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*E ¥ - BT g 24F 31 =% (Chenopodium formosanum)% H 2
Pt s ER(BL) % EA e 2 4 (retinal pigment
epithelium, RPE)m®e cngrf]is® » & @@ H iT* 4] o X k7
v BEAEG ) ek B st (R 2 5 450 nm) 0 ARPE-19%m % w3
FREE TR 5 v (. 1-25 pug/mlik B hiz ok F B4 (water
extracts of djulis, WECF)a: %3 fmre & % T34 Hensk 3 14 g
o LRI S E RS FeoE s (ROS)2 4 = ~TBARS 7 £ v
caspase—37&ft > ¥ H 4o #5735 (GSH) 7 £ ~ st = (MMP) e
A L4t fE(SOD) BT Moo ot b > WECF ¥ #r4INF- £ Bdo chi
FA{eMAPKZ 3t & Bz > ¥ jEd & A FNrf2am:8 i 3 4 HO-1 604
oo gt vb o 33 AWECF# 93 ¥4k (betanin) ~ W 2 fis
(kaempherol) ~ #+& % (quercetin){r= % ¥ (rutin) &1-10 w« Mk
B Y Ak EaAREP-195m %% ¢ ¥ 4 |ROSF-TBARSAS & » ¥ & ¥ 1%
BGSHZ B > 3 4cSODE M » @ L2 Fe il %7 3 4 Nrf23v 2 &

FEFTW OWECFZ2 B A Fia s A HE LG Fomlipe s 4
5L Ff o

FIEFTUBFEGYEEET S FHWECF 2 H s a2
Fid 2 2@ F e HLEDA % ) BAR G T 2 B o F 5% A4 S AR
B - ZANMLEDFEE o L ERFRY o SR 0 10 mg/kg
bwHid % ~ 1.0 mg/kg bwad Ed& ~ 10 mg/kg bw HE&%2 2 FER
2 WECF &SOD7& 42 £ i f #r e (NC) » o sz Pg g 1+ ~
GSHZ € AR e mz 2 K ( INL) ~ “P 42 & (ONL) ~ & 2 B a2 o)
F( IO ERFREEC T aP LR - 5502 5 ) A g &
FiRlA 1o £ %5 LEDA # d kst 0 R R Mo o g gt R
7w gl e 7 ONL& ISROSE & + - WECF (100 mg/kg bw)z % ¥
B fgm e (NC) » @ g & &GSHE #ri) 7g | 3 1 72 2 2 ISROSHp 1%
FEt f e (NO) > @ MR B P aE R IS0 1R B £ e
(NC) = £ % » 300 mg/kg bw WECF A AL svde i (VA) &2 AR AL $F1+ STR
Be(VCS)# 3+ B 5 sk (8% o gob o d AREWT IE B K
(electroretinogram, ERG)z. 3= %% 7~ % -1 300 mg/kg bw WECFE
FOFEAR R CIT o At s o BUA T4k WECFE 5 SR LED. R
WAL AR G B T o

HHn 2 > AETEHSEFEFE AL A 2 HLEDR R
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TEAE
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: The aim of the first year proposal was to provide new

insights into the role of the water extracts of Djulis
(Chenopodium formosanum, WECF) and its bioactive compounds
to prevent blue light (BL)-induced retinal damage in ARPE-
19 cells. After 6 hours of BL exposure (peak at 450 nm),
ARPE-19 cell viability significantly decreased, but



treatment with water extract of djulis (WECF) at 0.1-25
ug/mL protected the cells from BL-induced phototoxicity.
The cytoprotective effect of WECF were associated with a
decrease i1n BL-induced oxidative stress and caspase-3
activity, and an increase in GSH levels and SOD activity.
WECF also inhibited the expression of NF-xB protein and
the MAPK signaling pathway, while upregulated heme
oxygenase-1 (HO-1) via the Nrf2-mediated pathway. In
addition, betanin, kaempferol, quercetin and rutin,
presented in WECF, at 1-10 uM inhibited ROS generation and
TBARS formation, and significantly restored GSH levels,
increased SOD activity, and both kaempferol and quercetin
at 10 uM significantly increased Nrf2 protein expression
in the cell nucleus in blue light-induced AREP-19 cells,
compared to the cells treated with blue light alone. Taken
together, WECF and its bioactive compounds against blue
light-induced retina damage, which could potentially be
useful for treating retinal disease.

In the second year of the study, an animal model was used
as an experimental platform. The study aimed to investigate
the effects of WECF, quercetin (Q) and betanin (B) on LED
light-induced retinal damage in mice. The experimental
design consisted of two models. In the first model, mice
were initially exposed to LED light and subsequently
administered the test substances. There were significant
differences in superoxide dismutase (SOD) activity between
the negative control group (NC) and mice treated with 10
mg/kg bw quercetin, 1.0 mg/kg bw betanin, 10 mg/kg bw
betanin, and different concentrations (10, 50, 100 mg/kg
bw) of WECF. However, no significant differences in TBARS
in the eyeball, glutathione (GSH) content, or pathological
changes in the inner nuclear layer (INL), outer nuclear
layer (ONL), and inner and outer segments (IS&0S) thickness
of the retina were found.

Additionally, in model 2, where mice were first
administered the test substances and then exposed to LED
light, WECF (100 mg/kg bw) demonstrated superiority over NC
in terms of antioxidant indices and pathological tissue
changes, including ONL and IS&0S thickness. Quercetin
excelled over NC in terms of GSH levels, inhibition of
lipid oxidation, and IS&0S indices. Furthermore, low-
concentration betanin outperformed NC in the IS&0S indices.
Moreover, the administration of 300 mg/kg bw WECF
significantly improved visual acuity (VA) and visual
contrast sensitivity (VCS) compared to the negative
control. Evaluation results from electroretinography (ERG)
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also indicated that the 300 mg/kg bw WECF had a protective
effect on the retina. These findings suggest that pre-
administration of WECF in mice demonstrated preventive
effects against LED light-induced retinal damage.

Overall, WECF and 1ts bioactive components have been shown
to protect retinal cells from blue light-induced damage.
These findings are of significant reference value for the
prevention of retinal diseases.

djulis (Chenopodium formosanum); betanin; kaempherol;
quercetin; rutin; light-emitting diode (LED); blue light
irradiation; retinal pigment epithelium (RPE) cells;
nuclear factor kappa-light-chain-enhancer of activated B
cells (NF-xB); mitogen-activated protein kinases (MAPK);
nuclear factor erythroid-derived 2-related factor (Nrf2);
heme oxygenase-1 (HO-1); anti-photo-oxidative damage
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A E ¥ - #F7F g 4831 = F (Chenopodium formosanum)z H # e 544 =
A 4R (BL)E AR08 & A (retinal pigment epithelium, RPE) fm % e 4] iF
FoFERH T G kBT RSB 6] Rk RE(LE B 5 450nm)>
ARPE-19 ‘m% e3 /5 F &g F T '% 5 (w12 0.1-25 ug/mL Jk B iz F -k 3 B4~ (water

extracts of djulis, WECF) it &2 m#e . % 3 Hensk § (VB o L Rl ivr &
ah'w%; ki %ﬁ-éﬁ‘}é 1% (ROS)z. 2 = ~ TBARS 7 & fr caspase-3 /&% > ¥ 3 4v fk
X PS(GSH) 7 & ~ s g f:‘:(MMP)friaz? it =5 it f5(SOD)iE 15 B o gt

¢t ’WECF “’#»P%J NF-kB 3-v 74 i 4v MAPK 2 3t 4 gjs > F;ﬁv} A
Nrf2 g j& @ # 4e HO-1 4 i o gt #b > 33 43 WECF ¢ @) 3 #& (betanin) ~ L
# f= (kaempherol) ~ -4 % (quercetin)fr =4 H (rutin) & 1-10 uM k& 2 & E£3F
% ch AREP-19 fm% ¢ ¥ 74| ROS - TBARS 75 » ¥ &8 ¥ 142 GSH 7 £ » #i 4
SOD /&t @ Lz fe it 2 7 # 4 Nrf2 300 232 - & k> WECF 2 2 4
PEESASHERFERENREF MG L R o

FoEMTNE R S FRT 0 i WECE 2 2t = o2 il £ &
FHFde¥FLED A% | SRR G T2 - F %4 3 A & F 5 - 5
LED %% > & #4F R4 o &% &7 > 10 mg/kg bw 44 % ~ 1.0 mg/kg bw #f 5
% ~10 mg/kg bw # ¥4 22 7 )k & 22 WECF % SOD /&1 % gt ﬁ';.ég(NC)’
fpskz g it GSH 3 £ &Rtz p 2 4 (INL) » %ﬁ@@Nu

ESN aﬂ*’ F%(IS&OS)&&E}%W%IL TRPELIR B G A wwt'gfﬁa—*r
R 16 E %5 LED et 0 B R M7 > hdy gtk peR g
& 7 ONL £ IS&OS 5 & + » WECF (100 mg/kg bw)z_ £ J ¢ i3t f 4% (NC)

A FLL & B GSH 27y M 1112 & IS&OS 4718+ B2 f 42 (NC)> & ik
B Fae R & IS&OS dpth-+ %3t f 422 (NC) - £ # > 300 mg/kg bw WECF %4k
ke (VA) 2R 4 a0 B (VCS) & P £ 4 sxd (8% o ptoh o o AREWT
o BR] & (electroretinogram, ERG) 2_ 3% % % 7= &2 57 300 mg/kg bw WECF £ 5 3£
AR TEH o Jatpt o] RA (744 WECF £ 5 3517 LED % R 3 AR % W35 5
BTt o

