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Abstract
Purpose: An imbalance in the production of PGC-1a and myokines impairs the energy expenditure, in-
creases adipocyte and develops metabolic pathologies, but physical exercise is able to regulate the secretion
of myokines through PGC-1a. The aim of this study was to evaluate the effect of eight weeks of high-in-
tensity interval training vs. continuous training on serum Irisin levels and expression of skeletal muscle
PGC-1a gene in male rats with metabolic syndrome.
Methods: 32 Wistar male rats, with six weeks’ age and weight 150-180 gr, randomly divided into two
groups including standard diet (n=8) and high fat diet (n=24). They were then placed on a pre-exercise diet
for 12 weeks. 24 rats from high fat diet group were divided randomly into two groups including metabolic
syndrome control (Ctr+MS), continuous running (CT-MS) and Interval running (IT-MS). Continuous and
interval training for eight weeks were performed on 65-75 and 80-100% of the maximum speed on the
treadmill for mice, respectively. The ELISA method for measuring serum Irisin levels and real-time PCR
method for expression of PGC-1a gene were used. The data were analyzed by one-way analysis of variance
(ANOVA), Tukey’s post-hoc test and Pearson correlation at P < 0.05 level.
Results: After eight weeks of interval and continuous training, PGC-1a expression (P =0.01 and P=0.001)
and serum levels of Irisin (P = 0.01 and P= 0.001) increased compared to the metabolic syndrome control
group, and this increase was more evident in the interval group than the continuous group (P =0.001). Mus-
cle expression of PGC-10 was also positively correlated with serum Irisin levels in mice (P =0.001, r = 0.8).
Conclusion: It seems that the use of interval exercises can increase the expression of PGC-10 gene and
Irisin as much as continuous exercise and possibly improve metabolic disorders in people with metabolic
syndrome.

Keywords: High Intensity Interval Training, Continuous, PGC-1a, Irisin, Metabolic syndrome.

How to cite this article: Borhani Kakhki Z, Naibifar S, Nakhaei H, Ghasemi E. The Effect of 2 Weeks of
High-intensity Interval Training on Salvage nucleotide pathway. Journal of Sport and Exercise Physiology
2022;15(2): 95- 103

*Corresponding Author; E-mail: elhamghasemi@uoz.ac.ir
DOI: 10.52547/joeppa.15.2.95

Received: 22/08/2021 Revised:28/09/2021 Accepted: 15/10/2021

6



4 S E P S Salled g (5559 (Sig g id Ayl
e\\i“/v*] V0¥ -0 sl asivo /Y oyloud /18 0y98 /1Fe) ¢yliwuli

5 Ol 9 oy 3 ad] gk 53 (509l g i (29l iy ped ddd it y3b
S galito oy 4 Mo 5 lyxo S b0 4o SMac PGC-1a,

" o pldl T 50 e T8 03t (SE Sy o9y

-OlRleohd Ol olasls « (s 098

Ol ol ol gl § Glimg o8l ¢ (ol Blg) 5 (i3 pole 00l (22559 pole 09)S'Y

-Olplcolaaly (SKasn pole olfasle « S 0aSals Gy Can 0 ¥

Ol e bl e ol oBasle o Glusl pgle g sl oaSiasls « iy pole 095 F

pgi allio oo

393 8 awgool iolsl 55,50 Bras ials Eel Lo plSisle 0y s PGC-100 5L jo Jolas pae :Bud
B oS e | L Seole ades PGC-10L 5o ybs 51 aGles o S0 ccdled Lol cogs co (Sdgslice YNs
o elale g (NasPGC-100 5 ol ;= (2915 9 (095 Gings ain ctin (51 (o jol> Aemgy 5|
39 Selgrlie i a3 15 (oo Lo bse 50 (e

05,5 59 an (SBolai g body (pyS V0o Ve (5 L (glasin & Ly o5 15 (ol (g y YT Sloa :Las g
2198 ooy o 4an VY e 4o 9 WA S (1= F) YU )2 b (D188 05y 9 m=A) oylaslen] lde o3,
09,5 dow do (B0l jobb a0 VLo ()2 L (213 0 09)F (2love (5o VY w0858 (951 S5
25005 et (IT-MS) 9l 1305 9 (CT-MS) _c05la5 (1103 «(Clr+MS ) Sdgslio gy 58 S5l
A ey duoyd Ao=Yoo g A=Y O Jolae acil codyd 4 cdzan cotd oo 4 9Ll g ceglas Sl yed
05 0l S ELISA s, 51 s (il 65 o3l g 0t L2l (oo sla e (o gasis 010,555 (5,
(o 3 (S5 (e a3l canly S elyly edo 5 Lel Lo gygasl - ai 0olas wIRT-PCR 5IPGC-1at
A axd S 5 d Laools Jodow g ayos slap<e/en g)ls Lins gl ;0 gy

