DOI: 10.48305/jims.v44.i866.0963

V&0 JS 50 P9 /A7 ‘so)loﬁ:/.a)l-e 9 o Jw

VE-0/-0/ V0 sly g,

Olwol SSub 33 0 ISUS1S alxo

M0/ e0-¥ i by )6 VY-S 2l s g, U

§(IL-6) £ — 3 of i) ((FSTL-1) | — (pailind 69 ans Jolo 5 b 39 ilido Ol o 9 (Sl 31 (wy 98
Sl g 315§ (S0 s Sig0 (292 Cb 40 (TNF-a) WT H9005 oinds jg 555 Jols

Y

9P Sogad Sluao M o gliay e T guia g Elya Bulis N (S b (5 i gulall

g3 dlio
PRV

SlacySon 3 (FSTL1) Y = (ysbiuddss ans Jole 5 ool (slagnigp 51 (TNF-0) Wl 9055 (s01359,55 Jale g (IL-6) =008 o jita) (g 1doARo

Pl slagbee 3 o C8L ldlis 5 bl SlaguSan 2 (oB))g Slayed 5 (B Sl uyp o agh Ban s o2 il ) Skdlas

95 05«3l S8 Jold (U7 09)5 Yoz & o5lendl Bl (2o 9oy VY i8S )5 dulie 3)90 9 003 (Jb)S (Jgene (HE ]y b odd 435 (hge £ g
(090 ey Sl 2o yd YO U 50 s L) (tolian] oy pod 5 (9 (15 3l o pd Yoo B Y 0t b) stoglio 1 pod o ydgd sy piS s Suoyd Ao b AD s L) by
gy 3l s ool Real Time-PCR oo, 5l TNF-0 g IL-6 FSTL-1 5 oylo (s 5Sojluil (gl 35,8 o3 503 duades gty (slebtinn ettt Cuid oo dy g S5 S
b 0dlid P < o/+0 (g oline prlans 5 g S o M3 s > TUKEY i g (ANOVA) 6 boi Sy il g ulos gl

P FSTLAL 5 ol folion S 5 (P= +/++Y) e JyS5" 05,5 & Comd 2108 (gl 5 il ol (35 05,5 3 FSTLAL 55 oy folins il bty
oo lagise o 8l » TNF-0 g IL-6 (clagj oo olive Gl 9 (P = /- ) Glo Sy 09,5 & Cand dpb (5 g ol ¢ sioglie (305 09,5 > 1
(P> ]+0) 0t 03 (g foline oglts 5 slmog)S (P = /e ) 28 B Jgems (I 25 09,5 & S 02 2l w55 095 2 5

g FSTL-1 2oliél g TNF-00 5 IL-6 Lials b oglis 5 (golitwl il (ool il yoi dwy g0 ylai 4y cpols saalllan gl & do g b 206 a5 doil
b ye el Jalse (2alS 53 50 jlSal, S Wl (izman g 29800 (aledlns (laygS B Sl (S Jline Il g (oledl laygSB Sl (S Jloline S
Bl B 5 o5 L3I

Wl ge55 50310319,S5 Jolo 1S o)l 1) —piliandgh 4 Jalo f(tolizl (a0 2005 (055 (05 staglie (303 15408 )31

dd Jole (9 Ol 2 Alisee Ol yed g (Blo P (w2 daae 655 Gsedd (Sl (sin ilo sagm E ol (B S gl
S5 P lpee gl 252 €l 3 (TNF-0) W js0s5 00i0359,55 Jole g (I1-6) T - (p5's) sl (FSTL-1) Y — (05 banad g3
AVY A5 (ASF) FF Y0 el (S5 0aSisly dloxe .)Ms

ol o 5 S5 belse o ol 51 30 &S ol (Gl 13l 4o

Sl el pm (S5 S b 55 L Sl Sl e (T)
S A ol o e Gl e A Sl e 9551 Lo 5 S
oo Sl s a BLol e Sk s e e 5351 sl
oS o SIS sle e 5 S0 sladnl B il 0

ar ) lesl s o€y S 5l 338 03 b ys Bl i xS
L ble o 5 odzmn (olew SGoae L 5 e 5l e 00,5

sl S s BB b a4 elanl 5 iy Gres sladaly

Ol pl o) gz (oMl J|)'T oKaals g d>lg (od))9 rs,l.: 9 SN T S 55; (658> (Gazmials -\

Ol pl s gz (oMl .>|)'T o&isls 3 gim Ay (o859 r,l.:. 9 (PN S S 05; bl =Y

Ol e gz o ool Sl5T olKtils 00 iz Ay o 35359 pole 5 (S Can )i 09,5 ¢ boliwl gtz 1 Elz 3olo : Jadmmo (Godkium g8

Email: s_birjandi2001@yahoo.com

ary V20 513 1o p g3 (Gaan/APF (o slet / FFILe— Olgiol (S5 0S5 Ao

http://jims.mui.ac.ir


http://jims.mui.ac.ir/
https://orcid.org/0009-0003-9492-3884
https://orcid.org/0000-0001-6898-6804
https://orcid.org/0000-0001-9933-0170
https://orcid.org/0000-0002-1249-2394

Olylsad g (S yb (5 S uladl

sealS g5 cote U 5 olalae i glae seme .
olzd Sldlae opl &S o Colam Gl 3131 s el sls LS
i b el s Ll e L 5 b e 5555 45 s e
bl e gl Loyl 5 s a0 5 das S 1) e Olgdl s
Llsd 4 ol jsbay (BT) elical Ol pes () a8 SaS' 3l
23 P30 88 rAeAt oS 5 55 o e (S et
S s, LET o8 cat ol slgciny (V) oo 3l 0l
Gl o (SIS Jsles dex 5l e Glag 850 b ol o
RT) eslie Sly po3 (A) Al g e Sl as 5 Ll i
S Wlesls OLid Sladllas .l S90 Dby oS 5 3 gy 53 (puiiead
LS 0L ar deond 5 a4l Rl 4 B Db e
Fir e Sy sl 5K 5 HIT) s ols by 03 ()
03 el pesdle Bl el sl e Lt s g ol 0L s
e 5 Sl HIT az 31 ralin ol Dl jad Loyl
slpald 5 e s b alie SIS e bl )ls (6558
) sl asls e b s e

azea £ 4S sl s 0l,Ss 5 Babaeinejad Jls Ol pe 4
e e tge 5o LFSTLAL 05 0l (g5lpn 5 (reslis o e
OV sls Gl @ e 3 bedd s

