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Abstract:

Background: Today, important proteins and pathways have been identified that lead to the
regulation of the white adipose tissue and converting it to brown adipose tissue, the proteins
PPARy and PRDM16 are key proteins in this setting. Diabetes is one of the major causes of
obesity and complications that can interfere in the function of these two proteins. This study
aimed to investigate the effect of 4 weeks High-Intensity Interval Training (HIIT) on the
content of PPARy and PRDM16 proteins in subcutaneous adipose tissue of diabetic obese
male rats.

Materials and Methods: In this experimental study, 16 Sprague-Dawley male rats (mean
weight of 30020 gr) were selected and after induction of diabetes by injection of STZ and
nicotinamide was randomly assigned into two groups: diabetic training and diabetic control.
The experimental group performed HIIT training for 4 weeks, accordance with the training
program for 4 weeks, while the control group did not have any training program.
Independent T-test was used to analyze the data.

Results: Significant change was not observed in the content of PPARy (P=0.16) and
PRDM16 (P=0.83) proteins in HIIT training group compared to the control group.
Conclusion: According to the results of this study, HIIT training has not led to significant
change the content of PPARy and PRDM16 proteins. It seems to the intensity of HIIT
training be a major contributor to the result that should be taken into consideration.

Keywords: Diabetes, High-Intensity Interval Training (HIIT), PPARy, PRDM16, White fat
tissue

*Corresponding Author:
Email: sacedehsh61@gmail.com
Tel: 0098 912 314 5412

Fax: 0098 215 522 9297 Conflict of Interests: No
Feyz, Journal of Kashan University of Medical Sciences, August, 2019; Vol. 23, No 4, Pages 389-397

Please cite this article as: Hashemi-Taklimi MS, Shabani M, Shadmehri S, Sherafati-Moghadam M, Fathalipour M. The effect of 4 weeks
High-Intensity Interval Training (HIIT) on the content of PPARy and PRDM16 in adipose tissue of diabetic obese male rats. Feyz 2019;
23(4): 389-97.

YAQ



http://feyz.kaums.ac.ir/article-1-3791-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2026-06-13 ]

Sl 4 Mas Bl o (ol e slaghige sula )

*

LJ)%;;L”""Q M‘Yfm&“r" Aoz ¢ r«sméu oo ‘Yd‘.w“ mr “g«:&? cesls Slsludles 5
oM
Qb 4 OF o 5 e (2 S i 4 e 4 Wodd plelid age Sk (5ba e 5 s 05000 1 BAR 9 dilu
5 Bl e Jalss 5 ol Mtes (5 ol 53 SIS sy, PRDMIG 5 PPARY slaiisy 8 S0 Slo sl
el s f Sl el addlle 1 Oous S sloml IV S 55 opl 3 Shes 3 e 45 LEL e Lo lss sl
w2z <L ;3 PRDMI16 4 PPARY sbasis s slges » (HIIT; High-Intensity Interval Training) Yb oas b sls
Al obs 4 M Bl gl e S S gl 25
S s P (S YR )y Rl L) sl Sl S5 S e g e Vi addllas cal st (295 3 S0
5958 S 03 tRAD s (b5 JES 5 A 5 0 S Y 4 Bl ) 4 el 8 S5 5 STZ 3055 o bl Dad ks
Sl I g 03 el $57n SRS 0n 84S s kSl (255 I 4 aha £ ety gl il b ilae atia s
b 03l (et O 4051 3 baesls Jow 5 420
05,5 53 HIIT s 5 atin £ JUis & (P=+/A¥) PRDMI16 5 (P=+/11) PPARY (slacsis 5 sl simme 55 5,0 sime b 1l
A edalis J S a4 ol e

242 PRDMIG 5 PPARY (slainisp ol s s s sosis 43 o HIIT o 05 ol s ol 4 4 5 5065 365 40

s3y> @8l JoPRDMI6 § PPARY (slapii g, (sl giae ys HITT ¢y pa3 aida ¥ a6l

55 g O 4 gl 8 A3k e ol s e Julo HITT (2555 o 05 Sk ey oo S5 4 ol

Ao g 3l PRDMI6 PPARY YU ok b sl o ped ciulss 260l 0519

YA YAV Slio QA LT 5 g0 f oled P 3 Do 0333 (A g — eke abiols 5

4 o Sl mul falS Dlgea o sl 4 caslie
P 53 ol el Sl tagd o sl gl 3 S
3L Y] sgs00 sledd 4 OF ke GV 5b (o)1 5 Y g5 ab
=Uls «(BAT; Brown Adipose Tissue) slosgd o~
B3 SSL L Pl pln e chibe (pLS sl
i b [P] el gl 4y aaglin EalS 5 Ly S g 5
$i5 5s ssw 5l (WAT; White adipose tissue) i
Wlo 5,00,5 34 Jalse 31 Fp g kS e 0pSd 1, LS
w38 ans (gl [8] S b i eeliS gl 1y LplS s
deie OIS 4 ax Sl Slos oy SOt 4 A S
s (510 588 g2 o 3L [0] Camlods S glie YN 5 O
b Bl & b SR 5 Gl oy ke L &
i S AS 53 45 5yl sgmy age Jalse XS o 5 gdous
Sl g pimel G ol (V tdhasr 3100 A8 A 4 (sl sgd
GABA,; gamma-) sl & 54 5wl LE (¥ «(BAIBA)
kS 25 eaddled s, S (¢ «(Amino-Butyric  Acid
PPAR-y; Peroxisome proliferator-) 7y ¢S
(6 JAK e ,lg (¢ ¢ (activated receptor gamma
PRDM16; PR domain ) \\ s> PR wuls (U 5 cpj 51

