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Frim

mEl b, BERAZANVCRAEFEOLEN., S OIZITHEESA ML ARERE
A2 MV AORECLY | BUERPEOBERE 1TEL MO —gE &> TnD
(Figure 1), JEA 9781748 3 VR 25 42 9 AWK L7z PRk 24 R Rt OF)
M) IZ& D&, Rk 24 4FEE O B E AT K 0.6 JEM O 38.4 JEKMTH
0. EEEOMOPEILLI% T > (BEEF#E 2013), = HIZFRL 19 F026 5
FEMTIES IRHEREIITHML TV D, BRESIZBWTRICHBERE S 5%
JRITAETEEER TH D . FFIZ 50, 60 W TmEiE, FERIF. milEifE 2
B NS (F— 2 SHTHERE 71— 7 2012), 2405 3G EERIZ T AT REZe
IR T o720, AEEEORLE LA FEERT 2 /8mOBEEMEN GRS T
Wb,

BIME =S ORRENHD > TWD, bbb, H— I RERE T
b, aa)— ZUNTE RN PBEE, SEEZ IR0 IRT AL Bk

DIRIC LI IRRER ORI L L TOREITH D, DO <5 IRIKREIL, "B4f

PERRIBHEAETH Y | 39 -
. Bk, F . Hifl 38 -
37 -

., Ffih 7 Lich g 36 -
5, FLTE = B O3B
%k 34 -

BRED B AECE B a3
IRAERELC % 0 | 32
31 -

AERBATE, (R X 30

I (FRVE ) RS,

Frk19 F/E20 Fai21 F/22 Fih23 Fi2a
(£ E)
LAV RS, Figure 1. i EREDOFEELEHER

(Hdh : JEA G TRk 24 R RIRE OB ~ 5

F 7= 1P o0 [E14E T R DR FEEFTRE R ~,2013) L 0 —fcHm)



2RE . ARIZBT D EEFRRE A R ET T D MREME A R, T, Bdh O ZIRBERE
(2 X 2 BARBEL-CRE R . BT 72 SIS EE O TR, W o5, BREE
RT IWINA =IO TR & % WIFUEITFEL R EmE-> TR, FEDE
e AT K DERENE AT 5 Lo &bt & U CIHE AT SRR 2 R e PR e FH & b
(R AR) bHFTHZ OB D, THTHICHA LD EMBERERNS & LTI, fk
KIZEEND AT X, REDA VY TTHRY, RUART RTDLANRT K
B— VR ER) T = ) —=NVa RS, R 7=/ —D% < 3HBRER %
FTLIENFETHY . BLA NV AREET 2B TR OV TR 70
AR EN TS, BT, 7 —_ Y — (354 : Blueberry, 44 : Vaccinium
angustifolium) o0 > AR ERY —IRFE K BAEBIZEZL GENDLEEMD
T RTT =00F, @O CER, o EFEIER (a-7 3 v 2 —EIHE
TEM)  (Matsui et al. 2001a, 2001b), EfiRfE (k. T-B/i(Ellingsen et al. 2008; Xia et al.
2006). HLAEES1E (Harris et al. 2001; Lazze et al. 2004)72 £, 2712 7= 2 KrerE
PGS TS

ANY—REF, AP TUy ARE T, BB O TG E LA E
NEINTELERRENREMTH Y, HREHITHE A 72 —BIFET 5,
NY—REFEF IR IRTNVOGHEENPHBEE W ST, 7 by
TV ERY T2 ) = EELLOREZN, HTHEY Y URR ) FRBIC
BT HEe Y — (34 : Bilberry, F4 : Vaccinium myrtillus) (X7 /1—~_Y —
DIEFEICYK =D R]FETH D, Frliodba —m v SHF TN S D B —
X, BROREICKBICRRRBESNE LI & TRENBICETT Vb T
=T EZZDID, ROTNA—RT KV EWEAEEZALTND, B
RN =TT — oy SFHEETIERERERICAV b TE R, RETTHOR
. BIE ORIE, DIEERGE DIRHE, WRE RE B ORI b &4
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Too S HICEOEITMBER TIEMZA L, BERFEFEREE L TEMRT 5 &3z,
RIS L7 E IR & OREDRIE, F2JE DRYYE & KAEIZ3E U TR S 41T
X 7=(Morazzoni 1996), /LY —RET VA L= X (2O T, ZE
T REEEIHIER (fLiRccE ) (Morazoni 1990), il & Pr & 11 ]
(Colantuoni et al. 1991; Lietti et al. 1976)., HUiEE{EH (Lazze et al. 2004), HUEEIE
FH (Magistretti et al. 1988) 23t XL TV D A3, V4RI LI HRIE BT BARh SR04k
RECEIEAIC T oA A s, 7V A hEME L THY BT
%o BERFERED H-B 7 —A~—r 7 1 7{#E 2013 No.2) |2 Liuid, 2012
FEOY T YA ORI 696LEHTHY . T THT A 7 7 iRt DOHiHIx

451 BT S B 5 (E LR 2013), 70— — (F21TFE Y —) %295

B

BT, TA 7T HHDOEIZ65% % D TEY | IROMEICKT 5 HEE DORE
D EITENARY =TT RO SRR D, T E CHRERRSCEER N
RESNTWDT & b7 =0 FEMIE, 7= — EARY— BT,
v FRY — B ERHY | v KT OFERREEE M (Bastide et al. 1968),
e % T i i 2 2 1 ] (Matsunaga et al. 2009)., I & 38 A= F i 4
(Matsunaga et al. 2010). #MIAEH 1 (Miyake et al. 2012), AR A %1
(Matsumoto et al. 2005),  FJ A% 't 375 8 il e 5 i e 25 B i E FH (Tanaka et al. 2011)
REVBHLNTIR > TS, —J, BRNFZEIC IRV TR, IR 78R 3
FOEHSE R RAE S . R, ANVEE— 1998), BRI 51
% M H i I8 (Morazzoni 1996), #kPNBE TRITEH  (RAREZ = & A & 72 13354
EDOPFAIZ XL D) (Steigerwalt et al. 2008), HWNFETEHEH (B4 X E & OfFH
[ZX D) (G1989)72 & DHEIN /2 SIVT VDM, RIZWFFEDE T 70 < +43 7250
RIFHEON TR, LERoT, BT v M7 = Emaa ROl
NI RBUGEEIC R T 5 S B R DR OB B 5,
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AWFFETIE, 10 FEONRY —REIZOWTR—FETOHMBBIOT > F v
T = U DER, EVESHT. PURRILER O 2 T o7z, £ 7Y A b
ELTHADZ N E LAY —x - X OHEBEREUGEE 2 5T 2720, S0
F KO EOGRE M AR  F5 5 L e 3 D PRaB RN DWW TER 2T o T2, Ik
BIZ, EARY ==X ZOELEICHT 28R L LT, =% ) — LR BIEE
RAEER L 2D A T = X MMl 2 kA 1=,



Hl1E NRY—BESET N T2VOEEB LI WNEERE
w1 e

7 v k7 =2 (Anthocyanin) (FHEMFTUZIR < EAET D RIND AT T,
TIRIARERERTDRY 7= ) =Ll 0—fE L TEHRLREICITD
BPLTEENDIRSTHD, TV b T =077V arThbTy by T
= (Anthocyanidin) 1%, WHEHEMN CTHER INDLL L, T rIT=2 0
(Pelargonidin), 77 =< (Cyanidin), 7 /v 7 ¢ =3 (Delphinidin), -4
= (Peonidin), ~XF = =" (Petunidin), ~/L > (Malvidin) @ 6 i
Thd (Figure2), 7 v o7 =V U ATHAMIC 35,74 (LICKEER (-OH) %
AL, KEERFEES A M EE ((OCHs) OB X v MEEISEWNEL D, RN
TRV T =V VO TIIRZETH D720, BEHEAROE CHEY T IZFET S,
fEE L, D-Z/ba—A (glucose), D-#7 7 h—A (galactose), L-7 A/ —
A (rhamnose) , D- ¥ 17— A (xylose)
L-7 7 &/ — A (arabinose) 72 £ 723 &
D TS EMIT, F03 2 B
3WHELE LT, 3, 5, ThiZpLIcH®

JFHFZNLTCR-7 U ay REEALT

Wah,
b, 73/%“/7:3/@¢'K&ip- R, R,
. . . Cyanidin OH H
7 < IVER, N7 =Wk, 7 =)V T BR72 | Delphinidin OH OH

) . . Malvidin OCH, OCHj4

EHEBEARIES~ 2 e, =57 | Pelargonidin H H
] ) ‘ Peonidin OCH, H
M, U Ty EABEIR RS LTZ | Petunidin OCHs OH
TIMET v Ry T = (Acylated Figure 2. Structures of anthocyanidins



anthocyanin) MR ERDF) 45%% 56 TV D (KEER S, F+HRER, HAS
FLRHE 2000), Z 4L S HECAMRBENEHMEICHAE DS 2 Z L TH00 Ll b D7
Y RIT = UPBICHER SN TV D,

NY = REITROHK, BOEREFENRAENEATLILONEL, £T0H
HIZT by T =rREEnD, N R RER, &b RO TS T
N—_Y =L FULYYURA ) FRICOBHINDLEALRY — 75—

(354, : Cranberry, “#4: : Vaccinium macrocarpont) , =%/ % (79 1) F
27 VBT IND A (4 @ Black currant, %44 : Ribes nigrum), L >
N7 v~ (354 : Red currant, ¥4 : Ribes rubrum) . N7 FX A F T BICH55E
ENDHT T v 7Y — (¥4 : Blackberry, ¥4 : Rubus fruticosus), 7 AU —

(¥4, : Raspberry, ¥4 : Rubusidaeus), NT7 R AT ¥ A4 FIBICHFEIN
HA haRY— (¥4, @ Strawberry, 74 : Fragariax ananassa) ., =7 k2 &I
DRI ND T NF—_Y — (J£4 : Elderberry, %4 : Sambucus nigra), F£7-H
KICBWTELS D OREBERICHNONDZ TR VRODFDE, </~ —

(%44 : Mulberry, %4 : Morus nigra) 72 EZFEZERIEE L, ZNENOFRRR
BT LR IR A e, T YT = OFESCEHE A RICONT, I
T OWMEZRENTWDN, [ — R THEEOREN DRI, 7547 L.
B BT RE & el U7 S 1R 72 7,

ARETIT, —RPTIESBH RGO TY A P LTASESNDINY —
RIEOIL, EARY— TIF79 IRV — HBYR(TTFTv I AT, T
Ry = 7R — =R — AR — TAXY— Ly N
Z b, AU —0F 107 (Figure 3) OWHAERFEALZ AT L, [A—FKMHIZT
fliH R, o, FURICEERIE 2170, Y —REDOT > b7 = Rk,
SR, BXOBIRB kL i LT,
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— ] M — 1 cm

Bilberry (E/L~RY —) Blackberry (77 v 7 XY —)
— 1cm — 1cm

Black currant (71 R) Blueberry () —~Y —)
()

— 1 cm — 1 cm
Cranberry (7 52 RY —) Crowberry (7 @ —~Y —)
.‘ ' ﬂ
—_ 1cm —_ 1 cm
Mulberry (=Y —) Raspberry (F AXY —)
Redcurrant (L KA F 2 1) Strawberry (R bma~XY —)

Figure 8. ABFFICHVZ 10 EORY —FHE
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H 28 EBMER LOT5E
2-1 SEEBAE
TN 7 4 = (Delphinidin), 7V 7 4 =Y -3-7vay R
(Delphinidin-3-glucoside) ., > 7=y, ¥ 7=V 0-3-H77 h R
(Cyanidin-3-galactoside) , > 7 =3 -3-7 /L2 K (Cyanidin-3-glucoside) .
7 = -3-)VF 7 R (Cyanidin-3-rutinoside) . ~XF = =" (Petunidin), 4
= (Peonidin), A4 =v>-3-7 /L3 K (Peonidin-3-glucoside) , ~<7 /L =
= (Pelargonidin) , <7 /L =3 -3-7 /L2 | (Pelargonidin-3-glucoside) .
/LYy (Malvidin), ~vEY-3-77 27 kv K (Malvidin-3-galactoside) .
<~/ E Y -3-7va K (Malvidin-3-glucoside) . A EDOT > ho T =U 0B X
W7 > h o7 = FEUESL X Extrasynthese (Genay, France) 725, ~U 704w
WEl2 (Trifluoroacetic acid : TFA), ABTS [2,2’-azinobis(3-ethybenzothiazoline-
6-sulfonic acid)]. TPTZ (2,4,6-tripyridyl-1,3,5-triazine) , DPPH (1,1-diphenyl-
2-picrylhydrazyl) | Wako Pure Chemical Industries, Ltd. (Osaka. Japan) 7>& ., BHQ
(tert-Butylhydroquinone) % Sigma Aldrich, Inc. (St. Louis, MO, USA) 75 HEA
L7co UbRiFBETA 7 L—REEH LT,

27 v —~1) — [Crowberry (Empetrum nigrum) ] & £/L-x 1 — [bilberry (Vaccinium
myrtillus L.) ] 1% Wakasa Seikatsu, Co., Ltd. (Kyoto, Japan) XY fith5xh7-, 7
7 v 77~ —[Blackberry (Rubus fruticosus) ], 7 > & [Black currant (Ribes nigrum) ],
27 XY — [Cranberry (Vaccinium oxycoccus)]. L > R4 7> b [Redcurrant

(Ribes rubrum) ] I Sicoly (St. Laurentd’ Agny. France) 76, 7 /L—_ U —
[Blueberry (Vaccinium spp.) ] 1% Life Foods Co., Ltd. (Tokyo. Japan) 72»5, /b
~ U — [Mulberry (Morus nigra) ] % Sakurae Kuwacha Seisan Kumiai (Shimane.

Japan) 7/»5, 7 A1 — [Raspberry (Rubus idaeus)] i Ocean Trading Co., Ltd.
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(Kyoto, Japan) 2> 5, A k v~ U —[Strawberry (Fragariaxananassa) /3 Farmhouse
in Shizuoka City (Shizuoka, Japan) 7>OHgA L7z, ZiZI ARSI ERTE

T—80 °C IZTHEHIRIE L T2,

2-2 EBRITIE
2-2-1 K_RY—FENLOT VT = O

HHE LT —RF100g 8D &V | IRIRE R THRE Lo 7L L7
%, WS EYELAFD-5N (Tokyo Rikakikai, Co.. Ltd.., Tokyo. Japan) (Z
TR EREL, REGEH KRG, REGCEHRIIT o7 =0
ERTE T4°C, T 7 —Z —PIZTRE Lo, BRI 200 mg Z ilBRE (2
B LD 05%HEEE A 80% A &/ —/L/KIAIE 8 mL 2 Iz CTHfE L=, i
PR C 1 4 ALE L=, 4 °C. 4000 rpm (2T 10 43 [E5E Doy B 21T - 72412,
FIEORHIFIR O RPN LR Z 72, TR U7 R R ICH st % 8
mL Nz, [REEOH TR % 5 3 BT o 72, B L7z iHyaiRIT o SR L— & —
IZTRAY ) —=NVEBREL, TO%RBRETEEC COKYERET 2 2 L ThRR
ORI 2157, RERMHDITIEN L, 4°CITTRE LT,

2-2-2 ZWRBHGAEmEgiEs v~ 77 7« —54r (HPLC-DAD)
HY —RERE 10mg Z &Y &V [50% % / — /L (0.5%BHQ-0.5%TFA)
IKYAIR 1 mL 2 N2 i UL 0.45 um D A > 7 L > 7 ¢ )L 4 — (Nacalai Tesque,
Inc.. Kyoto, Japan) (Zi@ L, o#TiZ W72, @ik 7 v~ ~ 272 7 ¢ — (HPLC)
T A7 LF Jasco system control program HSS-1500 (Tokyo, Japan) V>, Z il
\Zfi#HT R > 7 b Jasco-Borwin chromatography data station, 78>~ PU-1580, 74—
NPy T—AS-1559, # T AA—T 1 CO-1565, L EMMities (DAD) v AT
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2 MD-1510 Mo > TV A 728, 200 75 600 nm O KaEik CRlEi L=, BT
2% Capceell Pak ACR (p4.6 mm x 250 mm, S-5, 5 um, Shiseido Co., Ltd., Tokyo,

Japan) ZfEH L. 7T 54 —7 ARFEIL 40 °C 1T E LT, BEEIZ. (A) 0.5%
TFA KA, BLO B) 7 F= kU (0.1% TFA) ZH\v>, &l 1 mL/min
IZRRE LTz SONTRNCEARAEYAH %2 0 min : 0%(B) ; 15 min : 100%(B) T1T
ST, 77Ty ML, 0min : 92% (A) ; 50 min : 85% (A) ; 60 min : 70%
(A) ; 65 min : 40% (A) ; 75 min : 40% (A) CT{To 72, A ¥ =7 ¥ a3 > &lT 10 uL

L7,

2-2-3 @ik n~ T 74— - 2T LEESH (HPLC-ESI-MS/MS)
2-2-2 L [FARRIZA Y —RER M & 50% =% 7 —/L (0.5%BHQ - 0.5%TFA)
KA CIEfiE L. 1 mLAR &2 %8 U7-, 517 LZCapcell Pak ACR (2.0 mm x
250 mm, S-5, 5pum, Shiseido Co., Ltd.. Tokyo. Japan) ZM\>, 7 7 AR
40°CIZF%E L7z, FriHi#3iENanospace SI-1 HPLC system (Shiseido, Tokyo). A 4
v NT oy EESHTIEEIXES] (LCQ. Thermo Fisher Scientific K.K.. San Jose,
CA) ZHWTHr & To7z, BEIMHIZ, (A) 10%FMKEK, 3L (B) 7
th= MU AZEAV, HEF0.2mL/minllEE L, 77Ty FEIE, 0
min : 98% (A) ; 10 min : 93% (A) ;: 35 min : 70% (A) ; 40 min : 40% (A) ; 50 min :
40% (A) T1T o 7=, BEREOHTSM1L, Scan modeZ MS/MS. lon source & ESI, il
% #i[Hlm/z 100—1000 TPositive ion mode, Sheath gas# N, Spray voltage % 50 kV,
detector voltage % 5.0 kV. Capillary Temperature% 200°C, Capillary Voltage% 10 V

