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Abstract

Introduction: Chemotherapy for the treatment of breast cancer has
many side effects on the liver tissue. The aim of the present study was
to investigate the effect of aerobic exercise and curcumin on oxidative
stress indices in the liver of mice with cancer treated with doxorubicin.

Methods: The present study is basic and experimental. Thirty-six
female BALB/c mice weighing 20+ 2 g were randomly divided into 6
groups: healthy, patient, patient + treatment (doxorubicin), patient +
treatment + training, patient + treatment + supplement, and patient +
treatment + supplement + aerobic exercise. Cancer was induced by the
injection of the 4T1 cell line. Doxorubicin was injected subcutaneously
on days 1, 7, 14, 21, and 28, and curcumin was given orally.

Aerobic exercise consisted of 30 minutes of running at an intensity of
40%-60% of the maximum speed, 5 days a week, for 6 weeks. The
training started at 14 m/min in the first week and finally reached 18
m/min.

Two-way analysis of variance was used to investigate the interactive
effect of exercise and supplementation on the expression of target
genes.

Results: The interactive effect of curcumin and aerobic exercise on the
expression of GSH (P =0.054), SOD (P =0.145), and CAT (P =1.000)
genes and concentration of MDA (P=0.087) was not statistically
significant.

Conclusion: It seems that aerobic exercise with curcumin may not have
protective effects on the liver against oxidative stress caused by the
drug; however, more studies are needed in this area.
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Introduction
Doxorubicin is one of the chemotherapy

drugs used in the treatment of various
types of malignant tumors. Doxorubicin
attacks not only cancer cells but also
healthy cells and causes the toxicity of
sensitive tissues of the body, including the
liver. The hepatotoxicity induced by
doxorubicin is caused by an excessive
increase in liver enzymes and free radicals,
resulting in the induction of apoptosis or
other pathways. Therefore, the present
study aimed to investigate the effect of
aerobic exercise as a strategy to boost the
internal antioxidant defense and curcumin
as an external antioxidant on liver toxicity
caused by doxorubicin consumption.

Materials and Methods

Thirty-six female BALB/c mice with a
mean weight of 20+ 2 g were used for the
study. Breast cancer was induced by the
injection of 4T1 cells obtained from the
cell bank of the Pasteur Institute of Iran .
One million cells were injected
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subcutaneously into the back area. Ten to
14 days after the formation of the
cancerous tumor, the mice were randomly
divided into 6 groups. Aerobic training
included running on a treadmill for 30
minutes at an intensity of 40%-60% of
maximum speed, 5 days a week, for 6
weeks. Doxorubicin at a dose of 2 mg/kg
intraperitoneally and curcumin at a dose of
100 mg/kg were administered to 2 groups
of animals 1 hour after the exercise
session. Data were analyzed using the two-
way analysis of variance.

Results

The results obtained from the two-way
analysis of variance revealed that there was
no significant interactive effect of aerobic
training and curcumin supplementation on
GSH gene expression (P =0.054), SOD
gene expression (P =0.145), catalase gene
expression (P=1.000), or the
concentration of MDA (P =0.087) (Table
1, Figure 1)

Table 1. Effects of Aerobic Training, Curcumin Supplementation, and Their Interactive Effect on the
Variables in Study Groups

Indicator Effect of
Aerobic Exercise

Curcumin Supplement

Effect of Interaction of
Aerobic Exercise and
Curcumin Supplementation

Gene Expression

GsH F=1.962
P=0.177

F=0428

SOD P=0.520
F=0.926

MDA P=0347
F =0.000

Cat P =1.000

F=0.041 F=4.181
P=0.842 P=0.054
F=0.751 F=2.302
P=0.397 P=0.145
F=0.987 F=3.238
P=0.332 P=0.087
F=0.000 F=0.000
P=1.000 P=1.000
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Figure 1. The Interactive Effect of Curcumin Consumption and Aerobic Training on the Study Variables

Discussion

Treatment with Doxorubicin leads to
excessive production of free radicals inside
the cell (1). Antioxidants can act through
several mechanisms such as removing
oxygen or reducing the local concentration
of oxygen, removing catalytic metal ions,
and removing reactive oxygen species such
as superoxide and hydrogen peroxide
(H20,). The results obtained from this
study showed that although aerobic
exercise increased antioxidant indices, it
was not statistically significant .In the
study of Ogonovszky et al., they showed
that the activity level of antioxidant
enzymes in the liver did not change

significantly in the exercise groups. The
lack of significant reduction of antioxidant
enzymes in this research has been
attributed to the intensity of exercise.
Research studies show that sports training
changes the antioxidant enzyme activity of
tissues according to the type of sports
protocol, the amount of training, the
existence of rest periods between training
programs (2). In other researches, the
effects of a training session on the gene
expression of antioxidant enzymes have
been investigated. For example, Baghaei et
al showed that a session of intense exercise
does not have a significant effect on the
expression of the superoxide dismutase
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gene (3). In a research conducted by
Banaifar et al., they investigated the effect
of curcumin herbal supplement and 8
weeks of endurance training on the
antioxidant indices of the liver tissue of
male rats. They showed that the effect of
exercise and supplementation on the
antioxidants catalase and superoxide
dismutase was not significant, but other
antioxidant enzymes were affected by
curcumin and exercise (4).

Aerobic training and curcumin
supplementation reduced MDA, but it was
not statistically significant. In general,
aerobic training and supplementation

Reffrences
1. Kouzi SA, Uddin MN. Aerobic Exercise
Training as a Potential Cardioprotective
Strategy to Attenuate Doxorubicin- Induced
Cardiotoxicity. J Pharm Pharm Sci 2016; 19:

399- 410.

2. Ogonovszk H, Sasvari M, Dosek A, Berkes I,
Kaneko T, Tahara S, Nakamoto H, Goto S,
Radak Z. The effects of moderate, strenuous,
and overtraining on oxidative stress markers
and DNA repair in rat liver. Canadian journal
of applied physiology. 2005; 30(2):186-95.

3. Baghaiee B, Tartibian B, Aliparasty M,
Baradaran B, Almasy SH. Cu/Zn Superoxide

Breast Cancer Research Center | Sadeghian S and et al

prevented the increase of MDA in the liver
tissue to some extent. Another result of this
research was the stability of MDA after
exercise. Therefore, it seems that the
intensity, duration, and type of exercise
have different eftects on the occurrence of
oxidative damage and the activity of the
antioxidant system.

Conclusion

It seems that aerobic exercise with
curcumin may not have protective effects
against oxidative stress caused by
doxorubicin in the liver, although more
studies are needed in this field.

dismutase enzyme of lymphocytic cell gene
expression, total antioxidant status and
oxidative stress variation following intensive
exercise in young men athletes. Razi ] Med
Sci. 2012; 19(95):1-9 [Persian].

4. Banaeifar A, Shahkandi H, Behbodi T.
Protective Effect of Curcumin
Supplementation and 8 We Liver of Rats.
Iranian Journal of Nutrition Sciences & Food
Technology. 2017; 11(4):39-46 [Persian].

