md Sy ol olU1S dloxo
¢ o eolez oslod (g 0990
14 I axio

(Original Article)

M”93 55 990 SRS JEH! SO Oly g oy S 9 29U5 o 05 Wb
g9 315 5 ol 0 S D0 Al Eae 33 SESY gelaw 9 (MCT4 g MCTL)

£ g0 ome ¢ wl ) el L5 Sile s S B ¢ e dwes ! wge O e sl

3 MCT4 s MCTL 0L 2alS K54 0 58 Ol 1ai b ol jon (gliadle 53 TLDAD § din
badlan cpl o5 oo (G Sllad b 15 oo 20T ol (s can on ) (Al Se
EMse SESY s MCTA MCTL 6lad 0l p e (i85 5 03l5 (o jod 56 mnd Cola
A el ol s (gla g S

s S 038 3250 S glme G e Broslin (g5 adllas ol 3 S SO
s a8 B s (S YRR 055 Lole ¥ ) Ol 5 (oS WASER) 055 Lol TV ()
IS5, s s (N=Y0) sl 5 (M=) 25 055 93 4 dolad H b o3 8
4 aman 5 duda F o ped Ao o Ve s Jlad Sl zl 4l85 Y 5 O 9s 4ads B el b jeS
ader oy AT 51 g Coll YF s ign i ol 013 5 )1 () o] 33 oy guo 40 42t A oo
oS 3Nl s ol T sl 0SSl b eiST3L 5 Jw OOlae 5 s o e
b 8 &0 Real-Time PCR iy, i eslizul b 05 0l 5 ¢Slo 5T i, 4 SSTY
Lk s g w5 S5 i b bl laosesT 3 eslizal b Weesls
.M@fﬁ)>p<'/'ac‘s)b@mcb.~

035 535 55 L&l b otiSTL 5 i e SUSY s (gyls gne talS (ABL
53>MCT1 s MCTAMRNA (s 05 5 55 8 55.(p<+/+0) Li sualin (Ol 5 o) o2
odalive (5,15 sme ool w055 55 53 05 Oly Ll 1 o )3 305 OLES Ll 31 S¥ae
MCT4 5 MCTL oby (il 5 sl (npes S0 Kb s onl 165 domg®
WMCT Ol ol 3l cwmmen b o o 51 s 50 ol das o Ol 5 035 D20
2,15 Glo s s el SUSY (g5lueSTL (6l

€05 sl (OS5 S 50 odkiasdlasl s LS ¢ osls oy T I031g Luls”

.k;*.lﬁw\ amale

Pl sl 5 Oy sty e oyl 4 L)

Arabmomeni A, Mohebbi H, Rahmaninia F, Riasi A, Marandi M. The effect of
intermittent training and the role of age on monocarboxylate transporter
(MCT1 and MCT4) genes expression and lactate level in skeletal muscles of
wistar rat. Qom Univ Med Sci J 2015;9(4):9-19. [Full Text in Persian]

q
O “‘QFI_;cr)%a)ucﬁiajjs/rjéﬁ};cﬂﬁa@bd?u

%o . . . \
0uSLsils (s SiPmis S
oKl (g ast dly Sl ple

ne a . & . Y
Sl piys GSSse skl
Rails «(Hios pske 5 SN Cuf

Ol ey (oS
PCX TIPS 31 IV T S NI i

Ol gmo oKails (g sUS
Ol il

- 5o . 2 7
Sl Bios SSPmis Ll
Olginol Olgiol ol ¢ Sk S

AL e e

r)l& 0SSl 6@}0 H."J: )li‘d"
ST ol (g as Aoy ¢ Ll
Oy Ol ¢ oDl

:é.é}f"g|w‘w)bT

arabmomeni@iaukhsh.ac.ir

/DY 23l 55 e b



OSan 5 g0 e L

w5 (MCT4 s MCT1) oS 5 S 5 50 ot dlist goisf Ol p om 25 5 o515 o 05 5T

sdalive 55 (65w Lol 5Ll U OMae 55 (CS 4 (LDH)
b awlie 53 OUSY O gldnST das o OlES 457 Sl ods
o ade o Ol Oae s OSTY 5 Dl g
MQM}JQKY}J@?&’@[{%)J}JJ\}
3 MCTy ol s adein ¢ flas 55 ((VF) 343 o oL&l
LAs Sl e by e 45703y 55 5 5l 25 5 < MCTy
o > T (Spke G2 5 6,8 s 13 S Cos
Gl olaT Lty 8 55 uomes (F) Sl wtazy op e
Olsl 53 1) MCTs (gl gmen ¢ oy S b Sa Y 5b Sl s
OL&er 5 Pilegaard (F)) das e LilBl s s
5 Wljey Coym (95 cpyed axan ¥ sl ol (V444 JL)
355 SMie MCTy s MCTy (gl simes Lol 3l sl b i go
03 kS Sl 0l 0305 OLES 50 Soladllae Jia_: 33 o dea .(V0)
Wb MCTA 1y 53 T i coppod (03 MCTL (ol gms
Sl LS a8 (188 JL) oK 5 Bake' L(Y)
Clea Mas e )l BU Cwl SKee (SN Ol
55 (Yoo F JW) o, SKes 5 Cole® (A) wsl MCT1 ol ! 53!
WOIs Sl oy bwge Sus Lo Cell ¥ L5 S 0L
das s il 1y e OOas MCT4 5 MCTy (ol szmes
Olzs e (Y)Y JW) ol Kes 5 Takimoto adlas =k .(9)
G g b g dlae ;3 MCTy 3 MCTy 05 Ol sls
gozmn 53 (W) Lo I3 osl5 5 oS Db b SV b
o gl (903 LMCTy LMCT 55 a3l cladllas 2y
Sl el Sl de Sl ol odaline Jle (gl 5 ilesls LS
5 (A gz pw Jigml (OA) sl K (1) ezl
andSs ¢ flie 53 (YV) b o G2l 3 MCT (gl soms ¢ gl
YY) 555 o MCT4 s MCTL 05 J2alS 4 eie o el o
e Ml Olsisa Lls (oo (G (a0 a3 o0 OLLS Laadly ()
Sol Js 2,8 5 arg 5,5 MCTs nll Sy s
Jlae 53 el QLS Ode (D) e lhaaiie
dsotiasdlisl ) glges Obley Slus 4 @l (Cosls
0313 0T 4y (85, Ol S & ol g sl 1L 6,8
2 Sl dlae MCTS (slap 3551 (565 cogdle 43 .ol ok

