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ABSTRACT

Background and Aim: Diabetes mellitus is a metabolic disorder with an increasing
prevalence in the world. Obesity plays a pivotal role in increasing the risk of diabetes,
metabolic syndrome, hypertension and cardiovascular diseases. Obesity dependent mild-
inflammation leads to an imbalance in the secretion of adipokines and thereby reduces insulin
sensitivity. The TLR family plays an important role in these inflammatory pathways, and
therefore inhibition of IRAK, as a key mediator of the pathway, plays a role in inhibiting
inflammation and insulin resistance. In this study we investigated the effect of this inhibitor
on the expression levels of PPAR-y and GLUT .4, which are involved in insulin sensitivity.
Materials and Methods: In this study, male C57BL/6J mice were used for induction of
insulin resistance. Mice were divided into 6 groups including standard diet, high fat diet, high
fat diet + solvent, high fat diet + pioglitazone, high fat diet + IRAK inhibitor and high fat diet
+ combination of pioglitazone-IRAK inhibitor. At the end of the study, the mice were Killed
and expression levels of GLUT4 and TPPAR-y in muscle tissue of the mice were measured by
Real Time PCR.

Results: This study showed that pioglitazone, IRAK inhibitor, and the combination of IRAK
inhibitor- Pioglitazone increased PPAR-y expression in muscle tissue, but IRAK inhibitor
unlike pioglitazone had no effect on GLUT .4 expression.

Conclusion: The results of this study suggested that insulin sensitizing effects of IRAK
inhibitor may be induced by increasing PPAR-y expression level.

Keywords: Diabetes mellitus, Insulin resistance, IRAK inhibitor, GLUT4, PPAR-y,
Pioglitazone

Received: Oct 26, 2021 Accepted: Dec 21, 2021

How to cite the article: Beydolah Shahouzehi, Saeedeh Moinaldini, Mostafa Allahyari, Hossein Fallah.
Evaluation of the effect of interleukin-1 receptor associated kinase (IRAK) inhibitor on PPAR.y and GLUT.4

genes expression in insulin resistant muscle tissue of mice.5JKU 2023;28(2):1-11.

Copyright © 2018 the Author (s). Published by Kurdistan University of Medical Sciences. This is an open access
article distributed under the terms of the Creative Commons Attribution-Non Commercial License 4.0
(CCBYNC), where it is permissible to download, share, remix, transform, and buildup the work provided it is
properly cited. The work cannot be used commercially without permission from the journal


tel:03433257448

1=11/11€eP 135 g 313y / Cullia g Cuny 8)93 / olws)S (Sb)y egle alGlils ole dlas

OGLUT.4 gPPARy sBys ol 9 (IRAK) | oF of iial 0w g &3 Al g jLuS 00 jlgo 31 (g 99

Ot guil 4 p glio L ge Al 8L
T o " Soball! itran (ol quxe otz ¢! B HoBL aiblug
e Y- AVBA-PAS 1S 1S Ol 0l ST 0l S (S e o5 65 g5 L 5 Al ke o dSCia g5 (53l g 5 Dl S e 5lisled )
e YA VYRV ST Ol 0l ST 0l ST (S sk ol ) gy bl (S 00Kl ¢l ganbgm 03 5 Y
e Y0010 ST ST 01l O S kS (S e o8 (Kb oSty cardis 5 K5 (S 1 (ot 03 5 Y

CYRITYOVERA 0il ((Jgin ok s) Olpl LS OleS (Sap e oty pasl (Ko oSl (b adism 035 LA F
cevemee V=249 W 1Sl us” hf59ma@gmail.com: .l

ol

ORI 53 (e A (Bl el s el e 53 1Bl 55 6 b b S e DM 65 e Subs IBAR 9 dino
Il pe & omie Bl 3l (36 Caist Ol o )ls (B8 (o (slags sl 5 O HLES (S e py sk cobs 4 Sl s
o g (gl s ol 53 TLR o3l gl tas oo 2l87 1) il 40 Sl bl 51 5 5500 o (0 3T = 5 s
e 4o 3415 i o el Coaglin 5 Olgdl s 3 e ol (oS danl 5 ¢S5 Ol g dRAK lge ol ol ¢ )15l
0235 o p s i G il Sl 53 81, GLUT A 5 PPAR-Y 0 5 oS )lge o) 51 s

05,5 7 a0 La_jgo b oalinul i gusl Conglio 4 Mal g1, COTBLIGI 515 5 sla p o 51 andllas ol 5510 5595 9 g
e 5 IRAK ouiS ot o s1e 0558 sut o o lde (Dot o 1dE co p S1IE 0o lilenl (glie
o3l pmamr Dlode Sl 5 Lld a8 ba b go canlllan 0L 3 s s IRAK 08l - 053l s S o
s g, S ol duae cib s Real Time PCR 5, L TPPAR-y , GLUT4uL, .

