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Abstract

Background: Ageing is associated with changes in the function of liver cells and the development
of chronic liver disease. According to the theory of free radicals, the process of cellular aging is
the result of a mutation caused by active oxygen species, more oxidative stress, and impairment
in antioxidant defense of the cell. Exercise with the induction of antioxidant enzymes reduces free
radicals and also prevents the aging process from producing free radicals. The aim of the present
study was to investigate the effect of two protocols of interval and continuous training on the levels
of antioxidant enzymes in the liver of old male rats.

Methods and materials: An experimental study was conducted on 21 healthy rats (24-22 months).
The rats were randomly divided into three groups: high intensity interval training (HIIT) (n=7),
moderate-intensity continuous training (MCT) (n=7), and control group (n=7). A routine interval
training program was conducted on a treadmill with an intensity of %100-80 of maximum oxygen
consumption and a moderate intensity program with intensity %70-65 of maximal oxygen consumption,
5 sessions per week for 6 weeks. Then, 48 hours after the last exercise session, the liver tissue
was isolated on ice and kept at 80- ° C until the test. The supernatant was used to determine the
activity of superoxide dismutase (SOD), glutathione peroxidase (GPX), and catalase (CAT) enzymes
as an antioxidant state for liver tissue homogenization. One-way analysis of variance was used to
determine the difference between groups (P <0.05).

Results: Superoxide dismutase enzyme (SOD) and glutathione peroxidase (GPX) were increased
significantly in the continuous (P=0.002, P=0.005 respectively) and interval training (P=0.001)
groups compared to control group. Catalase was increased significantly in the interval training

group compared to the control group (P=0.015).
Conclusions: In general, continuous and interval training increase the level of antioxidant enzymes
in old male rats and this increase was more pronounced in high intensity interval training group.

Keywords: Exercise; Free radicals; Aging, Superoxide dismutase, Glutathione peroxidase,; Catalase

. J

*Corresponding author: Rahman Souri

Email: soori@ut.ac.ir

[ Downloaded from pejouhesh.sbmu.ac.ir on 2026-06-24 |

Research in Medicine 2021, Vol.45; No.1,28 -33 :



https://pejouhesh.sbmu.ac.ir/article-1-2133-en.html

O CYEZER N W s

‘:fw ,:«; JL,, J’“ Lar

< A A )
&L)JJ’}“/}‘:?UJ’}“:WU V(a’{.‘dji"w

Sl Tobas 52 3 (29U5 g (09l (el SS9y £95 93 53U

e ‘Sbu) ..\.J:S 63'A¢MS“5M

-
oY

TG olasy il & g Sl 95,1 % 5y (ylos,

Ol cOlad (Olad oBLa31S ((gBi)s pole 5 (Juy Con s 0uSLadS (hy9 SIelsasd 09,5 -
Ol @S pluy Jlo Gi9al duwgn Gy Can 3 09,5 ¥

WAV sllis b o)l

WAAAYY sdllis by o b

7

\.

dond sk 00 s 239y IT 30y 6295 Geb Caul Baiye (a3e $S Slagrlon 395 9 64 @ladshu 3hes 545 b s il 180D g Al
3% U39 99 586 ol asdlhe Bua .Cuwl sk oIl g8 30 UM 5 5idy s8lduas] il (3] Jlzd sladisS dluws 4 0ud dlewl iy

(HIIT) was a9L5 02,8 0955 de 4y 30kl Cyso dy Loy s pladl (olo YF B YY) Lo &) o V) 695 9 2025 Giey 4 dllae () tandlae V9
doyd Ae-Vee Oud b Jeedys $9) Ow9d HIIT (3,4 daliy 050 euuds (V=lusd) JAS 9 (V=luss) (MCT) bawgie Oud b 09lS 0,46 9 (V=lusd)
AS C8L 4 daale 53,57 ) Gy sl FA L0 ol didn (id Oiks dy i ) duale gy« ST S0y $O-V+ Gus b MCT doliyy 5 Cas w5510
LS gw Glae 3l Clled gusd gly LS 8L Gssmlisiisas 3l dolo oual Caws @ (25 Covud 1 §310aSS Gl Oloy B 8,5 il doys A+ 30 9 lue
03,5 Gy sl us @l 4l el iyl LT 31 s oslitl GlueSI BT Cumds Olgis 41 (CAT)IYBE 5 (GPX)3lususS]y O55UslS (SOD) jBgaund

