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Background: Metabolic syndrome is characterized by a cluster of conditions such as abdominal obesity, high
triglycerides, high blood pressure, high blood sugar, and low levels of healthy fat. Therefore, this study aimed to
investigate the effect of endurance training on PGCla protein content, glycosylated hemoglobin and metabolic
syndrome indices in obese rats with type 2 diabetes.

Methods: Eighteen male Wistar rats with an average weight of 200+£20 g were selected and placed on a high-fat diet
for four weeks. Then 12 rats were randomly selected and induced type 2 diabetes by injecting nicotinamide (110
mg/kg) and streptozotocin (50 mg/kg) solutions. Diabetic rats were randomly divided into two groups of training and
control patients. The samples of the training group performed endurance training on the treadmill for 8 weeks and 5
sessions every week with an intensity of about 50 to 70% of the maximum speed. 48 hours after the last training
session, mice were sacrificed and variables were measured. To analyze the data, one-way ANOVA and Tukey's post
hoc tests were performed in SPSS software version 29.

Results: Endurance training led to a significant decrease in fasting blood sugar levels, HbAlc and triglyceride levels
(P= 0.0001). On the other hand, it did not show any effect on HDL levels (P= 0.087). On the contrary, it led to an
increase in the intracellular amount of PGC-1a (P= 0.0001).

Conclusion: The results show that endurance training can be considered as an adjuvant drug by regulating the factors
related to metabolic syndrome.

Keywords: Endurance Training, Metabolic Syndrome, Type 2 Diabetes, HbAL1C, Peroxisome proliferator-activated
receptor gamma coactivator 1-alpha

Please cite this article as:
Chamani D, Rahimi E, Moghdisi M. The Effect of Endurance Training on PGCla Protein Content, Glycosylated
Hemoglobin and Metabolic Syndrome Indices in Obese Rats with Type 2 Diabetes. ijdld. 2025; 25(3):253-262.

[ Downloaded from ijdid.tums.ac.ir on 2026-06-13 ]

*Corresponding Author: Eskandar Rahimi; Email: erahimi58@gmail.com
Zend Institute of Higher Education, Alley No. 12, Iman (Hemat) Boulevard South, Shiraz, Phone: +98 71 36321041,
Postal Code: 7188773489

10.18502/ijdl.v25i3.20231 ]

Iranian Journal of Diabetes and Metabolism
2025; Vol. 25; No. 3; 253-262

Copyright © 2025 Iranian Journal of Diabetes and Metabolism and Tehran University of Medical Sciences. Published by Tehran University of Medical Sciences.

@ @ @ [This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license (https://creativecommons.orgllicenses/by-nc/4.0/).
2 Non-commercial uses of the work are permitted, provided the original work is properly cited.



callto:+98%2071%2036321041
callto:7188773489
http://dx.doi.org/10.18502/ijdl.v25i3.20231 
https://ijdld.tums.ac.ir/article-1-6396-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-13 ]

[ DOI: 10.18502/ijdl.v25i3.20231 ]

] \\‘o\‘db N 3/(.5 N

- . & » e . * 3 . & e
TﬁYLYM.‘;WM‘A‘JON&PJ&&» uﬂ/gér}"db’)ﬂituwrﬁd’%u/
? ¢ Xy

Py S AL g Al oSulS’ (o ol 900 (PGCla (g 3 (S1game g3 (ol (9 y03 pils
99 &9 <ibd & Wi Gl (1m0 s sigo 10 S glio

YL;VJJ;EA J\)jé.a 4‘*&4?) )J...g.w‘ 4‘614.?. L:}:

Ol e 3 Jlo (35 sal o s 5 05 S -
Ol Sl ol sI3T o8l Gl Aol ¢ 235 ke 03,8 =Y

(

\—

oA

Ao o b oramen 5 Wb O A O LS Vb b e85 5 (oSS Bl e Lagslas Sl (sl same 5 S ple ool 140 ie
Sl a5 a3 SIS 1 slS san POCLU (530 sl yime 2 ikl (o5 26 s 0 ol G Bila 355 0 Gl s
el 33 65 Culis 4 s Bl ol Sla i pe 53 S gl gy

A S 3 Gl S wialer 5 Las bl o S YR S5y ke b ks 15 ol e e s VA b,
ol (00 MKG) o5 5555 2l 5 (V0 MOIKG) a5 Gladsloms G5 b 5 bl (Bolas oy poty s VY 3l e
8 50 g I J S s 8 S A e Sla IS 5 cp el 058 93 00 (Balal jsba mls slabse L Wl g5 65
Jeos s oy el (el Sy S o3 VE B 00 spd Sui Ll 0 wiis a g aia A Ddeas el 0 S sladi sl LS
a0 sa3l 5l Laesls Lo s 55 g i (6 S5 Lo pize 5 JU S L ige e Ak o 2T 51 e el BA Lsls plnl
W3S Do YA i SPSS i3l 5 3 (S5 a5 4 LSS sl sl

O3 K yreeedS S5 sl 5 (HDALE) aly 5588 1 5IS pon (L3 05 3 sk 3 (5ols me (RalS 4y e sl (o3 tlaaidly
L5 PGC-La Jshulysys Olye Sl 4 e blis 53 (P= +/2AY) 51 0L 1y (586 HDL - ghaw 5 3k 51.(P= /eve)) as
(P=v/evey)

Lol S SLS ole G Ol poar Lilg o S pbie ki b oo alge i b ralizal o a3 Aas e OLE gl (g S 4ot
2,5 A

LK r)JwS\ﬂ s S J:'Zgj sl e E.bJ.:f M.Li))g.:g J:.v_}lg_}».& (83 C_}J C,.;Li; c&;_’;tﬁ r‘).L..u 5@;\.5.1,4\ U'-'-J“” 6.\._-15 b‘gjb

Wi- ,Jatﬁ;sst

VECY/NN/YY gk pad gy VECF/ V)04 el gyl

S slawl 55 e 4 Wlis pl 4
Chamani D, Rahimi E, Moghdisi M. The Effect of Endurance Training on PGCla Protein Content, Glycosylated

Hemoglobin and Metabolic Syndrome Indices in Obese Rats with Type 2 Diabetes. ijdld. 2025; 25(3):253-262.

