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qbstract )

Background: Aging is associated with Sarcopenia as well as oxidative stress (OS) caused by Ferroptosis. The aim of
the present study was to investigate the effect of aerobic exercise training (AT) on OS caused by ferroptosis in sarcopenia
model mice.

Methods: Twenty-one C57BL/6 mice (16-24 wks. age) sarcopenia model with an average weight (25-35 @), and 21
healthy mice (6-7 weeks age) were randomly assigned to the following (1) healthy-young control (HYC; n=7), (2)
aerobic training-young (ATY; n= 7), (3) healthy-old control (HOC; n= 7), (4) old control-sarcopenia model (OCS; n=
7), (5) aerobic training-healthy-old (ATHO; n=7), (6) healthy-old sarcopenia model (HOS= 7). The intervention group
underwent AT for eight weeks, five sessions per week at an intensity of 60-80% of aerobic capacity (VO2max). The
expression of the glutathione peroxidase (GPX-4) and superoxide dismutase (SOD) genes was measured using Real
Time PCR. The Malondialdehyde (MDA) and Fe**concentration in the gastrocnemius muscle was also measured.
Results: It was observed that the enzymes gene expression of SOD and GPX-4 in the (OSC) was significantly decreased
compared to the (HOC) (P=0.001, P=0.002, respectively), and the MDA and Fe** was significantly increased (P=0.001;
P=0.002, respectively). Also, the of SOD and GPX-4 gene expression of enzymes in the ATY, ATHO was significantly
increased compared to the HYC, and HOS (P= 0.001; P= 0.002, respectively), and the concentration of MDA and Fe**
was significantly decreased (P= 0.001; P= 0.002, respectively).

Conclusion: Finally, it can be said that aerobic training reduces oxidative stress caused by ferroptosis in Sarcopenia by
increasing the enzymes GPX and SOD gene expression and reducing the concentration of MDA and Fe**.

Keywords: Aerobic Training, Ferroptosis, Oxidative Stress, Sarcopenia

\— _

Please cite this article as:

Hatami A, Azizbeigi K, Etemad Z, Farzanagi P. Aerobic training reduces oxidative stress in sarcopenia model mice by
reducing ferritin levels and increasing gene expression of superoxide dismutase and glutathione peroxidase enzymes.
ijdld. 2025; 25(5):443-452.

DOI: 10.18502/ijdl.v25i5.20341

*Corresponding Author: Kamal Azizbeigi; Email: kazizbeigi@iau.ac.ir
Sanandaj Branch, Central Site of Islamic Azad University, Adab Intersection, Kurdistan, Sanandaj. Tel: +989183809548

Iranian Journal of Diabetes and Metabolism

-
2025; Vol. 25; No. 5; 443-452

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.org/licenses/by-nc/4.0/).
-~ Non-commercial uses of the work are permitted, provided the original work is properly cited.



https://publish.kne-publishing.com/index.php/IJDL/article/view/20341
http://dx.doi.org/10.18502/ijdl.v25i5.20341
https://ijdld.tums.ac.ir/article-1-6432-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-02-09 ]

[ DOI: 10.18502/ijdl.v25i5.20341 ]

_\\"\‘Jb o Z/Lf R

—

—

" . & » Vs . N » . & &
\‘ML\‘\‘V&Wz\%fdbzbbhméw Uyu//(:“a&b’)ff‘/l/;w(ﬂfﬁ;//
° ‘ LR

95l oo S g0 39 | (BT i g (o 9 T 32 (5 319p S 3 i

Yéb‘)ﬁ R JJL«».Z'.G‘ J.hlb «hﬁéﬂy JL&S c‘Jan- dLa:- 'ML"

Ol gl g i ¢ oAl ST ol (ot Aoy (G S 0g S )

Q‘J‘.’.‘ LLEJLN gwm\ )b’l ali.:..'v‘: 46)@ J;-b LL;IJJ C»«:’J; aj; -y

)

- e

2 Sl s S s Bl G 3 Cta il ol en 3558 3l U S e md e 5 (Sl b sl taakie
B3 SOl dde Glatse 53 s s Bl (A ST e 2

i YV e 5 (p S YOY0) S5 S0ke b s 55l Jue (42221 1-YE) CBTBLIB 315 AT e e Y sl e iy,
=V Wl = 2S5 () (1= V) Ol g = (53158 0 503 (1) (1= V) Ol g =l J 28 (1) slaos S s sl sboay (ain 1Y) L
o303 L3 (= V) oy oS5l e =538 Sy o3 (V) (1= V) Wl =(s5lsm Sl o3 (0) (M= V) gy oS50 ke = 1 J 28 (1)
05 Ol ks plil (5515m O 5 doyn oAy Sl b andar oy (slanis 5 4t Gl Sle | g5le Db el e 05,5 LA
chle poes A3 foe Real Time PCR i, 5l eslizal b 5 (SOD) 50 s 4| ges 5 (GPX4) 5141 0536518 o 551
A (g Seslul s lae s Fe? 5 (MDA) wiliss 04l

G Il S s es,8 b aalie 53 ls e ssbas S5l e 65,5 53 GPX-4 5 SOD (slas 51 05 Ol A5 sdalie Hlaaidly
Ol cpizman (PZ +/0 0 YEPZ o/on) (o 5a) Sl (a5l gols ime sba FE s MDA Clale 5 (P= +/00Y P= v/0v) (5 5a)
(P=2/0 2 Y P=0/en) (5 5 s gme (I3l S Glass S L aslie )3 (s5lsa Sl o3 (slaes S 3 GPX-4 5 SOD slag 51 03
(P= /e YEPT o/ L ) Sy s pee JralS Fe [2] 5 MDA clle

5l Ol whle 2alS 5 SOD 5 GPX-4 slaw 5T 05 0ly (il b 51 3len Sy pes S Ol 55 oo ulg L3 1 S eoms

Jas JA[S&)S)L.«JW})J \) U"ﬁ).’:‘n}ﬁ)\ L;;L):S'\J.:M.S‘)L:J FeZ

Sl (ST il s s b oS3l 5n Sl el 1 s kS O3

VECE/ YN gk ek gy VERY/NY /) bl o ey

1S slawl 55 O 4 Wlis pl 4

Hatami A, Azizbeigi K, Etemad Z, Farzanagi P. Aerobic training reduces oxidative stress in sarcopenia model mice by
reducing ferritin levels and increasing gene expression of superoxide dismutase and glutathione peroxidase enzymes.

ijdld. 2025; 25(5):443-452.

