[ Downloaded from jssu.ssu.ac.ir on 2025-10-20 ]

10.18502/s3u.v28i12.5777 ]

[ DOI:

AR/ BTVl 55 &b 53 Hgo ey Sy pale olSLLIIS gy soke alie

WAR YN0y g ,b YR8 ol 003195 0 jlous picdid g St 0590

cdao eI land T S 31 i (5 LSt Sl 0 0590 S Wil6

SV 90 50 Jlwiwo S g 9 (& 3 3 (99 l0 9>
C57BL/6 81§ ook

S rls 505 L presmed caniiine 2 (ol

‘so.:..b,}; Jlo
(EAE) ‘51)23 u.q)‘éj} wlm}.n.u.mi le.ﬂ.” )| ses) G)L\..\:" g_;l.\.))m 0,99 g_i: J..ula o ral} U’“‘bj)" )‘ i doddo
w‘ C57BL/6 .blj.s o.)l.n LSL“;J”"SA ).) )L...; u.l.ua ‘5L®wi:5).v gﬁ’)" B

93y Sodlad 09 5 Y @y Bolal gy g (5l 5 slatan AP hge s YA Lol o aalllas (] 5o i gy (N9
Y &Sl 5l e g EAE Sl 5l Gy o85,9 Codled 09,5 .ol e (N=A) EAE S 5 (0=A) Wl 08« (N=YY)
FA oS Lol ) gylos! ob),9 codled aian ¥ ooe 4y cele Vo cian 10 59, 0 id,S <l 1,V adb o yed ols 39,
Ol owir lp ordgiunngigesl By, 5l ol (65l il g padas bahge (ped dnde ST 5l e cela
09051 5 Weg,S o yo laosls BMS! _w)y (s1, SPSS version 16 13316 5 b .o eslaiwl CNPase s MBP sla gy
S oéM‘ LSD ‘stu.: Qﬁ‘)] 9 d.:LfJu.} L)“"L))‘B J.ai?!)

2 LB G559 095 50 (slobime (rali8l (g Lis] (el aziS 1o (g 90 el ol Glas el bl il
Siiss P=21\Y) EAE ;S o o,k 35,0 MBP iawiw osle jo (P<+/+0) cuils EAE ;S 09,5 L aylic
ol JysS 5 gl iy, 5(P=+/+10) EAE J oS 4 g Las! b5,9 CNPase (P=+/-+)) oJlu Ji8 4 5 kas!
W"L“" S g ooles! 559 (p<-/--+\) EAE JrssS g oles! 55,9 MBP :(6 nuSs oole o (p<+/+++Y)
(P=2lV) ol JyuS g g ksl b3, (P=2/- +B) EAE a8 5 s, Lzl o;,9 CNPase (p<¢/--+-Y)

Sl il ol (6 lewy J 4S5 (leyo S 50 Sileirlie Sl e 56 Yoz S (o859 Codlad 16 S Az

@hiomkes ¢339 Sdlad EAE (MS) (a9 5l s 1S sl

01995 Cadmoglindl W 51 oz (6 )Lis | Wly poi 090 Ky il . Jrwle S Lo joeme 69,5 peml canddioyin 1€l )

Sy (Seho e (Kb pele olKiils agh sele alne CHTBL/G o155 oole slaige 50 jlw crbo giiion &3 5 2
FYOIYOF) YA Y44

Ol a5 0l g5 o> (g pole 9 (S50 Cam 5 2SS (4B )9 (ST 9lg b 295 pamas (555> (§9auiil> - )
Ol (Ol a5 Ol a5 oGS (i ag pole 9 (F30 Cam T 02SUESDS (G iog ST9lg b 2955 skl -V

Ol Oles 0l s o1 (s pole 9 (S0 Caw 5 03SUESDD ((yB )09 (ST 9)92 b 295 Oliasl -V

VEVFIFYADA: sty $93iu0 MNIKOrdi@UL.AC.IT & Suig S oy c2 AV PP e ¢ eV 200l 6(J ghmmo 53 93)3


http://dx.doi.org/ 10.18502/ssu.v28i12.5777 
https://jssu.ssu.ac.ir/article-1-5202-en.html

[ Downloaded from jssu.ssu.ac.ir on 2025-10-20 ]

[ DOI: 10.18502/ssu.v28i12.5777 ]

Ohed 9 cond Wi b (pounly -

1 al> 50 93 (nl &5 (Jobo (392 5 ok 0950 S50 iz
e Gloatgn (0) ol ool Al oS o pukass
b koo lp lopuinn nl w9die ol ke 5o
lgio oy gwlol glacgles a5 (5 ebas wiins  solais]
OF Ol )l 97y (aezme ulee 5 (65550 ekee oy
5 o5dsn ST (g uinsSll anes Sl ele sl cntis
2 005 oo seMygin slab o)l mnsis; anld 5l ey
SlageSsy ery wuli (b sk Gl eyt
L oekee calises gloisn a5 oad asly cple calise
e Bgn Wz S (o0 Sprles (S oSl ol
( Myelin basic 3l le &b sbocamwg,aiosdl ¢ loo
Proteolipid protein  ,.%ig, audsaws protein MBP)
oy Ae dga> &S DM20 OT pdenl o g (PLP)
343> 45 Cyclic nucleotide phosphodiesterase CNPase
V sga> 45 (MAG) koo 5l 5ide (5ais ysSelS oys ¥
S5 85 (MOG) (a9 65l S ;030951 (aio 5 903
wadoe B 1) ke (SeSian Slpme weys oY
5 ol m Orekee 0yl gl Lis 5 MBP (V,A)
() wibios w5 e Culan Gy 6500 Jele
ke ol eien Olsieas MBP oluih a8 caul onds culi
0ol Ll g (ge ;0 ygmST 0dig pin ol Cawd 3l 4 e
sl lpslgoshnd W8 Gl ise  Grizes el
Ol Sy w088l g a5 odS a3l (CNPase)
CNPase .axiils gaad SguS| bllasil 5 wedb o
S8 ol 5y50 s uiosSl lawg 4 Canl ool
L Onkee O 5 oz (ras SlopsmST j90 b 0T e
9 Oyl 4 g CNPase il a5 el 5l aces LSas
ol Gglidee Job 59 Somg oSl slas A
ol saims las cwl e CNPase ghaw il
9 MBP (59 p 90 Sle (oo 40 .(0,) 1) w3l (ygemliches
5 Gilwoebe e oSl leeas o5 54y CNPase
Sl oals oolatwl adllae cpl 0 Cang a0l clled
SIS L olea pibcnSy slew o MS a4z S

