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Q..I I 

1..IV1F1(Pl~'fl 

n/W'U1~L~'U"lJ'fl-:lL~'WU:l':::~TV1~'J'WU~1tJvhL~Ln~n1:l'L~'fl~~~1tJ"lJ'fl-:l axon LL~:::n1:l'~ ru L~tJ Len~; 
'1.1 '" 

, !II, !II 

U:l':::~1Yl1.'WU~lh:::~1Yl1"lJ~'WVI~-:I Curcumin LtI'W~1:l'Yi~'U1.'W"lJi'J'WYiL~~tJ~~1n:l'1n"lJ'f)-:I"lJi'J'Wi'WLL~::: 
q ...- .Ja I _'1 era I 'I <j' , n I !:. " 
~ fJru~~'U ~YllJnlJ'f)-:I Len~~lJ:l':::~1Yl ~'W ~:l'rl~1-:11 'Vl1-:1 :l':::'U'UlJ:l':::~1Yl:l''J~Yl-:l n1:l''U1 ~ L~'U"lJ'f)-:I 

. .!' ':! ~q er .d.J . ,
L~'WU:l':::~1Yl n1:l'l"ln'M1'W~~~U:l':::~-:lrlL~'f)Vl1"lJ'W1~YlLVI~1:::~~LL~:::e.I~"lJ'f)-:I curcumln ~'f)n1:l'

q 

!II , 

~n 'L~tJLen~;U:l':::~1'Vl:l''J~i-:l:l':::tJ:::n1:l'-:I'f)n1.VI~''lJ'f)..:!L~'WU:l':::~1'Vl VI'WYil~f'Un1:l'eJ1~~VlUU'I.I~~ • '1.1 

L~'W1J:l':::~1'Vl1~fu curcumin (100, 300 and 500 mg/kg/t)'W) Vl1'fl vehicle .b~tJn1~~~L~1GJl'f)":!Yf'f)":!
'I' 

!II !II " 

tj'W~:::rlf-:l LtI'WL'J~1 2 ~u~1~ ri'f)'W~'W~~n1:l'Yl ~~'f)-:lU:l':::Li'J'Wn1:l'~'WVI-w1Yi"lJ'f)-:lU:l':::~1Yl~-:ln1:l'L~tJ
q 

n1:l'~1'W'Jru sciatic functional index Ld'f)rl:l''Un1V1'W~ ~1V1'WLL~:::'t!U~1'W'J'WLen~;tl:l':::~1Yl1.'W DRG 
'1.1 

LL~:::tj~:l':::ti:::Yl1~n1:l'-:I~n1.~l-I"lJ~..:!L~'Wui:::~1Yl ~U~1Yln"lJ'W1~"lJ'f)-:I curcumin vh1.~n1:l'~n IL~tJLen~;q 'I.I~~ 

tl:l':::~1Yl~~~-:I'f)th-:lil't!tJ~1~ClJYl1-:1~1i~iLd'f)LVltl'Jn'Un~~~1~ vehicle (9.4%), 2.5% LL~::: 15.4% 

~1V1f'U curcumin 100, 300 LL~::: 500 mg/kg ~1~~1~1J LVltlUnU 24.0% ~1V1f1Jn~~ vehicle) 

LLl9l curcumin 1l-1ile.l~l9l'f)n1:l'~'WVI-W1~"lJ'f)-:lU:l':::~1Yli-:ln1nL~::::l':::t1:::n1:l'-:I'flnLVll-I L~t1~:l'tl.. q 

curcumin ~1~1:l'Cl~ ~ n1:l'~1t1"lJ'f)-:I Len~;tl:l':::~1YlVl~-:I L~'Wtl:l':::~1YlU1 ~ L~1J1~ ~1LtI'W~'f)-:lil 
~ ~.....J ..:!i !/ d J' q ~ d ....q !/.d!/ .c!I 

. . n1:l'1"l m~t1 L~~ L[?]~'Vl :l':::t1 :::L'J~1 n1:l'rl'WVI'W1Yl'W1'W"lJ'WLL~:::~ n1 :l'U:l'U LU~ t1'W'Jfin1:l'1.VIti1 L ~'f)1.VlYl:l'11JCl..:! 
~ 

tl:l':::~Yl~1l1~"lJ'f)-:I curcumin t1i'f)n1:l'U1~L~1JCljJ'f)-:lL~'WU:l':::~1Yl~LLYf~1--:I 

~1~1~ru: curcumin; n1:l''U1~L~'U''lJ'f)-:lL~'Wtl:l':::~1Yl; n1:l'~ruL~t1Len~;U:l':::~1Yl;' n1:l''':!'f)nLVll-I''lJ'f)'':! 
'" '1.1 '" 

L~'Wtl:l':::~1Yl 

t;,. 
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Abstract 

Peripheral axotomy causes anterograde degeneration of distal axons and neuronal loss in 


the dorsal root ganglia. Curcumin in spice turmeric prepared from Curcuma longa has 


shown neuroprotective effects in various neurodegenerative diseases including peripheral 


. nerve trauma. This study was aimed to determine the optimal dose of curcumin and its 


effects on sensory neuronal loss and axonal regeneration distance. Rats undergone 

/

unilateral sciatic nerve crush were treated with either Curcumin" (100, 300 and 500 
'J' 

mg/kg/day) or vehicle. Curcumin was injected intraperitoneally daily for 2 weeks. Motor 

recovery determined by sciatic functional index was tested at the end of study. The 

number of L4 DRG neurons and the distance of regenerated axons were evaluated. All 

doses of curcumin significantly reduced sensory neuronal loss (9.4°io, 2.50/0 and 15.4% for 

100, 300 and 500 mg/kg, respectively) compared with the control group (24.0%). 