Wb g9l 9 (P=+/++0 5 P=+/+2Y (33 @) ashts (nsd $o0g,S )3 (GPX)3IuaSTyy 0556515 5 (SOD) Bsans wyluSlysw slogssT a8l

(P=+/+10) C3L gslobime (iali8) J5S 05,5 dy Cod duid 395 03,4 09,5 55 HVBE .aibl g)lslime (iuldl JS 09,5 o (=+P/++Y)

@sls 09,5 33 i3l ¢l 9 L (a5 glawy 5 dl.L:a‘S‘L,IJT L§L°’(°J)JT Olsee (i8] Cuw J3ids (3913 9 &,agl.,\j Slags 6 <gl5 Jsb @ :LS); A

SYBIS STy 3536585 BgamnddeaSlyrgu T S0l «8y (859 Cullad :d.x.:.lsc,lfjb

Zev\.@b\

sl G 3 Sl A8 i) BT gl il pshu » (eolis 5 29l

.(>+P/+0) ui oolawl

Y] )3;&.4“7 ol

eIl €8S s 4 Jsbo 0sd 3y ol ol b ablie (sl
5 (GPX)jlanSy 5lislS {SOD) bgonsd luTyow Jold soujl
oS00, lsil dlas il 3 Loy bd s & Jsks (CAT);YGIS
o (lamunilSo b algs o b lawnS T ol ol o jaome el Jleb
5 Sl 36 lagg cutlyy (ST (nige chile ialS il
Jos (HO) wusly 03gpa g dulige Wile (58] Jlb claeiss
E65 s b s ) it Ol sla S0, LSits ST s (F-5) a8
Crl cm I3 L oS 29500 ST ol 41 e sl lasus] ]
oz I o ol gl oyl Gl 0 e Gl Al
514 (5lgm Sl 5 o g orb Ll 385,50 15 18T o5 S

[ Downloaded from pejouhesh.sbmu.ac.ir on 2026-06-24 |

Research in Medicine 2021; Vol.45; No.1;28 -33

VRN
3 sl cou 1) o dilise claplul & conl odd as b w013 S oy
S JGaly a5l i Wg gy Cd i (gly (ool pandlSe a0
518 ol (6595 -l il slacdl )3 ulunST Loyl g 3
sy 4 033 bl Gl an Jilo 1y Ng) S WS g
(NS Loy cunl ()N ghe pf > (ST JUb oS
Jobo a1 5T g s > S 5 e gols] ol
cle a4 aind o b pudglie Jols a5 Sl la I (VoY) ol
4 Sl3l® sl s g At oy STy iy 015 ik (o)l 3529
(¥ 950 LlangrS g s do iy DNA disle ol J5hag S1o

S (o> i) gams DXt 93
soori@ut.ac.ir : Sug S Sy



https://pejouhesh.sbmu.ac.ir/article-1-2133-en.html

Oen 5 (555w oo, /Y

[|>ownoaded from pejouhesh.sbmu.ac.ir on 2026-06-24 |

b odnl33 (o559 o9es) o by (giluliil ands p 3T 5l el FA
g sl Jsod 5 (89 (phgd e g pSTs ol pbul (Ss jpe
S BB s 5 99 0 Eoyd AbBD 2 o Ve Cpos b 0dl5E 0] &S
4 ey oloj -2 dalid 039381 ] 4y 4B 5y o dus b Joleo iy s
S8 S5 sl s b a5 ) g0 > bl i b S
Ske 4y ool p po5 odel Cowd 4 S sy ool A5 o aSeiie
ML).: (\A)..\,w @l)]o d))@) dL&aba)fdl):W))w C—‘iﬁw O""‘“’
Cudlad i lie e jd S 05,5 -l 0l W)l 5 sl Jadn 55 (s ped

0l el (05559

Vb b b (sl (o yed 40l =) Jgi

%5+ % A+ Yy b )
%F + YA+ vy 5 Y
%0+ %+ Yy \4 Y
%00+ FZARK Yy A ¥
%0+ %\ Yy A A
%0+ AR vy A 5