15(4): 17-32


http://dx.doi.org/10.30699/ijbd.15.4.17
https://dor.isc.ac/dor/20.1001.1.17359406.1401.15.4.2.2
https://irjbd.com/article-1-988-fa.html

[ Downloaded from irjbd.com on 2026-06-20 ]

[ DEkNn1O3a@jivdjB8.4.0% P023-01-28 ] [ DOR: 20.1001.1.17359406.1401.15.4.2.2 ]

VO(F): VY-YY

g3y Al Ol (s 2 (§ylane dalldliad
O oW 2 S3190 o pod AAd i (D w0 oS 395 O pan Silo o V¢ NO(E): WYY
G W B ige WS Sl gailiwns! SLS L Liw Sl

Ol g 395 99 U (FIlo 30 H1 40 by (3o g

Sl bl e jUlaw S 0uS oLyl inects (cow ool 3Bl puly < yLdolo jldgu

rgﬁk\m KoE W)

< prodbul axly ol al)'] ol&zsls ¢ Sauan i 0aSiSls (L3359 Giedeied 09,5 (S S5 (Sl il
Qlﬁl ‘)Q,.‘.",.‘OL..:I

el ¢ jgieadlsl aly odlal 3T olEEINS ¢ Souam 5 00SKlS ¢ 53 (558l 03 09,5 bolivl |
ol

el ¢ pginedll azly Dbl ol3T 6Ll ¢ St 5 0aSAlS (55 ys Cu e 05,5 Lol "

oM VEANIYD syl G

: VEAVING bl Gy
d—‘-"’“ Bud .0)‘0 "\-‘5 ""3[" b 6°b) ua)l}c UL“““ uUa)..,.; QL")Q LS‘)i' gsslﬂ)») o [V R-FY

& . 5 A . & . . A‘u p :JM OM? G
Sloige 05 gl JLad b a3l (resS )5S Gl yed U oy n pOl yaser kazemzadeh@yahoo.com

¥ 055 4 Balb/C ole (9o Y2 ail o 0y 5 ol g9 5) 2l ko iy 2 P9
9 slom (Ot y950) sland 5 jlocy Gl (el 09,5 (il & (JBolal &jg0a 05 V£
WS oS (53len (nyed g JeSo g jled g slem g oS g jled g slew (i ed g e
(g ygeS 93 w5 48)S Glpl gl i) SETLE (Jolo o0, (ol Gl g
oilyg Sl ay (regSyeS 9 0B By YA 5 V) OF VO glajy, (Slho 2 O jg0n
3 59) T S iy d0yd FeoFe Dud b paugs alSe Ve Juld (glem G ped 0D
ol e g adids ;o e WY S pu b gl atdn )3 Dl yoi g alhn 7 Do 4y alia
T 5) myr 9)90 G GS Ol oS 5 ryed hlite 51 quoyp Sl sy dido o
w35 eolanal ad)bogs by g

VE0) SOD (P =+/-0F) GSH 15 ols 5 6515 crpod 5 crmosS 55 blice 3l sloandly
Db ged o gime bl L5l (P =</ AY) MDA 4 (P =V/- - +) CAT (P =

2 s SIS asS )5S olrad dr (5lsn (2 ped Yaiod o sy g0 S5 4y 26 S AR
a3l ans cpl o a5 ws e all aila g b ) wb %.';l..s.:..‘S\ o)l o oS

Ol Oy cgilons] jLad gla el (rasS )5S (Slgp (ped 1 gudS sWo]lg
O oS 3



http://dx.doi.org/10.30699/ijbd.15.4.17
https://dor.isc.ac/dor/20.1001.1.17359406.1401.15.4.2.2
https://irjbd.com/article-1-988-fa.html

[ Downloaded from irjbd.com on 2026-06-20 ]

[ DEkNn1O3a@jivdjB8.4.0% P023-01-28 ] [ DOR: 20.1001.1.17359406.1401.15.4.2.2 ]

28 ol sloygiS L golan (il g ay
5ol sleJlsol; wlie oy 4 2 DOX
WO dedoe Joke (59,0 10 e piz G5k
Syeme emluSlas gl i p an  sladlo
5 o] GBSt ST 5l S 5 A 0 5 e
° £ = I N .
B (GSH)  jlansTyy (auiliols sdas a3l s

b
Goaxie oo b aile co lagylannsT oot Las)ls
o5eeST ondge clile 2alS b 5T cotls y asle
03992 9 deaSTpgw aile ST Jb sladiys
bl sleonnsTy ad LSis 4 e Joko lae
el SYsame (o eie 3l (S 09d o0 SASTy
(MDA)" el 05T 65 syalle doogd (gl s
ool (ol Solis plgreds 5 039 42950 500 )l 45

A(10) 398 o0 gt gilannS]
Olpreas ) 6o Corems 08,708 sloom) 2 Ol (2! o
g5 90 b 0l (ol (B)lse n S bl 5 (S
Ol Geels cya alow sl sl ailos 7 (8 xe
wB S 5 4 Bas ol Gl gy S 50 o
olS sl esliul 4 lei oo e cnlil &S cwl oal
Oloyed iz gl 555 2l w5, 5 29l
o8k t53|¢,,..5|‘5:;ﬂ zhw il Baal Sae SYeb
5 9IS (x50 0,5 Sguzme el L(VF) o5 6 LA
Gl oS 55 ) 4y 5 baoedSelul 25T G pms 5,8 oS
sl 15U g0l Sldllas (V) coul s5g (glasis

bbby Jd 5l el @L\,,..Slbsﬂ Jelae

4Glutathione peroxidase
>Catalase

Superoxide dismutase
"Malone di aldehyde

olr! by e (5 low abdlad | ol on g Ldolo jlalgu

douds
5 Oy Uy Oy mesS e Jele uegs 03554l
@l il Lol () e iy ol o] (gl
00,5l SRl il Bsenr (aris jo ol
ol sl &l o slpbys el e (V) el
s Gleyogn s Syt >l wsolen
slegiyy ) 3l S Olsea (Sloyo s
Sl Ol Glli8l 0ed co sl gl ol loyo
N Sleyd (s ol (B )les GialS aliwgay of 3
Elol 4 Ml 5l e (SN 4 ol Gl58l slael,
o oalSlul 21 42538 ams wiz b Cend lagls yus
Syse Laplbyw Gl gyl Gloys ;o 00,05 jsbay
S (DOX) cppsyuSsd ilazs 5 )5 eslinl
S ys0si glail Hloys jo a5 Coil loyos couds slaglo
Gols (Y X)) 5,5 o 8 ooliil 550
sl sk asly Gl slasho LS& (rmmgysS 9o
23 e Sl g 830 ) B Aoz 3550 5 |) o b
Spdisr o ele slacdl ple 5 (VF) oS cély
ik 5l rg)9Sse bwgi S Ceen (AR)
Sl A eaS slemyl we Gl G Rl
5 Gleyeas by sl Wl g ST la S0,
0ot raelny Sye b emel 0V 0 0) al
sledshe 0oy G 3l Sln Sidnid 8y (Jsbe
e 3331 48 2l g0 (B sliwgen 5 o b ossda]
chde s O Wil G Ses s Sem
kesa a5 oS oo Joo ad 90 &5 aile (g 95 90
—o A S ]y S glashe oSl Sk sl sl
o1 sl Lol (V) Wy oo o] oyl &y 5 a0
ol Sy wsd Jate o 5 bapniisn 4 3,0l
iy S @i oot gbdl glag > 5l 1) B3sy0ee
5 ) OseloSTn Sop el @b
ol Seadl gl po IS5 ) p0 Ol s Ao

