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“ Neurite
> Redox homeostasis
© Reactive oxygen species (ROS)
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1 Multiple sclerosis (MS)
2 Central nervous system
3 Myelin sheath
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13 Chelator

4 Hippocampus

1Y maze test

16 Spatial working memory
17 Histopathology

18 Oxidative stress
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7 Pathogenesis

¢ Free radicals

° Apoptosis

10 Demyelination
11 Ethiologic

12 Cuprizone
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21 Spontaneous alteration
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19 Acute
20 Total arm entry
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27 Reduced glutathione

8 Kou et al.

29 5,5'-dithiobis-(2-nitrobenzoic acid) or DTNB reagent
30 Catalase activity
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22 Cervical dislocation

23 Luxol fast blue/periodic acid-Schiff (LFB/PAS)
2% Lipid peroxidation

25 Malondialdehyde

26 Thiobarbituric acid (TBARS)
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33 Independent t-test
34 Mann-Whitney
35 Mean=+standard deviation (SD)
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31 SPSS
32 Smirnov- Kolmogorov test
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3% Dentate gyrus (DG)
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36 Corpus callosum (CC)
37 Cornu Ammonis (CA)

Olrl S59955Le)b 5 (55l 308 Alone


http://ijpp.phypha.ir/article-1-685-en.html

[ Downloaded from ijpp.phypha.ir on 2026-01-29 ]

el 9 i ,e

eolS g 2 0l (pdiizhies Sl

(=) {all)
A e Voo
A v
Yo L Av ot
N T X, —
N Akt
= R
—15\5..‘ _13 ..
2 V3, f
35 o ‘}S Yo o
\ -
I 1
JiS Comns’ S sk
W 2y W 09,5

Seo

il
1

}

of o s
1

J,l:;f aa}:lm‘

la g8

09535 9 JFS 09,5 93 ot osmmiensS g i) el (Al ol g 40l )3 giliaST ol (slo el liee 2 i95nsS BT oy =Y 10903
b duolio )3 9595 09,5 1 AY/N EYY/D+) (p < /.0) Cowl JyiS 09,5 0 Cams 92195 09,5 50 bl 630yglle prlaws il 31 (¢ lolixe osims L5 *
09,5 99 Ot b 9wlsl g (o sl sl a8 )5 IS & St (5 )bl (igoil dom )3 9 392 Jloy odls s - (S 09)5 50 VE/Y £ AD/FY
0932095 0955 VU NEIA) (p<0) ol 35S 09,5 & Cnd (930295 09,5 3 bl (195liglS o 2alS” (g loline 023Ut * 1950 28 9 J S
O YU 1 ol s (g ol 005 43,5 ) oy Sl (5 5)lel gl dmodhs o ajgh ar g b (U525 09,5 )0 YYIFY £V L aglio o
VY[ £ YIVA) (p < 10) sl S35 09,5 a3 o (g3 85 09,5 )3 YUK 3l cllad s (20187 (g lalime 00 )L * 5565 9 S5 09,5 9
o3lisul 3,90 (6 )lol SUT (2 e aodls (g oy & s b Jits (5 (5ol (g0l (U555 09,5 ) YHIFAENNO b duglio 1 cygasS 09,5 )

2 Y] 058 colSgun Yo > uas bl M &
sloail Lyl adlles i Y jlo 5l (05l L bL3)|
@ doldl > &S Cuwl duwlds LB Slos (S 5l 4l Cldllas
Gpas &5 2 ol ol adlas cul ond asby o
bwl 1) ybline ol bagil & (S (63959 5> GgjensS
Cuol 039y 4sdS Slalllas b gillas Jlate (ol 5l g Conl 03,55
s &S Cuwl oddodb i (gdamie Oldllas yd aS g ebay
IS 52929 w8 9 nsS deyd IV Bpae jlania WVl
o3l lis S 098 b1y (gyboline gles jlo (slagsl &
o &S b ol adlas cpl s 58 b5l Ll V] sl
win £ Sdo dy 20> /Y oS b by dlye o5 wix
5, Sas 53 olds cpl Lol 9240 05 olis duo pd LidlS & yoxis
2 95 bl (gylel Yl 5l g cisasligS olab alasls
ol 03l liied YOV Jlo 0 7 llKes 5 KI5 adlles
3 o lagbge Chladl g (S > cullad aSiul B, oS 59,
PBos GopnsS dop Y (sl i w5, win S