VA woawl (233198 0 )losds (picdid g oy 090

olost Ot Foabazslid Yazo| (MS) ey 39 Sl Lpilso

idu Mz ol Sluls cleas a5 cnl Jglog>
5 Oree 00T 05 (6la g i35Sl & (05 ] Lass
Cewd 3l 05500 Slml (635 0 (oras w3 BygST
a5 S o Jlaen 1y e JUal Llae JUigaST (s (0l
oz Sl g3 ,Shee WS 5l (ory b 4 e
5 lm b S o Shee Pl Sl slaals
wslal Lol —pl (Solfe glacde 0,Y) 55800 (55 il
Sluls oyl 555 gloales a5 conl (pl el ol
MS s o adsl Ul e 5l (slailis a8 oS oo slowl alias
A e by wilg e Sluls pl aiiis
A8 ) (7SS g S o3l 93 2 50 9 (CNS) (535 56
4 el s el Gloymee Ghe slaphy 4 sie ool
3555 oo )8 Isekes 5 ol slasM Lsbeos wus
(F) a5 oo s 1 (6 Lo @oDe (bl slass 5 Joee (Y)
@y &b 5l ek Sl ol cews 5l Jlooa
Oebeo e (s g5lesl ;0 CNS ax g5 LB ol5059,0
sl olym sl l 08 ge S5 58T 50 & g
2 sazme Giluinhe (OF) WS oo ik | o5
oanl jeb was 0 2, MS g )len Sluls I 5k

ol He Sy sl OO 0sd oo axlge cuSh L ol les
Co |y Slib same jlacele eSS

5 Sluls 5 oyl o Cales 5o 5 cusl L 5 Ladl

ok else @ anly T degazme 5 ooy ol (oulidicans
peas 1) g, Gl &S sk (9 9 ke 0900 F5Nse
ouls plxil Clagow b (0) Cwwl 00,5 Colan WS o
Jolds Jol al> o 05800 ploxl al>jo 95 50 (relie (5Ll
Slald oo 4y (g y0gSll jlo iy slaob &2 lee

CowgyuosSll jlein sladshe nles pogs al>pe s
4  Oligodendrocyte
lopsmST 4 a5 adbice Slegrle Glaug uiogSl
S oo S5 Cakee DU Lol 90 4 g ead Jate ailead

precursor  cells  (OPCs)

O3 (Bgio dgels (Sloyo = (Sl ©lous g (S pele oSS aloxo


http://dx.doi.org/ 10.18502/ssu.v28i12.5777 
https://jssu.ssu.ac.ir/article-1-5202-en.html

[ Downloaded from jssu.ssu.ac.ir on 2025-10-20 ]

[ DOI: 10.18502/ssu.v28i12.5777 ]

Cowd g sy ) oeS Il Clali rals s sle Las
Oieled 4 1) 95sS b Comgenne 4zl jo Gubee (0l
ol e o Pryoretal o, 5l i, .(V0) ailds
CNS 5 o] slo sk 355 alS 5l Sl b (¥+10)
G b W) as latge saome siluirde I8
259 e S plis adlllas ool ogy plo SE 2 ailidbgls
(OF) Sl gl )5 elen 38 G 51 L abilie @y 0B (e
0)95 45 3jluion B, (g les E52 ) aldbsls g
BW> iz S 7S ) 953 (28)9 colld De
S0 @S 5l (B s Bl Jelse ws bl Sl o5
aslas gz N VItIO 4 0N VIVO gla Jow I elsil oS
MS (5 loes 5251,509,58 5 0aisS aikeos ool (glansy 3
Experimental  lag] cp 5 gloie 51 So a5 ol 09>
Jae S EAE .l autoimmune encephalomyelitis EAE
el ol )18, 5 el sloarls () Gl Sloem
b Olpes peiies agzlge b Ygane Joo ol ol ol
2T sbJske EAE Jow ;o 090 oo W ol GL“’Q}'G’;—"T
S oo Wl 1 pgemilihons g 0ad Jled oo 55T e
sl ol MS ass b EAE (igdsuiudsily (1Y)
5 5o (BAE ,9) 3l s S olyie (raislios 5 JUguST
(MBP) (yelee a2l 02590 55 9 Sy ni095) koo
ool edie b oS e Slagnein 500 9 desSon (S n
cladle meiins S Glyls 5,9 a5 098 so slpiiag (Y)
Joe (BAE) o steildem Cubeglandl 3 gy
Ol yoi dnlio 51 3l sla s 0 .cwl MS s>
ol 50 e ccl ouls solaal ST 4y Sleglie g geliial
Sllllae izrpe b oslinal )L (b5 51 Shesi
2 Osmbaben, 2 G355 6 G eenn Sy 2 S
Ol o st oldllae 5l s a8 S & 90 BAE S Joe
4 azg b onlpls 0)ls 0525 lag)] 51 g5l cusy 5 atee;
S Ban glee M (5lusly 5 (o)5 Sellad e 3L
aw LS G855 Colled aiin ez pwp pol Giegh
2 Oebee B (sileil gy sl Sl @Bl SR

