[ Downloaded from ijdid.tums.ac.ir on 2026-06-27 ]

\g ~—f\Y(DoJLaﬁ:) V¥ oy 90 VAT i —ala a0yl yf ".\.n.u:t.lyu.a 9 &b dlae

JUdt o2 g (NHE1) 1 ¢33 3000 s 55 oo slogs§ st st (ot 2 yod 5l
99 &9 WbO LUy A ONas §0 (NBC1) Y Oly 35 3 pavw o0add

13 . Yo Y Al .

ot odins Ul s 5V 0550 ot S sl slal Oly o slizal op el S s ol Gaid I s taedie
230 g b s, Al odlas o) Sl S

03,5 dw sy 3l jsbar 5 bl o SAYVEUA 055 0le b (Stin £ o 3 5 Sl s 015 oy £0 sl e by,
(OB X U5 8 )15 (655 O 3d) wiis Cds Do & oliial (s 50l A s ls o e 2l S Wl d zs
512053 el Real time- PCR S5 35,0 5| (NBC1 5 NHED) mRNA 0y Oljn ok Jlasl 2ls 05 03,5
A5 oslizal s paze gl 03 Sl pme mond g REST Jlsdle 5 5 Jars £ (el 0505

obs JS o S VA5 Y0 i jay Je s EDL odlas ;s (NHED) mRNA Ol sl Ol Guass slaasl :baasl
S Ol e (PS0/10) 5 s s sl 33 a3 IS Ol ol o6 iy S Wl S 0,8 S
s U8 s, S s YALST0T 5 sa s 5 (EDL) b 0lisGl Jusb edsS 5L oSlae ;3 (NBC1) mRNA oL 5o
Ol Il oo aliind (a3 (P /00) 35 s e ahie 53 52 53 (28l Oljoe (nl 4 35 28 05 8 40 e
A5 25 63 S o je5 05,5 55 NBCI ; NHEI mRNA

JB 2alS s 0,58 65, S 55 (NBCLs NHED) mRNA 0Ly o5 45 55 0L5 Goios gl ¢ gomes 53 106 S woms

.J.;S&".:J-jdl.ajjc}hw@j;)lﬂe- b o ped o3 S 5oy Ol ralS cpl Wlg e elinad el 5 3505 (glaba=Se

93 Cf cobs ‘@.«LE.:.J RS ‘;;tws& o oias Jas! - WO59da (e Jfad:l.?.a O5 ol :645.15 blfjb

O‘ﬁ‘gowu;gbwu;‘_;jje@‘ﬁgﬁj)}f}lﬁ}gu\{\;ﬁjsﬂu\_@b—\
olﬁl‘;,\,é‘ngﬁj:a&xbv;:m“i“@J{%Jsu_mb_v

Unl Ol O (S pshe olSils (o plin 5 508 IS g0 = Jglos p sk 0aSin 5 ) s gy Sl S 50 =T
Olnl colzile S wolzile S (55, (S5 pske o&sls (gl yls easlisls —¢

sSf.\\g‘)lg” Sy L;:Lf&.n SAYN=EYVEOA0 u‘.SLQ ;u.fb:))‘g ’5‘91: K L5_i_\.\ LYY IR-H1 R :(5:)“) a@..il‘..h‘uie):\‘ &L.: lbL:.l;LO‘)S: ‘r;L“ﬁ*
monazzami.amirabbas@gmail.com

VWAY/ ¥/ Y 2yl gyl VAT F/YY sl Caal 93 50 Gyl VA /0¥ sl o f


https://ijdld.tums.ac.ir/article-1-5252-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-27 ]

£ w9 NHET) Y (39 )08 asaw 8 adabao slays glas o (Sholiieul (s 5a3 ju50 15/, [Sa0 g oabiio

25 Dl S o e sias JLESh a3 g5 — e
el o3 IIYOIY] il e 05, — SSY s L]
O5sp 5 oSN glasdas JUxl L LMCT as sazms
SDTONE] SlsY @ als slooans o5 Ol s
Glaedss by Olgea 53 a WNHE’; WNBC!
Jo a o [Ee ] Lleds plalis SUSY 4wl 8
CUSY pars il 3 el 5 BLo kel Bl s
OFsn @ Sl S s pean s ol ok
338 oo Jodas DS w4 anl g b a8 55l absa
laodias Junl Yo oud L ocdls Lyls s Ul
Lpd oo S, Vb olsY i b &S 05, —olsY
55 [8eN] 1,8 e sdgsar | PHi Liw sdes 5w
il 03 Lo st Sy Slad ) o iy e
b ol b e glagaly bl G b Sl Ll
Cslaal i3 51 NBCls NHED glaedas JUis!
L S s g ol Bl AU ese Sl
S 3 el 4 S pll e opl 3 (g3 des Slido
S Wsls olas (V44AY) o, Kea 5 Le- Prigent aa)Uas
b sbo, b dlas s NHEL Sdble ol
W [V0] b e S sl s 3l L
(NHE1) ols wsls oLz (V447) oK 5 Pierce
Guy 3 A mbs 058 A dlas mRNA
055 b ol ime Sl amin Al ey e 555 5% Rl
oS NHEL cllas a8 i o [V6] il
53 g5 abs Bld s 0F 0F Oy JhalS Cleay o
53 (Yo0)) Ola 5 Sandman ) 5 osdle L
Gop ol Jl o 8 da S ES Ks Gees
JUsl 5 Sdsbe 53 2 85 5 05 O b (5558
DV xS Wy ulpl NBCl 5 NHE@edas
Lsls olis Ko > 3 (Yeur) 0,an 5 Jandeleit
S, Gs,e s 45 55 mRNA (NHED) ol S
OLea 5 Monazzami [\V]uL 50580 bs
Sliial el oS Wl olis Kos Gadss 5 (1Y4Y)