! Apoptosis
2 Extrinsic pathway
3Intrinsic pathway

VO(F): \Y-YY


http://dx.doi.org/10.30699/ijbd.15.4.17
https://dor.isc.ac/dor/20.1001.1.17359406.1401.15.4.2.2
https://irjbd.com/article-1-988-fa.html

[ Downloaded from irjbd.com on 2026-06-20 ]

[ DEkNn1O3a@jivdjB8.4.0% P023-01-28 ] [ DOR: 20.1001.1.17359406.1401.15.4.2.2 ]

VO(F): VY-YY

v G3leB [ ped dids fl (b (1095 59 B pan Slojes 1]

spie Ll lagiogesl @ (o iws Sloj 5 (SN
35 3s0) s sl goges] 1Y el 035
pladl a3Y glojemme S ay lacol jo ol oolaul (AG..;
Can b il e b ooole BAL/bC ol sl joge o
Sl (@) olrl el g B plons 5l aiia
)

03y Ol Ol Sl gz pbimy b pw LI
a5 olnl el gt (Jobo SSLSITLE Jobo
Qo0 Vo gyl DMEMFEL2 s jo b Joke o
5 Goarot dizal lasl aoyo B 5 45 iz oy
5583l 50 Crmmlaghy sl 5 ek oty (SloSC g
A ool i woy 0 CO Yiggl> ol Kl az o YV
Tl gl il 5l osb Jokw 03, (59) 2 baom) 2 ples
3o 0o ools canS TIF gloJoho ol sl 0uls
g o8 Ghyled PBS 3L L gaiad 0 5 (ol a5
ab oags s 5 Vo2 TP B V0T B slacs,
PSS Voo jee b laml e (VOYY)
Oyt &5 (niohly p5S p e S ee Ve g eelS
O 9 WD bt D (&) adigel 4 (Slo S
Sl 4l @ gilr p) Ojged Jobe Gk SO
058 ool 5 s Sl GRS Gl G
B89 G Sedy )3 Gl sladske Hlee L
a9 Gl Loy VE Ve Sl e (oS &)
A e Slai00 05,5 O (sloog I 4 Lo ge o Sl pes
o b ailis, Ogonn |y jses lanl iy g0ei (o lwlils
oS olKin e ol s iS5,y 4l
odalive JB pizr b g 205 drwsd 4 £9,8 1a)s0
b plomil (G09S 59, V5l e caiad

Dygods G S Nigal Gy, g ool laise )kl axslr
L Balb/c o155 sole (ige Y8 Jolis o] o> 5 Bolas
G e 5 b diged ponr adlgo 0 5 VoY (o0 )85 (3
s 5 uilly Jedow )bl 29y bl s POWER

et hge YLl <JAD oles g o100 T glas

Ubalb/c

S5y » b @bt Gie Jalse 5 loolas doJoid
el sl ;o (VA) wols JI 3 a0 0590 00 L
‘sl;oclaﬁ....fls’;ﬂ Sleslaul ¢ 03,9 slacadld LS o
3,00 s lom Eloil gl e slaple,s cys oLS
So sS85 Sl 03 (diize gl 4z
ool Giie s C21H2006 olows Jso,8 b J8 L
S oyt Lo b 5 & il e 370 ol
89 @lwls’;ﬂ e g 00S Jebcas wolpdlas
ol Gl clidss .l a8 5 18 oolaiul )50
oealS alez 5l 5)lge leil j0 1eeS s AT Wlosls
Wi paie sloglen 3l )l 5 6Tk o Shes
el 00ld i b iolesT (V) ail anils (g S50 (i
ol ol 8 Wi 55509
Sormd g Slede 5 QLA alS (V) oS (oaleS]
5 (V) il Sle gl 2led 068 5 G5k 5l 60
5 (VYY) sl anals ‘S;I\.xﬂ....fl‘_s;:ﬂ zobw il
e Ol i ol oul osls plas L3 oldlas
ol 3l U oS Coen Sl S o (s5len

(YY) 0l S5 wlsh o gy
Silee ryed 5l oy Boal pol> mghy eyl
‘SSI.A,,,.SIG:JT EBs s liEl Sl G lgrea
2 oS S e ansysS 5 SIS
3y Orer29)S 50 Bras 5l (B0 605 Soegenns
WS g VB SloesST ST slog 3l o

Lagagy 9 9l g
e ol blioe 225 5 okt g9 ) pol B
A 98w plowl oass JuS g alalejl 3, @
ol3T l&ils 5 IRIAU.PIAU.REC.1400.019 oL
(S slacasgase bl aSul a4 culie b (oodlal


http://dx.doi.org/10.30699/ijbd.15.4.17
https://dor.isc.ac/dor/20.1001.1.17359406.1401.15.4.2.2
https://irjbd.com/article-1-988-fa.html

[ Downloaded from irjbd.com on 2026-06-20 ]

[ DEkNn1O3a@jivdjB8.4.0% P023-01-28 ] [ DOR: 20.1001.1.17359406.1401.15.4.2.2 ]

SIEDNA goxy U0 10 b 0sd 2l Sl ladiges 5l b
05 Ol Sl o) 2 lr g s LINRNA (5] (s
JoSe DNA ai, .0598 ookl real-time PCR lawgs
b 0 &S 009 DNA x> 5l oleas, ¢DNA L
reverse L weSoe (g lopaseas play LasSTy
yoba RNA - slears, (59, ; transcription
JoSo lagy] g3 57 5 wiged oo 45l MRNA ols-
L Complementary DNA ] 4 aul o mRNA
05 00 oS slp CDNAjH 058 o asS cDNA
o olsieds b 5 CDNA allis ooslo dosho 4o
ot 3l S dsdee eslil lags lUT o
Sygo o3 Gl ghw oy CDNA- las )5
SLRNA o> jsbay 5 RNA (lgime  alloo (o5
b dsbo o o o cod laps Sk <8l L Jobo S
Ol Ol @xSoilul b culply st oe Ly 8L
2 4 ol o real-time PCR 5, & LkmRNA
Vo ez 0 CDNA il colop bsole Ol s
b bl EDNA o coS 5l eolainl b s S
ol 5l el See O G SoS i il sl
00ls dngs S 3o eols Jlal /Y sleoigds S
b g oud Al ooy S 4 g Se ) jlade
5o aiBs YO Sow ooliiwl 5,90 Takara oS saal
e dnlyd Uoan ool 3 IS Jlg oSws
SBCDNA olSius I alail jl Ly 558 plow| CDNA
GHeaS ol 8 il gazye =Yy 8 00 eald R
s US55 s o el b el was
() Jgaz) o eoliial 0ligo7 ,l58ls 5 5l GAPDH
wbd 2S5 jelieay €DNA s 25Ty plowl 51