(CRRE L Tttt - 72,

2-2-4  HiER LREH|E
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22-4-1 11-V7 ==2-E7 ULk KTV (DPPH) T ¥ H 8 ETEERER
DPPH IR CT =4 T PNV EERT D, 7PV e b &%
TS LMD RT Do ~EBET D0, TVEEREAETOIME L
DT DPPH 7 ¥ 1 Vv 23850 S, ik 2 #4129 %, DPPH 7 ¥ 1 WIHETE
PEERBRIT Blois DS IZHE > THT - 7= (Blois 1958), 45XV — RFEHRHM % 50% =
&2 ) —)VIKEHRIZ 2 mgimL DR THfE L. 100 pL % 100 uM @ DPPH — % /
— VIR 3mL SN, 30 7pfH. =IEMGE L7212, 517 nm (2351 2 WO B 4 1
E LT, BT E LC 0.1 mg/mL trolox & FV 7=, Blank (21% 50% = % / — /L
KR W=, F£72, DPPH 7 U W VIIERE TH S 517 nm X7 b7 =
NFERE ORI R TH B 5720, Blig&~ Y —REM Y 50%x %/ —/LK
Wi 100 pL & =% 7 —/ 3mL OEGHEEZHE L, WHELZZLGIWTHIES
I o Rk OWL S EE B E RS e & DPPH IR DWLIEE DFEM 5 DPPH T 2%
MAHETEESR (%) ZHH L, P b/ER 230 L 7=,

2-2-4-2 22-T V) EAR (BZFNRSFT VY -6-ANK ) (ABTS) 7
2T WAHEE MR

ABTS (ZBAEE T ) U L EDRINC KD ATF A T VN EELEEOE 2
T5, ZIWCTVINBEEEZATOWEZRINT L LT P AVITIHEEK L,
A OARBEIZER D (Reetal. 1999), 100 mL @ 7TmMABTS 7 U /vt X ) — LI
WAL, 734 nm (28T 2 W IEHE23 0.80 705 0.90 & 72 B Hlc— % / — /L%
A LT, AU —RIERHY) 50% T % 7 — /LK (2 mg/mL) . Bt
Td 5 trolox 0.1 mg/mL &k, F7-1% Blank & L T 50%T % / — L /KIAR 100 pul
Z ABTS I 3mL Iz, 53, =iRME L7z, 734 nm (231 2ROt
FRE LTz, &l o EERIERE R & ABTS WSRO WL D726 ABTS 7
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TAHNMAHEEER (%) 2R L. PURILIER 23 L7,

2-2-4-3 FH_gaEtS) (FRAP) R

PA A NIANE T B B RS OTEM PO E U CTAERAR TR S D .
MR FE 7o 1T ML P SAFAE T D R ZRUHERR A F 13T P UVEEE R L, Ak
BEEDJFIN & 725, FRAP (ferric ion reducing antioxidant power) RBRi%., %E D
A A BTN EWPET HIBLIEHERBR & L TR WS TV D, FRAPR
BriZBenzie & D Ji k% 2% 2V 7= (Benzie and Strain 1996), 7 g1k o C il
L7z 3MliD&kA A2 (Fe®) P bE h 5B 1% 5% T E &t S 2 oo Fe”
EIRH T LT, TPTZE DORISIT LY 593 nmiZ I FFE %2 & Okt a 295,
FRAPGAZEIZ, 10 mM TPTZIAHR (40 mMIEE LK ESIIZ CHiEE) - 300 mMERRE RS
it (pH3.6) : 20 mMIEfLER (1) JKiRikZ 10 : 1: 1 (viviv) OFIETRA Ll
LTz, &Y —RIEMEY 50% % / — VAR (2 mg/mL) F7z13Blank& L
T 50%= % / — )L/KIEHR 100 uL % FRAPIEHR 3 mLIZNZ., 3 4rf. =iEAE L
7o, 593 nmiZIs T DN A RE Lz, Btkxtit e L Ctroloxz vy, &5k
DL SR ERE T Strolox 24 B/mLz FH L, Pl brER 27 L 7=,

HI3H AER
3-1 BV —BEHEYFOT U N T = OEMEBIOER
AWFECAFE LI 10 FEEHORY —RBEIZHOWT, HFSHE% OmE R FEEE

IVEHLEAKSEB IO EES Table 1 1277,
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Table 1. Berries used in this study

Contents (g/100 g fresh berry) of

English name Scientific name
Waters Extractb
Bilberry Vaccinium myrtillus 85.4 5.7
Blackberry Rubus fruticosus 85.0 5.0
Blackcurrant Ribes nigrum 77.0 8.8
Blueberry Vaccinium spp. 85.4 6.7
Cranberry Vaccinium oxycoccus 84.5 6.6
Crowberry Empetrum nigrum 87.3 3.0
Mulberry Morus nigra 81.9 6.3
Raspberry Rubus idaeus 84.2 5.5
Redcurrant Ribes rubrum 83.4 6.6
Strawberry Fragaria X ananassa 88.4 5.2

aCalculated after freeze drying of fresh berry. PRemainder extracted by 80%

methanol containing 0.5% acetic acid from freeze-dried berry powder.

AR —R52100g PR EIL 77.0-88.4 9, i EEIL 3.0-889 TH -7z,
/B oNIAERY —REMHD O P TRENR6 DORY —RE (I m—_Y —,

HYA TARY— EARY— TTFo I _Y— Ly RKIT k) O520nm
D FANZBIT D HPLC 7 o~ 7' F A% Figure 4 (2R d, 10 FIEONY —R%E

6. 520 nm IZRINEEZ & OB R 29 FE O B — 7 AR ST,
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Figure 4. HPLC profiles of berry extracts at 520 nm. Each berry was extracted with
80% methanol containing 0.5% acetic acid as described in the Materials and Methods.
(A) Crowberry, (B) blackcurrant, (C) raspberry, (D) bilberry, (E) blackberry, and (F)
redcurrant. Peak numbers refer to Table 2.

NRY—RBRBIZEEFNLT Mo T =003, BEELLE L TAFETEIR2NE OB
LFETAHTED, T_RTOT v T =2 [RER HPLC-DAD DU 5> 3 v
HALDHITITITZ2, £ T, HEHIIT b7 =007 7 ) aDOFRE

T, BT VT =V OFERE W TIRIE AR MVInBRE LTz, &
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512 HPLC-ESI-MS/IMS Z3#r s L MR B ic#d Shie~ Y —HoT7 v by T =
MG B (Aaby et al. 2007; Faria et al. 2005; Maatta-Riihinen et al. 2004; Nakajima et
al. 2004; Seeram et al. 2006; X. Wu et al. 2006)Z &M L 7=t K. 10 O~ Y —F
FICEFENDF28FEOT U M T =2 (BLOLHEOT Mo T =vr) Zif
B L7z, FEF%E Table2icE L5,

Table 2. Identified anthocyanins in berries

RT [M]* Fragment
Peak (min)? Anthocyanins (m/2) ions (m/z)
1 23.1 Delphinidin-3-galactoside 465 303
2 26.8 Delphinidin-3-glucoside 465 303
3 29.4 Cyanidin-3-sophoroside 611 449, 287
4 29.7 Delphinidin-3-rutinoside 611 465, 303
5 31.1 Cyanidin-3-galactoside 449 287
6 32.0 Cyanidin-3-sophoroside-5-rhamnoside 757 611, 433, 287
7 32.1 Delphinidin-3-arabinoside 435 303
8 35.0 Cyanidin-3-sambubioside 581 287
9 35.6 Cyanidin-3-glucoside 449 287
10 36.1 Cyanidin-3-sambubioside-5-rhamnoside 727 581, 433, 287
11 37.1 Petunidin-3-galactoside 479 317
12 38.0 Cyanidin-3-xylosylrutinoside 727 581, 287
13 39.3 Cyanidin-3-rutinoside 595 449, 287
14 40.4 Cyanidin-3-arabinoside 419 287
15 41.4 Petunidin-3-glucoside 479 317
16 43.3 Petunidin-3-rutinoside 625 479, 317
17 44.8 Pelargonidin-3-rutinoside 578 431, 271
18 45.3 Peonidin-3-galactoside 463 301
19 46.4 Petunidin-3-arabinoside 449 317
20 50.2 Peonidin-3-glucoside 463 301
21 50.2 Malvidin-3-galactoside 493 331
22 51.9 Cyanidin-3-xyloside 419 287
23 53.7 Peonidin-3-rutinoside 609 463, 301
24 54.7 Peonidin-3-arabinoside 433 301
25 54.7 Malvidin-3-glucoside 493 331
26 57.1 Cyanidin-3-(6’-malonoyl)glucoside 535 449, 287
27 58.3 Malvidin-3-arabinoside 463 331
28 59.1 Cyanidin-3-dioxaloylglucoside 593 287

#Retention time of HPLC.
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Z Z T, Figure3iZBW\T (A) Z7a—_J—BXW (D) eAXY—Dra~
N7 MR ONHAE—27 20821, ZLTE—27 24 & 250, 2FEOT b
VT =UREDY T a vy E A MIER o TR, Table2 TR
HPLC-ESI-MS/MSZ3 T2 & A [M]T (m/2) DfE B T OMEESTHERE v . B —2 20,
21 IZpeonidin-3-glucoside3s X U'malvidin-3-galactoside Td& V. ©°— 27 24, 25X
peonidin-3-arabinoside$s & U'malvidin-3-glucoside TH 5 L [RIE L7z, L L723 5,
IND 20D =7 IR THN T > b T = TR T Bl A IR
Thotoizd, >3 ERmMHT CTldpeonidin-3-glucoside/malvidin-3-glucoside & L
THIH L, 6 FOT > b7 =P UEHERIZ OV T, RERO S TR E
IR TR L, HPLC-DAD I HTIC CRREM A B L, 5 REHH® o7
v b7 =& ER LT, Table 3 IZHPLC-DADF L T'HPLC-ESI-MS/MSZ3#TiZ
TRE L7AERY —REICEENDT v b T = OFBET N ENZENOE
Bin R (mo/g-RFEREY) 2R,
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Table 3. Anthocyanin content in each berry extract

Berries Anthocyanins mg/g extract®
Bilberry Cyanidin-3-galactoside 3.70
Cyanidin-3-glucoside 4.05
Cyanidin-3-arabinoside 2.54
Delphinidin-3-galactoside 4.58
Delphinidin-3-glucoside 4.73
Delphinidin-3-arabinoside 3.53
Peonidin-3-galactoside 0.46
Petunidin-3-galactoside 1.52
Petunidin-3-glucoside 2.94
Petunidin-3-arabinoside 0.84
Malvidin-3-arabinoside 0.81
Peonidin-3-glucoside / Malvidin-3-galactoside 3.48
Peonidin-3-arabinoside / Malvidin-3-glucoside 3.62
Blackberry Cyanidin-3-glucoside 7.17
Cyanidin-3-rutinoside 0.06
Cyanidin-3-arabinoside 0.05
Cyanidin-3-xyloside 0.47
Cyanidin-3-(6’-malonyl)glucoside 0.30
Cyanidin-3-dioxaloylglucoside 2.05
Blackcurrant Cyanidin-3-glucoside 1.10
Cyanidin-3-rutinoside 7.08
Delphinidin-3-glucoside 2.94
Delphinidin-3-rutinoside 9.79
Peonidin-3-rutinoside 0.11
Petunidin-3-rutinoside 0.18
Blueberry Cyanidin-3-galactoside 0.28
Cyanidin-3-glucoside 0.04
Cyanidin-3-arabinoside 0.12
Delphinidin-3-galactoside 1.37
Delphinidin-3-glucoside 0.13
Delphinidin-3-arabinoside 0.74
Peonidin-3-galactoside 0.15
Petunidin-3-galactoside 1.07
Petunidin-3-glucoside 0.11
Petunidin-3-arabinoside 0.46
Malvidin-3-arabinoside 1.75
Peonidin-3-glucoside / Malvidin-3-galactoside 3.65
Peonidin-3-arabinoside / Malvidin-3-glucoside 0.43
Cranberry Cyanidin-3-galactoside 3.86
Cyanidin-3-glucoside 0.27
Cyanidin-3-arabinoside 0.62
Peonidin-3-glucoside 0.05
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Crowberry Cyanidin-3-galactoside 8.04

Cyanidin-3-glucoside 0.55
Cyanidin-3-arabinoside 2.34
Delphinidin-3-galactoside 8.62
Delphinidin-3-glucoside 0.43
Delphinidin-3-arabinoside 1.36
Peonidin-3-galactoside 2.57
Petunidin-3-galactoside 3.81
Petunidin-3-glucoside 0.24
Petunidin-3-arabinoside 0.52
Malvidin-3-arabinoside 1.41
Peonidin-3-glucoside / Malvidin-3-galactoside 10.37
Peonidin-3-arabinoside / Malvidin-3-glucoside 1.55
Mulberry Cyanidin-3-galactoside 0.03
Cyanidin-3-glucoside 9.61
Cyanidin-3-rutinoside 4.22
Pelargonidin-3-glucoside 1.74
Pelargonidin-3-rutinoside 0.54
Raspberry Cyanidin-3-sophoroside 6.73
Cyanidin-3-sophoroside-5-rhamnoside 121
Cyanidin-3-glucoside 0.98
Cyanidin-3-sambubioside-5-rhamnoside 0.46
Cyanidin-3-rutinoside 0.30
Pelargonidin-3-glucoside 0.66
Redcurrant Cyanidin-3-sambubioside 0.31
Cyanidin-3-xylosylrutinoside 1.82
Cyanidin-3-rutinoside 0.36
Strawberry Cyanidin-3-glucoside 0.09
Pelargonidin-3-glucoside 5.07

Values are expressed as mean of triplicate analyses for each sample.

0 FEDORY —REFICEENDT v b T = ZEE LIZFEE, delphinidin 38
L WQceyanidin 07 7V a VEKREKEZAGT L7 2 M T =0 RELEBOH LN,
Z OfE R T E O L L L T/ (Aaby et al. 2007; Faria et al. 2005;
Maatta-Riihinen et al. 2004; Nakajima et al. 2004; Seeram et al. 2006; X. Wu et al.
2006), ¥ 7 U A FELTHHESND EARY — T—_RY =B/ m—
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NRY—=2biE, AU IFEEOT v b T =M Shi, By ABL R~
~NY =753, cyanidin-3-rutinoside, delphinidin-3-rutinoside, penidin-3-rutinoside
B X O petunidin-3-rutinoside 72 &£, /LT ) — R B RUHHAIZ H ORHEAG72 T > by
T=rofmani, NTRHIBT 57 7 v /R —BILRNT AXRY = bld
cyanidin & JEAE ¥ & 9% cyanidin-3-xyloside, cyanidin-3-(6’-malonoyl)glucoside,
cyanidin-3-dioxaloylglucoside, cyanidin-3-sophoroside, cyanidin-3-sophoroside-
5-rhamnoside., cyanidin-3-sambubioside-5-rhamnoside 72 &', R {4H 22 Bl b (A %2 A9

L7 YT = RE ST,

3-2 AZU —REREY OHIER L RERE
10 FEORY —REZRHYIZHOWT, T v b T =0E8 (mglg-fhit) .
DPPH 7 U WVHEVERH. ABTS 7 U WHEVER . FRAP &Gz 50 ) 2 HI1E L 7=

HE 2 Table 4 |27~

23



Table 4. Antioxidant potency of berry extracts

Antioxidant potenciesb' ‘ by

Berries Total anthocyanins® DPPH ABTS FRAP
Bilberry 38.8 61 + 0.3 38 £ 0.3 193 + 1.1
Blackberry 10.1 51 £ 04 26 £ 0.4 124 £ 1.0
Blackcurrant 21.2 52 £+ 1.0 31 £ 01 131 + 4.3
Blueberry 10.2 28 = 0.6 14 £ 0.1 56 + 2.3
Cranberry 4.8 36 + 04 23 + 0.3 94 + 13
Crowberry 41.8 90 = 04 64 =+ 0.7 317 £ 1.9
Mulberry 16.1 40 £ 04 17 + 0.2 89 + 0.3
Raspberry 10.3 46 £ 05 23 £ 0.2 94 + 17
Redcurrant 2.5 50 + 04 27 £ 0.8 95 + 0.2
Strawberry 5.2 25 + 0.1 11 £ 0.2 40 + 0.3
Trolox 47 £ 04 20 £ 0.1

“mglg extract. ® Berry extracts (2 mg/mL) and trolox (0.1 mg/mL) were used for each
method. © Antioxidant potencies were indicated as % of radical quenching activity (DPPH and
ABTS) and mg trolox equivalent/mL (FRAP) as described in the Materials and Methods.

AR CTHWZ 10 O RFEMHEDICBWTRLT > N T =V ERERE -
207 v —_XY = THY . DNTEARY — B RAHEYOIETH
ST, DPPHT =42 Z P 1)v, ABTS I F A F VI NVHEERH I LTV FRAP
PRIRITT ) OPERERIC OV THERRICZ B —_ Y — BT — J v 2
YOI @ WFLERALERA DGR Gy, 7o by T = R BBV TEN
DIRVZHED LT, 7 e —_U —HHIT e Y — Y & TR
EWFTBLIE 2~ LT,
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A B

AWFFETIL 10 FE DY — R0 b [[] — S 2 D TR ER Y 21572,
ARFE1009 0BG LNTANY —REHHY O E I Table LIRS X 912,
KHZ WA ATB8.809/100g-AERFETHY . VT v—~_U — 3.09/100 g-
HERETH -T2, RRBROLKMTH LN HIHY O D% < ITHFE TH
V HPLC HSHr o E EFE R b o7 v b7 =& 81T 2.5-41.8 mglg-
MY Y Thole, ZZTREOREICLDZ TV Mo T =0 EA R L T
D, ROHFERNOEH LEAREL L OHBEREHEELYVOT T

= EHE% Table 5 IR,

Table 5. Anthocyanin contents in fresh berries

English name Contents of anthocyani;1 Contents of anthocyankiJn
(mg/100 g-fresh berry) (mg/100 g-dry berry)
Bilberry 221.2 1514.8
Blackberry 50.5 336.7
Blackcurrant 186.6 811.1
Blueberry 68.3 468.1
Cranberry 31.7 204.4
Crowberry 125.4 987.4
Mulberry 101.4 560.4
Raspberry 56.7 358.5
Redcurrant 16.5 99.4
Strawberry 27.0 233.1

a.bValues are calculated by contents of water and extraction in fresh berry and

anthocyanin contents in the extract (Table 1, 4, 5).