* Monocarboxylate cotransporter
* Na'/HCO; cotransporter

* Na'/H" cotransporter

6 Streptozotocin

4o IR0

Sr O g 3 5 S pe ey =l sladle b
Solsgme s 35 g5 il losas by s
st Soba b g ol il 0n S Iy Al
L ool & Cuslie cleay '(NIDDM) 5l o
e 3 el 4 Ol sliE laeki S tals
Spdsn ey Sl sladsle 4Bl s s Shee
Dol S s o e el & e slie [VY]
Al G S e s s SR 5 AS s 5555558
Oisodee O kil b s 8 235 0 besh 08
g poas S o g Sals CSLpH 565 S 1oy s
3L 4 ol 4 e e sl OF (o 53 5 O350
5 xSl dagSs s Sae 3 Bt G b
Cstlasl S Bl ) S 555 e IS (slag 5T
I1] el e b & 53 g ks Solew

Sl 5 S b il (6 K3 Jal i s pH talS
o 3 WS i e Bld ol o oS sl
RIS IS YN K WS W G e e G i P
Lo 31l s It 3 b 5l s Shae 1ol Lol 2
Jow Glp s 5 [E] das o ATP ze
S dadsew 53 1y pH fals & el Sl Sdlae
35 f5 by ll il 03 O mead )65l b
@ oo Sodeel otlael DS Ol Bl a4 g
¥ 331l b

s S s g g8 el kild s J s s
Sl g e b H Sl stess g bS50
b 5 Sl e Sdlad 4 Ol LOT o St
5 g i [0V] 58 oLl Lie claoias JUi
Sl sl aesa O5sods O ey g S
S o esliial s s 5 lied (Dl S 1 oS sl
Lol ool ol agdme b b Jhsay Lol 55 0 s
Li~ 1) pHi o3 Jl GlaylS sl dhwsa Jsle
5 kb laetias JUisl o geee [A-)] S e
S dsle Slae ol 5 ol xul Sl spH; m.b.&

! Non-insulin Dependent Diabetes Mellitus
? Intracellular pH


https://ijdld.tums.ac.ir/article-1-5252-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-27 ]

(00 yLact) V¥ on.Af\\‘"\\"J:d—J|JJ$.Q|J:\|‘A.|.u:\J3,1|&A3Ca,ﬂ:\.:4.\.‘:\.4 f.Y

Aoy3 Y0« r dooys OA Jalis eslizul 5,50 (5l A
IG5 ole 5 oon Shde e S Ao W iy
oS Sonl INV] ol ol 55158 Y Jsds 3 Of sias
Loy Slecws Soson Gl o ahesa ol
5 SlemSls i 5 opls S5 0SS o)
B e R P N JCE ANt BRTS rye
2 A S 3 O G e Lo atia s Sl 4
DS e b gl e J S e S S -
YO Oljanty 55553 el (Blioo 0553 Gooy O 51 Ay
O¥30) Slpew AL 53 oSS 2 bl 4 p S e
ks 055 53 3 olib cell VSl asy PH =£/0)
S e W s Gy 3l de cele EA L5 S bl
Sae Al b g et 5 soslaer Ols ot
chle 5 oebal £ GLEKE) O (aidy) X ()
S S bS] SAS BT ) 5l SIS
Yor S5V SIS clle s S s Sesllo el b
Sl 5 i Cubs Ulgsa oS e A
Geies cpl SO [VV] Lad Gaied sl Ll dls
ARSI Sl 3550 53 Ml sl bl
o Felils ALl Sl g b IS GO waS

e SN
S5 0sS p i A iV Ode 4y elial o e
Lo s e (7 Jsam) as Jleel abs
SV sl Jleel (ks cabs) G slacs
Sde opl g o3ed pAOKGl adds YO 51 miy oy S
A5 e A s e e oliee
C}hw S A S Obsl gl S 4 ol &Sl es
hdle JB is s (el o 3 L SSY
O 5 Brooks .(VO.MAX sojs Ne=Ve) Wl
LB Bl g el ks ol &S Lsls 0L
L loMbl ol oo [T7] 5550 DSV ol a5
Oljpe el Csts &y o & (55, bl Oldlas el
Aoy Vo) azds e Vo el dd s oSy
s o T amis 55 Ve Je £ Ll (Vomax

Lgl.a‘_g)l_fjl“; LA azdls oK Y S b Lxe

NHED) 255, s 5 05 Ol ll corse
V4] 25 S e b, B Sl odlas ;s (NBCH
(Y1) 0L 5 Rasmossen s G 5 [VA
ORIBl Crse e ued Al SO A sl 0L
S Sl Solas (NHED) mRNA Ol s s i
DS S de S oS IS s WO a5 s
(NHED) mRNA 0ly Jlsows Ll Cormse ielinad
ch.w 53 il el bl s 8 e s Sl M as s
Sl 035 s e Al OMae > NHEL .55
SISt e Ol Slallle S e s [T]
350 (e Ll s g 1y e Sl Sopl Ol Olalas
ol oslinal Ol S g5 Ot Llesls 13 oG5
S3doms Dlaiond 5 Sl 0351 (28 e 5 FON Dy a3
55 Weins JU1 05 Ol bl o8 il aige 53
3 g ks kil s as s Sl odlae
o RGeS pl o amd s Sl B S e
JUsl cpl 05 ol Llg e melizal o es LT oSl
Sl 5o 05 Ol mis el 5 T oas 1) Laias
33 g5 ks llpd s el el g A5 LS
A bl B s el Sonl 885
Liys o3 PHi Jas 5 obd Jys oSl

5,8 )\ 3 axlllas 3, 5 NIDDM

-
Sole b (Sis b 3 Sl SlE o) £ sl
33 5 4 Ol el il 5l S AYNVEYA 3
AY IS ol S sl am s YYERE b Lyl
Olpem 035 Ll (IS Sl - b el Y
Sl o, e Gl L e, 5 o Wliss ssbe
Low b B 5l) aia 55 208 5l de . LAS 4l
Sl b e sl 035 4 Oy 5 oKL
g el sba Df YAY/EVEVY/E 05
V) Wl J S 058 av w055 ol 2 (3leOlaes
B Y (o R e e
S5 Gk O G ol e ol LAl e ()

sl e B350 el G s s Gl O


https://ijdld.tums.ac.ir/article-1-5252-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-27 ]

fov +9 (NHED)Y (1595008 pases S adabss 605 Ol g2 (Soliienl (a3 530 5)yl500 9 oaliio