IYAQ sl (203190 0 jloud (pidid g Sy 090

Sibwirleo 5 EAE I3l am (g5l by pod 156

28l ol gly (2B Gloys et (3Sh g sl oe (S5 >
e (903 WIS g @le Sgage S g)ld (B e g oudd
oS Sl oMslae plply cwl ey o g)lews
Ollor (W) SS9 2o a5 1) (g)ley 230 Wlles oo
) CNS a5 (5350 slacedled .ol 515 5550 catiidn Sgue |,
b ogbise olom 5o e 0, Sloe Sguge el O3S (o0 G 20
Olpeds w8 51, 2l3jikee sol> a5 Sla ]l Sl
Ol g el 03 a4z g 390 (s lem (nl Oleyd o) (nFodes
s 3l S e 4 e slot, o o o s
Sy mpe syl 5l ST ols cuss 5l zals
IS 4 s (Ghyy cudld S ol sl jleda
MS (g)low aiion 4 azsi b (nlpls ojls (glaion wlgs
Soglen Jolye 5 locllid 55 6 b ool oo
CNS (s lost 5 s olS 42 S51.01,0T) 05 s
slaglgl amai lp @ljcuas Son 4 v e
sbees JsSse lap il Lol w035 oy (oils (oras
Foore 0555 GoJse el ASLEL MS s o350 ]
Ohgs Sl Wgd oo ooliiwl  Jlgs Sldllae jo oS
3 el Ll g Jes 5 65l ags les E52 5o aldbgls
5 0,90 Jwd 0B Slles jloo #y> j0 aildbgls ayg
09 Slld DU p iz ea aiS SIS ) 8559 Se
Sz 3 (OF) wliee 2ol Lyl Jalse 156 5L
O YoV lSen 5 05 ol 3ok ONS o (g3logpedee

(VWR) aildbgls o 57> e aan ¥ a5 ob
5 Sl > BB ,sbas Voluntary wheel running
sl SIS S Gk I, &S Ul
32 0F) WS e Costy (WNT) LIS 5,005 lesgs
oo 5o Jlss g pe aldbgls (npes (6500 adlllas
aS 28,5 I8 w,pn 5,90 Cuprizone model (g5 565
56 Y oolitol (gl g wid 43i5 7 1Y 530,05 b Slilge
5 OB Oyt T ias ke s g 5l ae
I, CNPase ¢ MBP isl38l 0,90 93 ;2 ;0 condigiundgiga)]

S diekeed 09,5 b dlia )3 03,5 1 ped slahge 50

O3 (Bgio dgels (Sloyo = (Sl ©lous g (S pele oSS aloxo


http://dx.doi.org/ 10.18502/ssu.v28i12.5777 
https://jssu.ssu.ac.ir/article-1-5202-en.html

[ Downloaded from jssu.ssu.ac.ir on 2025-10-20 ]

[ DOI: 10.18502/ssu.v28i12.5777 ]

Ohed 9 cond Wi b (pounly -

A8 0l s oKty BB ateS lawgs g ad plol
slass g Gy JBlas 4 Slls> z, 9 00 b ool 0
b mals sl 5,50 lilgus

25 Gleirey) b CETBLIE clajigee EAE Wl 5920
gy NSl lee 059,00 Voo b sl 5l sl
Myelin  oligodendrocytes — glycoprotein — -y.zig ,3oSUS
Phosphate-claws b osis 3L Jgloxe ,o a5° (MOG35-55)
L g Wl (g3lwye! cunl ool J> (PBS) buffered saline
Complete Freund's ais3 JolS slss 5l (golue o>
slas pSsSee Fro L ooad S5 (CFA) adjuvant
Mycobacterium tuberculosis  jwwwsls.S ya o 2SbsSle
ooled il ;5 (Csmadsal) sl g 51, <13 cJl> 4, H37Ra
4ol 5l an 59y 99 9 B35 59, ) ¥ s 0 slass, o Sllse>
OeSU g Gup pS9l Voo Slhe B Oj50
WS g 0 Jaw opl ails Pertussis toxin
09,5 el S5 4 Y ab oy " Ve )13, 5 L
Gl cals Saline b 5 Wog,S 3L L leges J S
S0 gy Sllg deadle Jbl) o s (Sl
Sype Jiis LU 93 bawgs EAE ol oDle glp 5 wod
S EAE (ol (30 poi s S jl 5 w255, 5 5|
25 oobiie @ axg L EAE oo 3 (grae P 0L
9 09 O S =) eyed 6 lem g = ¢ o yed il eolatul
Jol5 s =Y 0,05 ¢ osie plail jo Gaxs =Y 0,0 00 j0 ans
pladl o mlB L s b ode plasl &8 =F 6,05 ¢ e ol
OANA) S5 10 =0 0505 3 ¢ s>

3950 959, 3 el SG o hge LS o yod SS9
) OSSOy alie T e 4 aan o
My (o rs (Soo alail gploy (pwiige &S50 b
g oo ALbld p 093 wid 5l o hge el SO o yo 05,8
ST Ses JLog b e o laibiul 5 alive i8S 50
FewalS G5l oolatnl b oonds oogemy bl a8 5 13
(FNR) ab e

VA ol (233198 0 )losds (picdid g oy 090

asdllae ol ) alply ol oo EAE 4 e sl jige gl
o9 LT aSl Julows g auios sl ule o sbajge
el $5955L Bgy g5l sole yo Wil e o)L plate

