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ABSTRACT

Introduction: Oxidative stress (OS) is one of the main factors of neuronal damage during
cerebral ischemia. OS leads to the formation of reactive oxygen species (ROS) and triggers
several destructive mechanisms, including mitochondrial dysfunction, elevated calcium levels, :
reperfusion injury, and inflammation. This study aimed to investigate the effects of eight i
weeks of endurance training on the expression of malondialdehyde (MDA) and superoxide
dismutase (SOD) in the hippocampus of rats following ischemic stroke. Materials and :
Methods: In this experimental study, 21 adult male Wistar rats were randomly assigned to three
groups: control, stroke, and stroke + training. Brain ischemic stroke was induced by occluding :
both common carotid arteries (CCA) for 45 minutes. The training group underwent treadmill
running at speeds ranging from 18 to 30 meters per minute, with sessions lasting 20 to 50 :
minutes, five days per week for eight weeks. Forty-eight hours after the final training session,
the rats were sacrificed, and the gene expression of SOD and protein expression of MDA in
the hippocampus were analyzed. Results: Ischemic stroke resulted in a significant increase :
in MDA protein expression and a decrease in SOD gene expression in the hippocampus of }
rats compared to the control group. However, endurance training significantly reduced MDA
protein expression and enhanced SOD gene expression in the hippocampus of rats following
ischemic stroke. Conclusion: Endurance training increased SOD gene expression and i
decreased MDA protein expression, leading to reduced OS and enhanced antioxidant defense :
in rats following brain ischemic stroke. These findings highlight the potential of physical i
exercise as a therapeutic strategy for reducing oxidative damage after ischemic events. i

Keywords:

! 1. Reactive Oxygen Species
i 2. Exercise

i 3. Brain Ischemia

4. Reperfusion Injury

i 5. Malondialdehyde

*Corresponding Author: Abdolhossein Taheri Kalani

Email: htaheriedu@gmail.com

]


http://dx.doi.org/10.61186/shefa.12.4.1
http://shefayekhatam.ir/article-1-2512-en.html

[ Downloaded from shefayekhatam.ir on 2025-12-15]

[ DOI: 10.61186/shefa.12.4.1]

&

VFY 50l o)lez ojlonds il 0,90

g 2lyme B Pg0 colSgumd jo (olusT HLid b , SOl Ly p (Soliiwl oy yod )51

PYLed (6l dnoww (Cald S Sgazme S SN (6ol rmdlaue (Y gb Hol

Sl el o oadlal ol;T olStsls (ol aly e )59 (S35)se 308 09,5

o wleMb|

VY STV by VY 3TV i Mol VEY olo,e YF icdl o

O..\.Sd

Sozme Sl 95 ] (oS s 2158l (6,0 S gie o, Shae S Jold (g00 2o

POl b A g A oS 09, F a4 (obai bty by &L S e g
Y0 aiBy e VAT ey Ly el l el 05,5 00,8 Ll aads FO Sae

Ddue o, S Mg g9 atan Gt Do sdan gaan wA e x> e s adds

Fo5 ol g ead Gl alime Gis i el dmdr o BT ) ey el ctmg oz

1gaelS glaoss |

PGl jebay il o el > STalh S 09,8 L aanlie jo ol e sla jige

OS] e sloasgS - )
059 Ceadlad -V

S o] -V

Sazee Gluyye3 ol =T
asdllgsppglle -0

Fobe ol 5 SOD (05l il L geliinl (o3 16 S Az ol il 1SS

Sl 1) (o83, Cdled il Laasdly ol 0n0 F ol imxo la ige 1o (550 SaSs]

S (5ol ol 1] s ook i

htaheriedu@gmail.com :Sodg S| Cowsy

|


http://dx.doi.org/10.61186/shefa.12.4.1
http://shefayekhatam.ir/article-1-2512-en.html

[ Downloaded from shefayekhatam.ir on 2025-12-15]

[ DOI: 10.61186/shefa.12.4.1]

WY 5l olez obod qeaslgs op9s

=

U—AASH a‘—"—m

" sl S la g (s slwonins Jlaul )l S, (M)
J&—ijs*’ e T

5.“54.\_,4 3 05_..SL: sols uu_.S\s uj_,.mfl
oy 5l e Q—-:*’Lls*’ uﬁ—:-*"%“s‘ )9—-199*“*“
Q) 09—d oo (b S—Jglie 00,91 8 S ylgiea