80 c‘)b:sﬁ.n a3 LAL‘\' UZJJ‘“T dwes g0 Y 4A_JS Jals t@\,&(w)u‘.ﬁ:\‘ J‘J.‘J.} :‘)b:\.ﬁ.: ZQHJAT o) g J"iubd A;A.l-lu&l_’-; #
erahimisS8@gmail.com : s g KN vy VIAAVVYEAR & Sy oS - VATAYYY - )

ulﬂﬂ/ﬁu.“/bﬁ

Yot



http://dx.doi.org/10.18502/ijdl.v25i3.20231 
https://ijdld.tums.ac.ir/article-1-6396-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-13 ]

[ DOI: 10.18502/ijdl.v25i3.20231 ]

] h‘o\‘db N ;/szrasm

Olylsen 9 an

INT il Gasial S b b e B30

Sl ls bl CoJle o el Sl llae
AU PGC-La 5 a3 SIS s 58 sam (S e sk
I3 dS oS (6 5 S L1 o gl 5 20108 e
(S350 Sl 0 LSS bl S8 L s b
Sl s e s SIS s IS e e ke o Rl
Sl a5 5[4V ] sy e 35 PGC-1a
(SIS sin 55 ams iaem 3 dias s L |, Las Shos
=S SO s (Gl ) o sl ol O slals]
e el Sl el ey slanS sl S
o Sl 5 SIS Sl 03,8 SO | e b
L 05 55518 o s 53 VY] s o el 31 1 o o
doas oo SalS 55 g als 4 Sl Olley 53 Oley sk 5o
1 5] S sy O sl zalizad Clles [V 0]
S s Slad S50 5l las sams i 5 5 AS o0 g
(Rl e o s s L dipd e g i (35 4 e
Sl o b 2 nly SO Olpen iz glac s
AL Ol b e slagslen Sl gles 1S ik oy ks
S Dlii b el S A0 S ple s s [V 550 0
S sl b e e 5 (655 e gzl s J5ST5e s
et Jalss LS ol gl 4 e S5 4 (Ko
DWV] S e a8 B st 5 S il

AU lie e BIUT 5 oot i 3
S el 5 sl 4 Cslie i 5 melinad c e
Gl i sy Bl 05 Sl hls 5,0 s
ol ay Caslie 5 2L SIS el el lind
23 e azis A5G OLKas 5 Roostaei [VA] s S
oy nslie Gastli 5 AL SIS gl pn e e
oalS mld s S e b Sl slaise 3 s
oy aglie el 5 sl S5 el o e sk
s Fallahpour Noushabadi [Y4] sls oL 1, o) sl
Sl S oS (Gilsn et wia A L OLSes
s Gl e o sudl 4 caslie 5 kiU S8 PGC-la
SPGC-1a (gl yime il 33l gl 5 S s 1y 33 850
035 53 1y il i Cslie 5 KEL SIS & glan 2alS
=l L [T ] sl 0L mles J8 s (2> (o0
Cdld 035 o S (S e 5l s
[YV] <l PGC-1a 3 HbAlc 5 zeliwal

L oler (s slag s (b 8 el Slidllae 2l

PGCla (i3 g y3 (51 g3as 43 ioliien! (ps ya3 Hul5

PR YR

0351 oy S5 5 035Vl (G LD (a8 Bl
VI B b slbagbon il 015 53 g8 abs 43
Yo \J)J-?- QL«;— DL s_i_.:jj.:tﬂ r).,\;_.w t}:.;: [\c Y] M)w
e 5 S i 01 Vs o S 3 A8 el Ao
Shls 3, 1L sl s 35050 5 5 ol slde &I
S s eyl et 53 Al s gyl Sl el w
.[Y’].})‘J
Iy A Ok £YY 6w\y}ajd.x>.gb)\;>'l;§ic4li>
i Jale £V 5 esls 13 36 ot Ol sl
el Ol 3st b [£] il S e 0 gn V/0
5SS (HDALE) a5 5,88 s 5 IS e [0] i sl
JS)_L§ .E_WJ:A)‘J_EJ )\ él}dsw‘ C,uki.) J:’ﬁli 6&0‘)
w;ﬂﬂ&uwtugouwjbdkjjfﬂ
L O oy S G2alS |y el ogn sl 3558
[V sl cols 5l 36 S e 5 (o5l sdo3 YO 2als
d;ﬁ&uu@)\ﬂb)rﬁ_ﬂ‘%gﬁcuﬁubbl
5 (ROS) Jlrd O3St o ,S Wy Jol cle 5 a8 s
(ALY (‘ﬁJw—‘*SlJi eJ__LJSJ:i'gf od—iJled ;J»__:Jg [VA]
S ol Jw i, 8 & (PGC-1a) "WIHY g5l 5uS1 S
Dl Ay e 534S Sl by 5 W o 55l 53 1yl
asl als C).L.u Aol a6 a8 e la S
e LS5 3l K sl 4 slis L PGC-Lar
S G S O B 4 e ke o
;ﬁjgw\ﬂugobﬂa‘j_g\iélo}é&ﬁ@p
c,.:a.m\dl;-w\l{.[h]njf&&gﬁl@WL.,,;-J’;.LIJ-A\
5 Sdes sl Lo 53 o L 55 PGCla 58l 508

1 Hemoglobin A1C

2 Reactive Oxygen Species

3 Peroxisome Proliferator-Activated Receptor Gamma Coactivator 1-
Alpha

ul/!r’”J}‘Cfﬁ - W

Yoo



http://dx.doi.org/10.18502/ijdl.v25i3.20231 
https://ijdld.tums.ac.ir/article-1-6396-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-13 ]