L g 350 O oS Slw s Obey 55 ol cl;u’\

"

Of osas Jusulis yoolie g ol (138 s i-) Jgsa

¢SS e S

[ S4.XY J:S.fﬁ ,.ﬁh&

Yo
Yy
Yo
Yo
T
v
\

\

Sy ek sl s
A s

oo

Jsds

e e 5 el s
O

e LIS

(soliiul (s yad S5 g 4 Oleadilio —Y Jgua

PULETS PLETS PLETS PLETS PLETS PLITY PUETY 0 6)'L~l:~.ﬂ Ol

v 1 0 ¢ ¥ Y \ Sas

A Y Y Yo Yo Yo Yo Vo [423> 5 ] Co pu
o o i It Yo Yo \ \ [4i35] e

L HOMA-IR slie 43S (o Seslil Osa3l ol
IYEYO] 38 aloms 5 30 3 5l eoliz
HOMA-IR=Insulin () e ,» 4>I5 5,54) X Glucose

(i e k) 2YY /0
Lod s il 4 by sl Caslis Ll 5 035 Al
olie =Y 5 V0 5 YL HOMA-R slie —) oo
FEINCII WCRU IV b O B S ER U
3y 2o s 5w s Loy Ll 1y G Laill
[YecYo Juwus

8 303 1 el
Gy Ay Ly a3 and o 2T 5l e sl $A

3 (eSS o ol S ka 40) ToalS Bl 050

2 Ketamine

HOMA-IR' .5
Celo A 3l da oo ped anda ST e csll Y
Oy otor 3l A kel Ol & G5 €00 oL
() 5 035 55 8l L oDy (s3Lallr 5 (6 slmar
SIS s Seiltlegr 58 (1S ) N (4ids) oo
53 HOMATR [ a5ls pon S olib o sedl
Lo 1Y oy 0 ol (S a3l (5 g —A
Vo, Seslblcawle L Millipore < & cxle oS
catalog number: # EZRMI- « ;] Lo & <l5l & <=J§ s
235 sl el oS5 Jaslises b 13K
CS 5 S L ST SIS sl ) L SIS il

! Homeostasis model of insulin resistance


https://ijdld.tums.ac.ir/article-1-5252-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-27 ]

(B0 yLach) ¥ 5,53 ATAY 4ui—als A 0l yal accad galie g caslaa adas f.f

OIS Sl amys b owids Vo Sleas |y Jpeeme da
S LS sy RNA B 03500 ooy Sl V0 0eg
Yogs 5 shnad Aoy VO JgGl s RNA (ol
RNA cLlk 455 J> RNAS-Free 16 o )y S
YA 4 Y0 il 5 el Ol sb o 3l el b
s ks Galdss Olgsa p S50 Y BOVA o
L5 RNA 31 o550 g oslisel | cDNA s S
S (Gls  asens ri)j s Reverse primers 3! oslazo|
<l oslizl L Real-Time PCR (" J5u>) &3S ol
3yg0 4aly (EJ505) o3 S ol DNA Sl p S5l Ve
46— 4ids> 0 e 4 48° el Real time 3 sslizd
Cuiz) 4l £0 Dodeay 1 OC (4BLO0LE 3L) £0 Do
(S 80 50) (e5) b 0 ewy VY°C5 (03
Sl 27 gy b a5 se sla0 Oly Olpe 35

Y] as

5 S GSAS o Gl a e St skl
Aol (EDL) | 0liSil L sb oS 5L 5 e olae
oo 5 s Gl s dezie =AY 055 50 50 5l Al

V] L (g e (g

Real time -PCR

3435 2 28 Usls By bdlas p S e 0r s
A e Ve ) Gl pU RNA sl Cgr
A3 S 03 5en 433 10 s Bisol RNA-Lysis regent
£ s Jol Jsame o5 Glixl by sk
gl A sk Bl VYeeng wids o ol S gl 4
252548 b adsl Bisolt/Y 4 ) i b 5 by o)
A esls QS d“j a4 LS alVe A Sdeds 5 O glse
W8S B s 40 des | Jpams s
Vorrg wids Vo ol S Sl ax s b s Jpase
S S e oa 5l T e i s s Sl
ol w =E3 GLA e il RNA (g
BERRYICE RS Rg-WINGIN VIV Ry S POVt W N T3 T3
Ao e 55 353 (gleliz RNA B esls J3-Y0 Jlows,

B8l jo ouldiuul vy g0 (5L yasl s M g3 Y gu

05 oS sl 3l iy
SLC9al (NHE1) GCTGGCAAACTCCTCAAAG CACATCAATGAGCTGCTGC
SLC4a (NBC1) CATGGTAGGACTTGGCTTTC ACTCCCTTCATTGCCTTTG
18s GTTGGTTTTCGGAACTGAGGC GTCGGCATCGTT TATGGTCG
05 o255 g2 PCRGIa1-F Jgaa
S 2 Sk S T0lGs oo his
s Se0) oS o) () (CATF )
NHEI \Y/0 . /0 Yo \ q
NBCl \Y/0 . /0 VYo \ q
18S \Y/0 . /0 VYo \ q
! Xylazine


https://ijdld.tums.ac.ir/article-1-5252-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-27 ]

.0 w9 NHET) Y (39 )08 asaw 8 adabao slays glas o (Sholiieul (s 5a3 ju50 15/, [Sa0 g oabiio

bl Jeows 5 45008
K =S &sasl sl eslizad L laesls 030 dbo i a5 ool 5l e
O Bate Ol O3 Sls S el S A .xﬁ‘l:
S oalinal b5 St t bl Ope3T 1 Gk (sloes S
sldds s S eslizel (REST (permutation test le