ﬁ%ﬁg’ﬁﬁ‘ La a3 2 04 s A% LED sk Rk 3 AL 0
FETEG R LRI ARETABLF ER ST LA

MéEF © R KERS; 25 RESA AR LAR; WA A,
%:ﬁ%;f%%%iﬁﬁﬁ5%i1@%;ﬁﬂiﬁﬂBm%ngﬂm+-
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The aim of the first year proposal was to provide new insights into the role of the water
extracts of Djulis (Chenopodium formosanum, WECF) and its bioactive compounds to
prevent blue light (BL)-induced retinal damage in ARPE-19 cells. After 6 hours of BL
exposure (peak at 450 nm), ARPE-19 cell viability significantly decreased, but
treatment with water extract of djulis (WECF) at 0.1-25 pg/mL protected the cells from
BL-induced phototoxicity. The cytoprotective effect of WECF were associated with a
decrease in BL-induced oxidative stress and caspase-3 activity, and an increase in GSH
levels and SOD activity. WECF also inhibited the expression of NF-kB protein and the
MAPK signaling pathway, while upregulated heme oxygenase-1 (HO-1) via the Nrf2-
mediated pathway. In addition, betanin, kaempferol, quercetin and rutin, presented in
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WECF, at 1-10 uM inhibited ROS generation and TBARS formation, and significantly
restored GSH levels, increased SOD activity, and both kaempferol and quercetin at 10
uM significantly increased Nrf2 protein expression in the cell nucleus in blue light-
induced AREP-19 cells, compared to the cells treated with blue light alone. Taken
together, WECF and its bioactive compounds against blue light-induced retina damage,
which could potentially be useful for treating retinal disease.

In the second year of the study, an animal model was used as an experimental
platform. The study aimed to investigate the effects of WECF, quercetin (Q) and
betanin (B) on LED light-induced retinal damage in mice. The experimental design
consisted of two models. In the first model, mice were initially exposed to LED light
and subsequently administered the test substances. There were significant differences
in superoxide dismutase (SOD) activity between the negative control group (NC) and
mice treated with 10 mg/kg bw quercetin, 1.0 mg/kg bw betanin, 10 mg/kg bw betanin,
and different concentrations (10, 50, 100 mg/kg bw) of WECF. However, no significant
differences in TBARS in the eyeball, glutathione (GSH) content, or pathological
changes in the inner nuclear layer (INL), outer nuclear layer (ONL), and inner and outer
segments (IS&OS) thickness of the retina were found.

Additionally, in model 2, where mice were first administered the test substances
and then exposed to LED light, WECF (100 mg/kg bw) demonstrated superiority over
NC in terms of antioxidant indices and pathological tissue changes, including ONL and
IS&OS thickness. Quercetin excelled over NC in terms of GSH levels, inhibition of
lipid oxidation, and IS&OS indices. Furthermore, low-concentration betanin
outperformed NC in the IS&OS indices. Moreover, the administration of 300 mg/kg
bw WECEF significantly improved visual acuity (VA) and visual contrast sensitivity
(VCS) compared to the negative control. Evaluation results from electroretinography
(ERG) also indicated that the 300 mg/kg bw WECF had a protective effect on the retina.
These findings suggest that pre-administration of WECF in mice demonstrated
preventive effects against LED light-induced retinal damage.

Overall, WECF and its bioactive components have been shown to protect retinal
cells from blue light-induced damage. These findings are of significant reference value
for the prevention of retinal diseases.

Keywords: djulis (Chenopodium formosanum); betanin; kaempherol; quercetin; rutin;
light-emitting diode (LED); blue light irradiation; retinal pigment epithelium (RPE)
cells; nuclear factor kappa-light-chain-enhancer of activated B cells (NF-xB); mitogen-
activated protein kinases (MAPK); nuclear factor erythroid-derived 2-related factor
(Nrf2); heme oxygenase-1 (HO-1); anti-photo-oxidative damage
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195 2020 & & F fFwd ‘e % (World Health Organization, WHO) $t3* » 23k 3
P 2R AT G RN L o m T B Re R BIE R F kR
PR RAR RS R 5 F e dapE FlE T e ok B g Mo 2P
WL PERE ERERRAT Y SERTELE G M ¥ R EARINA T T
ALEE T 0 2019 £ AF 7 J’If;‘f]‘#ﬁafﬁ‘f-ﬂ' ‘ﬁ?‘*ﬁ 56,209 £ (fg4m38 » 2020) 0 157 AR
AT EEBEIY A SR AEE 2016 E o 24 AATHEE B LY 130
HFA(325216) xHiTEX3CASAT ¥ HEHFBE-RAREF R*EFTE
Fl& EIRARLA T @ gk - &4 (light emitting diode, LED) kR ¥4+ & 24 §
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AR A AR X M o fF O ARALTRA T RF DR R - 0 D R R
B £ 4 b e P s —«kf_‘lﬁf (% & > 2016) - rﬂ“‘,{n‘ﬂ‘ Bl A4 B W5 iR
Hie o SPGB REAR? Gy E V- 20 AT EFAEHIENE
2 fFE R R ZE o MBEEFAARS R Y ATL 2 }iﬁp‘ 0 iﬁd EEARRSRE
Wb FRR R AT E R L2 - o
iz 37 (Chenopodium formosanum) WHEY  EHEHG djulis> F SR A
NEFHEL BRAES (T > FIE G % d A ¥ 2d iFra g F&T%J\rﬁ§5y
I'ﬂ:‘*;;(‘J 1/il.‘fJ—T-Fv'J7ﬁd— rf* f'ﬁ:‘rﬁ if\x%mrg ’1‘?«&1&’ Bﬂ’\’iﬂﬁ’rﬁ
FRARTPEIRE FX 22 FWNASA) L ARE & 5 B2 PATIES (52006)° fxx § =t
ERFENREEFEHA T A2 A3 d P AF S % g ANEgY T &
LR L F ehinvitro & invivo #%F ¥rd|iwe § i & 4 (Chyauetal., 2015) ~ 3
332 is(Chu et al., 2016; Chen et al., 2018) ~ *# » & (Chen et al., 2019) ~ "% < 75 %5
4w % A5 = (Chyau et al.,2018)%2 Fr 4|47 fw¥e &2 I8 % = |4 (Chu et al., 2020) > ¥ %
PM2.5 344 W 3R sn%e AS49 2 i3 3 » & 3 ik (Chuetal., 2022) ; & = % ¢
SERBEERI T B AL o )4 > Hong :—E(2016)#F1 s A e H S rutin 2
chlorogenic acid % *t K F 4 & F wre 2 phig 7 lﬁ-i'Vi" d ¥ e AR
3”}5 Tz PP o e AT LRI 2 H #Efﬁ;?é/}?%ﬁ'l 2 B e
S Jaawlﬂi 3+ % » 2 HPLC-DAD ¢# HPLC MS/MS % 3518 el H K &
B"«’f" 77 440 &5 KETF 1345 ¢ &= 4 (Chuetal., 2022) > # 7
3 quercetin derivative s ﬁioﬁ*%ﬁ kaempferol fiz pE48 &2 rutin ¥ = gt &4 >
¥oebod 23 BS 2% ¢ ¢ Z ehbetanin ~ isobetanin ~ amaranthin ~ isodopaxanthin
% = & (Escribano etal.,2017) » 12 2 phenylacetic acid( ¥ ¢ f&)#724 $ &2 20-25 i
A ik (20-hydroxyecdysone) o ¢t b » gz A L % =% ¢ 4 R o rutin ~ quercetin
kaempferol ~ betanin % ‘= % edrd] % 1 B 4 (Chyau et al., 2015) ~ 22 i (Chu et
al.,2016; Chenetal., 2018) - ‘”‘ifﬁ (Chenetal., 2019) ~ *% i 3 35 40 %2 A} = (Chyau
et al.2018)&2 ¥4 | g fm Pz 4 £ &2 B3 % ‘w2 &= $F 14 (Chu et al.,, 2020) » 12 3 %
PM2.5 34 " {8 mPz AS549 2. 5 & & 5 0 k(Chuetal, 2022)  #> /7 £ Jt 4 4
mlEd S ER A d ‘Tﬁ?bk\#‘?‘*%t"ﬁzﬂ £+ % (lutein) & 2 F & F
(zeaxanthin)z_ 5 > 12 =% 3 % & <9 rutin ~ quercetin ~ kaempferol fie pE 48 betamn
2 H s B 4 (Chuetal.,, 2022) > £ H w0 A #73 © 4% 41 > quercetin ¥ "% 4§ it R
4973k ARPE-19 fmPe 3 * pl3 » ¥ 77 B3 MimPe B~ RIS 5 ZWIE X
ERel & AL ff’q%@(Bungau et al., 2019) - "f prz v s Hig 4 s o §F R
FOREAR RN e TR GCE R > P o v L e 3 FON s A Y “,f
Wi F R E PP L5 0 ¥ 1Y orutin > quercetin ~ kaempferol ~ betanin % 5 H L &
Basm i@ TREZY- & TeHFad iz 304 LED £ hHF
#ﬂa“ﬁé"i% T2 AR ) 223 F 5 o 3 Ek(blue light, BL) £_% it £ v Lk
H gk & g £ 400-500 nm > @ @ LED ¢ FIH g e HpwRIL2 1 o s H R E
WOR GRS G BEAAFE R o RERME S ) AN - EFTY R
MEXKGSLED F kR Fitio W E H A LM E M S 2% BL R RGF AR RN
2 Rk y it pOR 2 RE TR 0 T3 4 nuclear factor kappa-B (NF-kB)#£2
mitogen-activated protein kinases (MAPK)Zu i § /& 2 %¢ nuclear factor erythroid 2-
related factor 2 (Nrf2)s33 37 2 B 7 P54y P2 2 2 B8 - % - 2R+ &
#3800 LED R h#3 - BALEN G T2 B e H 2 H A LA BBl
A2 P R kB HLL FOH] BRI R "f iR ?;‘é“ﬁ 24 qpth BEopiL
R R Rl A E D EFF2AFRERNG AR RS E EE AL
¥ LED kR F AL RN BE R M5 T R NERRES X F&gﬂ‘}f\
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Yo LB E HRAEEZ 2EY BEF AR

