[ Downloaded from ijdid.tums.ac.ir on 2026-04-28 ]

VA=Y (Y o,lal) Y 0,90\ F e J:t:\‘gab‘)i.ol‘,:nleu:d}..nmjcgl:md.h_.a

w".&}jg: Jke
W g I il COL GLUTZ g PAX1 by 3 (mtlumS 9 53150 (3 50 !
w2 G )y Lo

Y ode bl d il s

o AS>

. w

Loolen SOl ol 3 See o3 DMl 5 sl s Eolh (HFD) o olie 05, o5 das e OLES el taadie
S POXL Ol oalaaS U olon (3lsm a5 J U301 0l R Sl Sde gl 0 3L D3 gl 4 sl
3 HFD la b ye Ll SOL il GLUT2

SHE w5 s (ND =A) Lo lie 5, L atin A Sawy Dy 5 gl o osn o b0 o2 anllas opl 53 il b,
Car A ME i (ND) Jlji gl w5 1058 0 4y Lo ose aen atia St Sl dey L 4435 (01=Y) (HFD) © 5
—im oA e s s (HFDCEP) esleS—cim f 2l w5y (HFDT) jei- f alde o), «(HFD)
£00=) lawgte i b (g5lee Ol gasl p i Sl Sdek p el Glaes S LA s (HFDTCaP) (el
53 Lb G (€ mglkglday) el ST sls sl Jood 5 55 1 (axaa/ 3, T O ak3s Yo i dy/ e Y 0-Yo VO2max
A3 0031 P<0/00 g lslae o 53 ANOVA 5l slizal b Laesls ol 51587 L (ST st 53,

P=+/2YY s 54) HFDCap «(P=+/++¥ 5P=+/++Y 5 ja) HFDT glaes S 55 GLUT2 5 PdXL Oy sls 0L ol laaily
S PAXL Ol s (ols pme il bl o L uls (ol gme il (P=2/ves g P=v/ove 5 5a) HFDTCap 5 (P=+/+Y1
A edalive (P=+/v88 3 P=+/+YV 3 ja)) HFDCap 4 <ous HFDTCap o5 S 55 GLUT2

Loolyon 5 e & 3l5n aped 5 od L SOL B sladshe 5 Kes 53 Dl sl HFD &S 3l 0L s 1 5 aome

iz s Lyl sladbe s Shee W15 o Ylz| GLUT2 5 PAXL Ol 2531 b LS

;5:"5)\5 aL:f ¢u.~‘)§.:li JJW ‘Jjj)ﬁ g;‘.:.“).‘i ‘L;;L’: ‘5-'\:.1-5 b@j“,

Ol e ol e bt 13T o8l ¢ ol il T domls « 5555 (S50 500 05,5 =)

Crag VVEYYIVE + 4 kel < VVEVYAVAYT S0al EVVWA-ET60VY 1y oS et alitia VY slso ool il oL ol s miledd’
a.abdi58@gmail.com : < 4 ,5<I)

R ZRVES 708 SRR O I VE ¥ sl g3 0 g )S VEe /Y0 F el ya gyl


https://ijdld.tums.ac.ir/article-1-6011-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-04-28 ]

=0l GLUT2 5 PdX1 (s o (aasless 9 53190 (a3 Al ud 1500 9 (sutse (KRS

#55k Sleogar Sl B gladsle o Pl 5 S Jass
Jos o 5 Ot A3 Il SIS e sl s Dl
5 BLUT2 Ju) S5 b 5 Sles 5 b S8
15 J S Gy ool ) slasl 5 5550 oS e (GLUTA
oS (Yee) Kahn 5 Herman [Ac 4] ol (55,5 O
e S B sladshe 43 S S8 JUEl S sl
3o50 S8 hasan sl as o ) sre 5 3L (IS
S sy SO B sl s GLUT2 1+ ] e 5
3 U1 A 33 2 68 w25 33 350 el 5 5 SIS Jans

DIVl e JalS b Jde sla s
ol Al Je DB L 5 als Dile 53 (aliad (o8
Y 2 Sas (Sl immen 5 ok el 4 Sl 05
Dl b G3lsa el 6 el esls 0L [NYOIW] ol e
ol plhnS] Slan sl 5 ISl (gehae (A8 5n (S 5me
O SRl 5 o el 5 SIS Opmlaast 05
s V] 3580 dsedl SIS 53 1803 oty
S Con iz 5 S et B L os Vb e
505 L RIS A0 W SUB sladshe 03 1 o
il 5 S Lls e imas 5 osls A8 0 o
4 oS Ot A3 Al 0] das LialS LSSl 53 1y sl
S e S SRl el s o 25 50 el JU
Soldl 5 3 Shes g Sl 5 edd I SL Gladsle 5o
2> 35 G s 4 ek o3l O W] 35 e SO
e SR et 5 (gl 35 GRIAL Dl la e
Ol iy 53 2 L DY o ol jan B glad L
SIL B sladsbe s Shae 2 3555 el & LS esls
Sl wlhsy e B ol ol e o de [
G 03 Spbe lapatli 0 b 5 Sl 5l 6,5
6 o33 0L ol osdle V] ool slbin gl e sla
250 e Sl Ao el S Ulgea 55 elS
2Bl el 5l 8 gl ) 6ok Ol