LI FJRTCRVeIENEN PP, U o1 sl&asls (63550 cnba lolaly Llsh i (Glws S e el ((Kuiie JWS o gdws Suicus g *

kazizbeigi@iau.ac.ir : S 5 5K oy - AVAYA-A0EA

ul/!ﬂ}‘&};/bﬁ

£et



http://dx.doi.org/10.18502/ijdl.v25i5.20341
https://ijdld.tums.ac.ir/article-1-6432-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-02-09 ]

[ DOI: 10.18502/ijdl.v25i5.20341 ]

_W«f‘_ﬂ/ AL

Oysen g Lala glad

s Sas Pl Cope 5 odd Mlas 5T 4 e
Jolse d a5 IV] A3k s b Sl A0 Sdlae
5 GPX) “3lunsSl,y 055Ul wile eu sl Slans o
I s B ol HaeSI B s 5
AT S Sles s OsemlbenSl ey sla STy Jlee G b
oS53 Sy 53S0yl sl laslaS)
Gl Jghe Lo 51 O3 ds], Il Ce e
5 el ] 0SS oMo &S 25d e s 5 03 S
Shadsl Jelie o 1 sl ISsly slaos Sl o8 LS 5
A3 LA S Slee 1) ssns b ol g e S e s3LSL
30305 5 Sk Ol ST SIS 0 L
Ol denS |y e Olsea sy o idllss Ol
DYool msstis b W os Jeol 2i lad e [LES (i)
Sl ol Dl el Coie S Cldlas Jl= s s
S o 55 V0] Wles S b 1 Sl e ges
Ol SRl 5 (S Ol STy A Lol (53150 s e
Wl dsad boekiS lee S| ST sla s
SISl edle IV s 5S040
5ol DL wlol fals an B 5,5 Olo el el sl
0sU8 5 Ll 0pbS Bl s aslies ol
s edyusd s SH bl 5l es s - 5laST
S sl &Sl w5 Ll s L VY] L
535S Xl a0 |y de e pl sl des &S ol S
S50l 3 AU s B sl e S0lse Bl SS
2800 S llsea s B I RS 5 So bl o
6 s b 3 AU glasoben S Gl Go e Sleso
32l s G — el sl Oszen S5l
s gl Saly 51 (ol oo, e 2 dal i S5 Ol
I s giallor 51 S0 s ssms B8ty (65 sl e
s Sl s Sl eslinal Kl p)ls 3 K, Sl
zAee s 1 L a8 G 13 385 s 2 3550 (5150
o) SN L 35 Sl Dl el LTS 550
Sy Al e U Sl Je sl ge 53 55 10nS]

b

4 Malone dialdehyde
® Glutathione peroxidase

T s g (i 8 el g (53194 @il pad S0

PRV

St Sl5U 5 Lo bogladle 5 e Al
Lol olyan SMae = e (e b (555 5
Ky Ok S 5 Dl pesd kel 5 JlaOln 5555 75,0
GRS i Dl By 5 4B S 0 4 glels iy
Ly o il 31 3 SPhas 535 SRals 1] Cil sl
s G L Sl d e s S s Sl
Cins L5 [Y] o3g o en Sl O¥ae &y Lilaze
ol o (IS IS @ (o 5L 5 OG5 05 20y
s Ske Pl b Sl cod sas 218 [Y] cd
el e 05 slaedsty 51 (gobe 5 Sl (6, sne
s b s e 0l dald [E] el LU s T pslas]
Lol w5 (il G b 51 S| ozl i S ol
se3S Joe |y Jsbo 5 Shas foS 5548 GladlS0sl, 50
5 laded DNA & 0ll,y pul 5 sdaze S L Tylg
ol lars s ekdy Goob 5l ok dantis
S ok Gromalin S o 25T s b (0] 4S5
asin Shod SAS | e L aS Sl a0 a
S SS8osm 5 SE5 caleedsn Bl S5 b o5t
3355 5 Saml Wl el e o S e ISl sl
gos RalS L s #osmeSt [ ol plen
a e g 5 ek g0 OB & il SIS 3T
b I i S S s sl Opelisl,
SWs 4 arals sl AU 0as JWb e
S oS 05 550 b odd Jlad SlaslS 55 5 5 (608 52
Sox A KoLl s el aSs
DLEd a4 o Colg 53 oS sl gy Db ST
Osle Lile (S O galidonS |y DY peaes mazd 5 5lS)
Sap e g Wl cpl [1] 552 0 (MDA 15T (6
St glacan] Waob e b bgolw 31 S
A s [V] ad sl La(a\.)u'\ B ij:.é};)/w_ﬁ.ﬁl
ol lgme IS 5l do sV = V0 sl Sl eolas Jl-
Jsar usSole sy g8 b galla i) (b s e O
P I e > O T ISP RO
5 g 6 (5ysbar sl el l el e 5l 30
Shas 55 gals 5 oSl 5l b el chile 5l

