FYV-YYY (0 o yladd) Y 0,90 NF Y (su g 3Tl ol aruad gulis g Cuabia dlae

AP T Oaig p Tobaw 9 D3 ol g 53L JoS0 g (53198 oy o3 4k Cutd Jolad i1
99 &9 Culbid 4 ou sl SOy 30 (o BB g 9 9 (o gl 49 Cuoglite ¢l

¥ gha] ey CUJ n*\ﬂ) Ole ) doma “Lg.).:m.;lf ssla

c.&;.?:-

& sl (ol 3 T s a2 D3 sl s (S5b JaSle 5 (S3lan et ke St 1 sy e bl e s taedie
el 53 5 ols 4 el Al glac;y 3 e JBs s 5 (s

BY A S PR B R T 0 S5 Gk Ol s s abs WSl g Sl s SIS 5O e e b i,
D3 (el sruls (8 dDAT) (S3l5n o yaitals (F dDC) 2l JmS (F (NO) Jlu J 5 () 1658 oy ol
I o b s lgy) @il el by it el (DVDAT) D3 cpaliys +53158 003 +aia(0 5 (DVD)
i O e S bl (S S MUY e azin 0) D3 el s (0l JoSle 5 (sl G Doty O 93 s ST
<8l s 4, S HDL 5 LDL oJy2lS by pacdS(s 5 (o smdl S 5IST o pmn mshae L5l g G55 &gad oy 0350
A3 S bl sl s Slsme SlEs ol g U5

5253 DVDAT 5 DVD DAT slasy S 55 s 3l e al i prlaw 45 5l 0L 00 by il Lo el sy
Slros S sled 55 50 sl 4 Cglie (P<e/0 ) Clil DC 4 G O Sas (shesyn YE/ON 5 VY/YA O E/0E jlolias
Slaes S 4 ks Jy 2S5 0w dS ¢ 5 HDL Cj.kaﬂ Ll (P<v/v+)) sls Ol (g lsbae 2alS DC 65 5 0 Gl allle
2o3ls g lsbas 288 DC o5 S 4 oo DVDAT 5 DAT

Sl Sl Gk 5 U D3 by JaSe 5 (63lsm (el atis a8 dese iyl @ a5 b i S e
335 0 53 g5 ol et Sl e 55 (s Bl 5 el Cenglie el s g el B a8

RS SRR RN » I P PRV ICH S PR W L LS TP

glﬁl‘cw‘oms;n@u‘fu}\j@u ook 8USLEs 35 S5m0 S )

Ol i Sliws S S5 “1;.,&;;1;‘,_;\.%;4_@1;@5}3,5@@,L;;j)ﬁ}:,f.,};_v

(8B (s @osleds su S elaal 5 Sladl asle BSaily (Gl S oy (Golaaly Lol i GBaed (Ghes S SLAT
r.rahimi@uok.ac.ir : o 5 55<I a4V - AVAY < AY

VEOY/2 /Y8 h el eyl VEL Y/ F/YP sl Caal ga ya Gyl VECY/0 /Y bl ya gy



wmaling (5, b JaSe g (531 9a [ pal diba Cuia Aalad A5 K00 5 asa YYA

AL S Sl (Ko a5 AL @SB IR S il
LR (gl dke

b 3l el &S Wlesls ol 558 Sldlas 5 g ke
b S Sllae s G el 058 anle 515
5 SR ladshe s Shes A5 oz S e sl
4 Ceglie slosgd o SOba dde o S LS
S INT i s 53 8 b 5 s
SIS S Ol gioas pppl 45 ol esls 0L Tl s
03 ke glably ple 5 05y Dless Jges o8l
IV] sl ol 4z S B 5 D3 el 3 50eS Condy
Sdig 5 Ko plSale S Olgse il nlale
s Ml Glosd 4 i om 8L LS b
S o (6 S o O35 Uil ) s 53 5 a1 (55
L 8 el ok ol (gadate Slalllas ol sladla o
05 gl o o5 53 pege A8 D3 el s e
D3 peltyy a5 oy e i 5 VY] 550 SIS wed oo
o Irisin 5 PGC-la (3l 5 SIRT1 iulsil 5o b 3l
DIV 53,8 o ged) & Cuaslio 3 5

S s 5 S Olgeas B50s slagn s (3 o
Gk 31 D] e St i nl Ol SRIBH 53 553
s Ol sl i 0l el PGCl-a' IS 55,
Gl ) 5l S ass slaasl [Vo] 55,5 . FNDC5
205 S 3 2 el Bl SR e S
DS o AL s Shas 5 o e 2l 25 2 o
Ay G - B Gbglen 4 Unl Jlas e s
D3 slis 5 cppal B ool »oeslle [VI-VA] das
S, 0o SIS Fshe a5 (35 Sl sen s 2
St Ll ol o [VA] el et plabs Sl
D3 el s ) JaSo S (20 G nl 4l (Rl e
e el 4 s S e oslle [Y0] ASL
glaw ol el gl s 51 S Bl 8 s Shos
L2 5oy sl SN AU e S s 2 o
—oB s Sles  pennl G LSS Sse Ll ]
S Aoy o Jbia 5 ol slS wuupls ssba B

35503 oy Do iinl s n e Ol v

¢ Proliferator-activated receptor-y (PPAR- y) coactivator-1a

PRV

& DM gle ol poed 5 55 Oler sl 3
o U a8 55 e 003 e .ol JEl381 Jl- 5 oy
Wie Cols a0 Ol sl jos 53 &0 O geken OVA 51 Ly (Y2 Y
LA (T2DM)' 55 g5 ol Oba cnl oo [V] s sl
Ol [T das o 25 1) culs 5,050 JS 51 Aoy 40
—t 2ol Sl el e b me 3 TZDM @ s
S SlaenlS ) i S e 5 Bae
S Fae B ole 5l (S Ulsew (DCMY
A5 5058 (T 8) OLKes 5 o sn b s L ol acalis
Bl dex 5l S35 Glaobral Sl &
s Sl Bl e Gl s Shee JU
354 4 S1E] 255 5508 se Sl Sl 5 silnS)
Byl sl als LS jsba 58 DCM (335
B gl astKn s JUe| oS Wlesls OLES Ol
@ Cuslie Seogba il e olew Lsy o
o PSSy Ul g 38 53 (IR (s