5oy g g (P=e/00) gP=o /0N 3)5 a) PGC-100 ()l e glai g (9l oy ol dstan Cid 1 Ly 1@l
o355 59 il oyl 8l Gl Sl iy 55 03,5 i s (Pme/00) 5P /0) sy ) i
L cato ( Sumwad PGC-100 SMae Ly pizmod  (P=e/00)) 09 5YL 09105 gm0l ds Camnd 9l (ym el
(P=e/oNr=o/A) cslo o slo ige u_.)_')_,k;e)_w s

Eeel iy o g o9l Ol pad ojlasl s asles o gl lin el 3l ooliwl aw) oo ,La5 A 1§y Az
30,5 Sglie pgyinw o M 0,3 jo  Sgolio YNl 00 Yool g il  PGC-10L 35 )Ly iy

elhamghasemi@uoz.ac.ir 1abbl) ¢ Jgtus 00 gs

Voo /oV/YY 2 yomds o) VFoo /oY /o sialing gy Voo /o0/ YV il o)

a5



Y o)l.o..i’.o /\a 0)93 /\\C°\ uL....M.’L)

S cadlad g 45559 (S590gurd i

axls Sdalie phlow Gl (Sl Sae SO
25y9 Sl 52925 09,0l 500 (G951 - sl ons
Oleyd 5 (6yeSiioy )d Liifl asnd S plgse 4o
oot axdpdy (Sl g (Slglie SISl ()l
59 elad o a4 45T Sla Syl el
ol Wl oo Sl aliae )5 PGC-1a Liolidl b
w35 sl ansls Sgslie Was 1 oo
A i Ll o aste JlS 5k
Sglie s Ble 12 (o9l g (sreliwl Dl
098l ol 039yl Lol . (Ye£) aSl 0olo)l, 8 a>g5 5,90,
Solel g oM dnnrgi a0 s 9ls Sl yed
95l S95Ls5 sla (g lows dey 45 (501,31 o >
Ol 33 o3 €55 9 Db 4 gl cwl 0at S0
Oblos @l 5290 il Ol 29 ped SIS
el 10955 Slosg crenl 5l (Sl gy
OBL Sl )0 0lged ()9 52935 (paatie
58 axile (o255 yed 500l sla gy o LagSl
29l Oloyes aS ol st sols las 1 o LLw
Sedglio sy 5L 51 (g lo g5 co (HIIT) spuis
olonl 5 Sy |y MICT) Lawgio wglas byl
O=d HIIT (yal gty Canl @ 8ly 5o .0
5L« st Lidor Ly il ais 452
L algien (9 slocadlad g5 (2l b Snalee
S Ble o romie  Jolo wline joe by
o 33 (M) 35,5 caglas g steliiw! ol el asline
0505 93 )8l dplite b (YolA) 00l ope g (Slg s Ll
g (2hmee Lo ge 1 (295 9 (o9l (e
30 o=yl s PGC-10 sl L polidl g aslo
030,855l S 0,5 do e (gpal 09,5 99
25b 4o (el 09 98 WS Ot (ol 9
g w5 L (Joge Sl el (sloyae (oline
(1) 9o JLeb |y (ol asSeis

Ohles 5 poitygd (5,500 asllhas o Jl> 2l b
sty Oy 4a Y 31 e a5 asols s (YN )
FNDC5 ¢ PGC-100 sl dSewl alac mRNA
e el sl G 99 52 shan g Col e
35 el s ol 45 o3 23l it
((10) &b pealS (e aslin (ol o il

o5 (59 (39 Sedlad ds e a5 4 £ 5ama )0
S5 b sl g aal S (Sl SN

oo
5 53l eolinl yo Plast ey Slgrlio oy
— il plas Jolse 5l o298 a5 el O (gl 0033
S Olee (5550 Sl Yo 5 5 Lid Jalos (Bgpe
L oeSaeeed Ol Ol 9 085 SipeeelS (555 9 03
B Sy oo 5 A () 090 oo asaS YL A usls
Ll Sdglie gy 39055l 5o sl oone A
03l 029 du Jusle (ylgue au oy 8L (V) S o
el ool JuSid wglae (69, Sles 32 90 31 Bl
Sl (5550 0> oo a5 (WAT) s oy <L
=) (2hleS (s 45 BAT) sloged (2 <3l g
4 902l (M (S 655 2 (pleoas 5]
23k Jele S0 a8 dbs (02 51 sl Sy p LS
1 Slogtd iz Il s dg)se sl 4 Lelo yoin
sleglon Hn 5l sl 5 sleds) 5 S
Aoy ;0 (godmie Olalhas . (F) coul Bl U Lasie
oads plamil yz Bl ae) 5o LaSpe slaylSp5le
(YoI) Ohleen g poymy e Olome 4o ool
Jled 0055 Ol ¢ (S eld 5l Gy asols L
PGC-10) L= | an pg) (cmSgp ,uiSE oaisS
2L By ol ol cBlase oSl (Aol
3 e 0olire il (FNDCO) s oy iSg e
@ 2Bsle b Ogey90 S FNDCO (190 5559,
Crin] () 955 g0 i g3 S50 4 iyl oL
(UCP-1))1-00ua3 e (89 gobaw li¥l oo
3l olazdl ol a0 a8 090 oo dhns (2 2B 50
ol dhow oz L ATP s 5l csilos 55k
7 SBb (0) 90 s sl egd (2 <L
9950 0lgi La S (o ) 55905 3ol 51 (slogod
4 omisel ol 1) WS (e i |y 0o sl
P8 9 850 Joe (53l Bpan oaiS Ll Ly lgie
Oy a8lol e > el ot gloggd L aS el ol o
(Yoo) Lo 9 el . (0:F) a0 yialS |,
s5b 4 lostd (oo 5 sl oo aSasls L
Loty el g ol 208 3L 03150 (55 lalins
JLsdput 3153 (S 0095 pals g (oo doo) g

