
tf ± 

~{ft~ifBJt~ § 

Neuroprotective effect of water-dispersible hesperetin 

in retinal ischemia reperfusion injury 

( ¥~H~Jl[JfuNaUTiE~•'§:t~:f-HJ 0:51~-"'-7."' v'f-./OYt$fnI{5Hi5<:1J*) 

# * 11 !6 
1~133~Jb@L *Jfillff~, T0*::P~~, 3;=.j:j:iittW:, ~Ji::R:r, Subbadra P. Narayanan 

/l'(HBNr~, 1J,#tW:fil, Ruth B. Caldwell, :&IJi'iJ~:§'L -SITT~~ 

Japanese Journal of Ophthalmology. 2015, in press. 

•*m~•~~~c~~T0amtt~•~~, ~·••••~mw•0~tt~~0mwm 

W2 7J~ ± {:;js: C' db 0 ~ ::::. t1 ~ C' ~ .:t. G t1 -C ~ tc a L 7J~ L - ::.iJ C', JfrL Wm~ 7J~ ~ ·r1: {[:; T 0 J: VJ t lfL ~ 
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Neurovascular coupling~!!¥ l'f t10 ~W ft t!Lli ~1* ~if L -C ~ VJ , •*(pH:::.~\;\ -C ¥ltl R~t$mI)f-ffi 

R§ ~ * ~ T ;5 ::::. ~ It , ¥ltl R~ • • ~! 0 r ll1H~ ~ 7J~ 0 ~ ~ .:t. G t1 0 o -.:C ::::. C' iZ .'-< It , 7 7 * / -1 

F 0)-fi C' db VJ , ~~ft ~j]§~ ;:)~ ¥1H:\r 2: t1-C ~ k))-$:""-.A" v 'T ./ (WD-Hpt) fc ff§ L tc a 1l Jjs: 

fliJf J'E C' fj::' EE JfrL ·r! ¥ltl n~ ~ ::c 7' )V ~ L l i'JUtl ~ t1 l "\ 0 ¥ltl n~a JfrL ~ilO!it ( I/R) ::c T )Vy 1/ .A ~ 

Ytlv\-c, 5)-$:""-.A" v'f-./7J~£Em·r!¥ltlR~~fc~v\-c.f$mI1*~1'F'Jt1~3flwT07l~~~ili Lko 

1. ¥ltln~alfrL~i-fU!it (I/R) ::CT ;J,, 

C57BL/6'"'< 1/ .A~ Jt] v\ k a 500ml1:.3:!lL~:l;l[7j( * r ;v fc1*;m L tc 30G~t ~ 11§~§fJm17'1 fCf!~UJ\ L, 

* 1' ;vO) ~ ~ 1r 150cm~ C' 51 ~1-1::: ~'f-C §~EE~ llOmmHg~ C' J:.~ ~ tl:tca ¥itl~7J~am:!l\,J C' ib 0::::. 

~ ~ 1lt ~ L , [RJ :IX ,j ~ 4 O ))- Fiii *l ~ L k a -.:C 0) 1~ * r ;v 0 rWi ~ ~ ~ L -Cit ~ tt ~ T 0 ::::. ~ f ~ J: VJ 

~-~~-~Lko ~m~~./}-P-~~Lko 

2. 5)-$:""--7-.r-.'.'. v'T./ (WD-Hpt) 0r,t4 

WD-Hpt (0. 3 ml, 200 mg/kg/day) ~I/R0)305)-§f.r~ J: V:~ 13 7J~ G 1 13 1 @JRJi]~r:kJ;J)t4 Ltc 0 

M !'!~Hf:~ f~ It§:: ;i:§! jz :I;![ Jk (NS; o. 3 ml) ~ [RJ 1* f~ M.U~ r:kJ :JSt 4 L k a 
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3. M1t:A 1'v :A 0)~1iffi 

