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Abstract

Background and purpose: Piperine as the main alkaloid of black pepper has antioxidant and
neuroprotective properties, so, it is an appropriate candidate to be studied in animal models of multiple
sclerosis. This research aimed at investigating the effect of pretreatment with piperine on spatial memory,
oxidative stress, and myelin repair gene markers in local demyelination model.

Materials and methods: Adult male Wistar rats (200-220 g) were studied in four experimental
groups (n=8 per group). Demyelination was induced by bilateral injection of lysolecithin (LPC) into the
CA1 region of the hippocampus. Piperine was injected intraperitoneally at 5 mg/kg for two weeks before
induction of demyelination until the end of the experiment. The effect of piperine on spatial memory was
assessed by Morris water maze. The gene expression analysis on iNOS, Nrf2, HO1, and MBP was done
using gPCR. Total antioxidant capacity in the hippocampal tissue was measured by FRAP biochemical assay.

Results: Pretreatment with piperine significantly reduced escape latency and swimming distance
and increased time spent in target quadrant in Morris water maze test (P<0.0001) . In the Piperine
pretreatment group, the expression level of iNOS was significantly lower than that in the LPC group. But the
expression levels of Nrf2, Hmox-1 and MBP significantly increased in piperine pretreated group compared
to LPC and control groups (P<0.001). Total antioxidant capacity of tissue in piperine pretreated group was
more than that in the LPC group and controls (P<0.0001).

Conclusion: Piperine improved spatial memory impairment induced by hippocampal demyelination
through enhancing antioxidant defense and myelin repair.

Keywords: multiple sclerosis, piperine, spatial memory, demyelination, lysolecithin

J Mazandaran Univ Med Sci 2020; 30 (188): 1-16 (Persian).

* Corresponding Author: Fereshteh Pourabdolhossein - Cellular and Molecular Biology Research Center, Health Research
Institute, Babol University of Medical Sciences, Babol, Iran (E-mail: pourabdolhossein@gmail.com F.pourabdolhossein@mubabol.ac.ir)



mailto:pourabdolhossein@gmail.com
mailto:F.pourabdolhossein@mubabol.ac.ir\)
https://jmums.mazums.ac.ir/article-1-14939-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-07 ]

oo (—S i)y eo—Lc ol il aL as
(1-16) 1399 Jw jpxneh 188 s)lad @l (w o)y

JUial g jeo yilapuSl il Cuspts b b pilaga yiy Gl
wolSgum ja (rivulgjpl G2 p jl Gl ples akala

Tk by i
Zwilo.lw 631> 4l 39020
$239)355 5340
fomallae gy 4 5

2 IuS>

Wl Lo 055 61 Bli 5 ST ST ol 5 gl ol il A3 JIIT o g o oy 13000 9 dislun
s il a3 dlilb a5 Al o g (6 olew Slsm sadie 5 andllas (gl plin LIS ol L
A (g 1 (b g O gelicdins Ja 53 hia e 5 g IS el Gl et L (LD Sl o ey (Sla0o

@guﬂabﬂﬁ((;mo-zzow;,p)mﬁ,;\;;@_\ﬁL;ub;y&ﬁ.;wuua‘ﬁ:uu:,,,ﬂ,o
b azin 5331 o o i Wl CalS 5on CAL b 5 ed 55 5555 b O sawlidons i § 515 anlllas 5550 (N=8)
S L o ldb il o oo S s Goo 5 (Blio JoH15 Sy o 055 OLL B OMY/KY 555 b 0 semlidns s )
i oL GPCR eSLiSS U slS pom 3l 53 MBP 5 N2 ,iNOS, HMOX-1 (sbady5 Ol 5 5 i sse T e
L 6 S o3I FRAP s L (alS pon S 3 o6 ST (ST 28 b

J;g;.u@))gc,_»mou;_,:iw,amubau,ou;up’uuulfwdmg@u,;u:.ﬁ:lmal,'
SialS O alides 0 8 4 s AINOS) 5510871 ol a5 U Ol Ola s i 055 53 (P<O/0001) s T 5o 0537
(P<0/0001) 515 &Lts (g s e ol 591 ¢ 285 slaw 40 i Olay3 i 05 8 53 MBP s HMOX-1 N2 (slacs3 0l il
(P<O/000L) st J 28" 5 slas 03,8 a0 o 5013 gm0 231 OLays o 03,5 53 pb GlanST (BT 2 o

3 b bl Pt s gy oo o e (I 5 (ST (T o L e it
25 er ol sn O gralihns

‘_‘,.:.‘.':.Jjﬁj co_,:ml...:l:ﬁ: G‘S_"LA‘? 4.]@9\:— ‘gf-’-ﬁi‘-’- “_f“{‘)j‘)lg"’“ J:.;SJ}A :‘5)..JS ‘SLB Bj',

doddo
(4;3)4.&:@ CJ J_su ‘5‘;_»“5\;' E) -\_:.a.w osle B ny P L;’LG:‘“ (5)[“’:‘ di.'. (MS) c.)’“-)}]kg'A J:Tﬂl"
MS (g 5lay 5| 3 o (sl ST 5L LS s 5% Ommlideos (1) sl CNS) (55750 2 s
SV €6 el SLES o 3 S5 S (24 s MS (5lay 5S84 e op Sl )

E-mail: pourabdolhossein@gmail.com F.pourabdolhossein@mubabol.acir - S aasCests ¢ bl (S5 e ol bl = yarnncll ac g3 Ay 38 1 Jgkaune ilge
Ol elkals ¢ Olials o8CaN ¢ gunlid Ty § 0 1SN (65 30 5 Ayl i )71

Ol elkals ¢Olkals ol&ails ¢ pulid o 5 0515 ¢ yLiils 2

Ol (S Al (S5 g ste oBlils ¢ (S gy oaSils (55 355y 5 (5555 05,5 olisls 3

Ol e bl (S p ke o883l (ot 0aS a3 ¢ S50 50 5 sk Dliios 3,0 ¢l sleul 4

1399/4/15 : s st 6 1398/12/21: S-Sl g gl ot 1398/12/21 : =l 55 o6

1399 )oupeih « 188 s)laids «@) ;W 8)9s ohsijle (bl eole sGiil alas 2


mailto:pourabdolhossein@gmail.com
mailto:F.pourabdolhossein@mubabol.ac.ir
https://jmums.mazums.ac.ir/article-1-14939-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-07 ]

plilSem g iy ppisg) ailia

22 ST (ST s 22l g gl el oS
5 bl bl sl 5 oLl s g B O
O iSOl 5 g e AT Slaglen o 1531
S8y Wl o OIS T 3l eslizal oyl ol el
st AT 335 oo 5 55ty 51 slosilly
23 Dliind 3 28 ot as iz (b 3 B bl
iS55 (6 St iy Ll Caltis o le 5SS
- g 7:) RS - S P Y K SR
a3l g1l LS 5 g5y axbdE Jlo o3 53 ganms
e ylge U C)l_..:fjs o= 4SSl 0als Olas Ol
oks ki slacsiban 585 ) sl 5 (e o)
5 Skl Ol 5o o e (B15) S 5,8y s
ST BT S 5 K ol il 55 5 g o 3 JIIT
(17)3 5 o 2| i sl Jalh oLS 0 gio 1 o8 o
LI 2 Sl 5 b e Slalllee G
5 el (ST ST o pml oS Jyuws il )
(1918) kST 5T 31 (17) sl K55 g )87 L5
‘J;J‘J.S/ e Olalllas )5 o e (20) oledl A5
6u6Ju3J:am5ﬂxT.&¢Q|jl RSV PR A
osls [ (22) s | AT 5(21) 0 gmauiS Hly Als sne
Lo 45 S e ol Sl ol sl ok
Ss e 5 olgdlis 5 SIS ST Cosls
rpan 33,8 0 G5 S len 3 Al 5 Sas
S5 slacolbon Slam ladie 55 0 ey Sloss A
1y sl M| el 51 (6, &hn 55 o m Sae LS
5 LAl 4 S gdome o 2wy (2423) S s LG
Ja;_\J_&J__.ﬁ.&SJ:CJ}PrA;}gLJMS S s 5
RO I W PP DU R PP S PR - A W |
.::;@@ﬂéudmj\a:wﬂl;“;)}ﬂ%}af
O gmlidins LAl g = sl (_)TJ.: osMe
i lasT Sl 51 2 o555 O 505 3L 500
22 HMS olas 531y game 5 L b0l
oS 5 L ods LA lady gewlidins (25) S oo