oslizal b glanis cin iolesl dtlie K0, 5 Vella
5 Sl b 45 sl ool Bl 331 (535 (55158 Sl o3
LU 5 TNF-0 o S1 s IL-6 5 CRP g5 LU j2als
Coia Al S 650 sandlas flas 53 (VY) 6l Ol g 5
sl ghls 5 Olr sl s (g5le Dby el Sl eslial b (glazia
ol olis IL-6 th.ﬂjb o5 JU ek s &S sl el 035
(V) 51> 0Lz [, TNF-0. 5 CRP & glas 5 2al5 L

sl G eslie Sl ed 5l 5 OLSes 5 Tomeleri
oslizal 035 Lol ghils b Bl 33 6oy glania i aaled]
LTINF-0 5 IL-6 CRP - s g5 LG 2alS o o5
30 amipen Sl alss s 2505 6 s (VF) sls OGS
L ls oo G350 3l S50 Olgdlis Ol 3wl os g Olidee 4 55
by 8 SIpke )L i AT s 4 e A
el LU 5 el Dl 5 e ¢ 5 Lossd o Jlesl 2555
S0 laplil 5 e e a1 355 s @;;qsu,,jj\
Sl Cilie a8 gboaaliy d oy o o an ool & slite
O8) ksl aals Cledl 5 035 Sl sl

3550 05 LIS 5y 5 Dlido 035 5 dows 4 4 55 L I
L omen 5 pledli—s 5 Ll Jualpe e Dl pas S0

Sl s Olgr sl 5o Bl Dl 053355, L) 4 a5

il 9 Ll slagaiig g g i3y 9 Ol yal g Sl B

5 s bl b ple 5 oledl glagaly el (o plee
Slodulp a5 ot gladle 5o (Sl 5 os o alaly Lisd s
lon S Gl 55 4 Ol ol 3 Qs (55— 51 L,
S S 5 e Sl pde 4SS e (55 Ollie 5l
P ) T sl 5 o Sl Rl s S s
L oledl slo sty ol 355 5 Sde cllad oS e 5o clils
S e el e e BIHND d e (S (o0 o 5S
() das o 2alS |

S Gl S Gl e s U e 00 Ol
sdadshe s il Jol addllas b Bl 5 Il ol 3l Sl san
edd i8S o3l O (53 S 5 sl Smlon 5 else iaen
(Lo pSamal 5 bl sla oplS pl W) Loy u S S ar s e
V= ol b a S Jule a8 sl oLis Sladlae (V) das e el
348 el 085l S FSTL-1 (Follistatin-Like Protein-1)
Isb 5 1y ded gt FSTLAL )l 255 g 5 e Sl J1s
e Vb sla s ey 4o (s e gl Sl ey
S50 b 53 FSTLAL o e s o W aiiie S o Lige
b o IRl e s BB b 4 s, 05 Jsb 5o s elinad
o3l b odl b ad o O o Oski 5 5 sd b
SIS sl s 3 FSTL-L iz )15 il slad s
S Sl b lesslen b 3 0T 28 563 Jots (g3
Coa S Olge ool fomoily FSTLAL (ol iy o aieie
L) sl 1y S ke Codlw 350 5 Sl Oloys 6, Sleys
b o DLl 3l 3y il lassbon: 5 Bl o (S0
el Sl s i S 05 Blal SUKL L s &
s 2S5 (R il sl ol Bl 51 (30 e
i Sedse bu g Gl Gladands =35 4 e s Sl a0
sses Sekiasis SO ale dL-6 (Interleukin-6) -5 ) =l wila
S15 55 s TNF-o (Tumor Necrosis Factor-Alpha) Wi
S ol Sl Sl K IL6 G b K i, 0 (CRP) C
A8 e Wl ol sloanl 5 04 el b g S
e nze Al 5 b Vpona L6 (VU gl s (55
REE I | e I PG % JONE A PSR g o
i 530 b (S5 Bl s a0l B A e gl 5 05
535k 5 58 TNF-0 pimen (6 0F) 3,05 Cilie 030 (slags o
3 b o Sl Ll s B Sk oy 5 Sl
(0) 3,138 o b 0 S plio Comds Ly o gl 40 o slis

Ll o s ke Sl a5 Ll Al 3 5e s Slides

Cous 350 Olzman ot b dias 2alS J_L@J\du;‘ucjiu

V20 515 50 055 (Gaan/APF (Goslad/ FFILu— Olgiuol (K3 0dSKiils dloes a7¥

http://jims.mui.ac.ir


http://jims.mui.ac.ir/

Oylsea g Ol ylsan 9 (8 4o (6 yaSiun uladl

Lol 0k O35 s You spde a5 a8l (LI s 4 oS 3
Ll Ol 45 3 pln 30 5SS G UL suzis o
S gty Dby et 2y Yo AdBAY spa Ol a5 JalS 1) Laal,
DS e b s e el G a5 oy e 3 e
A s AEES 93 S o Sl el galol L s Jels
(4855 S5 LS5 Alold) Ll 5o La S 5 43 S5 1S
0 s Kt Ak (4855 A LS5 g4l o) OLL
plad 53 als g plonil 038 5, 50 5 s b 455 Dk 050
£ oo o)Ll L Ol 5 5l 28, Ve 6l o5 pe 0 o ok
aali ol (S SIIL e S e i Smn 5 Al S 0 S
QOV) Lo
4&‘os;¢;wuyu%u_ﬁuwﬂséuuﬁ
g 29 055 3, 5 asls Ll ST ey (s Lol
035 5 g o hse Il 3 s e ST (580510
OB W g o smasee VY 015 I 5s) p 4k3s iy Sle &
2 A e e b (e s )L 25,5 Ol e L)
Ao a U S g e dalsl 53 s dxys Lo Cod g 4dds
gu&y«s&@uugﬁlp\@;ﬁﬁu‘@;
0ol 5L Y S) Ll axsls 1 Osls aelsl Ol 5 5 ey (Sl
OF 5348 o (OA) 35 U1 S 15 5l 3 22 b S 5,
S 53 05> S S Ol Sy £ 85 4 (S
Lt oy el s Sl Sl Ao La g 5 i 4B S
badds o Sa e 03,5 5, 5 0 5 Al e 5o Sl 03 .009)
a3l g gl O e Sl s 3 00 BE0 Cus
L Ola S ol s 0sa LB 3 55 psed ol S s w8 S
DS Sl U Sl 5o Obss G JSTUs ds 3 8 B AL o
Jols oS Jles cml il (sladss 55 slacsls (oman 5y
Sl a3 00 B 80 DU L O S s (g Llsaslsl glag o
L) w3 Jlesl 2dles sladda s Ole oS 55 04 55 Co
St s el Gl L se elial  ped asl 03
5 JSE nl et Ay el a0 a2y s ke
A dopn N B0 DuE Lis S e S aids Ve B0 5l S
0r oo a0 LB L g oy asis 0I5 S 5 (s, O s
A{(Jle))prJwaq,;ﬂ;SU;-M)JVO Lo wus b oaass
sy GO Quh@:@}gblﬁlﬁ):)mbﬂw}d
Tt RS 03,8 Ol a3 5 L3S 3 D s3 S ST
oiws a5 5L 0 aids Ve 5o Wa ge o8 a (V) il oy s
5 S Sk L s K S e 2n 5 O S5 el s S
(TV) L o A 8l il pn OLES 5 | (55, 2 o306 O3l

il 9 Ll slagaiig g g iy 9 Ol yal 9 Sl B

Wl Bl e 53 e O (S S5 Sl el
Sl s anis Cta Bl 0 )y Saa b Sl aallle
Ol » HIT) se s sl 5 (RT) meslia ET) zeliz
Slaise o <ol 5 TNF-a 5 IL-6 FSTL-1 slaos