! Sarcopenia
2 Oxidative stress
% Feroptosis

ul/!r/j/&} Y



http://dx.doi.org/10.18502/ijdl.v25i5.20341
https://ijdld.tums.ac.ir/article-1-6432-fa.html

Oysen g Lala glad

IR.IAU.SDJ.REC.1402.134 & | okiwe -l oSl 315

g:,vw\e.)u:.n)&_ai}..a.:m

$olsp Syl S5 5
35 sn SR sn «$3lsn Dby el hol IS5 g0 Sl U3
NS bl ke ol Sl ses slaes S o
Doty anlr oy b oania G (emd S Ohsd 5 (e
SHpa s Ao et LASY - (MIMIN) S o b adds =y
Jolo ol Sl o b a 5s Lsls plol il shateny
YV Sodeay 510 (M/MIN) S b food 5 5 Odg 93 4dds T\
(e 53lem Ol Sla= doys Av ™ ) Usles ais
53 ol Ol el sy s Sl Dy atia 53 ) =y
iy $A=0) D> (akds ) 055 8 Jold anlr
Olej 5 oo o o3 32 (433 720) 05,5 5, 5 (L ol ool B
Ao eSS aids Y 5 Y (MMINL ey 5 jsbay (el
BERE PV CH U I P S RCISOR CHPSIICIE PR P PEFIN
Jsb 55 28 lass S w, YAST (M/MIN) 4 =1 izia
dtlde O Ll s 5 BBl Oles s (g5les Sl a5 Jles]
ool V Jgdr 53 (gl Sl el Sl V] Lile 3L

ol

T s g (i 8 el g (53194 @il pad S0

L S
—4+) C57BL/6 sl ARalesl 5 oge o YV sliw
Y 5 Sl dae L (p S £YEY/0 05 Sl taziaYo
o 4 (S VRV 03 oSSl sania V) Il e
Sy s (1 (1= V) Blgr =l I35 (V05 5 55 islas
IS (= V) o — 1 J 28 (7 (0= V) Ol -3l
V) Wl s —silsp Sl yes (0 (1= V) 585k Je = 1y
a3ls L5 (n=V) S sl Jbe o —sslse by s (U (=
Sl5le 5 5h ealaial b & gad o sliaS g:,\_w‘;;}@ij W
slas Guies Olusl 4 e 5 L 5 5 (GPower 3.1.9.7) 5L
SRC R Ro-: ST VARV SIS P JK S Al
los) sk J =8 Loyl 55 (e L) 0% Y0X ¥ ) by S
Sl S A0 0 Cugby ol S Sl iz a YV R Y
Lyl i 55 5l syse of malI8 Ll s 5 (VYY)
O P TST N VK PR P P S RN Lo S |
sl 5 sy plol ) Sllsm Gudm b ki e sla JSS5 5
e 3o slasaly (il B 5 0us S ule ((Soanda sl 3
el ol cole, aliles] Sllp 1K s ol
Sails agn 5> Y daaS Al L e ol rmen

A Cadin Jgbo ja 551 9a il pal Gl - Jgua

Y4-Y Yv Yo Yy AR

e el i s S ol St i s
gA-0+  t0 LY Yq i Yo Y. (a28s) S

AW V0 (Ge/aads) odd

RCIES St BT S A WER RSPV -
S sy Gl B s o,md ol 8 Sl —Ar slos 3 adsal
258 p adlas sy b Sles (Sl g
A 53 GPX-4 5 SOD (slan 51 05 Oy JsSUse 5,810l
ol 3 b il sled . 05lizl PCR Time Real SsG Loy S

[ Downloaded from ijdid.tums.ac.ir on 2026-02-09 ]

S A mle 03555 53 (OAd edglu) Ol 3 5l
oy b 435 Yo odody o A 0355 508 (PH 4.7 PBS)
Ll s A Sshmle C4 los s aids 55 s i)Y
35 B el 6555 508 Jslows 31 b Slaie MRNA (5 o3l
s S Ol (655 5 oA Jize RNase free sy S 51
SIRNA (Ll ¢l 4 6Ll (THERMO &5 ) Uil
A Al e B IS mdeSee Yoo 550 DNA 5 (5 5 56
o3l Il sanl 5 RNA ey ol 5 LSl s Ko

[ DOI: 10.18502/ijdl.v25i5.20341 ]

_\f'fdb AL

s 5,50 o pie fiowiw
Kent Scientific; ) Juows g3l 5 eslacal b s 250 O3
e rjf +/0 3> L (Capacity: 4000g, Resolution: 0.5g
b fise SpsSole bl G A3 8 a0 S s 5 U
(05 ko) 5850 dlae 035 o b 5l DUl 055 L3 Sl ey

3 S sl 230 8) ise 035 2

LO3 Ol (5 xS0l
alS a5 L il plod (5358 iy 3 8555 pladl ) ey
A e Sl A 5 ksl cell VY = V8 Jlisa 5 aliee
oS e £0) el Slis s )5 b s3len Sl ed Ak
A bl e S oo ) cnishly 5 (00 035 p SIS s il
bor Dby (51853 Moo s S i o (U35 S kS

L‘J'/'f/»%” Y
£47



http://dx.doi.org/10.18502/ijdl.v25i5.20341
https://ijdld.tums.ac.ir/article-1-6432-fa.html

Oysen g Lala glad

Lol 5 5 sl bojmlp b s el a8 L5 A
4 MDA 5l chle o 38 S5 5 dsdr Gl
Sl ol LMDA (T3 L oS 35 &0
dsb )38 AS 0 M5 JSose Ky 5 das e uS1s (TBA)
Caddy o Sl LS e bl | odr S orY M - e
MDA-TBA SLaS LS5 b nlize 50 Jsb ol 53 sokel
g s L LS ol ks 5 Sl Ol pmen
A oS ot 10) ol b s 20 S hn0-00

