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R

RITEEZARTDEERE THY . IRTZFH S 7D E RN ERE FI1TE
S NBRIIEOHRTITED D 2 & THAIIHBEEFEREZHF TV D, IRIZE
DOIEHRIT. BRSO AN (Cornea) & UVUKEL{A (Crystalline lens) THEHT L. fiH
T (Vitreous body) Z i U CHEMEE (Retina)lZRET 5, EBAAED (Ciliary
body) I3/KEIKDELRZZE S, MRICEET oo v MNAfiz1T-
TBO ., ¥ (Irs) (2 X > TIRICAD O EITHE ST\ D, MBI IS
B2l PRI AL (Optic nerve), #EfEs#EE#d (Retinal ganglion cell:
RGC), 7~ U U #lifi@ (Amacrine cell), BAaiffia (Bipolar cell), 7K Az
(Horizontal cell), #i#Mid (Photoreceptor cell), #AMEL(AE b RN (Retinal

pigment epithelial cell : RPE) 7~ 72 % (Fig. 1) (Roche et al. 2016),

._./ Retinal Ganglion Cell

ﬁ%i\_
Amacrine Cell

’\ Bipolar Cell

.
H
)

Figure 1. Structure of ocular tissues

Figure modified from Roche S. L., etal. Int. J. Dev. Biol. 60, 4-6, 127-39., 2016

MR 22 U7 L, B ThAHMIIC L - TEEZ S b, A
FUIAETDOTZREN R 72 B . FHAMIRE & SEAIIE A FIET 5, HAMIIIZHEYE
ELTu RFV U2 L TERY, BIMEECREDY Y TOIEDOREFANZE - T



% (Rippes et al. 1987; Hess et al. 1989), #fE{AHEZ XM D .8 ICE T L CTFEE
L. fAO0aEEHo T D, SRS E OFHIZ X > C 3 FEIHIC /M
S, ZUTWMAKOBENRR D, SEHEOHAEMIIIZEh, RE T
DR (L SEK), s T D8R (M 8EK), &2z T 28K (S #EK)
TdH 5 (Fig. 2). 3EIHDOHEMRHMINLIL, T EIFEEDHIPHDOP RN e b U
LA BRI R, WTAOMMKRS, SWER KT E2ZITID Z
& T, MlENIZEEDOZE L2 E T D (Drachey et al. 2018),

Rod L-Cone M-Cone S-Cone

AA A

Photoreceptor
cell

isual . : : .
Ylsua Rhodopsin L-opsin M-opsin S-opsin
pigment
Figure 2. Combination of photoreceptor cells and visual pigment

Figure modified from Drachev L A., et al. Biochem Biophys Res Commun. S0006-291X, 30118-9., 2018.

ZOERUE T SEIRIE K ORI AL T D BRI, ACSF/ia e O
~ 7 U Uil 8 AR T, BRI RBRR OO AR O R E AR (S FE T D RGC
IZEEL, SRR THAERMEx bd Z izl omg s LTtk
% (Grinvald et al. 1994; Shimazu et al. 1999),

KIS D T RMAIER O EALIZIE, SkPIFE, BEIRIWHEIE, MR R AL



PEIE, MNEREEBEAME 72 ENFET O TE Y . 26TVl b Z IR ER D%
BTH D (Fig. 3),

Other Glaucoma
31.7% _ 28.6%

Retinal /Choroidal

troph
pptoind Retinitis
. pigmentosa
Macular / . 14.0%
d t- /
se';g.;:] craton /‘/ \ Retinopathy of

\\ Diabetes
\ 12.8%

Figure 3. Cause of blindness in Japan
Figure modified from Health and labor sciences research grants intractable disease policy research

project, Research Report, 2017.

INHLOEBOHTTY, NMEEBIZ M, (Age-related macular degeneration :
AMD) iR MEE (Retinitis pigmentosa : RP) DFIECIRREREITD U 2 7
TR & LT, REIZRESRC B OBRE DR E R E SN TV D
(Margrain et al. 2004; Glazer-Hockstein et al. 2006; Cécile et al. 2014), 7=, T 95 L
T AR B DFIE e CHETTICIE, JEAIC K> TSN 2FE L2 DA ML ZADRY
HRESN TV D, wEONEEITHEWEONH, TRbbHEY A 7 v &
WBRENIEMAL &, EMEREEETE (Reactive oxygen species : ROS) 2A&EFfET 5 =
ETCHALA RV AD—[/ L7225 Z ERHEIN TS (Grimm et al. 2000;
Wenzel et al. 2005; Narimatsu et al. 2013), F7=. BE DJEEFTEIC X - THIELLH

JADRIPAIE R R U L B F oAb & R 7 OEFRENE Z 5 Z &< (Nakanishi



etal. 2013), IR Ca?"iRIE D EFIZLE S /Mafk (ER) N Ca fE MO H3
ER A ML RAZFHRT D L) A[REMEAVRIB S 41T 5 (Donovan et al. 2001;
Verkhratsky. 2005; Concannon et al. 2008), Z ® X 91T, JREKD A 1 = X L%
e ICHL SO H DD, BUR, IRANRIMIRIEN RN Enh, A
RO TPRIERNEZETH D,

OREITEERESIZEAL, AFEAZANVRSREEFEOZRL, BEA ML A
72 EDREZ XD BERE O R PEEBEML T D, EREHIBOBLENS
H, RBERERSCTHERONADER SN TEY, FEHREAIZ XS Quality of
life (QOL) DR T ZBG < HRYT, #x 2p3sh 247 Lo DRIER O 72 B 5 3
ROBEREMERL (7 ) A0 &) REMEH STV D, ITEOMREME R
BIXEFEREEZRIT C0D, H B 7—X~—/r77 ¢ > 7% 2020 (& L:#%%)
(Z &% L, 2011 A 7,880 (R DTG T dH - 7223 2018 £ LTI
9247 (EMETHEL TS, LILARBRL, T bRt I MR
WHRZ LD BEL AFEL, RBER - PHERICS T DR AR (=

BT UR) OERNEE - TND,



7 v k7 = (Anthocyanin) (377
~HBRADRIRMAFT, Z7IR /AR
BHEATD T =) — VS O—FET

H5 (Fig. 4), T ARES vy H

TR EDEEL, SEHIONY —HHE

Compounds R; R
Wo Tt REBIZEEN TS, ZNET IC)Z?;llllillllldm EE :H
(LT b7 = FUREER R iﬁﬁkm T
e IO PO A TS
E/EH) (Matsui et al. 2001a, 2001b), ) Figure 4. Structure of anthocyanidins

AREE{LT-B5 (Xia et al. 2006; Ellingsen et
al. 2008), HifEE/EM (Harris et al. 2001; Lazze et al. 2004) 72 &, 4% 23K FH/E
ARG ENTND, &<, SR 2EMICEL TX, 71—
—. EANRY— TR wFRY— BARREDT U M T = EHRBEMT
WENDHY, To b7 =il kdn RV OFARIEEER (Bastide et al.,
1968) <°. MMEfHREE ML CRF#E/EA (Matsunaga et al. 2009, Nakamura et al.
2017). I #F A4 /EA (Matsunaga et al. 2010), #EESIESNHIEA (Miyake et
al. 2012). EARIAAHMEEVER (Matsumoto et al. 2005). A5 A fi 4 /E
(Tanaka et al. 2013; Ogawa et al. 2013, 2014, Osada et al. 2017) 72 E2VRE STV
—J5. T v T = OEKBFSEE LT, Visual Display Terminal (VDT) 1E
¥\ X IR 5 EH (Ozawa et al. 2014) <0, HEIRISHEIFIE (C 3 1) 5 MR
1P (Morazzoni 1996) 72 EDOME N & L5705, WETZIZ 072 R3S
TRy, £7o, 72 b7 = AERROIRNBATICE L TiE, 7 v MEA
G/ OMERENE G £ 72130 P FFIRAE 5%, IRGEICT o hy 7 =R

5




BATL., 49252 LR STV % (Matsumoto et al., 2006), = 52, 7 v

N T =V EEEMTHLTN—RY) =T IR OEG5T 5 & IR, Tk
WRIZT > b T = BBATT H 2 EREE SN T\W5 (Kaltetal, 2008), L
ZRo T, Tv b7 =@ ARM O EEUE, IRZ IO &9 D ld o
REMERFICR LD EE 2 BN D,

AREFFETIE, IREBICKT 2T v b7 = U ER KRR KR OFE O FEE/R Sy
DEREMEZ A SN D 72012, MIRAMIUREE £ 7 /1A ONT A 5 B2 e
FHET NV OISR E S 2 R OIREER 2 it L, 7% &
T, HMOT o b T =0 BHGBMTHD HAREA T 4=« 0 —=XDKSy
SIATAEONZ Z 0 B DEAb A b L A B i i e P 25 L e 3 2 VRIS DWW T
FfL7c, B mETIL, invitro FEFNS A 4 — K (Light-emitting diodes : LED)
JEIT & 2 WA AP L o D /R R b L A B A - DB 512 oW TR
L7c, FtiF T, EARY =X XL ZDERTARDITHLT M T =00
Bl O RFEMERIC IS D/ AR A b L 2 OB G2 S>W TRFT 21T o 72,
RBICHE = TIL, F& LED el AN LEGalE S 254 5 e —=

XRELFOEHAERSTHBET >V T = OERIZOWWTHE LT,



F1E BR{EA b L AFHIEMEEE M EEF ST oA 7 4 = -
— At o EH
LA S

k= K (Solanum lycopersicum) (L, Va v epB-nrrel, inr /A
NEZEEICEATEY . BIREL, FERE. O TICAMHREROO LS
To 5 (Navab et al, 2001; Chen et al, 2014; Daniels et al, 2014), ¥/4Efi h~ F D
ROPITIE, FIRR EORELRET D700, REUTEHREDT » b T
=2 EELHONFEL, REOEIMUREZ L, MW T 27 v T =v
DAEREHEIMEE 25 Z ENHRE SN TS (Latti AK. et al, 2008; Akerstrom et al,
2010), 7 R T = UFRHFRADORRGHETHY . 7 FouR) a3, 7R
BRELL OHFXRMOLIZEENTND, TV by T =U30nbw bR 7
= /) =NV DO—FTEWIRILIEN 2 F > TR0 | fkx RBERE 2 iR L THERENE
BEORELE L TR SN TE 72, BRI, 7 b T =0 2RI E L E
BBV OOEDTH LT N—RY =R AR —TlE, IROERGHERZ &L
DL Sh, MEERERETIAOREE L X b L ARSI B P T L S R
FEMER. B ME AR EER R ER®E ST s (Matsunaga et al, 2009,
2010; Ogawa et al, 2013, 2014),

ARETIE, BA (KRFKIER) EO, 7o b T7=GH b~ b ThHoHA
VT4 e n—RIEENDT VR VT = RO R T ) A RO 4T o
Too ARITHA L TODA T 4 m— X3, AnhEiY 7R RECEAT 2 L
TKREA VAN RFAICTHRE SN, EASH TR I LTS, (v
T4F-m—XI, P FORETHLIInT /A FDYavr e 074
= m—RIRHEBRI R T U NV T = DT R SRR ORI SE L L THIRFT
EOM, AT 4 H s v = AR T HREEIERICET 2T AL 25720,
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ZORY MIBRIZELENDZETHELDLT v by T =200 k> TRENSE
BICELT D, B, OUT R WEDTIET » R T = RAE TR,
AT, b~ b BRI E8IC b SR A2 & < Bl oBE; T L -
T, BTSN AE BT R E B U CHls Lo, RBETIE, BBl
ECTRE Lie, Bl KEFEA T 43 - n—RZEENDT v by T =
FOhas /A ROFEEAL L, S50, ~ 7 A BRI
(661W) flifiaz Hv, Bk A b L AIZFEFRE S LD BMIEEF I LA o7 o
n— X DMREIER 2 BT 2 2 Mt Lz,



%280 BB R OT5A
2-1 BB

Delphinidin-3-O-glucoside, petunidin-3-O-glucoside, malvidin-3-O-glucoside,
cyanidin-3-O-glucoside, YV 2> K ONB-nT >, UEDT M7= kO
1w T ) A FOFEAEN T Extrasynthese (Genay., France) 725, KU 7 /LA m
% (Trifluoroacetic acid : TFA), K U x5 /L7 X > (Triethylamine acid : TEA),
Hypoxanthine, xanthine oxidase, &2l 7K K& U8 FeSO4 i% Wako Pure Chemical
Industries, Ltd. (Osaka, Japan) 7oA L7z, ABTS [2,2’-azinobis (3-
ethybenzothiazoline-6-sulfonic acid)] I3 Tokyo Chemical Industry Co., Ltd. (Tokyo,
Japan)/ S A L7, 1,1-diphenyl-2-picrylhydrazyl (DPPH) & U} 6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid (trolox) (3 Sigma-Aldrich (St. Louis,
MO, USA) 72 HHEA LT,

AT 4 =« m— KR British Seed Ltd. 2> 52 EA L, =7 /L—2L -
k< bk« 77— (Ogaki, Gifu, Japan)»» 5 & 5 S iu7=, AFFRIC W72 RS 13
FILKIETT T 2013 4F 5 H 7 Bl ERE: Shu, #FK 80 RIS L7z b D
HAMFETHW ., KRFICTHWeA 7 3 - m— X3 IRENTHRICK
A EE, EFWAEN ORI L BT R BT 250 72 5iETHEE L
Tze P PREICTT U P T7 =0 RERSN, BREEZE LIS DOERERIC
7z (Fig. 5),



Figure 5. The blue tomato (Indigo Rose) used in this study

(A) Cultivation of blue tomatoes in greenhouse. (B) Ripe blue tomato, which was exposed to
sunlight from above and below by reflection, containing rich anthocyanin pigments on the entire
surface. (C) Separation of peel, (D) seed and pulp from the blue tomato. The scale bar

represents 1 cm.
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2-2 RERITIE
2-2-1 TV T =0 RO eT A RoOfh

AT 4T m—ANLRE, BT RORAZSHEL (Fig. 5C-D). HEHIZIK
RZEFZ P CHAE 7=, WUV T, Wonder Blender (Osaka Chemical Co.. Ltd.,
Osaka, Japan) Z JHWNT, WG L7 R, LR ORNEZ LR L-, i
T, TNENDE—RZ 05%TFA & 5 e 70% T & / — VIR &%) 3 {5 &N
Z. 30 HEAELTCT v by 7T =24 L (Ogawa et al, 2008), i1
2600xg, 10 Z3fEIDO ST OB ZITV, RIGEAFEI L7z, Z offiti#/E% 2
EE DR LT BIEZ T by T =ik & Uiz, BEA S B L T(Olives Barb
etal, 2006), 2 [FIOfMHEER DFIEIC~FH 17 M=% 7 —/ (50:25:25
=v:v:V) WREM, IRELTK, Vavry KO- uerrazagieias )/
A Fafhi Lz, 2bo60lnT /A MRS, 2600xg T 10 45 il 057 FE
LCREZEILL, 2EHHZOWKEZ I eT /A4 Rk E Lz, 2 # 8O
MHRIE, = SR b— & — R OVHAE R TR 2 BRE L. AR 0 R FEHh
& f57-, TP, 4°C OMBEFT CHRE LT,

2-2-2 TV NUT UM OEERIK Y v~ N 7T 7 4 —434F (HPLC-DAD)
AT 4 v —=AORPL, FF R ORAMHY Z 0.5%TFA &4 50%T &
J—IVIZEEfR L, IRWT 7 4 /LZ — (Nacalai Tesque, Inc., Kyoto, Japan) % >
THEBELE, AT 43 -0 —XDOT > T =VOERICIE, Cis /1T A
(Develosil ODS-UG-5, 4.6 mm i.d. x 250 mm, Nomura Chemical Co., Ltd., Aichi,
Japan) % FV>T HPLC (Shimadzu, Kyoto, Japan) (2 T43#T L 7= (Ogawa et al,
2008), AAEMIHEMIE 10 uL B2 TEA L7z, BEWEIZIE 0.5%TFA B viv (A)
FO0INTFA A7 h=Fr U/ (B) Wiz, /7Y 4T, 0

11



min, 92% (A). 8% (B) ; 50 min, 85% (A). 15% (B) ; 60 min, 70% (A). 30%
(B) ; 65 min, . 40% (A). 60% (B) ; 75min, 40% (A). 60% (B) % M\ /-, &
X 1 mL/min, 77 AIEEIX25°C L L, 540 nm OFEETT v b7 = 2 HIE

L7,

2-2-3 a7 A RGO EEERIE 7 v~ 77 7 4+ —4387 (HPLC-DAD)
AT 4T u—AOR, T ROREIEDIZ, A% =T E =]
U VERHR (90 : 10 viv) IZIEfRE L. 7 ¢ /% — (Nacalai Tesque, Inc., Kyoto, Japan)
EAHWCERLEZ, AT 43 -2—X0Yab KO- IaT  OFER
X, Cig 77 A (Develosil ODS-UG-5, 4.6 mm i.d. x 250 mm, Nomura Chemical Co.,
Ltd., Aichi, Japan) % FH T4 L7= (Olives Barb et al, 2006), #-fEH#H#)1% 10
uL EZEA LT, BEMHIZ9UM TEA &8 A% J — W71 F =k U VIR
(90 : 10 viv) Z VY, FEE(X 0.9 mL/min, & 7 AIEEEIE 30°C & L, 470 nm &

WETT Y N T = %2HIE LT,

2-2-4 T NUT = UG OEEIR Y v~ N 77 7 ¢ — 34T (HPLC-ESI-

MS/MS)