ouuﬁwl))M)HcMCTSQ\:ajwﬂ}dub

3

4020
35555 5 ol Sy GISE olg J e (SN
L5 e Cdpbe ol el B35 ol pKa U8
Syl LI 0 51 605 lad s ey pslibe ) sy
5,8 )15 oslimul 3550 O3S B Sldie Lol 5 Coi 2>
e S g O O s SN Ble G b 515 (0-T)
S dal a5 0k sa sl Sl (ol O gl (g1 1
e LSS LT3 (F=8) 55T alp s S e
Ll ol sl Bl s e s oSS sl ol
W ple ol dhe g3 CBlE 1B i BLs1 SSTY
Sl (ulg 5o 5 odkd Jsko J31s pH a8 o e
v JEl sl V) spie HSUE Cussdos
b sl 5 NS 5 S 550 o b 5 e DSY 0557 £l
o) {A=VY) 555 s sl 2 (Monocarboxylate transporters)
OSY Bl b plas Sl alas o 5 S s s"“f'&‘
33 s LMCTS a3 cpl 3 (000 ) 5,5 o S5m0
2 Al G Sl B 3 o35 (LS Sl Js
das Shas cpl @ a5 (1)) AS o bl age 2B 3L
ol (oo PH s 55 bodiasdUisl oyl o35 omnl Sy
35 VF OSE (Vd) Asl o e e Sialen 5 OLSY
P e 5 fen S Lledd luls LMCT i & slise
2L OY) dzes MCT, 5 MCTy (Al Sas s T
S5 Sk Lol an gidle 53 dy oo i s
Sl SMas 55 MCTy s MCT1 0l ¢ 2ol 30 51 50
ooy T LSl Oljee Sl cazmas 5o 5 b o0 Sals
s Al () sph e alS Dlae slal oK
(S 7 WO, Oslsiwms I Clew) Jled S > slads
23 MCTs 0l j2al8” Vs e 5 o 5T oS plae b
syl fus e ea 55 (V) Sl ol Ol ge gudle
L okaSl Jusb oS3l alae s Loldl 48 4 Loldl a5
oy p Aol g5 al g5 sl 5l i 4 bl 5 (EDL)
2L oksSl ol a8 e 53 (MHC) 50 8w
G 2 ol osdhe O0F) Sl oz 51 S Ol
56504 LS 5 (CS) jliw Sl w4 (PK) 5SSl 50

- A
WA 5 cpsler oslads g 0593 /03 (K ke oKl dlons O



OSan 5 g0 e L

w5 (MCT4 s MCT1) oS 5 S 5 50 ot dlist goisf Ol p om 25 5 o515 o 05 5T

ol (Sia 28055 6T ot J 257 (6l 5 0s ()16
Sde g OIS 05 sy Ok b GLaT wiaeS .28 S
S aids )3 e A Ceo e bazin 3 5o, ¥ edudr a3 4dds Ve
b g S35 ko BLSIOT g o @ i3> 53 2 ¥ S35 2
038 oy wir A Sde &y (el sy e b |
el 5 oks aiS 058 93 8 0L 3 5 1l o
s ¥ el e ISy 8 8 D) T 65y s e
o Dy o pad o e Vo s Jlad Sl el 4885 Y 5 O s
FV A el 3 Doy sea (o aT 00 dsb s O
adr 7 4R35 P Do & g jaT 4l DBl Rl 4ids s
mq.,a);..u,(\?g\ol;fj,sw)m/\;).ug,m);
Oliga b 5 o ely o) soas 03,55 8 43 VIl )3 ¢ o
e B N e A RC I NS VT
o VA e b sl i 53 o el o plowil 03575 e 4285 O
2N e ST e Y s e s g, b
Slodie adllas olul y S ool 8L o i3l 4ids
LS 5 Hafstad andllas 1 el Cows 4 ise w ¥ (53,
o3l i b gl oS Olsea 5 (Y)Y JL)
Kb e gl sl ST wia g3 () ws 8
Sl g 35 Olej 55 okliplon] s, 5l b wus asls
2 AT e el YF L ige (YF) depy 5 SIS
S 5Ll VY) als Sl 1 e (o el and>
NI 5 (05s 05 hS a4 o8 e Vi) el
b ks s (055 p S 5hS 8 il 4 p 8 e V)
U sdge 5 odd > | zul Lyl a5 EDL 4 SOL
53 oo} 4 JUisl ond 5 demmie cle O35 > dholidh
GdUT 5 05 Ok (&S up Gl s Agles
Gy 4 OUSY Ol ot Ldkd (eSS o berd snn
Sleslizal L oMae 1 e 8 e YO0+ b plonil &Sl 3T
0ssS Csle) o/eeeY Cés L Extend-sartorius gl s
Sypeh g b Sl Joe glis TlAeel S (OLJT
LY ) S S3L o 038 03bT ) sl S
[mM: Sucrose 210, EGTA 2, NaCl 40, HEPES 30, L
EDTA 5, and Phenylmethylsulfonyl Fluoride 2 (pH 7.4)]

b 5s Dl e ey or i 5 Sl > Sl Pt Sl
dsie 5 das il 1) MCTs 0L Alg ool Sl
Dl I 0055 0 6T Ol Al Campe o 5 sl
G s b oplply (ol oy &SIl OIaIle )3 (0 5eS
MCTs Ol (glabDle B BT (o5ls Dl ja cf 550 o)
o3liel L b s S AW sl hasn s (YY) Wil
BT g 4 Ol 5 5 ol e Gl rge (w055 53 )
Sab als Sl SMas 5> MCTS Oly s (o5l oy jel
Jisb odiSTL e 53 SESY mhaw canllln oyl 55 oman
35 53 & ple Sl i 5 (SOL) Jw abze «(EDL) b 0liS!