A 5o oM 5l S ol sla sl oy g b e
3l Slaegomms (g 3o soSaus! 5l ey ((V0) Sl (550
ol Jalse 51 S aialaST i (V) oyl s 4
ST S STy slpais LS5 o gl ST
O—= LS’)_"L" dd—2in (.SLQ["—“"‘"&A 9 035 (1{()8)A
OS] yami sy 5ie St ojlse glacdly 4o
oo slacdl ulo e ROS LS5 ol5ial wls;
S (SilS 5 mansl clmily i Il
OF) 29—dg0 Lol 5 55y G (b s5elS slaisn

)IJ_D\" )_cz)o)_ch\” ub_)‘)oks)_im\bl)m)ﬁﬁ
M‘@YLMMH}‘\JM‘ 03— U’“")‘)j)_q"
@j)‘éj_.sskfaj)‘édu Loou}l.._m ‘).vl.u (\f)
iy slecddld o) o )—]‘”“:‘ Sr9r—2 Sy
) 60)—§-l-°-° J)La.._m‘ — o )Lv‘ — OS)LC uejl;;
il Lis als 5 ST T oSy g
K9y = H9=9° aan Ve aS Gl ond w)‘)j QH
ST 5T 35T b ildl Ly s, S s
Bl 51 e p e sloml ey SOD 055 4y
Gl 00 ‘)u)‘)_? ‘505‘“\_7 kS)lH u_>),o.| 4o u..._...:
8, SOD 3o , Ko Gl alle o a5 .(\Y)
&5l u_|).o.' )'I — MDA 4 LA_.»)L r:l_? ‘SBIJ_MSIG';.;—I
)l_u‘ S y9—0 )0 LS'_M,S) olSV\_lo S9—>90 L_Sl_hd..ﬁl) uaJLu
il L sl SSLis 1 o9 lag yed ol
30 Sladllas yog dgd e d dzgi Ly o la S 04 >
S e A 9 -"”‘)—“ 3 B9 o=y T A
Omed aan Coie pSU gy Baa Ly gty
1 Superoxide dismutase (SOD)

2 Malondialdehyde (MDA)
3 Autoxidizable

dodso

50 o1 o Gl o Jg e >go A wg o] g2 L0
98Il psls Jds am olyT sla JSGol ) amsb [l
A Jlad s 053 (oL Jlas o sunicas
039 Lo 9 O3St 252 bl 1 DS 5 0l (D)
O5=meSTOlT Sla S50l 09,5 50 amy ( J5—SIg0 550 )0
9 Sl dig—digo ol 5t (g, 9 j5—e
250 ST ol Lo JIGsl) o St ST 9
2 Si9 = JBoly G et ST S i
e @) gilw 4y ool Ga g0 Jle—bay
o L 1y ol sla Gl Lol LT as el
A8, 0t (69, b Sgw ol as o oS - Sas
oK _wo (Y) J.JHGQ OJ_:}AL‘) G‘M‘@JT Ko
$ho9 slaplos] sl Jols o Slous| il
O30S sbsls s sile a3l 5 e
s E € sbocpel g Joli Sl slala—sT
yebas 1505950 L;Lmd@l@T (V) il oo o _Se5 1S
ool mlaw g 3w g 0ol a gl a0 b
Dl oo et (58,9 lpcadled Lo (o )55 51 0
Jolss a5 0g i o ol ol iy caglusT L us
Sgy0 S LaplaiST ceyo 0 g 00,55 poa
95 b ()le—e Serm dm (adSu S
(F) 00, 5 o ol o o8l slacewl sl
oo Olsllas 00, 5 o S sl sSge
ol e smlaST s Ll b o ) Salsy
)l_m.@ @L’))‘ 6‘)—’ (o LgL{buaD-Lw (B) ..\_i‘oa;
Sy g Laglons] sl oyl sla ol s 5ol
sla ool rlel.crwl a8l gl wST sla J3Ss0
oo las a8l L)':.JLMSI sla Jsge ciys g ol
I Lo lonsT ool aol58l g cialwsST s ol
A S e o callsT Las el le sea
odoc slsosygl,d 5l (MDA) o—_sullss el (%)
Olsmeds a5 el oaid glil o > slaawl gy 50
Sl L) an ol wS ol sl Slss 5l S
(V) dg—i g0 a8 S a5 uJga
slocdl plw e ol o olSgrm o5 gt 5 5o
)‘ @Yl_a ija_w ‘03)194_3 JJGA ;9)_.40 LS'JL' 0\55_7
ol slmarul ooy—lanSTy o Ll Lo slaasd

4 Semiquinones
5 Reactive oxygen species (ROS)

b olié 4 Lax



http://dx.doi.org/10.61186/shefa.12.4.1
http://shefayekhatam.ir/article-1-2512-en.html

VFY 50l o)lez ojlonds il 0,90

[ Downloaded from shefayekhatam.ir on 2025-12-15]

[ DOI: 10.61186/shefa.12.4.1]