I/R 6a~rFl,~O)NltJBl&fflv\-Cm:::.1' u !7-1uy/m{:ifs:lc.J:0Western blotting&1T0ko 'i 

tc, ~)ffl-wJJl&1'ffiX:L, /t: Fu.::c':f-/i)A (DHE) ~13&1Tv\, iit7\'3~0C&1~UJELko 

4. --z-17 p 7'' !] 7"'-0)j&*,10)~)3,Y 

I/R 24a~ FF!,~ 0) Nltl Bl-wJ J1 :a:- m v\ -c mibalm {Ljs: tC J: i5 ~~ f4.g-§, & 1-T ];\' y -1 7 p ~' !] 7 0) ~~ll 

&~JI,~ L ko 'l!x IC y ,-( 7 p 7'' !] 7 ff-lllBfilt5!rnV-2ff-lllB§ lc<t L, i'eHt7=.filHpt (_rfu_ g:i le :to It i5 WD-HptO) 

1-t~ttjfo) & 3 * (Jii;f,~l!:OC 0, 10, 100 µ M) lC:B'lt-C~;/JO L, ~O) 1 a~FFI,~ !J ~~;Jf (LPS) 

&~;/JO (Jii~1IOC 100 ng/ml) Lko 4 a~FFl,1&lc.BV-2¥1llBfil&@llfl[ L, IL-1/3 0)3£~.£&/E:l:a"J 

real-time RT-PCR&Jt.lv\-CJE.£Lko 1~f'.1§1~lC.f3-actin&fflv\fco 

5. !f!];t~y:AO)~!f1iffi 

I/R 513 ~ 0) Nltl~ & Jt.l v\ -CWestern blotting:Js J: 'Cf~~~-§, &1-T v\, glial fibrillary acidic 

rote in (GFAP) 0) 3£ ~ & 1itll,'& L,fc 0 

6. 1<¥*Itri¥BJB§%0)~1iffi 

I/R 713~O)N1¥1Blzt;~;v--z17 / 1' lC};t L-CmNeuNmf:ifs:--C1$*Itri¥1llBfil&t~~ L, #~}~~f!!U~ 

--C ~ J& L tc @I{~ & 5G le 1$ *Itri ¥Ill Bfil ~ & *!z {it 1~ L k o 2' G le{~ §i le 00 L -C ti , IPJ C ilii ft r*J 0) 1$ {EI 

1tiHlllB§&*3cfil1~ L, I/R§iO)fit[&~Ti5::. c1:: le J: l'.J /-\~t / 1' *:if. c1:: Ltco 'i kI/R 24~FFl,1& 

O)NltJBl-wJJl[c)(tL-Ccleaved caspase-3(7~1'~Y:A00:@;JiS) O)Y2i~f4.g'J3&, I/R 313:(&0) 

Ni¥1Bl-wJ J1 [C};t L-CTUNEL assay&1'Jv\, 7 ~ 1' ~ Y 7' &~{iffi L tco 

7. mi togen-acti vated protein kinase (MAPKs) O)~lj[{[ffi 

I/R 6a~FF1,1& O)N!¥1Bl & J§ v\ -CWestern blotting&1-Tv\, MAPKsO)-"J-z" £l.tJ i5 extracellular 

signal-regulated kinase (ERK) 0) !J /M1~ & lt.~ L k 0 

s. ifVi5~t~a"JfliHff 

~!l!tt~i'~JE--Cf'ione-way ANOVA&iTv\, Tukey test&fflv\tco =*FFt,O)l:t;~lcfJ:Student's 

t-t est & ffl v \ k o v \ f :h ti P < o. O 5 & ;ff~ c1:: L k o 

1. WD-Hptf'i~{t.A 1' v .A. &~d> ~ itfco 

;::. 1' P !7 ,-( P Y / 0) 3£ ~ f'i, NSfjt-9-* le :t3 v\ -C I/R§i (NS I/R) f'i {~§~.(NS con) le )(t L *3 3. 

