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ABSTRACT

Background & objectives: Irisin is a novel myokine that encoded by FNDC5 gene and effects
on obesity, metabolism and glucose homeostasis through browning of white adipose tissue and
thermogenesis. The main purpose of this study was to investigate the changes of FNDC5 gene
expression and Irisin protein level of viscera fat tissue after eight weeks of resistance training
in type 2 diabetic rats.

Methods: Eighteen male Wistar rats (8 week old) were used for this study. Diabetes was
induced using nicotinamide and streptozotocin . Five days after inducing diabetes, rats with
fasting blood glucose levels between 127-600 mg / dl were selected as diabetic subjects. Rats
were homogenized according to the body weight and assigned into two groups including
control-diabetes (n=9) and resistance training-diabetes (n=9). Training group exercised
resistance training for eight weeks (5 days a week). The resistance training protocol consisted
of climbing a one-meter- high ladder, with a weight attached to a tail sleeve. Quantitative
Real time RT-PCR and ELISA Kit were used for assessment of expression level of FNDC5
gene and Irisin protein, respectively. Data were analyzed using independent t- test at p<0.05.
Results: Resistance training significantly increased the expression level of FNDC5 gene and
Irisin protein in visceral adipose tissue in type 2 diabetic rats.

Conclusion: It seems that FNDC5 gene and Irisin protein have an important role in metabolic
diseases and can be affected by resistance training. Perhaps the changes in the levels of these
metabolic indicators is a potential new target for the treatment of metabolic disorders, such as
T2DM (type 2 diabetes).

Keywords: Resistance Training; Gene Expression FNDCS5; Irisin; Type 2 Diabetes


http://dx.doi.org/10.29252/jarums.18.1.80
https://ejournals.arums.ac.ir/jarums/article-1-1522-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-12-13 ]

[ DOI: 10.29252/jarums.18.1.80 |

M HhKed 9 (s3uc dweal w39 23 pdlio o FNDCS5 5 ol

JWsS & bl 5352 8b o230 02T Galig p »aslie 9 FNDCS o) wle

! ol (s 0 i laoy oy pand ;*"5..\,@ Jaa/

Ol (JoT i sodunl ST olSiiils «hoT il csgT aly (b)09 SIolgs 38 09,5 .
Wbl g (o) hoa dl olisls (b)) s [09.1.:5 S D x5 08l (b)) ST s) 9 348 o9, .Y
a.abdiS8@IMal.CoM S g il g = VVEPPAV -8 - VVEEYEVFAY :pals . shume ol o5 *

~
(VLTS

5 dabaw o db U3, Sl osid G Il 5 03ub 31T FNDCS Jl a5 el (53533 (plS galo (230 0T 1832 9 ddsnoy
SReslie (32 005 418D il Sl (Jw) p pols GBSy B30 SIS (5o L S SIS Sl e 5 e galie (SBla 2 2L S
Aabbise ¥ g s ks sl @) s Hlial s e nT Gls »n ol s FNDCS o) ole »

OB 958 (531 Jl oslaiuwl b L&y g0 . 333ub il ik 933 ¢yl (Sl e (8] aiad woiid) 5 (il o Ghse pus YA IS gy
PS5 Ghe \WWF-E+ n LoT usa bl 35 oI5 a5 ol b ge (32035 Il o 90 iy 353ub b (paw 95 95 piswl 5 ue T
SRl —J,aS 09,5 V3 5 0au Silw HFed W plwl o L& b ge 35U Sl SLLS A ges Ylgic & S99 i Swd VS
Dl Gioslio (y pos (aad )3 J9) O) 4biad wilad (o el 09,5 .48 5 )13 (N=9) Sk - Sioslio ¢y o3 9 (N=9)
k_sl)__:..))__:k)i:}_o[o.)ﬁ__)oé_ﬂ»ﬁ_m.)gsl_ﬁM)30|)_A.QA_}6)_EA._f__gulq.))i)'lcﬂé)qud.olﬂxuiojlioog)d.&é)f
09 Il oy ol uSe x5 o)lasl sl 5 Quantitative Real time RT-PCR is) & FNDCS ) pls 6 0501l
RV-SUTVS 1N o SEVAT.) SIS ine mouw 3 e T 9ol Jl o3laiwl b 1 o31s . 3ubs o Slaiwl | 32V

Gl o w3l S oo nT s x Zskws 9 FNDCS o5 ole 03 Golsise il 39 cacls ioslie =iliy pos L AXBL
Sub Yo gs b slaw)

2L s s ilsi s 9 Al S elie Sla )lon 03 (oue J86 (3230 mT 9 FNDCOous ) 50 pas 4y 15 a8 dAzais
I S 9alie ML Glopd (sl p 3uaa 058l 530 Sl yaslib oyl 7 shaws )3 s 39l .35 5 I3 e slie iy res
Subl by ales

Y g5 b (T FNDCS o) ol (Sieslie ¢y pos 16348 s o)y

VWAF/NN /Y 1 b pady \PAF/ A/ Bl s g
SIS e Ole)s 9 dsue ) hkie & uwlie (g3 pe3 I oo
VLS (29> @ By se - 5 S alie Slaslen O )5 Blaaallsd pic 5 S HS (5 S
Glap julse (ol 395 L [Yi€] il oacib osls I bl S 9alie w¥Mial 5 S3la ol Jele olsic
Jlocl o sl LT @b Jl &5 (2 003 SIsS50 S Ilen 5 93 £95 =l (o je Dl Sisle Sl
L] s oo aliod (95 4 Joid A3 gib 50 osliiwl Lyl 039 rol [V.F] 2iilise 589 2 I8



http://dx.doi.org/10.29252/jarums.18.1.80
https://ejournals.arums.ac.ir/jarums/article-1-1522-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-12-13 ]