AIEH TR {%&E&g L7 &5 o P o2 % dk(betanin)~ L 3 fis (kaempherol) »
#LR % (quercetin) ~ = % ki H(rutin)2 H is 2% 5 - %% 5.0 ARPE-19 m"% tkptp o
F1EFEFTASFFTRESTERY P w o LED % (L:300 mmx W:23 mmx H:
33mm > SW > TSLED % % )pp A kb o

~ R

CIEE SESNFE T

TR E R *’b&(&g&‘%?ﬁﬁiﬂ”‘ 5] \1)/53 o SUNVE B (| L PP e
+B’~20 ko WBigts o g E M 110 B4R R 20 A4 K2 giRiE(T
,F@,k‘{ﬁi Ak ieE o AR E T ACH Y o g L F R 3P4 (water extract of
djulis, WECEF) -

(=) 5t

% gL B 452 nm o A L 1680 B i #renif k4 % - &4 (LED)(TSCLEDI-
BLUE 8W, ZoomLighting)i& {7 £ f& o 12 LX-103 sk f& 3+ (Lutron):& 7 & 35 & B 2>
F B A RIVER LED 5 50mm o R B EAY RFATET o

(Z)imre 12 %

d R F FP9 ARPE-19 fwm@e kil id 2 ® 37°C-kip ? wif > #-wr 4 » 100-mm
petri dishes 2 & = ¥ » 4c » if £ 32 % £(90% 1:1 mixture of Dulbecco's modified
Eagle's medium and Ham's F12 medium containing 1.2 g/L sodium bicarbonate, 2.5 mM
L-glutamine, 15 mM HEPES and 0.5 mM sodium pyruvate + 10% fetal bovine serum. ) »
a3 37°C » 5% COzincubator 32 % » 5 & X { - £ % °

(z)imPe 3 EE5% iz (MTT)

" MTT iE'J 73‘;‘}; B RS e g S o #dm e 1) 2x 10 e /3t et B EAESY 96 34 4F
oo R 240 PF o Blmre i RS LEDSOmm o € KPR ST 6 | BF "Tér:
0.1-25 ug/mL e WECF §= 1-10 uM m/pH %\A\ kil i‘“%\zé“‘ v 37°C % 18 /)
PFom fs o a®itd dex 50ul0.1% MTT > & & 37°C & P %ig%é
e 100ul = 7 X L/ (DMSO)% % 0 12 ELISA(Molecular Devices VMax, Visalia,
CA, USA) Bl %_540 nm 2_ ¥ % {& (Chyau et al., 2015) o

(I )Pz p FEF pd Aipl e

2 DCFH-DA (2',7'-dichlorofluorescin diacetate) DCFH-DA & ip|fm® p 0544 % B

d A (ROS) - #- ARPE-19 m*z 12 4x10° P2 /3L chip BREAT L6V 1 % 24

| PEF e #pt % jE3E LED 50 mm Ao M ER R me 0.5 /) FFiS ,]»4\". 0.1-25

pg/mL A WECF 2 -5~ 10 puM th? 4584+ % 23032 £+ 4 » 50 uM e DCFH-
4



DA F J& 1 -] F¥ts » £ 12 Bio-Tek FLx 800 microplate fluorescence reader | £ % %
5% & (excitation wavelength: 485 nm; emission wavelength: 528 nm)(Wang & Joseph,
1999) -

(#)im®e |2 B F 1 A 4l %
i = f#(malondialdehyde, MDA) & 3 i ¥ i* e % & $ - MDA chip| & 2 1 i
= b & f (thiobarbituric acid, TBA) 5 & 2 = =+ &L ik F Ji 14 F (thiobarbituric
acid reactive substances, TBARS): i/ % =k #4 ip| @ B Z_o % ARPE-19 ‘m#z 12 4x10°
E /IR RBAIT R O6ICF R 0 B R 24 0] PF o B2 & R4 LED 50 mm fx

WERRE M 4 P 7 4v 0.1-25 pg/mL 7 WECF & 1 ~ 5~ 10 uM 14 =
AR AR Er o T A 3TPCTRA LB ol e TR B R

f 22 = % ¢ pa(trichloroacetic acid, TCA)fr TBA ;2 & » 3 » Ak ¥ & 10 & 45

m {8 e 1mM i B #z #k & (beta-hydroxy acid » BHA) » ¢ * Bio-Tek FLx 800
microplate fluorescence reader | £ ¥ £ 3 & (excitation wavelength : 530 nm ;

emission wavelength : 590 nm)(Chirico et al., 1993).

(= )i P& $ k4 Px(glutathione, GSH) ] 2

#- ARPE-19 ‘w#e 12 4x10° m % /3 @ R EAE A 634 7 > 32 % 24 | fF o 3
% w g4 LED S0mm s> 14 6 RSt in "% 4 ] P15 i 4e 0.1-25 pg/mL £ WECF
B INS5N10puM end FE R St R > A 37°C TR A 1] FFea {2 PBS
Hisko®z > 11 5 uM 5-chloromethylfluorescein diacetate (CMF-DA)F & 30 4 43 o
£ = * PBS kjigim®z > & * Bio-Tek FLx 800 microplate fluorescence reader if| &
¥ %5 & (excitation wavelength : 485 nm ; emission wavelength : 528 nm) (Wu et al.,
2005) -

(™)A2 3 it = (superoxide dismutase, SOD)i5 4B 2

& * % & SOD assay kit ] = SOD /& > Bl 2 > 2 i 40T o 3 ARPE-19 ‘w ¥z v
5%10° fmve /3L e R ARFET R 6344 ¢ o1 & 24 /] PFo 32 & r jEdE LED 50 mm
Faoo "R RS 0.5 ] FFES > P e 0.1-25 pg/mL 9 WECF & 1510 puM £
AP EEALNREEr o T A3TC TERE4)ES LB
2% 0 £ 4o SOD F Al v~ R E > @ 18 i 37°C 1 % 20 » 48 > @ * microplate
spectrophotometer (Thermo Multiskan GO » Waltham » MA » USA) & 450 nm /&R £
vz Sk }“; o

(4 k% %8 "7 = (mitochondrial membrane potential, MMP) p| z_

#- ARPE-19 fm#e 12 5x10° m % /3L cnp R EAEX A 634 7 > 32 % 24 /| pF o 3
% m jE4t LED S0mm fu 2 ER P me 3 PFis s 7 *v 0.1-25 pg/mL < WECF
B IS5 10pM thd Frispd A dr o B A 37 C T % 15 Ada 140 4o r
10 M 2. JC-1» # 5.3 5% CO2~37°C 15 % 457 T45% 30 A4 o el fm%e » ¥
200 uLPBS ki » £ i& 74 (75.53 g0 4 °C » 5 A 48) « #-im ¥ 553 100 uLPBS
® » 12 Bio-Tek FLx 800 microplate fluorescence reader P& ¥ % 3 & (excitation
wavelength : 530 nm ; emission wavelength : 590 nm) °

() Caspase-3 /& 7B 2
# ARPE-19 ‘m¥e 12 3x10% fm?e /3L e B4R fE 3 A 6 3445 ¢ > 32 % 24 ) P o 35
% JE4 LED SOmm fios 12§k BB btim e 4 ] B 50 7 o 0.1-25 pg/ml < WECF
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B 1510 uM 2 gl d st dn » £ A 37°C TR E 2 Lo @ b0 1
i PBS iEfiEim®e o 4o~ | mL % 3¢ f5-EDTA AJ 3 A 48 » #tc 155555 PBS
g Ml J RS K A R TR S I B E Y o B - e g P 4 50
uL z 3 5 mmol/L DTT 4= 5 pL 1 mmol/L DEVD-p-nitroanilide (pNA)-conjugated
CPP32 ¥ g3 ik » @ {4 & 37°C -k @ ¥ % 1 /| pF - 12 ELISA (Molecular Devices
VMax » MA » USA) » 4 & 405 nm B _# & 7% £ & (Chyau et al., 2015) o