However, curcumin had no significant effects on motor recovery and axonal regel}eration 

distance. In conclusion, curcumin has shown the neuroprotective effects on DRG 

neuronal loss after sciatic nerve crush. Further studies on long-term recovery with 

modified drug delivery are needed to clarify whether curcumin has a therapeutic role in 

peripheral nerve injury. 

Keywords: curcumin; nerve injury; neuronal loss; axonal regeneration 
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o
1. tJVI'W1 

", , " 
1.ui1~~uu~tJi1 ruVl1 n1 ~U1 ~ L~tJGJJll~ L~u1.J ~~~1'Vl~1 n;u L\l1l~~1 n n1 ~L~~;UGJJ'fl~ 

~ .... 
...-. ..,J..,J !11 O!1l,...-. .cd cv

'flUl'!LVI(WVlLntlr.lGJl'fl~ n1~~~1~~ n1~'Vl1~1t1~1~ n1t1 LL~~'flU l'! LVll'!1.UL~~~1U'fll'!~1'V1 n~~~ en~~n 
~ ~ q ~ q 

Ln ~n1~'1J1 ~ L~'1J~ L~UU~~~1'VlGJJ'fl~ LLGJl'WGJl1 y'h1.~~U'Jtl1.~LLGJl'WGJJ1~ili1 ruvn1~~1 n~Vl1'fl Ln ~ 
CIJ .... 

~~~1l'!GJl'tl~11~ n1t1~'JU(?)~ n~h'J LU'W(:.J~1.~Ln~J11'J~VJ~~~fl1~ ~ t1JL~tI~1t11~ ~GJJfl1~~ l'!L~tI 
" " ~'J~~~ Ln ~f1'J1~~ ru L~tI'Vl1~ Lf'll~~~nfGj ~'flU~~L'Vl f'll~n ~'JtI (?)~,run1~fn~1 n1~U1 ~L~'JGJJ'fl~ 

CIJ .... dSI 

L~UU~~~1'V1L~'fl1.~iln1~~tJVltJ1~'flth~~~U~nrLL~~~'J~L~'J~~~~~ilf1'J1~~1~t;lILU'W'flth~~~
. CIJ ~ .... 

~~~LL~L~tI,Jn ~ L~UU~~~1'Vl~U1 ~ L~U~~~1~1~t1eJi'fl~ LLen~ ~'J L~~L~fuLGJltJ~GJJll~ Len~~ 
,)'; '. 

tJ~~~1Vl~GJJ1~iln~~u'JtJn1~~'flnLVI~ (regeneration) ~un~~~~n~u1U~1lt)tI'J~~'JUU~1t11~' 

LL~fGj~1.~L'J~1U1U~1 n LL~~n1~~UVltJ1~~n~~'1Jn~1'fl~'fltJ ~~~Lti'fl~~1 n~nil n1~l'!1t1GJJ'fl~ Len~~ 
CIJ 

tJ~~~1'Vl~U1 ~ L~u1u~1U'JUVI~~ LL~ '~il n1iL~'fl~GJlre)~ Len~~n~1~ L~'fll'l1~~~tI~Lr.l~1 ~~il f)~1~f' 

~tl1t11~ ~uVl17jfi L1~ n1~~'fl n1.,uJGJl'fl~ L~'WtJ~~~1Vl~ijU~~~'Vlfifl1~ L~tl1~il n1~~n~1~1U'JU 

~l1n'Vl~~'fluuJ\~~'Vlfifl1~GJl'fl~tl1V11'flL~ L~~~ ~1~1 n'Jfl1'J~U1~ L~UGJl'fl~ L~'WU~~~1'Vl LL~~U~~ 

trfGj ~UU~~1~ il ~ 1 ~L~~L~~I ~ ~ L~ tI ~~ 'fl LL ~ ~~1 ~1 ~ t1 L~1~'fl tJ 1 ~ tJ ~ 'fl ~JitiL'W ~U'J tI L~ tI ~1 L Vll'! 
~ CIJ q 

~1~t1J~'fl U~~~'Vlfifl1~L'Wrl'W~~'fltln~1L~'flLVltlUnU~l'!1"'Vl~~'fl~LL~~~~~1~L~tJ~GJlll~n1~fn~ 
, " 

Curcumin LUtJ~1~n~~ polyphenol Vl~UL'W~1nGJl'fl~GJlij'Wiu (Curcuma longa) LL~~L~ 

djULf11-'fl~ L'Vl f'llL U'fl1 VI 1 ~LL~ ~~'JU(:.J~~GJl'fl~tl11.ULLt1U L'fl L~tlL~tI L'U~1 ~1.U~UL~tJ~1 LU'W~~tJ ~ 

L'J~1'W1U LU'Vl1~n1nL~'VltJ~U~1 curcumin ilq'Vl"tntj'1~GJl'J1~ LGJ1U ~~fl1r.l~ oxidative stress 
" " 

~ ~ n1 ~~n L~U ~'J ~'Vi'~~ ~ n1~LLU~ Len~ ~ ~~iJ n1 ~'Vl ~~'fl~U1 ~1L~1un1 ~fn~1L~f1 ~1~1 Yl 

L~tI'J;r'fl~nun~1noih~~u LGJ1U ~~L~~ L~f1~Ln~~1nVl~1l~L~'fl~'fl~~U (1-2) ~1V1fu~~uu
q 

" 
U~~~1'Vl,r'W~U~1 curcumin i:hJ~~~'VlfiJ11~1.'Wn1~~~ f1'J1~~ ~un ~'VI11ldJI~~'fl n1~~1LUUL~f) 