Sl o oaly L)«JLoJ )gl)g Ve &‘.«5))4[;).3‘9‘.@ ] &)f)‘)ﬁ

- -
42U 9y 2 9hnsS @ Sl pw)p 4 adlae
£S5 sl ai3ls,; CBTBLIE 5 Al sla bge » caslS guen
s ool pols adlas > aSGl Coenl B
lad Al i e Yl gl b adSplox
K ULM; ‘) Lg)bh.m d)LoT Qsh'ﬁ Qljl},? QJ..oolS;
ras Gy (piidee Jas) (S addlas ol soaidly
ool o Gl L &S cul GelSgun anl cél

Cawl 0393 0l o dilais pl 43 golinS]
b3l sl 2y ) S S Y Sl g0l
sl BBy Blas] B, 5 olad ol dbls
Sl 0s3nsS 3 (30 GuelS g (il (BUS (ol
S1aS sl cpl 0)1> 5959 &S oo Hlaaws 4SS [ VY] Wlod S
ol 8L 0D g mewy B ojliley ladied ()
oxin Wlgiy 45 S ik |y e (sln Jliians ST, lS” it

3% Zhan et al.

Al $39551e,8 5 (599 b aAlme


http://ijpp.phypha.ir/article-1-685-en.html

[ Downloaded from ijpp.phypha.ir on 2026-01-29 ]

el 9 i ,e

el g 2 0l (pdiidlies I3l

oy (Y o815 > 4 o cusl 4ol ol 45 aided
Sobow Sl 3 1) 4l cnl il )3 s30pke (s
gyt 3 Aol s aiSs V] 15 Lo iy camns] ol
4 ol e ilizes 3olio Cal 0 03l Lt s clo
DV sl @S 518 el gl loss 536 cod (Jolae l5ee
5 o 4 00 it allas ) 8l ol (clo
4l > (2dly lsiddeed (9hpngS Spas I atis £
s s b Gaaie ol ) ol 00l &) oolS g
adlllas ;> .5 dalgd 4l o 4 asldl )3 a8 conl 039y L
G5 oy @ Vorh Jlo p plSen g (Shgusss
L agalye iliso slb gloj 3 GuolSgun sl Guliideed
Odo oS 508y &S A asude g dgy ol A3y e eS
Orbaialend ©AS AL il IV (9npsS ) Spae oloj
38 adllas Gins bl 1 Sy Jg ol 039y iy dilaie
ol g b Ladipe 3 Slas (lojon jobo 4 45 ) (ol 0
i b ], adllas gl wilan 4 Sg 48,55 18 )y 390
V]2 s ye pdiaislend

wlye Sl o gilinnST oyl o (oyy b bLI)I
plo aallas o8 bl I (S, o Canl S30LLS spinsS b
(lad dadls (g9, p adllan ol 35 po8 ALl e gl Canl
Oy gl oyl gl el it Cwl GaeolisS
dilaie )yisdy o sse colS gp a4 cl 5 olass] b
s dyge ©aaclsS olas dadls b L pe adgl 5 (Lol
el WL LS clllas o8 canl Jls 3 oplacanl o3l 18
» 0] wlazaly 05 (haing o Taleg b DA] oo IS
ly erlad ¢ 5385 puls o Cunl B ol dalllae does
2 glinsT il slapadli jl oy A8 L bls)l
Bl olibal (glop S 0 1) ditdes sl o
A &)