B 35

S e sbae a0 63,8 5 A ilasT ganllas opl s
Sl et Glagsl s a4 a5l (hass 53 5L 5 se sladisel
o g o 3 s 0 S a3l e &S plales 55 S a3l 5 las
3 o -2 02l G Power dile (gLl Slaslzle b 5l i
Jobos (oLl sy s 5 F 05031 Sl bl 33l 5 nl 51 esliad
Ol (558 b Sz il ol o(alas 5 Jol il D) il
e YVl 53 5 b S i 53 /A il Ol 5 0700 Jsls
a0k b laBse (10) A i 8 (2 8l e
&3 @3l gl 3l e S VAVIO H ATV 03 Sl 5 ain
5> ALl et 28 Ll h s lad gl LS (6 5M 5 gt
WWAY S 5 sl sy e o 5 o18 Sl am s YORT gles
Gy s KBS (g U300 BY0 Cugby 5 el
ol e 5y 5 oSilesl sl 28 Ll 5 L st se OS5
FISERNES) 05 S 55 55 b ige azin SG 3l e A an § b s
G Y (HFD) © = olie 55 5 G i) (ND) Jpons
Frere 2lie 5 ND oy S azia i Sla e B 515
wo (s o Vo 5 Sy S Loy Ve (g dopa V)
Aoy Ve g Ao V) ox oW 5, HFD o5 8
sl Gldy b g ol 4 (s A3 Y 5 Dy S
st e VY el e 0L 3 Q) des sy (5l (3l e
wl slag,Seilil gl sHFD o5 8 0V sND o5 S 0V ol
e 4 b sbe Gl gl bse 51 Koo e YE 5 s L3
A i 03,5 (OC) Gl IS 0y S oL 6 2 €
At sl e 055 5 (RT) el (e 055 (ET)
Shksls plasil ) by ol ands Gl Do 4 5 KA B HIT)
S5 CraBle) 0 dsb /(e 5) O U psme a)) J ol
VL slie 5ol esliul Sl Sl Olpe byl gl (Voo
Lolos Labse (VD) U245l 55 Bl oo Olsie a T

sl sl [y o g ey el ol plo
5 e S b reslie Ol Sl sl o3 saaliy o
03 A eslinal dlols e Sl 9o b plade 5 a5 A0 S

Q.,b d)} Juﬂ)b‘q' uJL}AMAJ_.LAI_.\.u 6[.&4.‘1)'} Q‘J:A J}\ Lgm

7o V20 513 1o p g3 (Gaan/APF (oo / FFILe— Olgiol (S5 0S5 Ao

http://jims.mui.ac.ir


http://jims.mui.ac.ir/

Olylsad g (S yb (5 S uladl

s g Ll slagalip e g (4))9 Bl el g Sl

o) sl S5l Olaseis N Jyus

PCR Product Primer
e - py7E F: CGCGAGTACAACCTTCTTGC
AN R: ATACCCACCATCACACCCTG
. Yoy SAAE F: GGGAGCATCTCTCGGTCTATG
BAA- R: TATCTCAGCTACCCATCCAGG
— ‘. pier F: GTGTGATGGTGGGTATGGGT
D4/ A R: GGTCATTGTAGAAAGTGTGGTG
Actin p Yoy SA/eY F: CTTTTGAGGGACCATTCGAG
BANY R: GCAGAAGTAACCATGGCATC

Real-time PCR J&;Sl, r\:u' 6‘.)'.' ‘gbé ML.’J'.' Y J}J’

JCw b (439) Lo A= 50
BLA s>y 0 Hold
Sy 40 35l 5565
SIS L LY. OA ol Jlasl
P VY S sk

°JJ§“€‘:‘?—~*;L5—‘:’).)JQ‘“‘)‘°5°)J§)J“—;MO5 CJ‘JM:JQ\J.A
MCT-=2 25

AACT = ACt i e ng*ACt U8 655
ACt .., ..e=(Ct Ly ,—Ct
ACt ., c=(Ct .~ Ct

)

&)
version ) Y1 gas—.; SPSS ¢, Ll il 5SS s loosls

5 e $UE ) » (26, IBM Corporation, Armonk, NY
02 Shapiro-Wilk & a3l Jaw 5 laesls w355 0351 oab Aob
Sl 5o Plaml SUl s a plonil O 053 L baesls 035 Sen
ol oo Ogesl 5 Gtass sl B o 45 5 e
0031 A o3l TUKRY oins 0031 5 (ANOVA) & b,

b S el P < /vo Solsbme mlacs L baas 5

Ll

e e S e 035 5S0la 5 £ sl 53 0 Ol b
el 5 Bl LISl e e 5 Bl L o0 50 5

ol odd onls QLA 0 Jgdr 53 Cilse Oy ad
313 0Lz @ b bty o Ogel 51 ealinad L Laesls o
S IL-6 FSTL-L (clols Oy 3550 53 8l hasy sloes S o oS
V) 3l s solsbae Dsle 5 sl e o 3L s TNF-a
35 0L bl L2alS KL Tukey e a3 5l oslic_ul (P =

ajﬁ A.I.\:A-_A-\«J HFD ajﬁ).:j'séu&f 3 CA_%LLJJFSTL‘].

