwjdyﬁ&ﬁcﬁéb}gﬁmﬁﬁ):w\éu&y)ﬁngii;Lg:Lé:s

8. Transforming growth factor B
°. Monocarboxylate transports
0. G-protein coupled receptors 81
. Gama aminobutyric acid
12

-Counterregulatory hoemone

https://jsmt.khu.ac.ir/
4


http://dx.doi.org/10.61186/jsmt.21.25.1
https://dor.isc.ac/dor/20.1001.1.22520708.1402.21.25.1.5
https://c4i2016.khu.ac.ir/jsmt/article-1-571-fa.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-24 |

[ DOR: 20.1001.1.22520708.1402.21.25.1.5]

[ DOI: 10.61186/jsmt.21.25.1 ]

YET V0 2 )lows oid umw 2,9 (5 55Ud g (o059 Sb 3 gy

Sk 4 5,05 3 s Jleast opl 3580 13 ke SSY lac bl wdies 50 Cod WIS e s5ke Jhides S
52U gl Bl Slase Jbdes B aten 5 IS L Wlg o op el U3 yhe s SSY chile
S ) g e ald 0pSE sy nl sl eal ) Shda s S 5 A eed e 55 telinal o pe
3l Bl 5 el e 3 re a0 SUSY sy B e ol asdllas Gl Gl (ULl el 55158
o 03 DS a5 e i ped 5,8 S 5o ol G s sk iy s A O sl ST s (el g 53
tlie Gy gy a5 03,8 G L LA OgrlbinST sla st elinal o 3 Sl ol s 5 lesl o el
KW

AR v g 5

Ol S Slasl pyle Slidos S 0 5l (Sain Sl U (5 o 53 5l s 315 5 ol e ige e VE sliad slge
e Gl e Lds (IS sl — Sl celu WYY B2 o s oK lesT skl al s 5 g
WaslesT Las b (3Labd] 5 (e ain G Sl a5 Bbs 4diS O 5 plme Sige (o s gl L
N A) J2S 05,8 ldd ekl 055 a0 (3lad j5bay 5 s (G3leOlaar 055 wlal 2 ol s gla i e
S0 05> s b Ll asslss waie 5 L lad b i pad JST 5 sl atin 03 53 555 (sla b 53 &S
4-CIN + o 03 05,5 5 (NZA) disls plowil olizal o pa5 4t VY oS G o jed 63,8 03 S o5 |y foes 35
B35 o a2 [ ACIN (50 0550 Goop (el amdr o 51 L3 5 diols pbil aliiad o el atan VY &S
0ol el ade leas S aled (e (gl atia VY ST el A o 2T 51 e sl VY (NS A)
5 e e ol e Jgatie a3 3l ey 4k 5 plonil 1 4l 53 e YN G L adds T s

483510V Ol bog adds 5o e 10 S b ) ey ey ST 8553 ¢ 03 03,8 53 53 it 0 JSgy
A 03335 Olo 5 o 4 g @T&k«su¢wm WY Sdeas bl a3 ST 5 5 ¢ A ol
(S Solad o) ey ads V0 Sdaay 43> 53 52 Y1 Co o 51 dnin 53 Calns (u ol slaans
S O3 b (LT jad aasilss aia Loy Jld b 55t la i s Jyl aia)) s J 28 05 5 .0
L aids e e w sl o a8 andr G plonil (6l Sl (Slal (3LabisT o553 51 B il ploil | Jues 5
a3l e el S Leas S aled i ped Al T el Sl ey el VY g i 0 e VT s
5 e e sl e Jgatie a3 31 ey koML 5 plowl 1 i 3 e YN G L adds T

..l.;.\.ﬁ:@fi.?JLQ.:J..{J.:.;\&J?QQC|%‘CA@2QL€JJJJLML}J}5—QF

https://jsmt.khu.ac.ir/
5


http://dx.doi.org/10.61186/jsmt.21.25.1
https://dor.isc.ac/dor/20.1001.1.22520708.1402.21.25.1.5
https://c4i2016.khu.ac.ir/jsmt/article-1-571-fa.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-24 |

[ DOR: 20.1001.1.22520708.1402.21.25.1.5]

[ DOI: 10.61186/jsmt.21.25.1 ]

YET V0 2 )lows oid umw 2,9 (5 55Ud g (o059 Sb 3 gy

SN Sy Ol ) Jeo

AY | VY | Y q A 3 hY 0 3 Y Y \ Lan
ol W oo | oo | o | so| g | Yo T (a2ds) Olajy
YUL YV YV v ove | ve | oYY [ oxy [ vy | oye | ve | ove (423> ;5 o) o