AFLIEZERNY —REIW0HEICBWT, AREZICBITLA2T7TV h T = GH &N

b EDST=DITE /LY — (221.2 mg/100 g-4= -3, 1514.8 mg/100 g-Frfi 5 52)
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THY, DWNTH A (186.6 mg/100 g-A 32, 811.1 mg/100 g-Fof R E) &7
7 —~ U — (125.4 mg/100 g-/E F:52, 987.4 mg/100 g-#2/E ) DIETH -7,
KahkonenM. K. & DG IC L, XU —RFEOT b T =0 EA &L, BV
A~ —7% 599.7 mg/100 g-A4: R F J O 2298-3090 mg/100 g-HLtREE, BT AN
235.6 mg/100 g-= 58 X Y 756-1064 mg/100 g-RZlE S22, 7 m—X Y — 3 2473
mg/100 g-Hz MR (ERFEICBIT LT v b T =0 BRBITHRERL) THY
AWFE L FRRICENN Y — BT A 7 a—_Y =3O Y —R LT
Y NUT =B EDEN D LR S H TV 5 (Kahkonen et al. 2001; Kahkonen
et al. 2003),

— . NY—REICEEND TV MU T = OFEOE N GRS
HEKREIRD, T v Mo T = OERFECENER, FAEBOET, JiEEl
TERIOREERE ], RN~ DRI R RNEN RIS 5, 7 Mo T =203
TR A RBREAETDHRY 72/ —LE LTHOHR TSN, Figure 2 (27
TR = OREEIZB VT B BRICENLT DK DONLE & B il bk
MOBIGIHET HLEZLNLTVD, BEOREICBNT, A——FF
RT7 =4 Z 0N Rax v U ClRgagbasl s 7Y
J X BIEEERIE. delphinidin (3,4°,5°-0OH) > cyanidin (3’4’-OH) >
peralgonidin (4’-OH) &N T D KEEFEDOENZWIEEENZ ERG1-> TV D
(Nodaetal. 2002), ZNHDOT v F 7T = NIEFORVICLVERO DT a—
IWREE ARG L, ERT P HNDEL OHEHEEE O L CRENMT D7D &
EZ BN TWAh(Borsetal. 2004), 70, 7 ¥ M7 =2 OBEHHROE G HngkE
WOREANEE L, 3-FHEARIL 3,5- VB IR K 0 AR 7 O vin L0 %< ok
A% & D7D, mWIEILIER 247 % (Bors et al. 2004), Table 4 T/rR I 41
DAY —RER I D DPPH, ABTS 7 ¥ 1 /WiH EIEMEFS L O FRAP $65%E o

26



HOREFRERIZENT, @V kiEZ R L7 —_XY — EAXRY— 7
VAL T Ty 7)Y —iix. Wi delphinidin 35 X O eyanidin B O T
YR T =S GERTOE, FHZEWHIRRILER 2R LIz v —~_ Y —
PO, FICHT 7 b—=ABRERDOT > b T = OEHRB N &
RS SIVT2DS . BCHEIR OIE W DU IE I WEIZOW TS HOM
FREECH D, — . RV —REEZT Y M T = PAORY T = ) — Sy

& LT, quercetin (7 /LbF > ), myricetin (2 V-t ) IO kaempferol (/7
YZ7xua—)L) EEAHL, R TR — BV A Z7a—_Y —TENLN
V=X ZEN6RY 7=/ —VEFENEV EOHENH D (Hakkinen et al.
1999), L7223~ T, ARBRCTHWZ 10 O Y —REHEH O T T, 7 b
T=rBROTOMORY 7 =) —VEREREL S OITHBRIHERLIEA
D&\ delphinidin, cyanidin D EHEDE W B —_Y — EARY — J TR
1, FEEYEMEIC W T b EOBEREM: 2 R AT REME D RIZ S T,

AWFETIE, 72 b T =02 @ AT o) —RELZPLIC, FA—FKFICT
T M7 =0, o, BROGIERMEEBIIEZIT ) 2 L T, T ORHS
ARMEICONWTHER LT, 7v b7 =GR EBS LUOHBLEICB O TR,
ARMEEZRLIZOK, Z7ua—_Y— EAXRY— AT ATHolz, EARY
—BLOI TR, I (=% R) Z2EFERE L7 Y A R
HCH RO, EICHgiESELY BN E LERABNES<BAShTWS, —J,
7 —_Y —3REFEE LTOFAIEZR ST Ry, L LR, A

JeE R DI IR TEBZE At e b D & b %,

LEX Y, DRBIZBWTET v T = 25T 50 —REOPHLE
NRY —OIPFP) T 17 4 — L EPLNITHE L BT, B2 BURBFICBD
TIXZEOIIFEN T 07 4 —VEHLNITHE LI, T U A b (A
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epithelial cell) 225722 (Figure 5) ., JEHINEIIHEAN O e 25l el T &b % FlMiE I
LV SN D, MRS ARG & ARSI 1 B, BEASHARIIH -0
R AV, —FORMEHIIT e R 7Y 2 Ry BT X0 BROREF T o YRR
(2B - T\, FAlIE TS S 7RI AR C A S du, K
fie, Ahwiilads L O7 <27 U a2t T, MO NS AFES D APig e
(CHET D, R 5 I TR ARAE D & GLARRE 208 U T, S rIicii o
REA~LHETERIIEZOND,

A4 (Ultraviolet : UV) 13 KBDGICE SN0 —FTH D, SEIITLTD
B EAEIR OEVMZ L VD . UVA (315-380 nm) . UVB (280-315nm), UVC (200-280
nm) O 3FIRIZHEINDD, AV EICE D UVC B L TNUVB O KRH TN
S, HIFIZIZUVA & UVB O—EDORENRES 5, —MAICS, FEIMRITBE D
HEETLU I, YUDOKRRKE LTHLNTWDA, [ U <HHBIZZEH L728E
ThHMRITx L THMOWREEMSEZ Ho, UVB I, FICAREKESAEZR & FiiRE
IZBWTRIN SN DD, £ DOBRITIEMEREF 2 A SRR E 2 5 i 27,
RERRREH L LT, AR, BIRF, AREREDRH S5, —J5. UVA b
IR IR T IR S D A3, —#Bidadsi L CRIRER DM JE (2283 L
fEEE 52D 2 EMNRBEITND (Figure 5), 4T, AIEXO—FETH 2
FECREIC L OMEEES SBEShTnD GEFIZH 3 ETiR~5%), UVA
3. m Yo7 ) —Fr 7 Otaxzidizcr 73073 1l-trans-retinal &
FT o Z R B EIIHRINDIS) T LEAEOEIEZHE, I b=
YR T OWELZED, HMROMRINCEEL 5 2 % (Rapp et al. 1990; Rapp and
Ghalayini 1999; Verna et al. 2000), 1z T, PO DNA BE L H &, THMER
FTE (reactive oxygen species : ROS) % 7/4& S MafEE Lol & 2+
(Zhang et al. 1997), EMHIAU72 UVA ZFEIC L 2 MRS, N sg B4 MAE oY
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TR EFRENMIE OMATIC G BEE-T 2 ATREMED & 5, UVA HRETE OTEMEREFRTE ROS
PEAR IR, AR AR b — 3 AFHEIZEI 575 Mitogen-activated protein kinase
(MAPK) > 7' AREREE TH 5 p38 MAPK & c-Jun N-terminal kinase (INK) 35
F O IR AEA7 12 B 5-9- % Phosphatidylinositol 3-kinase (P13K) / protein kinase B
(Akt) > 7 FIURRERIZ & 8% 5. 2 % (McCubrey et al. 2006),

E /LY — (Vaccinium myrtillus L.) & U > = > X I — (Vaccinium vitis-idaea L.)
E. RICYYURZ ) FRIET L2 —RETHY, bz —m v O/
BERICAAEL TS, EANY —[ZRENEICETT v b T =v2Gh L
TWD, EREMASHNOND EARY =X T, 7 T =
(delphinidin, cyanidin, malvidin, peonidin, petunidin & % OEEAR) % 36%LL
EEHELTWS, VIR — IR — L RRE RN R ENFED |
BFHDON LV RIRS I, Vv AOWEIELD Y =X L LTIERR SN TE
BRBENRRETH D, BECOEANY —IZX L, VT o) —DRE
ISR 2R 2 LTS (Figure 6) . ZAUEERFZIZ Cyanidin 52D 7 > b
7 = (Cyanidin-3-galactoside, Cyanidin-3-glucoside. Cyanidin-3-arabinoside)
PEENTWDTEOTHD, VIR —RENLIE, ficb T LT T,
TRy T =V VART hu—L kT ATFR R EOHAMRRY
Tx )=V EENTIEY . RIBEUYE, R, RAE7R E15T D AnmiiE
IEIZHW B LT & 72(Leduc et al. 2006), AMFFETHWZY TR Y —x % X (3,
FWZVART ha—A e T av 7=V rEEaaTHb0THL, ZRETIC
LVANRT b u—/LOBERRIEIIZIEIC DO D E ST 508, HRICET 2 Wi
TIIAERE S AE #H]/E F (Kubota et al. 2009)., 74576575 58 M b S5 8 ## 48 H (Kubota
et al. 2010) 33 & ONHEBERIBE L K 2 M0 R i B /E H (Huang et al. 2013)72 £ 723 &
Do —H. VAU NY —ZHOWTOHMKEICET 2R E TR S TR
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W AWFFETIE, BN =2 XX L FRRICTIRILIERZ A28 ) 7=/
A EGA LY Y TR —m R RTONT, BRI £ i
LIZ U7z, HE T, SRR REMIMIAREE IS L, AT —B LW
VB RY =X AIEENLRY 7 = ) — Vil OHFRALIERIC X % K
TEPERFIZ A & LTz,
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Bilberry
B
C
T1
K\rOH /\l/OH
H P + . | o HO\/\/\/l\/‘
2
RO g
[ OH
OH OH
R, R, trans-Resveratrol
Cyanidin OH H
Delphinidin OH OH
Malvidin OCH, OCH,

Anthocyanin

Procyanidin B2

Figure 6. Bilberry and lingonberry extracts and constituents in both extracts. (A) Fruits
of bilberry and lingonberry in Finland, (B) bilberry (left) and lingonberry (right) extracts, (C)
structures of active constituents in bilberry and lingonberry extracts.
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H28 EEITE
2-1 SEEBAE

EARY —TH 2 (B-ext), VTR —xF R (L-ext) (L. Beijing Gingko
Group Japan Co., Ltd. (Tokyo. Japan) 7o flth Ziuiz, M=% 2D EeGMERN Y
I%. HPLC 73#rd L ORI AT Ot E G 2 IV CERE L TR D . B-ext I
Delphinidin 14.1%, Cyanidin 9.1%, Malvidin 6.1% (7% Y /% Peonidin & Petunidin
EOFETC91%), &L LTT Yy by T =0 % 384%54A LTz, Lextid,
Proanthocyanidin 43.0%. trans-Resveratrol 10.6%% & L C\ /=, ZOfth, M=
A D FEZER 7 UIMI EFE R A T o 7o, W= 2 2 D FE RS Table

6 12T,

Table 6. The active constituents of bilberry and lingonberry extracts

Extracts Constituents % of extract

Bilberry extract Delphinidin 141
Cyanidin 9.1
Malvidin 6.1
Peonidin and Petunidin 9.1
Total anthocyanin 38.4

Lingonberry extract Proanthocyanidin 43.0
Trans-Resveratrol 10.6

TN 7 4 = (Delphinidin) . 7 =< (Cyanidin), /L £ ¥ > (Malvidin)

7'm 7 = B2 (Procyanidin B2) X Extrasynthese (Genay Cedex, France) 7»
5., 72 A« LAXTZ hu—/b (trans-Resveratrol) (3% Tokyo Chemical Industry
Co., Ltd. (Tokyo, Japan) 7>5 . N-acetyl-L-cystein (NAC) (& Sigma-Aldrich (St. Louis,

MO, USA) 7~ PI3-kinase inhibitor (LY294002)/3 Calbiochem (Merck AG,
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Darmstadt, Germany) 7>% . Cell counting Kit-8 (CCK-8) X Dojindo Laboratories
(Kumamoto, Japan) 75, Hoechst 33342, propidium iodide (PI).
5-(and-6)-chloromethyl-2,7-

dichlorodihydrofluorescein diacetate acetyl ester (CM-H,DCFDA) (XInvitrogen
(Eugene, OR, USA) 75, phosphorylated p38 MAPK#L{A& % Promega (Madison, WI,
USA) 75, total p38 MAPK#LA, phosphorylated INK$T{A, phosphorylated Akt
Uik, total AKtHLIR, B-actini{iiZCell Signaling Technology (Beverly, MA, USA)
5. total INK1 HifAixSanta Cruz Biotechnology (Santa Cruz, CA, USA) 7> 5 A
L7z, ¥ 7 A kA (661WHIAZ) 1XDr. Muayyad R. Al-Ubaidi (University

of Oklahoma Health Sciences Center, Oklahoma City, OK, USA) L V&5 <7z,

2-2 FEERITik
2-2-1 HEfarsaE

~ U A SRR (661WHHIAE) 13 10% fetal bovine serum (FBS), 100 U/mL
~=U » (Penicillin), 100 pg/mL A h L 7" k<A < > (Streptomycin) % &H
9% Dulbecco’s modified Eagle’s medium (DMEMEZH#E) (2C, 37°C. 5% CO25:14
TTHEZE L, v~ U ARG 2~3 BB EIT MU 73 ALBIT L ik
L7,

2-2-2  SRAVBRES FE M N A e SERE A R

~ 7 A H SRS (661WHENE) & 5 X 10°cells/100 4> 96 7 = /L 7' L
— MCHERE L, 37°C. 24 528 L7z, £ D%, 1% FBSE A DMEME; HiLIZ & i
L. %k (NAC0.1~3mM, B-ext1~30 ug/mL, L-ext1~30 ug/mL, B-ext3
~30 pug/mL & L-ext 3~30 pg/mLO[ERFAIN,  delphinidin 1~30 uM, cyanidin 1~
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30 uM. malvidin 1~30 uM., trans-resveratrol 1~30 pM. procyanidin B2 1~30 uM)
Z [ T < 1% FBSE ADMEMES I Z¥A R L CHERRICIRINL . 1 RpFALE L7z, 1%
FBSH A DMEMEZ HLOD 7 2 TN U 7= B 2 % FEEE (vehicle group) & L7-, AktlHE
#il LY293002 1% 3 MM D THREHIIZ PR L L-extimn 1 B ATICHIIGICALE L
7o ~ U AHKMHEEGAME (661WHIIE) ICUVARRKEEE (CL-1000 ultraviolet
cross-linker; UVP Inc., Upland, CA, USA) % FV T 4 Jiem?, % 20 43 EJUVAZ /R

U (Figure7), 37°CT 24 KIS HITA »F aX— M LTz,

A B

UVAirradiation lamp

] UV Crosslinker, CL-1000L, 365 nm, 100 V,8 W
Murine photoreceptor cells

on 96 well/ 12 well plate

Figure 7. Methods of UVA irradiation to murine 661W photoreceptor cells.
(A) Image of UVA irradiation, (B) image of UV Crosslinker, CL-1000L. 365 nm.

A ARAR TS E 13 water-soluble tetrazolium salt 2-(2-methoxy-4-nitrophenyl)-3-
(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium monosodium salt (WST-8) % 7§
B3k L UCHRHM L7 CCK-8 Z W THllE L7=, CCK-8 % 10 pL/well >4 7
= /VIZHINL, 37°C T2 WA % 2X— F L7tk 492nm (B L UBBEE
660 nm) (Z331F D W & Skanlt Re for Varioskan Flash 2.4 (Thermo Fisher

Scientific Inc., Waltham, MA, USA) TH|IE L. HIFAENEMEF L ONEH M a ik
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A KPR & Hed L7z,

SEMIEE OFEAT % Hoechst 33342 (8 uM) 353 L O PI (1.5 uM) %A L. 37°C,
A ¥ 2 _X— N U LT, wORBEMEE (DP30BW; Olympus Co.,
Tokyo. Japan) (2 & D Hse 217 - 7o, Mlfal% % %u i L 7= Hoechst 33342 (U-MWU;
Olympus Co.) Zfliid s L, sEilifnz Yefa L7= Pl (U-MWIG; Olympus Co.) %

7R L, SRS DRI A L LT,

2-2-3  FEAVHRIAFETEMEIEETE (ROS) PEAEDOHIE

~ 7 AR AL (661WHIRN) % 5 X 10°cells/100 uL4*-> 96 7 = /L 7

— MCHERE L, 37°C. 24 WifiIE52% L7=, © D%, 1% FBSE ADMEMEFHIIZ
BL, SREZENL 1 ERALE L7Z, UVA4Jem*Z MBS L7-%, EbHiC
CM-H,DCFDAZ F&IRE 10 uM & 72 D K 5L, 37°C. 1 HffElA > F 2 ~— |
L7z, CM-H,DCFDAT M Z it DFFE M E T 573, MlaNDOT= 2T
—BIZE D T 'T— ML S FLCM-H,DCF & 72 % Z & THllfa s ~fi
SNRVHEEE SO, EO%, MIANTEASIVDHROSE DEIGSZ XV a0
AT DH L, Z OELIEE % Skanlt Re for Varioskan Flash 2.4 % Fu»C
AL K 488 nm, EEIRE 525 nmiZ CROSEA R ZHIE Lz, S 5 IC/iatko
EWNZ X AMIEZE N2 572, HoechstiZ X 2840 CHllEZ 2 et L, &7
= /b 2 IR R ISR N~ U R ORI (661WHlL) = v h LT
FERA TS, Y72 OROSHEAREZRH L=,

2-2-4 Tx AKX LTy MEICEXDZANLVRAEEY X7 EORIE
~ 7 AR (661WHIRL) 25 X 10%cellsst mL$> 12 7 = /L7 L
— MIEEFE L, 37°C, 24 W[5 L7-, =D, 1% FBSE A DMEMES Hi | (& #1
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L. &BH2dn L 1 BEEFTALE L7, UVA4 Jlem?% RS L7-1%. phosphatase
inhibitor cocktails 2 (P5726; Sigma-Aldrich), phosphatase inhibitor cocktails 3 (P0044;
Sigma-Aldrich) . protease inhibitor (P8340; Sigma-Aldrich) % JE#& L 7=cell lysis
buffer (Ripa buffer) Z Mz L, EHICHIaZ B L7z, MiaEIEI:
12,0009, 20 srfdEOoBEL . RiEZSBE LTz, g7 V7 I AR A2
“CBCA protein assay kit (Thermo Fisher Scientific Inc.) |2 T# X7 E & A &% H|
ELTtR. &I AoX Ry EEN—E L 72D X ) Ripabufferds I OY 10%
2-mercaptoethanollZ THH L7z, FAE L 7= ¥ 27" /113 10% sodium dodecyl
sulfate—polyacrylamide gelZ FiV 72 BEGKENC T, 0 FEOEFEWVIZ L Y # 37

7B L. polyvinylidene difluoride membrane (Immobilon-P; Millipore
Corporation, Billerica, MA, USA) (24784 > 7 G % #55. L7-, Rabbit
anti-phospho-p38 MAPKHi{A(1 : 1000; Promega). rabbit anti-p38 MAPK#HL{A
(1 : 10005 Cell Signaling Technology). rabbit anti-phospho-AktHi{£&(1 : 1000;
Cell Signaling Technology). rabbit anti-AktHifA(1 : 1000; Cell Signaling
Technology). rabbit anti-phospho-JNKHL{A&(1 : 1000; Cell Signaling
Technology). rabbit anti-JNK1 $T{&(1 : 1000; Santa Cruz Biotechnology).
mouse anti-B-actinfi{4&(1 : 5000; Sigma-Aldrich)IZ THE 7 7> kL, Z&k$T
{KlZgoat anti-rabbit HRP-conjugated IgGHL{AR(1 : 2000) X Ulgoat
anti-mouse HRP-conjugated IgGHLIA(L : 200012 TALE L7z, SfEKIGD /N
R %46 E (ImmunoStarLD; Wako Pure Chem. Inc., Osaka, Japan) (2T
B L7z, M Ny RO I, LAS-4000 mini (Fujifilm, Tokyo, Japan) T
Bk L, Y 7 b =7 (Image Reader LAS-4000; Fujifilm) & FiHi
Ny RN Y 7 b =7 (Malti Gauge; Fujifilm) CREATT 2 = & T, & 2 2 <
JEBEDYEREIT oI,
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2-25 ImTA &S —EB (Akt) BLEFNCLD U T Y —DEHEF O
e