(4 - )DAPI % ¢ 25
#- ARPE-19 ‘w7z 11 5x10° fm%s /3L ehid BREMAT L O6IFEY > 2% 24 ) pF o 32
% pE3E LED 50 mm o 4 E K RSt imre 4 o pFiS s 7 #v 0.1-25 pg/mL <7 WECF
B IS5 10pM a4 Fp i a3 g o @ {8 0 11 PBS Rlismie 0 T2 4%
paraformaldehyde in PBS % Z_ 30 4 4& o F < _{s chlm?2 11 PBS kjig > 1 46'-
diamidino-2-phenylindole, DAPI)% ¢ o i¢ * & sk &g fics i (7 B » B L £ 5 350
nm > ¥ R4 £ 5 461 nm(Duh et al., 2012) °

(- = ) Western Blot 4 47
#- ARPE-19 fw¥e 12 2x10° fwbe /3t en@ B & AE > A 10 ecm B 5z ¥ > 184 24 )
P o H#-42 % x jE4E LED 50 mm Jiw > ¥ NF-xB ~ MAPKs (ERK ~ JNK 4v p38) ~ Nrf2
e HO-1 en& & F"m 7 > A B UERRMFEFRF S 605243 /] i > 5f]t4c
0.1-25 ug/mL 5H WECF &4 1 ~5~10 uM en4 gt 2 3b i R o 3 37°CT &
Bl & 152144016 -] pF > 12 PBS # ik imbe > £ 12 lysis buffer E&J® mPe > 14
10,000xg~4°Cag.< 10 & &i&i 'R ’F +% 08 BCA }w £ #&(Piece, Pockfold,
IL, USA)R| E 3-v 2 & o % - %7 50 pg v 8%5\ 12%¢1 SDS-PAGE &
M ode mARKE ﬂﬁ-zﬂ’“ IS e o % PBST (0.1% Tween-20
PBS L) pH 7.4)/’D,l'§19 ’ 5% n /F }U % /|i’ 4 ;"; _{‘ 30 /v\’ft';ﬁ_ > om 19 1 I'abblt
monoclonal anti-NF-kB antibody (#8242) (1:1000) (Cell Signaling Technology -
Danvers, MA > USA) ~ rabbit anti-JNK (AF6318) (1:1000), rabbit anti-pJNK (AF3319)
(1:1000), rabbit pp38 (AF4001) (1:1000), rabbit anti-p38 (AF6456) (1:1000), rabbit
anti-ERK (AF0155) (1:1000), rabbit pERK (AF1015) (1:1000), anti-Nrf2 (AF0639)
(1:1000), anti-HO-1 (DF6391) (1:1000), anti-Lamin B1 (AF5161) (1:1000) (Affinity
Biosciences, Cincinnati, OH, USA), and B-actin antibody (#4970) (1:1000) (Cell
Signaling Technology, Danvers, MA, USA)** & 4°CF J&iE & © 2 {5 ¢+ blot fr# IgG
88 (Sigma » St. Louis » MO » USA)#%:e horseradish peroxidase (HRP)#: & * & °
2 Western Bright Enhanced Chemiluminescence (ECL) plus 3##|(Advansta Inc. >
Menlo Park » CA > USA):& {7 % # > ¥ % Gel Electrophoresis Documentation-
Multifunction Gel Image % “L(Topbio Co. Taiwan’ ROC) ™ i& {7 o & jp| _i# * Image
J $i#8 > ¥ 4295 P-actin 2 Lamin Bl 7%+ & 3+ & 39 Fefp it £ £ £ (Chyau et
al., 2018) -

2) H A
% 37 ﬁ'{% "ERE ATk Bkt B it (version 12.0, SPSS Inc., Chicago, IL, USA).
A m% B #ic~ 37 (ANOVA) » # 72 Duncan’s % % 2 ;2 (Multiple range test)#%
PTJ' (54 %’i w2 i B e

R ER%K 2



- \ﬁ-—}'pﬁim

AIFHTR T CHEEED B LT

- BB o PRIy AT
L

2 o quercetin ~ betanin * H {s 97 * XL

5o
2GR @ o LED “#(L:300 mm x
D % 2%

W:23 mm x H: 33 mm > 5W » T5 LE E VP %LJaﬁ o

R R

(- )& H

LEHRREFPF 2 WF

ERUFRLAPERE R I T ES R 0 110 B ek R
P20 4480 WEigis 0 JgiR A 110 Bt R FA 20 A 4R 0 S 2 iR iR (T

R E HgE 4 HECHE AT ACH o gt L 2 ok X B4 (water extract of
djulis, WECF) -

(2 )b sk A e

ARG E Ak d B FmL ?##3$?ﬂ‘£% TRl T el T
6:iF# ICR 5 i * K- F5%# 5> PEHY » 5 - H 48 | &> &Psay
ek (FE 5 2482°C) - P ¥R B 55-60% 2. kB oK H AV o A & > Aplr ok
amrpd e N ’&ﬁ%\%w%@fﬁbﬁv#%ﬁjﬁ _‘j’—i:’(&é}ﬁ'@‘ fé 2

AL * LabDiet5001 52 &4l » k% ) 44l 2 &i-k3Ddr p o 32

Bl B e AR Bk BLREE o RBA JL:}*”%#%B*% R ﬂ’i‘ g iy 1 e Je
Tk RS 1 TR RS B T2 & RT3 SN ‘
my s gt ##Ah%,

Control (C) 5 & ¥ ¥ P =

Negative control (NC) LED :k fRif i ‘e

Quercetin & & ¥ (QL) : LED+ ™ # & 1.0 mg/kg bw quercetin

Quercetin & # & 2 (QH) : LED+% # & 10 mg/kg bw quercetin

Betanin &€ #(BL) : LED+ <& & 1.0 mg/kg bw betanin

Betanine % #| £ 2 (BH) : LED+% #| & 10 mg/kg bw betanin
£ 2 (WL) : LED+ % & 10 mg/kg bw WECF

WECF *¢ #| & 2 (WM) : LED+* & & 50 mg/kg bw WECF
E
=

2 (WH) : LED+¢ 4 % & & 100 mg/kg bw WECF

o

(2)& 4 @ 5t

AE PR A D EERES T o0 AN G

1. LED kim i3 » 343 Fpld

v LED ZEzk3 4% 3 N 0 23 (2016) 2 » k=R B A A BB E e B &%

B L Rz R R B F - P E BEOPR A X A 600-1000 lux 0 & £ 2 452nm LED BB

%’Tﬁ A LED B> » SRS o 12 12 ) PFA/12 /] prag 2 ¥ 8 L 2 LED
LFRE 10 X o % 11 X427 (79 % LED FRét - {85 X 3 =& W § 4dp

W E iRk 3121# P B ARG P20 % o % 31 X 00 COyH#F B0 BLE B LR

ﬁ%iﬁ@ﬁiﬂﬁﬁ’%%?%wﬁ%ﬁ’éﬁg$#3£iﬂbﬁi%%°

Ziﬁﬁﬁﬁﬁ’ﬂﬂﬂﬁD%ﬁﬁﬁﬁ*

FHE R T RQ016) > Ml RRA A BRI R BEFEY LR R
2L & - Pl E BB AR E & 600-1000 lux > T g5 pt B LED kR v &2 EEAE o
BRit 24 % 2(WL-WM-WH-QL-QH-BLBH)2 /| &% % 7 =t 4~ 5
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FAERS o AR 20 % 0 F FAREFIE 1 X f Yl aNO M2 F
% ® (WL~ WM~ WH -~ QL ~ QH ~ BL ~ BH)2_ |- & 12 LED iR 3f % BB 5t > %% & R
SRS 12 RS ER B AW 10X AR T FHRE S KRAFY TS
A 5l Jfﬂ SR 20 % B4 ¥ 21 % 11 COpHA S| R » e R
B R AT IR S B TR BT A A e

3ARE i 3= ot

FE ST mQ2016)7 2 B kBAREABRIE e BAFEY L F2ZRE
8L, & - /F!J,.,ﬁémﬁﬁlizp + 600-1000 lux » & 5 o+ 33 & LED JcFK:’a Y B REAE o
ForiEiFzi PR ) RAGFE XS 08 g&EH LEFRP 300mgkgbw
FARPEAZIE T X > @ (501 LED RIRAF RS EER L 12 PR ETR 0 R
B 5 HP 10 & o PR ETIASR S K 18 A BB 7 ARA AT4R R (visual acuity, VA) ~ B2 AL 4
v AT R A& (visual contrast sensitivity, VCS) ¥ AR 4 %= 7 7ot B & (electroretinogram,
ERG)% =12 o

(2 )i 52 v A 47

s 75 ”‘14 At 1 P

()= F® % "eps §& #% = (aspartate aminotransferase, AST)

WPl 7 AST /B Mep chg § % RGFRIFHF G S HF i~ 2V 3 G hg
4 45 o AST $ * Human 2. Aspartate aminotransferase (EC 2.6.1.1)z##] - 1 * f%
22003 RIZRIE A 340 nm sk B b F o TE L@ AST B o

(2)[% #%ps & "7 (alanine aminotransferase, ALT)

%IEJB— 77 +v ALT % H'_ ’ (‘E‘; 54’—’?’%;;}5 ’I\;I}F:’; %R rﬁgﬁ“,‘; f;;#i o ALT ;b; * Human 2.
Alanine aminotransferase (EC 2.6.1.2)3# & » 1% ¥ 2 2 v ¢ RILpIE 340 nm =
KRS T R ALT R -

2.0 F | T R

(1) fj\% % (blood urea nitrogen, BUN)