[ DOI: 10.18502/ijdl.v25i3.20231 ]

] h‘o\‘db N ;/szrasm

Olylsen 9 an

Jydoee dl Ad 50 53 55 ¢ 50 cnlis sl (6l 5 LU
053 3 e SkS A sl o S ke V0 5 b el 5 S
N 555555 el Jhome i3 10 5l day 5 3 S GayF O
(PH= /0 U ;5 /) Ol a3 53 0ds =) (STZ)
LS ke 00 5o bas e S i s Slis 050 ) son
1l S Oliabl S S G5 O D55 p S e )
G005 3 e oay Y AL Sl s 05 A3 a5 ge O
L g0d) S ol 528 ol S 1551 055 B olSts Lo 5
A S (2 58 b e s S abe S i
e S At
b 5 Obabl 51 o [VE] A3 a3 8 5 s 53 g5 b
s 03,5 Y s slas ras a (e VYD) e hse O
055 St el (o V) s J 28 5 G V) 1

A S s 58 e V) Wl d S

il o o3 4l p

S alial 05,5 sla fie (eSS (iS5 g
Shazin SO as (b e 5 e £) Sshlos S SO
O3l At eali il s Sl ol e Al
5 g ARB 53 e 0 s b s S (6,55l
el Aulydladss o e 0 J._\.a.sj Cos o 428 Y s
5 e ot (Jn 5 S 4 Orey) (Kot 4 e
e S Ol sty iy (Kot la g0 OF 3 oS
Yol ws a S Lo s

and 0 ain a s A A Sde a4 el 0s S (sla e
Lo s 03,5 05 5 el 5 S 2315 (a3
Gy 2 a3y 5 e VY B Ve spds e Ladds | e
SEEPEIPTIES (Y TIN-J W VORI 1T R U e i g
Cgr 2 S Sl Ao n Ve B0 s> SAS L
SLL L3 gole Sl 138 5 e rge ol 1 (68 Sl
i3y e VWL s o b b ge and s
jqujuol;;)lj%.xaﬁJ;ﬂ«igaﬂQ,\.ug
O.:J_dZ_Abﬂrledlomja.[Yo]cMi\JddijSW/\):
iy S s e U555 s S o S aalin
Ol b Gls S5 men b g ramen LRI oy el
s S5 Bl s Gade 8555 Jsb 5o )

Solsn 3L By,

1 Streptozotocin

PGCla (i3 g y3 (51 g3as 43 ioliien! (ps ya3 Hul5

pokm d Lo e Jalge J 280 50 S S5l S Ol e
i L s S S Bl 5 il o gty S
CAd e Jled s Sls e A 50 Sl e
[PPSR PO GG JOTCOI [P P FCI | P TP ST PO [P
S A5 e aS sy s )l SOl s Lyl i g
o s 4 g Al il S gl ki 53 S
23 R b iy Sla e p 4 S g el el
5 kSIS s S s o elind b b oy
Sl cua dlﬁl_u. YV YY) ol u.a_eh...a 9 39Jx0 PGCla
L e ol (bl a8 36 (s 3l G
53 PGCLaL (55 5 5 4o SIS (o glS o (S ol o

Ll 33 £ obs 4 Ve Bl il e Sla e

b 2
GRS § g 5 4 ged

Wil s 4 ol (ool =0 25§50 31 0 sy
YorkYe 55 Sl bl sl5 5l aale Y 5 Sge
g Lo bge IS (6ol 2 S5l sl S e 5l S
s L LT 5 Gl 0 5 503eK Il b sl
ool Ay ain S ety s 5 S5 O3
o YYEY las o )b Ll 5 U Sllp o gases
b (SO & s Ao f0E0 ok ol S sl
s 3 w0V Oy Las; Ldes Jae 1YY

L S RS g.)Tj\.l..QQ}‘jT wﬂzbubﬁgg

s gt gm0 035 4 B b

Gle o aia e ey baie 3l bl g
B 3 Ol s IS Sl el g o 530 58
Y10) isa solblal (Gl 3 s 5l S 5 el
bsdsn o S5kS1e STV G S o (o S ST S
) e DL (o S ASTe S 0) (Gdae 3lse 5 aale s
ki IS 5 (o S ASTp S V) e 53y (o S ASTp S
T s e U5 A5 5 (S T S )
VY] e Df

93 g8 el Wiy b
Ll s L la s o8 5hu 5 plosl s SO 5l ae

oLl slad gt o VA 51 VY sl o&isle ]

ul/!r’”J}‘Cfﬁ - W
You



http://dx.doi.org/10.18502/ijdl.v25i3.20231 
https://ijdld.tums.ac.ir/article-1-6396-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-13 ]

[ DOI: 10.18502/ijdl.v25i3.20231 ]

] h‘o\‘db N éjl.f N

Olylsen 9 an

Dyt A3 sl s e iS3l Sle (S5 ndas 0505
il J S ol v J,m8 glaes S o it
(P= +/5+01) s ol ity L I J 58 5 (P /00Y)
o A S s IS glaes S G Jlie 3 i
) Dlagad) (P=0/AV) s sdaline (g ls pme sl bis
Cad 2 08 ) S5 5 (5 ol s
(P=w/eee)) cils ags slres S o (Sols ne sl
it e ol 313 OB (S 55 (i 05051 () Ll ped)
(P= e/ ) s I8 4 o (Il IS gloes S
e s (P= /o)) (alos oS e (I J S
(P=e/e e V) el s el & Cmd (b IS laes S
Q) ls5ed)

o Sl Sl (Ao 3) b3 SAST 5l ses Ol e
O3 00 Jlaged) (PZ o/een)) ol 0L gy laes S
o IS Glaes S S (pl B 0L (S5 kel
4 S (e JpS dPE /e ) s J S 4 S
o 2l IS Glaes S 5 (P=o/een)) mls o el
Llie 53 () Slsgad) ol (PZ 4/00¥) ls cped &
Sl (s e S hke) ke (S5 nd sk
(P=+/0AY) 5l Olas s slees S w1y (Sols oxs
(Vs 503)