axsls uis EAE [bge gl 50 silunedes anl 5 ol

-7 C57BL/6 ools yige oo YA lail o0 asdllas opl jo

olal Ghgyar g b (gl B el gl 5l glatie A
9 (n:A)pJLm J)....S‘(n:\Y) ‘5....»))5 u...'l.lﬁ 05; Y L oolw
09,5 ;O dges yidun Slawd) Bud pewds (N=A) EAE 8
SS90 e 50 T 528y G )y Sy ey (5559
Lo b silelid] jsliea a(bge (s (52 5203
30 Sl V) O 5F 2 oy 40 dae G Dubdy (5,0
4 B ails gw s Ol SE 2 i @ Jlgte 55, T g 5,
6)916“? o9 d.vl.» Sledld 9 S wele U‘Q;CI"
Polal s 3l e A5 Ojgo ol 4 8T 13 (00,8
3T omt Gl 255 09,5 wcsilolis] USGg plodl 5 oo S
O ol g0 g WS Ll 1y shyys codlad aan T s S
EAE Gl b S 05,5 5 05 gy 3 o] (sdl 2500
05; L oawsls Lgl).g e (n=8) EAE W 39 9 (n=8)
logialel 5 ey Caled yo winile i )0 g5kl i s
sLhos)f ‘SALAJ l) Lj MLQA 9 aosls W 6‘;’ sdjaj.:).o
)0 9 (R LsLQL)MAS 5o ul)‘}:} RUERW) 9o l!bu»yo
el VY 5 olids, cel YY) 9 ool JpuS Lalps
Lo (ras 7 (o09el> £955 9 oo 7 (2lids) €95 (U
G (ao s O dg0) Cugb, g (o5 cole YYEY)
ol 0 g ails 138 5 O a oyl pwyiws gyl aius
G g bulr 5 58 o by b hge Gadod o)
aleS Olyyhe b il Gl SSgn ples as,S
Sllgs 51 SIS oolazwl ;o UNESCO oSiisgy  Molliy

O3 (Bgio dgels (Sloyo = (Sl ©lous g (S pele oSS aloxo


http://dx.doi.org/ 10.18502/ssu.v28i12.5777 
https://jssu.ssu.ac.ir/article-1-5202-en.html

[ Downloaded from jssu.ssu.ac.ir on 2025-10-20 ]

[ DOI: 10.18502/ssu.v28i12.5777 ]

gt 5 ¥ 5l am 5 0o 3 i SO0 G614 550l
Bges (g3, 5 Ad ails s Alolidl wys 5 adlel DAPI Loyl
53 San L wiges 5T alope o D ai, PBS
S ol &lp For 5 L g Olympus Jow Cwg,eld
AY)) Bas sanliw

@bl Joloni g 4 525

3 oSle) a5y 5 e 4 SIS slaoasls )
Jloys o ooliinl bog jlal mhaw 1o (sl (8 laskiwl Gl ol
Shapiro wilks L gsplis yg0;] lawg Wosls a9 oo

o Ozl S eslitul b el )ly (o9 (Ses S 0l
235 &8ly anli Sy9e (B i (rl g Wb (o) Leven
sz ol Jelod sel 5l Bk sleey S avlie sl
Aoz awolio lp LSD oodad (g05] .o ooliiul o,uste
A s S b o [0 0 (gl S paw b solaiul ey S
Jiale s s 35 Lyl jgame asls ) eslenal b il ol
D9 o35 5 SPSS Version 16 solil 3,50 (5Ll

SN lsde

Cowl oals anl iy oKiils lawgs gadzs ol Jlis2g,
(IR.UT.SPORT.REC.1397.028 )51 u5)

Solem W9y 95 JWo pohiie 4 (Sl Slpei Y Jloges

wbe ¥ oved | 6Ll (5559 9 BAE J3S 09,5 99 50
ghe b (soe o9e3l b @le W51 an Gy, YA)
Soges ;o A wisS Hlen s oo lid P<o/ed (g lolixe
Jsb 55 Sl LSl (8559 09,5 (b Shiliiel win oo
Jsb 53 53,5 )1 EAE JAS 05,8 51 jimly el 90
n & Gaiod dalol jo ol oal G0 a4y 090 oyl
Vo Jges ol sl ey )8 o Gaiod gl st aioss
45Silos am0 g0 Lt |y Gz sl pite hrogi Ll @l
9 MBP (55, 90 ;0 090 00 oaslie V' Jgax 0 a5
ot SV e 6 L3 (G559 ped a0 CNPase
S 03,54 Sy 5 EAE JAiS o9 5e; s EAE

VA woawl (233198 0 )losds (picdid g oy 090

Sibwirleo 5 EAE I3l am (g5l by pod 156

o chiys s JeeSS 5l am sl (glweslel
O 5 eelS oS § Ay e (o> (2 S8 Sl
O ygods Slakad b canls 5l e ol Jlosas aias S
Pl 3l (B Joloee Sloslinul b gl 5l (pope p
B S po iy a1y Wiged 2l (KT jolatedy 28 S
3 Agad s 28,5 (18 Gllao g as )0 Ve s 0 Ve s o
2 JS 3l 55 T 48 28,5 5 Johoiy Jlome J51o
oo Lawg Olde o8l 3 1) diges Siiél al> e
VTSI S CRFRIRNCER SJCIRN o
5355 S aaiio oolol g oaile By 31 525 aiged 0l
205 bsgs il B L olyad digei (605 sy 4l e
5 0ol b rnsSes Vo B0 Culid 4y paigSes ol 4
(V) 285 518 obj)l 0,90 ¥r 50 b ddhaie a0
o :Immunohistochemistry cowb g gigos| (g,
S5 g Sshes oolo ,3 CNPase 5 MBP (sla yuiis s ol
09,5 ;» 3l dges £ (55, » IHC oSS 3l eolaiul U glbu
5 PBS L iged bl a5 &j50 oy 2855 )18 (owy 2 3590
bl ekateds ol aiid 4i s O Aol 4 g al> e F
Yo sy Jlop ¥ S0 IS0l ladised 55, 2 (35 5]
Sl il jshie a4 Slie Bl ad asy, adds
Al dlwds PBS L b ol 00,5 adlsl adds O Sowa
RTINSV TRV oA
P N 00ld iy PBS L .ays )8 oolainl s Jolo slae
OO Sk Hehie 4 daiBs Yo S lp weye Ve
A a8lol ae)y Slol K5,y & jgoar agill ol BT STy
o) aigas 4 PBS L (Ve a4y ) ond 38, adsl ool
xS slp wsbye bame S obml 5l e 5 WS
B Y cloo b Ul cayd s oy ooty Sl (pids St
Jge 5l Sl ol B,k a5, al esls 15 a0 A
PBS L ai35 0 Suway )b ;0 5 b F e 5 0l )5
VO ) b oaugil (ol ol diges 4 0o oold gitiinds
Y Saeds a0 YV sleo b ,eibisSTl jo s g 0008 asls

