[ Downloaded from journal .fums.ac.ir on 2025-08-23 ]

[ DOR: 20.1001.1.22285105.2019.9.1.4.7 ]

)9 ISl Juillo 53 pre9¥ 098 Sl

R L
WAA Sl [V oslad | s Jlo | L (Ko o she oS00 alome LG

Lol W

Sgu o0 o 39 Sl Judlo Slgua Jowo yo guiloamns| (pw piwl Bl o (095 595

VWAV YA callie oy o

Y oo F IS #) .. s ) -
@Mgﬁ@lww‘*d)m I ¢ LIS g0 IV
u‘)-" Aﬁj)l oKiils sf:9lc saSisls ss..aLwaM) oj)f -\
Ol ! cdang )l olBiils ¢ S juals 0aSLiSNS (65909039, 50 09,5 -V

VWRY/- YV sallie il o g 5

S JUb c5 g 55 ol o 031 (MIS) s Sl Joalle (slont 5555 3 seibiusS] i G2 4 42538 Sllllae 3 1Bd g Aig
25 MS o> Joe 50 suilaaST Loyl 51 56 BT zalS o esS )68 Sl il ) anlllas ool 5l Bos ol Sleilas oles sl 5 00g digzo )
sadojiigan e5S b (o 1Y) gy Gl (siluirel Lawg MS (55l Joo Glsieas 228 (roaloss Cobooglinil canlllas (nl 5o :basbg) 9 Slge
(355 S 3908 SHS 1 0.5 olen 1+ +) 5205 15 o Sk o 05,8 53 50 0Bl bl s ok il i JalS Clyz sl iS55
lojen 28l aalol wind (A5 lul b, a5 Y 55, b 5 0 LT b, o Sujals, o8 gl widle dsl 550 b plojem csibogrmsl 5l am o35lso 59, 3l
28l eldl (g5luyasl 5l ams 59, YE U loys aioges il o yate O S 0,8

(P<0.05) s o o oS Tysslin oo 3l codlad 50 5 leST (S s o )0 o ixe (20lS g0 EAE adlice slacs, 10 (yaesS )5S B pme tgm i
odlay (p<0.05) 0t ounlive p s ShonsST T pb Cegdyls 15 (6l sine yeais g (P<0.05) iy LaalS sie il apmallgonlle o loje ssboas
(P<0.05) wwsy ol 09,5 (slos lans 4y 5 28l Gial38l (agS )55 b land JLis adlie slas; 50 o e S5l sl edans

Oloyd 50 Wlgs o g 99 oo gl (slacmw] G ye Ol Lials cel EAE adice slacs)y 1o Ve e MOKY (yl5ee 40 (pe09S 555 6 o © (G yobd Al

ST sl s 155 52725 oo Cnbuaglliol 5 A5l il 1igulS ol

N

el

AL S50 MS (g )len

Syl IS w0 ol lacdiin 22 Glale
(Sl JU ol ol s sl ISl Jelle oy
DS el Fly (elie jsbar @mly slagleys 4 Glhler )
$595h e 32 I8 S OS5 8590 50 Bxdows g adlllas (nl pl
() cl 6902 9 p3Y 5l 5 )lo
Experimental ) 25 eulogs Coliagllons! ailiseigs
b Cuo,d (Autoimmune EncephalomyelitissEAE
w2l 3 gl Jleixl cdas b olaS 5 sael 5 addllas g
cople Sy )10 EAE 5 MS gyl 55 o () ol 03,50

journal.fums.ac.ir

dodo

s (Multiple Sclerosis=MS) s 55 Sl Jecdlo (5 ,Lows

&35 o Plasl s Slis (Gaje 0aS Gl (5 Lo
Oeied g oS 1leil Tagaul SIS s 4y (g ke ol L]
obadl Sl hls ool S cazr lioyse lagls SIS
30 Golewm opl O)lse s (V) conl Gloo S claixl
30 (V) w7,y (Yo Yoo dw 00ga0me) le> &AL ol 3

Oyl cdog )l ol8ils cpale 0aSLiily o ol 09,5 «(§ S Iguld 1] ghumnn oy gisk
E-mail: sh.khezri@urmia.ac.ir
http://orcid.org/0000-0001-8692-8915

\YPY



http://journal.fums.ac.ir/
https://fa.wikipedia.org/w/index.php?title=%D8%B6%D8%AF_%D8%A7%D9%84%D8%AA%D9%87%D8%A7%D8%A8%DB%8C&action=edit&redlink=1
https://fa.wikipedia.org/w/index.php?title=%D8%B6%D8%AF_%D8%A7%D9%84%D8%AA%D9%87%D8%A7%D8%A8%DB%8C&action=edit&redlink=1
mailto:sh.khezri@urmia.ac.ir
https://dor.isc.ac/dor/20.1001.1.22285105.2019.9.1.4.7
http://journal.fums.ac.ir/article-1-1614-en.html

@ /
L@ YA Sl [ sl | o b | L (S pole oKl aloms

UKo 9 Ylsdge aJY

[ Downloaded from journal .fums.ac.ir on 2025-08-23 ]

[ DOR: 20.1001.1.22285105.2019.9.1.4.7 ]

Oe0sS 555 Oyl Gl jekaieds ol dslllas 1A .ol oauis
b EAE Jow 0 gulansT o al 5l o6 6T zals o

