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Keywords: heart, which may be effective in the pathogenesis of cardiovascular diseases. The present
Antioxidant study aimed to evaluate the effects of a high-fat diet and high-intensity interval training
High-fat diet (HIIT) on the levels of glutathione peroxidase (GPX) and malondialdehyde (MDA) in heart
High-intensity interval tissue of rats.

training Method: In this experimental study, 21 male Wistar rats within the age range of 12-14
Perpx@ant weeks were randomly assigned to three groups, including normal diet (n=7), high-fat diet
Oxidative stress (n=7), and high-fat diet+HIIT (n=7). Animals in the high-fat diet groups received a high-

fat diet for 23 weeks. At the same time, the high-fat diet+HIIT group received a high-fat
diet followed by performing the HIIT protocol on the treadmill three times a week in the
final eight weeks. At the end of the intervention, the levels of GPX enzyme and MDA in
heart tissue were assessed using the enzyme colorimetric method. The data were
analyzed by one-way analysis of variance followed by post hoc Tukey test at the
significant level of P<0.05.

Results: The results demonstrated no significant changes in GPX (P=0.14) and MDA
(P=0.214) heart tissue levels in all three groups: normal diet, high-fat diet, and high-fat
diet+HIIT.

Conclusion: It seems that performing eight weeks of HIIT has no effect on oxidative stress
markers in rats with a high-fat diet.

[ Downloaded from journal.nkums.ac.ir on 2025-12-07 ]

Copyright © 2024 The Author(s); Published by Journal of North Khorasan University of Medical Sciences. This is an open access article, distributed under the
terms of the Creative Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses /by-nc/4.0/) which permits others
to copy and redistribute material just in noncommercial usages, provided the original work is properly cited.


https://crossmark.crossref.org/dialog/?doi=10.32592/nkums.16.1.54&domain=pdf
https://dx.doi.org/10.32592/nkums.16.1.54
https://dx.doi.org/10.32592/nkums.14.4.1
https://orcid.org/0000-0002-0866-9628
https://orcid.org/0000-0003-3668-0266
https://orcid.org/0000-0002-4930-6831
https://orcid.org/0000-0002-3636-5816
https://orcid.org/0000-0002-8907-7308
http://journal.nkums.ac.ir/article-1-2925-fa.html

o o ool (K 3 ol oS oo

I S? I ‘f‘r )w' “ G)w “; 0)36
g3 o

SO0 g jlnSt 33 [y guilgh’ Thaw 3 o 92 33 0 > b Of yold Wl (gL (y3 503 i1
St g SO y o U 40 WINIT

\gs"'l)s O s

ik

\)éd‘}c)‘ &.A.)J?' ¢ YwL:.C o0 ¢ ':K'YLS;){S 6)—@”0 ',.u.«.o.’?b‘“ ‘o.\.:.C ¢

Lo ule

Ol @bl e godll Sf3T olStils (Mol ooy ¢ 5559 (535152502 09,5 oy (5352500 Myl i IS

Ol @l godlaod SI3T oSzsls oMl 0y ¢ 2559 (55152 328 09,5« 559 (S35 500 Solinl’

sl lpl @Dl e ool ol5T ol8isle (oDl axly  c3y9 ilgd 09,5 (NS (ol rwdlone 1) ghame Oum g3
.htaheriedu@gmail.com

DOI: 10.32592/nkums.16.1.54

oauSa  VEVFNY iedl o gyl

Glas lom 355l 55 ol HSae 45 aa3 e il ) B L LST Las Oy I3 w3, 4 Caul ond aseie doadie VTV iGind @b

055U e 2 o pzn @S oz bolien wad (ol ped alie A ST el Ban b L0l dalllae a8l S5 (B9 A8
A Sl slacs, B 28l o (MDA) s5allsaglle 5 (GPX) slasT,

1eoals 555l

Jolt 05,5 a4y olas jglots catin VF B VY i aials b Ly 8155 55 ) oo VY oltad o, gy ) 50 15 Gl W o

[ Downloaded from journal.nkums.ac.ir on 2025-12-07 ]

052 SIS (slrog)T Cllgs Wl ool (0=Y) Wl (9lS (2 p5 + Sz x5 1=Y) © 2 0 pez 0=Y) Jlog 0y :):;::

win Aoz ) SbyS Hed Mab (99l G yeS + 0z 0 09,8 i8S E8L S Oz ) athe VY Sae 0z SanasST

by g yo8 ez (2515l Sl FA 05 |2l ain 53 adar ¥ g (10,5195 (59, ) waod (9lS G ye3 JSS9 0 SLL ST lad
ool b oadisslaer sloosls i (6 Sojlail con il (7SS (b9, 4 el Sl 5 MDA 5 GPX zshaus 5 wind (3
N gy 2 P[0 s 53 (S (ool 5 (ANOVA) 48,05y il ly Sl (s ,Le]
oz oy (Jloy 0y 09,5 A o 8 28l 1o (P=+/YVF) MDA § (P=+/\F) GPX o 5l zshaw ;o (5 lobine s :aisl
A5 00 Wd ool ped + oy 0 g
B 28l (LS L sla Slss 2 (551 Mol (o9l (28 atin A (12 oS o0 L5 ) S 4 a2 g5 b g S A
B, Gy 0 caS el yo gl o