3 iges ol 5y adald asSSl SOy daBs Ve g cel

O3 (Bgio dgels (Sloyo = (Sl ©lous g (S pele oSS aloxo


http://dx.doi.org/ 10.18502/ssu.v28i12.5777 
https://jssu.ssu.ac.ir/article-1-5202-en.html

[ Downloaded from jssu.ssu.ac.ir on 2025-10-20 ]

10.18502/ssu.v28i12.5777 ]

[ DOI:

O g cund Wiy (pounly -

oeeyl sl eolatwl boaslsl o (p<e/e)) e so cvaline
s,y gadod gleog,S alfus awlie 4 LSD odss
was oo slad ly Jdos pl mls ¥ g ¥ loged ol
oole ;0 08 oo oamline ¥ g ¥V slajloges jo aS 455len
Ol 0 b ©ols EAE W 5l o (5,051 5w
SER 4 SE L S (sloog,S e CNPase s MBP yusig
S (P<+/+0) 3,15 3459 SER ¢ SE slaog,S yo 3 9
09,5 4; Cead 325 SER 09,5 5 el Cwoay SE 09,8 10 500
gkl cFa Y g ) JSG 50 0g 008 ey ralS ]S
5 MBP (niisy 59 sordyimtsisadl Gig)d $5el S,
i 3 EAE JAS (olls JS 6y o 1, CNPase

S oo EAE 5l as oo Lasd

5 Oselinkes; ol S tled (ol &5 sl plad lle
iy Sdld am s eenlides g485 1 655l
ENe g odls e g Jby 4 axg b cl (g LSl
a2 Slp oyt wiz Guilyly Sl 903l 1 el g
oolatul b 5 (5 wS > 0ole ;o CNPase s MBP o &glas
as ol i JSGg slolweY ygesl gl Liwl, cron yo 0
s MBP slo a3l 3l (SO Blas o syl gxe Oglas
D=+ 1Y) 55 S92 Swbes 5 (5S> ools Lo CNPase
=l ¥ Jeus (Value=+/-Y- [F¢ .=VV/FY p=-/--)
A2 oo ol |y MANOVA Ll
Sl o 0eh oo odalin ¥ Joux [0 aS aisS las

é...u.‘?ﬁ le.{bog; O 6)‘062M g_)jl.u.i CNPase 9 MBP

A

YOYOY O OF & F ¥ A T Y Y AT AT AT NS AT Y YA YT Y. YN YY YV YR YO OVF YV YA

Jsu

—— ., 8 —e— g jlaalcullsa, £
%P<0.05

G (o355 s EAE J 7S 09,8 50 (il Sy ) logad

EAE J,uS 05,5 b aglin ,0 g Lasl (53,5 09,5 50 (odl lilial 2als jo o sme ol s

EAE Wl 5l am 6 ,auS1 g awi oole ;0 CNPase  MBP slo asLs oy jll @l ) Jgu

YA YAXY 1o Va/fY
Y/YY \ifoE ol VA/VY
AN APIYY  £lO- YYIAS?

YIVO YYIAF  SIAF YAYY

Y/ 8 St
MBP

Yoy & ynS s

INIA%4 S
CNPase

FUAY S

Experimental autoimmune encephalomyelitis EAE . sl 2l :SD (o Sile :M iaslosly

YRR sl (o0 3190 0 jloud (pidid § Sy 090

O3 (Bgio dgels (Sloyo = (Sl ©lous g (S pele oSS aloxo


http://dx.doi.org/ 10.18502/ssu.v28i12.5777 
https://jssu.ssu.ac.ir/article-1-5202-en.html

[ Downloaded from jssu.ssu.ac.ir on 2025-10-20 ]

10.18502/ssu.v28i12.5777 ]

[ DOI:

Siwomleo p EAE L1l am (6 )bus| ©by pod p56

EAE Gl 5l ax, CNPase g MBP s o e ais il lg Jdow (9031 =Y Jgum

+/a¥4 ofe e AR S rmS>
CNPase
+1AYA ofe e YAITY KWW
EAE Gl 5l as
+[AAY ofs e \Y&[O - oS 1>
¢ MBP
+[AYY ofs e YY/fY W
A White matter " B: Gray matter
50~ = 50- .
§ a\? B
o, 401 . o 40-
= ’7 =
u= 30+ — = 30-
=
3 20 x § 20-
g T g EEE
& 104 e & 10- =
0 - - =
o S - i ol = .
> < Sl
c’oéo < 6@ %Q,Q'
Groups Groups

EAE SWl 5l am S 5 sbw mhaw o MBP 555, awslio (B s A) Y Jloges

**p<0.01 *p<0.05

SE: Spinal cord EAE. SER: Spinal cord EAE+ wheel running :coslssb

B: Gray matter

g so - B: Gray matter
3 —_— 60_ e
40 = |
S e — a
s P e .-
= = -
g 20 - =3 W el
2 ‘s
=3 = =
=3 = S 204
w o ¥ ¥ -3 ==
< fin]
Groups o= < < e
R <> 9&
<
S

**p<0.01 *p<0.0

EAE Ll 5l am oS3 g avhos mhauw o CNPase .55, ;0 dnslio (B g A) ¥ loges

SE: Spinal cord EAE. SER: Spinal cord EAE+ wheel running :c.uslesl

IYAQ sl (203190 0 jloud (pidid g Sy 090 O3 (Bgio dgels (Sloyo = (Sl ©lous g (S pele oSS aloxo


http://dx.doi.org/ 10.18502/ssu.v28i12.5777 
https://jssu.ssu.ac.ir/article-1-5202-en.html

[ Downloaded from jssu.ssu.ac.ir on 2025-10-20 ]