5{:g::J;~;/JOL-Cv\tco -jj, WD-Hptfjt-9-*0)I/R§~ (WD-Hpt I/R) f'iNS I/RlcxtLit-~54%:JfPrliU2':h 

tc (p<0.05)0 1f..k, DHEf4.g'J3lc:tolt0'.llt:J\:;5~0Cf'i, NS I/R--Cf'iNS conlcxtL-C*31.7{:g:--c<l.tJ0 

tc 0) lC xt L' WD-Hpt I/R--C f'i *3 24%:jfp mu 2' :h tc (p<O. 01) 0 
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2 . WD-Hp tf'i "<" -1 7 P (/ !J 7 0) fi5" '11: {~ ;a. mi ffjfj l-, ~ ~ '11: -if" -1 l- 7J -1 / 0) .im 1: ;a. mi ffjfj L- tr. o 

NS con0)7.-{7P!l.07t'i*-lll!m{;f;J\1J,~<, ~~0)-ffe:lt'~il:fl:a:-;ffL---C:kl~, ramified7J!J. (/F 

fi5 1r1:7J'l) --c' ~ 0 fc. 0 -jj, NS I/RO)?.-{ 7 P !l 9 7 t'i*-lllH§{;f ;J\* ~ <, ~ml ;J\~li1t'amoeboid7J'l 

( fi5'r1: 7J'l) --c' lliJ 0 k o -t- .ti,(;: :Xt L-WD-Hpt I/R--C:.1± ~ {fj ;J\ li!£ J.t--c ~ 0 k o t7z (;: BV-2*-lll H§ :kl ft -0 IL 

-1 B 0) % 33! £ t'i, LPS~3!R 3)t _q.~ --C t'i control(: .lt~ L- --C *~ 3. 3{if J:~ :fJO L- fc o - 1J, :te1i!7J'l .r-... 7. 

~ v'T/100µ M~:fJO~--Ct±*~59%:j'J!JmU L-k (p<O. 05)o 

3. WD-Hpt f'i (/ !J ~- Y 7- :a; ffjfj 1jjJ l- tr. o 

NS I/R--c' t'i, GFAPO) % m ;J\ Miilledlll H§ --c' ;ff~(;: J:~ JJO L- --C v' 0 ;:_ (: ;J\ ii~ ~:ti.Jc o - 1J, WD-H 

pt I/R--c t:t -:c 0) % m~ no !J\ ;ff~ tc :j'JjJ mu ~ .n tc (p<o. os) 0 

4 . W D - Hp tf'± I/ R (;: J: 0 7 * }- - Y .A ;a. mi ffjf J L- , ;pjl *I Ii ~ H§ jE ;a. mi ffjfj l- tr. o 

NS contc)<;JL-, NS I/R--C.t'it$~1~UlllH§~;J\37%~-'.t'L---C1t'ko -jj, WD-Hpt I/R--Ct±5%cJ)l~ 

Y (;: :jfp X. G .ti, k ( p<O. 01 L ~ tc, NS I /R--c' t± :± (;: tifl *I ~Hill H§ Ji (: i*J ~ f\.:LJi (;:cleaved ca spas e 

-30) % m :a:-~ Ix) tc o -t- .ti,(;: )<;I L-, WD-Hpt I/R--C t±-t- 0) % m ;J\ ~ G lJ" tc ~y L- --C v' k o TUNEL as 

say:a:-»f1H'fL-fc(: ::_;s, NS I/R--c't±cleaved caspase-30)3flmimftz:tc-~L---C7*' t--Y-7.~1H1: 

*-Ill H§ :a:-~~~ Ix) tc ;J\, WD-Hpt I/R--C t± -t- 0) ~!z ;J\ ;ff~ tc ~y L- --C 1t' k (p<O. 01) o 