" , 
VI~1tJL~f1'Vi'~1.U~l'ltJ'Vl ~~'fl~ LL~~~'W~tJ (3) 1.un ~~t~f1 n1 ~L~'fl~GJJll~~~UUU~~~1'Vl ~U~1 

q ~ 

curcumin ~1~1~~~~n1~~~~~GJl'fl~ beta-amyloid LL~~~~'fl1n1~L'W~l'l1"'Vl~~'fl~~LU'WL~rl 

Alzheimer 1~ (4-5) 1.un~ruGJl'fl~L~f1 Parkinson curcumin il(:.J~;i~'JtI~~n1~l'!1tJGJJ'fl~Len~~ 
" , 

ft I .cI cv .cI C!.cI III 'i' I .c!I...Jft

u~~~1'Vl (6-7) U'fln~1n'WtJ~~J\1tJ~1'W~~(:.J~~GJJ'fl~ curcumin ~U~~f1'Vl1~~~UtJu~~~1VllltJ1 LVliU 

L~rl~ Ln~~1 nn1~~~~~LU~~tJ tau (8) L~rlVl~'fl ~L~'fl ~~~'fl~ (9) n1~U1 ~ L~UGJl'fl~~~'fl~ (10) 
" ,

LijtJ~u t~tln1~~n~1~'J'W1.VI'kJLL~~~~1(:.J~~GJJ'fl~ curcumin llLn~~1nn~1nVl~1~t1J ~'fl n1~~~ 
" J11'J~ oxidative stress ~~n1~~nl.~U ~'J~'Vi'~~~n1~~~~~GJl'fl~LU~~tJ~~tJn~ LL(;\ilu1~~1tJ~1'W 


L~U'fl~1 curcumin 1l1~il~Vl"t~1tJn~1n~u~htl L~tJ n1~L~~~~(?)U gro~~h factor (11) 

" 

'Wlln~1nll~~i:i~1t1~1U~~(:.J~~GJl'fl~ curcumin ~'flt~f1GJJ'fl~L~UU~~~1'Vl~'Jtl L~U J11'J~ 
lr'.d ~ d.... .=J cv
L~'WU~~~TV1L~'fl~~1nLtJ1V1'J1'W (12) ~'J~'Vl~L~rl'Vl~n1n~'fl~~~1tJGJl'fl~ myelin ~1n~'W~n~~~ 
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" " , r 

(13) ;r'fllqj~ LVI~1tlU-:l~~1 curcumin Ltl'lJ~1~Yl~~'Vlfiunu'fl-:l~~uU,J~~~1'Vl (neuroprotective) 

, ,!I/ 

fQnn~1LVlI?J1?l1-:l1 'fltl1-:ln'J1-:lGJI'J1-:l 

"'lJ~-:l'l1"lOru'lJ~-:lil n1~~nM1 ~~GJI'fl-:l curcumin 111'fln1~U1 ~ L~UGJI'El..:! L~'lJU~~~1'Vl~1'lJ'J'lJU'fltl 
q 

.::01 .::01 -:3 .::01 , !I/ J'.d, ,.:II!I/ .d 
l-J1 n l-J LVoltl-:l n1~f4nM1 L~t1'J n'fl'lJVI'lJ1'lJ'Vl ~1t1-:l1'lJ'J1 cu rcu min L~..:! n1 ~r1'lJVI'lJ1'VlGJI!l..:! L~'lJU~~~1'Vl 

LL~~~~~~111'flLen~~U~~~1'Vl~U1~L~U (14) 'flth..:!1~fiI?l1l-J~..:!1l-i~n1~~nM1~..:!~~111'fln1~..:!'fln1V1l-i 
!:..d ::. cv '1 ,.::01 -:3..s cv ... 

GlJ'fl..:! L~'lJU ~~~ 1 'Vl ~'J l-J 'Vl-:l Vl1 GJI 'lJ1 ~'Vl LVll-J 1 ~~ l-J ~'J l-J 'Vl..:! t1..:! Ll-J l-J n 1 ~ f4 n M1 r1..:! e.J ~ GlJ'fl..:! 'fl'lJVol 'lJ fiGlJ'fl..:! 
q 

, , 'r" 
cv ..s.::olo cv .:II ..s .::01 ""', cv, cv 

curcumin I?l'JVI'lJ-:l'Vl~1r1qJ r1'fl tetrahydrocurcumin. en..:!'fl1"l-J~'Vlfil?l'fl'fl(HJ'J~1?l1-:l1 ~'JlJ'Vl..:!~~UU 
&

U ~~~ 1V! LL~-:l n ~ 1 curcumin (15-16) Vl1 n ~ ~ n 1 ~~ n M1 LL~~..:! ~,1 cur~umin LL~ ~ 
' I' 

" 
tetrahydrocurcumin il~~ ~111'fln1~..:!'fln1VI l-iGlJ 'fl..:! L~'lJU~~~1'Vlcsn'fl..:!VI~LL~'J ~1~~..:!~'fl..:!\ch,,~~ 

fllntl1l1Vol1'lJn1~cWOO-J'W1 LU'WtJ1~1~fnM1111'J~~1'lJl-J'WMtJl~111'fllu , q 

~CII 0 ~ ~ cv 
2. 'Jfi~1b'U'Un1'a'J~!I 

" 
2.1 LLU..:!VI'W Wistar LVolP1~~1'W'J'lJ 25 ~'J 'fl'flnLU'lJ 4 n~lJ ~..:!tl 

'U 'U q 

n~l-JrI'JurllJ (Control Vl1-'fl C) l~fuLLl1i vehicle 'flth..:!L~tJ'J 7 ~'J 
q q 

n~l-J~l~ curcumin 100 mg/kg/day (M 1) 6 ~'J 


n~l-J~l~ curcumin 300 mg/kg/day (M2) 6 ~'J 


n~l-J~l~ curcumin 500 mg/kg/day (M3) 6 ~'J 

, ,"" , , .:II .::01

~-:ltll~Lu~tJ'lJLL~'Wlu"1 n L~l-J~'fl 'Vl~~'fl'J~'lJ1 ~tJ1 curcumin 3 r11LVol'flVl1~'lJ1~tJ1'Vl 