¥

Iy ol 4Ol syl 00 o ys 40 51 i 45T 608 ulis

Sals el gadate S SV b 2,0 s e SIS

5 Sy S Al pede oS 558 0 o ge UL 3 1,

¢ LY :|J3| ;ﬂ|_):k5|)}:a}uffjhﬁ- s;;ﬂ.ﬂ)b ‘5\.&41.3.}& J':“"’J

e Bl sbul Corse o Sl SRl B [V Wl e 4l

3 Odal 4 Caglie Sy 3 e B AS 2 e
213 Y & g alis (5)len 4 Dl

50309 pole 9 (S0 a5 0SS (g pole 9 (ST )5 09,5 (200 -
Ol Ol 5 (05195 s>

Oyl g padl o sotanl 31T a8l o3 )Snians 3219 )by sbkiasl .V

2o (0)) e plol JBSL 3>y ¢ sjsg pole 5 (S 5 89,5 bkl ¥
Olpl 0l g5 csolanl ST 2l (50

Sy pole Ll (sjlugils 83KEls (sislsSlosls 09,8 Lokl F
Ol polee s 3is O oy

sJoBuns eximggs ¢3S *

plol JBSL soly olluol ST 261> (2jg pole 9 (St )5 29,5 Ol o5
o 2 (0)) (Fao>

F10OPYAYAY spuigd)os U FYIFOFIY ipbls
saeedehsh61@gmail.com sSyg)3a)l cuny

TFAA/E/ ) ) 2paled diopgdy AnG 1FAY/ )+ /¥ wmidlap Ay


http://feyz.kaums.ac.ir/article-1-3791-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2026-06-13 ]

s S g Glgme pHIIT o po5 azin £ ):S‘U

4« HIT by s (30058 SSb 550 omomen ool
Colodli S5 pa bl g 2 Shes LOT (gdauly
55 Odgs 56 (Yoov) oK 4 Petridou _idss 5 [VA]
/eMas ;3 PPAR-0 5 PPAR-y el » 1, o S5 =
wa A ode w al e Gl pee 2y SSL s A4S Gl
Fs sl S & sl Ol mlE S
5 PPAR-y 05 0k 53 olsins i & e O3 8
23 03 (V8] ssdipel 03 S 0n e slabse 53 PPAR-a
9309 CSdlad gy p 4 (YY) O, Kes 5 Ringholm K5
SHALS 5 dgsdsl g2 3L 0 PRDMI6 05 ol
oSy Ofsn 23 0AB 4 e lpme LS
PGCl-0; ) Wi-\-eijle LE ok 8 cdddlai-ouus 26

Peroxisome proliferator-activated receptor gamma
K pols 85,9 e sl (coactivator 1-alpha

Vooesn 50 s A 5 05es 0 Sdeeli S 55,5 Sullad o)
53 FaN g b aBE Y Jald ahds Ve o el 09 ) Ak
V0 ooy b adds £ adds 5 e Vb e badds ¥ oaids
Vool b b adds 5o eVt e L alds ¥ adds o e
05 ok RIF ml e Jess sy 2 ks (Ae)s
Oy o atia o Ul tals OLE N 5 ¥ slascia s |, PRDMIG
i S 5 Vo] s guidly ¢ St als PRDMIG 03
55 o) (5 5 PPAR-y s PRDMIG gla 55,  HIIT
OB roees Cewledld jatia g4 o b s Gla g
g ebs b Jbr b das o glaggsle gl 53 Wi 0!
okl Ll Db 5 M lagilen (S5 LW,
PRDMI6 glainsisy 55 2 it Slados ol ply ol
0856 Sb 5l ol W, gz Bl ,s PPARy
s HIOT je 36 gogaos Sl sloiasy,
i 4 4> 5 Lles S 4wy, |, PPAR-y 5 PRDMI16
Bl b 3 o SO B )3 (g 93 o 0SS5 e Sl
AE sn 2 Gk 3 B (K5I 5 K5
55 PPAR-y 5 PRDMIG slasisp Oz HIIT oy joi
AR J Sl S pl o GG G 25 2 Sl