! 00

gy 9 olge

ooy ploil J ST (69,90 Ojg0as a5 (0,25 anlllas ()l 5o
b s ol oole slocs, Jols walllaedgn dnol> ol
PS5 A=V (s eSSk g JLU ain PO s 0dguxe
ol Apegyl oSS psle 00Kl Al g 5l 45 Can
g 91,3 il az 0 YEYO o jlslon] Lyl cow lilgs 0l
Sllgs plod ol (g )0aSs oy Ve ED i Cugh,
Pl glecans 4 (ool o luS b GG (gl i byl o
Sllga solod g1y 55 ol as ol5T s yiws Sl g sadiaydss
oI SL ( Syl 5 ,m 5l 6T slr pslareds mdls 392
allisy 565 Lol (Brae Ol g b (g ain o LY Jil
Sy Goio Cule, b Guiows (nl Jolre adS 003 )5 (Anges
Ry Cdglee IS Al o oSl 5l e g Oldlas o
s plol (£ T-TVY 05) dpeg ) olSitils pole sasiisly

@ GueanS s> el (Jigen L lanl ;o (EAEW (9,
(Compound Freund's ug,8 JolS" Cilgmol LY a0 ) cas
- e Vo sy (G50l —sigma Aldrich)Adjuvant=CFA)
S ar e iSleSole oalaliS oSy pSkS 2 p)S
Sy 9931 s550 Gyl dtd Stz alyd (gemslsel
Wies Jais w4 Jotul iz 5l () v o gladnd
g 5 pie b Jole STy 5l ()0 w08 eolinad
CFA ] pmorpd (sime 500 Sijws 5 42555 0adiyjgan
Jga> b Cogits S 05 JUB g Joe g ouds)ly
Orizmen SL aalsl plgd b g CS1eSh oS janhe (Sgad sl
b 0 d3ge 6ylos el wig s cilgzal a5 el S3 LIS
el o2 S LsSole 0, 5l e 5o p S e o s>
aied Sy il e 0 p Sk Ve Sl 4 o) S
RPM 10000 50 L (iddee Vo) oS wigjs gzl
@95 &bl o S0 Jolo Doy 5 WD Gerdy Hle
Voo 5eelS) o) shggem 3l pw 0S Jo Sdlgzol 0e>
eSS Sk Vool g eSS p )5 e

5 Oiss! bylse ity Ko Feoo (uila Alfasan oo,
Voo gty axl o galr ) Djgon Hie Zilgol

\YPA

CDA" oS T slocumsid abos (F) aiily oo lgdlog>
"0 3k Solem ilajgalad (0 (cotr B (sras L @
O) wles
5 ez oleys o ALS Line b g bS5 o8l
03g: (ke az 53550 23l slale ;o bl 5l 6 Sty
Sladzs o6 e gl lannST Sl pae BT alsl o ool
b GplaenSI ST L gl o5 (il ¢ly ok
SlaS 5 gl as og)ls Gl 51 S .(F) canl aid F O s
e el agzy; el pledlas y GlasT
9 50 ol magS 95 Cel (098 )95 igzs ;) JUed S S
olaS 5 .cwl Curcuma longa  ole abl a9 ,; olS Lol
"5 03le) (egS 595 tadginagS psS A Juld gz );
et 9 ees5 )95 (oS Fed (85 S5 Joias 9 (ol oaims
S35 R =S5 09)5 SRS )0 &S uesS )55 (S sed
OB Sty Gerizes 5 Wloslite ;08 b Siiles,| adl>
WSgies 555w onl Ol yo el 25y 5 eSen SO
el & g2 5 ol ez g 009 S0lgl3 ded 5l S 568
-5 Ty b 5l 29,1 0l Sl slalled 5 35 0
MBS0 Sl (g 595 3979 4 1) (929,50e0d g (Sl
GU5 5 by S sladsse Gl oeesSisS (A
sJsge b Jols o 45wz (Pleiotropic)  Js gl
Sspen sloosS il Sl o LT ol
Syt S sm (51005,5 5 (eS| T e (sl o 55
(o35 )5 e (§ )9y Ol (65005 5 Slelas ol
dmeST Seilges Jeasd (Jol yo 5 Jaloeal 5l 5 O 4o
Sl Jo JB gl o (Dimethyl sulfoxide L, DMSO)
5 pllo w55 S plaied (pesSysS anh SLS 5 ()
ol 5 138 slsle) FDA L YU Jess collil
QO Gladl jo caddsg (90 Wl odd aid iy (oasecYL)]
b 590 Olgieds 595 50 oS (e Fooe = Ar e (VU e
VYoo l5me U 590 ol (0938 s ol ouls a8 5,15 jo
Sl o el [ g FDA G, 51 5 55, 59 o5 s
=8 ke Xg 5,0 glannST slacow! ool 4 andS 0 . (VY)
Joimess 5 OF) Cal 0nd 0,Lal e, 5l Lille 5
oo &il,l pegS 568 SlawnST SOl &l 31 s oSoe dalgs
b CmesS 595 debe SI3T 0590 50 (956 Lol (VT o
LRI MS 2 gla oy ()]GS | T Copols & az g5

journal.fums.ac.ir


http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2019.9.1.4.7
http://journal.fums.ac.ir/article-1-1614-en.html

[ Downloaded from journal .fums.ac.ir on 2025-08-23 ]

[ DOR: 20.1001.1.22285105.2019.9.1.4.7 ]