31 Sl 0 b I8t 05T ol Laosls s pa; 325
s sbaes S o PGCLa 55 5 sl Lls pxe sl
315 OLES S5 e O30 (Y Jls5e3) (P= o/0vv)) o
G US4 o e IS glees S e
(P= 4/ VEA) 2l ey & S ol J 8 (P /00 )
Sl b3 el 4 e by JES glaes S
(Y Sl 505) (P=v/eeed)

PGCla (i3 g y3 (51 g3as 43 ioliien! (ps ya3 Hul5

IS LB e o it 5 e sl SET 03 e 51 S

51 o sl BA 3l s et el Sl 36 el Al
Cmsles L La g 035 S o3l 5 el ke 5]
YO) el Sl (S 5 Blhe 005 G P Ly SO sl
0 LY (m3dhls 5 (0dm 035 p S5AS p S he 0 b
A gad e LS gm0 O35 p SIS 2 p S ke
Saee b Sl day G Bped i B S L G bl
53 s 5 bl e 5l 5 alds 3 0vre s L
el Sl 5 2 Sl 5 o et Sla s S
5 G A glas L aalesT o s Sl

NI Jeze el o

b pize 2251 6 5101 S,

S sS1 i O A s s SIS o e
S S ol S sl G b 51 ST 508 el
SNl ol o ala se 03 Ly (g5 oY A sa
o3bizal b 5 15V g5 4 S 5 5 HDLY 5o a2
&S el ool s S CS 5 Gl Je 1Y S
SIS sles S s, Ls 05 5 HDALC (6 Se3lil s S
Pl QLT 58 ol VUTHDALC olSaws Jave s le
esleul OO O iy g,y 3IPGCla o v g LS
A2 S

bl sl

Laosls ieo 55 Uil S sl 31l Gl 5 il Sl
)‘ Lassls @))5 d’j—’g—’?‘b 0 LS‘J" S w}f o
Gl mme s S s 8 el S g 5wl O 5050
sl 05a3T 51 s slaes S sl i Kk sl
C_@r@o;hléﬁw&gﬁ)]ju}&
)‘JJ‘VJJ}YQ . SPSS J‘H‘ff B laosls M}Qﬂ
Al as S e s P< /00 (4ls e

laazily

Gl 4 b gl Oyl olial r aesls Loes s 23
(P= /e )) sl LS s slaes S s |y (ol ixe

 High density lipoprotein

ul/!r’;}/Cfﬁ - W
Yov



http://dx.doi.org/10.18502/ijdl.v25i3.20231 
https://ijdld.tums.ac.ir/article-1-6396-fa.html

OlylSan g Sraa PGCla (i3 g y3 (51 g3as 43 ioliien! (ps ya3 Hul5

4001 <0.0001 150
1
<0.0001 <0.0001 <0.0001
| | | |
<0.0001 <0.0001
= 300
3 5
E 5 100
% £
H g
] =
_; 200 ‘5
3

E F 50
=
= 100

Control Ilealthy  Control Diabetes  Exercisc Diabetes Control Healthy  Cantrol Disbetes  Fxereise Dinbetex

15+ Sin
<0.0001
1 -
<0,0001 0.0003 3, 40
——— H
£ 104 g
e < 304
éﬂo—
= Control Healthy  Control Diabetes  Exereise Diabetes ¥ Control Healthy — Control Diabetes  Exercise Diabetes
S - e . < o m (e mfe e a ew - G . e .
aade (i § g3 gl ALC (5 415 gad (o yusalS (g 3 LDl () 93 038 7= glacn o ylailical S yadl g (aSilas -V yla gad
0.0148
59 I 1
<0.0001 <0.0001

N w Iy
1 1 1

Intracellular Content of PGCla Protein

-
1

0 -l
Control Healthy Control Diabetes  Exercise Diabetes

Alide slao 9,8 ju PGCla (i g ya () jao o jluslicul Byl g (paSilae =Y Hla gad
(Gl o 55158 (55ls ome C)la..« U Slases 53 Waes S o ()13 )

[ Downloaded from ijdid.tums.ac.ir on 2026-06-13 ]

by an Sl 33l 5 elanad sla s as SLlse 31 S s
ol 3 IV Gl 36 0y A3 ialS 5 J 58 53 6y

potims o (oliial (p ol 55U ) Bl el S
€ Lsls Olid s Gaass s 0L, 5 Ghodratnama L,

Slaige 53 PGCLa 5 a5 5SS 1y 5 IS gan (S ile
Rl o ad g 53 p S Cnls 4 e Bl ol e
S gon EG O A sk 53 s RalS 4 s
P N Y e RS P ]
Sl e Bl 53 il (6,86 ke o sk

A5 PGC-1a ke 05,3 Ol e

SIS s e ralS 4 e elinad oy el azin VoS
Sl sy e sy 4 e e rge s 3L 055
5 ITVT s o (2als 1) clis iy 5l (30 ool o
FM p reslie 5 G5len o es win i G Kos i
st Shse a8 ot o gla fge iU O

GRS e e 8 53 22l DL gl A e

[ DOI: 10.18502/ijdl.v25i3.20231 ]

] Wd‘db ¥ EA: N

A A sz As

YoA



http://dx.doi.org/10.18502/ijdl.v25i3.20231 
https://ijdld.tums.ac.ir/article-1-6396-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-13 ]

[ DOI: 10.18502/ijdl.v25i3.20231 ]