23 e en f Sd b oy p g e (S

ol 033 Ol st ans 93 Slidiows . Lbb o oLl
T3GA2 55 lis s, Slas Jlsjas e MS S
o538 51 i s (8)35 5 o Olyles Ao s
e 3 8 Bad e o ls OV Hlms MS O lay
O gmolidens 5 bl Mt Ao 340 1 i (0T
sl 1y La O S5 oS o8 yls colS 5o
JEMS (555 5050 Sl e (T6) 45—
(B35 6 S 00 s S Sl e i 6,5 0
S35 A AT HSL 1S (Gla e O Jlod
2 bl 5 el 3 slakis; 5T 5 (BBB) (s 5ae
I D) oty el ol 48 bl o (g 50 il
S5 I5 pame SLa S Sam o oy o
o e Sl ol e g sl el (B) L 55 oo
Calg 93 5 ST T damy yi3 S 5
50 ot 3 e 2 5b s s S S e
olsine 53U coalS gn CAL 4l 3 03050 05 5
5 i nlS ean (93,505 alS gop 5, Shas
35 03 0T 050 58 5 8 ool S s
SLeMbl a5l m 5 0T s 5 Sloen sla s,
okd padntie (5,5l 5 bl gl 5 S s oL
ol (gl adisd (6,850 o5 olib 6,550 .l
PLERS O 5 ol r Sk g5l 2 S
(10)3,0s s gliy ol a8 5 s 5 Sl
Pl B el e g Ll
T 1) b il 5 (5,50 (6,5 S
Cand (G (s ol ol Lol 15 o tlS
8L VS sl 5 o Lb abbls 5 Coke o S alibl
Il 55 MS Olyley s adisls S| e (12)5 53
sy et Olalllae Sy Conl ali ol Sl
35T Lo s (alS e S350 65 00 e
(139)usls oo Joss 4 m) 531, OT CAL 4t
MS Olsles 53 alabl Il Jlezo| @S (21 2L
5ol gen 35 5T s LI a5 L

ol s a5 (9 il e CAL 4l ) & semlidees

1399 jgapeids « 188 o)ladds @) ¢, )93

ohxils (i) eolc olGkil alas 3


https://jmums.mazums.ac.ir/article-1-14939-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-07 ]

abdla JWSAL 3 3y Cly3)

P ol S e le o8y Ul s
12 6,05 a5 o o) (A& lo3T 5 Ikl Ll 5
Syl po by plig, el 12 5 Sb sl
s 5 O 4 sl 3T m iws (:bf sl 22+2
ool Cole, L la_ioladT las s (5,16
Cran Ml jT SUl g L syps 3N
LS L Olials o8l 5 ol (S p ke o8

Ny ¢l (IR.DAMGHANU.1396.1991)

L ool (N=8) 03 54 )3 i g o 32 sltas

oy ol il S 2 1) J S 6y, S
Ol e 4 ealS 5 CAL b o b b 55 )50
3,87 283 reed 557 IV

oy dossl paeds s (red s slen 05 5
CAL ol 53 4 b 93 Do) s ds Sn 2 0l e
L3873l s alS g

Ly ot I g ID) Oy il o S
Oljes o 1y o sl ed i 3y 5 51 S is s
olS 5n CAL 4l 53 46 b 55 &) oy 5 ,Sn 2
1 &y so 4 (G5, 10) zalasToysm 0L L
LS sl s Slee

O el el 51 L5 atin 5510l ys i 058
0L L 5 5LeTomg/kglday 555 Lty cp s Olays
ol od s G5 3 e 50 10) (elesT o0
395 om) Sl Ls ST L3l s Slhe Jo s s
Olas s (A3 Sy lesT imas 53 92 50 e b
BR248) s 8 &) 50

I powlideos 25 40 Jebo L3
L G Oy g 4 Dbl (e ol W1 g
(s ,Alfasan, 70mg/kg) oelS” Slaw =15 5oy 5
23 ol d -8, (wls  Alfasan, 10mg/kg) - 5415 5
b isn Uk 5 sgr e 33 019 ol ol J gl
S5 Syl oans 53 Ol JolS e Cnbgn b

L (gl ol s (slap 1 (S5 B 0 MS
Ot 35 (D) il pd 55 s O pilikias
e Sl s (05 o tslind s 18 5D
e Lie o olianstl ) gba 47 Sl ody g 5 5
sladbs o sb O o 5 mae slad v
3 593,831 (U )i K1) oS i
@508 Slallls 53 e3le 1.(26)3 55 o0 LOT 55, o
CNS Caliee (> 5 53 (a0 O semlidias Cgr 55
(29) oL s (2B) i i o2T) ol s
30 s eoman .ol 0l 03Liiul (30) slS gem
Ll Eely el g )3 s 5 L O lihees
2> et slayl oo s OT Cdlaze 5 0 elidies
0T 51.(8L30)35,5 oo ol (o, 8L 5 ababl>
ST o0)ls DI ) S Js ) S
el Jue dbble JDst| 5 O semlidiny 00 gomlidios
e g5 apge a5 Jde il aallas Cpl s (el
sl Il sl ) 5 (g0 O grolihes W1 g
s o3zl Sl s o Lab
53§ asllas O 5SS o5 g dal s Ll
36 LB e b Gles iy 5T 205
w5 Pl MS (55lay sLadis 55 Lab abil>
Ogmwlihes b e Jda I ragh cpl s 1A Lol
S 5n CAL 4t > ned 5 oodiis 3355 oy
N2 o alllan ol ol a3 5o o3Lizal
absl= st o 5MO/KY 555 L op e Oloys iy
o Sl Al el g5 b el sl | LS
5 b el ey Jae S S
SIS 5T 5 18T ol (la st s ks

55 o s S e S

b 59, 9 dlge
Sl g
ousl J‘ rjj/ 200‘220QJ} 03 gl >es l_v )t_wi} :‘5_;

1399 )gapeids « 188 o)ladds @) ¢, )93

ohijle (Aib)y eole slEmil aas 4


https://jmums.mazums.ac.ir/article-1-14939-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-07 ]

plilSem g iy ppisg) ailia

Bs ooy el ol 4 adlb 60 S (ol 5 Loos
(Q4) Oy S s ¢ o e Sl eslizal LG
g)auujﬁfg)yp}.ufwﬁbgT).s
5 s O S s b i g S0 0357 1y
}g_w‘_gj)A_:JUZOQJAQ.L&@a:‘:QJl;-‘j.\JM
Sl 25T o ldh (6,83 anlllas gl iles
o oo 8 el Jlga Ss A (b T Sl )
5SS 5 ast B0 e gl Gy > Trial 4) &l
A e Lay OT 15 40 (Q1- Q4) 5l sla oyl s
w&lpl@:SQMQTrialﬁjl.\gbdﬁy
4 J_Ajljc,éjf@rl;v_ﬂc..p):TrialArja..\J:;
S s o 43S Sk Ol g a4, Trial
I bs ol a5 Ol 50T 0L o 5T
OLas Sodn s o odils S Sbags i 4y 5 St
J\;.J_A)aaugﬁ_b‘)jaw,,&o.s;l.\i
SR S-S IS PUP RGPS (R -5 P |
S5 oslial syge b ige oS > Sl SbSl sl
Sl obiT 58 Sde g sy o o Se 28 8
Gls oy 5ok b e S 05,5 1y 0L
S ol 2415 8 ) 5l 505 &K 55 DUy
A by Q2 1 g 5 b axdls p S (350 ol
60 U i osls olarl pge a g SiulesT Jsb o
Sls dps aalsl g e 0 S 3 g5 O3k 45l
S8 il Gl m s &0 93 0k (S o Ol
:JH(MB)DJ}JL}?}&&M‘_;JJT:\{
S Ul gl aale3T cpl 51,288 15 eslinul
oslitul oL 6,850 o me SVl S
,(.t_?g\@uwu;;,ﬁywuum.;p@