9 Glucose transporter 2
10 Capsaisin

e dRe

V1 o35 elen sl 40 islis LA L 7 218 25
23 3B sadiv o s el SBU A e e s
Jied glawr S 23 Y] 25 0 50 £ Cibs 4 e Culg
S b Mg i M s dise (ROS) 03]
S 4S P3BMAPK S ol 558 [Y] 555 b se 55 Jokos
Sl 5 O 3 oo (6 dl b 53 e Slad S50
o3l OLES «opl osdhe 1] 3,5 o 5l 3ROS b o o
Olgea) P2l Oly Ll Cool o3lhnS] ogul o ok
(Do s T3 5o Mo S aly SUS oSl
Spbr A e s b Rl gt Rl sled e
Aoz @M b O A ke gy dlise [E]
s OF dlisey 5 @il 2l g5 LB sba B slad e
23 5 b Ui e LSSL Y] s e 25 s s
B e oS el ey Ol Lo S5 (Gdre slge —pe
e S5I5L kb sl Sl WSS s Boglad sl
ey e slay S 3 50 o (sdie S e o s 53 S5
ol a3l IS 36 SOL s Bglad sk 4 Wad s
YPdx1 5 "MafA fpax6 ‘fpaxd TNgn3 4 Ol5 e e, 4SB
2SSl gy 5586 G PAXL 5 [0] 58 o Ll
s 20> SIS A el 05 Ol S 5 W SSL 0 SO
g o atls 55 STR-1 5 IDX-1 IPX L5La=¢l3 L 45 Pdx1
Sladsha (255 Jool siS@las oS ool i) LSE S
2 PAXL el ladshe 5 Shas izman 5 SIS
Al ladse @ by 05 kx5 gl 05 Ol S
D3 Ol 555005 Sas 2 05 Camdpe 2 ulal 2
ol b gl s el Ol LS Sldlee 1] ol 45 8

pde il oesdle V]l oen SIS cdpbie 5 Dl

1 Reactive oxygen species

2 Cyclin-dependent kinase inhibitor

3 Neurogenin 3

4 Paired box 4

5 Paired box 6

¢ MAF bZIP transcription factor A

7 Pancreatic and duodenal homeobox 1
8 Islet


https://ijdld.tums.ac.ir/article-1-6011-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-04-28 ]

\Vo¥ (Y oglact) YV 0,90 Y v 4l g ulajd )yl pad galio g Cuilss dlae

s by e ) e el s D3 S JuSa
s 35 I VEVAN £ Q8 G35 L slacia 0 ol e ige
bl dd Jame oilsl & 5 S 4y sl szl
Sl Sk Gl s b Gl S s hlesl sy
s 35 sl s TYAV/E Lams (gles ks (55K
Loy 00EE Cusby 5 el WYY SU 4 Gl
BT s e S os gl 5 ST a4 Sl sl o

Ll

Sl S,
S o) e e LS L bt 85l Sl s
w255 5 (ND n=A) Jlej ol 5, 05,5 55 4 la_tse azn
ND o35 (sla i o ik ok (HFD YY) 5 7 ol
Lo y3 N0 (g Ao ys YY) s liild ol b clia odeas
Sde et 53 LS wdss (oo deoys VY 5 Cldas S
SHE 3 S eslined x4 ol 25 5 HFD 655 (sla i pe
fr 5 St n S dopd 1Y (B Aoy W Lld O a8
vi;am Lo s ghe g sl dlde sy o Aoy
0 4 lafipe den awdn Sl day A g )l (Ghe e
iz (HFD) @z (D) Jle i glde @55 05 8
— e s (HFDCap) ppsleS— > 4 (HFDT)
00 Ry Sl H Al RO (HFDTCap) penslinS

W23 e g e ) o oM

S S
b SSr b bl sy 5 ol 8 g Sl S
Ty Lleay ks 2y i sl b (s S by
il Sl jho b badds e AV e b oaids
S 5) s 5 S5 O Jols (ilen o5 Sl gasl
0 Ao o b b (O] ol QUL Al 18 e
&u&ydj\dmja.aﬁm;,,@,wwu»
2 e V0 A b bes 5 5as by e dild (S3lsn g ed ol
10 5l dlad s OF 31y sty plonil 4d33 Yo ooy 4dds

Cllad Oloj 5 odons s o2an aidn 53 add> 55 76 YO 4 adds 5> e

e Glaisn 53 S 5 S 5 L sl 1SS
O s e oy el 6 A osls OLES iman [VA] 3505
ot sl sleS Kos lanlllas 53 [V4] 558 0 el SSL
TS SAS Oy s L S PAXL 5 TS X oS
Tlid SIS 5 S eSS Sl Jsileed GLUT2
5 s Sise 52 07 SIS paw 1A 4 e 5 el