Logle A5 b (oaghti (oS 4l =V Jgi>

VO %50 )
Y. %50 Y
YO %V Y
Y. %V ¥
Y. %V A
Y- %V 5

a- YY) u"‘w)‘u*‘;)’LL&’U‘P‘&)""WL)‘P])]Q‘“WL"\CA
il & pySides O UY) 3l 5 (0 gy Py okSm il & p)S e
Lulpd cod a8 el glaiges - 508 SL8 5 Gharen (O 0 jl oS5k 2
S5)258 pe b gt Sl laiyg0 Bl 3 Lz g 5l il
13 oStlojl 4y JUE) (e 9 0k dazmie (-Ae (slod) olo il o Alolédly
Ol B (6105 Jais 50 L;bliu.\)lﬁ)i Sy el ooy b asyo-Ar slod
5 g Jinyge <Ol e taloil o) 5 ad bl laygail Sl am 9 5 Jles]
L g A5 550 (protease inhibitor ¢gls) Ripa 80 ;5 Ve &V s b
Joloee sy 93 9 b Souy yilo a0 ¥ (glod 0 ddBd Y oo 4y yg3 YO+ o
55 L o 5l T (pellet) coly Ggw, g (Supernant) cobl g Bg
& S| T sl e 15 (6,53l ) ST pb 35
CAT (Rat SOD,GTX,CAT Elisa 3 GTX (SOD I3Vl o aluws
32 JsegsSee ol e a5l slulyy oLl 598 cales (Kit, ZellBio
D e Cuwlun 085 JE (Aot 390 (elign L p)S ) Al
ol oo il 4 Sy & €255 b -390 e 5 25l

48 3,5 o plol (ROS) 3uS] Jlsb (cladisS silo gl sfiguTyyy ol
s yliuS1 5 b gl ey b Il e ol 51 1, Jobs
o il b aS by lasnST sl e STy s > ol pas .S o
Slapl Sl & 225 b (YhDgd e i 08 ol & Bl Gl
0% R el By S ladsle I f 4 GlsT 3l
4 Wlgised Loy b g p o 53 a3l ol G238 g (ol ) i oo 8Ly
s dl): &S Conl )L) ‘u;l).:l.u b ausly d.\,f W»T » Y 37 )9.\0
(V895 gy 45 €l (sloy 51 oS 3,Slac

Slampl ggaw 1) SUF G slacled plogl )BT (ool (slaadllas
adhs g0l b ol b lod,S ayy 055bs sl lasms]_zl
il (adlie daiyjel GAb g g9 wde 4 dxgi b dlnej (pl yd
Gl s )l 58 gl o gl IRl (oyme 3 (S s
ST 5l ol cllsd Sopo0 b 5l SlaST 5T et
cullab azin 4§31 (YN0) o), Ken g Lima gladllas )3 .(V+-VY) 295 o
bosd (b slacy 3 a8 Ghaws| sl Glampl pobw 1) g
(5309 Cryed oS Bidoy 4 oyl & ol 38T gy r ey ]
(OVF)amd oo il33l b slacsy 1y a8 s T las 31 culls
Ol dy o)y Cullad 3955 S 100)S by 305 VIA) ) Kan 5 lies]
(V)35 0 oy sy 33 5lmnSTy e5lglS w3l i3l 4 aian 4w
P e Fe BV Cepo b a9 156 (Vo)) ohea g oblsa o Jbs ol L
) lme Gige 4 (por3l Clled s 2 loj cilises (gloe0 )3, 4B
ol yed e (sladtin Ll 0gd a1l s )3l oy
35 (YY) o), Ken 9 Rodrigues .(V0)s)ls o 55 1y laes 3l cullsd ol5n0
ey 88 ) alinST oyl glajadli p ) eglie Cullad atan V- il
L)'i‘ LsLibduﬁl.: -AJJ)S R ;(@9.5)999‘) dg 0w 4.2»}5'.)).3 Lhu] UL\A.’X.T as
3ol (68 g5launST ol 50l 4 B aglie o o5 48 5l LS anlllas
(V)3 oo (2l 3811y (68 gl oyl § o (50558 5l g 003
2 Solie Bl cnyed g5 g Cde O &ty oo o 4 gl el pl
e ains (K3 b L (WAF)abl ausls ol yor 4 G;L\WSIG';;'I oo
2l ©ud b ol glagypes JSS9x g5 90 (e dlie 4 45
it Sl aslasls 08 cdl > Sl Sl e 3T olise (sl pus
2 b9 ekt sl e 1 (b Jloto BT oSl s 4y 5 553 LYo &
ORingh Cuenl plo slaggdge i Mellu S8l 3 0hg 4 (S5 CudeS
23 5 295 (el SS9 92 586 pSl gy Bin (Il sl 03,
ool e oy 0SSl 51 b 3T zslaw 4