o sSxn (13, e 5CDNA 2w RNA =/ ez
(Real-Time PCR)

s gl 3 el Ll 8 Gt CalS g 3L

Wd it ol g See 51 4 g I jhe

5380 50 5 e 055,23 ESS6 Loy

Slasin o ginS L bl 5loslinal U 5 um §
dazee 63y AP-3.6, DV:-3.2, (ML£1.6) 1, , S e
a3 Flyge 53 3 $KaST o3 S IS Cdle
2.(80) s sl il 5 o jn 3L 4 8T 55 5b
WS s Ao y3 1 J pdons 1 2d5 SC
35 Oy 4 6l Sn 10 0 gtlan o5 L (OLIT
Olpabl S s 5155 a8 52 CAL 4>bia 8 b
O g ¢ eed 95 DLzl (615 25N Ole 03 505 ol 3 )
s il 455 G5 o o 4D Se w Gy
5 odbl Slatiio Olas L 58 05 5 bl 5

WS GioF b 53 S g 4 e DL e

2> S ke
3 axin 530 MO/KG 593 e b Sloys i
plasl Gl Jstls 455 Gy 3 Do) gy I <
3550 Oy yem U dalsl Joe W51 ey azin g5 b g Ul
las 53 5 ol & OLT &S e o575 5l el
Lo y3 019 Jle Jle 5 S 5 51ss 5 (16T b
Ot Pl Olsie w4001 o 5 5 4,5 10 J 501
o Olays dals 05,8 55 I oy 5 o oalizad

ool Bl o1 435, S s

ol Slefles
S oy sl 05031 5 (S8 e 2T Sl
(3) il g lzb sl 5 (6, S5 ) sl B3 5
155 13) St o)l 33 b (s sl O jomn 65 1 Sle
oS es S (e SLu 60 plis sl 5 e Sl
35 ¢ Lis )l U5 0550 (QL4) 355 (oo e ) e
&G godd ol § sle 45322481 OT 51 e sle
gl ) e w2 G (Sl 10 L) o S
03355 0305 51,5 (Q4) poler ws S0 00 ST
b sloialy Olge 4 pokin @5Me T Sl o b
i S50 s 94 Ol g (S s 5 S 4
(30)4s 5 (EthoVision XT11) s 5 sslS” Cbs,

L il sk 4 25sel 51 S Celu 24 Ul

1399 oupeih « 188 s)laids «@) ;W 8)9s

ohxijle (i) eolc olaihil alas 5


https://jmums.mazums.ac.ir/article-1-14939-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-07 ]

abdla JWSAL 3 3y Cly3)

pU onST (5T o8 b (58 o 1L
o S 5T ity (6 -8 05100 sl
;) <The ferric reducing ability of plasma (FRAP)
(34) s o3tz (Benzie & Strain) - zul 5 55 Sos)
S 3100 gl o3l gy <SG FRAP 23T
Ol gty 5 Sl Loy 6K 3 05y (S8 Lol Ul 5
okd (b yme SIS 5T S8 S5 s ra) S
G OLSS (55 S 4 tlS e 3L (35)
ESTAPS FU PRV VAR IRy
23 Jeol bl e i U s (55
wiss2 Saean 520009 S50 L Jgens i Sl
Sas Sl 53 gedd e (og) mbe Al pds Hle
4 sles 5100009 95 U 423510 Soe 4y 415 Jloses
oylas Ol e 4 Jols gl Gols Sl 4 )
38 5 T s s plantg ST g L
(il 31) JoLaFRAP LS 03bT (o a0 o o 15
G5 s 4 6 s S Sl s TPTZ 5
S 4 5 08 BLS1 i LejT sladlJ ples 4 (1111
50 dm ad> o 53 s 4 SOl s 45 3745 4 ids 5
las Il Ly 5 ol oslaae) as g 51 2y S
blie 55 an 5 8Ll db g o gla d gl 4 (Lol
3 o s 5SSl 53 37 3 4253 15 Isuoms 5 &
2 7893 e b 53 55 s 0l ol (b
35 K 50 5FRAP Jglows 2J Juo 1/5) &S0 i
i 6 S oI e g g Sl oes b (lade T
(3,1l ot ) osbizal b odeT Gty odler s 3l
=125 lac bl 55 T Sl g Jgloes ¢SS L &S
0 310kl Ol e 4 Y 5ay S 1000-500-250
e o FRAP slie s S s ke 4 s

/(38) ol 05 0Ly (55 5 e FE2+ MM

3 e S Log 8 Ao aawlie gl

lie Cgr OT Jlis 4y 5 b oS5 i1y 0T

OT o3 gl el Ol L ot Joda o), 8 sl
oA RNA (65l s oty s (65105
Tl oS 5l el s 3L I (Total RNA)
IS5, b sles (YTA) LT jugas &S5 Super RNA
358 235 ol grles it eslinal O o sl
sDNase-RNase free slac o5 S 5l 5 Lo plal
L 3Uae CONA v ins 5 eslicul ot g3S 51
St 3 (81 il g LSS ST S5
oS 15 (OLIT 03D 8 b oS
5 <—>= ABI 7500 Real-Time PCR System
SLn sl s slin ol L5 5,4 e sla0s Ol
2055 755l (Slazen 5 51 05 Ol 6 polas]
=T 5 (INOS) Sl Sl LS &, 25 o(NIrf2)
@l alp (5 b oslizal (HMOX1) 1565087 on
(GPCR) 1 ,es (slo i3 gla (2S5 55 oslinul 3 50
JEA P WP G PR o5 Lojles dsu s
S e S 23, 5010 <DNA
La ol 5 31 eSS 2 515 pmol/uL 5 (0LaT c03LS)
3 ds K 8 ol e a (Ol R O g5 cog 35 Luid)
3585020 ol e ssnuclease free water
(real-time PCR) v sSas (5,13 pabens 5515 Cogr
Pl 1SS Lss S 4 e iSTy il S
O3 IRT aasTy olosyl 5 Cte 28 S S
Housekeeping o ¢S ol e 45 (GAPDH) =
Cl L aglie 53 i) 50 05 (oo Ol oot o5l
St 5 aulos 2-CAA gy bov g oJ, xS

s 5 Fold Change

OPCR [iSTly 53 eslinl 3590 laasly Mg 1 osled Joua

Js (57-23) 85 g3 il RIS
ACGGCAAGTTCAACGGCACAG NM _017008.4F GAPDH
GACATACTCAGCACCAGCATCACC ~ NM_0170084R
TGGTGAGGGGACTGGACTTT NM_012611.3F iNOS
ATCCTGTGTTGTTGGGCTGG NM_012611.3R
GGGAAGGCTTTAAGCTGGTGA NM_012580.2F Hmox-1
GTGGGGCATAGACTGGGTTC NM_012580.2R
GTCCCAGCAGGACATGGATT NM_031789.2F Nrf2
GTTTGGGAATGTGGGCAACC NM_031789.2R
CTATAAATCGGCTCACAAGG NM_001020462.1F MBP