AT 43 s a—=XOKHMEMTEENDT v T =% HPLC-ESI-MS
IMS > 27 BT K-> TEMSHT L7 (Ogawaetal, 2008), 1> 7 4 2« m—X
ORFz, FF. HOEAEY % 05%TFA 54 50% =T %/ — /WAL, &
VT 7 ¢ /L Z — (Nacalai Tesque, Inc., Kyoto, Japan) % HW\WCigim L7-, =<
NDOYENR %, CAPCELL PAK ACR (2.0 mm i.d. x 250 mm, S-5, 5 uM, Shiseido Co.,
Ltd., Tokyo, Japan) Z W ToOHr L7-, SFEMMEIT S L &2 FEA LTz, BHE)
FRIZ 2% F K EsHE v I v (A) & 2%F a7 & b=k ULWEiR (B) Wiz,

12



77X FEMIE, 0min, 93% (A). 7% (B) ; 40 min, 75% (A). 25% (B) ;
55 min. 3% (A). 97% (B) ; 65 min. 3% (A). 97% (B) ; 66 min. 93% (A). 7%
(B) ; 75 min, 93% (A). 7% (B)% fH\ 7=, FiElX 0.2 mL/min, 7 7 AIEEIX
40°CIZHfERF L, TV by T =0 & &7 TR 7 A REIL, 280 nm DR TH
H U7, &HbiE#iE. ESI (4000 QTRAP®, AB SCIEX, Massachusetts, USA) % i
RIcAF N Ty T2 7 ha 27 V—EEOIFHIEA L, HEoHrE!
X, EAAEF—FTFT, UTORGETHERIEL,

Spray voltage, 3000 V; Source temperature, 600 °C; Curtain gas, 20 psi.;

Declustering potential (DP), 60 V; collision energy (CE), 10 V; lit fill time, 1 ms;

An enhanced product ion (DP, 60 V; CE, 30 and 50 V; lit fill time, 5 ms)

2-2-5 22-7V ) A B-ZF ARV FT VY 6 AR BE) (ABTS) T3
T NAH BTG

ABTS [TalfifE U U L DRINZ LY | WTFH TN E B CIRE A%
2L, IUVHNHEERNEEATIWE L > TTVIABHET DL, BED
IRBEIZR S (Reetal, 1999), 100 mL @ 7 mMABTS 7 U V=X ) — )VIKiR %
FHELL . 734 nm (2RI DWEEEAY 0.80 205 0.90 E AR B HIC X ) — Vv EIIX
FAWUT=, 200 uL O ABTS Walli% . A 7 4 =« m—flithi#y, 7o ko7
SVVROT Y RV T S AR U o AR R ORI h e e v o
ZF721% Blank & LT 50%— % / —/L (1% DMSO &4) /KIEHED WD
50 pL FREHRIK EIRA LTz, KOG Z =IEC 5 /ofErE L%, 1K 734nm T
WS EE D2 & IE L7z,  Trolox (0-100 pg/ mL) @ ABTS 7 ¥ AHEFEMEE
BEAHEL LC, BER-BO T OO MHERRERE N Lic, 7 0 AHEEMT
Trolox CTERL L7=MERHRZ W T, B ORIMEIZH Y92 Trolox & & LT

13



K7z (Trolox mg/100 mg),
TEERLZ 734nm 12T DIREEEM (Azsa) 271w b L. AEEHIZ Trolox M Ok
BHREZ 7 vy b L, 2530BO ABTS T8 TGP O RS M ORIRIERR 2 1R L
7zo TERC L7z Trolox O &M 2 BT, A5lEt D T 2 UV iHEEEIT T RistHE
AW TRD T,

BBt T B VIHEEME=(Y —by)+a
Y : Trolox 100 mg (% L < 1 100 pmol) @ Azss. a1 : &alBt DO EIFHEAR DM X |

by : & BB EIREHD y G

2-2-6 1A IBEE (Electron Spin Resonance: ESR)

DPPH (200 uM) K& O BHA R 2 S &1 DIRA Lo, Bt E A vty
LEERE N OA R VIZANL, AL LB ART FLVOREEIT> T,

W, DPPH 7 Vv ORER, MEZIRE L THD 2 0%ICHM LT,

B A v kg E  (JES-FA 200, JEOL, Tokyo, Japan) OHIESAH:1E, center
field 330 mT. sweep width 1.5 x 10 mT, sweep time 2 min, field modulation width
2 x0.1mT, amplitude 4.0 x 100, time constant 0.3 s, microwave power 2.0 mW (Z
RIE LT, £/, BT AU HBISEOHE E— 7 1IMFEME TH L~ T
DEFAE AR RV THIE LT, o7 T 50%=% / —v (1%
DMSO &A) KERICTHE L, BEHIZ LD & (Tanaka et al, 2013), DPPH 7 ¥
AN DOHFERITE T AE LB 2AALY MLVORRBOLREH L, £ 2065508
D 50% 7 ¥ A NVIEEIREE (half maximal effective concentration: ECso) &% H L

7’9—
—o

14



2-2-7 HifassaE

AWFZEIE, MG 2 W CRRBR 21T - 7o, UL G IE 10% fetal bovine
serum (FBS), ~~=>U > (100 U/ml) ), O*AX L7 k<A > > (100 ug/ml) &
i DMEM $541C 37°C, 5% CO2 5ot T CHsze L 7o, MEIGMIEL N Y 7o -

EDTA ZLHRIZ LV 2~3 A B X ITH A LT,

2-2-8 @MLK 32 KA FEHE LI SE AT

HEREAR A A 3 x 108 cells/100 uL 95> 96 7 = /L7 L— MIFERE L, 37°C, 24
RFEIRGEE Lo, £ D%, 1% FBS & DMEM K5HUIZE#L L, 37°C. 30 431
¥ aX— kL7, &k (blue tomato peer ext, petunidin, petunidin-3-O-
glucoside, lycopene, NAC 1 mM) Z¥INL T 1 FefjRGE% ., MBEAMARIZ 0.3
mM EER{ K3 & 24 FERALE U7z, 24 FEft%. Hoechst 33342 (8.1 uM) &Y
Propidium lodide (PI) (1.5 uM) Z#MN L, 37°C. 15 /[ > F =2 ~— F LG
& U=, SOCEESEE (DP30BW; Olympus) THRS L7z, #lfauks 2 Yuta L7
Hoechst 33342 (hex = 360 NM; Aem > 490 nm) & £ & L. JEHIIE 2 Yufa L 7= PI

(hex =535 NM; kem > 617 NM)Z A 7 > kL, SEMfERZ R H L7,

2-3  MEEHFERIERAT

SRS RE T S COTHEERE TR L, SRR S FAAE L L, #iE

FHIMENT IX Student’s t-test & 7213 Dunnett’s test 2 N TIT o 7=,

15



B3 AR
31 AT 4 - v—RIFEENDLT Vb T = ka7 /A4 ROER
TP TV T =l aT A ROSEEMEOT- DT, SR D R,
TRORAEGBELT, AR THH LA v T ¢ 2 - 5 — XK KO
MR, 7o by T =0 Vabvtr kOB an Ty OEFREL Tablel iICF &
Wi, MBELTE R, R ORNE RS, ERAPLERKEZHET LT,
F RS L 2 0.5%0D TFA #&ir 70% T4 / —/LCHHLTT v b7 =
VSR, BT, NV T /X ) —L (50:25:25=Vv:V:V) &
AT ae s kO g-ur ozt Uiz, R, R ORATEMICE £
N7y T = kONwT /A4 RO HPLC oA R~ L7= (Fig. 6B-G),
BRI HIE, 10 FBEOT > Fy 7T =0 RO a vy kit s, -
N GITY) av s b B-Ia T ORISR, 7o b7 =20
s ote, RAHESNOIE 2 FEEHOT Fy T =0 ) a vy iR
H&ni= (Fig. 6F), St o7 vy 7=, Vabt xR p-I1us o
EHEY, EEHEL LT T =Vr-3-0-7vay K, Jabvt vk p-aas
v & MWz HPLC Tz BEIc B Le, REhHMICIZZ &80T v h o T =
MEFENLTWER, L ORREDIZIL, 7 b T =303 A EEEN

TW e 7= (Table 1),

16



A

Peel extract Seed extract Pulp extract

os)
@
-

26074

Abs 540 nm

Abs 540 nm
Abs 540 nm
34588
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> 20053

r
%

% 10 15 20 25 10 15 20 2%

10 15 20
Retention time (min) Retention time (min)
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Figure 6. Quantitative analyses of anthocyanins and carotenoids in the separated parts of

Indigo Rose fruit
(A) The extracts of peel, seed, and pulp. HPLC chromatograms of anthocyanin in peel (B), seed

(C), and pulp (D) extracts by analysis at 540 nm. HPLC chromatogram of lycopene and [3-carotene
in peel (E), seed (F) and pulp (G) extracts by analysis at 470 nm.
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Table 1. Compornents in the separated parts of Indigo Rose fruit

Parts Components (mg/g extract)

Anthocyanin? Lycopene? -Carotene?
Peel 17 1.13 N.D.
Seed N.D. 0.05 0.02
Pulp 0.1 0.68 N.D.

a\/alues are expressed by calculation of high-performance liquid chromatography (HPLC)
analysis for each sample. N.D.: not detected (detection limit: 0.01 mg/ g extract)

18



32 A F 4T -a—XEET LV NT = UDRE

HPLC-ESI-MS/MS 3T #E RIZE SN T — 2 ORIEZIT> 72 (Fig. 7)., 1EYE
A AFTERWT & b7 =20%, BEEO (Peteretal, 2008) 7> b7 =2
TV AVNROT INVEOHRER LT D 2 L THEE L. REICE E
NoO7 Y by T = OnNERE Table2 IZFE L7z, A>T 42« v—XITH
ENDLT R T =V ERE LTV ADMORS ORI TE 72, L LR
5, 7V T =0 BROEZIRET DITITEL D27,
WEOHEIZBNT, T M7 =840 b~ b CRERE) (2%, 3fEHOT
> b v 7 = (delphinidin, petunidin, malvidin) (ZE &K E 72138 D /Lo
— A VT )= A p-I VB OH T oA VEEBFES LT, K115 237
U EDOT U M T =0 BEENTND Z ENRIILTN S (Jones et al, 2003;
Peter et al, 2008), 4'[E]?> HPLC-ESI-MS / MS 43#7 (Table 2) 12k - T, AApEA
YT e 0= RADRENET U T =T ) a i VR ONT VLR
HEDENHA SN2 WFEHOT v by 7T =0 2 HEE Lz, SHEIIT VY 4=
VUHsk, 4 FEEIT Petunidin B2k, 4 FEEIIV L E D U HROT U R T =
ThHoT-, R, B—7Z 5 (petunidin + p-coumaroyl + rutinose + glycose) Trx &
N5 X5 7 Petunidin RO T > by T =%, A VT 4 2 - v— R

Mo L B Sz (Fig. 7).
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Figure 7. HPLC-UV chromatogram of anthocyanin present in Indigo Rose peel extract by
using HPLC-ESI-MS/MS system at 540 nm
For details on peak number, refer to Table 2.
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Table 2. Anthocyanins assigned in Indigo Rose peer

RT ™" Fragment
Peak (mim)* Anthocyanins (m/z) ions (m/z) Reference
1 12.3 delphinidin+rutinoside 611 465, 303 Ogawa et al, 2008
2 13.3 malvidin + caffeic acid + rutmoside 801 639, 493, 303 Mes et al, 2008
3 14.2 delphinidin + caffeic acid + rutinoside 773 611, 465, 303 Mes et al, 2008
4 24.2 delphinidin + p -coumaroyl + rutinoside + glycoside 919 757, 627, 465, 303 Butelliet al, 2008, Su et al, 2016
4 242 petunidin + caffeic acid + rutinoside + glycoside 949 787, 641, 479, 317 Lietal, 2011,Suetal, 2016
5 27.3 petunidin + p -coumaroyl + rutinoside + glycoside 933 771, 625, 479, 317 Butelli et al, 2008, Li et al, 2011
6 285 malvidin + p -coumaroyl + rutinoside + glycoside 947 493, 331 Lietal, 2011.Suetal, 2016
7 29.2 delphinidin + p -coumaroyl + rutinoside 757 303 Mes et al, 2008
7 292 petunidin + p -coumaroyl + rutinoside 771 625,317 Boches et al, 2011
8 30.6 malvidin + p -coumaroyl + rutinoside 785 493, 331 Mes et al, 2008
9 318 petunidin + glycoside 479 317 Ogawa et al, 2008
10 322 malvidin + glycoside 493 331 Ogawa et al, 2008
11 45.7 delphinidin 303 - Mes et al, 2008

*Retention time (RT) of HPLC.
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33 ArT 4T a—XKHEY, TRV T =0 ENY a v ® ABTS 7V
1 VAHETENE

AT 43 v =X R O ONDEFRIT DT VA NIEERE, &
O ABTS W F A2 Z VI NVEEIEEEZEST S Z LI Lo THRE LT
(Table 3), #& %1%, Trolox 4% (trolox equivalence antioxidant capacity: TEAC) 2 & -
TRl L7z, ABTS W F A2 T VI VIHETERIEIL, A 7 4 2« n =Xl
D5 LR TRbm <, B TRAMORE A ONETH > 7,

Table 3. Antioxidant potency of Indigo Rose extracts and constituents

Parts Trolox mg / 100 mg
Peel 2.46 +0.46
Pulp 0.53+0.19
Seed 0.16 £0.01
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3-4 FE AV UIIBLEEE (ESR) & U /= DPPH 7 ¥4 LV DlllE

AT 43 m =X, FLORATESICIBNT, EF AL 2L
18 ESR Z# HWWTCT DPPH 7 U vzt 3 21 EH ARG LT, 41742 - 1
— DR, KA, AR & OB EE Trolox £, DPPH 7 ¥ 7 /W IZ%f
T D HHEIEME A R L, ECso 1% 41E 4 536 .2pg/ mL, 857.6 pg/ mL, 930.9 pg/

mL X% ¥ 16.7 uM ToH - 7= (Table 4 and Fig. 8),

Table 4. DPPH radical scavending activity of Indigo Rose extracts

Samples Unit ECs, (95% confidence limits)
Peel pg/mL 536.2 (487.6~597.5)
Pulp pg/mL 857.6 (763.6~1015.6)
Seed pg/mL 930.9 (829.4~1102.3)
Trolox  pg/mL 4.17 (3.54~4.82)

4.17 pg/mL = 16.7 uM
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Control

Control \/\J\[\‘
Trolox 5 pM J\J\/\/\

Peel ext. 500 pg/mL Trolox 25 ul:l\_/\/\/\/\/v‘/\

T | T | T T | T | |
330.5 3355 340.5 330.5 3355 340.5

Peel ext. 100 pg/mL

é,;
= s

:

Magnetic field/mT Magnetic field/mT

Figure 8. Representative ESR spectra of the DPPH radical
The antioxidant effects of (A) blue tomato peel extract at 100 and 500 pg/mL, and (B) Trolox at
5and 25 uyM
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3-5 IEMRALAKFEFIE~ U A HREBER MR E 54 7 4 = - m— Xk
H¥ & O D sy OVE R

WER LK FFH AR PARE 2 in vitro EF A2 HWT, f v F 42 - 1 —X
R Y. petunidin, petunidin-3-O-Glucoside, U =t & KOG FR E LT
HUIRALA N-acetyl-L-cystein (NAC) DU RE(EH 2. Hoechst33342 K U* PI
Yo X D EHIER X 0 Bt L7= (Fig 9A), @R /KSR X - CHREMAR AT A
DOIEMMPERITIEIM L7z (Fig. 9), A>T 4 =« o — XY (1-30 pg/ml)
(3. IEERALKSEF R MISEIZ KT L CREEAFARIICAH B2 IHER 27~ L (Fig.
9B), £/, AT = - m—XREHHM O T 5 petunidin (10 pM)
% petunidin-3-O-glucoside (10 pM) (23T & A & A2 AR SEINHI 1 2338 8
A=A (Fig. 9C-D). U =By 2BV T, B St #ER TR 5

n72ino7= (Fig. 9E).
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Blue tomato ext.