10.18502/ssu.v28i12.5777 ]

[ DOI:

O 9 Cund Wi i cpoly

Control (post) Gray Matter White Matter

EAE (post) Gray Matter White Matter

20pm s
Positive reaction: 42.6% Positive reaction: 43.8%

Gray Matter white Matter

Positive reaction: 33.6% Positive reaction: 29.8%

BAE jl s )las Gs9 5 BAR (55 095 4w ;3 MBP (.55, (500l 55 sl 1 S
2900 oy el J S 058 alien Ly s EAE 5505 09,8 s asliio ;3 6 )i (5555 09,5 19 (5525 5 dgias 0le 50 50 10 (589 Oler Gl g il

EAE 4 53 (Post) Gray Matter White Matter

CONTROL (Post) Gray Matter White Matter

Positive reaction: 52.7%

(Fost)

EAE jlax o )la3l (3555 s EAE (55 05,5 as ;0 CNP@SE (55 (500l S5 gl o IS

g g0 030 pllu J1S 09 5 alie Ly i 9 EAE 08 095 L dasliie 10 (6 L3t (3559 09,5 53 (65015 5 ddos 03lo 93 58 30 5y ol il g Billae

IYAQ sl (203190 0 jloud (pidid g Sy 090 O3 (Bgio dgels (Sloyo = (Sl ©lous g (S pele oSS aloxo



http://dx.doi.org/ 10.18502/ssu.v28i12.5777 
https://jssu.ssu.ac.ir/article-1-5202-en.html

[ Downloaded from jssu.ssu.ac.ir on 2025-10-20 ]

[ DOI: 10.18502/ssu.v28i12.5777 ]

L ol asdlas guls g (wyiws o o572 sleolliws
s 5 cdsiie Y VA Kes 5 i axlllae gl
WYL PET U TSV ¢ SIE SIS SET
Sl allas gl ati Sl (o geodl addllas (VF,10,YF)
25l 0] 0 4 el YoVA e 5y dnllas by guan
Ogewlicls ;o oligodendrogenesis 3i5g,05093 01 5 (5559
Syse D)l s ledg s s Guyed A 5 635
P58y Sen 5 (serdgimadsisel mls 285 JIE o)
59 blawg ;5055 Jl g OPCs slaws a5 wsls lis  Sg xS
Days post- (dpi) Wl ;I o VF 5 V 55, 9o ,»
Gl 8l yees aST 05 o mlidl (5359 L immunization
OPCS ;iS5 alyo 31 5555 05,5 5 Joko 452 o OPCs
5 OPCS (g5luo,lgs a5 ol l 4ol )0 5 WS (oo Zulem
@ e Hleoz,x g Codlad Azl )0 lacg ;0iasS]
S9F g8y Sn lawgi 45 098 o0 Ggmmlizles) ol
30 sogadgiges] Glaosls 0l pwyp Oluls Joe o
G Gileiel Sl am 5o, VF (Se Sl pSins S
5 005 Oekesy SogeST JBa MBP (ot 5o )l sime
asllas (YF) 0l o0y woad as o5l sl elie Cuslies
VU odgiie adllas jol> gl mls b sees 15
093isS e 0 stz 5o alidbogls (aye3 o 5o a5 o
s 350 «(MS (5l 5l 5,55 Juw) Cuprizone model
9 2 50 serdigiunpgisal 5 Oty LT 28518
4 1, CNPase ¢ MBP _jli8l el aan # 9 ¥ o490
S e akees 0,8 b awslie o colld cov sla s
Cowd 5l g gy wingSdl il palS iz ols las
Oleled a4 1) 95ysS b Comgane xS 50 Gukee (00
Sy s ol boolas s el a4y g b ol b asslis
5 OlIG2 i, 05055l (sl S5 s (smndsiasnsise
slass Jials 00,5 3 ped slo yige a5 ols Lzs APC (CC1)
Aasld Goled 4 1 o ¥ asan 0 Al sl Cong 05048 !

VA woawl (233198 0 )losds (picdid g oy 090

Silwosles 5 EAE Wil an 5,Last ©ls yoi 556
e
O L (S5 collad a5 o plis ol aslllas
s MBP  (o55gp 90 o jloidne GBI L Jlss £z o
Sl g oo Ol oSl plpiea o5 54 CNPase
oole ;0 2 g dw ool jo o) LY [0 Capwg,aingSl
Sl L ez ed ol ol o EAE Wl 51 ey (5 5eST5
095 b awlie )3 )31 (hiys 095 o (Sl Sl
xSt 45Kl jho 4 008 Swp 5 EAE s
5 Sibwimhen Gl 50 L] Giys Vesol o 05 0o
el Fige el 5lom J5BS Cales 5o 5 @Sioeke 0
5 Vil i, colld a5 wms e las 3l Slllas
556 U slo s Joli s a 3,5 b 30
(Insulin like growth factor IGF1) oJews! as o

Prifertor-activated ~ receptor ~ gama  coactivated

5 Wlgee oldé w5, how e g lalpha(PGCla)
s MBP (595 90 G bLI)(YY) 08l Jge (3luirles
3 Sy hingSdl 0o) g5l slo Sl lgicas LCNPase
FSE5 g Sy 098l Glasgs g 5wy ilie Sl
NPC Neuronal ) (9,6 aJgo ool 31 ploe M
00l pulis CamwgyuingSdl L (progenitor  cells
&S Cewl &yg0 ol 4 (OLMyelinating oligodendrocyte)
pls U oy a5l Jlsl >, CNPase