[ DOI: 10.29252/jarums.18.1.80 |

\YAY Jle (Jsl o pleuis (PRI ©)9

Ju)l S 3y e sle olfiuls alzmo AY

P20 L Lagbs—s 03 5515 Jos S50 & pzie 5
olis Lagiassy o [Y] ssibse Gop s lde
b 9 b (Bl glers 3 (o T &5 Jilesly
23 Jolss pae b &S 35053 dagl s Sl sl 03 pianS
Po— wawwl ol )02 (5J )l 4o s 5 ) -l LSS

[3-Y] sl 5o
RS adad duw &S a3sls ylis YhHled 3°L-)J_5:,_,uu..\.i.%
23 bwgie waubs b ols )5 )les 590 w9 Sielaiwl
23 G =l 93 Gyl A e (e slaghge
5 bl oo s sl s UCPL o3 MRNA ol
SoSb a0 s w8b S G el YO il sl
a0 93— =2l Il 5 )5 iz s [B] ssbse
Ol 03 G =l 70 Hinl 3l & o Ll oy yo3 alad
[¥] 30,5 oS (s w3l ,s UCPL 3 mRNA
asin |+ plol a8 assly gl uized pliizxe oyl
MRNA s 0l 93 Hinl 38l & s=ie (ioliimwl (5 o3
il slaisseT s UCPLMRNA 5 FNDC5
as assls glis s oesd 57 Gogw [¥] Sgbse
GBI e Hinlj8l el ddpiu »3) SIlsd wilis yos
919523055 [V -] 2 Bl OIS ro o s 2 se T s
>3 MRNA FNDCS maw a5 s53ls plis ol)lkes
C,h_m 9 039 iy (Solos as) Sobs Gl o)l
S8l )y lewdls ¢y 2T 5 2 =8l FNDCS
0BT S 7ol (prized sl HieS 93 g95 SRLS
blLs)l e galio 9 )33 (SMiae 0355 b RSl
LigT wcmubls Saie bls)l bl 35915 b 5 anils ke
2= o)y slawdled aS 3 )5 gl eized
0353 L &S Jb)s wublas i ¢ 30 T /FNDCS
,Af._.__v »53 S5 I[N ] csibls bls)l sMae
03 S sldio wlip yas a S s ol ylais yhHlSen
03 = ml Gl 38l cacl Lplwsl 5 e sl b se
Olsise wisllas il & saze I [VY] Soibs0 b S

® Handschin
® Soori
"Kurdiova
8Kim

Slwlid 90 4290 SGU (2 e Il S8 ol 1l
I o5 el (2 505 52913 A 3l slae juilso
8b A a9 8L o3 o e Gleial sl
(o3 4wl ige lay ¢yl .l Sl osid (o a
38350 L33l D Sl osid (5 w8l s ol juo
o= 8l A 3o ol s veos anbS s [V
aaa wledlae Lol i3)las 359 &b oluil )3 slogd
03203 9T 3o 3 ) Sloc 9 =8l pl 39a9 )l S
oo a3 Joe BMA s ) [¥] el plwsl
Slosid =2 8L wmawl s )3 =3l 0 ay oS
5 "(UCPL)\ ouits s as oyt pmy 0ls pbls oy
Lial ) " lile 8 Giis 4 2b) S gine S5 Ol el
Sl 0548 (522 8L YU 7 sbus 0 3Me 43 [D] 35 50
wawl bous jo S galie LG Iew Jolie S woslio b
assals olis uhlses " s )l L) (peod s [V]
23 GBIl Hize pgb & Slogd (2 b lsss o
[7] ol j5eS 2ali 09,5 S8l & s Gl 3l
L Gl ogad oo w8l pop & sl Gise olae ol
WJl=d yue 33l )s (2 duo)d 9 (S 0393 ol
).\.)j,_o)lfg)'h» Jb o e o)l A,;gu.é.LoJoLgS)l
T sl ABlbL 3L) 3a B oo =8l s
Slddiu 9 03b L) Lewgre JI A sl (F90) 90
= o)) slamdled sude wl 3l alowly & osub
PPARY b5 050058 cnl [¥] Siilbise pundgilio
*FNDC5 )5 Jg—ame (nlS a0 pl 5 03 mubois
S gl o pilillio U GBI )T WIS A aS 0S5
Sl 0513 & ,=io FNDCS a s il oub shudg
Gle S il Sl 5 ot ) G Sl pab
[¥] 39— 50 L b s—e 03 UCPL il 38l o o3
el FNDC5 555,35 a5 a_as 5o olis wlaalie
oab 38 MRNA FNDC5 )5 (s 00050 10 Linl 38

0313 il 33l plp € G Y L olowstly 23 pT oo

! Uncoupling Protein-1

2 Thermogenesis

® Leinhard

* Fibronectin Domain Containing Protein 5


http://dx.doi.org/10.29252/jarums.18.1.80
https://ejournals.arums.ac.ir/jarums/article-1-1522-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-12-13 ]

[ DOI: 10.29252/jarums.18.1.80 |

AY HDKed 9 (s3uc dweal

B9 33 pslie 9 FNDCS o) ul

Lo bl aibls (o s w8l usgid s o IVL
)50 P 3ad il 23 sl lsllhe ol Ssas
5 FNDC5 ool oyt L5 ol o 33 13 ol 438 58
Jwss & Glial G a @8l oo pT Sulss » polie
Gtlrmao Blaghg—o )3 Shoslie (o5 Aisd b