Real-time PCR deq5:ls o5 obj,l o ,his,ee
olyeas GAPDH (5 5 bagjole ol 2855 plxl
5 real-time PCR oo 3l ool b A3l s
px>,0 PCR oSly ol s SYBR green X,
2y edd esls las polie Gulaly s el e ol

s plo

olr! by e (5 low abdlad | ol on g Ldolo jlalgu

Srae) Jless 5 Jlem 095 Glew U5 055 lle
055 eJoSo g Jlor 5 Jlo 09,5 Gmrs 5SS 53,1
9 et 9 Jbom 095 9 il (e 5 sl 5 Jlem
Jollygims b Gllas e s5l98 a5 5 JoSo
Bl Gl ) cules byl ez
D (5l Al oz &) g0 sla a8

V590 b )5S 99 immmgyseS 50 b ol U
O slags, s Slie JBlo ©)gon 0 FokS p e S e
@ Jed 5 e 3 o Saclos ¥ Togu> YA 5 YV OV F LY
Copon GeesS)sS JeSe (0) oS Gy 095 Lz
f+ s> a5 Sinacurcumin sb 4 5Y5 JoweS
S 2850 Sl JgueS 52 )0 (095 )55 05 Shes
3 eolaiwl Sl lem ez 0l ags (1) Leewsil
SErae 90 slie Sl plaebl sly o)l 1y JeeeS
PGk Voo 590 b nesSysS g 0 ol o (290 o0
oS 98 a tnped Jham el S eSS
dids Yo el 45 sy e el sily8 el
30 59y TR «hE g ddclion duo )0 FeFe Lal b g
Jol aae o Ol yei (08 )T bl aiin £ Goe 4y aan
VP Ay pgd dlan (0 g 9, alSS 0 o VT ey b
a5 oleog, S p0 aaw) aids o e VA 4 Suleiye
g w85 IR Jed 5 lao (oyme 50 NS (p pes
(V) 285 o ool

OF ol o

UJPT BUPEIRUN- W § GV ESRUIPLET S AP DN R e
GBS ST o) ol g Sl e
sooglle 5 UgemmonliSl g GlanuSTn (ebols
Goan S b GpSeilil WS il e sl
RNA a5 54 p3¥ MRNA slas 5 bayg ol Ol it

VO(F): \Y-YY


http://dx.doi.org/10.30699/ijbd.15.4.17
https://dor.isc.ac/dor/20.1001.1.17359406.1401.15.4.2.2
https://irjbd.com/article-1-988-fa.html

[ Downloaded from irjbd.com on 2026-06-20 ]

[ DEkNn1O3a@jivdjB8.4.0% P023-01-28 ] [ DOR: 20.1001.1.17359406.1401.15.4.2.2 ]

VO(F): VY-YY

w S3gR (o ped Ak b (b (ya0gS 55T B pan (ilojes jil

L oty 1) Jgu

ST gaxkd Job roilp Iy ol £ o3 pb

\v. BP GTTTTGCACCTTCGTTTCCTG Forward SOD
CTTGCCTTCTGCTCGAAGTGA Reverse

\V$BP TTTCCTGGTGGATTCCCTTGT Forward GSH
TGACACAGAGGGGACACACGC Reverse

\AA BP TAGACCGGTTCTCCAGCCGGAG Forward CAT
TCCGATTGGATTACCGGCCCC Reverse

WYRP CAAGCCTTCCTCACCTGCACA Forward MDA
AAAAGTTGGGCAAGCTCCGTC Reverse

\*¥ Bp CTCTCTGCTCCTCCCTGTTCT Forward GAPDH

GAAGGCAGCCCTGGTAACCAG Reverse

$obl g
20 ewyp 0y slags ole SlilE wse ooe Jbos

5 «Kurtosis) SauS 5 (Skewness)  Ss>

SENENCE AR NTIIN [ [P R EEaes
82Uyl 0,00 (Kolmogorov-Smirnov) e pea!
RUCK S
bl yskaeds 55 homogeneity of variances)

(Bartlett’s test for byl ge;
oS 10 owyz 50 S0 Ol 5 Wlly SRep
3 Glo s paw 2B )5 )8 solaiul 590 axlllas 3,90
Syslaez sloosls ol 4B S Ll o /0 layge;l
5 4 S50 YF ass SPSS [5dle 5 lags ou
slops Jhme Bl 5 Sk 285 13 gLl Jolos
yebieds ool ould 51T (V) Jsaz o asdlae o440
adjbgs uilyly LT 51 geyn 0550 logss (b))

(Y Jgoz) o 5 eolaul (Two-way ANOVA)

Ladidls
Oygods sheog slaadl ln odal  Cewdds =
slooi obe slr (V) Jguzr o jlae Sl 5 2S0ls
Sl Sihee op S el oal 5)155 addllas 590
GSH w3l &lp oSl (i Catalase o 3l
ol ly 5T 51 ool s 4 gl el oad U355
oS g by sl Sl ey 4 a5 bk

son kel G 4 el n sane b e 5l o
el real-time PCR oSS Lawgi cDNA - sladiges
el g S Vel e g0 ooy S
Al coat e sl o aiged o 5l 2dg e VGl
oolel JoasSy T odale 1o 5 33, 05 oy 4 Loyl
ol Ade S B dasjlgyed sl s S Faian
S iy shie Ol s S AY 5 luyg,
osy rln 0 6)l05eL 5 euld bole g S
5o b oolitl goslel 5 33 hsy e 4 5 o0
Ao ol 5 posln e oSee alSlaz 535,50 S
FelrSen & ol g i eolel o glacand b )3
65l> (5wa)'““"‘ “ 03 c.bLo] ‘Jng...‘o U"‘ )l
OS¢ g 6T ey 5l ol aslsl cDNAtemplate
Oledas wals Jie PCR b L) oSiws 4y 5 2ol
a4 Jlasl glos flgieay ax 0 0 los (galox 5l o5V
3 S50k ey U o run oiws g ol eols ol
ol Alad 055 ol SRS Gl 5 ey (slosigas
b pll oS 5 e 4 o2 GAPDH 5 6l J>1 0
S50 dlao yols (I3 5 Jee Cepw A cal SO 4
Loy om il gl sxSede e & osey 2
5 LEDNA 5 s o5l (23 YL wlge ol degradation


http://dx.doi.org/10.30699/ijbd.15.4.17
https://dor.isc.ac/dor/20.1001.1.17359406.1401.15.4.2.2
https://irjbd.com/article-1-988-fa.html

[ Downloaded from irjbd.com on 2026-06-20 ]