LVll-J1~~lJ~~~ 'W'fln"1n~~..:!1~tJnL~nn1~'Vl~~'flUtJ1 tetrahydrocurcumin l1Jn'fl'W 

.d .d <:S '1!1/ "'" ,.d...J cv ... cv '1 ' .,,: '1!1/0 

L 'lJ'fl..:!"1 ntJ1'Vl Lnu L 'J L~lJVll-J (?l'fl1tJ
q 
LL~ ~VI 'lJ'J tJ..:! 1'lJ'Vl VlJ 'J tJ ~-:l brl~1 ~VltJ1tJ..:! Ll-J ~1lJ1~r1'Vl1 LVol lJ I.VI 

1~L~tJtJ1~1~~~1tJ1'W~'fl..:!1?l~1~ 
, cv cv <j' 0 .d J( ft I !I/!I/ cv !I/ <:S ~I

2.2 ~11?l~VI'W'Vlnl?l'J l.(;ltJ'Vl1 crush 'VlL~'lJu~~~1'Vl sciatic ~1..:!en1tJ~~~Un~1-:l1?l'W~1 LtJUu(?lLL~~
'U q 

1~VI'W~'lJ 
'U 

2.3 VI~..:!VI'W~'W~LL~'J1'lJrr'lJL~tJ'J rl'W ~l-J1,xtl1 curcumin GJI'lJ1 ~l1i1..:!1 nun~l-J M 1-3 b~t1~~lJtl1 
'U q 

'I .:II II! " 0 .:II !I/.::oI!I/..J !I/ cv 
I.'W vehicle r1'el 2% sodium carboxy methyl cellulose 1.'W'W1Ln~'fl LL~'J'U~L~1VlJ'fl..:!'Vl'fl..:!'J'lJ 

" ,

~~r1f-:l ~'J'lJn~l-J C 1~L'UVol1~ vehicle L(?lt.t1fiLL~~r1'J1l-JnL~tJ'Jn'lJ


q 

2.4 L~'flL'J~1~1'W1Url~U 2 ~U~1tf Yhn1~u~~LiJ'lJn1~~'lJVltJ1~~'fl":!U~~~1'Vli..:!n1~csn'fl..:!~1V1~..:! 
b(?ltJn1~~1'lJ'Jrufh sciatic functional index (SFI) L~tJ1~VI'lJ~L~1V1~":!~lJVI~nL~'lJU'W 

'U q 

" n~~(;l1m1'J "1n,r'WYhn1~rr(?lfh palm length, toe spread LL~~ intermediary toe 

spread "1n~'fltJL~1LL~'Jt:nlu~1'lJ'Jrufh SFI 1?l1l-J~1?l~ 
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2.5 ""~\l~1nrJ~rh SFI LL~'J8J,hww'V1n~'Jt~~1,x~~ isoflurane Ln'WGJj'W1~ ~1Lil~~'f)\l'elnL~'elyh
'lJ q 

cardiac perfusion ~'J~ normal saline 200 ml [?l1~~'J~ 40/0 paraformaldehyde (PFA) 
~ I 	 ~ 

400 ml ~1n'l!'W~1L~1:::L~'elLnUL~'WiJ),:::~1'V1 sciatic LL~::: L4/5 DRG ~"~'el\l;r1\l LL~ 

L~'WiJ:i':::~1'V1 sciatic L'W 4% PFA ~'el~n 6 ~'Jt~\l~ 4D °C LL~'JLtI~~'WLtI'W 300/0 sucrose 

~'J'W L4/5 DRG LL~L'W 3% glutaraldehyde ;r1~A'WLL~'J~1'Wn:i':::u'J'Wn1:i'L~'el~\l1'W resin 

2.6 n1:i'rJ~:i':::~:::n1:i'\l'elnL""~GJj'el\l L~'W1.h:::~1'V1 

U1L~'WtI:i':::~1'V1~'el~L'W~1:i'~:::~1~ sucrose ~1~\lL'W OCT LL~'JYh cryostat section 
~ 

[?l1l-J~1'J""'W1 1 0 pm ~~u'W~l~~ ~1n,r'WL;r1~n),:::U'J'Wn1:i' immunuhist6chemistry t~~ 
\J 	 .,\.1,. 