Al e 0356L1 sl ¥ g5

by 595 9 g0
S Wb @l —2pS gs 3 e Segn
VUi ol 53 10d S el J S 5 Sl e 8 o) son

4\5\"0'}? )" QAJH‘;'J:’”‘ A‘}J )'| aan A JS &‘N uf&y B

3 ejw I“ﬂ 6593 |\VQ/\|QLJ 98 |U‘a'-'-'; MU;L&J}

N D08 e el Oladss j eswes (cONtaining 16
PPARY [1] caulods (5,058 Jids cnl 53 e ol Jalse 5
GLosSU Sl gl sk pE ol gl e slael G S
i ool Jolo Ol g 5 ol W 4 Gely o )
2 PPARY [V] &S oo Job oom sl g s 5 ples
3G s Fiad (ool 4 Comlor (S e gsl b
95 » ki ;3 PPARY [A] ol 5L, 90 b gmsl 3 Shes
G s LOT 4 ST )ls 28 gloggd 5 Adw oz sk
25 5 Sl Jole G PPARY [A] wijh plie (o 555
4 ol ol LA 1) ol il 4 Cuglis Olays
Oloys 3 esliiels ;30 o) sl & Copmlo adias il Ol g2
ol sl 53 (mgig; S5S6 ol AL ¥ g8 Sabs
PRDM  [\] spbm o Sbwses 5 S5 o
5 PRDMI-BFD \ Jlast Jals -1 aaals ot o o]
[RIZD) Y 05 bsdhsm, 280 g5 Sl oy
GLAT 3 5 s b 55 4 dted Ly 5l glesl Sl
ol 5l s S o5 5 sk e olE (S350
St Al oldlas cwledd S5 gae W1 el gl
Llesls 0L 1, shosh ar 3,5kes 5 uni 43 PRDMIG
Slsd ar sldse 5o oSl b S5 gl VY]
i 2 PRDMIG izman VY] 553 g0 0l s &y o
Oloz slagbsn 53 losh (a7 3L Cdgm Bis 5 02
UCP1; ) UCP1 45l o3 PRDMI6 V] el 33500
3 YU Ol 4 a5 |, PPARs «(Uncoupling Protein 1
LS Oy Kigd g Ol s & S (sloggd (SL0Tar g
3o 7 oa stion AW Gl o s 5 S [VE]
55 45 Canl S o SSL OAS Sloggd Ok IS Lyl
ih oo Sl gl al s PRDMIG 5 PPAR-Y (55,
Che ke OST Wl 55 Sl eses [V0]
3 K 5 Ol 3 (oB55s Sl JE 5 5l 1 G
wrld g a ¥ s abs y Pl b SIpte glag)len
o 1) Ok JS SIS Slusen (Ais ud Seledd
SISE ol &8 daae Gl 1) ol gedl & Sl o
LSl gty g Bl (Al e glas, 5l 4 by e 1y
IR $ln i 2208 bl pline (5,5 Sl 1]
k- IO % P YOIV A SR TPP
bl Slpes ogpl [IV] cl bagn o ©dd 5 o
4 (HIIT; High-Intensity Interval Training) Yu <us

WBE I F g syee Kesgm a3 Sy, 3 (S Olse

)


http://feyz.kaums.ac.ir/article-1-3791-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2026-06-13 ]

P 71 RO e NN N S
Ren AN e wly S8 ma JRS e o
0595 dgb 52 1) Gdaedl b Gl 68 Ll e Gl
Sl piie 5 ol Bl BT 03 o 51l ARSI sy
(s w0y s s gasl el RS B b
Solo) b g el ek AT 51 sl YE 1
B ¥ S 51 (oS 5 (Bliwe 0955 GuF b s SO Jsel
2R 0T N5 5 (0 05y p B shS 1 p S ke O
SN sHr 25 g S e HE g (O O35 p S S
0% (Epididymal Fat Pad) Jledbdsl o2 «Y¥ 0
o3> il S5 o 3 g A sy g
$5PSLL S ) A D5 mbe 51 eslaall alolidl
b b sl ptomin (sl 5 (A e 5lpd (S she oKl
Cole syl oS5 AFR-80 i) [p 5 4 -Ar sbes
N0 iy AR5 iy, 5 esliwll s 3l (O,
Guigen Il By cpl 53 Ad (5 S o3l Shagn (sla i
Wan A1 sl RIPA b 3 s sl s 2 S
22593 VY0 e 55 5k Sl 5l e g AS 4 (SIgMA) S S
Je) 5,885 /80 b Loading Jraw b 05 S b slsee 5 4ids
M ST J5 53 (K60 csle BioRad <S8 (¢35
Sodium dodecyl sulfate; ) ©Wsw fows o o 3l
G 2 o n LAl (SSE ) Ay Lus SS& (SDS
sl p e shoms b LiE 03 S48 gk 51y codkdosls JUiml Lis
@b BT L Kbl slos 55 colucSs ot dao s ¥ (48
anti- , anti-PRDM16 (sc-130243) 38 > sadyl
eSS Ul 53 (1/044) oxs a5, PPARY (ab209350)
Sha Gl e KA Qs £ gl 5 S ey
Go sl b AT L s Sed Slid B L gl
Codaty GBI gls s HRP (5¢-2004) L Sy5,8 o8 +
P b ekdsbul sl Gl pSheS LAS il coleSy
Ly 5585 4 P F 3y @l Sl esll 5 uleiia ) oS
(A INY wed) Tmage J il hwg bkl adls
Ko blis 55 Sadedby 5l dn ml 5 a3 g S5l
[Y0] L wilyl Jm8 0y B pl ke &y peots (ST L) J 8
b5 s sl (KS) G gi sl g 5 518 05051 51 1kl
@35 Ladbs 4 gl As elial agh el x5
Sl JEst g gl gt S pel5l O g03T 31l ke s Laesls
by Jad> JB s Sl . calodd eslitul Loy S amylio