¢\ IRAKi + Pioglitazone s 5 s IRAK eus)ls 0558 5y 48 515 0Lis adllas ol sLaesls iLaddidly
GLUT 45, 1 5,51 05508 4 s o IRAK oS len S5 0355 0 SDze il s PPAR-Y ol il 5l
RYIRE

i b 5 ol el IRAK oS jlge S b S Yot o7 das oo 0L83 aalllas ol oyl 26 4
55 o W PPAR-y oL

036l s PPAR-y GLUT4 dRAK oS lge ¢ il 4 oo slin ¢ stde ol 1 6ls™ (S0 319

\?'/A/“'g):'}:’“\'.’. \Fe '//\/‘M\Io__{\.@i ?W‘ \F. '/A/?:JL&A Jj.pj



.. 03115 )lgo Y1 Gy W

(Interleukin-1 v 8" 3zl 005 8 4wl s 518
Kinase,IRAK)
eSS ol s IRAKT o b ool 515 (V)i s

OV A4S o Jos ol o 3 ol gabauls
Glucose ¥ 5, 8 ouasdlisl 55,

slesl 51 S (Transporter 4, GLUT4

Sl s 4S5 (VYA S8 siiasdlist ool gl
33 L sl PO 5i e Ol Sl S¥as 5 o >
a4 ols 8 gl s 5o i al Sy
sO008) 558 0 Jame sl slis o suil 5 Shas

V) S o (3L o smil sl 53 (g IST 25

l—ﬂlfcjra;‘ﬁ o.\_lfﬁfgﬁ' - a.k_l.ldeaéa.o\_;ﬁf

receptor  associated

Peroxisome proliferative-activated )
s S Jles sla, 56 51 (receptors ,PPAR-y
A 53 6 ) age G050l Azes B O w555
0T o3 4 &S pke LT3 51 (ol 5 ko
BT 1 Al K Syl e S r_».:_J};'L“.A 93 4S
Ol s 3k > (Hlslp & o8 ol V) S e
Wl gla ol s 0T YL s 0L Ll ¢ (00D 58 o
S OA) Sl ol i)l 850 Sl O¥lae 5 uS
S il d U o il 5 Shae SRl 15 08,8 !
ool Ol e (105 0 550) OT oSz (sla b8
AY0) Lgd o O e Subs Blays )3 (o gl (gla oS
IRAK Sl 285 (g9 o 555 S8 Slalllas j5 L
oS lge il 48 @l ys (il ol 21531 )
Iy e sl Gl g 03l 2alS 1) O 55 A8 O e
PPAR-Y 0L 80 o 58 5T i 5 I3 G b
I o 3L s el gl oS e Oy 2R
25 eSS 55 5 (S Sldllas aslsl 53 (YN-YF) das o
SHhas ol 31, GLUT-4 ;PPAR-y ol LaoT
3 e o1y 0diS lgn ol 515 0 S S S el

dodo
Olez 53 YL ot LS e Il S o gide s
L5 o 53 o 1 (b el o L oS
s ol o 53 ol 0 (1) Sl o o o gl 5 Shas
AL sl a8 58 e 2o i 9 Sl Sl 53 e s
Jew B 8 05 Vv a0 J5 O geben FPY 51l 4 Dl
Sl ¥ g s Cobslaba g g op S ls (V) du Y1 FO
ool Coia (sLacssly s o gl & Cueglie ) Bikes &S
()3 sh o0 (AU (b 5 (0 S3L S m

Il 53 § b b gngor bl oulal S 65 Sl
(ol Ml y ol s fule oS5 oS ol 2ol 3
552 B el 5 055 S S plan gy
ol 4 el Sl 6 Gl (P50 0 o peme
A S s (G55 e 5 SV pr LS Sl e e
7 02 oS pls e a8 53, 8 e e te
el o Sl 5 45 4 ) 255 0 b 8 50T
(0)33,5 o oLl 5l Eel 5 das oo SRl
(5)3 55 o o Bl dms 53 4T ESCatnr 00 gl
ite GLajlST 038 b 3 b 51 (S oS g o 55
Slad 7S50 O Al i 55 5 5 o e Esly 4S5
3 35 a LaOT Od alyied 55 (Sl SIS
VA LS Gyl 2 o guadl 4 oo gl slomy|

oot .S osl il I Ol e as 33T o (slatenl
J—= (Toll Like Receptors, TLR)Toll «_z

5 ol i 33 e S TLRA ,TLR2 s
Q)S e 5L Bl s oledl Gl e s JLsd
S olgdl s 03l ol el TLR osl sl sLoael

S dauls L NF-KB e g5Ldlns o b
(Myeloid differentiation primary MYD88
5 oK .n,5 . response protein 88)

O Jled sl uS e 15 b, MYD88 L TLR

11€aP 115 g sl3)d / Cullaa § Cuny 8)93 / OBws)5 S}y eole alGils le alas



i€ ald paws

ﬁj)".m\fS@J}‘”‘;‘A{C)La‘dﬁfﬂj;:rj)a);