38 I s 3sm swes S

*IR W8I

Pl sl 05 8 0paST g b b o205 s 4 G
ol Malh 5 g slres 8 4 Bolat sba lawise
Ll s 09 8 o) win A oy (o5 ST 5 L
2l s s cdmill b dals 0g § e oyl 3 s 8
BERR R L;)l.,t@.is S o}f? Lol sl s 53 syl
6T a5 5 5550 leulesT 5 ods a8 058 55 8 0L
58 e

osba Sbes 315 e gl e Fge s Broslaa bl o
o oS ) g 038 53 3 e Y plS 2 (sl
3ol anels Olgea (olo ¥ 5 Kke L) Ol 5 (olo YV
S ST L s by s o ag Oyl sl sl
o g it ol aalllas I cdzils (g5le I saiDle
(23> pe 5 Gils,ls oSy Sbl e Y 4 Jl!
s WYY Calie slos L3 Olghol (Sajy ple oKl
5 b, Colu VY ws o s T00/5EF Cugby 5 ool Kl
STy ads b5l cale Luls s (Kb cele VY
Lo b (85l wiaeS CalS Gl an Ll 0SS
5 (08 YAMEYY 055 o Se L)y sl bse olaleT
3kt sba (o8 YYFEIY 055 o Sike L) Ol sla e
a,ﬁ.xumﬂs(nawu\m)(n:h) oS 05 S 33
SLis Sl S Gla dB 53 op el 093 dpb s dals

Y
O m»’-ﬂ:‘(,,L@,T,)w‘r@e,,;/rsv&.:ﬂ}m&m;w



OSan 5 g0 e L

w5 (MCT4 s MCT1) oS 5 S 5 50 ot dlist goisf Ol p om 25 5 o515 o 05 5T

25,5 05 sen (VRVYF 8 JUIS o,les) 5L

w5 ooy RNA il o8 5 Jaadl)siws 51 oslewal b
3 508T U5 55585 20 5l eslizl LRNA CohS™ ks ol s
(K T Biotek) jze gib s Sl b oSims dowgay 0T oS
YAV 4 YP Olde Cwd &S RNA ladised s )y
S8 kgt Aol 5 OBl on VASY o T
L 05 &S ,4) Quantitect Reverse Transcription
5ol ol Jeddlygmes Gb (Y0¥ &8 JUK o ld
IS L ga 5 o&es > Random Hexamer Primer i eslizul L
A CDNA & bus (K 6T ,5a8 c=l) ABI veriti
plosl 0Ly B a3 Ve (slos o (CDNA) dsl> J guames
A2 6 1K 56,5 PCR

slioslizul gla ol (Real-time RT-PCR 05057 plonil g
O oyl Jgds) (Y00 # JL) 0L, 5 Enoki asdlas s
s~_» Beacon Designer s Primer blast slaslple s dewsay

(Y9) 6 8 15 eslizul 5550 ol 51 e 5

ULTRA-TURRAX ;L5 son o&aws 31 oslizul L 5 b glss
ot 53 A3 8 Oisen (OWIT 48 csll) TI0B Juw
odboslel 05pen 288 Sy S35 03,505 pen T
SsSle VereeXg e bar s Fogles 53 4235 V0 S o
CSh ol BBIOR Juo odiS S s 4 jgre)
s 239 o= 3L 51 RBC 5lge b s (0LJT Eppendorf
i eSS amys A gles 3 5 b wdls, SSbL L, gw
Oisotedr 5 Slypm 4 ST OSY Hal> 5 SSY
5 TBHB L sy Sy O5sydn A S £ST,
Crn g 55 Sy 00 5T 5 g 93 oy ST gaT -F
SESY Bl Ol b lze s 5 K5 0l 58 My
OFF 55 e gb g xSl oliws 1 osliul b s go o (ol
53 B ol Sl Sl eslizal b s § i3 gl
A OSY CBE o lulul gets G edeT G 4 alslae
0t o8 Oljen RNA 1 el shteas (Y0) dd drlone & 5
A S A 535 33 2SO sy b e 8 e
-5 & (RNeasy Protect Mini Kit) RNA &S RLT 5L

185SRNA g MCT4 MCTL 053 sl youl 19 31 o3l Jooi

Reverse primer

GGCCAATGGTCGCTTCTTG
GGAACACGGGACTGCCTGC
GTCGGCATCGTTTATGGTCG

Forward primer 5}
GGTGTCATTGGAGGTCTTGGG MCT1
GGGTCATCACTGGCTTGGGT MCT4
GTTGGTTTTCGGAACTGAGGC 18S RNA

438 el ¥ = AACTds0 3 b 51 05 Ok Ol
(House keeping) 18s-RNA e 05 5 rpen AYAYY)
(No template control) slad =8 5 J=s J 28 &S5 Ol e e
O 655 63k S il rogs Jos 5 (J S 45505 sNTC
axdllas oyl 5o Al eolinal (e J 27 Ol pear) 55 0 pl]
Sl sl Olgear U287 05 8 alae il 3 03 2 AACT
6 by sleiolsT ol s 8 eslinal 0 Ol G ot
oBisls (63,18 3 p 5 5 Dlihod S e 53 05 S Ol
Sy ot Gain 3l ol s plil Olginol (S5 pske
Ol (MESD) Hlae ol il 5 Kk ST, slaasls
03n3T 5 bges wig 03pdley Sl Dbl Sz 38
amlio (1 Jitn 5 $1a0 85T 51 5 O35 el =25 8 gl

6, S by o Ol 5 w055 35 5505 0l sl

L Real-time RT-PCR 5 b 3l i MRNA oL s
Ol 4 Cs Rotor-Gene 6000 (Corbett) o&ews 51 eslizal

44 plil IRNALBS
VWOt Jols oz ol 2l Sa YO ol 2S5 o S
Quanti Tect SYBR Green PCR Master Mix zJs S
(YRIFE S JEE oled 4 0L oS LE csl)
OV s s +/0)) sl 2 5l 2y SV €DNA s So ¥
Wby e STy a gl bael OT 2l S Vi s
ks s Holding 4iss V0 Juli Real- time RT-PCR
35 UK B 5 5T iladleb sk 5 Ksle a3 90
Odets 3 Ksile 4=, 40 les Denaturation) (glal e
s Kol x> 4 gles Annealing 5 Extension it )