)9 Sl Juillo 53 pre9¥ 098 Sl

\VC\A)LM\@)LM:wduuﬁﬂwm&m@@

Verplasdls jobay 08 sl s Za S S bl
—a gl A7 el Sl s 4 Slgs Dgods gyl
Jolddaw aoyo V Jolowe 51 Ve epl e ol aisny, Cou
@ ol o 8Ll bSals 4 (IS ol — Sigma &5 ,3) o]
A (6,0 Gl Dyl a9 (SOU yo dads Ve Do
i V=) =N aopo V Jgloo 51V e ol oo i les 4 oK1
(G el — Sigma S ,2) Wl IS 5,00 60 ol (68 L]
Az 5 Sl 53 a3 Ve Sae 4 K0 L 5 ad Ll
3 Aged (6,5 o Colggye ab g)baS G o)l >
SCO - GMbH ) K515, ¥1 oliws Lawsss yiegils O+ zae Jsb
20,5 28l (W]

yokie cpl 4 ((Myeloperoxidase) MPO adaw  gioxiow
Ha0, VO/. MM 5l jids Seo Ae b p s digas 51 iy Sen )+
3,3’,5,5’—tetramethylbenzidine) Jsl=e ;| sdg, S0 VY -+ 4
A Cody dalol ol bele ails A7 ey, S o (TMB
STy ol eSSl o )5 il a0 YV sles jo adB0 0 Do
5 oad Sal> a4 HaS0s YM 5l jids See B8 039538l L
A oilg> yay Yl langy egil $O zoe Job (o ladigal

ly ke 2Bl ol (Sl T T Codyb (6o sl
Ferric ) FRAP o5 5l oS 5T cud)ls (5,505l
(Benzie, Iris g, wlsl 5 (Reducing Ability of Plasma
-Jeloe lal jo oS jsbas (VA) &l eolaiulF.F) Benzi
b el sla

TPTZ ¥ Jskmo «(Ygashoo Yoo Slial J3L) o) Jolona
o T 0 Vo Lo Ve (2, 4, 6- tripyridyl-s-triazine)
Vo b Sy 0 (FECly o,F +/+0F+) ¥ Jsbs «(HCI Yoo
A odiluy gz 4y Hlatie O L g ol 4By,

TV il GUsgen ags Cgz FRAP G oxs ags 5l
5 o0d odsS (gle 50 5 0,8 ALl KCI ol by oonml 3
29 Joloee 5laus )5 st il AdBo O e Ve e oo Ly
T4 FRAP G e 2 Loa ¥ g 0l aiils y pidy Se Ve -
i 38 Sl aids Ve Dae a4 glegy j0 g o il
2100) yragidy Sl Lawgs tagil OAY 5 K5, o] LuSLeaS
(1) o oailgs (S5, UNICO -

o &5 530 <AL diges :(Malondialdehyde) MDA caws

Lg(pSohsS ppSdae Voo uolsS bagh) 50 )

journal.fums.ac.ir

L olse o (Foot Pad) | ciS™ Seall 4l o ,ids See
Wogp @Sk Vo7 lake oS 3,5 w5 YO (e
IBRC-()l ol (stms 9 S8y 253 (o 55 70) il
PBS ;iJs,Sae ¥+ o o> 4o 55 (ATCC 15311 M 10710,
celw FA 5 g5loal 59, o (Phosphate Buffered Saline)
Solo 9, (VO AF) w0 5 5,5 Slao Jolo &jg0a an
Dygods doog S )3 S9ge ) 3 (5> SlPl Sul)
Dol 2l Sz ) oole j1.cd)S 18 )l 090 4l
P SG gl jop pas yho 035 eslitul (5)len
B sl bogs (b po ad b g po 25 >0
(7)) S o iy gt e

(1S5 5ol - SIgMA) (1055 ;65 L EAE adlis slos, le o
o Ll b g P09 S 99 a6 lo sl ey & VY
oo Gon 5l o ey TV U eddeend 0LSG (S5 9
i8S 18 Gloyd oS 2t 4 (2L

S5y 2 e9)ld Sloys S bl ekieas ileys Cxi 09,5
39) S3909,98 @de (ol 590 5l o Ol Jl 50 5len
Ol 4 Ome95 595 9l ailig, (ol SIS VY
5198 O g0 walllas 05,5 s, 4 alys, N+ mg/Kg
15 42538 Slallas bl s CymosS s 590 il .0l 390
(VY) 885 Ogo ol oo Joe

px> 50 a5 Wog EAE 4Dl o, Julis saali 04,5
095 o ples ;o @dle (gl 595 5l (e 09,5 b aslina
L Ghie o) gyl Pl b loyo cos (W51 s VY 59,)
i85 18 s See Yo o

b alie 09 9 iz eom SRaIS1 S Oy 7S 09,8
48,5 55l p plle 095 (lyieds wisgy (L5 095 9
b olosen s anilai |y oylans sl an] 3 oo, ol ains
B S 15 gl M b leys o ]

mdee Vo alS L) oy andllas ST 51 ey ole S
O35 3k 5 i 3l o g oS i e (p5 kS 2 eSS
YME S dhowgty > (28 bany dn andS (5ol
plsl Coz pre ad g O, GBSl 2SS 4 el
85 O ygo (g Slalae

ST Sy 0ds Gl e S i (g S 0510l

o 3l oslaiul g (Griess) )5 w5, by, dawes

g



http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2019.9.1.4.7
http://journal.fums.ac.ir/article-1-1614-en.html

@ /
QD YA Sl Y ol | ﬁ'dul L S ple oKl alons

ublsed 9 Ylidge &Y

[ Downloaded from journal .fums.ac.ir on 2025-08-23 ]

[ DOR: 20.1001.1.22285105.2019.9.1.4.7 ]

gl OFF L iSlas jo g aids £o b iSlas ol
D05 6,80 3lul lediged 5 o lailinl (5,9 i
lone Jge 8

mg
/dl) = Conc.Std/Cal (mg)