[0] 555 0 5525 DCM
5 Bostrom 45 sas plulid o360 Osey8 SO ppnl
S el 5 dald (K S A YT Jlu s 0K
IV] el (ENDCS Y 55 ol T g 55 55 b il
Locppnl s o OLas &S 5,05 5o s (gadaze glai,l58
Ohle 53 0T 05 835 gl 5 ool a3 » T2DM 5 IR
s Hu pzmen V] Cl Sl T2DM Cols 4 Une
bz (2o b o nl e 8 2l (Y1) ODISes
Ol Bl OS5 555 » andllae s 5 [A] ol a5 e
IR oS s b (528 53 oo nl e SRl 65 A 02l
sdaliv Sl gladde 53 Ko s 5l [A] ol Lo e
2Ol Gla g 53 b Sl sl e S el
o ol S S il el Oz aME s
sy e slaanly ol gty V0] 53,8 Kl e TR sl
53 il ol Sl Sae npl 8 A 0L

! Diabetes mellitus

2 Type 2 diabetes mellitus

3 Diabetic cardiomyopathy

# Insulin resistance

3 Peroxisome proliferator-activated receptor-y



va (6 o kast) YF 0,90 VFLY (5u g 53T .0yl Al galis 5 Caslas adans

ok glaes S as ol Shw f)'U Velas s S L s
sy aalsl G HFD 55 il iassy o5 OLL U

Ea olad jsbay 0 65 Cubs 4 odd Wl glacs; e
(DAT) (gjln (p el +Cobs «(DC) cobs J xS 05 S
+6ilsa el +uls 5 (DVD) D3 pwly sy +cubs
s 3 Shes el LS (w5 (DVDAT) D3l 5
Ly Odiso S S dunle S ol (S )2
Maze o5 ,2) Jows i oo 31 555iy oo 31 aslizal |
SUAYe] s S o, Seslll (Ol Lsa8 el Router
AU 5 DSl S o g8 bl &S ]
Voomax 3,3 3925 oo, 55 (VOoma) b e OS]
A3 8wl 5T O Co e Slas il Lo
s Sl dm il el Altle s S lad sl
Mi3s p g ) e s 3 5y 0 e, slabid
S0 Oksd o Gy ey Jold 55, 5 aids 10 Sdes
0 wiin pa catis s fold opsed Lol IS5 (e s
Sl Wl G Sle Gl Loy dids W ald> sl
Cgr &S Sl S5 o p'U A5 ged Il 1y Odigy S
Soget Sde 5 DS el SL Bl ol cule
b oo/ ool 5 aads Ne b aids Yo 5l O Sa ( om )5
I7] a3 8 Jlast 07,

S oy oz ek B DI ogeles b JeSe il
A s Cdka Sdeas D3l saiS Sab s glaey S
(ol eSS 5 ct L) Vov e TUKKE 555 LS ania
ShdeS s Ledd G5 Ssen L D3 el ()
LYV s 505 Sl s gl 25 Gouy o b

Sl 03503 st Wal B tansy Slslie pladl Sl as
oS S5 Gk Sl @S s b psil e
W5 5 S ST S e VO Ol 4 S 5528
A bl gl 5 G Dot p S kSTe S e Ve
Vo Sl bas;, 3l ¢|.J5f- (s S S Gy Ol A
A azilS g el sk s LT aes 3 4dd5
S50 p ety Soand 5o Ulp (e 5 Oladl Sl ey
Cosen Ll 5 Cws e (LS okl T as
e e ol 53 B i o S 4 5 eiS

w S Ol Bl s b g5 5 el wBlSS Ol g

Sl 8o S e b e I S B L
Wil B o Sles s 53 upal Al CoS
ol b JeSe e g Lol Gasn s plple
PRl s g ks A Dldets (53158 (a3 5 D3
) Bl 5 Gl 4 sl L 0T BL3,1 5 I8 sl
DA eon om0 g ek edd L Glas; o

RO

29,
Sl e S (ol oljgj)):..ﬂtij:.gﬁg\j\rﬁ\‘m G Yoo
SL s Sl
ol oLibesl 4 e, (IR.UOK.REC.1400.015)
s e Ol S (S ke oKl (S susCals
Loy J 8 Coad U1 G 5o U 8 lass S 5oty uns

LaS s 5 WG

Sl 53 Gdeldl Of w4 sl s b (S6
Slid Sl S L e 5l S eSS o g Saully
S8 b3l dul b eles oSl S5 o30S (551365
5l Cgr (YY) NIH (sla plaial, cou Sl U
S Sl IYY] A pll AT Ul 51 eslinad
Sogot Base chdr e b e, Bl ais
oS 3l 53 658 5 (e A) Wl J S 65 8 5s (sl
055 AAE Ghuped (o ¥V) (HFD) ' oy i
mi S HFD o5 8 5 syl gl o3y b J S
5 (o3 ¥0) Ohyda s S (Ao )5 £0) o sl ol
LYV] s 508 G peme atin | Dl |y (Ao ys Yo) 5
3 STZ ¢ Sksle S e b0 Jlio J51s o5 O Jliowy
St el pH £/0 5 2l dse /) Sl 3L J sl
Cgr (ale A) iU S D503 STZ Goy5 5l ey 4t
Loaddee /Y Ol ay on sy 5l 05 A3 o L5
cxle Accu Check Jdo) e sS oIS olKas 1 eslizud
S ke O SIS e b glac; L pla] (OWIT a8
33 5 Subs o Uz slas; Olgeas 2 pwsfp S s YO

