[ Downloaded from tumj.tums.ac.ir on 2026-06-21 ]

o] llis N0 VA sladaion NV o lad A+ 050 V) didead o305 (S posle oSitil (i sy 0uSutily tlno I l ”VI |

Oy (o0 Bpan i (U 98l (o il 3 Ul (18559 Sy yoi 3T (o) 2

VEOAT ST VEAVTY L E VeV s VIV ATY il 54&

ol L Ul gt glanys I8 g il 03,208 5 )8 L (655 00008 G Olssas (b e ibile b
5l eslel 51, S as Wilesls OLas Lot (sla sy 5o il o 30 03 28 515 OB e ks 3150 Fbo pmmen
s Ol ol e ol aallas ol s i el ST ezl sl Kl e OF Sl 5 (b e
A ey b e ey e e e Slendly 5 S e D3 sl ST el el

Sladle b La b3l oslinad Wistar 315 &l 5 o Sise oo EA 2 allae il 53 pminp A
Ao ain e a4l \.J):Q,:é)_» ..)._;:.CLzu'l Shl Sy r}_l,:—elf_.i.}l:.):\i“ Ll das U (g
2Dy 5 aS s o il e bl 4R35 10 uld 55 Dl el Al e gl es sla e
k5 83l ey ) s BDNF GSH MDA (sla; 556 (5 ,:Se5100 sl 5 sl o o35

il Sials jblise oy soay GSH oJ 28 05,8 U acuglin 53 o0 05,5 oS amle 5 Ly s claassit
Lol bl ey ol s (6,5 d o b e ils T3l (5 lskins &y jots MDA 5 GSSG o553
Dlias &y 5oty b e oSS e aj_}j)) liay gbs ol el s k_ﬁquj;:LhBDNFjllt.&A ol eel
355 Oy |y oS 52 la BDNF 5 (S sls 5 LSy MDA 5 GSSG GSH - glaws s b e S

b e 3l eS| i S i B e B e i) o s il Sld Sl a5 g eSemd

LS SaS b e e D jae 5 36 JShe 5 Jole slacund 2alS 6 ol (S Sl pl S e Ol |

S sla 05U I8 (555 Gre Sy 58U euds el

Lol 055b518 e OlS| 5T Jalse 2alS izan 5 MDA)
(GSH- 3luSl 5y 0556 48 (Reduced glutathione, GSH) o

Y&b}..» e daes n*‘dJLé S

oS8 Sy oA sl 0,5 -
Sl S STyl Sy psle

oSl o Kb gy oSl oo 5T 09,8~ T
Ol ST STyl Sy o sl

*
WS K ke o8l (STl s 0k
S3 P 058 (S S
CAVFEIVYOY il
E-mail: m.sadegh@arakmu.ac.ir

PRV

AeSl s s 5 (CAT) VUGS (GST) l,auil 5 055658 Px)
bl pls lesls OLES 1) pre 3L L ke 3 (SOD) 56 e
2l ) s Bl oS eds ke (S5l Laasl ol 4SS
el ST sl sl 5 G e 4 (Sl 5 sl
Slood Glatas ez o LIS S 5503 3z e 5)1S oS o3 sa

SNl S 5 3 4z A8 e 5SILST ezl L oS

Tehran Univ Med J (TUMJ) 2023 March;80(12):979-85

http://tumj.tums.ac.ir

Gae LSS oS el 0l ARLST sladde 53 b

5 (ROS) 055,20 5 0S| Jd slaas S 158l s b
Sl sd e S snle 5 55 ehgn e 15 s (RNS)
halpd Aol Sl 5 dgh S gladte 3 il
Sty Dl OS] glaatls Rl e
(Malondialdehyde lipid peroxidase, J_a.Jl s Ol g


https://tumj.tums.ac.ir/article-1-12275-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-21 ]