Uri A'd( )_ AA Sample
neAad ar) = aa sto/cal

5 Calibration Jolwo Cal standard Joleo Std =
Concentration JslesConc

mg/dl x 59.5 = pmol/l s

Sl Ll sleosls  awglie  cqe rgylel LT
3 Ssedeye e wal L lag e (nOnparametric)
osesl 5l osls ple awnlie o> 9 Mann Whitney-U 50|
Tukey’s ool Cons 5 (ANOVA) 48 LSy il g 5L
v laieas p<e/o0 b gy plod [0 0l oolaxul (test)
Lo o sylel gloaw ) S ol i8S L o o ixe
31 logas m 5 (sl g 0B plxil VY sl 5 SPSS (6 )38l 3
-4 bools ol eolaul (Y-VY) Excel Microsoft 53l 5
20,8 5,18 MeantSD & 50

Jsb o Dyl Sl uSilee stelisots gl bl

e 055555 L Olayd Cod 9 M o) o (e 090
ol oS 6l0sime Sygo Gloyd e (g M 09,5
3 5w Gl ol iSlas ke () loged) (p<+/+0)

SPL a5l
4 B
3 A
:)
5 2
2
Y
1
0
Oleye Co Mo
obej

Sglaie By aslllaos g0 sloc, o Slel ol 1Sk —) 410903
ol PS8 e jo jls giee BB saias ylis

)L.».A ‘_;La:c;) l.: ml.m o Ql.c)o Cou g )L...a ‘_;me;») o”f
—oglle g (Y loged) (P00 0) 39 a8 Gloys g (s

5 0355 (g e gl (Bl Jlpl wss g e o S
A 0dmsS ol 4o 5 adlal Slawd 8L ol & el 59 Vo
Verr 590 b alBs 0 Doe a4 woadas Gliged Lupw
A sy sy Jobone 51 s San VD0 )5 ey il
6P FleSen Yoo e 008 it lalejlalg) 4
aslol o1 4 )+ 7 (Trichloroacetic acid=TCA) ol G IS
59 5l F1C loo ;o Vv v 90 bgaido Ve o du g b
5 Jite alofldly) & s, Jsbs 5| 2y Sn 1o+ 0 S
(Thiobarbituricacid aww! <G50l 51 s e Yoo b
eSSl ais YO Saw lp V" C sles yo <77V =TBA)
1B Soge S5, gl pad SUS Gl e a3 B 0
zoedsb o fuegidy Sl b g ol TBA L MDA (ST
0,5 (bl SO Jlie jo gl OYO

S yglol Cans

¥ 3 V) TBHBA g, 3l eolatwl b (5 pedlS ‘GN"},’T ‘ov9)
(Sl SSg500 (uSgy000 -V 500 55 -7 5
sl bl
Uric acid + H20 + O) ==y Alllantoin + CO»
+ H,0,

TBHBA + 4-Aminoantipyrine + 2H,0)  —
Quinoneimine + 3H,0

S plmil (09
O o g llayd £ 0 s plbl slp
als) 3o 5 polez U Jsl GalesT sladlgd J51s oy 5dg S
5 i gl 5o g i ) 3 laslinl Jolowe g Se Vo ooy
Jolme o 03 a2y Ghie Ol SOL 2 5,80 Y-
5 e 2 dee Ve olid L) ) Gl e cadbglie
i)y Jse Voo Slind 3L Y 5 (i 5 Jse ) TBHBA
G sk IV G Slsel i Jse Ve 50l
Vo) ) ogdlear ¥ ocend b g pdgpSee Verr Gl @
loalg) (soloses (V SByme jid(loe YO 9 ) SBpro 2 e
YO U Y. ;0 addo Vo Hoges bgle I G cayo,5 adlal
3o ol 4SSl ol S ol a0 YV adds Ve g ax o
0800 4 Glalejl oyl (9,0 5l e Jslome e opl cbiS
S (rapiil S HlaB ) g 31 50 .cutS i SogsS
G5y 5 00l 15 ol S _pgae Ceand ;5 1, SO
ol )3 o lwibiul Joloxe (gol> SgsS i35 i jho
ools )18 gamr slaolilr )3 oy (55l D995 5 SG o )les

journal.fums.ac.ir


http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2019.9.1.4.7
http://journal.fums.ac.ir/article-1-1614-en.html

[ Downloaded from journal .fums.ac.ir on 2025-08-23 ]

[ DOR: 20.1001.1.22285105.2019.9.1.4.7 ]

V9 Sl Jusillo »s (1095 95 I

\VC\A)LM\ULM:ﬂ;duuu_@ﬂwm@u\wm@

28l 5 el G sl 5l (pa3 Ll o wanlliso
(pP<<e/+0) <8l sl sine Sial8 EAE adlie low) jae
Mo slocs; ;0 oS )65 b oo (A Caond Y log0d)
09 9 Wi o) & S G GselaeSTn gl
Caomd -V J13503) (P<+/+0) <l g lo gre 2als oyloyo
e Slo ) 05,5 1 g0y ST 5T ab prbas (
gl Jonll (p<e/40) il rals b o) 4y s
o555 b Jlass Jlos 4 phe 2l slaglapesT izl ol
Ceowd =Y logad) (P<+/-0) ol olad 1) syl cxe iul3dl

(o

ST G sa e el 51 S 21 SG S S

a5 ols i ol gl amo_so 11, (3 Jlnb dlals)
ooy dnST G 05 s s ire G2alS Cge (e )5S
Oleyd G 9 Mie) JyuS 0,5 a4y Lo M lo, o
g0 EAE & Ml (@] Ceonnd -F log0d) (p<+/+0) 20,8