~1'W 100/0 normal serum 20 'W1Yl [?l1l-J~'J~ marker ~U'ell-J axon (anti-neurofilament 

antibody, Cell Signaling Technology) 1:100 ""~\lA'W~ 4t'.oC [?l1l-J~'J~ biotinylated 

secondary antibody (Vector) 1 :200 40 'W1Yl ~'elru""ll~~'el\l ~'el~lJ~ avidin-rhodamine 
q 	 'lJ 

I 	 ~ 

1 :200 30 'W1Yl Yl'elruVlll~~'el\l mount LL~'Jil~ coverslip ~1nt!'Wu11t1~t~n~'el\l~~'V1:i':i'P\U 
q 	 'lJ 'lJ q 

fluorescence L~'elrJ~:i':::~:::'V11"~\l'elnLVI~GJj'el" axon ~!S'el\lLL~\l~LL~\l 

2.7 	n1:i't!u~1'WlJ'WL6JI~~,J:i':::~1'V1L'WiJl-JiJ:i':::~1'V11GJj~'W""~\l 
I 	 ~ 

~~ 	section GJI'el\l L4/5 DRG Yl~\lL'W resin ""'W1 2 pm LL~'JtJ'ell-J~ cresyl violet ~1n'l!'W 
I I 

d c::I ct i/ crd ..., 0 cr 

L~'eln section 'VJn1 section 'V1 20 l-J1LnUIl1~~1nn~'el\l'~'V1:i':i'Pl'WL~'el'WU~1'W'J'WL8jj~~ 
I 	 ~ 

U:i':::~1'V1L'WLLL9l~::: section L~~~ LL~'J ~1'W'J ruLYl'elVl1~1'W'J'WL6JI~~~\lVll-J ~1'W DRG GJItl\lVl'WLL~ 
'lJ 

~ I 

..., ..., I c::I I i/ 


~:::[?l'J:i''Jl-J'V1\l''''1 rl1 L'U~~.sll'rN n~l-J~'J~ 
q 

2.8 n1:i''V1~~'elU'V11\l~(i~ 

Lm~uLYi~urh SFI :i':::~:::'V11"n1:i'\l'elnL""~GJItl\l axon LL~:::~1'W'J'WL8jj~~t1:i':::~1'V1:i':::VI~1\ln~l-J
q 

L9l1\l1 ~'J~n1:i''V1~~'elU ANOVA t~~n'el~1r1'J1l-JLL[?ln~1"~t!~~1~'1J'V11,,~(i~L~'el p < 0.05 

- QJ3. 	 ~~n1'a'J~~ 
r 	 cv cv 

3.1 	U1'V1'Wn U1'J 

Ld'el ~l-Jn1:i''V1 ~~'el\l ~1""t!n L'U~~GJI'el\lVl'WLL~~:::n~l-Jl~ LL[?lnL9l1\l n'W'el~h\l~t!tJ~1 ~ru'V11\l~(i~
• 	 'lJ q .., 

(:i't1~ 1) LL~L~'elL'J~1~1'Wlu~'W~\lrJ'W~ 9 LL~::: 13 (ri'el'W~'W~~n1),'V1~~'el\l) VI~\lYi1~1~~ 
'lJ 	 q 

~ 

L~'WtI:i':::~1'V1 ~U~1U1V1t!n~'JGJI!l\lVl'Wn~l-J M3 LL~::: M5 U'el~n~1n~l-J C LL~::: M1 L~nU!l~ 
'lJ 	 q q 

~ 

LL~~t!~~1~'1J tl\l~~1GJ1'W1~~1 300 LL~::: 500 mg/kg/day 'el1~~"e.J~L~~~'eln1:i' 
I ~ 

L~Tru L~Ut[?l L~l-JU1""t!nGJI'el\lVl'W .., 	 'lJ 
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400.0 r--------------------------, 
350.0 

.. iii .:::=:::=a300.0 
~ 250.0~ ~ 

§ 200.0 

~ 150.0 

100.0 

50.0 

0.0 	 +-1----r---,.------r------,--,---,.----,,------1 

1wkbc 1dbc 1dac 3dac 5dac 7dac 9dac 13dac 

--+-c 
--M1 

--M3 

-Id5 

~t1v11 ~'IVlUn~'J~'f)'1V1'tJ~'I~b'J~'I~'1bblPi 1 ~1J(?l'lt-f (1 wk) . ri'f)'tJ~'I~(?l (t5c) ~'tJ 13tJ'tJ 
~ 	 ~ 

.!'.-'" 

(13 d) VI~'1~'I~(?l (ac) * p < 0.01 C vs. M3,M5 bb~~ P < 0.05 M1 VS. M3,M5 

3.2 Sciatic functional index (SFI) 
" 	 - - - - - - - . - - - ..- - ----

t'tJn'lJ'~'I'tJ'Jrurh SFI t1~'f)'1.yhn'lJ'tJ(?lrl'l palm length (PL), toe spread (TS) Lb~~ 

" , 


intermediary toe spread (ITS) ~'InJ''f)fHYh bLlPit'tJn'lJ'Yl(?l~'f)'1t1Vl 2 ~,j(?l'lt-fVl~'1~'I~(?l 

" ", , 


,jJ''I nfJ~'It~~'I~'I J'CltJ(?l rl'l TS t~vl'lut,h~ ~L\l'f)'1~'1~ 'I n n 'IJ'~'tJVlU'lYl~'f)'1 L~'tJ,jJ'~~TVltJ'It~ 

L~fJ'I'W'f) .yht""M~fJLmfJUbYlfJUb'Uyn~rl'l PL LL~~ ITS LLlPit~~'I~'IJ'Cl~'I'tJ'Jru SFI t~~(?lfJ
~ 

'WU~'I rl'l ITS sif'l'lsD'IfJ~ ~'I ~(?lU'f)fJn~'I~'J'I Lti'f)'1~'1 nU'J LYf'ln'l'lt~u'f)fJn~'Ivi'lt""rl'l ratio 
'" ,


U'f)fJn~'I 1 (L91'1J'1'1Yl 1) ~'J'tJ PL U'tJLYf1sD1fJ~~fJ'I'Jn~'I~'J'IL\l'f)'1~1nL~fJ~nMru~~'1bYf1tu

q 

vl1t""rl'l ratio l.nnn~'I 1 L~'f)LmfJULYlfJuJ'~VI~'I'In~~'Wu~1LL'tJ'JLU~rl1 ITS eif'l'lsD1fJLeif1 
q 