S5 3 w3090 ¥ Ees Ghbs

oL Uby)

ydaigos

35205051 w b L G £59 I Gids 5y bs)
A g o J9 08 4 Ax 95 b i ged ey s DS
g slamglal a5 | 5) 5003 diw g SlAG pos Sl
o )3 TA- o,.o)'T Olss L3 V/O Lyl yo HUass
o9 )5 )8 sl 5350 T dlass O=+/-0 GIldize
Obgo s VA slass G g5 ol 0> [Y] 355 A ol
olSiule 3T Jl plimg s 3135 JI (sl diedy iy 5 (ol yuo
35 o a9 ol asges plgic s Al aysy olils
A )3 V2 Glos Hs wlilgus Lasauh Jaitieo a9 je
O SB AA )n 5303 ¥ B YD wash) T Sisle
e ples ) .35aub IS dicke VWY (Hlibs)
ST 9 SLS o)lasl & (wdy o) a) lae 9 T
$lbo llgun b I SBYAL yjlge 33358 o8l )s
oo enle) ol olisls a5y »o GYal Aies
5 by sLall oliale )T a Lo ybge Jlasl I s
WP3—aFe Jted )5 590 b))y s b b T
A3ah el 09,5 93 4 Babai sb 4 W Nisa
ol s (il plwed 09 ol y Les S
U5 JpaiS-anbd 09,5 > Sk Ghse pus 4 ipwlul
)3 Ghoslie pp—es —Gas 03,5 VS hgo pw
i Aol o S oS 095 Slahge 3
D3 ,8 halhy Sieslie ¢y res (4120 33, O) sl aiany
Aol po g0 )3 J)iS 09 S slabee a5 Jb )
L3536 03l S il iy yod

2= e I 552 (g2 005 A 8,5 Az 4595 (ol
Jlocl 5l 5 LY ser 98 ol @i )5 2 IS S5l Jolse
o S99 o=l L [Y] sl 65 91 pand galie 0 T
203 B bl gl 5o odaline s SLadlis Laassl
S92 )5 )3l pm S palie SlaIE e jiiun
058l Lyis i)l 035 pol Lol wmsunl 438 55 )1 558 4x 95 350
S oLl 5 ol dzuwss dige) )3 Sioslio (5 re3
2= 351 sl a5 55 Hlows Josl s a5 (5313l ) SIS s
o slio iy yos waaedl [IVNE] ol oaubs S
Mac 0395 baan b Ginl 33l (e &Sl ¢yl )3
el ol SliSw pume wblung b 2ilgs 50
Sholiiwl Sl je3 Slas ) jw b alie slas )l jlw
d539 63L) Sals b luwl) yuad )3 [VEAND] 35,5
ASlg5 50 s glie wlis ped 2B 50 Ylis &S S)ls
L s o> w0393 Linldl g b Jl) 3o S 3
' Sins VAN F N E] Sk Sone 0 s LAl
Db an Sioglio oy yed a5 Adl osls glis YHlied o
23D 355k ol oilio 9 09 YROLS w5 5o
Y o0 b GhIs ol 3l -l o T lisw 93 30iuw
ODLSed 5" o n a8l VY] aas e Jd il s
Ok 4 GJlsd 9 Sieslin ¢y w3 a5 Adl osls ylis jus
I a8Lal SIS e L) w9 YRAL n 9o Gl
oals pluis wilallaw I 55 0 cpized [VA] 33,5 50
o pwlS (655 S (Sleglie ¢y pes JWSS & a5 Al
S5 a5 33l 03,5 (P9 LT 9 Mbse LA idbac
wlled 0)95 Jsb s Jlw 9 g Sl g pulS
25l iwlse Ja o a4 [14] il 0053 )5 oslatwl
ol 0aids pglse Jolf Hob & Sieglio wliy pes
G o8l ai9id Huss )98 A An o3 b ol palin
e H8 )0 B Jl 5 sl ogid A a0
O 9 U G 5 WIS VAL VS Sloslie iy el
JSb 03 )3 awd 8l wlig pes £95 ol LS
2L 2Sl55 50 Sleslie wliy pos Hlos 4y &5 35 50

L Winnick
2 Saghebjoo


http://dx.doi.org/10.29252/jarums.18.1.80
https://ejournals.arums.ac.ir/jarums/article-1-1522-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-12-13 ]

[ DOI: 10.29252/jarums.18.1.80 |

\YAY Jle (Jsl o pleuis (PRI ©)9

Ju)l S 3y e sle olfiuls alzmo AE

~0-Mg/KQ) " yuolsS Sl ouS 5 Sdlas JAls 83055 L
8l 33 Ghgen (V-0 MY/KG) "ol 5 (Y-
sib 9 o 5 G iwlan Sl Gu alolsly il o s
e RNA later ssls slacss )3 1ed culls b
a9 03— oals )l ,—8 RNA e )5 )l 5 )8 o
A slos Do Jlxs os e 5 Jaiie @le 0I5 )08
b (IS 6 a8 ojlasl plo)y B ST il ax s
L yusilo (5 a5 01331 Yoy

2lio 5 gl sl o ) BlE s jo ol 0
5 oVl sy & Rl s 3L 2o 0T B9 2
ZellBio GMbH) =) (o saste wxas Jl oslaiwl b
b 5 a8 o )lasl (WledT 098 akw

FNDC5 ¢ ol a8 o136l gy

0 Il asllbne ¢yl )3 1 yeoslp3 S iLlaw 03T (Alb
i ) vlg—ie & SJolw RNA-polymerase |1
8350 Liules D el GoSIN) Usaa . aub o3l

FNDCS5 joaly9 5951 .\ Jgaa

Genes Sequence (5' - 3)