Ll wdss O glde

L&) ARAKD IRAK 08 1o 05,8 0 g 05,8
ST azia VY s o e b 5 (15409 1, 0T
oy S ol men ( GLL i 53 5 5 Kbl
wageds J> DMSO 5 451, IRAK s lge
Coilys Sl Jtls &y so a5 (YF) 2MO/KG 0l 5
3 g5

Sz e w25 LS 085 05 5 psler 00 8
ol e o SLL azda ¥ ):}.U.A_SAJ_.'\.&SLSJ'LLTM\Y 33
) MIKG Sliie sy 0552 50 e 3 s
(YO okl = T & 5158 &) 5o
Hwéjt_aTémwﬁgﬁﬁét;\_;p:ﬁ%Uf
oo M ol s (Lol i 5> 3 5 LS
LaoT s 5158 &y 40 ) MO/KG lkie & 05508
ois > DMSO 3 451, IRAK jLgs 5 s 0kl
Coilys Sliwo Jtls Oy so 4o s YMQIKG e 55
(YF) L5 5
,;gﬁﬁ&tuﬁ;)psshama,f:r:.;o,;
of o ¢ Sl azan 53 55 5 Ll d asdis (LT azin VY
DMSO ¢p 05,5 Gollaa ) o+ Pl e o sl
L3S by Blio s Sysoaly b zel PBS
ST ol Celu VY 51 e a3 ge e 0555 OLL o
S-S se cLa BT (ol o dlae Coil @ gas Lls o s
Sl e 5 b B e 059 0 53 4ol 5 1
s Jazme ol 8 Slo am sV 55 IS
:Jb 5 RNA 71 5l

SRNA ol st o851 6 5 RNA 21 sl ol 1
oo e 5 ad eslinal (O ol dlasT g BSS) bl
3 5 el ) i oo ol oS 3 0 4

NanoDrop ND-) w155 50 L eas z) 5zt RNA

PPAR- s | 5150 S 0l 6 0556
231013 e 20 Y

1 9y 9 3g0

SLa s 535 2 48 Sl (25 anlllan &S anllles |

Wl o ol C57BL/6J

(Ol (6,16 Ll i

&1~ CBTBL/G] 5155 5 5se o FA 31 andllas ol 53
elzmil 5 At oslinal (o il Caglie 5 S 5Ll
oo o8 ils A4S 3 Dbl g (555 p b iulesT
A S o)\ i\ ol . S K S5
s f oy 2 |RIKMU.REC.1396.1359

ol 7 Ol Ol pl ) sl ginedl (G g0 1 s 50
Lol sy (Sip 0dS il 4l Olp o 55 5 LS
2 elisy CeluY 5 SOHL Celu VY s il
s 3 (50593 plas! 3 dny 3,8 Sl a3 YO (sles
L 6,14

o sl e

el 535 G (o s p S AS 2 oSl s,
s oS YO e & 550 0 SYRO Oljs 4 b se
e 3l sn 5 el s JaSacp S YN Sl 4 5 5L
o (Merck) Js S o 89+ Jlaie & Gle 45 5US)
SIS 50,5 ¥ Slbie 0 GIUS) opmecp 8V i
e e 3 4 byl S L e S e 4 s
slac Kby cs 8 5 jleslinal U ol
23 Syglaee 53 05,8 S I ey 5 oS 3l
o IS o

HGElH PV P

Az > e 4 g el GBS ER 0 8 B0 4 DUl
SN s3le Ll 5 53 e L b il e
Sl Slaein VP (G055 &K 55 ) D)oty e kS
A

Mt o35 L asin VP S Jlu J 28705 8 il 0 S

T PIR g R

11€aP 13 g sls)d /7 Gl § Gy 2)93 /7 Olws)S ¢S eole alGibils (ol alas



... 03115 )lgo ) ) O

51/0 Pl €DNA S5+ NG islie | shate oyl
S a5 2ds Sa A s O UMD b s, 5165 0
o 22 2L e e 5 b 3353 S
A S ¥ LS 5 5l sole ST L b s S
L okl

235 JSw Froda 2iSTy slad 6l o b S sl
30U PO gles diwsl ;5 g3 owie lases OLL
o 3 OLiabl (6l imen s S oy o8 L
Lo g ools 51 (02555 DNA o Laas s S5 T
NON-) e s San o 595 36 ST 4 a8
o3l 5,4 (Reverse Transcriptase Cntrol
(Lol an 5 Ladigos S5 0T 5, 6y immen 35513
Non-) ;S osus J o8 &G PCR (28T5 55 5 )
A ezl (Template Control

b 0dls Juloxi g 4 325 (99

=55 HUTSPSS 20 i5sle 5 5l eslicul L s
e 6l s i E Sl s kel gl Sy pots
545,k SCANOVA 5057 5l Laes ;8 o D
TUKEY i 0505 51 Ul Cgar on (<l
w8 by s cmeP-value < v/e0 i eslinal

)

S0 23,0 5(1000 Spectrophotometer
e 3 2450 S 5 oS S Ao /0 55,8 U
TSR < IRy VT SN

CDNA s ¢l o sSan s 53

G b g 3l 0k 1 el RNA GICDNA o o
S ol s ol s b il 0,85 S
o es s)Easy cDNA Synthesis Kit
&) = odd wlw CONA s 52 CDNA (01 1 ¢ o sb
St RS LA RIS S SERCECR R

‘Real Time PCR plov!