J‘J"ﬁ‘fj )| uL&:...,lL,» aosls J:_Ja.'v' 9 4P Cewlodds 43|)|

vay

e B e LA 5yl F s (SEn e ke oKl
b oo 4 oz MRS G Cou wia t D 4
3Lkl glde )35 5 oS S g pa S 5 edd (g5l )
IfF TV xS oz (eSS 165 T G
GBS 108 N0) Goaa dlsn 5 Lagmluy bslsue (p S AS
3 (RS 105 V) posn so (p S S 105 ¥) (e DL
035 oSle 4 03008L51 g ((pShS /p 5 V) gty AS
B0l 53 2l Glatsn [N] Lk, S TorEY
s YYEY gls b (Sapesle ol (Kijp oSl
VY ol LB 4 g de s £0-00 Sy ol £ Sl
5 AblT oo 4 Slls GliE Ldd e ol VY
Kb ke od8LIs 5 ARG LT Sl g o st 3l Lkul
23351 o Dbl 5,00 OF crimer A3 4 1S
S s (ARLLST Sl gohy Ade 00 s
SN W) A Jael desls LI Lol
S Jael b olas addlas JR.SUMS.REC.1396.51061
St Ky sk MKl Csae AELLT Sl |
Lo 9o Oy O3 4 51 day @it ik 53 S5 13w g8
e 9358 ) Joms gl o o B e 53 ol sl sl
b ¥ /N &l 3L s el J>) (Streptozotocing STZ)
T b ad e kb Jle & o, eea (PH=E/0
GioF 4a V0 3l dn O 05 31 p S AS 2 I3l 4 p S e
O 053 50 p S AS (sl p S e VY 5 b el o5 4SS
O A8 el g kS Bbs 5l Oluabl cgr [YY] L3 G5
S Nsed 5 faS I8 SaS b G5 Sl g Sele VY L0
O A S g Solul b g e Sal ) eddas £
5 0kl asls Olse 4 idms g 0 Sk W VL
4y gl sbabse cobs W1 e VY] Adas S
RS 5 (G A (ol nsed 058 198 Y 4 dolal By,
Sl o sl sl Lad o G A) (AL
aisdil g oS5 AT400Y10 Jas) s S5 b obsl
2V B0 e b iy Sdens (O ) cile (o
€ha L Sl b (S ped 09 S el p Nidyss O 15 gy ek
e S ige Bdgs Dloyide JS g ands £ aia a
03 Sp 8 akda | Jold caids £8 O Z)l5 g5y g amdr 2 3
b oladds & gl 0y98 0 (akds p e VY BV o)
Yo s b Ce e Sl 45 80 BV as s
Vg (Copm S 4o, N B00) oS Cad b o o3 aids

b g (dids p 2 VY U Ve Copw) 05 S5m0 adds

3 ejw IYY’ 09 |\"q/\|d\.}i B |UA=5 ML;ALB}}


http://feyz.kaums.ac.ir/article-1-3791-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2026-06-13 ]

s S g Glgme pHIIT o po5 azin £ ):S‘U

Sy P=0 ) sl BLE 1y gl ek Jyl asia
P IRS 08 plpee G pss (G ews g oS o) DS
Sl ol pme GulB Jl ade 4 cod piler ada
win § JUisay o3 03,5 Gl g Dyl ((P=1/0vnY)
S Ol 1y ol s i Il as & Cod HIIT oy jes

Y okl Jga) (P=2/08)

3 A Gils e paw il F el V4 4l SPSS
Ceslodd 4 8 5 53 P<e/00 il Guda g)bl o
Pl

035 45 ol OLE LBl s S (Slasn LY L
4 Cod polgr a3 IS 0 F il e s (0 5)
855 comamen ((P=2/0008) 5ls g5l gmn Gl Jl asia
4 Comd HIT o pes wia £ Jlisay o8 09 5 gla e

s o S k) 0555 5 (p5) 035 o iie 6l il st (5Ll s =) o jlad par

$olsbas pedaw tolaie 5 bl Ol oKl 0 S Jrth
£/VY V0. (Jyl aian) J 8
YA q/en
\Y/0 g YOA/YY (polez wan) J 28 N3Y)
070\ YANAY (Ul i) o 03 G5
DR £/
/0y YYUAY (polez wxin) o pod
Y/ YYLNY (Jyl aan) J 8
/ey A%
\4/ve YYA/O+ ((’)Lﬁ aia) J xS O gl
V4/A0 Yvo/o (5! ain) oy o3 (s 5 p £ )
AN VA
\RYiA YeE/\Y (poler axia) o3

2 IS 5 Al il ey 8 o PRDMIG 55 5
53 dps Kasgd Olgea Practin glgowe (P=1/AY) ais
2 38 e ile Jler s 8 gl ) 2 SSL

QO oylad JK3) (P=2/70) 518 0L 1 (5,05 e

A e

s il Jlise oS wisls Ol @B gy okl s
ot 95 PPARY 055 cslsims Olos 5l sime oslis HIIT
.(P:'/\'\) .:)UJ 479 g;.".‘tib J,:.:S K] 6_‘-’"33 d.;,u' 6\.&5‘9;