A0dio

Jié sladisS a5 0,5 axgi Wb oS adg Jb e b lesb
s ST SIS, 2 e o5 Sl S (>Ma] (55T
aile) it Jd Ll G058 Slitie oSl S oo o)Ll
Olaol @l jsbay wgdge Jolds 55 1) (U590 weSTy
,» 4 (Reactive nitrogen species: RNS) Jld 59 50 slaases
o3l saino STy slaJsSge plo b olyon 5y JISso, 5
loais Plasl [0] cul (59,55 2STg 35 10 T 40 a5 05 o
Reactive oxygen and nitrogen species: ) 55 yins 3 i | Jlad
aid, I 4RNS g ROS (¢l 2oz sl lsicas 5.5 (RONS
Jssas .l ol e sla Jool, g ol3T JIGol, slodaseS Jols o
Sl SSgm bgs eaiws STy Slge zshw (ROS ol
align S slayiig, (Thiobarbituric acid reactive substances)

Malondialdehyde: ) o501 so9)le o (Carbonyl proteins) e

o0 iy 5 V] ez (goaa) (o295 Bl 5 035405 ouil3h 52
Sl ol hol Yo 51 (S 0z 2 w5, Brae a5
5 7 Sras Ol o bt slally (25 Slallls [Y]
Sl ailosls las |y e g Sludl GlaJow jo 59 il
@oanio bl b i yo slocglon ool 09380595 E50 L oo
P n s Sorpell Solsm (gl & Suglie (iubs abox
Jstee So35dgily Jolge ol 5o Y] ol ol pon ol gl
el 85T GlaJUSuol, e Jolss 35 a5 igluST Lid o Sl>
s (Reactive oxygen species: ROS) (y5uS| Jled sloais s
Sl Lalpd eulisicde po wshics iy baplaS| X

Il o)l s Bla b b e
oSty Vsame  gliea wilye Sl gl
JSGol) gladiss 5 wisd wdy S99, b Sids i (Sidgen

Copyright © 2024 The Author(s); Published by Journal of North Khorasan University of Medical Sciences. This is an open access article, distributed under the
terms of the Creative Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses /by-nc/4.0/) which permits others
to copy and redistribute material just in noncommercial usages, provided the original work is properly cited.


https://dx.doi.org/10.32592/nkums.16.1.54
https://orcid.org/0000-0002-0866-9628
https://orcid.org/0000-0003-3668-0266
https://orcid.org/0000-0002-4930-6831
https://orcid.org/0000-0002-3636-5816
https://orcid.org/0000-0002-8907-7308
http://journal.nkums.ac.ir/article-1-2925-fa.html

[ Downloaded from journal.nkums.ac.ir on 2025-12-07 ]

1FeY 5L ) ojlouds 7 0590 ((Jlods (Ll )5 (S 3 pale ol il dlxo

Oipes ada A S bl Baa b pols addllas «opl ply ol assls
Shews s, 8 8l (MDA 5 GPX gshaw) auluS]
FLETY

oolitl 5 J5S 05,5 b o9e3lm b b o €55 51 SRR o
St 5 Dy yes VY andllae ol sla ogejl 0g g Joo )
Yoo bVeo figanels gaaa VF LB VY i aslos jo jlisg ol
LesT oliule;] Jass b atin G o 4y Sllgus danl .iog )5
oy Jold (g pwiian 09,5 dw 4y Bolar jsbay alsl jo 5 wad
el WD (9l (oS iz 0 9 iz opx (b
ods ]S g o llinl Ll il jo Sllss sl Job o .abals
Iy adllas cpl.cd,8 15 oyl Last j0 09,5 ;o ofpg o st
IR.SSRLREC.1401.1909 oS L 5,5 psle olKimgs G ateS
oo plol  Sicds aly @il o] Jolie ples gl 00,5 0l
SUlgas ‘()-‘ 5 PURRW l)_'_>| Slaandangians L5‘°)5° 3 SegR
2 Sl SIS BT Jols s sl apidis Jloi oy 05,5
VVIEE (g 529)) o)z S, YIAY Juls g wio )57 cdl o p 5
Slge do ) AAY (Sl jauegs,S duo 0 FAIY (55 (ptigp oy
ooy, clly> a5 Jyo V0] 0 sy aoyo ) 5 o
w2y dbe YW (b ool (nyped + 0y o 9 020 0p
lacs! ST R o 6‘)"5 dlﬁaoj)f uup JRECRARS 6‘°)"5 LS"“'\'C
Ao U oo 250,58 G850 dopo Ve 590598 caan O Soe 4
03973 595598 lime 4 deyd Ve Gl Sy atie 93 O g0t it
Ao, B0 59559,8 eyl ads LL U s atan glal 5o
b ppopls aan glaml 5 aan F oo a4 caalol jo 050,57 cél o
395 2 PSS e 1Y IS5 5n)S ey ade LG
ahan ¥ oo ain,S cdlbo f A ) cad b el ofs, 50 Jeloxe
Sygods O3y (e, bl g e o ST n)S 85 o SLL
s+ oz o 09,5 Sllgs [10] ws ssls o] a4 5lsE
O SS9 o Shl wha A yo 0oz p 0 S84 el 9liS
Jleyi ooz 05,5 sl goge3T (Jg in,S 1zl 5 1) o sl
WA (g10eK5 (B9 2 sl g

Ot (Slaanciin) 0,50 S (9l (nyeS + iz 0p 095
csbol cpped el £g8 51 i daul oS 12l 1) wals ol
O,5 )55 (69, diha S S 4 YIS g, b o Ll sl o,
yo Vo g A F ey L (5 6l IITC 5,8 col) Slilgas o5