“0 '
&
L G S )l adlal ol cole ) cge 0l
Sy dooa iyl g b a9 gl Jolasan v ao)e
a0 s Laddo b Sus@dads o oV
a0 50,5 5,5 ol s ped 5l g ) e A
JLosangaads o e Ve ocs L adds aw Gus
ol aids 1o e VO o L aiBs 9o ae an ]
PO = RN, FE I WS SRS - SO W W
A880 1 ;e V0 Sulh L adds SO e au Sllg
S9y BB 4oy o Ve oS L A 880 90 Gae e g
e s S b (S Sl St assS g
D0,55 eolai il S o gl o adle g 90,5 o)

Sldes d(azan i) S e 0,90 plad! 5l sy 39, 90
@l slaiae LB Ojpe S Glel g (2l
fkg) (elS 91 5l (S 5 (Blte 090 3—,5 Lo
O M0l g o (Y-0mg/kg) - DLly o (Yo -0-mg
JoL.o‘l_)swlS_wl_ejwi‘))H)looLw‘
R e At | EFRN | EUWIS I N WP o o =
B0,8 dezmie amle (59, 50 adoldd g o> S

&K, by, 4 9 RAD (C1000™Thermal Cycler)
o GPe) ol 58 9T e e bR g
ol 5, <3l 5l (9 Ss )l slaghp as
Pl s (cordgingival (og—ate o 4 aid]
J=le ol SIL ool s JL5 L alsso-8k Sl
shosliiwl Ly 3900l slameaST (S5l 55 5 9—Bgiend
ad> ol alailaado Ve b oo SO ashlS] ol
s ol 5 ) D5t i Bl
g=gamd J>lye ol jl oy B85 plol 59551
(i) CS jo oud ek i &8 ) L MDA ol sl
Vo) Bl slad )0 ygulis—SOl 51 ey o 4 3L
o0 =S adlal Ly g oad g g Lo o)logs (aids
00,8 bl Lacss) gilmcyg; amsil ol il
Real- oSG 51SOD (5 s e (6 y—=Sojlail Cg>
sl oS olaw o w g ol colai_ultime PCR
S (glaalia (29, 51OV Jga2) a2y 5 Boo sl
o st 3T el g o] 0 00l ol ]
)90 (5 P9y ol )0 M e b an o3, IS Lag
s S0y L5 U (GAPDH) s> s ) 5 (SOD) , Lis
09y (Ver D 3l gy D Sla o d L) aoy V-
Wah iS5 PCR (Foster City, CA, USA) oK _wo
Qiagen (RNeasy Mini Kite S I RNA g;Luloz ol

Al ol g ol 0 ol e la Jige (5 7—ie

L sigy 9 olge

ol trb s Etlejl (o2 3l Giagh B,
=1 et w5 J =5 09,5 Lo e—jlm
aald 5o Sy o3 5 al e s e VY gl
09,3 dw dy Boloai joba s, SYV--YOY i
725+ 5 45 @l 58 Jol (5 V)
059 o8 talej] ;o Slilgun oS0 ey Sali ]
JY-CYY° clos Looo i J,8 oo g llg>
VWY Sob- olihg, as > g 0n,0 TO-0- cogh,
e o ige 4 Sl es ad (6,0a ST el
5T o yiwd pgate glit g Ol an aalllas Jg b o
Js—al 9 61\{_%4 Lo ige an b e )15 ol s sl
(P ilesl wllge 5l adlie slelosdlygiws g SN
L) oy oDl o151 oK _ils $MS aaS , Lai
o3 |, >l IRIAUJLAM.REC.1403.018 4wl Lo

Sy g0 Sladl Ly (g5 oS Sl Jos
SS9l del &L“’f.:*‘bsﬁ 3 GP9y OmFdglie w8
~0mg/kg) — dbl5 g (F+-0-mglkg) —wlS 59,ls Lo
Sly e g 0 olj] 893 0595 amino | S i
s d ol o e S a0 Sy 5 S, sl acBs ay
Laadofd oo sd H S bwa b5 S5, we
Ol 3l e N g0e = sl S 5l eola !
aLolddl g ol3T aig 5 lacs 5w Lao o5 pilo L
» o> ol S S)lBp et 80 09 ol
Jsb jo 0 o ubosalin Ly adg)5 o8>,
ng.])_z.o sl jige (gasio &)l > a >0 6L5>‘)_.> s
69,930 pmis i le )8 i Sl ool il L
Gl jige b la_a> ol SOl 4= 0 YP/OE-/0 o
Ao 0o, F5b 0g— S a s i e g ol as ol