Sloyess siSly I glasgecme GomlinSTyy
@ oo oS Gl gludlig Gy glaagl Lol sl G,
50 39 b Glkad 4 bl s 5 lid ad cuss
Ol D980 Sl 9 S dacy Sgy dile a8
gl il (o5 el plgis 4 (ygmelinnsTyy 2o
hw & ol L adlles cpl ol Vo] ded 0 (wyp

42 Xu et al.
43 Koutsoudaki et al.

TYA-YYA doxis OV ol V 0)90 VF-Y L

AArd

09)")"; 09; k_)JuOOl)’; u.:L.aB aladls Lol g 4».9; )l)ﬁ
gl (hgo puo VY) J S 09,5 & G oyl (g oo VF)
o 0go3l b giengS deoyd IV Bl 3l i g pow
(0955 s ) (ga yo WLV 2) 290 03l 515 (Db5)) 3590 Y
203 33 (6yholine glol glas pgur azam y3 a8 ws ool L
5 Lol il andl 3929 )5S 09,5 b (195295 09)5 gl
ol Lol s oy eS8 )3 i o (gylo] Cglds ) ot i
o 53 o2 9 LK 5 gweigel dddllas )0 [V ] Cowl 034
O Odody o /Y 590 b a3 sS Byuas a5 b asuie Y4
So g3l @l 3 1y s )boline 6)lol glis gun gt atin
Sl Sige po &) Canl 0310 lis 558 09,5 b duslio ;0 Y
Sl Jols glaadl b oonds S5 adlles gl VY] (09,5 ,»
g5 ddllas ;5 o3 b 3l Ll Lwly oo Hluww Juols dalllas
Y Bpas a8 o3l lis 2ol o2 VoV Jlo 0 7o) 4
ojyd jhlize ialS dy e aian VY e 4 (930085 Ao yd
D]l 055,85 (g)lol s> 268 3 Y Slo 905 45 gl
Wb ol Canl San Oldllas gl j> @olds pl Y5 alos |
2 dged p 51 a5 gyebdy Wil diges glite dlaxi oS
Ol @Vl cudd b @ls g il ol adle
Q9 nsS 09)5 gl dopd (Lials gy dda gl g 35 oo
5 e SoolisS olad dladls Yleis! ¢S 09,5 &) Capuns
ot jhlixe ooy (gylol Jlas 1 5008 8Ly atim £
adllas Codgicme 05l yob 4 Wi o £9d90 (] Bl oo
L_SLEO}O)'] f:b;ll S QU‘P Slass Ob%ﬁ,f b Jo[,.';)l Jr
ol g sl azdly o)Ll CaaslisS lab alisls o,
Sly St Ol a5 b oan] Cldlas > b
g ad)S Jlai )5 Lol ol plox
6 Slas Cilge g wlidwml sy wuilKe oS
Seogill sl G lisdy olign anl piubes
Tobae SFGEE sy n 4l g Cawl ol adlis 5.5
SIS Sl sl SRy Sl So Jsea cwl oad
‘L)“" f°‘ 4 Joy/va WKM .))S\J..o& JM&‘ » odus odalio

40 Mooshekhian et al.
41 Omotoso et al.

Olrl S5955 1yl 9 (59)g0 58 Alme


http://ijpp.phypha.ir/article-1-685-en.html

[ Downloaded from ijpp.phypha.ir on 2026-01-29 ]

el 9 i ,e

el g 2 0l (pdiidlies I3l

Gl S35 bljl s ol el slew Lol cople gl
oot b pols ddlllae VO] giilapusT oyl sladial)d L
5 Bl bl (DlaslS ol dbls 5 Slac plys
2 el ged 4ol )3 colaid] jobd; g5lannsT ol edaw
ool el ol S 3 & casl 0357 (B (95005 Je

235 @ly 35 canlio (Slop> (sla)lS ol (48l jglatedy

25 oS
Sy 455 (pl 4 Gl o0 g0l dslllae (glaaidl olul
Yozl g3 s 2oy oY w3 b ol ieiskss Sl oS
bl s il 5 GrolusT (gilussiogn Jols (13500 oo
oS sl d2dlgy ol gun 4l )3 glipnd] o piasl Lyl s