(V) )13 3929 (wgSre alai
5 o2l s PGC-10 s g 5l 56 as amgi L
SS9 9 S (g7 b el 90 ol )6
Olse 4 Saelo ol il Sisnrs cmle

av



OhKen 5 SEE Slay

i) oo (2o slagise 09,5 aS was s
L ol (2o slagise opzp slie assls
oS Yoo ;o shlas () arndS aslllas slpios
sz 05 Fhe gyl 0,5 Yo )] 0,8 ¥F0 090>
£ NOA 9 SsS dmsl 05 WA ¢ JgyinndS 2 YT s
S () s e Jels |y olaslenl glde joen
i o L aralns L (s sLa sige
Jrol oy (slie G pime 42an VY 5l L (0,5 Y6
50 wlis e ige 0 Bl byl L(0F) L(OF) as
Jsb = o (£55) O 039 P Aty 515 Ol
A00) Seel s dn Yoeo y0 s (e (s8lw) Huo
i sy socasla 2yl sl e
(218 oy 150 00 Bl (hge e it « Sgolie
L g wsas olswl Solas jo b as 6,065 9 oy
YL 02 98 o sl oo w95l (65 9=
YL I L oSgmand i (o0 05 (Ao MO
SV S (659 i (o 12 )5 (oo Fe5l a8
Sgplee i slajlne i (s 2 0)F (oo V1o
S 09)5 (g pw i 51 Lies L (17) 9035 (o
caalsl )3 ool as ds (675 0y55 3 Sylailins] gld2 L
Jobs (b et 09,5 )Lz 5o (e slaige
Slstlio iy [y 05,5 (NC) s 25 03,5
e 09,5 9 (CT-MS) 0glas 1y 103 05,5 «(Ctr+MS)
alsloe HLL L g s (gus puwds IT-MS) gl
o) =he slaghge oolawl vyse 1Al o2y
S ek (6,5 L s laslid

2o slaige (s i pipel Syl )
bo) (2hme (ige ppgate 8355 135158 (9
0,95 b MazeRouter (gl ob L 555 Lojl SuST Sy
cilwlial azin OG5l om0 £9,5 039, O (g5Lwlis]
cazan 1339, B) olo ¥ e do  ped sloosg S slaw,
5 o9l e aliyy (N A casls 5l e g 5o
Glao 3l (3, Lad ol (gl aso S 2y oglis
slaogS (ho slaige ( 2lr ol g Olo)S)lys
JHie (s Ul 4o (el 09,5 oo o 53 ]S
G sl lo b g5l oy (1Y) ot oo
OBUSg e o S Sy Jles] slovcaul ;|
O | oymxs g (1Y) e oolisa] gdiomo Jags
oald Gyl 5l (ped sloegS aiiny Bpas
AV o eoliwl (1AY) 51550 59,5800 o laslewl

ol aals FNDCS iolidl o) C8lae s PGC -1
ok il e 5 A5 Ol by Bl 5 sl
005 o ileST codil g ol (e
=03y9 Sedlad £ 95 9 oo a4 ol ol Ll
9 bl Sl yes i 4> 3T (W) cowl awl
el oun OISl o093 4 glomw ol ;0 ogls
RPWRRICH ETION FYVL O PURLCE AR YUU R = g B RS Y
Sy HIIT 0)5)_4‘5)‘)_")‘ ] Q‘)B‘ 6‘;} L;le uLA)
S 3l ol oo 50 slaley By b cclin
05 Ol 5 ol S 2 (rpped Sl (a5
Splio pyaiw hlep Sl s o PGC-1a
Oleys 9 JrS sl (b az b ( oyl g9 4z 5|
‘_gLQO}A_.w )_,‘ A_M.:LQ.A [ I ST L;w)).’)_..as
Cred sladaliy (bbb )3 (gl g (aglos (el
S92 Slgiee Splie g phlen sl
Sal)s 09250 sla sl an azgi b nlnle sl
PGC-100 &5 Ol = (29l5 9 (soglos ongs asio
s=hree sle g0 50 il sy lale 5 Dae

SO «inL..o £y M)l_u.a)_a

SRR GP9)