JEas 4 Golio (sugo AA-

Lt by eS8 5 Shigel b plnil o YYEY C O ol
RS IEIPY STe P RN U

Ol o 8 L Dby ped 5 (b e Bae o5 OLL o
AUl b hsgm ) o 5 Sl 658 a5l skl &) son
Gl Lo sas 5 plal U5 1 (6,80 55 s i 035 5L 5
052 L b sed Sandy mle b e Ll Jite slinl As 02be (51>
Jle 55 el gl 5 e (=8 °C) ids Vo e 4 00
o S 5 ey Ao A (I A TC s i
Ab ol 53 S gnle A 2 dema 5l gee 5 M Ol
JA OSs e 03 s S w0 Ul Gl e s e s Sl
sbeS L BDNF | Irisin GSH MDA (5 ,Sejlbl .z S
S elpen old al))l IS4, 5b 5 (Abnova, Taiwan) &S
s S ol slad slowe S eslial L3yl vt 3 ol
Sheslinad b o5 il elaly Jaisyse slpe BlE 5 S
oSle 5 LSS LU s b Seslul as a3 Ikl o
Al Ll

! (GraphPad Prism, GraphPad, USA) sobl )\)-.%lrjs
L sy Sl g 31 85 plaesls o 4,5 JlSes (s T Lo
Bonferroni LSS Q}A)'T o~ 5 One-way ANOVA ;;fj
D3 obslas sl P<o/i0 ad bl w5 aolis

Aleds alyl Mean#SD & suoas Laesls (23 S

Laasl

S sls Ol SLL 5as ) 5 ST Wl G Olge oL
sl sl absl Glaes S e O Llis,y Gae SLe
Wlyay Gpas xSle MortSw 5 Mor o35 53 4S(g,sba
53 1 bl Jiulsl aS 5 \V/ORT/Y 5 YoNEVA ml S S
(P<e/r0 g P<e/o) o e ol OLiS xS o5 8L anlis

b peme el sl eols Ol (G s DY ISE 5 &S hiles
03 oS smle 5 LSl GSH mlavs Jlsbiae falS o (b 0 (0050
5 Ll gl P<o/00) ws J 38 05 8 b awslie 53 Mor o3 S
oS 5wl i Sl (Sl gl P<y/end

B JJJA Q‘le Jl}L'M [P ] (MOI""SW) L‘fﬁ'é)f AJ.'..'SC,&[;_))

S 3 oS edd el Ol fagd e O S0l s e
ORIl s eS| 5T s Jolas o e e slas oy
plowil 3, 5% o wms o S S| ST ot i b OS] Jalge
S SI AT e 58 Sl WS o Jsene 555 Sl
ok il s Wole » dsl pde cnl 5 L (2 5lse Ol
Ghd iy e 0L &S als sy e b E1S
2 Bl S ST e tal e glade 53 (Jpene
oo p ol anlllae Gois sl sSlanSt ezl 51 EU cl
ool ety O Wlis, Sl ed s
D Sl 03 il e St S 3L s sl

Al e

IR oI

(ada A=V 0) Olszr 5 ol Jhsn e BA Sl Gl cnl o

Lul i s b7 la e 53 by A esliad Wistar sl
G Sl el VY g el \Y 5 YeoYo € sles
ooy ARl Sl L 8 9 sl L e
ol oy S Sy pske oK WS araS Sl e
O s b eoss pled o Sl ol s plad 5o azaS
Syt Dbl il 11 5 Of w3l ejzes el
IS 058 (1) 1l s 3 0=\Y) 05 5 Ll > ol
by ((Mor) b e 4 ately 05,8 (Y) sl 05 (Cnt)
(£) wilisy bt Sy s :(SW) L o el 05,8 (F) (0 o a0
shs Slo el ((MortSw) L oy el 5 b e 4 dtesly oS
G b a Sl e Sae o b &l
035 J= Gk 5l S~ (Self-administration) (g 255 55

09> OLL L3 A sl &l &;T 03 e el slas

eSSl e (Saels Sl AaB Sl 5 (e S e
OLS b Bliw i b il sl &) oas Ol
M ds oL, (Withdrawal) S 5 potew Mle 55 (6 mg/Kg)
A5 ST e D me ot L Olejes L kil by e
Sl a3 i planil g 31 iy AT e ol 3 Sl T s
S Ve em s 4 00 gl 4 lail gl (55 S S s ks