Ml
S JAS 50 bS5 Sl oo el LB s L
Oy 2 ol A 350 53 (Sl gadllla (S pbe o3 5
i3 spms Bl slaise Ll SL il GLUT2 |, Pdxt
0 2050 ke il GrealaeS 5 ad Olajen H rmen
Olajen 6 sl 5 s Jrass cnl cal by ol 48 S 13
il GLUT2 |, PAKL 0y s oS 5 S350 (o0

s 13 350 Bl gl ge ol L

SE-TS

oD N RE T

w by sl aes 5 en 29 g8 5 Sy ol
) Sl 3 ol 4 by e gl 4 a5 L DUl
Shaialy 5 5 b plosl ((Sipda 3ol 3 (sla o Lo ol
Caley AL Sl 385 53 el o (5 gz
833 0 O (548 LB L ha sy ol et el o
S W SR S P W I SN [
305 e Lo o g 55 43 IRIAUM.REC.1398.015
The 5t Sld ml by Sl gaalles
=) 740 g bl olg 5 (Jyl 5 ) Aoy3 0 (5ol e
A 5 e A) Medcalc 18.2.1 )\)-élrj' leslaad Lo (r)b &
O35 5 Jold ol sadlllas 4 Sl e S e (s 8
e g B sy G55 Gessdeee 3 B 5 5 s s

QJJQ JJ.MJ Lf‘ﬂj“: J-'Qbi 6‘]’." r.k.c ax)lao )‘ Cjﬁ-

1 Xylazine and Ketamine

2 Liver X receptor

3 Glucokinase

4 Phosphoenolpyruvate carboxykinase
5 Glucose 6-phosphate


https://ijdld.tums.ac.ir/article-1-6011-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-04-28 ]

=0l GLUT2 5 PdX1 (s o (aasless 9 53190 (a3 Al ud 1500 9 (sutse Vof

D305 b 3l ey 5 A o3lizal S ge S ol en oS
Sl ke Slda b 55 (STme 35 055 ol e 0 a5 50
Sy S 3 L AT Ol LS D SIS

..,\.\iabuf.w(

B A (NS PYES JUEECH [V [P N R
Sae O5eSl doys 00T Jolae 0l sl el
s fse S oo pskeas [TV ] 55 Blr gla 2 5e 5> (VO2max)
ozl (Ol Sl 5 o)l 23 4 4,8) Jso S e Sl ON g (5
55 b S S 5l gl Sk s 8 s s A

[YV] el SS9 2-Y Jgua

A Saaa e gaia A gada (T (48R e e Jsl gauan
Yo Yo Yy AR Y A 1 \o (o) s
Ay e 00 0r 0 0 Yo Yo (a2d5) o

5 5 alie S il 5 L e pad plad  Jiis e Jlosl 51 oy
VEGY 5 ol gands op S 5 e cola $A) wl Ll s
L (JoSe 5 e sl 3 00 o 3l shiens (ol sl
Q) K15 5 (CWmEKG) sl 31 S 5 ko 15 3105
(ol Sl ey s L 5550 3L LLAS Jhsa o (OMQ
RNA sl slacss 5o s ol b 58 5 a5 2S035
0357 & 5 ok oals S ERNA (o 55 51 (6,8 5l g later
b ol Sl gazps —Ar (slos 3 oy 53 s 5 Jie le
o AL S GRS Gl s el g Seslul Ol
W el s g el SETA Cele 3l (6,54 500 (g is,0ls
5V GLUT2 5 PAXL Oly s Sl ooy OLL & 4dds
5 PAXL sla ol JIs s eslicad Real Time PCR %y,

ol o o3l DL Y s 55 J S 05 b ol s GLUT2

S pan 5 4 5o pd

@Mﬁ—l&f:w CS5 Sl (heps 40 Goshs L) frnleS
Ol gl S (gl & (Sigma-Aldrich Co., LLC)
@ ol 3 pemlnS o eslel ds s /A L s (8 mg/ml)
S5 plad 5 bl o Sty O gl g Ll 353 03 o o5
S s SlS 5 oSl ) Ol (gl J ghoes Sl eslizal I |3
Syt S5 ol A bl Db o)ls s Gl
ey & mokglday s b osss s LSS LS L S
o ool gldy) (50 Sl g g 5 ik
A 38 Il Ol e ()Lus«{}:;dlmjjfﬁsg.[“]

b iia (5,80 5000 5 (g)lsp <L B,

GLUT2 4 Pdx1 salys s SI-Y Jgaa

Genes Sequence (5' — 3)