Conle LU j| ol ongs, iy SLadises
o3l Gt £9951 (b Bl (aKaslol o2
Ol e TV slass . aab oo S 09,5 L O35 i
539 (e la )iy Ol - sl is(5 (e
pode o8 isls Slau> lido 350 31 (5,5 VAe L Ve
adle 0)95 (b 5o g Was (gl plaaly (Sop
5 0l8 sl dyd YY £ V) o lilewl cogb g Los jo
bty (Sl asy2 5 (0)d VO 18 sloa cosh,
FERCH ] IVES TSR ER WP K WS SR CT WA L ) o)
NS08 hls ol amlllas . aseg aslalil ol g lis
S pale o2l 51 (IR.ZAUMS.REC 2018.220)

sl oo plaly
Sl Bola job au yhgw o Y olass lal o
9 Crye =2 iy b asan 1Y Gue 4 g wiald
(bl aals A dss (YY) AL g (5,60
S8 bl (D138 oy e (e (ger A

aA



Y o)l.o..i’.o /\a 0)93 /\\C°\ uL....M.’L)

S cadlad g 45559 (S590gurd i

Jleax! pals g 5 sleer LaogdsSes
5 oo sl 9038 (6135 a8 Lo ol )3 (5 S
¥iload anes gy ;a5 0y90 (> o as L (s
G=b Lo g, S05lasl aen o eoliwl (g o) Lo
S Eros 0t Lol abgype ladias o), 3
ol b 42 5 Osal oylp St slacS b
9 8yl sle a5l logdle 353 oo (5 So3ll
S ) e el gl i Sl Y1 gy 40
Seleils o)lais 4 LBy j9-iS L Mercodia
i 9 i oo/ 9,5536 /10 sl 5 011 Do e
4 oy 558 &L Sunlong Biotech Sy di)
oo/ 55550 ) Gl 9 SLOB27Ra SelgslS o lais
s oolaiwl (07000 Sge3l (950 ol pais duo )y § i
S5 st 05 Ol sz 9 RNA glysec
dlac =L 5l RNA (g5Lwlas (gl Real time PCR
51 «(Thermo Scientific <S,») Jopalys 31 sdSu!
RNA « oo - dis o0liiwl o0jles oS Jasdlygiws
Sy-) DNaselaws 51 oolawl L oo gzl
o=l s DNA 4 Sogll asgSya 51 (Thermo Scientific
99 Lo aigad 3l o (gHLLSLRNA soS o5 sla
O v eDNA asy (gl s 61,0 mRNA 55 Se
i 51 EDNA 3 sl Aepgin (2l 5o - 0on a8 S
O 13 oolawl (TaKaRa) &S, cDNA synthesis
£33y (el SETICDNA cslas (gl 45 )50
SXac PGC-1a o5 ol o -0 oolaul joliSa
A gy oyl o (6,5 ojlusiReal time PCR g, L
AV Jgoz) as plul PGC-100 colazs] ol SeS
cDNA clale s 0oL Real time PCR sl gl
cDNA Cilises sla cale jglate fyais .09 3y9l0
Realtime (gl cowlio cdalé ccolysys g wiois oy
&l Real time PCR xSy .o 48,3, Las,o PCR
SYBR Green PCR a3l oolawl L Lo diges (sdaon
ABI Applied olKws ¢ (TaKaRa) &S, & Master Mix
Sy 5,5 dew b 8ol 925" Lo Biosystems
bz il bt i s STy QLT g 28T
99y 5 00lawl L g el s s diiges ;o (Ct) asbw]
2355 (s 0 Ol Slets 2 AACT

£S5 Jols (ool (el s ooglas el 310y,
g Sy o 5 0o Ll L dddo O oe du (50,5
Ky s ey P 0 b (59 s i
VO 090 ditdd )0 didon Cab s oy Vot Jol dsian ;o
0Ll ;0 90w 4o pow azan jl di i S p doyd
Fols e as b (50,5 85w ddo B ¢y yped dd> 12
Jolaxie ;5 el 5 Olej - dgm diiion Sy do
488 YY pow asan a8 8o VY pgo asan )0 caibo V¥
AOY) 093 diBo Foum 4 o) lp> ain glawl sl g

Jold oty (9l oyl 1 g5 (ayed SS90
Gle ol o (A3 O Lo 4 (53,5 6,5
JLed cbsl 0y90 SG olyan ) (YY) glaids ¥
L aido 0) 59,5 8w 5 (9l y2 o slaido ¥
Glr gl 0g (dmion Cyun doyd Fo L5 Do s
Ao S yaw Jooyd Ao LaiBo ¥ Jola YU as b
PO A 5O Aoy Casyao ooy e ¢ gl aian o
Omod OLL U pgmw aan lai g Caepan 3o Voo
Jols (£3b5b ©ol) (rml s b gl )15 00
S5 olacad L 0gm A Aoy Do als L aido g0
Slebge ped anin 4 azxg L YL as b gl
99 ¢ ol 4an a5 (g0 40003 (o (S (2o
&_JjLA.a)‘)_i»)LQ} ¢pgo aan ‘YL’ [N WW) l_’ USLJ)‘}S)
Gans b gl )11 S5 yis fpamw acia YL oo L
IS et Jolss o as o)l azan slacol sl g YU
ol e IS ey gy byl - 09 Y o b gl
S ole o b ot Lo Yh cas L gl ) 1,5
£90 dan ;o (ad 8o VF ol ddn ;0 (0,5 85w g 5,5
olez azan lacul g 4880 YY pous dtin ad o YT
C(VA) g ad s Fo o au

u_:)>])‘ A celw FA ksbliw.’l.o)." Sl gy
e slaghge ((2Lesl celu A g (s anl>
/655 oo 10 Gkl (Blio 9)0 B3 dlg 4o
ot (5 $157 05 (oo U0) ol g (5 o LS
Slasinne yid (oo F Gl a0 (625 095 0
4B )90 Bece S Loyl Loy (9>
30 ey w0 gillas ai s Ve a0