'Y
WA 35 cosler osled o 0555/ p3 (Kb p ke o&Kils dlome O



OSan 5 g0 e L v s (MCT4 s MCTL) 5S35 5550 odiasdisl gl Ol s o Li 5 29l o 08 50

SPSS ,1j3lp 5 51 eslizal  Laosls s eslizul aos S o SOL

25 3 P/ 0 (5,5 gan claM Ll o g 4 e VP 4

Qj}))é}‘)@mmﬁcdjw d,a«:bw\,'\ﬂ,@ﬁp
.(J‘JF)M:MW CJU‘}?-

v o

Fo. 4

o D/DW w

va. | —o—@)u):\,j

oo —o— aald jm
gYét i ./.%.—-_'/‘ —.ﬁ—u—L)MU‘P
\é‘f~~ i —a— ald

YO -

Yoo o

de

. T T T T T T T 1
\ Y Y ¥ [ 7 N4 A
PLETY

I o a A Jgb 50 bl 0957 9 (9T o 8 S S ige 039 S 1y13ge5

4 S o 25 Sles S 3 EDL e SSY  alul ol
OUSY p pomen (S (G515 gme SialS sl Lguabf
(P<+/VF) wals o 5 025 w035 5 > SOL alae
2098 e (P FY) s Ol 5 g2 Ol 0 8
(P<<+/00) Ld odaline (6yls gae Dol cdald Olgr 5 o 0
phe als 5 g Ghos & o Llsgme Spls oyl

Y o)les Jgds) 54 dals glaoy S

aals o5 8 ;3 SOL 5 EDL dse 55 a5 obSY 1Sk
35 53 EDL dhae OUSY Hjldas w55 029 c};}‘ﬁ:«:{
5o Ol 0s S p<+/o ) sl o g oo m 0s S
ol Ol g 5 o2 w095 cmmen (P<+/0A) dali Ol
W55 odalie g 05 gme ali5 (g o Ol 5 Aals Ly 05 8
oS hals ?Jﬁ EY e U; 33 om (p<e/00)
blod 4 Coslis opl Js 09 i w055 3 EDL alas

bj...v J‘JJAA G)LAT
o bl aall 09 5 9 29L5 o 05 coxi Sy ige 38 SOL 9 EDL alias Sbs™y Y ojleds Jgus
Wl oler 280l Wl 28 ey

das Obs™Y
\AEa HA/VEY/Y VWARYR  sviek e (diae p Fobs™ 9 Joo o) EDL
Q/AEN/AY #AEV/YO AFEYYE seavEd (s p Fols™ » Joo o) SOL

(D <+/+0) ALl 09 F 4y S IS ixo glais

b QLIS s abo ouiis 3 dlias =EDL ¢ = dlias =SOL

Aol oo slro B il § pSlbe _wlul p YOOI

MCT4 mRNA oL 5l abas 55 » ;5 MCTL mRNA ol 5 EDL _Sul &Slae 45 MCT4 5 MCTL mRNA ol
sl Olis ﬂ\f\ dals ojfn\.:g“_,.:..d @a)ﬁjbﬁJJSOL
e Ol 03 8 5 (dhze 55,,5) MRNA MCT b 45 S

355 Hla gme bl Ll 4 58 D& ol Jy o mis
-(ra)udjv\e')

g0 s e bl Blod & sles ol Js s

VY
O \VQFJ:.TQC)L@:: oJLo.:hcr.gi ajjb/rjé&ﬁr}l&e@b@



OSan 5 g0 e L

w5 (MCT4 s MCT1) oS 5 S 5 50 ot dlist goisf Ol p om 25 5 o515 o 05 5T

o bl Bl 09 57 9 29U5 (9 03 Codi (S wge 33 SOL g EDL alias 30 MCT4 g MCT1 03 Ole ¥ o5l Jous

MCT4 MCT1 oy~
Wl Ol (@28 Olsr Wl o2 el Ol (@28 Olgxr el (228
e LS
Y/ Y VY VAL Y/YYE+/44 VYL VY (41,4; ':)?91,; 2 J,&‘éﬁ,g) EDL
V/AVE: /Y \/9E /94 \7R==VAX A= TVARIN (das p Fols”™ » Jon ) SOL

ke il 5 55 Sdale ey Ll 5 e e
s Carnevali caslllas opl laasl b geen (Y4) ol # as
(o3l e sl e L5570l (YT JL) O, s
(il osde (1) Al SEalS b jbge dhiae SSY el
o dae SUSY als Olse 5o sl Ol Lol tags mb
o) 03l s Gyl gme Sl WOl 5 sla e
(il s Ws S ol (VAAF Jl) 0, Kes 5 Seals bLs
AT L DY (e ) e OLSS Dos b Sl a )o
ol 53 )85l LS 218 T S s i b 5 b s
Ceemen (FY) Sl Glgr and gdle ps (Vb 5555 4
z el 05 OISk (gay (YorV JL) Piero aslas =
31 O a3l (SN 3 e 36 g 5 BB )
Olor &y Slaisn o) oo B0y 33 ol aalllae 5 (FY)
Ll E S5 e S Ol sla b o)l
5 MCTL mRNA sls 0l adlas ol mls conly osdle
la_bse ,3 SOL 5 EDL Sl &dlze ;5 MCT4 mRNA
Gl b 515l ¢ sl op el L5b Cow (Ol 5 )
SMCTL 0L ool 3l 55 Gols gne sl Cpimman .ol azils
Kol el i odalie Ol 5w sla b g0 53 MCT4
lie w055 53 a3 sl Sl ed b oS ol 0T
L (Y8 Jl) 0, 5 Richards s (slasillae s .ol
Lols olas "MCT4 5 MCTL Ol sy o S6" oz
33 SU Sl Ol 3l 4 s OlkaIle s 4 S
sl e gl pl I 1y 355 WMCT (gl giome
s131 55 BMCT (ol gimen 55 (G5 s L 5o T cpoman
e 58 8 s (e ) sy Ol 5 03,8 0
£ v 1) Sl dhae MCT4 s MCTL (gl siome Ll 5 oo

5 Oldle 53 BMCT Jiul350 s o CIlas 36 5 as i 3

b OLESH s gl ouiss™3b dliac :EDL ¢ s aliaz :SOL.