[ DEkNn1O3a@jivdjB8.4.0% P023-01-28 ] [ DOR: 20.1001.1.17359406.1401.15.4.2.2 ]

oS 5 Gils s ol el esg b
slagige o Catalase o5 ol » 2l & G5 )5S
Oleyd Cox g s ol sl 5l asx Balb/C oole
Aladlged o )l B 5l g 3T 90
2 PV oS o5 oo 5 s5lgn (i ped Jlie
Sl sl o gxe bl Lkl Catalase 5 Lo
05 Ol oSS JeSe s il et Sl
Ol =l 5l ax Balb/C sole sl sse ;o MDA
el Sl gy S5 ploye CoB g iy
oS5 Siler e Blie ST aSbos o e
@bl S5 5 MDA (5 ol 5 (P= o/ AV) (esS 68
@ Sl ryed losed Gk @Blyye il o sne
Cowl 0as MDA oS el (085,65 B pan ol por
a5 ol pal JBlam 5 ol ood o )bl S5 s
SS9l MDA (2530 5l JoSo ol o 2 (55l98 0 33

sl 00,5

@lﬁ\l

(MDA «Cat «GSH SOD sloy; ole wmls
ol o ST Glons 5 S St
(Y Jso2)

olr! by e (5 low abdlad | ol on g Ldolo jlalgu

Ol 2 S 4 OeesS )95 JoSo 5 slse 1 yeT (el
Oy sl 51 oy Balb/C ool sl g ;0 GSH (5
el S g S5 Sl cod 5 iy
oS 5 slen onpes e Jl g adloed o ctne
oRl8l el GSH (5 ol 5o (P = o1+ 0F) (5055 )55
Gl S5 5l a5 aims el oo GSH o5 ol
O3S 95 S9)l0 A psbar adlioed s e
5 Ogd g baiged o gslalST w il ol cels
GSH (50l )9 $olosne i ladiged o
S g e Blie STl onl b 2o S5 oy
b a5l il 005 554l GSH oyl Lrals
oo GSH i3l cel oy o3 oowlcamsds slojloges
3 lsise S osba wbond Jloine )bl Sl Jy
o pls Bas b cdl cbli> sl uped 5 JoSe
G OmesS)sS JoSe g il uped hel e
ax Balb/C oole sl g ;0 SOD 5 Lo p ol
gy S 93 Olayd S5 g Gl by (]
5 S3lsR el hlite Sl adliped o s o)l Ll
A SOD o5 ol (P= 2 NF0) (resS o8 JoSo
el SR Oile a4 il g )bl
@t SOD 030k 2 oS )55 JoSeo 5 S5l el

axdlhe 8,90 (5lBog,5 50 b puiiie Hlare Syl g (puSilee ¥ Jgur

Jlos 9 slows 09,5
9.65l9B oy 503 9

JoSeG#
SD:M

3 b 9 slows 09,5

foseG O
SD+M

9t 9 jlows 09,5

.05 GF
SD+M

oo EYEL/. L FE

ofe e Fke1 \AA

fevookefeeon

fe e YYE[o o VE

SJAYAEo YA

o[ YYYE/-YAD

fevookefeeon

SAYEE VY

oYL/ BY

R 7RI

feveedefeeen

NERRVE YRR 52

Lo’ 9 5low 09,5
I 9 ) 09 P c
15 b pre) JyES egs J S 09,8
SAB = Ge S G el ko
{rpuatsypuse SD+M SD+M
SD+M
ofe e YA oY RS A E-2YRRY < Y P Y RS A SOD
ol YAE-[-YOF O 1= =0 A A AT = A A GSH
efeeeekefoenn N EEEET - E R TR R —oY PP Cat
ofeeoYEe[e oYY RRES =RV RS & JERY PR | o= RV RIPS & 4 MDA

VO(F): \Y-YY


http://dx.doi.org/10.30699/ijbd.15.4.17
https://dor.isc.ac/dor/20.1001.1.17359406.1401.15.4.2.2
https://irjbd.com/article-1-988-fa.html

[ Downloaded from irjbd.com on 2026-06-20 ]

[ DEkNn1O3a@jivdjB8.4.0% P023-01-28 ] [ DOR: 20.1001.1.17359406.1401.15.4.2.2 ]

VO(F): VY-YY

e (3l (0T AiB il (b (yr0sT 595 B pan Glojes il

anllao 3 590 GWog ;5 53 b yuiiio dumslilo (gl 48 ,b90 (il ylg Julows' (i3] gl ;Y Jguar

)

Sl 5 gt »l o
095595 oS0 9 63198 (2 03 095595 JoSo Silgh n 09
ook
F =t/ Ay F=-/-%y F =yv/agy Gs
H
P=./-0f P =-/AtY P=-nvy
F=viy.v F=-/von F=-/fvA <OD
P--n¥o P=-/vay P=-jov-
F =y/yyA F =-/aAy F=-avs A
MD
P=-/-AY P=-/vvy P=-/vey
Fol Fo Feofe-- .
at
P-y/ee- P-y/e.- Py
o1 . Curcumin
Dao SL\pﬁi‘ei;l:;:Ia‘non .)llp}lénlf;;atmﬁ
:I\YIO —Yes
e Eﬂ 010
&
o = 006
% 030 E
=
= 8
g 2 o5+
b 025+ =
g g
= 020 = oos
015 002+
T T T T
No Yes No Yes
Aerobic Exercise Aerobic Exercise
ol Curcummn
200085 Supplem;]tauon 012+ Supgi;;‘;]t];tton
=00 g,
. — Yes —
1]
E 1.500E-6- Eﬂ 4
3] ]
= 8
E % 008
% 1.000E-6+ :
g g
O & o0s
= =
E 5.000E-7- §
= 2 004
0.000E0 002~
T T T T
No Yes No Tes

Aerobic Exercise

Aerobic Exercise

axllan 0590 (Gb puio 48 (r095 595 B pao (Jilojod 13,0905

@l Ad (o ey 95 b (Gloys B 5o by

ooy syyls &S

sls

olas sanleasoa

slzel (YV,YA) canl onls oS cmy gyl Bun

Saan

.

b o oS35S B loyan 1 ol aslllas 53

L by gloasls 5 05 ole » ol (nyed aie
Ol Mie slo e oS cdl gilans] jLid


http://dx.doi.org/10.30699/ijbd.15.4.17
https://dor.isc.ac/dor/20.1001.1.17359406.1401.15.4.2.2
https://irjbd.com/article-1-988-fa.html

[ Downloaded from irjbd.com on 2026-06-20 ]

[ DEkNn1O3a@jivdjB8.4.0% P023-01-28 ] [ DOR: 20.1001.1.17359406.1401.15.4.2.2 ]

55 2y 5laeST il g g S Bpme 5 g
WSSy oy eS 9 e SWl cow 5 glas,
Woad o9ls plaie Ol e a5 ol lis mls &S el
ool el Ll e 90 (nl ceS S s eSS
I S S plp yo (bl D51 glannS]
Ol Lo iagsy (o) - (TV) 2Bl 2l (g9 90
SISl ool odlad (a5 Sl sed wm3 s
s > s JSSan g8 4 axs L) beedl
i (S gleasly G el gleeygs de2g
So Ol a0 olaged (o (YY) wes e
STl sl pl Hioke 69y 2 s Al
o5 ¢ Baghaei Jlw jsbay .cosl ool a3loy,
O30k 2 N (o859 el dedz S il L
(o)l o gme 80 lgamss oSl pgw
) stolie mmbo 50 o, Ken g Akbar por pimes