(Lyouly) yS5LET JIgi ) Jgu

Gene Forward primer (5-3")

Reverse primer (5'-3") Productsize (bp)

PGC-1a

CCCTGCCATTGTTAAGACC  TGCTGCTGTTCCGTTTTC

161

a4



OhKen 5 SEE Slay

oolinl Lapize o adal) (e Sl 58 O9ir
5 Yo aseus SPSS, 81 o5 Lo ags (gLl bl .o
..\_n))f'nl_?u‘PS 0/0(5 ‘_g)L)LL.x.c E.E_m)é

&5 0052 srle (o sty 1 6y ol Jonls

Srle 22 (pp Sl s Shig-gyls gl il nosls
aseien | o .o oolaiwl (e gyl 5l L uily)lg
Srle 2 6ol g eesls aig Gage (sl oot
9 Laosls )bl Judod 9 agio j5laiaas (Lo iyl
a8, o rsibyly ko 9easl 51 Loog S oy dnnlie

el o )18 aghy  (Siaen sl 5l izmen 5 (S orind 0303l 9
4 Mo o S 9o )0 PGC-101 ¢5f Ol § e & y0u <o < 039 S s Lt 0y luilias! Byl g (pKilse . ¥ S
Sgilio pydim
(29I (e @S Splepgrae S plle 1S 09,5/ iz
YO/OVED/Re  YA/YSEF/0A Yo/T¥s/fo FY/\Y£E/VA i o/ 555 Criml
Y/f40/YY Y/510/Y0 V/$ e/ AN AN SMasPGC-10, 55 s
YY/NA£A/YA Yo/oY+A/\Y AY/TEY OF/eYEY/YF i oo/ S o) JgyadS
SA/YorV/ED  YY/\WEV/YY WY/ /0 £Y/\Y£ /04 i oo/ 5 o) S (55
Yo/\Y£Y/AA VA /oY /oA YA/Nox0/YE YA/4£A/EA (i (owd/pS ae) LDL-C
YANYEY /YO YY/YORV/SY Y\/Y£A/ o £0/0£A/0Y (i) (/a5 Jwe) HDL-C
\AY/YVEYY /NS VAB/VY£Yo/oY YYO/YY£YA/\A Yo\ /¥AEYA/YY (i o/ o5 o) 55915
\WAAEIZN \WASETYAM £/Voxo/ VY Y/\to/SA (i koo 7 2,5930) el gund]
YAo/FarFY/VE  YFo/YYEEY/NE FYY/YO£0V/AR YoV /YYEYA/VY Jsl azan () O
FEA/YELYD/AA  YEO/YYEVY/EA YA6/Ya£FY/14 FIWV/YELFA/AS JERPETIN

Oty (Smmsa ety 903l 4o 4z g3 L ynizmon
alal, PGC-100 o35 olo b ool adble ol s
AP=o/o) a=e/A) 3yl Jloline o

GpSazi g S

e dzin ot ol plis ol aallle gols
oy wbale g PGC-100 ol duass 9lis g (swglas
JrS 05,5 s S (pyed 05,5 50 55 |y (el
i g 0lo (Bl lsline jo b 4 Sgalie pg)ains
Cmres 095 0 pals 95 (ol ol 4l Cl
352 (529145 (3 09,5 5V (5 lobine jolo 4 gl
oyt aslllae )3 2ol ogh gl b gaon

Ored (Ba 99 1 aapliie )3 (YoIA) 03l e
5l b sy (2he slaise s (29l g (ool
0955 99 72 )5 Gl s PGC-10 s Loy il
aS J o canls colSs S 09,8 du o (ped
Slobine j5bo an (9l (mpe 095 )0 alidl (]

Basl 4yl S5 Guibyly Jolos ogol w2l
sloogS il 9 PGC-10L zglas oo (5)ls Lins
s (9] ol L (P=e/e00)) Blo lis gl g
$loogS ;0 PGC-10 ol a5 ol plas Sy
g (P=e/o)) ol ymyed ((P=o/o0)) cnglas el
A 2 05,5 L dnlin 3 (P /oY) s Jy 28
o>l ol e g 3l (g)lo Lise cglas « SJgolio
YRR RVNIION EUTCHNW PP ECRNITL FYSE S
AP=o/0Y) 0gu piin (g)lolins
aS ol L S5 rpmel s (Lol opdle
095 o3 «(P=e/0)) (29l oyl SLmog)S 5
55 Gl s 1P/ 00) @l J5iS g (P=o/o0))
slobine job as  Sgalie gy J5S 09,5 L aplie
D9ldS b (pe 095 93 (e 1092 YL
O] Ol 45 (61a0sS 40 0005 caliie (g lolins
A(P=e/00)) Do swglas 09,5 3l iin 9l 05,30