g, 9 3lga
AP g @y oo VY Sl gyl )3 - 4 plosil ()25 g 4 adllae ]
Sblges JEB! 1 ey 9 45 6)l0,5 il duwge I (4nle V¥ B YY) L
a5 i S e 4 Blas Sl S b (ola uid )3 0lKialojl Joe 4
Candy & baple S5l Laulyd g oyl (o3 Gl b s
505 Ll 55 o5 SS9 b age Sodo ol 13 psian 33,531 355 4|
ok 5 4i8D 50 o VO B Ve s o b i 93 oo &y (s yo5 daliy S5 )
oS ke 43 YWY 6lod 55 blees (03,8 8,8 4ids V0 le
oy b g el WINY i) & So,b b o g doyd B0 H0 Cugbs,
J5S 5 60455 (255 s9e po Syss <8 b 2 cwdy) lie 5 o w3l
ool b, P alSilefl slaglse b ) (EMSI cjlgo (solos 250
(Y8, + «D.IR.UTREC) 533 dia (g5 j) adllan .5 1,58 L5 3,90
LA 29l e 09,5 duw yd (Bl yob 4y oy b Aol oyl yeg o8l
DL s 58 09,5 5 (MCT) Lawsgio @i b ssls o505 (HIIT)

Y YA Vo ol 180 s

.‘./ S0
iUy,


https://pejouhesh.sbmu.ac.ir/article-1-2133-en.html

WV lesy 48 (S lsT Gl 3l olaws g 08 (0915 5 coghts (2 pe5 JSSgy £95 93 b

ownloaded from pejouhesh.sbmu.ac.ir on 2026-06-24 ]

e e 7T L TACAZ Vi Vol (50 2

[

(55 a9 Loy

Molize Al L (ol g (gl (p2pe8 ditin b adlllas gl & g b
ORI ol 5 392 olyan Bigannd dSTigu g STy (5UslS claen 5l
29 (e i S Sl ey (ned D91 5 pSediz pdd (9l 095 5
Bl (gyblixe inl3al YLK polaw s

ORI 4 ) Sl Bl slamsl GBI e ol GBS @l
B30 s (g5 o0 (409 slocdled (36 tplusTas el
o JBGsl, (giludlil 4 oo s cdled 45 ol o 03ld Lt L i
Iy @"Wl&j bl Sdglie sbyune 395 digh & &5 dgi 0 sl
SOD g o Sl o5 @ 5l & 19 o o (gl )3 48 0 S35
oS 350 0 b il ela JSGol, plp p3 ot (ol b pinss leie 4
et (HYOY) (59500000081 44 1) 20aST 00 glo JI031) s (iSTs
Sl w3l b GRIBI Gy clld o Gloj S
alllas 5 el oDl (VY )8 oo tis 1, HYOY g 5555 Ji GPX
slp 28 YU Bl @ poxie 55 b (old (pped Wi (RS Sl
9 shjyg Clled oAb e 5 oo o SIS 5T slap T iol38l a5
5 01.3,5 01 3] sla S5l 85 3 (5o o el e
ool SV e 4 G509 st 3 (ST T sl 3T talj3l s o
wllls gl eloasl, (VI3 Sy il slacdl 5 1]
5 Tung (V-3A) (pds;y 9 bses] Glles gladidl b aiej ol o pols
(Y+\Y) Vieira Junior (¥-\¥) |)Ken g Powers (Y \¥) ], Ken

okl g polazs] gla ool o Lol 39 s Jolge dad o (slp
il Eglis o b dbgy e

Loosts ol 5 4,525 b,

Om sl ad Llos g 4550 SPSSY . LS)LJ Hiele s 5l eolawl b laosls
0f 5 Shggpls slagseil ) oy b g ol Jlos @i
obyly Jlo g0l 5l oalitol b aodly 1 Slie duwlie (puizron - odlaul
A5 plsl LSD iy (y905] g 3030 5| a8 (5 loline prdaw ;> 48,y