LAl (s ,Se 310 Easthiopharm s & 15V oS a5

T s g (i 8 el g (53194 @il pad S0

pde 3l Olrebl 5 ot 2l gl RNA e o sl A
S ) gl oKaws ) 5y, 5 DNA & Sai
o odel Cews RNA ke 3 o3liz (THERMO FISHER
3 Olebl gl oS 03 1l Sn o SHL Over b Yeu
doys VY BT oy edal sty Jpams OI oyl
@G RNA 51 ade 51 Olabl gor (piman A 555855
oslizal L RT-PCR i3, 3 Lk Loy DNaSE o 51 L bas s
MRNA 31 cDNA lal (S ol 558 ol oS el g2 )
lze MRNA # slans Al JooSS J goamee ol 3 5 A | 5]
C2— Uy b b 05 Oy o 3551 5 GAPDH 5 o 1o 03 L

o) ol ,'7-3-“-37 S 3 oudi ouliieul (Lo yasl 43 -Y Jgua

CCTCTGCTGCAAGAGCCTCCC
CTTATCCAGGCAGACCATGTGC
CTCACTCTCAGGAGACCATTGC
CCACAAGCCAAACGACTTCCAG

Ll A el £35Sy 055658
rSxn el
s el B samsd LemST g
S ol

P= /o) ) Gl el = IS e S L alis
WPl Ol =J 28 05 5 53 Fe' s MDA s 5 (P=+/0 1Y
P= /o) i) Sy —JES F | alie s
Cdls (P= /ey

5(SOD )" 36 gemsd dnST g 035 Olo Sl o5 45 A s talie
Jils L oavslio 53 (gilen by a3) dtlbe (slaos S 55 GPX-4
P= /0 0¥ SFZ 0L i Sa) 5,ls (g bsbae sl (Laos S
> GPX 5 SOD 05 Ol &l puss (P= +/0V0 5 F= V/0)E
sl 0ds 03l QLY 5\ Sls ged 53 alises glrey S

03 Fe? s MDA Ll 5,40 53 (goblas oylis &S A o>
ey 8 s b aslio 53 (s3len Sy ja) abtlte glasy S
P=o/ee) s F= VAT Cija) )l 55y (gols pme oyl
Fe2* s MDA sl clale ol a5 (P= +/0 Y 5 F= VY
Sl od osls QLS £ 5 ¥ la IS5 s s (slaes S s
Sl e =58 o0 5 50 Sl atld ioeen
Sl anils Ll W) e S oS L awslis 5
e 0SSk Latls Ul ) (PR 4T
Jhe = IS o5 8 b oamslie 53 Sl duem —s5ln
(P= /N0 ) Call sl i 2o sS Lo

[ Downloaded from ijdid.tums.ac.ir on 2026-02-09 ]

[ DOI: 10.18502/ijdl.v25i5.20341 ]

_\f'fdb AL

@bl Jolos 94 2

e 5 S5 et sl s i
Lsoals 1335 053 a5 el Eagor A5 ol 3 L5kl 3 ol 5
028 0350 31 ilsls ol s 5 Shss bl 05050 5
Slaes S o agme DB )y (Sl e S eslin
sdalin Sppo 53 5 4L Guilly LT i, Sl il
Jome s S (S5 i O3l 5 bl e sl
6\»5 Sy ol e Ck..» A eslital s S e G
oslizal b g bl Sllas &S s 4 § a5 13 P< 0/00 Slowloes
A5 il Yo 53 SPSS sl

Laaisl

oL rmmen 5 05,5 a0 SBss s 055 e s O35
sigp ol Al 3 oy gl Olsen SoySile
S0 Ol sl L s el odd 1Y s 55 5 o)
038 b awlio ,3 usS,le Jde Lo 55 55> GPX-4 5 SOD
Chle S (P= /e Y PZe /00N ) el = o J xS
JAS 05 8 b alis 53 oSl e w0 S 53Fe?" s MDA
(P= /oY PE /o) s ga) el Ll e -
o O —J 55 65,8 53 GPX-4 5 SOD (5ba03 Ol it

! Superoxide dismutase

L‘J'/'f/»%” Y
1A%



http://dx.doi.org/10.18502/ijdl.v25i5.20341
https://ijdld.tums.ac.ir/article-1-6432-fa.html

O)lSan 5 il led 05 Ok R g a8 o GAAIS b (53190 S

dalllos 390 (5La0 9 S 53 Sy oS jls padLd g ol gu dlide ()9 LaLEge (59— Jgs
O/ME IV VaVE L 0/AAE G T R VA VN AL VR R Ve B g5 dae

SE6/Y £ 6F  £av/0 £00 e/ ETFY Va0 Yo VYA EYY AoV £ Y4 (pf) S 059

AVARA = VA S SRR VA & B VA ¥ SRNNEYZ/\ O SEVA R IREVAY A= SEVARWENEY/S A SEVAR BENEVAA i SXVAR o u“...’SJL" u.a;-\.&

Slane Bl g (pSilie O geods (A8 953 SLa e (Has i mlih Y Sy

S Sol dde =

s =0l JS -0l . Sl s b da - Pl IS eiealog 8
i
VAALY SR -VERS VA o VA -RVENS SERVA SR FF 3 SXVRTR SRV A AR T RVORS BEEVARRL YL S VIR BRVA AR/ & SVRRK) (s 0L) SOD
CJOYOATO E /0 YE /FVALTA £ /4 F) /XYY £ v/ 80 SYALYVY £ o/ g S/YOVANY E /0N ) YPYEAT £ a e XY (u.*"; b\.,g) GPX
CAYYALVE o/ oV /YN0 & +/0)) 2/804Y0NE +/080 +/YAATLY £ +/eY) SMAYENY E /oYY a/0T0YVE £ /e MDA (umol/g protein)