Cell seeding Medium or
(3.000 celliwell) exchange components Cell death assay
H,0, (03m.M)
24h 30 min 1h 27h
§ 2203
B, . C
8 b 9 *
z 7+t 56
] ok -]
2E 6 % BES
SZst £3 4}
28 41 s 23
£2 4 £,
&2 3¢t *ok =% b
=5, | H H g2
< | 7 | 7
0 1 é [=1 0 ~— é |
Control Vehicle 1 3 10 30 NAC 30pgmi Control  Vehicle 1 3 10 NAC 10 v
Indigo Rose ext. (ng/mL) Bl tomato Petunidin (uM) Petunidin
H;0, (mM) H0, (0.3mM)
D E o«
¢ N.S.
feses
7
£ #tt
-=
2E *
£% 5
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= 2 ok
T 7 2
o LOO 7= 0 L= A
Control  Vehicle 1 3 10 NAC 10,m Control Vehicle 1 3 10 NAC 10 ™
-y e a Lycopene
Petunidin 3-Glc (uM) Petunidin 3-Glc Lycopene (M) yeopen:
H,0; (0.3mM) H,0, (0.3mM)

Figure 9. Effects of Indigo Rose peel extract and its components on H,O»-induced cell
death in 661W cells

(A) Experimental protocol in vitro. Effect of (B) the Indigo Rose peel extract, (C) petunidin, (D)
petunidin-3-O-glucoside, and (E) lycopene on H,O,-induced 661W cell death. The number of
cells exhibiting PI fluorescence was counted and expressed as a percentage of Hoechst 33342-
positive cells. Data are means = SEM (n = 6). NAC, N-acetyl-L-cysteine. #p < 0.01 vs. control;

“p <0.05, “p < 0.01 vs. the vehicle (Dunnett’s multiple comparison test or Student’s t-test).
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ARBFFEIL, BAR (BRRKET) EA T 42 - n—XZBILE567 >~ k
VT = DERMOERET 2T T TH D, AETIE, AT 44 -1
— AR, A LORAMEDICE ENDHMIMEE LT, T h v T =
VRO av R T o EohaT ) A4 ROEZHIEL, F-ORRIC
HRTREIC, LOEL DT T =0 REaERTWH I 2R LE, A
T4 d e a—RIEENDT Y T =l haT /A4 ROERE HPLC T
ST L7z (Tablel), KEFE, 7o b T =GR M~ bOROT v ho T =0
DOELE, EFRFE 194729 0.206~0.665 mg DOFiPH T - 7= (Jones et al, 2003),
AR TR LT-A T 4 2 - m—X2BW T, Bty 19 H729 17 mg
DT > by T =R S (Table 1), RESMEITK L THE®IT 13.1% T
boloZ Linh (Tablel), ARFECHHE T 5 &, BEH (Jonesetal, 2003) L 0 b
TURYT =V ERENEWI ENRBINT, T T =0 EIFLHET
HROFBEOHT DRMPLERIZBNT, 7o T = OERILFEICESN
BRICIR ST R OB Sy THEINT 572 (Arakawaetal, 1985), f > 5 4 = - 1
—ADT b T =R BERERMICE > TEDLZLBH D, &6
2, AT 4 2 - v —XOREHEY A, L ORAMEY & R LT, &
LRXAVDT > M7 =0Tl Vavyr b Ry 19 729 1.13mg
GieZ L R L7 (Tablel), REDOHEBER 1gHZVICEENL Y 2
DOEIL, 2.8~5.4mg & HE STV 5 (Roberto et al, 2008), BE# (Roberto et al,
2008) L LLi T 5 & AREHZI Ko TH O E RS R D Y 2 v &IT00d
mois, ZhuE, HHFEOENNCEI DD EBE X BN, ARFITIE, R
B, RAKOFEF OB ZAFRT 28, 7o by 7 = itgic) av s %
HHEL, N0 EEK Lz, 72 b 7= TRT, —#o) ay
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YIS LTC AR B 2 bivs, b~ MIRM ORI WL OO Hii b E
EHTDHZENWE SN TEY (Ramandeep et al, 2005), AHFFE TR 7= B ARFE
AT 43 B —=XDRENPOEEBEDOT  ho T =& Vav et
THZENTE T, REPIERHIHm ISR A E S, RGO EREDO LT
MHBET S EITE 5T, ICHRE STV D KREREDT T =05
AR~ hE0G, TU T =022 AT ORELRIET L LN TE
7o

AFEFTCIL, DPPH &KUY ABTS 7 ¥ 1 W iH EResHiliiE O 2 O ML P; L4
JIMMiEEA 24T > 72, DPPH J ¥ B AHEIHMIE TIX, FICKEMER Sy OIEMH %
HELTEY, —J5 ABTS T 2 I AHEIEMIIAKENMERS Sy & IRy D )7
DOIEMHZRAET D2 N TE L, WMTEITEUOESHZRTbOD, T a—
WA E AT LA WIZI Tk DPPH ¥E72Y ABTS ik & b U T\ el Ao
T2 ENME SN TS (Yamauchi etal, 2014), AiETCHW A T ¢ = -
o — XTI AKIEED T v by T = U R ORIAEED Y a v Ol =& A L
TW5(Table 1, Fig.6), £7=. 7> by 7T =237 a— G2 HFLTEY
(Fig.d)., 2FIHD T P A WAHEIEMEEZ WD 2 & TE Y MEERFUIR(LREDFE
iz Hf5 L7, DPPH XTNABTS IZEL LB AT VUL THY | AENICIE
FAEL7Z2V, LovL, H— bW b A OFE G HERIEIC BN T, @
HIERE 279 & &N TV 5 (Shimamira et al, 2007), BN TIE S L 5 iE Mg
FlIL, A= X=FF T K (02) X, O b KA S ND —HDOILAEY T
H5, EMEREIX. O, B R 700 (OH -), EEER{ILY

(LOO -). —Mafhask, W {kE, IWEE e ULy RERFE LT
F oD, ENTIE, RIMEOHUR SRR & DSR2 LR CRIIE PTG MERE 5 A3
BETLHZEHEZIOND,
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BREEOT » b7 =20, DPPH 7 VI VHEEIEEEZA LTV D Z &R
ENTW5D (Tanakaetal, 2013), L7=M-> T, A>T 4 2« o — R R Y
OPERAGIEIEZ, 7> b T =V EREIKGET O RER S 5, £z, 4
[EDOFERZH WECHEOD DLIEEEZ AT ORELAN T 1 H - 1
—ZADOMT, FiBLIEEZ R L2, A>T 3 - v — R Otk
EMEIL, A F TOHRIEM (Trolox O 1/30-40) S EIER%ETHY ., 72 b
T EVERRRE LT HRIZMLBNTND T —_ Y — Ll LTRSS T
Ho7- (Ogawaetal, 2008), 7235, ~~ FEREHHEY D DPPH 7 ¥ 1 Vi ETHE
BRI LT, h~ NEEMHY 19 H7-Y . 0.25~0.63mg @ Trolox & [AZ%TH 5
EMEINTWS (Katalinetal, 2014), Z OfERIT, SHHEWICE T 5 Hilk
IEWEDOREIZHRTHEEZ BND,

ABFFETIE, A7 4 2 - m—XORBAhHY) & Petunidin 7535875, ABTS
AFFH TP L THRDRIEERERFF > TND 2 L a6 L,
ABTS 7 ¥ B /WIEEIEVERIE L T, AKEEYER Sy D 7275 & FREVETE O @\ e
LS DFH S ATRE TH D, b~ MHIRDO U a2 B LEREIZIS VLT ABTS 7
CHNVAHRIEEE AT D 2 L RHE ST % (Campestrin et al, 2019;
Gonzalez-Moscoso et al, 2019), AMRFICTHEH U722 E Tid ABTS 7 ¥ 4 /UfiHE
MR RE R oTo B2 OND, T, BTALTIIMIX B EEET
BRE AR I L > TDNA B T O EF DI SN D BRI T, DNA 85
UMW A S E 2 UG 27T 2 (Moletal, 1983), ZDZ Enb, A v
T A e m— XHh A B K SRS TR PR 2 IS o A = XA
(X, MO T AN ERRICEE T 2 2 LR S e, AR TR A
(ZHGEEE U 7ol b KSR 1T, SRR RS RIZ L D Fenton IUSIZE - Tk
DERLIER OV E Ra X v OO a4k 5 RerEN & 5 (Fischer-
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Nielsen et al., 1992), (/K EFHIE OMBEAEMILSEIT ROS BEAEIZFED 7R b
— I AMRAFHIRREIC Lo TR & Z &) (Duetal,2018), f 7 4 2 - m—
R K% Y Petunidin (X, DPPH KUY ABTS ORI~ L7z 2 & K

D, AT 4= m— R, @R KSR T IE O MM B T
% ROS PEAZIGIT L Z LIS L villaf#EEH 2R L, £ OEMEMI & LT
Petunidin DBIG-RIE STz, —F, U 2 Bl bk BRI MR EIC &
DMINSEIC B RIS TehroTe, Vab NI A—R—=FF T RV L
t Refxi v O NEEERENS S Z LAy (Trevithick-Sutton et al, 2006), U
I B TR REN R A R T 2 & AHIE ST A (Tang et al, 2009; Li et al,
2014), 52, Vavigd v URR EEMEIZIE W T, NFE2L2 ¥ 7 vis
ERRE AT LT, W bKFEFEIBA N LA RIEXDOT R b— R &4l
THZENRESN TS (Xudong et al., 2019), AHFFE T, B A L A FT
MR AT RICHT 2 U a B OGN RN BR SN2 T-0
(X, MR O AR ICER T 2 /RN B X DD, IEERE K &GS L HE ML A
fa3EI%, ROS DREAZMED TR h— v AMRIFMHERIE AN L TR Z 5 2 & BWE
SN T3 (Kunchithapautham et al, 2007), MEEALHIIAEEOHTL | HEAMID
DZEPEITHOBREF AR 2 A RIF TV E | IREIICERINCE S faltErn b5, £
DT, HEARHIRLOZEME DRI OIR T IXKFET 2,

AW TIX. AREA T 4 2« a— OSSN 2TV, RhHTic
BEND UEHOT v by T =0 28 LIz, £7o, BRIEA b VAR
BRI 27 > by T =GR AKREA T 4 = - v — XY O
FEERZ R L, petunidin 582 B IG5 A T 43« v — XADORLHH
WS, b K SRIZEEFE S 4L 2 MR MR (2 o6F L C in vitro TORGEME 2 78
T2 L EHLNIT LT, bR b L ATk~ 2 R B o R ERR D —D
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Thdledh, 4T 4 2« o— AW TMEEE B O THRRICEA TH 2
AREMEDS RIS D, 7V U7 =0 EFEMmE LTI, EARY =l
7 SEHHY) (mFR) BEFEE L2V T U 20 b3, EICHRELE S B
e LTHAENTWD —FH, AT 43 - m—=XETRE/FEE LTEEAL
FHASN TR, L LR S, ARUFIEHR R BT Rt ER R 2 i de Z &
PR S LD,

MR LR L A b L RT2T TR <PaAEA L AIZ X > THEEEZIT
DT ENHMBNTND, Tt LED BSHT K o TRBREAIIZ I A kL AR
FHRINDZ L. BEA N LRI L o THEBEHEARIZEER S EEICHT 5
EANRY =X AR NT VT = OFREEANRE S TS, —J, F
4 LED SEaf s s Mpa e 2 317 2 /M ak 2 b L 2B DA ge s 134
< RARENRZ W, IRETIX, 756 LED ek st o595
AR A NV AOBEIFNCT > T = EEEICERTHEANY —TF

A DERFEERICOWTRRES L7z,
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#52 % H LED i MR AR E IC B S/ R R LA
KD K N E LR — T 2 DORHEER
LA S

xR 2 BRA REROCITIFEES TS, AR TE 5oti%, 380
~750 nm O TH Y . Z OFPADHRT ATHEIE & TN D, 2R TH, 380~
530 nm O F A BER A A B 2 idm T R L — AIEDEER & R, INim g EE
75 (Age-related macular degeneration : AMD) <of N5 (4 35 28 MHE O FEIE PR e
DOHELFTIZB G- LT % (Margrain et al. 2004; Glazer-Hockstein et al. 2006), @45
BRICIBWT, S X =R C o 5 F (At DR REHINREEE S IR i o
fEE A2 AT D 2 ENHE SN TV D (Grimm et al., 2001; Roehlecke et al., 2011;
Narimatsu et al., 2015; Nakamura et al., 2017), =T % /L X — A HERRE R 60
WEAT, FEH A A — K (Light-emitting diodes : LED) IZ& N TV 5, HRZ
LED (384T 70 E O & AN THEB DD RSP &b, BN
ST LT LRI, I E=F—DONNy 7 74 M lIE<HHSh
TW5b, REDERHEITIE, TR TORREDOHNESVE ) 2L THAED R
FELTWDHH, LED 74 MIFERLEHADEEO L ZREELEDL Z L THA
ZEVHLTEY, XX —i R THLHFEHOEI G RE U,

AMD I, NI & 0 HERIZ & 2 THBEOMRE D R S LD IR T, ZEMEALIN
PR NE & B AN A PRI S N D, RN PSR I, BB
(21T DML DOMEITHYZRZEMEIZ K0 BBE T O REE SN D Z LT, EIE
IR TIZOR N %, FEEBHRICKIZTHEL, 7 b invivo 7L
([ZHWVT 379 ~559 nm E TOREDOHIMIEFIC, WROK S ISP L TH
EADOEEEREHE Y, B THEEEDNEGNZ EMEIN TS (van
Norren and Schellekens 1990), 7 4 7 /L% W= WF5EIZB W T, #Hf LED ¢
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RIS 95 2 & T, MR ERAL (RPE HiAm) J OMELMAAE AL i

W TTRIE AN ER 8 1T 5 (Koide et al. 2001), %1% RPE MfIZI51T 5 bis-
retinoid <> N-retinylidene-N-retinylethanolamine (A2E) 72 XD U KR 7 A F
(lipofuscin) OEFEEZEE L, TOREI o> U 7T 21EMEREEFE ROS
DOEAZE L, RPE Mifd DR Eimi b4 gl &k 2 LEEFEZE# 9% (Sparrow et
al. 2002), HFEOJEHRHIZ X D RPE HIMESEIL, MRSEEEEIN - CTH D caspase-3
DOIEMEAL 288 Chl & Z &4, caspase-3 PHEFA] Z-DEVD-fmk 12XV 77K k
— 3 A3 &5 (Sparrow and Cai 2001), AR A AR 2 |2 35U T b [FIRE

|2, caspase-3 DFEKL T K7L v DO EIECEEIC LV, MR 5] & i
ZENDH@U. Wuetal. 2002), LU, $EAMILICREST 247 &2 R T ED
B, /MAEREIRE &L OBEIZ OV TIIAL NS TV ZRuy,

/WEf& (Endoplasmic reticulum: ER) 1%, # > N7 EHOAKL OV 7272 A%
i, AT 4 FiEG . BEHEMED X NI EDT =T 4 TR
AT O M/ NERE Th D, /NIRRT D Tele AR n # 237 (Unfold
protein) 23 Z 35 & . Unfolded protein response (UPR) & FRIEL 5 /MR A K
L A NER A TEE (L S, 2 R BOEEELZHER L ClilRETA 9 &

% (Mori et al., 2000),
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Fig. 10 Endoplasmic reticulum (ER) stress pathway.

UPR #EHIZIE 3 DD 2 7T MRERIE A FE L TR Y . T2 MR -
IZ1F1ET % Inositol-requiring enzyme 1 (IRE1), PKR-like ER kinase (PERK) K& O}
Activating transcription factor 6 (ATF6) 72 & D/NMafk A h L At o ¥ —75 123 8
WA N BEDOEREENICIE 2 D (Bhandary et al. 2012), UPR #&#1%. (1) ER
Ty Xu oA EEtE, (2) # N7 BEoOREIS. (3) ER BE S iF (ER-
associated degradation : ERAD) D7 & % ilf#9- % (Triasophon et al. 1998;
Harding et al. 1999; Okada et al. 2002), /MR A b L A28 S 7= il ¢ PERK
SR ENEM SN D & FIRICAFEET SBERBAGA T o 7 2= k
elF-2a 23 U VB S, FTm 4 X BORREMHIT 5, Zhick v £<
DA NTEITER A M VAT TEANMET 25—, #5 K+ D Activation of

transcription factor 4 (ATF4) (Z3fIZpEAES B4 % (Harding et al, 2000), ATF4
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I3 ER stress R{L T TEIEHNCEIR SBZICBAT L. MR 28 o 2 kL 225
L Ciijis S5 (Luetal 2004), L2>L72285, UPR RREEOTEMALIC X HIEHE
EMZ#BA TER X b L AREN K HEIL, BERTO—FTH 5 C/IEBP
homologous protein (CHOP) ZFEFHFE I, 7AR h— A2 XY st s 358
9% (Wang et al., 1996; Imaizumi et al., 2001) (Fig. 10), JT4F, HEMAHIIRLC 54
% a4 LED Y PR 25 HIAR N ROS pEA -3 U CREEAIufE S 2 5] & i 2
Tl HREF NV EO—FETHD SA TV DEELRGIERITZ LN
HWEINTEBY (Kuseetal, 2014), =D S-F 7L OEEKRITOM S L2 < W
ZEDNHEBLMNTR - TS (Zhangetal., 2014), LA L. (o LED YRR AY S-
F7 o DEEZBLTER A PV RAZHET 50OV T, ZAE TICHwE
X720, HEGIT L 2 MBS O TRICIE, MEERMR TOmEA kLA
O & NZBEL N EOEEEOMRENELETH L LEZALND,

VY OB FBICET B LAY
— (4 : Bilberry, %44 : Vaccinium
myrtillus L.) (£7 /L —_ VU — DT IC

Mo HRFET, FiTdET A U B R0dbRk

DHEHRTHAEL TN D, EARY —IT
KEENLEBRAOELDITTVA Figure 11. Picture of bilberry -
(Fig. 11), EARU —DRFZIINE £ T

BWHERAZLTREY, TORETE

BT T = mEATHS (Fig.
12), REARE LTCREERTEge  Wid Blueberry - Bilberry
<, HEREMER R IR & L TIER

Figure 12. Cross section of Blueberry
FEoxx 2 (Fhithdy) HFH I TH and Bilberry
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5o EARY =2 2T, ISFHEOT » b 7T =URREIESNTEY (Bajet
al., 1983; Nakajima et al., 2004), #Hilz{t.i%: (Ogawa etal., 2008) . L& PriE
KONk 2B 5 EH  (Lietti et al., 1976; Morazzoni et al., 1990; 1996;
Colantunonietal., 1991) #H 5 Z L@ SN T\ 5, FRICHEEEIZEER L
Tofis L LC, MM AAE/ER (Tanaka et al. 2012; 2013; Ogawa et al. 2013;
2014), MR ETMIR R E L EA (Matsunaga et al. 2009) 72 EA3H Y | in
vivo FEEBRR THRESBESNEEA 2R+ 2 & bME SN TV 5 (Miyake et al. 2012;
Osada et al. 2017), & 512, ERRIZBW CHRKEE 71239 2 SGEER NS S
TW% (Ozawa et al. 2015),

ENNY =2 X AR OZDOEERSG THLT » M T =V, IHMERRHREE
(ROS) DREAZHETHZ LITL > T, H LED XBEFEICLVFHINH
LR S 2 035 Z & BAME S T% (Ogawaet al. 2014), L2orL72
A5, B LED JEOgFEIE, MIEHEAHIRNTO S- 47 v v DRk 2 7E
L. #EHlao22E a5 2 232 &5 (Zhangetal. 2011), F LED
JERRESIC X D BEE 2 DM 2 kT 51215, ROS ZE T SH L7217 T2 <,
S-HATVBEDOIHELAMN THL LEXBND, BOHRETIEZ, EARY —
TXRALT I A ML IEBMEIRRICERIE L2 L TV InA R B OgE
IR A2 2 & N8RS ST 5 (Yamakawa et al. 2016), = D7=sH, T
YIUT ZEBLENNY =R AT BE R N EREERMEIL, F
o LED RRHIC Lo THHEE SN D S-A T v OBEZ T 5 Z 212Xk,
ER A F L A DIV Z 82 Z L 3 IFF TE 2,

