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, EZRTHERIE THY, HARE (optic nerve) 24 L TR N4
%o MREROHEEIIIMEE L NEW D20, SEETIRE 3T 3 @60
N TN D, SMAI B AMEE [AIE (cornea), BRIE (sclera)], I [ARFEMEE (choroid),

5]

2

W% (iris), BARIR (ciliary)] 38 L OWIE [MEE (retina)] & 72> TW5, 0D
B, AHARFRIIC S HIZ 10 Bz RS, PHTE D NEESRUE (inner limiting
membrane), FIREARAERE (never fiber layer), #REEEI#IMLE (ganglion cell layer),
WREIRJE (inner plexiform layer), PNYEKIJE (inner nuclear layer), #M{E{RJE (outer
plexiform layer), #FFE¥IJE (outer nuclear layer), #F#% 5t/ (external limiting
membrane), fAAIIESE (photoreceptor layer), 35 & OVEMEESE LFZ (retinal pigment
epithelium) 75725 (Fig. 1), —J, WEMIX, KA (lens), HTIK (vitreous
body) 3 L OMREEK (aqueous humor) TH %,

Vitreous body

__— Inner limiting membrane

3 } Never fiber layer

Retina Ganglion cell layer

Inner plexiform layer

Ot | ; ;
tic nerve X } Inner nuclear layer

Outer plexiform layer

TN Outer nuclear layer
\\1=— External limiting membrane
Photoreceptor layer

Fig. 1 Structure of ocular tissue.



MR TIE, BRIC A o 7RI K SRR TR A8 0, Sl A e 5
N AR T o A HAMARIC & - Tz S v b, SRR IZSEAHERE 3 I OVFF A
BT or o B, SEAHAITHEE O D OB E T L TEEL, SA0EaR
D, ZOHERMIEICIE, AREK T D8 (L ), #E2RCDHEE M 8
1K), HEIEC DM (SHEAE) O 3FEENS D, —J7, FHMIRILES X v JE2
IZEBOAM LT, L LTr RV U2 E0RHICE Y ENORECH W T
HEECDENTE D, HMRTE LR (EEEN) ~L A Ini-
%, SRR 3 X OVWHERLE ICAF7E S 2 Wi, ARl L7 ~27 U v
M7 & 2T, BRI HERRE O PN O 4R BRI 8 (A7 AE 5 2 M s
fid (retinal ganglion cell: RGC) (2RI T 5, ZD#, EOfF 5 ILMBEARRRHED
DM ZRET, PR AMEFRIMEx DD FICL VG L LTRSS 5,

ORENZIIT 2 FmAHRREEDSE 1 MEHNETH Y, 5 2 MLABEIRIE
MARE, 25 3 (MLOSHENEERZEMHE, 9 4 MOSINE B EIE & 7o o TR Y, W
T HMEELZ S ORIRTEERE TH D (Fig. 2). £72, MEREBEZMEAE XK TO
HFOREHRROH 1AL TH D, L L b, BUEZNDORBIIKT HHEE

Glaucoma
Other 26.5 % 20.7 %

Retinopathy of
diabetes

19.0 %

Cataract 3.2 %
Myopia 7.8 %
AMD

Fig. 2 Cause of blindness in Japan (Ministry of Health, Labour and Welfare).

AMD; age-related macular degeneration, RP; retinitis pigmentosa.
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7RI K OGMVEH 2 VB IEIE TN L TV ey, fkNRELE, B AREN TRk
O BFEITH 60 T (EAETBE 2008 4F) ThHY, BWERHERES (ZIHAA
Z T 4 — :2000~2001 4) (Z& Y 40 LA ED 5.0% (20 A2 1 A) IZFAEL TV
5 Z ENHEH LTV (Yamamoto et al., 2005), fgPNFEiE, [HRARRE & L8 A4
&z A L, B, REZ+HSICTRIEL 2 LX) HmRESE 2 8EE b
L <UL 5 2 IROBERERIMER R T 2 Fr & T0RETH D, ) LERIN
TEBY, ZNETORBRFIL, FINELRRETFTEEREICE>TIRELZ FIF5
ZEIWZERPEINTE T, LLRRL, RETHEA+THSTHDLITE 0D
ORI R E NS EITT 2 EFEIREMANESE)NZ RE S THB Y  (Tomidokoro,
2006), ZIE A Z T 4 — TIIXARRNERE DK 710% % HH T\, 2O X 51T,

PR DFIEICIRELIA DR F2EE L TWD Z RN RB IS TEY, TD—
& LT RGC OMIEIENZE T Hivd, RGC OMIIRSITIE, FEMET I /B
(McKinnon, 1997), fi2{t. 2 b L 2 (Muller et al., 1998), —fi#{l %23 (Neufeld, 1999)
BIOVMEE R LR (Gould et al., 2007) 72 EDfx RRFIC kW E &Lz &
ND, ZOE DT RIRFIZ L - THISED Bl & Z S D RGC X, HkIIE
(ZHET D T R IR 2 7 5 T E R IIR S D, BEIRFREIEE L, BEIRIE 3
REBHEDO O EDTH Y, HATOREIC X 0 FFHE RIS NEIBUE, AR R
e, HIEREARIRMEEIED 3 BfEICoHEIND, 2D O b, HGEHEIRIEMENEE T
ZFERGEH O BT D BIJREE (L OERIZ XV, #EE oM g #E23PAZE L,

FEIMRAEICIA D 2 & CHAARIMEFANHE SN D, M ATk« 22 858K
F L IFIRFDONRT 2O ETHIE STV DAY, 48 PN EGHRE O HE5R I L.
BN AR (vascular endothelial growth factor: VEGF) 7 3= 22 7 1A+ &
LT TV D, 2R, HEBIENE PRI R IEE F8 4 Ol TR P17 VEGF 23
HHEINTEY, @ELETEOFEICHEELREEHLFOLEZLNA TS



(Funatsu et al., 2003), 25 72 MEFAEL#V RSN D Z & T, M AREHMCES]
PEHEIERIEE 22 S oW AE 25 S I L, REMIITEAICEDS, 20X, b
PRIGIEIEE DR BEOMEITIZIE, VEGF (252 B 72p i g Bk NS e &E % Jor-

LTS EZZHND, MEmsEBEZAMIEIL, 50 L LD ANDK) 1%I2 2 641, N
e L BITHBEOT L THLIEMANETE SN LOGEETHY, REDITD
EFEMEI LB 2 DICHTAI D, FHEIITHEIRE AR ERE AR 2 ICFE M L
TWE, HHEHAEEINLIHEETH D, BHANINREE &M ERZo
T DV M & AR B OMICRE Z2F/ELENEAL, HEEREE
SNDHHEETHD, WThb, HOPRAIUETLTNE, PR TEHICED,
ZORKE LT, s X ORE Rl B8 AN, AIEDEEARIZ K D%
JER L OYREOHEIT H S STV % (Hirakawa et al., 2008), F 7=, HEH~<—2A
DIERZ xS & UTIEFIRHRAFTEIZ B8V C, mIf I I A 38 28 MR IE o JR IR
=D L EWME SN TS (Tomany et al., 2004), Z D X 512, INEBEEBEEM:
JiEF K OB B ASMEIE DR RE D WEATITIE, LR X ORI B o 4
ERELTWDHEEZBND,

T4, B EAERICEA LA EICB W TEREOEmBEN RS S TR,
VEVEE IR LI TBNCAREEER - PRABERSIEH STV 5D, RIS DENIHE
B <2 & THEEOE (quality of life: QOL) DR F &2 <SEHMNAIREL 725, D
7, REFER - THERE LT, kx5 G L, 1 oRIERODRN0E
TFOREREME RS (MY XA b)) REPMEM SN TWD, £, ZOHKEE
PR OTHIE, 2010 H12 6,488 B L 72> TRV, FEAHIML TV (F+L
) L L3S, ZiUOHEREMER I IZ AR Z L WIE b4 <
FAEL, RBER - THERICKT 2RFRRM (= B 7 0 ) OERAE E -
TW5d,



Bk [Oryza sativa L. (Gramineae) | 1%, A KTHY, HE7 Y7, FEB L
CHATHE SN TS (Fig. 3), SRHICIIERREE (T T =0) BF
FNTEY, BRMEERHELT NN, TARZ UV —2BIXNEICIEASERS
NTW5, BRBIOT v b7 =0 0L -0 B E IS B4 215813 %
< FEhE S, 2 E TICHIER{EIER (Ichikawa et al., 2001; Chiang et al., 2006; Jang
and Xu, 2009), o-7 /b= X —EHEEM (Yaoetal., 2010), HLZRJFEM (Nam
etal., 2005; Chen et al., 2006), FFR#E(EH (Houetal, 2010), &7 /Lo =4 —FH
EVEH (Bralley et al., 2008), HUbE/RIFIEH (Guo et al., 2008)F L UMLIIELSEH
(Hu et al., 2003) 235 S TWD, BAEEARMERIEY (purple rice bran extract;
PRE) DAbFHE L OVEWFHEEIC BT 2385 O OLRIOMFZEIZ B\ T, 3 F
JDOT > b7 =2 (cyanidin 3-O-glucoside, peonidin 3-O-glucoside 33 & O
cyanidin 3-O-gentiobioside) % Hifff - A& L TV % (Tamura et al., 2010), Z D
cyanidin 3-O-glucoside 2ZRDBMIBIZZ < EEN TV D FF Y U OFEME
RAEE L, WENEIS O SEEPARKEE 77 A BT 5 2 & 3 STV % (Matsumoto
et al., 2003: Morazzoni et al., 1996), £7=, B/ =7 F 7 =ZBWNT,
~ U AR B A ISR KL OELE T X B2 T D N-methyl-D-aspartic acid
(NMDA) #F%~ 7 A MR EMEIEH 2 s ST % (Matsunaga et al., 2009,
2010a), 7> b7 = EEEOIRNBATIZE LT, Matsumoto HI1E7 > F o7
=207y MEAR X OMEENE G £ 72137 P IEIRNE 5%, s Lo
IREAETT Vb7 = OIFEEMER L T % (Matsumoto et al., 2006), F7-,
7 v MERERNEGREOIREES LWL O OIRMEH 07 o o7 = R E
AR LD b E o FEERE L TS, S5IZ, Kalt Hix7 X E2HW=T
VR T = oROEES T, ], FiEB X O TEOFEELHER L TS (Kalt
etal., 2008), 2N DHDOWET, 7T by T = RN &, &0 F FIRM



MAZ B ESND ZEPHOENE o7, LER-T, ZHbOmmAEIE, Bk

TR T = OBECH £ - iR Y 2 @i LRRENICRAT T 5 2 L EoRIE
LTWb, LoLaens, BT T =007 L9 7 IRE BRIk
T HVEFIZOWTIEIA S M STV,

Fig. 3 Pictures of purple rice.

ARG CTIE, IRERBICHTHEKRTFAB L OZF DO EERLS) (cyanidin 38 LY
peonidin) DN Z B FEER TINRET S 72, AIEDEHE MRS, /INak A

b L A MBS 3 K OY VEGF i S8 i 8 £ 9~ 2 RIS D TR
L7z,



B E AR E kT B Bk R L OV DR

57 DAEH

F1HED S
FARYEE, KB B2 TiEe <, BT R L UL A 4 — K (LED) X7
LE, EHEMBIORNYaroe=4—0 N THRBEIICE > TEKR IS,
HAREGLHERR X, WERTIZE1 29D f.x 0By DR S 70 IR 3 5 #E AR,
HLL O SIRPER 7 EICBE b 2 #iR o 2 FEOME TR T\, &
HORERHIC L T, vURABIRT v MTBIT 2 MEGMIEDOZEMED ]
L Z S (Noell et al., 1996; LaVail et al.,

1987), T 72 AT BT AR R 2 % Light
b EEZOND, SbIT, KM
S, ISR (age-related macular  OX1dative Stress
degeneration: AMD) DFSIEFIKD—>T
BB L b, WO A L ROS 1
(Hirakawa et al., 2008), #EMH~—Z2D{ERK;

Activation of
ERGE UTEGIRBIIEICE T, # caspase-1

£ 32 22 PR JE  (retinitis pigmentosa: RP)
Depletion of
DFERDO—DIZ b LHREIN TS
JR A DN D W i NF. 4 B
(Tomany et al., 2004), HARIB L OT A U &
IZBWT AMD B KX ORP 1, A DER

Apoptosis Cell death
PR TH D, 2D AMD BLT

RP IV d, HAMEMICHMIROT R b Fig.4  Mechanism of light-induced
R AT B ST B CHE— photoreceptor cell death.



SRR TH HEMIOMINEIL, RAwEEcHY, KEiE (BH) BIO
R HAEEZ R L, REMICHLOEERBICES, ATHIEHEREO RN
FEVE, BRfb A b LA, IEVERRSETE (reactive oxygen species: ROS) D pEAE, caspase-1
DIEVEL I L O NF-xB OFEE & Vo 2B THRE 2 2 fiaiglc L > ThlE i 2 &
N5 (Fig. 4) (Krishnamoorthy et al., 1999),

b h ORI Tl b IR THEE M L < (13 ml/100 g/min) , ZIVEIT A
—R—=F X RT=F T TH ((0y), B KX T U0 (OH) BI04
fefb/kE (Hy02) @ ROS ZHEFHIZAE LTV, ROSIEI b= RU T D ATP &
PSR RO B e D P R AR I B W CEHEE R & 2 LT\ 5208, 4K D ROS

EPURRILIEMED N T U ABREAN D £, DNA, % 237831 X OWRE O M iuiE Kk
WENRL S, 77— NEEIREELAE, AMFEZEdS K OMWE IR IR HENE 0O 45 Rl
REBORBIEICEGT2Z 85N Tn5, ROSOHFTYH -0 OERLAEIXFI
TnEL, A TR ERIGL, BAMRICEEINDS LTI Iz
AT Do ZDT T HIVITE bR 358 < , @A IR E (b 2 (e L DNA
BLOMEOREEZ 5| 3, T E T, ROS IR EVFEEIND Z
SR HMREENERE SN D Z EIZER L, HiFg{bAITH % ascorbic acid %
DA NENE EERIZIB D TH L NIZ STV S (Li et al., 1985; Organisciak et
al., 1985), L L7227 o, kA b L ZREEIXZ OWNE O o 27 L Z i+
T, MRE L THEREELZ0E < ORBOETEIRET S,

Fram Cik 7= X 9 IR KR 4 (purple rice bran extract; PRE) Db
B L OVEHFRIRFEIC BT 5 S OLEIOHFEIZ BN T, 3HHEOT » Mo T
= ¥ (cyanidin 3-O-glucoside , peonidin 3-O-glucoside 3 & ' cyanidin
3-O-gentiobioside) % Hifff « [F€ L C\ % (Tamura et al., 2010), ZA 5D 7T > bk