#wiRle ¢ BUNER » 5 ZETT SRS i eh %4 245 - BUN 4 * Human 2
Urea Liquid ;8% - f1* %2 % ¢ d RER|Ex ? BUNE > k@R @& 50
Wtk ERR 0 TP £ BUNER -

(2)#-p& fH creatinine, CRE)

Rl 7 CREER » 72 ZETT R i %S 1;;}7‘51 o CRE # * Human 2
auto-Creatinine 3##| o w3k B} 4v i BB R W 4ot S 4prt > TF 17 CRE k
E o

3.3 & pg it dqpiRapl L

()P FrEs i ipl <

*F % * TBARS Assay Kit (Item No.10009055)# i#] TBARS & 7 & > 5 : &0
Wy PR PR gk i s Y ¢ A2 X% AP malondialdehyde
(MDA) > MDA ¥ TBA ##| & )f&g 4 = TBARS » 12 4 5k sk & 3P 2_530nm ¥ &
B ¥ E ik e ? TBARS EA -

(25 4 "SR T

-



12 Glutathione assay kit (Cayman chemical; item NO.703002)#: #] GSH 2. 7 & > i®
ERaal E'_%‘« g vyt ip 1% ° GSH #2 5 5'-dithio-bis-(2-nitrobenzoic acid)
(DTNB)X Jis & # 5-thio-2-nitrobenzoic acid (TNB)%2 GS-TNB» @ GS-TNB # GSH
reductase B 24 TNB > TNB A # %29 GSH BB & & b o 1 A sk sk B2+ 405-
414nm TR R E T Y k&7 GSH vk A o

G)ALF it fiR] X

2 SOD colonmetrlc assay kit (Fortress Diagnostics Ltd., Antrim, UK; Product code:

BXCO0531)# #] SOD 2 % % 4t 1T 5 3= s h dng i #av ih %3 dp ik o P 50
1 Pz 328 % & 45 0 4e ~ 1.7 mL mixed substrate A 3 {é 4 » 250 ul xanthine oxidase °

B 37CT 03045 0 A Rk ERIPES505nm 3 3 A 4a N vk BT Iag i 1t

g R A

(T AL e 775 050
1. A4 A4 & (visual acuity, VA) 2 48 #4+¢ a7 & (visual contrast sensitivity, VCS)
2+

*FE R Y a‘T%J}L%%'F-'ﬁ‘ﬁ(optomotor) BRARds & B (optokinetic reflex) i 32 & {7 AL 5 18 it
AAg e ] RGPl AR 2 XA FHRET » B SR P AT AR R
FE TFEH 0 MR F R R (cycle per degree, cpd) ek i @ F] ”fj%ﬁ%i? )
£ ER ] B2 B INE B 0T %ﬁd LA FEIVF ST L RE] B I8
de ﬁii"o’ﬁ“i%fi /}'%95 » 3B @ J;xp ﬁﬁ,’%t&gb ° j&E’I M2y ’I‘:‘Jﬁw‘;fﬁ-"]‘%‘:‘f@f‘”fﬁa’f
a4 i (visual acuity, VA)¥E AR ¢ AR & (visual contrast sensitivity, VCS)2Z_ 44
PPl oo 20 AR RERIFEART N o A7 FRARE # w aik Ifu%%d
PR PRI LR R EFR AR S Y R R e L g E (R
2016)

2. ARAMCR O B iR (electroretinogram, ERG): & iz
ERG &% & 1§ /HZ R?v;fd o mE AR T Jcﬁ'],}itfé e R g 1 2
RlES R HE - ) F&E)@w VIR B L VI b s A T R T R & N
R ﬁ J RN > BT HERT B k0 £ 2 ERG Rkl a ik
tg 22 b g (38 2012)

a AL ] 2 AT B M R R R R 2 E

b g Jfﬂ AR B FFF RSP BB AE B LT D fRimE lakizd ©a e 2 B
A AR 5 aﬁww%%wyaﬁﬁm%%w)JLKWG%%WVb&@(%@W)4&
B4 AR MM g (R 2012)

(= ).féf'_.?%‘z:,fﬁiﬁl_*f N

% iF Hematoxylin-Eosin statining (H&E)% ¢ > LAY P 4 & ~ b @1 S
Phsfmep R Bt S LERERN o AFRFET R BRIR
©d Davidoson’ sFluid B Z_~ F# & 2@ ~2» # 2 kit {5 > 7 H&E % ¢ = { B0 |
DALY LR S SRS RS R T -

(< )53+
~F B & 3% #cdy 4 Statistical Analysis System, SPSS 12.0 i3t #t48i& (7 One-way
ANOVA % £ $c 7 > £ %38 Duncan’s % & +t ﬁi;‘% (Duncant’s Multiple Range Test)
£ Mann-Whitney U-test }* §1 & &2 fF el ¥ £ B 12(p <0.05) -
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B3 23
P EREAWW

$o BT E AL P E G 400-500 nm B i B0k KR X e A EH
P A

1,02 % ip] ¥ Z(WECF) 2 e L35 AT » £ 7 BL %IR35 % 5 -

2.4 14 LED 2 BL %R % e » £ i+ WECF #2imie £33 %

v A fERCN A w4831 WECF % LED 2 BL %R 3 L8 d % + 4 me X
F 0BT 2R TR NFxB 2 MAPK 2 LB /S 22 4 Nrf2 e 352 2 7 2%
%#“ﬁﬁximi%ﬁ

Bl- % 2% -KE B4 (WECF)¥ ARPE-19 n% F Jig 24 /| Prstimre 2 5 o B %
k7 # k& WECF(0.1-25 pg/mL )% AREP-19 m% z_ 3% 5 9+ & 100% 2
(B-) 772 FER WECF # AREP-19 fm# 4 537 & %8 o d 3% WECF %
AREP-19 fm¥e 4 542 288 > Fpt > 2877 2 0.1-25 ug/mL 2. WECF #3f 4
T2 R e

W= & BL S ARPE-I9 o 313 b pFR f525% 3 F b0 L sne 4
& AREP-19 fm* '5 BL B3t 6 /[ 15 » £33 % 12~ 18 & 24 /] ré»b,
18 27 24 | PR 5 $Hine (300 BT BT T 0 R 6 L RS & 18 ]
FL e sk e

E%L % WECF £ ARPE-19 p;t@m PR LS BLBH 6/ afirit

8 | Pz fmi 375 % cARPE-19 ‘m*e X BLPB & 6 -] o H fm9e 4 3% % 62.0%>
&E-‘r BL & &4+ ARPE-19 ‘wm® § 5% 5 T4+ - 2 )k & WECF (0.1 -1 10>
25pg/mL)¥? ARPE-19 3 &2 05> 1222 ] pr» L = BLBBS 6 /] PF{s32 % 18 ]
o S med 32 BL 28T 4p % o d pt &7 WECF & ARPE-19 3 A2 £
S BL RS2\ Himre 4 53 m RETE o

Bz % WECF £ = BL BB 5t 6 /| f%%éz ARPE-19 ‘m% F Ji& 18 -] pF » 4+ H iz 4
EREEP - I8 *%{«ﬁ ARPE-19 ‘m¥z = BL B &+ 6 /] Prts > 32 % 18/ prH 4
35 5 55.8% 0 & BL PRit¥+ ARPE- 19 mEd EGTMRE01010100
25 ng/mL WECF ¥ Ji5 18 /| p& » H fm¥e 4 35 5 4w 5 60.1  64.6 > 70.1 > 80.1% °
B2;7 WECF 4 BL B&tH w4 G515 B W4 ¥ B3 ER B R 4% - 7
EMzZWe B%a 3 0 L BLRRAGE w0 £ 4 WECF 2% 133 % 2
\ﬁﬁﬂ$%5%i1@%%§“%%£ﬁ%%ﬁ@o%&’HBLﬁi%%m
% 1 7 4e WECF 038 JE 0 7 3% o

BlZ 5 WECF £ 5 BL BB & 0.5 -] P52 ARPE-19 'm% & Jix 1 | P4t H ROS # =
2 B8 o kg7 BLEBASE 05 v mep ROS A4 2 550 ez 1.72
#oxEr201>1-10°25 ug/mLWECF £32% 1> BIROS A4 5 %509 2z
132120 1.15-1.05 & - %P & > % )k & WECF £ BL ¥ fhag®4pt # > %
% £ 3 #41 BL 3% ARPE-19 *## p ROS # &2 it 4 o

B~ % WECF & 5 BL jg &+ 4 /| pF 2. ARPE-19 'm? & Ji 1 -] P4+ 2 TBARS 2 =
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2. e B 5% ko BLE jpiv* 4] pF > ARPE-19 %2 2. TBARS 2 £ £ 3 9 X

AP AR F B 4e 84.9% 0 Aot BL 5% ARPE-19 " p #g B § i A 47 2 ,_4 o B
0.1>1-10>25 pug/mL WECF 232 % 1 ] pF > plPzph 2. TBARS 2 £ &2 % ¥ EJ}E
P H 4 351+33.0222.6°1.90% > %7 WECF & 3 " M BL#A e p g f 3 i
A2 g &