ARETIX, ~ 7 AHEREBESEASHIN (661W) k% Vv 7= invitro # LED Yt
EEIR R Z AW T, WFI7 G LED JERUN DV NaR R U R IRE Z#H5 T
B FFZ S-A 7T v K O Activation of transcription factor 4 (ATF4) (2% H L C
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MRt L7z, 7z, F€ LED AN XV §E% S /o~ 7 A fORHE AR e e
2T 2 EANY —x % 2 K NZE DR T %, delphinidin-3-O-glucoside
(Dp3G). cyanidin-3-O-glucoside (Cy3G) A& T* malvidin-3-O-glucoside (Mv3G)
D, P72 E G LED SN K 20 AK S T E OB R 5 2

L. EHIZ, ERAMLVARIZHTDHENARY —=F ZDOEMAZMATLZ & &
HH & L7,
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%28 EBRME KOG
2-1 BB

~ U A W SRR (661W AliiE) (X, Dr. Muayyad R. Al-Ubaidi
(University of Houston, Department of Biomedical Engineering, Houston, TX) 75 7%
H-Z 7=, Mouse anti- GRP78/BiP antibody (& Becton Dickinson Company (Franklin
Lakes, NJ), mouse anti-ATF4 antibody, mouse anti-PERK antibody. mouse anti-
ubiquitin antibody {3 Cell Signaling Technology (Beverly, MA) 7>5 . rabbit anti-
Opsin (blue) antibody (% Merck Millipore (Darmstadt, Germany) 7>, mouse anti-B-
actin antibody (% Sigma-Aldrich (St. Louis, MO) 758 A L7=, Blocking One-P
X Nacalai Tesque, Inc., (Kyoto, Japan) . Canget signal 1/2 (% Toyobo (Osaka, Japan)
MHAEAN L7, Tunicamycin & O¢ dithiothreitol (DTT) |3 Wako Pure Chemical
Co., Ltd. (Osaka, Japan) 7>5HE A L7=, Mouse S-opsin @ siRNA {3 Thermo Fisher
Scientific Inc. (Waltham, MA, USA) 7>& . negative control siRNA X Nippon Gene
Co., Ltd. (Tokyo, Japan) 75N L7-, 460-470nm DR D&%+ % F 4 LED
PRI, M-trust Co., Ltd. (Hyogo, Japan) 7>6 ., FEIFZFELEE LM-332 12 AS ONE
Co., Ltd. (Osaka, Japan)» HiEA L7z, JEO ML AS ONE Luminometer LM-332
(AS ONE, Osaka, Japan) % fIWCHIE L7z, B Y —xF 2%, Wakasa
Seikatsu Co., Ltd (Kyoto, Japan) 7> b kG- xiv7z, ARBRCHW AR —=x
XFADT v F T =X HPLC IZ X 23 Hr DfE S, Delphinidin 15.03%,
Cyanidin 9.25%. Malvidin 5.73% (%% ¥ I3 Peonidin & Petunidin % {}f& T 8.34%).
BRELTT b7 =% 38.35%%5 A LCUW 7=, Delphinidin-3-O-glucoside
(Dp3G). cyanidin-3-O-glucoside (Cy3G), malvidin-3-O-glucoside (Mv3G) %
Tokiwa Phytochemical Co., Ltd. (Chiba, Japan) 758 A L7z, Hoechst 33342 K ¢

propidium iodide (PI)iZ Thermo Fisher Scientific Inc. (Waltham, MA, USA) 75 1A
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L7,

2-2 FEBGE
2-2-1 HMifaksEE

HENEARAMAR X 10% fetal bovine serum (FBS), 2=V > (100 U/ml) & }A
L7 k<A (100 pg/ml) &4 DMEM EzHhT 37°C, 5% CO, 5t FTHEE L

77 MEEARAIIX R Y 72 U -EDTALELIZ L VW 2~3 A B X IS L 7=,

2-2-2 {4 LED YEHR S E

FH 4 LED I, 7% LED (JZ5E 460~470 nm) % 12 BRfif 2 7= W55 & A4
U7z R~ REHE 450 lux (=L —1 : 0.38 mW/iem?) L 725 X 5127l
BT, TRTOEBBERITMIREEA A F 2 X—F —DHF T,

37°C. 5% CO, 5 FC1iT1o 7=,

2-2-3 Real-time reverse transcription (RT)-PCR

AN A I 2 3x10% cells/well 972 12-well 7' L — KMZ#EFE L, 37°C. 5% CO;
SR T 24 MRS EE L7, el C. 1% FBS % &1 DMEM 551 & L 30 4y
Be#%. 37°C. 5% CO, 554 FC 450 lux O 4 LED St 3~12 ReRJ RS L |
R 7Y v T afTo T, EARY =X AKNT > b7 = DOIEH
MREERBROBRIX, 1% FBS %2 & T DMEM EFHu @ #a L 30 /bt &8
(bilberry extract, Dp3G. Cy3G. Mv3G) #¥shi L C 1 KffEEq# L=, #eld T,
37°C. 5% CO, 514 FC 450 lux D F 4 LED Y% 6 RERIIRST L. 6 Btz v
TV T EITo T, H LED LRSI ZMIAL A FIU L, RNA % Nucleo Spin RNA
IT (Takara Bio Inc., Kusatsu, Japan) % i\ CHiH L 7=, Real-time RT-PCR /% SYBR

39



Premix Ex Taqll (Takara Bio Inc.) Z #5471 k22— LIZfEVy, Thermal Cycler
Real Time System (TP-800; Takara Bio Inc.) (ZCTf7~>7z, PCRIZHW=7F 1~
— ORLH Z LL IR,
ATF4 5'-GCAAGG AGGATG CCTTTT C-3' (forward)
5-GTTTCCAGG TCATCC ATT CG-3' (reverse);
GRP94 5'-TTT GAACCT CTG CTC AAC TGG AT-3’ (forward)
5'-CTG ACT GGC CAC AAG AGC ACA-3' (reverse);
GRP78/BiP 5'-CTC CAC GGC TTC CGATAATCA -3’ (forward)
5'-TCCAGT CAG ATC AAATGT ACC CAG A -3’ (reverse);
GAPDH 5-TGT GTC CGT CGT GGATCT GA-3' (forward)
S-TTGCTG TTG AAG TCG CAG GAG-3’ (reverse)

ATF4, GRP94, GRP78/BiP DifRi%, Z#1Z4 GAPDH THiIE L7z,

2-2-4 DT AHELT T 42 TN

12-well plate {2 3x10* cells/well OFEREARMIL A FEFE L, 24 RefiissaE L7z, %
D%, 1% FBS &4 DMEM E5 1 E#a L, 30 /ri5a8tk. 37°C. 5% CO2 54 T
T 450 lux DF 4 LED St % 3~24 BFEIST L. #ERFRYICY 7 ) 7 %47 -
loo ENARY —HZAROEHET b7 = OEARFRBROBET, 1% FBS
&4 DMEM 5 HUZEH#L L 30 /0h5 %, 45ak (bilberry extract, Dp3G.
Cy3G. Mv3G) Z¥INL T 1 FpfjEE#& %, 37°C. 5% CO2 5/ T T 450 lux D
0 LED 3t % 6~9 Bl L, BIRICY 7Y v 7 2 To 7=, #ilag U ik
FREE (1x PBS; 136.9 mM NaCl, 2.68 mM KCI, 10.14 mM NazHPO4+12H,0, 1.76
MM KH2PO4, pH 7.3) T4 1%. 1% protease inhibitor cocktail X (N phosphatase
inhibitor cocktail 2/3 (Sigma-Aldrich) % & Teffiladsfi#id (RIPAbuffer) ZA0Z .
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ol R &2 10 U 7=, HiAafdh H i 1% BCA Protein Assay Kit  (Thermo Fisher
Scientific Inc.) Z HWT X RV HREZEER., & /™7 BRENE—I278
% & 912, 10% 2-mercaptoethanol &7 sample buffer |28 L. 5 Z3& 0 L

T2e D%, 5-20% RV T 7 VLT I K7L (SuperSep™) % H T EIKED
Lize RUTZVNLNT I RN TNV ET T4, 7 1B
20mA T 90 43 HIVKEY L7z, 3 FEOEVIZ LY & R 7 BE L.
polyvinylidene difluoride membrane (PVDF) & (Immobilon-P; Millipore
Corporation, Billerica, MA, USA) (25384 L 7 E 5885 LT, #551% 0 PVDF
JE2% Blocking One-P ZH\WC 7 u v ¥ 7 L7-%. Can getsignal solusion 1 T#y
WU —PURIZIR L, 4°C TBS ST, ZD%, BB NI 0.05%
Tween 20 & A 50mM TBS (T-TBS : 10 mM Tris, 40 mM Tris hydrochloride, 150
mM NaCl) T¥E#% L. Can getsignal solusion 2 THIR L7 —&kHiKICIR L., =FiR
T 1SS ET, T-TBS THiftk, RENKISO/NY FEdOtAE
(ImmunoStar LD; Wako Pure Chem. Inc., Osaka, Japan) (Z CHitH L7=, i N R
DEEE L, LAS-4000 mini (Fujifilm, Tokyo, Japan) CHlifgHRs L, 7 Lfiftt v —7
k7 =7 (Image Reader LAS-4000; Fujifilm) & i/ N> KTy 7 b =7
(Malti Gauge; Fujifilm) T35 2 & T, F£F VIV EBOEEEI T2, &
B R DN REREEIX B-actin 2 W CTHIE L7,

—RHLARIZIZ, mouse anti-GRP78/BiP (1:500; Becton Dickinson Company).
rabbit anti-GRP94 ., rabbit anti-ATF4, mouse anti-ubiquitin (1:1,000; Cell Signaling
Technology). mouse anti-B-actin (1:5,000; Sigma-Aldrich) % v 7=, —RPiikiC
. horseradish peroxidase (HRP)-conjugated goat anti-rabbit = 7= /3 goat anti-

mouse (1:2,000; Thermo Fisher Scientific Inc.) Z Hu 7z,
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2-2-5 RGOk

HANEARAMIE 2 Lab-Tec 11 Chamber slide (Thermo Fisher Scientific Inc.) {2 1.5%10%
cellsiwell THERE L, 37°C, 5% CO; T—Miki# L7z, D%, 1% FBS &
DMEM E5HIZER L7, BN —x2F 24 LIFHET o 3T =0 D5
ZRRETT DBRE. 1% FBS &4 DMEM B2 & # 30 /9 t4. 5+ (bilberry
extract, Dp3G. Cy3G. Mv3G) Z ¥R L T 1 Bjfks2E L7=, 37°C. 5% CO2 5
R T450 lux OF @ LED Y, & L X2 pg/mL Y =H~A > % 6 ], 05
mM L F A kLA b—sv (DTT) % 9 RFEIE S &7z, £ D%, PBS T
L. 4%/ ST KRV AT VT B K (PFA) T 15 43 EE L7-, PBS-T TULE#.
3% goat serum &4 PBS-T T30 M7 v v &> 7 &1TV, % D% rabbit anti-
Opsin (blue) antibody (1 : 1000) % 4°C TS 7=, “kHUARIL, Alexa
488-conjugate goat anti-rabbit 19G Z V>, =R T 1 FEG S8, 20,
Hoechest33342 (1: 1000; Thermo Fisher Scientific Inc.) % AN CTEYea %47 - 7=,
INnFu~y s NROI A=A T 2% MWTEA LTtk SRR

(FLUOVIEW FV10i; Olympus, Tokyo, Japan) (Z CH#r 217> 72,
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2-2-6 SiRNA EH A

MR 2 FrAE R & A B 2 AV T 12-well 7" L— K2 1x10*
cells/well THEFE L. 37°C. 5% CO2 Z&f1 T T 24 Wik L1z, £ D%, Opti-
MEM. 50 nM siRNA, Lipofectamine RNAIMAX Reagent (Thermo Fisher Scientific
Inc) OIRERZF well IZHINL, 7w b a2 — /| 2iE - T siRNA B AZT
o7, SiRNAEA 24 BifEl#%, HU/EWHEEA 1% FBS 5A DMEM B Hi1Z &
L. 37°C. 5% CO2 5/ F T 450 lux D 4 LED St % 9 FefI S L Cifaic &
L LED StIC K DfEFE Zwh%E Lic, FEDLG O FFHltR, 2-2-3 D IAICHEL T,

ZUNRNTEORBBE R T AL T 0T T ETHER LT,

2-2-7 ER A b L AFHE AT MMM A 5 EAT 3 5R

HEREAR A A 3 x 108 cells/100 uL 95> 96 7 = /L7 L— MIFERE L, 37°C, 24
REfEs 2 L7, £ D%, 1% FBS &4 DMEM i iE#a L, 37°C, 30 ZfEf
¥ a— h L7z, %#EH (bilberry extract, Dp3G. Cy3G. Mv3G) Z#shL T
1 B[S tL . ~ v A HREEARAIIIZ 3SmMM DTT 7213 2 ug/mL Y =h ~ A
UL 24 IFRALE U7z, 24 FFfE]#2. Hoechst 33342 (8.1 uM) K TOMPI (1.5
uM) ZIRIL., 37°C, 15 73fE A o % = X— b UREYea L7t a0 Cmisss
(DP30BW; Olympus) THgiz L7=, A% 4 Yuta L7 Hoechst 33342 (hex = 360
nm; Aem > 490 nm) & EHld & L. SEMIIE % G L 72 PI (Aex = 535 nm; Aem > 617

nm)Z v kL, FEERAE R L,

2-3  FEHFERIERAT

SR R T T NP HEAERE TR, fEBRR 5% T2 A F L L7, HiatFH)

43



fEHTIX Student’s t-test F 72 1% Dunnett’s test & H N TIT o 7=,
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3 RER
3-1 MMM R T 27 A LED ik % UPR BEA -0 mRNA &2 L
A EATL AR AR L BREE 450 lux D5 2 LED Yt B L, & &1 real-time RT-PCR
Z W THRERFIIC mRNA E D2 b2 HIE L7 (Fig. 13), 7 LED JEHSHIC &
D, v ha—/LREL il L C grp78/ bip, grp94 K Y atf4 @ mRNA &1 A 5
IZHN L 7= (Fig. 13A~C), grp78/bip & Tt grp94 @ mRNA &%, 7 LED YR
51 6 RF#2N D 12 IR W THIIN L7z, S 612, atfd @ mRNA #1374 LED
FEHRGT 6 REE 2> 5 12 RERIZ 2T T, BRI AR08 L 7= (Fig. 13C),

A B
)
o 4 Z_ 3 grpo4
3 3T
ZE 3 s
£ 8 EE 2
53 E g
= = 2 S =
=% Z5
2 1
0 0
Control 3 Control 3
Blue LED light exposure (h) Blue LED hght exposure (h)
-
g: 4 ag(z
gL
£ 3
EE
1
=2
Q
Control 3

Blue LED hght exposure (h)

Figure 13. Unfolded protein response (UPR)-related mRNAs induced in response to blue
LED light exposure in murine photoreceptor cells

Induction of bip (A), grp94 (B), or atf4 (C) mRNA after blue LED light exposure time by real-
time RT-PCR. Gapdh mRNA was used as the control. Data are respresented as the means + SEM
(n=4)."p<0.05, “p <0.01 vs. Control (Student’s t-test).
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3-2 MM T 27 A LED SERIEEFE UPR BER 70 7 X7 B ED
221k

FH 1 LED JEOBE#EE 7Y UPR B & o /X7 'E(BiP, GRP94 K (X ATF4) D3 HLIZ
WL RTTHENCONWTRATT 572012, vmAX U TayT 4 71Tk
DN AT 572, BiP OFEBLEIL, # LED YHEH 6 RE] Ch3 /By e
o LT23, GRPO4 I B biTB b o7z, —J7, HELED
516, 9 KON 24 Wi C ATF4 ORBLE OB /e B INNGR0 H v, ATF4 O3

(%, HEIEARAIIR IS B i LED e OBRERISE LT L 7= (Fig. 14),
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13- O —— | GRP94‘-—--—- ——————— ‘
B-actin ‘ S ey, . ———— — — ‘ p-actin ‘ ________ __‘
20 OControl . 14 0 Control
L8 =) L -
E\ W ELED T~ 1.2 LED
3t st
Z < EZ o8|
EZ e 8
S k= é \: 0.6
& g 5 S 04t
a4 B
D@ 4o |
O L1
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3 6 9 12 24 3 6 9 12 24
Blue LED light exposure (h) Blue LED light exposure (h)
C ATF4
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BT st mLED
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g @ 2.5
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Figure 14. Change in protein levels induced in response to blue LED light exposure in
murine photoreceptor cells

Immunoblotting show protein levels of UPR factors. The bands indicate protein expression
levels at 3, 6, 9, 12 and 24 h for the control and light exposed samples. Representative image
(upper) and quantitative data (lower) of BiP (A), GRP94 (B), and ATF4 (C) immunoblots.