Sty ) 05885l Sl 50 098 oo sl g 050451
SLoSsn ol bewstr psmST ouiiSelie adly e
(YY) 355 0 aseine (Galc 3 MBP, MAG, MOG) .l
5 0,99 aiiwd (0B Sllgs jlgor > jo aildbgls jayee o
2509 Slld B> izes WS S ()59 Do
Gl [yl Jalge 36 Ll g Jees i (9zmen 5L
Err Sldbgls Gy Lawgs (5))9 Db &S Jl> 55 Wb
JETEE S0 P PRCHRIN AU ICIN INPSC COMRIOY AEJICOX g AN
Sy o iws aslllas slacgsgame K8 5l OF) Wil e
i Sra Gl ST 4 (ads )3 59, 0) aljy, aiele

slasi Cusguone Cle @ £y 4 Ollgs aell VY ol

O3 (Bgo dugels (Sloyd = (Sl lovs g Sy pele oIS alo


http://dx.doi.org/ 10.18502/ssu.v28i12.5777 
https://jssu.ssu.ac.ir/article-1-5202-en.html

[ Downloaded from jssu.ssu.ac.ir on 2025-10-20 ]

[ DOI: 10.18502/ssu.v28i12.5777 ]

O g cund Wiy (pounly

oledgs el o e Gk

ol yol> Jlags oal S5 ldllae b gupe Cul o

3 g on AL Jlyo &2 5 puss b3s et o8 ol
2 Oseebake; 5 555,008 Sl e B2k
Olidod ay wizye WSl e elel golem S5 5 Gl

el 3l aiey cpl yo (6 i

15 e ip el 258 Al 5l T, ol allis
bl oo g osils (e mas (oB))9 (S5ele 8 4L,

Q)L,\S ‘5".0 ‘5°L"

..b)L,\S . ééu.n )é &)l’s

aons oSl Bang sl IS 50 ol Cos aS el 0] gs
e 50 Sy uiosSdl gilasl cel (15, a5 b S
et dalllas (riizen (10) 098 00 (952 5055 00t aklie
S el (T ghlea 5 K5 ole adlas Ko
wha 5o o8 ol plid gerdgiupsisel polae law)
ORIBl 9otz 9, 2 omgs Gkl aldbgls G yes
S5 A8 3 MBP (5550 s MRNA (e 53 gz 55 16
straiatum e > 9 Corpus callosum .S o & 4
Oge Sy Jelod i sl plas sald 09 )F a4 So
MBP uilosjold b o odgeuy Cdlas sy (50 sine bl
Voluntary wheel running  sla ise o &5, 28 o
VWR a5 ws,8 5,155 oliie ases ,o ol olas VWR

I S Solen Ul g ilocrde 4295 BB jsba

1-Stys PK. Pathoetiology of Multiple Sclerosis: Are
We Barking up the Wrong Tree? F1000 prime Rep
2013; 5: 20.

2-Bernardes D, Brambilla R, Bracchi-Ricard V,
Karmally S, Dellarole A, Carvalho-Tavares J, et al.
Prior Regular Exercise Improves Clinical Outcome
and Reduces Demyelination and Axonal Injury in
Experimental Autoimmune Encephalomyelitis. J
Neurochemistry 2016; 136(S1): 63-73.

3-Love S. Demyelinating Diseases. J Clin Pathol 2006;
59(11): 1151-9.

4-Benson C, Paylor JW, Tenorio G, Winship |, Baker
G, Kerr BJ. Voluntary Wheel Running Delays
Disease Onset and Reduces Pain Hypersensitivity in
Early Experimental Autoimmune Encephalomyelitis

(EAE). Experimental Neurology 2015; 271: 279-90.

IYAQ sl (203190 0 jloud (pidid g Sy 090

5-Chari DM. Remyelination in Multiple Sclerosis.
International Review of Neurobiology 2007; 79: 589-
620.

6-Nakahara J, Maeda M, Aiso S, Suzuki N. Current
Concepts in Multiple Sclerosis: Autoimmunity
Versus Oligodendrogliopathy. Clin Rev Allergy &
Immunol 2012; 42(1): 26-34.

7-Loers G, Aboul-Enein F, Bartsch U, Lassmann H,
Schachner M. Comparison of Myelin, Axon, Lipid,
and Immunopathology in the Central Nervous
System of Differentially Myelin-Compromised
Mutant Mice: A Morphological and Biochemical
Study. Mol Cell Neurosc 2004; 27(2): 175-89.

8-Verkhratsky A, Butt A. Glial Neurobiology: A
Textbook. New Jersey: John Wiley & Sons 2007;
125-52

O3 (Bgio dgels (Sloyo = (Sl ©lous g (S pele oSS aloxo


http://dx.doi.org/ 10.18502/ssu.v28i12.5777 
https://jssu.ssu.ac.ir/article-1-5202-en.html

[ Downloaded from jssu.ssu.ac.ir on 2025-10-20 ]

10.18502/ssu.v28i12.5777 ]

[ DOI:

9-Shanshiashvili LV, Kalandadze 1V, Ramsden JJ,
Mikeladze @ DG. Adhesive  Properties and
Inflammatory Potential of Citrullinated Myelin
Basic Protein Peptide 45-89. Neurochem Res 2012;
37(9): 1959-66.

10-Chao F, Zhang L, Luo Y, Xiao Q, Lv F, He Q, et al.
Running Exercise Reduces Myelinated Fiber Loss in
the Dentate Gyrus of the Hippocampus in APP/PS1
Transgenic Mice. Current Alzheimer Res 2015;
12(4): 377-83.

11-Torabimehr F, Kordi MR, Nouri R, Ai J, Bakhtiari
Moghadam B, Shirian S. The Effect of Voluntary
and Forced Exercise on the Expression Level of
NCAM-PSA Protein in the Neuromuscular Junction
of Soleus Muscle in a Mice Experimental
Autoimmune  Encephalomyelitis  Model.  The
Neuroscience J Shefaye Khatam 2020; 8(2): 39-
46.[Persian]

12-Shahidi SH, Kordi MR, Rajabi H, Malm C, Shah F,
Quchan ASK. Exercise Modulates the Levels of
Growth Inhibitor Genes Before and after Multiple
Sclerosis. J Neuroimmunology 2020; 341: 577172.