@ Yozl a8 Jlsys 33,5 asb ol b piisled 4 yoxie

aladls 5 Slas 69y p opduideod pl Cud g SEL s
Cowl Al Lﬁ)bl""-*" ).:l QU‘},}

Lgﬂ}s.wl.?w

sSily Kby pole oxSuihy coles b adlae oyl
J b Obyme dwgipdy ol aBply Sygo (ydean
e Sl |y (S5 oS olKatils oyl

Sl wlasto
oSty by pole oSl coles b adlas
plal cas Med. 78148 oS oyleus b wytecan
Wpd Oype g e G wb)lwlis)ls abcbl

Caowl
&lw yd o ,la

C’ls . “93 583
s (gl ks aalllan ol o) T tallie s st

TYA-YYA doxis MY oy ¥ 0)90 VF-Y L

YYv

Looad Wl oog)S Gullgun anl ) (orlinSynin
ol ls JyS 09,5 4 a1 (g Ioline a8l (195 055
il gy p 4l 45 42538 Sl b b Lo adllas gl
auglie ) [VA V] 0l oo Ll oo 039 (sl ity o b 20
O Sdo dy e peS b agalse a8 ooy lis ddlllas S ol
» el o gl g o 1) oblixe (g)lol ciglis azan
gl oyl Y] ol 4l 58 09,5 b ol gpan s
Gdo & GeingS b drrles 4 plg Cunl (S |) b e
A Cons calisee

Conl (ol 8,80 s 5T G wls! yqliglS
S o cailes 5] b gladisS lio )3 ol 5 &S
SS1 5 lom T sl 8BS S lsisdr (15555
Jos syl ool 09055 Sy 0gabslS wile
)y E 5 C ppelisg ale ol i1l yizman 455 o
Ol pols adlllae s [YVV] 48 oo Joas lilled (slap b
i £ 5l gy (hge caolS g Bl 53 (9SblS (lje S 0l
ol @l ol aiBly EalS (g )boline lise & (09 nsS w2
ols @le 1y aipeS &S (L8 Cldlles gl b adllas
LAY] sl odgs Lusly v 351008 edlitwl Calises sla

gl b3 oyl (a5l ozl Ko plgiea YUK
ol ol 293 o0 gume gi3lnsST (slocnl 2l o ol
xS 3l ere (18 Sigdssed lalpd cod il
Lol S5 s JWGsly opemil 9 gshiensT Lol Slxl
ROS gl (i 5l (Ko 85 Sy )39y A8 oo
P GpeSl g OF 4 YUK @3l hwy coles 53wl
rols adlllas )3 VB clled v (o) 0 @ls [VY] 295 0
Sl e YU 5] clld maw oy sloaily b
ey o pgS Mo Vg9l my oaiS ) slabge
w1 ol Gt 45 dusy o 55 4 [VY] g (Bidaie ain VY
3 ot Sl 53 Wl o sl gm Bl > Sl ]
A gy Job bl was @l 1) ol ol g)lon musilSee
Cdl 5y 2 OoinsS Pl 4 bgye Clillas o5 ) e
ool 4B p90 yiaS alS gt 4l

2 gelomn e ud &bl S gbay
4 e was sl Jasl > 3 b ol el ol
G50 Gyl g [VF] 2,5 e dihie ol 5Slee NS

Olrl S5955 1yl 9 (59)g0 58 Alme


http://ijpp.phypha.ir/article-1-685-en.html

[ Downloaded from ijpp.phypha.ir on 2026-01-29 ]