Scale
(OD)

Purification

Firi  ATCATCGTCGTGGTCCTCTTC 4 MOPC
Riri  TGGTCTCTGATGCACTCTTGG 4 MOPC

I oslaiwl Ly exsl jl o )5 Slo ¥+ :RNA zlyscianl
L RNA G 03 5159 550 3)l9 9 3,5 ullSuwl
RNeasy protect Mini Kit w5 jloslaiwl
035 s oS b Josdl gims b (s:loe 5 (QIAGEN)

b gz pxal
Sl RNA zl =il I yu :Real Time-PCR ozl
CDNA a5 )3 RNA wbale g3 S8 )l plisebl
TCF o Sy bl olfiws bwss 9T OD
aliwy 4y RT-Redl time PCR 5, L mRNA
S S Jloslaiwl Lo 97+ sy ollws
=S b )l One Step SYBR TAKARA slas o
D235 oslaiwl w8 i Josll ) siws b gl DL

2 Ketamine
% Xylazine

b sl g,

6ol Jloslaiwl Lo Lo ybgo aslloo ¢yl >
IN] dsact Gubs ' pus gt sl 5 2ueT o855
IS SH 22 Sl & )5 Gle A0) SueT (s Lol
2500 any (3 Jn il Jslxe )3 &5 (iise )3
00 @&Bs 10 Jl Gy s 9 b $a) 15 SBlao v
2345 Gawgin)gi il )8 SbS Ho Sl 4 )5 She
J E/0 s, PH L b¥s0 - /) i 580 Jol=o
Sl 223,532 55 SBlae 9IS ws0 & ey oaud
Lo 82005 Ol om J30 0 agbse 0392 b Lousis
s Olsn 3 03 sl gl a8 walya sl
5 b 0313 )13 (S e 5T SIS Ul 90 2 09 0 pkad
O U 3B A b (55 ol wed 3B lade
H S [PY] s s o oS e \WP-E -
sl 03 99 LT s 5L

o3 Aol s

230900 5 aiad A mae & (apei 095 Slaghse
=03 333,85 Ll ) Sslio (1203 a0l o atsr
bl Juolgd LSS ) - g S Jold Shoslio
<o glas)l 4o Sieglio LS 5 Jl S0 S gr awils 4+
g pdolcll & Juaio a9 b ax ) AD b 5 pie
o=l 0 e e SBlaw ¥ pbs 6 slaaly yu alols
Law) @ba s b ey LT amas \ Jl gw SS9 0
30 LT s wig 3o )3 Y ol pas slasjs b
Slas)g @iaa A Jl a9 3535 (2,5 4 g9 b
d5 0 8 5 b b gl wig w0 V3 V- b ul e
¥ 93 G s Lol ) S5 slacss 5 cuw dlass azas A
s E9 s JI 8 035 0,5 sl a)s v IS
LPY] s plomsl 93,8 3 s Sl )9 WIM LS Y 5
8L 9 Lowwdly (5 45 diged by

ool it Ly Lavas gos plas o Jitiune pustio Jlacl JI Guy
AT 1 s coclis EA) asl dol s )3 9 asbitno Sols

(S WwJs L oot (Ll el \Y}uig).osml;

! Streptozotosin


http://dx.doi.org/10.29252/jarums.18.1.80
https://ejournals.arums.ac.ir/jarums/article-1-1522-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-12-13 ]

[ DOI: 10.29252/jarums.18.1.80 |

AD HDHKed 9 (s3uc dweal

B9 33 pslie 9 FNDCS o) ul

Ram. Fluu.

| Threehold|

——

Uycle

FNDCS ) juiss ixio .\ JSads

dr T

c

FNDCS5 o w393 (Sixio .Y JSuiis

> asl

5 0Sle (ppizmed 9 Lo 53901 (5=5)9 vl puss
D53V 9 ¥ Uslaa )d Hid g3y 6l yusio Jlze Syl

sl oauh

Jsbie 4 PCR aa a gl s 93 Lisie julUT
)8 elzsil sl 3 g0 PCR Jguazo il (yuss
V9590 olliws eslaiwl 3 )90 SO as )n SS9 0
Al ¥ mae 4y €Y7 ;b Redl time-PCR s
Vo o0 an AE° L JSuw €+ 9 aads ¥ w4y 40°
PCR as 0 Jjl o S50 4l £+ e 6 7% 9 auils
99 L5 0+ slales JlLa youl o (5 509 asdlboo e
oslaiwl 93 -izie Aug $lh— SHS Sulaw ax s
J=iS ) olsie & RNA Polymerase Il jl.ags )5
9\ JSb) 33,5 oalaiwl FNDCS ply (yuss s
58l o s o gs La STy 4 bgy yo sLACT (Y
5wl - -+ uis3s) Real time-PCR oluws
L TCEFMRNA ple il (505 a0, wb
23,5 oslaiwl sl amslae AACT yis)
ST Jubs 9 &y pxs

5T Jl oslaiwl b esls Jlo p @) 95 3wl Jl (g
05— T Sl oloT Juls 5 &35 Sl oSy 9 b
an Laosls ples .o oslaiwl Jaiwe TSy yiol)ly
plos a5l oo ashl Jlume Sl il (Sl =) g0
SPSS-16 ol sl sl oy Jl oslaiwl b wlusl=e