A0 slre B2l g cpiSlo _wlu!  BOS1S

o

SR el sl5 e Tl sl Ol Sl aallls b
odi (SOL 5 EDL) Sl &dbae SSY s (6)ls gne
Sl e 36 L bl s sagh sleasl (p<+/+0)
908 Dl el e 53 das e Ol OUSY islie 555
SRl e 4 Jlb a5 gl (K
H = ey 5 0T 0 5 53898 55 (il L o b o
(i o 23 SIS e 0o BL (gl sl ol jen
51 aS 558 o0 5B U5 s SLSY r—iﬁT Loy Uy
Lis Col Gage O ) 5 a8 S o Sy —
&y (NADH) U5 21lS 5 (63 opnT daal 5,86 JUisl 4 e
Gl sl o ateiin cogdea .(YR) 355 o 1SS wals
L5 0 Ok Sl SSY Wilg o 551 SDuae
ALl Ll a Cou (0) S Sl sles ¢S5 SIS sl
OsmldeST 1y edadd g SSY TA 1 i (SHles
(5) &S o s 5leeST,

DS G e b sh5)s DLy el (g5 Ly sn Kia el
Gl a3 g e wlS S gl ) o
Ly 0dd0lge Gla)lS 5 5o 4 g5 laes 8§ S
(0 eS| L3I 915 0 3 81t b ol Yozl
s 53 OT bl i g asl il 5 SSY gileSy
s oSN Jals LY )iﬁ S 58 e dmlST Sl
g Olsea S L SY LB, @ Olpe 1 Sl e
Oy b3l S Sl M2y Dl S S s
07 5 M S S i (I plie cpl 28l e (S
6 OUSY 4T 4 3,8 o 15 eslinal 5550 5555 o o
o 05 O Caltbes gl 3 S Sl OS5 S s

e e S Ol o S 4L o ez 55 el

V¥
WA 35 cosler osled o 0555/ p3 (Kb p ke o&Kils dlome O



OSan 5 g0 e L

w5 (MCT4 s MCT1) oS 5 S 5 50 ot dlist goisf Ol p om 25 5 o515 o 05 5T

Sl ke s i edalive o5 slaog § 45 MCT4
(@B 2l b osees m MCT4 iz, MCTL 0L
VA Lilpl oG o(Yer Jl) 0L, 5 Dubouchaud
&l se 53 &Sl 2alS ESK 5 (6,48 2 MCTL 5 (gds s
sBonen .(4) ws S 5,5 1, gelizal oy a5 oy MCT4
Lol (S A o s S 0l ge 55 (Yo e J) 0L8es
MCT4 0l » Js 3sd o b s 55 MCTL 0l Lol 53l
Ol 55 (Yoo o) 0L, 5 Yoshida .(V) el L3t Osts
e s (05l 1) MCTA Wiy o8 Lawste op 5 Lisls
o o ioman coddplnil 58 Ol 4 55 MCTL & ks eS|
0L en 5 TaKIMOO (il e 53 .(FD) Sl sy 5 o
e Al ¢ 5T awlie boags anlllae L5 (Y)Y JL)
Oy 63y ¢S DAd b (Vb (o8 Cole P L s 5ls
Sose AUEl 5 gMas glayb ;3 MCT4 s MCTL 55,
oS andr 5l dny Zolu WA MCTy (55 3 - s Lisls 0L
MCTL pokaw 03 (Jy bl I3 L (o3l5 (p o0
OLL L5 Aol MCTL 0l a5 Sl y5 (ol ol slowl (s
A el 2l OV) il o 1531 08T Dd b Y 5b e
MCTL L awlin 55 o 05 b 6,8 5l blod & MCT4 ) s
(el o IS 3gmg cpl LB 3405 (6 S Conleo
Cals, Il S olme MCTL lgms s il
bla (ol (1) Sl B8 Sl e Al sa SN
Sl i (I ez b 5 Dol o7 5500 Ol ) 4k ol Ol g
S MTCL (glgms i 53 Ll5 o CIled end 5 ol ]
badlas ol glaasl .dal asls 30 Sl odlas MCT4
Bonen ((V44A JL) oL, 5 Baker llae =
5 Brooks (1444 JL.) ol,Kes 5 Pliegaard («(Y48A JLo)
(Yoof JL) 0LKea 5 Yoshida oY+ JL) OL8aa
JW) 0L, 5 Takimoto 4 (Y++0 JL) o, s 3 Thomas
WIS s amdn L by Ol p Sl Jlgeen (Y00
Sl e 53 1) MCT4 5 MCTL (gl gioes Ll 55 0
SMCTL (gl gome 28l (s cpl b sl 55 adldas ol
O, a 5 BiShop .l ol 5,18 55 o o 5l Au MCT4

SMCTL j5 (6,5 cas falS o5 s amlllas j5 (Y0 v JLu)

s Mattern adlas 55 gy ool b L(FF) Sl OLSS Ol
Gl S Ol s e (Y0¥ L) OSes
Olge o s oyl 8 " SRl 30 L ol en (MLSS) oo™
e 3 (A FY) Jlsls o(Jlo YO) Ol g 01,5555 55 MLSS
Olgen 51 cpw 2130 5 2505 5 95 )1 gime D5l&5 (L #F)
ans Gl 4 IY/A sgd> gals cpl s sd e aulS MLSS
53 (Y04 JL) 0L s 5 Masuda ety s 53 (FF) 55
5 MCTL (gl gioes 5 LS Hﬁm" o b ek
Olo Lols Olas "ol 5 e B ge SMae 5> MCT4
Jsb oiST3L alas ;3 MCT4 5 s 4ie ;5 MCTL
oS Ol oty 4 S e Slaise sl OIS
AU ey 4 @350 Slllls & LT 1O Wil
@B o) el Llesls y MCT4 5 MCTL 0Ly (555 o
Ol S35 s Ol cpsame 3 Ll iy o i ST
2 dgT Sl il e by e 5555 ol e 5 WMCT
Slides el oy Gl Lol el gl
O o st Sl BB s s @50, 50
bl iy oo hia Ssline gagd> b 4 51 "WWMCT
L35 EoF (088A Jl) 0, Ken 5 Baker .lab>Ss
e MCTL Ol 55 (e md chwgie US| O 90
Sl L Ll (S sloul (glazin aw oy S 53 b e
w38 Ol rimen bl GIEOT Ol g s Sk
S sgh 3L Sl ki OMae dwga OSSN Ods
LUl Gl dy o a ccplply (A) WL 3 MCTL
sdiasdlasl Hs ol Slew ¢ SOae oy jed L OIS Ol
ol os b 55 Ll Slikes 55 s ol 3L MCTL
(e Sl o oS e das e 0L g b cpl (F)
SIS 5> ity WU b a1 6T MCTL
(MCTs 5 Ylzml 5) MCTL (gl simmn 2l i ls LS
Sy e (b SNae 0y OSY chle alS 4 Wis
ol anlllas glaasl .S ¢SS LSy B3 Jeted b (S50
»»MCT4 5 MCT1 mRNA sl 0Lz 01 s gl dub s 35
35 Cpiome ol a2bls (glala>Ds LBt 55l ¢ o o5 slaeg S
SMCTL Ole iol 331w 6)ls sine sl aor ST andllas