)‘L}»_’;A.Cl_w Y¥ S 09)j L5a|)_>ua 6L&>uuyo
Eo =i |y cmalai ol Sl jol azan i aSw LAl
Al A gaihn SO b L yed 09,5l as,S
o 5 (o5 rlad Ly (g5lmlis] 5 bare ay gl
Vo Saedgd 80,0, 50 V0 Cepw by o, 5 les
el il 59, S5l ey 0505 e ped 4 B0 VO LS
Eor—b atan )3 dlda miy L (fm oS ST 1]

|~


http://dx.doi.org/10.61186/shefa.12.4.1
http://shefayekhatam.ir/article-1-2512-en.html

WY 5l olez obod qeaslgs op9s

= =
@—‘LAAS-H s—'“ﬁn.‘“

O3 5l Lmosls ajs o9 (b (s sl
O3 31 Ll )ly (ot sy 9 Sbig —g,ml
‘u"j)f O a_ajLo.s d_w)La.a 6|)_) Oy eola U9J
i 5 (ANOVA) 3,5y uil)ls sos)l
P<e/-d sl gromhw. o8, Waaa & s
Hi=le 5 sl ool wl L Lol aen i a3 )3 Lo o

aazsly

Oo—B9n Ol Ol 0l plti Laosls Jdowi g a4y 525
1S Gre job dm A 09,5 )3 ol g0 MDA
Ls"‘l"’"—“" O S g (P=+/++Y) J,=uS slrog S
30 Gl g gl d > 5 0 iy (P=+/+ -+ ))
S 9 S 09,5 93 e MDA (559 5 (L Ol
() Slog—ed) cilai 09 g (P=+/VAQ) celii ol oy el

dmalie ;5 J 7S 09,5 SOD () gl Glis 59 cizon

ondjlw o8 i Jodljgi s 5—Jb (50)- Netherland)
QuantiTect Reverse Transcription oS .a—% eslaiul
&= cDNA =&l ¢l Kit cDNA synthesis (Qiagen)
BIO oS o 5l s, )15 am oaijlw &8 b Joadlygiwo
S —So3lil gl RAD (C1000™Thermal Cycler)

b S - Sloy aol p ai ool ) g5 s oli—me
o 45 ol ad> 01050 )5 plil als o a jo oo
33l oied JLsd s DNA (sl JsSUs0 (pods 05563 4y
a>,0 00 los o asdod Soway WS 5l ol
Sao 4 o5 il a0 A0 pgo al> o ol 5 Sl
Gl adb ¥ cosas ol Klwas,of gasby:.
P S S 2l 4> e g Jlge S YO
S il a2 D L5 00 & gm0 a0 Ly SIS
Sl STy ol alol a sl & b as o -/ ol L
3 —=deSoe Vo ol p—=> o Real-Time PCR
3 ol Al jo o b sl Sal> 47 slacoly
SYBR-Green sl doy juus S, gsld S5, L slosls
S8 i e jo el ol 3 a5 o oola
Sy Pgld jo g 485 1,8 sl 9 DNA J5SIge

[ Downloaded from shefayekhatam.ir on 2025-12-15]

[ DOI: 10.61186/shefa.12.4.1]

@ALM‘U—’)N+‘LL~°5(P:'/”A)M6LQ03;l_,
@ S Sl oy ol +a3S s 05,5 ;0 g (P=2/+ 4+ )
AV 10g03) 0l 0aud ‘_g)bu,_;_m il (P=+ [+ ¥) wiS

Slase s 0,8 PCR Jg—ame o Jgi limo Lo puitius
G 00 U")‘J‘j \ Jﬁ“\‘) o oolaz_ul Sy9—0 Lgu)od‘))

Real-Time PCR STy jo oolitwl 050 sl paslyy Slasein —Y Jguo

(bp) Jpazme Jsb  (C°) Koulll glos  (bP) youlyp Job

v a4 YY Forward: CGGTCCAGCGGATGAAGAGAGG SO0
£f/4 Y¥ Reverse: GGCAATCCCAATCACACCACAAGC
£1/0 Yy Forward: AAGTTCAACGGCACAGTCAAGG
VAT GAPDH
o IATAY YY Reverse: CATACTCAGCACCAGCATCACC
Fol
& <
. Feoley
% Yol
é Yeol+y
i
3: Yol+\
VM Yele
:)1" Yo/
\2: ARYER ]
g
_3 &+
of+y -

(el o i + A
ey )5

— S Loy 5 L ls cne gl st (rmeolos £ o lslimal GBlssl) oy s 3550 (sLoog,S 55 calS gt MDA (50 Sl ol ime =) 510 9o
nl (<1 1) ] iy o5 +455 5


http://dx.doi.org/10.61186/shefa.12.4.1
http://shefayekhatam.ir/article-1-2512-en.html