Lo, «gjlobial ands cp 3T 5l e el FA LS0uge aids p

bF

asile SlaST BT slape il cdlad 5wl o iolj3l (MDA
5856 olS «(Superoxide dismutase: SOD) ;U gound S 53 gu
3lyausl 35S (e.5b6lS «(Glutathione peroxidase: GPX) jlasTy,
wals’ (Catalase: CAT) ;YL 4 (Glutathion S transferase: GST)
eialaST Les sla Siles a8l a8 conl oads saseie 1] wly oo
&l s (cialaST o] & o8 2l ;5 ROS &Y gase
DT 5o szie Johos
09 sLlld phiie sl 2l oS Conloud polae 3 g
6 bom 4 Ml 2alS g ()59 felS Gleg g Sste g
b 9l go 0y Sl s ey o IA] s e B9 ye B slo
5 Jobw SLimgen (b a4 o Jobo S50, Sl 6,18
AL Ll L] s e B slagsilen ) s St
oS S g STl s e S8y e
i Ly 2w g Gl 1y e (5 s o5 Crllad
Oisn Sl 9 GoPsegly Sl pendS jliwgen
-o s ROS us Jled a4 «colys o (Perfusionated ischemia)
Soer 9 55k Sen 4 ROS wdgs jo cdge 81 cal o5
DT sl oo ooty jo SlawasT T cod Lo
4 (High-intensity interval training: HIT) aol 5ebs Ol ol
bples s Ly obisS b slaculled 6,155 slaalay (51,2
L o8 55 50 Gl (VOzpea) 5] b pme (55051 s Sy258 i
Dgd oo laz o2 5l Gl ol b el | col il aids s
655l § conli (g9 4 az g5 L HIT Sl yad 5l eoe,0l V)]
59 sa ooliinl i geliinl Sl a3 sl i (Sulplio
el BT 4 iy Slalllas 3 a5 col Jb> s ol Y]
o9t « S| T sl asls 5 (p2alaST JLed s (25559
Gl stiens (] 53 il 0 g S wlB Sl g 4
Tsbw s ROS (alidl comgo dyud (55,5 collsd a8 conl oo
18] 545 s (Carbonyl protein: PC) g ,S cpuSs,y sMAD
g HIT (pyes atan A Jlisay a5 wlosls las )b pen
PC 5 MDA zshau 5 (il GPX coudled oo )5 Cudgamme
i 53 6 ol s @l opl 4 [V Y] ol il zals
oS oy g iy shils slaw, ;o HHT aas £ Jlisa, MDA
Dflass
ST HLE8 (5559 Sl a3 BT 05 )0 (aBlite sloasily Jdoay
@ (bSlad 5 LS jLad Jols) Qb8 (S0, STy ol
AL Covgaze oz 2l o5, HIT Ol es aile  SMlow
Sl G 4 4z b el oas izl elS jsbay oyl S 5 L
£t imimad 3 Jsbo Sl 5 baglaSI sl 5 Gauls) s
G5 5 b Sl 5l ool a4 el 31,31 o S ,e o8 slacs Lo
olyad a4 1y B 2l Cadls 5 S99, Cendy ook S S 3L


http://journal.nkums.ac.ir/article-1-2925-fa.html

[ Downloaded from journal.nkums.ac.ir on 2025-12-07 ]

OlSen g (01 )5

e g ools @55 (392 (srb oy Sl 09) 9 Shige s
o305 dbog,S e ol awglie (gly b solitul Lo uily,lg
Glds g2y Dygo )d L, LIS 4 (ANOVA) a8 b il )l
gl )0 Oslis Jome (s lp S omind 9051 5l loline

b oolil P<+ [+ g oline

basdl

350 seg,S Sllsem (o 035 o a5 ol plas g bl LI
Sulobne Golas d(alslaw glah) gl aan 0 (V Jguz) (ow)
sl w0y N0 axae o (Jlpll (P>/+0) cuilas 0e>
b Gl (@9l oy + 0oz 0> 5 )2 p 0 098
P=elev o g0 ya glp) cuils Jlg o> 09,5 b awslie ,o
ARl oz oz 09,8 Sl G (g TV ahe 40 (izeen
it ozn opz g Jlg oz ooy S 4 e (5ol
P=elee e ) g0y slp) olo plas ool

Solobine Dglas 09,8 aw o B p o> e o dalSloe LG o
b8 pym aS ol lis (S nhiad ygel (P=r/ tA) s snyo
4 S g)obie Il gl e gl £ 0z n 0 098 5
(Y Jgoz) cewl aisls (P=+/++A) © > 0,0 05,5

Okl 5l o a5 ol plas a8y il Jelos el bl
(""’)‘;‘ G]a“: 5o Lg)L)LJ_M ugL‘u P Oy90 05; Aw Cy calslow
() JS5) (F=Y/148 P=-VF+) 5,000 5975 o8 GPX

Oseyl sl LL jo (A8 MDA a3l 550 ;0 uizmen
IR 3550 09,5 des G (5l0line SN 48, il )y Sk
(¥ JS8) (F=V/SAY P=+/YVE) ol olis