Yoo



Y o)l.o..i’.o /\a 0)93 /\\C°\ uL....M.’L)

S cadlad g 45559 (S590gurd i

5 ol Slayes 5l (ol Sl slaglo aohsl
oS 5 land & aly (b pane 3oy 51 ol
3585 PGC-10 gl (il g dgo9ell g 9
it (29l 5 (soglad Dlipyel dnsy o a5 4n (YY)
Jbd g (hae pLal (259 peedlS iloy g
lS o Jlad ccel asloljo 5 dgogellS ans
092 &5l 5L J2als 5 5LS dedgellS 5 sl
S AMPK s Jlad el pal oyl 00, S0 sk
(AYY) 353 0 PGC-100 cibalé g 5Ly 2okl 5 SIRTI
B2 lrons 3 (g3ludled SO el e HIIT
o yeie 45 35 0 Lo gSOlS Loy (S0
299 Jolge oot JUad o 50 9 cAMP 2ol
5CAMP) & wls ;olic 4 ot 55, ,CREB)
39(YY) 053 o PGC-1a Lo yialidl el colys 5o
6855k L PGC-lor elale § ol bl ably
ool s gl yo (Sl slaglyx Jpuss sl
99 725l (3L (g Lajls (S5 9 ATP slans
ol (o9l g (9l (el 090t

PGC-la ymolidlools lis o ragis 00 (ggmw
9o FNDCS (ol ordgp (iahdl cmrge
SNae slo Jolw cLae 5l ool FNDCS JgSga
ol 3ls ol pL L ol (i g sasansa
Jsg0 2les,S” yo)iS il lallas . (8) 05,500 (93
sy PPAR-0L (sLovons s s oo adgs oyl
o8l Bk 5l g vt Jrate wiiw oz <L
St (S ltmogrndl Gt sl ogd Laoniy S ol Ol
Josdse colpogdle - (0:F) wiSn LAl (g
=30 PPAR-Y Lo yiolidl gobo 5l asles oo cyminol
9 b (o7 <3k gl 3 UCP-1 ol (22l
O Joas Wl g 28l ol b0y (slsme ol
MAPK P38 (sl e 3yl 51 (slog3 y> cadl 4
Ol b gl 0,Shee ool L(YF) 05,5 ERK
5 O 0 S5l il g o (Sdslie o Jlesd
i Ol ag a8 ailie oo (g SRRl cles o
A 5o (Slgplia sl gylon Gleyd 50 Gl dpae
Pl sl b alsies (il «rizead 09 die 4z S
a0 2o PTEN 5050 0l i2li31 5 PIBK il o0
(YD) 98,5t o)z S8l s (glogd

goate abaly p ol e laadljl oo (S
PGC-10 055 Ol b iyl il i (o line

GRRgR 50 (1) Sem (seglad mped 09,8 5l YL
529 el 4an WY 5 (Yo¥o) 5o 9 (SN
Sl =hme slagige 1o OlSils 59y 29l
PGC-100 sl g ooy eyl cdale polidl eels
3595 Jrem 09t 5 3,51 ange ilidl s UCP-I
9L 09,5 )0 Slsline o b o Slnis (2l g ans S
ABle (g 31 (1) S92y (soglaS 09,5 4o Cand
9 peyy bawgd 45 Shagh )0 yol> sleadlh L
a5 35 oyl L Lnasily ety oLoil (Yo F) o, S
by (598 5 (goliinsl (oS5 oyed 428DV 5l Gy
b 20l oy il gl Lty Ol
GBS (YY) OhlSees g 90« izman - (10) 0S5 o
610l juonss (50090 (9l (el dsan e A5 S
sl Jlad s Qg 010 (sayms (riasel b 5o
loasl sanl Izl Ls (Vo) cal 05,5
53 ol ol gy slaasdlb b 358 Jiagh 90
Lo ogayl Sl (Solel a5 (559 11,5 £ 45
OhBeas g puedygs (idgh )0 45 (sl a5 o adl o
L (55 el Sl3yly 8 5 ollas (slo Sagayl 51 (Y
GR350 § Ay 8 Olopo oy VO-FO a
JL 5 oIl sla Sogail 5150 (YoIT) 8o g g
8 (o aioyo Ve as b (ags (29l el g
o5 50 aS Jlyo caul ool oolil an i
Sglie pyims 40 de (o sla e 5l ol
Folibe o b coglad inpedogai 909 Jlad ot g
Qo-Yoo ads b (29l (el § didion Casyms Sy
29 0 oo litw] dion Ce s o)