5. WD-Hptf'iERKO)]) /fljt{~;a.miffj!J L-tr.o 

I/R--C-~il'J ~ t1.Jc.ERKO) 9 /M{~ :a:-wD-Hptl'i;ff~ (;: :j'J!JmU L- tc (p<O. OlL 

y M (;:;fj(; k t±, Jj:_rfn.'f1:*~B!U1E--C- t'iNADPH oxidase 2 :a:-::fr L- --Ci&i*U tcm1r±M~;J\ ,@€1: ~.ti,, -t-.h tc{f 

5 M{[j 7. ]-, v 7. ;J\ mBltc :tHt 0 tifl~fm*-lllH§jE :a:-~Jl:fl L- --C v' 0 ;:_ (: :a:-¥R-e- L- ko ;2fs:1ilfJE--C t'i, WD-Hpt 

0) 5i 1t 'mM1~1tffl :a:-::fr L- --c' M1fil 1r1:*~Bl;J1E tc :Jolt\ --CWD-Hpt;J\tifl~f*@Htffl :a:-%wT Q ;:_ (: :a:-1JJ 60--C 

lj!=j G lJ"(;: L- fco 

~ tc' 4- @J 1')(; k t± 1J] Ix) --c' WD-Hpt ;J\ M.rfu 1r1:*~m;J1E (;::kl tt Q 7 -1 7 ci :7'' !J 7 0) tid1'. {fj :a:-*£~ T 

-0 :=_ (: :a:- :iF L- tc o -z -1 7 o !f !J 7 t'i IL -1. B :a:- t± C Ix) (: T 0 ~ ;J1E 'f± -if" -1 l- fJ -1 / :a:-1J!i: ti:! T 0 :=_ (: 

--c-, M .rfu 1r±*~ Bl;JiE ft~- 0) ·i~'r±~;JiE :a:-£~(: T 0 * ,~, 0) rr3 ~.1% tc~ < 00 _q. L- --c v' 0 o Kumar G t:t• 

Pl< (r3 7 y ]-, tc :kl v' --C Hpt/J\IL-1 f3 0) ,@€ 1: :a:- ~!iF~ ~ -1t 0 ;:_ (: :a:-¥R-e- L- --C 1t' 0 zJ ;J\, Hpt/J\ -z -1 7 P 

:7'' 9 7 tc:Xt L- --C TIL!1Htffl T 0 /J• t±~itt L- --C v' ft v'o ;2fs:1i7fJE--C t±, WD-HptO) {-~~t~ --C lliJ -0:fe1if7J':J.H 

pt ;J\ LPS,\flU ¥.~rf 0) j:ff :j: -z -1 ) o ,;r· !J 7 tc :kl ft 0 IL-1 B cJ) % mt~ :1JO :a:- ui:I'~ :j:fp mU L- tc ;:_ (: ;J• G , WD­

Hptt'i-z .-r 7 a :7'' !J 7 tc ut1*ftffl L- --cm~ ;J1E ft JtJ :a:-%#¥-t 0 RT§~'r± l'.J\ 1F P~ ~ .n tc o 

- jj' WD-Hpt t'i M.rfn. 1r1:*~Bl;J1E t;:;. :kl tt Q ,;r· 9 :;d- - y 7. :a:- ;ff~ tc :j:fp mu L- k 0 !f 9 :;d- - y 7. t± Jj: .rfn. 