(V) wo,s )58
Seeed 55 4yt (Jobo Lanzme 50 gdlocanST o i
Ot 3 (S b oe KaSTy g )bl slasenSTy
@ooslle doad pdacasly Sl Jols SYVgans
Oleieds 5 039: 4> 833 90 ,Lewy a5 (MDA)" ol asul]
O0) 355 00 wymmme 5eloges] Ll ol Silis
Clld el el (eSS JoSe 5 S3ls (S
b omi o gme )bl il Js cusl sy MDA
Sl gogem U oS 5 g5l ped (IS s
ol asmad Koo el 00,8 (68 ol 0T il o MDA
el il asllespglle paile Sl gies
wile Koo Olidey mmls b badl opl g (o355
olid 093 Guizd yo a5 oK ¢ Fenning  asllas
Jogme Sols el swglie (s aan VY wSsls
eizan (FD) 35be Bla oLl o siallopsle
aae VY wols lis oS ol Ses g Prazny  axlas
coplle fogiee elS el plite aglhe (e
aS o) Kee g SisT andlas g o(FF) ol ooy asallgs

*Malone di aldehyde

olr! by e (5 low abdlad | ol on g Ldolo jlalgu

Jid S5mST sloaisl adgi a5 ol cpl 5 o Kiwgh

L oond gpyaeby Jobo e o2 5 (ROS)
DOX jl (b oms 395 Jelse cn kel 5l 5sks!
DOX aewgay sloye Ko Ole & (V) s
0500 5> S5l sl lsealy o 5l Gty g 4 e
ilg oo laglags] ‘5:..31 a5 50 .(VF) 0gd o Jelw
Gl L 5T el sale (gooie (slapanslSe L
Sl 30 slo g cadls e 5enST mdge clale
QeS| g diile (ST Jd sloaisd cdls 5 9 asile
Cawdy azed iles Jas (H202) aeSTy oy59,002 5
Silep cp i diz e aS ols lis adlae ol 5l el
L el oads oS 5T slogasls ilsdl ety
)50 30 polo iz gl adb e o ixe )bl L
@l b Gl sleesl oy ol
o 5 Siug o,Kea 5 Garcia-Lopez oliés
O pbe cpl Jleal Je 51 (YAYA) cllas Slssean
pU 1y ool ploml i £55 9 (el 090 Job Ol o0
Geizs 0 oL K 5 Garcia-Lopez Jlwo jgbay oy
a8 o win S eolaiul oy el aan VY 5l oes
el oo solail  swliial oy e azan £ 5l gl
JoSo Sl oy 4 o )Kan g Banai far a5 i dss )0
slopasls p (uliiul onped atie Ay oesS)sS
5 oelme gt S il SlaesT sl
o deSe g el Slas aioly las woe asle
Bgemns LLuST e 5 YLK ‘_;LQQIMISUT
ST T slag 3T ple Jy col 005 o sae
2 (V) WS 18 (nped 5 GeesS eSS Ced
as wobs plas o Kes 5 0gonovszKy | _issi—
JOUES SRRV R KVOUR 1 -] RPp~ PSR o] BTN | Y-Sy Ao
pas (YY) Sl Al (o ped ooy S o &ylo s
ol eSSt sl sl Bl | gl gae Lrals
aS b (0 Xleold o (o ped ol |y Wladoy

IS (p el e clle 50 el o] See g g0l 0

"Reactive oxygen species

VO(F): \Y-YY


http://dx.doi.org/10.30699/ijbd.15.4.17
https://dor.isc.ac/dor/20.1001.1.17359406.1401.15.4.2.2
https://irjbd.com/article-1-988-fa.html

[ Downloaded from irjbd.com on 2026-06-20 ]

[ DEkNn1O3a@jivdjB8.4.0% P023-01-28 ] [ DOR: 20.1001.1.17359406.1401.15.4.2.2 ]

VO(F): VY-YY

v G3leB [ ped dids fl (b (1095 59 B pan Slojes 1]

O
s ol 4 (3l9n (3 Yiainl oS e on S @
NCEE R ROETE B ICYIIE St SIS
Ol rerd lo 5l (AL gailapaST ol pln e
Sl axsls gls Bawpd Zb ;S 1) (g e 90
il oo 6yt Dlalllas 4y 55 e (ul jo a5 Wiz e
a5 515 JoSa e o2l allan s ol
o o> U b Su cdld glzl oles 4
o)l b ploys cow pliy b 4 M sladiges
Bas s cdl cblis Gl g g e s
a5 Wz o Cawl 0ol gylo aluleZl B)lee ply 0 alS
plml b ol ooy el 0395 o e (55lel s
s Dy 50 5 Gl slagogeil g, wliios
Gl Sz o o ySug;y nl 5l Ol e bt s &

Gz 5| aiwlgs o Ololpaiiy
SlodeSe e 9 b silse Dl pod Al Sty S (o) 2
By ads g e Jed 5l placdl o JlasT T
Gzt ol )3 058 3 T iz 4z g 550 wils e
aiges olaws 5 cowl ool colaiwl Jlb s slaaises 5l
009 Sl 4 az g by aBlioo s 709 S 58 0 o
3Ly sl ojon Job 0 seeS e Jlizl ladiges
Saw 5l eslinal (ST o SKaghy 4 anogi 5 23l
il 59 Geimes aBloe 058 o 50 i sladigel
Slbr sladised 9) » (Seliinl Sy pe 5l asllla
Sl i ple 5l 0gd oo anog g el ool oslil
Se oolaiul gumy Clidsd o 55 Seglie 5 g LS
sxSoll isuml slagasls oF ole adlbs cnl 5o
SawolisS SISl pwyp slp Sed o0 oy Sl o0l
S 59 5 ety ol collad mhaw JoSe 5 0 peS

29d s Sl 0 ol

G ras olyen 4 Seglie (e aan VY W5 S lgie
2 Wleopglle o oS el Joomi Jose
J Fr et lsea (1Y) i Glr ooy
VWosels slas o, Ken g Rall Jle jgboay caslails
S5y 2 Sl b oanlid eglie nes ain
Co,l Glem sl e o wSWlssndlle
OLHer g McAnulty (ruzes (YY) o)l odgiles,
Sy wsdllesple s, 2l b R
5 Seglie (e Gl oaleST LS gleasls
Gzt ol 5o (YA) w60 S0 snsline & jlapgs S O an
oIS Eely 55 ool 1 o5 a4 ansS S
Pogme oS pl a5 wmie cil oals MDA
5 OB 5 J dhoz sl laaddllas 5| (5 s ol o
5 YL S b oaped alool wols plid o) Kan 5 gusgd,lS
51 glaps ! Liels g MDA i3l el jle suileyo
55 ol (FUF) 5550 SODy GPX i S|
Qa5 DawolisS slacyn i 5l wm S cul J
L alic )0 20 oS o8l )0 MDA Glie 5lsae
S IS e slade g sl IS5, Sl
5 MDA e S0 gleadlas o oes (FY)
ool o (FY) il ilidl cuads g oweolisS (glacy ol
GRIBl Sl g 55 olren @ (5len el gk
oS siz e ool 0o JlarnST T slae 5T slagyiole
05 Bl o ol al G2l Sl 5 Al Jfogins
oS 5 S3len (el rizes el 035 (5 S ol
5 s el 00s MDA ol 2als sl (posS 58
A a0l ol adlige o e bl
B R T e N O
e Sl 5y s lacent s
Sl s wls 5 sl 4nsls ol jan 4 ST 2
g Db 50 50 Olided @l b Guiow (nl @l o
oads 48,5 54y addllas 550 slodiges 5 (o el Do

sk


http://dx.doi.org/10.30699/ijbd.15.4.17
https://dor.isc.ac/dor/20.1001.1.17359406.1401.15.4.2.2
https://irjbd.com/article-1-988-fa.html