Slsme 5o Gl snn il 4 e HIIT wan Gl (peomen

eyl

PPARy _

e | 55K D

seovss | i R R = 2|00

B.Achnl-— — — — —_l"ZKDd
C

1.207

1.007

<
o
1=

1

control)
1=
o
S
1

PPARYy/B-Actin relative density (fold of 0

JRS o

PRDM16/B-Actin relative density
(fold of control)

1.207

1.007

o
=
=1

L

o
&
T

JA e

Laxlllze S50 dUaJ;JJPRDM16JPPAR'Y 6[;&0,::3‘5;1 6‘}5&:,4 Mu.a—\ UL%';JK.:

odd oS pslie okl S g s el B s> X "H J s ~_<.1>_,3 Olgea B-actin ; PRDM16 s PPARY SLSsp &.::vu_,;_,.{l ‘5LAJS.JA A

a5 GALL s ki oS alie gekiasOLES Ssiw la e (CLialodd 1)1 J 1S 055 51l L oy sen o5 IS Kusgd Jlie 5o PPARY 55, slasily
ol &l J 28 0 B 51 pl iy ki Dy g0y 45 J 28 Kys ) Jlie s PRDMI6

3 ejw I“" 6593 |\‘~Q/\|QL:T 94 |u4:3 MU:L&J}

Yy


http://feyz.kaums.ac.ir/article-1-3791-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2026-06-13 ]

PPARy ks B g Sl S s 048 Sl
4 (YA 0, Ken 5 Turgut Ks adss s [YV] 548 0
sl pse dhas 5 A5 ;3 PPARY Ol 5 (3550 cp i (o
Jeo 5 oy 2 B Bss ONgs o p S S gl e
VoD el adr p o e o 5y, 0 /aie T Dy
O 050k Il g aads p R Y S b adds
o)l BLE J S 09 8 4 Camd oo 5 05 8 55 |, PPARY
s oSt s PPARY sy o Sos5 bliyl adlas
s sbad b [YA] ol OLE 1) S sl 5 0
G 3 M o 3L Ddslesd S slapiElSe sl
Sepl Jdsa (Jeedl goay cwmload slgiy PPARY 54,
5 Sl Slajcmae s Al B Olgea (559 op S
Sloomas Sl opbe L2 (pugp) S
LS SaS' (funy 25 223l DAIGle s 4 Ll F (0 S lam
SEG 4 e 2l S 5 Jsbe ozl 550 [T4]
ok xS (G3ludlid Gob 5l Soilam (a8 s 45 e
S o RS Slost 53 1y eBile Fien g K555l
PKA; ) A LS o8 sb 5 K5k ok S
P38 U355 b edddled LS o4, (Protein Kinase A
[F] S Koo bowwgmsl s 1, (p38MAPK)
p38MAPK; P38 mitogen-activated ) P38MAPK
PGCl-0; ) PGCla wasdls  (protein  kinases

Peroxisome proliferator-activated receptor gamma
Y sy edSJWE @86 4 (coactivator 1-alpha

I, (ATF2; Activating transcription factor 2) (ATF2)
Loy Ol Gy byl 1, UCPT 05 0ly 5 &S (0 s g
UCP1 03 Aol eanlpl PPARY .uS » J,z5 PPARy
S Olgea pP3BMAPK v sy ATF2 g3ludle .ol
- 84 (cyclic Adenosine Monophos-Phate) cAMP
Sl slosg gz 3L s 1, PGCLa 05 0l Ol S 55,
o9 p 0l 4 e PGClo sasdles (opl sly tdas 0
4 g e Sl B Sl Kls e S 5400 PPARY
[V ] 555 Glosed o SBL HLL glad o OASHL L (slesed
oS Slge  NEST 5 e sl bl 5 S
gl s 4 05SE S Wb 2555 29 PRDMIG
5 Ot (Ddd e 0T Slao g 5 s il
St GBS de) pl 53 Ceslod gy Jolge Ko
b b fagn i 5o S 53 b ppl b syls sy S

Ans il 1, PRDML6 o5, g il (5555

A}

oy
P RS 5 s ey S o b Gl il
S sns miS pzman 3145 0L PRDMI6 (55 5 (6l sme
JFS 098 4 Comd i 058 PPARY g (glsms 5o
DS on 4 S Ll latagn 0sST AL sl
Sl SR g g Klesb, PPARY iy, p 500
A5 53 Wl ol b kil o 0S5 0l 2 008
o s Sb ey 4 (Y010) 01, 5 Haczeyni
Bl s s P 5o Sl 5 o Sl s S 55 ) 2
O B 35 p Gldbsls O, pon (2555 el S
52 PPAR-y 5 PRDMI6 03 0l aulllas cul 5 a3 plos
53 b a5 a3 6, Ee3lui N 518 Y N A Y glaaia
Sl SRl s 93 ol 05 Ol VE 5 Vb slawia
Y glaaan s OKen s Haczeyni guiss e RANErTE
! L“..~|)(..A ol G @l:.i LA o8 Y O A g
s PPARY bapis, Gl Gdd 52 2 55 g5
G 53 Jbm ol b les S (sl iae s PRDM16
s PPARY by, slgme OL,Kea 5 Haczeyni
OLE 1) olsiime Lial3l VU 5\ slawia ,s PRDMI6
e Bl 5l e By Sl G b &S Clesls
308 S g P 4 UIE s A Ul mlE ol s S S
508 S g OKer Haczeyni gios s ¢35 o,
s g &S cwl J 55 cpl g Conl es g Aldbgls 5 (551s
s OAd peen Ll |y HIIT 00 ol Gaow
L HIT (0 15 toml s e ol ol 5 2500
LK 5 Haczeyni giss ;3 5 358 00 pls! Y s
S e plml e Ol pelelp iy e SAS
Jole g3l L au,f'c,z- 33 Odga B byl 5l Al e
,é\,&ba@uﬁ}gdz;,, RS OAd g Sy S
2315 sl Caottl Flb= les 015K 3 Haczeyni Guiss
Ol Cde g Cdd UK g o Se Gl L35,9 e
S 0 &S Wb IS adagesl b (B e
Ol 03 S Cawloddonls DL IS )5 (s i bl Guiodd
o ys il PPARY (55, e.\..s‘....h‘ Al o e
Cld Ly pa e 5 (Y010) OKes 5 Liu L,
S oxn i b el b b s wlbsls 235
Sloou Jlasan il mls s, il 048 ol
DL Syl 35,5 cdled plomil Jldsa |, PPARY 555