.L::w;jk;)) '/'Obf‘f&-‘f&w).}a

350 1
300 A
250 A

200 A

(2 R)om Sos

150 1

100 -

50

Lasl

SETRS3Y)
oAl Ll sas 5518 ISE s O Oy Dl ks
e P 9isre) Gy O da ke 55 04y O s S
O3 Ll L, OF 5l dey 5 edalie 2ls laes S 5o
S A 3l wlsl b s s baes S eled o
A e G gl Ol Sl aia § o208
RS 058 o 05y Ol by glaoy S baw g
OLL B Ol pl 5 A Sl ams Wy S le 5 bs

Sl aalsl s

—— Gl i
—m— b el

—a— b e

1 2 3 4 5 6 7 8 9

(EEN T

Guliad Alidie (slao g S O 0)9 Ol i - Jsd
(C)Jﬂ‘\);ﬁ{l{)d{ﬁ«(&)ﬂ(\)ﬁl{J«(C)JﬂV)HLﬂJJ&S;(P<'/'O)Ua}ﬁﬁuhﬁ\isJﬁa}ﬁ)\bwdy\;}\ﬁe

sl QL.“H b VJL,«: d]’.’.\s bj; 9 g;.‘."LN'A Lgl.én}; o
P</ V) (7 K8)

OOl Csl el enls OLES 0 Jad s S sboles
9 u.'l_vl_l: JJZS n}; La.w')/\i ucj}m;\ lea.w g_)':" )\:u.gu
(v JK.J) el Cewday (P<e/v0) J<-l° n}; 93
s> > HOMA-IR index sl ey e (P<:/v0)
)\:d;u u:"'.'.‘jﬁ‘ VJL,«: JJZS n}; @ C,‘M &L,’ n};
):_', u.'(.'Ll: n)jf 93 O S U’~" M c<P</"\) INAE)
<P</'\).L23ML~Z.& )bu.gu yivea

Sabe glapie 5 @ 2 g 5 STZ 36
oA S s sl B0 s
Y @l Ormes s 0L S gl sla i
S 03 s IS sl Ol A s g8 el 0
35 3 B Suls anl o bl e 00 ¥
(U S5 0 58 o Slaime SRl Gt
313 0L 1 Il J 28 05,8 4 ol s (slaos S s
OLL 3 3 HOMA-IR jastls 0se30 ol (P</+ )
by 052 S8 mshe o Jlaine SVt GodS


https://ijdld.tums.ac.ir/article-1-5252-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-27 ]

(Do last) VY 0590 IVAY yui —uls & )yl At galie g culis dlae

3823 (sLho g S Sl galie 9 S 530 g9 0T Caliadulia -0 Jgua

s o S TN ol Jzs baos S
#EYQY/\V & Yo/Y) YYVY £ VAN S * Y44V £ YoMV T (@f) O
YOV E VA0 KT YAg/Es £ EAVE * IERIEXVARN (ad sl S 50) S8
NG £ VA * T \RVLERVAR G AALESRVAL-R & G 5 S/ a5 ,8K0) o g
VWM Rt Ve/EAE V8L ¥ \AY £ ovet HOMA 2>l

4<CJJJ.~\/) {JL» JJI.S L<P</'O) ;5:"\{'3 JJI.S o})?b.)\b‘;uu u‘j&:;—\'f L(P</'0)HL¢J JJI.S o})?l;__)‘.)‘;uu AJMJ;-\*

(&) ;e ) b el o) Q) ks

500 1
.
" * .
Oy S8
400 1 g,k 1
=
‘ﬁ\
A 300 -
3
2 200 4
& Tt
100
0 ; ;
s R IR G e

lgn 5 2

(s U g5 3 a9 U Laadly 55 918 O i - Y Sl
(P<e/0) abs JS 058 Ll e SOt o (P<e/00) Wl 28 05 STl ime Ml

O U/mi]"] ofsasl
mHoma-ir index

s sl J ik et el

Homa-ir index g Lacadly (yad guud) &l jaads la gai - JSuki
(P<e/eV) wls J S 05 5L ls ime Ml (P<e/e)) Lo 28 05 S L s e Ml

(E.JJ)AN\/)‘;TJL“)J{)QS L(Q)Jwv) @JQJJJ&S&(QJ‘JM’C\)HL‘ d):-‘s

f.5


https://ijdld.tums.ac.ir/article-1-5252-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-27 ]

f.V -9 (NHET) Y (459,088 asac S adabso slagyh Olas yo (Solieul oy ya3 (il i/, (8a0 g oabiio

e 53 o 53 rmes Sl Ol pl &S 35 Ao
(0 JS2) 55 o ad 5 S Jsb eans 5L
(NHE1) Ols Olpe L3 Rl wesde (P<:/00)
Jisb sdiS 5L alas by used o5 S 5> mRNA
55 S LRI Ol pl a4 el DS
B3 Ok SR S Sk ol P<i0) (8 S
Jesb oS5l dae mls e 058 55 NBCI
05 5 Ll ime ki o ge (e e s 0S|
G s s ahiae 3 Ol Bl ol Ll ais s

(P</20) (0 SL2) 350 Jls s J5S 05 5

it
b3

e

@
»

=
]

©
B

NHET mRNA a8 Ol Ofdaa

<
IS}

]

4 olaafal cbads el S

NBC13NHE1 &5 ol

&laes S ;3 NBCI) 5 (NHE1 mRNA ol ol i S
g0 QLIS fsb oanS 5L o5 e oSae ol
RQ' 55l armlome Go b 51 U8 65,5 4 Comd anlllae
(NHED) 0ls o 3ls 0L Godod s ks 355kl
Jsb siSil oolas als 2S5 68 ;> mRNA
S il pals Ao, 5 Ve Co e e s keSSl
Bk oS L olas o s Sal Ol
(P<e/00) (8 IS3) 350 s ime e 5 0K

by JS 055 03 NBCILS Ol ials s
YooY Lo a5 kSl b sdiS 5L ol

W de
s JEE
B A s
*
s
e e 3.8

38a3 (slas g S Sl cdlae 5o NHELGS ola of jae-¥ Jsi
(@ e V) mls o 08 () e V) (mls J 28 () e 9) Wl J 8 (p<e/e0) Wl J 28 05,5 bl e Il

o
@

NBC1 mRNA i Gl Oiaa
o
=

(=
=
L

02 =

L

1y LBl (lygla st S

.,»-.""'SJL.,".'