SAAYEY F /N G FAONYE E 8 /OYFIE0 /Y YOAANTE eEY AREOYY o /aYY SWATEV 2 4/hv0 et (umol/g protein)

_ 0/9 $#H&!
[
3 0/8
IS
< 0/7
o *
2 0/6
7 #
[<5) 0/5 *
e &
W o/4
o
Qo3
g o
=< o1
@

0

S ol cprs-pll g RS-0l

dﬁ&dgua‘gﬁ‘,ASOD Ofﬁkﬂ@&—\ Jsub
wd)bw‘#‘JJ\;;S_O]}’.'°}J§“-EC«~M:’L§)‘3&‘$‘Lﬁ}s)udiﬂ_ﬁﬁbjﬁ@wd)bw& cpb—dﬁ—ﬁajijwdjl:wﬁe
s el — 05,8 Sl b e L o Sl dde i 0s S

[ Downloaded from ijdid.tums.ac.ir on 2026-02-09 ]

0/7
c $#&!
Q2 0/6 *
a
S 05 *
x -
W e o/4 .
X 2
& & o &
2 02
IS

0
JAS- @l - Opad-ells JAS-0lg>

Galad Alide slao 9 S yu GPX 7 ghacy &l yaadd —Y <
SLSH# U 2S =0l 03,8 & ol (5l ome Sl S (S5l e = 1 055 & ol (513 ome & el =0 28 = 1 05 8 4 o (3 me

t;)'-'-J“J_[’JL”_J'ﬁ.°}J§4{C"-‘MJL5)‘JL5.‘*AQW!‘;ﬂﬂj_dJﬁ_ﬁAJ;A{wd)bdm

[ DOI: 10.18502/ijdl.v25i5.20341 ]

_\\"\‘JL D Yo Y/ /j /Cu;/b.{f’

LEA


http://dx.doi.org/10.18502/ijdl.v25i5.20341
https://ijdld.tums.ac.ir/article-1-6432-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-02-09 ]

[ DOI: 10.18502/ijdl.v25i5.20341 ]

Oysen g Lala glad

0/9
0/8

o
~
~N

MDA (umol/g Protein)

iy

JAS- @l -

il

T s g (i 8 el g (53194 @il pad S0

0/6 *

0/5 * &*

0/4

o/ *$#8

0/2

: 5
0

JAS-Ols>

w’%éUo};):MDACpQ‘ﬂ}S—\'N
C"'."““':'LSJ];;;.“““#‘JJ‘:‘:‘S—O‘}’T"J;“:’C"?‘*}LS)"’J:‘”S‘g;“i}s)hﬂd"l‘_):i°})§4‘.‘:"?‘“j6)bu:‘*°&‘(’jl‘”_d);:‘s_):i°ﬁj§4{wts)b‘_;.‘*‘%
éﬁﬁf—v)b—ﬁo};@w6)\>wxwl‘dﬁ—@§)bdh—ﬁa};4{

1/2
o 1
£
5 0/8
- £ *
S 2o/
€2 &
o
@) 0/4
[
o
= 012

0

JAS- b -

Ol

*
& &*
' ' $#&!
*
JAS-0ls>

3a8an AliAs g_;LAonSJJFeerC’h.uC:l,.\.\uM'“—\’JSAZ
d)‘éw#cdﬂ—b‘ﬁejﬁqwd)\éws ‘ﬁﬁ)bdu\a—ﬂa‘}ﬁ@%ﬂ.'vd)‘éw& ‘(’JL‘_JJ:‘S_):T’,°.5J§4'!C~:‘“JL;)‘AL;.M%

Qij“J_VJL"_j:f_‘°JJ§4'.'C‘?‘“".6)‘5L;."‘;JL:‘:’!‘Q€.J°J_JJ“_J:§°}J§4’.C“:“"“’.

ol Al e glie 53 I pomen 5 Sl S|
D] s dal s i e Bl

SOD 5 GPX-4 S| ST (sla 5105 Oy sl o 3
—HLN IS 058 baslin 53 SOl Jde = J 2 05 S )
g5 b dns oo 0L syl ol a3l (6 )15 e 288 Ol
B gyl oSl Bl col el Sl dul
DT 8 dal 5 w0 gl 5

Sl s sbas S5l Dby ol oS A edalle [ G 53
Oyl g5 bl J1531SOD s GPX-4 (slans 5105 0Ly
6 s 03 (YV2Y7) OIS 5 Salehpour [l i mls
Slaige Jw a3 GPXA Ol o elizal - ol azin Coia
b ezl o el ania ot sls 31 el ol s
5 s lae sl g s [V Sl GPXA (6 ls e

\\"\’J L §/¢ A2

Sow

GPX-4 5 SOD slap 51 05 Oly sls 0L sl tagy il
JAS = sm oS balie 53 oS5l Je = IS 05 5 0
Jio =y J 25 5 S 53 F s MDA sl il 5 2als JL
el a5l Il J xS = s 58 05 S b anlis > o Sl
~l J 58 055 55 GPX-4 5 SOD 6um-joj Oly (yeoman
Sl Bl 5 Wl - IS 05 S L avslie s Ol
S 038 b aelie 53 Ol =l J 25 o5 5 3 Fe?” 5 MDA
05,5 0 L jeie ol Dk sy o ey ZSls Rl (=
2 Ol — e J 8 s S b alie o Sl e J 28
S abogsn ol 3l 2 S35 Sk 5 e Sl )
(S LS sin 5 Shas It a0 e el 3l el ol 5 1S

u!ﬂﬂ/ﬁu_"zbﬁ
£49



http://dx.doi.org/10.18502/ijdl.v25i5.20341
https://ijdld.tums.ac.ir/article-1-6432-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-02-09 ]