Jyaiie op ol andr pa el 5l 3 OLSY (gls eiins JUisl el —~ 05,5 10sei (w39 S3he OLSY Cuil 9 @ie
/N DMSO 5 Jsloes dislhee ploil 1 oliiad o j das 435 Ve 5 Ll o 4-CIN Jyloee (550 0500 Go) 5
G5 es,S 4 LCVIY ©jsi o Jslme cnl 51T P 5 0 a3 VIEAPh 3 4-CIN Jyloes 51 Ve MM 5 = 7.
oo ol G ey 000 UM Sldis 4 CSF 53 4-CIN liie o5 i sl s ol 4 4-CIN 51 e ol o

010) 55 aly e had 6 MCTL Sl e JolS s 4 MCT2 Jlas e

4-CIN 530 (3959 &5 ¥ 9 8,0 JUU o9
oS b ks S U sty 5 eseeSL sre Sulbl elad 0 4-CIN + o ad 05 S Sl
(o S5hSTp Ssken 10D cedhls 5 (eSS 2 05 ken 80D (alS 51 (b jlie Slio s Gus b U5
S Slaia Sl eslinal Lpae il Gl 53 oSUs il hpe 4 YW G el il IS5 S 5 L e
Sl e 8Y) Goses 5 (LS 5 5l e e V) Sl (WS 5l e e /) i el el s iy
22k el B demar 3 S el o 5 4 (S Ol Ol baw g J55 0T A2 wdls (LS,
5 Olsabl ol e 23108 JUIS Sal zel el axdas SUIS 0kle 5L 51 Oluabl (gl Al Sl 355 Cnndga
Aoy Dbl ool A3 Al petir sk (B 53 31a) Oy e 225 5 5l (T 7Y Gau3 b JUS roms a3 s

L3S ST op jad IS5 T 5 dindls (6551505 Cs b anin G e 4 (5,108 JUIS
A0) el Blio 0555 3oy b Slls cp el planil 1 e dolidly 1 (CSF) ool 30 o ssTans g
C3oas dazmarr 3 o Slase (Oy Ldsa o 3l Oluebl 51w s Bea o (mglkg V) Sl s (mglkg
9 ol ol 3 am s Ve Lo 8 sy b Olpm e 5 03l JUiml ST 5 jmal oSaws a0 Ol s LS 02 5
Sy e bl glasaly sl eslanal U cisterna magna (33s Jowe g sbl bawy j3 Jsb 5 bbbl s oS >
cisterna .ys S aseie 1Y 5l Soml o femle O st b o 5 35,5 o sen il o (e seeSY)
(ol s LB Lol e 51 o8 ol GBlid L mpe e b o Ly cmls L () akei magna)

Js.i.ﬁj.f oalaza! L;Gbu ng;u GLA LSJJTC""")‘)" Q‘j.&égj J‘*‘;‘Jx‘}j"‘“" &ﬂ&d_}YY’G LS‘ 4;3\‘5):1 "K’J“‘

> Intracerebroventricular injection
1 _ Cerebrospinal fluid

https://jsmt.khu.ac.ir/
6


http://dx.doi.org/10.61186/jsmt.21.25.1
https://dor.isc.ac/dor/20.1001.1.22520708.1402.21.25.1.5
https://c4i2016.khu.ac.ir/jsmt/article-1-571-fa.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-24 |

[ DOR: 20.1001.1.22520708.1402.21.25.1.5]

[ DOI: 10.61186/jsmt.21.25.1 ]

VEY (V0 0)lond comd5m 093 (539U 9 ()59 b )3 piR93

s A cisternamagna 3,05 e Jo £ BT o3l 4 K e S5 s me 2w 05 2505 5l S g
Lol S5V Al s eSS Gl T )-\J;ASQJ”UJ(MTWPML);GLQM,VS@W
Y sl s s (Y 4G ) eds (gs] mor P e mle L 0w 031 b A o J S s
Loy (g3l 5 A3 plonil QB 5 s sboay G a sl A3 (IS 518 il s —AY sles 3y s
T S SNl gl ax s slex gles 55 aids V0 Codewy N0aiEs 3 s T 3 03 STk Bl b e