VY 50l oyl o)les PESISIS

[ Downloaded from shefayekhatam.ir on 2025-12-15]

[ DOI: 10.61186/shefa.12.4.1]

SOD OF s ol

PRy
ofesNY
ofesel
ofessF
efsess

| .1

oliiunl oy i + 48w

Lrog 5

5 J=uS lmog S L lo gime gl s o((pmeSSlon £ 0 lasliul Bl o0il) o)y 5,50 sLwos )5 0 slS50 SOD 5 o e =¥ Hl0g—s05
P<e[+2Y) JymiS 09,5 Ly alin 1o jlo e Dglds # (P<e [+ A) ol oy ol +aiSs

a2 gueals 1) sannd emelannSTy slwai ) Jolse

Codbe U ploteas aS b5 (s el i Blae (o]
L e (YF-VF) 0l 000 10 50 o urgly
So2lS (g5lea Sy pod azan VY JLis an Le jinghs
o Lo Jige 3o MDA xla o jo (5)ld oxo
A8 A iz (V) 0l iS5 | sy ol oo
(oilT s o Slis pals L (sl (s o5
o= S=53sleyg 0 Shes mali 05— g < lail oo
oy ol o Lo g e oSl ol
Slalllas g ol iagh mals an a g L (YD) 59
g Sl Jouloe Lacdl plw 4o s (A5
Lo b ol as 6,500 sloaingy (S, b
i (VA A YY) asles ST oo cwo Lo aellas
MDA (5o 0 1) 6yl (S yao (295 (p jo3 4 in
TBARS mhaw «jotlaien (V) bl (g)lo sinn

S5 Az g Sy

Ooed ahe S ol il tegh el 5l Jeols mols
OS5y Ol 50 Gyl sre bl o ol
A4S (5 9-bar 0l (5o S cBlele molS g MDA
s 5 03,5 (ol (g5 S 51 o L, (T il
3 i 45 el o] Sl gl ) 0l S5l sl
ol g 50 (Gomd Gl (650 S (LA
selEl (s pod aie Cde gl 2T L Js e 0 7,
s olew) 4Bl Sy Gl g (ShnST ST o3 )b
Ao yomie g (0d ool Las SOD (5 o imlidl Ly as
oa—i (MDA) (g0 (y5—wlognsTy (| KLis i als
i oS Cwd gl la s culon s o) 8 el
MDA jolis o e 2als 6l S5lo (o pod asiin
Sl (550 05 g S g cazmime (B slacdly

Byl Cetillas ool gy dae as 8l L L 4l 5 (YY)

Lo eV oSSl 8 )'| GiLman)}m u.,_’ljsl )" gs""l—‘ Sl
Gw.aLm.ﬂ S, Slos o Lajldg ,Sle cdlad 4 LmMyL_wgf
s e 48 0l Jslw slié sla Sl g o ol
03— 6».\_~.~] uwl.\.wfl).a 9 L;.u)LMS‘ )Lw.@ u,u_s‘JS‘
9 e 23l 50 093 Jlasz ieals mlnpg Bl e
99y 0 s Jsle (ol 51 B (S g g oS g
aS oyl ezl 1B (YY) el gand gumla STy,
il GLoyge,90 i alS o S Ly b3y (S
@S J—lse cmol 5 9w S ol Jslos 4
00 Sgw jl alS gl g re 3 5UgS Lo iz jo

|-


http://dx.doi.org/10.61186/shefa.12.4.1
http://shefayekhatam.ir/article-1-2512-en.html

[ Downloaded from shefayekhatam.ir on 2025-12-15]

[ DOI: 10.61186/shefa.12.4.1]