VT = UBEEINFHEFED A2E (VR T AF U DEICEIERS ) BA MG E B



k= o9 2 IHIER 2~ 35 X W (Jang et al., 2005), PRE % A 17 G55 5
TEAMRRREE O L CIREIER 2R T O TIERWnE £ 2, AFEE £ L7,

ARETIE, PRE BIORZEOFEL I THDHT » F 7 =2 (cyanidin 3 LW
peonidin) O "B NFEFE MM E (2T 2 ERICOWTHRF LTz, Aoz~ v
AHSREMIETH D 661W & T, AIEDEREEI ST HEHIC OV TGt L
Teo F1o, ZFOIERBEFREI O 72 DIZ AL O ROS PFEAEICKTT H1EH & 36
2, B AU IIBTE (electron spin resonance: ESR) % MV T, PRE, cyanidin
B LN peonidin OFIRBILIEME A RE Lo, mEZIC~Y U ANEEET LEZHWT
SRR E 26 5 PRE OFEH & fGT L7z,



FH2H EBRMER L5
2-1 EEBA

T =V 3-0-7 Va3 K (cyanidin 3-O-glucoside), A= 3-0-7/La
R (peonidin 3-O-glucoside), 7 =3 (cyanidin) 3 X A =" (peonidin)
I, Extrasynthese (Genay Cedex, France), Cell Counting Kit-8 (CCK-8) (%, Dojindo
Laboratories (Kumamoto, Japan), Hoechst 3334235 X Ufpropidium iodide (PI) (3,
Molecular Probes (Eugene, OR, USA), 5-(and -6)-chloromethyl-2,7-dichlorodihydro-
fluorescein diacetate acetyl ester (CM-H,DCFDA) ¥, Invitrogen Co. (Eugene, OR,
USA), 1,1-diphenyl-2-picrylhydrazyl (DPPH)$ K U6-hydroxy-2,5,7,8-tetramethyl
chroman-2-carboxylic acid (trolox) (¥, Sigma-Aldrich (St. Louis, MO, USA),
5,5-dimethyl-1-pyrroline N-oxide (DMPO) %, Tokyo Chemical Industry Co., Ltd.
(Tokyo, Japan), hypoxanthine, xanthine oxidase, EFE{L/K % L OFeSO41%, Wako

Pure Chemical Co., Ltd. (Osaka, Japan) & ¥ ZiLZiUEA L7,

2-2 FEBRITIE
2-2-1 HKk=F% X (PRE) O

R (100 g) 1E n-hexane (500 ml) CHLAE L 7=, 2R CHUIE KM % i2)81%,
50%= % /—/L (500 ml, 50°C) T2 KEfijfht L7z, k% Ak, RHE - 5
L Tt a2 157-, <Ot % DIAION HP-20 column (Mitsubishi Chemical
Co., Tokyo, Japan) (ZWH S &, KTEHEEF LI, TDO%, 70%T ¥ ) — /L CREHE

, EHIRZ MG - 52 LKk % X (PRE)2.8 g #1537,

2-2-2 HPLC &5#r

PREH DT > M7 =& 8IX C18 17 A (Develosil ODS-UG-5, 4.6 mm i.d.

10



x 250 mm, Nomura Chemical Co., Ltd., Aichi, Japan) %z HV>C HPLC (Shimadzu,
Kyoto, Japan) (2 THOHT L7=, BEHBIZIE 10%XEE viv(A) BIOXE/ 7+ b=
R UL AR ) —)V/7K (10/22.5/22.5/45) (B) Z Wiz, 7' Z v ML, 0
min, 90% (A), 10% (B) ; 40 min, 65% (A), 35% (B) = H\ 7z, ¥i&ElL 1 mL/min
&L, HIEIZIEL 520 nm DR %A AV 72, PRE @ cyanidin-3-O-glucoside 35 & O}

peonidin-3-O-glucoside DF EILZILZEH 2.9%FB L TN 02% Th - 7=,

2-2-3  AfaksEE

~ 7 A{EAHAE (photoreceptor cell) Td % 661W IL, Dr. Muayyad R. Al-Ubaidi
(University of Oklahoma Health Sciences Center, Oklahoma City, OK, USA) X Y &
Hxirz, 661W 1L 10%FBS, <=V (100 Uml) BLUOA LT h~vA v
> (100 pg/ml) &4 DMEM £:#1C 37°C, 5% CO, 5t FCHs#E Lz, ML 2

~3 HBEIZ MY TV ALERIC KAk LTz,

2-2-4 AT FE AR I SE AR

661W % 5% 10° cells/well 352 96-well 7L — MIFERE L, 37°C, 5% CO, i
TC24 BRI R LTz, £ D%, 1%FBS &1 DMEM BilCE#a L, &l %
WINLC 1 WS %, B0t (Nikon, Tokyo, Japan) % AVNT, 2,500 lux
DRI ST C 24 WeffEEFR L7, ZEMIIa%U 3 WST-8 (Cell Counting Kit-8) %
HWT, S~V DORIEEIT-T-, 492 nm (ZRIEE, 660 nm) DOJE %
spectrophotometer (Varioskan; Thermo Electron Corporation, Vantaa, Finland) % V>
THEL, A~V ol bMias itk Lz, SEMREOFAMmIT,
Hoechst 33342 (8 uM) L OYPI (1.5 uM) Z WL, B %170y, OLYMPUS

[X70 D ag AR S EAEE TRy L7,

11



2-2-5  AIHLEEE%E ROS PEA D RITE

661W % 5X 10° cells/well 352 96-well 7" L— MIIERE L, 37°C, 5% CO, &M
T C 24 WefiIEEAE L7z, D%, 1% FBS % ¢» DMEM K7HillCE#L L, &alkt4
WAL T 1 FefAEE %%, HEEEST (Nikon, Tokyo, Japan) % VT, 2,500 lux
DICHRET A T C 24 FFfEREE LUz, B2, CM-H,DCFDA (10 pM) ZiRNL,
1 IFf#], 37°C TA > Fa~— |k L7z, H)6IE, 488 nm/525 nm O YL/ # Ot & 2
spectrophotometer (Varioskan®; Thermo Electron Corporation, Vantaa, Finland) % i

WTHIEL, ROS FEAREZEH LT,

2-2-6 ET AL B (ESR)

DPPH (200 uM) ¥ X OERBHAR A S & T DOIRG Lz, 2B A v 3k
ISEEERE A OB AN, EFAE L HIGANT MAVOREZIT -T2, 723,
DPPH 7 YV DRIEE, @B ZIEE L THE 2 0%ICHm LT,

‘0, 1% hypoxanthine-xanthine oxidase It Z & U ARk L7z, &#VEHANK, DMPO
(0.5 M) , hypoxanthine (5 mM) ¥ X U xanthine oxidase (0.4 units/ml) % %3 D
RBE L, Btz E A v BRENEN O I AN, B A IR
7 MOWEEAT- T2, 728, 0 OWIEIE, xanthine oxidase ZINZ T 5 1
IRIZBRRE LT,

‘OH 1% Fenton ST X 0 ARk LT, % 3lBHA#L, DMPO (1.8 mM) , & bk
F (2mM) BENFeS04 (0.2 mM) Z#ZH&ET DIRA LTz, REIZE A B I
EEREMNORVICAN, B AL /AT MVORIEZIT- T, 723, -OH
DOHEIX, FeSOsZMZ TnbH 1 53#%IZhM LT,

B A BB (JES-FA 200, JEOL, Tokyo, Japan) DHIES!EIE, LD

12



L O IZEE L7z (center field 330 mT, sweep width 1.5x10 mT, sweep time 4 min,
field modulation width 2x0.1 mT, amplitude 5.0x100, time constant 0.3 s, microwave
power 4.0 mW (DPPH 7 ¥ 7/V) £72138.0mW (0" XL -OH) , £/, &

A HIBIEEOHE Y — 7 1TEEWE TH o~ T DEF A B G A~
7 RMVTHIIE L7z, DPPH 7 ¥ #/b, -0y 3L -OH OIFERITE A L4
AT MVOEBENLEE L, & IhHEREND 50%MERE (half maximal

inhibitory concentration: ICso) % H L7z,

2-2-7 FEBRENY)

TRTOBWERITL, KERIERRNFZEYERRE B X ICEYEBKEHE 21T
W, FFRI RS TCHEN Lz, £z, THEB X CIRBHEIC BT 28 oIS
VWT®D ARVO EE (The Association for Research in Vision & Ophthalmology
Statement for the Use of Animals in Ophthalmic and Vision Research)| (Z % U T3k
AR Uiz, 7 BEENE ddY ~ U A XA A= 2L o —#E . (Shizuoka,
Japan) X VEEA L7, B E HAEK FICREEEEE (CE-2; CLEA Japan, Tokyo,

Japan) Z W TEIF L7-,

2-2-8 AL~ U AR R E

~ U A% 24 B SRR R TERE LIGIEIS S 7, JElRE 30 43R0 1% 2
3 kL — I (Santen, Osaka, Japan) | J V) Bl SE7-%, $HED OXmEET
T IAERUEERE O FCH @] (Toshiba, Tokyo, Japan) % FV T, 8,000 lux ® Y
BRIEFC 3 KM~ T A &8ETHZ LI L MEEREEL2EAR L7z, PRE (10
ngleye) X, JEHRES 2 RERIATICES TAANE G I KV IERARE Lz, #5 5 B
(CARER 2 fii tH U, AR 21T o 72

13



2-2-9 AT

~ U AREKRZRH L, 4%/ 3T KLV AT /T b RE&A 0.1 M phosphate buffer
(PB) (pH 7.4) % 2 pl i AN G- L, FIHRIC T 24 REMEE L7z, DWW T 70% =
2 ) —)v 2 I, 90%T % / —/v 2 IKf#, 95%~ % /7 —/b 2 KffH], 99%~ % /
—b 12 W§fl], k=% 7 — L 2 B§fx2 [B], o Ly 2 WERIx2 |, F L 12
WP, RfE ST 7 ¢ o 2 WefE]x2 18], @i NT 7 ¢ 2 12 RFE DN RE STz,
FD%, X774 ICTIREKZE# L, 7 1 h—2A (Leica, Tokyo, Japan) % H
W, Sum OEIFEERIL, AT A K2 F A (Matsunami, Osaka, Japan) |Z D+
37°C I C—Meizi L, |IBICTRF LI, ~~ hxv U v - =4 v el
ETHOICNRT T 4 VU REZF L AR LTI 7 0 &P LT, HVT
BeBERIC T NV a — VIRE A PP RIRICIR L, BEKICRE LTk, ~~ %
DU RIS 2 p ), oAV RIS S iR LT, BRBERIC T v — v TK L,
FULUTEMUAA Ty NEHAWTE A LTz, MRREEOFMIX, £~
VIZOE 3O ZEEICHI U, SARRERLEA .05 240 pm MFEIZIS1T 5 HAMI
BLOERMOIPERIE (outer nuclear layer: ONL) DJE & A I Uil 247 - 7=,

2-3  HEEFEERIFEAT

FBRRE RITT N LR TR L, AR S% U T2 AE L Lz, #ial

LHRIFEHNTIE Dunnett’s test 33 £ U8 Student’s t-test 2 HUWNT{To 7=,

14



3 RER

3-1 AL E IO 2 Bk % 2B LU Oy OEH

IO PRE F6 K OV D T2 ple sy D AT B RS FEAR MMM S (S92 1EH 2, 7K
WHET N7V 7 A ThHhDH WST-8 28 taildi & L CTHV 5 WST-8 assay (LY
M U7z, ATARYERREHIZ X o THMIAE (661W) DAELFRRIL 22-57%F T F L
7= (Fig. 5)o B KT % 2 (PRE; 10-30 pg/ml) 1& A4 G T SRR FE 2 1 oeh L C i
FERAERI DA B ER 27~ L= (Fig. 5). £7-, PRE OkY TH S
cyanidin (10-30 pM) 35 X O peonidin (10-30 uM) (28T H A B 2 HNHIVEH 2338
B Bz (Fig. 5), fREMRBIERLAITH D trolox (10-30 uM) 12 H A & 72 fHl1E
AR ® 5z (Fig. 5), 23T, Hoechst 33342 38 L VPl & iV TR G4 %
ATV, FERIRLER A HE L7c, AIBDERRGTHZ K- T 661W DOIEMIERIT 12%E T
(ZHIN L 7= (Fig. 6), PRE (10-30 ug/ml) 1%, AIEEFERMIESEI L CRRERT
B OF BRI ER 278 L7z (Fig. 6), £72, PRE O TH 5 cyanidin
(10-30 uM) 3 L T peonidin (10-30 uM) (2T & A E 72 M SEMHI/EH 3580
b7z (Fig. 6), Trolox (30 uM) & A &2 MHIERA NGO b7z (Fig. 6), £7c,
ZN B DOEEICE T 5 PRE, cyanidin, peonidin 35 K O trolox O EAMFINIL, 661W

WZXT D ORI bR o T,

15
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120 120
= . - _ #k p/
£ 100 | T ? T w0 | RS & g
"E 80 ek = / E 80 | T %
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Fig. 5 Effects of PRE and its anthocyanin constituents on visible light-induced 661W cell
death, as determined by WST-8 assay.

Cells were cultured in 96-well plates at a density of 5 x 10° cells/well, and then incubated for a
total of 48 h at 37°C in 5% CO,. Cell viability was assessed by immersing cells in CCK-8 for 3
h at 37°C, with photometric data being recorded at 492/660 nm. (A-D) Effects of PRE, cyanidin,
peonidin, and trolox on light-induced 661W cell death. The last column in each figure show
data obtained following the application of each drug alone but without light exposure. Data are
shown as mean + SEM (n = 6). C, control; V, vehicle.  p < 0.01 versus control (Student’s

t-test), and *, p < 0.05, **, p <0.01 versus vehicle (Dunnett’s test).
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Fig. 6 Effects of PRE and its constituents on photoreceptor cell damage induced by light
in 661W cells.

(A-C) Representative fluorescence microscopy of Hoechst 33342 staining at 24 h after light
exposure. (A) Nontreated cells showed normal nuclear morphology. (B) Light-induced cell
death, with cells showing nuclear condensation. (C) Pretreatment with PRE at 30 pg/mL
reduced nuclear condensation. (D-G) The number of cells exhibiting PI fluorescence was
counted, and positive cells were expressed as the percentage of PI to Hoechst 33342, Data are
shown as mean + SEM (n = 5 or 6). C, control; V, vehicle. , p < 0.01 versus control (Student’s
t-test), and *, p < 0.05, **, p <0.01 versus vehicle (Dunnett’s test). The scale bar (C) represents
100 pm.
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3-2 AIHDECEE ML O ROS FEAIZ KT 5 BoKR = F 28 KONV DR DOIEH

BOKT % 2 (PRE) 36 K OV RSy O A 7558 0L B SE I I 1 A o0 1F A
P DMNCT 5729012, CM-H,DCFDA % FV T ROS FEAEIZRT 2 1EH & &
7t L7z, CM-H,DCFDA (Al o HEA O E T, MEAN~A VAT & Hilha
NOT AT Z7—BIZL Y P77 — b (diacetate) AL R S 41, CM-H,DCF
E7p ) LA SRV HE A A LTV 5, fila o CM-H,DCF 73
ROS & ST D ERkEDENERET H, ZOHIREZRET D Z & THMNE
(661W) ND ROS FEAZRZFHAI L7, D%, PRE (3-30 ug/ml) X, 661W N
(2B 2 AIHOLFER ROS DIEA Z IR EEAKFERI DA EIZHH L. (Fig. 7). £
7=, PRE ORERLRLSY T 5 cyanidin (3-30 uM) 35 X TF peonidin (3-30 uM) 1%, A
B 72 ROS PEAEINHIVER 275 L= (Fig. 7). Trolox (30 uM) & A & 72 Ml /EH 23R
W o (Fig. 7).
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Fig. 7 Effects of PRE and its constituents on light-induced production of ROS.