AGGCGGTTATATTAAGAAGC NM_001020462.1R

1399 )oupeid « 188 s)laids «@) ;W 0)9s

ohiils (b eole a5l alas 6


https://jmums.mazums.ac.ir/article-1-14939-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-07 ]

plilSem g iy ppisg) ailia

Olas e0loys dals 5 o 03,8 55 5 b iyl ey e
poler U Jsl slasas 53 Olgy (555 03,5 1y
U8 e, 5aLajs, Oles 4 i s
oo P <0J00L o P <0/01) A outalin (5l sins
T L ad b g3 usls s LT = P <0/0001
(AL o)t ysi= S5, 05037 5 IS 65
155505 0lays dals 5 jlenos S 55 0ds b il
(ot P <0/0001) 4 3 2 sLn 35, 5 (*** P <0/01)
IS 05 8 53 lajs) Oles & o (5513 e 2131
S eI L as b g5 il iy JUT) sls olss
e (Bl ojlaii s gead) (55,859 03037 5 5SS
(P <0/01) 1 555 55 long o35 s30dd b
il sl (7 P <0/0001) 4 3 2 L_—2}s, 5
OLs J 28 05,8 53 Wiy Olas 4 o (513 5200
36T S oL b s bl LT sl
23 edd b Salue Bl cpl Cle (G, Osa5T
L5 o S 035 4 S oo S Slajss 4o
) AL e s 8 nls 6,85k Il s
555w 8L OLej s me L2alS (A-BL oLz
o Kl oJ,m8 05,8 jseds b il
SN3gne Gl g o308 nl 5> Sl (5,8 5L
iy i sley 03 8 5 S L (51 r dls 5 0L
P P g RGN PR AT [ S W [ i o
ol 58 CAL 4o b s ad g0 O gomlidos Jbo
& Gt b 0l i 5 U S 05 8 e Sl oo
s(Mp<0/0D) s Mp <0/01) 3 lsjsy 5 s 5
b Sl ya 1) ls ae aals (M p<0/001) 4
o iy p 33 Ol 03 8 1] Sa) 4 ol
oy 55 ialoiT gl o3 8 dan 55 Dbl (st
el ml 55100 0L gl gae M| s
ST sl n Jde (al 53 (55 IOkt sl pe
Oga3T 5 6 S5 6 ~So5laal L b ,b 53 Ll

(Clojles psai = s,k

@l oslinul (S5 05T 5l clsos 8 Kk
3 e sLaas p3 ie 33 Loy, S i 4y lie
Cs S SN L 6 b 93 bty 0se5T
03T 3 elmes ;8 o ln aumlie g 0T JLis
(ol T Olilous aan )5 b ol wl S 4 5
w3 8 s s siee law filu 0 giea P <0/05
Sl (J.;)'l o3liul b baosls (65T fulow 5 4 520 A2
6 4. (Inc, San) Graph pad Prism Diego. CA

SULE gy

il 5 6,5l I o e b Sl

Gl r g Oalides Jus 5o 1) (o LAS
Slem 03,5 ( md g0 O gmmlidins el g 5l 2alS
Soge i s Se 2 Ol a1y o3 1 a5
503,5 il s GalS 5 CAL a3 a8 b 9o
oAl b Olan 53 5 Olje Olas a0 U8 05 8
5 b azin 3 31 0Leys i 05,8 5 S b s
SMA/KY 555 L oy e 095 OLL B O gemnlidens (I
1y et I Ol e 53 35 Olejs dalsi o35
o e 65 S L s Bl s O s
S e e pmmed g Lo 5 0 prlidins ke S
IS slaos 8 605550 JSSan b e T
Jsl 5504 . plasil OLeys i 5 Ol ol les
S 8 AT 55 88 5 685k S e
s gl e ls daan § L )y Dbl g ababl
Jols 5 LasT plonit Jol o Jsb 55 dail> S Sk
Cdlws ¢ 5K 40 Oy (81 0 (6 o Ol ) Dok
Pl Bl OS5 o o s S S ol 03 5ay
2 S o Pl pde b Eg) Olgy (555w
S 595D 348 35 (ke slae g, 5 SUl s
A3 i 5 (gLl 35 s (2T Sl sl
G5 e 53 gl Bl 5 6,8l el

03T b g alS gen Sl > pend g a5

1399 )gapeids « 188 o)ladds «@) (w0 )93

ohxils (i) eole olGihil alas 7


https://jmums.mazums.ac.ir/article-1-14939-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-07 ]

abdla JWSAL 3 3y Cly3)

A -o- Control
sor LPC
A
= -v- PP5+LPC
& a0l
c
o
©
-
2
© 20
o
23
w
0
1 2 3 4
C Days
e LPC
E 25 -e- LPC+Vehicle
£ A
[CA -v- Contr
T 20 i ...... % : % ...... ;
@ =——— i S
2 Xt kS
7
=
£ 15
£
E
=
“ 10
1 2 3 4
Days

-o- Control

LPC
1200, ‘e

3 1 -v- PP5+LPC
S
8

800,
8
5
=]
j=2
£ 400 o
E PV

0
1 2 3 4
Days

50

+ 4+

Duration in target zone (sec)

35 S 3L Ol3 A e 588 |y CaalS g ns g0 O gewlidins Jobe 31 50 oL dlslo 56,80l Il o b Sloys i L osled pod
13 olss (7 P <0f001 o+ P <001 v P <0/0001) (6515 mn Siul 331 J 28 05,8 53 Wajgy Olas & i 55 90T (SlaSay 4an 3 e o S

8L G+ P <0/001 c4+++ P <0/0001) (g ls _imo 2alS” Oloys dali 5 slaw sboo3 S 4 o o m Oloys i 09,5 55 (58€) 5K 8L 0le

33 o L0l i 9 S 05 8 53 Lol odaliie g 3T (sladgy o (615 sime gl Olays Aalis 5 o (slas 8 55 85 S 033 dslin s
03 8 Slilpm 53 5K 3L g ot b Zdlus B (MNP <0001 MP <0/01) s odalinn oS 3L Oloj 3 5,13 gime L2alS T4 53 (glaj g,
Slewos S 4 Ci Oy Shw slaog S 55 0ds b Ciluw . 3L( P <0/000L % P <0/01) L) (o lsbins ysba J 28 05 8 4 Comi o

Gal3 e o3l Oloys dals 5 jlew glas S 55 2 S 09y amlie y3. 8L Gttt P<OM000L ettt P <Of00L) (g ls cme 288" oy als

-l..f:o-lk\_,i.du.l_.f:JJoQw)éé)bu_lmﬂl_{‘lj:aLSLA_}j))AJ_mLgblﬁ)}ﬁjdﬂbjf)}\ﬁ‘.&n.lbmQ}AJ’TLSLA)'J)Q,:E
@))“.\_.z_sﬂoujgho.;u;)u;b6)\3\;“@\,_5;u;;ucguwﬁﬁoux,.éuuﬂwmc (™M p <0/001 N P <0/05)

St Olyd i g S 55 0l ul dwslie 5 (F P <O/00L) Sls sne 2818 J 28705 5 4 o Oloys il 5 5le09 8 55 g Og3T 3 e

3l3 0L 1y (g ylsline 2l 531 Olays sl 5 jlaw 03 8 0 S (++++ P <0/0001)

Jod azia oo 515mg/Kglday e b oy s Oleys i
Dl gy palS jsccte S50 o1 5ET 5
(1A oyl ) ps) Col a2sls OT 55 b 5 5,5 5L
S Ul et s Ol e 4 odd b ol aulis
508 b 55 slen 5 Olays dali o5 8 s b 0l
O3 Cpgmoin a5 258 03555 Dy gmois
5 el 5 31U0 L (gyls g Sl ek as S
J:.JJA_:SUH‘;,:MJ%@;;J:MB-JWS-\
pla 53 odd (b il oy e L Oleys im0y 8
bass, 5 (P <0/001) 1 55, 53 5 5w clajs,
$1-4 sLajs,y 4o s (++++ P <0/0001) 4,3 42

bé)‘}@#whlfjwaj;j;)u):.lkwoj)

e 03,5 5 0lays dals slaey S o aslie

Lo 53 S (8L Oloj 53 1) (Solsgne ok gt
LS55 655 Gy Pl a2 I 0L adlles
Slem o8 dilen 0y 8 pl Sblg 5 atdls 5,8 L
CAl a=b ,» Pt 50 O galides Joe Ll 51
sy olid 6,850 OYMesl Jlas slS sn
36N S 6,8 ojll Lad b 55 bl HIUT)
S 05 23 (A o)l paim S5 i O g0 T
o las) ples 53 S 4 Ok Olej o oy Oy
33 lajs, (++ P <0/001) 2,51 class, s g
4 Sl G35 e Dy o 4 (4444 P <0/0001) 4

ol pls (sl Jials Jlesos S 5 Oleys daliog S

1399 )ga)eids « 188 o)ladds «@) (w0 )93

ohaijle A}y eole slEhsl alas 8


https://jmums.mazums.ac.ir/article-1-14939-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-07 ]

plilSem g iy ppisg) ailia

Whass Ghey 03,5 o Gla) el ol ol
33 0dd (G e Ol s i lie jlew 5 Oloys dals
ol o s Ol s i _Q,J_{J:u.x_ac.)
Olays Aals 5 e Loy 8 a4 i 15 (5l3 stme
&S Wl LT G+ P <0/0001) s ol
omen (D1 ojlacs psai= S5 05T 503 b
Jﬁe);):d-u@)):auéﬂobj e
s S 0 8 4 s (6ol gme Rl Ol
(D 1o ket 5 gus) (* P <0/05)