] h‘o\‘db N ;/szrasm

Olylsen 9 an

ol 155 LGz s 53 e Jelse 51 05 (S
sds SolS Gdes 5 al s s ool L el ol
aS Aol ol IV @L.o g Lo gt & sl [T
SIS & i (§ 20 M8 56 Ll e o gie s
ELS il il S gl e gl o VL 2 Ll
el 5> LSS el s el 5 Lol 5505 Sy
3055 A8 el oy e Sl g2 S Rl s
Hiles S AIS 1 5 g Smlis o eSS IS e
Sy Jold Colis S e 5 ela il 5555 sl e
5 el Ol i L asls oo oS Conl ) sl 5 Shas
=l Ohlas o3 eliial 1 el (SLlge 35 il e 5lde
B s IYacve] cul o)l e Ol JBla> 4 s &
Sl S 3l Glacn b olsan (3555 Glaclas
Ord Dl 33 75 ol Ol 3 O 8 s S
ST a1l D e LS e s
Jols pdis al S s (Rl (S5 kS 5 05
i3s3 \0r L oamia 55 55,0 BY gl aids e Ui olils
WOy A3 28 em s BB sba LlS e adda 55 2505
IV iz s 1 ol 4 08 0 Cad s 0 o5 Lles
SIS 5l (YY) L Lses 5 Koroni b idss s
(allinl Slaiy ol asia A iy lan el gl
S e e e e S0 2 S sl
o 32 fs s s U5 0 b S 5 s it
Slres S 02 bpdSis 5 5 kil SIS o ol S
Jelie s cdls (ool e alS S 5 5 lsa p S
S A Sl slees B s e o e sk
SLain s 135 Ol Oliies (pl sy 4l (olsbne Sl 58)
23 S Fop St Slm Sl S e S S
Gl s [Y] il 53 8 b 0 M (sla G505
Bl L e o msk e S L L s el 1S
s Cuia ol G o | sl a8l Lol S
T 03 Gl e et Sl el (G315 o el
Ol Gl 55 5 s Jlde ) Lol kS sbmyl ke
S ok Sl 4 e sl glagy o plal &S 51
5 g s Vs sl gesl o IS 5 5 il
e O b 5l Gt 95 o 5 oo el )l 5 s o
UL;A\;;_W\JJ_‘,;LJ_@JA}M);LZ\MWM
o= Ll Gl b Vs 51 Rs (S s S
35 5 0Ll Gy 0l 318 e el L S5 a3

PGCla (i3 g y3 (51 g3as 43 ioliien! (ps ya3 Hul5

SOl el Ao 35 S o AL O SIS I e
ol olye o eslin S 4 S s rEe DG
G gl LYV YA s 85 Sl gl [YA] 5505
2% e Jelss Sl il by O A3 EAS s LSl
Rl g Bl G 5 ads 1S Sl s
Ll g ol ol eliad Dby o o (2500
0300 BI85 05 e 65 ) Slapinns 2idn 65 54
ol e s S eslial | O A8 oman 5 SDlae
Sl s AL e O A3 Al 3 G sl 4 Sl
A b SIS o (Rl L W e el
A5 LS ol SIS (s e 2531 ¢ IS
A3 - sk (S s2e 55k 5 2 Shes 2 5 SAS SIS
5 RS 5 A5 e e dins [RalS 1) LG 05
JEINPNE IS ENRE I ESCR RN
i opl b [YA] dien 35,8 — o Jast 5 0 gt 43 J 28
S S bzl Sl e 6l s Ay e i
(Do (DS LI O AE J S 5 kil O S - sk
e 5 uls o Ll e ezl ad Slabs, 5 oSS
¥ ] 5,05 L3t Wl
SIS s IS s 1 i lac o (618 T
el cdled VUTe idss 3 a0l (5,158 50
s S a5 sSAS s IS sen 0 e B o s s
So LlS e 5008 Slap el 48 L S amed Ol
sl Ohlaw 0o gasls el ¢l el (SeS Olays
= J=B b ol slain el [T AL 5o ¢ 5
S b Odn oS 5 5 0L 838 el 3558 S s
=l O3 IYYYY] oS o oS 05 SalS a5 iy e
AU s (YY) 0L 5 DiXit a5 5 b
o3 B 0L 0) L gie DUl b (g5len o ed ands s
DmtstS sen 5 Ll 0 A3 JmS 1 (Aoyn 1 B g
S w53 g ubs 4 e (gla g sasl s s SIS
Qﬁy?wjuuapuﬁgdmou@u
Gol3 e 2alS Ul s 4 o i wnias 3 03 SIS
Cai b (3lsn i &S L3 S Ol Oz ol .ol asily
S il oy SOl (S atis Sl Sdeds o gt
Al 93 g Culs 4 M Olley 53 O A3 J 58 g
baly S 3 Sl i gl b Goios ol el [T
5 LBl 05 Ad s 5 SR o b ol 3 |5 S
At etalie s slagnsesl 5o s sSUIS nsIS e

ul/!r’”J}‘Cfﬁ - W
Yoq



http://dx.doi.org/10.18502/ijdl.v25i3.20231 
https://ijdld.tums.ac.ir/article-1-6396-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-13 ]

[ DOI: 10.18502/ijdl.v25i3.20231 ]