AR
O \Y‘QFJ::‘CJLG": oJLo..';cr.gJ ajjb/rjé&ﬁr}l&e@b@



OSan 5 g0 e L

w5 (MCT4 s MCT1) oS 5 S 5 50 ot dlist goisf Ol p om 25 5 o515 o 05 5T

oA ey opl 53 ST Slidos s )3 il o s op)
op Sl e T Ol s oS oSg, 5 Ol
S b s BMCT Glyme 0I5 6l (S slanusS
(R (aj\( a.x;iT Sladlas o e 4 cwli > oS Jis!
5 o Glo e gy 4 Sl il slaEag3 )
OmlanS 1 235 53 2l 31 gt oS o a5 (gla e lSe
@B oeer (Glokap S eda sl Glagets 5 (Sae

. . - e e F. - B3 .4
B ah atls o ped 5 B6 e, 5l e b S5 s e

S 5 domd
B (235 e Gl dlas )l 4 ey L
S colas oSN 28 sl MCTL, 4mRNA
Jst S b ol s 4 Ll o Yool 2alS oyl s, oo
Mae 53 0T Gl Ol Jaal 31 L 5 O 4 dhas 51 SLSY
DY e plie & by e (S5 5 Jalge SbB ol il
I Oladle ghadl g ¢y 2l 31 L ol o 48T LMCT 2alS™ 5
S o b 1 T L s sl b 4 S o G
o B 1) s (sla i ge ol DL G ol el oS T
S e Sl o Ol e ise o3Il Olesas (ole YV
Lo Ol b b6l Gy sl o pmi BT 5 4,8 o
i Olgea il 55 sl oy jed gl ! 1) (ol lie
Ohal 3 el san & WMCT 28l J 287 55 J s (sl S
S8 00 bl (plply Bl Lesge 5 dide Ll

355 g e 5 il 4 Sl a3

References:

Sl s Sl A Aol WJle 05 sla gase;T MCT4
Tonouchi slaasl L zb ol () L5 S sdaline jlustilely
SMCTL (glgmes y5 2als &K a8 (YooY Jl) 0L
s Vv s Aol ) b i sl glie MCT4
Sl gl gpan 35 A ks e (S SIS o
g5 Lle Jolo ppiar 51 36 L olaze slaadl oyl (YY)
s Sadse 35 Oy 5 il Lald e
4 gl 55 MCT (glgime o Sl o il (Dls
Sas 50355 b g e LB SIS bla 5 (s
(S S Sl Ll GRS Jelse 4 S
AL b e 5 O Sl 5 S g 5 ¥ (S JST Ly gome
635 ol (YA JL) 0L,ea 5 Lore cdaly cpl s
338 BMCT ;5 ok 4 oie Sl S gilibes (gla ol 5
Ol s 5 adlas o) mls wodls sba (FA)
ol SN (5lesSL sl Sl el e 5L siasolis
g Ol 5b s gl b Sl dy e B
Bl S 9 Ol 5 ,u g °ﬁ)f 95 55 SIS gileesTy
) &S558 Jalse il o bl DB b (8555 Sl e
4 edas o 2l 1 Oladle (gl ¢ 2ol 531 L of e &S
2B Al b peen S b 1 T L 5wl b
O grlenS | o 3l a3 Yzl 513 Ol 2 g3 o
SRIF L HT 5 S sl 4 by e glanss 5 Sae
Sproe alsd 4 ) e glaasl oy Fasg e
Sl DBl > sl e SR B S WL

Ans o Ol 1y Ol 5w sla g5 sa5T

1. Bonen A, Tonouchi M, Miskovic D, Heddle C, Heikkila JJ, Halestrap AP. Isoform-specific regulation of the lactate
transporters MCT1 and MCT4 by contractile activity. Am J Physiol Endocrinol Metab 2000;279(5):E1131-E1138.

2. Hashimoto T, Hussien R, Oommen S, Gohil K, Brooks GA. Lactate sensitive transcription factor network in L6 cells:
Activation of MCT1 and mitochondrial biogenesis. FASEB J 2007;21(10):2602-12.

3. Thomas C, Bishop DJ, Lambert K, Mercier J, Brooks GA. Effects of acute and chronic exercise on sarcolemmal
MCT1 and MCT4 contents in human skeletal muscles: Current status. Am J Physiol Regul Integr Comp Physiol 2012

Jan 1;302(1):R1-14.

\kg
WAF 5 poler o)l o 0593/ (S e oKl s O



OSan 5 g0 e L v s (MCT4 s MCTL) 5S35 5550 odiasdisl gl Ol s o Li 5 29l o 08 50

4. Bonen A, McCullagh KJ, Putman CT, Hultman E, Jones NL, Heigenhauser GJ. Short-term training increases human
muscle MCT1 and femoral venous lactate in relation to muscle lactate. Am J Physiol 1998;274(1 Pt 1):E102-7.

5. Brooks GA. Cell-cell and intracellular lactate shuttles. J Physiol 2009 Dec 1;587(Pt 23):5591-600.

e

Kelley KM, Hamann JJ, Navarre C, Gladden LB. Lactate metabolism in resting and contracting canine skeletal muscle
with elevated lactate concentration. J Appl Physiol 2002;93(3):865-72.