9 LT S0 i s Ol pdi - A
120
100 -
80
2 60
40
20
0 ||
N . .
N 57 5
o7
sy 7
Sl o U gl yudi-o
60

E 40

330 ' =
220
o —i I
YooY
ale) fﬁ? ’

P 5o gilaST ol ) e Jalse (slo,5iS1 mhaws joss =F Hl0g0d
g it~ LlST S i e Ol s -l asdllaes g0 sl
Sgliie By . Soel dpwl mhaw Olpsi- 7 oglaeSTy sl b

el P00 o o ls pixe BT osimsylis

journal.fums.ac.ir

el wals
O L N W b U1 O

SlPb wad GSlas

N

Ly Co Mo
o ol

Sglite B, axdllaes g0 slocs ) 1o Slgl al 2Slas =Y 41040

e P/ e (o I s BB sais lis

120
100

nM/mg
H» O
o o o

ad T (60 alle gelamw <l puuds— Al

'
Yo

gx S
ol j;%

1000
900
800
700
600
500
400
300
200
100

nM/mg

NECRVORC Y RCF WS

Yo

; .

obo) f

S, e 10 gl o ul Gl giSh mhaw poss =Y 5100
ol o yoss ool (6 felle o il poas —Call Laalllass y5e
b jo b sme DS samolis Gglite > . SlaenST ST

Ll P40

YY)



http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2019.9.1.4.7
http://journal.fums.ac.ir/article-1-1614-en.html

@ /
| Q7 A e | D)Lh:|ﬁgdu| L S ple oKl alons

ublsed 9 Ylidge &Y

[ Downloaded from journal .fums.ac.ir on 2025-08-23 ]

[ DOR: 20.1001.1.22285105.2019.9.1.4.7 ]

5 Wgd Oeheo BN 4y ol sl a5 ol (S (3955
sbwl 1) JWS 9 ,See 13695k ook Lawg alo> ais;
C 95 s slen &1 e Loy 9T S0 25 (V) iyl
Slml PLS (odis 0225 55 Gayb (rl 5l g 0ead slacS]
NO 33y STy oladisS Sus 5 oy STy (YD) ilas oo
JUIS ladshe 5 ooygST dong;58 595 2 soms Sl 61yl
gl go sl 55 (APOPLOSIS) 5251 55 4 y2eie g 9Ldly s
oo ST G L 5 0398 s yo & y50as NO 5 Slas o555
el Sl e ge L5l So 5 o JLlS'g e Lasgs SlalislS
ol el (3a 5 9 O3St b sladisS (VF) 395 oo
(Blood-Brain Barrier=BBB) (s — 55> o (5 pduded
ras S8l 4 b Jolo 5985 alidl @y jzie LS (pl aS 00
(BBB) (s3s —(59> S CanSS 0 ol sle s 5 o
4565 sl s,k 5 IL-17 (S sl ol IL-17 gL
@ e e JWbsal sladshe o 5T W la
bl ol (YY) 33,5 o (S50 —(S95 daw Sl 30ty
2o oS 1T Jelse o925 o 53,5 o ¢ s 40,3
— S S eSSl 6 RSsl jo Gb bl GeesSsS
ST T Coale 41838 1 09y aialys IS 5L 15 s ke
» Sy ol e SIP G gl Jgtes eSS
2 orasS 55 Sl (YA) ol ond slald Galises YL
Syge il puilSo iz Gk 5l ol sl J), s,
S Jlosl) peites il crge (w095 595 xS (o0
(Y2) 35,5 0 (RNS 5 ROS o5 5 ) (59,55 9 (eS| O]
ghe a>g bl als ) (Sl 6 L @l bl s o
L oloys ot g Mo sla, 09,8 j0 wluST SO i 00 3]
Oeizmed O 0leyd (g 9 Mo Sla; 4 S (095 595
ol5T e IS als5 55 45 JannTpslen il Collad s
=Dy 09,5 50 e sloadl b guod ol ol mpen () GeS]
9 Mo Slods) 4y S asS 95 b loyd S 9 e sl
aS Gl 0uds olgiin pioren g a8l alS leyo e
5 UeSlond Jed ) elempl Jle wmse (nesysS
0395 9 OieST ol sla JI0ol, adg 50 a5 L3S TolS
aS Cowl oad ooly lis Coled o (YA) 08 )5 oo 5 wiylo i
mdr 095 (Cegd2y7) Selidgrd Conle 425 b (agS 555
T JeeSTh Sl Jleol) canslt 3 el Jole G lsie
b bl o a8 uwie ll 5 cid ol (F) cul

\YYY

o Jo505) 4 Mo Slilges oy 50 NO gebacs gl
Slade jlopine 285 9o esS 555 b Gleys Sl calle (Al
4 S Gloyd S5 g Mo S )0 (oo 3l 0kie
Srond =¥ loged) (Pe10) 0B (613 s jsbods 7S 09,5
o Glao ;) 4 cos M slaes; jo S5 5l vl mhaws (&
"5 50 eS8 b oleys (P /0 0) Sl (s)lo sre 288
O s a5 5 9k 3ls (I3 G sl sl mhaws Mo sl
(P<-1+0) ceblas (gl iime glis ol (slacs, phaw L

(7 Ceond =T loged)