=W

PVETY uf.u.u)l o J)‘.S bj)f A Cod Ls”?l’b R s °5)§ 5 SOD ).:.)Lan
e 09,5 50 palie pl ((P=o/ee¥) oy LS ) (gboline ial38) ¢y pe3
b uLW Iy sobline )lel (l3l 55 U8 098 4 Cus 0d (gl5
Gl Gl ooglss (pyed A Camd Lad o9l oppes (PE/e0Y)
05,5 ;> GPX pslae .( P=/43Y+) oy i SOD polis jo 1y (g boline
bne (I3l o i i Sl gy S 09,5 4y S (09l5 (e
09,5 & Camd b _9l5 s pe3 09,5 13 polde ol (P=e/e20) ol lis |,
285 29l opyed (=2l V) ol i 1y (o yboline (g lel il 31 55 J S
sy oylis GPX slie (5 1y (gloline (oylol (yial38l ¢ coghts opyed & Capnd
):\’JJ)L;DB;AJWAJMu)?UJ)Nbs)f).))Yblfﬁ.)ln.a(P:~/"Y)
(Y- dhz)b%.j) (P=+/-10) ab oS Iy 5 blixe d)bi u.bl).al

2 9 * ¥ 20 - * P
1.8 A T 18 -
16 16 -
3 14 PRI
, i 12
b 12 Y
s 1A a 3 10 A
= A 23
& 5 08 - HEE
3 0 - T 6
04 4
0.2 - 21
0 ; ; . 0 ' ' -
5?6 . .5);’ . \}1;’ b? - df P -.j"a
¥ 5 5 hg
5 F K E:
A:KMJ‘JMB;W)JGP)U).:A—‘})W Gl aw dhzs09)§ > SOD ul),.n -\ )1.394.3
03 - *
0.25 |
3 02 |
3 B
D3 015
e 8
33
3 o1 -
0.05 -|
O 4
ﬁb N df v‘sf)
33 &Jﬂ

4 4w s 09,5 sy CAT Oliee =Y la505

USS 05,5 b oy cslog S yloline coglis .l 01 45,5 5 )5 lolins (yle] a5 j) P< /40 e

0,



https://pejouhesh.sbmu.ac.ir/article-1-2133-en.html

OSen 5 (5590 ooy 1YY

[|>own0aded from pejouhesh.sbmu.ac.ir on 2026-06-24 |

2 6Bl bl s late sbagnyed plxl &8 238 plo (e ()
3 oy JUis 4 )53l ali b - digd oo o (i8] 40 s
o3l oS slagljze g b salgs 28 )sSie slam 3T (gjlole; 4 o
(IS s 4y il dimlgs abgy o cla STy (gl p5Y ColsS ¢ Sl ]
i9y o 3l ol o o> WS il 4 (Sl T elaps 5T olise oYL
2 3031 S S0l a5 sy 55l ST 33 3y Jlai]
bl S <8l )3 a1l a3l caslio e o 1S 2L
ol 4 gl il 1) ol (gl IS, (sl iy (08 25 (sl Y
pae opl Jbo ol b (YAFAND)AS o5 1y yuas Lo 31 ol l5e ¢
oy ot ) ity S ke (slmalllnn byl dallln o5 e Slyan
2 SaS1 5l s Cndg ] ploj e (S £ e 4y cl a0
18l (55558 ) sl 5 51 o3litl g adllan 3,90 (slacl,