Data are presented as the mean + SEM (n =6 to 14). “p <0.05, “p < 0.01 vs. Control
(Student’s t-test).
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Fl&EfiE . H LED LMK AMBEAIIIZ BT 2K ) 2% F o by o3
7B DOEREHET 502 I L7z, FH LED Jt% 3~12 Bef ST L
T, BRHOMIAORY 2 X F b2 T EOE b E E R LT, FRFH
DOBEFE (3~9 KFfE]) TIIR Y 2% F A& VX7 EORBENIN L= (Fig.
15), L2~L. HfLED )t 12 R LA OIREEE Cix, AU 2 eFF A bF o

7 EOHINIZBD bR roT,

* O Control
L6 mLED

*

T 1] ' I
CLCLCLCLTCL 3 6 9 12

3 6 9 12 24 Blue LED light exposure (h)

C: Control
L: LED

=1)

(control

Polyubiquitinated proteins/B-actin T

Blue LED light exposure (h)

Figure 15. Changes in ubiquitinated protein level induced by blue LED light exposure
Immunoblotting show ubiquitinated protein levels. (A) Representative image and (B)
quantitative data of immunoblot. Data are presented as the mean = SEM (n =6). “p <0.05 vs.
Control (Student’s t-test).
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3-3 {4 LED JHRH R VER A b U AFHEANC L D S-A T L kHE

OXIZ, ER A NV AFBEHATHDY =~ A P KODTT 28, A H
IZBWT S-F 7Y U DREZTFET HNENICHONT, S aiEE AT
At LT, S-A TV U RHEDOBIZIZIE, M6 LED % 6 RFFIMES . & L <1

V=hwA T 2ug/ ml) T12 K E 721X DTT (0.5 mM) T 6 FRefjALE L,
NRZ R D S-F 7" EENGR O H 7= (Fig. 16A-C), #fMinLEic x4 5 S-A4
TV BHER R AT DRIl OEIE % Fig. 16D 12k Lz, T LED JeRRgE, >

=H <A 2RO DTT I O WF AU N T S S-4 7 & U BHERRD

iz,
B

Control Blue LED Control Tunicamycin
C D§ 7r *%
% 6 r T O Control
g": 5+ m Vehicle
gl
éﬂ,_g ar ®%
257 .
e~ 2+
z -
(=]
g o
- Blue LED Tm DTT
Control DTIT 6 12 6

Time after application (h)

Figure 16. The aggregation of S-opsin induced by blue LED light exposure or ER stress
inducers

Representative immunostaining images of S-opsin (A) after blue light-emitting diode (LED)
light exposure for 6 h, (B) 2 pg/mL tunicamycin (Tm) treated for 12 h, and (C) 0.5 mM
dithiothreitol (DTT) treated for 6 h. (D) Quantitative analysis of immunostaining images. The
ratio of aggregated S-opsin cells. Data are presented as the mean + SEM (n=3 or 4). "p<0.05, " "
p<0.01 vs. Control (one-way analysis of variance followed by Dunnett’s test). The scale bar
represents 50 um. Arrowheads indicate the aggregation of S-opsin.
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34 SATU I I EBTFRMETICET HH G LED JLHGTEETE ATF4 D%
L)

AR ETOMR LY . HE LED EMINZHFER SND S AT L DR &
ATF4 5 X7 EIEVEL & ORICBEEN & 5 & PRI, MEGMRICIT 5 S-
FTrD )y HZ Y F R LED ik IE ATRA IETEALIZ S0 B A2 AT T 0T
L7= (Fig. 17), S-A 7" > siRNA ALiE 24 FEfite, S-A4 7L ORBLUXHD L
(Fig. 17A, B /5). XHF ¢ 7 23 hr—/L siRNA ORI TIIZE(L LR h o7
(Fig. 17B ), £7=. #H{% LED JEHRST 9 FEEI#%. siRNA OFEEZH b 59 S-
opsin DFEHLE A L7 (Fig. 17B), iV T, A LED JERUSZ D ATF4 O3
BUZH 2D S-A 72 sSiRNA DRIR A MRt L7z, F € LED Yo~ DRI,
ATF4 ODRBLEFFE LT, S-A4 7 2 siRNA#L £ 7213#2 OMBIC L » T, %

OEEIEIH =4 7= (Fig. 17C),
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Continued on the next page.
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Figure 17. Effects of S-opsin siRNA on blue LED light exposure in murine photoreceptor
cells

(A) Experimental protocol. (B) Representative immunoblotting images of S-opsin, ATF4, and
B-actin. (C) Expression levels of S-opsin and (D) ATF4. Data are presented as the mean = SEM
(n=7109). "p <0.05 “p<0.01, *p < 0.05 vs. Normal (Control); p < 0.05, 7" p < 0.01 vs.
normal (blue LED); (Student’s t-test). N: Normal. N.C.: Negative control siRNA. #1: S-opsin si
RNA #1. #2: S-opsin si RNA #2.

3-5 H{aLED i S-A4 7V UV BEICKTT D B AR Y — = X X R ONEE Y
DAFEH

~ 7 A WAL A 450 lux OF B 6 R E T 2 & B
\ZHER I VR ETH D S-A TV U DEHENHEE S D (Fig. 18A) (Kuse
etal. 2014), ENAXRY —xF (I 3 ug/mL LL LS, Dp3G & TF Cy3G (% 10 uM
TS-FF Dl aE L= (Fig. 18A~C), —J. Mv3G %, ¥ LED
FHIE S-A T L DRI LTI 2R L7z s, £ OERITAE TIER 0

- 7z(Fig. 18D),
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Figure 18. Effect of bilberry extract and its containing anthocyanins on the
aggregation of S-opsin induced by blue LED light exposure

Representative immunostained images of S-opsin after blue LED light exposure for 6 h and
quantitative data after bilberry extract (A), delphinidin-3-O-glucoside (Dp3G) (B), cyanidin-3-
O-glucoside (Cy3G) (C), and malvidin-3-O-glucoside (Mv3G) (D). The quantitative analysis of
immunostained images is the ratio of the aggregated S-opsin cells. Data are the means +
standard error of the means (SEMs) (n=3 or 4). *P <0.01 vs. control; “P <0.01, “P <0.05 vs. the
vehicle (Dunnett’s multiple comparison tests or Student’s t-tests). The scale bar represents 50
um. Arrows indicate the aggregation of S-opsin.
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3-6 FH 4 LED Jtik%E ATFA OFBUIT 5 EARY —2F% 2 R OFERHSr D
1EH

T LED YIS SN D ATFA BIUCKTT 5 EARY —2F X E D
{EVER Sy (Dp3G. Cy3G KU MV3G) DIz v =A% 7 vy T 1 JIEIC &
D iRE L7 (Fig. 19), 7 LED & 9 WFM D BREHE, ATF4 & > X7 B DR Bl %
HAEICHINESE7- (Fig. 19B, C), /LY —x 3 2| 3 pg/mL LA B2 B IR EEK
{ERIZ ATFA OFBLOIEINZH LTz, £7o. £ DI T 5 Dp3G. Cy3G
KTOYMV3G 1E, R 10 uM IZB W TH A LED EHRHHZFET S v d ATF4 OFEL

OGN %A FIHH L7z (Fig. 19B, D~F),
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Figure 19. Effect of bilberry extract and its containing anthocyanins on blue LED light-
induced ATF4 activation in 661W cells, a murine photoreceptor cell line, in culture
Immunoblotting shows the level of the ATF4 protein. After cells were pretreated with bilberry
extract, or Dp3G, Cy3G, and Mv3G for 1 h, exposure to 450 lux blue LED light for 9 h. (A)
Experimental protocol. (B) Typical photomicrograph and quantitative data of ATF4 protein levels
using bilberry extract (C), delphinidin-3-O-Glucoside (D), cyanidin-3-O-glucoside (E), and
malvidin-3-O-glucoside (F). Data are the means = SEMs (n =5 or 6). *P <0.05, *P <0.01 vs.
control; P <0.01 vs. vehicle (Dunnett’s multiple comparison tests or Student’s t-tests). C: control,
V: vehicle, Dp3G: delphinidin-3-O-Glucoside, Cy3G: cyanidin-3-O-glucoside, Mv3G: malvidin-
3-O-glucoside.

3-7 Ha LED JGEE%E UPR A7 DBIn F-ALICH T2 EARY —x2 % 2 H O
TR 5y DAEH

H 4 LED SH#%% UPR KO BEITH T D EARY —=F Z KT b
T = O ERE LTS (Fig. 20), A LED JERHHIC IV | MBI
BWTUPR KT TH D grpo4 } O grp78 / bip & mRNA FHL 2 BN X ¥7= (Fig.
13), Grp94 K X grp78/bip I%. ATF4 O FHilCFET D UPRAFTH Y, Hn
LED Yt a5t 23 MIAL A I Z 33U C ATFA ZiEMEAL S5 2 L D3 Y il iR &
E 25, HHLED O IL, grp94 LT grp78 / bip @ mRNA DFH % BN <
. EARY —x % (3 grp94 OHEEAN%A 10 pg/mL T, grp78/ bip OEIN%E 3
ng/mL DL CHpH| L 7= (Fig. 20B, C), Dp3G K& Tf Cy3G IE. grp94 } O grp78/
bip @ MRNA OFEHL EF ZHH| L7225, Mv3G 32 % K X2~ 7= (Fig.

20D, E),
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Figure 20. Effect of bilberry extract and its containing anthocyanins on the expression of
unfolded protein response (UPR) factors induced by blue L1ED light exposure

Unfolded protein response-related mMRNAs, bip and grp94, in murine photoreceptor cells
induced by blue LED light exposure. The levels of mRNA after 9 hours exposure to blue LED
light by real-time RT-PCR. (A) Experimental protocol. Induction of the mRNA of bip (A),
grp94 (B) treated with bilberry extract of 1 to 10 pg/mL. Induction of bip (C) grp94 (D), mRNA
treated with anthocyanins at 10 pM. Gapdh mRNA was used as the control. Data are the means
+ SEMs (n = 4). *P < 0.01 vs. control; "P <0.05, “P <0.01 vs. vehicle (Dunnett’s multiple
comparison test or Tukey's test). C: control, V: vehicle, D: delphinidin-3-O-Glucoside, C:
cyanidin-3-O-glucoside, M: malvidin-3-O-glucoside.
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3-8 FHLED HFHA Y X F L AbZ LRI BIZHTHEARY —2F% R
DEH

MR AR~ F A LED Jtd 3~9 R DR IX, MlaNZ X7 B DR Y
2R FoALEBIMEET- (Fig. 15), EARY —= X ZOEfEMad 25 2 &
EHME L, ARG CIERY 28X F 7 XTI ENZE L CORBEEM L7,
6 RFf O & LED SRS S FC3E0 L7=, H € LED Y& 6 Rifi o BgHE, &
VX F ALY R EORBEARICEMIS T, EARY —2% X%,
H 0 LED KRS HE R SN DHIAN Z L 7 BORY 22X F AL %
il L= (Fig. 21),

A B
Polyubiquitinated 14 - s
protein _ _ c
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Figure 21. Effect of bilberry extract on ubiquitinated protein level induced by blue LED
light exposure

Cells were pretreated with bilberry extract 10 ug/mL for 1 h and then exposed to 450 lux blue
LED light for 6 h. Immunoblotting show ubiquitinated protein levels. (A) Representative image
and (B) quantitative data of immunoblot. Data are the means + SEMs (n = 20). *P <0.01 vs.
control; “P <0.05 vs. Vehicle (Student’s t-test). C, cont.: control, V: vehicle, B: bilberry extract.
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3-9 DTT #¥E~ U A KM S (2 EANY —x2 3 2 O3
%5y DAEH

T LED RS, S-A 7V B, ATFA 2 37 B ] O ATFA O TR A
+ (grp78/ bip. grp94) &I LH X 5H7=% (Fig. 13-16), F {2 LED JEHRE A
ER A ML AZFELIARMERH D ML, EARNY ==X AR OFEET
¥ h T =@ DTT s BAMIIEI 9 D EH 2 fa Lz, BbiEcHITh D
DTTIXER A b L AFHEIEMAZA L, invitro |28\ CHIlUESE 22T 5
(Lai etal., 2010), BNV —=xF A Dp3G M O Cy3G iL DTT 7 & Hl i st &
BERFCIHEI L, 22 Lug/mL BLE, 1uM BLER O3 uM LU LD E
THIMEER 2R Lz, —77. MV3G 13 &0 2Bl 2R & 727n - 7= (Fig.

22),
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Figure 22. Effect of bilberry extract and its containing anthocyanins on DTT-induced cell
death in murine photoreceptor cell line

(A) Experimental protocol in vitro. Effect of (B) bilberry extract, (C) Dp3G, (D) Cy3G, and (E)
Mv3G on DTT-induced cell death in murine photoreceptor cells. The number of cells exhibiting
PI fluorescence was counted and expressed as a percentage of Hoechst 33342-positive cells. Data
are the means = SEMs (n = 5 or 6). *P <0.01 vs. control; P <0.01 vs. the vehicle (Dunnett’s
multiple comparison test or Student’s t-test). C: control, V: vehicle, Dp3G: delphinidin-3-O-
glucoside, Cy3G: cyanidin-3-O-glucoside, Mv3G: malvidin-3-O-glucoside. DTT: dithiothreitol.
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3-10 Y=~ A U~ U ARREERMEEEF IG5 EARY —x

ADAEH
ER #8541 DTT 234 2 MM E 2% L TEAARY —oF AR OE

DERT VM T = PMREEREZ R LT b, B A D=L THE
END ER A RLRIZH LTHEARY —x % ZANEHEMEH 2R TG0 A2
P LTz, EARY ==X A E, V=~ A VAT K DR SN DR E SR
HERFEN R R S 7o 72 (Fig. 23), AR CIE, ¥ vn oLy sty a—b
2 (TUDCA) R F 47 ar ha—n e LTHUW-, TUDCA 147 I L%
N THY, F NI EOREEZFRIITER L, ER A & L 22X 5
ZHNiI9 % (Uppalaetal., 2017), Y =H ~ A 13 N BUBESHEMILERITH VO |
Mo RO BDT7 = NT 4 7 aWET L L TMIERNICT 7+ — R
B URTBEOERBLEBELZFHRET D/ AR N L RAFHEEAITH S (Chan et al,

2005),
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Figure 23. Effect of bilberry extract on tunicamycin-induced cell death in murine

photoreceptor cells

(A) Experimental protocol in vitro. Effect of (B) bilberry extract on tunicamycin-induced death

of 661W cells.

percentage of Hoechst 33342-positive cells. Data are the means £ SEMs (h = 6).

control (Student’s t-test).
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AREETIL, FH LED YIZIRE Sz~ 7 2 HRHEIFEAEAI (661W) 23\
T. ER A b L A EE(=F (grp78/ bib, grp94, atfd) ORI KR Y 2 &% F
NCF N BEORBL ANV HZ LR Lic, R ThH, ATF4A D
MRNA KOV o837 B 1d, MEEARAIGIZ 31 5 7 ¢ LED JEIRERIZ I L T
FITHM L7z, 512, SSAF Y mRNA D/ v 7 Z o id, i LED i
RIS LT ATFA OFBLZMGI L7z, & be R7Y 0 TITM 2B T @R
EVEEAFI&EEZ L, ZOMMEICIT ATF4 ORH_EH- 25T UPR 23 BET 5 =
ENHE STV D (Gorbatyuk et al. 2012), F 7=, MESIZLE 5 MR o
UPR IEMALIZ R R O3 BLZ D S 58%H H D (Lenox et al. 2015), A
BCES AT D v I B AL DFEBEORA ), Fitld TEZ % UPR
DIEMLZART S, ATFA ORI 25 S I L7 LRk Sz, K
E2 5. LED YR @R LM iaic 810 5 ER A b L A L OV UPR %354
L., INBIE S ATV DREEBEL TWD RN RIZ S L7z, ER X b
VA, 0 Tl s XV EOFERIZ > THEI N, ZHDHZ X
JEIFAEXTF o -Tu Ty Y — AR E I LTSS (Ueharaetal.,
2007) , TV NA < —I{RN—F 0 U, RRNBE A S TR AR R L ER
A b L ARIGE E OBENH LM STV D (Marciniak et al. 2006; Uehara et al.
2006; Ito et al. 2011; Wang et al. 2012) , = 512, H LED Je~Diafl 7o iggz
(X, BEA R VAR S- AT L DR Z I LTt A IR E 23585 5
ZENEESN TS (Kuseetal 2014) . Z D7z, MM+ 2 F G
LED JEIEERIC L 5 ER A b L ADFEE KT UPR B OIHMEALIL S-A 72
BEICL > TR EN D LHEZR SN D, grp78/bip. grp94 K (X atfd mRNA %
Bk, F LED IS S 7o AR oW TR KAV L 7=
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(Fig.13), V= RAZ T avT 4 72X D00 Tk, F LED X ~DIgREIC
JE LT ATFA 2 U X7 B OREINEINT 5 Z L #6082 L7z, GRP78/BiP
DF X7 EFEBUL, T LED SERREGT o477 6 i THYIME A 2= L7z
25, GRP94 D& /X7 BHBLZ, R L el L T L L Do 72 (Fig. 14),
L7723 > T, FfaLED Ye~DIE#EIL, PKR #/Mafk¥ - —+E (PERK) #¥%
TEPE(E U, MM 3 1 2 B IERINEI 255 52 £ B b D, O
B INZ BB DO T R b — A Z2FER L, U UL PERK L~L 2N &
5D ENHE SN TWD (Yangetal. 2008), %14k L7 PERK 1%, FEREAAAIXA
FOYTa=y elFa % U VLT 5 Z & THicZ 37 ORI & Jiil
9% (Harding et al. 1999; Proud CG. 2005) , —J5. elF20 ® U > f#{kiX uORF
(upstream open reading frame) Z 72— D mMRNA OFFRZ (2T, 5K
ATF4 X UORF Z 3 5 7= OFEREE I LD (Saito etal. 2011), #EF & LT,
PERK #&3E DIEMAIC & 0 & o X 7 AR OTHFITINH S a7z, £ D%
AT 720y ATFA OFHFRDAE BV L7 & HEZ2 <415 (Harding et al. 2000).
FLARFTIL, AU 2R TFALZ T EHO L~V EE LED Yo 3~
O IRl DRI L > TIN5 Z & & L L7z (Fig. 15), Z Of5HRIE. v 7=
TeHAREH RO, b L IEER LED OB RIC T e T T V) — A
DOIEMEPMET LTV D AREMENRE X BIVD, S-F 7L T #EAMIIZ R 2912
FAET DX /7B THY . ~ U AMREEMIICAFTET 5 2 ERmE ST
% (Tangetal. 2011) , L7228-> T, MBEGAEMRIZIIT S ER A ML A& S-F
TV URE L OMICEER H D LAE L, SSA TV VBRI OWTHRE LTz &
A, ERANLVAFBERITHDLY =h~A T KODTT X, S-A T D
HL£EFLE L (Fig.16), ZOZEnb, BELES ATV EERA ML RE
DEFENRR STz, & 5T, UPRIBEIEOIEMEL 2T~ 5 72012 siRNA % ]
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WCSHATFY D) v I E Yy EfTol, SSA 7V siRNA LR IE, FH
LED Y ~DBRFEIZGE L THNT % ATF4 OIEMEL 2 3H L= (Fig. 17), =
DZEND, v ANZHEEMIBIZH TS, HE LED EE% ATF4 DTG
X, S-A TV U DREELE SNTITHI E R I SN ATRER B Z b D, EE
PRI T SIS T S-A T U DEESRER A L AR ERT D Z &
(Nakanishi et al. 2013), S-A4 7 3 > OEEDHFIEHEASMIL O LM G35 2 &
R EMIREINTUW D (Zhang etal. 2011), S-A 7 U idim B 2 pIA R ERIC L o
THEE L, TOBRBEMRIZIER v~ — I —ThHD BIP LHERELTNDL Z &b
(Nakanishi et al. 2013), AMRFHIIBWTH S-A4 7+ v OEERIT ER NIEIZ RTE
LCn5 IS, H6 LED BFEICL > THEBINT S-A 7 v o Okt
RN EE BRI EE L o # X7 L L TERNICER L, TR ER 2
FML2AZEREL, ATFA DIEMHELEZFE L EZXbND, ST 7V DRI
AMD JRREIC I 1T 2 SEAHARE S DJFA D —> & S TS (Zhang et al.