Ao, 23 TG S FFA  ledl
S S 055 S N S L sl L s sl S sk 4 B Ol sibemion wler T o3It g digel 59T 02
5as S e mbe 035,50 50 bl (l il 8 S b DUl aes 3 e 25 e 8L
55 Osla rs Sl el b o L 5l p S ke Yee B Y T e d 5 Sl 4 s A s o
) EGTA ¢ Ve ko Y EDTA pH 7.5 (N0 s 00 TriSHCD 5L 55 e (Kes A3 35 e 035,55 53
Triton X- /) ¢ Iy S V50 oo 0 Slindy s V50 Juo 00 NaF ¢ Ngo LoV DTT ¢ Npo Lo
Vomteal e VEA 1) oo 53 0S5 Y il V- o 3 p S V0 (e 5 oSl 5 7Y (100
Glos 53 s Y e 4 (=J§ Yorre 55 50550 (VA 35 V5 L) Wl osdsn bae Jd V50 s
e 55 R b ekl b S s s 2l SSbL e (O0V) E el Sl oS sl s 8
5V Sl oS o300 (sl s isad ol 5 S a1kl G Ol gie 4 (BSA) o el Sl oslizal L s 8l
bl b5 050 PBS 3L s 5 eds sag o il oS ks 00 (TGS FRA (5,5 o3l gl s ealin
Sy s Gas TV J gLl 5% Triton X-100 Vs oile 3L 0 C\fd.w\ e el Y) Jsile —Dsjjls
Rat Free .S abou s FFA slis 5 0 g0l sl 8 8 oS aew sty do pedS (65 palie s oslizad (g8 o310
CSd el ey Gb 1N 5, 4 Fatty acids quantification kit (Cat number: ab65341, abcam, USA)
A oslizal a3l b aKall oS dew s ol (g 5he sl s 050 SV (S o3l S elnil sl
Rat Inositol Triphosphate s Rat cyclic adenosine monophosphate kit (MBS018906 MyBiosource, USA),
Inositol s Cyclic AMP (CAMP) .S o3lul 1, <55 « Kit (MBS023895, MyBiosource, USA)

. eslaal Triphosphate (13P)

Ol i g 4325 i
shlizal Sl i o3 s eslinad Jlaged 5 nSle Gl Ol ol SaS|, Glewatle 5l bo i Sl jisw 5o
e leslis 5y Lelilsly 03 Olaan s eslanal S5 0Ll oj.aﬂ)'l La osls &I O Jbo i end S

sl Qj,aﬂjdi:bdL;L@.abf&ﬁuﬂ;;aajusosﬁ)b&u&xx:g.ﬁ-.Mow &UJoijfdabf

https://jsmt.khu.ac.ir/
7


http://dx.doi.org/10.61186/jsmt.21.25.1
https://dor.isc.ac/dor/20.1001.1.22520708.1402.21.25.1.5
https://c4i2016.khu.ac.ir/jsmt/article-1-571-fa.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-24 |

[ DOR: 20.1001.1.22520708.1402.21.25.1.5]

[ DOI: 10.61186/jsmt.21.25.1 ]

VEY (V0 0)lond comd5m 093 (539U 9 ()59 b )3 piR93

Lol bl Glesesl ol s ls e mhaw A3 osliial (S5 e s 5 aal, SO bty U
A3 S oslitsl SPSS 5 st sla 531 e Sl esls Jod 5 4 G Al Sl a= /0

Ladl g b
o lolidly ol (s5me mle 5 el DS - lans oS e g 5T Slgatls 5 S b e olie) o
UL PN AR PR CNEON IS

Sl g 03 3 oy ol (S S50 ibe 9 Lowdly DS 7 glaw (K yingy 9 T Sleas bl 3 (B -) Jouer

4CIN + o 05 R i R
ARUER R Yio £ \V YaA £ VA ®) o% 33
AR VAY * oY oYo * V4 (mg) L& 03y
Y/OA £ 0 \VF YA e’ VRN (Mg/g) I3 o35 Lasls
YIAL /88" AN RVink §/4 % T (mmol/l) L.dhy otsy chle
VAL oy \ATEAN VYo £ oYY (mmol/l) ks g3 gl oSy chls

Sl Olge g A (3aSlo 0315 & Liud slxo Sl il £ Tho by 0318
(P <0.05) Jyus" 095 b la Jxo glai

Ol RS 0,8 4 o ol el gy pe3 5 Ay U Y plandly sk i sed 0 S 53 8
s e osb 4 o seies S 5 8 53 CSF s s sl (J 28 o5 Sk aslie 53 (P < /00 53 8) 0y 5