TN

= BRE
B s

B e

\\

5

3853 (slao g 8 SilSual &dlae JINBC1(3 Gl ol jue-0 it
(@ e V) mlis o ed (y e V) (mls J 28 () e 9) Wl J 8 (p<e/e0) Wl J 28 03,5 s sae Dl

! Relative quantification


https://ijdld.tums.ac.ir/article-1-5252-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-27 ]

(00 yLact) V¥ on.Af\\‘"\\"J:d—J|JJ$.Q|J:\|‘A.|.u:\J3,1|&A3Ca,ﬂ:\.:4.\.‘:\.4 f.A

xS 5 (BDL) a5 Al oas 3 55 p5 aks
Ao aey ol 5 Sledbl 5 wsl e o slite (Soleus)
3 OFaa G (Ll e 4wl 5 L2
NHED) ol ol adlas 5 adbe 05 ol
sk oS5l S3las aLs 08 05,8 s (MRNA
Coils mals Lo oV 5 Yo Lo S ey 0kiKl
Jisb oS 5L cdlas o s el Ol ol &S
Al (P<e/00) £ IS 3 ls e e 5 0k
(Ao,5Y0) ls J S 058 3 NHEL 0 Oly iy
(Ls,3V4) Soleus alae 4 cos EDL dlae s
Obe 2k Dol S sllasll Ol 1 eias 0L
el EDL ahize 53 losas sdwas Jlsl )
(& JL)

NHE1O} olo il ol Guiss s s b 3
doae 4 s EDL o 55 03,8 o jad 03,5 2
03,8 Ao 5l S @ ol S s salis Soleus
Sl glaine s gl el S
G ) R N & I LIS NP1 G TR P))
Selitel Gised 4 el > (NHED) mRNA ol
NHE1) ol 3| iy EDL e s (LialS ds,sV)
55,5 5> Soleus akas ;3 (LialS As,3)Y) (MRNA
b Gl Gl J¥s (858D a5 (ls 025 o el
s EDL e SaJ SIS Slwsnsr o Ol5
DA emes 5 b S S NHED Sas 5 558
03l s Kos bl (i) opyed £ s
Lsls olas (Yeo o) 0K 5 Juel g3ose nl Aol
Sy Ol Ol o dd sl (e SIS
2 S SUS s oMae s NHEY 55
el s el Slite (6 pldnST S e b i
Sl ol Oly i (S SUST syl ps i
Il

2l Smsn Ol e 1y Sl ol cde addl
NHE V cddm 55 51> Cond on el g55 5 sl S
SAS L ed 5 ey e Sl pH O xS 4
PHu:balsjo}:jﬁ»j\u:ﬁﬁ@.?g%fW
G s S SIS edlas &S bl 5l g 5 S

S5 i 5 Loy

Erome & (o b 5l 0500 pH s U1
s Juld a8 5405 pH odiS B gla gt don
S glie glaodias JUS| (s imen 5 (el
(MCTS) 055, 5 oSY slaokas Jlisl ol
e s (NHES) 055,05 mde slaedas JLs]
(NBCs) <ol S o 5 R slaskas  Jlal
35 p5 s o ol allas s [TV-YALEL s
Sodeal oS sl Ll 3 Ol pe e palinal op 05
NHE1) mRNAs ol b 4 S 513 eslizul 5,40
Lok eans 5L ASul odlas s |, (NBCI
S8 sUssl a5 (Soleus) Jwi 5 (EDL) L ol
Las

Sdeddy Sl a8 cl dds gl ol e
(NBC1, NHE1) mRNAs by |, _elial oy a8
DR o 2o ol s, AUl oslas s
(Y SK8) 055 5558 () 8D G5y Dl s das e
HOMA- il & Canslio el 5 ol sl b
ol Kea mbs slees S s IR index
odss S Jlasl suys 4 5o ¢ by Jde &S cils
Sl ol Gk SlaaBly e (7 JSE)
¢5 o> lyl,s > (NBCly NHED) mRNAs ol
s s Al el b bl 4 il
NHE1) mRNAs oL,  ials Ll o elazal
adlas Lo 6,8 sl Sul o8las s (NBCI
G3lA & ks =Slae ;s NBCl 5 NHEI ol o
Sydige dadme (s Ol 5 Sl e 5o Guoo
Cabs Bl s s baedas JLanl ] 05 Ol ave 53 5
S35 7 ol s Losas 3 315 50 &
o ol w5 e @3 Slidss O
NHE1) mRNAs Ol jJals & s ol ol
S syls ol Vs (mls J S 65, s (NBCI
il LU o 5w Weeias JUl ol 05 ol
3,8 0B Sl

JUsl gl o> 0L G ol ol e ot
3 e 3 skl s 4 Slie glasas


https://ijdld.tums.ac.ir/article-1-5252-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-27 ]

¥.9q w9 NHET) Y (39 )08 asaw 8 adabao slays glas o (Sholiieul (s 5a3 ju50 15/, [Sa0 g oabiio

& Cewd EDLalas 5 ( NBC1) mRNA ol jzin
Jasl pl Sas @5 @ Olse |, Soleus alae
O Ken 5 Christinsen L=, sl Cond sdias
36 4 andls ais NBCL oS Wsls olis (Yers)
Ll [TV] 35de Ol 0Ly Lyl aan L3 5 5,00
53 EDLakas s edns Uil ol i Oby il
olis Soleusaklas 4 ol b3 03,5 o el 05 S
Cilse glbaods s alas cpl i O3 S5
dze oyl s ails UL slawin 53 Loy e
by O w83 S Laodias Jlasl 4 g iy 5l
i hae opl g eds JWEE Gl 0Ly A o
ol w53l