S By 20,8 12l ) (Sailely 550 b osialid (559 Gges)
0505 Aidsss o,F s gg, (Vma) (Swilely alamd o ar i
Ob S aB3 Y e g uh £gp0 ABBY g fe Ve Cee e ol
alasd B cyge3] ool 00938l (yle )5l e s a0 aliBs e ¥
Sod obml 0929 b g ,0 Lo, Jlgl g (S 4 o)
bl ol ped US5gy VF] 05 Tag aslsl S5 2SI
50wl (2hb (Vmax) (Saslely alasd (o anin e w2500
g o plowl o)lgs Aldin e et (9051 pslez e LG
C o el Aoy Ve bl o pgs aan oo codled wus
gande ¥ bl auls o gl jo ol s oo, wos
S ool Okl 53 5 0955 p5 JSsn akids e Ve ey
|) ua)f Sy JSJS)A mkﬁ.:_.éo P oy VO S l; 6‘&5.35050 0,99
5 dnd> Vg atan A Soe 4 b yed aebip Lyl 2o, 1,
el FA JBlas (25,9 cdld ol BT o w5l jshaiea
dostl Sllgen o plosl (6 S ages ¢ pod dndz cp,3 T 51 e
o3kl 9 (Vome/kg) el 5l (oS 5 (Bliopgye G5 b
arpo Vo ghie gloo b j5y8 50 9 <85 518 mle (59,05 50
VY80 L osadzlgeinl cdl walsl jo ol (g l0asS o 5 il
A Gged 488 50 0 Aere Cepu by olawd Yoo L
5 Randox <uS 5l eolazwl L MDA § GPX w3l o8 ol
-y gy 4 obdS) jeiS sl Mindray vs480 olSaws

DAl s 6 5051l con 5T omin
el 312 58 o Bl aSiles ol 1

s lio 0l 5 (gmz 3530 SR09 S (05 0035 CEM) (:Silo o sl sl 5 5eSils A Jgoir

Y win VA axin Jol azin 09,5
YV £ AA FOAYA £ 4/AD YS. /08 £ 9/9) Jboy o
*E0+/3 £ VY/F) TFY. £ V)PV YEY/PA £ ANE Oz ope
YEYIA £ AISE Q£ )Y YADIY % /8 2955 (p 00 + Oy 1 0

(Pl o V) Loy o0 08,5 b dlio jo loline Liyls3l ®

P12 01) o35 o yed + oz 0y g Jlog o slaog 5 b dnaliv o Jlolins al331 "

adslae (Ll 50 (g 050 sloeg T (p,5) B o2 SEM) (:Sile o sl sllas g Sikeo ¥ Joutx
P F () LB oy 03,5
eI Jboyi o
RV FIVE VYV £ [V Oy g
BVYYS £ - ¥V 2905 (p i + Oy 1 0

P=+1++A) Gz 0 05,5 b aunlie o jlolias yiulj8l®


http://journal.nkums.ac.ir/article-1-2925-fa.html

[ Downloaded from journal.nkums.ac.ir on 2025-12-07 ]

V¥ 5l o) oo IF 0598  Jlosd oyl 5 Sy pole olRls alowe

45

Heart GPX (U/gHb)
w w F
o L9 ] o

[
[%)]

20
Jlosi 6 e

Heart MDA (micro M)
=
= [0y

g
in

Jboyio e

229U5 o5 aan A ol anlllane 418l U gues cdiges (sl it
b eadadss oo, o8 GPX g5 olo ;0 (g 2o
0595 Job «JS5g &4 condosliinl Sllgas [V ¥] 5 55 slowl 0y
casls cales adlas 5o ol )5 o yed 61,2 (Kibe Sluds slass o
eoliial oy ¢ psbipmen ol @l cilhe JJs Yool oS
G, A8 GPX phaw p atin o aul> 0 g atin A b ouiljd
whate Lt o o5 atam A a5 el oad U315 wimmen [V 4] il
IveT o)ls s lobixe 5l o, 8 SOD 5 GPX (sl 3T zslanw 5

b asllas 55l 50 GPX il (6 Sl Sl 5 o yad 090 Jsbo

Sz e T R g R ve

Ly 5

s 2030 Sl 5 30 oil5 GPX 5T il ) Yo
iloass 3135 (SEM) (1:Silie o Jailiwl las § uSilio o osls

Sz FILT (Tt o

Lepg )5

st 230 8095 35 o:l8 MDA o Y JSCi
s 155 SEM) cfilin o o sllas 5 nSilin cam  Lnools

-k

@3S oS 5 0z o S8l a5 ol s eghy ool s
OPX ela) iyl ,Lid (gl S5l prbans o (5 foline i syl
o Sils @bt ol 0,55 sl jliwss glows, A8 <8l (MDA
35 Gomd OmelienSTyy 2 6l oz n onz S8l o5 oo
5 sl s gyl Jlioay g ety bl o] T
el 0925 4 b aslis cpl o (6 s

-5 el 5 (o2aleST HLa8 5 sad (gl G el 3l e o
a8l gl olls 4 sl oa bl il wlillas Sl

OA


http://journal.nkums.ac.ir/article-1-2925-fa.html

[ Downloaded from journal.nkums.ac.ir on 2025-12-07 ]