! High fat diet



w(ralin g (5 b JaSa § (5398 (3 yad AibA Cudia lolad JiI 5,800 o ara Y-

L ;0 HOMA-IR ,esls As fl?d‘ S g gy 4 (O,
:J‘i;ﬁwl’mﬁjd}ﬁ})\n&u\

HOMA-IR = {[fasting insulin (uU/ml)] X [fasting
glucose (mg/dl)]}/405

Lol hags laasl jlosel aw i 5 Jdosisa 2
W rl>,u‘| 4 4. Graph pad Prisma )|J-,é|(=f‘ 31 eslaa
Sl (Gl sk sla (SKle Olpea lie
Olaadsl Aols 5 (3 Jse8) ke Sl uds Ao s il
e 3 4G bl ST L Laesls s wll 740
MEs 35 I3 Lo s sise o kS 003

Ao a S L sl e gl L GIP<v/r0 Jlaxs]

Voo ad sl I (s 56 e 4l e o sl) =, Sl S Ao 3

Laadl

-

o2t gl S pke Wiy 4 b mB
+,Sle Soson ) Jsdr s JsedS 5 HOMA-IR
Ao S skl Gl el

23V G Lol ‘5)}TC':°‘>'_ s slad s A
Glp s i OF bewlls 5 5ani ml 4ids 10 Sodleas 5 aids
Av e los b b a0 iass e sl s eslizad
sl Jlsl o 3 sl f s

O3a7 53 01 035 epiipen 5 BB 3L 2l sl 5l day
5 L 1= SDS-PAGE sladj s, 0f slacpsis » (b
Jize (PVDF) w5l s» (ﬁ%)dg slis o o
Ve (o O pd 53 O 4SSl e UG
S, eral @b sl Lo blis BBl gl s csla
b dab s (K J,J s ,2J)is" Santa Cruz biotechnology
Lol 3 goul purs LA SIS 51 S Sl 5 8 gles 5o
BBl sbos L3 ol | ety by o 4 56 slassl 5T L
Billerica Millipore) s sle 4 ECL G a0 L 5 L 4 4SO
53 6ol b L Liless Lol sayl LS sdalie (MA
5 LS LS alds T Dodeas o S sl & 55 00 gles
L3 JlseS ot 52 2T JS (8l i

« (Mindrey BS200 olKiws 31 oslizul L) 5548 o v 5lie
CS o Slam oS Sl ealial L) sl oS 2 SIS s
d5U1 s, 4 (B0-INSRTH-EOI, E10 &)lei 4 S

a3 ook &S ,3) JszedS 5 LDL HDL s S s 5

Alide glas g S ju 059 9 SeawwsUS NS b dast yo slaaedlid o jlaslice) ) pad) (u&ilis =) Jgua

DVDAT DVD DAT DC NC SR SB e g0y S
Yeo/A £ q/98 7 vweo £ von T vean £y vEE FAQ £ 1Y/ £OAY A () 033
YWY £ YVe8TE youv £ vo/YS YVY £ YOS £L0/F £ YY/0* a8 A/ G smss 10,5 Jn) 55 48
VY £y 8t Yk e S YN E /0§ VA VR VAR VD) Gl shoe /05 50) o gt
YA £ R o/) £ v/¥8 ¥/ £ v /08F NEAE ) F NIREE VIV HOMA-IR
a8 + A8 % VVo/Y £ A qg/A £ 11/88F WYNVEAVAT VY0 248 (s /e S o) dg pudS

05,5 4 Camd (ol3 sme (38) (S31ap (s ped +D3 st s +Culis DVDAT 5 (g5lsn o el +Cubs DAT D3 sl s +Eubs DVD (ubs J 28 :DC ‘VJLA J s

DVDAT o 8 a5 Crd (5503 sms () 5 DAT 03,5 & s (5513 ine (1) DC 03 5 4 i (513 _sxa(§) NC

Shos WWAY  ialS DVDAT o35 5 oomer 5 A
DAT o5 5 4 Cuus (/40 Oluabl Aol YoV/\ (YAV/)
Ssbine sl 58 SIS sl bdlaly 53 () ) LS edalin
o (P= /AN P=r/oYA F=YAVE) Clils sy bey S
YVF 2alS DC 4 e DVD (glaos S 53 oS la S

Slaes S o Jlabas sl sdas OLES 055 4 by e @L...
Sosba (=AY P<e/ren) F= VOVY) 5y lass
DC o35 & Cas Shoys V0/0) 2als DAT o5 S5 o
Gl VY 2alS 5 (740 Sluebol alols FA4/Y (FY4/Y)
sdalice (/40 Oliedl Aol YAVY X¥Y4/)) DVD 4 cos



v (6 o kast) YF 0,90 VFLY (5u g 53T .0yl Al galis 5 Caslas adans

SVA P<e/en ) F=YYA) 50 s s ey S s (solsbias
Va/0V zals) DAT laey S s Lis woules pl &S (=
35475 DC & ol (gdoys YAV) DVDAT 5 ((ghs s

rrl G n Gl 4 by e i (7 O Sl ped) s
Cuils Ghass ey S oblas Sosle sy 3l S
05,5 55 Sosba (= +/40 P< +/v0) F= \YVA)
S /OY) sdos Vit alsl DC o4 cews DAT
\Y/YA DC & s DVD o35 (/40 Oluebl ol
05,5 U5 s (/A0 Oluebl Aol v/ +/0Y) (cdw s
Olaabsl Aol + /Y (v/0Y) (o ,s YE/0TN 20153l DVDAT
DVD 5 DAT (slaos S oo oS b5 s S sdalie (/40
Sobslas sl DVDAT 5 DAT (glaos S cpimer
A Jlsges ) (P> 0/0Y 5 P> /A4 LS Sa) Sl s

(s

Sow

(o nnl oFan Slsee mel S sy
5 Sl i w e Bl s ol 4 caslis
39 g b w el Wl slac; 53 D3 el s (0L JaSs
el AR Sl oS ls 0L S S B e 0 e
Cobe Rl Eel D3l s (6o JaSe ol jen 4 (55150
Ko 2t 5 ol & Caslie RAS (S nl
2B S 5 ps Sobs 4 edd Wl G s s
el 55 p g obs a5 ol Ol by J S 05 S L s
0 Saslie G CB unnl sy i Sl
LS S5 5 JspdS DL la g sk 5 (]
Oan 5 o Slalles mls L odkal ol 2 28
[+ ] 0, 5 Baghadam 5 [Y4] 0l,a 5 Zhu ([YA]