) ps-/-0 LQ(),_Q)'T &)léu_is.oéoungéai:rol:_dl

Wog S (25 ) w9 Jume Blyxil 9 (pSile .Y Jgaa
Sle vl SF I owmole S wdy @Il gm dslaied 0y B Bse v 09,5
YO4/YE\Y/Y YEQ/\EY /A YYe/Et\ s/ YY/ARVY/ ieslie ¢y e
Yag/\+14/¢ YOY/VEV /Y YYr/et\v/s YYE/PEVY/A s
W 3390)T imogs 5 3u9 ¥ oo
(N=4) 2 005 05,5 (N=4) JiiS 03,5 4o
\VAY=AVidl \ lial o =8l s FNDC5 o ol
B araN A q5/. - £\Y/5E UMl olial e pa =3b 2300 T
O/d-V/5* $IVAL- /5% eyt gl
YYE/NALSS/a.* YYE/DSENS/ £ JigNiy
Y/A\q+) /. d/EVE- /YD 'HOMA-IR

Homeostasis Model Assessment Insulin Resistance

(p< '/'b)d)ﬂo}ﬁb)b&&oa}b’ﬁ*


http://dx.doi.org/10.29252/jarums.18.1.80
https://ejournals.arums.ac.ir/jarums/article-1-1522-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-12-13 ]

[ DOI: 10.29252/jarums.18.1.80 ]

\YAY Jle (Jsl o pleuis (PRI ©)9

Jeal S 5 [o}l.c olKisls ad=xo A7

ol 2 o9de (Y Jlsged) (P=+/- Y1) wbls sl size
O s—uil 7 oo a5 sls oluist u,_c)T ls
o gl & moglie 5 (P=-/- 1) 5 oI5 (P=-/--Y)
e slie (3 red azuis > (P=+/- - -) (HOMA-IR)

Wbl ol Sise LialS

3.5

20 ¢

TS o

03 O FNDCS

0.5

el Steglie wliy pos aS sl glis T yse)T @b
R ENICINE PR AN FNDC5 yls ss GBIl Sise il 38l
(P=-/--1) 3950 ¥ £95 S0Lo> slaw) Hlial
23 0= 1T B9 3 pesliie izt () s 5—es)
OSIY g5 Ghlas slaw) Glidal e =il

Jis

U)iiS9 (g2 005 510095 )3 (bl 53y 8L FNDCS il yuss A Hloges
d)iﬁfb;)fh)b&ag;&*

140 -

120 -

100 -
80 -
60 -
40 -
20 -
o + . :
J A=

1Ufm dial (53 @l 0359 ]

*
O

d).'i.ifsw).aigslho,)f)éugld’nld)eaéhw}g_)ﬂ'al)ﬁﬂ.\‘)lé,&
S 05,5 L ls ise wglas *

a3 S3ded g [V €]l oo SHs S 35)ls
23 U= RIS 0355 I3l 5 VI G UL DS
ol Jla oyl b ol o0ub 0313 olits Subs ollas
OB 2sbas Sglio Jolse 3gue &F sl ooub osls
L L sols ol oo pa sl Ghals b s 55 alayly

SRy
=5 )3l o S galie LA IE Sl sy i 0
Ol 09 ol Lol cmanl 438 )5 )13 4x o5 390 S50
5 calin daioss dise) )3 sl cpmes 03l

6l 4 55 plow doal b a5 (53,3l )3 I pa Tl T


http://dx.doi.org/10.29252/jarums.18.1.80
https://ejournals.arums.ac.ir/jarums/article-1-1522-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-12-13 ]

[ DOI: 10.29252/jarums.18.1.80 |

AY OhKed 9 (s3uc dweal

B9 33 pslie 9 FNDCS o) ul

S L bus po sl len A 2 il 0 Sblas
a FNDC5 Juasl [YV] auibl anils Jled e 5355
A o dukw = wx8b S Gl slaess juS
Sl o94d 5= 0 3L s 5 oauh UCPL ply w38
Az )3 .S g o PPAR-O plu Giul 3-8l eacly
Sl aliac Jl osubs Fiude JiSumws wanl oo (32 32 2T
5 =202 3L L Leadiiue 5 0ub (5) )51 Ay s il 33
ol Koo il b5 (ol .3ubl bows yo Sl 054 d (2 0>
503 b 3 =3l Ssalie Jelge Sgup el
DS Ginl 33l D) o I oadh a3 ) sl pl jee
el 0581 Vsb a4 T Vb Ay (prizeed
o= o3l [PA] seib Sglio slaslen ploys
Slas ,Soe IS sl ogd 5= > o3l 5 Juew
GO =l dsaw (5 3L a5 I HS i SweSRe
UCPL sbls sl 0943 5= > b (A8 5o 03 )
an )3 J il an 5 0dib (ol ile )5 el a5 Jubb 50

[£ XA ] 008 oo S8 s =
Mo 4o p ey i | 4S5 383 se plis wiellae
S 0903 355 s dsi slue 5 538 33594555 58
A G VSIS 0 a3 5 uiw Ginl 8l exely 5 oauk
S8 adsl sladslw 9 bl sladslw o Lis
ol 4o Mie slahge ) &Sl (sl 4 pslioe
o33l 5 5355555 515 05 Al 350 S 93 55
23 ObaLS Ay szmie g2 i T 3l azis s 5355508
woslio 5 55 oI5 Sliwsed 5 oaub Ll 45515 o
SRS 5o LS 9o &9 ebs 3hsl s ) Sidd gl
6 33 piawl Sy (325 T AF 383 50 wlis @l ol
an [YV] acblbsse 95 g5 wuls Yl lm Sge
Gk I L S8 5355555 515 aienT Sw)e pkis
S 5o J S PIBK/AKY/FOXO1 jumo Jooess
polie S8l )y Gulsusl 5 (230 T &l Dl [¥1]
ol Sl Sl juue 93 £95 5L 5 plgul &
Jics il 381 9 53595595 9IS LS s Giws
23 wlallae [YV]ao)lds oo Shyubl &y 1) o) oSuls
a_S el o3ls ylods IN VIVO 51N VItro oyl s