et al b oo jed dd 21 51 o sl $A a3 s
(0 035 0 SIS fp S e Vo 0) eSSl 0503 Gouy
30 E e (A O35 pSHES /e S e V) ekl
lp b sad S el (oS3 0550) Gl 25 22 Ul2 il
5 GO B8 Bl a5 s el Lo 5 4
LA e aK,i.lLaﬂ 4 e
S0} Ol Sk S sk 4y JiS05e sl oS
¢l RT-PCR 25, 51 ssbicl L TNF-a 5 IL-6 FSTL-1
¢!~ Addbio Co, Korea RNA o/ sl o8 ol 5, 60
G 5l S Bl s -V SRR 0% 5 A el CDNA s
Sy 4 msl g TNF-0 5 IL-6 FSTL-1 slads oly sl A
e s PRIMERS (sla i3l o 5 a5 EXON junction-Exon
L3l 05 deia S 3 e g 5 ol 2>l b IDT 0
5528 oSl S 5 cotle 5 PCR oSis s s o3ls o)l
sl Ol ) Jadr 55 W el ol Slas e 5 JI5 s Sl
FSTL-1 Coua 05 sl » Real time gPCR 5L s, 5e slie .ol
£ Jols alos el 5 pbil Y s b Gilhe TNF-0 5 IL-6
b Jol slaosls dgml 53 dd a5 ¥ Jpdr )3 oA 2 S5 al> 0
4 b s (ga05 Oly Oljs 5 anloms 27 490 5o 5 5l asli
eslil 5 acaloe (55, LA o3l SACN B 35 05 51 ol

ATY) ol ol S5 aalsl 3 27888 4 5 )

Rael-time PCR _::s1 (’""‘ S rj\l Sl 5k 5,00 polae Y J gl

(i 9.550) 08Lsld yg0 oo ‘ p3Y Slge
" Sl o Sn
Y Dl
4

DNase free H20

Y cDNA

V20 515 50 055 (Gaan/APF (Goslad/ FFILu— Olgiuol (K3 0dSKiils dloes 77

http://jims.mui.ac.ir


http://jims.mui.ac.ir/

il 9 Ll slagaiig g g iy 9 Ol yal 9 Sl B

Oylsea g Ol ylsan 9 (8 4o (6 yaSiun uladl

0 0se5l s & g o 23k s TNF-a 5 IL-6 slagss Ol bsbas 213 Sl s ND
09031 Ol lsbime bl s ND oy S as ol HFD o5 8 55 5 (gla Jise
818w o o9 okl ok30C o5 5 & o HIT SET 5 RT (slaos S s FSTL-1 &5
A /A FSTL-1 o5 ol NP5 116 o Uy Sl 208 s (P= /)
= '/"\).L:ra.kg‘}oc a}ﬁMWH“TJETJRT 6LMJJ§)J
VAR AIM IL-6 o5 oL
s Slaes 8 e TNF-00 5 IL-6 FSTL-1 (la) 5,50 o3 (P
Y V/AD TNF-0 o ol O JSE) P> +/00) wis oy (g lsbine sl

(05 2l e sabisn 05 30kl Sl ol £ Kl 0 s

R y0T AR Sk S w23 A ol Il w32 Egp
- YV YV/O (ND) J yore & 0255
. (HFD)< 2 » M6 )
£51/)1  PV/AE (OC) 31> J s
VAV/S £ a8y
FEONF £ £/ ¥OAE Y/ (RT) esan o o3
FIY/A £ ¥A/4D (ET) elizl o5
¥4 1/00 £ YY/AF (HIT) ws b5 o s
v/o
*
Y
*
*
v/
3 !
S 2
S 9
G -
< 4 €
S E
o
€L
./b ' i

ND HFD ocC RT ET HIT
‘JIJ.SOC‘U)"-A&‘AF‘%SJHFD ‘J}W&‘.‘Lﬁﬁj)ND ijﬁé)}a‘_;ha;)fijSTL'l ngl._g;x‘,z.ﬁ\ Jg
J‘Jﬁ S"lj’ a_g;‘.:)blbu QJL&J€5(OC) é\f Jj-s a‘ngli)‘At.m CJJU&’ LS f";\‘a&m‘ u’f-J“J ET edu‘,u.a u’iﬁs RT 5.\.‘\‘.\..:- d‘gw U‘-‘-Jd HIIT
P <o ‘_;Jl;\.bmck.af(ND) e

ary VE20 515 50 p 93 (Gaaa/APP (Go e / FFJLu— Olginal (S5 0aSKiils dme

http://jims.mui.ac.ir


http://jims.mui.ac.ir/

S8 5 8 o 5 Siun s

/A

€
\/#
\ /¥
YA
\ % * *
I |
N
¥
oY
ND HFD oC RT

(fold change)
IL-6 o5 obe

il 9 Ll slagaiig g g i3y 9 Ol yal g Sl B

ET HIT

‘J.:JJRT‘JA’-U"J}LJu.l,u'H“T‘Jﬁsoc‘uﬁx‘guﬁngjHFD“)}w&‘Aﬁﬁj)ND‘ijéjydue)JfJalL-GOjvlg;:)‘):ﬁ\'JS.:‘»

P< /e 6_)|.>L'.uch.uf(ND) ‘;‘}w ‘_¢|.\5 r.:j) c}ﬁ\g;hh}u Q}W€E(OC) é\f d;s o_;;lg)bl.'.u Q_;VIS % f‘;’.dw..J UE‘.J""“ ET f‘;h,lia

(fold change)
TNF-a 5 obe
= 3 =

~
—

€
\Vid
\/¥
YAl
\ * 3
*
ND HFD ocC RT ET

HIIT

RS RT cwus 98 op a8 HIT ¢J x5 OC e &Ll'ﬁ rlj) HFD E‘)yv.a &L'L'G r.lj) ND PSS Ry ‘_;LGOJ;JA TNF-0. 035 0l &l mis ZY’JQS

P < /00 (5 fobinn e S(ND) Jgane (135 25 03,5 b Jlokins 305 € (OC) Gl I35 05 b jlobins ol oo 5 alizal o 03 ET 8 aslin

@l bl s s S Bl 5l s slapss > FSTLAL
33 Ol s S tge 055 loline LEalS 51 Sl canlllas
(7) 55 J 58 05,8 & Camd o o3 05,5
e ke i3 oS s OLes 5 53 e lb imen
s S ple slaise 52 L FSTLAL polae elie
e aS A S 51T 5 0L 5 XTU(TE) sl 215l (g slsla
53 e FSTL-1 03 0l ol ool ol el azis sl

V20 513 0 p g3 (Gain/APF (oot / FFILe— Olgaol (S5 0S5 Ao

L)
53 FSTLAL 05 ol Jlsbims (2500 ootal sl s L
Jﬁa}ﬁ@@,\iuLﬁjw‘;@»ﬂu.:_n“&uju,awﬁsa};
5ol o Gl s o Sl s O Ol il 2alS 5 Bl
oo ol 55058 i Cp iy 2l 05508 52
Ol OLen 5 ol bl s L L en S 515
T lalas Gl o eslie DL pad ke A4S sl