D9 g RA

DAT 3 (/40 Olaabl dlols §A/N YY) (sdo s
Aol EA/N YAA) (sdo,s YANY 2als DC w0 cud
YV/VO :als DC 4 uw DVDAT s (780 Oluabl
L35 sdalie (140 Olaabl dols EA+/T YE4/Y) sl s
Dl S 31 0L o el o shas 4 B g e () J )
P< /e F=Ve/AV) s5ls 55y ey S o (ulsbias
DAT (slaos S 55 oS 35 14655 4 coslis opl .(n?=+/4)
ol /8N G/TE) shes YA als DC 4 ool
YY1 il DC & Cand DVD 03 8 55 (/40 bl
05,5 U5 s (/A0 Oluebl Aol +/E7 /Y4) (gdos
¢/YYV) gdhoys £V/AN ialS DC oy S 4 s DVDAT
zobe () o) w5 S sdalie (80 Oluabl Alols +/67
Solsbins i Ghagny e sl S s 0 J S
23 s pedS gl P NE P<e/e) F2VV/0) il
AY/AD) sdo,s YYVY ials DC & o DAT o5 S
4 G DVDAT o5 5 55 5 (/40 Oluabl &l VEY/0
Aol V810 ALE) (ghoys YYYA el DC oy S
() Jgd) coils (780 Oluabl

Cr obliae gl 5 g5 sias QUL LDL lelly - glaor il
= ANV P< /0N F=YNM) 55 g slaey S
DVDAT ; DVD DAT (slaos S sles )3 LDL - jhan
JENY) oy 00/0T (o ja) all DC 4 ol
VAFA FONVY) (gdoys YA+ (/80 Oluadsl Aol VYA
Aols VINYA TV sds s OV 5 (180 0kwbl sl
bl = lan 5 (il ) s ged) il (140 ol
Slaes S w3 Llbslas Ssls x5 5l 0L 5 HDL
ol ol PN P /) FRVENY) il i
4 Cows DVDAT ; DAT laos S 5 oS 34 slaS
Aol £V/E) ) 0/471) s, AV/E (s ) il 331 DC
Aol £V/A N 0/AT) shols AVEY 5 (A0 Ll
<365 DC 4 G DVD 63 5 55 a5 Jl- 3 (740 Oluabl
= (o O Llagad) (P> +/EVY) il sy (g lslas



w(ralin g (5 b JaSa § (5398 (3 yad AibA Cudia lolad JiI 5,800 o ara Yy

&

(¢] O A0 A
< Oovoéd\ov

gy (slrog,F
200

150

100

A 8o
s e S sk

50+

Uibgy sleog S

S 53 Sosbar Y] L8 o cpinl Ol S el
(VO2max 7/V+) Jwesy S5y cpped ais Coia asllas
ol e S8 53 I FNDCS O Ol e 5 JB ) sba
chle 5 B FENDCS 05 ol o oote Lyl S s sl
OLen 5 Se0 anllas 5 [YF] A 3l 535 5yl
Cels ilsn 1o ped atam 033l 93 a5 A ol QLA S (Yo Ye)
silee S ise 52 05 508 53 npal il 1l
33 Shas s 5 (oo B e A L s s L
Ll e @l 8 oS Olg e nlnle [TV 55 el mn
25 8SGsba g geen OKes 5 Seo Lagh slaadl
Vet SRl Sel ler e B e o

3 Sl 8l s el S MR s
5 S5t Sl s slealIG B 55 slasls A
Db b Sns 5l s ol SKidsk S s
Sl 258 00 S e s 5o Sl ¢ G5 0 = 8 (g sles

HDL
el IS ks

iRl sy sS

1.5+

Irisin/B-actin relative density
(fold of control )

g3y slreg S
8 (0 35T (3 g 53 (51950 (3 9 Lasully st paaslS(s 53 (g osally HDL (o lasslly LDL (G-l 9o
() .5l a3 +D3 sl g +Culs DVDAT 5 (5le8 o el +Cubs DAT D3 el g +uls DVD (culys J 28 :DC gVJLA J s NC

P<2/200\) D3 sl 5 05,8 a0 s (S5l e 1(E) (ulin J 28 05 S a4 S (5ol e :(§) ;Hbdﬁsa}ﬁb_wd)b&m

Al s Sldllas 53 il 5 inl o et LI
aial Gl e ,S b b 0T Bl bl el oas
s S4es 5 nl ol 5350 Slido S |
S el Js b Koz ged sy dd il o 1 O
ol o Slas 2 s 02 058l Slss Jedly Olsisas e
3 gt D) poty St ol 1A Gy b ) B e
ol [YAT Sl edd (Bome by B 3 e 8
A sals e (S5 I5L Rl Sl S Olsea silas)
5T SISty shaw sl Sl Jsa o 5550 43S
5358 o sl 4 Caslis 5 (e O enllnSTy Esly
S aphe ks bk e Bose Sl a e s
eS| B e b oo Jalse S s8 Go b Sl
] 558 o sollasl pomal Ll s Chass sl
(s S es S Cul el el DL (piamen
PGCla Ol ol b 5l ol Glagn o (o saa