OlSen g (01 )5

L ablic slp a5 ol cisluSTas clbs b o)1 GPX ol
9 SO0D & Curd i ) 5 39 g0 43S IS 4 ol3T slaJISGal,
oialaST e Ll o bl g aplat da ol 5l cblis L 5| CAT
PRIV RSP [ W I JPC SV S U RV A B RSN BT 98
5 (o3 5 o) (ealesSlas Jelse plo |y ol aslllas
b a5 ol aseie el 0355 55k GPX il 4 g wilos S
28l ol 5l cliblro s b8 o ctaluSTas sl T 51 samss
348 a6 pSoilail o8 GPX prdaws s o ipghy ol o Lol coas
il las 4 Graghy il slacasgase

ialeST e las o B cdl ) cblis slapeilSe vz e
Ly 25 0lse ol Kigsy w)ls Eomy gl joim (o359 codlad 51 56
Yoecls cdlh 3 oleS Sed G Sopu ) wles S ke
Oen Gl X B cdl Yo leSTelSn el a5l
ooy SaJUS 3 Shos g F 1 candlysS sl 4l (ool
NOVEPVIEPICS FRPSRL gOURIE I 1 RSOV N S [ I N g
A o3 Gl (B T O] b jaiSse cassid 0 i
ialSlas el bl L g ol oad o) gl ol
I ] ool ke jgim 8 alae il (5,085 gie

oy 9 Mad ool iyl o ;0 (o8 MDA gzl (0,55 oS
odd 1S sslive jobar gyl gk S0 el oz n
SO, ooy MDA mhaus o asolds ol (o8 aian £ 4S5 ol
A Jlssas oeben DVF] sl g bbb 31 0yz 00 o
1) s b joess tbo slocs, A8 MDA ahaw ity o5 diian
IveT ol olas

ool pe dtin A4S 0D atiie ol adlllhe ais M
Sl sl s MDA (55 plo (hals coge 0y p 002 g ad
Jds MDA (5, 50jlasl Sglite ogds 45 a0 ks & VY] 0
3o el B4 jebiren ail asllhae 9o opl b a8ls
ks sl ;o LBEMDA mhaw yioli8l e coliwl oy el azan A
SSen 555 de imgh 5o ubs slae, jl eslizul [¥0] Wi 518
S 50 S axg ol adlas b1, o] mls oMl el
oIl aia )5 Al B g (Salitul nyed wia A g )3 (5500
ol Son gl La8ls cde [YF] ws csslie J8 MDA alaw
(axia ;5 dud> 0) hogh cnl )3 eadplnil G ped e 39 YL
ol gals 5l il ]y sabolonl cialuST jLid ol Simgsy ol .ol
oS Cawd lzl as wilosls las auz ya asdls (8 cdl o GPX
5 slacdl MDA 5lie ol (2alS (sl (55len o po5 aiin A
ani b ol b Lo satdl [YY] el (559,005 5 calS ga g
2,8 cayllas ez ylas

“CS g Sgur b i (29l (ayed & Sl G5l (S Lo )l5S

s s ol 2alS o L3S, ST Ky il e ayz s

AR

ol ol gen e 5l Vet oS 39y aline Lol agh

b GPX gl (alidl gy opl asdl b (a8ls 50 ()b
Sl o IV ET ] il ons ools lis 6,508 Sladlae s o,
Job 9 wad (ool g9 5l el 2l (o ped SS9 colalllas il
Solze rals opuzen Lry-vy] el 0 axan A alsloe 0,90
(Yool gualical o s atin A Jlisas oo, 8 GPX gl
Widgs b glacs, Slalllas ol 5l (S sla Soge;] sl 00 0ayo
el (385 Ll ol gaoge e gl glis Jlois! Jle o [Y0]
0) i St oluls olaws & gl e |, [Y7] Koo g b
T 50 WS sg2g 4 4z gl b cggemme j0 0l s (anl>
Slads slaws docs)y wds dagy 3l (5, Sojlasl Suss ( Slallas
33 gl 92 (g ool Dllg Cdle Comdg g G yed (She
s alde Glallle £)b b oo taghy szl 05 4z | mls
S S de (nl 50 (6 Kb 4 Wl

b ciolaSTos 02 35T (g Olsieds GPX 5l pion Sl yo
(03979 w1y Bi> p opdle w3l cpl [YV] sl ons oL 8
33 GPX o T VAL aiS o cigie 51, 05T sla S0l plo adgs
=S 5 Jueo CAT 5 SOD _isluSlas slaps 3T oo b awslis
3 GPX o a8 LT3l LY V] ls 59,008 anSTy b (6 i
by oz s Sllser a4 Cond 0z @l oy Lo b
Tobw LIS ohlaSTod w3l nl oS S g5 om0 (6 e
9 g0d Sl () o 55 (6 e 38 (5359 oS b 5 Sl (srnbo
s Wheo, (Gl 8l jo (LS Lad ez onl 2
oxZ 9 2z n onz $egS ;0 MDA mhw (50, ois (ol
laSlas gl Cosli ly p3¥ Syme (9l ped + 220
EBS Sz (n e Olyed (2355 Sodld el sats sl
bl sy a5 a8 g5 oo egpenlyl (D A] conl a0l cagluSTas
Oires P SYeb slaoygs 4 w8 alac <l o cmluSTas glis
el LS