Intracellular ROS levels were determined by measuring the fluorescence of CM-H,DCFDA (at
excitation 488 nm/emission 525 nm) after light exposure at 24 h in 661W. (A-D) Effects of PRE,

cyanidin, peonidin, and trolox on light-induced intracellular radical activation. Data are shown

as mean = SEM (n = 6-8). C, control; V, vehicle.  p < 0.01 versus control (Student’s t-test),

and **, p <0.01 versus vehicle (Dunnett’s test).
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3-3 FE AV UHEERE A F\VWZ DPPH 7 Y h b, -0y BE O -OH OHIE
BoATF X (PRE) BLOEERS O AHOLFE EHEMQEMBEIEHR O = 572
DVEBEFARIA D 72012, BT A B IRAEE 2 VT DPPH 7 2L, -0, B
L O -OH Iz T D1ER 2/t Lz, £ DfE%, PRE, cyanidin, peonidin 35 X
trolox |Z DPPH 7 ¥ B AAH EIEVENGRD B, D ICs EIZZ N4 14.9 pg/mL,
323 uM, 259 uM B LU 31.2 uM Th o7z (Table 1), HIE L7= DPPH 7 ¥ 71 /L
DEFAE B ARY SO #AIB % figure 8 IZ/8 LTz, 1A B IR 2~
7 MVET7 UV —=F P ANOFREBIZ L o TIRE S TEWRINA Y MV ERT A,
DPPH 7 VIV DEA AL LG ANT MVIX, A7 3 ROWIN AT L
N &7 (Fig. 8), £72, 330 B L340 mT fHticidiEHIcHWs NS~
A DRI AT RV &7z (Fig. 8), ©3WT, -0y I A1EMA %
Fmt L7245 %, PRE, cyanidin, peonidin 33 X O trolox 1% O, {HEIEMEE /R L,
Z D ICso I Z N ZFH 17.8 pg/mL, 40.5 pM, 39.6 uM B L5225 uM TH - 7=
(Table 1), F7z, HIE L7 -0y OEF AL HIGAY L O] % figure 8
IZR LT, -0y DEFALIRIBARY ML, FHEER 2 ROWIN AT K
I Sz (Fig. 8), k2 -OH (x4 2 1EAZMRGT L2/ E, PRE B &
O'trolox I3 -OH JHEIEMEZEZ /R L, Z D ICso EIZZ N2 84.3 pg/mL 1 L 18503.2
uM T&H -7z (Table 1), —J7, cyanidin 33 & O peonidin (£ 5 7372 -OH {HZEIE
PeamS otz iz, WIE L -OH DFE T A IR~ K ro Al f|
% figure 8 IZ/R L7c, ‘OH DEF AV ILIGANT MVIL, R KN 5

2RO AT MV S 7= (Fig. 8).
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Table 1. DPPH radical, -O,, and -OH scavenging activity of PRE and its constituent

anthocyanins

Radical scavenging activity, ICsy (95% confidence limits)

Treatments  Unit

DPPH 0y -OH
PRE ng/mL 14.9 (13.2-16.9) 17.8 (14.8-22.3) 84.3 (67.9-111.5)
Cyanidin ~ pM 32.3 (26.0-40.3) 40.5 (33.4-50.3) > 1000
Peonidin  pM 25.9(21.3-31.9) 39.6 (32.4-49.4) > 1000
Trolox uM 31.2 (25.8-39.2) 522.5 (453.0-615.4) 503.2 (394.4-684.9)

DPPH: 1,1-diphenyl-2-picrylhydrazyl, PRE: purple rice extract

A C
Caontrol
Contral A
PRE 10 pg/mL PRE 10 pg/mL
PRE 30 |IW PRE 30 pg'mL | |
T T T T T
130.5 115 5 140.5 T T T T T
Magnetic field/mT 330.5 3:1:"? 340.5
Magnetic field/' mT

B

Control
PRE 10 pg/mL ’ H
PRE 30 pg/mL

| I I I
330.5 3355 340.5
Magnetic field' mT

Fig. 8 Representative ESR spectra of the DPPH radical, -O,’, and -OH.

(A) The antioxidant effect of PRE at 10 and 30 pg/mL against ESR spectra of DPPH radical.
(B) The antioxidant effect of PRE at 10 and 30 pg/mL against ESR spectra of -O,". (C) The
antioxidant effect of PRE at 10 and 30 pg/mL against ESR spectra of -OH.
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3-4 WD T~ U AR E 25D Bk % 2 OEH

~ 7 A~ORGOERRS (A, 8,000 lux, 3 WREfE]) 1%, IEHFHEREL & ik LT
SRR 5 HRIZHVIERLE (ONL) 23 EICEME L7z (Fig. 9), BKTF X (PRE;
10 pgleye) #EREIL, AIHEEIREHIC XD ONL OZEHE 2 A = 2 L= (Fig. 9).

A

Control Vehicle PRE 10 pgleve

Light exposure

D
—o— Control
50
_ —— Vehicle
£ —— PRE 10 pgleve
2 40
>
=~ 30
£
S 20
gi
=
< 10
=

[' o o T

2160 1680 1200 720 240 0 240 720 1200 1680 2160

Superior Inferior

Distance from optic nerve head (um)

Fig. 9 Effects of PRE on retinal damage induced by exposure to light in mice.

(A) Nontreated, (B) Light exposure (8,000 Iux) plus vehicle-treated, and (C) Light exposure
plus PRE-treated (10 pg/eye) retinal cross sections at 5 days after light exposure in mice. (D)
Measurement of the thickness in the outer nuclear layer (ONL) at 5 days after light exposure.
Data are shown as mean = SEM (n =5 or 6). ¥, p < 0.05,  p < 0.01 versus control, and *, p <

0.05, **, p <0.01 versus vehicle (Student’s t-test). The scale bar (C) represents 25 pm.
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AT B
AMZETIEL, BAK=X X (PRE) BLOEDOFEHE 7 THS cyanidin IBEL O

peonidin, £7-E % I E#BEIK trolox 1%, ~ 7 AFMIIN (661W) 1ZF1T 5 A4f
JEFE ML PE E I T 2 MEER 2R Lz, ZAUE TOMNRITEB W T,
cyanidin (10 pM) (X VEGF &% M H4EPNH| (Matsunaga et al., 2010b) # L Ot
SIN-1 #% Ml eh X s E Mt ER 2672 Z L BNz ESh T D
(Matsunaga et al., 2009), XFEH 2 HLEE{LAITH 5 trolox (10 uM) 1%, HMEMEARREH
FIZ 33U 2 722 FTARDE FRA S5 R M SE %k L CIREIER 27 L, Z DOEA
- L LC ROS OB 2VRIB S LTV 5 (Wood et al., 2007), Z 415 O HIRIZHE
SWC, T by 7=V (3-30 uM) I L O trolox (10-30 pM) @ in vitro #Affi &
1T-7,

661W 1%, PGSR 5 2 Al & L Cinvitro &7 /WA < &4,
AEEFE R OMMIERR K 2R T H LV, in vivo (231 D HLHIAE & FIRE 72 37 23
T& % (Krishnamoorthy et al., 1999), AFERIZISIT 5 661W (ZX3 5 AEAE AT
PSS (2,500 lux, 24 FEfE) 13X, fig. SBI6ITRTEHICT A b— AZEDH
fakEEE 3586 H 7=, PRE, cyanidin, peonidin 38 & O trolox 1%, ARG &AM
fagBizxt U CIfilfER 2R Lz, 24 E TO®E T, cyanidin 38 LT cyanidin
glycoside (glucoside, galactoside 3 & O arabinoside) 1%, F LT A2E FE(kiC
KT HRHEEHA 2R L, & 51T cyanidin galactoside 1%, HF A D A2E G F
MR A58 L B IR PR 2 2 M fE M 2759 (Jang et al., 2005) Z & 23V RE S
TV, ZhiZ, PRE O IHGEER A MIRsEIEIE MB35 15 MRSy &
L T cyanidin 33 & O peonidin DRI 5-237RE S 7z,

W 2RI E, WEIEERESEZFERTL2ENRMOIL TS (Noell et al.,
1966; LaVail et al., 1987), % ZC, AI{EEEIE~ U AMENEREE 254 5 PRE OfF
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MIZOWT HE el X 2Rl 217 - 72, Yol 5 B, ABRkEG~ T X
(R G7E) 1%, SMERE (ONL) EOZEMmENRD bz, Ziuixt LT PRE
DI F RN G-I AT MEIEREE  (ONL JEOZEH) Al Uiz, LIRiOwH
HTHBFHLONLIZBITLHT AR h— 2% 5[ &#E Z L (Ableretal, 1996), Z®
7 R b — 3 AL ascorbic acid (Li et al., 1985; Organisciak et al., 1985),
dimethylthiourea (Organisciak et al., 1992) 33 X O} thioredoxin (Tanito et al., 2002) %5
DOHFIEACFNC K - Tl SNz, EFRMIEDO ERIEME LTT R F— X
RS2 ROS PFEADBEE N 51T (Krishnamoorthy et al., 1999), H,0,, -0y
BELO -OH %D ROS 1L, 55K 115VE (Schreck et al., 1991), s -8 (Lo et
al., 1995) ¥ X ONHIIREESE (Murrell et al., 1990) % & T0Z% < O BEE 72 ML HE D
FFICEEE LT D, L LRd b, Rl7Z2 ROS PEAE AR 2 25/ 3 v Tl
e Z &5 (Wolfe et al., 1994), 661W 0 ROS L LRI GHEIZ BN T
JERR S 24 B #% CHAAM L, PRE, cyanidin, peonidin 33 2 O trolox ZLER|(Z 2 V) 4
fil &7z (Fig. 7). Cyanidin (%, 7 > MT Clone 9 fifiZIWNT, 7V ZFF
BEELRE 52 DTG ML 36 L OY HyO, #3538 caspase-3 OIEMEALILEIEMIC X 2Nt
PR LI TEZ 5 D 5 FRHE STV 5 (Shihetal., 2007), LA EOFER LV, PRE
BROGAET v b7 = O rHOCHE ISR M I Hia i ROS PEAH
H 235G L CW D N RE S L7z, F72, cyanidin 35 £ O peonidin (%, PRE O [
FOLFHE I ML ROS PEAITK T 2 MHIER OTEHER S D—2THDH EEZXH
ns,

MAP (mitogen-activated protein)¥ F—€ 77 2 7 — KL, MAPKKK-MAPKK-
MAPK &9 3 FHOERE Y VLRI K » T S D 2 7 T /VRET
HY, BERENDE MIE L2 TOEEEYICHIE 751 SFEET 5 M #
BIEOREZ 723, MAPK SREOHIERFE N EZ D &, B, 7L ¥—, HO
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PRI, BERPII K OMRREMEIRE (T YA v —F, /3—F ) Li%)
FOFRIRER SR ZTZ ENMBNA TV D, REM72 MAPK Th 5 INK B8 LT
p38 DIEMALIZ, I, KA L OMLA b L AZDORELX 2 A F L AT L
S>THEEIN, MRS LT R F—T X2 LTW5, Yang b OHEIC
£ 0, invitro MAFEREEFIZBV T MAPK 2MEMHL S D Z E RSN ENT
W% (Yangetal., 2007), £7c, invivo fAECEEET /LI TS p38, INK 35
FVERK 172 DMV X 0 iEM AL Z 45 (Imaietal., 2010), & 512, activator
protein-1 (AP-1) (AL OMBELEMEIZ BT 2 HERRK - TH 5 (Grimm et
al., 2000), AP-11%, Fos BX WM Iun 77 IV —FX U XV BEDO~Ta XA ~v—F7=
FJun 7 7 IV —OFREZEEONT NN THERINDIEEERTH D, SLRHIX
~ U ZMEIC R S AP-1 OIEME(LEZFEL, £ L TEALOHEAEKIE, I
c-Fos BE W c-Jun # U XV EHIPBHERL STV D, S HIT, #MEEAER R
IZBWTAP-1 1%, INK BXUp38 12D c-Jun BEL W c-Fos DV VL% L
TIEMAE E4 5 (Roduit et al., 2008), Z L6 ORE LV, ~ 7 MBI T 5 p38
F 721X INK 290 LTO AP-1 OiEMIkIE, I RGMARSEIC < B G LT
W5 L E 2z 55, Cyanidin-3-O-glucoside (%, JB6 I\ TR (UV) 7%
# D ERK, JNK, p38 LN AP-1 OTEMEALZNd9 % (Dingetal., 2006), L 7=
M- C, cyanidin-3-O-glucoside %A 9 % PRE 1%, p38 BLUVINK O U (b
AT 5 HIC L D AP-LIEMELILEER I CE 5, L LR35, AL
I~ U AMIEIEE 236 1T 2 IEME R E PR O 72 0D\ TIT 22 D WP 7803 b B
Th o,

%12, PRE ORI GMISEIEIER ICR T 2, fiikise 0B 5%
FHRD72DIZ ESR Z T, PRE 38 X UMERALST O T ¥ T VARG 2 3 L
7=, ESR I, ARIBEFBEEEAEE FICBWT, ~A 7 a2l 5ME %
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FHLTCERIR 7 ) =T P ONVFOANETEZRET D5 5ETHL, 20
J7151X, superoxide dismutase (SOD) % FV7=B#EE B 72 HIELISN Tl 7 U —
CHNVOIFEE AT HME—DHETH D, £, ESR I E & EHHEMRH
T oI, ABHHOFORSDOEELZ T H I LR 7= VORIEN
ARETH D, WFIZDCISNE, [EMERAM A ZTLEO ROS Z# T2, £
DFEAIT SOD D & 95 72 #lFEL A - & - Tl &5 (Dong et al., 2006), A
FAERIZI VT, PRE IX trolox &g LT, DPPH 7 ¥ h/L, -0y BL U -OH 2
%95 RO IEIEME SR H 7=, PRE IZLARMIZ  trolox & YD & 10~25 5501
Oy FRIEEZ AT 5 2 E Nl ST\ % (Ichikawa et al., 2001), £7-, PRE
I% HepG2 ffilZ BV T-07 BLUYROS ##fI L, iR L L TSOD BLOH ¥
7 —VBiEMEEZ NS % (Chiang et al., 2006), Cyanidin 3 X ¥ peonidin & % 7=
trolox & LT, DPPH 7T /LB LT -0y (KT DRV liRIEMEZ 7~ LTz
25 -OH 24 2 fHIEMEIT trolox KV B89 o7, L7eR->T, ZbD7T v~
7 =2 0%, PRE D -OH f#diEMEIZEEG L TB LT, thoR Y 7=/ —/b
LB DR G0N "B X5, Han 51X, PRE XV oryzafuran, quercetin 33 L O
protocatechuic acid Z HLfff L, Z 4 5 DG ascorbic acid & Y 58V DPPH 7 &
B IVARIEYE 2 R T HFEZBH 5202 LT % (Han et al., 2004), Quercetin 38 X Y
protocatechuic acid b [FIEEIZ, -0, BXL O -OH Hii#eiE M%7~ 7 (Mahakunakorn et
al., 2004; Ohsugi et al., 1999), X~ T, cyanidin 3 £ U peonidin |Z, PRE DiE AL