DG VT NT o)los Ao 0)90 o) F | wiiod] 5ed iy sl olCtils o Sy ouSiils aloeo


https://tumj.tums.ac.ir/article-1-12275-fa.html

aA\ by o IS [ i e o g S bl i5lareaST sl L 35 5 i pa

GSSG Clm Obslae S o La &l Ol el remes
Sl Sl s (P</00) AS SW 65,8 53 wSsple 5 Ly
Slabas oy soas (MOrHSW) b o 0 liSdl s 03,5 5 4l
Oor 1 GSSG oS srls s LSy = shane (51531 3 e o
sl S gpls 5 Lewdly GSSG gl 055 ) 3 5 oS

GOl S ey L (g lslas

OgpeldenS ot ls lobiae fol 53 s b o e se B 2

x ol
w
o
2 16 i
d .
5
e f
3
2
y e oo
Cnt  Sw  Mor Mor+Sw
b
Y
(O]
w
8 A d
2 #
3
koY
kS
5. .
i
“
\" T -
i
Cnt  Sw  Mor Mor+Sw
[
¥ -
5 EE
= #
177
3
‘—3‘,‘ . ok
2
L=

Cnt  Sw Mor Mor+Sw

Sosba oS Ol 1) wSsels 5 Lwdy GSH claM sl
Sl sy Mor o385 MortSw ey S (golsbas sl
03 olsbae 5 L il Ol ed oS Jl- s (P<i/v0)
.Jﬁ:@‘SWoJﬁ)Jwﬁu}wyﬁGSHéﬂ
(@5 @) U5 GSSG S smla 5 ey o (o)
Olid 8 05 8 b awslie L3 1y gobline il33l Mor 65,8 s
(oS sala s P<o/on) 5 Ladly (gl P</00) das

b
T oo
n
(@]
% o i
5 ek

3

3
2
2

¥
i
Cnt  Sw  Mor Mor+Sw

=
(0 va-
0
w
‘i‘ ekok
\1 Y 4
EY

Y *
2 a2
X

¥

i
= Cnt  Sw  Mor Mor+Sw

4

5 i e

=

1
1

3

¥

3

‘:1 .- ILI

\’

i

Cnt  Sw  Mor Mor+Sw

[ Downloaded from tumj.tums.ac.ir on 2026-06-21 ]

anslin 55 (MOT+SW) nils Ld (5555 b e 3 me g,y b oS a5, MDA 5 GSSG (GSH g’ms_x?hj&bﬂ)\i C}kﬁﬁ&éﬁ@‘ﬂwuijjjj&}fﬁu R JS.:-

A3l e Coa og S A s asel SlUaS 5 el 4l )l MEANTSD oy smay Laesls (P<t/+0) Wisls LS Lay 5B 55 (gslsbans Ol o MOT 65 S L

Tehran Univ Med J (TUMJ) 2023 March;80(12):979-85

http://tumj.tums.ac.ir


https://tumj.tums.ac.ir/article-1-12275-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-21 ]

ISas 4 Guls (sugo AAY

L A
£
12}
= Hkeok
= s
v T #H#H
g T
B Vo
W s T
3
'1) e

Cnt Sw  Mor Mor+Sw

\- R
L
Z "
5 #
i I
% = « T
kS
2
;}_ LR
X
i

Cnt Sw  Mor Mor+Sw

e azsls 5 (SW) 055 55 LoDyl Al 58 o S 50 \7«-‘5}:&“ BDNF ljw o Irisin &Lw)\i Olyee p CJT;}‘ ol jor LS U308 8 B by Jﬁ.’:,
(MOT+SW) dxsls L (3555 (b s s Ly b oS 85,8 S Iy (P<2/00) Cils (5lsbwe 2alS S 55la BDNF Ol (MOF) b 50 05,8 55 e sdloay .l o (MOT+SW)

A3l oA os S A 53 4sed slad 5 edd )yl MeantSD o soa Waesls ((P<2/20) Sl o313 & Slstae Ol

SW o5 8 53 Ld Dl el a0 Do P/ 0) 55 o 1S
sl IS 05,8 b S spla BDNF Ol5s 3 | (5l ol
o (MOTTSW) b o 0S il s 05 S s s by a3 bl 5 SO
Loes,S onl o olsbas Cosles aS(g)sbas i (b e Sl 3 Ol