Yy (6 o kast) YF 0,90 VFLY (5u g 53T .0yl Al galis 5 Caslas adans

» A T O ael oS S
S ol ol esls DL (e [£0] A3 Bl sla s
G ) el 4 sl 5 A SIS S ke DUl
Bl Sl sk C3lae Gl e tse 3 s SRl
oL e b oadady 3 [E0] il anils EaS gl
sl (b pl lye 0T I 5 D3l
D3 sluy o5 S 5 sdous VYYA bl ol eyl
okl LS el Ol mls J RS e 8 4 e
OLea 5 Zaitoun ([£1] (Y+Y+) O, s 5 Abulmeaty
5 Yalcin J$A] (Y+Y)) 0l Ken 5 Fouda [£V] (Y+YY)
(Y+\V) 0,2 s Ahmad Raafat 5 [£4] (Y+ YY) 0K
[0V] (T+18) OLes 5 Nadimi pmls L 5 sees [00]
35 e Dbl panl Jo 51 S g sl
[p S ASIULY s+ 553 oma s sy 53 45 Al o5 JaSs
53 ol Ghass o S s (s S eslil wis
S Ay a5 A eslinad wis /p Seks UV
sl 53 g b 53 UL 553 U D3 el oas JaSs
39 85 b 52 0 D3 el s sk &S Sl (6 2
Gk 3l Llse D3 el il ply S gy
S e S L 53 Gl S MR SR
ol Wl sla, 5 el @ Caslis 5 S S g2
B A ULSEEP ST P AUNIER
D3 bty o3 JaSs 51 20 il Ol I3 53 1855
D3 eluy oS Gl o 1S am STl sdis jasiis
Oy e PGCla Ol Cilae 5 Sirtl ol L2ll 5 b
53 L0YT 33,8 s nl sy S 5 0Ly SRl & e
e i el sdd Jlsn sl L d)
D3 pelys ok JeSe 4 HDL 5 s 2dS b edSs 5
5l @2 4 el DVD 055 5 bl sl
Cole sy il b edalie ol lags laes S
4 Ced DVD 055 55 sl 0 Cnslis oLl 5 SIS
Sy 00/A o VAN b ae a5 sS4 DC
ARl S s IS A e i Aol
et 5 SIS i sy el Ul (U5 s
Kby o gl 3 Ll el s el 4 Coaglie

S 30l 50 S 5l 8 23l S ploe DU 5 50 [YE]
03 el 93 65 Sulis 5 el 4 Laslde J 1S 6l g
el A 5l i Ol S S esls OlES Sl (glandlas
e Ld g 0 4B O lE Ol &S e
[re] az Wl 53 S8 e 5 ety n 30g
Olays 5 (6,80 Glp e Sl 51 (S 55 ol
S Gosba M ol cubs b las o 35,0 - 8 5005
g I Gk Ol Sl el S Sl edd 1S
M) ol b s e (gla Sle o sla 15 e 0 2
oSN Ll glac,y ads Sl s sl 4 caslia
RS s oo g e [TV] das Jals 1) 5,8 5
RS s s iamad 5 o Sladenl 5SS g
Cows ol Gda 5 (AMPK)'AMP Law g5 sl Jls LS
S Ll e s ) [YA] das s 5| PGC-Tar im0
3 SIS gk Al 55 S Jlal Sl
LDL o msbw (men 5 sl @ el
Fr b ok Wl Glas, 55 s pdS 5 b S
o5 03 Jelge pl S L e AL S sy s s
IS Wl gl s S Sl sl

A3l Sl e slacys g
53 el g Sl ol b Oleses sl s
o Shad b ok (3lsn el e A 4l
DFA] OLSen 5 Rajabi sbajiass gl b 4 5L 55
O 5 Aghamohammadi [¢+] ol,Kea 5 Bonfante
[£Y] O,K» s Dianatinasab B L s JeV]
rnl Ol hol a5 S e sy sl
o oilsen dod e plie 5 ppal o dal, o
D e il s p e salsd il e 0L
0L &S(sosbas 3503 355 o oS 55 JU 5 i ]
@B Ja S Lo pl 538 mslu oS ol 0l ol
J13 b S (6 5 Sl gme 5 i pedS 6 5 5 LDL U 2
LS s o)ls e Saamen By OULS 5 5 S
Gladlas 55 [E¥0 £8] Codls oo Stean HDL Jp 2S
SalS el upal s FNDCS a5 i Ok s

I AMP activated kinase



elin g (5 )b Jass § (5318 (i yad 4Bha Cudiay obad 50500 5 asa ARA

el 5 sl adls il 5 e D3 el s oo
GBSl el s Gl SRIB e S
3 gl 4 Caglie Ll s s e G2 b opl Sl AL

235 55 8 2abs 5o s Ly

S el
o iome sl Sl 1y g S5 s SlaydE Sl OB
i g Ol S o5 (g5l 5 Slidew s
st ol P e 85 BT Ol b
oKils ol Gy 055 S Jske oKl
oo S Al e 8w el il e pllel Ol S
03,58 il s ol Dbl 5l Jb culem m‘ﬁ@.af;él;-

sl

1. Saeedi, P., Petersohn, I., Salpea, P., Malanda, B.,
Karuranga, S., Unwin, N., ... & IDF Diabetes Atlas
Committee. (2019). Global and regional diabetes
prevalence estimates for 2019 and projections for
2030 and 2045: Results from the International
Diabetes Federation Diabetes Atlas. Diabetes
research and clinical practice, 157, 107843.

2. Kaur, R., Kaur, M., & Singh, J. (2018). Endothelial
dysfunction and platelet hyperactivity in type 2
diabetes mellitus: molecular insights and therapeutic
strategies. Cardiovascular diabetology, 17(1), 1-17.

3. Martin-Timén, 1., Sevillano-Collantes, C., Segura-
Galindo, A., & del Caifizo-Gémez, F. J. (2014).
Type 2 diabetes and cardiovascular disease: have all
risk factors the same strength?. World journal of
diabetes, 5(4), 444.

4. Huynh, K., Bernardo, B. C., McMullen, J. R, &
Ritchie, R. H. (2014). Diabetic cardiomyopathy:
mechanisms and new treatment strategies targeting
antioxidant signaling pathways. Pharmacology &
therapeutics, 142(3), 375-415.

5. Marfella, R., Amarelli, C., Cacciatore, F.,
Balestrieri, M. L., Mansueto, G., D’Onoftrio, N, ...
& Napoli, C. (2020). Lipid accumulation in hearts
transplanted from nondiabetic donors to diabetic
recipients. Journal of the American College of
Cardiology, 75(11), 1249-1262.