3 c’b Wb gls B350 o ped 45 Ns S Oy Olase pl 5l

3 ejw IYY’ 09 |\"q/\|d\.}i B |UA=5 ML;ALB}}


http://feyz.kaums.ac.ir/article-1-3791-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2026-06-13 ]

s S g Glgme pHIIT o po5 azin £ ):S‘U

Eo 209 LS Fagps 2y SSL s A lsee
Mg B ek &5 s 5d 0 Ok Gile Al Eel das s
Sedip emp) s b OMlesd G 5 ol
bodl K 53 2ius s 3 U sl Bl [FAYA]
S AL g ) g Sl SASGleggd Jghee ol S
Gl el OAE 5 L slosgd 45 Colodew; wmd ol 4 andlas
S8 sLysSU md 5 Sl Bl a4 mwly 5o B350 e
2 SV agmaeply [FV] das e ) e 3 Giie g oYU g
Sl fids gy 03 45 e 5 Sos Glainsn pRl Gaow
PGCla 5 UCPI :usb glosgd o2 b 4 g2 Siw
Cowd vgo S e S (s S 4 Ol LS e ‘5}5%',!.\3!
G 3 rmen S (g St Ailg e fe s AL e
s PPARY sy, glsmw o, S0lul Ol ol
5 slse ol ae S 345 e slatee ss5 2 PRDMIG

SEL o o ol sla 2ulS

S 5 Aol
HIT opy05 pol Goiow b 4 4x gl «olg)s
i3 1, PRDMI6 5 PPARY (sbaiisy (slsime il
e Jolgs 5,0 Oy s b s cpl plh tAas (g yls 2ae
S IS Ll 25555 el Dl 5 Ol cp g e
ALl sdmsplxl sl gageil 1y Ak @l S ssd
53 PRDM16 5 PPARY slaseiis (slsiome sl 31 Sl ol
e e S S 4 e Kl S ST Sl B
e O Slostd o Sl S Sny 5 25 slosg Sib 4
I Slegcs s Al g (6,08 s L) sldad omls (K350 5
ol 3 sy HIOT 35,0 opjed bl tadl azdls o 5o
Jolo dilspe & &S S b OB D 5l S

e'a;.ﬁg)m'
Sy pse T+ PR WY P COU R P PR

9 nM L S 6,L bhrg.»jdé.&‘);.asdabﬂfl.d}}lﬂ.&

g o0 Sls U8

References:
[1] Ghaffari M, Salemi Z, Goodarzi M, Ghaasemi

M, Rafee E. comparison of serum visfatin levels in
restricted diet rats,type2 diabetic rats and insulin

3 ejw I“ﬂ 6593 |\VQ/\|QLJ 98 |U‘a'-'-'; MU;L&J}

a4 (Y1Y0) 0, 5 Stanford iags ,o buly el o
<3l ;s PRDMI6 s 5 555 2 obiiss cdd &b ) p
0N e Sl i Sl asb, o
@le sbgise glr ) o 8L e |, PRDMIG
@ {FY] e olapnn SIB S 2 g 4 S 03 S n e
L5 Al ol baly & 53 g2l Goiod mlS b 58 G (gl
GEan Sl 53 e i 4 pe HIIT (3555 cn 3
5 Gl 3 gl b ol 3 gl Ll i PRDMI6
3 I il Ol e S (VA O K
A (g 23l 53 PRDMIG6 05 0l Y6 was b a0l
Al Y] ol balyon A2 iy ol s sla s
PRDMI6 o555 lgome (I3 ofd & e G 55
RSl s 4 OlF e G g3 p slacald 5l S AL
o ol Man pl o kinsOlis ol 5,8 o lsl HIIT aalyy oo
Sl jedd @ e Ml el YU as cdeay HIIT ol s
Rl s 53 PS5 L PRDMIG o5y, gl
S S s thing Sl 5 Y g abs 4 M cla s e
9 B ln e sl olo B350 Ol &Sl ol g
oSap ol Sl S cwl PRDMI6 o5y, a5l
4ok o S3b s g (2 SSL BT 4 e Llgs
S Olsoa PRDMIG ity Jiiey codly 55 553 slosed
T S Ol Llg s S LS s Jes S fsp
sduis sl mlie Ga b Sl Slos o Arms o 4 byo
Sl e s Il S5k ] w8 Jes ot p
&S AL e PPARY 55, b of bls,l PRDMI6 55,
4 B Glsg 2y gladge 003EL Ls Bl
oHsp 4 Jlaily PPARY 5 ol g db glad g
PRDMI6 on55 guss 5 Ol & pnie EBI2 b 4 %o
38 Slost (2 ad s 0IBEL Sol ol ) 5 35
G50 2 hiss s s £ B plmil Kos cdagn s [rO]
@ S bdde Oadglesg & e O SE
a2 51 [VO] caslods PRDMIG 55l oidle b s 25
So3 oS Jsba (55 p ety OMEGlesg 3 Shes
5 Jdohw olul fald &S col pl 4l S bl ccaledds