2011), ARFHIBWTHREERIC, 0 LED BRI S-4 7 v v OREE N N ER
ANVAZERT D EEHLNI LT, F6 LED YR MEGmin RS

%, MIFEN ROS BEEAEREOHENICIK S Z &R ENTWD (Kuseetal. 2014), L
L7225, AMD 72 EOFRE T Tl, ROS LIS DB s T4 BBRER 12 X
L2 NI EDEESLER A ML AL 5IERIINDZ 05 (Kheitan et al.
2017), MR A b L AZIHIT 27217 Tl SSA TV U DEEKR T ER X ML
AWl T o MNENHDH Z LRI, TIETORFIIEY, vV AH
KA ~DF € LED JEOMEHE, S-A 7L DOl x L T, ATF4TE
ML ZHE ST D Z LA E o7z, Lav L, MRS 23 BERE AN 2R -
B ORFIEIT W E RS SN TR, 2D, JRRERIET DRI DO RIF
DEFENG, PRHESNRT 70 —F %2479 Z LIZEETH 5,
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PEREVE L AL M O TR RE D UE R BB STV A RE R b D L L
T Ty T=v bbb, 7y b T =V 2ERETEDRENLRY —TF 2
X, BbA L RIR R D R b ok L CREEA 2”3 (Ogawa
etal. 2013,2014) , L2>L7223 5, FHf LED JEap S M ffa s R IE
ER A h L ADEBIZOWTIEH LT EN TR, £ 2 Thl&Efix, HE
LED 2 MG MARRE E 2635 EAR Y — =X ZADOERIZ OV TRE Z1T-
2o AWFECTHWIZEANRY —=F R F, I5HEOT Y h T =0 REENT
B, 5FEDOT  ~ 7 = (delphinidin, cyanidin, malvidin, petunidin,
peonidin) & 3 fEFHOPE (glucose, galactose, arabinose) OFHAGHOENL 25,
BRIZB T 27 0 b7 = ORI K OB I TV E 72 S v Ty
Ny Ty bPeHWET U YT = CRIGRERICE W T, bt Shic
T RT3 7 ) av RoBEL TRV T 7Y aar & LTHRIE SV )
o7z (Tsudaetal, 1999), L7273> T, ABRFTTIXE AT —x % X DIEMERSY
& LT, Dp3G, Cy3G KL O*MV3G D3 oD 7 ) oy K& LT,

S-A TV NI~ T AD M-A T L0 HEEE LT < (Zhang et al,
2013), {4 LED 3¢ (Kuse etal. 2014)<° ER A k L AFFEAID DTT LY =/~
AV UNTIRTE S ND Z L TEEIBICESE T S (Fig. 16), #  LED JEOlRER I
S-A T DEHEICHEE ATFA OTEMALZ 51 &/ 23 (Fig. 13, 14), AHIIET
X, ATF4 DIFHALKR DN S-F 7 2 v DEEICKTT 2 EARY =% 2 JFOZE D
GEHET VR T =R ERmR Lz, XY —x % X Dp3G &1 Cy3G
X, MRS IV TH A LED JEIRFRIC L > THEIND S-A 7T v D
MO ATRA TEMEAL O W T 2 i L7z, —7J7. Mv3G 137 4 LED JERRIHIFE
D ATFAIEMEALZ I L7223, S-A 7 v v OdEICx L Tidb T2 EH
LB 7enn- 7= (Fig. 18, 19), MV3G (L7 4 LED Yif% S-4 7 v v D#EIC
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(XA OB E RIE S 2o 7Dy, BBEA L AZMHITHZ &2k - T
ATFA DIEMALZ I L2 L HER S LD, BB, W20 T by T =
YROPENRY =2 X 23T InA Ry FRMEERTLZ LT, REE
LA EPEHIT D 2 L2 HE STV D (Yamakawa et al, 2016; Prasanna et al,
2018; Saithong et al, 2018; Aimee etal, 2019), 7> h¥ 7 =%, & ReXx L
FEH L2 3 >OBREENS 725 (Fig. 4) (Matsunaga et al, 2009), # > /)7 &5
PG DB ZEICEH DL 7 I sy Xa  O—fThH %
ursodeoxycholic acid <> tauroursodeoxycholic acid <° ursodeoxycholic acid % Bzt 1%
LUt Ry iz a4% (Baietal, 1998), LI EX Y, 7o by 7=k
D S-A T OEEMENT, T T = OREERMEEICER LTV 2 ARE
PR EIND, 7I BTyl LTHWSLIL TV S 4-phenylbutyric
acid |&, FERZRNAEH T2 0 TIEAe <, WEYLFRNCEME LT & N7 T
T L BUKER A R T D5 L TH NI ERI L OEEL S r I vy v
Ny LTERT 5720, MIRETOEHABLETHDL ERBRINATNDS
(Kaneko et al, 2004), 7 > b7 = NEF OFEERIMEIZ K > TH X7 H Dkt
LML TV D ARERENE B BILD,

BN —x % 2 Dp3G KON Cy3G 1k, H LED k% ATF4 O L%
L. 5121 grp78/ bip & OY grp94 @ mRNA OFELZIHI L7z, Ll
MV3G % ATF4 OIEMEAL 240 L7723, grp78/ bip J 1% grp94 ¢ mRNA D FEL
LAV R RE S ipoTc, 2O EN D, MV3G IXFRILIERIZHE T %
B S-A T DEEIITE LN LB ON D, HE LED JEIRE T, MR
BHIIRICBIT B2 X7 BORY) 2 FF A%z 5l & 23 (Fig. 15), ER %
FLRIE, SAT A=V RNZ AT EOERIC L > THl I SD, T4
Th =V REUARTEE, R aexF oS hatdxFr—FnTT Y —A
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PRI THIERL R S5 (Ueharaetal, 2007), 72 H, 4 LED Yz

=

WXk > T, FFEHHIANTER A FLANAREIN TWA Z EAREBREN D,
WEIZH, ER A FLRITEEI RY X F AL & v\ B OERE & i

=

PR L OBEIZ OV CEEICH S &4 Tuv % (Uehara et al, 2006; Ito et al,
2011), BT TV —AIZEL DI AT A=)V RE NI ERROT- DI, v
NRIEDIEEEEIZE X, MBEMA RO T e T T Y — ANE~E D AT
EWHH 5 (Komatsu and Ichimura, 2012), L7=23-> T, ##EEL LT /)7 H1T
TRTT V= ATERRT 2 ENTES, A= 77 VI D2 LI
25, ZUNTEBERITIIEXT T a T T Y — AR EE SRR
AEXF =T 0T T Y — AR OSRRRE B AT S D Z &
O, BEY VR TBEOSRITA— N7 7 U—IC K HMEEE LT D
(Komatsu and Ichimura, 2012), 8RR AN %42 5  LED YRS K - T
JANDOA— F 7 7 V—DEE SIS Z EN/REIN TS (Ogawa et al. 2014),
ARFTE Y, AR 5 Ff LED SRRRE X, MilaN o e FF o
ko o R EEEENSED Z L& LTz (Fig. 15), ZOZ &b, H LED
JERREHT, MEEALEN TOZ X F ALY L BEOREEINSE, B ¥
YRTBEDTRTT Y = AR EEDD L L BT, TaTT Y — LR T
THEVENZRVIRRIZR 8 &2 L T B DG RO oD A — b7 7 O — R HE
PSR WREERE Z DD, A— N7 7 U—i, MlaNIc T 2 R ¥
VORTEERBO L, @RI Z XD YA VA TH D (Nixon
2013), MERMIEIZ ST 5 H @ LED SEREREC, MldNToA—F7 7 ¥—
EHAEREZ Y EARY ==X RIZOBLEMEIT 5 2 EAWE ST
% (Ogawaetal. 2014), L EX D, EARY —x 3 235 LED JEBRE%E O 2

AT F—)V RE T EOEMEIR L, ER A b L A2k L CTLRERIZEH <
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FIREMEDS R S dLTz,

S 51T, FHf LED HREEIC L o THE L Z/Mak A b L A& i3 5 7=
B, BEEO/NEA A R L AFEEA] (Yoshida, 2007) & V7= a2 1T - 7= (Fig.
16, 22, 23), AFHCHW I/ NMAEA N U AFFER] (V=< A RO DTT)
TS-A TV OMINEENBE S-S, ZOEIE I G LED XS O
Nk bED -7 (Fig. 16), YV =h~A L AT/NUKTER SN DX 7 g
DEFRERERE LR AR L, DTT 34 v 37 EIFRFRNICT 4=
AT IVEER 4% (Yoshida, 2007), S-A4 7 > Ao A7y (M-A 7 v
V. LA TUY) B TERELSLT W EXHE I TEY (Zhang et al,
2011), LEZ Eve . FH6 LED IZ X 2 MESIARIC IS 1 2/ iR A s L
X, BF T EDI AT F— )L RTEHRL, SA TV R RAICEENE 2
STEAREMENE Z DD, EARY —xF A Dp3G LN Cy3G i, DTT %
ER 2 I L A K D MIasEIT Rt U CIRESNIR AR L7z (Fig. 22), DTT IEfe{kiE
TRITH Y, BLHRERE TH D ER NIEOBRREAMIE L, ¥ L X7 BOF 4+
TATNVAEREMEETH L TH RV EOEEEFIER L, ERA ML A
Z#HE9 5 (Yoshida, 2007; Labunskyy et al, 2009; Xiang et al. 2016), E /LU —
TH 2L DTTIZ L DMl 2 b LA IZx U TR 2R L2y, i e
T % N-acetyl-L-cysteine (NAC) X DTT i3 MIIRBE = k3 D REMEH 2R &
mnoTe, LIeho T, AERDRT EARY —x % 2 OMAAREER X hiie
BERIZE 2 6D TITRWARIER B Z bivd, S HIZ, EANY —xF X
(X, DTT #FFEMIASEICKT L TIREDNRZ R L7, [AIE< ER A b L AFHEHA
THLY =~ A v NCHERE SN DMIEEF IS T D RENRITR I o7z
(Fig.23), Y =i~wA %, ZoNR_XTEDT +—NT 4 > ZIZHET 5 N#E

G771V av A bZBE L (Lehrman et al, 2001; Rutkowski et al, 2006), 1E 7 4 >
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NNIEBOEKERET S, Y=~ A v R R EE I L. T
VAT U EREEMTHL BT R ANEEEREETH L, EHITED
ERICIEZ. 7o ho 7=V BEBROE ReX I L EOFENEETHSH 2 L2
AR ZI TS (Tanaka et al, 2013), AFTCIXSFEOT o h 7=V 0%
B AN =t E A THRE 21T TR0, Y=~ v iR
T D REER 2R T 72D B BEROE KX U VORI 7= 72
Mo T RIREMERN B 2 Bivd,

T hUT = ERA RIS o TEYOIRIZEIET 5 Z LR ENTERDY
(Matsumoto et al, 2006; Kalt et al, 2008), AfEFHI L > T, AT — I MR
EIEHEZAT L ENAHINTZ Lnn, MARREDTZODOF M2 TRk
FREMIZZRVGLEEZBND,

ARETIL, Ff LED FasMEgififniEE 2381 2/ afk 2 L2513

N HE A LED #% S-4 7V v OBEE K O ATF4 OTEHEALIZH 95 ELRY —T
FAKOT v ho 7 = OREENZ R LTz, EAXRY —2 X2 L D HFA
LED Jt#h% ATF4 OIEMEAL, S-A 7L L EEE O & O DTT #538 M SE DR
ERIE, EARY ==X RIZEENDLTNT 4 =V RV T =V U CERT
HZEBRBEENT,

—Ji. T LED tITMEIRIC B 2 A ARk sa iR 2 il 2 2 & i3m
HATWVDA, FH LED JEI K2 AMEEICR LTI HaIicl s nicsh T
W72V, I LED YT SN AR A 2 TV B BUHES T, dIC A
TERFEEZ 2T TV D AN S 2 B, £ OEEICKT 2 REL O E 2135
BNROB LM ODBERIIBEIDHD B2 OND, LI TRETIHE, HE
LED i Ml R BB 5 25 B Y — 2 ZAORH#EEAIC OV TR
HZEELT,
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3 E  H LED R AR LEGMIEEE ST 5 e —x2 %
A DR
LA S

A T 7= X 912, LA A4 — K (LED) IZHEH, 7L v, RX—Y)
A Ea—Z RNRET A A7V AICBWTASEH STV, kot
LB LT LED 7 > 73BNV ik {AENTHLRL
WL OMDORER D D, HITRIZ K - T4 2tazmd, AMOB TRk
52 EMTELARANT LD H B, 380~530nm DR 2 A9 otiTmT
TR & JFAL DN B B2 ME M OV (4 38 28 MEE 0D 99 [R L B L
TV % (Margrain et al, 2004; Glazer-Hockstein et al, 2006),

ABITIRERFZ EIALE L TR Y . KK DE 2188 5 K50
(Ultraviolet; UV)=X°, IR TH 5 HELICEBER S LTV % (Moulton et al,
2009), FsL, Al K ONRIRE CHERL S U D IRER DR IR, TEIERESE 5> & O BT
BREZALTEBY ., NI4T AILRIEIE IS & 2 BLBIEBERE D K Z (ZBhE 5
F2REETH S (Choy et al, 2011; Uchino et al, 2012a; Uchino et al, 2012b),
=T VERIED BT A 7 A BEDOFEKOFETIE, BIEA h L RA~—7
—EIN L., EOEALITEIEE S FERI L Ty 5 (Wakamatsu et al, 2013), F 7=,
RIATADIRHIEL LT, RIEZHHIT DWBEENI LTV DS
(Gillespie et al, 2008; Brignole-Baudouin et al, 2011; Cavet et al, 2011; Jarvinen et al,
2011; Kangari et al, 2013; Li et al, 2014), AL L 0 KRR OE KR TH H 45
SR B I (UV-B) 1Z. AR BRI 3T ROS D pEA B A HE04 LRI Al
DRI E 2 KIEIZHD S, Al ETOmIRby 27 LOREMA LT,
RIE N OFARARS Z5 & 23 2 LRI S LT % (Andley et al, 1996; Estil
et al, 1997; Kennedy et al, 1997; Cejkova et al, 2001; Cullen et al, 2002; Cejkova et al,
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2004; Rogers et al, 2004), UV-B @ A ~DBg& %, FIRACRaMEERARE (T
IRe) L OBENIMAE ST\ 5 (Taylor, 1989), & 512, FITDOHETIE, in
vivo 7 /L K OV in vitro £V Ol 7 IZ RV T H & LED Y & A IEHRERE T L o
BAGR N HE ST D (Leeetal, 2014; Lee et al, 2016), Zi 5 DO LED HiZ
L AAEREEIL R T A 7 A SRS O3 5 ATREMEDVRIE S LTV 5 (Lee et
al, 2016), J b H, A RFEROFENES A A— FitE 1A 208, 10 HF~ v
ACHH L7 & 24 410 nm DR OSERRERAFIC BV T, RIEE O 2 EME D
b, AN R R TG R FE O BN OV I BGRSE A RS STV b
(Lee et al, 2016),

H A LED GIRIX, @R —nfl & 4% (Grimm et al, 2001;
Roehlecke et al, 2011; Kuse et al, 2014), & {4 LED Y ~DBREE I 2 IS IS 1)
HIEMEEHETE (ROS) NEE IND Z LM SN TEY (Kuse et al, 2014;
Ogawa et al, 2014), E&{b A b L 2 3 ta S HIE K OV AR 35 TRl
JsCZFHET 5 2 EAURE TV A (Cai et al, 2000; Sanvicens et al, 2004;
Nakamura et al, 2017), —J7. FABEHIIIC MIE 4 EAOE 0 B2 BT 5 FRIE
EAERBTZHRn, MR E R0 AENIEICHRVOLICIRSND Z &b, Ot
SR NI BRI VAR NTH, BT LR TH S
B LED LI NIAEA P L AZFHEET L 2 L RSN D, BEOFEL
(T, MEEEERREET M O ROS #E, X b= N U T OBEEBEMOMIEKL T F
2y RYTHEE R EDrpl ORBERZFIER L, I har R TH
BEREEN T AR F—V AR ITZ LRI WD (Lietal, 2018; Tao et
al, 2019), ERZAW TIiX ROS 1ZFEIZI F = R U 7B W TR O FE#E
W& LA R SIS (Hirai et al, 2016),