- JG0l, g ool ok L 5 (o555 slaclad ol 2 plin
-5 Selplie Sl s 55 agiay 45 090 it ST sl
o Sud b as ol e sl e aiS e o ) balansT
02lsl SOD 35l g el s o1 S0y ags (e 355 g5,
SISl ol alo e 59 e Sl a5 el ciolaSTas oy s
Loalolidl a5 axtes anSThsm slanes] sasads ol sla
Sloy b digd co Jr05 Ha0z 4y g (dimutase) &5 gows s SOD oo Jlsd
ST Sl Gl o] 3 a5 sgd plosl o jo 5,9 collad a5
3929 b oo oo dolsl 595 codled 4, SOD m}i—l Wi ddgi (6 i
b agdse Jlod OPX il i o350 colled coad (233l L o)
el (5,9 Sedlad (YL slaals o (il ply S (51, HO;

&8ly 45 [¥a] 595 o ol yorr ;2aS SOD Lial331 L 5 34, 00 YL GPX


http://journal.nkums.ac.ir/article-1-2925-fa.html

[ Downloaded from journal.nkums.ac.ir on 2025-12-07 ]

V¥ 5l o) oo IF 0598  Jlosd oyl 5 Sy pole olRls alowe

35 9359 et b g e grnl mslaws gl cilusT jlad il

] 05 Sl Lmu] CL"“' 9O SR

S Sl
) b lid S el ez asbolbl Job> dlie o
B 9 b oy ol S s s s il
aslas tsll“’ 6.4[;- ,bl> AT <l (IR.SSRI.REC.1401.1909

a5 ol )k Gimai ol szl o |y Lo aS SLaS ann 5l el

S s (S8
&be 3l
Sl Gieg b x8le (o)l dSme HF i g

References

1. NgM, Fleming T, Robinson M, Thomson B, Graetz N, Margono
C, et al. Global, regional, and national prevalence of overweight
and obesity in children and adults during 1980-2013: a
systematic analysis for the global burden of disease study 2013.
Lancet. 2014; 384: 766-81. DOI: 10.1016/S0140-6736(14)
60460-8 PMID: 24880830

2. Komaki A, Karimi SA, Salehi I, Sarihi A, Shahidi S, Zarei M. The
treatment combination of vitamins E and C and astaxanthin
prevents high-fat diet induced memory deficits in rats. Pharacol
Biochem Behav. 2015; 131(88): 98-103. DOL: 10.1016/j.pbb.
2015.02.008 PMID: 25687375

3. Hariri N, Thibault L. High-fat diet-induced obesity in animal
models. Nutr Res Rev. 2010; 23(2): 270-99. DOI:
10.1017/80954422410000168 PMID: 20977819

4. Salmaninejad A, Kangari P, Shakoori A. Oxidative stress:
development and progression of breast cancer: Review article.
Tehran Univ Med J. 2017; 75(1): 1-9.

S. Powers SK, Jackson MJ. Exercise-induced oxidative stress:
cellular mechanisms and impact on muscle force production.
Physiol Rev. 2008; 88(4): 1243-76. DOI: 10.1152/physrev.
00031.2007 PMID: 18923182

6. Noeman SA, Hamooda HE, Baalash AA. Biochemical study of
oxidative stress markers in the liver, kidney and heart of high fat
diet induced obesity in rats. Diabetol Metab Syndr. 2011; 3(1):
17.DOI: 10.1186/1758-5996-3-17 PMID: 21812977

7. Skibska B, Goraca A. The protective effect of lipoic acid on
selected cardiovascular diseases caused by age-related oxidative
stress. Oxid Med Cell Longev. 2015; 2015: 313021. DOI:
10.1155/2015/313021 PMID: 25949771

8. Bennie JA, De Cocker K, Pavey T, Stamatakis E, Biddle SJ, Ding
D. Muscle strengthening, aerobic exercise and obesity: a pooled
analysis of 1.7 million us adults. Obesity. 2020; 28(2): 371-78.
DOI: 10.1002/0by.22673 PMID: 31709754

9. Tofas T, Draganidis D, Deli CK, Georgakouli K, Fatouros IG,
Jamurtas AZ. Exercise-induced regulation of redox status in
cardiovascular diseases: the role of exercise training and
detraining. Antioxidants. 2020; 9(1): 13. DOI: 10.3390/
antiox9010013 PMID: 31877965

10. Banerjee AK, Mandal A, Chanda D, Chakraborti S. Oxidant,
antioxidant and physical exercise. Mol Cell Biochem. 2003; 253 (1-2):
307-312.DOI: 10.1023/a:1026032404105 PMID: 14619981

11. Gibala MJ, McGee SL. Metabolic adaptations to short-term high-
intensity interval training: A little pain for a lot of gain? Exerc
Sport Sci Rev. 2008; 36(2): 58-63. DOIL 10.1097/JES.
0b013e318168eclf PMID: 18362686

12. Fakhri S, Shakeryan S, Fakhri F, Alizadeh A. The effect of 6 weeks
of high-intensity interval training (HIIT) with using nano-
curcumin supplement on total antioxidant capacity and

oeolS 1) caollST Lad (NF-KB) o LS slaws cwusis, Jole
OplinSTy e pasls 50,55 i coplply ] aas
i laST a8 595 5l (T sl @ g5 oo |yl anlllae jo (gad

Bl Cmd dals o9l Ol a3 5l ol (6,8 5l 4z o

D (2ol S (yed Sl S 03 Gl S5l Glgiee  Jlox sl
o 0 a3 s, ols il 5 MDA 3 GPX ks
Slp ad ol o yel Glaipiuis soy90 @fly ol (o)
- b)) g B gy slac, B Cdl ayluST Lad o S )
4 Cod oy (M oy b0 b 8 MDA § GPX zolaws &5