Sl vl o Ol -
16
14 T
12
—
310
[-1]
€38
6
4
2
0
oo 3>
%

P 5o seilaaSTobml )5 S50 Jolse slo, S mhas 1oss —F Hlog0d
g yedd —0 ST SO s mha Ol s —all asdlhaes g0 o
Sglaie B> Sl vl mhaw Olsi- zoglaSTy sl sl

ol P00 s jo o e BB snims L

aS Ceol osls HLis MS oy Jaw 9,90 50 Slgas Olalllas

Golo Dalye axg B el carge by Sy alss
52 45 el oot olgiiogy dia o2l ) T+ ) unsl oy EAE
s MS i bor obml o g5 slas Slos (et
3 B aS g sbar (YY) ol laST holo o033l odgs EAE
59> ;3 MPO ol 8 (ediome ghlo 955 ()bo)
al> o ay lilews 9959 51 B3 Jeys g 0og Gl
MPO  coym colld gl ol JyuS «slom (2592
=G0l e dasie 5 ISl adliee oyl jlews ;0 (YY) Wloogs
RTTSIRVIV 1 FPRRN SURA I [FE NP VIPRRVEN { U VECT IR P

L g O3St pdy STy slaassS (YY) b oo alél a2

journal.fums.ac.ir


http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2019.9.1.4.7
http://journal.fums.ac.ir/article-1-1614-en.html

[ Downloaded from journal .fums.ac.ir on 2025-08-23 ]

[ DOR: 20.1001.1.22285105.2019.9.1.4.7 ]

)9 Sl Juillo 53 pre9¥ 098 Sl

\VC\A)LM\@)LM:wduuﬁﬂwm&m@@

ozl SG sl Sl el 03gas w08 1) sl S5l mhas
ol Gl el 95 e 5o ST Gla JI00], (sle S,
sldlesl; eass ilesh Jole SG plgredr SG sl annl
XY 7)) ol il gulownST il als 5o y5enST ol
Sel e 90> 5l Foml polie 50 SG sl el 2alS (nl ple
Jobay el olen guilonST ool 2aldl L Yo
Sl mlaw a5 Conl oals eols plis addS e sl
el 3131 51 5o Sl eitle adlis 3131 50 s Sl
o8l cpl 50 Gl dul B pme saipolis (pl &S Sl oS
(V) sl 5510 clocn] alS gz 4y
S 25 s

Gk 5l e 595 a5 3l plis gl )o Gl es ales)yo
ST pokee oo 5 Codlad el laST G 2 g als
DALyS Sgae Sl dadnd gealannSly Gl 286
el ol oas EAE adlie o, ;o oylom oMl
PSCIOUNJE I TR SRR JIC R PE SO RO
S e 0,L5] doctiie ;3 a5 YU Caodls 4l &y a3 L MS

Al Gedgw Céls

Goziily livge al¥ il bbb 5l cend dllie oyl
L aS 0y & Y-YVY oS L (5)5"9—’)—*3 s, M)] u;wLw)ls

&b Byl
Al 08 S5 el 1y gxdlin ol A5z i s

References

1. Mao P, Reddy PH. Is multiple sclerosis a mitochondrial
disease? Biochimica et Biophysica Acta (BBA)-
Molecular Basis of Disease. 2010;1802(1):66-79.

2. Etemadifar M, Janghorbani M, Shaygannejad V,
Ashtari F. Prevalence of multiple sclerosis in Isfahan ,
Iran. Neuroepidemiology. 2006;27(1):39-44.

3. Bar-Or A, Pachner A, Menguy-Vacheron F, Kaplan J,
Wiendl H. Teriflunomide and its mechanism of action in
multiple sclerosis. Drugs. 2014;74(6):659-74.

journal.fums.ac.ir

5l 5 98 Sl L ad e Wl oo wad oanlive (yeesS sS
Liog ol sl JIGol) Gyl g GlowaST 5T el (pimen
() Cesl 0ads (5135 o (aloos Sl los o &y (egS )58
285l il Spste 13 a8 455 8 Skae 5l (Sleiges
Ceel a5 Cnl Shgoipd il ool Glo alnds Gldlase
Jole LB 9850l 5 00,5 o0 LS 098 5l adgi rals
/58,5l slosbe bags ST S5 g5 il Lol
(VYY) 095000 slod 0 JLlSg 5o

15 MDA s 4> i 2als’ 51 Sl anlllas ol il
tglbﬁa)@d‘ww?fﬁfbdlﬁ)a&\ﬁjm GLQQ)}:’M
] 6[.%047-[4» dl.o.>)‘ MDA .ccul o0l ul.a)é uguh 9 )LM-A
Slllas (FF) Cool gmme) OysmmslinmSTy e lsy] g
S5 Sl 8T Jasly a5 sl 05,5 Coli ogtar ainds
ool sl s esle )T slal Ul b Lel gl o] 5T o0l
Salg5 (g, xe LLIIFRAP s 1o s 8 ool 4y 5,8
LS 5 51 6yl (Sl ST SIS FRAP s (o sl
ozt 53 (5350515 (5l olse 5 (539,15 o epmasll S ]
shls FRAP cos 4y cos MDA cos cplply 05l oo
o5 Sl (FD YF) ol 65V s g it Com )|
030,55 sasline p oy ol SlonST 5T el b jo gl sae
MDA s s Camlus Jdo 4y g0l 090 b s ]
Slocaw! asis 1o Sl ST ol cud b cas 4 o
Jlo o Lo 5 gulinul alie jgbay cul gslo Sl
o, 1o MDA gl (2l sgmsly a5 wisls 5 VYA
Al i)l mhaw jo gl gme s Al gg8 cobs A
V) ol &5 Slos sl

i el gl slacas] (e 28 L egS oS

4. Comabella M, Khoury SJ. Immunopathogenesis of
multiple sclerosis. Clinical Immunology. 2012;142(1):2-
8.

5. Lees JR, Iwakura Y, Russell JH. Host T cells are the
main producers of IL-17 within the central nervous
system during initiation of experimental autoimmune
encephalomyelitis induced by adoptive transfer of Thl
cell ~ lines. The Journal of  Immunology.
2008;180(12):8066-72.