\-&’ |

Bl 5 WECF 5 BL Be & 0.5 ] pF2. ARPE-19 'w* 5 5 | -] P4+ 2 GSH 2
%o kg BLEBiE* 0.5 pF > ARPE-19 % p 2 GSH“ﬁl;'i’"r" “#E‘ﬁkw)é‘
3692 % > 41*01’1’10 25 ng/mLWECF £ 3 % 1 /] pF > %2 p 2. GSH 7
B8 6 EApd > & B 5 7530 78.8 5 85.790.5% » &7 WECF % BL #%
ARPE-19 #2 0 GSH 7 & ™ "5 4% o

R Msﬁ % 1% WECF 2 BL &t 0.5 -] pF 2. ARPE-19 ‘wm® & i 4 /| prit
SOD z_ #2588 ot % kg1 > w BL RS T » ¥ 5 v 2 (13.4+0.4 U/mg)4p +* & > ARPE-
19 w2 p\ SOD B R MR 1(7.120.4 U/mg) (Bl ~) @ WECF g2 enimbe H
SOD &1 & A & & /& 15 4o 4p BE 1A S - 12 25 pg/mL «7n WECF @ % » # SOD
s 15.0£09U/mg (xP g B3 BLBR S22 28 e akf %“Iiiﬂ (p>0.05)°

B4 > WECF £ 55 BL B4+ 3 -] 2. ARPE-19 % & Jiz 15 » 484t 2 s SR
x’i(MMP); P BL Hipiv* 3 ] pF > ARPE-19 %2 p 22 MMP £ % v ‘e fpiic »
Al 356%’7511'*’01 1210 25pg/mLWECF B A 15 A4 ’”ep\7 MMP
g1z é EApd o A w5 40.1 03990 589 63.9% > ¢ %% & WECF #r+4] BL #%
2 ARPE-19 ## 0 MMP ™ * 484 -

L % WECF # & BL f 5+ 4 | p52. ARPE-19 % £ Jis 2 | P& %t Caspase-3 2 ¥
Fod p# irs BL ¥ 2 %2 b 2 Caspase-3 /%123 4 > #2517 BL #f AREP-19 ‘w?z 5}
nh’\/ =% x¥01-1-10> 25p,g/mLWECF ¥ % 2] pF > #2 2. Caspase-
3 2 BL ¥ JbAJE 0 (100%)4pd » A B % 92.0 » 76.5  67.5 ~ 43.7% « &7+ WECF
3 #r4] BL 3% % Caspase-3 /& {22 »i,@ # = 2. » WECF ¥ #r+#| BL 3 % AREP-19
KR = e

B+ - %2 DAPI % ¢ ;2 831 WECF 22 BL e &4 4 | FF 2. ARPE-19 ‘m?2 & J& 2 /|
B e PR L B SRl L (20 ) RIRWA o 2R
%f'}.“ ¥y a4 _T_.El’ﬁ ;-‘eij%év'ﬂ.fém’?é o FRm o %:?%*“ BL4 | FFenimPe § I m e 1%
P]’J:f{ﬁ'frﬁ‘—%l » BEoT dmfe p B oRm o % kR WECF aJd?iimre H 4 4 ’;{'f
frin®e P DNA BB gl 28 s 8 5 0 Bir WECF £ F Fuk= #15 ¥ #3a
TR LY PE I TR

NF-kB # - g7+ > ¥ A &L LR T HFMREAES w7 2 ?‘[f’cfi o AFF
7 B L WECF # %3 %-mARPE-19 it ¥ NF-kB 1§ 58 o 4o+ = #r7 > BL
PRSI T > 81 % 6 e dp it > BL ftdm e £ ch NF-kB § i‘gén 540280 %0
25 pg/mL <7 WECF ‘e B3 4e 5 1.20 % > %% 2% > WECF #r#| NF-xB g i > %
M4 ¥ eh ARPE-19 'm®e ¥ NF-kB chpP 48 - % A B 0 % uﬁpﬂ
NF-kB 5L @ E ¢ 27 o g W B4 2% H0 0 Lot o g PRI BB
NF-kB B /27 fe P52 5 du3 it feit g it it * (Lingappan, 2018) - 5% & > BL
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3% % ROS 2 = > 838 NF-xB “wifc (v > 5g 18 515 NF-«xB #&% = » &7 ¥ & ARPE-
19 sn¥e 45 3 (Kuse etal., 2014) - & *#7 7 ¢ » WECF #r4| BL 3% & ROS # =& - NF-
KB ##f& it 12 2 NF-kB % #& = ]t » 3 p]| WECF ;gg $r 4] NF-xB 5 & B e
#€m '8 X BL 3 % ARPE-19 Pz £ § i 451§ o

% i - 3P WECF ##74] BL 3% AREP-19 ‘wm® & 4 £ § {* pLH IR % 221
A¥o A TR T MAPK LR ERMAERY 2 2 o d Bl =2 B ET oo BL F;;
% AREP-19 m% p-p38/p38 ~ p-ERK/ERK ¥ p-JNK/INK #p#t+- 5 > k27 BL # %
KCEER Se e LD 2 & A nel’fa—,ﬁ #% p38 ~ ERK £ JNK 2. MAPK B/ F B s o
¥ - 25 0 w25 WECF %318 % {47 & ¥ 4r4] BL 3% AREP-19 'm* MAPK 3-
WORERE T EH o S A b g ..:;-‘ac#&m » BL P& &4 3 5% AREP-19 'm & # sk § 4 B 4
(photo-oxidative stress) (Bl I ) » i&m i i* MAPK B /S (pathway) (Bl =) o 3 A #2
T BT > — £ MAPK ¢ ERK ~ p38 ~ INK % 3F-v AR Efa v » #ig—- 2 4 ‘wre ik
= (B]+ ¥ -+ - ) (Taylor et al., 2013) - d B+ = % % ¥ #&5 > WECF #r+#] BL £ %
AREP-19 ‘m?*¢ MAPK §/% > i€/ F i AREP-19 fwme £ 304k 5 v gl > p %
% 7 R T H R ed] MAPK chgifis it 0 18T MAPK 2 LSS Mgt

WAL B 0§ VRA EH AN v i d o ad Ay e o BL BRS¢
#FE ROS 2 (RlT)> Flt§ » &i&- H#F3t BL FEky it {?4 € FiE
Nrf2 i/ > 2 WECF 28 F ¢ B 5 BL 3 #w¥e ¢ Nrf2 }n 14 i o B
7 » WECF % BL BB &%t ARPE-19 fw?2 2. Nrf2 }n EARE - %P"‘ AR
Nrf2 39 flmiz Fichnre Piihd W o S %87 > & BL FK%F:]L ;=T » WECF
w fmfe B Nrf2 dev A 430 BL fe > @ e ¢ i Nif2 3 %‘\%iﬁ M R
BL wfod 8 > WECF 3 BGENrf2 39 wfepip 22 2 - F 5782
p o Nrf2 ¥ 24y i & ﬁ&ml (ant10x1dantresp0nse elements, ARE)% & » i&@ 3%
BT Y kM2 AR H Y e %M Fs 1t fF (encoding of antioxidant
enzymes)Z_ &1+ % . (Xiongetal., 2022) o p* ¢k » § fmPe X I § iV 4 s pF Ner
VoA A Pl P T it g R enigdr o 2V d Bl e '1—}5 415 BL .
e P 2 R AR A 20 o B d Bl e BT 0 WECF id®is ig BL p@
Stz dnre B ONrf2 Fv fdnre Fichmiz ¢ 245 BEFH DL R > 3P WECF
%% Nrf2 ## 1) w?e 2 ¢ (Xiong et al., 2022) » ”* %% 4P > WECF ¥ # 52 Nrf2
Fov hwmre i A KA BN T g CpE R 2 40 8@ 5 1Y ARPE-19 e
jF by VR 2D o

Bl-- 7 % WECF &% 5 BL BB 5%t ARPE 19w 5 =% % i f#-1(heme oxygenase-
ILHO-)# @ 8 d &% 87 > & BL F!Ek/ﬂg /T » WECF %22 HO-1 2 &4~
L3 BLBRE EE T oo pt ‘J’% Z 4 & BL # #5 ARPE-19 ‘w%% # » WECF
T #% HO-1 ch# 7 o # % 2 > & BL 5 &7 » WECF it 7 »c3 3 5% HO-1 2 %
i 7 %% Nrf2/HO-1 2 485 > e @ %% BL 3% z,é;mARPE 19 fmwz @ m#mgg ,L
i# 75 (Wang et al., 2020; Suarez-Barrio et al., 2020) = F]#* » s2p] WECF ¥ i¥ 3
Nrf2/ARE 13 & B8 75 crjges & 0 KA 448 e g 1Y s ;ﬁ 4] BL ﬁ ARPE-
19 ‘P sk & v phak o

d Pifg% ¥ o> WECE & 5 frdf 6§ 0% m gt B A FHH 77 4 51
S B FIE- R AN AT R §/w\%‘-’r WECF #77 4 $# &= &
22 WECF #r4]k 3 it phif 2z BB o & ﬁ\lﬂ"’ ¥ 12 rutin ~ quercetin ~ kaempferol
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betanin 3 &5k ¥ T 44 0 T Rk o

B+ - 73 ® & % & & 3% betanin, rutin, kaempferol ¥2 quercetin 22 ARPE-19 ‘wm* &
M 24 /) PEH e 4 G2 B B BT " 25 uM quercetin ¥t w2 % 14(70.21