elled Sied g il uizmed [YE] s Hhals
5 SJ )=l 4ajo Ssua o LR b & b))y
L5 2 03bla) JI (b & Subbse (Ul Jolge
Ao i T [V] wul (Bepls sue) SilSwl wdae I
4 5039 FNDCS il o355 0 SIS Jguaze vl sic
Sl eMae s Baece a5 Lie J36 (s 2 olgic
ol Giavg 5o 03 [Y] Se b oo aialiub 315 35n
o459 33 Zob—w 9 FNDCS a5 s osls ylis
¥ e ubs o) il 5 a w8b s o nT
o8l el Sioglio (b)) s 5 anbls S99
OIS Oed 5 ' e i sy ol o T Jlsize
3l Gl ol bawgs ¢ 3 2 T/FNDCS as asals
3 i 50 o5 B Gbee VS (S wulles 9 PGCL-a
JLss 4 Lglusl )3 ¢y 50 T mbaws a5 s53ls Ylis 3
o=l 2 09Me [¥] ubise Linl8l Sib)s slaeles
s & rzie Bl slagbse v FNDCS 3L vl
O3S 9 03 b (b3S sire ©J i 9 UCPL
oz S5u0 el puizmad s Ginl 38l b puae
el 63L) 393 B 5 o il gl Hkals 35 55
S poe inl 38l & b Ul S galie Slageald Ssue
oals yluis Ll sla33s 03T )3 [¥] aub 5l
A pmio (Sholiiwl (y )03 a et | plxil a5 aub
MRNA 5 FNDC5 mRNA s sl 93 il 33l
Lo ias o =0 Ja o=l b [Y] 52,5 UCPL
Zsb—w L [Y0] FNDCS gl el -3l sl g3
bt )9 wilis pe3 Sl gwy ) 3,5 03 2T
£ 4 b re ,dis &y mlis s Bl [YF] auas
oo N 5 bl LS )T 5 (o pses
Sl sl julSe plawlivh ) a9y slayills
op o5 Sleial bl Jl oK wmwl o p05 (2958w
sl Sl ogid G =8b A Sddw (2> 8L s
b s Oe el 4T sl Gize plae ol
Lo LS aro [¥] sas 50 il 38l ) Gl osid (0>
O ol ySen ()09 Slamlled Sb Az yie

! Bostrom


http://dx.doi.org/10.29252/jarums.18.1.80
https://ejournals.arums.ac.ir/jarums/article-1-1522-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-12-13 ]

[ DOI: 10.29252/jarums.18.1.80 |

\YAY Jle (Jsl o pleuis (PRI ©)9

Ju)l SSib 3y e sle oSl alzo AA

Ol s nslio 4 bgy jo LR HLew Il (S oLuwn
Old 950 Blacusga=e I [A] asbl aibls s
5 il 5 Jlacie 5 8 ojlasl pac ,ols
Q Sl ogd & b (3 @8b 2365 Ulwe iz
OFFed Al 5o A 30 ju 5 DUl yublas Juds
Ll (pl (FMae 9 (50w padlie wljuss Gw)
AblS o) ils H3 (8485 (6 a5 Azl S Milg3 50

RV

=

23 nien 55 23T 5 FNDCS IS splo 4y
PR PENIES SOV X NEEDNPIRS KK o P B VAV PN
b9 slawdled 5 8 DS b)) slaeulled
Sl o9 (522 =03l & st (253 8L s el
Pl galie Ol jse el j8l tacl Bapbo cpl Sl 5 0
L 02T 5 FNDCB zlais (yiicmad -39 o
aton Jl 35 5 IS Sliuget sLaailib I sl
4 oub 0315 Yl 5 313 bl ¢yl awsl & o slise
2L o= 3 les o 2y nT 5 FNDCS mbw
A ok il 2 s 9 Gleslie )05 slawlled
o9 Y5l 3315550 Lowdly oo nT Ebas Js s
s 5 x5 g YSA] &y Mire Olilos S salio
T oy tS plgSoe bluial Ly ais 0 .2kl
Sied 5w w3l S Gawel 4539 35ls5 50 (32 o nT
Il > asl (SBla 5 b pleps )3 Ugs & oT
=8l )3 Jolss pae Sl il &S K5 sily ¥l

bl el (6 3l Ady 3 9

19033 9 S

23 i)l awliis )l Aol ol s s allae oyl
A5 L hol all e saly (JoT (soduwl ST olSisls
Al gis s OB S g5 .3 plsl YYAVNE-EQEY - -V
el Sallils saly (pl Sl 353 (Sls)a3 5 )Sis
3l 50