SolS (Ye)) OLKes 5 Sandmann adlas G s
Gsdenl) 3 (55,8 G sl il ps a8 LS
NHETedas JUsl 5 Sabsle 53 2 05505 05 Oy
b Gaios ol S L oS &S e 1y 5153 NBCI
OLes 5 Claire wzes [V ] 2L e Ll
S Sy p LA gl Sl pas S (YY)
5 Lsls L3 bl syse |, NBCSMCT4MCTI
1S slayl 53 NBCOMCTL i (s yme gl 5l
SO G s LS Lols OLE | A5 4 e
Olse a8 3l QLS Lol Guass @l:; f<—1° uj.]p 3l
L5 63,5 503 03,5 53 NBCL, NHEIL 0Ly 13
G L Soleus s EDL oS 5L abae 53 o
S el 5 B 4wl s el ol
Le — 5,05 0555, =l Gl’" 03 a5 el 55l
oSHlie oS Wsls olis (V441) o Kaa 5 Prigent
£ s> NBCly NHED saias Jusl 5 5 dols
e o PH=VAY 3 CI5 U SIH 055, ol
ol G s amD s Y] cl As s VY 54
et e i NBC1 o CueiNHETL 0 Ol
(058 JK5) el ab S Ll

Bl Al o e abs 0T G b S S eyl sl
5530 NBC1s NHEL siias JUist s 5 Sl 03

jdjdlfufdw}\u‘w\a.k@ )-9-"““"‘”@}"44

LS o A (s S ! (g alanS | oolas
b ool ol Ol mi SO cpl L3 S onl
4o Db b Jie 5L i 050 Ll
G gl [MVYY] sl S pH J 28 5 s
S (YA OLen 5 Nikoel imi mls b ,sl>
S n Slsee 5 05 Ol elial Ol s
5 b sbe, Sl ol s MCT4 5 MCTI
IS U o PN P O V5 3 R
S Slgeme 5 O3 Ol el psed sl
o s mls el 05,5 3 |, MCT4 5 MCTI
TrE] ol esls sl

05 e s (YY) oK 5 Rasmussen Ll
Lals OLas cpdises cpl 3] e sline =l
03l Il oo g e e (el el S S
Spde oy AU olae (NHET) mRNA Ol
ied i 4w &S Ls S 518 s WOT [Y]
NHELD) 0ls 3 olsime Lilpl comge _galizu
) bl s S e as Al odlae s (MRNA
Sl olas s NHEL iy sl s il 53l
Sl oo geer Sl Gl i b aSs s ls pe
Gs,e 3 5 (NHEL) mRNA ol hlsl [¥V]
O, 5 Jandeleit-Dahm L v o slis slac,
st 2l G aasl L oaS s ol (Yere)
V] asl e

s> (NBCI) mRNA Ol ol adlas 3 ooz
B e e e P L 0
el S clls als us s YA 5 Y0 S S J
OLiSl Jysb odiS 5L e ae 55 53 malS Ol
e . (PO. 05) (8JS8) 5 sl o
63,5 ped 03,5 53 (NBC1) mRNA ols il 53!
S L okiSl Lgb edeS 5L edas s 1l
.(odi.;:) L sdalie

bl el 4 sl s (NBCI) mRNA ol
Ols 3 i EDL alae s (LialS dw,s14)
Soleusalas 5 (ials Lo s¥0) (NBCI) mRNA
RS LN (0 JS2) 55 A 938 et s o


https://ijdld.tums.ac.ir/article-1-5252-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-27 ]

(00 yLact) V¥ on.Af\\‘"\\"J:d—J|JJ$.Q|J:\|‘A.|.u:\J3,1|&A3Ca,ﬂ:\.:4.\.‘:\.4 ).

Rl el s il s o (Sdpbke B
sz U Lase AUl edlas s 05 Ol 5K
Sy sline S b S ple Llad 5l 48 ol
o has dshe & ol i el 4 5L 50
Geos PHi o5 5 J 28 S (el o kil L
sz Ol Gl Sl s 35l e
b Sdale Bl 5l el e sl S
23 S 003 PH (1565 5 i 53 1y 6 S e

Al edge Sl O ae

0! 5l

Ny ot S8 5l L3l dhews s OB Ny 58
Cl)) LpiS O SKiasn 5l Cules Gude
ol G 5l Jb Coles S 4 (Goseer
S35 g Dl S e s pls GB Hsb s pls S 0
S oLl S o5l Sy psle WK (Sa5
sl e 3l Gt sl s oK

St sl gme U sdas 0L eSs
@B Bl oSsn e IS e S om
s Darmellah O,Kaa 5 Le — Prigent  ui>s
b S DOCYV] Ll e p b cnl L OIS
Jelss Olssa Wil 5 Sdabe Slpi Ko
ooy JUEs ol Oy S80S L3 Slanr Sim Sse
olis (VAAL) 0L, 5 Grinstein s R REl
SE S LS e Jske 0508 e B S s
ol dlasls 055, Lol Gk sl ol
[Y8 ] A5l x2ls NHEL Salslee Joho 05,3

oz Sl ke O eedS JES s
Sl cdls il e Sos sl
Bertrand S5 G 53 .ol bs alae ,3NHE]
Sle b ok 8555 e 53 0848 0LKea
sls slgiin elS 3i,b 5 NHEL cles J s
oIS lS i By Gib S S s
Ogedisshd p33 o 5 Sdsle & (CAMY)
oS ey G2 a8/ S s Sdole
OF b 5l & Llalsysle [FA] sl e Yks
55 Wl 05 Oy Rl corse elinal o e
Sdlas Js slis NBCIs NHEL sdtias JUsl
Ll ool odid pasiie g 4 055 L 22 S
s by i ol bl S ele o
AMPK?! MAPK? (1S ol oS sl o slgig
e ol s [YY] asL e PKC
S pedS 5 338 e Jobe 0553 edS 5Ll
gl 53 Dld 4 S5l uder 055 Jeé G b
Ses gl g g edl 585, 5 mRNA
[TY]LS

5 05 Oy &S a8 sl Ol G m g gemee o
e 3 3 Sl BB el s U5 e S
o s O L Oy Jhals ol L5 e el
03 & e Ol 68 paean S S5 Jle

! Bertrand B and et al

? Ca'/calmodulin

? Mitogen- activated protein kinases
* Adenosin monophosphate kinases
* Protein kinase C


https://ijdld.tums.ac.ir/article-1-5252-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-27 ]

1)

10.