99 u4| PLy M)‘SA)J& 4wl QL...\ eyeery JLe).: 0y 6|)|o ub‘y

malondialdehyde level in overweight girls. J Birjand Univ Med
Sci. 2019; 26(4): 333-42. DOI: 10.32592/JBirjandUnivMedSci.
2019.26.4.105

13. Yousefian M, Taghian F, Sharifi G, Hosseini SA. Effect of eight
weeks of high intensity interval training with and without caloric
restriction on oxidative stress in the heart tissue of high-fat diet
rats. J Prac Studies Biosci Sport. 2021; 9(19): 90-100. DOI:
0rg/10.22077 /jpsbs.2020.3514.1566

14. Abbasi B, Samadi A, Bazgir B. The combined effect of high-intensity
interval training and intermittent fasting on lipid profile and
peroxidation in wistar rats under high-fat diet. Sport Sci Health. 2020;
16(4): 645-52. DOI: org/10.1007/511332-020-00637-3

15. Eslami Z, Mirghani SJ, Moghanlou AE, Norouzi A, Naseh H,
Joshaghani H, et al. An efficient model of non-alcoholic fatty liver
disease (NAFLD) versus current experimental models: effects of
fructose, fat, and carbon tetrachloride on NAFLD. Hepat Mon.
2021; 21(8). DOI: org/10.5812/hepatmon.117696

16. Pereira MG, Ferreira JC, Bueno CR Jr, Mattos KC, Rosa KT,
Irigoyen MC, et al. Exercise training reduces cardiac angiotensin
11 levels and prevents cardiac dysfunction in a genetic model of
sympathetic hyperactivity-induced heart failure in mice. Eur J
Appl Physiol. 2009; 105(6): 843-50. DOIL: 10.1007/500421-008-
0967-4 PMID: 19125280

17. Mirghani SJ, Peeri M, Yekani OY, Zamani M, Feizolahi F, Nikbin
S, et al. Role or synergistic interaction of adenosine and vitamin
D3 alongside high-intensity interval training and isocaloric
moderate intensity training on metabolic parameters: Protocol
for an Experimental Study. JMIR Res Protoc. 2019; 8(1): e10753.
DOI: 10.2196/10753 PMID: 30698527

18. Hovanloo F, Hedayati M, Ebrahimi M, Abednazari H. Effect of
various time courses of endurance training on alterations of
antioxidant enzymes activity in rat liver tissue. Res Med. 2011;
35(1): 14-19.

19. Mohammadi E, Nikseresht F. Effect of 8 weeks of incremental
endurance training on antioxidant enzymes and total antioxidant
status of cardiac tissue in experimental diabetic rats. JSSU. 2020;
28(3): 2490-2501. DOL: org/10.18502 /ssu.v28i3.3746

20. Salehi I, Mohammad M. Effect of regular swimming on heart
oxidative stress indexes and its relation to diabetes in rat. J Arak
Uni Med Sci. 2009; 12(3): 67-76.

21. Davaran M, Abdi A, Mehrabani ], Abbassi Daloii A. Response of
cardiac tissue oxidative stress after aerobic exercise and capsaicin
administrations in rats fed high-fat diet. Zahedan ] Res Med Sci.
2022; 24(1): €107861. DOL org/10.5812/2jrms.107861

22. Azhdari A, Hosseini SA, Farsi S. Antioxidant effect of high intensity
interval training on cadmium-induced cardiotoxicity in rats. Gene Cell
Tissue. 2019; 6(3): 671. DOI: org/10.5812/gct.94671

23. Asad M, Torabi Z, Barzegari A, Amouzad Mahdirejei H.


https://doi.org/10.1016/s0140-6736\(14\)60460-8
https://doi.org/10.1016/s0140-6736\(14\)60460-8
https://pubmed.ncbi.nlm.nih.gov/24880830/
https://doi.org/10.1016/j.pbb.2015.02.008
https://doi.org/10.1016/j.pbb.2015.02.008
https://pubmed.ncbi.nlm.nih.gov/25687375/
https://doi.org/10.1017/s0954422410000168
https://doi.org/10.1017/s0954422410000168
https://pubmed.ncbi.nlm.nih.gov/20977819/
https://doi.org/10.1152/physrev.00031.2007
https://doi.org/10.1152/physrev.00031.2007
https://pubmed.ncbi.nlm.nih.gov/18923182/
https://doi.org/10.1186/1758-5996-3-17
https://pubmed.ncbi.nlm.nih.gov/21812977/
https://doi.org/10.1155/2015/313021
https://doi.org/10.1155/2015/313021
https://pubmed.ncbi.nlm.nih.gov/25949771/
https://doi.org/10.1002/oby.22673
https://pubmed.ncbi.nlm.nih.gov/31709754/
https://doi.org/10.3390/antiox9010013
https://doi.org/10.3390/antiox9010013
https://pubmed.ncbi.nlm.nih.gov/31877965/
https://doi.org/10.1023/a:1026032404105
https://pubmed.ncbi.nlm.nih.gov/14619981/
https://doi.org/10.1097/jes.0b013e318168ec1f
https://doi.org/10.1097/jes.0b013e318168ec1f
https://pubmed.ncbi.nlm.nih.gov/18362686/
https://pubmed.ncbi.nlm.nih.gov/18362686/
http://dx.doi.org/http:/doi.org/10.32592/JBirjandUnivMedSci.2019.26.4.105
http://dx.doi.org/http:/doi.org/10.32592/JBirjandUnivMedSci.2019.26.4.105
https://doi.org/10.22077/jpsbs.2020.3514.1566
https://doi.org/10.22077/jpsbs.2020.3514.1566
https://link.springer.com/article/10.1007/s11332-020-00637-3
https://doi.org/10.5812/hepatmon.117696
https://doi.org/10.5812/hepatmon.117696
https://doi.org/10.1007/s00421-008-0967-4
https://doi.org/10.1007/s00421-008-0967-4
https://pubmed.ncbi.nlm.nih.gov/19125280/
https://doi.org/10.2196/10753
https://pubmed.ncbi.nlm.nih.gov/30698527/
https://doi.org/10.18502/ssu.v28i3.3746
https://doi.org/10.5812/zjrms.107861
https://doi.org/10.5812/gct.94671
https://doi.org/10.5812/gct.94671
http://journal.nkums.ac.ir/article-1-2925-fa.html