5-ACA AAG CTGTTC AGT GTCTCC A-3’
5-CTCCGT TTC CAG AAT ACACAC A3
5-GTG ATG TTG AACTTG ACC GAG A-3’
5-GGT CCCGCTACTACGTTTCTT A3’
5-TCA GAA GAC AGG GTA CAG CGA-3’
5-TCC AGT GCC AGC GTATAAGT-3’

[3-actin forward
[3-actin reverse
Pdx1 forward
Pdx1 reverse
GLUT?2 forward
GLUT2 reverse

G4z SPSS (5,bl 53l 31 eslitad b Sllowe A e3liad

W

dj\ﬁi J:l’vs
9 ;ﬁluj}iu Q}A)T)\ oalazol L: aosls N C)j: .L.:;U)‘ o=
s 5 a5 Gl 0 Ol Sl eslid b laibls oKes

S5 ein O350 5 0L bl IUT el 5 gl


https://ijdld.tums.ac.ir/article-1-6011-en.html

Vo (Y oglact) YV 0,90 Y v 4l g ulajd )yl pad galio g Cuilss dlae

A edalie (gyls gme Ml (P=+/+YV) HFDTCap o5 5 Laasl

(\ )(J}a.; J‘ Jj.l?-) . Z . T . Z.
i @ bays 205 e Ol @B 5 S ¥ s s

e 2 Sbie ol S 5l Ol loesly s 2 nesls Lot 5 48 ol 0 1) e slagsin s Lasy

Ciliee clbes S - KL il GLUT2 ol ol it
sl S o LS S SR e 3L PAXL Oy i Olige 55 (5o ine oslis oS sl 0L

EYYNANL P=v/ven) syls sy il slaes S o ol SOL
LND (glaes S ol 0L ks Ogn3l s (7 )
5 (P=+/+++) HFDCap «(P=+/+++) HFDT (P=+/+++) HFD

xS O 03 B 07 o) EYYV P=a/een) 5l 5 g
HFDT «(P=+/+++) HFD L ND (slaes S o s 0L
(P=+/+Y1) HFDCap 5 (P=+/+++) HFDCap «(P=+/+++)
LHFD (slaes S o orizmer 20 25 (Solagne sl
5 (P=+/+Y\) HFDCap P=+/++Y) HFDT (slaos S
HFDTCap o5, L HFDTap o5 5 5 «P=+/+++) HFDTCap

Oiomed 3)ls s (ol sae sl (P=4/+Y4) HFDTCap
HFDCap «(P=+/++Y) HFDT (class S L HFD (laes § oo

L HFDCap 5,5 5 «P=+/+++) HFDTCap 5 (P=+/++YY)
(Y )l)}&..: LY‘ JJJ})MGMW &)‘D&xﬁ J%}‘ (P:'/'f,i)

0953 lide (5las g S )3 (339 4 Lo g e (boliiiedl 9 Ao 93 jlol Elia-T Jgun

CJ’;'?P ojjf .
_ (65 839
355 HFDTCap HFDCap HFDT HFD ND
ARY VoV /YYEAQA VEAAVENVY N AFAVARE: VAR VEY/YYRV/YO VEO/NTEVY/AQ Q_}A)Tu;f

e RVEAEYVYO RTAGEVAY Ve oy RTONERET WVNETAT e ler ais Sl W1 (50,90

ae® HEAY/YY O/ #EAY A0V #9707 vV/0 FEOVNVVEAVA  YAV/OUET /s ELFPE
eee® o Bovoentry VA FLoavARSY S S #5058 +¥0/00 FOVRAQEYA/YT FIT/AQET YA el i

, S @l
et Batavaryy Berraves) Bvavaryy  FEvaseEYar YYWOURYAL  Ogell e

[ Downloaded from ijdid.tums.ac.ir on 2026-04-28 ]

HFDTCap aj;b'()juﬁi HFD o)_)fb_QjUS$ gNDbu‘}UE# g@jﬁ&ﬁ@)w *
P<e/e0 Ck.«))HFDC&p o))?b_@juligHFD aj)?l{())uj$gNDL3Q)u3#

4_
i
35 #S
3 HS+
2 #
_ 1
E 1
0- T T
Q K N N
K \2{9 <<Qc}* O,\cfo
N <

Alids slasc g S o U“‘JS:'L.,':‘Q‘E‘PdX1gr.‘“‘3(.JE‘:'c“J;‘f£'_\J“3&'
HFDTC&p a);LgQJUJi;HFD AJ;LQ)&;$ ND LQ)L&?#


https://ijdld.tums.ac.ir/article-1-6011-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-04-28 ]

=0l GLUT2 5 PdX1 (s o (aasless 9 53190 (a3 Al ud 1500 9 (sutse \REs

8_
kT
D p-
i #s
. "
"3 4- #HS+
p T
D
- 24 #
(D —T
0- | T
N <<<>/\ v /\c}*Q
I & 39
&g

Slids (slao g S ju ol Sl &8l GLUTZ s (s &l jaadsi—¥ s gad
HFDTCap a))fl{@}u;i gHFD a}JfL)CJJLL'$ AND LQJLL»#