[ DOI: 10.18502/ijdl.v25i5.20341 ]

_\f'fdb AL

Oysen g Lala glad

OLea 5 Molaie ,5l> G el b seen Usens
S oISt 5T 05 0l g3l cp e Lsls (5,158 (YY)
LambertucCi aslUae -l 552 5 L [Y0 ] das o (2ol 38 Jlslos
6«3)‘)) &:JL%;&.T 4.!)_<.>: 4;.‘.:‘ P DL (\‘"V) Q\)Kao.k_}
Sl S Was s cile St sl sl sl ol
534S wsls 318 108 e b s 5 Ol gla s
Al (o3 ae i (S3ls8 (555 o a5 L (ZN-SOD (Cu)
Mﬁbbﬁudud‘wyjjbt%bu)bkw
L s U1 Bies &8 ol 1S Sl Blae S s
F eVt el mhw b jsba by pl ol ol S
53 S o Lai~ 15,Z0-SOD CU wsle  SlnS| ST slag 51
Sl el b ol i i gl oS glad 5 il s
B3 Slapien STl b N 50K SL v g
5 b il s SIS oIl 15 51 4l ST o
Q})ei)@%bwlu&uﬁfiw\6)@)@5‘.13[.@_:
aba>a LB Al 4 e g5le Sl jed ol ple g K 35
A Ll ioman s 18l Z0-SOD CU 3T 5 (6 2y
)CM\4:5;)\)5&jsjféﬁxjjéﬂijiﬁtysg

S Ll ol 2l )3 age L oS 35, 00 sl
Jbe = J 58 055 5o F¥ molan 55 ol G o
edls Gl Wl =y xS 05 5L alas 3 oSl
b5 o I3 Sl gen w5 55 I L (6 S Wl AT 3
U,M.EJ S 03 g o‘jq.b —QTF92+ - BE o}v‘jm. —O,ATj Sl
_5&;‘.«4‘ J..:‘.,LM:JMSU )L:.w.z Fe2+ .b)‘é JuiTJB g.ﬁ-l BE) W)L:.w.s
GGl K15 e 05550 eS| b el oK Ll 5 e
emen [TY] S Wg 1 Olesoaal Sl JouSsodn
03 Golsr Ol el glaes S s UAT C_,L.ac\f.\..ia.ul.jm
3ol Jla=l cls s pme falS J 28 glaey S L anslis
g GRIBI L Ok Al s falS &3S 55 Ul e
Silsr Dlayed b a s [VV] el bl

T s g (i 8 el g (53194 @il pad S0

Ges > J5 285 1 axllls 556 CB7BLIG i3 sl 55
S 18 axdllas 5 4e ey e Alae O, Kaa 5 Salehpour
S eomen g anllas 3550 Slad ged pd M A, o Ll
LS dhae S e dlae il Ol pl 4 pee Sl el
il a5 Alae S Bias 5 g dse S Jb s 035 oLl
LS (slasl wile ~Mae Ciltse 61l ol ok 1S
5 SIsbe gla muly —(l g5 (2LEl a5 5 (g5 2Ll
S das e OLES Slids V8] Ll gslite s3lAST e i
Cdlad Conl (Sae s e Calinal i &S C}JLgLa)U
53 GPXA4 ales 51 il azils V0 Slas] ol - Sl
P Gl e b 2 4SS e S dl g 5 sla B L el
Uae 53 05 oplple [V0] titen 53l ol 5,20 o
i gl el a3 g i3, 1 (6 pi b SIGPXA4 e
(5.8 S S bales 5 gy 0T 4y S ol 42303 5 08
on B 53 lae 516 5l G GPXA 5T L acylia 3
Ols (VoY) OLaa 5 Chen -l 5 5o 5 L sl aniils ool 0l
GPX- sl 3l om0 O S 5155 (555 v oiios Sullad &S L5 S
s Liu DV sls salg 28l 1y s b s odd GSH 54
b L (53l 5a (e yed oS Ll Olge ha g 53 (Y1) OSes
s S 03 s S e 5 NI2IGPXA O
IWVI S a1 oy oM s 5l b ls]
NP2 2l 530 s o a3l 1 N2 aile el g (631 gm by s
SladenS1s F5e il 5l 5 das 5l 3115 GPXA mlaw W15 0
Sl el s b ol WAl a8 Lol oluabl e s
Comds 4 glodS e s Shee GUE s Lol
L oS | 35 dal gt SaS GPX-4 O goman b (gla0ltenS] 5T
2 3MeS) el Glsa S (oAS s > Shes g
O3St b ki 5 A5 g & ol s o 2alS ) e s
AASI 5T Sl JS L 4 S s 3500 |5 (ROS)'

DT das e J2alS 351, GPX4 ke
3 o3 STy g 5105 Ol 513 DL bl s ol
IS 098 L anglas 55 o sSole due — oy J 28 658 3
03,5 b alie 53 Ol —@ Il J 28 05 8 52 ¢ oals Wl —
e S5l Dl el rmen s Rl Wl - xS
53 il Sl sed s 8 s Usems Al g SRl @
Slyyed il ase 53 s U S slees S L el
Ay e S| 5T slam T Sl (g5l

Reactive oxygen species

L‘J'/'f/»%” Y
£00



http://dx.doi.org/10.18502/ijdl.v25i5.20341
https://ijdld.tums.ac.ir/article-1-6432-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-02-09 ]

[ DOI: 10.18502/ijdl.v25i5.20341 ]

_\f'fdb AL

Oysen g Lala glad

2 paia SISl gla ks, 5 (St s S
Al RS 5 Sap b S e e 0L L (g3
Jlaz| [YV] 5,38 o 3l i35 Sl ed 5l 36 sslons)
W5 A8 Ly a ol G 53 MDA e alS 305
Al by e ST ST s (515 5 55T IS
53 SOD 5 GPX 05 olo ,ols Guisd 55 &8 A esls 0L
Jule Ll 5 o a8 Bl L1 L5 55l Dby ad 4
Sl S S ald LSt el Llis s il