Real time 4.,y s 050l S ojlusl cg
el s sl 5 xS b 5l eslizal b s PCR
Sheslinul U 1l 3L 5550 cobazst] glayal p JIg s
51 0Liebl (gl o dalsl 53 (YVOYP)as Iy - ame YL
SlaolKL 53 LaoT g cadT b 5 sl sls asl
o ) g Sl 4l b Sl

L Real-Time PCR sls_zS1y aods 5 ba
Real Q Plus Master Mix .S s 3l oalizal
IS5 L s S a5 (65l - 05l Green
mic magnetic induction & sk g

s 5 rt;,.;tcycler

Real Time PCR _jslo3T 53 oalitul 3590 b ol 5 1) Joua

0; ol 031
Forward oS Sy
(bp)
PPARy 5'CATGCTTGTGAAGGATGCA 5 Al
AG3 TTCTGAAACCGACAGTACTGACAT3'
GLUT4 5 5" ATTGGACGCTCTCTCTCCAAZ’ VPA
GATTCTGCTGCCCTTCTGTC3'
GAPDH 5 5 TGTCATATTTCTCGTGGTTCAZ’ WA
TGGAGTCTACTGGCGTCTT3'

11€aP 115 g sl3)d / Cullaa § Cuny 8)93 / OBws)5 S}y eole alGils le alas


https://www.google.com/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiLrO_Z1dzkAhWF6qQKHZwlBaMQjhx6BAgBEAI&url=http%3A%2F%2Fwww.parstous.com%2Feasy-cdna-synthesis-kit.html&psig=AOvVaw2POB3DuY-h4nqtgd4bW-hg&ust=1568975046451880
https://www.google.com/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiLrO_Z1dzkAhWF6qQKHZwlBaMQjhx6BAgBEAI&url=http%3A%2F%2Fwww.parstous.com%2Feasy-cdna-synthesis-kit.html&psig=AOvVaw2POB3DuY-h4nqtgd4bW-hg&ust=1568975046451880
https://ampliqon.com/en/products/pcr-enzymes/real-time-pcr/realq-plus-master-mix-green/
https://ampliqon.com/en/products/pcr-enzymes/real-time-pcr/realq-plus-master-mix-green/

¢ ol paws

:PPAR-y oL

2. /077) IRAK oo o7 51 0Lis anlllas opl s
55 0k Uil Bl sl (VAVENY) 055kl 5 5 (1/FF
L (V/orde/oxy) U5 o3 8 4 o PPAR. y
IRAKI-Pio Oljpd  2jme 35 o0 P<./ 0
L 05 ool Ol s il el 5o (VAagte/ov)
55 o S 0 8 4 ces P<0.0001

5 SHE O a5 Aas e 0L mlE (pimen
PPAR. v o5 ol (288 Esb bl 0 Lol 58!
Jus @M iy o« sy Sl o o

oals Hlas Y )b}a.i 33 @b aoMs ezils (VAT /F)

B 4l

GLUT4 oL
O/FE 1 YA) 09568 4 05 5 55 GLUTE 0L 01 e
(OV/YAE /0 FA) 095l 50— IRAK oS )lga 05 5 55 5
(Voo FE /0 F8) s DL L J 28 05 a0 o 45
33 05 0L Ol 53 Js 60l Ol by ome oMt
M= 555 (V1A Y) IRAK oais)les 65 5
Sl ol J S 0 S L Sl (V/er# E /e YA)
Pl 0s 8 s GLUTA 05 sy Ol oropes
) olsgme Ml J 87 05 8 L 5 (VY)Y /YY)

Wl ol 035 QLIS Y Hldsad 5o @lzj Ao als OLlis

RGO PR
2 - *
*
.§§ o +
3
Es YR
<
'_
D
2
O
0 3 )
v 33 IR Y
A % 3 231593 79

wilizee slog 5 50 GLUTA Uily (sl 4w o RBIETYY

91535 2 S 5L s IRAK 00 jlge 05318 5 b a2in 53 oo 0 oopes 3 3o 22n VY Solo 0 0 (6106 L la g 3 (o gl Conglie

L s Real Time PCR&S;c_utio;ogw,ﬁ.uwﬂc?waw,g}v;mg)ux,&uu\;ﬁuw 3 e s e

el ok 38 ¢ s J xS Ol e 4 GAPDH 05 L aslin 53 o Sy ot 5 0o G 4y woliaistl el 3l o3lizul

11€aP 13 g sls)d /7 Gl § Gy 2)93 /7 Olws)S ¢S eole alGibils (ol alas



... 03115 )lgo ) )V

* %k %k

3
%k
82
V| h
3:
9
>
<
[a
o
0
2
49

1
3

3 3
] ]