J5S pas & (g der o &S 3 alacysgizs gl jols adlllas
) )5 o)l (Bpas 58 e

055058 lapa3l olise o 3 ol b adlee @l (S gk 4
e SSsn g 9> el Sl UTg)hed OlinSsw 5 jlns]y
5 <8l il 5 09,5 b duglie > ) bawgs (445 (29li5 5 (so5l)
09,5 1 &5 YU 3l (lise g iy 005 sl 09)5 5> Ll
ploml oo o 4 8L S 09,5 &) Cannd (gylne puid D (gl
2392 P (a1 By 35 9 1S (ol polaid b b (ol (slacy o5
3 d9dise e aluSINS ol Coshl 4 b (ped o 0950
G pdiges Kol ludl 08" Bl )0 ey 3l cpl culled i s 48" bl
dulie b (6,500 340 §d D o dlpindy ] JSiio g 039 by
o g adlas Gludl g5 5 ol ol el e yed SS90 €l
g () g ohaluSIas £l 5 taluS] (sl

:‘_sﬁ‘b)dé 9 ,S.w“

ol )05 oSl e Cgles by s TVABVV + 25k ol |yl s
ol Pl 5 8 AS e g g ooled J) o) 5 S5 L
Al o Rimgh by )lSen JloS” gl

& L

1. Ahmadian M, Dabidi Roshan V, Leicht AS. Age-related effect of
aerobic exercise training on antioxidant and oxidative markers in
the liver challenged by doxorubicin in rats. Free Radic Res 2018;
52(7):775-782. doi: 10.1080/10715762.2018.1470328

2. Wei Y-H, Lu C-Y, Wei C-Y, Ma Y-S, Lee H-C. Oxidative stress in
human aging and mitochondrial disease-consequences of defective
mitochondrial respiration and impaired antioxidant enzyme system.
Chinese Journal of Physiology 2001;44(1):1-12.

3. Liochev SI. Reactive oxygen species and the free radical theory
of aging. Free Radic Biol Med 2013; 60:1-4. doi: 10.1016/j.freerad-
biomed.2013.02.011.

4. Wadley AJ, Keane G, Cullen T, James L, Vautrinot J, Davies M, et
al. Characterisation of extracellular redox enzyme concentrations in
response to exercise in humans. J Appl Physiol (1985) 2019; 127(3):
858-66. doi: 10.1152/japplphysiol.00340.2019.

5.Radak Z, Chung HY, Goto S. Systemic adaptation to oxidative chal-
lenge induced by regular exercise. Free Radical Biology and Medi-
cine 2008;44(2):153-9. doi: 10.1016/j.freeradbiomed.2007.01.029.
6. Pinho RA, Andrades ME, Oliveira MR, Pirola AC, Zago MS,
Silveira PC, et al. Imbalance in SOD/CAT activities in rat skeletal
muscles submitted to treadmill training exercise. Cell Biology In-
ternational 2006;30(10):848-53. doi: 10.1016/j.cellbi.2006.03.011.
7. Souza ACF, Marchesi SC, de Almeida Lima GD, Machado-Neves
M. Effects of Arsenic Compounds on Microminerals Content and