[ Downloaded from journal.nkums.ac.ir on 2025-12-07 ]

OlSen g (01 )5

24.

26.

27.

Comparison of four exercise training protocol for eight weeks on
expression of some antioxidant enzymes in heart tissue of rats. J
Sport Biosci. 2021; 12(4): 473-492. DOI: org/10.22059/jsb.
2020.302742.1400. [Article in Persian ]

Gomes M]J, Pagan LU, Lima ARR, Reyes DRA, Martinez PF,
Damatto FC, et al. Effects of aerobic and resistance exercise on
cardiac remodelling and skeletal muscle oxidative stress of
infarcted rats. J Cell Mol Med. 2020; 24(9): 5352-62. DOI:
10.1111/jemm.15191 PMID: 32239667

. Farhangi N, Nazem F, Zehsaz F. Effect of endurance exercise on

antioxidant enzyme activities and lipid peroxidation in the heart
of the streptozotocin-induced diabetic rats. JSSU. 2017; 24(10):
798-809.

Gorzi A, Ekradi S. The effect of intake duration of curcumin
supplementation during strenuous endurance training on GPX
activity and MDA levels of liver, heart and skeletal muscle in male
wistar rats. Sport Physiol. 2020; 12(46): 139-156. DOI:
org/10.22089/5pj.2020.8357.1989

Giacco F, Brownlee M. Oxidative stress and diabetic
complications. Circ Res. 2010; 107(9): 1058-70. DOI: 10.1161/
CIRCRESAHA.110.223545 PMID: 21030723

4

28.

29.

30.

31.

32.

Laher I, Beam J, Botta A, Barendregt R, Sulistyoningrum D,
Devlin A, et al. Short-term exercise worsens cardiac oxidative
stress and fibrosis in 8-month-old db/db mice by depleting
cardiac glutathione. Free Radic Res. 2013; 47(1): 44-54. DOI:
10.3109/10715762.2012.737463 PMID: 23039789

Covas MI, Elosua R, Fito M, Alcantara M, Coca L, Marrugat J.
Relationship between physical activity and oxidative stress biomarkers
in women. Med Sci Sports Exerc. 2002; 34(S): 814-19. DOIL:
10.1097/00005768-200205000-00014 PMID: 11984300

Tsutsui H, Kinugawa S, Matsushima S. Oxidative stress and heart
failure. Am J Physiol Heart Circ Physiol. 2011; 301: H2181-90.
DOI: 10.1152/ajpheart.00554.2011 PMID: 21949114

Powers SK, Sollanek KJ, Wiggs MP, Demirel HA, Smuder AJ.
Exercise-induced improvements in myocardial antioxidant
capacity: the antioxidant players and cardioprotection. Free
Radic Res. 2014; 48(1): 43-51. DOIL: 10.3109/10715762.
2013.825371 PMID: 23915097

Yeylaghi Ashrafi M, Dabidi Roshan V. Aerobic and anaerobic
exercise of the acute and chronic and the selected markers of
oxidative stress: A systematic review in human and animal studies.
J Sabzevar Univer Med Sci. 2016; 22: 1126-38.


https://doi.org/10.22059/jsb.2020.302742.1400
https://doi.org/10.22059/jsb.2020.302742.1400
https://doi.org/10.5812/gct.94671
https://doi.org/10.5812/gct.94671
https://pubmed.ncbi.nlm.nih.gov/32239667/
https://doi.org/10.22089/spj.2020.8357.1989
https://doi.org/10.22089/spj.2020.8357.1989
https://doi.org/10.1161/circresaha.110.223545
https://doi.org/10.1161/circresaha.110.223545
https://pubmed.ncbi.nlm.nih.gov/21030723/
https://doi.org/10.3109/10715762.2012.737463
https://doi.org/10.3109/10715762.2012.737463
https://pubmed.ncbi.nlm.nih.gov/23039789/
https://doi.org/10.1097/00005768-200205000-00014
https://doi.org/10.1097/00005768-200205000-00014
https://pubmed.ncbi.nlm.nih.gov/11984300/
https://doi.org/10.1152/ajpheart.00554.2011
https://pubmed.ncbi.nlm.nih.gov/21949114/
https://doi.org/10.3109/10715762.2013.825371
https://doi.org/10.3109/10715762.2013.825371
https://pubmed.ncbi.nlm.nih.gov/23915097/
http://journal.nkums.ac.ir/article-1-2925-fa.html
http://www.tcpdf.org