] h‘o\‘db N ;/szrasm

Olylsen 9 an

)Jwrﬁ-ubduéloj@ﬁ}é‘oj_@ﬁu_vﬁub
Sl L;"ALS.:_..J RS e 4:;'-\>J.4 Sl L54“\J>=.p LSL“g:j‘
e 5 N eedS S 5 Od D3 RS 4 etk e
o) il I e WG sk PGC-La e o S
Solwdlad Cel Wl g o geliul [ o3 s S0l Olide
Pt o Sl 0BGl ggd 5 (Slos B Bl
s Lol e gl Glo (e 052 Bl la e
G L by [EY] 5ls [y 3L o oy salin
Bl e oS 313 Ol 55 8l G S oS IS
il 3 PGC-10t (i s 1 Olyue (st 55 B 2l 53l 4 i
Ul e o il 3 PGC-la s ilidl 35 o o
UCPL" 03 SJlas dsle atel s sla, 8500 3 b 51 0 P
Wl e s L Gl slagogesl 53 pdas ol S s
Slogd am OF s Gy b 5l i o L 28l say

sk

(S S doms
T 53 S RE al a mae glind o s ol s
A eelS S S sl 5 A5 SIS s IS e 3L 0 43
53 35 0L (63U dde g sk Bk Sl s O
@l Ad PGC10L s 055 Ol S8l ¢ e Jlio
Olor sla gzsasl )3 galinad (el plondl 3o 5 scal sy
S SGS Josle S Olgean A5 50 5 ol 4 Ve
o S e i @S b e 38 3 e 55
Josle S sl e sl (slap el plol Lo 303l cpl 3
Sy o=l b skl E bl ol (S5 s el S
L Sla la gngesl sl alinad (slacp ol 50 sl Al
s pg s I L osd ) Oy 5 S 8 ks
O Oless odd g (s b Bl o3l sl il oy o3

oS 3 a2y AL

S Bl

L 6 ol G ol Oy 36 ol g3,
RPE PRI PRI [ S ESRP I
Syhe SIS L L b ege sl

3 Uncoupling Protein 1

PGCla (i3 g y3 (51 g3as 43 ioliien! (ps ya3 Hul5

g glee S So) p Bl G

Aile s Sl bl 3lsa s 5 ilsn slage 3 b
sl o ped Bl 5 88 4 At eSS s ke o
= AL 5 S5l slag 8 plasil 48 as asls 0L [YY]
JJJL‘LS’*‘—*”J—“?-’)W%MLSJSJ%A‘L;J?C)@
53 PGC-Lo s S 36 sy e b S i s Bl
et e (SIS s 555 3 et el Ol S
g;_sb 0% 94 e o (_gLAC,.éL:)J ‘J;}K u.,\;-)j:}'\.,\.:ms‘
QL;JUa.av_iﬂ.[VA]J;SJaﬁ_ESL;K_JQMJ&ﬁ
ol PGCLa (59 el Oy o5 45 Wilesls LS
Q_“S\ﬁj_::.gjbaw dwﬁ/(‘} SJuJ.:fASa.L.Z u,::)\ﬁ MJ&
5 GLUTA ol « ol VL Jele S (PPARB)’ £33
L 45 (PPARB) r),-v_.ﬁﬁﬂ'&"p“m Js B3 5,8
jl)aJ_izij_mPGC1u4_g>ﬁ¢rf££&u;ﬂlotw&J
s Cmul Sas pzmen PPARB .S il 0 o 5
2w 6,880 5 ol b WSS 1S53 L1, PGCla w5,
el [ SKas S 6)1“5 Jele [FacEe] das ilil lasdSJlas
5855 NS U POCLa (1855 5 o slaw sl (s ol
s aibe o o5 6&@9&5%8}! RGSU VRN LSRN
g.J.l_z-J.g&j@@‘j\@(%cd)lyA;Lﬁjbl{c().)u_)b
ails PGCla ol aJMSrh,J L;L‘f,_.w S s (s5ledlad
v_‘.i':)')} Lgl_ﬁ:c,\:.“:d Ode g ‘u—i\ 2 o})AS« [YA] .JW.I:L
J—yPGC]-aw:;}ﬂC_}lﬂo"d«i\ﬁ‘db)}d\ﬂﬁjcﬁw‘U§M
18] 50K 2t
u)cd)m);f}jﬂjszC-laui_ﬁéjjﬂdeiaﬁ
j&bl_ﬁ;djc_lﬂ.ﬂ_w&ﬁ&ﬁbd.\.&é\o}gj@jj))L;Lﬁ‘
5= LEYT aals Glis aas oo a5l 1 (g5 - b s
il s PGC-la (slas Shas 31 0856 Lol (gls 850
Ww)j@&}}&)bbbw\)b@\d‘b}é@%&ﬁ

! Peroxisome proliferator-activated receptor
2 Glucose transporter 4

ul/!r’”J}‘Cfﬁ - W
Y.



http://dx.doi.org/10.18502/ijdl.v25i3.20231 
https://ijdld.tums.ac.ir/article-1-6396-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-13 ]

[ DOI: 10.18502/ijdl.v25i3.20231 ]

] \\‘o\‘db N Q/szmém

Olylsen 9 an

References

1.

10.

11.

12.

13.

Masenga SK, Kabwe LS, Chakulya M, Kirabo A.
Mechanisms of Oxidative Stress in Metabolic
Syndrome. International Journal of Molecular
Sciences. 2023; 24(9):7898.

Zhao S, Zhong J, Sun C, Zhang J. Effects of aerobic
exercise on TC, HDL-C, LDL-C and TG in patients
with hyperlipidemia;: A protocol of systematic
review and meta-analysis. Medicine. 2021;100(10).
Dieli-Conwright CM, Courneya KS, Demark-
Wahnefried W, Sami N, Lee K, Buchanan TA, et al.
Effects of aerobic and resistance exercise on
metabolic syndrome, sarcopenic obesity, and
circulating biomarkers in overweight or obese
survivors of breast cancer: a randomized controlled
trial. Journal of Clinical Oncology. 2018; 36(9):875.
Ghodratnama A, Shabani M, Sherafati Moghadam
M. The Effect of Endurance and High-Intensity
Interval Training on the Content MSTN and
Follistatin Proteins in the Left Ventricular Tissue of
The Heart of Type 1 and 2 Diabetic Rats. Iranian
Journal of Diabetes and Metabolism. 2022; 21
(5):287-297.

Sun H, Saeedi P, Karuranga S, Pinkepank M,
Ogurtsova K, Duncan BB, et al. IDF Diabetes Atlas:
Global, regional and country-level diabetes
prevalence estimates for 2021 and projections for
2045. Diabetes Research and Clinical Practic. 2022;
183:1091109.