331 Jos s 6 S sl ST slads W

S S 4o

ool T Rl L gl oS 3ls 0L bl Gadons
Jde sla ige 53 SOD 5 GPX 05 oly ials 5 MDA
Sl Ol o Sl 5o S S s S L alie 5> oSl
05 Obe Rl Gub 5l Ll slsa Dby e 3ol Jlens
Al 5 ST ol ke jals 5SOD 5 GPX (slags 3
Sl Candy 5o |y st B ol U sdlaast LS
Aas als

el Sl
ST e&ails Jrass 53 S &S Aub L il ol
& IRJAU.SDL.REC.1402.134 S L ruis dly oDl

QM\OM)&.»J}*&S

é\;n‘gubjw
Cét,a 55 ¢olas dd}fé:.& S LHls e r‘;’Lo\ Jlie 08 des

ERIRUEPy

Z
6)‘}‘0%.«
g Als s s S5 oKislesl OY s
Sla o plowil 4y 3 48 (5ol Al oDl 15T oSS0

'V'Ub b 3‘.}).\3

References
1. Mazhar M, Din AU, Ali H, Yang G, Ren W, Wang
L, Fan X, Yang S. Implication of ferroptosis in aging.

T s g (i 8 el g (53194 @il pad S0

S ey pr i Bl a3 3 el e ey 15 s
Wles e cop el ol ASle el s w0 azeols 5 oz OF
s S Sl ol esls DL g dalgt ol Wl Cuns s
ST dos N =Ve L8 caegte SaE L) (63l o el
ot 3 oA e 3 a5 LB el e (L3005
e i (G5l (5555 4 das e OLES ol [TV i
Loosdlly sba cdas als 1) 535 s ol pled ol
Gk ) S s Gl b e b el ) eslinad il
G b sl wbe il Ol e 5l AL L;ujtsfu
semskr ol Sl Y] 2o S el o500
S ol sk asls OLES 31y wogllaal 3 ) Al s
GoAS s 5 Sas 35 Soly olaie 5 L ste (g5len 505
5 Phsm dpbie hde S s S| T s i
S| Loz eSS 5l 2 a8l s S pme LS
Jolad s 45 ] S 5 S S |y o a5
Sl sl Ol [YE] S S pal s ety
A Okt Lile SIS oS @ a5 glacnS s LS e
L ool G3lae s b 5 Ol o S 1) o il 5 0S5
ran ez Al o a5l (pl ST Ldas (S e J 1S
ST el il 5 das 28l | Laaeanle 3 15T al
Gib N a5l 26 Jobe S el o 5 ol 550008

L] s JhalS 5ans 5 asle sl 5L
055 53 Williss Ol L ChlE Olss S A3 S NRNES
Ol =l J 28 05 S L alie 53 o Sl Jbe o =J 8
22 sl Sl S I s i ol sba
chle gols pae ssba (S5l Dby ed) dlte glaes S
S ol e = 1 J 28 Glass S 4 o [ A5 WT3 O le
Lyt s g s e (208 WSl — 1 J 28 o
Losls Jasl58 (YY) 0L, Ken 5 Aboudeya ,ol= G L
gl Oljen NM2 0Ly I3 L b Sly ol o) S
Lo a [Y0] sl rals ) s Ogle ol il
ol lo a3 5 w3 (T0Y8) O es 5 Piralaiy
215l e sla S pe B L 55 aill63 O e
L MDA #slaw 1 (s3ln Dby i (18 50 pie sl
O35 osline 1 30 olasls cpl s Y] Wsls i l58

$BL e oS e WAL adlas 550 dsel Olgea Lacsl

Cell Death Discov. 2021; 7(1):149.
2. Kordi N, Saydi A, Karami S, Bagherzadeh-Rahmani

L‘J'/'f/»%” Y
$0)



http://dx.doi.org/10.18502/ijdl.v25i5.20341
https://ijdld.tums.ac.ir/article-1-6432-fa.html

Oysen g Lala glad

B, Marzetti E, Jung F, et al. Ferroptosis and aerobic
training in ageing. Clin Hemorheol Microcirc. 2024;
87(3):347-366.

3. Wang Y, Zhang Z, Jiao W, Wang Y, Wang X, Zhao
Y, et al. Ferroptosis and its role in skeletal muscle
diseases. Front Mol Biosci. 2022; 9:1051866.

4. Zhao G. Is Iron Accumulation a Possible Risk Factor
for Sarcopenia?. Biol Trace Elem Res. 2018;
186(2):379-383.

5. Aydemir TB, Troche C, Kim J, Kim MH, Teran OY,
Leeuwenburgh C, et al. Aging amplifies multiple
phenotypic defects in mice with zinc transporter
Zipl4 (SlIc39al4) deletion. Exp Gerontol. 2016;
85:88-94.

6. Coradduzza D, Congiargiu A, Chen Z, Zinellu A,
Carru C, Medici S. Ferroptosis and Senescence: A
Systematic Review. Int J Mol Sci. 2023; 24(4):3658.

7. Yan HF, Zou T, Tuo QZ, Xu S, Li H, Belaidi AA, Lei
P. Ferroptosis: mechanisms and links with diseases.
Signal Transduct Target Ther. 2021; 6(1):49.

8. Ursini F, Maiorino, M. Lipid peroxidation and
ferroptosis: The role of GSH and GPx4. Free Radic.
Biol. Med. 2020; 20;152:175-185.

9. Yan Hf, Zou T, Tuo Qz, et al. Ferroptosis:
mechanisms and links with diseases. Sig Transduct
Target Ther. 2021; 6, 49.