YYVY



http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2019.9.1.4.7
http://journal.fums.ac.ir/article-1-1614-en.html

i ¢
QYA Sl [V ol | g b | L (S pole ol KS1s als

UKo 9 Ylsdge aJY

[ Downloaded from journal .fums.ac.ir on 2025-08-23 ]

[ DOR: 20.1001.1.22285105.2019.9.1.4.7 ]

6. Palma M, Pifieiro Z, Barroso CG. Stability of phenolic
compounds during extraction with superheated solvents.
Journal of Chromatography A. 2001;921(2):169-74.

7. Pari L, Tewas D, Eckel J. Role of curcumin in health
and disease. Archives of physiology and biochemistry.
2008;114(2):127-49.

8. Gold R, Linington C, Lassmann H. Understanding
pathogenesis and therapy of multiple sclerosis via animal
models: 70 years of merits and culprits in experimental
autoimmune  encephalomyelitis  research.  Brain.
2006;129(8):1953-71.

9. Kurd SK, Smith N, VanVoorhees A, Troxel AB,
Badmaev V, Seykora JT, et al. Oral curcumin in the
treatment of moderate to severe psoriasis vulgaris: A
prospective clinical trial. Journal of the American
Academy of Dermatology. 2008;58(4):625-31.

10. Moreillon JJ, Bowden RG, Deike E, Griggs J, Wilson
R, Shelmadine B, et al. The use of an anti-inflammatory
supplement in patients with chronic kidney disease.
Journal of Complementary and Integrative Medicine.
2013;10(1):143-52.

11. Basnet P, Skalko-Basnet N. Curcumin: an anti-
inflammatory molecule from a curry spice on the path to
cancer treatment. Molecules. 2011;16(6):4567-98.

12. Kaplan A, Abidi E, Ghali R, Booz GW, Kobeissy F ,
Zouein FA. Functional, cellular, and molecular
remodeling of the heart under influence of oxidative
cigarette tobacco smoke. Oxidative medicine and cellular
longevity. 2017; 61(2): 567-73.

13. Biswas J, Coltin B, Veloso M, editors. Corrective
gradient refinement for mobile robot localization.
Intelligent Robots and Systems (IROS), 2011 IEEE/RSJ
International Conference on; 2011: IEEE.

14. Chen GQ, Chen YY, Wang XS, Wu SZ, Yang HM,
Xu HQ, et al. Chronic caffeine treatment attenuates
experimental autoimmune encephalomyelitis induced by
guinea pig spinal cord homogenates in Wistar rats. Brain
research. 2010; 309(1):16-25.

15. Khezri S, Abtahi Froushani SM, Shahmoradi M.
Nicotine  Augments the Beneficial Effects of
Mesenchymal Stem Cell-based Therapy in Rat Model of
Multiple  Sclerosis.  Immunological investigations.
2018;47(2):113-24.

16. Skundric DS, Zakarian V, Dai R, Lisak RP, Harley
YT, James J. Distinct immune regulation of the response
to H-2b restricted epitope of MOG causes relapsing—
remitting EAE in H-2b/s mice .Journal of
neuroimmunology. 2003;136(1):34-45.

17. Soetikno V, Sari FR, Veeraveedu PT, Thandavarayan
RA, Harima M, Sukumaran V, et al. Curcumin
ameliorates macrophage infiltration by inhibiting NF-xB
activation and  proinflammatory  cytokines in
streptozotocin induced-diabetic nephropathy. Nutrition &
Metabolism. 2011;8(1):35.

YYY¥

18. Benzie IF, Strain JJ. The ferric reducing ability of
plasma (FRAP) as a measure of “antioxidant power”: the
FRAP assay. Analytical biochemistry. 1996;239(1):70-6.
19. Thaipong K, Boonprakob U, Crosby K, Cisneros-
Zevallos L, Byrne DH. Comparison of ABTS, DPPH,
FRAP, and ORAC assays for estimating antioxidant
activity from guava fruit extracts. Journal of food
composition and analysis. 2006;19(6-7):669-75.

20. McColl SR, Staykova MA ,Wozniak A, Fordham S,
Bruce J, Willenborg DO. Treatment with anti-
granulocyte antibodies inhibits the effector phase of
experimental autoimmune encephalomyelitis.  The
Journal of Immunology. 1998;161(11):6421-6.

21. Shankar E, Goel A, Gupta K, Gupta S. Plant Flavone
Apigenin: an Emerging Anticancer Agent. Current
Pharmacology Reports. 2017;3(6):423-46.

22. Zakrzewska-Pniewska B, Styczynska M, Podlecka A,
Samocka R, Peplonska B, Barcikowska M, et al.
Association of apolipoprotein E and myeloperoxidase
genotypes to clinical course of familial and sporadic
multiple  sclerosis.  Multiple  Sclerosis  Journal.
2004;10(3):266-71.

23. Sayre LM, Perry G, Smith MA. Oxidative stress and
neurotoxicity. Chemical research in toxicology.
2007;21(1):172-88.

24. Zargari M, Allameh A, Sanati MH, Tiraihi T,
Lavasani S, Emadyan O. Relationship between the
clinical scoring and demyelination in central nervous
system with total antioxidant capacity of plasma during
experimental autoimmune encephalomyelitis
development in mice.  Neuroscience letters.
2007;412(1):24-8.

25. Sasaoka T. Oxidative stress in neurodegenerative
diseases: friend and foe. Clinical and Experimental
Pharmacology and Physiology. 2012;39(7):597-8.