Siavoshy H, Heidarianpour A. Effects of three type
exercise training programs on FBS and HbAL1C of
elderly men with type 2 diabetes. Iranian Journal of
Diabetes and Obesity. 2017; 9(1):14-9.

Chen Y, Wu Z, Huang S, Wang X, He S, Liu L, et
al. Adipocyte IREla promotes PGCla mRNA decay

and restrains adaptive thermogenesis. Nature
Metabolism. 2022; 4(9):1166-84.
Bernal JM, Mestres CA. Epicardial adipose

hypertrophy: The Phantom of the Opera. The
Journal of Thoracic and Cardiovascular Surgery.
2016; 151(2):e31-e2.

Singh S, McClung JA, Bellner L, Cao J, Waldman
M, Schragenheim J, et al. CYP-450 epoxygenase
derived epoxyeicosatrienoic acid contribute to
reversal of heart failure in obesity-induced diabetic
cardiomyopathy via PGC-1 a  activation.
Cardiovascular Pharmacology. 2018; 7(1):1-12.
Singh SP, Greenberg M, Glick Y, Bellner L, Favero
G, Rezzani R, et al. Adipocyte specific HO-1 gene
therapy is effective in antioxidant treatment of
insulin resistance and vascular function in an obese
mice model. Antioxidants. 2020; 9(1):40.

Shen SH, Singh SP, Raffaele M, Waldman M,
Hochhauser E, Ospino J, et al. Adipocyte-specific
expression of PGCla promotes adipocyte browning
and alleviates obesity-induced metabolic
dysfunction in an HO-1-Dependent fashion.
Antioxidants. 2022; 11(6):1147.

Zhao S, Zhong J, Sun C, Zhang J. Effects of aerobic
exercise on TC, HDL-C, LDL-C and TG in patients
with hyperlipidemia: A protocol of systematic
review and meta-analysis. Medicine. 2021; 100(10).
Zarei F, Sherafati Moghadam M, Shabani M, Jokar
M. The effects of 4 weeks high intensity interval
training on mammalian rapamycin target protein
(mtor) and sterol transcription factor regulatory
protein-1 (SREBP1) proteins content in diabetics

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

PGCla (i3 g y3 (51 g3as 43 ioliien! (ps ya3 Hul5

obese rats adipose tissue. Iranian Journal of
Diabetes and Metabolism. 2020; 19(1) :26-35.

Tang L, Chang SJ, Chen CJ, Liu JT. Non-Invasive
Blood Glucose Monitoring Technology: A Review.
Sensors (Basel). 2020; 20(23):6925.

Chen Y, Wu Z, Huang S, Wang X, He S, Liu L, et
al. Adipocyte IREla promotes PGCla mRNA decay
and restrains adaptive thermogenesis. Nature
Metabolism. 2022; 4(9):1166-84.

Codella R, Chirico A, Lucidi F, Ferrulli A, La Torre
A, Luzi L. The immune-modulatory effects of
exercise should be favorably harnessed against
COVID-19. Journal of endocrinological
investigation. 2021; 44(5):1119-22.

Della Guardia L, Codella R. Exercise Restores
Hypothalamic Health in Obesity by Reshaping the
Inflammatory  Network.  Antioxidants.  2023;
12(2):297.

Yang Z, Scott CA, Mao C, Tang J, Farmer AJ.
Resistance exercise versus aerobic exercise for type
2 diabetes: a systematic review and meta-analysis.
Sports Medicine. 2014; 44:487-99.

Roostaei M, Ravasi AA, Rashid Lamir A, Soori R,
Pirani H. The Effect of 8 Weeks of Continuous
Training on Serum Levels of Asprosin, Insulin, and
Insulin Resistance Index in Obese Rats. Journal of
Sport Biosciences. 2022;14(3):5-13.

Fallahpour Noushabadi SA, Kazemzadeh Y, Gorzi
A. The Effect of 8 Weeks of Low Intensity Aerobic
Exercise in Hypoxia on Muscle PGC-1a Content,
Fasting Glucose, Insulin Resistance, and Maximal
Oxygen Consumption in Type 2 Diabetic Rats.
Community Health Journal. 2021; 15(3):44-53.
Magalhdes JP, Santos DA, Correia IR, Hetherington-
Rauth M, Ribeiro R, Raposo JF, et al. Impact of
combined training with different exercise intensities
on inflammatory and lipid markers in type 2
diabetes: a secondary analysis from a 1-year
randomized  controlled trial.  Cardiovascular
Diabetology. 2020; 19:1-12.

Pekkala S, Wiklund PK, Hulmi JJ, Ahtiainen JP,
Horttanainen M, Pdéllanen E, et al. Are skeletal
muscle FNDC5 gene expression and irisin release
regulated by exercise and related to health? The
Journal of Physiology. 2013; 591(21):5393-400.
Mirzaei S, Sherafati Moghadam M, Dejdar N, Abdi
M. The Effect of Endurance Training On the
Amount of Proteins Involved In the Regulation of
Adipose Tissue Metabolism in Type 2 Diabetic Rats.
Iranian Journal of Diabetes and Metabolism. 2022;
22(5) :321-330

Jokar M, Sherafati Moghadam M. High Intensity
Interval training inhibits Autophagy in the Heart
Tissue of Type 2 Diabetic Rats by Decreasing the
content of Foxo3 and Beclin-1 proteins. Iranian

Journal of Diabetes and Metabolism. 2019;
18(6);292-9.
Aghaei Bahmanbeglou N, Sherafati Moghadam M,

Amirahmadi M. The Effect of Ampk and P53
Proteins On Tor Pathway Following Endurance
Training In The Left Ventricle Of The Heart Of
Diabetic Rats By Streptozotocin And Nicotinamide.
Iranian Journal of Diabetes and Metabolism. 2021,
21(1):13-23.