~ iWJ .rfn. • :!:k: '~ tc :Jo it 0 *~ m ~ ~ cJ) :t~ tJ 0) - --:::i --c &J ~ , m 1J 1~ r cJ) mi: 131 (: ft -0 *~Bl n B~ 0) ~PX: tc 

ti 00 _q. L- --C 1t' 0 (: ::i\5 X. G .h --C 1t' 0 o L- tc ;J\ 0 --C, ;2fs:1ilf '.iE 0) M:f Jf;: !J~ G , WD-Hptl±M .rfu 1f1: *~ Bl;!iE tc 

:Js~0*'~*•0)~~G~mmnn:a:-~W~-1t0~tc.~m••(:~~50::_(:ffi:iF~~.ntco 

~ G tc, WD-Hptl±cleaved caspase-3cJ)3fl3}!:j'J!JmU :a:-::fr L- --C 7 *' J-, -Y- 7. tc:Xt L- --C:J'fPmU a"J tc f'fffl 
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l,, tc 0 ;t tc' WD-Hpt ti1$:_rfu_·r!~Bl:ifE t~ ::}Q ft 0 ERKO) !) / ®1t :fr :jrjJ jfflj l,, tc 0 ERK Ii - ~~ ~"J t~ ti *al B§ 

0) 1:. ff-/ :7'' T ;v 2::'. l,, -Z- fjlj < ::. 2::'. i3~ ~Q G ti, -Z- v' 0 ;O~ , IDE¥~ --C: ti MAPK kinase ~Jl i!f fal'!Jt~ J:: 0 -Z- ERK 0) 

!J Y ® 1t :fr 1P lffU T 0 ::. 2::'. t~ J:: ~ 1$: _rfu_ ·r! ¥~ Bl :ifE t~ ::t3 ft 0 1$ ~*'al B§ % :fr 1P lff!J -9 0 ::. 2::'. ;a~ ¥~ 1!r ~ n 

'"Z'"v'0a 3l L,,fci3~0-Z-, WD-HptO)f$~{#:Jif3?}J.:l'IUi.Pt~< 2::'. tJ:.~O)f~ff::f?)l-l,,-Z-v'0 2::'.~*-.G 

.hfco 

.l2J, J:. 0) iFt =*:a~ G , WD-Hpt;O~ 1$:_rfu_·r!~Bl:ifE-"-E-7';H~ ::t3 ft 0 ®ft 7- }- v 7-, ::t3 J:: lf .:C ti, t~f* 5 *:ifE~ 

7~ }---/?-, ERKO) !J Y®1t:f?tfpfff!JT0::. 2::'. ~¥~Blt$~*'ffiB§:f?{#:Jif-90 2::'.~X. G.hfco 4-1&ti:£:JW 

~40)~~Gf,m~~ltM~~~~~~~~~0)~4~~:f?~~L,,, ~*~JtJt~~~tc~~ 

i3~ £, ~ ~ lb 0 2::'. ~ *-. G n tc o 

1. WD-Hpt;D';1$:_rfu_·r!¥~B5JJ1E-"-E-7 ;vt~::t3v,-ct$~{#:1iffp)tJ :f?ffeT::. 2::'. :fr~ G !Pt~ L,, tea 

2 . .:c O)~ff 2::'. l,, '"(" m®1t ftJtJ ~m*ll fp JtJ' m 7 ~ }- - -/ 7- ftJtJ ::}Q J:: tf ERKO) !) Y®1t 

1P m!J t~ ~, ;a~ ~ X. G t!Jc o 

3 . WD-Hpt ti1$: _rfu_ ·r!¥~ Bl:ifE 0) 1-&~ ~ 2::'. L,, -Z- ;ff JtJ ~lb 0 2::'. ~ X. G ti, tc a 

JtJ 
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ii~ * t~ 1$ iflI 1* ~ 5<")J * ~c ~ L -C r:t * %1 --C &> 0 I ""' ,A ~ v 7 / J ~c B: § L m tfr 
L tc. 0 bITI .Ifil ·ri. *~ ~ 11£ -t- :::f }V ~ L l r:t ' rJL Jtl ~ :h l v' 0 "? r/ A ~ H~ bITI .Ifil w ti 

1fiE ( I/R) -t- 7' Jv :a:- Jtl v' , 'If]~ ~. ;t3 J:: V 1:. iflJ {1fH fJE 0) fJE ~ ~C 0) 0 ~ ~ 1iJf ~ 