Lsba a5 coul Sk oldlas gl
pb g e b (gl g (ooglas (239 slacallad
3l eyl Lol coms o i3l L, PGC-10 5Ly (5 peKonii
PGC-100 g9, okas o2 gMRNA | el )38
H(A19) 33,50 5L (93593 S olie & sy

35 ol s il JLsd sl so0mse slo, S5
oud olgin (9l g ceglas Wl yes )31 0 PGC-101
AMPK/ jpn ¢« Sl o (6o po 31 (SO 2
oud ol a5 (glases 4 sl SIRT1/PGC-la
Y o9 85 8as g edas HIIT Sl el > ]
Lol cdlad gNAD mlaw iolidl 51,0 SIRTI)
e 45 b Siobd AMPK an aly 5Les

ol ogde 05,5 o PGC-10 oyl coio pilass

Vo)



OhKen 5 SEE Slay

o)

1. Saklayen M. The Global Epidemic of the Meta-
bolic Syndrome. Curr Hypertens Rep. 2018; 26:
20(2):12.

2. Stout MB, Justice JN, Nicklas BJ, Kirkland JL.
Physiological aging: links among adipose tissue
dysfunction, diabetes and frailty. Physiol. 2017,
32(1):9-19.

3. Wang N, Liu Y, Ma Y, Wen D. High-intensity in-
terval versus moderate-intensity continuous train-
ing:Superior metabolic benefits in diet-induced
obesity mice. Life Sci. 2017; 191: 122-131.

4. Baskaran P, Krishnan V, Fettel K, Gao P, Zhu Z,
Ren J, et al. TRPV1 activation countersdiet-in-
duced obesity through sirtuin-1 activation and
PRDM-16 deacetylation in brown adipose tissue.
Int J Obes. 2017; 41: 739.

5. Bostrom P, Wu J, Jedrychowski MP, Korde A, Ye
L, Lo JC, et al. A PGC-1a-dependent

myokine that drives brown-fat-like develop-
ment of white fat and thermogenesis. Nature.
2012;481(7382):  463-468.

6.Aldiss P, Lewis JE, Lupini I, Bloor I, Chavoshine-
jad R, Boocock DJ, et al. Exercise training in obese
rats does not induce browning at thermoneutrality
and induces a muscle-like signature in brown ad-
ipose tissue. Front Endocrinol. 2020; 20; 11:97.

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

8.Afzalpour ME, Ghasemi E, Zarban A. Effects of
10 weeks of high intensity interval training and
green tea supplementation on serum levels of Sir-
tuin-1 and peroxisome proliferator-activated re-
ceptor gamma co-activator 1-alpha in overweight
women. Sci & Sports. 2017; 32 (2): 82-90.

9. Shirvani H, Arabzadeh E. Metabolic cross-talk
between skeletal muscle and adipose tissue in
high-intensity interval training vs. moderate-in-
tensity continuous training by regulation of PGC-
lo. Eat Weight Disord. 2018; 25(1):17-24.

10.Norheim F, Langleite TM, Hjorth M, Holen T,
Kielland A, Stadheim HK, et al. The effects of
acute and chronic exercise on PGC-1a, irisin and
browning of subcutaneous adipose tissue in hu-
mans. FEBS J. 2014; 281(3): 739-49.

11.LuY, Li H, Shen SW, Shen ZH, Xu M, Yang CJ,
et al. Swimming exercise increases serum irisin
level and reduces body fat mass in high-fat-diet
fed Wistar rats. Lipids Health Dis. 2016; 15(1): 93.

12.Rostami A, Tadibi V, Behpoor N, & Ahmadiasl
N. Comparison of the effects of eight-week en-
durance training, resistance and garlic extract
supplementation on MDA and TAC in rats with
metabolic syndrome. Med J Tabriz Uni Med Sci-
ences. 2016; 38(4): 40-47. [In Persian]

oolol et s Yool 39 lymo sl o9 0
29y (g mred 150 il il J¥e
ssalil 355 52t PGC 101 00 isS” JLsb (Lol
(33,5 PGC-100 (g3Ldlad g aiSlgs o 45" Lolse
iz et Sy el Lt g5l ol sty Yoo
g a5 s el

(oS 05 93, a5 0l LS raghy (ol s
s gl g PGC-100 (5 ol yloline iolidl el
ol (5 e 9wz p el ou ]
039 y5)loline (o9l (yyed do S St i
9 =09l Wlinped aS 050 S laie o Kighy oo
e e Glayne (g3lal ol oyl 5l gl
alox 5lLa 2 bale (20 g PGC-10 o5 Ol il
o> <L 3 PPARGL PPARY (55,5 JLsd g il
Blaie 99,5 co Sl e ,oPPARP 5 slogyd
Somrd ST gl ol vl oo
DT (399 IS oy 58 o sl g
o295 50 Jloepll (A YO YY) b e ielS
aisbe ooyl 9 PGC-100 (gws oyl Jalge ol
s B et yglate 43 UCP-1 g PPAR .FNDCS5
oanid homiw (9l g (swglad linred gl plo
G35 Odge (At g (oahad dnogs gyl el
Slalllas weils aiey o2l )5 =50 Slepslo
b oo ol o iy