\l \l
39 3

+09)

ceoslgo

IRAK
093

¥,
\3 o

s S 69 5 38 PPAR-Y Oly (1Sl duglio .Y 513403

1353 2 S 5L s IRAK oS lgs 0538 50 b ain 55 Sio 0 s 5 3wl a2in VY ooty oz B L W g0 53 i guudl o slie

L s Real Time PCR&gﬁ:pc_m{o;oLﬁw,ﬁ.uwﬂc?waw,g}v;mg)ux,&uu\;ﬁuw 5 e ks e

sl 0 il F ( Jotls J xS Ol e 4 GAPDH 03U auslis 55 oo &y goots 5 0T Cos 4y wslaist| jasl 03l

dese ol s GLUT 4 oL 5 6 51 IRAK sus s
YIRS

el ol la Jhge g 3L 55 Lo S adlllae )
S gn 5o GLUT.4 o5 0L )5 %1 (C57 515
w\ﬂyl}-@u\{SWaML&NUmb)ydbo};
ATN) 505 Ot g o 3L > andllas

Sswl 4 el S8 saas sl o« GLUT.4
e oo 3L dhsty SIS il O &S
(F) S ga el b o gl Sl 315 15 IS 5 bl
s Kumar adlee b Oldlas 5, 55 L »
22 S Gl S s ek K
GLUT.4 oL 2l 51 L OoLS JT L eds b Sl g
P34 ) Clolpon 555, s MRNA b s 1)
(S Wb i bss j3 S Sl ol Labie
AV b1, GLUT.A & L, s mRNA (0
MRNA liie S8 0ol L Js tdas o zalS

O b a8l ool bl o (RI edsl e B ol

2 P<o/v0 s P<u/oy Csesese P<o/ooy

o

(S5m0 58 SN Sl (ol o (S )la €8 Sl
ol a4 S ol S5 ) 5 slS)
S L i s e Ol 3 g o ateie S35
(Wl o e (A il Ceslin s o S e o Bl
IRAK S b a5 U (YAl YL s 53 03 94
sl 5 Gl s Sl SIE w55 (il i
kS Olalllas js e 5 (Y4) S o Ll o gl o glie
il U el s IRAK lao sl 1 (sie &l I
ol alllan (53 (a3 gos o dalie 0958 5y idu
PPAR-y 0Ly 1) oS 5lgn ol O e r-“-‘bf
o U5 50 GLUT A 5 05508 50 Oous U556
e s el SIS s s

S 5 5 053 sy S sl 0Lt Ls alllae s

ol il il Eel dRAK oS lge 05528 50

H‘@J"A}‘b‘}_‘;wr)@u&ﬂ)bGLUT4

et 3 g oad 0> OT Olejan (3 s 55 13l 0

11€aP 115 g sl3)d / Cullaa § Cuny 8)93 / OBws)5 S}y eole alGils le alas



A sls pams

S TLRA 5,05 Gl paen Ghae 3l 5 alol> mls
S esh g Ogaeme Bl 5o Ol ST (Gls s
Sl s LI ptmen 5358 0 by IRAK 5 b
5 oss ol tCml sl asie PPAR-Y L Ll
Ol Ol (ol Gl e opl Hlge oS Cns !
sl 5 56 cos LPPAR-y

5 05 s WaklKss, k) Loy cpddsils
el PPARY Gl cus ST 0lgen (0556855
sdae Olalllas js Jytlisd o by siw )y ol Cdlad I
5 L PPARLY 0L g )ls opl oS Gl o jadeinn
5 Yadav adlae s e (YO ks o il
PPAR.Y 0L 05kl s, o5 dd Lasie 5K
313 ol ms ga I o el 4 pslie slgs, AST 55 5
C2C12 o5, duse glads 531, PPARYY 0L
Ol 55 03l s (V) das e Il 55 LB s(r)
Sle L osds s b o, 45 s 1|, PPARLY

By sl L

S5 4o

oL IRAK oS lgn 457 das o 0L adlllas ol ol
G b ol 5 Yl 7505 W PPAR-y 05 0l il 31
e 4533, (a8 T b5 5 Ol I s
0l iS g ol oma 3 g 0l ol LS andllas 55 OT
Olsieas Wl g s 45 555 0 TNF-00 0L 28 oL
23S 5 ol A Sl sl 51, K5 (S
o AR b s e gl ol 1
SIs 5 o & 25 i) i PRI Lol S S
Ll gl s Ol S