F2ETRAZEY . LY —(Vaccinium myrtillus L)%, dbg—nwm v 30
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FHRICBAET Y Y ORMEw T MiEIEHIRIER 2 G357 v b T =
% 15 fi¥A & e (Baj et al, 1983; Nakajima et al, 2004; Ogawa et al, 2008), E/L-X U
—OEREHPHUERIL, 7o b T =k ab0Thr EHESNLTND
(Kahkonen et al, 2003), E /LU —x % 2 OFBELH R MEH & LTk, FENER
OEANEDOIEL TS (Head KA, 2001), =2 K &3 U3 7 R UL (EIU)D
< RAET IS DR EIERA (Miyake et al, 2012), VDT &fflZ L5
IR S5 I ER 72 E O3 % 5 (Ozawaet al, 2015), E /LY —DEIRER~D
TER & LTI, NMDA 35 J8 Ml et i e B 55 (2 eh9~ 2 AR CRa /R 0
(Matsunaga et al, 2009), 23R MM E B A 2 35 2 & DNl ST
VW% (Matsunaga et al, 2010), ZIHflix DFHELH Y, 7T A R4V, A
207 CIRIRBMEI O EIRE G & L TEARY —ZF ANER I N TS, 5
12, EARY —Z 20X, invitro TT UIZEV T UV-A BRE KOV & LED 3¢
FRURHZ X 2 MR A A 35 (e 3 2 RFEE R VA ST 5 A5 (Ogawa et al,
2013; Ogawa et al, 2014), E /LY —x % 2 DOIRERFE [ 12 %9 5 SEVEH 2 F it
L7EMEITIZEA EHFELRD,

ARFETIL, invitro (281 % ¢ LED Sk %8 Al bR 5 1235 e
ANY == F ZOMRHEEMICE L THRET L7c, FERRYIC LED Y6Id B F I Z0E)R
ELTETEIMMIND Z LB TRIND 2D, FE LED ik R fEE
ZBIIET 5 R ORI, Al LRI OEEEMERF DT DITA I TH D & B %
SY S
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%281 FEEITIA
2-1 BB

LAY —x % A%, Wakasa Seikatsu Co., Ltd (Kyoto, Japan) 755 X
oo KRB CTHWEEARY —ZFADT v T =GR, H2EE2
. 2-1 EBRMEIOIEIZFE L=, Delphinidin-3-O-glucoside (Dp3G). cyanidin-3-
O-glucoside (Cy3G), malvidin-3-O-glucoside (Mv3G) (& Tokiwa Phytochemical
Co., Ltd. (Chiba, Japan) 7>HHEAL7-, & MAME MR (HCE-T; RCB No.
2280) 1%, HFANA AV YV — AW L H — X 0 A2 32 15 7=, Hoechst 33342
K" propidium iodide (PI), 5-(and-6)-chloromethyl-2,7-dichlorodihydrofluorescein
diacetate acetyl ester (CM-H>DCFDA) and the JC-1 Mitochondrial Membrane Potential
Assay Kit |3 Thermo Fisher Scientific Inc. (Waltham, MA, USA) 75N L72, N-
T FN-L-2 X T A (NAC) [ZFEHIHE(Osaka, Japan) 2 HiEA L7z,  Cell
Counting Kit-8 (CCK-8) 1%, [RMAb5WF9EHT(Kumamoto, Japan)7> o AT L 7=,

Caspase-Glo® 3/7 Assay (%, Promega Co. (Madison, WI, USA)7> 5 A L7z,

2-2 FERRITikA

2-2-1 ks

AWFFEIE, SV-40 transformed & kA Rzl (HCE-T; RCB No. 2280) % H
W CRBR 21T - 72, A LRI 10% fetal bovine serum (FBS), <=3
(100 U/ml) RTRA K L7 k=~ 3> (100 pgiml) &7 DMEM/F12 51T
37°C. 5% CO2 oMt N ThiFE L7z, A LALLM U 72 2 -EDTA ALHHIC &

D 2~3 HEBXITHHMR L7,

2-2-2 FH{a LED YeHR A E
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F {4 LED Y.JEIX. # (0 LED (I 460~470 nm) % 12 ERfi§ 2 7= FRE & 44
AL, AL A~OBRE1X2000Iux 725 X5 L, T _XTONE
FRSTEBRITAREEE A > F 2 _X—F —DOHF T\, 37°C. 5% CO 5T T

177,

2-2-3 74 LED JEHRSTEE I8 AL B e SEREATh

b N AR ERGHIAE A 1 x 10% cells/100 uL 37296 7 = /L7 L— NIFEHE L |
37°C, 24 WefiIR5# L7=, =D, 1% FBS & DMEM/F12 B3l & # L |
37°C. 30 ZpflA »F 2~— h L7z, 7&K (bilberry extract, Dp3G. Cy3G.
Mv3G., NAC) ZIRANL T 1 FpfiisaEtc, t MM LEGHAEIZ 2000 lux O F
LED Yt% 24 W PRET L7z, 24 WEfEI#%. Hoechst 33342 (8.1 uM) &Y PI (1.5 uM)
AWML, 37°C, 20 3RA 3 = X— b UG ta L=, H0OLTAmMSE
(DP30BW; Olympus) T L7-, flliats % Yut L7 Hoechst 33342 (hex = 360
nm; Aem > 490 nm) (U-MWU 7 ¢ /L& —; Olympus) %z Mg & L, SRl 2 et
L 72 PI (hex = 535 nm; Aem > 617 nm) (U-MWIG 7 1 /L% —; Olympus) &= 7 7 > &

L. SEMifasR 2R H L7,

2-2-4 T LED JCHRSFH GRS (ROS) PEAEDMNIE

b AR ERGHIIE A 1 x 10% cells/100 pL 37296 w7 = /L7 L — NMZHEFE L |
37°C. 24 W[5 L=, =D, 1% FBS &4 DMEM/F12 Bz e L, &k
B2 L 1 EERALE L 7=, 2,000 lux OF 7 LED Y% 24 BRRIIRET L%, E
H1Z CM-H,DCFDA Z#&IEE 10 uM L7225 KON, 37°C, 1H§f#A v F =
~N— | L7z, CM-HDCFDA (Il DIt E Th 523, Ml o
TA7T 7 —=RIZLY 7T — MBS R S CM-H.DCF & 72 % Z & Tl
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AN S NRWEEZ o, £0%, M TELESID ROS & DRURIC
L VRIS D Z LN, ZOHOLME A Skanlt Re for Varioskan Flash
2.4 & HVTahiE % 488 nm, OB 525 nm (2T ROS PEAEEZIE L7z,

S DITHIRAEL DEZ K D HEA N % 272, Hoechst |2 K 2 %Yl CHillia
Bageda L, 7 /b 2 PR RICEGAN~ 7 2 HORHEIR M (661W
f) Z#h vy b LciERZTic, MiaX7-9 @ ROS FEAREAZH H L7z (Tanaka

etal, 2011),

2-2-5 RS PR R A

b AN ERGHII A 1 x 10 cells/100 pL 35296 7 = /L7 L — RZHERE L |
37°C. 24 WG L7z, T D%, 1% FBS &4 DMEM/F12 F5Mlic @& L, 455k
BFEAsN L 1 FERIALE L=, 2000Lux O LED Yt % 24 BEREIIRE L7-, #il)
T, CCK-8 % 10 uL/well T2% 7 = LZIRAI L, 37°C T2 KA > F 2 X— |
L7-t. 492 nm (& F 660 nm) (81T D WG % Skanlt Re for Varioskan
Flash 2.4 (Thermo Fisher Scientific Inc., Waltham, MA, USA) CHlE L. Al

{2 e FRE & i L7z

2-26 X b= RUTIREMNT viA

R har RYTEEME, JC-1 I har RYUTRENT vEAFy b7 B
NI Uizt > THRIE L7z, b MR ERMIEA 1 x 10% cells/100 uL 37> 96 &7
VT L— ML, 37T CT 24 IRfEIEFE L7z, DWW THHA 1% FBS &
DMEM/F12 F5Hilc @ #a L, 37°C T30 451 > F =X— bk L7k, #&KIRE 10
pg/mL O EANY —2 X 2RI LTz, £ DO#% M4 2,000 lux OF A LED Ot
(2 24 FFREBREE L7=% . 10 pg/ mL @ JC-1 12T 37°C T 15 54 ¥ =
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N— kL, #OEEEEE (BZ-X710; Keyence, Osaka, Japan) #f#H L CHi{4 %
e Uiz, IRz iz, JC-1 B R %2 G o7 iia (Bhitd/ 5 t=
540nm / 605nm) KN JC-1 HERZEZ T T A h— 3 A I @R M

b/ = 480/510nm) DA BEH LT,

2-2-8 FHEIFOE LED YA A LG A — B IEMERIE

4 LED eHRSHZ L 5 v M AR BRIl (HCE-T) IR 2 0 A/ N—F
(Caspase-3/7) i&tEiZ. caspase-3/7 assay kit Z FHVWTHIE L7=, 7 LED
MG 24 K5 #% . Caspase-Glo® 3/7 3247 = /VIZIRIN L, 37°C, 1 H§fHA
¥ aN— LT, A rFa— Mg, HOEMRE 4 Skanlt Re for Varioskan Flash
2.4 ZFWTHIE L, caspase-3/7 IEMEZHIE L7z, S HIZHIAREOE N K D46
E&NNZ 57-%, Hoechst IZ L A0 THIFEZ A Yt L, &7 =L 2 T
R IR NI 2 T o o b LT R & o, M7z o
caspase-3/7 152 FHH L7z,

2-2-9 v RELTa T 4Tk

12-well plate (2 1x10° cells/well D i - Bz Alfa 2 F5FE L, 24 RefHEEEE L7z,
Z D%, 1%FBS &4 DMEM/F12 K5HlC @ # L, 30 /oh5ath. &kt (bilberry
extract, Dp3G. Cy3G. Mv3G) Z ¥/l L T 1 FEfE53% %, 37°C. 5% CO, 5&:1F
T C 2000 lux DF A LED Y& 24 BpEMST L, BERICY 7D 7 %17 -
7o MIRRENXCARE OEAEIL, & 1 & 2-2-4 D HETIT o 70, —IRPURITIL,
rabbit anti-phospho-p38 MAPK ., rabbit anti-p38 MAPK . rabbit anti-phospho-ERK
rabbit anti- ERK (1:1000; Cell Signaling Technology). mouse anti-f-actin (1:5,000;

Sigma-Aldrich) % fHv 7=, Z—RHFUAKIZIZ, horseradish peroxidase (HRP)-
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conjugated goat anti-rabbit or goat anti-mouse (1:2,000; Thermo Fisher Scientific Inc.)

Z W,

2-3  FLAFFRIMET

TR RIT T RO HERERZE TR L, fARR 5% U T2 A E & Lz, #al

FHIFEMTIX Student’s t-test, Dunnett’s test & 7213 Tukey's test 2 HWNT{T - 72,

78



F3H RER
3-1 0 LED bR AN LRSI 5 EARY — = F A O FEET
kT = v DR

H0 LED Y% e MR ERHIIEICH T D ELRY —oF R T kv
7 = KOYNAC DIERIC DWW TG L7z, Plaota w3 Mz o v v b
L. Hoechst 33342 w5t 2 7~ L 7o MU k3 238 CR A2 R L7z, F LED
JEHRGTZ Ko TEEIE S 7o MaselL, Bt BIETH 5 NAC (ImM) DRI
KoTflEnz, &o6iz, EARY —=F X KT Dp3G F 721X Cy3G (3~10
uM) 1. BEERAERIC AR R HIIRAE 2 L 72 (Fig. 24),  —J7. Mv3G i
AN ERGIAIZ 35T 5 FH A LED SGEFEMAasEIZ s L CH O RIER 2R & 72
Mo,
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Figure 24. Effects of bilberry extract or its anthocyanin constituents on blue LED light-
induced cell death in HCE-T cells

HCE-T cells were preincubated in the (A) absence or presence of (B), bilberry extract, (C),
Dp3G, (D), Cy3G, or (E), Mv3G prior to blue LED light exposure for 24 h. (A-E) shows the
representative fluorescence microscopy of Hoechest 33342 and PI in the cells. The number of
cells exhibiting PI fluorescence was counted and positive cells were expressed as the percentage
of Pl-positive to Hoechst 33342-positive cells. Data are represented as the mean + SEM (h=5
or 6). #p < 0.01 vs. control; “p < 0.01, “p < 0.05 vs. the vehicle (Dunnett’s Multiple
Comparison test or Student’s t-test). The scale bar represents 50 um. C, control; V, vehicle;
Dp3G, delphinidin-3-O-glucoside; Cy3G, cyanidin-3-O-glucoside; Mv3G, malvidin-3-O-
glucoside; NAC, N-acetyl-L-cysteine.
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3-2 FH LED Y BIGVEREFEME (ROS) EAICKTHENARY —= % X KO F
By M7 =DOEH

T LED JEBREEFHFMMEE O E 2 FIK OO & S23HifldN ROS EETH 5
(Choy et al, 2011; Kuse et al, 2014; Lee et al, 2016; Nakamura et al, 2017), AHWF%ET
FENARY ==X RAELEEAT > T =V OFE T T, AR ERGIEICR
I % % 4 LED Y 7% ROS PE A= # I DUV TRFT L 72, ROS 4 5% CM-H2DCFDA
ORI A FHWTHIE L=, Ff LED 3t 2,000 lux ORISR XV A E R
ND ROS FEAIXIMN U728, AU —xF 2 Dp3G %7/-1% Cy3G ¥+ h <
o, A ERGIIIZ T 5 ¢ LED Jtak ¥ ROS PEAE B2 A I S, —
75, Mv3G I3 A1 E Rz AR 31T % & 4 LED Y§53E ROS pEAEICRT L CTH & v

TEH 2~ & 72 o 7= (Fig. 25),
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Figure 25. Effects of bilberry extract or its anthocyanin constituents on blue LED light-
induced ROS production in HCE-T cells

HCE-T cells were preincubated with (A), bilberry extract, (B), Dp3G, (C), Cy3G or (D), Mv3G
prior to blue LED light exposure for 24 h. Intracellular ROS levels were then determined by
measuring the fluorescence of CM-H;DCFDA. Data are represented as the mean + SEM (n = 6
or 12). #p < 0.01 vs. control; “p < 0.01 vs. the vehicle (Dunnett’s Multiple Comparison test or
Student’s t-test). C, control; V, vehicle; Dp3G, delphinidin-3-O-glucoside; Cy3G, cyanidin-3-O-
glucoside; Mv3G, malvidin-3-O-glucoside; NAC, N-acetyl-L-cysteine.
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3-3 FH LED SRRSO TS+ 2 BN —= % 2 KL NFEE
Ty T = OFERM

b A ERGHIARIZ 31T 5 FH A LED Yah MR ENEE DR x4 5 &
NRY —T %2 Dp3G, Cy3G KN Mv3G DIERIZ W TR L7-, #f LED
JED RREHT AR ERGMRAENEEOR T 25l Z L, ZO/EHIZNAC (1
mM) O X » Tl &z, B —x %2 (10 png/mL). Dp3G (10
uM) F721F Cy3G (3 L TN 10 uM) A RiflliE L 7= A ERGla TIlx, & LED
(2 Ko THFE S 2 M TR RO T 2 A =S8l Lz, —75. Mv3G D%
INEBA & EH 2R S 2o 7 (Fig. 26),
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Figure 26. Effects of bilberry extract or its anthocyanin constituents on blue LED light-
induced HCE-T cell metabolism

HCE-T cells were preincubated with (A) bilberry extract or (B) Dp3G, Cy3G or Mv3G and cell
viability was assessed by immersing the cells in CCK-8 for 2 h at 37°C. Data are represented as
the mean + SEM (n = 6). #p < 0.01 vs. control; “p < 0.01, “p < 0.05 vs. the vehicle (Dunnett’s
Multiple Comparison test or Student’s t-test). C, control; V, vehicle; Bilberry ext., bilberry extract;
Dp3G, delphinidin-3-O-glucoside; Cy3G, cyanidin-3-O-glucoside; Mv3G, malvidin-3-O-
glucoside; NAC, N-acetyl-L-cysteine.
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3-4 HELEDGHEFREI Fa v N TIREMNOZGICK T 5 B/~ Y —x2F 2
DIRENEH

AN ERARIZ I D, HELED Xih¥ I ha v R FIREM AT
L ENARY =X ZDOEMIZHOWTHRFE L7z, Invitro 7€ LED Sk JE R
FRREE T 7 LR\ TC, Fa LED eI F v R U 7 OB DK
ZolEEZ L, S Fary R TEERFL TR b—3 22523 (Liet
al, 2018; Tao et al, 2019), AKEFFTIL, T4 LED JEIZ G S 7- A Rz e
BT 5 bay RY TIREM O % IC-1 sz AV TR Lz, 1B 72
JaCix, JC-1 OEAKR (RE) DMENICERE L, 748 b—y Afifd Tk JC-1
DOHEEAR (Fkfa) PMIRPNICERT 2, 756 LED FERS ok AL RE LR < 44
iz, HELED LHIHE, 7R b= RO A NS E, 10
pg/mL O ELAR Y — X ZOWINT Ko THR < Gea S 7z 1B 5 e flifn o FIE 23

HREI\ZE L= (Fig. 27A),
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3-5 FHfA LED X U A/ —8 37 {EMALIZRT 5 EARY —=F ZD/EH