S sl K5 o ol Sy & s a3l OLES
53 ol Sl ROS ad 5 Ol (l531 5 5LS S8 0L
Vel LYAT 355 sk pl 3 S5 p] Sl ol oyopl
ey ol 53 [YE] ool 0 GLUT2 [2alS Coly oo ol S
Eolb HFD & ud el Olad 50 (Y+\V) 0L 5 de Las
LT ] s 0 b ige 53 uS 3L GLUT2 5y, Ol J2alS
CdlS GOl e ke Suda Sl lash s Wb
3o o SL 3L GLUT2 5 PAXL Ol 1, HFD i 3G
Ol&aa 5 Sokhanvardastierdi ia 3, -l b L e iy
il sl (lpn by el aS Wsls LIS iass  (YaYe)
35d g ks slabse el SGL 5L GLUT2 5 PdXL Ol Ol
e aS Lsls OLES (YaYe) OLKea 5 Silva yiemen [TY]
5ok o el Glaodi ;S 5 ol gl 5 Shas 350 Sl (55150
IY] s Wl SSL il GLUT2 ol il el b b 5
JLisay Ll L PAXL Ol 457 das o OLES (godae Dlallae
s Loy ol U DYOYY] Wb e Rl s ok
PAX1  (o,ab d5s culleb a5 wisls Olas (YY) OLKes
53 PAXL iulsil gl s 31 Sty o e syl ol ST
R Gk Ol (s e Jlsa HFD L (sla s

7S ons 5 Lou
Ssgme 2ol Csl HFD & s asls 0lis [ol= iass
bobaly o ol s ol SO il GLUT2 5 PdXL oL
Culs 8 sl OLES 50 (VoY) O 5 Li Lol sy,
ol (STZ) pemsism il Gy oo & HFD 51 30
sl ol SSL il GLUT2 5 PdXL Ol s (g ls sme 2alS
Lsls OLis s 5o 58 (YIV) 0L 5 Salimi [YV] el
oS sl 2a L o jen GLUT2 248 Eslb HFD &
S pamen 5 o SO St (gl PAXL [YE] 545
Solew sl PAXL Oli L g aﬁﬁ)wlwﬁjojﬁ
SHE S A e el Ol VO] suh e Sl sl
Gl e sl 50t ol SLPAXL j2alS Esb o 5
Jle L PAXL [Y1] das o bl 1) 5sm sl 5 edd o SL P
S B gladshe Cusa Sy s GOS Olojes 038
G oyl ey o i [YV] S oo Wl aly ol 53 e
5 'SREBP-1 ous Jé Esl HFD 31 35U el Sl

J{a})k@ [YA] .\.\s‘jﬁ s ‘)BéudﬁjcMPdX]. u,l.hls

1 streptozocin
2 Sterol regulatory element-binding transcription factor 1


https://ijdld.tums.ac.ir/article-1-6011-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-04-28 ]

‘A% (Y oglact) YV 0,90 Y v 4l g ulajd )yl pad galio g Cuilss dlae

03 3¢ A.)'i\ L c))lb S99 (SO 9dos Sladlee GLUT2 9
Oaa 5 Ardeshiri s 0 atls Ol & & anils S99
S s 3 YL CJJ L G yee a5 sl GLES (\TAA)
L S PAXL Ol il sl STZ L abs il s
Sl EeL HFD o8 ai ool 0L 50 6, Kos hasy o [E)]
L{YL«'}-‘ ”6‘0}@5 gﬁl}- g_éj,ap Lol m.LiB Lgl.ﬁdjl.w Jﬂa&
18] 5550 B s sbe 55 Sl Ll SO GLUT2 2133
Q‘J:.A L: uﬂ‘fQLi J‘.’.‘)} oLl dﬁjjsj:.ﬁ LSLAJ}LA e GLUTZ
r@&y;lélo)@&jlosmll{wlﬁg 5 Shas 350
PO oy ol LSl s GLUT2 il
J.pb- U:"Aﬁf Ci\:; L4Y] J)‘J LU)\ Ty 9 \ )L\:SJ;A
035 55 GLUT2 5 PAXL (5 ls_ime Liul3l L)l odeasolis
s Olypr oy HFDCAp o5 8 4 i HFDTCap
j‘bmwﬁgﬂjﬁ .,\M-)L;cjjmcu S ui\b“:’“"“" o liS

Lgd o oSG s Shas 35 sl dils &S ol 30

3

S St
Span ol pert GGlon (ppad S 0l O Sl Ly i
st GLUT2 5 PAXL sl 53 o8 Sl b oS
03 IS gladsle s Shes 35l ebie 2 0]
SPAXL Ol s il ssms b emeen A3k HFD Sy
3gme DS (pl (embaS B 2o Jlises I ST GLUT2