9 3l Gl 3355555 515 Sl 5 08 sha 0> (T
Ao polie 5 Gl S8l D3 ©IeSlS jiiw Luals
2583 845 =l )5 e ded Sl il ige il sul
Syt 9 bl 55515 GRALS el o ja il sl
Jloslaiwl b by slabee )3yl sl &y waelie
Oea 5" )L wlsllae [¥1] b ¢y 9595 9% i
Blapali L oy jm ] mbuw a5 385 50 glis 3
bl )3 Gl gl 4y aoslie 5 Sl golite @)
OhalS ool G g3 mls ) S [PY] subbse
ool & moslie 5 ol suil ST HI5 o 3lie Jlsine
Doy (o Aiad e idid Jl axmy Sbs slaes )5 s
03iiS Jle—s PPARY a_s asals olis wlsllas
an3ds 4 gl )3 O pdin pebiis 4 3B PGC-1a
ol vl 5 Jblbe $J5)50 508 SiliSuw S8 pumo 5
ot 38l i) laeled Jl asy SilSwl wlae )
Pl galio )3 oueo Ll PPARO[¥Y] sl
aw el FNDCS glo Ginl sl .3l oo, 5 35 518
o= w8l s PPAR MRNAS gLy gasis ol 0
el PPARO 9008 )i 09Me &5 [VE] 3oib 50
Sl (plrliz Spib oo 2 Vb Sl 05id 4By
Sl s oaiiS Joass Lias PPARO a5 5o 50
5 il o bl [YE] s)ls FNDCS jI il
e 9 035 s sl PPARO SiliSius e
[¥0] S)ls s U samwlawnsT s s sl oaub aualih
el ()09 oy ped S 5o A5 4 AMA Hgb A
o331 L ol jet aS oaub idac PGC-1a il 38l
FNDC5 s Sl .aibb o FNDC5 L ol
03 Jlaie il 38l 9 0 ¢y i T Hiwla) e el
MU0 3w o sladsbw s i nT (b S
a pbls Ssib e il x5 Giul 8l eacls 5 anblas
el JUSw S lgie an o T Sus) e plas
5 Sobgo i w8k 5 alide u bLi)l )18
3b Y o Jhe 2 P98 VS Huss el
IS )3 30l s aF [V7] Soibse Sl 0oud (20

! Park


http://dx.doi.org/10.29252/jarums.18.1.80
https://ejournals.arums.ac.ir/jarums/article-1-1522-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-12-13 ]

[ DOI: 10.29252/jarums.18.1.80 |

M HhKed 9 (s3uc dweal w39 23 pdlio o FNDC5 ol o

References
1- Tuomilehto J, Lindstrom J, Eriksson JG, Vale TT, Hamélé&nen H, llanne-Parikka P, et al.
Prevention of type 2 diabetes mellitus by changes in lifestyle among subjects with impaired glucose
tolerance. N Engl JMed. 2001 May;344(18):1343-5.

2- Thompson D, Karpe F, Lafontan M, Frayn K. Physical activity and exercise in the regulation of
human adipose tissue physiology. Physiol Rev. 2012 Jan;92(1):157-91.

3- Bostrom P, Wu J, Jedrychowski MP, Korde A, Ye L, Lo JC, et a. A PGC1-[agr]-dependent
myokine that drives brown-fat-like development of white fat and thermogenesis. Nature. 2012
Jan;481(7382):463-8.

4- Dunstan D. Diabetes: Exercise and T2DM—move muscles more often!.Nat Rev Endocrinol.
2011 Apr;7(4):189-90.

5- Handschin C, Spiegelman BM. The role of exercise and PGC1la in inflammation and chronic
disease. Nature. 2008 Jul;454(7203):463-9.

6- van Marken Lichtenbelt WD, Vanhommerig JW, Smulders NM, Drossaerts JM, Kemerink GJ,
Bouvy ND, et a. Cold-activated brown adipose tissue in healthy men. N Engl J Med. 2009
Apr;360(15):1500-8.

7- Pedersen BK, Febbraio MA. Muscles, exercise and obesity: skeletal muscle as a secretory organ.
Nat Rev Endocrinol. 2012 Apr;8(8):457-65.

8- Cunha A. Basic research: irisin—behind the benefits of exercise. Nat Rev Endocrinol. 2012
Jan;8(4):195.

9- Castillo-Quan J. From white to brown fat through the PGC-lo-dependent myokine irisin:
implications for diabetes and obesity. Dis Model Mech. 2012 May;5(3):293-5.

10- Soori R ,Asad MR, Khosravi M, Abbasian S. The Effect of Submaximal Aerobic Training on
Serum Irisin Level in Obese Men; with Emphasis on the Role of Irisin in Insulin-Resistance Change.
Arak Med Univ J. 2016 Jul;19(4):20-30.[Full Text in Persian]

11- Kurdiova T, Baaz M, Vician M, Maderova D, Vicek M, Vakovic L, et a. Effects of obesity,
diabetes and exercise on Fndc5 gene expression and irisin release in human skeletal muscle and
adipose tissue: in vivo and in vitro studies. J Physiol. 2014 Mar;592(5):1091-10.

12- Kim H-j, So B, Choi M, Kang D, Song W. Resistance exercise training increases the expression
of irisin concomitant with improvement of muscle function in aging mice and humans. Exp Gerontol.
2015 Oct;70:11-7.

13- Blair SN, LaMonte MJ, Nichaman MZ. The evolution of physical activity recommendations. how
much is enough? Am J Clin Nutr. 2004 May;79(5):913S-20S.

14- Pitsavos C, Panagiotakos D, Tambalis K, Chrysohoou C, Sidossis L, Skoumas J, et al. Resistance
exercise plus to aerobic activities is associated with better lipids’ profile among healthy individuals:
the ATTICA study. QIM. 2009 Sep; 102(9):609-16.

15- Volek JS, Kraemer WJ, Bush JA, Boetes M, Incledon T, Clark KL, et a. Creatine
supplementation enhances muscular performance during high-intensity resistance exercise. J Am Diet
Assoc. 1997 Jul;97(7):765-70.

16- Kelley GA, Kelley KS. Impact of progressive resistance training on lipids and lipoproteins in
adults: a meta-analysis of randomized controlled trials. Prev Med. 2009 Jan;48(1):9-19.

17- Winnick JJ, Gaillard T, Schuster DP. Resistance training differentially affects weight loss and
glucose metabolism of White and African American patients with type 2 diabetes mellitus. Ethn Dis.
2008 Spring;18(2):152-6.