Gl g g8 colS gum ol Cpduiied il
e . Demyelination causes synaptic  alterations in
é.glm "’"‘“’)‘Q‘e hippocampi from multiple sclerosis patients. Ann
Neurol 69(2011) 445-454.
[14] Xu Z, Adilijiang A, Wang W, You P, Lin D, Li X, He J,
[1] Hauser SL, Cree BA, Treatment of multiple sclerosis: a Arecoline  attenuates memory impairment and
review. Am J Med 133 (2020) 1380-1390. demyelination in a cuprizone-induced mouse model of
[2] Walton C, King R, Rechtman L, Kaye W, Leray E, schizophrenia. Neuroreport 30 (2019) 134.
Marrie RA, Robertson N, La Rocca N, Uitdehaag B, van [15] Zhang H, Zhang Y, Xu H, Wang L, Zhao J, Wang J,
Der Mei I, Rising prevalence of multiple sclerosis Zhang Z, Tan Q, Kong J,Huang Q, Locomotor activity
worldwide: Insights from the Atlas of MS. Mult Scler and anxiety status, but not spatial working memory, are
26 (2020) 1816-1821. affected in mice after brief exposure to cuprizone.
[3] Van Horssen J, Witte ME, Schreibelt G,de Vries HE, Neurosci Bull 29 (2013) 633-641.
Radical changes in multiple sclerosis pathogenesis. [16] Valdés Cabrera D, Blevins G, Smyth P, Emery D, Solar
Biochim Biophys Acta 1812 (2011) 141-150. KG,Beaulieu C, High-resolution diffusion tensor
[4] Skripuletz T, Miller E, Moharregh-Khiabani D, Blank imaging and T2 mapping detect regional changes within
A, Pul R, Gudi V, Trebst C, Stangel M, Beneficial the hippocampus in multiple sclerosis. NMR Biomed 36
effects of minocycline on cuprizone induced cortical (2023) e4952.
demyelination. Neurochem Res 35 (2010) 1422-1433. [17] Sicotte N, Kern K, Giesser B, Arshanapalli A, Schultz
[5] Praet], Guglielmetti C, Berneman Z, Van der Linden A, A, Montag M, Wang H, Bookheimer S, Regional
Ponsaerts P, Cellular and molecular neuropathology of hippocampal atrophy in multiple sclerosis. Brain 131
the cuprizone mouse model: clinical relevance for (2008) 1134-1141.
multiple sclerosis. Neurosci Biobehav Rev 47 (2014) [18] Abd El Aziz AE, Sayed RH, Sallam NA, El Sayed NS,
485-505. Neuroprotective effects of telmisartan and nifedipine
[6] AcsP, Selak M, Komoly S, Kalman B, Distribution of against  cuprizone-induced  demyelination  and
oligodendrocyte loss and mitochondrial toxicity in the behavioral dysfunction in mice: Roles of NF-xB and
cuprizone-induced experimental demyelination model. Nrf2. Inflammation 44 (2021) 1629-1642.
J Neuroimmunol 262 (2013) 128-131. [19] Kashani IR, Chavoshi H, Pasbakhsh P, Hassani M,
[71 Koutsoudaki PN, Skripuletz T, Gudi V, Moharregh- Omidi A, Mahmoudi R, Beyer C, Zendedel A,
Khiabani D, Hildebrandt H, Trebst C, Stangel M, Protective effects of erythropoietin against cuprizone-
Demyelination of the hippocampus is prominent in the induced oxidative stress and demyelination in the mouse
cuprizone model. Neurosci Lett 451 (2009) 83-88. corpus callosum. Iran J Basic Med Sci 20 (2017) 886-
[8] Norkute A, Hieble A, Braun A, Johann S, Clarner T, 893.
Baumgartner W, Beyer C, Kipp M, Cuprizone treatment [20] Del Rio D, Stewart AJ, Pellegrini N, A review of recent
induces demyelination and astrocytosis in the mouse studies on malondialdehyde as toxic molecule and
hippocampus. J Neurosci Res 87 (2009) 1343-1355. biological marker of oxidative stress. Nutr Metab
[9] LiuC, Zhang N, Zhang R, Jin L, Petridis AK, Loers G, Cardiovas Dis 15 (2005) 316-328.
Zheng X, Wang Z, Siebert H-C, Cuprizone-induced [21] Averill-Bates DA, The antioxidant glutathione. Vitam
demyelination in mouse hippocampus is alleviated by Horm 121 (2023) 109-141.
ketogenic diet. J Agric Food Chem 68 (2020) 11215- [22] Gharighnia S, Omidi A, Ragerdi Kashani I, Sepand MR,
11228. Pour Beiranvand S, Ameliorative effects of acetyl-L-
[10] Xu H, Yang H-J, Zhang Y, Clough R, Browning R, Li carnitine on corpus callosum and functional recovery in
X-M, Behavioral and neurobiological changes in demyelinated mouse model. Int J Neurosci (2022) 1-
C57BL/6 mice exposed to cuprizone. Behav 11.
Neuroscience 123 (2009) 418-429. [23] Ighodaro O, Akinloye O, First line defence
[11] Mooshekhian A, Sandini T, Wei Z, Van Bruggen R, Li antioxidants-superoxide dismutase (SOD), catalase
H, Li X-M, Zhang Y, Low-field magnetic stimulation (CAT) and glutathione peroxidase (GPX): Their
improved cuprizone-induced depression-like symptoms fundamental role in the entire antioxidant defence grid.
and demyelination in female mice. Exp Ther Med 23 Alexandria J Med 54 (2018) 287-293.
(2022) Y10. [24] Rocca MA, Barkhof F, De Luca J, Frisén J, Geurts JJ,
[12] Omotoso G, Olajide O, Gbadamosi I, Adebayo J, Enaibe Hulst HE, Sastre-Garriga J, Filippi M, Ciccarelli O, De
B, Akinola O, Owoyele B, Cuprizone toxicity and Stefano N, The hippocampus in multiple sclerosis.
Garcinia kola biflavonoid complex activity on Lancet Neurol 17 (2018) 918-926.
hippocampal morphology and neurobehaviour. Heliyon [25] Bando Y, Mechanism of demyelination and
5 (2019) e02102. remyelination in multiple sclerosis. Clin  Exp
[13] Dutta R, Chang A, Doud MK, Kidd GJ, Ribaudo MV, Neuroimmunol 11(2020) 14-21.