5 oS ET Cd b 21530 5 el lee ol
3 0L 1y LS L oS (s O genlinST 5 alS

bwsyy olos 51t GLUT.A ol & dias
5 0V) 35 @b S ple 5L st (a0 ge 0
Lo M5 o o 5 Sae 3L 3 s 53 D
B3, g e 4
s PPRE s GLUTA4 05 jses, o5 k> 2
S Las s Ol Sldalin bl eyl 5 5 C/EBP
GLUT.4 ob 5T ,5'C/EBPa ,PPAR.Y
G o Easl ) sl 0,8 Ol Jlab s o ol 311
Sdie Jlis 53 GLUT.4 K55 5wy B s
PIBK G b 511, SI i ol 5555 o LOT g 5ol oS
oL 0l PPARLY (sls cs ST.00F) S o Jlas]
21 gl glie 4 0T Jisl uoen 5 GLUT .4
o OMas s J(M)as e Bl b o]
el PIBK s 51531 G b 5l o cpdsils
AFF) 55 e ooty glis 4 GLUT.4 Yl
555 0 PPAR-y oL, il ol IRAK oSl
i 3l 58l E oL IRAK e S lge piman
Sl oml s 58 s PPAR-Y 0L, 05508 5y
TR RN L P KN PN P DTN JIPPPTRC:
e gl OLis |

s PPAR.y1 Slops 53! sL,IsPPAR.y

Ll YA (6115 OTY ¢35 p 3550 o8 CulPPAR.Y2
PPARYT s 55 ol sl 5o Slol ausl
s p sl ol B & amly b CJlab ankad o oS
sl s o L. PPARY2 was o il
ol bedl ziw ,s PPARYT J5 58 e il
Ol S w8 atie b LS anlllas 55 .(FD) 355

3 sl 4 pslin glabse o 3L ,5PPAR-Y

LS b il IRAKiiS s b s aomsiys

11€aP 13 g sls)d /7 Gl § Gy 2)93 /7 Olws)S ¢S eole alGibils (ol alas



.. 03435 jlgo ) oy 9

DBl (hagsy QA FFF sl 15 b 0T plowil 4 s
05,5 3 adlae Jorl o alas 5 el 0L ST Sy ook
Sliios S e 5 s el (S edSlils ek
Wl oks el Ol ST (S e o881 (540550
IS alas ol plowil 08 s () oles 1 08 s 5
el O sy L ls el 1, S5 5 S,
s opl Hlasl s aile o)l 4;}?@,@ S Lyls

.:)‘u\.;:}?j

oS lge ke 1 S0 Ol 5o 55 ol ol jon 5T
S Ol 4 15 0T ¢ pazms 53 4S5 sl ol 0303 O
A Rl s e s S S 65l
b (eSS Sl plowil &y 3 05

S

G;l.:,.,\ég }QZS
5,5 IRRKMU.REC.1398.554 3yt us™ L lea o

o@)%}d'bdb;élﬁrjba@ubd%‘w

&be
1. Hou C-W, Chou S-W, Ho H-Y, Lee W-C, Lin C-H, Kuo C-H. Interactive effect of exercise
training and growth hormone administration on glucose tolerance and muscle GLUT4 protein
expression in rats. J Biomed Sci. 2003;2003(10):689-96. Awvailable from:
https://doi.org/10.1007/BF02256320
2. Guariguata L, Whiting DR, Hambleton I, Beagley J, Linnenkamp U, Shaw JE. Global
estimates of diabetes prevalence for 2013 and projections for 2035. Diabetes Res Clin Pract.
2014;103(2):137-49. Available from: http://dx.doi.org/10.1016/j.diabres.2013.11.002
3. Zhao X, He Q, Zeng Y, Cheng L. Effectiveness of combined exercise in people with type 2
diabetes and concurrent overweight / obesity : a systematic review and meta-analysis. Br Med
J.2021;2021(1):1-12. Available from: http://dx.doi.org/10.1136/bmjopen-2020-046252
4. Esteves JV, Enguita FJ, Machado UF. MicroRNAs-Mediated Regulation of Skeletal
Muscle GLUT4 Expression and Translocation in Insulin Resistance. J Diabetes Res.
2017;2017(1):1-11. Available from: http://dx.doi.org/10.1155/2017/7267910
5. Ou YL, Lee MY, Lin IT, Wen WL, Hsu WH, Chen SC. Obesity-related indices are
associated with albuminuria and advanced kidney disease in type 2 diabetes mellitus. Ren
Fail. 2021;43(1):1250-8. Available from: https://doi.org/10.1080/0886022X.2021.1969247
6. Hubert HB, Feinleib M, McNamara PM, Castelli WP. Obesity as an independent risk factor
for cardiovascular disease: A 26-year follow-up of participants in the Framingham Heart
Study. Circulation. 1983;67(5):968-77. Available from:
http://dx.doi.org/10.1161/01.CIR.67.5.968
7. Saltiel AR, Kahn CR. Insulin signalling and the regulation of glucose and lipid metabolism.
Nature. 2001;13(414):799-806. Available from: http://dx.doi.org/10.1038/414799a.
8. Hirabara SM, Gorjdo R, Vinolo MA, Rodrigues AC, Nachbar RT, Curi R. Molecular
targets related to inflammation and insulin resistance and potential interventions. Vol. 2012,
Journal of Biomedicine and Biotechnology. 2012. p. 1-16. Available from:
http://dx.doi.org/10.1155/2012/379024
9. Han SH, Sakuma I, Shin EK, Koh KK. Antiatherosclerotic and Anti-Insulin Resistance
Effects of Adiponectin: Basic and Clinical Studies. Prog Cardiovasc Dis. 2009;52(2):126-40.
Available from: http://dx.doi.org/10.1016/j.pcad.2009.06.004.
10. Boden G. Obesity, insulin resistance and free fatty acids. Curr Opin Endocrinol Diabetes
Obes : 2011 Apr;18(2):139-43. Available from:
http://dx.doi.org/10.1097/MED.0b013e3283444b09
11. Kawai T, Akira S. TLR signaling. Cell Death Differ. 2006;13(5):816-25. Available from:

11€aP 115 g sl3)d / Cullaa § Cuny 8)93 / OBws)5 S}y eole alGils le alas



lo  ald Haws

http://dx.doi.org/10.1186/1475-2891-13-17

12. Wang Z, Wesche H, Stevens T, Walker N, Yeh W-C. IRAK-4 Inhibitors for
Inflammation. Curr Top Med Chem . 2009;9(8):724-37. Available from:
http://dx.doi.org/10.2174/156802609789044407

13. Chiu L-L, Chou S-W, Cho Y-M, Ho H-Y, lvy JL, Hunt D, et al. Effect of prolonged
intermittent hypoxia and exercise training on glucose tolerance and muscle GLUT4 protein
expression in rats. J Biomed Sci [Internet]. 2004;11(6):838-46. Awvailable from:
10.1007/BF02254369

14. Huang S, Czech MP. The GLUT4 Glucose Transporter. Cell Metab. 2007;5(4):237-52.
Available from: https://doi.org/10.1016/j.cmet.2007.03.006

15. Li W, Dai R-J, Yu Y-H, Li L, Wu C-M, Luan W-W, et al. Antihyperglycemic effect of
Cephalotaxus sinensis leaves and GLUT-4 translocation facilitating activity of its Flavonoid
constituents. Biol Pharm Bull. 2007;30(6):1123-9. Available from:
http://dx.doi.org/10.1248/bpb.30.1123.

16. Yan Liang 1, Shudong Sheng, Penghua Fang, Yinping Ma, Jian Li, Qiaojia Shi, Yumei
Sui MS. Exercise-induced galanin release facilitated GLUT4 translocation in adipocytes of
type 2 diabetic rats. Pharmacol Biochem Behav. 2012;100(3):554-9. Awvailable from:
http://dx.doi.org/10.1016/j.pbb.2011.10.026.

17.Daugaard JR, Richter EA. Muscle- and fibre type-specific expression of glucose
transporter 4, glycogen synthase and glycogen phosphorylase proteins in human skeletal
muscle. Eur J Physiol. 2004;447(4):452—6. Available from: https://doi.org/10.1007/s00424-
003-1195-8

18.Grygiel-Gorniak B. Peroxisome proliferator-activated receptors and their ligands:
Nutritional and clinical implications - A review. Nutr J . 2014;13(1):1-10. Available from:
http://dx.doi.org/10.1186/1475-2891-13-17

19. Feige JN, Gelman L, Michalik L, Desvergne B, Wahli W. From molecular action to
physiological outputs: peroxisome proliferator-activated receptors are nuclear receptors at the
crossroads of key cellular functions. Prog Lipid Res. 2006;65(2):120-59. Available from:
http://dx.doi.org/10.1016/j.plipres.2005.12.002

20. Elstner E, Miiller C, Koshizuka K, Williamson EA, Park D, Asou H, et al. Ligands for
peroxisome proliferator-activated receptory and retinoic acid receptor inhibit growth and
induce apoptosis of human breast cancer cells in vitro and in BNX mice. Proc Natl Acad Sci
U S A. 1998;95(15):8806—11. Available from: http://dx.doi.org/10.1073/pnas.95.15.8806

21. Moinaldini S, Allahyari M, Shahouzehi B, Fallah H. Evaluation of the Effect of Co-
administration of IRAK Inhibitor and Pioglitazone on PPAR-y, GLUT-4, TNF-a, and Leptin
Genes Expression in Adipose Tissue of Insulin-resistant Mice. J Kerman Univ Med Sci.
2021;28(2):127-38.

22. Rajaie A, Allahyari M, Nazari-Robati M, Fallah H. Inhibition of interleukin-1 receptor-
associated kinases 1/4, increases gene expression and serum level of adiponectin in mouse
model of insulin resistance. Int J Mol Cell Med . 2018;7(3):185-92. Awvailable from:
http://dx.doi.org/10.22088/IJIMCM.BUMS.7.3.185

23. Allahyari M, Rajaie A, Fallah H. IRAK inhibitor can improve insulin sensitivity in
insulin-resistant mice fed with a high-fat diet. Asian Biomed. 2020;14(6):253-60. Available
from: http://dx.doi.org/10.1515/abm-2020-0034