18- Saghebjoo M, Dastigerdi S, Afzalpour ME, Hedayati M. Effects of aerobic and resistancetraining
on plasma visfatin levels in overweight women. Koomesh. 2012 Winter;13(2):225-232. [Full Text in
Persian|

19- Ormsbee MJ, Thyfault JP, Johnson EA, Kraus RM, Choi MD, Hickner RC. Fat metabolism and
acute resistance exercise in trained men. J Appl Physiol. 2007 May;102(5):1767-72.

20- Moher D, Dulberg CS, Wells GA. Statistical power, sample size, and their reporting in
randomized controlled trials. JAMA. 1994 Jul;272(2):122-4.



http://dx.doi.org/10.29252/jarums.18.1.80
https://ejournals.arums.ac.ir/jarums/article-1-1522-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-12-13 ]

[ DOI: 10.29252/jarums.18.1.80 |

\YAY Jle (Jsl o pleuis (PRI ©) 9 Jeal S5 5 ro}l.c ol&isls aJ=s Q-

21- Pierre W, Gildas AJH, Ulrich MC, Modeste W-N, azTélesphore Benoit N, Albert K.
Hypoglycemic  and  hypolipidemic  effects of Bersama engleriana leaves in
ni cotinamide/streptozotocin-induced type 2 diabetic rats. BMC Complement Altern Med. 2012
Dec;12(1):264.

22- Skovsg S. Modeling type 2 diabetes in rats using high fat diet and streptozotocin. J Diabetes
Investig. 2014 Jul;5(4):349-58.

23- Ramzany N, Gaeini AA, Choobineh S, Kordi MR, Hedayati M. Changes of RBP-4 and insulin
resistance after 8 weeks of aerobic training in type 2 diabetic rats. Metabolism and Exercise. 2016
Winter and Autumn; 5(2): 89-98.[Full text in Persian]

24- Hordern MD, Dunstan DW, Prins JB, Baker MK, Singh MAF, Coombes JS. Exercise prescription
for patients with type 2 diabetes and pre-diabetes: a position statement from Exercise and Sport
Science Australia. J Sci Med Sport. 2012 Jan;15(1):25-31.

25- Timmons JA, Baar K, Davidsen PK, Atherton PJ. Isirisin a human exercise gene? Nature. 2012
Aug;488(7413):E9-10.

26- Pekkala S, Wiklund PK, Hulmi JJ, Ahtiainen JP, Horttanainen M, Pollénen E, et a. Are skeletal
muscle FNDC5 gene expression and irisin release regulated by exercise and related to heath? J
Physiol. 2013 Nov;591(21):5393-400.

27- Pedersen BK. The diseasome of physical inactivity—and the role of myokines in muscle—fat cross
talk. J Physiol. 2009 Dec;587(23):5559-68.

28- Pardo M, Crujeiras AB, Amil M, Aguera Z, Jiménez-Murcia S, Bafios R, et a. Association of
irisin with fat mass, resting energy expenditure, and daily activity in conditions of extreme body mass
index. Int J Endocrinol. 2014;2014 :857270.

29- Cypess AM, Lehman S, Williams G, Ta |, Rodman D, Goldfine AB, et a. Identification and
importance of brown adipose tissue in adult humans. N Engl J Med. 2009 Apr;360(15):1509-17.

30- Saito M, Okamatsu-Ogura Y, Matsushita M, Watanabe K, Yoneshiro T, Nio-Kobayashi J, et al.
High incidence of metabolically active brown adipose tissue in healthy adult humans effects of cold
exposure and adiposity. Diabetes. 2009 Jul;58(7):1526-31.

31- Liu T-Y, Shi C-X, Gao R, Sun H-J, Xiong X-Q, Ding L, et a. Irisin inhibits hepatic
gluconeogenesis and increases glycogen synthesis via the PISK/Akt pathway in type 2 diabetic mice
and hepatocytes. Clin Sci (Lond). 2015 Nov;129(10):839-50.

32- Park KH, Zaichenko L, Peter P, Davis CR, Crowell JA, Mantzoros CS. Diet quality is associated
with circulating C-reactive protein but not irisin levels in humans. Metabolism. 2014 Feb;63(2):233-
41.

33- Ruschke K, Fishbein L, Dietrich A, KIdting N, Tonjes A, Oberbach A, et al. Gene expression of
PPARy and PGC-la in human omental and subcutaneous adipose tissues is related to insulin
resistance markers and mediates beneficial effects of physical training. Eur J Endocrinol. 2010
Mar;162(3):515-23.

34- Hondares E, Rosell M, Diaz-Delfin J, Olmos Y, Monsalve M, Iglesias R, et al. Peroxisome
Proliferator-activated Receptor a (PPARQ) Induces PPARy Coactivator 1o (PGC-1a) Gene Expression
and Contributes to Thermogenic Activation of Brown Fat INVOLVEMENT OF PRDM16. J Biol
Chem. 2011 Dec;286(50):43112-22.

35- Abdelmegeed MA, Yoo S-H, Henderson LE, Gonzalez FJ, Woodcroft KJ, Song B-J. PPARa
Expression Protects Mae Mice from High Fat-Induced Nonalcoholic Fatty Liver. J Nutr. 2011
Apr;141(4):603-10.

36- Wu J, Bostrom P, Sparks LM, Ye L, Choi JH, Giang A-H, et a. Beige adipocytes are a distinct
type of thermogenic fat cell in mouse and human. Cell. 2012 Jul;150(2):366-76.


http://dx.doi.org/10.29252/jarums.18.1.80
https://ejournals.arums.ac.ir/jarums/article-1-1522-en.html
http://www.tcpdf.org