~ 7 A HSRHEIEAR AL (661WHIRN) % 5 X 10°cells/100 uL4*-> 96 7 = /L 7
L— MZHEFE L, 37°C, 24 FFfHE5EE L7-1% . 1% FBS A DMEMEF HiIZ E#L L 72,
AKtPEEAI LY293002 % #& i 3 mM THEMUCIHIN L 1 RFEALE L7212, L-extz
KPR 10 pg/mLE 72 % & 9 MIBICHSIN L, 1 BERTALE L7=, UVA4Jiem?, #J 20
yFIRRGT L. 37°CT 24 Wil A > % o X— b L7z, MIREHEMEIZCCK-8 & Fv
THIE L. JEHIIRER 0§l X Hoechst 33342 (8 uM) 5 X OPI (1.5 uM) DEEYt

X AT T B EE LT,
2-3 MR ERIERAT

FEHE RN T T RO HAERER A TE L, fERER (p) SN T2 AEEH D &

L7=. #EHFAMENTIZ Dunnett’s test 38 X TOF Student’s t-test 2 VN T{T - 7=,
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3T AR
3-1 AR FHEMEAMREE I T2 N =B LY vaFrR) —b Z
b DGy DR

FEA X, 13 U OICUVARRSTEE R AR M fE Fin vitro® 7 /L 2 1ERL L, Eb
J—xF% 2 (Bext), VoI _NY—x=F2 (Lext), BILOBESETHDHH
Fe b AIN-acetyl-L-cystein (NAC) Ol fR#EIEH %, CCK-8 (WST-8 assay) %
7= AR AR ERE M ORI E I ONZHoechst 3 K UPIEZE YL (AT K 5 SEHEREE L U i
At L7z, UVA4Jem?*o RS 24 R tE, ~ v 2 pOliIEgimie (661WHEAD) 1%
W & 72 TR RB L . HEFERE DR T 4 K OB (PIYLEABIE) DI &
73, B-ext 30 pg/mL, L-ext 10 pg/mL=E 72 1ZNAC 1 mMIZ CTEHRTICALE L 7= 8

TIE, TN 6 DOREENE L Tz (Figure 8A), CCK-8 12 X 2 flfa#iE M0
BIEICE T, UVALIem* O FREHT 10 ~ 7 A BRI (661WAHIIL) o
AINAAREHTE PEIIR 40%IZ(K T L7223, FaiTiZB-ext 10, 30 pg/mL. L-ext 10 pg/mL
F72IINAC 0.1~1 mMAALE L 72 #E Tl IRERAAANICH B MR RSO
.~ 280l L7~ (Figures 8B-D), Hoechsts X OPIREYL A K B SEMIIARD 7 7
v b OFER, UVA4 Jem? o JRET 24 B # (BRI AY 9~ 18% 1 Y S du7z 23,
B-ext 3~30 pg/mL. L-ext 3~10 pug/mL % 72 1ZNAC 0.1~1 mM % ZLiE L 7= #E Tl
FERAF A B 7 SE a2 O 13588 7= (Figure 8E-G), & B IZB-extds &
ONL-extil] = & 2 DIEPERK oy ORFEZAT 2 7280 RN ORFEEH 2 1t
L 724G 5, delphinidin (10, 30 uM), cyanidin (1~30 uM), malvidin (10, 30 uM),
trans-resveratrol (3, 10 uM)¥ X Ufprocyanidin B2 (3~30 uM) 2B\ T, EHLH

BRI SERIIR R ORI 2358 b7 (Figure 8H-L)
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Figure 8. Protective effects of B-ext, L-ext, NAC, and their constituents against
UVA-induced 661W cell damage.

(A) Cytomorphology of 661W cells and representative fluorescence microscopy of Hoechst
33342 and propidium iodide (PI) staining after 24 h of UVA light exposure.  Small arrows

indicate apoptotic cells. The scale bar represents 50 um. Inhibitory effects of B-ext
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(B), L-ext (C), and NAC (D) on UVA-induced reduction of metabolic activity in 661W
cells. Metabolic activity was assessed by incubating the cells in CCK-8 reagent for 2 h
at 37°C, and then photometric data were obtained at 492/660 nm. Inhibitory effects of
B-ext (E), L-ext (F), NAC (G), delphinidin (H), cyanidin (I), malvidin (J), resveratrol
(K), and procyanidin B2 (L) on UVA-induced retinal cell death of 661W cells. The
number of cells exhibiting PI fluorescence was counted, and positive cells are expressed
as the percentage of Pl-positive to Hoechst 33342-positive cells. Cells were treated
with B-ext, L-ext, NAC, delphinidin, cyanidin, malvidin, trans-resveratrol and
procyanidin B2 for 1 h, and then exposed to 4 J/cm2 UVA light. Data are the mean +
SEM (n=6). C, control; V, vehicle; B-ext, bilberry extract; L-ext, lingonberry extract;
NAC, N-acetyl-L-cysteine; Dp, delphinidin; Cy, cyanidin; Mv, malvidin; Res,
trans-resveratrol; PC, procyanidin B2. ##p < 0.01 vs. control, *p < 0.05, **p < 0.01 vs.
vehicle-treated group; Dunnett’s multiple comparison test or Student’s t-test.

3-2 ARG OTEEREFETE (ROS) PEAICKTT 2 EANY —B X
WY TR — & ZORy OIENER

B-ext, L-exts L OV @ FHk 4rdelphinidin, cyanidin, malvidin, trans-resveratrol,
procyanidin B2 0 UVAG J& N5 A b 5 12 k3 2 PREEVE ] OB PRl 2 B &
L. CM-H,DCFDAM k3% IV CROSHEA R A HIE L7, UVA 4 JemiREtHic
£V~ 2AHKEEEMIE (661WHIAL) PIZII) HROSEEAIL, #J 150~230%
(ZHE N L7225, B-ext 10, 30 ng/mL, L-ext 1~10 pg/mL. delphinidin 10, 30 uM,
cyanidin 3~30 uM, malvidin 30 uM, trans-resveratrol 10 uM3s X Uprocyanidin B2 3
~30 UMD EFBHLERE T, IRERAFAINCROSEADIIHIER RS b

(Figure 9)
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Figure 9. Inhibitory effects of B-ext, L-ext, and their constituents on UVA-induced
production of ROS in the 661W cells.

The cells were pretreated with B-ext, L-ext, delphinidin, cyanidin, malvidin, trans-resveratrol,
and procyanidin B2 for 1 h, and then exposed to 4 J/cm2 UVA light. B-ext (A), L-ext (B),
delphinidin (C), cyanidin (D), malvidin (E), trans-resveratrol (F), and procyanidin B2 (G)
inhibited ROS production in cells induced by UVA light exposure in a concentration-dependent
manner. Intracellular ROS levels were determined by measuring the fluorescence of
CM-H2DCFDA (excitation, 488 nm; emission, 525 nm) after UVA exposure for 1 h. Data are
the mean + SEM (n=5o0r 6). C, control; V, vehicle; B-ext, bilberry extract; L-ext, lingonberry
extract; Dp, delphinidin; Cy, cyanidin; Mv, malvidin; Res, trans-resveratrol; PC, procyanidin
B2. ™p<0.01 vs. control, p < 0.05, “p < 0.01 vs. vehicle-treated group; Dunnett’s multiple

comparison test or Student’s t-test.

3-3 HEARHISHEEARMIE D A N U ABE X ORI EICRTT A E AR —B L
WY TR —DEA
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UVARREHIZ X %~ 7 2 B ki ietimie (661Wiilie) 35 I2k1) % | B-ext, L-ext
B LOM =% 2D FEEVER IOV TN S 7 F IV RER FOEE 2 ¥ =
AL Ty MEZWTHT Lic, fifla7 R b—3 2RI 53 5p38
MAPKIZ, UVA4Jem?fBEHIZ L0 U U BE{kp38 MAPKDFEHL EF- 282 B3 7248,
B-ext 30 ug/mLIZ L D HTALEICTY U EBITA B <47z (Figure 10A), &

PERSY DR E 24T 2 T2 sh ., FEMIERE L OROSEAEIZB VT, & HIZ
IHIER 587> > Tz cyanidinlZ DWW T RIER DR FT 21T - 726 F. cyanidin 10 uMIZ
THEZP38 MAPK Y R LINHIER 2358 7z (Figure 10B), L72>L. L-ext
10 pg/mLALE Tixp38 MAPK U b Il /EHIXER® Hiv7er - 72 (Figure 10C)

DONT, MIAEFR T L LTH B HAKUS DWW THE L7ZiE R, UVA4
Uem*BHHZ X 0 Akt U BRI T 2338 S v7=  (Figures 10D-F), & Z TRIEE
(ZB-ext 30 pg/mL ¥ 72 1dL-ext 10 pg/mL A RijALiE L 725 H . L-ext COHAKtD U
ALK T &2k L7z (Figures 10DF L UE), # 2 T& HIZL-extd EEIEMER Sy
IZOWTHRET L7z & Z A, trans-resveratrol 10 uM 35 X Uprocyanidin B2 30 pM &L
(BT, UVARRSNC X DAKD U UL T 2 A B IS L, UVAREALE IR
VT btrans-resveratrol XAkt U > fRfb A A X H7= (Figure 10F),

p38 MAPK & [A] U < MURSERAEICBE G975 2 & THIH LD INK O U U fRfelc
DWTHERT LR, UVA BBSHIC R D INK O U Uik ERARO bz, T
(2% L B-ext 30 pg/mL ZLE (2 T INK U (b DA B ZRMHITER 2338 B 7=23,
L-ext 10 pg/mL ZLiE Tl INK U > ERE O HHIER XGRS Hiv7e - 7= (Figure

10G B LU H),
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Figure 10. Effects of B-ext, L-ext, and their active constituents, cyanidin,
trans-resveratrol, and procyanidin B2, on UVA-induced changes of phosphorylated p38
MAPK, Akt, and JNK levels in 661W cells.

Cells were pretreated with B-ext, L-ext, cyanidin, trans-resveratrol and/or procyanidin B2 for 1

45



h, and then exposed to 4 J/cm® UVA light. Then, the cells were collected and lysates were
analyzed using western blotting. Data are the mean + SEM (n=5or 6). C, control; V,
vehicle; B-ext, bilberry extract; L-ext, lingonberry extract; Cy, cyanidin; Res, trans-resveratrol;
PC, procyanidin B2. *p < 0.01 vs. control, ‘p < 0.05, ~p < 0.01 vs. vehicle-treated group;
Dunnett’s multiple comparison test or Student’s t-test.

3-4 RSV REMEBARAINEIC TS T e T A % —E B (Akt) U R L&
MLz ) 3 RY) —fEH

33BN TY = RAZ 7y MITHHT L7oRER, UVA BB K D Akt U o~
BRAL ORI L, Lext 13 Akt U BRILOAR T 240 L7z, % 2T Akt FLE A
Td 5 LY294002 % MV T PIBK/AKL #E#E 2 BHLE L, L-ext ORMAAREIEM 21T
% Akt IEMHAL OB G- F772, Bl CCK-8 1 X A MiaENEE ORI ER L O
Hoechst, PIEZ42talZ K 2 SEHIIROWPEIZ L V1T o7, LY294002
3mM BEAULEZ X 20 5 0 R2EIERITRS b o7-, UVA BREHIC X 5
FARENE M DR T 36 K OSEMIAR=R O FEANT R L, L-ext 10 pg/mL O ML LR H
13 LY294002 3 mM HiALIELZ & 0 Al TG M d K OBEMlaR & HIZABITIRT

L7- (Figure 11),
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Figure 11. Protective effects of L-ext against UVA-induced 661W cell damage are
inhibited by LY294002.

The improvement of cellular metabolic activity (A) and prevention of cell death (B) by
treatment with 10 pg/ml L-ext were inhibited by 3 mM LY294002 (a PI3K-Akt inhibitor).

Cells were pretreated with L-ext and LY 294002 for 1 h, and then exposed to 4 J/cm? UVA light.
Cellular metabolic activity was assessed by incubating the cells in CCK-8 reagent for 2 h at
37°C, and then photometric data were obtained at 492/660 nm. The number of cells exhibiting
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PI fluorescence was counted, and positive cells are expressed as the percentage of Pl-positive to
Hoechst 33342-positive cells. Data are the mean + SEM (n =6). C, control; V, vehicle; L-ext,
lingonberry extract. “p < 0.01 vs. non-treatment, “p < 0.05, ~"p < 0.01 vs. vehicle-treated

group, "p < 0.01 vs. 10 pg/ml L-ext -treated group; Dunnett’s multiple comparison test or
Student’s t-test.

3-5 RSN FEMECIASEIC KT 2 By — L U T — D ER
U AL Ty MENT (FER 3-3) 3 LT Akt FREAI LY29402 2 Hv /-
PISK/Akt #2385 DB G- O MREHE R (FEH: 3-4) £V, B-ext & L-ext (X572 % /EHIH
FPIZ K 0 UVA 55 FE MM B 5 ek~ 2 MR E R 2 535 Z L AVRIE X
N, & 2T, B-ext 35 LU L-ext Z[RKRFIZIRIN L7=56 O UVA 3 58MEELHE
[T D W IER 2 /Gt Lo, il CCK-8 12 & 2 M AEHE M D I E 35
& OV Hoechst, Pl Y4l X 23R ORIEIZ L V1T o7z, £ ORER, B-ext 30
ug/mL & L-ext 10 pg/mL RIFFRINC L 0 | ZZ o B ALE & g U CHfa
AHEPE DA E 22 BRI N SERIR O A B R 23388 BTz (Figure 12A 36 &

U'B),
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Figure 12. Additive effects of both B-ext and L-ext on UVA-induced 661W cell damage.
B-ext and L-ext were coapplied to inhibit the reduction of cellular metabolic activity (A) and
cell death (B) induced by UVA light exposure.  Cells were pretreated with B-ext, L-ext, and
coapplied for 1 h, and then exposed to 4 J/cm® UVA light. Cellular metabolic activity was
assessed by incubating the cells in the CCK-8 reagent for 2 h at 37°C, and then photometric data
were obtained at 492/660 nm. 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 the mean £ SEM (n =6). B-ext, bilberry extract; L-ext, lingonberry

extract. *p < 0.01 vs. non-treated group, “p < 0.05, “p < 0.01 vs. UVA-treated group, "'p <
0.01 vs. only B-ext- or L-ext-treated groups; Dunnett’s multiple comparison test or Student’s
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t-test.
FAH B

ENARY =%t T—_Y =00 O A OGMERESGEEH 2 MET L7z k&
DWFFEHEICIBNT, REICEEND TV b7 = OHBLIERA D BNFE,
BERIFHAIE, SkNIEZR SIRKB OB ET VB TANTH S Z LvimiE
S ATV 5 (Fursova et al. 2005; Matsunaga et al. 2009; Matsunaga et al. 2010), ASHff
ZETIE, EARY — U3 Y —B X OMRFEICE F45H anthocyanin,
trans-resveratrol, procyanidin B2 72 &R U 7 = — Vi 5y O SRIMRRG ZE ME IEARL A
NebE 269 % PR fE 2 et L7z,

EHINDICENLRNY —F 2 (Bext), U TNY— (L-ext) BLOFHE
15 MRS T & 5 delphinidin, cyanidin, malvidin, trans-resveratrol 3 J< OY procyanidin
B2 (22T, UVA RHHZ X %~ U A BRI G (661W MiIfa) FEIZxd
% M PR VE A & Bt L 7=, 723 B-ext (10 pug/mL) (X, delphinidin 1.41 pg/mL (4.65
uM), cyanidin 0.91 pg/mL (3.17 pM)FS £ T malvidin 0.61 ug/mL (1.84 uM)%& & H L
TWb, F£7-. L-ext (10 pg/mL) (%, trans-resveratrol 1.06 pg/mL (4.64 uM),
procyanidin 4.30 pg/mL (7.43 uM)% &4 L T\ % (Table 6), Figure 8 35 X O Figure
9 DFEENG | B-ext 38 KX TN L-ext (231 T, cyanidin, trans-resveratrol, procyanidin
IZZENEN 1~30 uM, 3~10 upM, 3~30 uM DIEE T UVA #%% ROS FEAE R &
OMREZHNHI L TR 0 . M= A 2B 2 FERTEMEMR D ThH D 2 & 2VRgE
X7z, Delphinidin I% B-ext IZB W\ T b % < & £415 anthocyanin TH 1 |
cyanidin (2O CHEFRSESNHIVE I ONC ROS pEAEIIHITER 3RO Hii- Z & »»
5. B-ext ITH1T 2 EERIEENID 1 DOTH D Z LRI,

LX) —(Zdelphinidin, cyanidin, malvidin, petunidinis & Otpeonidin® 5

FXEDT > b7 =22, glucose, galactoseds & Otarabinose? 3 Ff%E D B /3 +f
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MMUTEAFHISEOT v o T =0 RNEEND, FHIX, TXTOT7 - hoT
SV A AT T H I ENRRARER 2O, AL TIEEAEDOZ W IFEDT
YR T =AW TORER L, ZOMIEEER 2B 52 L (Figure
7o T2 b7 =030 DR TR TIRBLHE R D £ £ — A8 I AT
5 EDE B ATE Y (Matsumoto et al. 2006; Milbury et al. 2010), 7> h v 7 =
FCHEIR D EFL PR R ORI EHE TH H, T TEARY —IZEHEND
cyanidin-3-glucoside(Z 2>\ T, [RARIZUVAREFE ~ 7 A H SRR MR (66 1WHHEAE)
P D MR ORI 2 5t L 7=, & OfE . Cyanidin-3-glucosidelZcyanidin
7Y v EFERC, UVA 4 Jem?BEHT X 5 MIIAENE M O IR T 38 K OBEMIR
ROz #ii) L7z (data not shown), LA LEOFER LV | BWEAITT 77 2 &
[FIERDIEMEZ RS Z EMH LN o2, T b7 = A ORk« 7o {CH
WIBFELTRY, %I T >~ 7 = A OV T H FERIC G
LT EMMETHD EBbNID,