(P </v0) 54 SNL
BERU S IPVRR VRN LOPP-Ju i VW, Tl 03 G M5 Slliae EalS ol aelizal o ped Sl e dlolBdl
(Yl J55) A5 sdalin 25 65,8 4 Comd (P < 0/0)) 4CIN 4 a3 5 (P < 0/0)) G oy yal 055
P<e/e0) cils 5 s A-CIN 4 el 5 G el 53 bS5 5 plandly SR G ()l ime D]
God laes S G 8l i pedlS 6 e b el et 5l ey AlolDl ren (YD IS
0 S A-CIN + pad 5 o o yed Gl 058 3 o b L lS (5 pshae (Sl s me sl
mmen (Yo JSE P < /) ss a) sls 0L [ sdess YT 5 YA Lls e sl 5 a4 JRS e
5P <) Gao ased Ses S SOk LS 65 sk sl el o el Sl ey Ao

(P< '/'O) M‘JJ‘J&M Q)Lﬂj (P< ~/~\) 4-CIN+C)'.'-j'°3

https://jsmt.khu.ac.ir/
8


http://dx.doi.org/10.61186/jsmt.21.25.1
https://dor.isc.ac/dor/20.1001.1.22520708.1402.21.25.1.5
https://c4i2016.khu.ac.ir/jsmt/article-1-571-fa.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-24 |

[ DOR: 20.1001.1.22520708.1402.21.25.1.5]

[ DOI: 10.61186/jsmt.21.25.1]

YET V0 2 )lows oid umw 2,9 (5 55Ud g (o059 Sb 3 gy

]| -
a Jss
9 0 Jrs : 9 [ TN
WS BCIN-F + -, a5

Mg/l LowsMy oy yuundlS (5 57
MM/g) o152 il o yuunsdS (5 5
-

z N
Foon o \Y - O Jes

72 s P - -

BCIN-F~ 0 W e e

B CIN-f + e

=

@M) Loy FFA'

MM)/g) 15> c3LFFA

o dlolddly (8) 2 8L TG () kwdly 38 FFA zohaw 9 () (253 <L 9TG (L) wwdly 50 09 ™ (5 5 Zobaw 1Y SO
D (S 09 5 50 (il oy pod 3
(N=A)4-CIN + 9 505 9 (N= A) B po 9 303 (N=A) J g8
(P <e[00) By s g0i 095 oo 310 Gxo DS # ¢ (P < /o)) S5 09,5 b Hd o B! %
dy.qu_’;a)ﬁ)b%}bFFA&wmCjk.w)bd)up)boh\)\YOJ\wabﬂw%ﬂ}&u&»‘wﬂ
Sop Jo sl O K8 as dxSes S o cnd P</)) 4CIN+ s 5 P </0)) Gpo
<'/'O)J}J}ﬁlﬂ)‘bﬁ)}bbwywﬂo‘};bw 4‘CIN+JJQ‘QJJ§JJFFA&WWCJL~
e ol eliial el oS gl 458 4 s edalin o> L FFA T Gl alis s .(\CJ.(.J P
E) (P < '/'\) ;AJ..a L;".'.J“"‘." o}ﬁ BL g_,.gjj “ FFA L;.'.L"""DL.! C}.ﬁw BERT - \Yo E) YVV J‘J e U“"l‘f‘
4-CIN + oo 05,8 3FFA Ll sl 5 (13 JK8) 08 J 58 058 4 cd (P < /01) 4CIN + oy o5

O K P <a/00) 55 5 omb Sl pme ssb a4 Grm o jed 05 S 4 S

https://jsmt.khu.ac.ir/
9


http://dx.doi.org/10.61186/jsmt.21.25.1
https://dor.isc.ac/dor/20.1001.1.22520708.1402.21.25.1.5
https://c4i2016.khu.ac.ir/jsmt/article-1-571-fa.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-24 |

[ DOR: 20.1001.1.22520708.1402.21.25.1.5]

[ DOI: 10.61186/jsmt.21.25.1 ]

YET V0 2 )lows oid umw 2,9 (5 55Ud g (o059 Sb 3 gy

Al o
. D -
TV- D JI_“;S * J-J""S . -
. B . . . \Q’ - - J).a‘;.!).o.'
Pt ; B CIN-¥ + oy ei
vf B CIN-f - -y, 0 B0 YO 4 )
- (=3
: Yy 4 ? \We o
: S
\A o
% o % T
3 2w
\Y z
) 7o
= =
* 4 < =
. 0 -
E - E
N ha Y. d
e v d S
.5 D -
=]
=
=

DG (Sl 09 5 50  toliiul oy 503 3 v dloBM (©) Dlad 5§ Joek igul 9 () CAMP zglaw Y IS4
(N=A)4-CIN + 99 305 9 (N=A) Syo (9 03 (N=A) 85
(P <]e0) Byo 9505 0955 oo 310 o B # ¢ (P < /o)) S5 09,5 b 510 o SIS 5