(o3 050 93 7 45 S lgS oo o (IS He b 4o
St sl g Ol Gl Gk 5l (gl g (gl
9t > Uiy ol g ol cbile 5 PGC-lal
Fie Sdnlie praiw 4 ol Sl el
Oy 2l Gieagin gl (wluly iz e ol
c el 00gs Saiedg (gl (myed Ao Camd (gl
h oty (29l Sliped Glosi e <39 s oll 2
Seligiogs [y 50 sl lil 95 S Olge 4
3ol Olayd 5 58 9 O 39 9 35 Jobss
eSS (Splie S g Lagslew

(10y08 9 Sid

pode o isls wllg> clf_.:;:.La)’nggx.wl;’ procaw 5
9 4std 5o (olen 9 S s 4 plaaly (Sea
o=l ories S (e slagise )l
s o ol allas

YoV



Y o)l.o..i’.o /\0 0)90 AAG) uL....M.’L)

S cadlad g 45559 (S590gurd i

21. Chau MD, Gao J, Yang Q, Wu Z. Gromada J.
Fibroblast growth factor 21 regulates energy me-
tabolism by activating the AMPK—SIRT1-PGC-
la pathway. Proc Natl Acad Sci USA. 2010; 107:
12553-12558.

22. Fathi A, Noorshahi M, Haghparast A, Hossini
H. Effect of eight-week aerobic continuous and
high intensity interval training on levels of SIRT3
in skeletal muscle tissue of Wistar rats. Sport and
Exercise Physiology. 2016; (16): 1277-1289. [In
Persian]

23. Schnyder S, Handschin C. Skeletal muscle as
an endocrine organ: PGC-1a, myokines and exer-
cise. Bone. 2015; 80: 115-125.

24.Yan M, Audet-Walsh E, Manteghi S, Dufour CR,
Walker B, Baba M, et al. Chronic AMPK activa-
tion via loss of FLCN induces functional beige
adipose tissue through PGC-1o/ERRa. Genes
Dev. 2016; 30: 1034—1046.

25. Schaalan MF, Ramadan BK, Abd Elwahab AH.
Synergistic effect of carnosine on browning of
adipose tissue in exercised obese rats; a focus on
circulating irisin levels. J Cell Physiol. 2018; 233:
5044-5057.

26. Manio MCC, Matsumura S, Masuda D, Inoue
K. CD36 is essential for endurance improvement,
changes in whole-body metabolism, and efficient
PPAR-related transcriptional responses in the
muscle with exercise training. Physiol Rep. 2017;
5: 13282

27. Mohammadi P, Azizi M, Tahmasebi R. The ef-
fect of 8 weeks of exercise training in hypoxia and
normoxia on irisin levels and insulin resistance
index in overweight men. Sport and Exercise
Physiology. 2020; 13(2):87-95. [In Persian]

13.Nakhaei H, Mogharnasi M, Fanaei H. Ef-
fect of swimming training on levels of aspros-
in, lipid profile, glucose and insulin resistance
in rats with metabolic syndrome. Obes Med.
2019;15(6):100111.

14. Lee MO. determination of the surface area of
the white rat with its application to the expression
of metabolic results. Am J Physiol. 1929; 89(1):
24-33.

15.Chizuko H, Toshihide Y, Akinori K, Kanji Y,
Akira Sh. Growth Hormone Administration Con-
trols Body Composition Associated with Changes
of Thermogenesis in Obese KK-AyMice. Open
Endocrinol J. 2010; 4(1): 3-8.

16. Ghezzi AC, Cambri LT, Botezelli JD, Ribeiro
C, Dalia RA, de Mello MA. Metabolic syndrome
markers in wistar rats of different ages. Diabetol
Metab Syndr. 2012; 4(1): 4-16.

17. Bedford TG, Tipton CM, Wilson NC, Oppliger
RA, & Gisolfi CV. Maximum oxygen consump-
tion of rats and its changes with various exper-
imental procedures. J Applied Physiol. 1979;
47(6): 1278-1283.

18. Chilibeck P, Bell G, Farrar R, Martin T. Higher
mitochondrial fatty acid oxidation following in-
termittent versus continuous endurance exercise
training. Can J Physiol Pharmacol. 1998; 76(9):
891-894.

19. Khalafi M, Mohebbi H, Symonds M, Karimi
P, Akbari A, Tabari E and et al. The Impact of
Moderate-Intensity Continuous or High-Intensity
Interval Training on Adipogenesis and Browning
of Subcutanecous Adipose Tissue in Obese Male
Rats. Nutrients. 2020; 12: 925.

20. Huh JY, Panagiotou G, Mougios V, Brinkoet-
ter M, Vamvini MT, Schneider BE, et al. FNDC5
and irisin in humans: 1. Predictors of circulating
concentrations in serum and plasma and II.mR-
NA expression and circulating concentrations in
response to weight loss and exercise. Metabolism.
2012; 61(12):1725-1738.

VoY