SLa0S Ol it s e b Gl Sy
P Lt b 5B 5 55l nST e il e LS
A GlalsT T

5INOS, HOL sLaoss ol pelaw anlllas )
ST Sl enlial Ly el gon & 3L 53 N2
e 53 U O grlidins Wl .s L5, RT-PCR
(* P <0/05) ole,s aals 5 (**P<0/01) Jlow 65,5 5s
09,5 40 L INOS Ol ls tme iol5dl & e
e o8 el 0T otz Olas il 3 cpl oS s J 8
S Ll o Gt b (0 O srlins
e 03,8 53INOS 05 0Ls Lal 355 o 55108
05,5 33 4 Lol (S13 e 2L (e L Oleys
SIUT 4+ P <0/001) sl oloays aals 5 e
(2A et s = (S5 05057 5450 &K il
oL S8 S 5 s 55 555 L &S N2
SN2 05 0ls il oo (265 s SISl T
G 1y 613 gmn 2153l oo L Olays iy 09 8
Al g law o(*** P <0/0001) J =8 slaos S @
&S bl T sl ol (+++ P <0/001) ol ys
Ols b3 @ Bojlas = S5 05037 546 b
3305 cml Ols 45 5l 0Lis by 8 an ;5 HOL 0
@ S |y (gylobkan SRl g e L OLys Si s S
Oleys dali 5 sles (*** P <0/001) J 8" slaes S
54,k &S b yly 5I6T) sls ol (+++ P <0/001)

(2c osleds 925 ¢ S § Ol

S UL as b g sl s RIUT) ssls Ol
wglio (1B ojlass  5s) (G580 05037 5 1SS
Sls st S2aLS 550l i s S 53 25 S0
5 M P <0/001) 4 clajs, 4o ons b Colua s
Olisog, S m1251 slajs, 4 cns (NP <0/05) 3
95 ot b Gl iy e U KL 750
Ul 6,850 sl o Jots Ll 31 |5 ain
S elst Lad b oS bl LT dsl o
(AB Loyt = 855 05051 5 6 S5
Olays dals slaeg 5 53 Sl g Sl o 4 i
Szt 03,5 4 S 1 (Sl3 st W8 Olays S
ot AU T Csay s ol IS Ol
33 by 0T weS e b 1y las oSl
A= S 03051 5 6T S e3INIL 4 b
(Cleoyls

ST 0355 sl 0553 plasl o el 24
Callin i) p93 ) S La e 5 o anils 5y S
(g 0503 e o=l s bis Lay (S
O S35 05 b i 63l Ole3 436 60 b 3 5
@J):auéﬂg)bj&m.u:adﬂﬁjcmq-
Joe 05Tl (K58 sl ¢l - (Q4) s
S8 eslinl 5y 50 b b e Lo (oL dlibl>) ST
Sde) ©g 1 59y slaesls o g4 o C,_ejf
Sl s SHALS (s a) 53 Ol g ) 52 OLe
Oga3T 5 4 b &G il ol BT ((*** P <0/001)
Lals 5 sl sla o3 S 55 15 (s ime 2alS ST
o) SUl g sl OLis J 287 05 8 4 S Olays
Olej 5038 (6 a2y 3 1y (6 565 0L 05,5
S S slam 03 (@bl Shpe w3
bl IVt 3,0 0ditS U b Laosls ol edis S
CAL 4 >b 0 gpulidss P Jis s P -
s Ol dalld aj‘)S/)é wlie b oslay CulS 5o
bl T3 o ey I 0350 51 (o 2 s

bl s e Slod S Sl o S Al s

1399 gD « 188 s)laids «@) (;w 8)9s

ohsijls (Al eole sEi3l alas 9


https://jmums.mazums.ac.ir/article-1-14939-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-07 ]

abdla JWSAL 3 3y Cly3)

iNOS gene expression level

w
I

Fold change
5

Fold change

N

o

Nrf2 gene expression level C

44+

HO1 gene expression level

)

Fold change
IS

N

L

A
O
e ¢
&

&

® ¥

ol el Ol e 4INOS 05 OLA 358 oo s514nST ozl el (sl 05 Ol b comge g e b (Slays i 2 03l g

(#++ P <O001)0 e y5 2 05,5 55 5 il 3l (613 gmn s J 28705 5 4 s (¥ P <Of05) 0L ys sl 5 (% P <0/01) Jlas 05 8 )3 silaST

& S Oloys i 03 SN2 (B) 5 HO-1(C) 5518 5T (sla st L 0Ly .23l L2l (615 gima b Olays Al 5 jlemos S 4 S

Sl gme 5 sb 4 (Nrf2and HO-1: +++ P <0/001) Gleys dals 5 slemoy So(NFf2; =+ P <0/0001 ¢ HO-1 ***P <0/001) J =S o 5 §

Glres 5 le glaesls i b5, Calbes glaey S
o=l 53 MBP 05 0L 45 sl 0l Oleys dals 5 Hles
35 IS 0 8 5l 5 oml o5 JB s sbaes S 5
(S5 05T 5 b oSS ity LT P <0/05)
AN o Ol Gy 0 8 50 (A olets 58
A8l 05,8 53 4 Comnd MBP 05 0Ly 53 (5l3 stme
S 05 S cpimman 5 (H++ P <0/001) jlew 5 Oleys
54 b &S bl 5JUT) 5,8 skt (% P <0/01)

(b o5l p g (S5 05057

2000

+H++

1500

1000

FRAP (uM)

500

A
(O
o°°\

¢U b R s e b Glesd Ry B osled poa
e sl s S 53 ol St (BT b s ST 5T
AAL&j)L‘:{UJf;(***P<0/001) Jr"foj)f‘\{\;.:ﬂ.}f)b)é

5L a5l (oI5 gme e (++++ P <0/0001) obs s

ROEIENH

S Sbrosls (bl Julows 5 4 325 5 ol o
OgasT 54 b &S il ls HJUT iy, LFRAP
oo S 53 ol GlanST BT b b esls Ol (ST
il gl (IS 205 S o Ole s daliy sl
G b Sl S bl s s gas 0T Ol s o
Slabe=Sa bl Oy son 1) jre SlanS| T Cs b
5 (% P <0/001) sls 2531 J =S 05,8 an o
5 YU (444 P <0/0001) Gleys dalis 5 jles 09,5
L 0 mlides e LA oyl ol (3 e)led s guai)
3l AST il slon ) Eel (g3 U ied 5 5]
SIE e 3 5 SIS 5T Cb b gy 5 eds
ST ST 8 B (3L e b e
caoee 53 33T SLadLSSsly (5l o2 L Ll 5 o0
Joe Sl (30 bl Bl 3 gy 5 ks e AT
wled g 1

MBP 05 0l Sl L op e b (Sless
BV ks e 5 23 b
05 Q\ - C]a ~ 4 Ao - :‘ BE

(%)

o5 5 = &SSOl 4 myelin basic protein (MBP)