(P<t/v0) Cils sy Mor ey S

S b e e S oS b DL Sl )

33 St sl gl jasls gl el wale G X,

Sl 3 wlisy b Slyyad spde wSamle 5 Ledl

S gl BB i el o e e ediST3Ls
A byl U s AST 2l

S b glaasly cilueSt ool glapastls )z 52

B S oy S el sbasarls e s kB SR

laesls) e 3L 5o ea s (eadly Slresls) Sootw ) 500

e Slaedi S SuS @ ar s b O dals (GuSpnla

gl e Gl e tes 5 3R 55 g e glacdl s

05,5 b awlis ;3 Mor oy 8 S 5ala 5 Lwdly ;s MDA (o
Wiy Dbyl frmmen G5 = -) K8 (P<e/e0)) Al s
03,5 53 oaSsmla 5 LoDl MDA o 3 1 (glskine 2alS Lt
03,5 53 4l gld Sl el odlea (P<1/00) 58 sl Sw
2o Dl lslae &y goas (MOr+8w) 8 0 s S 3L s
sl Sgyba 35 Ol L wSils 5 LDy MDA
(P<+/+0) cils 3525 Mor o5 8 s MortSw o5 8 o (5 lsbrs
Soblas sl J S o5 S 5 MortSw o5 S oS =0
LS sdalise
D Ll ol Olgee SW 03,8 3 wilis, gl Sl jas
P<e/on)) (FY JS8) cal esls Jalsil (gblns &) g
(Irisin) cpue ol 5 Gobsbas 36 b e cese byae S s
0> U8 05 S 5058 pl o oblas sl 5 il Laudly
Olpen il SW 03,8 ile 50 MortSw o5 8 53 cpioman LA
5o oS Ly gobstine sl 5 2l G| e ) ol
<3l s BDNF Ol (6, Sesltl ((P<o/o o)) sls ol J 8
R I
055 L awglis 53 Mor o35 S ;5 S 5ula BDNF Ol (g labinse

UO G IV oylas he 0,30 ) Fr ] dios] (3 (i osle olCtily o Sy ouSiils aloeo


https://tumj.tums.ac.ir/article-1-12275-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-21 ]

aAY Sadegh M., Sakhaie M.H.

Tl SR e b 2555 45 s sl 0L L glaesls
ol 03 LsS6 cpl w0 e A Ll o
ol SW ey S il 5 MortSw ey S 53 J-ppl Lol
5> BDNF (l5e oS Jl-5s o dleas sl Slsl oon CEM
Rl Ol o G35 ld (il alS b 55 S sols
3 ol Om el pasde LU 4 g LA e
S 4b 5 I BDNF abauly e 5 0 50 5 35,5 gl
I el 3505 g 03 el gl I el S
o b S0s e slaltle p CwSsuls 5 ke BDNF
T ) s BBl 1S

ot Pl ese Gme Wiy b s il b Sl el
w5 S e Ol 1y b e B peme 31 6 S IST ezl
Rl dran g 3lse e Do e 26 4
5 e Gl 2alS a4 el (S &l 55 30 AU S
S S8 b e e B e Sl (A6 J S5

Cran Ghis bl g il K
ol B s Sl Ol b S Sy ke oSS0
8 s Al e e e S L sl
Gosls 5 Slidw Cisle Jb Cules Loas wil e £7V
sy s ol 53 OB 5 sl il ool s |l SIS

Sl

References

1. Darvishi FZ, Saadat M. Morphine may have a role in telomere
shortening. Psychiatric Genetics 2021;32(2):87-9.

2. Trivedi M, Shah J, Hodgson N, Byun HM, Deth R. Morphine
induces redox-based changes in global DNA methylation and
retrotransposon transcription by inhibition of excitatory amino
acid transporter type 3-mediated cysteine uptake. Molecular
pharmacology 2014;85(5):747-57.

3. Famitafreshi H, Karimian M. Reduction of anxiety level is
associated with an oxidative-stress imbalance in the hippocampus
in morphine administration period in male rats. Journal of
Addictive Diseases 2020;38(1):64-70.