[ Downloaded from irjbd.com on 2026-06-20 ]

[ DEkNn1O3a@jivdjB8.4.0% P023-01-28 ] [ DOR: 20.1001.1.17359406.1401.15.4.2.2 ]

Cay ooSids o IRJAU.PIAU.REC.1400.019

ol piedll oxly ol ST Radls Sy

DY Sl 1) 053 (G)a8 5 wbew cales ol Kaegs,
03 &8 lie b a8 jpiedlul axly odlul ol olKiils

@l (oled g wisged )b g cnl el 0, Lo

les o @l (ain S (6, dnlllas o] o 4

References

1.

Ashrafi J, Dabidi Roshan V, Zolfagharzadeh
F. Tissue Toxicity Induced By Doxorubicin In
Rats: Protective Role Of Aerobic Regular
Exercise. J Urmia Univ Med Sci. 2014; 25(4):
353-62[Persian]

Saxton J, Daley A. Exercise and cancer
survivorship: Impact on health outcomes and
quality of life.Ist ed. New York, Springer-
Verlag; 2010.

Marques-Aleixo I, Santos-Alves E, Mariani D,
Rizo-Roca D, Padrdo Al, Rocha-Rodrigues S,
et al. Physical exercise prior and during
treatment reduces sub-chronic
doxorubicininduced mitochondrial toxicity
and oxidative stress. Mitochondrion. 2015;
20(Suppl C): 22-33.

Smuder AJ, Kavazis AN, Min K, Powers SK.
Doxorubicin-induced markers of myocardial
autophagic signaling in sedentary and exercise
trained animals. J Appl Physiol. 2013;
115(2):176-85.

Sadat-Hoseini SK, Dabidi Roshan V. Is
subchronic exercise in Combination with
medicinal nanoparticles a protective strategy
against Doxorubicin-induced Hepatic
oxidative stress and apoptosis in aging model
rats. Nanomedicine Journal. 2017; 4(4): 224-
31. [Persian]

Salouege 1, Ali RB, Said DB, Elkadri N,
Kourda N, Lakhal M, et al. Means of
evaluation and protection from doxorubicin-

olr! by e (5 low abdlad | ol on g Ldolo jlalgu

2l 1 ylas

2,105 3925 &élio oslay asllas (ol jo

@‘dJﬁjJ&ﬁ

chie 5 sl als, 5l a5, die ol

S as L )

10.

11.

Sidumd S50

induced cardiotoxicity and hepatotoxicity in
rats. J Cancer Res Ther. 2014; 10(2): 274-78.

Alishahi A, Nasiri S. The Protective Effect of
Regular Aerobic Training on Doxorubicin-
Induced Hepatotoxicity in Rats: The Insulin-
Like Growth Factor System. ZJRMS. 2014;
16(12): 61-6 [Persian].

Alexieva B, Sainova I, Pavlova V, Markova T,
Valkova I, Nikolova E. Insights into
Mechanisms of Doxorubicin Cardiotoxicity. J
Phys Pharm Adv. 2014; 4(3): 342-8.

Rogalska A, Szwed M, Rychlik B. The
connection  between the toxicity of
anthracyclines and their ability to modulate
the P-glycoprotein-mediated transport in
A549, HepG2, and MCF-7 cells. Scientific
World Journal. 2014; 2014: 819548.

Javid AH, Dabidi Roshan V. Effects of Six
Weeks of Continuous Training With and
Without Nanocurcumin Supplementation on
Doxorubicin induced Hepatotoxicity in an
Aging Rat Model. MJMS. 2017; 19(4): 1-12
[Persian].

Katsuhito N, Shuhei F, Ayano O, Hiroki K.
Protective effects of taurine on doxorubicin-
induced acute  hepatotoxicity  through
suppression of oxidative stress and apoptotic
responses. Anti-Cancer Drugs. 2016; 27(1):
17-23.

Dasgupta A, Nomura M, Shuck R, Yustein J.
Cancer’s Achilles’ heel: apoptosis and

VO(F): \Y-YY


http://dx.doi.org/10.30699/ijbd.15.4.17
https://dor.isc.ac/dor/20.1001.1.17359406.1401.15.4.2.2
https://irjbd.com/article-1-988-fa.html

[ Downloaded from irjbd.com on 2026-06-20 ]

[ DEkNn1O3a@jivdjB8.4.0% P023-01-28 ] [ DOR: 20.1001.1.17359406.1401.15.4.2.2 ]

VO(F): VY-YY

Ty

w S3gR (o ped Ak b (b (ya0gS 55T B pan (ilojes jil

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

necroptosis to the rescue. Int J Mol Sci. 2016;
18(1): 23.

Carvalho FS, Burgeiro A, Garcia R, Moreno
Aol, Carvalho RA ,Oliveira PJ. Doxorubicin-
Induced Cardiotoxicity: From Bioenergetic
Failure and Cell Death to Cardiomyopathy.
Medicinal Research Reviews. 2014;3 4(1):
106-35. doi:10.1002/med.21280

Kouzi SA, Uddin MN. Aerobic Exercise
Training as a Potential Cardioprotective
Strategy to Attenuate Doxorubicin Induced
Cardiotoxicity. J Pharm Pharm Sci. 2016;
19(3): 399- 410.

Das J, Ghosh J, Manna P, Sil PC. Taurine
suppresses doxorubicin-triggered oxidative
stress and cardiac apoptosis in rat via up-
regulation of PI3-K/Akt and inhibition of p53,
p38-JNK. Biochem Pharmacol. 2011; 81(7):
891-909. doi:10.1016/j.bcp.2011.01.008

Zolfagharzadeh F, Roshan VD. Pretreatment
hepatoprotective effect of regular aerobic
training against hepatic toxicity induced by
doxorubicin in rats. Asian Pac J Cancer Pre.
2013; 14(5): 2931-6 [Persian].

Kumral A, Giris M, Soluk-Tekkesin M, Olgac
V, Dogru-Abbasoglu S, Tirkoglu U, et al
.Beneficial effects of carnosine and
carnosineplus vitamin E treatment
sondoxorubicin-induced oxidative stress and
cardiac, hepatic, andrenal toxicity inrats
HumExpToxicol. 2016; 35(6):635-43.

Taari B, Goodarzi N. The Protective Effect of
Curcumin Against Methandienone Induced
Hepatotoxicity in  Male Mice: An
Experimental Study. JRUMS. 2019; 17(11):
989-100 [Persian].