1n~sif'l'l~'J1 ~'f) ratio Leif1tn~ 1 ~1nn~1t'tJn~~ M2 L~'f)LVifJ'Un'Un~~~:w1 LL~(?l'l~'In1J'~'tJ 
" 	 I

i/ .c:l .!' 1 IIJ 1.c:l'1 i/ 	 , .c:l.c:lft 

VI'tJ1Yl~'f)'1L'~'tJuJ'~~TVl b'tJn~~'Vl b(?l curcumin 300 mg/kg/day 'tJ1~~(?l'Vl~(?l 

Ul1~1.:J'Vl 1 rl1 intermediary toe spread (ITS) LL~~ palm length (PL) "'" 
Group 

Control (C) 


Curcumin 100 mg/kg/day (M 1) 


Curcumin 300 mg/kg/day (M2) 


Curcurnin 500 mg/kg/day (M3) 


ITS PL 

(left I right) (left I right) 

0.46 ± 0.04 1.22 ± 0.01 

0.50 ± 0.04 1.20 ± 0.01 

0.55 ± 0.03 1.18±0.02 

0.48 ± 0.03 1.17±0.02 

I I..J .'"1 ..J 
IillYlLL~C'l-lLu'WlillL'U~tJ ± SEM 

3.3 41'U'J'UL'1i~~t1l~~1'V11'U'lhJt1l~~TV11~l'UVI~.:J 

'W'U~1t'tJ L4 DRG ~1'tJ'J'tJL6JltHf,jJ'~~1'Vleif1'1sD1fJ~vi1~'I~(?l~(?l~'1 24% L~'f)LVifJun'lJeif1'1 

~'J'Ilwn~~ C (~1J'1'1~ 2) LLIPi~Tw'J'W~VnfJt,j~~(?l~'1t'tJn~~~t~ curcumin 'Vlnn~~ L(?lfJ
q 	 . q q q 
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I ~ 

u~tJVi~t?1t'Wn~~ M2 ~~ 2.5% ~1~f1J L5 DRG dj~~~'W~1Jbb'W';}tU:w~n~ru:::b~tJ';}n'W~~
q q 

hJ1~~n~11?l~ t-J~~~n~1,;}~bb~t?1~~16JJ'W1t?16JJ~~ curcumin 300 mg/kg/day 't.hfCll:::iJt:-l~~ 
~~t?1t'Wn1~~t?1n1~~rub~tJb6Jl~~U~:::~TVl6JJ~~U~U~:::~TVI16JJ~'WVI~~t'WnnllL~'WU~:::~TVI 

q 'IJ '" 

a 
1J1t?1bfCll1J 

Ul1~1~v1 2 ~1'W,;}'Wb6Jl~~U~:::~TV11'W L4 DRG 

Group Number of DRG neuron Cell loss 

(%)Left Right 

Control (C) 

Curcumin 100 mg/kg/day (M1) 

Curcumin 300 mg/kg/day (M2) 

Curcumin 500 mg/kg/day (M3) 

21,041±722 27,683 ± 384 

24,454±1,193 26,993 ± 1,298 

26,629 ± 1,309 27,320 ± 1,354 

22,012 ± 1,519 25,953 ± 1,121 

24.0 

9.4
a 

2.5
a 

15.4
b 

~l'Vibb~~'Hth"H·ilb'U~tJ ± SEM, a p < 0.001 VS. C, b P < 0.05 VS . C 

3.4 ~~!.I~V11~n1~~l£lni.\II3JII}JI£l~bi'UcU~~~1V1 
~ 

n1~~n~1~:::tJ:::'Vl1~n1~~~n1~~1l1~vi1b'U~1:::n~l.J control n1J curcumin 6JJ'W1t?1 300 
q 


~ ~ ~ I 


mg/kg/day b'Vhtr'W vl~llbu~~fCIl1n curcumin 6JJ'W1t?1~~n~1';}iJ~~n'Wn1~~t?1~1'W,;}'W6JJ~~b6Jl~~ 

'l.h:::~1'Vlt'W L4 DRG 1~~~~t?1lOnn~';}sif~ 3 .3 t-J~n1~~n~1~1J~1~~:::tJ:::b,;}~1 2 ~Ut?11iVl~~
q 

~1~t?1 1'Wn~~ control axon ~1~1~bl~~n1V1~1~btl'W~:::tJ:::'Vl1~bru~tJ 14.95 ± 1.37 mm 
q 

~';}'Wn~~~1~ curcumin tjt?1~:::tJ:::n1~~~n1V1~1~ 15.18 ± 0.67 mm ~~1~bbl?lnI?l1~~rh~iJ 
q 

I I I 

trtJ~1~ru'Vl1~~ri~n1Jn~~ control ~uVi 2 bb~t?1~~';}~rh~6JJ~~ axon Vi~~~~t?1~bbt?1~~~~bb~~ 
'" q 'IJ 

~cUv1 2 b~'WU~:::~1'Vl~t?11?l1~tJ1,;}bb~t?1~ axon ~~~~~t?1~bbt?1~~~~bb~~6JJ~~ rhodamine 
Q..I 