10.Riebe D, Franklin BA, Thompson PD, Garber CE,
Whitfield GP, Magal M, et al. Updating ACSM's
Recommendations for Exercise Preparticipation
Health Screening. Med Sci Sports Exerc. 2015;
47(11):2473-9.

11.Liu T, Cui Y, Dong S, Kong X, Xu X, Wang Y, et al.
Treadmill training reduces cerebral
ischemiareperfusion injury by inhibiting ferroptosis
through activation of SLC7A11/GPX4. Oxidative
Medicine and  Cellular  Longevity.  2022;
6;2022:8693664.

12.Chen J, Zhu T, Yu D, Yan B, Zhang Y, Jin J, et al.
Moderate Intensity of Treadmill Exercise Rescues
TBI-Induced Ferroptosis, Neurodegeneration, and
Cognitive Impairments via Suppressing STING
Pathway. Molecular Neurobiology. 2023;
60(9):4872-4896.

13. Salehpour M, Sarlak A, Samadi H. The Effect Of
Eight Weeks Of Endurance Training On The
Expression Of Glutathione Peroxidase 4 And
Malondialdehyde In The Soleus Muscle Of Aged
Aale Wistar Rats. RSMT. 2023; 21 (26):89-102.

14.Higashida K, Tabata I, Higuchi M, & Terada S.
Regulation of skeletal muscle GLUT-4 expression by
exercise and nutritional stimuli. Journal of Physical
Fitness and Sports Medicine. 2013; 2(3):355-360.

15.Macaluso F, lIsaacs A W, & Myburgh KH.
Preferential Type Il Muscle Fiber Damage From
Plyometric Exercise. Journal of Athletic Training.
2012; 47(4):414-420.

16.Chen J, Zhu T, Yu D, Yan B, Zhang Y, Jin J, et al.
Moderate intensity of treadmill exercise rescues TBI-
induced  ferroptosis, neurodegeneration, and
cognitive impairments via suppressing STING
pathway. Molecular Neuraobiology. 2023;
60(9):4872-4896.

17. Liu, Yugian and Yang, Wengian and Yang, Guang

[ Downloaded from ijdid.tums.ac.ir on 2026-02-09 ]

[ DOI: 10.18502/ijdl.v25i5.20341 ]

_W'f‘_ﬂ/ AL

T s g (i 8 el g (53194 @il pad S0

and Wang, Haitao, Aerobic Exercise Relieves High-
Fat Diet-Induced MAFLD by Activating Nrf2/GPX4
and Suppressing Ferroptosis in Mice a Concise and
Informative Title: Exercise Relieves Mafld by
Nrf2/Gpx4. Available at
SSRN: https://ssrn.com/abstract=4333383 or http://
dx.doi.org/10.2139/ssrn.4333383

18.Qu Z, Sun J, Zhang W, Yu J, Zhuang C. Transcription
factor NRF2 as a promising therapeutic target for
Alzheimer's disease. Free Radic Biol Med. 2020;
159:87-102.

19. Sorriento D, Di Vaia E, & laccarino G. Physical
Exercise: A Novel Tool to Protect Mitochondrial
Health. Frontiers in Physiology. 2021; 12, 660068.

20. Molaie A, Gaeini AA, Nouri R, & Hemmatinafar M.
Vitamin D Supplementation Combined With Aerobic
Training Increases the Gene Expression of
Antioxidants in Kidney Tissue in Healthy Middle-
Aged Rats. Hormozgan Medical Journal. 2023;
27(3): 146-152.

21. Lambertucci RH, Levada-Pires AC, Rossoni LV,
Curi R, & Pithon-Curi T. Effects of aerobic exercise
training on antioxidant enzyme activities and mRNA
levels in soleus muscle from young and aged rats.
Mechanisms of Ageing and Development. 2007;
128(5); 267-275.

22. Toyokuni S, Yanatori |, Kong Y, Zheng H, Motooka
Y, Jiang L. Ferroptosis at the crossroads of infection,
aging and cancer. Cancer Science. 2020;
111(8):2665-2671.

23.Bijeh N, Askari A, Ramezani S, & Askari B. Effect
of eight weeks of aerobic exercise on iron status and
coagulation and immune indices in non-athlete
females. Medical Laboratory Journal. 2018; 12(1):
37-43.

24.Liu S, Yu C, Xie L, Niu 'Y, & Fu L. Aerobic exercise
improves mitochondrial function in sarcopenia mice
through Sestrin2 in an AMPKa2-dependent manner.
The Journals of Gerontology: Series A. 2021,
76(7):1161-1168.

25. Aboudeya HM, Michel TN, Attia MM, Abdou AS.
Neuroprotective effect of Exercise on Alzheimer’s
disease in rats: Role of Nuclear Factor Erythroid 2-
Related Factor 2 (NRF2). Bulletin of Egyptian Society
for Physiological Sciences. 2021; 41(3): 331-343.

26. Piralaiy E, Rashwan Ismael B, Hamidiyan G. The
Effect of Eight Weeks of Aerobic Training on MDA,
TAC, GPX, and SOD in Heart Tissue of Wistar Rats.
Journal of Sports and Biomotor Sciences. 2024;
16(31): 44-55.

27.El Assar M, Alvarez-Bustos A, Sosa P, Angulo J,
Rodriguez-Mafias L.  Effect of  Physical
Activity/Exercise  on  Oxidative  Stress and
Inflammation in Muscle and Vascular Aging. Int J
Mol Sci. 2022; 23(15):8713.

! / Wose ok
£0Y



http://dx.doi.org/10.18502/ijdl.v25i5.20341
https://ijdld.tums.ac.ir/article-1-6432-fa.html
http://www.tcpdf.org