WY 5l olez obod qeaslgs op9s

= &

U—AASH ﬁ‘_—‘LA.,—Q

o ool e Az i Sl ey (YY) 0, SO
oals ul_m; V) el ouis 0l @‘)_’x.o u».:9_a SOD 9
oo il L850 cdlad a5 o a S cwl ond
cedla o 1,SOD e Jled i als | Jo QL_)'T UG Pyt
@9 Sl ) ey (b s 4 (eligd Olie
a8l ) oo i A (YY) asols cad aua
9 e STgn Dad o Sl I LA ol
Aol Lo gagh ol sl goge)] cimw,0id Sy
JLssl s iz gilw s el casluST s
sl U Jlaul Jsiwwe MAPKs oi JLsb
5L oo MAPKS oolgsil> gloacl 5l S S ERK1/2
Slallle o)y (oo S e g Lis 10 Sz 5 ot A5
sl g PIBK/AKt isli8l 4 S o Slosls s iy
Gl eel Lagyg,e s ROS adgs (aldl 093 oo
Bl (slapcilin o g jo  ob5 )9 cdled 5l (AU
05— Oy St 5 @IS, g 45 Ll ]
— (BDNFY ;s 5| i (e 0 b, Jsle jl5n
s ialS slapeilSe 00 51 (05,9 el ]
oly I BDNF a_s" el ouis ase ie .l oiglS]
sl JSGoly o dgi s (6,0 S gie o, Slas 05._,.3)
NQA) ST YDA X | S PN, GHIWEY B S| RO §
ool Ol jed 4 S e iS les o Jloz! ol asy
sialS s wm)MDA ialS §SOD vl jislisl L
Sl 0,90 caBly 10 .09 ol ;o (5o S 3l ey
S ool aziliy el ul o jed sl tie
sl JBGoly o g ials L ailes oo il lo 650
Jad diogys sloaglans sl oy aaldl 5 ol
593l o= Ol Omlple 0sS Joaws 1) aolus]
=975 slpglo B an 1 0gdle A ilg oo (g e S

oS g, S Glg—iedy  calai sl Sl yed 3l oa
Dsled eolat il So3elg )88 (Sla5b o 5 (s7—e

59 0yl gwlis IS A Wlsbl jlacd 5, ol iagh

oSl (b9 po—de 09,5 g an (i b A,
) Lo a8 Sl aan 3l el D] ol ok ol

Dgden SIS il g g ol sl o

¢ Brain derived neurotrophic factor (BDNF)

szt 5y (V) aile B s 30y 10,5 s
9m wrmeb 5 Slalllae sl 0 Wl SUlgeo 5l oolizul
DBl ST Lsd et ol b o (3559

Ol Ol osime (i3l ol adlllae ;S5 aily
=l o @l2e slagise (—sn SOD (5
Wz S g S 09,5 Ly anlie o (el (g el
09,5 4z Camud |, SOD 5 ol Ol (059 0o b
o5 s 4y T s s ol i3l 55k S
L0 awng gl a S cl S aile S50 S
o o rmb g 4SSyl asSen 1 ey SauluS]
Jsb a5 anl 5l (o855 (s Y5k slan 9o
oo Ho s cime Dl s sloul (gl p3Y (i ped 090
aS cwlon Q|9_;.c Lol el saizs as—iw SOD
GrBg 4o g ol L (g ed Atin i S5
Lo tags 5 (YY) 5,5 bl a o8 ol L
oads Jool> il> L.JLIQALJSQHLMA C_:L.,)_»ng_im
SOD e dled imylsl e ol 5o (VA YFLYA) cdl
o= e il e Sla Ghee e 28 5 sl o
Gghies (V) 0o )5 (4155 Ld (o5 ol Jlex
SOD iolidl L e (9l (5 pod 4 i Ol
skt ) 25 ol ol oo slo (9o (el
ARl o, )l55 69y g asin Ve 5l e (ldee
S Ui nged wSlite (o olS50 SOD o5l
50 ] Sae gl Cglitie s (V8) i 355
Silye Cmmle i g slpiis Cde (i el 090
3l (G 9022) SOD (5 Sl 8L 5 Dl o5

el Ol ol 5l (3555 clld 4 e S5l alex
ol Gl wase i alS ) e sla ol
aalsi (VF) cul SOD Jtta oSl 5T (sl 5]
s5b am (55555 oo 4 Sl Gl SLs g g
o o 1y eS| T sl ;T o Jled olsl
e 48 318 Jloaisl oS s plats jie i
4 oy Sdlad 4 ke (SlannST S Lo Bl Ely
Lo g 15 g ez e 1) )9 Ddms 9 DO (g
G0 Slallas jo (Fe) ol la e oolai_wl o5 s
L’)_:“).QSA_TC«_wlo..\_&oode&.jLna_ilﬁl_gw
Lol 52 5SOD clad ¥l czge (5555
e 5l pols sl isy s GlanST T (S5 L
=2 9 (§,9—S gino ;3 o SOD H}JT (F Y0) 09— s0
el l o pes a5 oLl 5l lo 092> Jgjetaw 5o
S o Gl an 1) o g 009 (65l s 4y (S
@95 e Lo silsnl g g0 o el (S
V) aes ol g S s |, SOD T Jgje—iw g
L Lapl gmls as o s o5y (alataghy o Jlie ;o
s 5,15 .00 XY XY) 5l &l e L glaazily
JRRT Ve RN T B VNN I W v-T N | G W LI



http://dx.doi.org/10.61186/shefa.12.4.1
http://shefayekhatam.ir/article-1-2512-en.html

VFY 50l o)lez ojlonds il 0,90

[ Downloaded from shefayekhatam.ir on 2025-12-15 ]

[ DOI: 10.61186/shefa.12.4.1]

“0 '
M/
1. Halliwell B. Free radicals and antioxidants: updating
a personal view. Nutrition Reviews. 2012;70(5):257-65.