7. Marcinek DJ, Kushmerick MJ, Conley KE. Lactic acidosis in vivo: Testing the link between lactate generation and H*
accumulation in ischemic mouse muscle. J Appl Physiol 2010;108(6):1479-86.

8. Baker SK, McCullagh KJ, Bonen A. Training intensity-dependent and tissue-specific increases in lactate uptake and
MCT-1 in heart and muscle. J Appl Physiol 1998;84(3):987-94.

9. Dubouchaud H, Butterfield GE, Wolfel EE, Bergman BC, Brooks GA. Endurance training, expression, and physiology
of LDH, MCT1, and MCT4 in human skeletal muscle. Am J Physiol Endocrinol Metab 2000;278(4):E571-9.

10. Hamada T, Takimoto M. Regulation of the exercise-induced expression of the monocarboxylate transporters MCT1
and MCT4 in skeletal muscle. J Phys Fitness Sports Med 2013;2(1):85-92.

11. Kitaoka Y, Endo Y, Mukai K, Aida H, Hiraga A, Takemasa T, et al. Effect of acute exercise on monocarboxylate
transporters 1 and 4 in untrained and trained thoroughbreds. Am J Vet Res 2013;74(4):642-7.

12. Washington T, Brown L, Smith D, Davis G, Baum J, Bottje W. Monocarboxylate transporter expression at the onset
of skeletal muscle regeneration. Physiol Rep 2013;1(4):e00075.

13. Masuda S, Hayashi T, Egawa T, Taguchi S. Evidence for differential regulation of lactate metabolic properties in aged
and unloaded rat skeletal muscle. Exp Gerontol 2009;44(4):280-8.

14. Macaluso A, De Vito G. Muscle strength, power and adaptations to resistance training in older people. Eur J Appl
Physiol 2004;91(4):450-72.

15. Pilegaard H, Domino K, Noland T, Juel C, Hellsten Y, Halestrap AP, et al. Effect of high-intensity exercise training
on lactate/H_ transport capacity in human skeletal muscle. Am J Physiol 1999;276(2 Pt 1):E255-61.

16. Coles L, Litt J, Hatta H, Bonen A. Exercise rapidly increases expression of the monocarboxylatetransporters MCT1
and MCT4 in rat muscle. J Physiol 2004 Nov 15;561(Pt 1):253-61.

17. Takimoto M, Takeyama M, Enoki T, Hamada T. Effect of prolonged low-intensity swimming on MCT1 and MCT4
MRNA and protein expression in rat epitrochlearis. Jpn J Phys Fitness Sports Med 2011;60:680.

18. Green HJ, Duhamel TA, Holloway GP, Moule JW, Ranney DW, Tupling AR, et al. Rapid upregulation of GLUT-4
and MCT-4 expression during 16 h of heavy intermittent cycle exercise. Am J Physiol Regul Integr Comp Physiol
2008;294(2):R594-600.

19. Burgomaster KA, Cermak NM, Phillips SM, Benton CR, Bonen A, Gibala MJ. Divergent response of metabolite
transport proteins in human skeletal muscle after sprint interval training and detraining. Am J Physiol Regul Integr
Comp Physiol 2007;292(5):R1970-6.

20. Mohr M, Krustrup P, Nielsen JJ, Nybo L, Rasmussen MK, Juel C, et al. Effect of two different intense training
regimens on skeletal muscle ion transport proteins and fatigue development. Am J Physiol Regul Integr Comp Physiol
2007;292(4):R1594-602.

21. Juel C, Klarskov C, Nielsen JJ, Krustrup P, Mohr M, Bangsbo J. Effect of high-intensity intermittent training on
lactate and H_ release from human skeletal muscle. Am J Physiol Endocrinol Metab 2004;286(2):E245-51.

22. Kitaoka Y, Masuda H, Mukai K, Hiraga A, Takemasa T, Hatta H. Effect of training and detraining on
monocarboxylate transporter (MCT) 1 and MCT4 in thoroughbred horses. Exp Physiol 2011;96(3):348-55.

ARY
O \Y‘QFJ::‘CJLG": o)uc(..gi ajjb/rjé&ﬁr}l&e@b@


http://www.ncbi.nlm.nih.gov/pubmed?term=Kitaoka%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=21148623
http://www.ncbi.nlm.nih.gov/pubmed?term=Masuda%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21148623
http://www.ncbi.nlm.nih.gov/pubmed?term=Mukai%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21148623
http://www.ncbi.nlm.nih.gov/pubmed?term=Hiraga%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21148623
http://www.ncbi.nlm.nih.gov/pubmed?term=Takemasa%20T%5BAuthor%5D&cauthor=true&cauthor_uid=21148623
http://www.ncbi.nlm.nih.gov/pubmed?term=Hatta%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21148623

OSan 5 g0 e L v s (MCT4 s MCTL) 5S35 5550 odiasdisl gl Ol s o Li 5 29l o 08 50

23. Hafstad AD, Boardman NT, Lund J, Hagve M, Khalid AM, Wislgff U, et al. High intensity interval training alters
substrate utilization and reduces oxygen consumption in the heart. J Appl Physiol 2011;111(5):1235-41.

24. Monazzami A, Rajabi H, Ghrakhanlou R. The effect of endurance training on skeletal muscle sodium bicarbonate
transporter (NBC1) sodium proton exchanger (NHEL) protein content in rat. Olympic 2013;20(4):61-74. [Full Text in
Persian]

25. Arthur PG, Hochachka PW. Automated analysis of cellular metabolites at nanomolar to micromolar concentrations
using bioluminescent methods. Anal Biochem 1995 May 20;227(2):281-4.

26. Enoki T, Yoshida Y, Lally J, Hatta H, Bonen A. Testosterone increases lactate transport, monocarboxylate transporter
(MCT) 1 and MCT4 in rat skeletal muscle. J Physiol 2006 Nov 15;577(Pt 1):433-43.

27. Livak KJ, Schmittgen TD. Analysis of relative gene expression.data using real-time quantitative PCR and the 2-AACt
method. Methods 2001;25(4):402-8.

28. Ponchel F, Toomes C, Bransfield K, Leong FT, Douglas SH, Field SL, et al. Real-time PCR based on SYBR-Green |
fluorescence: An alternative to the TagMan assay for a relative quantification of gene rearrangements, gene
amplifications and micro gene deletions. BMC Biotechnol 2003 Oct 13;3:18.