11.

12.

13.

14.

15.

-9 (NHET) Y (459,088 asac S adabso slagyh Olas yo (Solieul oy ya3 (il i/, (8a0 g oabiio

Gerald I, Shulman. Cellular Mechanisms of
Insulin Resistance. Journal of Clinical Inves-

tigation 2000; 106: 171-6.
Van ZD. Diagnosis and Treatment of Diabetic

Ketoacidosis. S4 FAMPRAC 2008; 50: 35-40.
Wiederkebr M , Krapt R. Metabolic and En-
docrine Effect of Metabolic Acidosis in Hu-
mans. Swiss Medwkly 2001; 131: 127-132.
Juel C. Regulation of pH in Human Skeletal
Muscle: Adaptaion to Physical Activity. Acta
Physiol scand 2008; 193: 17-24.

Boning D, klarhola C. Causes of differences
in exercise-induced changes of base excess
and blood lactate. Eur appl physiol 2007; 99:
163-171.

David B, Edge J , Goodman C. Muscle buffer
capacity and aerobic fitness are associated
with rpeated-sprint ability in women. Eur J
Appl Physiol 2004; 92: 540-547.

Dieter B, Carola K. Extracellular Bicarbonate
and Nonbicarbonate Buffering against lactic
acid during and after exercise. Eur appl phy-
siol 2007; 99: 163-171.

Johann E, David B, Carmel G. The effects of
training intensity on muscle buffer capacity in
females. Eur J Appl Physiol 2006; 96: 97-105.
Mannion AF, Jakeman PM, Dunnett M, Harris
RC, Willan PL. Carnosin and anersine con-
centration in the quadriceps femoris muscle of
healthy humans. European journal f applied
physiology 1992; 64: 47-50.

McKenna M. J, Harmer AR, Fraser SF, Li JL.
Effects of training on potassium, calcium and
hydrogen ion regulation inskeletal muscle and
blood during exercise. Acta Physiol Scand
1996; 156: 335-346.

Juel C. Muscle pH regulation: role of training.
Acta Physiol Scand 1998a ; 162: 359-366.
Messonnier L, Kristensen M, Juel C, Denis C.
Importance of pH regulation and lactate/H
transport capacity for work production during
supramaximal exercise in humans. J Appl
Physiol 2007; 102: 1936—-1944.

Coles L, Litt J, Hatta H, Bonen A. Exercise
rapidly increases expression of the monocar-
boxylate transporters MCT1 andMCT4 in rat
muscle. J Physiol 2004; 561: 253-261.

Pierce GN, Slotin T, Fliegel L, Gilchrist JSC,
Maddaford TG. Expression and activity of the
sodium—hydrogen exchanger in cardiac sar-
colemma in health and disease. In: Fliegel L,
ed. TheNa/H Exchanger. Heidelberg:
Springer-Verlag 1996; 12: 217-228.

Le — Prigent K, Lagadic-Gossmann D, Feu-
vray D. Modulation byextracellular pH and in-
tracellular calcium of Na/H exchange in dia-
betic rat isolated ventricular myocytes. Circ
Res 1997; 80: 253-260.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

.

J L

Sandmann S, Yu M, Kaschina E, Blume A,
Bouzinova E, Aalkjaer C, and et al. Differen-
tial effects of angiotensin AT1 and AT2 recep-
tors on theexpression, translation and function
of the Na/H exchanger and Nat+-HCO3 —
symporter in the rat heart after myocardial in-
farction. J Am CollCardiol 2001; 37: 2154—
65.

Jandeleit-Dahm K, Hannan KM, Farrelly CA,
Allen TJ, Rumble JR, Gilbert RE and et al.
Diabetes-induced vascular hypertrophy is ac-
companiedby activation of Na/H exchange
and prevented by Na/H exchange inhibition.
Circ Res 2000; 87: 1133-40.

Monazzami AA, Ragabi H,Gharakhanlou R.
The effect of endurance training on myocar-
dial Na/H" exchanger1 (NHE1) and Na/ HCO;
cotransporter] (NBC1) gene expression in
type 2 diabetic rat. Olympic journal 2013;4:
61-74.

Monazzami AA, Ragabi H,Gharakhanlou R,
Norouzian M, Javan M, Omidfar K, et al. The
effect of endurance training on skeletal muscle
Na/H" exchangerl (NHE1) and Na/ HCO;
cotransporter] (NBC1) protein expression in
type 2 diabetic rat. diabetes and lipid journal
2011; 2: 142-153.

Rasmussen, M, Juel, C, Nordsborg, B. Exer-
cise-induced regulation of muscular Na-K
pump, FXYDI, and NHEImRNA and protein
expression: importance of training status, in-
tensity,and muscle type. Am J Physiol Regul
Integr Comp Physiol 2011; 300: 1209-1220.
Viswanad KB, Lydia A , Ramarao P. Combi-
nation of High-Fat-Diet-Fed and Low-Dose

Streptocin-Treated Rat: A Model for Type 2
Diabetes and Pharmacological Screening
Srinivasan. Pharmacological Research 2005;
52:313-32.

Brooks GA , White TP. Determination of me-
tabolic and heart rat responses of rats to
treadmill exercise. J Appl Physiol 1978; 45:
1009-1015.

Norten A. Running speed and maximal oxy-
gen uptake in rats and mice: practical implica-
tions for exercise training. EUR SOCIETY OF
CARDIOLOGY 2007; 14: 753-760.

Grinstein S, Goetz JD, Rosthstein A. Na/H
fluxes in thymiclymphocytes. II. Amiloride
sensitive Na/H exchange pathway: reversibil-
ity of transport and asymmetry of the modifier
site. J GenPhysiol 1984; 84: 585-600.