.c,mlrﬂx.aﬁ)' o) 03 S sla iags alay A

_
S Bl
31 o Kils 55 dd)) sl )8 anbOll Jool rasn o

oll O Kia gy Jlo ale b 5 of il T asly ol

1 Chartine
12 Shige okamurae
13 Hexokinase 1 &2

L3S Olo (YerV) O Kaa 5 Park .ol "Akt O sl i
G e s el AKE 05 il el s ki &S
imer s LSl bk s TIRS2 i
3 80es 3 g el OF Jlisas 5 ot B lad b Tl Dl on
OLES b o conl p osdle Y] 555 o IRS2-PDX-1 s
D8] 55 o wedes PAXL lau s 35 GLUT2 o sis; s oo
O &S J 3 wdd GLUT2 Wl 4 e PAXL Ol
Sl 1 GLUT2 Oy alswsl | sbay s oge 53 PAXL 5 Shes
oS s ol belse 5 S PAXL das e 0L &S esls
Pl sl s 5 IECY0] ol GLUT2 s sis)
YA bl pemen 9 PAXL Olse 55 (gdoys YUY 2158
Sladllas 3 g5 prslonS 5 me Jisas GLUT2 Olpee 43 (ks
535 ol o o el 4y Sl 28 L HFD das e OLES LS
4 g 5 aly a8 el SOl 00 B slad sl s Shes
SSL e esll (bl 5 B lad e d 5l i 5SS

DYV s
Jisa GLUT2 5 PdXL Olse (bl BYs 51 S Yz
0 el esle pl Sl as A 1 S el S O s
Eiman ST ) PSS & ald esls Ol sk
JUS sl 5 ONF-kB 2alS Gol Wlg e (Cmmbns
e b Wl Sk ol s YAl ead YTRPVL
5 ol el cel [¥a] L6 5 ANOS 55T S
Rl sladde s Ses 5 b colg o 5 0l W L 3L
(Yo 0) OLan s Tsal iy cpuad 53 sy S5 |y ol SO
S PAXL Ol 2RI L 5 oSS S sadyy S LS Ol
Sladshe 3 Shas 30 Sl ol S B slad s shind 15

POXL  GomsloS 3 o 53 [E0] 352 00 WSS 205

' Protein kinase B

2 Insulin receptor substrate 2

3 Hyperplasia

4 capsazepine

5 Nuclear factor-xB

6 Transient receptor potential vanilloid 1
7 Cyclooxygenase

8 Nitric Oxide Synthase

9 Interleukin 6

10 |_ongifolia jack


https://ijdld.tums.ac.ir/article-1-6011-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-04-28 ]

-0l GLUTZ 5 PdX1 (las 53 (rassboasS 9 53098 (345 S5 ipdy (500 g (uas VoA

élfwuéjw
) ulfv\m,.sy sl @.ét.a sl ‘u’)f@.a OB Q:" X

.))LJJ

1. Choi SB, Jang JS, and Park S. Estrogen and exercise
may enhance B-cell function and mass via insulin
receptor substrate 2 induction in ovariectomized
diabetic rats. Endocrinology 2005; 146(11): 4786-
4794,

2. Sone H, and Kagawa Y. Pancreatic beta cell
senescence contributes to the pathogenesis of type 2
diabetes in high-fat diet-induced diabetic mice.
Diabetologia 2005; 48(1): 58-67.

3. lwasa H, Han J, and Ishikawa F. Mitogen-activated
protein kinase p38 defines the common senescence-
signalling pathway. Genes to Cells 2003; 8(2): 131-
144,

4. Kaneto H, et al. Oxidative stress induces p21
expression in pancreatic islet cells: possible
implication in beta-cell dysfunction. Diabetologia
1999; 42(9): 1093-1097.

5. Barker JM. Type 1 diabetes-associated
autoimmunity: natural history, genetic associations,
and screening. The Journal of Clinical
Endocrinology & Metabolism 2006; 91(4): 1210-
1217.

6. Feldman M, Friedman LS, and Brandt LJ. Sleisenger
and Fordtran's gastrointestinal and liver disease E-
book: pathophysiology, diagnosis, management
2020: Elsevier.

7. Wiegand S, et al. Impaired glucose tolerance and
type 2 diabetes mellitus: a new field for pediatrics in
Europe. International Journal of Obesity 2005;
29(2): S136-S142.

8. Nishiumi S, et al. Green and black tea suppress
hyperglycemia and insulin resistance by retaining
the expression of glucose transporter 4 in muscle of
high-fat diet-fed C57BL/6J mice. Journal of
agricultural and food chemistry 2010; 58(24):
12916-12923.

9. Yamashita Y, et al. Fermented tea improves glucose
intolerance in mice by enhancing translocation of
glucose transporter 4 in skeletal muscle. Journal of
agricultural and food chemistry 2012; 60(45):
11366-11371.

10. Herman MA, and Kahn BB. Glucose transport and
sensing in the maintenance of glucose homeostasis
and metabolic harmony. The Journal of clinical
investigation 2006; 116(7): 1767-1775.