A7A

http://jims.mui.ac.ir


http://jims.mui.ac.ir/

Oylsea g Ol ylsan 9 (8 4o (6 yaSiun uladl

(YA &S (5,5 e S b las e S e SV 5l
O5S1 Gz Ll 5 0 FSTL-1 o8 tsls 0Lt Ko lalllas
S S AMPK e 5 b 51 )8 00 SIS Gl
LS o deied 1y o 350l FSTL-L &S ol ons 58 151
Sl e 351 S i3S 53 FSTLAL sl Sl 5131 55
s S ol San FSTLAL 48 sas o 0L s el cpl o
R sl & FSTLAL (w15 55 .(YQ) Al ped slie o5l oS
S st 35035 348 Sl J1aS G W AKEL s g SIS

(F0) s o 0L i e e 5 () e L

3 AKEL a1 a0l 48 sl 318 Oles 5 Ouchi
Il g (S5 pn Lol w5 e ise S gelas
S5 FSTLL (555 5 MRNA Ol (peoman 5 FSTLAL o cile
L) Gl St 25 0ia30LES S 355 0 Sl alze

GMP W5 el FSTLAL o aidesls ol 0, Kan 5 Nam
s 3 (HSL) 03055 e ol 5L lab (COMP) s 5il
S hgmn G Sl s U S ol () 552 e sl 5o
disco-interacting protein 2 ) ;s oS iSan 5 ¥ 855 A
I DIP2a jlea 1,5 s o s Salaols DIP2a (homolog A
SIS/ Ml sdins Ol Yzl 4 as o 2alS 1, o
b ool Ol Ol 4 5107 el 1 Sl 01, S
Ll sl l33l 1 FSTLAL Lo g sl 50 o5 5 50 <080 4
(Atrial natriuretic peptide) (s das )5 U dzy L Olays
SHSL (5L Jles COMP gl l53les <l #IFSTL-L s ANP
Lo o Wl JFSTLAL o s o 0L ol 3l OLES 300
2 FSTLAL (ol 5 osdle das o il 3l a5l 3 15 ANP
2ol g el S a5 WL AKEL (g5l
Sl s 535 FSTLAL das e OLis a5 cdas o S2alS baeas s
(V) das ol 5sd e Jb s S e

55 A Sz i edsgiie FSTLAL (gl 55 Sl 31 ol
et Sl Al ) 5 St e s 5 SN2 U we
o b 55se 5 edialy 5 SIS FSTL-1 &8 ol s osls oL
S e Jlab 5550 B3 SIS 3 b Sl (BAT) sy
(PKA) A LS 55, 5 S e 15 CAMP) (il AMP
g3 o)l b S o Jlab |y S35 sla03 5 PPARY
) o ol jas el adode 5l e FSTLAL 4 s
A FSTLAL 515 0500 se Sl s 6l (5350 oS
L AS 5 o 23k le placdl s Sl S g Loy sl
Oeed &g Sl ol bl by 5 (Sl ladde 5o Dlas A

A7) ol (G050 e cp 53 (8 R U (s

il 9 Ll slagaiig g g iy 9 Ol yal 9 Sl B

(Y0) cusls Jlsbian [l 8 o ae s a5 AL o Lae
S o Ul 1y 3l Sl s s i Wl ST s FSTLAL
Gl S &Sl el i 1l ae glaoles L3 Ll
sl FSTLAL a5 Cilosn Slsoly (sl e 005 Jai S
I s S Ol Mzl s ) Sl (V) 35
Transforming ) L eaas K3 085 (gdd; 5556 Loy ot Wl
S Alg e s s s S L 5> TGF-B (growth factor beta
oS el S LW FSTLAL 15 5 (Y1) s Wl 1, IL-6
(o olB Sl (AU iz 53 5 el DLy e S
Sl gy e JB e 4 4S5 lagy

D3 FSTLAL a3 (51530 8 Wols Oy ity lalllas
() dss e 5 (5lpn 5 maslie dile Sl el el
Vi s b psle Sy o3 o 35 ol Sl OLKon 501 sanlliae
S L plle Sl a3 b aglie 53 1) 0w FSTLAL (g 550 55k &
AagnlS) 581 e ol pl o o (el Ol Ol 5 53 Ja e
53 Al Sl el Sl 4y el Sl S FSTL-L ales )
Al o b S 5 e b (08,51 S FSTLAL 1
F—l A el SR sl DL (Ul a5 L
o QL3 pa 5 ilasT Sly sladde 55 oa FSTL-1
Shte Sl W15 e FSTL-L a8 sl i slgiy Ll ol sulis
V) 23l a3ls 350 = o ot 5 S ilts 5l san

L oosaS ain S 518 0les s Damay el ool 53
Glalen 31 @Sk gl sl p8 S Ol 4 b gie DS
S Olpe a el S S FSTLAL i 5 L (CADS) s 8 G2
3 S8 Ul slad s > Shos 2500 sl Lt (2 5L
SOFSTLAL spi o 8 55 53 5o Sl L 0L 5 i
3 g e e slae il b oS cul ST L S sl
(SMCs) Gl amals slad e 25 O S o (JU 0l 5 Shes
sl (6 Siy 2 le sl S O b O s el
0303 L&« Sletmns Sb oy b (YA) S o i) oyl 5
b 3l sl b S ple G Olse & FSTLAL &8 ol o
Gl el 2 i S s s s 3l il bl
S LSMC oSG suS oS 1w Olge o FSTLAL (Jl isyls i
man FSTLAL (ol osdle AMPK & sl ool 3 b
LS o Joe LBl lad sl 5 Shae 53 ol G Olse &
sdaee o135, AKE-eNOS 03 5 Jles s 5,5 SUls &b 5l s
Sl S Gy Cdlad S o S o oS 4 el 2
o oI G L S S s et 5o LFSTLAL 35
(MCP-1)\ o st 3l ols 0Ly 5 (548 3 5t

474 V20 513 1o p g3 (Gaan/APF (oo / FFILe— Olgiol (S5 0S5 Ao

http://jims.mui.ac.ir


http://jims.mui.ac.ir/

Olylsad g (S yb (5 S uladl

&b s Bl Whlew o pledl Slapn sl ok 8 m s
20wl fals

ool e HFD &S W5 87 5018 01en 5 (555555 olans
Gl ool sl o sla 5 TNF-0 5 IL-6 05 0l 3 (5 lsbae
53l sy S e el Ol (S5lan o ed ka5 0l
ddw g 23l 2 IL6 s Ll e Gl Sl
sMrma gl S8 L I8 s o 5l 6 035 ol S
POV IS (RCOUN NSNS SUVRE S SOy I PSP | I RENC PR
Ol () e 2 M L i dias e 0L s el
Rl SCTNF-0 553 o i o AL TNF-0L 0
DR S F N L P TS R v P e g N
5 35l S (e Rl el 3 Shes Oen (S5l
2l Grasn b seali (8)) S S 1) (5 e e
ol e HIT il 68 s S 0L 0K 5 Zwetsloot
Ol o L gmmanl Jlo 515 S Jlad Ol Ol e 55 TNF-ar lsbins
b sl _;':yj‘c;u Sl (el 03 e oS 4y
2,5 Oy sl Ol e (8Y) 35 6l o3 DL 1 g (8554500
(oslis a5 (S3lom 4 wazin 55 5l i) (o) e Dby jad a8
ol (S s O e aliae 3l Grie GlacalS e 33 Gy b )
SacplS susl e Sl Ly s dailes blse FSTLAL 5 il
() das s €l TNF-a0 5 IL-6 () aile ledll