FFITUVARRSHC X 2 AR E 1B €, UVARRE M BENIC BT D16
PERRRROSEEE 23658 L. HUERILAITH HNAC, B-ext, L-extds L ONMl=F 2D
FEEMER T &0 MITIROSEEAE M S D Z & 2B 57T L7z (Figure 9),
UVA% 13 U OSSR T, RNV T Faex i b7 U0 (hydroxyl
radical), A—/X—FF 3 K7 =427 /L (superoxide anion radical) ., i&i2{k
7k (hydrogen peroxide) . = L C—HEIHEEE (singlet oxygen) ZRAEIHE 5, K
For T OIICIRIETH H = HIEMFE (triplet oxygen; °02) X, 4EAMRIRST I L 5
TARAF—ZRINL, —EHEBREZRESE DL, DT, —EHEBRRTIE X
BEHRTHZET, A== FF T KT =F TV HWENT D, A—r3—F
FURT =TT, AN a3 R 7I2BT 2NADPHOTEMEAKIC
FoTHERAET D, SHIZA—NR=FFL RT =4 T VIME, A—/3—F
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FYRVALL—F (SOD) (&L WG S, mIILKFEZE L D, mA&RIC
WAL AKFITEROA A EDORIGICE Y B Rax I vT Uh Ve EsAT 5,
b R T O, IREERRL, ¥ 7 EoEM, DNAKRGZ O

T FRAMRIST IR R OPEAR AR TS5, Lzdi> T, UVARS
WZRDMENT U —F OV OEAZ, MY R F— AEFHEET 5, A
FETIX, FBBERTH D 7NV F A ORERS T HNACOMLEIZ LV | 1
E O (Emonet-Piccardi et al. 1998) & [FlA# 12 UNVAFE & 5 i e [ 5 25 #efil] &
No5Z EERBMNT L (Figure8), 7o, HFEHIIB-extOEHEHRN T TH D
delphinidin, cyanidin, malvidinZe &7 > h 7 =N, A—/"—FF T KT =F
VIV, FEe ReX UL T U VEEERERT AL EBE ALY Y
JEngsik (electron-spin resonance method) (2 X WEH SN L2 GEMIZE 4 Z|IZ T
R_2%), X512, L-ext, trans-resveratrol3s & Uprocyanidin B2 13 @ 77 v % 5
FURA=NR—=FF Y RUALZ =B EHIB LR OTEEZYGET 2 2 L h
5. MAIPNROSEEAMHI721F T2 < . ROSTHEREDEIZ b &5 L TV 5 AlREME
23% % 5415 (Durukan et al. 2006; Milbury et al. 2007; Pintea et al. 2011),

P38 MAPK 35 XL OVINK (%, SEAMEIR £ 713 LA P L R ED R R L AT
i CCTIEMAL L, 7 — 3 RERE K1 T % activator protein-1 (AP-1) % & -
% (Hildesheim et al. 2004; Klotz et al. 1997; Minden and Karin 1997), p38 MAPK I3 X
OVINK OFFMEA LI, SEAMRIBITC L D A L —HERRIC LV ISR S
% (Klotz etal. 1999), B-ext (IZHENLT > hy T =2 L-extiZHEND
trans-resveratrol, procyanidin B2 |3—HBIHEE R (%1 D il {LaE L AT 5 (Ariga
2004; Sparrow et al. 2003), L 7> L7273 & | AWFFEDHE R Tid, B-ext O 7 p38 MAPK
B EOVINK OIEHEALZ M L. L-ext 1386 2R MEHEM 2R S 2207,
Delphinidin & cyanidin i%, $EAMRIEK Col & Z S D MKK4 O U g bEs &
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TVINK MAPK & —E7EMEIZR LT, MAP kinase kinase (MKK) 4 @ ATP ~®
FEHUPLEE 12 X Y #1542 (Kwon et al. 2009; Lim et al. 2011), 28412 X 5 p38
MAPK JEME(KIE, MKK3 36 K TN MKK6 7217 T72 < MKK4 24T L THI & Z &
%2 EME STV A (Brancho et al. 2003), L7228 T, ABFSEIZI VT B-ext

W& AT % delphinidin 38 X OF cyanidin 1%, UVA BIBIZ K % p38 MAPK & INK @

AL & B E L7 FTREME N B 2 b5, F£7-. p38 MAPK 35 K TV INK HEH:
P 7 BLERNE, SRIMRARLIZ L 5 c-dun & c-Fos D U “ER{b 24 L 7= AP-1 {E4%
bl L. ffa 7 R b — A &3 9 % (Roduit and Schorderet 2008; Tanos et al.
2005), LA, UVAFFRHIIEEICRT 5 Bext L 207 0 T =V OFEH
DAH =KX LD—>L LT, ROS BEA DTN p38 MAPK & INK DV i
AR ET 2 2 EBNRE ST,

PIBKIAKt > 77 J/Lig 13, AR AR, PORIRE ., PUBRREIE ., (s
HiiZe EHBAHARIC W T, M2 2 &EIZH D T LM bN TN D
(Nakazawa et al. 2003), AHFZEIZIVNT, & 1F UVA FREHE % ORI
WT Akt U BB L~V ME TR 5 2 & [RIRFIC L-ext, trans-resveratrol % 7213
procyanidin B2 OALE(Z L D Akt U U R LV O TR E N D 2 &2 B
22 L7= (Figure 10D-F), Resveratrol X, 77 / v > Al B L VA3 S H K& A
L CAKtIEMELT 2 Z &Ik 0 LOflao T R h— X %2757 %(S. Das et al.
2005), AMFFEIZIBVT, PIBK/AKL FHEAITH 5 LY294002 1%, L-ext D UVA 7%
FEAlaEE T A IEERA 2 A BEICIK TN L7 (Figure11), L7228-> T, L-ext
RLEIZ X% Akt U UL OUCEERIE, UVA B R MG SE I %3 2 JndilE
HIZFHEELTWAD Z LRI,

W& IZ, B-ext 5 LU Lext (T NEN IR DEHIBRFFIC K D UVA e MIRAR
AL E ZIH L2 2 EVRIB S 7=/ (Figure 13) . = 2 OO ALE %
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Bt Lz, il = OFMALE & i LT, PRAALEIC LD . UVA F 38R

EENAREICEGESND Z 26T Lz (Figure 12),

Direct pathway:

Catalysis: ——p

};; Inhibition: |

Bilberry

N
N
N

Procyanidin
Resveratrol
7

7

~— CROSD

/

V4
CMKK4 D

- —————— — ———— -

= - ——

Photoreceptor cell death

Figure 13. Putative mechanism of B-ext, L-ext, and their constituents against
UVA-induced 661W cell damage.

UVA irradiation increased production of ROS, phosphorylation of p38 MAPK and JNK, and
downregulated the phosphorylation of Akt that induces photoreceptor cell death through the
activation of c-Jun, AP-1, and caspase-3. B-ext including anthocyanins reduces ROS
production and activation of both p38 MAPK and JNK by UVA light exposure via inhibition of
MKK4. L-ext including procyanidin and resveratrol reduces ROS production and
downregulation of Akt by UVA light exposure. Reactions are represented by direct (solid line)
and indirect (dotted line) pathways, catalysis arrows (arrow-headed line), and inhibition arrows
(bar-headed line).
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Anthocyanin 8. resveratrol 3 X 0" procyanidin 38 % % 12 HL L 72356 DI

i

)

Blix, BB LU0 FRBRICE WV HEN 2SN TS, B FEBRIZBW T,
15 NOWEBREIZK L, 944Tmg DT > by T =vhEie s 70 _) =V a2 —2A
Ak B S E 7o MAEHICEB T 57 b7 =0 ORI X 0.56 22 5 4.46
nmol/L T&h 2% Z & B X TV 25 (Milbury et al. 2010), B % V7= 3lBR C
RIZT =Y =KD 4 W O BRI L0 | JTE. K KOR»AS7 > b
VT =B STV A (Kaltetal 2008), 72, WVAT U RUT =R T v
T 108 mg/kg THEWEN 5 L7/ R, i TR\ T 6.72 ng/mL, MAFEIZ IV
T 6.80 pglg. MAEHIZI T 2.30 uglg DIEESIEENE SN2 L0 b, 7o k
T =R E I U CHRMRRIC AT 95 2 & 3R S LTV S (Matsumoto et
al. 2006), ~ 7 A= T R 7R T /LIZEBVT, B-ext 500 mg/kg (AE &, 43
FIOROEBRIC LY . KIEC L 2MEORME, v K7 v Ol KU HRE
KFE2AEICKET D ZLENWE SN TV 5 (Miyake et al. 2012), AAFZEIZIB U
TEA DR LTz invitro BBRICI T 2 AR, T v MBI 2 EREFEER DK
Rb#E x5 & (108 mglkg 5 THEMER B 6.89 ng/g) . 451 in vitro FEERIZIB W
TT UM T =R ERLEREE (W10uM) 2t MIBIT LT T =
CERTRL LB LN LEBERAONDN, T T = ERBIERT S Z
ETEROT VT = UNIRMRRICEE L, IR TR E ST 5 alherE
IZ+5% 2 545, Resveratrol 35 X O procyanidin 1, in vivo 5B IZ ISV TR
BHER L OV EMEN R & C U 5 (Boocock et al. 2007; Cottart et al. 2010; Holt et al.
2002; Stoupi et al. 2010), fdH A% % resveratrol 0.5, 1.0, 258 L 15.0g D
HERAOBRICE 260 2FMEEEO 6T, mEPICsT 2R RIREILZE
NZEH 726, 117.0, 268.0 5 L 11538.8 ng/mL T ~7=, —J5 procyanidin B2 |
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DUWT, 323 mg D / ~ —procyanidin iz 5 dr 26.4g D227 % b N ASHERE
NHEE L7286, T procyanidin B2 feEfR EE I E¥) LT 5.92uM TH - 7=
(Holt et al. 2002), Z i HIEEEIL, AWFEIZIIT S resveratrol DA NRETH S 3
~10 uM B L W procyanidin B23~30uM & —E LT\ 5, L L7aii s,
resveratrol 35 X O¥procyanidin @ & ~MZ 1 2 IRMHR~DOBATICOWTIEBHA 5T
372K, AR ELICMPDAMLETH D,

PLEFE2FTEH, EAXRY— VoY —BIXUPEOFEEEMENK T TH
% anthocyanidin, trans-resveratrol 33 & OF procyanidin B2 73, 641 UVA & 71
AR (2% LT, ROS FEEAEZ 6] L, p38 MAPK, INK 38 L TNAkt D U
L~V ERETT 5 2 LI Ko THIfaREE 2 Ml 5 2 L AW 60 Lz,
WETIE, B, 7T VERAY— M7 3 R EORFICL > THEAIND
LR o TETFEOINT A A —F (LED) JIZ K- THH I 2 HEIE i A
ffEE %45 BN —B LN v TR — O #EE IOV TR

ZiTo77,
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FI3E HEFINHFAA—F (LED) JeifRMEEGMIaES 84 2 ey
—B IO TR —DORHEER
FHLE WS

B RV X — AR ERRIE 380 205 530 nm DI RAEI O AR L, KEEYE, 8
AT, FIEH A A4 — K (light-emitting diode; LED) 72 & DR B 72035973
TEHN TS, FTHHEN (450~495 nm R AEIK) (3R E < BV Rrov
F—ZALTHEY, IOITAHIEHRE UTEHEIME LD bEE~DORIERITE .,
NS EEBEZEMESE  (age-related macular degeneration : AMD) <CfE i (2,35 28 MEIE

(retinitis pigmentosa : RP) 7 CFIREBFIE~DBE G RIE I LTV D
(Glazer-Hockstein and Dunaief 2006; Margrain et al. 2004), ¥T4-, = R/LX—[ED
BLR DD ERNAT 206D &3 2 AR IZ LED TRV BN D K9 IX o7,
LED fTi3a AT &t U, {HEE IV FEmB R0 E WS FlEHELZ O,
L2rL, LED AT/ BRE B D ACGIIH AL L AN TR SN TEBY | Fr
ICHEEER EODFNEG R E W, LED 132 OftiksaE =% —DRE LTI S
TR, b LED BT =% — & 23361 5 F B AMERIZ KT
TRBIZOVWTHER SN TS, FEXEPMEIKIETHEL LT, AT h=

AN X D REIRBE ERS KO — 7 0 7 > U X A DOZFH(Lockley et al.
2003; West et al. 2011), IR FICEND Z DML NTWAH(FEFILT A 7 U =
> Z B HP X V), 7 v K invivo E7/LZIUNT 379 725 559 nm E TO DK
Rl L o MEEEE 1T, ROR SITKEA L CHEEERESED . FEL TR
PEAYE VO (van Norren and Schellekens 1990), 77 4 7L & W T2 WF5E 128\ T
A LED Yo A ST 45 2 & T, MR LEGHIE (RPE Mifld) 36 X OMA
RSN ENZ B W CTHRIE DGR D B 41TV A (Koide et al. 2001), & 46 1% RPE #ligiC

F51F % bis-retinoid <> N-retinylidene-N-retinylethanolamine (A2E) 72 & D U AR 7 25
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> (lipofuscin) DOEREZEE L, FOEI bar FU TR HIEMEREE
ROS DpEA 7 {i2 L . RPE Mila DG E sl 2 51 &l = LS 2 &5k 4 % (Sparrow
etal. 2002), FH S IZ X 5 RPE MifustlX, MfasEFHER 7 ToH 2 caspase-3
DIEMEAL 28 U Chl & = &, caspase-3 fHL5EH| Z-DEVD-fmk (2 X W 7R k—
3 A VTPNH] S 415 (Sparrow and Cai 2001), AMEPEALHIAE S IZ BV T H [FIERIZ .
caspase-3 DFEL LN K7 D7 Y —F 2 FONECEEIZ LY . Mlast
DEIE G Z 45 (J. Wu et al. 2002),

Z 2T, B UVA IR T D IREEE 2R LT B Y —o2 % X (B-ext),
Jorar_RY—2F 2 (L-ext) WONZH T F 2D EEEWKSTH D
anthocyanidin (delphinidin, cyanidin, malvidin), trans-resveratrol ¥ J TF procyanidin

(ZOWT, 8 LED SRk ZEaIAR A Ia b 2 (24 2 IR E M 2 /e L7,

28 FEBRITIA
2-1 BB

ENARY —xH R (Bext), VT _NY—xF X (L-ext) X, Beijing Gingko
Group Japan Co., Ltd. (Tokyo, Japan) 7o flth Ziufz, M=% 2D EeGMER Y
1% HPLC 734136 L USRS a0 Ot EE R 2 W CiE & L7 (Table 6), 7 /v~
4 =¥ (Delphinidin), ~*7 =" (Cyanidin), ~/LE ¥ (Malvidin), 7'm
7 =3 B2 (Procyanidin B2) X Extrasynthese (Genay Cedex, France) 726, K7
YA« AT hr—/L (trans-Resveratrol) (& Tokyo Chemical Industry Co., Ltd.
(Tokyo, Japan) 75 . N-acetyl-L-cystein (NAC) |3 Sigma-Aldrich (St. Louis, MO,
USA) 7> Cell counting Kit-8 (CCK-8) i Dojindo Laboratories (Kumamoto, Japan)
75, Hoechst 33342, propidium iodide (P1), 5-(and-6)-chloromethyl-2,7-

dichlorodihydrofluorescein diacetate acetyl ester (CM-H,DCFDA) [XInvitrogen
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(Eugene, OR, USA) 7>5. phosphorylated p38 MAPK {4, total p38 MAPKHL{A
activated NF-xBHL{A, total NF-kBfif&, LC3 HiifikidCell Signaling Technology
(Beverly, MA, USA) 725, B-actinfif&iLSigma-Aldrich (St. Louis, MO, USA) 7>6
Caspase-Gloe 3/7 assay kitiZPromega Co. (Madison, Wisconsin, USA)7> & i
ALTz, v U 2GR (661WiHlIfd) 1EDr. Muayyad R. Al-Ubaidi
(University of Oklahoma Health Sciences Center, Oklahoma City, OK, USA) X ¥ 7%
Haniz, FHELEDEIT, FELED (R 460~470 nm) % 12 ERfi 2 72 4
HE#E [XM-trust Co., Ltd. (Hyogo, Japan)2> 6, &R EEEE LM-332 (XAS ONE Co.,

Ltd. (Osaka, Japan)7» & A L 7=,

2-2 FEBRITIk
2-2-1 kG

~ U A HREEA AR (661WHEAE) 13X 10% fetal bovine serum (FBS), 100 U/mL
~N=3V > (Penicillin), 100 ug/mL A kL7 k<~ > (Streptomycin) % &
473 % Dulbecco’s modified Eagle’s medium (DMEMEZH) (2T 37°C. 5% CO25%
EFCHR L7z, ~ U AHSkEEEGM (661WHIAL) 1X2~3 HIBEIZ R 7
DAL L VAR LT,

2-2-2 HEIIH A A — NIFH IR SR AT R

661WHHZ 3 X 10%cells/100 uL9°> 96 7 = /L7 L — MI#EME L, 37°C. 24
REME 2 L7, T D%, 1% FBSEH A DMEMEFHIIZE#2 L, 37°C, 3 FEfH]A > %
2_— |k L7z, BBEN25uME 725 X 95 9-cis-retinal & 4 1%FBS DMEMES Hi
AT = VIR, 37°C 4 BEfE A > % = _X— b L7z, &3k (NAC 0.3~1 mM,
B-ext 1~10 pg/mL, L-ext 1~10 ug/mL. delphinidin 1~10 puM, cyanidin 1~10 uM,
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malvidin 1~10 uM, trans-resveratrol 1~10 uM, procyanidin B2 1~10 uM) %7 U
< 1% FBSZ A DMEMEZ HIZ 5 fif U Cftfmicdsn L, 1 IR LE L7z, 1% FBS
E A DMEMES LD 7 2 s U 7= BEZ P BEEE  (vehicle group) & L7z, ~ o A%k
MMM (661WHAND) (7 CLLEDYE IR 4E{E 1T C 2,500 Ix, 6 Wi ok 2 1
$t U7 (Figure 14), TE HIZHIFAEHTE M 2 water-soluble tetrazolium salt
2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium
monosodium salt (WST-8) Z a3 & LU CHHM L72CCK-8 IZTHIE L 7=,
CCK-8 % 10 uL/well "> % 7 = UIZIRIN L 37°C T2 REfEl A v F = _X— F L7214,
492 nm (B LUSEWEE 660 nm) (21T 2 W % Skanlt Re for Varioskan Flash
2.4 (Thermo Fisher Scientific Inc., Waltham, MA, USA) Tl L, #iafCHnE LR
FOVIE R A 2 e RERAE & el U7z, SEMA R ORI, FALEDGRSHE T
26 12 IEfE% . Hoechst 33342 (8 uM) 35 X UWPI (L5 uM) Z#shnL ., 37°C, 154y
A > F o _X— b UG L7k, B0 GBI EE (DP30BW,; Olympus) THRE L 7=,
AMfaR% 2 Yt L 7-Hoechst 33342 (U-MWU; Olympus) % 2ffifid & L. sEHlA & Gy

@ L7=Pl (U-MWIG; Olympus) %4 7> b L, SEMfERZHEH LT,
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A B

Murine photoreceptor cells _
on 96 well/ 12 well plate 37 °C incubator

Blue LED irradiation device K
The irradiation with 2,500
lux of blue LED light for 6 h.