resistance rats with normal rats. JFUMS 2015;
5(3): 435-43. [in Persian]

[2] Reddy K1J, Singh M, Bangit JR, Batsell RR. The
role of insulinresistance in the pathogenesis of

Y40


http://feyz.kaums.ac.ir/article-1-3791-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2026-06-13 ]

atherosclerotic cardiovasculardisease: an updated
review. J Cardiovasc Med 2010; 11(9):633-47.

[3] Gil A, Olza J, Gil-Campos M, Gomez-Llorente
C, Aguilera CM. Is adipose tissue metabolically
different at different sites? Int J Pediatri Obes
2011; 6(1): 13-20.

[4] Hill JO, Wyatt HR, Peters JC. Energy balance
and obesity. Circulation 2012; 126(1):126-32.

[5] Lee JJ, Britton KA, Pedley A, Massaro JM,
Speliotes EK, Murabito JM, et al. Adipose tissue
depots and their cross-sectional associations with
circulating biomarkers of metabolic regulation. J
Am Heart Assoc 2016; 5(5): 1-13.

[6] Jeremic N, Chaturvedi P, Tyagi SC. Browning
of white fat: novel insight into factors, mechanisms,
and therapeutics. J Cell Physiol 2017; 232(1):61-8.
[7] Lefterova MI, Haakonsson AK, Lazar MA,
Mandrup S. PPARy and the global map of
adipogenesis and beyond. Trends Endocrin Metab
2014; 25(6): 293-302.

[8] Siersbaek R, Nielsen R, Mandrup S. PPARY in
adipocyte differentiation and metabolism—Novel
insights from genome-wide studies. FEBS Lett
2010; 584(15): 3242-9.

[9] Lo KA, Sun L. Turning WAT into BAT: a
review on regulators controlling the browning of
white adipocytes. Biosci Rep 2013; 33(5): 711-9.
[10] Janani C, Kumari BR. PPAR gamma gene—a
review. Diabetes Metab Syndr 2015; 9(1): 46-50.
[11] Chi J, Cohen P. The multifaceted roles of
PRDM16: adipose biology and beyond. Trends
Endocrinol Metab 2016; 27(1): 11-23.

[12] Seale P, Conroe HM, Estall J, Kajimura S,
Frontini A, Ishibashi J, et al. Prdm16 determines the
thermogenic program of subcutaneous white
adipose tissue in mice. J Clin Invest 2011; 121(1):
96-105.

[13] Cohen P, Levy JD, Zhang Y, Frontini A,
Kolodin DP, Svensson KJ, et al. Ablation of
PRDMI16 and beige adipose causes metabolic
dysfunction and a subcutaneous to visceral fat
switch. Cell 2014; 156(1): 304-16.

[14] Harms MJ, Lim HW, Ho Y, Shapira SN,
Ishibashi J, Rajakumari S, et al. PRDM16 binds
MED1 and controls chromatin architecture to
determine a brown fat transcriptional program.
Genes Dev 2015; 29(3): 298-307.

[15] Heydari M, Freund J, Boutcher SH. The effect
of high-intensity intermittent exercise on body
composition of overweight young males. J Obes
2012; 1-8.

[16] Porcari J, Bryant C, Comana F. Exercise
physiology. FA Davis 2015; 36-62.

[17] Colberg SR, Sigal RJ, Fernhall B, Regensteiner
JG, Blissmer BJ, Rubin RR, et al. Exercise and type
2 diabetes: the American College of Sports
Medicine and the American Diabetes Association:
joint position statement executive summary.
Diabetes Care 2010; 33(12): 2692-6.

¥4l

[18] Khoramshahi S. Effect of five weeks of high-
intensity interval training on the expression of miR-
23a and Atrogin-1 in gastrocnemius muscles of
diabetic male rats. Iran J Endo Metab 2017; 18 (5):
361-7. [in Persian]

[19] Petridou A, Tsalouhidou S, Tsalis G, Schulz T,
Michna H, Mougios V. Long-term exercise
increases the DNA binding activity of peroxisome
proliferator—activated receptor y in rat adipose
tissue. Metab 2007; 56(8): 1029-36.

[20] Ringholm S, Knudsen JG, Leick L, Lundgaard
A, Nielsen MM, Pilegaard H. PGC-1a is required
for exercise-and exercise training-induced UCP1
up-regulation in mouse white adipose tissue. PloS
one 2013; 8(5): e64123.