%)F B Rz fé;k»ﬁ_lﬁuMi%%“m“é’*ﬁr+”b<’%“80%’%:r;{JrARPE-
19 % 3 3 LR Ft o A BEEE S0 110 M G RRER -

Bl - w464 BL RS 6 FF2 ARPE-19 % £ i 18 /| Prstim®e 4 %
B2 @85 o %% hm ARPE-19 % o BL o+ 6 [ s » L2 % 18 | B 4 5
F 5 59.1% @ 12 10 uM 2_ iz % ;EF H£ < & betanin ~ rutin ~ kaempferol ¥ quercetin

= i H AL 6705933 107.1 & 86.9% - A w A6 A 4 A ¥ [
#] BL *%# < AREP-19 m?¢ 4 £ I % o

%]4 AL wfEa A g BL Bt 0.5 ) PF2 ARPE-19 'm®e & i 1 /] pr 3 ROS 2
% 2§24 - betanin ~ rutin ~ kaempferol ¥ quercetin 22 ¥ fh /&2 BL Fod mAp e i
7 /}ali betanin ~ rutin ~ kaempferol ¥? quercetin ¥ ¥ j ** BL % ARPE-19 ‘m*?
B Fz 4 g o ¥t sBLE BiT* 4] pF > ARPE-19 ‘m?2 %2 A 2. TBARS 3 £
B e AR BFH A e q%‘rqs 1'-}3}(7» A2 (B4 ) 8w & W& betanin~
rutin ~ kaempferol #2 querceti % ¥ % 1 /] FF > B2 p 2 TBARS z £ 8 F " < - £
o+ betanin - rutin ~ kaempferol £ quercetin & 7 #r4| BL 3 % AREP 19 %2 p 23 B 5
CAf2 A2 -

B+ iwfasaes BL BEt 0.5 ] P52 ARPE-19 W% & i 1 /| PF4t¥ GSH
2 @S Bgs BLEJBIE? 0.5/ p5> ARPE-19 %} 2. GSH § £ %2 6 ip
v 707 % > % £ ¥ betanin ~ rutin ~ kaempferol ¥? quercetin 4 W] £ 2 % | /]
pFore 2. GSH 7 € &2 BL S p i B4~ W& % 123 4 GSH 7 £ » %7t betanin~
rutin ~ kaempferol bk’ quercetind ¥ #r#] BL %% ARPE-19 »# » GSH 3z & * " 4%
o

E%‘l: L - LwfEd sy BLRE 0.5 frz ARPE-19 'w¥e & Ji 4 /| it SOD
2 B3 - BT BL Ezs:ﬁwfos /] B » ARPE-19 fm? p SOD & {42 % 6 2 (15.9+
0.3 U/mg)#ﬁ oo BEF M 1€(9.320.7 U/mg) 0 @ 5w i A I chimie 2 SOD
MR A E A 4o 4p B H2AE S o B 57 betanin ~ rutin ~ kaempferol ¥ quercetind
7 # 2 BL 3% ARPE-19 "2 SOD 3 & + 2 4% o

Bl- - - Zwfas A~ @s BL RS 3 /) pF2 ARPE-19 w2 & & 15 A &8 ¥k il
R 2 B e d B5F 50 = f8k & hbetanin ~ rutin ¥ #r4] BL 3£ % ARPE-
19 72 0 MMP T *5 4% > @ 1 uM 2 kaempferol £ quercetin ™ 3 Fr]iE* - {& 5
£ 10 pM 2 kaempferol ¥ quercetin R # ¢ > & > 2 R ¥ 3“”@1 AR £

Bl- - = 5 betanin ~ rutin ~ kaempferol ¥¥ quercetin ¥+ BL %% ARPE-19 72 p
caspase-3 =12 B8 BEom v A = A 3 ] BLS 3% AREP-19 *2  caspase-3 /&
B sl > ¥ RAEEF Rt B o

B = - = %5+ betanin ~ rutin ~ kaempferol ¥ quercetin ¥f BL 3% % ARPE-19 m?z p
Nrf2 30 2@ dd 2d 30 0 AP A7 Firofe 17 Nrf2 3
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v ¢4 i o 10 uM 7 kaempferol and quercetin ¥t m? % # Nrf2 F-v 14 i & BL
fe B OBEF M 4o (p<0.05) > 827X 10 uM = betanin £ rutin 3 4c w¥e % ¢ Nrf2 eh4
& a2 BL w24 ¥ L B (p>0.05)

Bl= -+ 7 % Dbetanin ~ rutin ~ kaempferol ¥ %5 quercetin ¥+ BL 3% % ARPE-19 ‘m ¥z 2_
i iz % § it -1 (HO-1)# i enfi 58 - BL BB 542 10 uM betanin & £2 BL ﬁ@éq“‘ ;]rg
Ve B F MM A (p<0.05) 0 @ 10 p,M £0 rutin ~ kaempferol 22 quercetin F 3 4v §F
A%t * HO-L endiit + L BL 3100 gt it }HFLE(p>0.05)

d Ltk AP WECF & § 3k BL 3 # ARPE-19 lm®e chi®® » 7 304 jF 5]
.’E’_EJP g VA 2 A PR (e e AT A ) RITITR o gt b e d &
A g %s;'—r » WECF 7 3 # s & 2w 222 A g% 2 enit & 4 (Chu et al.,
2022) o wn A F2 7 Eaor o d 33 B34S P enfE it Z (phytochamicals)z B ek e 1F
* (synergistic effects){%ﬂ WEEA B2 AT (Blasaetal.,2011) o F]pt > f&
Bl e WECE # 2 4 it 2 B it g 4r 2 e 8% > § 7 0 R
WECF £ § #a% § it it # 2 #|(Chyau et al., 2015) *

FE Vi A ABL BB ek L% AR RFE et 0 T RYE
{E’ﬁ Prd] BL F#kF it R4 i Edrd] NF-xB fo MAPK 518 % ~ jpois
Nf2/HO-1 i /2 » i@ %3 ARPE-19 m# 4% BL A B LT 355 - 2% > 7
f3t iz % 2 betanin ~ rutin ~ kaempferol &2 quercetin F1 & 3 2 $ i 1> Fla R
EHF AR e - TARR 2 R o

A

FZERREES

d¥- #2257 WECF e fdiida sl jdky tiegr o 9ot 3§
betanin % PR L= F ¢ X4 > A rutin - ffe ﬁf?%@ RS B A
quercetin 22 4E5E o £ & > FliE A L 7 5 B{F > F A in vivo 3£5% Y betanin ¥
quercetin & H & B > ¥ 8 WECF % b (¥ 2 388tk & o A0 > 5 - & 3RB5%R 1Y
)R GRS TN 3?/? |4 (WECF -~ quercetin ~ betanin) > 3 # % ¥ LED %
Wl BRI T 2 B e F &R A ARV EF 0 Y- A LED %
TEAE ] BUARE @ (8 ’? A FRIP N D RS E L f”’g A R fe 0
LED sk iRk - Ble & fAficss | &y Iﬁ’:“’%ﬁ/?‘]?‘ufﬁ%ﬁak"&—fﬂ‘?% (RS PR
A VE TR FRF T A L H a2 B B ALY AT4R R (visual acuity,
VA) ~ 4L ¥ 5T & (visual contrast sensitivity, VCS) » £ 1 4R 5 %7 7o B & (ERG)
BB AR e 2 kR o

)

W - > LED 2BmALFHF > L A4S Fipld sl

1. o %‘7 Ll s S 5}):1’]‘3:‘—/”\ 7

- 5 LED £3#% /] & » £ 4= WECF -~ quercetin 2 betanin » ¥ %] R
5']§i AR s R o AST 2 ALT > 3% mre W ensd fad F 2 0 78 L
P Emie g 3 o @ AST ~ ALT i » s i ig & fE % S idpdic § 0 JFt 175
”‘”fﬁ"? ’\ 'A#Eﬁz_}im T-lfv ok - Bt ERERESFIHENCZE 2O B(C)fp
+ &A% £ B (p>0.05) > & 7 LED %] mﬂm R T R R
};35‘. = WECF 3 quercetln 2 betanin 2. & fe2 o] BUFE AFIRG [ HE LG
Mg o ¥ ¢ > K& ¥ (blood urea nitrogen, BUN) ook P &% Atz
- RARER LAFTREZTIRRR T 2O RS TR TR 6 A
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Fioo o yUfs fiF(creatinine, Cre) &_A #§vvp ¥ 3Cpeens f2 A 3 > B3 (N B b -

Food THMER T RRY o B R e g AR Es s FREAOVE P R
B EGHA S AAFRLHOTH gtk ¥ ¥ R TP A RERSERL AR 2

TR Tk FEired -7 AEKESfire(NO)E T 2(C)fp ¥ &
BE AR Ko LED 9'63%"%1 RT% 7 ¢35 akki 2R ERLF IR
4= 2 quercetin £ betanin 2. & &2 | KFTH T AF R FFR% -