Figure 14. Model of the blue LED light irradiation-induced murine photoreceptor
(661W) cell damage.

(A) 661W cells on a 96- or 12-well plate were exposed to blue LED light irradiation at the
bottom of a 37°C incubator. (B) A magnified view of the Blue LED light irradiation with
2,500 Ix at the bottom.

2-2-3 FEFIH A A — PEEFREIENERFETE (ROS) EAEDHIE

~ 7 A SRR AN (661WHI) & 3 X 10°cells/100 uL3°> 96 7 = /L7
L— MIFEFE L, 37°C, 24 REffES# L7z, T Dk, 1% FBSE A DMEMEFHIIZ &
fal, 37°C. 3WFfHA ¥ a_X— b LT, #IREED 2.5 uM E 72 5 K 9 9-cis-retinal
A 1%FBS DMEMEG LA 4 = JVIZHRIN L 37°C 4 ffi] A > F =2 _X— [ L7z,
HELEDE 2500 Ix, 6 KIS L7, H HIZCM-H,DCFDAZ &R B 10 uM &
B EHUSINL, 37°C, 1BERIA > F =X— k L7z, #OGHE % Skanlt Re for
Varioskan Flash 2.4 % F\CIRbC I & 488 nm., #2525 nmiZ CROSFEA B %

HE L7z, SOICHaEOENC L AMIEEIMZ 572D, HoechstiZ X 24t
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ICCHIlaZE A et L, &7 = /b 2 TR R ICEHER N~ 7 A S IR A e
(661IWHIA) Ze a7 o b LTSRN G 4720 OROSHEAEEZHEE LT,

2-2-4 UxAZrTry MEZEDA M VAREE Y LR HOWE

~ U A B SHEBAE AL (661WHIAY) % 3 X 10%cells/ImL$">12 7= /L7 L
— MIEERL L, 37°C, 24 W[5 L7z, £ Dk, 1% FBSE A DMEMES Hi 2 (& #L
L. 37°C, 3WfHA FaX— |k L7z, #IRED 2.5uME 72D K 5 9-cis-retinal
EH 1%FBS DMEMEZ H A2 4 7 = VTR L 37°C 4 FEf] A v F = X— F L7z,
HHLEDY: 2,500 Ix, 6 REfAIFSS L7-%%. phosphatase inhibitor cocktails 2 (P5726;
Sigma-Aldrich), phosphatase inhibitor cocktails 3 (P0044; Sigma-Aldrich) . protease
inhibitor (P8340; Sigma-Aldrich) % /&4 L 7=cell lysis buffer (Ripa buffer) % iz
WL, EHICHIE A B L7, MEEI#E 120009, 20 SyfHE oL, b
Ha 0BT, AmyE 7T v X RS & VY TBCA protein assay kit (Thermo
Fisher Scientific Inc.) (ZCTH XV EGEHREEAHE LK, 708 N
JEEN—E & 725 X 9 Ripa bufferds UV 10% 2-mercaptoethanoliZ CFAHL L 7=,
FHEL L 7= > 711 10% sodium dodecyl sulfate—polyacrylamide gel & fu 7= &
RUKENC T, D FEOEVICE Y & 7B 24558 L. polyvinylidene difluoride
membrane (Immobilon-P; Millipore Corporation, Billerica, MA, USA) (Z/3#ff % > /X
2 AR5 L7=, Rabbit anti-phospho-p38 MAPK#H1{&(1 : 1000; Cell Signaling
Technology). rabbit anti-p38 MAPK#t{4(1 : 1000; Cell Signaling Technology). rabbit
anti-activated- NF-xB#L{A& (1 : 1000; Cell Signaling Technology). rabbit anti- NF-xBft
& (1 : 1000; Cell Signaling Technology). rabbit anti-LC3 H1{4(1 : 1000; Cell Signaling
Technology). mouse anti-B-actinfi{&(1 : 5000; Sigma-Aldrich)|Z THE T 1 v

c L. Z“%&FLIAHRP-conjugated goat anti-rabbitfi{A £ 7= IZgoat anti-mouseft
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{&(1 : 2000; ThermoFisher Scientific Inc)(Z THLE L7, FEMIGD/ N K%
HHE (ImmunoStarLD; Wako Pure Chem. Inc., Osaka, Japan) 2 CHiH
L7, By FOBEEE. LAS-4000 mini (Fujifilm, Tokyo, Japan) <CEifZ fit
L., YV Y 7 v =7 (Image Reader LAS-4000; Fujifilm) & fiHi/ Ny
REH Y 7 b =7 (Malti Gauge; Fujifilm) TR % = & . %4 250 K
BOYERLIToT,
2-2-5 HEFINHK A F— FAFHREEMI T A S —BIEMHEOHIE
FOLEDYEMSNC X 5~ v A Bl@Bdiiie (661WHIIR) (281 5 A3 —
¥ (Caspase-3/7) &M%, caspase-3/7 assay kitZz W CHlE L7=, HFELEDY:
MRS 12 5] 1%, Caspase-Glo® 3/7 i# & 45 7 = /VICHIN L, 37°C, 1 KffH]A >~
FaN—F L7, A rFa— Mg, HO05E 4 Skanlt Re for Varioskan Flash 2.4
Z HWTHIZE L, caspase-3/7 IEMEZIE L7z, & HITHIIBEODIENZ K DM IE A
% % 7=, HoechstiZ X 2 Yl THIlAZ A Yt L, & U =)L 2 kit
(RN 661WHIRE A 1 ™ b LRGSR 2 ool Ml 7= U dcaspase-3/7 & 1E
AR LT,

2-3 MR ERIERAT

FEHE RN T T RO HAERER A TE L, fERR (p) SN T2 AEEHV &

L7-. #EHFAMENTIZ Dunnett’s test 38 X TOF Student’s t-test 2 VN T{T- 7=,
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B3 KR
31 HFEINKA A — FIEFHFHEHEERMAES G2 e ) =B X0
AR Y =L 2N 5 DR DIEM

& 1THDIZF £ LED JehFe~ v A HOREIEAR M (661W Mifa) FE5E in vitro
ETVEAER L7 (Figure 14), & D1, B-ext, L-ext, == RO FFIEM:AL Sy
T& % delphinidin, cyanidin, malvidin, trans-resveratrol, procyanidin B2 35 X OV
PEXTHR T & 2 HlR{AI NAC ([22OW T, T LED Jekdé~ v A H ka4 i i

(661W i) PRTEICXT 2 IReE(EH 2 L7, 76 LED )t 2,500 Ix, 6 IFfH]
OREFINZE Y, 2 b e —/VRETITHIZRE O & 270 55 & B SEEE DK
TR B0, B-ext 10 pg/mL, L-ext 10 pg/mL % 721X NAC 1 mM D RFijALE
TRV EASMEREE TR S s (Figure 156A), CCK-8 Z AV 7ol LR
JEPEDRIEIZIBW T, F 6 LED SRS TR TS 2 K9 60%I2 F TR T L7z
73, B-ext 10 ug/mL, L-ext 3, 10 ug/mL, NAC 0.3, 1 mM, delphinidin 10 uM, cyanidin
10 uM, malvidin 10 uM, procyanidin B2 10 uM = 7= |3 trans-resveratrol 3, 10 uM
DILE T Z N &2 F RISk L7z (Figure 15B-F), & 512, B-ext 10 pg/mL 3 L Y
L-ext 10 pg/mL O RIFFLLEIC LV | FH & LED EIREHC L 2 M EHEEOE T
I3, FREVHEMALE b L CHEICGGE S V72 (Figure 16)
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Figure 15. Protective effects of B-ext, L-ext, their active components, and NAC against
metabolic activity reduction induced by blue light in 661W cells.

(A) Cytomorphology of 661W cells after 24 h of blue LED light exposure. Small arrows
indicate apoptotic cells. Scale bar, 50 um. Inhibitory effects of B-ext (B), L-ext (C), and
NAC (D) on blue LED light-induced reduction of metabolic activity in 661W cells. Metabolic
activity was assessed by incubating the cells with CCK-8 reagent for 2 h at 37°C; photometric
data were obtained at 492/660 nm. Cells were treated with B-ext, L-ext, NAC, delphinidin,
cyanidin, malvidin, trans-resveratrol, and procyanidin B2 for 1 h, and then exposed to 2,500 Ix
of blue LED light for 6 h. Data are means + SEM (n = 6). C, control; V, vehicle; B-ext,
bilberry extract; L-ext, lingonberry extract; NAC, N-acetyl-L-cysteine; Dp, delphinidin; Cy,
cyanidin; Mv, malvidin; Res, trans-resveratrol; PC, procyanidin B2. ##p < 0.01 vs. control; *p
< 0.05, p < 0.01 vs. the vehicle-treated group (Dunnett’s multiple comparison test or Student’s
t-test).
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Figure 16. Additive effects of both B-ext and L-ext on blue LED light-induced 661W cell
damage.

B-ext and L-ext were coapplied to inhibit the reduction of cellular metabolic activity induced by
blue LED light exposure.  Cells were pretreated with B-ext 10 pg/mL, L-ext 10 pg/mL, and
coapplied for 1 h, and then exposed to 2,500 Ix blue LED light for 6 h.  Cellular metabolic
activity was assessed by incubating the cells in the CCK-8 reagent for 2 hat 37°C. Data are
the mean = SEM (n = 6). B-ext, bilberry extract; L-ext, lingonberry extract. *p < 0.01 vs.
non-treated group, ~p < 0.01 vs. blue LED light-treated group, "'p < 0.01 vs. only B-ext- or
L-ext-treated groups; Dunnett’s multiple comparison test or Student’s t-test.

DX, H LED HRENZ L 0 R S5 661W M OMiinsE 4 . Hoechst, Pl

1+

REYLaC X 0§ L 7=, #8 LED Y% 2,500 Ix, 6 BFRIRETHC X 0 | 24 (Hoechst

YL ta) B2 351F 5 SEARRD (P YLt liia) S EIE 23N L7273, B-ext 10 pg/mL,

L-ext 10 pg/mL F 721X NAC 1 mM (2 X 2 BiiALE (2 T Pl Y in i X Lz
(Figure 17A), S bIZsEMilaia v v L, SEAIEEAZFEH LR, H6

LED YEHREHZ X 0 JEMIRR R I3A EIC A L7223 B-ext 10 pug/mL, L-ext 10 pg/mL,
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NAC 1 mM, delphinidin 10 uM, cyanidin 3. 10 uM. malvidin 10 uM. trans-resveratrol
1~10 uM F 7213 procyanidin B2 1~10 uM O ALE (2 X 0 BN RITA B2 L

7= (Figure 17B-F),
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Figure 17. Protective effects of B-ext, L-ext, their active components, and NAC
against blue light-induced cell death in 661W cells.

(A) Representative fluorescence microscopy images of Hoechst 33342 (blue color) and
propidium iodide (PI) (red color) staining after 12 h of blue LED light exposure. Scale
bar, 50 um. Inhibitory effects of B-ext (B), L-ext (C), NAC (D), delphinidin, cyanidin,
malvidin (E), resveratrol, and procyanidin B2 (E) on blue LED light-induced retinal cell
death in 661W cells. The number of cells exhibiting PI fluorescence was counted and
expressed as a percentage of Hoechst 33342-positive cells.  Cells were treated with
B-ext, L-ext, NAC, delphinidin, cyanidin, malvidin, trans-resveratrol, and procyanidin
B2 for 1 h, and then exposed to 2500 Ix of blue LED light for 6 h. Data are means +
SEM (n=6). C, control; V, vehicle; B-ext, bilberry extract; L-ext, lingonberry extract;
NAC, N-acetyl-L-cysteine; Dp, delphinidin; Cy, cyanidin; Mv, malvidin; Res,
trans-resveratrol; PC, procyanidin B2. *p < 0.01 vs. control; *p < 0.05, **p < 0.01 vs.
the vehicle-treated group (Dunnett’s multiple comparison test or Student’s t-test).
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3-2 HEINKT A A — FIFHFEHEEAMOEERFETE (ROS) FEAICKHT S
EARY —BEOY AR Y — 2D ORSr OMilER

B-ext, L-exts L OV @ FH B 4rdelphinidin, cyanidin, malvidin, trans-resveratrol,
procyanidin B2 [Z-O\\ T, 5 (A LEDYLFA FEME LM P 7 L2 %3 2 PRAE(EH O
Fra 3 5728, CM-H,DCFDARHK 2 IV TROSEEABAZJE LT, F
ALEDJE 2,500 Ix, 6 BRI LY | ~ v 2 BRI (661WiHld) P
23 1F HROSFEA T 150~250%IZHE )0 L 7225, B-ext 10 ug/mL, L-ext 1~10 pg/mL,
NAC 0.3, 1 mM, delphinidin 3, 10 uM, cyanidin 3, 10 uM. malvidin 10 pM,
trans-resveratrol 3, 10 uM % 7= I&procyanidin B2 1~10 pM o #5-4L B B 1 3 FE AR A7

\ZROSPEAE 2 il L 7= (Figure 18),
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Figure 18. Inhibitory effects of B-ext and L-ext and their components on blue LED
light-induced production of ROS in 661W cells. The cells were pretreated with B-ext, L-ext,
delphinidin, cyanidin, malvidin, trans-resveratrol, and procyanidin B2 for 1 h, and then exposed
to 2500 Ix of blue LED light for 6 h. B-ext (A), L-ext (B), NAC (C), delphinidin, cyanidin,
malvidin (D), trans-resveratrol, and procyanidin B2 (E) inhibited ROS production in cells
induced by blue LED light exposure in a concentration-dependent manner. Intracellular ROS
levels were determined by measuring the fluorescence of CM-H,DCFDA (excitation, 488 nm;
emission, 525 nm) after blue LED light exposure for 1 h. Data are represented as means +
SEM (n=6). C, control; V, vehicle; B-ext, bilberry extract; L-ext, lingonberry extract; NAC,
N-acetyl-L-cysteine; Dp, delphinidin; Cy, cyanidin; Mv, malvidin; Res, trans-resveratrol; PC,
procyanidin B2. *p < 0.05, #p < 0.01 vs. control; p < 0.05, "p < 0.01 vs. the vehicle-treated
group (Dunnett’s multiple comparison test or Student’s t-test).
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3-3 FHEFNK A A — FLFHFHEMEEGAMIRO 2 N U AR E X X7 EITkT %
ENARY—FBILRY I —DEH

4 LED SRS 5 T i =12 2 B-ext B KOV L-ext D S 572 H4F
M2 B & L, FFITMEN Y 7TV EER O E T = A X T
7y MEIC KV RE Lz, BWNERGR T Th D NF-kB IE, RIESCIERF e &
IR 53 5K Th b, Hfa LED S 2,500 Ix FREBHAA 3 Ipf CTIEME(L (active-)
NF-xB OFRBUIAEIZ EF L7223, ZHUTxE L B-ext 10 pg/mL, L-ext 10 pg/mL
F 721X NAC 1 mM DO FIALE X NF-kB OIEMEAL 2 A B2 8l L 7= (Figures 19A 3
XU B),

M7 R b — AFEICES5-4 5 p38 MAPK 1. &4 LED ) 2500 Ix FE&TBA
ih 3 Thed U U ERL OB B L7223, B-ext 10 pg/mL 35 L OF L-ext 10
ng/mL (2 X 2 RiALE 2T, p38 MAPK @ U U gfbidA Bl & 7z (Figure 19A
BELUC), —F. HlEELH NAC 1 mM (X, p38 MAPK U > (k.o il fE X
P BRI T,

F— b7 7 UL, MRRNIE R MR < 5T, TR P—v R LA
IR EZFEET D, — b7 7 UV—DOIEMHALIZ, A—h7 7 IV — LK
IRFIZ LC3-1 A3 LC3-I IZE LT D8t . LC3-Il # NV A ERETHZ & T
AAfE L7z, 7 LED Yt 2,500 Ix fRSTBA4G 6 IRl ic s T, LC3-II/LC3-1 teds &
Y LC3-Il/actin thix A EIC B L7= (Figure 19D-E), Z#uiZxf L. B-ext 10 pg/mL
ALEZ K W LC3-I/LC3-1 FbA3, L-ext 10 pg/mL 33 K OYNAC 1 mM ALEIZ LY

LC3-Il/actin L2322 LT,
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Figure 19.  The effects of B-ext, L-ext, and NAC on Western blot analysis.
Western blots showing the effects of B-ext, L-ext, and NAC on blue LED light-induced
activation of NF-kB, phosphorylation of p38 MAPK, and conversion of LC3-1to LC3-I1 in
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661W cells. Cells were pretreated with B-ext, L-ext, or NAC for 1 h, and then exposed to
2,500 Ix of blue LED light for 3 h.  Then, the cells were collected, and lysates were analyzed
by western blotting.  (A) Representative band images show immunoreactivities against
activated NF-xB, NF-«B, phospho-p38, and total p38. (B and C) Quantitative analysis of band
densities. (D) Representative band images show immunoreactivities against LC3-I and LC3-I1.
(E and F) Quantitative analysis of band densities. Data are represented as means £ SEM (n =
5-6). C, control; V, vehicle; B-ext, bilberry extract; L-ext, lingonberry extract; NAC,
N-acetyl-L-cysteine. *p < 0.01 vs. control; 'p < 0.05, “p < 0.01 vs. the vehicle-treated group
(Student’s t-test).