[21] Fathi R, Ebrahimi M, Sanami SK. Effects of
High Fat Diet and High Intensity Aerobic Training
on Interleukin 6 Plasma Levels in Rats. Pathobiol
Res 2015; 18(3):109-16. [in Persian]

[22] Safthi MM, Anwer T, Khan G, Siddiqui R,
Moni Sivakumar S, Alam MF. The combination of
canagliflozin and omega-3 fatty acid ameliorates
insulin resistance and cardiac biomarkers via
modulation of inflammatory cytokines in type 2
diabetic rats. Korean J Physiolo Pharmacol 2018;
22(5): 493-501.

[23] Khalili A, Nekooeian AA, Khosravi MB.
Oleuropein improves glucose tolerance and lipid
profile in rats with simultaneous renovascular
hypertension and type 2 diabetes. J Asian nat prod
Res 2017; 19(10):1011-21.

[24] Fallahi A, Gaeini A, Shekarfroush S,
Khoshbaten A. Cardioprotective effect of high
intensity interval training and nitric oxide
metabolites (NO2—, NO3-). Iran J Public Health
2015; 44(9): 1270-6. [in Persian]

[25] Khani M, Motamedi P, Dehkhoda MR,
Nikukheslat SD, Karimi P. Effect of thyme extract
supplementation on lipid peroxidation, antioxidant
capacity, PGC-la content and endurance exercise
performance in rats. J Int Soc Sports Nutr 2017; 14
(1): 1-8.

[26] Haczeyni F, Barn V, Mridha AR, Yeh MM,
Estevez E, Febbraio MA, et al. Exercise improves
adipose function and inflammation and ameliorates
fatty liver disease in obese diabetic mice. Obes
2015; 23(9): 1845-55.

[27] Liu WX, Wang T, Zhou F, Wang Y, Xing JW,
Zhang S, et al. Voluntary exercise prevents colonic
inflammation in high-fat diet-induced obese mice
by up-regulating PPAR-y activity. Biochem
Biophys Res Commun 2015; 459(3): 475-80.

[28] Turgut M, Cinar V, Pala R, Tuzcu M, Orhan C,
Telceken H, et al. Biotin and chromium histidinate
improve glucose metabolism and proteins
expression levels of IRS-1, PPAR-y, and NF-«B in
exercise-trained rats. J Int Soc Sports Nutr 2018;
15(1):45.

3 ejw IYY’ 09 |\"q/\|d\.}i B |UA=5 ML;BLB}}


http://feyz.kaums.ac.ir/article-1-3791-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2026-06-13 ]

g5 g 5 g pHIIT o po5 azin £ ):S‘U

[29] Nedergaard J, Cannon B. The browning of
white adipose tissue: some burning issues. Cell
Metab 2014; 20(3): 396-407.

[30] Inagaki T, Sakai J, Kajimura S. Transcriptional
and epigenetic control of brown and beige adipose
cell fate and function. Nat Rev Mol Cell Bio 2016;
17(8): 480-95.

[31] Wang S, Dougherty EJ, Danner RL. PPARY
signaling and emerging opportunities for improved
therapeutics. Pharmacol Res 2016; 111:76-85.

[32] Stanford KI, Middelbeek RJ, Goodyear LJ.
Exercise effects on white adipose tissue: beiging
and metabolic adaptations. Diabet 2015; 64(7):
2361-8.

[33] Afshari S, Kordi MR, Mohammad-Amoli M,
Daneshyar S. The Effect of Continuous Aerobic
Training (CAT) and High Intensity Interval
Training (HIIT) on Gene Expression of positive
regulatory domain-containing protein 16
(PRDM16) in White Adipose tissue of Wistar Rats.
J Sport Bioscien 2018; 201-10. [in Persian]

[34] Seale P, Conroe HM, Estall J, Kajimura S,
Frontini A, Ishibashi J, et al. Prdm16 determines the

3 ejw I“ﬂ 6593 |\VQ/\|QL:T 98 |U‘a'-'»'; MU;L&J}

thermogenic program of subcutaneous white
adipose tissue in mice. J Clin Invest 2011; 121(1):
96-105

[35] Kajimura S, Spiegelman BM, Seale P. Brown
and beige fat: physiological roles beyond heat
generation. Cell Metab 2015; 22(4): 546-59.

[36] Cao L, Choi EY, Liu X, Martin A, Wang C,
Xu X, et al. White to brown fat phenotypic switch
induced by genetic and environmental activation of
a hypothalamic-adipocyte axis. Cell Metab 2011;
14(3):324-38.

[37] Bostrom P, Wu J, Jedrychowski MP, Korde A,
Ye L, Lo JC, Rasbach KA, Bostrom EA, Choi JH,
Long JZ, Kajimura S. A PGCl-a-dependent
myokine that drives brown-fat-like development of
white fat and thermogenesis. Nat 2012;
481(7382):463.

[38] Hirata M, Suzuki M, Ishii R, Satow R, Uchida
T, Kitazumi T, et al. Genetic defect in
phospholipase Cd1 protects mice from obesity by
regulating thermogenesis and adipogenesis. Diabet
2011; 1926-37.

vav


http://feyz.kaums.ac.ir/article-1-3791-fa.html
http://www.tcpdf.org