SYD—HTIH Y, PRE TOMDKRY 7 = 7 —/Liksy & OEE - FIMER IS
LEBRLMIENULETH D, DLk, 6O, PRE MW LGN A
RTETAHEHERD -0y BLOY OH 2807V —F VW LEREL, R
ARSI R D IRFEIE A B & 2o 7z,

AWFFE 5, PRE B L ORZDOIEER D THDHT > b7 = (cyanidin 35 &
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O peonidin) 73, invitro 38 KTV in vivo O 5T, ARG IR T 5
A REEH 2R 2 2O Lz, EREEEEET VX, K2
A FIFEH G AMD OB 7-ET /L DO—>TdHh DD T (Marc et al., 2008), PRE I,

512 PRE OFTHISRENE 2 RSB T D720, A, FRRRZEPESR B-CRE R 38 L OV

DT DT OREREME &M & L THMMN R Sz, RETIE, &

P DI REVE A FE I B\ TR G20 RIB STV B/ afk 2 b L IZiEH L,

AR RS AL 2 UV C/NIEIR 2 | b ZAFER MRS k9% PRE OFEH % i
L7z,
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F2E PR A N L RAFEREMEBREE T S EREF RABIOE

DI AR ST DIEH]

HH HE

/IMEAR (endoplasmic reticulum: ER) (X, # /X7 E OV 7o e H00IWr, VA
VT 4 Rike, FEEEMTEDO 2 N7 HORBIED 5 7 ut vy 7 RMEN
D Ca* LUV ORI BE D 5 PN/ E TH D (Rao et al., 2004), /M pzE
WP 0 T2 HAARED & 2737 E (unfold protein) 23FHFET 5 &, unfolded protein
response (UPR) & MEEAL D /MEAR A B U RSB TEME LT 5, 2 5/ afk
A NVAD YT FIAGRERE & LT, /MalkiE EIZ/FTET 5 inositol-requiring
enzyme 1 (IRE1), PKR-like ER kinase (PERK) I3 & T activating transcription factor 6
(ATF6) D/NJafR A b LA =0 R 5 VX7 B OERE NI X
%o BEANTIE, /MaEA N A ZEDEET 572012 70 kDa O heat shock protein ~7
73U —"C&% immunoglobulin heavy chain-binding protein (BiP) D4y 1 v <1
YNHEIN, X UNTEEENMTONS (Katayama et al., 2001), £7-, Zil
ETONL DPOWET, MIANTO BiP OFEIT/IAEKR b L AFER O
HSE 2 T 2 FNRH S E 72> T D (Gao et al., 2011; Yu et al., 1999; Rao
etal., 2002; Reddy et al., 2003), L2>L7Z2R 5, ZOEE 7 vt X% kBl 5iEfE 72
PO IleHBARBDZ NI ERERET 5 &, UPR 235EME{LL C/EBP homologous
protein (CHOP) & PRI 2 -5 K- 2 JE B S, FoférISMIasE 2 55584 %
ZENMBN TS (Wang et al., 1996) (Fig. 10), —J5, /INEIEARN 25538 TH
Y= ATAL, HANR—EB2BLPIDE IR =v = — HAN—F
LN AN—BIRAFRT IR N— A% 758 T 5 (Cheung et al., 2006), 7 A /X—

Y 21%, BANR—F 3 OIEMHIZATT DDA X R THY, TANN—E
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FERY ADP- VAR—ARY 27— E2YWr L, Mtz H<, EDFELY,

A AN—E 3 OIEMALZ I Lo IRESERE B T/ a2 b b ZFEFE ML 0
THELREEHHSTWD, 20X /MNakEA b L2 LHFEBORKRIIZNETIC
BE<HMESNTEY, AR BRLOEL TT VYA~ —J5, N F R, 73 —F
2V TR E K ORI RE e & DR 28 P P8 JESOME IR I 6 VB kA AL JiE 72 &L B B
THZENHESN TS (Katayama et al., 2001; Ryu et al., 2002; Oyadomari et al.,

2002; Joe et al., 2003; Gould et al., 2007; Gao et al., 2011),

A Unfolded protein

lsplicing

@‘- p50ATF’ —
!

Il o
]

GRP94

calreticulin
58IPK

NI/

Fig. 10 Endoplasmic reticulum stress pathway.

ER: endoplasmic reticulum, PERK: PKR-like ER kinas, ATF: activating transcription factor,
IRE1: inositol-requiring enzyme 1, XBP1: X-box-binding protein-1, BiP: immunoglobulin
heavy chain-binding protein, CHOP: C/EBP homologous protein.
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MR ET ALY (retinal ganglion cell: RGC) #E1%, FENEEZ R & D% < DOIRFE A
OIBDOFFMTH D, FENFEIIEMEA LA, BEET I B (V¥ I VER)
PEAERB IOV A P LV AR EDA TG AN =AML > THI SR I SND
(Bonne et al., 1998; Atlante et al., 2001; Inokuchi et al., 2009), = 512, ZiLETOD
WAE T, HERIEHEIEE 3 L UMM (8 2 MR S5 O T 7 Uz 81T D/
KA ML ZADBEEN/REN TS (Roybal et al., 2004; Inokuchi et al., 2009;
Shimazawa et al., 2007a,b; Ito et al., 2011),

7R )4 RO—FETHD chrysin X, b MEREEMILE CH 5 SH-SYSY #l
FlZ B D /R A N L AFER MR st U CHR#EIMER 2773 (Izuta et al.,
2008), L7=MRo> T, [FERIZZ IR /A RO—FETH D cyanidin ZEFIZEHT
HEKTF R b/ AEA N LRI X DR EIC R L CREER A CE D
P LIV, £IT, AFETIE, BATXFABLIOEOEHBSS DR
KFEFHBILRY =~ A A D/MaRA N L AFFEFMIREIT T 2 1FEH
Z AR E A (RGC-5) Z W THE L=, SBIZ, Y=~ A T T
RAEGIZ L D~ U AMEEREICS T 2 Bk ¥ 2OERIZ W T H TR
FFL7e,
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F 28 EBRMER L OTE
2-1  EERME

T =V 3-0-7 /b3 R (cyanidin 3-O-glucoside), <A =" 3-0-7 /L2
¥ K (peonidin 3-O-glucoside), 7 =3 (cyanidin), -4 =32 (peonidin) 7
JV 7 4 =3 (delphinidin) ¥ J O~ /L B (malvidin) (%, Extrasynthese
(Genay Cedex, France), Cell Counting Kit-8 (CCK-8) (&, Dojindo Laboratories
(Kumamoto, Japan), iE8f{L/KFEF LY =5~ A 3 (tunicamycin)(X, Wako Pure
Chemical Co., Ltd. (Osaka, Japan), radio-immunoprecipitation assay (RIPA) buffer,
protease inhibitors cocktail, phosphatase inhibitors cocktail 1, phosphatase inhibitors
cocktail 2 33 & TF mouse anti-B-actin antibody /%, Sigma-Aldrich, Inc. (St. Louis, MO,
USA), BCA Protein Assay Kit, SuperSignal® West Femto Maximum Sensitivity
Substrate 33 J2 UF goat anti-mouse antibody horseradish peroxidase-conjugated |3, Pierce
Biotechnology, Inc. (Rockford, IL, USA), Mouse anti-BiP/GRP78 antibody /% BD
Transduction Laboratories (Lexington, KY, USA), Mouse anti-Growth Arrest and
DNA-Damage-Inducible 153 (B-3) X, Santa Cruz Biotechnology, Inc. (Santa Cruz,
CA, USA), CaspACE™ Fluorometric Assay System (%, Promega Co. (Madison, WI,

USA) L W = EnEA LT,

2-2 FEBRITIE
2-2-1 HEKk=F% X (PRE) O

R (100 g) 1 n-hexane (500 ml) TR L 7=, =R CHUIE KM & i2)81%,
50%= % /—/L (500 ml, 50°C) T2 KEfijfht L7z, iz Ak, 1RHE - 5
L CHit 2157, <Ot % DIAION HP-20 column (Mitsubishi Chemical

Co., Tokyo, Japan) (ZW75 S, KTHEF LIz, €Dk, 710%T % /) — /L THEHS
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, EHIRZ M - 52 LKk =% X (PRE)2.8 g #1537,

2-2-2 HPLC 43#r

PREHF DT > b7 =& ®&IX, C18 717 & (Develosil ODS-UG-5, 4.6 mm i.d.
x 250 mm, Nomura Chemical Co., Ltd., Aichi, Japan) %z H>C HPLC (Shimadzu,
Kyoto, Japan) (2 THO#T L7z, BEIHBIZIE 10%XEE viv(A) BIOXE/ 7+ =
R UL AR ) —)L/7K (10/22.5/22.5/45) (B) ZH\Wi=, 7' Z v ML, 0
min, 90% (A), 10% (B) ; 40 min, 65% (A), 35% (B) =M\ 7z, ¥i&ElL 1 mL/min
&L, WEITIE 520 nm DR % v 7=, PRE F1 D cyanidin-3-O-glucoside 35 & Y

peonidin-3-O-glucoside DF &L, FIEIL 2.9%B LV 02% TH -7,

2-2-3  2-hydroxy-5-[(3S)-3-hydroxybutyl]phenyl-B-D-glucoside (HHPG) D Hig « [7] &

PRE (150 g) %#50% A % / —/v (4 L) IZ¥&f# L, polyvinylpyrrolidone (PVPP
particle, Shinwa Foods Chemical Co., Ltd. Tokyo, Japan, 600 g) % 1z 7=, 304y
HIRGR, ALV IERAER S 21572, FEWAS 5y A il « HolE L 7zfhiy) (39
g) &30%=T% /—/)L (100 ml) (BB L7z, & DORRENK % octadecyl silica (ODS,
300 g) columniZW 3 X, 30% T ¥ / — /LTI LTz, TR & fE - wolE UM

Y 3 g &7, Mm% 5y BUHHPLC column (Inertsil, Prep-ODS, GL
Science, Tokyo, Japan, 20 mmx250 mm) (Z CfE# LHHPG % #37=, HHPGIZNMR

('"H, C, DQF-COSY, HMQC, HMBC) %% kL% VT 2-hydroxy-5-[(3S)-3-

hydroxybutyl]phenyl-B-D-glucoside & L C[RlE L7z (Fig. 11) (Shimoda et al., 2007),
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OH
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=
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Cyanidin 3-O-gentiobioside 2-Hydroxy-5-[(35)-3-hydroxybutyl]
phenyl-p-D-glucoside (HHPG)

Fig. 11 Structures of compounds isolated from purple rice bran extract.
Glc: B-D-glucopyranosyl, 2-hydroxy-5-[(3S)-3-hydroxybutyl]phenyl-p-D-glucoside: HHPG

2-2-4 AR

MR Ei A Y (retinal ganglion cells ; RGCs) D& /V7 A > Toh % RGC-5 I3,
Dr. Neeraj Agarwal (UNT Health Science Center, Fort Worth, TX, USA) X V&5 &
72 RGC-5 13 10%FBS, =31 (100 Uml) B3 LA L7 h~A 2 (100
ug/ml) EF DMEM KT 37°C, 5% CO, Stk FCH:&E L7, MifldiX3~4 His

EX A7 (5= N E 3 eV B et

33



2-2-5 VW =H~A v ETITmER LK E T R M SRR

RGC-5 % 1X10% cells/well 3°2 96-well 7" L-— NMIHEHE L, 37°C, 5% CO,5:fF
T 24 WEEIE AR Lo, 2D, 1% FBS 2% > DMEM K7HiICE#L L, #Kakkt4
WML T 1 BRI #E%, Y=b~A T 2.0 pgml) & LTz b/k#E (0.3
mM) SfFFC 24 RFfER 8 L7c, EMRE T WST-8 (Cell Counting Kit-8) % H V>
T, "A~P L OWEEIT-T-, 492 nm (ZRIEE, 660 nm) DI E %
spectrophotometer (Varioskan; Thermo Electron Corporation, Vantaa, Finland) % >

THEL, A~ OAEREDNbMlakz i Lz,

2:2-6 Uz AXTHEY b

12-well plate (Z 5% 10* cells/well ® RGC-5 % & L, 24 BFRF2& LT, Z D14,
1% FBS 54 DMEM By fE# L, U2 iR L T 1 BB R, Y=~
TV (2.0 pg/ml) FAETT 24 FREREE Lo, Millzokem L7z PBS THEEHE,
protease inhibitor cocktail 33 & UF phosphatase inhibitor cocktail I/II % & ¥ RIPA buffer
ZINZ, MRRsh R 2 [ U 72, MERRfh H R 13 BCA Protein Assay Kit & VT 4
VN E RIS B B %, 10% 2-mercaptoethanol & A sample buffer [Z8R#E L, 5 75
&M L7z, £ D%, 10% SDS-PAGE 7'/L % HIWTEAWKEN L 7=, 1 &kEUE [HT
BiP/GRP78 Hii&, HT anti-GADD 153 (B-3) HiAB L OHLB 727 F o Hiik] BI W
2 LR Z AW CTHUAR S 21TV, Super Signal® West Femto Maximum Sensitivity
Substrate THA1%, LAS-4000 mini (Fujifilm, Tokyo, Japan) THgi L7=, BiP $ X

NCHOP O/ REREIX B 77 F v 2 HWTHIE LT,

2-2-7 B AN—F 3{EME

T3 A= 3IEMEDOMIEIL, CaspACE™ Assay System, Fluorometric % T
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fTo72, 10 em T 4 v 3 =212 2X10° cells/ml ® RGC-5 Z#EHRE L, 24 FEEEE L
7= =D, 1% FBS &4 DMEM 5#ilc @B L, &HEHA BN L T 1 REfRG R
%, Y=h~A4 T (2.0 ng/ml) FMFFT 24 KGR Lz, Milix hY 7o
JVERT 12 cell lysis buffer (2078 L 7=, MIILEREIRIL, CaspACE™ Assay JH & 1
RFE RO /72, 9061%, 492 nm/660 nm D hikd/# Y6 K % spectrophotometer

ZRHWTHIEL, BARX—E3EEREZREH L,

2-2-8  FEEREN)