Aghaei Bahmanbeglou N, Salboukhi R, Sherafati
Moghadam M. The Effect of Protein Kinase-B on

U'/'ﬁ.‘}/c” - W
Al



http://dx.doi.org/10.18502/ijdl.v25i3.20231 
https://ijdld.tums.ac.ir/article-1-6396-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-13 ]

[ DOI: 10.18502/ijdl.v25i3.20231 ]

] \\‘o\‘db N Q/szmém

Olylsen 9 an

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

3r.

FOXO Autophagy Family Proteins (FOXO1 and
FOX03a) Following High Intensity Interval
Training in the Left Ventricle of the Heart of
Diabetic Rats by Streptozotocin and Nicotinamide.
Iranian Journal of Diabetes and Metabolism. 2021;
21(2):119-128

Ghodratnama A, Sherafati Moghadam M, Shabani
M. The effect of endurance and high-intensity
interval training on the content of mTOR, CRTC1
and CRTC2 proteins in subcutaneous adipose tissue
of type 1 and 2 diabetic rats. Daneshvar Medicine.
2022; 30(2):24-36.

Kashef M, Salehpour M, Shahidi F, Nejatmand
malari N. Comparison of the Effect of Six Weeks of
Aerobic and Resistance Training on miR-373 Gene
Expression in Male Rats with Cardiomyopathy. Razi
Journal of Medical Sciences. 2023; 30(1):193-205.
Colberg SR, Sigal RJ, Yardley JE, Riddell MC,
Dunstan DW, Dempsey PC, et al. Physical
Activity/Exercise and Diabetes: A  Position
Statement of the American Diabetes Association.
Diabetes Care. 2016; 39(11):2065-79.

Albosta M, Bakke J. Intermittent fasting: is there a
role in the treatment of diabetes? A review of the
literature and guide for primary care physicians.
Clinical Diabetes and Endocrinology. 2021;7(1):3.
Shah SZA, Karam JA, Zeb A, Ullah R, Shah A, Haq
IU, et al. Movement is Improvement: The
Therapeutic Effects of Exercise and General
Physical Activity on Glycemic Control in Patients
with Type 2 Diabetes Mellitus: A Systematic
Review and Meta-Analysis of Randomized
Controlled Trials. Diabetes Therapy. 2021;
12(3):707-32.

Zhang L-Y, Liu T, Teng Y-Q, Yao X-Y, Zhao T-T,
Lin L-Y, et al. Effect of a 12-week aerobic exercise
training on serum fetuin-A and adipocytokine levels
in type 2 diabetes. Experimental and Clinical
Endocrinology & Diabetes. 2018; 126(08):487-92.
Magalhdes JP, Judice PB, Ribeiro R, Andrade R,
Raposo J, Dores H, et al. Effectiveness of high-
intensity interval training combined with resistance
training versus continuous moderate-intensity
training combined with resistance training in
patients with type 2 diabetes: A one-year
randomized controlled trial. Diabetes, Obesity and
Metabolism. 2019; 21(3):550-9.

Dixit S, Maiya A, Shastry BA. Effect of moderate-
intensity  aerobic  exercise on  glycosylated
haemoglobin among elderly patients with type 2
diabetes & peripheral neuropathy. Indian Journal of
Medical Research. 2017; 145(1):129-32.

Jokar M, Sherafati Moghadam M, Salesi M. The
effect of endurance exercise on the content of ampk
and pgc-lo proteins in the left ventricular heart
tissue of rats with type 2 diabetes. Iranian Journal of
Diabetes and Metabolism. 2020; 19(5):252-260.
Koroni R, Yonesyan A, Donyaei A. Comparison of
the effect of 8 weeks of different exercises
(endurance, resistance and combined) on serum
levels of nesfatin-1 and insulin resistance index in
women with type 2 diabetes. Journal of Applied
Health Studies in Sport Physiology. 2023;10(1):83-
96.

Magalh&es JP, Santos DA, Correia IR, Hetherington-
Rauth M, Ribeiro R, Raposo JF, et al. Impact of
combined training with different exercise intensities

38.

39.

40.

41.

42,

PGCla (i3 g y3 (51 g3as 43 ioliien! (ps ya3 Hul5

on inflammatory and lipid markers in type 2
diabetes: a secondary analysis from a 1-year
randomized controlled trial.  Cardiovascular
Diabetology.2020; 19(1):169.

Kong S, Cai B, Nie Q. PGC-la affects skeletal
muscle and adipose tissue development by
regulating mitochondrial biogenesis. Molecular
Genetics and Genomics. 2022; 297(3):621-33.

Park JS, Holloszy JO, Kim K, Koh J-H. Exercise
Training-Induced PPARP Increases PGC-1a Protein
Stability and Improves Insulin-Induced Glucose
Uptake in Rodent Muscles. Nutrients. 2020;
12(3):652.

Koh JH, Hancock CR, Terada S, Higashida K,
Holloszy JO, Han D-H. PPARP Is Essential for
Maintaining Normal Levels of PGC-la and
Mitochondria and for the Increase in Muscle
Mitochondria Induced by Exercise. Cell Metabolism.
2017; 25(5):1176-85.e5.

Shirvani H, Arabzadeh E. Metabolic cross-talk
between skeletal muscle and adipose tissue in high-
intensity interval training vs. moderate-intensity
continuous training by regulation of PGC-1a. Eating
and Weight Disorders - Studies on Anorexia,
Bulimia and Obesity. 2020; 25(1):17-24.

Li-jia WXLLCC-ICZ-pYCZ. Endurance exercise
combined with intermittent cold stimulation
promoting white adipose tissue browning in rats.
Acta Anatomica Sinica. 2023; 54(3):348-56.

U'/'ﬁ.‘}/c” - W
YAy



http://dx.doi.org/10.18502/ijdl.v25i3.20231 
https://ijdld.tums.ac.ir/article-1-6396-fa.html
http://www.tcpdf.org