11.Bonny C, et al. The loss of GLUT2 expression in the
pancreatic B-cells of diabetic db/db mice is
associated with an impaired DNA-binding activity
of islet-specific trans-acting factors. Molecular and
cellular endocrinology 1997; 135(1): 59-65.

;J‘i\)‘ b 3)5- Lf")““;)ﬂdg‘)‘“"if s‘\.l.r»ju.iu\.:w‘ ol

Kls e <=>K9l JAK,L'\: R{ENEAP

b

12.Park S, Hong SM, and Sung SR. Exendin-4 and
exercise promotes B-cell function and mass through
IRS2 induction in islets of diabetic rats. Life sciences
2008; 82(9-10): 503-511.

13.Park S, et al. Exercise improves glucose homeostasis
that has been impaired by a high-fat diet by
potentiating pancreatic p-cell function and mass
through IRS2 in diabetic rats. Journal of applied
physiology 2007; 103(5): 1764-1771.

14.Gordon JW, et al. Targeting skeletal muscle
mitochondria to prevent type 2 diabetes in youth.
Biochemistry and cell biology 2015; 93(5): 452-465.

15. Teixeira-Lemos E, et al. Regular physical exercise
training assists in preventing type 2 diabetes
development: focus on its antioxidant and anti-
inflammatory properties. Cardiovascular
diabetology 2011; 10(1): 1-15.

16.Moran TH, and Bi S. Hyperphagia and obesity of
OLETF rats lacking CCK1 receptors: developmental
aspects. Developmental Psychobiology: The Journal
of the International Society for Developmental
Psychobiology 2006; 48(5): 360-367.

17.Miles JL, et al. Moderate daily exercise activates
metabolic flexibility to prevent prenatally induced
obesity. Endocrinology 2009; 150(1): 179-186.

18. Schmidt RA, Schneider CJ, and Glomset J. Evidence
for post-translational incorporation of a product of
mevalonic acid into Swiss 3T3 cell proteins. Journal
of Biological Chemistry 1984; 259(16): 10175-
10180.

19.Bai H, et al. Inhibition of chronic pancreatitis and
pancreatic intraepithelial neoplasia (PanIN) by
capsaicin in LSL-Kras G12D/Pdx1-Cre mice.
Carcinogenesis 2011; 32(11): 1689-1696.

20.Zhang S, et al. Capsaicin reduces blood glucose by
increasing insulin levels and glycogen content better
than capsiate in streptozotocin-induced diabetic rats.
Journal of agricultural and food chemistry 2017;
65(11): 2323-2330.

21.Rocha-Rodrigues S, et al. Effects of physical
exercise on myokines expression and brown
adipose-like phenotype modulation in rats fed a
high-fat diet. Life sciences 2016; 165: 100-108.

22. Mosqueda-Solis A, et al. Combination of capsaicin
and hesperidin reduces the effectiveness of each
compound to decrease the adipocyte size and to
induce browning features in adipose tissue of
western diet fed rats. Journal of agricultural and
food chemistry 2018; 66(37): 9679-9689.


https://ijdld.tums.ac.ir/article-1-6011-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-04-28 ]

V-9 (Y oglact) YV 0,90 Y v 4l g ulajd )yl pad galio g Cuilss dlae

23.Li J, et al. Angiotensin-(1-7) improves Islet Function
in a Rat Model of Streptozotocin-induced Diabetes
Mellitus by Up-regulating the Expression of
Pdx1/Glut2. Endocrine, Metabolic & Immune
Disorders Drug Targets 2020; PMID: 32679026

24.Salimi M, et al. High-fat diet with stress impaired
islets’ insulin secretion by reducing plasma estradiol
and pancreatic GLUT2 protein levels in rats’
proestrus phase. J Physiol Pharmacol 2016; 67: 653-
66.

25.Yoon JW, et al. Virus-induced diabetes mellitus:
isolation of a virus from the pancreas of a child with
diabetic ketoacidosis. New England Journal of
Medicine 1979; 300(21): 1173-1179.

26.Sachdeva MM, et al. Pdx1 (MODY4) regulates
pancreatic beta cell susceptibility to ER stress.
Proceedings of the National Academy of Sciences
2009; 106(45): 19090-19095.

27.Gao T, et al. Pdx1 maintains B cell identity and
function by repressing an a cell program. Cell
metabolism 2014; 19(2): 259-271.

28.Wang H, Kouri G, and Wollheim CB. ER stress and
SREBP-1 activation are implicated in pB-cell
glucolipotoxicity. Journal of cell science 2005;
118(17): 3905-3915.

29.Pinilla L, et al. Regulation of serum leptin levels by
gonadal function in rats. European Journal of
Endocrinology 1999; 140(5): 468-473.

30. De Las Heras N, et al. Molecular factors involved in
the hypolipidemic-and insulin-sensitizing effects of
a ginger (Zingiber officinale Roscoe) extract in rats
fed a high-fat diet. Applied Physiology, Nutrition,
and Metabolism 2017; 42(2): 209-215.