TANTOEYERIT, EERRZEYERE B 2ICEEBKGE RS 217
W, PRI RS TCIHEM Lz, 72, TR R X ORISR BT 28 oIS
WT® ARVO HE (The Association for Research in Vision & Ophthalmology
Statement for the Use of Animals in Ophthalmic and Vision Research)| (Z# U T35
B a2 Uiz, 7 BEENE ddY ~ 7 AT AT AL o —k A4 (Shizuoka,
Japan) KV EEA L7-, @I B Bk/K TICEEEEL (CE-2; CLEA Japan, Tokyo,
Japan) & W THHF LTz,

2-2-9 V= A T UER~ U AR E

~ U A% 3% isoflurane (30% O,, 70% N,O) TH#E:L, & D%, animal general
anesthesia machine (Soft Lander; Sin-ei Industry Co. Ltd., Saitama, Japan) % H\ T
I 1.5% isoflurane THEFF L7=, Y= ~A T (1 ng) ZAFEIRET L 0 33G
HERAOTH T ANICE ST 5 2 Lok v ks 24 S 87, PRE X, M
THRNEGICEVIERZRE Uiz, &5 7 ABRICIRERZ R U, MHEREM 21T

77,
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2-2-10  FHRkFFAM

~ U AREKRERH L, 4%/ X7 KV AT /AT B KEA 0.1 M phosphate buffer
(PB) (pH 7.4) % 2 pl RS- L, [AHRIC T 24 I [EE L 7o, DWW T 70% T
& ) —)v 2 W], 90% T &/ —/u 2 B, 95% T &/ —/b 2 ], 99% T X
—/b 12 K[, k& —)L 2 WEfx2 [\, b v 2 IR [\, Fv L 12
RF[R], R/ ST 7 ¢ 2 2 WeHl=2 [8], @A N7 7 4 2 12 RERRONRICIR % S E e,
ZDW%, T 7 4 A TIRERZ AL, I 7 1 h—2A (Leica, Tokyo, Japan) %
W, Sum QU ZERIL, AT A K2 F A (Matsunami, Osaka, Japan) [Z#t
37°C IZC—Mhizie L, FEIRICTRAF LTz, ~~v hx vV v - =4V el
FETHOICNRT 7 4 VR EXF VL UATR LT T 7 0 U EPE LTz, HiEWT
BeBERIC T Vv 3 — VIRE 2 PP - RIRICiE L, ZBFKICRE LT, ~~ bF
DU HRIZ 2 ], =AY RIS S 3 EiR LT, BRERIIC T v — L TR L,
FULUTEMLUAA Xy FEHWTE A LTz, MEREOFNML, &V
LIZHOE 3 U ZfEREICHE L, SaRILEEF 0D 375~625 um O i
(250um) (2317 2 FHlE L OSA o R EifAEfE (ganglion cell layer: GCL)
oM%K, PHEIRE (inner plexiform layer: IPL), PN¥EH7E (inner nuclear layer:

INL) 3 X OWNERIFE (outer nuclear layer: ONL) DJE & 2 HI7E Uikl 217 - 7=,

2-3  HEEHFRIEAT

TR RIT T RO ERER A TE L, ARR SN U T2 AE E L, #al

FHIFENT I Dunnett’s test 33 2 U8 Student’s t-test 2 HWNT{To 7=,
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3 RER
3-1 PR bk SRFE FEME AR B IR R (2R 2 ok % 2B L OV DAy
1EH

WOIZE KT 2 (PRE) B X OE D FHELSy D idlg b /K 355 7 M s e Eh
MR (RGC-5) FEFITHRT H/EM & et Ui, ik KFE OB L - T RGC-5
DAETFRIL 60%F TITAL T L7z, PRE (100 pg/ml) (XiEEAL /K35 5 M iEh R
AREREE 23t L CIRERF OB B IflER 27~ L7= (Fig. 12), PRE OF
45 Td % cyanidin (10-30 pM) (2B W T H A EARMGEIER RO S/ (Fig.
12), £7=, 25 DEEIZEIT D PRE I L O cyanidin O BEIMFMNIE, RGC-5 12
X O RERITERD o Tz,
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Fig. 12 Effects of PRE and its constituent on H,O,-induced RGC-5 death.

Cells (1 x 10* cells/ml) were cultured in 96-well plates, and then incubated for a total of 48 h.
Cell viability was assessed by immersing cells in CCK-8 for 3 h, with photometric data being
recorded at 450/660 nm. (A, B) Effects of PRE and cyanidin on H,0,-induced RGC-5 death.
The columns with diagonal lines are data from control cells treated with each drug alone but
without H,O, treatment. Data are shown as mean = SEM (n = 4 or 6). C, control; V, vehicle. **,
p <0.01 versus control (Student’s t-test), and *, p < 0.05, **, p <0.01 versus vehicle (Dunnett’s

test).

38



3-2 Y= A v R E I 2 Bk R R B L DAL
5y DA

DSNWTHEKTF R (PRE) BLOZE DO DY =T~ A > L RN
MREEIAE (RGC-5) FEEICHTHERZME Lz, Y=~ A4 T U OUINC XL
- T RGC-5 DAELFHIT 40-60% F TIZIK T L7, PRE (30-100 pg/ml) X, ¥ =7%
~ A TR AR R R R L ek U C R EE R AE RO 0 B A I VR & R
L 7= (Fig. 13), PRE DO KR K 43 T & % cyanidin 30 pM) B L O
2-hydroxy-5-[(3S)-3-hydroxybutyl]phenyl-p-D-glucoside (HHPG, 30uM) 123\ T %

B2 MEIERAFR O vl (Fig. 13), £72, cyanidin-3-O-glucoside (30 uM) %
cyanidin & FIEEICA B RMGIERREO bz (5F—# K4#78), —F, peonidin
(B30 uM) [T B DRIERZ RS R o7, ST, MOT U T =0Thb
delphinidin 35 X O" malvidin (22T & R 725 21T > 7245 5%, delphinidin (30
uM) I E 2R HIER & 7% L7243, malvidin (3-30 pM) 187 5 2372 27k & 7
Hro 7= (Fig. 13), £72, 25 DHEEEICIIT % PRE, cyanidin, HHPG, peonidin,
delphinidin 3 XY malvidin O FMAEMIE, RGC-5 1Zx4 28 6 372 EHIEE

LR o T,
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Fig. 13 Effects of PRE and its constituents on tunicamycin-induced RGC-5 death.

Cells (1 x 10* cells/ml) were cultured in 96-well plates, and then incubated for a total of 48 h.
Cell viability was assessed by immersing cells in CCK-8 for 3 h, with photometric data being
recorded at 450/660 nm. (A-F) Effects of PRE, cyanidin, peonidin, HHPG, delphinidin, and
malvidin on tunicamycin-induced RGC-5 death. The columns with diagonal lines are data from
control cells treated with each drug alone but without tunicamycin treatment. Data are shown as

mean + SEM (n = 6). C, control; V, vehicle. *, p < 0.01 versus control (Student’s t-test), and *, p

<0.05, **, p <0.01 versus vehicle (Dunnett’s test).

40



3-3 /AR A b U ABE S X7 B ORBUIKTT D Bk 2 O
Bk % X (PRE) O =J1~ A 3 2 i ma Mere 2 M0 I B = m sl 4/ FH o 4
RBFZHLMNIT 5101, v=AX T ry MEERAOTONMIKICREET
LF vy ~my BiP BROVMMIEZX N RISEOFERKEGRFTH D
CHOP DR BUZXTT HEM ZMEt L7, BiP 38 X OV CHOP O3 EBLIL, Y=~
VAR L HEIC ESR L2, PRE (100 pg/ml) (%2 @ BiP 3 X TN CHOP @
BRI EE KT I 7o 72 (Fig. 14), £7-, PRE HHERMIL BiP B X

N CHOP OF B &\ ZE LY MIT S o T2,

A o B o
Tumecamyein Tumecamycin
c v __ PRE c v PRE
BiP | e QEEDEEED - CHOP i
fractin | oy Cu— G G fractin | o — — —
C D
700 900

¥

600 F iy r
700 F i
500 :
600 |
500 t
400 |
300 t
200 t

5 L %) * L] %

c v 100 100 pg/mL c v 100 100 Hg/mL
PRE PRE

400

300

200 ¢

Ratio (BiP/actin)
Ratio (CHOP/actin)

Tunicamyein Tunicamycin

Fig. 14 Effects of PRE on tunicamycin-induced expression of BiP and CHOP in RGC-5
cultures.

(A, B) BiP and CHOP expressions were detected by Western blotting. RGC-5 cultures were
pretreated with vehicle or PRE at 100 pg/ml and then exposed to 2 pg/ml tunicamycin for 24 h.
(C, D) BiP and CHOP expressions were quantified by densitometry and corrected by reference
to B-actin. Data are shown as mean £ SEM (n = 5 or 6). C, control; V, vehicle. i p <0.01

versus control (Student’s t-test).
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3-4 T ZN—E 3EMAGITH T 5 BRT R 2B L OEORS OFEH

HUKT % 2 (PRE), cyanidin 35 J OY 2-hydroxy-5-[(3S)-3-hydroxybutyl]phenyl-
B-D-glucoside (HHPG) DY =71~ A 3 v i3 Naafe fmia s E mmsiE R 12>
W, VEREFRBA D12 \2 5 Z8—F 3 MRS+ D EH 2 BEt L=,
CaspACE"™ Fluorometric Assay System & I\ T, H A /3—F 3 OIEMEALZ 7f L
oo Y~ A VBT A=Y 3 OFEMEALE RIS 7223, PRE (100
pg/ml) , cyanidin (30 pM) 3 X TXHHPG (30 uM) (%, Y =h <A L HEIC L -

TIEM L SN A —8 3 2 HEIZHH L7z (Fig. 15),

A
z 350 "
£ 300 -
T 250
<200 - *#
£ 150 |
'; 100 f T
= 50
&
0
C A% PRE 100 ug/mL
Tunicamycin
B
~ 350
z ##
= 300 f
< 250 | * :
-:-E
= 200 [
2 150 |
o
100 t
2
£ s0f
c 0
C v Cyanidin 30 HHPG 30 uM

Tunicanycin

Fig. 15 Effects of PRE on tunicamycin-induced caspase-3 activity in RGC-5 cultures.

Caspase-3 activity was evaluated with a CaspACE™ Fluorometric Assay System. (A, B) The
activity was measured after a 24 h pretreatment with tunicamycin or with PRE at 100 pg/ml,
cyanidin at 30 uM (approx. 10 ug/ml), or HHPG at 30 uM (approx. 10 ug/ml). Data are shown
as mean = S.E.M. (n = 4). C, control; V, vehicle. ™, p < 0.01 versus control, and *, p < 0.05, **,

p <0.01 versus vehicle (Student’s t-test).
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3-5 Vv A YUY U AMEBEREIC ST 2 Bk X X DEH

< T AAEN~DY =~ A 2 (1 pgleye) ¥eH1%, TEFREL il LT
IR EIAAEE (GCL) FoMlai sz A EICHd S8, BEX=F% X (PRE, 10
ngleye) BEHREIL, Y =h~A U BRI D GCL H oM % A E IS
L7c (Fig. 16), WffRJE (IPL), NHERIRE (INL) 3 L U¥MNERE (ONL) B>
=h~A VI K o TRERICHD L7228, PRE BGRHTY =h~A v
BRI THL D RERITRD b7y~ 7= [IPL /&, Normal #: 20.8 £ 0.4,
n=7, Vehicle (Y =5 <1 > > #5) #: 14.1 £ 1.0, n=6, PRE ¥ 5-#F: 15.0 £ 0.8, n=6,
INL /&, Normal #%: 15.0 £ 0.5, n=7, Vehicle (VY =h~A > #5) #f: 104 £ 1.3,
n=6, PRE #5-#f: 12.3 £ 1.2, n=6, ONL J£, Normal #%: 21.7 + 0.7, n=7, Vehicle (**

=h~A ) B 1224 1.2, n=6, PRE £ 58 12.3 £3.0, n=6].
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Tunicamyein

180 r
160 F T
140 r
120 f
100 r

H

Cell number in GCL/mm

Normal Vehicle PRE 10 pg/eye

Tunicamyein

Fig. 16 Effects of PRE on in vivo tunicamycin-induced retinal damage induced in mice.

Representative photographs (hematoxylin and eosin staining of retinal sections) showing: (A)
non-treated; (B) tunicamycin plus vehicle-treated; (C) tunicamycin plus PRE at 10 ug/eye.
Figure (D) shows retinal damage evaluated by counting cell numbers in the GCL 7 days after
intravitreous injection of tunicamycin (1 pg/eye). The cell numbers in the GCL were counted at
a distance between 375 and 625 um from the optic disc. Data are shown as mean + SEM (n =6
or 7). ™, p < 0.01 versus control, and *, p < 0.05 versus vehicle (Student’s t-test). The scale bar

in (C) represents 25 pm.
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At B

FEFIT N FET, Bk x 2 (PRE) 1 30 pug/ml O E T RIEDE T AL
PHIER (55 1 %, Tanakaetal, 2011) Z A4 52 FZH LN LI, £2°T, Kbt
22D in vitro R TIX, PRE B X OZDOEH S TH 5 cyanidin, peonidin 33 X
U} 2-hydroxy-5-[(3S)-3-hydroxybutylJphenyl-B-D-glucoside (HHPG) (2O T, &%
bk (H0y) F721TY =h~A ¥ U FFEME R ET I (RGC-5) BT
HIERIZ OV TIRETE1T - 72,

WST-8 assay & > THI G 2 7iffe (/K Z T MIAENFE O H 722y, PRE 36 X
O cyanidin (3 OMIIASE 24 L7z (Fig. 12), WER{L /K 3753 O Has AR i
faAE1x ROS PEAEICHED 7R F—3 AKFEMRKBICL > TElER ISR D
(Nakajima et al., 2009), #% 1 &= T/Rr L7 & 912, PRE L W ceyanidin (%, DPPH
BLOA—R—FF L FT =4 T VDN OFIEEZRL, 43 E
K trolox X W HZDOIERIZI RN -7, F7=, PRE 3 X O cyanidin 13 AL
N o ROS PEAEZ 4 L7z, & 512, PRE I HepG2 MIIRIZ I 1T B A — 3—7%
XY RT=F TV LONROS OEAZIH L, SOD BL U % 7 —EF
Ma EH S5 ENRWAE STV D (Chiang et al., 2006), LLEDHE LD, PRE

W LK T D RGC-5 WIZH 1T 5 ROS FEAE 2 il 5~ 5 1T X v flast s
FERZR L, ZOEMMS & LT cyanidin ORI G-03R2 S v7-,