6. Bostrom, P., Wu, J., Jedrychowski, M. P., Korde, A.,
Ye, L., Lo, J. C., ... & Spiegelman, B. M. (2012). A
PGCl1-0-dependent myokine that drives brown-fat-

lea,.e S i8S Olg o (DVDAT) (sjlsa cp e 5 D3
S Jald o gl b s nnal sy
s sbes S ple @ Cad (gyllae tals LDL
ol <Ll 6[}!&) DL 6)\% U.LJQJ )D?) wl.’;o“) 6)[..“‘-}&&.4
SMde GRISE s aldles S Gk Sl s s Subs w
Ut 3 855 (sla el 5 gy ol (B ol 50
55 o 52 g5 Lok 4 el L gla, sy Ssbe
S oS sbar 55 dul i cnl 5o S0 sl sl 4 S
wﬁmmﬁ@ﬂfu‘jjtw)bw|euu
GSlymme bl b 5l Ul D3 sl s oSs 5 (55050
o Ceslie arls e el (Bl s
g5 a4 ol Wl glacs;y s ) by 5 s
5 ol slacs s Olﬁjvﬁ oslanal (poman .:.sjfda 93

=L

like development of white fat and thermogenesis.
Nature, 481(7382), 463-468.

7. Moreno-Navarrete, J. M., Ortega, F., Serrano, M.,
Guerra, E., Pardo, G., Tinahones, F., .. &
Fernandez-Real, J. M. (2013). Irisin is expressed and
produced by human muscle and adipose tissue in
association with obesity and insulin resistance. The
Journal of Clinical Endocrinology & Metabolism,
98(4), E769-E778.

8. Hu, W., Wang, R., Li, J., Zhang, J., & Wang, W.
(2016). Association of irisin concentrations with the
presence of diabetic nephropathy and retinopathy.
Annals of clinical biochemistry, 53(1), 67-74.

9. Shi, X., Lin, M., Liu, C., Xiao, F., Liu, Y., Huang,
P., ... & Li, Z. (2016). Elevated circulating irisin is
associated with lower risk of insulin resistance:
association and path analyses of obese Chinese
adults. BMC endocrine disorders, 16(1), 1-8.

10. Yang, Z., Chen, X., Chen, Y., & Zhao, Q. (2015).
Decreased irisin secretion contributes to muscle
insulin resistance in high-fat diet mice. International
journal of clinical and experimental pathology, 8(6),
6490.

11.Liu, J. J., Wong, M. D., Toy, W. C., Tan, C. S., Liu,
S., Ng, X. W,, ... & Lim, S. C. (2013). Lower
circulating irisin is associated with type 2 diabetes
mellitus. Journal of Diabetes and its Complications,
27(4), 365-369.

12.Krul-Poel, Y. H., Ter Wee, M. M., Lips, P., &
Simsek, S. (2017). Management of endocrine



YYo

13

14.

15.

16.

17.

18.

19.

20.

21.

22.

disease: the effect of vitamin D supplementation on
glycaemic control in patients with type 2 diabetes
mellitus: a systematic review and meta-analysis.
European journal of endocrinology, 176(1), R1-R14.

.Safarpour, P., Daneshi-Maskooni, M., Vafa, M.,

Nourbakhsh, M., Janani, L., Maddah, M., ... &
Sadeghi, H. (2020). Vitamin D supplementation
improves SIRTI1, Irisin, and glucose indices in
overweight or obese type 2 diabetic patients: a
double-blind randomized placebo-controlled clinical
trial. BMC family practice, 21, 1-10.

Chen, N, Li, Q., Liu, J., & Jia, S. (2016). Irisin, an
exercise-induced myokine as a metabolic regulator:
an updated narrative review. Diabetes/metabolism
research and reviews, 32(1), 51-59.

Zhang, H., Wu, X., Liang, J., Kirberger, M., &
Chen, N. (2022). Irisin, an exercise-induced
bioactive peptide beneficial for health promotion
during aging process. Ageing Research Reviews,
101680.

Chen, J. Q., Huang, Y. Y., Gusdon, A. M., & Qu, S.
(2015). Irisin: a new molecular marker and target in
metabolic disorder. Lipids in health and disease, 14,
1-6.

Wang, H., Zhao, Y. T., Zhang, S., Dubielecka, P.
M., Du, J.,, Yano, N., ... & Zhao, T. C. (2017). Irisin
plays a pivotal role to protect the heart against
ischemia and reperfusion injury. Journal of cellular
physiology, 232(12), 3775-3785.

18. Lecker, S. H., Zavin, A., Cao, P., Arena, R.,
Allsup, K., Daniels, K. M., ... & Forman, D. E.
(2012). Expression of the irisin precursor FNDCS5 in
skeletal muscle correlates with aerobic exercise
performance in patients with heart failure.
Circulation: Heart Failure, 5(6), 812-818.

19. Nadimi, H., Djazayery, A., Javanbakht, M. H.,
Dehpour, A., Ghaedi, E., Derakhshanian, H., ... &
Djalali, M. (2019). The effect of vitamin D
supplementation on serum and muscle Irisin levels,
and FNDCS5 expression in diabetic rats. Reports of
Biochemistry & Molecular Biology, 8(3), 236.

Azali Alamdari, K. Impact of Aerobic Training and
Vitamin D Supplementation on Hunger Rate and
Serum Ghrelin and Insulin in Middle Agead
Females with Metablic Syndrome. Research in

Exercise Nutrition, 2022; 1(1): 1-13. doi:
10.34785/J019.2022.408.
Permuy, M., Loépez-Pena, M., Gonzilez-

Cantalapiedra, A., & Guzon, F. M. M. (2020).
Reliability on animal models. In Spinal Cord Injury
(SCI) Repair Strategies (pp. 249-277). Woodhead
Publishing,.

Fu, F., Tian, F., Zhou, H., Lv, W_, Tie, R., Ji, L., ...
& Zhang, H. (2014). Semen cassiae attenuates
myocardial ischemia and reperfusion injury in high-
fat diet streptozotocin-induced type 2 diabetic rats.
The American Journal of Chinese Medicine, 42(01),
95-108.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

(0 o lads) Y¥ 0,90 NF Y (6u g 43T .ol 4l pessd galie g calis dlae

Kanter, M., Aksu, F., Takir, M., Kostek, O. S. M. A.
N., Kanter, B., & Oymagil, A. (2016). Effects of low
intensity exercise against apoptosis and oxidative
stress in streptozotocin-induced diabetic rat heart.
Experimental and clinical endocrinology & diabetes:
official journal, German Society of Endocrinology
[and] German Diabetes Association, 125(9), 583-
591.