Young EA, Fox RJ, Staugaitis SM, Trapp BD,

TYA-YYA doxis OV ol V 0)90 VF-Y L

YYA

Olrl S5955 1yl 9 (59)g0 58 Alme


http://ijpp.phypha.ir/article-1-685-en.html

[ Downloaded from ijpp.phypha.ir on 2026-01-29 ]

Gl g g8 colS gum ol Cpduiied il

[ Research paper ]

Cuprizone causes the destruction of neuron myelin in the hippocampus through an
oxidative stress-dependent process, yet it does not impair short-term spatial memory
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Abstract

Background and Aim: Multiple Sclerosis (MS) is a demyelinating disease of the central nervous system that affects
patients with many sensory, motor, and cognitive symptoms. This study aims to evaluate memory function and
histopathology and measure the oxidative stress level in the hippocampus of the MS model in mice.

Methods: Mice were divided into two groups that received a normal diet (control) and one that received a diet containing
0.2% cuprizone (cuprizone) for six weeks. After measuring the animal's weight and behavioral memory test, the
hippocampus was evaluated in terms of histopathology and biochemical markers to measure the level of oxidative stress
parameters.

Results: The weight gain of mice after 6 weeks of the cuprizone diet was significantly lower than the control group (p <
0.05). Although behavioral evaluations performed with the Y maze test did not have significant differences between the
two groups, the hippocampus in the cuprizone group revealed obvious demyelination. Measuring the parameters related
to the level of oxidative stress showed that the amount of lipid peroxidation in the cuprizone group increased significantly
compared to the control group (p < 0.05). In addition, the reduced glutathione and catalase activity levels in the cuprizone
group showed a significant decrease compared to the control group (p < 0.05).

Conclusion: The induction of acute demyelination with cuprizone, probably through the creation of oxidative
stress in the hippocampus, was able to lead to demyelination in the tissue of this region, while it had no

significant effect on the memory performance of the animals.

Keywords: Multiple sclerosis, Cuprizone, Hippocampus, Demyelination, Oxidative stress
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