4. Motaghinejad M, Karimian M, Motaghinejad O, Shabab B,
Yazdani I, Fatima S. Protective effects of various dosage of
Curcumin against morphine induced apoptosis and oxidative stress
in rat isolated hippocampus. Pharmacological — Reports
2015;67:230-5.

5. Parastesh M, Heidarianpour A, Sadegh M. Investigating the effects
of endurance, resistance and combined training on reproductive
hormones and sperm parameters of streptozotocin—nicotinamide
diabetic male rats. Journal of Diabetes & Metabolic Disorders
2019;18:273-9.

Tehran Univ Med J (TUMJ) 2023 March;80(12):979-85

http://tumj.tums.ac.ir

Ot SO el g BB e ladaly ol Laedi S
o Sldllas s Seopsba duil e sl opl sdiSULb 5
G e S ae gladely 516 S e 5l ST e 2l
5 LS e 5 Jhe ol (B sladely i Llanls
(s a5 9 MDA Olses G5l Vel 5 S5 Sl
M e et Slallas L ahyrs e addllas 55 045058

WJMDA Olyme LS @l Oy 08 Cote Ol J1 oo
Sl aS e gbbanl Los as sk b oadlas 3 055658

Lly b L3y 03,8 LS 1y polhaS| o il 288 5 3505

Y
}';ﬁ

Sl b Grae Ly bos s Dlesed oo

4 Sl GaSblS s » 35 Cute SIS 5 A8 MDA alS
by St el sl 3 o SISl Sise ke
&S Las e Ol b 1S a0l wils, glhd 55y
oAy e Ol Al S Al e 85 Dl el
Ol ol adllas gSlaenSt o il ) o sast 5 Ll cdias
oA Seatos 355 Jsho Gladely 4 g Lol 1S
o Gaan SIS0 (Sl 51 o Blas ol 5 silas)
ol ol wndls bsse OF 51 36 55laenS) il 4 (b
S Pl Ol sileeSt e ped IS L ssd e st

25 0l 1y aye b e 20l se

6. Matinfar P, Peeri M, Azarbayjani MA. Swimming exercise
attenuates anxiety-like behavior by reducing brain oxidative stress
in type 2 diabetic mice. Physiology & Behavior 2021;237:113449.

7. Sadegh M, Fathollahi Y. Repetitive systemic morphine alters
activity-dependent plasticity of schaffer—collateral-CA1 pyramidal
cell synapses: Involvement of adenosine Al receptors and
adenosine deaminase. Journal of Neuroscience Research
2014;92(10):1395-408.

8. Sadegh M, Fathollahi Y, Semnanian S. The chronic treatment in
vivo of salicylate or morphine alters excitatory effects of
subsequent salicylate or morphine tests in vitro in hippocampus
area CAl. European journal of pharmacology 2013;721(1-3):103-
8.

9. Taghipour M, Sabahi P, Miladi-Gorji H. Swimming exercise
during morphine abstinence in parents-to-be attenuated morphine-
induced conditioned place preference and locomotor sensitization
only in male rat offspring. Neuroscience Letters 2021;740:135433.

10. Cai Y, Yang L, Hu G, Chen X, Niu F, Yuan L, Liu H, Xiong H,
Arikkath J, Buch S. Regulation of morphine-induced synaptic
alterations: Role of oxidative stress, ER stress, and autophagy.
Journal of Cell Biology 2016 215(2):245-58.


https://tumj.tums.ac.ir/article-1-12275-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-21 ]

11.

13.

Swimming exercise training reduced oxidative stress induced by chronic morphine administration aAs

Samarghandian S, Afshari R, Farkhondeh T. Effect of long-term
treatment of morphine on enzymes, oxidative stress indices and

antioxidant status in male rat liver. International Journal of

Clinical and Experimental Medicine 2014;7(5):1449.

. Sadeghian R, Shahidi S, Komaki A, Habibi P, Ahmadiasl N,

Yousefi H, Daghigh F. Synergism effect of swimming exercise
and genistein on the inflammation, oxidative stress, and VEGF
expression in the retina of diabetic-ovariectomized rats. Life
sciences 2021;284:119931.