Bedford, T. G., Tipton, C. M., Wilson, N. C,,
Oppliger, R. A., & Gisolfi, C. V. (1979). Maximum
oxygen consumption of rats and its changes with
various experimental procedures. Journal of Applied
Physiology, 47(6), 1278-1283.

Machado, M. V., Martins, R. L., Borges, J.,
Antunes, B. R., Estato, V., Vieira, A. B., & Tibirica,
E. (2016). Exercise training reverses structural
microvascular rarefaction and improves
endothelium-dependent microvascular reactivity in
rats with diabetes. Metabolic syndrome and related
disorders, 14(6), 298-304.

Mehdipoor, M., Damirchi, A., Razavi Tousi, S. M.
T., & Babaei, P. (2021). Concurrent vitamin D
supplementation and exercise training improve
cardiac fibrosis via TGF-B/Smad signaling in
myocardial infarction model of rats. Journal of
physiology and biochemistry, 77, 75-84.

Lin, C., Guo, Y., Xia, Y., Li, C., Xu, X,, Qi, T, ... &
Tao, L. (2021). FNDC5/Irisin attenuates diabetic
cardiomyopathy in a type 2 diabetes mouse model
by activation of integrin aV/B5-AKT signaling and
reduction of oxidative/nitrosative stress. Journal of
molecular and cellular cardiology, 160, 27-41.

Zhu, D., Zhang, X., Wang, F., Ye, Q., Yang, C., &
Liu, D. (2022). Irisin rescues diabetic cardiac
microvascular injury via ERKI1/2/Nrf2/HO-1
mediated inhibition of oxidative stress. Diabetes
research and clinical practice, 183, 109170.
Baghadam, M., Mohammadzadeh Salamat, K.,
Azizbeigi, K., & Baesi, K. (2018). The effect of
resistance training on IRISIN and gene expression of
PGClo in the cardiac muscle in STZ-Induced
diabetic rats. Community Health Journal, 12(3), 58-
64.

Zhu, D. 1., Wang, H., Zhang, J., Zhang, X., Xin, C.,
Zhang, F., ... & Tao, L. (2015). Irisin improves
endothelial function in type 2 diabetes through
reducing oxidative/nitrative stresses. Journal of
molecular and cellular cardiology, 87, 138-147.
Jedrychowski, M. P., Wrann, C. D., Paulo, J. A.,
Gerber, K. K., Szpyt, J., Robinson, M. M., ... &
Spiegelman, B. M. (2015). Detection and
quantitation of circulating human irisin by tandem
mass spectrometry. Cell metabolism, 22(4), 734-
740.

Abedpoor, N., Taghian, F., Ghaedi, K., Niktab, L.,
Safaeinejad, Z., Rabiee, F., ... & Nasr-Esfahani, M.
H. (2018). PPARy/Pgc-la-Fndc5 pathway up-
regulation in gastrocnemius and heart muscle of



wmaling (5, b JaSe g (531 9a [ pal diba Cuia Aalad A5 K00 5 asa Yys

exercised, branched chain amino acid diet fed mice.
Nutrition & metabolism, 15(1), 1-15.

33.Seo, D. Y., Bae, J. H.,, Kim, T. N., Kwak, H. B.,
Kha, P. T., & Han, J. (2020). Exercise-induced
circulating irisin level is correlated with improved
cardiac function in rats. International Journal of
Environmental Research and Public Health, 17(11),
3863.

34.Kuloglu, T., Aydin, S., Eren, M. N., Yilmaz, M.,
Sahin, 1., Kalayci, M., ... & Aydin, S. (2014). Irisin:
a potentially candidate marker for myocardial
infarction. Peptides, 55, 85-91.

35.Gesta, S., Tseng, Y. H.,, & Kahn, C. R. (2007).
Developmental origin of fat: tracking obesity to its
source. Cell, 131(2), 242-256.

36.Zheng, J., Cheng, J., Zheng, S., Zhang, L., Guo, X.,
Zhang, J., & Xiao, X. (2018). Physical exercise and
its protective effects on diabetic cardiomyopathy:
what is the evidence?. Frontiers in endocrinology, 9,
729.

37.Wu, F., Li, Z., Cai, M., Xi, Y., Xu, Z., Zhang, Z., ...
& Tian, Z. (2020). Aerobic exercise alleviates
oxidative stress-induced apoptosis in kidneys of
myocardial infarction mice by inhibiting ALCAT1
and activating FNDC5/Irisin signaling pathway.
Free Radical Biology and Medicine, 158, 171-180.

38.Hood, D. A., Irrcher, 1., Ljubicic, V., & Joseph, A.
M. (2006). Coordination of metabolic plasticity in
skeletal muscle. Journal of experimental biology,
209(12), 2265-2275.

39.Rajabi, A., Siahkouhian, M., & Akbarnejad, A.
(2018). The adaptability of serum irisin, lipid
profile, and insulin resistance to an aerobic exercise
and the consumption of saffron and its sustainability
in type 2 diabetic women. Daneshvar Medicine,
26(1), 9-26.

40.Bonfante, 1. L. P., Chacon-Mikahil, M. P. T.,
Brunelli, D. T., Gaspari, A. F., Duft, R. G., Oliveira,
A. G., ... & Cavaglieri, C. R. (2017). Obese with
higher FNDC5/Irisin levels have a better metabolic
profile, lower lipopolysaccharide levels and type 2
diabetes risk. Archives of endocrinology and
metabolism, 61, 524-533.

41. Aghamohammadi, M., A. Habibi, and R. Ranjbar,
The effect of selective aerobic training on serum
irisin levels and insulin resistance index in women
with type 2 diabetes. Arak Medical University
Journal, 2016. 18(104): p. 1-9.