MR T R b — AFFEN T CThH DI A/—1F (Caspase)-3/7 i PE:1X. caspase-

3/7 assay kit & HWTRIMIEE L7z, &€ LED 3% 2,000 lux % 24 FEf G4

caspase-3/7 IEMEITABIC ER L7223, XY —x % 2 10 pg/mL OEIIT L

Y caspase-3/7 {E DN 2 A BIZHH L7 (Fig. 27B).
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Figure 27. Effects of bilberry extract on blue LED light-induced mitochondrial

dysfunction and caspase-3/7 activation

HCE-T cells were preincubated with bilberry extract followed by exposure to blue LED light for

1 h. Next, mitochondrial dysfunction was assessed using the JC-1 Mitochondrial Membrane

Potential Assay Kit. (A) Representative images showing JC-1 stained cells. The healthy cells

mainly contain JC-1 aggregates (red) as indicated by the arrowhead and apoptotic or unhealthy

cells mainly contain JC-1 monomers (green). Quantitative analysis revealed the ratio of red

fluorescence (Hoechest 33342) in whole cells. (B) HCE-T cells were preincubated with bilberry

extract followed by exposure to blue LED light for 1 h. Next, caspase-3/7 activity was monitored

using the Caspase-Glo® 3/7 Assay. Data are represented as the mean = SEM (n =5 or 6). #p <

0.01 vs. control; “p < 0.01, *p < 0.05 vs. the vehicle (Student’s t-test). The scale bar represents

50 um. C, control; V, vehicle; B, bilberry extract (10 pg/ml).
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3-6 AN EEMIICIS T 5 FHE LED SEiF3s UV v Eel p38 Bz x4 2% e
J—=x% 2 Dp3G & U Cy3G O/EH

T LED YRS X2 AR ERGMIaEE ICR T 5, EANY —=F A KW
FEIEMERR IO TN Y 7 T I BZERFOLEEE T = A X2 7wy ME
HWCHENT L7z, € LED Yt 2,000 lux, 24 REIFREHIC L O 7K b —v 25
575 p38 MAPK D U gk ER NI STZN, ENARY —TF R
10 pg/mL OFFLE LV . DU UE{bo EFITEH <7 (Fig. 28), & HIZTE
PERL Y DFFE 21T 9 T2, FEAIIEER K TN ROS PEA &#IZ W THIHIEH D H»
272 Dp3G KT Cy3G IZ DWW TR DT 21T o1, T EhDT v F T =
NZBWTHEZ p38 MAPK U UL TCHEMSIEA 25D b7z (Fig. 28), &%
7o, UREEREC Ay 7 E LT@< ERK 12 ICBIL Th MRt L7z, B
LED YOBEHZ L~ T, UV UL ERK 1/2 238N L7, e —xF
ADHIEIZ &> T, HE LED ¥ Sz ERK 1/2 O U U ERLIZET & 2
BAGIZER D b droT=, —J7, Dp3G KT Cy3G i, ERK 1/2 ® U »fg{kic

xtUTH B RIERZ RS 2D o T2 (Fig. 28),
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Figure 28. Effects of bilberry extract and its anthocyanin constituents on blue LED light-
induced activation of p38 MAPK and ERK 1/2 in HCE-T cells

HCE-T cells were preincubated with bilberry extract or its anthocyanin constituents followed by
exposure to blue LED light for 24 h. Next, protein lysates were analyzed by immunoblotting
using antibodies directed against the corresponding proteins. (A) Activation of p38 MAPK and
ERK 1/2 was detected by immunoblotting. (B) Quantitative analysis of phospho-p38 MAPK
and phospho-ERK1/2 protein levels. Data are represented as the mean £ SEM (n = 6 or 9). #p <
0.01 vs. control; p < 0.01, “p < 0.05 vs. the vehicle (Tukey's tests or Student’s t-test). C,
control; V, vehicle; B, bilberry extract; Dp3G, delphinidin-3-O-glucoside; Cy3G, cyanidin-3-O-

glucoside.
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AAFZETIEL, & MR ERGHRIZ I 1T 5 F A LED SCikmek 2 ~ L 21Tkt
FTHEANRY ==X ZAROEET » b7 =2 OF#EIERICOWTRE LT,
ENANRY =X 2L, T b T=0, RV T2/ —=AVROBT TR A Raead
AT % (Marja et al, 2001; Marja et al, 2003), E/AXRY —=FXF A KO T > F T
=%, HELED JEHIIC Lo THEH SN 5~ U A OIS 2 il L 72
(Ogawa et al, 2014), Z— OEH X, ROS FEADOIWHHIF TN p38 MAPK {EME L LT
A AN—E-3T{EMERMENIC L D Z R ImE STV (Ogawa et al, 2014), A
JETIL, B LED JEHH S AN E RIS IRl E 2 BT 200 & 0, £ L
TEANRY —2F AP REEH 2R TNENCONTHANL Z L2 HIE L
7oo H A LED YERRGHE, A ERGHIRLSE X Ol ROS FEAEOEEIN A 5| X &
Z L7z (Fig. 24-26), @R/ X—HARTH D UV-B IZHREE S iu7- Al B Rk
ICBWTIE, AR OPER LB L VT 2 2L e VRS KIRIZHED L, Bt
I & FRAEBS I ORI ENAE T 5 Z /R E TS (Cejkova et al, 2004),
ROS IZEIZI by KU TIZEBWTAERM I FL (Hirai et al, 2016), i O F )
(IR N O ROS %A, X b=y RYU THRBREEFE R T R h—v R & 5] &
#2 Z 9" (Lietal,2018; Tao et al, 2019), # £ LED MURIC X - THl¥s S v 7o M
EX, B —xF A, Dp3G, Cy3G LKUMEX LA TH H NAC IZ L
ST STz, ZNOOIEWTERET ) — T U NG G 57200
T72< . ROS EALIMIT 25 Z & (Matsunaga et al, 2009). #lfa N iRV EESE D
EAEINSES 2 ERHE S TWD (Milbury etal, 2007), E/LNY —hiHY)
(10 pg/ ml). Dp3G (10 pM) K T} Cy3G (10 uM) 1ZZFNE4, 5 LED JeiRiEIC

DFHEIND ROS FEAZ ARSI LT, A—"—FF L RT =41 T
TN Ra Xk LT Ui SRE R 2o EE 237 kT 51
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FAEAIZ. delphinidin (3, 4°, 5° -OH) > cyanidin (3°, 4’ -OH) > peralgonidin (4’ -OH)
E BT D IKEEFE DI N LB ME EE 2 L35> Tur S (Noda et al. 2002), %
OEHITyFRICE e T e —VE 3T a— A EE R T57 0 ho T =0
1%, Z< OHIEHEEEZ S OTCDAER LI T P INADBLERT DNDEZEZ LI
TUWA(Borsetal. 2004), fit> T, 7 ¥ b7 =2 Tt 3-O-FEBHAD 5 3,5-0-
BOBER L 0 2 < OILIEREE Z B D 7291, mW PR LIER 2 A3 % (Bors et al.
2004), ENANRY —= X RIEEND T M T =007 T il TAT 4
EVCRMOTT =V ROLOREL FRRICT v MU T =R e G AT
LY —HE Ll U C b BB LEES BV (Ogawacet al, 2008) = &5, H
LED SEREHC & 2N OB ALe B E R 1k O A4 fTIZ & - TA L7z ROS
., EARY—xzF 2 Dp3G KUNCy3G il LB 2 bhd, £/o, K
R TIE, AR LRIl ~DE 4 LED JERUNIZ I F = R Y 7 IEEM Z1H K
SH, WAN—BITIEHEAFE L, AR LG sl S Z L (Fig.
27), NI L2 X bay Y TIREM O IIE, AN R RaE A I -
BRI I1T D 0 AN—R-3T EMH e BESE T Z LM SNnTnD
(Nishida et al, 2017), ABFZEIZIVT, H LED i3 A LMo I h=
RFUTHEZFR L, EARY —=F 2 LFH 6 LED HIRFEIC L > THEl
SNAHI b R T OWERRE I AX—E-3T OIEME L Z s Lo (Fig.
27), HAN—BITIEHEIZI b2 RYU T 60T M7 v—5Ac O % iE
LCHEEZ D Z ENHREINTEY (Kulms and Schwarz, 2002; Li et al, 2010), t
NARY —x2F 233 hary FUTHEEAEZMEI L2 EXA NS,

ROS |3 MAPK {EMEAEZF5E L. RAE, MlISE L UM~ 7 & A Z Fi
9% (Junttila et al, 2008), I DR 13652 A D p38 MAPK % 1Mk
HZEDIRENTEY (Sunetal, 2007; Kuse et al, 2014), AHFZE CTix, & LED
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SRS S AR b B D p38 MAPK A ML S5 Z L 2B 60N LTz, p38
MAPK |7 R b — AR TH Y, FITEA P LA T TA—R—=FF
RY =42 Z PN L > THEMHIL S LD (Aruomaet al, 1989), £ 5 1 Kz i
(X LA N L ADRBEEZZ T3 < (Zhengetal, 2013), UV-B XV 4-E R
v AT v (ROGHEIEE ISR LB & AERU) I, p38 MAPK & TN ERK 1/2 %1%
MAb9 % (Black et al, 2011; Zheng et al, 2013; Kim et al, 2018), E /LU —hH
MDA—N—=F X RT =42 7 VA NAEEEMEIL (Ogawa et al, 2011), 7
LED Y2 & - Tah%s 415 p38BMAPK {EMHEAL OIHNCZF 59 2 Al REMEDNZE 2. 6
ns,

ARETIX, F LED YEOMAMEE EAGMa~DIRFEH ROS FEALZFEL ., i
WA ERIREELZFR T L 2R LTz, b, EARY —2F XK
ZTOEET VYT =2 Th D Dp3G KT Cy3G L, 7t LED Yeifg M ki

M PR E 25T L CRaBEE 23 Z & 26T LT,
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FE R O R
RITNAEZAETLEREHRE THY, RTZITWM-TADEEZNEXEFICE
T, BAITREBREZE TS, BRI RS

ToH HMIEEHIIC L > TREEZ S TR Y | SR LEDHHROK 8 BIIIHRE

S IUNKIIRIES LD Z

NETHD, BAEOFRKAFINO EATIE, M SR A VERE-C I B A M
SE7e EOBIMEEN HDTEY | b OEBORIECHEITIIE, IR
AR D R 7R EE 23 B L CW D AIREMED B D, JRIBD A 1 = X AZRY
TOREIIRA TR TETVDR, WARRIBFRIEN RN Lnb | AR
DPINEEEEZEZ LTS, RBFFETIE, REBREE - TRHEREZHE L
TT v b T = BRFMITER L, /MafER b L A EESR AR E O35
TER RO b 2 b L A A BIERE 2 DU T BV Y — o & X OFEREARHT

BiTo77,

BLETHE, FROT U M T =0 G/FMELT, ARESAN T 43 m—

RIZHEB Ly RN R OB LIEE ORI E 21T - 7=, 72, BEA F LR

D BAMAPEFI G LTA T o 2 v — X ORI 2 #F LT,

1) HPLC ot DR, AAMEA 7 4 = « o —=XZT ML FIEHOT » b
T=v, huaT /A RELTYat sy kOpg-rueTrrRnagEntn
oo Flo. VIBEWEOGAH BT, REPKHZ < petunidin HkD
T RT = UREETHoT,

2) AT = - m— XY OFRLTEE L, BB Thed S o
72 F£7=. 1,1-diphenyl-2-picrylhydrazyl (DPPH) T 4 /L5925 e
TEVEIE. BB, Rethitiy, EyrityolaTh -7,

3) In vitro @E (L K FFH A MEEAMEEE 7 LICBW T, A7 4 = -
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71— X R o R KSR T T MIIE S 5 L TR 2R s E A 2
RU, AT 43 - v — AR ORERR 7 T & % petunidin-3-O-
glucoside % OF petunidin {233\ CHEFSERNHIVEH 23388 B a7z,

2 ETIE, ~ U AHSROMIEA MO 2 AV 72 invitro 75 € LED SRR ER

ZaANWT, BB NI E S- AT o ORIlNEEICER LT, F6

LED JEMRISIC BT D/ MaE A b L ZIGEDOBGIZO W TR Lz, &6, ©

R — T R R ORER ) &2 VW C, HF 6 LED JEIREFIC KX 5 UPR JSEITx

TR AE A LT,
1) F {0 LED eI, MRN8\ T UPR BE R+ Tdh 5 atfd,

2)

3)

4)

5)

6)

7)

bip K OY grp94 ™ mRNA % #%E 7=,

Tt LED G, MEBSARAR N IC 35V T UPR BN 1 Cd 5 ATF4
BN EEFEL, R 2T ALy RN BRI,
H8, LED YRS K TVER & b L ZFHEK] (Y =H~A 2 KO DTT)
ICE - T, RZRY VUG ST DR~ DRI L3R
D LT,

~ U AHSKREBFEGAMIARIC RSN T, SE TR v I Xy EED E
0 LED YRS X % ATF4 TEPELIZEs L7,

ELARY —x % 2 Dp3G KN Cy3G 1. FH A LED YeMREFHER. S-4 7
T DR A PR BRI L 72

ERY —xzF% 2 Dp3G, Cy3G KT Mv3G 1L, #fa LED Y
ATF4 1E VAL 2 A i L7z,

ELARY —x %2 Dp3G &N Cy3G IE, Ff LED YEIZ L% UPR
[KI¥- grp94 & X grp78 / bip ™ mRNA BN Z fil L7-,
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8) EARY —T % 2T HE LED CRIICHER S oM X7 B
DR Y 2 X F Azl Lz,
9) EARY —xF A Dp3G LN Cy3G X, ER A b L AFFEA|ITH S

DTT (ZFE¥E S 4 2 Mk i B 2 & 4l L 7=,

B3FETIX, b MM LRI E HV 7 invitro F 6 LED EEETICE

W, IR 72 A LED SRS K o MifuEEIC OV THRE L7, 612, B

R Y — % A RORERR Y & VT, 6 LED YERRSTIC K 2 MM E AR

fEE 2R S RIS OW TR LT,

1) ELRY —x %2 Dp3G K& N Cy3G I, FH(a LED S5 %8 A -
J32 R e 5 2 B A A L el L 7

2) BT —x % 2 Dp3G KN Cy3G iE. MAlE BRI BT 5 H A
LED JERURFESE ROS PEAE K OSHIAARTEPE DR T 2 40 L 72

3) EAARY —xFk 23, FHE LED SCRRHTEFE AR LGN I a2 R
U 7 RN O i S A 4 L 7

4) ELARY —x %2 Dp3G LN Cy3G 1E. FH LED YMREE % p3s

MAPK D U (D TLHE 2 3 L 7=

AFROFERL Y, FHROT > N T =V EAFZMTHLAAREAS VT 4
2 m—RZBWT, BEIZEL O petunidin BTV F T =0 EEAETDH D
&L Fio, PUBLEREZR L. I bKEFRMISELMH$ 5 Z & 2P 50
IZL7z, 51T, Ffa LED YA M E 2B W TR R b L R RE 3B
HLTWLZEZHLMNI LIz, o, TV M T =0 AR M THD BN
J—xF A3, F6 LED SCRHNIFFER SN D S-A 7 2 OEEE K O ATFA DT
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PEIRICKT T 2 REERHAZ AT 22 2 R LT, £7-. F LED LRRSFER
A RIS S Il L7z, LA EDORERN D, T b T = A EmIRETE
BT2BMFEMTCHLT T =VEH MY (M7 4d - m—X) KO
EARY =3, BIEA B L AR OVIMEE R b LR & G TR AN o
BEAEME, T4 7 A 72 EOBFIRE BRI T2 Tz R N2,
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oo
ARG Z DI, ABFIEDOZFATIC S 7= 0 FAATIFRE 70 2 FRE . fiisE
0 £ LTI BB IR A RBERE AR AT R R SN BT P JE B . ot
MR LICIRE R DHEER L ET,

Flo, AWFZEICER L TRABEIZRE) 22 5 TBI S 215 0 £ U7l BRI PR
PRREMFAT FOGH LSO IEAT AT SR e B WGERHEER b NS RERT PR
Jridt AEERD BRI ISR BL £, e, MaoZHhETHE E
U 7o SRR A IR 258 B D B IEGH B L £,

KX OFELBO TIHE , AHERHEBE 200 £ U EREA 2GR
BRI R LTRGBS R AR R
LIt R SA 2GR B R AN A FE S v U2 | TR
LEJ.

BT AWFFROZATI AT L OIER OS2 5 2 TIHE £ L7cHA&
o SATERERIFF LR ARERMKICEREHB L ES, HbET
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Dp3G: Delphinidin-3-O-glucoside

DPPH: 1,1-Diphenyl-2-picrylhydrazyl

DTT: Dithiothreitol

ESI: Electrospray ionization

ER: Endoplasmic reticulum

ERK 1/2: Extracellular signal-regulated kinase 1/2
ESR: Electron spin resonance

FBS: Fetal bovine serum

GRP78: Glucose-regulated protein 78

GRP94: Glucose-regulated protein 94

HPLC-DAD: High performance liquid chromatography

ECso: Half maximal effective concentration
IREL: Inositol-requiring enzyme 1
LED: Light-emitting diode
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MS:

Mv3G:

NAC:

NMDA:

PERK:

Pl:

ROS:

RP:

RPE:

SDS:

TEA:

TFA:

TUDCA:

UORF:

UPR:

uv:

VDT:

Mass spectrum
Malvidin-3-O-glucoside
N-acetyl-L-cystein
N-Methyl-D-aspartate
PKR-like ER kinase
Propidium iodide

Reactive oxygen species
Retinitis pigmentosa
Retinal pigment epithelial
Sodium dodecyl sulfate
Triethylamine acid
Trifluoroacetic acid
Tauroursodeoxycholic acid
Upstream open reading frame
Unfolded protein response
Ultraviolet

Visual Display Terminal
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