24. Li Z, Younger K, Gartenhaus R, Joseph AM, Hu F, Baer MR, et al. Inhibition of IRAK1 /
4 sensitizes T cell acute lymphoblastic leukemia to chemotherapies. J Clin Invest.
2015;125(3):1081-97. Available from: http://dx.doi.org/10.1172/JC175821DS1

25.Yadav H, Jain S, Yadav M, Sinha PR, Prasad GBKS, Marotta F. Epigenomic derangement
of hepatic glucose metabolism by feeding of high fructose diet and its prevention by

11€aP 13 g sls)d /7 Gl § Gy 2)93 /7 Olws)S ¢S eole alGibils (ol alas



.. 03335 jlgs Y1 oy 1)

Rosiglitazone in rats. Dig Liver Dis . 2009;41(7):500-8. Available from:
http://dx.doi.org/10.1016/j.d1d.2008.11.012

26.Fu Y, Luo N, Klein RL, Timothy Garvey W. Adiponectin promotes adipocyte
differentiation, insulin sensitivity, and lipid accumulation. J Lipid Res. 2005;46(7):1369—79.
Available from: http://dx.doi.org/10.1194/jlr.M400373-JLR200

27.Mohammadi A, Fallah H, Gholamhosseinian A. Antihyperglycemic Effect of Rosa
Damascena is Mediated by PPAR.yGene Expression in Animal Model of Insulin Resistance.
Iran J Pharm Res. 2017;16(3):1080-8.

28. Dabravolski SA, Orekhova VA, Baig MS, Bezsonov EE, Starodubova A V., Popkova T
V., et al. The role of mitochondrial mutations and chronic inflammation in diabetes. Int J Mol
Sci . 2021;22(13). Available from: http://dx.doi.org/10.3390/ijms22136733

29. Ahmed I, Furlong K, Flood J, Treat VP, Goldstein BJ. Dual PPAR o/y agonists: Promises
and pitfalls in type 2 diabetes. Am J Ther. 2007;14(1):49-62. Awvailable from:
http://dx.doi.org/10.2174/138955706 776876140

30. Leguisamo NM, Lehnen AM, Machado UF, Okamoto MM, Markoski MM, Pinto GH, et
al. GLUT4 content decreases along with insulin resistance and high levels of inflammatory
markers in rats with metabolic syndrome. Cardiovasc Diabetol. 2012;11(1):1. Available from:
http://dx.doi.org/10.1186/1475-2840-11-100

31. Kumar P, Kale RK, Baquer NZ. Antihyperglycemic and protective effects of Trigonella
foenum graecum seed powder on biochemical alterations in alloxan diabetic rats. Eur Rev
Med Pharmacol Sci. 2012;16(3):18-27.

32. Fernyhough ME, Okine E, Hausman G, Vierck JL, Dodson M V. PPARy and GLUT-4
expression as developmental regulators/markers for preadipocyte differentiation into an
adipocyte.  Domest ~ Anim  Endocrinol.  2007;33(4):367-78.  Available  from:
http://dx.doi.org/10.1016/j.domaniend.2007.05.001

33. Elmazar MM, El-Abhar HS, Schaalan MF, Farag NA. Phytol/Phytanic Acid and Insulin
Resistance: Potential Role of Phytanic Acid Proven by Docking Simulation and Modulation
of Biochemical Alterations. PL0oS One . 2013;8(1):1-10. Available from:
https://doi.org/10.1371/journal.pone.0045638%0A

34. Semple RK, Chatterjee VKK, O’Rahilly S. PPARy and human metabolic disease. J Clin
Invest . 2006;116(3):581-9. Available from: http://dx.doi.org/10.1172/JC128003

35. Robbins GT, Nie D. PPARgamma, Bioactive Lipids, and Cancer Progression Gregory.
Bone. 2014;23(1):1-7. Available from: http://dx.doi.org/10.2741/4021.

36. Kumar R, Balaji S, Uma TS, Sehgal PK. Fruit extracts of Momordica charantia potentiate
glucose uptake and up-regulate Glut-4, PPARy and PI3K. J Ethnopharmacol.
2009;126(3):533-7. Available from: http://dx.doi.org/10.1016/j.jep.2009.08.048.

37. Kim HS, Hwang YC, Koo SH, Park KS, Lee MS, Kim KW, et al. PPAR-y Activation
Increases Insulin Secretion through the Up-regulation of the Free Fatty Acid Receptor GPR40
in Pancreatic B-Cells. PL0S One. 2013;8(1):23-9. Available from:
http://dx.doi.org/10.1371/journal.pone.0050128

38.Collino M, Aragno M, Castiglia S, Miglio G, Tomasinelli C, Boccuzzi G, et al.
Pioglitazone improves lipid and insulin levels in overweight rats on a high cholesterol and
fructose diet by decreasing hepatic inflammation. Br J Pharmacol. 2010;160(8):1892-902.
Available from: http://dx.doi.org/10.1111/j.1476-5381.2010.00671.x

11€aP 115 g sl3)d / Cullaa § Cuny 8)93 / OBws)5 S}y eole alGils le alas