03y 4 o 3L CAMP C}k.#):‘_;.,\ﬁ;): £V 5 AV Ll gme malbl ol melinal el 5l ey dlo B
(Y JK8) wd sdalin J 28 05 8 4 s (P <4/0Y) 4-CIN + s 05 5 (P <4/0)) Gy o pad 0 S
IS P <o) Cils 5525 4CIN + s 5 Coio o el 53 o 5L CAMP o (gl pme D
JJ:-‘S");“"W‘I"CIN"'u—lj‘-.")dj*’wﬂd@}ﬁ)’@ﬂwb@wdfdﬁ)ﬁ‘c;bGJ‘
S e BBl amens (Yo KO P <v/e) 5 a) sls OLAS 1 (gdo s 4 540 s o aldl OS5
C)‘)w 4'C|N+u.ija.?)g_ej.,adﬁﬁﬁ6L§ojj§w45ﬁ-@bgbw6ﬁdﬂ)ﬁ‘cjhﬂbb-L;'Z.au.'.'.w‘djaj

(P <+/00) Cils Hls pme

S5 o g Sy

2 e DapldenS) 0 el e 03 SIS 2B 5 el o el Doedidy 50 el e b 5L el
bl Sl e a4 SUSY 5555 45 syl Sl G Bl oy fege A el jlhns BlE S ol e gla e
el (65 G me 5 FFA (5l ;\jcx@,; Blam e O gl denST 3 ezl o3 31 30 6,850
el G038 2 DL 3 e g (S s el

L Ly SV 5 (5 208 - slaws ol ezl 03 4 Grnly 53 (a3 05,8 50 8 iy Slidlle 5 L ol
hslin 3 gy ed S e Al sie 4 sl asdlle s (Yeo)A) Wsls 0L 28 s S L avslie s

95 A 3 UAJ-LZ ui‘J‘%;“""’ Jﬁi‘f‘)‘ L5§l;- @L’;: Js.i.ﬁj.f oalaiul JI’LS‘)L;\.{]QJ 6L€"hﬁj§u’.?’g"u°3js U,e;-l.&

https://jsmt.khu.ac.ir/
10


http://dx.doi.org/10.61186/jsmt.21.25.1
https://dor.isc.ac/dor/20.1001.1.22520708.1402.21.25.1.5
https://c4i2016.khu.ac.ir/jsmt/article-1-571-fa.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-24 |

[ DOR: 20.1001.1.22520708.1402.21.25.1.5]

[ DOI: 10.61186/jsmt.21.25.1 ]

YET V0 2 )lows oid umw 2,9 (5 55Ud g (o059 Sb 3 gy

g o Sl G s Jlesl el S5 s 0L S s JRS 0s S a S e S
i3S O s, 5 AUl abiae 53 O W5 G ol 31 b el o 53 ey SUSY - shan
Lol cnl 553 OA) Gl 5o 5 A8 (5 i Sasl i gla 3L Ja 63515 nl 3LSL Ol 5 055
-1 N ERRVRCIN VRN A PR 0 RVGON S AE S PSRN N s Jc.C TR ISR USSP SO S QRN I
Al Sl 4 S S5l LSt OBl ol ks (2150 5 leS) e 5T 1B (S s 5l s
JL«SJM&&‘QMja.szQUSY.«\:J)S@)JJJ&Sb&jbﬁ&}:}ﬁgw@&|j{y@vﬁ‘j§
Sole Ol 4 35 oS 550 o e o NADHNADH s 58S« fpiomes Ol ets ol LO0A) 550
b e 58 SlSY (g3lSL dul g (M) wilee sy W g of s sl o SIS Sl s sl
15 il oo 03 GRS DY S U 55888 o b Rl s 4 (V) K 13 el (o 5
s Ul &S Ody gl 3L e s (BLET OBl silST C b (LIS a5 Ol e
OF ol amd o5 353 o it bS] 5 G pas Jasate 035 0Lz 4 odd 5l SSY iyl |y SbsY
s S35 el FRA Ol J 5l Gl 53 (rizmen (10 Sl 0 o3 (o 03 05 03 SUSY e a8
ol oS S5l o 4 ap e SRS 05 8 Sl o sad 0s 8 53 sl el el el 2
Lo el 0352 i (e o 53 JES 05,5 Cd el 09,5 50 el 3l 8T oS el e
Q3L g 3L SV FRA (g3lasl3l Ol 0diS oSane Ll 5 od 2l 4 gDy FFA gl 5 o5luil &S
et 355 S LS 65 & s ak ) AS 55 Tadees WSlge i SSL Sl e T FFA &S [
D s o ns DL oS 35 J 58 05 8 51 il S o e 058 03 e Sl LSy LS 65 sk
e pilie 55 elinal o ad 1 S0 gla <ol g5 s ) §semme el (a3 05,5 33 s g cpl i