Cho E, Jeong DY, Kim JG, Lee S. The Acute Effects of
Swimming Exercise on PGC-10-FNDC5/Irisin-UCP1 Expression
in Male C57BL/6J Mice. Metabolites 2021;11(2):111.

14.

Bayat M, Alace M, Akbari A, Sadegh M, Latifi SA, Parastesh M,
Salehi M, Karami H, Amri J. A comparative study of the
antidiabetic effect of two training protocols in streptozotocin-
nicotinamide diabetic rats. Hormone molecular biology and
clinical investigation 2020;41(2).

. Siteneski A, Cunha MP, Lieberknecht V, Pazini FL, Gruhn K,

Brocardo PS, Rodrigues AL. Central irisin administration affords
antidepressant-like effect and modulates neuroplasticity-related
genes in the hippocampus and prefrontal cortex of mice. Progress
in  Neuro-Psychopharmacology —and Biological — Psychiatry
2018;84:294-303.

. Xu B. BDNF (I) rising from exercise. Cell metabolism

2013;18(5):612-4.

UD G VT IT oyloss Ae 0y0 ) F | a5 gd iy sl olCtilsy o iy ouSetils aloea


https://tumj.tums.ac.ir/article-1-12275-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-21 ]

I [ ] ] VI l Tehran University Medical Journal, March 2023; Vol. 80, No. 12: 979-985 Original Article

Investigating the effects of swimming exercise training on xidative
stress induced by chronic morphine administration

Mehdi Sadegh Ph.D.!*
Mohammad Hassan Sakhaie
Ph.D.?

1- Department of Physiology,
Faculty of Medicine, Arak
University of Medical Sciences,
Arak, Iran.

2- Department of Anatomy, Faculty
of Medicine, Arak University of
Medical Sciences, Arak, Iran.

*Con'esponding author: Department of
Physiology, Faculty of Medicine, Arak
University of Medical Sciences, Arak,

Iran.

Tel: +98-86-34173520

E-mail: m.sadegh@arakmu.ac.ir

Abstract Received: 18 Nov. 2022 Revised: 25 Nov. 2022 Accepted: 12 Feb. 2023 Available online: 20 Feb. 2023

Background: Morphine as a strong analgesic compound is widely prescribed in clinic
to control medium to severe pain, they are also may cause drug abuse. Recent studies
have shown chronic morphine consumption and it could induce oxidative stress and
cause cell damage. In this study, the effects of daily swimming exercise investigated on
oxidative stress indices in the hippocampus and plasma of morphine dependent rats.
Methods: In this study, 48 adult male wistar rats were randomly divided to four groups.
Experiments were done during January to March 2022 at Arak University of Medical
Sciences. Morphine was self-administrated for 4 weeks, as dissolved (0.4 mg/ml) in the
daily drinking water. Exercise training was included 15 minutes daily continuous
swimming in a swimming pool. Swimming occurred during all days of morphine
consumption. At the end, 6 rats were randomly selected from each group and
withdrawal signs were evaluated by naloxone injection, to confirm morphine
dependency. Then, hippocampus and plasma were collected from the 8 remaining rats
of each group and were used for GSH, GSSG, MDA, irisin and BDNF assessment.
Results: All rats in morphine consumed groups showed withdrawal signs in naloxone
text, which means morphine dependency successfully were induced. However
swimming exercise significantly reduced the consumption size of morphine. GSH was
significantly decreased, while GSSG and MDA were significantly increased in the
plasma and hippocampus of morphine groups in compare with control. Morphine
consumption had no effect on plasma levels of irisin, while significantly decreased
hippocampus level of BDNF. Daily swimming exercise in the morphine consumed
group significantly repaired morphine effects on plasma and hippocampus levels of
GSH, GSSG, MDA and hippocampus levels of BDNF.

Conclusion: Daily swimming exercise during the morphine consumption is able to
repair at least some parts of the oxidative stress induced by morphine. This effect
might help to reduce cellular and molecular damages raised by chronic morphine

consumption.

Keywords: BDNF, exercise, glutathione, hippocampus.
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