Belviranli M, Gokbel H, Okudan N, Biiyiikbag
S. Effects of grape seed polyphenols of
oxidative damage in liver tissue of acutely and
chronically exercised rats. Phytotherapy
Research. 2013; 27(5):672-7.

Kawanishi N, Yano H, Mizokami T,
Takahashi M, Oyanagi E, Suzuki K. Exercise
training attenuates hepatic  inflammation,
fibrosis and macrophage infiltration during
diet induced-obesity in mice. Brain, behavior,
and immunity. 2012; 26(6):931-41.

Marmoghadam M, Gorgani A. Compare total
antioxidant capacity, oxidative stress and
lipoprotein profile sprinters with non-athletes.
Sport Sci Res. 2010; 6:95-104 [Persian].

Shirinbayan V, Dabidi Roshan V, Mahjoub S.
The therapeutic effect of endurance training
on adriamycin-induced cardiac stress in rats.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Iranian Journal of Health and Physical
Activity. 2013; 4(2): 8-17 [Persian].

Ascensdo A, Oliveira PJ, Magalhdes J.
Exercise as a beneficial adjunct therapy during
Doxorubicin treatment Role of mitochondria
in cardioprotection. Int J Cardiol. 2012;
156(1): 4-10.

Kerishchi Khiabani P, Bidaran S. Preventive
Effects of Allium cepa on Breast Cancer in
BALB/c Mice . J Ardabil Univ Med Sci. 2019;
19(2): 137-148 [Persian].

Mohammadi  Yeganeh S, Parian M,
Azadmanesh K, Arefian E, Batoul Rahimi F,
Karimipour M and et al. Modeling of
metastatic breast cancer in BALB/c mouse
with mouse derived cell line and stably
transduction of this cell line with lentiviral
vector. ijbd. 2011; 4 (1 and 2) :7-12 [Persian].

Kemi OJ, Wisleff U. Mechanisms of exercise
induced improvements in the contractile
apparatus of the mammalian myocardium.
Acta physiologica. 2010; 199(4):425-39.

Atashak S, Azarbayjani MA, Piri M, Jafari A.
Effects of combination of Long - term ginger
consumption and resistance training on lipid
peroxidation and insulin resistance in obese
men. J Med Plants. 2012; 2(42): 179-88
[Persian].

Siu PM, Pei XM, Teng BT, Benzie IF, Ying
M, Wong SH. Habitual exercise increases
resistance of lymphocytes to oxidant induced
DNA damage by upregulating expression of
antioxidant and DNA repairing enzymes. Exp
Physiol. 2011; 96(9):889-906.

Carrera Quintanar L, Funes L, Vicente-Salar
N, Blasco-Lafarga C, Pons A, Micol V. Effect
of polyphenol supplements on redox status of
blood cells:a randomized controlled exercise
training trial. Eur J Nutr. 2015; 54(7):1081-93.

Banaeifar A, Shahkandi H, Behbodi T.
Protective Effect of Curcumin
Supplementation and 8 We Liver of Rats.
Iranian Journal of Nutrition Sciences & Food
Technology. 2017; 11(4):39-46 [Persian].

Ogonovsz kH, Sasvari M, Dosek A, Berkesl,
Kaneko T, Tahara S,Nakamoto H, Goto S,
Radadk Z.The effects of moderate, strenuous,
and overtraining on oxidative stress markers
and DNA repairin ratliver. Canadian journal
of applied physiology. 2005; 30(2):186-95.

Moradi M, Shakerian S, Nikbakht M, The
effect of eight weeks high intensity interval
training and crocin consumption on oxidative
stress of liver tissue in male rats subjected to


http://dx.doi.org/10.30699/ijbd.15.4.17
https://dor.isc.ac/dor/20.1001.1.17359406.1401.15.4.2.2
https://irjbd.com/article-1-988-fa.html

[ Downloaded from irjbd.com on 2026-06-20 ]

[ DEkNn1O3a@jivdjB8.4.0% P023-01-28 ] [ DOR: 20.1001.1.17359406.1401.15.4.2.2 ]

33.

34.

35.

36.

37.

chronic doxorubicin injection Feyz 2019,
23(5): 485-94 [Persian].

Baghaiee B, Tartibian B, Aliparasty M,
Baradaran B, Almasy SH. Cu/Zn Superoxide
dismutase enzyme of lymphocytic cell gene
expression, total antioxidant status and
oxidative stress variation fallowing to
intensive exercise in young men athletes. Razi
J Med Sci. 2012; 19(95):1-9 [Persian].

Akbarpour M, Amini H, Aghazade J, Isanejad
E. Effect intensive exercise training on
catalase gene expression in soccer players.
Exerc Physiol Phys Fit. 2015; 12: 1113-8
[Persian].

Fenning A, Voss A, Nabtiollahi F, Reaburn P.
The Reduction of Oxidative Stress and
Inflammation in Obese, Type II Diabetic
Patients Following Resistance Training. Heart
Lung Circ. 2008; 17(8): 219-41.

Prazny M, Skrha J, Hilgertova J. Plasma
malondialdehyde and obesity is there a
relationship?. Clin Chem Lab Med. 1999;
37(11-12): 1129-30.

Rall LC, Roubenoff R, Meydani SN, Han SN,
Meydani M. Urinary  8-hydroxy-20-
deoxyguanosine (8-OHdAG) as a marker of
oxidative stress in rheumatoid arthritis and
aging: effect of progressive resistance training.
J Nutr Biochem. 2000; 11(11-12): 581-4.

olr! by e (5 low abdlad | ol on g Ldolo jlalgu

38.

39.

40.

41.

42.

McAnulty SR, McAnulty LS, Nieman DC,
Morrow JD, Utter AC, Zumke CL. Effect of
resistance exercise and carbohydrate ingestion
on oxidative stress. Free Radical Res 2005;
39(11): 1219-24.

Li XD, Sun GF, Zhu WB, Wang YH. Effects
of high intensity exhaustive exercise on SOD,
MDA and NO levels in rats with knee
osteoarthritis. ~ Genetics and  molecular
research: GMR. 2015; 14(4):12367-76.

Cardoso AM, Bagatini MD, Roth MA,
Martins CC, Rezer JFP, Mello FF, et al. Acute
effects of resistance exercise and intermittent
intense aerobic exercise on blood cell count
and oxidative stress in trained middle-aged
women. Brazilian Journal of Medical and
Biological Research 2012; 45(12):1172-82.

Tartibian B, Baghaei B, Baradaran B. Catalase
Enzyme Gene Expression and Oxidant
Markers’Levels in Trained Women: Effect of
Incremental Exercise .The Journal of Shahid
SadoughiUniversity of Medical Sciences.
2013; 20(6):778-88 [Persian].

Shin YA, Lee JH, Song W, Jun TW. Exercise
training improves the antioxidant enzyme
activitywith no changes of telomere length.
Mechanisms of ageing and development.
2008; 129(5): 254-60.

VO(F): \Y-YY


http://dx.doi.org/10.30699/ijbd.15.4.17
https://dor.isc.ac/dor/20.1001.1.17359406.1401.15.4.2.2
https://irjbd.com/article-1-988-fa.html
http://www.tcpdf.org