RGC-5 (&, MEBEAREETHIEEE O invitro BRI RSN TEBY, V=%
VA Y UFHFE Y U AR E I D R R A SE AR IR & [RIAR A R A R
THENPLE /2> TWD (Inokuchi etal., 2009), Vv aVI U EHX T LAY
RARTEWE THLY =~ A 0%, ARV RIBRABLVAERKIND,
VoA X, MERICBT DX R EOP Y Tl A E R N-7 Y =
¥ NEAEHED NAES 7 ) 2 v kB LOIER A LE L, B/ Mk 2
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N AZFEHT D, PRE 1LY =~ A 3 kSR s 5 2 3 L7z,
PRE W OIEMERR D H BT DDA 4T v A EEZHWT, #H7-iZ HHPG
% HEE - #5EPRE L (Shimoda et al., 2007), cyanidin & (2 =~ A o U iE %
HANE AR BRI SEINHIVEF 2 B9 & 22 L7- (Fig. 13), HHPG (Fig. 11) 1%, Bk
b XV REMEIV D THEf S NTZILEHTHY, Ly RTAXRY —
(Rubus idaeus) ® EE 2B HEHELEWY T D 4-(4-hydroxyphenyl) butan-2-one (7
ARY =7 h ) OEFEEATH D, 7 AXY —7 b oAZld, Huiti, PrEis L O
PUS AAER NS ST 5 (Morimoto et al., 2005; Lin et al., 2011), & 51
HHPG EHEENEEIL TWD 7 = L ZIZEBNTY, PMafER F L AFFEFHE b
FRREEE M (SK-N-SH) SEIZ%FT 2 MiIEH 2 i STV % (Hiratsuka et al.,
2010), LLEDFE XV, PRE XY = ~A v U FRMISEMGEERZ R L, £D

EMER Sy & L C eyanidin 38 X O HHPG OB E- 3R 7=, —J7, PRE H D1
DEFT VT =T D peonidin (ZIZH HZRERANRD /e o 7z
7=, Fxlx, o7 N7 =Y Th 5 delphinidin 3 L Y malvidin Z v
T, Va2 A~A Y UFERMAEICRB T LT b T =2 OMETEMEFERRIZ D
W 21T o> 72, Delphinidin 1%, Y =0~ A 3 iR MMN0LE %2 M L7223,
malvidin [ I B RIEM 2 RS edrole, ZTOHFELY, T T =2 OHuh
JafE A b L RAIEMEIZIZBEROE Ru XU VEOFEENRBEETHL EEZLND,

PRE (X, Y =W~ A ¥ ATk L TR MO REE N 2R LT 2 &b,
INEERA N L ABE Y LT E T D BiP R CHOP ~D R HIZ DN T = A
y7uy MEERWTHE Lz, LML72A 6, PRE XY=~ A v LB
Lo TEATS BiP 8L CHOP OFEHL L~/ E L KX S ho 72 (Fig.
14), LI, PRE OFRFEIEMIL, EEAIZ/NIEZ N RIERT 2 DO TIER
W DR ST,
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IR A L ABLOEREA LRI - THEMIEENE T A= 3
(Cheung et al., 2006; Tamm et al., 2008) (ZxI3 A 1EA S\ CHatZ247->7-, PRE
(100 pg/ml), cyanidin (30 pM) 3 X X HHPG (30 uM) 1%, Y =h <A ¥ i3 h A
N—8 3 OIEMEAL & B L7=(Fig. 15), 7 » M Clone 9 #EfRIZFV T, cyanidin
L7V 2 F 4 o BERE SR OIEME 2 B MNPt kgL R S, gl
KFBFRO T AN—8 3 EELZIHT 5 2 & 03#E ST 5 (Shih et al,
2007), 72, T by T = RO T TR ) A4 RTH D chrysin 1L, T A/—
Y 3 OEMEAIH 2T Lo/ Mk 2 b U 2§E3 e MPREEMIll (SH-SYSY) 4E
kT 2 MHHWERA N 50 E 72> T D (Izutaet al., 2008), o> ~7 F KR/ A KT
& % luteolin & £ 7z, B A/X—8 3 OIEMALINGIZ T LY =~ A v UiF%E
N FRRR SRR SE 2 I 3 2 AV RS STV S (Ishisaka et al., 2011), & 512,
PRE (X7 > b T = &4 T 5721 Tid7e <, quercetin 3 L O ferulic acid 72
EDORY 7=/ —/LHE A TS (Han et al., 2004; Laokuldilok et al., 2011), % ®
quercetin 35 X O ferulic acid & /MER 2 b L AFEFHIBRSEIHIER 23 2 & A3
WA XN TV % (Hiratsuka et al., 2010; Wiseman et al., 2010), UL |-, PRE OfR#(E
ROEREF & LT AN—E 3 OIEHICIHEERRA O E 20, ZOMEH
%4y D —¥F & LT cyanidin 3 K OV HHPG DB 5 & quercetin 35 1 O ferulic acid %%
DOHLDR Ty & DFBEAERM PR S iz, LnLeA S, PRE 17 Fy 7 =
YEMDORY T = ) =S O EECONWTIE, S OROLMEDPLETH
HEZEZBND,

VoA VU RN G L D~ U AR IC BN, v v AR
@ BiP 35 £ U CHOP B O A ST 5  (Inokuchi et al., 2009), > =71
~A VU TR G K D~ U AR EIS IR AR R L A DO RGN R
SNd, £IT, VA~ A Y UHFERAREGICL D~ 0 AMEREFICEKT 5
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PRE OERIZOW T HE Yetaz W CRHMIi L7z, Y =~ A v &5 7 Hi%, 1E
HOHE & LRI U T R SRR IR AR ER A8 (GCL) DA DD 3388 5
iz (Fig. 16), PRE O TR G1E, £ OMIaid 23 Lz,

AWFFED S PRE B L O DOEH RS TH 5 cyanidin 38 L O HHPG (iR K
FB LY =~ A ¥ TR SEIEIER 2635 2 & A &
Elpole, £72, PRE OV =T~ A ¥ k38 MR EiH i e s E R o0 — 58
\ZH A= 3 OIEMHALIEINEG L TV A ENRBRI N, BT, Y=F
~ AV UFER Y U AMEEEET BN TS PRE DFIMRH L E o7,
LIk, PRE [Z/MEIEA R L RIZ L - THI & Z S35 MR BTk L CIREME
M 2RI RIBEMEDS RIE S L7z, IRFETIEL, S 5HIZ PRE OFEMEREMELRET D
728, PRE 3 K OFEERIMNT OV TR AT AE 1263 5 KB 2R EIZ D
THRT L7z,
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3 E MEFEE RIS S Bk 2B KON Oy DE

H

B1HE RS
M AT O MLE D B T2 R MUE RS 0T 5 BLIR TH Y, LHilaAY
DRFEICB T HMEBETH S (Risau, 1997), BIROEFTYC T ENERL IO

N o ¥EhE, AUGTAR, AL O BB E R & OBRIZI W TREERE
72T T OICEARRIRIRAERIETH D, L LR D, 72 A Tl
BT 2 HEITEE 2V, 2TOFEME £/IL, Matrix metalloprotease
(MMP) ZEDE{bEERZ OIEMLIC K 2Milast~ N v 7 20V EFT U 7, Hild
S ~DIfE N BGIROWE A, I PRI O M5, I RS J8 1 M e O s
R ENI LT Z % (Fig. 17) (Plank and Sleeman, 2003), L& #i4E DS 2318
KT 2 ERERAICHIE S TWARWIERIZR T AT 726 L, ZaudUiEL
R ) v~F, 77 e — AMEEREGER KOG OREEE 2% < DR
REDHEITIZIE L B - T2 (Folkman, 1995), IREMEEL CIIARE-CME, M
B L OWRKENE 72 &bk 2 72 IRAAAR CIE BT AN FE S D 2, FERIGHEIE, &
B HEIEE S X OISR PE A MEIE (age-related macular degeneration: AMD) 45 0D
P FRCCIIMARRESP RS R L2 W) C L BT AR 0 B TUHE SRR B, AT 72 4R
IMETFTRRHADRE & 72> T b (Aiello et al., 1994; Ferrara et al., 2003; Brogi et

al., 1994),
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MmERRDBE

VEGFH'RB&ICRE L.
VEGF PIRZfBa%EEiEE

Fig. 17 Angiogenesis events.

The figure was drawn by Novartis Pharma K.K.

BHEAEICIL, AN EE5EIR T (vascular endothelial growth factor: VEGF) ,
I/ E SR HE B IR 1~ (platelet-derived growth factor: PDGF) 33 2 ONERAE 2540 A 1
B[R ¥ (fibroblast growth factor: FGF) Ak 4 22 HE5H K+ 23B 5 L T\ 5, VEGF
X, AIENLE O 2Rt L, MUhilE oF i A2 K SE % (Senger et al.,
1983; Keck et al., 1989), VEGF OFHL, Mk (KEARIC L > THEE I, =
DO ERFIL, EFHERFOmMGOMEFRAEICEERERHZRZLTND
(Millauer et al., 1994; Sone et al., 1996), VEGF Z&{KIZF 0o —PRZR
{KTH VY, VEGFR (VEGF receptor)-1, VEGFR-2 3 X (8 VEGFR-3 ™ 3 FREAN A

HENTWAD, ZDIHH, MENKMILIZIX VEGFR-1 3 XY VEGFR-2 2338l L

50



THY, mEFEIZBNTHLR &R Z#H > TWb, VEGF 2% VEGFR-2 IZf
A& 9 5 & H K N T mitogen-activated protein kinase (MAPK) T & 5
extracellular-signal-regulated kinase (ERK) 1/2 <> p38 mitogen activated protein kinase
(p38) DV VEALEERE DG L, MAEFAENTFEIN S, ERK 1/2 [ TR 5HE
RMAFT T E LT E, p38 TR ICRE I D Z E LTV D (Wu et
al., 2000; Rousseau et al., 1997),

PRE D Ef%% T D cyanidin 2B L Tk FIFH RN PN A (Human
umbilical vein endothelial cells: HUVECs) & MMM 0 LREHZ R ICEBIT 5
VEGF #% 7& e i Ef 2 B LT\ % (Matsunaga et al., 2010b), 7> k3
7 =% &1 PRE b VEGF R ME R LI L CHEERZAT2EREZD
DD, MEFACKTT 2ER TSRS STV,

AFETIL, PRE BLIOZEDOEEK S THDHT > b7 =2 (cyanidin B3I
peonidin) D MEFAERFFEMIZOWTHEZ1T5> Z &2 HME LT, VEGF &
SRR, MR L ORI £ 259 A 1EM 2 HUVECs 3 L0t i
BB N MR (human retinal microvascular endothelial cells: HRMECs) % fv»
THET L=, F7, ZOMEMABEFRIA O 7= %12 VEGF 7% ERK 1/2 3 LU p38
DY AR DER 2 LT,
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FH2H EBRMER L5
2-1  EERME

T =V 3-0-7 Va3 K (cyanidin 3-O-glucoside), A= 3-0-7/La
R (peonidin 3-O-glucoside), 7 =3 (cyanidin) 3 X A =" (peonidin)
I, Extrasynthese (Genay Cedex, France), 6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid (trolox) , radio-immunoprecipitation assay (RIPA) buffer, protease
inhibitor cocktail, phosphatase inhibitor cocktail 133 & Utphosphatase inhibitor cocktail
21%, Sigma-Aldrich, Inc. (St. Louis, MO, USA), HUVECs, & #H 4%~ b,
HuMedia-EB2, human epidermal growth factor (hEGF), human fibroblast growth factor
B (hFGF B), t Rr =)L Y > (hydrocortisone), ~~/ U > (heparin), 7 > KT
Y ¥ > B (amphotericin B), %~ » ¥ ¥ A I (gentamicin), VEGF,
5-bromo-4-chloro-3-indolyl phosphate/nitroblue tetrazolium (BCIP/NBT), #1CD31$tL
{&1%, Kurabo Industries Ltd. (Osaka, Japan), HRMECs, CS-C medium(%, DS Pharma
Biomedical Co., Ltd. (Osaka, Japan), Cell Counting Kit-8 (CCK-8) /¥, Dojindo
Laboratories (Kumamoto, Japan), % - 71227 —/% > (Cellmatrix type I-C) |3, Nitta
Gelatin Inc. (Osaka, Japan) , 25 mM 2-[4-(2-hydroxyethyl)-1-piperazinyl]
ethanesulfonic acid (HEPES) & A DMEM/Z, Invitrogen Co. (Eugene, OR, USA),
bicinchoninic acid (BCA) Protein Assay Kit, SuperSignal® West Femto Maximum
Sensitivity Substrate, goat anti-rabbit HRP-conjugated 33 J TF goat anti-mouse
HRP-conjugated /% , Pierce Biotechnology, Inc. (Rockford, IL, USA), 10%
2-mercaptoethanol 7 £ sample buffer 35 & (8 10% SDS-PAGE 7 /L X Wako Pure
Chemical Co., Ltd. (Osaka, Japan), Phosphorylated-p38 rabbit monoclonal antibody{Z,
Promega Co. (Madison, WI, USA), p38 mouse monoclonal antibodyl¥, Santa Cruz

Biotechnology, Inc. (Santa Cruz, CA, USA), Phosphorylated-ERK rabbit polyclonal
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antibody$3 X ('ERK rabbit polyclonal antibodyl¥, Cell Signaling Technology, Inc.