SYO)3,ls Slgen (Yoo F) o)) Kan o Glindiiz 4 (V1Y) )] Ko g 5,51
OgmlianSTy ial33l s 4 Lo daes 35T ol zolaw Liol38] (YT AN
b 3l w59 cullsd oS cul ol 5 (Sl gls ae; opl el
FaeS] OIS asigingy eyl gV x5 Sl
IS 550 g5lannST oyl (slaa],8 4 a5l ,Sle colled 4 jlaunSINADPH
Wl Bk 1 OAYD)358 0 e daed CpgmliensTyy Gialiél & g ol
23093 (6310 s 9 20 (Slagy o5 (Sl )3 (mdge (193 by SRR
ad oo g9y S Alen olaplil ) &5l 2)90 (L B (b 825
9dien Ogune dad GamlienSly (RIEN K9y 3 (6,500 ele (s
M1 S s I3 35 i 205 (gl sl o plSin
Cld b )9l gloj 2 5 (eialu oyl (58) Vb 4 o8 39500 ol o
el ((YYYE)04d o yomie cioluSTas b Liulidl 4y (gilen pudgilic
2 g (ol E83 s ¢y Collad plodl JLid 4 o 0 g0
Ml o osly el 5l 555k 5 Slanasl Bl Gl jrin Jol3l
Jods &y CAT 4 SOD culed yiol38l b conl San (b)ys cullad 23l
)31 3590 3 amd il 31 1) Slas) ol g8 (ol ma byl il 81
relS g Slid & dianly Sl je B2kl Gl Clld GPX gl
oo (53 )l 35 g ng29llS 9 AMPK &y iy 518 (slaey 3T cllad
ooyl g dmd e iulil ) u;l.\uufluﬂl LglmM)'ﬂ cub)ls FOXOY
VPNV S o o5 YU i b (559 colled (bl gulags]
5 b & g b sl oad odlitul (gilon o JSSgy oS ala gy
P (V) Juhen g oblsa sl oad 5,155 Fglite ol ¢y ped Cite
G5k 59 o Llg5 od dian AL toliiw] oy o aS" 00> )lis (slaslllan
(s loatin il oliee bl 05 508 ol o)l s
ol adllae gl b oS (Vo)) w2 lmwi}j'l o) el e ials
By s, $9) sladlas y» (Y+\Y) OI)M 9 Araujo 2,8 @\M
P Ol ials aals wisg 03,5 ool 35 ol JoSa jl 4 03,8
S5 g 35 ¥+ +0) ), Ken g Schneider .(YA) 1559 A8 8L 45 3YBIS
AY2) 263,55 ol b y9 Callad Calisto (glacnd )3 5YBIS oo 3l ol5e )
Antioxidant Enzyme Activities in Rat Liver. Biol Trace Elem Res
2018; 183(2):305-13. doi: 10.1007/s12011-017-1147-3
8. Glorieux C, Calderon PB. Catalase, a remarkable enzyme:
targeting the oldest antioxidant enzyme to find a new cancer
treatment approach. Biol Chem 2017; 398(10):1095-108. doi:
10.1515/hsz-2017-0131.
9. Pacuta AJ, Kaczor KB, Wojtowicz A, Antosiewicz J, Janecka
A, Dlugosz A, et al. New glutathione peroxidase mimetics-In-
sights into antioxidant and cytotoxic activity. Bioorg Med Chem
2017; 25(1):126-31. doi: 10.1016/.bmc.2016.10.018.
10. Zakharchenko IV, Ovsiannikov VG, Davydov VV. Role of
free-radical processes in age-dependent change of energy provi-
sion in the liver of rats in stress. Adv Gerontol 2003; 12:99-102.
doi: 10.2147/CIA.
11. Alouie A, Zehsaz F, Pouzesh Jadidi R. Effect of endurance
exercise with chamomile recutita leaves extract on liver super-
oxide dismutase activity and malondialdehyde levels in type 1
diabetic rats. Research in Medicine 2017; 40 (4):165-17. [In Per-
sian]
12. Kalkhoran JF, Shabik A. The effect of combination of aque-
ous extract of saffron and aerobic exercise on the concentration
of antioxidant enzymes in the liver of diabetic rats with Strepto-
zotocin. Journal of sport science 2013; 5(4): 1-19. [In Persian]
13. Banaeifar A, Shahkandi H, Behbodi Tabrizi L. Protective Ef-
fect of Curcumin Supplementation and 8 Weeks of Endurance

Y YA Vo ol 180 s

~‘~/. fop b
iUy,


https://pejouhesh.sbmu.ac.ir/article-1-2133-en.html

WY lesy 48 (S lsT Gl 3l olaws g 08 (09l 5 coghts (2 pe5 JSSgy £95 93 b

ownloaded from pejouhesh.sbmu.ac.ir on 2026-06-24 ]

e e 7T L TACAZ Vi Vol (50 2

[

Training on the Antioxidant Index of the Liver of Rats. Iranian Jour-
nal of Nutrition Sciences & Food Technology 2016; 11 (4):39-46.
[In Persian]

14. Lima TI, Monteiro IC, Valenga S, Leal-Cardoso JH, Fortunato
RS, Carvalho DP, et al. Effect of exercise training on liver antiox-
idant enzymes in STZ-diabetic rats. Life Sci 2015; 128:64-71. doi:
10.1016/j.1f5.2015.01.03.

15. Hovanloo F, Hedayati M, Ebrahimi M, Abednazari H. Ef-
fect of various time courses of endurance training on alterations of
antioxidant enzymes activity in rat liver tissue. Research in Medi-
cine. 2011; 35 (1):14-9. [In Persian]

16. Rodrigues MF, Stotzer US, Domingos MM, Deminice R, Shigue-
moto GE, Tomaz LM, et al. Effects of ovariectomy and resistance
training on oxidative stress markers in the rat liver. Clinics (Sao
Paulo) 2013; 68(9):1247-54. doi: 10.6061/clinics/2013(09)12.