33 ke i G 5 LS g (555

1399 )gapeids « 188 s)ladds «@) ¢, )93

ohaijle Ak} eole slEihsl alas 10


https://jmums.mazums.ac.ir/article-1-14939-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-07 ]

plilSem g iy ppisg) ailia

5 bdd Bl o B o e el e CAL b
QL«JUa.AL:l:..ﬂ\)(..Af:}.i@QU\}::-):‘_;ﬁf:L_
sla oLl Gob o BLB0)Cr ace pl 5o (LS
Pl S Zdle 5 0l el 2ol ol ol
L (s slajsy b 93 IS 05 8 s S
il 3l 503909 ,8 pl s bl (5,8 5L S
A S J S 05 8 4 e e 09 8 53 0T
23 (s gm0 elikens Jito 51 (30 (6,81 S
A i S L e S 58 CAL 4L
2008 JLw 53 01,LSes s Makinodon glaa st L
Gy aS Wsls OLis 4 gy sb 4 ooyl Cllas
S 5316 53,5 Wy 0L 151 e s
(38) sl o Jises (6,800 5 abiil> 5ol slad
oAl AT s, DB S ol o e
RSN PEA NS FORNE- 5 NSRS P [Ny
Ol il s 558 anlllas )5 (4039) Lilesls OLi
Al eS| ol Ayl et O e 4 INOS O
Plestl S5 g0 oS 4S5 ol Jl 55 )
MS (s law 55 sl sen O gmlidns 51 50 alabl>
) 03 A e GOls 5 S atein G35 ) 5ba
10 5 g alaly
Olays 33 s OLalS ol ams dim b 5o
Solows a3l s ol e (Sla g Hlews 51 (ks
lode cpl ol 8 il & 51 3 8 vt w55 3,50 MIS
5682k > Sas Il 5542 53 2y Sl 50
ods p o slaggjlew Jlse Jde i s dabl
3 Shee sl 525 ol L (A1-43) e
TS S et b e (2010
O S S ST L asdlas (gl y Olalllas
Oglidens (nd sn Jos 53 15 aliblo > Slas 3 5g0
35 g Sls 5 blous 1 luly ol 535S LT
b ol sl e ol o Gbagsles
i 5158 O smiS b 5 el IT Sl gladbe )

MBP gene expression level
+ + +

X%

Fold change

MBP gelas 0Ly (31 or s 02 L Gl Uiy 14 0ol 98
03,5 35 ks astls O giea MBPOS Ol s (oS gt 5L s
Solline sk J 28 05 5 4 i (¥ P <0/05) 0o 5 alis 5 jles
Oleys dals 5 slay 05,5 4 Comi Blays i 035 53 5 2l
il 3l (g lstine  glo (74 P <0/01) J 257 5 (+++ P <0/001)

gabsl- POl alo 1 sl s OV S

(T18) sl L MS Ol jlay 55 GalS 0 O sralidins
L Osemlidaos ad 0 Jue I 50 abibl> JMs|
(36:31:30) 5 51 0ok b 258 Sl 5 pend s 5
P op S e 1 1 SR 0l o el
o3liul SlanST 5T b b g dlible Il oy s
e b Slens e 48 3 8 b b slaasl s
5 b gl dbl 5 g, 8l M 5 s o e
b 02 355t nS e 03 Ogpmlihoes (nd go ke
sldS T T 2als Car 50 INOS 05 0l ials
gl Nrf2 s HOL slags Ol ool Lo g ol
Pl S b ol o 5 e YU ) O ST ST
b b sbys i 300 YUy e 0S| 5T
U 5515 jhe (oen 5 23,5 MBP O 0Ly 131
sl abbl LS s CalS g OS5
L 3ol b ol s (it o (650 1) Slodas 20
Ol s dy g Lodb bl CalS g 284U 348 b oo
Slaesls 5l 51(87)5 =i on Jiee 4o 55 30-50
33 a5 oy 5 a8 sls oL aallls ol (6t

1399 )ga)eids « 188 sylads @) ¢, )93

ohxjls b eole slaiils alas 1


https://jmums.mazums.ac.ir/article-1-14939-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-07 ]

abdla JWSAL 3 3y Cly3)

P 2L GIFL s s B sbe S
(49) a3 o 2alS MS (65l 336 b LT,
Sleds i (glau s JISIT S i 0als OLas piomon
e 03,5 b SINOS 8 Ly ol Jdle
(50) e oo ,2alS 1, Sleddl Nrf2/HO-1

SAEHO-L (YL ol & 5 57 ot s anllla
L s 53 1 EAE Jue oWl 51 36 b slacaaT
Wl 5 op Cp e 3 g0 SLaE Ll (B1)sls als”
Do s Le Ol (5T G b S il 5 Ses
Lo glaesls s (5264) dides 3 5o 15T LI sl
0,5 531 ¢l eS| ST o b Bl
by ml 53 DL el g sls OLES o e b Ol ys
Crbe e b ol asllas l glaeil oy Gl
Bl 350 2 2 Sl Sy S ST TS (o
Ll o S Gy b S K5 o (g Lad Bl
SIS 5T o e ls 5 i Ol o8 4 5514
R R L

e DA iy g anlllae ) (G Cad o
b 55 1 o el Ol e MBP 0Ly Ol
L sl i Lo slaesls (ol o ls ks
U = Solssne h5bas 1L MBP 0Ly w5
alie ols G530 J 28 05 8 4 o (5 YL alaw
Sl el a5 Kos (slaalllas 5o Lo glaasily
AT o e oo il Jua 55 MBP 0Ly e
(15)3,5" Jet 15 eken on 5 )5 5 45 (EAE)
Sl MBP ¢ opbin b 55 ol gla s 51 (SO
b Oyl s Wl la S yin S5l 53 45
15 oo L )63 850 A5 2l 31.(83) 3 55 oo
Olays i 038 33 MBP mhaw (5l 3l oS a5
Tl PRI e s S 555 355 3 S A3k Gy
(15) el ok Al EAE Jis 53 e s, 50 !

oM 5 sba &5 S (68 e O 0 OLL 53
35 el Gy 4 sls OLis anlllas ol laasil
S 3L 55 Il sloul Eeb CwlS yon CAL 4>t

231 Gl sma CoMastl 5o 0 se 3T Calizes slajs, 53
Sl g onl bl 5 1 OLES oy S
Lol b5 qualS gop 53 0 gplides Jobo oAl o5
CS o s o 68U e Ll B
el 4231 U g

oo 80 53 (gl e ST e 2l
31 S (INOS) ol Sl oSG 25 T2l MS
Al o 58T ol b o o (a5 0 5 !
Sl 531 g 25 (NO) LTS, 5 5 L
el 3 (2 ST 5 Oledl ¢ (me on pae
S 5l Ol sl anllas (45) AS o (55 ulunS)
15INOS 0 0l s)lobime s bas pzd g5l Gos 5
L0 0Ly Ol s 45 55 J= 55 cpl osls 2l 53l
b S5 1,5 g sl 56 s NIF2 5 HO-1
S Wlesls QLS 35 (gadme SLa 1S clawly pl s
(4615) il adly il 53l ke 15 55INOS 0 0Ly
05 0Ls o b Glays iy oS 515 Ol Lo glaesls
SHO-1 0 Ol 5 fals (g)lsbas sk 1, INOS
Sl ek ) & Sl a5 Il ols ol 311, N2
JS 05,8 4 S N2 5 HO-L (6la0s 0y 3550 )3
(2 o jleis 5 geai)sls O 1y s gime ol 1 55

ey o (o 555 )5S G Ol e 4 N2
odge 15 il dasl 5y 1y Jsbw SIS 5T
OIS =T 05 s Ols o des Uls NP2 s s
W e s sy Cods Ol e, HO-L Lol
(7)1 15, (18T (5T 5y i) NIf2-ARE
e — FeSs 53 (HOL) 565870 o V'lJ";T
ST alSTs s (o 5 005 A4S ise
S 315 Ot L slmosls (48) 3,13 Lid p5lauS)
JLs g HO-1 g NIMf2 (slad 5 ol Hls me 2ol 530
oS Sa ) (S8 Bl o e b Sless S
ol sl Il 55 55 s as bl
OLSen 5 Kappos 2008 Jlu 5s clewly opl s sl