(Danvers, MA, USA) L0 ZNnEEA LT,

2-2 FEBIE
2-2-1 K= %X (PRE) O

HKME (100 g) 1 n-hexane (500 ml) TR L7z, SR CHUIE KM % vE81%,
50%T 4 /—/L (500 ml, 50°C) T2 KEffht L7z, iz Aiatk, 1BHE - i
L CHIE®W2157-, = OHiH Y% DIAION HP-20 column (Mitsubishi Chemical
Co., Tokyo, Japan) (T S8, KTHEF LI, €D, 70%TZ J — /L THH S

, WK Z N - 2B LB Kk=F X (PRE)2.8 ¢ #1537,

2-2-2 HPLC Z3#F

PREFFOT v b7 =& &L, C18 #77 I (Develosil ODS-UG-5, 4.6 mm i.d.
x 250 mm, Nomura Chemical Co., Ltd., Aichi, Japan) % HV>T HPLC (Shimadzu,
Kyoto, Japan) {ZCToAr L7z, BEIFEICIX 10%FEE viv(A) BLOXR/ 7T K=
R UL AR ) =)Vl (10/22.5/22.5/45) (B) Z Wiz, 7' F v FE&EIE, 0
min, 90% (A), 10% (B) ; 40 min, 65% (A), 35% (B) # M\ 7=, Jii&lL 1 mL/min
&L, HIEIZIE 520 nm DR A V72, PRE D cyanidin-3-O-glucoside 35 L Y

peonidin-3-O-glucoside D E &1L, TNEI 2.9%FB LV 02% TH -7,

2-2-3 Ak
HUVECs % HuMedia-EG2 #5#1C 37°C, 5% CO, eff F THi#& L 7=,
HuMedia-EG2 85 #1113 HuMedia-EB2 £5 #1112 2% FBS, 10 ng/ml hEGF, 5 ng/ml hFGFB,

lug/ml & R a/LF >y ) 10 uyg/ml ~/3V >, 50ng/ml 7> A7V B, 50
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ug/ml 7> 2 ~A T UNEENTWD, £72, HRMECs (% 10% FBS, 50 ug/ml %
vHE=A T, 5S0ng/ml T ART Y v BE KO culture boost (%R IKT) & A

CS-C medium T 37°C, 5% CO, §AE T CHE8 LT,

2-2-4 invitro &R RER

BV ORI IS F AT » b &2 V2, HUVECs & B 25 HIn oo dhhs
TIZ VEGF (10 ng/ml) 3 X OERELZEM L, 11 HEEE Uiz, 558046 1, 4,
7, 9 H#IZ VEGF B L OB Z@E# L7, 11 H#, 70%~% / —/LCHEEL,
—WPUA L LT~ U 2HE b CD31 filkZ OGS, D E I ZIRPUEY FHi~ v
A RG-TNA) T H AT 7 =ikl TRIcSEL, TDOE&,
5-bromo-4-chloro-3-indolyl phosphate/nitro blue tetrazolium (BCIP/NBT) % 2B & L
CTHUVECs O EZ Yett, U=, IR O FEm1E, AR BFEA%SE (Keyence, Osaka,
Japan) CH[{GES L, MEH/EEEY 7 v =7 Ver2 (Kurabo) % AV TEE
f& (tube area), ‘EFWEL (tube length), 47U (joints) 35 KX UMKEL (paths) O 4

DPDINT A=K —|ZOWTali L 7=,

2-2-5 A G SE AR

96-well plate (2 2X 10 cells/well ™ HUVECs 3 . O HRMECs Z#5#E L, 24 B
W53 L7z, £ D%, HUVECs $ X1 HRMECs X, £ E1 2% FBS &4
HuMedia-EB2 #5 X 0" 10% FBS &4 CS-C medium [Z@E L L, & 5I(2 24 BREE#%
L7, H:#IlZ VEGF (10 ng/ml) 3 X OB Z N L, HUVECs (% 72 KffH,
HRMECs (3 24 FFfi] & 5128538 L7z, AIAESEIX cell counting kit-8 Z VT, 7k
NP DREEIT 572, 492 nm (B K, 660 nm) DK % spectrophotometer

(Varioskan; Thermo Electron Corporation, Vantaa, Finland) %= H W CHIE L, H~
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Yo DA ED DM A G LT,

2-2-6 2 WoLifEiE B (Wound healing assay)

2 RIEMINEE E R BT MIA DR 16 ~ DB EEE A BT 2 R TH B (Fig.
18), #A 7' 1 =25 —%" (Cellmatrix type I-C) Z 4 L 7= 12-well plate |Z 4% 10"
cells/well ® HRMECs % #&## L, 48 Frfiiss Lo, ME)s 80% = 7/Lx kD
IRRET, 2% FBS & A CS-C medium (CEHL L, & 5|2 24 FFEEFE 21T -7, 1 ml
F v T HWTHMREZ R REICE > THEEY, FSLBEMBE (Olympus Co.,
Tokyo, Japan) THzH¥ L7z, D%, VEGF (10 ng/ml) X O%KREZ N2 T, 24
RFfEIE 2 U, [RISEI A P IRE Lo, MIMQBEE ORMEIE, F1& B> 7 failkic
J L T< DM L v skediz,

/ Sample After 24 h \

VEGF

HRMEC S
8 /

Fig. 18 Wound healing assay (two dimension migrated cell assay).

Migrated cells were estimated by counting the cell numbers in 4 randomly chosen fields within

the wounded region.

227 UxAXZ LTy k

12-well plate = 4 X 10* cells/well ™ HRMECs Z & L, 24 Brfiiss% L=, £ 0D
%, 2% FBS %A CS-C medium [ZEHLL, & 5I|Z24 RfHjEEEZ 1T o7, 25 mM
HEPES ¥ L1 2% FBS % DMEM (ZfEHA L, S 6121 FFEEEE L, £ D%,

VEGF (10 ng/ml) 5 X OEREEZRIML, 5ok Lz, #laz oK@ L7 PBS
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TPEi§ 4, protease inhibitor cocktail 35 & O phosphatase inhibitor cocktail I/I1 % % ¢e
RIPA buffer Z 01 %, IR IR 2 B L7, HER$hH 1% BCA Protein Assay Kit
ZRWTH N7 IR IE % B &%, 10% 2-mercaptoethanol & 4 sample buffer |2/
WL, 5oMEHR L, £0O%, 10% SDS-PAGE 7 /b2 W TESIKEI L7, 1
WHUAR (i)Y Bk ERK 12 $if&, $TERK 12 Bk, H1V »BE{L p38 HLiks &
O p38 HUA) 8 L U8 2 tkBifk 2 W THUA RS 24T\, Super Signal® West Femto
Maximum Sensitivity Substrate CH %%, LAS-4000 mini (Fujifilm, Tokyo, Japan) T
e Lz, U UEg{b ERK BEL VY VER{k p38 D3 RIREIXZENE I ERK
BLOp38 & HWTHIE LT,

2-3 R FREAT

TR RIT T RO ERER A TE L, AR S%UTZ2AE & L, #ial

FHIFENT I Dunnett’s test 33 2 U8 Student’s t-test 2 HWNT{To 7=,
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3 RER
3-1 VEGF #Zt MEHHIR LA NI OB B AU KT 2 Bok=F 26 &L
O® peonidin D1ES

Bk % 2 (PRE) BLNEDOEEM S OMEF LT HEREHRET 5
728, b METERIRILE PN EGHIE (HUVECs) 38 K OSRHEZEMIIE O Heb% 3 % % A
WC VEGF S EERGRBR 21T > 72, VEGF OIRINZ X - T HUVECs D&
ek CEREmfs, SHER, ol ndos X OB »MEdE L7z, PRE (3-30 ug/ml) 1%
VEGF &3 EET AU 6t U CIREE R DDA B RIS EH 27~ L7z (Fig. 19),
%72, PRE ODEH LS T 5 peonidin (1-10 pM) (2B W T b EIEEE K OF B 728
FIEHA NGO b/ (Fig. 20), [FRFICHIREREZBIZE L7225, PRE 721X

peonidin OURINC k. 2 B 72 IEZ L CHIBASE IR & A2 o 72,
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Fig. 19 Effects of PRE on tube formation induced by VEGF.

(A) Representative photographs of tube formation. HUVECs were co-cultured with human
fibroblasts, as described in the Methods section, and incubated for 11 days with or without the
indicated concentrations of PRE, with the concomitant addition of VEGF (10 ng/mL). Tube
formation was evaluated by measurements of (B) tube area, (C) length, (D) joints, and (E) paths
after treatment with PRE. Data are shown as means + SEM (n = 3). C: control; V: vehicle. **, P

< 0.01 versus control (Student’s t-test), and **, P < 0.01 versus vehicle (Dunnett’s test). The

scale bar indicates a | mm length.
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Fig. 20 Effects of peonidin on tube formation induced by VEGF.

HUVECs were co-cultured with human fibroblasts, as described in the Methods section, and
incubated for 11 days with or without the indicated concentrations of peonidin, with the
concomitant addition of VEGF (10 ng/mL). Tube formation was evaluated by measurements of
(A) tube area, (B) length, (C) joints, and (D) paths after treatment with peonidin. Data are
shown as means = SEM (n = 3). C: control; V: vehicle. ™, P < 0.01 versus control (Student’s

t-test), and *, P < 0.05, **, P <0.01 versus vehicle (Dunnett’s test).

59



3-2 VEGF #¥t NIRRT PN B FS K OVe b HERR B i 45 PN B M o
I kT4 % Bkt % 2, cyanidin 3 & T8 peonidin D1E

155 87 A= DT B T b B i PN R MR SR L kb 5 Bk =% X (PRE) B
KO O S (cyanidin 3 KO peonidin) DIERA MG 5720, b M
RIS PN 2 M (HUVECSs) 38 KOVt M8 A0 45 PN 2 A (HRMECs) %
FVNT VEGF #FF8 MR I 69 2 /EH 2 it L7z, £ OfER, VEGF (10 ng/ml)
WAINZ & 0, HUVECs 3 X UV HRMECs (3%t PREE & b L TE T 1.4-3.6 5%
KOV 7-2. 3 5 EASEE N L 7=, PRE (10-30 pg/ml), cyanidin (10-30 pM), peonidin
(3-30 uM) I} X O trolox (10-30 pM) 1%, VEGF #%% HUVECs Ol Iz % L T
FEARTFHI D SH B HIERNFE® b7z (Fig. 21), [AIERIZ PRE (3-30 pg/ml),
cyanidin (10-30 uM), peonidin (30 pM) I X O trolox (3-30 uM) 1%, VEGF #%
HRMECs DIkt LT HAERMBEER SR bivie (Fig. 22), 72, T
5 OPEEIZEIT S PRE, cyanidin, peonidin 35 & O trolox ¢ HMESINIL, HUVECs

B L OYHRMECs (269 2B 5 MR ERITERO bz oo 7=,
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Fig. 21 Effects of PRE and anthocyanidins on VEGF-induced proliferation in HUVECs.

HUVECs were incubated with the indicated concentrations of (A) PRE, (B) cyanidin, (C)
peonidin, and (D) trolox in the presence or absence of VEGF (10 ng/mL) for 3 days at 37°C in
5% CO, with humidity. Cell proliferation was estimated using a cell counting kit-8 (CCK-8).
VEGF treatments increased cell viability vs. control. PRE (10-30 pg/mL), cyanidin (10-30 pM),
peonidin (3-30 uM), and trolox (10-30 uM) inhibited the proliferation. Data are shown as means
+ SEM (n = 5 or 6). C: control; V: vehicle. ”, P < 0.01 versus control (Student’s t-test), and *, P

<0.05, **, P <0.01 versus vehicle (Dunnett’s test).
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Fig. 22 Effects of PRE and anthocyanidins on VEGF-induced proliferation in HRMECs.

HRMECs were incubated with the indicated concentrations of (A) PRE, (B) cyanidin, (C)
peonidin, and (D) trolox in the presence or absence of VEGF (10 ng/mL) for 24 h at 37°C in 5%
CO, with humidity. Cell proliferation was estimated using a cell counting kit-8 (CCK-8). VEGF
treatments increased cell viability vs. control. PRE (3-30 pg/mL), cyanidin (10-30 pM),
peonidin (30 uM), and trolox (3-30 uM) inhibited the proliferation. Data are shown as means +
SEM (n = 6). C: control; V: vehicle. ™, P < 0.01 versus control (Student’s t-test), and *, P < 0.05,

** P <0.01 versus vehicle (Dunnett’s test).
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3-3 VEGF #3& & Ml i & PN EGRIAR Ol & 1269 % BBk = % X, cyanidin
¥ £ O peonidin DFEH

Bk % 2 (PRE) B X OZ DR (cyanidin 38 XY peonidin) O X 572
D IS B A% D ER &SRS 5 702, b b R8I A I PN R A
(HRMECs) # VT VEGF sE3MiluilE & x4 22 Met L, £ DREE,
VEGF (10 ng/ml) #SINZ X Y HRMECs 1%, *FIREE & bl U C 1.9-2.4 5 Ol i
ERNFRD BTz, PRE (10-30 pg/ml), cyanidin (10-30 uM), peonidin (10-30 uM)
B L O trolox (30 uM) 1%, VEGF #%% HRMECs DOl E 5% L TR IERIDND

B PHER RS Sz (Fig. 23),
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Fig. 23 Effects of PRE and anthocyanidins on VEGF-induced migration and in vitro
wound healing.

(A) Images of wounded monolayers of HRMECs taken 24 h after treatment with control, VEGF
alone (10 ng/mL), or VEGF plus PRE (30 ug/mL). Migration was estimated by measuring the
cell numbers within the wounded region after treatment with VEGF plus: (B) PRE or (C)
cyanidin, peonidin, and trolox. Data are shown as means + SEM (n = 3 or 4). C: control; V:
vehicle. ™, P < 0.01 versus control (Student’s t-test), and *, P < 0.05, ** P < 0.01 versus

vehicle (Dunnett’s test). The scale bar indicates a 250 um length.

64



3-4  yEMEEER TIEMAL & X7 B X —E OfET
INETOMEICBWTEKT X R (PRE) B L ONZ DR (cyanidin 3
X O peonidin) (Z VEGF #F%8MLE#T Ak T 2 HEMEANRO vz, DX
& D7 DM Z Rt 572910 VEGF 38 & #T A1 V CEE MR N
T FNARER A TH L SRR gL # X7 X 7 —1E (MAPK) |
HH L7, VU rBa{k ERK1/2 iX VEGF #FrsfatgsiicBi 5 L, U o BR{k p38 1%
VEGF #F3MMilEEICBL 3 2 FERBEICHE SN TS (Wu et al, 2000;
Rousseau et al., 1997), & Z T, PRE % T VEGF HIiKiZ L %5 MAPK {&MHAKIC
*3BVER & FEt L7z, VEGF (10 ng/ml) #IP4IZ L > TERK BL U p3s DV v
AL LU, T2 24 fERB KO0 2.1 2 L7 (Fig. 24), VEGF &%
ERK1/2 5 LU p38 @ U »gfkiX, PRE (30 pg/ml) HINC K 0 A& 72 M HI17EH A
P B AV (Fig. 24), 7z, PRE BJRAINIE ERK 38 £ O p38 DAL &R L O
U UAIC RS R E 2o T,
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Fig. 24 Effects of PRE on phosphorylation of ERK 1/2 and p38 induced by VEGF.

HRMECs were incubated in 2% FBS DMEM containing HEPES for a further 1 h, and the
medium was then changed to one containing VEGF (10 ng/mL) with or without PRE (30
pug/mL). Phosphorylation of (A) ERK1/2 and (B) p38 was determined by immunoblotting
assays. Blots were scanned and quantified by densitometric analysis, with the
phosphorylated-ERK and -p38 blots (p-ERK1/2 and p-p38) expressed relative to the total-ERK
and -p38 (t-ERK1/2 and t-p38). Data are shown as means = SEM (n = 5). C: control; V: vehicle.