2. Alam MN, Bristi NJ, Rafiquzzaman M. Review on in
vivoandinvitromethodsevaluationofantioxidantactivity.
Saudi Pharmaceutical Journal. 2013;21(2):143-52.
3.PaulsenG,CummingKT,HoldenG,HallénJ,Rennestad
BR, Sveen O, et al. Vitamin C and E supplementation
hampers cellular adaptation to endurance training in
humans: A double-blind, randomised, controlled trial.
The Journal of Physiology. 2014;592(8):1887-901.

4. Teixeira-Lemos E, Nunes S, Teixeira F, Reis
F. Regular physical exercise training assists in
preventing type 2 diabetes development: focus on
its antioxidant and anti-inflammatory properties.
2011;10(1):12.

Cardiovascular Diabetology.

5. Wilund KR, Tomayko EJ, Wu PT, Ryong Chung
H, Vallurupalli S, Lakshminarayanan B, et al.
Intradialytic exercise training reduces oxidative
stress and epicardial fat: A pilot study. Nephrology
Dialysis Transplantation. 2010;25(8):2695-701.
6. Kabasakalis A, Kyparos A, Tsalis G, Loupos D,
Pavlidou A, Kouretas D. Blood oxidative stress markers
after ultramarathon swimming. The Journal of Strength
and Conditioning Research. 2011;25(3):805-11.
7. Ahmadiasl N, Soufi FG, Alipour M, Bonyadi
M, Vatankhah A, et al. Effects of age increment
and 36-week
enzymes and opoptosis in rat heart tissue. Journal

of Sports Science and Medicine. 2007; 6: 243-9.

exercise training on antioxidant

8. Lee CC, Wu DY, Chen S, Lin YP, Lee TM.
Exercise intensities modulate cognitive function in
spontaneously hypertensive rats through oxidative
mediated synaptic plasticity in hippocampus. Journal
of Cellular and Molecular Medicine. 2021;25(17):8546.

9. Guo H, Zheng L, Xu H, Pang Q, Ren Z, Gao
Y, Wang T. Neurobiological links between stress,
Medicine
8111022.

Oxidative
2022:

brain injury, and disease.
and Cellular Longevity. 2022;

10. Warner D, Sheng H, Batini¢-Haberle 1. Oxidants,
antioxidants and the ischemic brain. Journal of
2004;207(18):3221-31.

Experimental Biology.

11. Soluki M, Mahmoudi F, Abdolmaleki A. Therapeutic
factors in ischemic stroke control. The Neuroscience

Journal of Shefaye Khatam. 2022;10(4):77-91.

&l

12.  Mirshekari Rahmani G,
Karimzadeh F. A review on the experimental animal

Jahangiri  H,

models of cerebral ischemia. The Neuroscience

Journal of Shefaye Khatam. 2021;9(3):130-139.

13. Powers SK, Deminice R, Ozdemir M,
Yoshihara T, Bomkamp MP, Hyatt H. Exercise-
induced oxidative stress: Friend or foe? Journal
of Sport and Health Science. 2020;9(5):415-425.

14. Abedi A,
Poshtchaman Z,

Shamsabadi A,
M, Mirhaghi A.
Stroke triage scales for patients with neurosensory

Sedaghati  J,
Rajabpoor

complaints: A literature review. The Neuroscience

Journal of Shefaye Khatam. 2023;11(2):81-92.

15. Nasiri F, Fathi M, kadkhodai M, Rezaei R, Bahrami
A. Investigating functional independence, balance,
walking, and electromyographic changes in chronic
stroke patients under the influence of home-based
exercises with functional overload. The Neuroscience

Journal of Shefaye Khatam. 2024;12(3):1-9.

16. Moghaddasi M, Javanmard SH, Reisi P, Tajadini M,
Taati M. The effect of regular exercise on antioxidant
enzyme activities and lipid peroxidation levels in both
hippocampi after occluding one carotid in rat. The
Journal of Physiological Sciences. 2014; 64: 325-32.

17. Taheri Chadorneshin H, Nayebifar S, Abtahi-
Eivary S, Nakhaei H. Comparison of effects of high-
intensity interval training and continuous training
on memory and correlation with antioxidant enzyme
activity in the rat brain. Annals of Military and
Health Sciences Research. 2021;19(2): el13888.