31. Sokhanvardastjerdi S, et al. The Effect of 12 Weeks
Aerobic Training on PDX-1 and GLUT2 Gene
Expression in the Pancreatic Tissue of Type 2
Diabetic Rats. Iranian Journal of Diabetes and
Obesity 2020; 12(2): 98-103.

32.Silva LLS, et al. Effects of Aerobic Exercise
Protocol on Genes Related to Insulin Resistance and
Inflammation in the Pancreas of ob/ob Mice with
NAFLD. Clinical and Experimental
Gastroenterology 2020; 13: 223.

33.Park S, et al. Chlorpromazine attenuates pancreatic
B-cell function and mass through IRS2 degradation,

while exercise partially reverses the attenuation.
Journal of Psychopharmacology 2008; 22(5): 522-
531.

34. Ahlgren U, et al. p-Cell-specific inactivation of the
mouselpfl/Pdx1 gene results in loss of the B-cell
phenotype and maturity onset diabetes. Genes &
development 1998; 12(12): 1763-1768.

35.Wang H, et al. Pdx1 level defines pancreatic gene
expression pattern and cell lineage differentiation.
Journal of Biological Chemistry 2001; 276(27):
25279-25286.

36. Matveyenko AV, et al. Successful versus failed
adaptation to high-fat diet-induced insulin
resistance: The role of I1APP-induced [-cell
endoplasmic reticulum stress. Diabetes 2009; 58(4):
906-916.

37.Butler AE. et al., B-cell deficit and increased p-cell
apoptosis in humans with type 2 diabetes. Diabetes
2003; 52(1): 102-110.

38. Yang MH, et al. Pleiotropic pharmacological actions
of capsazepine, a synthetic analogue of capsaicin,
against various cancers and inflammatory diseases.
Molecules 2019; 24(5): 995.

39.Ruan J, et al. Bioactive constituents from the roots
of Eurycoma longifolia. Molecules 2019; 24(17):
3157.

40.Tsai CH, et al. The powdered root of eurycoma
longifolia jack improves beta-cell number and
pancreatic islet performance through pdx1 induction
and shows antihyperglycemic activity in db/db mice.
Nutrients 2020; 12(7): 2111.

41. Ardeshiri M, and Zia Jahromi N. The effect of
Chartine on expression of Pdxl gene in
streptozotocin-induced diabetic rats. Razi Journal of
Medical Sciences 2019; 26(6): 44-53.

42.Yang HW, et al. Ishige okamurae reduces blood
glucose levels in high-fat diet mice and improves
glucose metabolism in the skeletal muscle and
pancreas. Fisheries and Aquatic Sciences 2020;
23(1): 1-9.

43.Frantz EDC, et al. Renin-angiotensin system
blockers protect pancreatic islets against diet-
induced obesity and insulin resistance in mice. PloS
one 2013; 8(7): e67192.


https://ijdld.tums.ac.ir/article-1-6011-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-04-28 ]

Iranian Journal of Diabetes and Metabolism; Vol. 21, No 2, 2021 110

The Effect of Aerobic Exercise and Capsaicin on the Gene Expression of Pancreaticpdx1 and
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ABSTRACT

Background: Evidence has suggested that high-fat diet (HFD) promote hyperinsulinemia and pancreatic
islet dysfunction with insulin resistance in adipose tissue. The aim of the present study was to examine the
effect of aerobic exercise and capsaicin on the gene expression of pancreaticPdx1 and GLUT2 in Rats HFD.
Methods: this experimental study, 40 male Wistar rats were fed a normal diet (ND, n = 8) or high-fat diet
(HFD) (n = 32) for 8 weeks. After 8 weeks, all rats were divided into 5 groups: normal diet (ND), high-fat
diet (HFD), high-fat diet-training (HFDT), high-fat diet-capsaicin (HFDCap), high-fat diet-training-capsaicin
(HFDTCap). Training groups have performed a moderate intensity aerobic running program (60-50%
VO2max, at 15-25 m/min, 30-60 min/day, and 5 days/week) on a motor-driven treadmill for eight weeks.
Capsaicin (4 mg/kg/day) were administered orally, by gavage, once a day. Data were analyzed using
ANOVA at p<0.05.

Results: the results showed significant increase in expression of Pdx1 and GLUT2 in HFDT (p = 0.002 and
p = 0.003, respectively), HFDCap (p = 0.022 and p = 0.026, respectively) and HFDTCap (p = 0.000 and p =
0.000, respectively) groups.

Conclusion: also, a significant increase in the expression of Pdx1l and GLUT2 was observed in the
HFDTCap compared to the HFDCap (respectively P=0.037, and p=0.044).

The results showed that HFD impaired pancreatic beta cell function and that aerobic exercise alone and with
capsaicin could significantly increase islet cell function by increasing Pdx1 and GLUT2 expression.
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