# P <0.01 versus control, and **, P < 0.01 versus vehicle (Student’s t-test).
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A B

AHFFETIE, Bk 2 (PRE) B L OZF O T 5 peonidin O & i
i IR ML N BGRAE (HUVECS) (23517 % VEGF s 38 B R RIC RT3~ S EHIC D
W R L72, PRE 3 XU peonidin 1%, HUVECs & b MHERMEZEMIN O HRE 353

1T 5 VEGF R ENER R 2 i L7, & 512, LARTOMFSE T cyanidin (10 uM)
IZ X% VEGF #H3EVERBINHIVEFA A 52T\ % (Matsunaga et al.,
2010b), VEGF %, in vitro B X OVin vivo Ol 7123\ T IO HgE R L O
i, Mgt~ b v 2 20V ET Y U 7B X OEREOEKSE O METAEDS
WL A (EdEd 5 (Ferrara, 1995), H1 VEGF Hi{£, soluble VEGF receptor-1
(SVEGFR-1) B X W7 > F & A VEGF ¥—7 > A%03, MEHLEEZNEST HEH
R XL TUW D (Kim et al., 1993; Kendall and Thomas, 1993; Saleh et al., 1996),
IHOOMA XY, VEGF ZMERH EZHEHT ok bEERT 7 7 4 —D—DT
HDHEF A D,

MEFAEFEEREICL > TolEREZISND, Thbb, Mt~ v 7 X
D53, PEGHR O EF6 K OMEAH, 5 e RS0 B2l e oo 25 DRI e e 5
%, & Z T, PREBLIONZDOEES (cyanidin 3 L O peonidin) @ VEGF #%
B RIHIERIZOWT, £ OIEREFF#EH O 72912 HUVECs 3 L U'E i
M5B A I A5 PN B AR (HRMECSs) O35S KON E 123 2 /E A I DV Tt
%417 7=, PRE (10 3 X O 30 ug/ml), cyanidin (10 35 X T8 30 pM) 3 L ¥ peonidin
(10 33 X OV30 uM) %, HUVECs F72/Z HRMECs @ VEGF #%Eg5E L OlEd
2t L CHERIEIERZ R LT, ZNHOMEIER LY, PRE BLOEART
v N T =2 VEGF 3B RN B e O 5 ds L OV & D7 o
MHEWER A L WA RN R I L7z, F72, PRE OMAE FrEMmGIERIZE
JHIEMER Sy & L C cyanidin 38 X OF peonidin D RH5-23 /R X 4u7=, Han 5%, B
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K6 oryzafuran, quercetin 33 X OF protocatechuic acid Z HEf L TR Y, 25D
AW ascorbic acid & LL#E U CHRWNT U W VHTRTEH 2 A3 5 F 4 M5 L C
"% (Han et al., 2004), Quercetin & % 7= HUVECs (Z3(F 5 VEGF # R & IEF ik
MHITER 27792 & 225 (Kim et al., 2006), PRE D4 [EORBFHNZ BT D IEMERKSY
D—DOThHHEEZOBND,

A—R—=FF Y RT =4 T VHNRE RaFx v T UhVEOIRIEREEREIT
MEFELTET D Z N5 TS (Yasudaetal, 1999), £7-, B{LA b L
1%, in vitro T VEGF OFEAZREL, FERKETZ v hBLOEa L AT 11—
JVIIAGE 7 Z 123\ CIL VEGF 368l - 2535563 % (Obrosova et al., 2001; Chade et
al., 2004), Lkt L CHIER(L3E TH D N-acetyl-L-cysteine (NAC) 1%, VEGF #
D in vitro FIE L 2 #1192 (Redondo et al., 2000), £7-, ©% I E#HE
KTH % trolox 1%, 7 b mEilEFR AWML AT 7 AT 3\ CTLAE T A 2 40
#il9"% (Pennetal., 1997), ZALH DOfEFIE, invitro 35 X WVin vivo (T3 THUER
N ME AR ERAZFT D2 L 2R L TR, (GRS Mm% 84
ICBWTHEREEZRTE L TWDHEEILND, AFEICE VTS trolox (30
uM) 1%, HUVECs 3 X O HRMECs (23517 % VEGF #F7sfatfiEs L ONEEIC
A IHEIERARSRD b, £/, # 1 BTHRANL L) ICE T A Y U HEE
(electron spin resonance: ESR) % 7273 B% TiL, PRE (X trolox & Lb#k L CHRV T
FefbiEtE 2 49 % (Tanakaetal., 2011), PRE (X 72, [REFE O trolox LV  10-25
BIRNA—R—F % KT =4 T UV NAEIRIEN 2 A3 5 (Ichikawa et al.,
2001), LA, PRE @ VEGF #3887 A S OB O —EIC i bLAEH 23
B 53 % AT REPEAN RIS S T,

Y GUEER FIEMEAL 2 R % —F¥ (MAPK) T D ERK 12 DV g

{b1X HUVECs OHFEICEE ToH 5 (Wu et al., 2000), Ali 5%, ERK 1/2 BLE K
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Td % PD98059 % VT VEGF #5% HUVECs FEFHMEIEM 2 85 L T\ 503,
WEEERIZOWTIIMEER 2R S 20V E S FRIRFICHRSE L TWD (Al et al.,
2005), L7=M-> T, {EFAREFFMEH D92, HRMECs (2815 PRE @ VEGF
RV UERE ERK 12 12k D ERIC W THRET L7z, AR#FFETIE, PRE (30
ug/ml) £ HRMECs |Z351) 5 VEGF #%% ERK 1/2 D U kI xf 9 54 & 22 il
TER 278 LTz, — 5, LAETOFFZEIZ BT p38 1355 1+ ¥ X1 > Td 5 heat shock
protein-27 D VU VLA FHE L, FHEAIC VEGF 3557 7 7 » iR KOS
W FE T H5FENHEE SN TWD (McMullen et al., 2005), Rousseau & & % 72,
p38 FHEFLTH 5 SB203580 % VT HUVECs (Z331F 5 VEGF 7 Ml i 51 4 L
O ERK 172 @Y U ERALICK L THHEH Z RS 2WHEEZHLNILTHD
(Rousseau et al., 1997), % Z T->&|Z HRMECs (Z51F % PRE @ VEGF #% U
fefb p-38 (12X HEMIC DWW TGS L7=, PRE (30 pg/ml) 1 VEGF #% p38 @
U VEEE AP L, PRE OHMRIMNTIL p38 O U VEMLICHELZ KT S8k o
7eo UL EDOFER LY, PRE @ VEGF FHZHFEMHIEMIZ ERK 172 Bt > 75
ARG L TWLSEREZ bz, £72, PRE O VEGF a7z il /e
IZ p38 LY 7 FAMEINES L TCWAENRREINTE, 7T7RUBIO
PD98059 %D 7 TR J A Ri%, ERK 112 ® YV U ERb Z il 4 2 FHAHE S Tn
% (Reinersetal., 1998) Z &b, 7I9HKR /A4 REETHLI T T =V 0 b
EHSHIAN D > 7T VR ITATT B 2D 2 RIT L TV D ATREMEDS R S D,
T N7 =V TS cyanidin 1X, MAEEEAGHIEICIS T S p38 OiEMALE
ild 29I XV, VEGF OFRBLAHET 25 (Oak et al., 2006), LA EOFER LV,
PRE ® HRMECs (25} % VEGF #%% ERK 1/2 35 X O p38 & U > ERLHNHI1EH o
EYERL Y D—DIT cyanidin 35 & Y peonidin DB 523 "R S 4u7-,

AAF5E0 5, PRE BLXPEDEERS Th 5 cyanidin 35 L O peonidin 2B
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M EFTAEERNRD bivz, £, £omEHAEREERICIZ, MAPK
TR DOIEVEILIZ T B ILEMERA S L T2 aTREMEDNV RIR S 7= (Fig. 25).

XW%

{f ERK1/2 )
Actlvatlon Actlvatlon
) p—ERKIfZ) _ (p-p38)

Migration

4/

Proliferation

Fig. 25 Putative mechanism of PRE on VEGF-induced angiogenesis.

PRE reduces the VEGF-induced proliferation through inhibiting direct and/or upstream of ERK
1/2 and the VEGF-induced migration through inhibiting direct and/or upstream of p38.

PRE: purple rice extract.
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MIER & Ok

RENZREIRE A L LT, SRFE, BERPEBYE, MERGREMER X
OB BE A MEIEN 2 DD, 2 b ORIREEBIT DA E S K ORCKIZE
D HIRAIREK O LA ED TS, Fio, BEEDMEAEIMERNIZH DT
bbb b7, AW L OSBRI 2R IEITMENL L Ty, £ 2T,
RBRERR - TRIERZ B E LT ERROBIRMERICHT 22057 by
7 = & L7 =% X (purple rice extract: PRE) OFEHIZ OV TARMIEZIT -
Too £, WO AR I X OV BB MEE & R 2N R AT RS
MR E I 2 PREBS L OET > 7 =2 Tdh 5 cyanidin I £ (Xpeonidin
DIERICONWTREI 21T o 72, £z, LR BIREEEORIER L OHETTICE D
HEERR T TH LA b L RICHT D PRE OIEHZBRFT 5720, ETA
v 3k (electron spin resonance: ESR) & W CTHIERLIEM: 2 M L 7=, o3
WC, FEPBRZE ORI VER B & OB RRT S LTV D /MR A b L RFEFE
MABSHISEIC 65 PRE B LUK T > b7 = OERIC OV TG 21T -
Too S BIT, FERINHEIIEFS J OVINEn s BEASMEIE D FEAEICBE 597 % VEGF 752
MARRI A B 42 %6h9™ % PRE 38 L OV Ok 0 DVERIZ DWW CTRRET &2 1T o 72,

%5 1 B TIL, PRE B X O ORERESY O RIS RMIERE F o 2 FH %
invitro 38 X W invivo 7 V& AW THRGT LTz, £72, ZOEREF 2T 5
7o OAMIIEN ROS BEAEICKT T D EM 2Bt L7z, 612, ESR ZHWT7 U —
7 VA NABEAER a7,

1) PRE %, AR GMIE (661W) SEICxF L CIHIER 2~ Lz, Fiz,

PRE D&% %53 T & % cyanidin 33 £ Y peonidin (233 T & HIHIVEH 23588 5
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iz,

2) PREIZ, 661W WNIZE1T 2 AIEDLFET ROS OFAEZ ] L7, £72, cyanidin
B £ O peonidin 12T H ROS FEAEMBINEH2GZED vz,

3) PRE (%, HilR{LAl (trolox) & ki LT, 1,1-diphenyl-2-picrylhydrazyl (DPPH)
FUNN, A—N—F XY RT =4 T PHL ((0y) BLOE kaxv s
T IV (-OH) \ZKT 5 FWHRTEMED GRS B vz, —J, cyanidin 38 X O}
peonidin [, trolox & Fb-~_THEVNDPPH 7 U VB LN -0y {HEEMZRL
7275, -OH 1Zxf L T B ZEHZ RS 2o T2,

4) PRE (%, WIHHCEEFE ~ © A MM 512k U CHANR D SRR g oD 2556 2 3l L
72,

2 BECIIUTE, BHEB LT Y N, v IR SO MR L OB RS
SN TVD/MEEA L RAIZER L, PRE B X OO O/NMafR A k
AP A AR R A SE 269 A EA IOV T invitro 8 K WNinvivo €5 L %
MW 21T o7z, £, TOEMETZBET 2720, /Al L 2B
HE R T8 LI A= OiEMHEZ I L 7o MISE DR T3 5 1EH 2 st
L7,
1) PRE BLOZEDERS Th D cyanidin (%, mERIL KSR ZE O N EiHE AL
BE % I L7z,
2) PRE BXURZE DM S TH 5 cyanidin 3 L OV 2-hydroxy-5-[(35)-3-
hydroxybutyl] phenyl-B-D-glucoside (HHPG) (%, Y =H~ 1 ¥ k% Ol
TR HERI AR & B L7z,
3) PRE &, /MafEA L ABAHEERT TH D immunoglobulin heavy chain-

binding protein (BiP) 3 J U* C/EBP homologous protein (CHOP) D& HLIZ %L
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RIEE 2o,
4) PRE, cyanidin 33 X O'HHPG 1%, Y =Hh~A V2 FHEDO I AX—F 3 OIEME

b2 4l U7z,

il

5) PREIZ, Y =h~A T UiFdE~ v AMRRRRE 2o U TRl i i g o #

el 2 4l L7,

%5 3 B TIE, PRE 3 X O OERR RSy O MR 45 B A1 kb3 2 /EH % in vitro
MAEFAETT v GIaEEGE, Ml X OB ERAGR) 2 AW THRE L,
72, T OIERET & B3 % 72 mitogen-activated protein kinase (MAPK) D%
PEARIZ 63 2 /E M & Mt L7,

1) PRE 3 X O O Sy T3 5 peonidin 1%, VEGF #3812 K 2 M PN BRI

D WER R % i) LT
2) PRE B X O O Td 5 cyanidin 33 X OF peonidin 1%, VEGF #5312 &

% MG A PN R R AR S S A il L 7
3) PRE B X OZ O TH % cyanidin 38 X OF peonidin 1%, VEGF #5312 &

% AN ifn /87 PN R e e 7 2 el L 72
4) PRE %, VEGF #% MAPK {EVE(LISx L THIIMER 27~ L7z,

AMFFEORER LY, PRE BLXOZ DR S THLEMT o o7 =13,
ARG € 32 28 MEAE 35 L OVIN iR B8 B ZS MEE & BESEE 23 VR TR 3 6 ME RSS2k L
THMTHLZ EEH LN LT, $o, TNOOHEBOFREBICEETHD &
EZOHNTWHEEEA M LA LThH, PRE 38X UNE ORERE T IZR W HLEE
LIEMEZE R LTz, & 51T, PRE BEXOZOMEA I, RS ORI &
OB STV D/ kA kLot L CTIflfER 2R L7z, PRE X
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O OFERRE7 1, FERIFREIAE 33 X OV SHBE S MEE O %8 9E 12 B 535 VEGF
AN AT A6 L CRWHEEH 2R Lc, LLEORER2 S, PRE B X
OEET v M7 =0, SFEBIREZEEICH L TPBLONRE R HIRFS
N2,
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E i
KRGzt 2 DIl dr, AHFFROBITIZH 72 0 KIAEARE 72 2455, HHiHE
250 £ U7 B B R S A (B BB AR AT 572 X G 8 S Bh R AT S F 98 =R i
Ji R TICRER O E R L ET,

ABFFET B U CHRAREIZR G 72 2 58 72 b ONTHIBIE 215 0 £ L 7l B3R
R AR REARAT 7 KGR N AT AT JC B0 IREEHE I 14 OB %
EHE— R LIRSS L ES, £, Hx OB ) ZTHE £ LIS AT A
FEOGFRITLO DB L ET, 512, BSR OREIZE W TH IS RHBE
BROEFEEZG Y E U 7l BR300 52 7 KGR L 3 B g =
B R L R L

KX DFEEZHOTWEE, ARBREDEZHY £ LB RERNIREA
(RERREMRAIT 2 KGRI 7y A AP e S 0. o) ISR T, I BB 22 R e
Oy F R AE BT TR SR AR BB R 0 ON T g B R R S [ 7R A =
KB ERR IR SEFN F B HIR RS R A LIZRAE L £,

ABFFED BT ARG L DIER D= 2 5 A TS IZEWE LicA U #ilfk
AR R  MIPLER, BGmarsep ik THEEHEL,
B DB LICROEHBELET, bOETHAO I HETES £ L72hZER
FEHbRE R NS BUESE B OB RRIS/L 0 B IRGHE L 47
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SDS-PAGE : sodium dodecyl sulfate polyacrylamide gel electrophoresis

SEM :  standard error mean

SOD : superoxide dismutase

TMB . 3,3'.5,5'-tetra-methyl-benzidine

TNF-a :  tumor necrosis factor-o

UPR : unfolded protein response

VEGF : vascular endothelial growth factor

VEGFR . VEGEF receptor

WST-8 : 2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)

-2H tetrazolium monosodium salt
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