26. Herz J, Zipp F, Siffrin V. Neurodegeneration in
autoimmune  CNS  inflammation.  Experimental
neurology. 2010;225(1):9-17.

27. Jadidi-Niaragh F, Mirshafiey A. Th17 cell, the new
player of neuroinflammatory process in multiple
sclerosis.  Scandinavian journal of immunology.
2011;74(1):1-13.

28. Lin YG, Kunnumakkara AB, Nair A, Merritt WM,
Han LY, Armaiz-Pena GN, et al. Curcumin inhibits tumor
growth and angiogenesis in ovarian carcinoma by
targeting the nuclear factor-kB pathway. Clinical Cancer
Research. 2007;13(11):3423-30.

29. Menon VP, Sudheer AR. Antioxidant and anti-
inflammatory properties of curcumin. The molecular
targets and therapeutic uses of curcumin in health and
disease: Springer; 2007. p. 105-25.

30. Priyadarsini Kl, Maity DK, Naik G, Kumar MS,
Unnikrishnan M, Satav J, et al. Role of phenolic OH and
methylene hydrogen on the free radical reactions and
antioxidant activity of curcumin. Free Radical Biology
and Medicine. 2003;35(5):475-84.

journal.fums.ac.ir


http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2019.9.1.4.7
http://journal.fums.ac.ir/article-1-1614-en.html

[ Downloaded from journal .fums.ac.ir on 2025-08-23 ]

[ DOR: 20.1001.1.22285105.2019.9.1.4.7 ]

)9 Sl Juillo 53 pre98 098 Sl

s o s o | D)
WA e [V el | g Jlo | L (i sl oSl alome L@

31. Hosseinimehr SJ. A review of preventive and
therapeutic effects of curcumin in patients with cancer.
Clinical Excellence. 2014;2(2):50-63. [In Persian]

32. Mishra S, Palanivelu K. The effect of curcumin
(turmeric) on Alzheimer's disease: An overview. Annals
of Indian Academy of Neurology. 2008;11(1):13.

33. Venigalla M, Gyengesi E, Minch G. Curcumin and
Apigenin—novel and promising therapeutics against
chronic neuroinflammation in Alzheimer's disease.
Neural regeneration research. 2015;10(8):1181.

34. Esteghamati A, Zarban A, Doosti M. Evaulation of
antioxidant status and oxidative stress markers in type 1l
diabetes mellitus. Iranian Journal of Endocrinology and
Metabolism. 2001;3(4):239-45.

journal.fums.ac.ir

35. Keles GE, Lamborn KR, Berger MS. Low-grade
hemispheric gliomas in adults: a critical review of extent
of resection as a factor influencing outcome. Journal of
neurosurgery. 2001;95(5):735-4.

36. Liu B, Shen Y, Xiao K, Tang Y, Cen L, Wei J. Serum
uric acid levels in patients with multiple sclerosis: a meta-
analysis. Neurological research. 2012;34(2):163-71.

37. Drulovic J, Dujmovic I, Stojsavljevic N, Mesaros S,
Andjelkovic S, Miljkovic D ,et al. Uric Acid and MS. Eur
J Neurol. 2002;9(3):221-6.

\YVO



http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2019.9.1.4.7
http://journal.fums.ac.ir/article-1-1614-en.html

W Journal of Fasa University of Medical Sciences | Spring 2019 | Vol. 9 | No. 1 Mavaddatiyan L.et al.

[ Downloaded from journal .fums.ac.ir on 2025-08-23 ]

[ DOR: 20.1001.1.22285105.2019.9.1.4.7 ]

.Original Article ]

Curcumin Ameliorates Oxidative Stress in Animal Models of Multiple Sclerosis

Mavaddatiyan L!, Khezri Sh", Abtahi Froushani SM?

1. Department of Biology, Faculty of Sciences, Urmia University, Urmia, Iran
2. Department of Microbiology, Faculty of Veterinary Medicine, Urmia University, Urmia, Iran

Received: 04 May 2018 Accepted: 18 Jan 2019

Abstract

Background & Objectives: The role of oxidative stress in the pathogenesis of Multiple Sclerosis (MS)
has been mentioned in previous studies. Curcumin is an active ingredient in Curcuma longa and has
anti-inflammatory properties. The aim of this study was to investigate the effects of curcumin on
reducing the oxidative stress in the animal model of MS.

Materials & Methods: In this study, experimental autoimmune encephalomyelitis (EAE) as a MS
model was induced by immunizing of Wistar rats (n=12) with homogenized spinal cord of guinea
pig and Freund's complete adjuvant. Then, the immunized animals were divided in two equal
groups. Treatment was curcumin (100 mg/kg daily) was started from the day 12 after the
immunization when the rats showed the first symptoms of neurologic disability and continued until
the day 24 when the rats were sacrificed. Simultaneously, the control group received the distilled
water. Treatment was continued until 24 days after the immunization.

Results: The consumption of curcumin in the EAE-treated rats caused a significant decrease in nitric
oxide level and activity of serum myeloperoxidase enzyme activity (p<0. 05). At the same time, the
malondialdehyde level in the brain tissue decreased (p<0. 05). However, no significant change in the
total antioxidant capacity of the serum (p>0.05) was observed. Moreover, the serum uric acid level
increased in rats after curcumin treatment and reached the level of healthy rats (p<0. 05).
Conclusion: Using a 100 mg/kg curcumin in the rats with EAE cause to reduce the harmful effects of
oxidative damage and can be effective in MS treatment.

Keywords: Multiple Sclerosis, Experimental Autoimmune Encephalomyelitis, Curcumin, Oxidative
stress
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