CoalE oy eS slees S O S A Sesls LIS g cpl s
s Kavosi Hasanabad « is 55 ool L s e 35525 (5 lolins
o3l eslie el Sl el wis Cia &S Ll 0L OKen
Olgea Ll 5 o Blr 5 S iipe 1o J ol 5 055 SRl L L
Al Sl b dag e W alS 5 e (Bl ey 5o GG S,
Golsbme sl g 3 slaey S w5 gk 4B S L s Sl 5 U5
Sly el a5 Lsls Ol pieman OSen 5 (5 aal (EY) Ui sl
5 5 slabse 03 dad SRl 0s Gl sl 5 e slie ( li
O S 5 L e ealiind 05y Sl g 5 5 Ll 6 Sl
D T N e
3 eslie Dby el S At sl Dy a3 S s LS ek
b el 4z opl &8 Gl Jla) 55 (6 s Sy e Sl el

(88) ol L5l iasy

& 5 4o
o gl Dl aS Ao B Sl il S S L
Wl el Jalge 51 5 lsliae L2alS L aglie 5 elis

wle Ll s Jalse 5 o bslae I3l 5 TNF-or 5 IL-6

il 9 Ll slagaiig g g i3y 9 Ol yal g Sl B

S IL-6 a0 0Ly sblims ialS iomen bl Jiags 5o

PG L;)!;A&Juju:.a&:_w!‘J:»jlipwﬂjabf);TNF-a

o e g 3l s Ol Ol Jlsbas (1l 5 J 2S5 S
e G 05y S e Ca i o NS 05 e S 5 S
bl ol 5,0 S35 #8221
s 52 2 Solay Lol Wl d Sl R b ke S¥sb ol
S5 Soler w e el o o Sl St S
Ol gadate Dlalllas (0T) 255 e 90 £ ks 5 Bl b Lad e
e JL6 5 TNF-t a1 el sla S slee )5 oS W 5
Sy o @Ml ol Sl

A5 o HFD o8 ai sal i 0L)San 5 Al gaalllas 55
SIL6 s e ol Lol mlw Ol e 55 16 Jsbes
sl S Ol an lanl 1L-6 .(F8) ass il |, TNF-a
Ly 52 OF Wb e cde w s as a § s 55 Lledl i
ars Sl e IS ek w y S plie sl e 5l o
Yl (Lo S e S o SaS W]l 53 s se le
53 et el slite Sl g5 el IL-6 ol 5 g
5556 asdiKe s 00 Jled b TNF-0 ) slad sl
(¥e) 538 o IL-6 i 5 5o (NF-KD) kB (glazs

ot U 5 5m 53 OLSen 5 5555 Sl Srasn b san
o2 G gl Sla e 53 (B eSO g5lee Sl el
St BlS V) 3 S S L TN 5 L6 laedly
Gl e iz M S pan S s S 1S 5 0L
bl syl oo Slabse B il s TNF-a 5 1L-6 L
ol e Ay Sy 5 U2 g (3158 Dl el el
V) 55 STNF-00 5 IL-6 0Ly jalS o e

S Sl 0 Ol 5 ot e sl s
5 TNF- 5 IL6 el sloastl b o sl slins
Dl Olsir Bl 0 a5 aslie o yed 0 Sl e QLS
516 o wrlis Ll sbaepSmle o 55 a5 5 S 0L &S
(FA) Lies el 5 sla, 556 TNF-00

L by el atis o i OLKes 5 Shirvani gaxlas s
sbas 535 s TNF-a 5 IL-6 slasylS ml o [2alS sl
L TNF- L6 51 65V gl HFD Lot a3i5 slo 5o
St oS Caleds 5,18 () w3l ND L alis s
B slad s cansl L3 TNF-00 5 IL-1B s5le el slac S sl
ol Sl 53 1y el s sl 5 Ll 1
3 ol Sl o A e 5 S e (S sl e

(ol S5 Sl Q,_.»\r)“}( ol s SIS S san

V20 513 0 p g3 (Gain/APF (oot / FFILe— Olgaol (S5 0S5 Ao av.

http://jims.mui.ac.ir


http://jims.mui.ac.ir/

Oylsea g Ol ylsan 9 (8 4o (6 yaSiun uladl

domly el 15T oKl s 48 Al o VIYAIYA US L

sk plwl & Jbo Colem Do g odema) u gl @ 3550

P §“};5-‘55 f‘:;u dilul Oles 5l %J&.'\f el

References

1.

Goémez-Ambrosi J, Catalan V, Frilhbeck G. The
evolution of the understanding of obesity over the last
100 years. Int J Obes (Lond) 2025; 49(2): 168-76.
Letukiené A, Hendrixson V, Gineviéiené V. Current
knowledge and scientific trends in myokines and
exercise research in the context of obesity. Front Med
(Lausanne) 2024; 11: 1421962.

Krogh-Madsen R, Plomgaard P, Keller P, Keller C,
Pedersen BK. Insulin stimulates interleukin-6 and
tumor necrosis factor-o. gene expression in human
subcutaneous adipose tissue. Am J Physiol Endocrinol
Metab 2004; 286(2): E234-ES.

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

Hotamisligil GS, Arner P, Caro JF, Atkinson RL,
Spiegelman BM. Increased adipose tissue expression
of tumor necrosis factor-alpha in human obesity and
insulin resistance. J Clin Invest 1995; 95(5): 2409-15.
Guo Y, Qian H, Xin X, Liu Q. Effects of different
exercise modalities on inflammatory markers in the
obese and overweight populations: unraveling the
mystery of exercise and inflammation. Front Physiol
2024; 15: 1405094.

Skrypnik D, Bogdanski P, Madry E, Karolkiewicz J,
Ratajczak M, Krysciak J, et al. Effects of endurance
and endurance strength training on body composition
and physical capacity in women with abdominal
obesity. Obes Facts 2015; 8(3): 175-87.