5 N2 & el e 55 457 als 2,18

1399 )gapeids « 188 s)ladds «@) ¢, )93

ohaijle (Al eole slEhsl alas 12


https://jmums.mazums.ac.ir/article-1-14939-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-07 ]

plilSem g iy ppisg) ailia

Slalllas a4l usbMS 1 ot s lis O
583 $apslSe sz 4 bl 03Y (g 505 28

g Ege

S jSowlpus

Sl 5 Dlady Siglae Coles Sl alwyop by
Olojlu 5 OLaals o8 iils 5 bL Ko 3 o ske & isls
sl S 4 LS Glag s 5 p ke dnn
3 e adlin o33 8 o 3508 5 S5 s,
Al e A5 it S bl

References

1. Lassmann H. Review: the architecture of
inflammatory demyelinating lesions: implications
for studies on pathogenesis. Neuropathol
Appl Neurobiol 2011; 37(7): 698-710.

2. Dutta R, Chomyk AM, Chang A, Ribaudo
MV, Deckard SA, Doud MK, et al.
Hippocampal demyelination and memory
dysfunction are associated with increased
levels of the neuronal microRNA miR 124
and reduced AMPA receptors. Ann Neurol
2013; (73): 537-645

3. Honce JM. Gray Matter Pathology in MS:
Neuroimaging and Clinical Correlations.
Mult Scler Int 2013; 2013: 627870.

4. Calabrese M, Rinaldi F, Grossi P, Gallo P.
Cortical pathology and cognitive impairment
in multiple sclerosis. Expert Rev Neurother
2011; 11(3): 425-432.

5. Bobholz JA, Rao SM. Cognitive dysfunction
in multiple sclerosis: a review of recent
developments. Curr Opin Neurol 2003; 16(3):
283-288.

6. Messina S, Patti F. Gray matters in multiple
sclerosis: cognitive impairment and structural
MRI. Mult Scler Int 2014; 2014: 609694.

Jﬁ-‘é)u.”dﬂd#d|)::f°|ﬁhﬁ”w|
el il g Joe W1 |8 andn 93 o s b Sloys
sk sy oLas abile 5 g, Sl Ml s
améﬁw;ts.\nygwuéuagg
¢SS ol A3 AL G b ) L
e SRl s he SlST| mT s b e o
.Mkoﬂt:lf:.bilp):&yﬁ;M,MBP
J}Jm&‘ﬁ‘w)jméa&b})ﬁ|)|
58 s Ol o b anllas 5 2508 Slallas

7. Dutta R, Chang A, Doud MK, Kidd GJ, Ribaudo
MV, Young EA, et al. Demyelination causes
synaptic alterations in hippocampi from
multiple sclerosis patients. Ann Neurol 2011;
69(3): 445-454.

8. Miljkovic D, Spasojevic I. Multiple sclerosis:
molecular mechanisms and therapeutic
opportunities. Antioxid Redox Signal 2013;
19(18): 2286-2334.

9. Ziehn MO, Avedisian AA ,Tiwari-Woodruff
S, Voskuhl RR. Hippocampal CAL atrophy
and synaptic loss during experimental
autoimmune encephalomyelitis, EAE. Lab
Invest 2010; 90(5): 774-786.

10. Bliss TV, Collingridge GL. A synaptic model

of memory: long-term potentiation in the
hippocampus. Nature 1993; 361(6407): 31-39.

11. Nistico R, Mori F, Feligioni M, Nicoletti F,

Centonze D. Synaptic plasticity in multiple
sclerosis and in experimental autoimmune
encephalomyelitis. Phil Trans R Soc B 2014;
369(1633): 20130162.

12. Sekeres MJ, Winocur G, Moscovitch M.

The hippocampus and related neocortical

1399 ygu)eids « 188 s)laids «@) ;W 8)9s

ohjls (Al eole slEmil alas 13


https://jmums.mazums.ac.ir/article-1-14939-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-07 ]

abdla JWSAL 3 3y Cly3)

13.

14.

15.

16.

17.

18.

19.

20.

structures in  memory transformation.
Neuroscience Letters 2018; 680: 39-53.

BO L, Geurts J, Mork S, Van Der Valk
P. Grey matter pathology in multiple
sclerosis. Acta Neurologica Scandinavica
2006; 113(s183): 48-50.

Gorgani L, Mohammadi M, Najafpour GD,
Nikzad M. Sequential Microwave-Ultrasound-
Assisted Extraction for Isolation of Piperine
from Black Pepper (Piper nigrum L.). Food
Bioprocess Tech 2017; 10(12): 2199-2207.
Mohajeri M, Sadeghizadeh M, Najafi F, Javan
M. Polymerized nano-curcumin attenuates
neurological symptoms in EAE model of
multiple sclerosis through down regulation of
inflammatory and oxidative processes and
enhancing neuroprotection and myelin repair.
Neuropharmacology 2015; 99: 156-167.
Shaterpour M, Shaki F, Ghasemi M, Jafari-
Sabet M, Ziar A, Ataee R. The protective
effect of curcumin against lithium-induced
nephrotoxicity in rats. Pharm Biomed Res
2017; 3(2): 33-38.

Meghwal M, Goswami TK. Piper nigrum and
piperine: an update. Phytotherapy Res 2013;
27(8): 1121-1130.

Abrahim NN, Kanthimathi M, Abdul-Aziz
A. Piper betle shows antioxidant activities,
inhibits MCF-7 cell proliferation and increases
activities of catalase and superoxide dismutase
BMC Complement Altern Med 2012; 12(1):
220.

Ma Y, Tian M, Liu P, Wang Z, Guan Y, Liu
Y, et al. Piperine effectively protects primary
cultured atrial myocytes from oxidative
damage in the infant rabbit model. Mol Med
Rep 2014; 10(5): 2627-2632.

Sabina EP, Nagar S, Rasool M. A role of
piperine on monosodium urate crystal-induced

inflammation—an experimental model of

21.

22.

23.

24.

25.

26.

27.

gouty arthritis. Inflammation 2011; 34(3):
184-192.

Bi Y, Qu P-C, Wang Q-S, Zheng L, Liu H-L,
Luo R, et al. Neuroprotective effects of
alkaloids from Piper longum in a MPTP-
induced mouse model of Parkinson’s disease.
Pharm Biol 2015; 53(10): 1516-1524.
Elnaggar YS, Etman SM, Abdelmonsif DA,
Abdallah OY. Intranasal Piperine Loaded
Chitosan Nanoparticles as Brain Targeted
Therapy in Alzheimer's Disease: Optimization,
Biological Efficacy ,and Potential Toxicity. J
Pharm Sci 2015; 104(10): 3544-3556.
Anissian D, Ghasemi-Kasman M, Khalili-
Fomeshi M, Akbari A, Hashemian M,
Kazemi S, et al. Piperine-loaded chitosan-
STPP nanoparticles reduce neuronal loss and
astrocytes activation in chemical kindling
model of epilepsy. Int J Biol Macromol
2018; 107(Pt A): 973-983.
Chonpathompikunlert P, Wattanathorn J,
Muchimapura S. Piperine, the main alkaloid
of Thai black pepper, protects against
neurodegeneration and cognitive impairment
in animal model of cognitive deficit like
condition of Alzheimer’s disease. Food
Chem Toxicol 2010; 48(3): 798-802.

Denic A ,Johnson AlJ, Bieber AJ, Warrington
AE, Rodriguez M, Pirko I. The relevance of
animal models in multiple sclerosis research.
Pathophysiology 2011; 18(1): 21-29.

Low PA, Schmelzer JD, Yao JK, Dyck PJ,
Parthasarathy S, Baumann WJ. Structural
specificity in demyelination induced by
lysophospholipids. Biochim Biophys Acta
Mol Cell 1983; 754(3): 298-304.