42.Dianatinasab, A., Koroni, R., Bahramian, M.,
Bagheri-Hosseinabadi, Z., Vaismoradi, M.,
Fararouei, M., & Amanat, S. (2020). The effects of
aerobic, resistance, and combined exercises on the
plasma irisin levels, HOMA-IR, and lipid profiles in
women with metabolic syndrome: A randomized
controlled trial. Journal of Exercise Science &
Fitness, 18(3), 168-176.

43.Huh, J. Y., Panagiotou, G., Mougios, V.,
Brinkoetter, M., Vamvini, M. T., Schneider, B. E., &
Mantzoros, C. S. (2012). FNDCS5 and irisin in
humans: I. Predictors of circulating concentrations in
serum and plasma and II. mRNA expression and
circulating concentrations in response to weight loss
and exercise. Metabolism, 61(12), 1725-1738.

44.7Zhang, Y., Li, R., Meng, Y., Li, S., Donelan, W.,
Zhao, Y., ... & Tang, D. (2014). Irisin stimulates
browning of white adipocytes through mitogen-
activated protein kinase p38 MAP kinase and ERK
MAP kinase signaling. Diabetes, 63(2), 514-525.

45. Xiong, X. Q., Chen, D., Sun, H. J,, Ding, L., Wang,
J. 1., Chen, Q., ... & Zhu, G. Q. (2015). FNDCS5
overexpression and irisin ameliorate glucose/lipid
metabolic derangements and enhance lipolysis in
obesity. Biochimica et Biophysica Acta (BBA)-
molecular basis of disease, 1852(9), 1867-1875.

46. Abulmeaty, M. M. A., Almajwal, A. M., Alam, I,
Razak, S., ElSadek, M. F., Aljuraiban, G. S., ... &
Malash, A. M. (2020). Relationship of vitamin D-
deficient diet and irisin, and their impact on energy
homeostasis in rats. Frontiers in physiology, 11, 25.

47.Zaitoun, N. M. A., Bahaa Eldin, A., Diab, A., &
Hasan, M. M. (2021). Effect of vitamin D
supplementation and muscular exercise on irisin
serum level and related metabolic parameters in type
IT diabetic albino rats. Zagazig University Medical
Journal, 27(1), 97-103.

48.Fouda, A. A., & Gabr, N. M. (2021). Effect of
moderate swimming exercise with a dietary vitamin
d on serum irisin level in diabetic rats. Al-Azhar
International Medical Journal, 2(5), 54-61.

49. Yalcin, M. H., Girgin, A., Ugur, K., Karagoz, Z. K.,
Aydin, S., Karabulut, B., ... & Aydin, S. (2023).
Vitamin D supplementation alleviates diabetic
complications by increasing the amount of irisin in
testicular tissues and blood of rats with experimental
diabetes. European Review for Medical and
Pharmacological Sciences, 27(2), 547-559.

50. Ahmad Raafat, N., & Mustafa Ali Abulmeaty, M.
(2017). Effect of Vitamin D3 Administration on
Irisin Levels in Vitamin D Deficient Rat Model. Al-
Azhar Medical Journal, 46(1), 237-250.

51.Nadimi, H., Djazayery, A., Javanbakht, M. H.,,
Dehpour, A., Ghaedi, E., Derakhshanian, H., ... &
Djalali, M. (2019). The effect of vitamin D
supplementation on serum and muscle Irisin levels,
and FNDCS5 expression in diabetic rats. Reports of
Biochemistry & Molecular Biology, 8(3), 236.

52.Sanesi, L., Dicarlo, M., Pignataro, P., Zerlotin, R.,
Pugliese, F., Columbu, C,, ... & Colucci, S. (2023).
Vitamin D Increases Irisin Serum Levels and the
Expression of Its Precursor in Skeletal Muscle.
International Journal of Molecular Sciences, 24(4),
4129.



337 Iranian Journal of Diabetes and Metabolism; Vol. 23 No 5, 2024

The Interactive Effect of Eight Weeks of Aerobic Training and Vitamin D3 Supplementation
on Cardiac Irisin Protein Levels, Insulin Resistance and Lipid Profile in Rats Induced with
Type 2 Diabetes

Hadi Golpasandi!, Mohammad Rahman Rahimi'*, Slahadin Ahmadi?

1. Department of Exercise Physiology, Faculty of Humanities and Social Sciences, University of Kurdistan, Sanandaj,
Iran

2. Department of Physiology and Pharmacology, Faculty of Medicine, Kurdistan University of Medical Sciences,
Sanandaj, Iran

ABSTRACT

Background: The present study was conducted to investigate the effect of eight weeks of aerobic training
and vitamin D3 supplementation on cardiac irisin protein levels, insulin resistance and lipid profile in rats
induced with type 2 diabetes.

Methods: Forty male Wistar rats after induction of type 2 diabetes through the combination of high-fat diet
+streptozotocin were randomly divided into five groups: 1) Normal control (NC) ,2) Diabetic Control (DC),
3) Diabetes+ Aerobic Training (DAT) ,4) Diabetest Vitamin D3 (DVD) and 5) Diabetes+ Aerobic
Training+ Vitamin D3 (DVDAT). Aerobic training program (five times a week with 60% intensity of
maximum running speed for one hour) and vitamin D3 supplementation (10000 IU/kg every week) were
performed. After anesthetizing the rats, blood samples were taken to evaluate serum glucose, insulin,
triglyceride, cholesterol, LDL and HDL levels. The heart tissue was isolated to evaluate the irisin.protein.
Results: The results of the one way analysis of variance showed that the irisin protein level of the heart tissue in
DAT, DVD and DVDAT groups had a significant increase of 14.04, 12.28 and 24.56%, respectively compared to
DC (P<0.001). Insulin resistance also showed a significant decrease in all intervention groups compared to the DC
group (P<0.001); However, HDL, triglyceride and cholesterol levels were significantly decreased in DAT and
DVDAT groups compared to DC group (P<0.001).

Conclusion: According to the results, it seems that eight weeks of aerobic training and vitamin D3
supplementation probably improves the insulin resistance index and lipid profile in rats induced to type 2
diabetes through increasing the cardiac irisin.
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