LS o bl el slens S 0

GlesBle g 585 S o 00 o 55 e 4 SUSY 3555 Sos S G 603 S Sl G 3 (pizmes
CIN 4 ju 55,8 Slly 5sbiie cpl ity o3l hmn 5 A o plie 3 sl a3 Sooily olowl 51 30
O 03 e as DY 55 5l Ko S s S e a2 1 ACIN (G300 0550 Gou5 el amdr oo ol 51 13
Sl ol 4o g b ol addllas s phe 4 SUSY 3555 g S 5l Oliebl LS e 05 S cnl 03 op el
M).s;b-@@\wﬂw&rb&\jlvaSFﬁQkﬁygﬁ.&pLﬁféuo_s\;wuﬂjguﬂgwl.b
45 Olgem 4w by olie aglie 5 s g 035 4 el 3l (ol 5 3 423310 15 4-CIN (630 0503 3255 &S Ol
55 CSF s sy il 03 5 ol 51 Sl bl anllae pl sl s planil (sl ol 1 sl 003 U
P03 VEVE VYY) 1S o b 1y 058 cul 53 5o 4 SUSY g5 sin Coms o 35 4CIN 4 a5 558

Sl g, LB g0l 4CIN Goy3 Cdlaze DUl onl jae 55 SUSY e 03y 5 ool (YA £ 018

https://jsmt.khu.ac.ir/
11


http://dx.doi.org/10.61186/jsmt.21.25.1
https://dor.isc.ac/dor/20.1001.1.22520708.1402.21.25.1.5
https://c4i2016.khu.ac.ir/jsmt/article-1-571-fa.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-24 |

[ DOR: 20.1001.1.22520708.1402.21.25.1.5]

[ DOI: 10.61186/jsmt.21.25.1 ]

VEY (V0 0)lond comd5m 093 (539U 9 ()59 b )3 piR93

0 Of sdd Joged SLanl SUSY (grme Sl oy g 5 ol 3L 3585 SSY 5,5 4 Cund e S e
Sl s sl o jre 53 39 g0 by pbanl 53 MCT2 5 MCTL (YY) wile (MCTS) Ol sla sas Jlasl alws s
U il 5 ol o comliul o 3 o 0 S lghle s sdas JUl 3 opl KM oS bl
ol s Wl 8 Jale o 10T diile e oo 4 0550 51 SN ol eins JUH 53 ol Jyeme fos
o ol Lol FFA Ol A5 dalst i s SUSY Glelale 2alS e cdas 2alS | b stias Jlis
X eeelS S5 shem 5 eSS o el 05 S @ Send ACIN + a3 05 S 53 3l el o o3 & iy 3
3 s D3l s 5l e s 53 0l aalllas 3 pamen 3 o et o8 Sl VL e 3L Lt
Jld b Calg 55 5 35 o A SIS (055 05 Jlab a4 OF sk 2133 S CAMP 0 alio 03 8 55 o
S (IP3) Sliwd ¥ dlicd s 5 35000 2win o 3L kol 5 it @ Dpesn 4 b S 00 S
LIP3 5 CAMP (g3 o b (W) 3ptn min o2 b s el ol (63 20 4 0T O3 b
oS b eins QLIS oS 3 5 Gl Sl pme sl B o (e 05 S & ol ACIN 4 505 S 3 o
5055 Gl o sl LS oS glawT 5l 55 s ACIN + e 05 8 03l o pad s ol 03 o L 5
sl gl e 4 SUSY sy 45 s slgniy @l pl o pre 4 SUSY 5555 ke Do Sy el 08
SFRA sl sl s ad e sl leastla 51 s o 3L s s melinal je 51 30 L5l
U Gl Kl €80 e 4 SUSY 3555 <SGl (G55 o L 5 et L S (5 5 b
Lo S G pl gl LB ol G a5 5l das S8 00 o a1 A e plie 5 el o a5
oS o Jdes 5 4en U L Wlin e 53 DSV S Sl 5 5 s ) e 053
b dldes 55 anen 53 SUSY Gy Bl ST 58 e o Gl b b nl st e el Sl
Sop Wl by 5 S S s ptee 5l B Gl sn S ORIBl 4 e ats ol Sl 218
Sl G305 g i 93 ) O gl a1 5l s ol llad K3 Bb 515 (V6 ) el A e
s b S s 5 5 e 555 b Jlhiey Sy ates Sl RalS 4S50 sy gl (YE)
ol LT85y el el o 3 ) O seilnST 5 RER) ks sl oo islie 28l & s
Jhidas 25 ared 4y LSV 5555 e il (Sny Dl plasl Lajld 4l b opl 5550 55 adad 5 lebl s
& s e e Dgpel ST 53 OF 51 (36 S ks s 5 Jlidag 55 amed 53 4-CIN s ge 3255 abee sy
I 3y sl adllan i plal Ll pd ol G sl OIS 3 Glilie 5pd e sty (sda Ol
S e 55 0AS o3 plie L (GRP8L) 545 o ;8 4 Jlal alacsl g Ll sie SN a5 sl (5,806 Kos Jaims 405 3
23 3l g 53 G s el g Sl s 03 GRP8L 5y il Jlesl coonl ol o NAD+H ol a5
Ot Py PSS s oSt e Wses (15 3 oS Gl s Sl edd OIS b sl
S ol ol yon ERKL2 s 15 age S gt (6l e (3Llad U o 1S ol 4 lSY Jlasl (Y0 8) 55000