Sharma AK, Srinivasan BP. Triple verses gli-
mepiride plus metformin therapy on cardio-
vascular risk biomarkers and diabetic cardio-
myopathy in insulin resistance type 2 diabetes
mellitus rats. European Journal of Pharma-
ceutical Sciences 2009; 38: 433— 444,


https://ijdld.tums.ac.ir/article-1-5252-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-27 ]

26.

27.

28.

29.

30.

31.

32.

33.

(Do last) VY 0590 IVAY yui —uls & )yl At galie g culis dlae Y

Baker S, Karl JA, Bonen A. Training inten-
sity-dependent and tissue-specific increasesin
lactate uptake and MCT-1 in heart and mus-
cle. J Appl Physiol 1998; 84: 987-994.
Kristensen JM, Kristensen M, Juel C. Expres-
sion of Na+/HCO3) co-transporter proteins
(NBCs) in rat and human skeletal muscle. Ac-
ta Physiol Scand 2004; 182: 69-77.

Puceat M, Arnaud DV, Montpellier F. PHi
regulatory ion transporters: An Update on
Structure , Regulation and Cell Function.
Cims Cell Mol Lifesci 1999; 55: 1216-1229.
Soleimani M , Barnhan CE. Na: HCO3

cotransporter [NBC]: Cloning and Characteri-

zation. ] Membrane Bioll 2001; 83: 71-84.
Juel C. Expression of The Na/H Exchanger
Isoform NHE]1 in Skeletal Muscle and Effect
of Training. Acta Physiol Scand 2000; 170:
59-63.

Juel C, Mads KH, Dela F. Effect of Strenght
Training on Muscle Lactate Release and
MCT1 and MCT4 Content in Healthy and
Type 2 Diabetic Humans. J Physiol 2004;55:
297-304.

Juel C. Skeletal muscle Na+/H+ exchange in
rats: pH dependency and the effect of training.
Acta Physiol Scand 1998b;164: 135-140.

Juel C. Training-induced changes in mem-
brane transport proteins of humanskeletal

34.

35.

36.

37.

38.

muscle. Eur J Appl Physiol 2006; 96: 627—
635.

Nikoei R,Rajabi H, ghrakhanlou R, Omidfar
K, Monazzami AA,Atabi F, et al. Modulation
of skeletal muscle monocarboxylate cotrans-
porter 1 (MCTI1) and monocarboxylate co-
transporter 4 (MCT4) gene expression in type
2 diabetic rats following endurance training.
diabetes and lipid journal 2011; 31: 345-56.
Claire T, David B. Effect of High- Intensity
Training on MCT1,MCT4 and NBC Expres-
sions in Rat Skeletal Muscles: Influwnce of
Chronic Metabolic Alkalosis. 4m J Physiol
Endocrinol Metabol 2007; 293: 916-922.

Le — Prigent K, Lagadic-Gossmann D, Feu-
vray D. Modulation by extracellular pH and
intracellular calcium of Na/H exchange in di-
abetic rat isolated ventricular myocytes. Circ
Res 1997; 80: 253-260.

Darmellah D. Enhanced activity of myocardial
na/h exchanger contribute to left ventricular
hypertrophy in GOTO-KAKIZAKIrat model
of type 2 diabetes: critical role of Akt. diabe-
tologia 2007; 50: 1335-1344.

Bertrand B, Wakabayashi S, Ikeda T, Pouys-
segur J, Shigekawa M. The Na/H exchanger
isoform NHE 1 is a novel member of the-
calmodulin-binding proteins: Identification
and characterization ofcalmodulin-binding
sites. J Biol Chem 1994; 269: 13703-13709.


https://ijdld.tums.ac.ir/article-1-5252-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-27 ]

Iranian journal of Diabetes and Metabolism; Vol.13, No 5, 2014 E 39

ENDURANCE TRAINING INCREASES SKELETAL MUSCLE NA/H"
EXCHANGERI1 (NHE1) AND NA/HCO; CO-TRANSPORTERI1 (NBC1) GENE
EXPRESSIONS IN TYPE2 DIABETIC RAT

Amirabbas Monazzami*', Hamid Rajabiz, Kobra Omidfar®, Ali Mostafaie*

1. Assistant professor in Sport Physiology, Department of Physical Education and Sport Sciences, University
of Razi, Kermanshah, Iran

2. Associate professor in Sport Physiology, Department of Physical Education and Sport Sciences, University
of Tarbiat Moallem, Tehran, Iran

3. Biosensor Research Center, Endocrinology and Metabolism Molecular -Cellular Sciences Institute,
University ofTehran Medical Sciences, Tehran, Iran

4. Professor in Immunology, Department of Immunology, University of Medical Sciences, Kermanshah, Iran

ABSTRACT

Background: The purpose of this study was to investigate the effects of endurance training on muscle
NHE]1 and NBC1 gene expressions in type 2 diabetic rats.

Methods: Male wistar rats (n=40), 4weeks old and 93.7+9.8g, were randomly selected and divided
into control, diabetic control and diabetic training groups. The Endurance training was performed for 7
weeks on diabetic training groups (running on treadmill forrodent). NHE1 and NBC1 gene expression
were determined by Realtime-PCR technique. The differences between groups in variables were
determined by an independent t-test using REST Software.

Results: NHE1 mRNA expression reduced significantly in EDL and Soleus by 25% and 19% in the
diabetic control group compared with the control group, respectively (P<0/05).NHEI mRNA
expression also reduced significantly in EDL and Soleus by 35% and 29% in the diabetic control
group compared with the control group, respectively (P<0/05).Endurance training increased NHEI
and NBC1 geneexpressions in both EDL and Soleus in the diabetic training group.

Conclusion: The present study showed that NHE1 and NBC1 mRNA expressions decreased
significantly in the diabetic control group and endurance training increased NHE1 and NBC1 mRNA
expressions in the diabetic trained group leading to normalizing the mRNAs in diabetic trained group.
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