29. Juel C. Lactate-proton cotransport in skeletal muscle. Physiol Rev 1997;77(2):321-58.

30. Carnevali Jr LC, Eder R, Lira FS, Lima WP, Gongalves DC, Zanchi NE, et al. Effects of high-intensity intermittent
training on carnitine palmitoyl transferase activity in the gastrocnemius muscle of rats. Braz J Med Biol Res
2012;45(8):777-83.

31. Seals DR, Hurley BF, Schultz J, Hagberg JM. Endurance training in older men and women Il. Blood lactate response
to submaximal exercise. J Appl Physiol Respir Environ Exerc Physiol 1984;57(4):1030-3.

32. Benelli P, Ditroilo M, Forte R, De Vito G, Stocchi V. Assessment of post-competition peak blood lactate in male and
female master swimmers aged 40-79 years and its relationship with swimming performance. Eur J Appl Physiol
2007;99(6):685-93.

33. Richards W, Moustafa M, Gerken A, Timothy E, Kirby K, Hinchcliff W, et al. Influence of ageing on
monocarboxylate transporter in human skeletal muscle. Med Sci Sports Exerc 2006;38(5):S551-S552.

34. Mattern CO, Gutilla MJ, Bright DL, Kirby TE, Hinchcliff KW, Devor ST. Maximal lactate steady state declines
during the aging process. J Appl Physiol 2003;95(6):2576-82.

35. Yoshida Y, Hatta H, Kato M, Enoki T, Kato H, Bonen A. Relationship between skeletal muscle MCT1 and
accumulated exercise during voluntary wheel running. J Appl Physiol 2004;97(2):527-34.

36. Bishop D, Edge J, Thomas C, Mercier J. High-intensity exercise acutely decreases the membrane content of MCT1
and MCT4 and buffer capacity in human skeletal muscle. J Appl Physiol 2007;102(2):616-621.

37. Tonouchi M, Hatta H, Bonen A. Muscle contraction increases lactate transport while reducing sarcolemmal MCT4,
but not MCT1. Am J Physiol Endocrinol Metab 2002;282(5):E1062-9.

38. Metz L, Mercier J, Tremblay A, Alméras N, Joanisse DR. Effect of weight loss on lactate transporter expression in
skeletal muscle of obese subjects. J Appl Physiol 2008;104(3):633-8.

YA
WAF 3 cosler ool o )53 /03 (S e oSl alone O


http://www.ncbi.nlm.nih.gov/pubmed?term=Seals%20DR%5BAuthor%5D&cauthor=true&cauthor_uid=6501024
http://www.ncbi.nlm.nih.gov/pubmed?term=Schultz%20J%5BAuthor%5D&cauthor=true&cauthor_uid=6501024
http://www.ncbi.nlm.nih.gov/pubmed?term=Hagberg%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=6501024
http://www.researchgate.net/researcher/13274428_Moustafa_Moustafa-Bayoumi/
http://www.researchgate.net/researcher/2019546004_Andy_Gerken/
http://www.researchgate.net/researcher/38809668_Timothy_E_Kirby/
http://www.researchgate.net/researcher/38431652_Kenneth_W_Hinchcliff/

Qom University of Medical Sciences Journal

Vol.9, No.4, June

The Effect of Intermittent Training and the Role of Age on Monocarboxylate
Transporter (MCT1 and MCT4) Genes Expression and Lactate Level in Skeletal

Muscles of Wistar Rat

Allahyar Arabmomeni®"; Hamid Mohebbi?; Farhad Rahmaninia?; Ahmad Riasi?;

'PhD of Sport Physiology,
Faculty of Human Sciences,
Khomeinishahr Branch,
Islamic Azad University,
Khomeinishahr, Isfahan,
Iran.

*Professor of Sport
Physiology, Faculty of
Physical Education & Sport
Sciences, University of
Guilan, Rasht, Iran.

3Assistant Professor of
Physiology, Faculty of
Agriculture, Industrial
University of Isfahan,
Isfahan, Iran.

“Associate Professor of Sport
Physiology, Faculty of
Physical Education,
University of Isfahan,
Isfahan, Iran.

“Corresponding Author:
Allahyar Arabmomeni,
Faculty of Human Sciences,
Khomeinishahr Branch,
Islamic Azad University,
Khomeinishahr, Isfahan,
Iran.

Email:
arabmomeni@iaukhsh.ac.ir

Received: 4 Aug, 2014

Accepted: 9 Sep, 2014

Mohammad Marandi*

Abstract

Background and Objectives: In ageing, physiological changes occur
along with decreased MCT1 and MCT4 genes expression in skeletal
muscles, howerver, this reduction can be modified by physical activity.
The purpose of this study was to determine the effect of intermittent
training and the role of age on MCT1 and MCT4 genes expression and
lactate level in skeletal muscles of rat.

Methods: In this experimental study, forty male rats were divided into
two age groups of old (age, 27 months; weight, 389+31g) and young
(age, 3 months, weight, 224+14q). Each group was randomly devided
into two groups of experimental (n=10) and control (n=10). Training
protocol was done intermittently on a treadmill, consisting of 10 bouts
of 4 min running interspersed by 2 min of active rest, 6 times a week
for 8 weeks. The rats were anesthetized, 24 hours after the last session
of training, and their soleus (SOL) and extensor digitorum longus
(EDL) muscles of toes were removed. The lactate level was measured
by enzymatic method and the gene expression by real-time PCR. Data
were analyzed using one way-ANOVA, post-hoc Tukey, and t tests.
The significance level was considered p<0.05.

Results: A significant reduction was observed in the lactate level of
SOL and EDL muscles in the two experimental group (old and young)
(p<0.05). In both age groups. MCT1 and MCT4 mRNA increased in
the muscles. No significant difference was observed in gene expression
in the two age groups.

Conclusion: These results is indicative of the effect of intermittent
training on the increase of MCT1 and MCT4 gene expression in
skeletal muscles, and show that this effect is independent of age. Also,
increased expression of MCT genes is of great importance for lactate
clearance.

Keywords: Intermittent Training; Lactate; Monocarboxylate Transport
Protein 1; Gene Expression; Muscle, Skeletal.

&
Vol.9, No.4, June 2015