3-4 FEIONKA A — FIFHFEMEG ISR 2 8—8 LHICHT 5 e
NRY—=BIRY T —DIEH

M7 R b —3 AFFENF TH D B A/—F (Caspase)-3/7 IZ. caspase-3/7
assay kit Z VTR L7z, &4 LED 3 2500 Ix, 6 HFRE RS 12 B[4,
caspase-3/7 &M ITA BT B L7225, B-ext 10 ug/mL, L-ext 10 pg/mL % 721% NAC
1mM OFINC LV, FHa LED YMRHHT L % caspase-3/7 i&MED _EFI3A BT

> L7= (Figure 20),
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Figure 20. Effects of B-ext, Li-ext, and NAC on caspase 3/7 activation in 661W cells.
Cells were pretreated with B-ext, L-ext, or NAC for 1 h, and then exposed to 2,500 1x
of blue LED light for 6 h. The luminescence and fluorescence of the cells cultured
in a 96-well plate were measured with a spectrophotometer, and the caspase-3/7
activity per cell was calculated. Data are represented as means = SEM (n=6). C,
control; V, vehicle; B-ext, bilberry extract; L-ext, lingonberry extract; NAC,

N-acetyl-L-cysteine. #p < 0.01 vs. control; “p < 0.01 vs. the vehicle-treated group
(Student’s ttest).
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AWFZETIZ, 53 EDOEIM (UVA) FRMEEGRMIAES &R U< mzrr
F—HMBTDHFAFNL A A —F (LED) HIZHOWVWT, EARY —2F 2
(B-ext) BELNY TRy —xF R (L-ext) &ZOTHEIEMRS OA MM
FRET U7z, B8 1I0I 012 B-ext, L-ext, [l =% R O EEEMERL Sy T % delphinidin,
cyanidin, malvidin, trans-resveratrol 33 J O procyanidin B2 (Z->V T, Ff LED
SRR IU R J L OVE (4 LED DL Tl S D 1EMERERFE (ROS) PEAE
29 DB 285 L7z, 723 B-ext (10 ug/mL) T, delphinidin 23 1.41 ug/mL
(4.65 uM). cyanidin 75 0.91 pg/mL (3.17 uM). malvidin 75 0.61 pg/mL (1.84 uM) T
a AT, L-ext (10 ng/mL) (X, trans-resveratrol % 1.06 pg/mL (4.64 uM).,
procyanidin % 4.30 pg/mL (7.43 uM)& A L Cu 7= (Figures 15-17), Figure 16 (233
WL ARGy O ROS PEAEINRIEM 23580 7=y, 1 ¢ H F A LED L% ROS
PEAE B % KB 2 72 DX, cyanidin (3~10 uM) | trans-resveratrol (3~10 uM)
F L W procyanidins (1~10uM) TH Y, L5 [kSr D ROS FEAMGIEM 2+
(SR RE ST B LTS Z PR STz, FRENTIEI ha R
7 DNABGI ONTHEBAIIIC SN T T U =T VDNV ERAESED 2 LRbN
T 5 (Godley et al. 2005), %52 % #H 46 BTk Hlic, 7V —=FTh
VIR OB mEe ., ¥ o N7 HEOEMEEZ SR L, MlErEET 2R
KD1oEBZHNTWD, ABFEIZEBWT, F LED Ytz ~ 7 Xl RS
ffE (661W FHAR) (ZHRHTT 2 2 & T ROS FEARITAEICHML, ZaucxtL
PR (LA NAC I THUMIRMRE 4 i L2 2 & 225, ROS & Ml 58 0> BIH AR X
M7= (Figures 15, 17 3 X1V 18), FH& 13 B-ext B L UG AT % anthocyanidin (2
DT, B RaF LT INNRRA—NR—FF L RT =4 TN E, &
B bICB 59257 U —F UM HIEEEM 25 4 BIZRE W TH L)
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12 L7z, L-ext, trans-resveratrol 35 J U8 procyanidin B2 1%, 7 VU —F U Wi EE
FNBEIZ# 5 &4 Tu> 5 (Jorge M. Ricardo Da Silva 1991; Leonard et al. 2003), = &
(Z anthocyanin, procyanidin B2 33 X O" trans-resveratrol [ZHIEN 7 v % F 74 0 0 A
=N XY RVRALSY =B EHRIEEE R ORI Z D 5 Z LA B T
% (Durukan et al. 2006; Hildesheim et al. 2004; Pintea et al. 2011),

B-ext 3 LU L-ext IZ& A SN DTEMERD 1. FUBRILIER LA OSBER & L
T, AP VRISES VBRI 2 KIFT Lo TnD, £2
T, FHHEIXROS FEAMBIWER LN OIEIMER ZHONCT H720, vz AX
7r ey MEZHWT, HEESCRIEICE G 5N TR NF-«B, #ia7 R
k= ZAFHER ¥ p38 MAPK  MlIESEE EIZB 5 54— b 7 7 O — s B K]
F LC3 OB 2T, FH LED EIANT, ~ v 2 HkMEsife (661w Al
@) 1Z2F 1D NF-xB OiEM:AL. p38 MAPK D U ER{EAF ONT LC3-1l D3 EL E5H
(F— b7 7 U—EMHIL) Z3F5 L7 (Figure 19),

NF-kB (37 U —F v, RIERIHIN -, FERET vt —F — FRIMRC Xt
FES 70 SN2 X 0 IR L S D ERER 7T d % (Doyle and O'Neill 2006; Gloire et al.
2006), JEAIMIC LV B SN DBEA b L AL NF-xB OIFMEL &2 L, #Mildo
RIE, oAb, TR =V AZFHFET D, Fo, RIFHERE~ v ARG
BEE ISV T NF-kB & TUNEL Jefa L7277 7R b — 3 Afifid & DL RTERBIEE S
A, JERER ST S D MR I 22 11 13 NF-xB/caspase #%#% & L T hHl it
Z &5 (T. Wu et al. 2003), ABFFEIZIV T, B-ext, L-ext, 3 X OFLEE(LAI NAC
RUE S XTIV TH & LED SIS 235] & 29 NF-xB DTG PEAb z2 40l L 7= Z
&5 (Figure 19A 3 L 1OVB) . # % LED YT &5 ROS BEA O 4HI/E A
PG LTS Z RSN, SHIZ, 7T F¥7 =213 NF-kB OIEME(L
\ZEHL7R IkB D53 2 M35 2 & A3 B ATV 5 (Afag et al. 2005),
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P38 MAPK DEMEALIL, T taGRA FEMANRRE T 123\ T — EIHBRR DL 2 L
THIEE Z &4 5 (Rozanowska et al. 1998), & 512 661W FEIZIUVNT, FeREH
TYEMEAL L 7= p38 MAPK 137 A F— 3 REEBKF (AP-1) #FHE L. R
HARAE 2 25 9 5 (Yang et al. 2007), Anthocyanin, resveratrol 33 2 OF procyanidin
1. —EIERIEEVER 247 5 (Ariga 2004; De Rosso et al. 2008; Olas et al. 1999),
E 5|2, B-ext DFEERS T D delphinidin 38 X O° cyanidin 1%, p38 MAPK %
D _EFRICALE T D MKK4A O 2 ATP ~DO i A BLEIC X 0 #)i#]d % (Kwon et
al. 2009; Limetal. 2011) = & 75, B-ext |3 L-ext & b L T8\ p38 MAPK U >
FRAbINHIER 2R LTI REMEN B A b, HURLHI NAC (Z V& F 4 DOt
BEERST) 1. EEBLKE, BE ReX I I U, A= R—F X KT =F
FIOANMIKT HDMHENER 2GS 5 —07, —HERBHEFENZA L T2y
(Aruomaet al. 1989), Z M7=, NAC (7 2 LED YRS X W #FR &b p38
MAPK O U »ERfbz il LR v o 72 2 & 3R S iz (Figure 19C)

A= F 77 V—E, MBWICERT 2 RE R Y T EEROYI L, R &
YNTEDVYA TN EESEETHD ERIFFIC, 10T AR b= A RO
X7 a—VAEWRNN BT 1 7T AHIIESEZ A5 Ty 2 (Nixon 2013), 8 72 4
— 877 U—OHITIX, MIRANEZ LR O RE RS E, HfE I HIREsE
FHIEE T, MEGEME~OBRIA ML ABIOSEIEIC LV A— 7 7 ¥
—IIEEL &, & 54— b7 7 U —BLEHA| 3-methyladenine L& 1%, @ER{L
KFETHR I NS caspase-3 DI MHALIE UMM O AR FE A Jifill 9~ %
(Kunchithapautham and Rohrer 2007), AHF5EIZ35V T, FH LED JERSHZ L 0 11
AN THA LT=ZED ROS A — k7 7 U—&EM b X8, MR O AHfast
ZAHE LT ATREME S R S 723 AU L B-ext, L-ext 3 XL OV NAC (%, LC3-I
36 LC3-1l ~DZHaZ 4| L7= (Figure 19D-F), [RIFFIC, 5 LED YeHREHIC X
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VAR T AR — 3 AFHEK - TH B caspase-3/7 DIEMEALDN G| E L Z I 7223,
B-ext. L-ext 33 X UNNAC IZ L 0 AEIZHf &7z (Figure 20), Caspase-3/7 1345
AT AR R — AFFHICEES- L, b A F L AR p38 MAPK D U VR {KIZ X 5
15 MEAk(Zhuang et al. 2000)F5 X ONEMEAL L 7= caspase-3, -7 B L -8 34— 7 7
Ul &K E A AT H(Kang et al. 2011), L7223 T, B-ext, L-ext, ifj=—
FRZEFENDRY 7 =/ =)Ll LOHIRIEAI NAC 1%, EIZHE G LED Xt
TR IZ X 5 ROS PEAOHIHIZ I LT, NF-xB DiEMAL, p38 MAPK ™V figfl,
B — 77 O—OIEMEALZ S L, &I caspase-3/7 DIEMEAL & il
T5 Z LT e61W ML A I L7z 2 & VR S T,

402 FE 1L B-ext 18 L O L-ext D [RIRFALE 2 X 2 1EA %2 Biat L 7= (Figure 16) ,
B-ext 10 pg/mL 33 & OF L-ext 10 pug/mL O [RIFFRLE (2 K 0 | HIAEAREHTE M 13 Hm AL
& i LA REICSE SN2, A RIORFHI BV T = ¥ 2 O/EREF O
BWMIRD LT, ARELRDIMAPMLETH D,

IEDZ &6 AETIEFH G LED Yk s M MIaEE Cf LT, e
U=, Va3 XN —=BILOENETNCEENDRY 7 = /) —/Vlisy

(delphinidin, cyanidin, malvidin, trans-resveratrol, procyanidin B2) ®OHiEE{V1E
MZEN LTI ERZH LN L, EART —iF, Enb 70T 0K
7 EAEGERICBWT, BBEFIOST 2R FRE LTHLRTWS, £

B EA N U AREEL RITTMoOREBE LTHRBICER L, EAXY
— T ZOHFHRIGER IOV TR LT,

78



ZBIEBT T VKT 5 BN —x % ZOHHBIEEH

H
o
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\F

=i

X
[N
=
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FITRETHRLZEMOHELZITOGE THY . SIRLEZEMICEEND
KER 2RI LT VRIS T 5, HORPITAEOREEIZ S K& B s
MlET, BIZEBVIAENTEM B2 WITEAO—HIXF ICEEEAL, B0
ANIZEBVAENDZ O LH D, EARY —ICEENL TV MU T =Tk
BT D LEEERE L . EHNA~OIY IAZII/NGTZT TRIBENL RIS
% (Talavera et al. 2003),

BEBGIEIHAPTIECHONTWORETHY . HEIRERA R A LA
AT A FEPFIIERORMIRM, B2ERE, ~Va s d—-tnli

(Helicobacter pylori) &4x, = L TT7 /L a— /L OBEEBERAR S TR S, T15
BIEBOIEERTO—DL LT, E FRFIALTIHNARRA—/N—FF T T
=FTVANGREDT Y =T VIR EREOIRE Rk A E L, EEZ
SIEE 2 EME 5TV 5 (D. Das and Banerjee 1993; Del Soldato et al. 1986;
Terano etal. 1989), " CH =% / — /L F R EIELIL. BREEEZEKL 3 25 KK
ELTRSHMBNTEY , BKRIGERSEME T VOERICE S b Tng
TH =V O ERUIM TR T2 & . BRIEANY 7 —&2 D S8, e 24X

TR AR U BRI S RIEZ S S 29, S BITIE, RhEZ M T,
KBS DR 7 71— AFHE . FRIEOTER, Rk J ORI T i 4 5] <k 2
9~ (Eastwood and Kirchner 1974; Lulu and Dragstedt 1970; Szabo 1987; Tarnawski et al.
1981), [fRIC, =% / — VB REBEBORIEIZBWN TS, 7V —J VLB X
OWREA b LR & EREEERENESG T2 Lmbh T, EXIVE
RAT xR Tt TF . TAIFRY T R EOFIBLAIOERS, =& )
—/LCHR SN IEEEBEAIHE L, BIRELIHT 52 L0~ U XD ER
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TS STV 5 (Hamaishi et al. 2006; Jaarin et al. 1999; Kim et al. 2005; Omer C
2004; Tariq 1988),

ENANRY=IZEENDT ¥ b T =R WTIRICIEM, ik EH &
ALTBY, BRHRA RN VA A RAZ VR, B AX I %, iR
FBRBLO=Y ) — VERBBEEWTT VST 2 0HIER R #H]E STy
% (Magistretti et al. 1988), L/ L7225, T E TEARY —= X 2OHEEE
M ORISR IZ B 2 5HM e M 137 S 720,

LT, FHEIx VAW ) — ViR~ U AFIBGET VAR L,
ENAARY = X 2OFIEBEM ZHET 2 & L bic, BN =X 2OHE
BERIZI T DRI IC SV TGS L7z,

F 28 EEITE
2-1 SEBAE

EL Y —x % A X Wakasa Seikatsu Co., Ltd. (Kyoto, Japan) 7> 5 it 5 X317z,
ENARY =X AT 25% EOT b T =V EEA L TE Y, delphinidin
9.0%. cyanidin 5.4%, malvidin 3.4% %= &ZH T 5, 7> M T = U AEHERT VT ¢
=Y (delphinidin), ~7 =< (cyanidin), ~/L &> (malvidin)ix
Extrasynthese (Genay Cedex, France) 726, A2 Z /L7 7— k (sucralfate) . trolox
IZ Sigma Aldrich (St Louis, MO, USA) 725 a-tocopherol, carboxymethylcellulose

I Wako Pure Chemical Industries, Ltd. (Osaka, Japan) 7>GHEA L7=,

2-2 SEERIE
2-2-1 SEBR#EW
T _RCOMERIL, I BB K FEY) IR L B S R AGR R GE 21T,
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Al A OO Lz, 6 MmkErE ddY ~ 7 & ; {KE 29-31 g I% Japan SLC Ltd.
(Shizuoka, Japan) XV EEAL7-, 3B B#EK FIZEREE(CE-2; CLEA
Japan, Tokyo, Japan) % i\, & 24+2°C T12h OWKEY A 7 VEREE FCTH

L7,

2-2-2 TH ) — )V~ T AHEEET L

~ U AL 24 BFEIE R ST T REC T, 45eRHT 0.5%
carboxymethylcellulose (CMC) ZKIFWEIZ/rH L T, ~ 7 A2 0.1 mL/10 g (A HE &
TROS L7, xfHEE (vehicle) 1. 0.5% carboxymethylcellulose 7KK D #
ERG LT, B BN —=F % (3, 10, 30, 100 mg/kg (AE) . ot
& U CE IR EE ] &2 & o sucralfate (100 mg/kg A H) £ 7213 B LA
a-tocopherol (100 mg/kg RE) Z#% 0 #5- L7z 1 KefEf% . 150 mM HCl/ethanol (0.1
mL/20 g fAH) Z~ 7 AR AHKG L HERGZ &K S 72, 150 mM HCl/ethanol
DDV AR Z &G L7#% control & L7-, 150 mM HCl/ethanol £ 5- 1
PRI~ v 22 FHERL IS TR# L7, HafitiL, 1%%Lr~U 2 1mL %
BANEICHEAL, BREBIOWEMARZ 7Y v 7 L7I2IREET 1%A 1~ U 12 30
SHEE LT, BEE LB ZKREBITHh> TV &, ABAHEAKIC THNITE
Bl WEMEZRE LTz, BIWIZENEBEZ ey U, B o B IEEAL L m 4 B
A EG AT 7 b (Angiogenesis Image Analyzer, Kurabo, Osaka, Japan) % fu»C

TS & fRAT LT,

2-2-3  FHARGTAM
<AL EZRH L, 10%A/L~ D AT 24 BEHEE L-, BMEL-8%
KEBIZIR->THIV B X, 70%=% / —/L 2 B, 90% =% / —/ L 2 IEff. 95% =
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& ) — v 2 K§f#], 99% = &  —)L 12 FFfd], k=X /) —/L 2 Wffil & 2 [, ¥
Ly 2 Wi A& 3[El, B/ NT 7 0 v 2 B A 2 [B], BRENT T 4 L 24 R OB
ICIRESETZ, TO%, B L Tic2nfIL, X774 THZAUM L,
7 1 h—2X (Leica, Tokyo, Japan) Z MW T 5um /37 7 ¢ Y &= /ERk L.
HX—27"F A (Matsunami, Osaka, Japan) (Z#t 37°C | T —Wrizi L, =ik
ICTIRIFE LTz, ~~ b2 - D Qeald, 10T 7 4 R 2%y
VTR LTI 7o v EREL, DX T7 Vv a— VREZ TP 2EIRIZIR L,
REAKITRE LR, ~~ XU RIC 25, =AY KRIZ 5 iz L,

BePERc T v a— Tk Lz, 3L THMLAA Ty hEHWTEAL
7ot HORBENEECRIE LB BIXBEMEE 2 VO CRlg LT,

2-2-4 ~UAFREIR— &AW NEE bR

fHE~ 7 AOFERE L, 30% wiv ik U U LK EMABED T AH
— (Physcotron NS-51, Microtec Co., Ltd, Chiba, Japan) % HV>, JKHCTHEIL 7223
HAREVR— LTz, AEVFR— M % 4°C, 3000 rpm, 10 srfdE Bt L. -
16 945 uL&Z e 4305, Y —=x % 2859k (0.1, 1, 10, 100 pg/mL) % 5L,
1 mM FeS04-7H,0 50 puLz ¥ LT 37°CIZT 1 BEfElA % a2 _X— K L7z,
35%HCIO4 % 200 puLil ., 10°C . 3000 rpm. 10 %3055k L7=, b7 500 pL
(2 8.1% N7 L /Uil ~ U & A (sodium dodecyl sulfate; SDS) 100 pL3s T8 0.8%
F ALY — LEE (thiobarbituric acid; TBA) & # 20%EERE#ZE % (pH 3.6) 500
uL& Nz, 100°CT 1 Wffi]1 ¥ =_X— b L, IRE@EB(LEEEL LT, Z0Di%,
KAKIZTWAIL, 7% /7=y (15:1) EBEKImLEZZ, #2225
SRR U7z, Z59E. 4000 rpm, 10 Zfis DBl L TR 727 % ) —-e 0 v
FEICEENDIRERBERLSOGY) (thiobarbituric acid reactive substance; TBARS)
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IZ2WT, 532 nmic BT AW 2 e LT,

2-2-5 FE A gy (ESR)

A=N—=FF L RT7 =F 7T H)V (-0;7) IThypoxanthine-xanthine oxidase/x
JGZ X U AR L7=(Noda et al. 1997), &#kEHAK [EARY —x=F X T b
7 = FEHER,L | troloxZ . 1% dimetyl sulfoxided A 0.1 MU > ERFEET R (pH 7.4)
IZIAfR] 50 ul, 55-Y A FL-1-v'a U »-N-4 %3 K (DMPO) (0.5M) 50 pL,
hypoxanthine (5 mM) 50 pL3s & Utxanthine oxidase (0.4 units/mL) 50 pLZ &AL
oo IBRAREE A HIBEENENEVIZE LEY , 1AL A~
7 kv (DMPO-OOH) DRIEZ T2 Tce A—"—AF L KT =42 T V00 (-
0,) DOWPFEIFL, xanthine oxidaseZ I LIS A i Z L7 1 4312 ZBAsE LT=,

E Ra¥ 7 P hL (-OH) iXFenton )i & Y A% L 7= (Noda et al. 1997),
BREHAR [EARY —xX 2 7o b7 =Y U 4EZHEN L troloxZ 1% dimetyl
sulfoxide & 45 0.1 MU “ EEFEETR (pH 7.4) ([ Z¥f#] 50 L, DMPO (1.8 mM) 50
pl. @ER{L/AKFHE (2mM) 50 plis X OFeSO4 (0.2 mM) 50 uL&iEA L7z, RE
WHaE A A REERER B VICB LEIRY | EF AL ARG ANT L

(DMPO-OH) ORIE#4T 7, B RrF i L7 L (-OH) ORIEIL, FeSO,
EMZBOSEREZ ULz 1 50%ICBtG LT,

B A U HEtEE  (JES-FA 200, JEOL, Tokyo, Japan) DlE 5414,
center field 330 mT, sweep width 1.5 X 10 mT, sweep time 4 min, field
modulation width 2 X 0.1 mT, amplitude 5.0 X 100, time constant 0.3 s,
microwave power 8.0 mWIZERE L7z, £7-, B AU IEEEONE Y — 7
IEEME CHL~ U T DEF AL HIGARY MV THIIE LT, A—/3—
FTxRRT=A TV ((02) BEOY B Faxi s ol (-OH) OfF
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EEITBEBFAE IR MLVOHEHBENLEH L., £ilEo 50%[H.%E R &

(half maximal inhibitory concentration: ICs0) ZHH L 7=,

2-3  HERIFHIRENT
TG RIS R COE L EHERZE TR L, falR=R (p) 5% TEAE L LT,

W et AR I Dunnett’s test 33 X OY Student’s t-test & FH VN THT1o 7=,
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3 AR
3-1 =X/ —NER~ v ABIBGIET D e —x2 % ZDEH
EEIDICE L ) — VR~ AFEGET VB L, EARY —x %
ZOMBEBHIEM A BF L, fE~ A ERNEBEL i L, ¥ ) — &
51 BRI E NBEIC EIEE (FIE) 2SRAE L7- (Figure 21A B3 X O'B), EL
ARY —mxF R 3~100 mg/kg DX ) — /L5 1R D& 52X, HEK
EENCH B 72 IR MEIEA 23580 Sz (Figure 21C-E), F7=. xR &
L CHWZ BRFERERI 2 7 Z L7 7 — b 100 mg/kg 3 X QiR #I
a-tocopherol 100 mg/kg D#% 115 [FIER IS HNHEIEA %2 7~ L7z (Figure 21E)
~v bRV AV R A O TSR OBIERIZ B W T, i~ T R
S L, =& ) =V EROEL Lo U AHNEET, BRI X OV
Bk &EOBEBIERNBER SN (Figure22B B L OVF), —JF., EARY —
T A 10 mg/kg F 7213 100 mg/kg ORX DG LV . HEEFIOICHBSE E

B IR S 7z (Figure 22C, D, G B X VH),
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Figure 21. The protective effects of bilberry extract on HCl/ethanol-induced gastric ulcer
in mice.