~1V1f1Jtjt?1~:::tJ:::n1~~~nt~~ scale bar = 200 ~m 

4. 'elciiU'a1!1 ~~ n1'a~~!1 
~ I I 
o IV IV I ~~ . I IV i/ I i/ ~ 

'W1~'Wnl?l,;}6JJ~~~'\cln~~'Vlrut?1 curcumln 6JJ'W1t?1 300 bb~::: 500 mg/kg 1?l~,;}'Wb6JJ16J1~~'Vl~~'Vl 

b~~i.r~tJn~1n~~~,;}1J~~bb~:::n~~~1~f1J6JJ'W1t?1 100 mg/kg t!'W't.i1fC1l:::bnt?1fC1l1nn1~l?ln~h~6JJ~~tJ1 
1'W6Ji~~Yf~~~~1n~'W ~~fCIl:::Li~'W1~fCIl1nb~~~rIYf~~6JJ~~1)!'W~~~i'W~t?1n1~'Vlt?1~~~ ~1Jb~'W~b~~~~ 

'IJ q 

"1J~~ curcumin I?ln~h~1'W6Ji~~Yf~~~rJ1~it?1b~'W1'Wn~d-J 300 bb~::: 500 mg/kg curcumin ~ 
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~ I ~ 

(;ln~'l-:!,h)1~J'un'dtJn'lJ'Yi'l-:!'ltJGJJ'tl-:!'tlt)tJ'J~111tJttJLL~~'tl'l~~~~~'tln'lJ'L~ULIPIL~~UTVIt!n~'JGJJ'tl-:! 
~ ~ ~ ."J 

~tJt~ vi-:!~~~~'l-:! L~tJ-:!GJJ'tl-:! curcumin ~ll-h,h~~Ln!?l~'lnJ'~~utJ'l'Vl~-:!LntJluttJnJ'~LL~L~'tl~ 
~ ~ 

Lti'El-:!~'lnl~LAtJ~n'lJ'~'JA'J'l~~!?lun~~n~ru~~ttJ~tJ~l~fu curcumin 6JltJ'l~~-:!n~h'J~'lri'EltJ 
~ 

~ I 
1V 1V 0 ;'1 11 1V 1V "I 11 ..J 11 <j' Q Q"I iI "I iI 

~-:!tJtJ~'lLutJlPI'El-:!J'~~~J'~'J-:!n'lJ' b~ curcumin 'Vl'l-:!vll'El-:!'Vl'tl-:! b!?ltJL'U~'l~nJ'ru'Vl b~GJJtJ1!?l~-:! n'lJ'b~ 
~ 

~ I ~ 

'Vl'l-:!U'l nt)tJ~~~~'ltJ r1f-:!,l1~~LiltJ'Vl'l-:! L~'ElnYl~ n~'lt tJnJ'ru~ 
I I I ~ 

ttJLL~n'lJ'~tJ~ih~n'lJ'~-:!n'lJ'GJJ'f)-:!L~tJUJ'~~1'V1Yl 2 ~U!?l1~~~-:!~'l~!?l curcumin vi-:!~'l~ 

'1ItJ'l!?lij LLtJ'J L U~t,x~~~ n ~ 'l L~'El LYltJU nu n ~~ r1'J Ur1~ ~-:! LL~~~l~ijt!tJ ~1~CU'Vl'l-:! ~~~ L~tJ L~'El 
q q - IV 

~~'lJ'ru1vr-:!rh PL LL~~ ITS ~U~'lGJJtJ'l!?l 300 mg/kg "h~~ttX~~~~~ .~'tlth~1J'n(;l1~tJ'1J~'l~ 
Ln~~tJ~'f)l~~'ll-J'lJ'tlt)!?lr1'l TS 1~ y'ht,n~~'l~1J'tl~'ltJ'Jrur1'l SFI ~LL~!?l-:!~-:!n'lJ'~tJ~u'l~l~ 

," 'il 

~n~1 n'lJ'!?lLL~~~rh ~'l L~IPIU1~~Ln!?l~'l nJ'~tJ~L'J~1Yl~tJLntJtu ~-:!t!tJttJ'EltJ'l AIPI r1-:! ~~-:!J''EltJ'l"lJ 
~ q 

~tJL~'tlt~~1l-J1J'tlt)!?lr1'l TS LL~~~TW'Jrur1'l SFI L~ 
~ 

~'l~fU~~~'Eln'lJ'~~~-:!GJJ'El-:!~'ltJ'JtJL6JI~~UJ'~~1'VlttJ DRG ~~-:!tl1J'U'l~L~Ut!tJ ~U~'l 
~ ~ 

curcu min vi-:!~'ll-JGJJtJ'l ~~'ll-J'lnl~'JtJ~ !?lr1'J1~J'tJLLJ'-:!8JJ'El-:! A'J1l-J~!?lUn~~t~ L~tJij n'lJ'~!?l~-:!GJJ'El-:! 
q 

~'ltJ'JtJL6JI~~th~~1'Vl~'EltJn~'ln~l-Jr1'JUr1~'Elrj'l-:!iJt!tJ~'l~n.IL!?ltJL'i),~'l~n~l-J curcumin 300 q q IV q __ 

I f ~ ~ I I ~ 

mg/kg Y1ijn'lJ'~ ~~-:!~'EltJYl~ ~ vi-:!~n~lnYl LntJ'J~'El-:! nun'lJ'~ !?l~'ltJ'JtJGJJ'El-:! L6JI~'CfUJ'~~1'VltltT-:!L~ 
~ I 

I <V I <V I .c:I I I ~ • ~ 

'VlJ''lULLtJlIJ1!?l LLIPI~~nj'ltJu-:!IIJ1'J'l'W'l~~Ln!?l~'lnn1J'IPI'ltJLLUU apoptosls (17-18) en-:!111'J~ 
f f ~ 

oxidative stress 'El'l~iJ~'JtJLntJ'J~'El-:!~'JtJ L!?ltJ~uiJn1n~l-J~'.JGJJ'El-:!I1'l'J~ oxidative stress LL~~ 

n'lJ'Yi'l-:!1tJ~~~-:!'1I'fl-:! anti-oxidant enzyme ttJLsn~'CfUJ'~~1'Vl DRG ~~-:!n'lJ'U'l~L~UGJJ'El-:! 
~ 

L~'WUJ'~~'l'Vl (19) tJ'Eln~'lntltT-:!~n'lJ'J''ltJ-:!'ltJ~'l oxidative stress y'hL~Ln~ apoptosis GJJ'El-:! 