:a:-~ 1-T L tc. o ""' ,A ~ v 7 / 0) 5<")J * 0) :M~ f}f 0) tc 'dJ ~c I 71- !Y:""' ,A ~ v 7 / J :a-:­

Jtl "' tc 0 'i: -r, "? r/ A *~ H~ I!R -i:- 7 ;v tc :t3 vt 0 ~ 1r: A r v A tc 0 "' -c ~~ 1nn 
L tc 0 ;:: r !) !7 ,-{ p ~ / ~ :,/ t F p ::c T :,/ r/ A ( DHE) 0) 56 m :a:- iit :J't 5m pt 

tc J:: ~ ~1¥ 1nn -t 0 ~ , j1lij * ~ t tc 71- !Y:""' A ~ v 7 / klb rJE tc J:: ~ 56 m ~ ~ iiLJrp 

mu ~ :n tc =- ~ tr> G , ~ 1r: A r- v A ii~ i:1fl :& -r 0 =- ~ ii~ l3)j G ii" ~ ft 0 tc. 0 'i: tc. 

Iba-1 ~~~{g;t3 J:: V IL-1 [3 0) real-time PCR rt (CJ:: 0 JE:t'.M~tffMf *, 5J-ifc 

./'-. A ~ v T / klb fJE (C J:: ~ ~ 7 p ,;t' !) ;;d-~ ~ A 0) 1JjJ mu ~ m ·~ 1t ~ 7 p ,;t' !) 

7 --c 0) -it '1' r- jJ '1' / !ii. ~ ii~ :trP mu ~ :n 0 =- ~ ii~ l3)j G tP ~ ft 0 tc 0 71-~ ""' A ~ 

v 7 / tc J:: 0 ~1t A r v A ~5C~ 11 Jtl ii~, *~ H~1$ {EI *-W H§ 1* ~i 5<")J * :a-:-11" T t0" :a-:­

IR 7 13 ~ 0) It\~ Jv --Y r/ / r *~ H~ :a:- ffl v' -C ~ 1rffi L tc a 1$ iflI *-W H~ 7 -- jJ -- --C &> 

0 N euN 0) ~ ~ ~ 13 (C J:: 0 :M~ tfr Mi* , 5J- ifc""' ,A ~ v 7 / klb ~ (C J:: ~ , *~ H~ 

1$ iilI rm *-W H§ ~ 0) iffiX jr ii~ 1JjJ mu ~ :h 0 =- ~ ii~ l3)j G ;0--.. ~ ft 0 tc 0 ~ G (C ~ H~ bITI .Ifil 

-i:- 7 ;v tc :tcJ vt 0 7 u 7 If> r- ~ ~ A ~ -=t- -r: &> 0 ¥5- ·rit 1r: ~ jJ A /~ -- y 3 0) 56 

m ii~ 71-~ ""' A ~ v 7 / tc J:: ~ 1JlJ mu ~ :n tc =- ~ ii" G m: 7 If> r- ~ ~ A 11 m :a-:­

ffi T =. ~ ii~ l3)j G ;0--.. ~ ft 0 tc o 'i: tc , 71- We""' ,A ~ v 7 / ~:t ERK 0) !J / ~ 1t 

t ;Jrp mu T 0 5<")J * :a:- fif 0 =- ~ ii~ l3)j G ii'> ~ ft 0 tc 0 JJ. J:: i'J) Mi* ;0--.. G ' 71-Wc ./'-. A 
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(C 1* 5 ~ 11£ ~ 7 If> r -- ~A' ERK 0) !) / ~ 1t :a-:-1JlJ mu T 0 =- ~ --ct$ iilI *-W H~ 1* 

·~*:a-:-ffi-t~~~Ghfco*1ilf~~,~13jjO)m~~~~O)l0~L-C%1 
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~ ft 56 fl -r: &> 0 0 
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