17. Ogonovsky H, Sasvari M, Dosek A, Berkes I, Kaneko T, Tahara
S, et al. The effects of moderate, strenuous and overtraining on oxi-
dative stress markers and DNA repair in rat liver. Can J Appl physiol
2005; 30: 186-95. doi: 10.1139/h05-114.

18. Rezaei R, Nasoohi S, Haghparast A, Khodagholi F, Bigdeli MR,
Nourshahi M. High intensity exercise preconditioning provides
differential protection against brain injury following experimental
stroke. Life sciences 2018; 207: 30-35.

19. Azhdari A, Hosseini S A, Farsi S. Antioxidant Effect of High
Intensity Interval Training on Cadmium-Induced Cardiotoxicity in
Rats. Gene Cell Tissue. 2019; 6(3):€94671. doi: 10.5812/gct.94671.
20. Covas MI, Elosua R, Fito M, Alcantara M, Coca L, Marrugat
J. Relationship between physical activity and oxidative stress bio-
markers in women. Med Sci Sports Exerc 2002; 34(5):814-9. doi:
10.1097/00005768-200205000-00014.

21. Hamakawa M, Ishida A, Tamakoshi K, Shimada H, Nakashima
H, Noguchi T, et al. Repeated short-term daily exercise ameliorates
oxidative cerebral damage and the resultant motor dysfunction after
transient ischemia in rats. J Clin Biochem Nutr 2013; 53(1):8-14.
doi: 10.3164/jcbn.12-72.

22. Tung BT, Rodriguez-Bies E, Ballesteros-Simarro M, Motilva
V, Navas P, Lopez-Lluch G. Modulation of endogenous antiox-
idant activity by resveratrol and exercise in mouse liver is age
dependent. J Gerontol A Biol Sci Med Sci 2014; 69(4):398-409.
doi.org/10.1093/gerona/glt102.

23. Powers SK, Sollanek KJ, Wiggs MP, Demirel HA, Smuder
AlJ. Exercise-induced improvements in myocardial antioxidant
capacity: the antioxidant players and cardioprotection. Free Rad-
ic Res 2014; 48(1): 43-51. doi: 10.3109/10715762.2013.825371.
24. Giindiz F, Sentiirk UK, Kuru O, Aktekin B, Aktekin MR.
The effect of one year’s swimming exercise on oxidant stress and
antioxidant capacity in aged rats. Physiol Res 2004; 53(2):171-6.
25. Vieira Junior RC, Santos Silva CM, Azevedo Voltarelli F.
Aerobic swimming training increases the activity of antioxidant
enzymes and the glycogen content in the skeletal muscle of rats
Rev Bras Med Esporte 2013; 19(3): 204-8.

26. Jahani G, Firoozrai M, Matin Homaee H, Tarverdizadeh B,
Azarbayjani M, Movaseghi G, et al . The effect of continuous and
regular exercise on erytrocyte antioxidative enzymes activity and
stress oxidative in young soccer players. RIMS 2010; 17 (74):22-
32. [In Persian]

27. Soori R, Gerami M, Pornemati P, Eskandari A. Effect of high
intensity interval training and continus training on antioxidant
enzymes in the heart of the old rats. J Gorgan Univ Med Sci
2019; 21 (2):26-3. [In Persian]

28. Araujo MB, Moura LP, Ribeiro C, Dalia RA, Voltarelli FA,
Mello MAR. Oxidative Stress in the Liver of Exercised Rats
Supplemented with Creatine. Int J Nutr Metabolism 2011; 3:58-
64 doi:1249/01.MSS.0000386450.39901.66

29. Schneider CD, Barp J, Ribeiro JL, Belloklein A, Oliveira AR.
Oxidative stress after three different intensities of running. CanJ

Appl Physiol 2005; 30:723-34. doi: 10.1139/h05-151.



https://pejouhesh.sbmu.ac.ir/article-1-2133-en.html
http://www.tcpdf.org