Barros ES, Nascimento DC, Prestes J, Nobrega OT,
Cordova C, Sousa F, et al. Acute and chronic effects
of endurance running on inflammatory markers: a
systematic review. Front Physiol 2017; 8: 779.
Asghari S, Cheragh-Birjandi S, Rezaeian N, Rezaei V.
The effect of high-fat diet and different training on the
expression of Meteorin-Like hormone (Metrnl) and
Angiopoietin-like protein 4 (ANGPTL4) genes in
adipose tissue of male Wistar rats [in Persian]. J Sport
Exercise Physiol 2024; 17(4): 56-70.

10. Cao M, Tang Y, Li S, Zou Y. Effects of high-intensity

11.

interval training and moderate-intensity continuous
training on cardiometabolic risk factors in overweight
and obesity children and adolescents: a meta-analysis
of randomized controlled trials. Int J Environ Res
Public Health 2021; 18(22): 11905.

Babaeinejad M, Matinhomaee H, Fatolahi H. Effect of
the aerobic and resistance training on follistatin-like 1
and leukemia inhibitory factor muscle gene expression
in rats fed with a high-fat diet. Dis Diagn 2023; 12(4):
174-9.

avy

s g Ll slagailig e g ()9 Bl el g Sl S

L Lad e oWl 2alS 53 g LSl K Al e FSTL-L

Al é_;l:; 509 wlsl

S1008 g S

P05 5P s, 55 phake saalOLL 5 e dlie ol

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Vella CA, Taylor K, Drummer D. High-intensity
interval and moderate-intensity continuous training
elicit similar enjoyment and adherence levels in
overweight and obese adults. Eur J Sport Sci 2017;
17(9): 1203-11.

Tomeleri CM, Ribeiro AS, Souza MF, Schiavoni D,
Schoenfeld BJ, Venturini D, et al. Resistance training
improves inflammatory level, lipid and glycemic
profiles in obese older women: A randomized
controlled trial. Exp Gerontol 2016; 84: 80-7.

Ghaderi Goodarzi S, Abbassi Daloii A, Abdi A, Saeidi
A. The effect of 12 weeks combined training and
caffeine on plasma levels of interleukin-1p and
interleukin 10 in obese men. Intern Med Today 2021;
27(4): 450-65.

Poursoltani Zarandi M, Sarshin A, Rahimi A,
Feizolahi F. The effect of moderate-intensity interval
training combined with nano-emulsified betaine
supplementation on the expression of the
inflammatory CD28 gene in hepatocytes, serum levels
of urea, creatinine, and lipid profile in obese rats [in
Persian]. Journal of Practical Studies of Biosciences in
Sport 2026; 14(37): 86-103.

Dehghan F, Cheragh Birjandi S. Effect of obesity on
skeletal muscle semaphorin 3c levels in male and
female Wistar rats [in Persian]. North Khorasan Univ
Med Sci 2022; 14(3): 92-9.

Ghorbani Dasht Bayaz N, Donyaie A, Vosadi E.
Comparing endurance and resistance training on the
expression of senescence-related genes in the visceral
adipose tissue of obese rats [in Persian]. Journal of
Sport Biosciences 2023; 15(3): 51-60.

Rostami N, Afroundeh R, Seifi-skishahr F. Effect of
moderate intensity interval training on the expression
of genes related to necroptosis of heart tissue in male
heart attack model rats [in Persian]. SSU_Journals.
2024; 32(8): 8173-86.

Ghasemian SO, Seyyed A, Bazdar Teshnizi M,
Mostajir M, Karimi-Dehkordi M. Effect of high-
intensity interval training on cardiac oxidative stress
parameters and blood serum biochemical profile in
ovariectomized aged rats [in Persian]. Journal of
Animal Research (Iranian Journal of Biology) 2023;
36(3): 226-39.

Bakhtiyari A, Pournemati P. Effect 12 week high-
intensity interval training and Endurance intensity
training on proteins of AMPK and ERRa, in elderly
rats [in Persian]. Med J Mashhad Univ Med Sci 2021;
64(1): 2308-18.

Ghasemnian A, Parvizi A, Rahmani A. The effect of
three months of zinc-magnesium supplementation

V20 513 1o p g3 (Gaan/APF (oo / FFILe— Olgiol (S5 0S5 Ao

http://jims.mui.ac.ir


http://jims.mui.ac.ir/

Olylsad g (S yb (5 S uladl

22.

23.

24,

25.
26.

27.
28.
29.
30.

31.

32.

33.

34.

along with intense endurance training on somatomedin
¢ and endurance performance in mature female rats [in
Persian]. Qom Univ Med Sci J 2018; 12(2): 19-27.
Khalesi M. Effect of a period of swimming exercise on
Sirtl and FoxO3a genes expression in lung tissue of
wistar rats [in Persian]. J Sabzevar Univ Med Sci
2018; 25(2): 251-8.

Ghasemi N, Roozbayani M, Shirvani H. The effect of
a period of resistance training on Thrombosponidine-
1 and Follistatin-like-1 in heart tissue of obese male
rats [in Persian] . Journal of Sport and Exercise
Physiology 2024; 16(4): 89-97.

Tolouei Azar J, Tofighi A, Arabzadeh E. The effect of
6 weeks endurance training on FSTL-1, NDNF, VEGF
and vascular changes in healthy male rats [in Persian].
Sport Physiology 2019; 11(41): 169-86.

Xi Y ,Gong D-W, Tian Z. FSTL1 as a potential
mediator of exercise-induced cardioprotection in post-
myocardial infarction rats. Sci Rep 2016; 6: 32424.
Qi C, Song X, Wang H, Yan Y, Liu B. The role of
exercise-induced myokines in promoting
angiogenesis. Front Physiol 2022; 13: 981577.

Ji M, Cho C, Lee S. Acute effect of exercise intensity
on circulating FGF-21, FSTL-1, cathepsin B, and
BDNF in young men. J Exerc Sci Fit 2024; 22(1): 51-
8.

Damay VA, Setiawan S ,Lesmana R, Akbar MR,
Lukito AA. Effects of moderate intensity aerobic
exercise to FSTL-1 regulation in atherosclerosis: a
systematic review. Int J Angiol 2023; 32(1): 1-10.

Xu X, Zhang T, Mokou M, Li L, Li P, Song J, et al.
Follistatin-like 1 as a novel adipomyokine related to
insulin resistance and physical activity. J Clin
Endocrinol Metab 2020; 105(12): e4499-e509.
Sammut MJ, Thorne BR, Melling CJ. Skeletal muscle
growth to combat diabetes and obesity: the potential
role of muscle-secreted factors. Obesity (Silver
Spring) 2025; 33(3): 435-51.

Ouchi N, Oshima Y, Ohashi K, Higuchi A, Ikegami C,
Izumiya Y, et al. Follistatin-like 1, a secreted muscle
protein, promotes endothelial cell function and
revascularization in ischemic tissue through a nitric-
oxide synthase-dependent mechanism. J Biol Chem
2008; 283(47): 32802-11.