Normal stomach (A), glandular stomach treated with vehicle (B), bilberry extract (10 mg/kg,
p.o.) (C) and bilberry extract (100 mg/kg, p.0.) (D) 1 h before administration of 150mM
HCl/ethanol. Quantitative analysis of bilberry extract, sucralfate, and a-tocopherol on the ulcer
area (mm2) induced by HCl/ethanol (E). Data are shown as mean + SEM, n=6 to

8, "p<0.05, “p<0.01 vs vehicle-treated group, Dunnett's multiple comparison test or Student's
t-test.
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Ethanol
Bilberry extract
Sham Vehicle 10 mg/kg 100 mg/kg

Figure 22. The protective effects of bilberry extract on histological evaluation in an
HCl/ethanol-induced ulcer model.

Sections of hematoxylin and eosin (HE) staining. Section through gastric mucosa in the
sham-treated group (A). Microscopic appearance of lesions induced by HCl/ethanol in gastric
mucosa pretreated with vehicle (B), 10 mg/kg (C) and 100 mg/kg (D) of bilberry extract. Scale
bars show 150 um (upper micrograph) and 10 um (lower micrograph).

3-2 ~URABEREVFR— FOIREBEBRIGIIHT D EANY —xF ZDEH]
R OFIEMT O 1 DI A b LRI X D IRE BB LG AN H AL TV
L2, FEFFIRICEANY —= X 2ZOERETFHAEZERE L, ~ U AHEKR
V3 — hOIRE HERBIRLEORIC T B B AR Y — 3 X OMfIEF & Rt
L7z, IEEBERLEOGY (TBARS) &iE, E/L_U—=xF 2 0.1~100 pg/mLiZ
TIEEIFRNCAHZICHED Lz (Figure 23), ICsfEi 4.0 pg/mL (95%fE #E X [:

1.7~10.3g/mL) TH -7,
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Figure 23. The inhibition effects of VMA against production of TBARS in the
murine stomach tissue homogenates. The values of TBARS are shown at a rate of
control. Data are shown as mean + SEM, n=3, **p<0.01 vs control. TBARS, thiobarbituric
acid reactive substances. Dunnett's multiple comparison test.

3-3 BFAVUIHBIEELZ WA ——FFL K7 =4 T H L (s0,-)
Bt Faxi 7 Uh («OH) OHIE

ENANY ==X 2B LOFEEEER S TH DT 7 =2 (delphinidin,
cyanidin, malvidin) (22T, #0,-3 L OOHIZXf 35 T ¥ B WiE EAEH ZESR
BIZEVPE LTz, EANY =X X [Fe0,- BEW OHM T 2 F /L%t LR
WIHEER 277 L= (Figure 24), & 512, delphinidin, cyanidin, malvidinis L O
troloxid, «Op-lZ%f LIRERIFIN 2T NV EERZR Lz, — ., «OHIZx
T 57V HVHEEERICBWTIL, delphinidinds J Utrolox d 2 FE KA A
BT U VIEEIER %R L., cyanidind X OmalvidinlZARFZE TRV 723 (0.1

~1mM) IZBWT, BB T VI WVIHEERZ RS 720> 7= (Figure 24B),

88



>

s
€
o
O 100t
o * **
o ** .
S 80} = N
I = -
o ool < =
2 40 - =
g ** E
5 20 ¢ S =
o =
2 \ =
=2 0 = = 1 b
p 10 1 3 10 10 30 100 1 3 10 01 03 1
Control
Bilberry  Delphinidin ~ Cyanidin Malvidin Trolox
(ng/ml) (M) (M) (M) (mM)
B
100 ¢ T 7
Z
80 L P *% é **
% e ] *k

60 |

H

%
%
é
%
,//
¢
.
¢
"f/”
%

*%*

40 |

20 1

Yields of DMPO-OH (% of Control)

1

0 al
10 30 100 0.1 03 1 0.1 03 0103 1 03 1 3
Control
Bilberry Delphinidin  Cyanidin Malvidin Trolox
(Hg/ml) (mM) (mM) (mM) (mM)

Figure 24. The radical scavenging activities of bilberry extract and its main
anthocyanidins against the superoxide anion radical and the hydroxyl radical. Biberry
extract, delphinidin, cyanidin, malvidin and trolox were measured for superoxide anion radical
scavenging activity (A) and hydroxyl radical scavenging activity (B) by ESR. The values of
radical (DMPO-OOH and DMPO-OH) are shown at a rate of control. Data are shown as mean +
SEM, n=3. 'p<0.05, “p<0.01 vs control. Dunnett's multiple comparison test.
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E7z, XY —=% X delphinidin, cyanidin, malvidinIs &X Utrolox®+0,- 3

LN oOH 1Tk T 25T P HNEEIERDICEZEH L7~ (Tables7 38X 108),

Table 7. Superoxide anion radical scavenging activity of bilberry extract and its main

anthocyanidins (delphinidin, cyanidin, and malvidin) measured by ESR.

ICso

Compounds

pg/ml mM
Bilberry extract 1.2 (1.0-1.5)
Delphinidin 1.2 (0.9-1.6) 35 (25-4.7)
Cyanidin 31.8 (21.8-50.9) 98.4 (67.5-157.8)
Malvidin 1.0 (0.7-1.4) 2.8 (2.0-3.8)
Trolox 130.8 (113.4-154.9) 522.4 (453.1-615.1)

ICs: 50% inhibitory concentration. The parentheses show 95% confidence limits.

Table 8. Hydroxyl radical scavenging activity of bilberry extract and its main

anthocyanidins (delphinidin, cyanidin, and malvidin) measured by ESR.

ICso

Compounds

pg/ml mM
Bilberry extract 116  (80-192)
Delphinidin 237 (203 - 305) 0.7 (0.6-0.9)
Cyanidin >323 >1.0
Malvidin >367 >1.0
Trolox 325 (275 - 400) 1.3 (1.1-1.6)

ICs: 50% inhibitory concentration. The parentheses show 95% confidence limits.
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ABFFECIE, FHIXILDIC=Z ) —VFR~ U ABEGET VEER L,
ENARY ==X 2OHUEGERARE Lz, 7 bEAWZiEEOHEICHE
T, ELRY —xF 2 200 8 L0400 mglkg (AEEOEGICL Y =X ) — )L
FREBHI TN EIL 36 55 L O 24% i S 7o py, HEEFNRIERITRO 6h
TUN72 7> 7= (Magistretti et al. 1988), A28 TiL, /LY —=xF X 10~300
mg/kg D HEIZEBWNT, ZNEI 47, 56 B LN 63% =¥ / — )LViF 3B mfE D
WO REOHNTEY (Figures21 8L 22), v hET NV EHERL~D AE
TN TEANY —x & 2TV GHRIGE 278 LT,

INET, EARY ==X ZBIOT v b7 =00%, I, i L OV
I ERTRRAICR T DIFEIERRL 2 MG 5 Z L3 b T % (Bao et al.

2008; Matsunaga et al. 2009; Rahman et al. 2008), ERE D=4 7 — VBT
FRIZBNWTA—=R=FF L RT =4 T VAN EBLOE Rex T Vv
ERESE, DONWTA=—N—FF L T =F T INMEIA— =T F T NV
A LS —E (SOD) O ZZIT Tl (kR 2R ESEDL, THomA b
2T XY | BERIEO R E R AT S v, MR E 2 ) & i Z S5 (Huh et
al. 1996; Novak et al. 1991), AMFETIL, vV AHRET R — MIBWT, EL
AU — xR R R RTINS F R T IR E B LS 2 5 2 L &
5202 L= (Figure 23), HLB L CHHE X IV E, TAaLVE VER, 7L
BFORRAT X EDRY T ) —VRRTITRWT, BRSO iR E
FR b4 E A 23 FR 8 B 71TV % (Hamaishi et al. 2006; Jaarin et al. 1999; Kim et al.
2005; Omer C 2004; Tariq 1988), AHFZEICIHWVT S, Bttt & L TR 2 Hilg
{EAl o-tocopherol 1%, B & 27218 /EH 36 X ONEE @B bt /EH 2~ L7z

(Figures 21E 3 L 18 23),
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O, EARY =2 F ZBILREARY —D 7 o k7 = (delphinidin,
cyanidin, malvdin) (Z25W T, IEEBEILOER THL 7 U —F DAL (40,- B
L OH) ([T T HMHEEAERF L, ZET, EARY —ZF R TO0
TDPPHZ ¥ I /W EIE M NCORACHIE IZ B W THRW TR EE I 2 A3 5 2
&M BT STV 5 (Faria et al. 2005; Martin-Aragén et al. 1998; Prior et al.
1998), = Z T, DEIZESRIEZHWT, *0,- BLTY OHENLHITKIT D E/L
N =2 F 2B IRFEERT M T =0T VHIVHEERIZOWTHRET
L, EARY ==X 2ABLRT U M T =V Ol 7 VANMEEERZH S0
(2 L7z (Figure 24 33 X U'Tables 7. 8), —J7, *OH{HEREICR W TIET > b7
=V OIS XD {HETEMERE T2 0 | delphinidiniZ & ZA & 2 #iil /E H 23
ROz, SBHIT, EARY —x=F X (25 E N Heyanidin-3-glucosidel®, 7 v
MIBITDTH ) — VB RIEBICRBW T, HIBLERE TH L7V E T4
(glutathione) ., SODI LUV # 7 —F (catalase) DFREIFEEH L~V DK T 24
fil U, NEEEER( L 2 M35 2 & 2350 5 40TV % (Parks 1989),

EARY) —ZFABIOERTHEMET v h T =V d, =4 7 — /L EE
LRV EESNDFEBEEICEBNT, 7Y =7 VHHEERZI L2 Bk
IO R EER L 2 Jf 95 Z & T, PUBEREMEZ R L2 LR S vz,
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PSP ON T

VYRR FRIZT DT =Y =X Y —  (Vaccinium myrtillus L.)
1 RN KEZ O BRBEERRETHY , T T = 2B EBILE D,
TR T =%, THETITHIRRILIER, PURIEEM. Si0 1M, tkeE
EE M e EOABEMES I BTV D, ABFZETIE, 10 O~ Y — R
DNTT & b T = UGy O EVEE BT NI L E 2 IE LTz, &6
(CEANRY =2 F ZZONT, FIMROHE B LED a7 EA TSR 5 MR
FEERNE N~ 7 A BBk B REIEA 2 Gt LT,

FLIETIE, e — TA—_Y— BRI Z 7—_Y — (Empetrum
nigrum) Z4aH & T HEF 10D RFEZRINL, FFRMHEIZTT > o7 = %4
L. HPLC-ESI-MS/MS |2 X 27 > by 7T = OEMER, 7 ¥ /VHIRTEE
Reds L OV s e bbb 71 (FRAP) A HIE L7z, Mz T, 7 v
o7 = BB I OSHBEERICB O TR b S WEIE 2R L7203 7 o —x
J—ThHV, DNTEARY —DIETH o7, —J, ERFERETIIE LY

— N EbLEWVRT R T = BE R LT,

52 B TR, SAMRDHEEC KT T RE AT NS0, ~ U A HORHEIEAR Y
B4 % & A7z dltraviolet A (UVA) B FRMIRRPE S in vitro £7 V& ERkk L. E
NARY =X 2B IR TR =2 F ZATONWTHIMEERFI LT, B
NY— VoI =X RGN EER G THLT >V T =D0, LA
RZ7 ha—LBLO0T o7 =v0d, UVA I XK H7EMERESETE (reactive oxygen
species :ROS) FEAE I L USRS 280 L7c, B — 37 R h—v XHE
IZB3> % p38 MAPK DiEM AL ZIEI L, —FH., U T — a4 7R
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D5 Akt DU ARG 28 Lc, & 612, W= 2 DORIEFRINCHll
TERIT L v B bz,

3T, AL H TR = R LT — AR & FHEIL D HEIZ OV T,

~ U A H SRR G A N 72 35 6 LED SERE BALHIIRRE S in vitro & 5 /L & 1B
L, EART—=BIOY TR ==X 2OF9M LR Lc, B —,
Jyar ) —xF% 2%, FE LED HREHIC LD ROS FEA, RIEICEET 5
NF- k B i&EMAb, fRSEAEICRE > % p38 MAPK, caspase-3/7, 4 — 7 7 ¥ —
DOIEMEAL 2 Bl L7z,

FATETIE, LA ML AR L RITTHRETH L ) — ViR~
ABEGET VEER L, EARY —x % XOHIREER ORMFHE N Z D fF
BRI %AT o 7o, R % 7 — VI BEERIL. B —=F 20O/KH
BHEIZL D HEERFNICEGES N, SHICY TV ABFREY R — ME AW
B ks (TBARS 1) B X OVEFA B HLIRE (ESRIE) 12XV, BN
V=X ZABIOFEERT >V N7 =2 0%, 58Vl b isE Bl NS
A—R—=FF LV RT =4 TV INEBIOe X7 U URIEEE A L

T\,
Lk, KNG T o Mo T = EmafmT 50T —iF, &V IiRerEH

(2 &0 AR L OV (4 LED Dbk S M AL AR o R B R E I NS ~ o A FJ iR
G EM 2T L 26N LT,
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R
ARG EHEZ DRI, ABFIEDOZATIC S T2 0 FKAATIIRE 72 2 HFRE ., fHisE
0 F LTI BAER R A R RERE AR AT A OGRS A S s % R
R LICIRE R D EER L ET,

Fo, AHFIRICE L CRAATIIRE) 2 5 THh S 2150 £ L2 BIER KA
PEREARAT 7 GE SN AT PR R B e B IR LI ONT Bh 3 R —
ECICERE L ET, £7o, a0 T ETEE £ LIz T St s
RIZONSEH#HBLET, 512, ESR OPEICBWTHRRHSBIOD
FE R VNI AR SN SYP St by N JA LY (e sE L iy
R —1E D0 X0 EGEHEL L £7,

R X DOHFEELBH TIHE | AR2EBEZHY £ LIRS T2 RGRE 38
BUAPESE AR Rt B, ERREHITEOGEEE KB IREAT S %
e G PR T ARERE AT R KIS R
BLET,

BB, AWIEOZRITI NI ARGH CDOIER DS 2 5 2 TIEX £ LS
b SAETEREIRR LR AREEMK, fEniiEE MR EKRICE<
BB LET, HbETHADIWHNEZTES £ LIRSt bon S ATEPE M

-

pafsy

i
WFSERT 7L — 7758 R QN [FIHEAESE B DB AR D BIRGHE L 97,
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A

A2E: N-retinylidene-N-retinylethanolamine

ABTS: 2,2’-azinobis(3-ethybenzothiazoline-6-sulfonic acid)
ATP: adenosine triphosphate

B-ext: bilberry extract

BHQ: tert-Butylhydroquinone

CCK-8: Cell counting Kit-8

CM-H2DCFDA: 5-(and-6)-chloromethyl-2,7-dichlorodihydrofluorescein diacetate

acetyl ester

DMEM: Dulbecco’s modified Eagle’s medium
DMPO: 5,5-dimethyl-1-pyrroline N-oxide
DPPH: 1,1-diphenyl-2-picrylhydrazyl

ESI: electrospray ionization

ESR: electron spin resonance

FBA: fetal bovine serum

FRAP: ferric ion reducing antioxidant power

HPLC-DAD: High performance liquid chromatography

1Cso: half maximal inhibitory concentration
JNK: c-Jun N-terminal kinase

L-ext: lingonberry extract

LED: light-emitting diode

MAPK: mitogen-activated protein kinase
MKK: MAP kinase kinase

MS: mass spectrum
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NAC:

NF-xB:

ORAC:

PI3K:

PI:

ROS:

RPE:

SDS:

SOD:

TBA:

TBARS:

TFA:

TPTZ:

TUNEL:

uv:

N-acetyl-L-cystein

nuclear factor-kappaB

oxygen radical absorbance capacity
phosphatidylinositol 3-kinase
propidium iodide

reactive oxygen species

retinal pigment epithelial

sodium dodecyl sulfate

super oxide dismutase

thiobarbituric acid

thiobarbituric acid reactive substance
trifluoroacetic acid
2,4,6-tripyridyl-1,3,5-triazine
TdT-mediated dUTP nick end labeling

ultraviolet
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