13-Seo DY, Lee SR, Kim N, Ko KS, Rhee BD, Han J.
Humanized Animal Exercise Model for Clinical
Implication. Pfligers Archiv-European J Physiology
2014; 466(9): 1673-87.

14-Zheng J, Sun X, Ma C, Li B-M, Luo F. Voluntary
Wheel Running Promotes Myelination in the Motor
Cortex through Wnt Signaling in Mice. Molecular
Brain 2019; 12(1): 85.

15-Mandolesi G, Bullitta S, Fresegna D, De Vito F,
Rizzo FR, Musella A, et al. Voluntary Running

Wheel Attenuates Motor Deterioration and Brain

IYAQ sl (203190 0 jloud (pidid g Sy 090

Sibwirleo 5 EAE I3l am (g5l by pod 156

Damage in Cuprizone-Induced Demyelination.
Neurobiology of Disease 2019; 129:102-17.

16-Pryor WM, Freeman KG, Larson RD, Edwards GL,
White LJ. Chronic Exercise Confers
Neuroprotection in Experimental Autoimmune
Encephalomyelitis. J Neurosci Res 2015; 93(5):
697-706.

17-Cudrici C, Niculescu T, Niculescu F, Shin ML, Rus
H. Oligodendrocyte Cell Death in Pathogenesis of
Multiple Sclerosis: Protection of Oligodendrocytes
From Apoptosis by Complement. J Rehabil Res Dev
2006; 43(1): 123-32.

18-Mifflin KA, Frieser E, Benson C, Baker G, Kerr BJ.
Voluntary Wheel Running Differentially Affects
Disease Outcomes in Male and Female Mice with
Experimental Autoimmune Encephalomyelitis. J
Neuroimmunol 2017; 305: 135-44.

19-Mifflin K, Baker GB, Kerr BJ. Effect of Voluntary
Wheel Running on Neuroactive Steroid Levels in
Murine Experimental Autoimmune
Encephalomyelitis. Neurosci Lett 2018; 685:150-4.

20-Quchan AHSK, Kordi MR, Namdari H, Shabkhiz F.
Voluntary Wheel Running Stimulates the
Expression of Nrf-2 and Interleukin-10 but
Suppresses  Interleukin-17  in  Experimental
Autoimmune Encephalomyelitis. Neurosci Lett 2020;
378:135382.

21-Ramos-Vara J. Technical Aspects of
Immunohistochemistry. Veterinary Pathology 2005;
42(4): 405-26.

22-Yoon H, Kleven A, Paulsen A, Kleppe L, Wu J,

Ying Z, et al. Interplay Between Exercise and

Dietary Fat Modulates Myelinogenesis in the

O3 (Bgio dgels (Sloyo = (Sl loss g (S pele oSS aloxo


http://dx.doi.org/ 10.18502/ssu.v28i12.5777 
https://jssu.ssu.ac.ir/article-1-5202-en.html

[ Downloaded from jssu.ssu.ac.ir on 2025-10-20 ]

[ DOI: 10.18502/ssu.v28i12.5777 ]

O g cund Wiy (pounly -

Central Nervous System. Biochim Biophys Acta 24-Jensen SK, Michaels NJ, llyntskyy S, Keough MB,
2016;1862(4): 545-55. Kovalchuk O, Yong VW. Multimodal Enhancement
23-Kuhn S, Gritti L, Crooks D, Dombrowski Y. of Remyelination by Exercise with a Pivotal Role for
Oligodendrocytes  in Development, Myelin Oligodendroglial PGCla. Cell Rep 2018; 24(12):
Generation and Beyond. Cells 2019; 8(11): 1424. 3167-79
YA il (o33193 6 ylouis eppilicd g Commnss 0390 339 (D9t Silo yd — Sl wlous g Sy pole oIS dlxmo


http://dx.doi.org/ 10.18502/ssu.v28i12.5777 
https://jssu.ssu.ac.ir/article-1-5202-en.html

[ Downloaded from jssu.ssu.ac.ir on 2025-10-20 ]

[ DOI: 10.18502/ssu.v28i12.5777 ]

Journal of Shahid Sadoughi University of Medical Sciences Received: 12 Aug 2020
Vol 28| NO 12 | Mar 2021 Accepted: 4 Oct 2020

Effect of Voluntary Training after the Induction of Experimental
Autoimmune Encephalomyelitis on Some Myelin-Producing Proteins in
Female C57BL/6 Mice

Yasaman Honarmandnasab', Mohammad Reza Kordi™?, Abbas Ali Gaeini®

Introduction: The aim of the present study was to investigate the effect of voluntary training period after the
induction of experimental autoimmune encephalomyelitis (EAE) on some myelin-producing proteins in
C57BL/6 female mice.

Methods: In this experimental study first 28 mice, which were 6-8 weeks old, were purchased and were
randomly divided into three groups. Exercise activity (n=12), healthy control (n=8) and experimental
autoimmune encephalomyelitis (EAE) control (n=8). Voluntary exercise group did exercises, 1 hour, 5 days
a week for 4 weeks after induction of EAE and having the clinical score one for two days in a row. 48 hours
after final exercise section, the mice were killed and immunohistochemistry was used to evaluate the
expression of MBP and CNPase proteins. Using SPSS version 16 software, multiple analysis of variance and
LSD post hoc test were used to examine the groups' data differences.

Results: The results showed that the expression of both proteins as a result of voluntary exercise had a
significant increase in the exercise group compared to the EAE control group ( p<0.05).( in White Matter:
MBP, Wheel Running and Control EAE, P=.017; Wheel Running and Healthy Control, P= .001; CNPase,
Wheel Running and Control EAE, P=.015; Wheel Running and Healthy Control, P=.000; in Gray Matter:
MBP, Wheel Running and Control EAE, P=.000; Wheel Running and Healthy Control, P= .000; CNPase,
Wheel Running and Control EAE, P=.005; Wheel Running and Healthy Control, P=.001.

Conclusion: Voluntary exercise may have a positive effect on increasing myelination in treatment and
control of MS.
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