https://jsmt.khu.ac.ir/
12


http://dx.doi.org/10.61186/jsmt.21.25.1
https://dor.isc.ac/dor/20.1001.1.22520708.1402.21.25.1.5
https://c4i2016.khu.ac.ir/jsmt/article-1-571-fa.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-24 |

[ DOR: 20.1001.1.22520708.1402.21.25.1.5]

[ DOI: 10.61186/jsmt.21.25.1 ]

YELT (70 0 lowsd o3 jumw 093 (8 y5ld 5 (o059 b )d (g3

SV ls ke oSl s sy ool bt D3 00 o ) e e plie il o R0 3 LT O Jlas
23 o ey DS lghale 5 (Y1) ol 5L 5500 0l S ol (g5l Jlad (gl (OMM 51 iy U s su=) SlsY

oy oo B Jetme (Jo 8 b pl sy (oo Olie cpl o 0 el Bl
53 il el Sl 36 e sl sl e 4 SESY 5555 45 ol OLE bl G s (IS b o
C3L 3 | cpl 52 5 aledl b S (65 a5 FRA (L 55T mhaw 55 3l 0 0 el
3 s el i s S5 SIS bl G Ol 4 Ll e SSY I el 52 o

DSy (B ra (g ped

References

1- Horowitz JF, Klein S. Lipid metabolism during endurance exercise. The American journal of
clinical nutrition. 2000;72(2):558S-63S.

2- Muscella A, Stefano E, Lunetti P, Capobianco L, Marsigliante S. The regulation of fat
metabolism during aerobic exercise. Biomolecules. 2020;10(12):1699.

3- Purdom T, Kravitz L, Dokladny K, Mermier C. Understanding the factors that effect maximal fat
oxidation. Journal of the International Society of Sports Nutrition. 2018;15(1):3.

4- Horowitz JF. Regulation of lipid mobilization and oxidation during exercise in obesity. Exercise
and sport sciences reviews. 2001;29(1):42-6.

5- Zeng W, Pirzgalska RM, Pereira MM, Kubasova N, Barateiro A, Seixas E, et al. Sympathetic
neuro-adipose connections mediate leptin-driven lipolysis .Cell. 2015;163(1):84-94.

6- Bray GA, Nishizawa Y. Ventromedial hypothalamus modulates fat mobilisation during fasting.
Nature. 1978;274(5674):900-2.

7- Ishikawa T, Mizunoya W, Shibakusa T, Inoue K, Fushiki T. Transforming growth factor-f in the

brain regulates fat metabolism during endurance exercise. American Journal of Physiology-
Endocrinology and Metabolism. 2006;291(6):E1151-E9.

8- Zarjevski N, Cusin I, Vettor R, Rohner-Jeanrenaud F, Jeanrenaud B. Intracerebroventricular
administration of neuropeptide Y to normal rats has divergent effects on glucose utilization by adipose
tissue and skeletal muscle. Diabetes. 1994;43(6):764-9.

0- Proia P, Di Liegro CM, Schiera G, Fricano A, Di Liegro I. Lactate as a Metabolite and a
Regulator in the Central Nervous System. International journal of molecular sciences. 2016;17(9):1450.
10- Nalbandian M, Takeda M. Lactate as a signaling molecule that regulates exercise-induced

adaptations. Biology. 2016;5(4):38.