~ 11 iI iI d; ."JQ ,£ .e!! I

Len~~1.h~~'l'Vl b!?l (20-21) ~'JtJL~~tJ curcumin 'Vll-J~'Vlfi anti-oxidant ~-:!tJ'l~~~!?ln'lJ'IPI'ltJGJJ'El-:! 

Len~~1.JJ'~~'l'Vl~~-:!n'lJ'u1~L~uL~tJt.h'Wn~lnn'lJ'~!?l~-:!GJJ'f)-:! oxidative stress 'Elrj'l-:!lJ'n(;l'll-J 
~ 

~'lLtltJ~~~'fl-:!~~~t!~~~~~'ltJ~L!?ltJn'lJ'IPIJ''J~~'f)UI11'J~ oxidative stress LtJ DRG ~~-:!~'ln 
cu q J.9 

n'lJ''1~ curcumin LtJn'lJ'~n~'l~'El11u 

L~'flt)!?lJ'~tJ~n'lJ'-:!'El n'1~~GJJ'El-:! L~tJUJ'~~'l'Vl ~U~'ll~iJ r1'J'll-J LLlPln ~1-:!J'~~~'l-:!n~~ r1'JUr1l-J nu 
q q 

I ~ I ~ 

n~~Yll~fu curcumin 300 mg/kg vi-:!Yl~U~16JltJ'l!?l~-:!n~h'J~~'ll-J'lJ'(1~!?ln'lJ'IPI'ltJGJJ'El-:!Len~~ 
ftl 11 11 I 1V ~ "I,.J d; 11 1V,.J ~ 1I."J .!' ftl 
uJ'~~TVl b!?l'EltJ'l-:!IIJ1!?l L~tJ ~~ n'lJ'fdl n~'l btJ·ti'JtJtJ~'El!?l A~'El-:!nU·ti'JtJn'lJ'r1tJ~tJ'l'VlGJJ'El-:! L~tJuJ'~~'l'Vl 

~l~LLlPln ~'l-:!'Elrj'l-:!~!?l L~tJnun~~ r1'JUr1~ L6JltJL~tJ'Jn"lJ n'lJ'~n~'lL!?ltJ Noorafshan LL~~r1ru~
q q 

LL~!?l-:!t~L~tJ~'l curcumin tlJ~~~~!ln'lJ'~tJ~~'l~GJJ/f)-:!L~tJt1J'~~'l'Vl~ 2 ~U~'l~~~-:!~'l~!?l LLt?1 

a cv J'~."J 1V !:. .e!! 11 11 11 f f ~ 
L'\t1'W~~on!?lGJJtJ'1tJ~U!?l'l~'Vl 3 LL~~ 4 (14) !?l-:!tJtJ~-:! LiltJ bth!?l'J'l~~GJJ'El-:! curcumin lPI!ln'lJ'AtJ 

I I ~ 

iI Q 11 ft I.e!! 8J .!' I cv ~ 11 I .e!!I n I n 

~'W'l'VlLL~~'El'l~J''Jl-J bU (1-:! n'lJ'-:!'Eln bVll-JGJJ'El-:! L'CitJUJ'~~'l'Vl ~~IIJ1!?l L~tJL~'ElJ'~tJ~L'J~'l ~'ltJ blJtJ'ltJGJJtJ 

:t£lbSD\ D'\ 6 'l 
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5. 	 ~~1.hb~~b~U'flbbU~ 
q 

Curcumin \.h~~~ t:H~ ~hhtJ~ ~n'lJ'~'ltJ"1J'~\l bsn~~1JJ'~~1'Vlb'Wu~uJ'~~'l'Vl1"1Ji'WVI~\lVl~\l 

b~'WUJ'~~'l'VlU'l ~ b~U bb~ll-l b~'W[:.J~~~ b~'W~'f)n'lJ'~'WVltJ'l~"1J'f)\l L~'WuJ'~~'l'Vli\ln'lJ'bL~ ~J'~tJ~n'lJ' 
, 	 iI , 

\l'f)nbVll-l"1J'f)\l L~'WUJ'~~'l'VlVlJ'~tJ~Lr;)~'l 2 iU~'ltf 'W'f)n~'l nUn'l J'~~ L~'lGJl'f)\lYl'f)\lb'W"1J'W'l~Vl~\l~\l 
'IJ 

iI 	 iI d 
'f)'l~~[:.J~~1\l L~tJ\lVhb,xU'lVlt!nr;ir;)~ ~~\l ~r;)tJ ~\lt!'Wn'lJ'~nM1 LntJr;) flU curcumin b'WJl1r;)~n'lJ' 

iI 	 , 

U1 ~ L~U"1J'f)\l L~'WUJ'~~1'Vlb'W'fl'W1 ~ ~~'l~~~'f)\lL~J'~tJ ~Lr;) ~'l'W1'W~'WLL~~~ n'l :nJfu LtJ~tJ'W~fin1J' 

l.,xtJ'l L~'f)1.~~1~1J'f.lUJ'~L~'WUJ'~~'VlfiJl1'W"1J'fl\l curcumin l~'fl£h-:J LLYl~1-\l 
." 

.)': ' .. 
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