Nam JS, Park SJ, Ahn CW, Cho ES, Kim HJ, Kim Y.
Follistatin-like 1 is a myokine regulating lipid
mobilization during endurance exercise and recovery.
Obesity (Silver Spring) 2024; 32(2): 352-62.

Sotdk M, Clark M, Suur BE, Borgeson E.
Inflammation and resolution in obesity. Nat Rev
Endocrinol 2025; 21(1): 45-61.

Ali G, Zeb A, Usman M, Al-Babili S. Walnut extract
protects against hepatic inflammation and toxicity
induced by a high-fat diet. Food Sci Nutr 2024; 12(10):
8340-52.

35s.

36.

37.

38.

39.

40.

41.

42.

43.

44.

V20 515 50 055 (Gaan/APF (Goslad/ FFILu— Olgiuol (K3 0dSKiils dloes

s g Ll slagalip e g (4))9 Bl el g Sl

Abbasi M, Kordi M, Daryanoosh F. The effect of eight
weeks of high-intensity interval swimming training on
the expression of PGC-lo and IL-6 proteins and
memory function in brain hippocampus in rats with
non-alcoholic steatohepatitis induced by high fat diet
[in Persian]. Journal of Applied Health Studies in
Sport Physiology. 2023; 13(1).

Zakavi |, Broojeni JB, Keshavarz S, Eftekhari E. The
effect of aerobic exercises and stragol consumption on
plasma levels of IL-6, TNF-a and IL-10 following a
myocardial infarction in male wistar rats [in Persian].
Ebnesina. 2023; 25(3): 82-8.

Kazemipour M, Matinhomaee H, Farzanegi P. The
effect of aerobic exercise with pistachio skin extract
on the expression of IL-6, IL-1 and TNF-a in heart
tissue of obese rats [in Persian]. Journal of Sport and
Exercise Physiology. 2023; 15(4): 93-102.

Nosrati Hashi A, Bolboli L, Anoushiravani S,
Farzizadeh R. The effect of a period of resistance
training with blood flow restriction on the level of IL-
6, IGA and TNF-a in judokas [in Persian]. Stud Med
Sci. 2022; 33(9): 661-75.

Shirvani H, Mirnejad R, Soleimani M, Arabzadeh E.
Swimming exercise improves gene expression of
PPAR-y and downregulates the overexpression of
TLR4, MyD88 ,IL-6, and TNF-a after high-fat diet in
rat skeletal muscle cells. Gene 2021; 775: 145441.
Chen X, Sun X, Wang C, He H. Effects of exercise on
inflammatory cytokines in patients with type 2
diabetes: A meta-analysis of randomized controlled
trials. Oxid Med Cell Longev 2020; 2020(1): 6660557.
Moazami Goodarzi M, Gholamrezaei Darsara S,
Azarbayjani MA, Elmiye A. The simultaneous effect
of aerobic exercise and rice bran extract consumption
on inflammatory genes expression in white adipose
tissue of obese female rats [in Persian]. Journal of
Sport Biosciences 2023; 15(4): 5-20.

Zwetsloot KA, John CS, Lawrence MM, Battista RA,
Shanely RA. High-intensity interval training induces a
modest systemic inflammatory response in active,
young men. Journal of inflammation research. 2014:9-
17.

Kavosi Hasanabad H, Cheragh Birjandi S, rezaeian n,
Yaghoubi A. The effect of endurance, resistance and
high intensity interval training on lipocalin
prostaglandin D synthase gene expression, weight and
Lee index of obese rats. Journal of Sports and
Biomotor Sciences. 2024;16(31):35-43.

Asghari S, Cheragh Birjandi S, Rezaeian N, Rezaei V.
Investigating the Effect of Obesity and Different
Trainings on the Expression of Irisin, Uncoupled
Protein Type 1 (UCP-1) and Beta-Aminoisobutyric
Acid (BAIBA) Genes in Adipose Tissue of Male
Wistar Rats. Journal of Jiroft University of Medical
Sciences. 2024;11(2):1532-43.

avy

http://jims.mui.ac.ir


http://jims.mui.ac.ir/

DOI: 10.48305/jims.v44.i866.0963

Journal of Isfahan Medical School Vol. 44, No. 866, 2" Week, August 2026
Received: 16.12.2024 Accepted: 25.07.2026 Published: 06.08.2026

Studying the Effect of Obesity and Various Exercises on the Gene Expression
of Follistatin-Like Factor-1 (FSTL-1), Interleukin-6 (IL-6), and Tumor Necrosis
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Abstract

Background: Interleukin-6 (IL-6) and Tumor necrosis factor alpha (TNF-o) are inflammatory proteins, and
Follistatin-like factor-1 (FSTL-1) is an anti-inflammatory protein in adipose tissue. The aim of the present study was
to investigate the effect of obesity and exercise training on inflammatory and anti-inflammatory proteins in adipose
tissue in male Wistar rats.

Methods: Thirty rats were fed a high-fat diet for eight weeks and six were fed a normal diet. After eight weeks, six
rats that had become obese on a high-fat diet and six rats that had been fed a normal diet were sacrificed and compared.
The remaining 24 obese rats were divided into four groups of six each, including obese control, high-intensity interval
training (85 to 90% of maximal sprinting speed), resistance training (30 to 200% of body weight), and endurance
training (65 to 75% of maximal sprinting speed), and they trained five sessions per week for eight weeks. Real-Time-
PCR was used to measure the expression of FSTL-1, IL-6, and TNF-a genes. One-way analysis of variance
(ANOVA) and Tukey's post hoc test were used to determine the difference between groups at a significance level of
P <0.05.

Findings: A significant increase in FSTL-1 gene expression was observed in the resistance, endurance, and high-
intensity interval training group compared to the obese control group (P = 0.001) and a significant decrease in FSTL-
1 gene expression was observed in the adipose tissue of male rats in the high-fat diet group compared to the normal
diet group (P = 0.001). Also, a significant decrease in IL-6 and TNF-o gene expression was observed in the resistance,
endurance, and high-intensity interval training group compared to the obese control group (P = 0.001) and a
significant increase in IL-6 and TNF-a gene expression was reported in the adipose tissue of male rats in the high-fat
diet group compared to the normal diet group (P =0.001). No significant difference was observed between the training
groups (P > 0.05).

Conclusion: According to the results of the present study, it seems that intense, endurance, and resistance interval
training, with a significant reduction in some inflammatory factors such as IL-6 and TNF-a and a significant increase
in some anti-inflammatory factors such as FSTL-1, can be an effective strategy in reducing disorders related to
overweight and obesity.
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