Jeffery ND, Blakemore WF. Remyelination
of mouse spinal cord axons demyelinated by
local injection of lysolecithin. J Neurocytol
1995; 24(10): 775-781.

1399 ygu)eids « 188 s)laids «@) ;W 8)9s

ohiils (b)) eole ol5RSDL alas 14


https://jmums.mazums.ac.ir/article-1-14939-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-07 ]

plilSem g iy ppisg) ailia

28.

29.

30.

31.

32.

33.

34.

35.

Sahel A, Ortiz FC, Kerninon C, Maldonado PP,
Angulo MC, Nait-Oumesmar B. Alteration of
synaptic connectivity of oligodendrocyte
precursor cells following demyelination.
Front Cell Neurosci 2015; 9: 77.
Pourabdolhossein F, Mozafari S, Morvan-
Dubois G, Mirnajafi-Zadeh J, Lopez-Juarez
A, Pierre-Simons J, et al. Nogo receptor
inhibition enhances functional recovery
following lysolecithin-induced demyelination
in mouse optic chiasm. PloS One 2014; 9(9):
£106378.

Majd AM, Tabar FE, Afghani A, Ashrafpour
S, Dehghan S, Gol M, et al. Inhibition of
GABA A receptor improved special memory
impairment in the local model of
demyelination in rat hippocampus. Behav
Brain Res 2018; 336: 111-121.

Khezri S, Dasht Bozorgi N, Rahmani F. The
Effect of Caffeine on the Myelin Repair
Following  Experimental  Demyelination
Induction in the Adult Rat Hippocampus.
Journal of Cell and Molecular Research
2016; 8(1): 15-24.

Bae G-S, Kim M-S, Jung W-S, Seo S-W,
Yun S-W, Kim SG, et al. Inhibition of
lipopolysaccharide-induced inflammatory
responses by piperine. Eur J Pharmacol 2010;
642(1-3): 154-162.

Morris R. Developments of a water-maze
procedure for studying spatial learning in the
rat. J Neurosci Methods 1984; 11(1): 47-60.
Benzie IF, Strain JJ. The ferric reducing
ability of plasma (FRAP) as a measure of
“antioxidant power”: the FRAP assay. Anal
Biochem 1996; 239(1): 70-76.

Benzie IF, Strain JJ. Ferric reducing/antioxidant
power assay: direct measure of total antioxidant
activity of biological fluids and modified

version for simultaneous measurement of

36.

37.

38.

39.

40.

41.

42.

total antioxidant power and ascorbic acid
concentration. Methods Enzymol 1999; 299:
15-27.

Goudarzvand M, Javan M, Mirnajafi-Zadeh
J, Mozafari S, Tiraihi T. Vitamins E and D3
attenuate demyelination and potentiate
remyelination processes of hippocampal
formation of rats following local injection of
ethidium bromide. Cell Mol Neurobiol 2010;
30(2): 289-299.

Broadbent NJ, Squire LR ,Clark RE. Spatial
memory, recognition memory, and the
hippocampus. Proc Natl Acad Sci U S A
2004; 101(40): 14515-14520.

Makinodan M, Tatsumi K, Okuda H, Manabe
T, Yamauchi T, Noriyama Y, et al
Lysophosphatidylcholine induces delayed
myelination in  the juvenile ventral
hippocampus and behavioral alterations in
adulthood. Neurochem Int 2008; 53: 374-381.
Plemel JR, Michaels NJ, Weishaupt N,
Caprariello AV, Keough MB, Rogers JA, et
al. Mechanisms of lysophosphatidylcholine-
induced demyelination: A primary lipid
disrupting myelinopathy. Glia 2018; 66(2):
327-347.

Yazdi A, Baharvand H, Javan M. Enhanced
remyelination following lysolecithin-induced
demyelination in mice under treatment with
fingolimod (FTY720). Neuroscience 2015;
311: 34-44.

Mao K, Lei D, ZzZhang H, You C.
Anticonvulsant effect of piperine ameliorates
memory  impairment, inflammation and
oxidative stress in a rat model of pilocarpine-
induced epilepsy. Exp Ther Med 2017; 13(2):
695-700.

Moghadamnia AA, Zangoori V, Zargar-
Nattaj SS, Tayebi P, Moghadamnia Y,

Jorsaraei SG. Effect of breastfeeding piperine

1399 ygu)eids « 188 s)laids «@) ;w0 8)9s

ohsijls ¢aib)y eolc sGiil alas 15


https://jmums.mazums.ac.ir/article-1-14939-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-07 ]

abdla JWSAL 3 3y Cly3)

43.

44,

45.

46.

47.

on the learning of offspring mice: interaction
with caffeine and diazepam. J Exp Pharmacol
2010; 2: 111-120.

Wang C, Cai Z, Wang W, Wei M, Kou D, Li
T, et al. Piperine attenuates cognitive
impairment in an experimental mouse model
of sporadic Alzheimer's disease. J Nutr
Biochem 2019; 70: 147-155.

Khalili-Fomeshi M, Azizi MG, Esmaeili MR,
Gol M, Kazemi S, Ashrafpour M, etal.
Piperine restores streptozotocin-induced cognitive
impairments: Insights into oxidative balance
in cerebrospinal fluid and hippocampus.
Behav Brain Res 2018; 337: 131-138.
Choudhury MG, Saha N. Induction of
Inducible Nitric Oxide Synthase by
Lipopolysaccharide and the Influences of
Cell Volume Changes, Stress Hormones and
Oxidative Stress on Nitric Oxide Efflux from
the Perfused Liver of Air-Breathing Catfish,
Heteropneustes fossilis. PloS One 2016;
11(3): e0150469.

Miron VE, Boyd A, Zhao JW, Yuen TJ,
Ruckh JM, Shadrach JL, et al. M2 microglia
and macrophages drive oligodendrocyte
differentiation during CNS remyelination.
Nat Neurosci 2013; 16(9): 1211-1218.

Kim J, Cha YN, Surh YJ. A protective role
of nuclear factor-erythroid 2-related factor-2
(Nrf2) in inflammatory disorders. Mutat Res
2010; 690(1-2): 12-23.

48.

49.

50.

51.

52.

53.

Paine A, Eiz-Vesper B, Blasczyk R,
Immenschuh  S.  Signaling to heme
oxygenase-1 and its anti-inflammatory
therapeutic potential. Biochem Pharmacol
2010; 80(12): 1895-1903.

Kappos L, Gold R, Miller DH, Macmanus
DG, Havrdova E, Limmroth V, et al.
Efficacy and safety of oral fumarate in
patients with relapsing-remitting multiple
sclerosis: a multicentre, randomised, double-
blind, placebo-controlled phase Ilb study.
Lancet 2008; 372(9648): 1463-1472.

Ngo QT, Tran PT, Tran MH, Kim JA, Rho
SS, Lim CH, et al. Alkaloids from Piper
nigrum exhibit antiinflammatory activity via
activating the Nrf2/HO1 pathway. Phytother
Res 2017; 31(4): 663-670.

Liu Y ,Zhu B, Luo L, Li P, Paty DW,
Cynader MS. Heme oxygenase-1 plays an
important protective role in experimental
autoimmune encephalomyelitis. Neuroreport
2001; 12(9): 1841-1845.

Yusuf M, Khan M, Khan RA, Ahmed B.
Preparation, characterization, in vivo and
biochemical evaluation of brain targeted
Piperine solid lipid nanoparticles in an
experimentally induced Alzheimer's disease
model. J Drug Target 2013; 21(3): 300-311.

Cameron-Curry P, Le Douarin NM.
Oligodendrocyte precursors originate from
both the dorsal and the ventral parts of the
spinal cord. Neuron 1995; 15(6): 1299-1310.

1399 ygu)eids « 188 s)laids «@) ¢, )93

ohaiils (b eole ol5iSDL alas 16


https://jmums.mazums.ac.ir/article-1-14939-en.html
http://www.tcpdf.org