18. Beiksay Afshar F, Nasiri E, Samadi A. The effect
of eight-week sprint interval training on hippocampal
oxidative stress markers in adult male wistar rats.
Metabolism  and  Exercise. 2022;12(1):59-72.
19. Nils TS, Frostmo KH, Dragey HA, Basnet P, Ytrehus
K, Acharya G. Effects of high intensity interval training
on pregnant rats, and the placenta, heart and liver

of their fetuses. PLoS One. 2015;13(10): e0143095.

20. Fereidoni M, Farhadi Moghadam B, Abdolmaleki A.
Neuropathology of cerebral ischemia. The Neuroscience

Journal of Shefaye Khatam. 2021;9(3):90-103.

21. Asa A, Taheri Kalani A, Nikseresht M. The
effect of endurance training on gene expression
of nerve and fibroblast growth factors in the
hippocampus of rats after brain stroke. Studies


http://dx.doi.org/10.61186/shefa.12.4.1
http://shefayekhatam.ir/article-1-2512-en.html

[ Downloaded from shefayekhatam.ir on 2025-12-15 ]

[ DOI: 10.61186/shefa.12.4.1]

WY 5l olez obod qeaslgs op9s

= & -
v_a.u.hsj_; Q_JL_Q_Q

in Medical Sciences. 2020;30(11):912-923.

22. 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. Journal of Sabzevar
University of Medical Sciences. 2016; 22: 1126-1138.

23. Wu L, Xiong X, Wu X, Ye Y, Jian Z, Zhi Z, Gu
L. Targeting oxidative stress and inflammation
to prevent ischemia-reperfusion injury. Frontiers
2020; 13: 28.

in  Molecular Neuroscience.

24. Cechetti F, Worm PV, Elsner VR, Bertoldi K,
Sanches E, Ben J, et al. Forced treadmill exercise
prevents oxidative stress and memory deficits following
chronic cerebral hypoperfusion in the rat. Neurobiology
2012;97(1):90-6.

of Learning and Memory.

25. 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. Journal of Clinical
2013; 53: 8-14.

Biochemistry and Nutrition.

26. Nonato LF, Rocha-Vieira E, Tossige-Gomes R,
Soares AA, Soares BA, Freitas DA, et al. Swimming
training attenuates oxidative damage and increases
enzymatic but not non-enzymatic antioxidant
defenses in the rat brain. Brazilian Journal of Medical
2016;49(10):  e5310.

and Biological Research.

27. Aksu I, Topcu A, Camsari UM, Acikgoz O. Effect
of acute and chronic exercise on oxidant-antioxidant
equilibrium in rat hippocampus, prefrontal cortex and
striatum. Neuroscience Letters. 2009;452(3):281-5.

28. Franzoni F, Federighi G, Fusi J, Agosta V,
Cerri E, Banducci R, et al. Physical exercise
capacity
expression in rat hippocampal tissue. Archives
2017;155(1-2):1-10.

improves total antioxidant and gene

Italiennes de Biologie.

29. Devi SA, Kiran TR. Regional responses in antioxidant
system to exercise training and dietary vitamin E in aging
rat brain. Neurobiology of Aging. 2004; 25: 501-508

30. Radak Z, Kumagai S, Taylor AW, Naito H,
Goto S. Effects of exercise on brain function:
Applied  Physiology,
2007;32(5):942-6.

radicals.
Metabolism.

role of free
Nutrition and

31. Camiletti D, Aparicio VA, Aranda P, Radak
Z. Does exercise reduce brain oxidative stress?
A systematic review. Scandinavian Journal of
Medicine and Science in Sports. 2013;23(4): €202-12.

32. Camiletti-Moirén D, Aparicio VA, Nebot E, Medina
G, Martinez R, Kapravelou G, et el. High-protein diet
induces oxidative stress in rat brain: protective action
of high-intensity exercise against lipid peroxidation.
2014;31(2):866-74.

Nutricion Hospitalaria.

33. Cao J, Viholainen JI, Dart C, Warwick HK, Leyland
ML, Courtney MJ. The PSD95-nNOS interface
a target for inhibition of excitotoxic p38 stress-
activated protein kinase activation and cell death.
The Journal of Cell Biology. 2005;168(1):117-126.

34. Kodama M, Aizawa Y. Edaravone inhibits JNK-c-
Jun pathway and restores anti-oxidative defense after
ischemia-reperfusion injury in aged rats. Biological

and Pharmaceutical Bulletin. 2006;29(4):713-718.

35. Laufs U, Werner N, Link A, Endres M, Wassmann S,
Jirgens K, et al. Physical training increases endothelial
progenitor cells, inhibits neointima formation, and
enhances angiogenesis. Circulation. 2004;109(2):220-6.


http://dx.doi.org/10.61186/shefa.12.4.1
http://shefayekhatam.ir/article-1-2512-en.html
http://www.tcpdf.org