11- Philp A, Macdonald AL, Watt PW. Lactate—a signal coordinating cell and systemic function.
Journal of Experimental Biology. 2005;208(24):4561-75.

12- Pérez-Escuredo J, Van Hée VF, Sboarina M, Falces J, Payen VL, Pellerin L, et al.
Monocarboxylate transporters in the brain and in cancer. Biochimica et Biophysica Acta (BBA)-
Molecular Cell Research. 2016;1863(10):2481-97.

13- Borg MA, Tamborlane WV, Shulman GI, Sherwin RS. Local lactate perfusion of the
ventromedial hypothalamus suppresses hypoglycemic counterregulation. Diabetes. 2003;52(3):663-6.

14- Chan O, Paranjape SA, Horblitt A, Zhu W, Sherwin RS. Lactate-induced release of GABA in the
ventromedial hypothalamus contributes to counterregulatory failure in recurrent hypoglycemia and
diabetes. Diabetes. 2013;62(12):4239-46.

https://jsmt.khu.ac.ir/
13


http://dx.doi.org/10.61186/jsmt.21.25.1
https://dor.isc.ac/dor/20.1001.1.22520708.1402.21.25.1.5
https://c4i2016.khu.ac.ir/jsmt/article-1-571-fa.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-24 |

[ DOR: 20.1001.1.22520708.1402.21.25.1.5]

[ DOI: 10.61186/jsmt.21.25.1 ]

YELT (70 0 lowsd o3 jumw 093 (8 y5ld 5 (o059 b )d (g3

15- Erlichman JS, Hewitt A, Damon TL, Hart M, Kurascz J, Li A, et al. Inhibition of
monocarboxylate transporter 2 in the retrotrapezoid nucleus in rats: a test of the astrocyte—neuron lactate-
shuttle hypothesis. Journal of Neuroscience. 2008;28(19):4888-96.

16- Patestas MA, Gartner LP. A textbook of neuroanatomy: John Wiley & Sons; 2016.

17- Aveseh M, Koushkie-Jahromi M, Nemati J, Esmaeili-Mahani S. Serum calcitonin gene-related
peptide facilitates adipose tissue lipolysis during exercise via PIPLC/IP3 pathways. Endocrine.
2018;61:462-7.Y

18- Bergman BC, Wolfel EE, Butterfield GE, Lopaschuk GD, Casazza GA, Horning MA, et al.
Active muscle and whole body lactate kinetics after endurance training in men. Journal of applied
physiology. 1999;87(5):1684-96.

19- Favier R, Constable S, Chen M, Holloszy J. Endurance exercise training reduces lactate
production. Journal of applied physiology. 1986;61(3):885-9.

20- Fukuba Y, Walsh M, Morton R, Cameron B, Kenny C, Banister E. Effect of endurance training
on blood lactate clearance after maximal exercise. Journal of sports sciences. 1999;17(3):239-48.

21- Robergs RA, Ghiasvand F, Parker D. Biochemistry of exercise-induced metabolic acidosis.
American Journal of Physiology-Regulatory, Integrative and Comparative Physiology. 2004.

22- Tamai I, Tsuji A. Drug delivery through the blood-brain barrier. Advanced drug delivery reviews.
1996;19(3):401-24.

23- Pierre K, Pellerin L. Monocarboxylate transporters in the central nervous system: distribution,
regulation and function. Journal of neurochemistry. 20.) £-Y:(Y)4¢;.0

24- Inoue K, , Miyaki T, Fujikawa T, Matsumura S, Fushiki T. Regulation of fat metabolism by
central nervous system during physical exercise. Proc Physiol Soc. 2008;11, PC148.

25- Zhai X, LiJ, Li L, SunY, Zhang X, Xue Y, et al. L-lactate preconditioning promotes plasticity-
related proteins expression and reduces neurological deficits by potentiating GPR81 signaling in rat
traumatic brain injury model. Brain Research. 2020;1746:146945.

26- Nikooie R, Moflehi D, Zand S. Lactate regulates autophagy through ROS-mediated activation of
ERK1/2/m-TOR/p-70S6K pathway in skeletal muscle. Journal of Cell Communication and Signaling.
2021;15(1):107-23.

https://jsmt.khu.ac.ir/
14


http://dx.doi.org/10.61186/jsmt.21.25.1
https://dor.isc.ac/dor/20.1001.1.22520708.1402.21.25.1.5
https://c4i2016.khu.ac.ir/jsmt/article-1-571-fa.html
http://www.tcpdf.org