2. 5 “ &4y f“#ﬁ%@—r;?l*

2 - :z;\ M LED £ % ) & > £ 4+ WECF 2 # /52 A quercetin 22 betanin ¥
)RRk E ,Lfrgm; L ards o d %87 0 LED £3%% ] & & 22 TBARS £
GSH SEYREEFLR @ f 2 e(NC)Z SOD &M & ¥ 141 ‘&?‘ P8 2 (C) BT
LED g”};’ﬁg"é% ] & SOD /&4 > & QH~NC~BH~WL-WM-WH % &2 SOD
EMEFB L IeNC) 29 s 2 BH¥® WH f:u SOD /&1 4e A2 & B 4 B
FoRARBIE - 2B i e (NC)ez TBARS z 2 &k ¥ £ B (p>0.05) f&d 3t
HFig - fF SOD /&3 e » i@ & 17 BH &2 WH 22 TBARS 4 &~ "§§x 5%
P4 o

3. IR
%‘ﬁ‘#ﬂﬁ'rw ’i%ﬁ’*fl“\"'ri E'ﬁ—k WiE- o2 ER T EREWRAK S T ﬁ'j’\)x%"}.ig‘é
g3 KH R a 115 um E R S d 18 BT MR I R s A
7,4 KL Pl 47 A #% & (inner nuclear layer, INL)~ #F +% & (outer nuclear layer, ONL)-
AL VR R B &5 e el Er(lnner and outer segments, IS&OS) ¥ 5 7L 1 55 % 4o
Bl=- L+ 51 LED A% B f &5 WECF -~ quercetin £2 betanin fmﬁa.ﬂpe LN
P R(NL)E & 2 B2 58 d S5 87 0 & 28 LED £ % ) BUAR RSN 2 & (INL) 5
BRrakEx Ly (p>0.05)

Bl- - - %2 LED L% ] & £ 43 WECF ~ quercetin ¥2 betanin ¥R 4 5 ¢t
P h(ONL) BB engf o d 2587 > § 72 (NC)A ¥ <3t 2 (C) (p<0.05 >
BEp ol A LED F 8 FAT 0 BAREW A (ONL)E A F 7 " % 0 i & 3
Zele 2 ¢h K (ONL)E & 2 f #2w(NC)2. FF £ & ¥ 4 B (p>0.05) -

Bl- -~ 21 LED 3% ] & & 4% WECF - quercetin £? betanin %t-] &AL %
SEIS&OS B B 8 e d % B 0 & o #F LED %255 | B S 8 % E [S&OS
ERZATHEL QE(P>0 05)

&Pt W LED R RAZ S ) &0 &S FRS V4 0 QHLED ~ BH &
% kB2 WECF & SOD it & it f 2 (NC)F BEF LB Hap k2 7y
T it~ femef i di e iir2. INL - ONL~ IS&OS % 32 it ¥ g P AF A B - d
PR BRAFTIL LED S RS P FR T EEe L ) B R
AR e B o

Bt o o ] R E AR (S 0 £ 0 LED kiR E 5%k RN

L g 2 3 FE F b%}F]Jf‘lAV\”H'

% = % % ¥ & WECF -~ quercetin £ betanin {$ » £ % LED % | & > = $#H o
Jffi CRep B Mo BT ke ffr E(NC)2 F 0 .,(C)x AST ¢2 ALT #
FApr 'k RAEF LB (p>0.05) B LED %41 B3 g3 3 f EAH G o 2

15



43 % kR WECF % quercetin ¥ betanin 2. & %2 /| B3 R g G f 4
BRI G ATt LRk eZ f Fre(NC)E 3 v 2 (C)2 BUN 22 CRE f@4ptt -
P ERMFLE(>005) 37 LED L4 | RT3 324704 > a4k A FiER
WECF % quercetin £ betanin 2. & 22 | RFTH T AFRFFFRE od 11 P 3
fads st > 2T LED R BFE T2 €53 Z @8-

2. F - mpF iR

Fow L LFMERP S L LED L35 ) REE R fored Rk A
$5 o d % KT f 3 e(NC)2. TBARS 2p a8 4@ e(C)> » QH- WM -
WH %8 3% 11438 § 32 2 (NC)(p<0.05); ¥ # » f =2 (NC)2 GSH 5 £ P &g K3t %
5 2(C) (p<0.05)' & QH-~WL-WH % 22 GSH 7 £ P 3 % ** § £ 2(NC)(p<0.05)-
4 SOD =W F a2 f f-e(NC)2 SOD /& B A F 1K % v 2(C) (p<0.05)
% 7% LED § 3% ' 1] 8 SOD %4+ » & WL~ WM~ WH % ‘ez SOD & 15 %
B3 f H2 2 (NC) (p<0.05)> H ¢ » WH 22 SOD /&M 4cfe kb % B % » o
WH 22 TBARS $ £ 7% 5 % >a GSHZ BV 2 AL %EF Mo

3. R HEK

RAT 3 A AT ARG 7 K (INL) ~ b % & (ONL) 22 4R g 5ER % B N & 2 7h &
(IS&OS) % s L 1 5 & 4o

Bl= 44T LR £ 02 LED iR % #% i 2 & 23 LED %34
3ol SRS R $2 & (INL) B A & A F 3% £ 3 (p>0.05) -

Bl= L5 A R EH | R ARERH A (ONL)E AR B BT f i le
(NC)&f ¥ 144+ P8 22(C) (p<0.05)> @ WH 2.2 b2 & (ONL)AE ¥ + »* £ #7%2 (NC)
(p<0.05) » H 42 gzh s f 2o (NC)2 F ¥ 2 5 ¥ £ B (p>0.05)

Bl= L - 5 AN LBk BUALREWR L BN &2 §(IS&OS) 5 A e, 58 o
BHR O o | I E(NC)H F "% M IS&OS & & (p<0.05) > @ QL ~ QH ~ BL
2 WH 2 § #22(NC)4p +* 2P § 3 4c IS&OS 5 & % (p<0.05)c 4 ** [S&OS &2
retinal pigment epithelium (RPE) 5 & AL 3% 5 23 BAR e ar g M & & ik
(Mulleretetal.,2021)» @ & Bl= +- # & QL~QH -~ BL & WH ¥ % - %] LED £
g Em i IS&OS BB 48% o d %57 > QL~ QH ~ BL 22 WH %t &4
PeORE ke B - ARR AR o

FEOTA AR FRIY o £ 2620 LED REHE:Y 0 WECF e dng - & maL it
F ORI E B BNC) 0 Flet A HE 7 AR T Srd & (visual acuity, VA) ~ AR AL $0 A0R
& (visual contrast sensitivity, VCS)£2 4R % %=, /it B] ik (electroretinogram, ERG) & 3=
oo d P& ERE I i WECF “7% k&R »c% 7 i o ¥ ¢ > quercetin &
betanin %} 3% fAk & 2 st % % 40 WECF » F]* 12 300 mg/kgbw 22 WECF 3 i8]
#ER 0 T VA VCS & ERF % 3% -

4. A T4 (visual acuity, VA)

2o kAR ATd R

d Rz eh2d kpadr? o T iR HRPI0% ] KRR & @ gt
o 7 v ¥ (C)22 VA5 0.42+0.03 cpd > f #2(NC)2- VA5 0.1240.04 cpd > & =
¥ % B F LB (p<0.01)> @ WECF22 VA 0.26+0.08 cpd#? § 432 (NC)p +t
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B0 Pl 2 B F B E L B (p<0.05) - d S %A 0 L 74 300 mgkg bw
2. WECFZ #FLED %45 % LI 10% 5 > SRl L AT A it
frie > B AkS WECFe ] BLE 4 48 28 27 (R AR 46 40 19 1 2 2% % o

5. AR $fvt ATR & (visual contrast sensitivity, VCS)

2 6 ARLF ¥l AT & (white visual contrast sensitivity, WVCS)

dBzZ L2 3 BRI ELRZ 20 REH R RZE L TR -BF 2 X
hit £ 72 'rﬁ;’éﬁ* RROEF)  epd 3 H iz @ Yghtt & A TRT 47

WATRNEC ) SRR AP B LR o uE A AT 0 100% R A RBLELP 0%
ILAZ\% .ﬂiéﬂod J—-‘%%F[—r"mﬁy’;l\lkz\mq_gﬁ__/mﬁﬁx_‘mv %ﬁ-“%,a%]’/;l‘lm
& z\mLED far ;m?a‘ﬂ%?ﬂﬁw @ §FEd 54T WECF 2 23 F § F

JREEEE EN fl’f’é £ e (NC)F B ¥ £ B (p<0.05) d p &F77 » 43 WECF
ks A o R A ERABS B LED f e b ARz L= o B4
Ap4 W Rl E 2T AR R ﬁ@%wwﬁw#ﬁzp wiVCSF VAR T 3¢ 5 %

45.8449.11% ~ LED g;g-;g;; 560+187% RSk 1718+584%°%ﬁf&z%

WECF 28 ¥ 3t VIEWP LR E PP e G GRS R R
@ 4% LED %45 v'me»_rm\ Lk o

j‘lg SR AR S g'}i(cpd)“’ L AR R A B 7}%% e & B cpd

S E’li SRS FIRE 2 o] BT R R cpd ko BR DETARE AR R

@fﬁ o “*% BT Lk R RY > 79 2 VCSF ¥ 2t f 3k o 3 WECF &

Mm% 0 7 0.082 cpd & 0.164 cpd = ﬁ TR G PIET o &~ WECF _Eigﬁd—?ﬁﬁ

it % WA F BT f 422 (p<0.05) o & 0328 cpd H A& KA RIZH T 0 & WECF !

?ﬁwﬁﬁﬁﬁ% ’mérvﬂﬁfmmﬁﬁuam d Ak % %@T,x
A R EBS ] B L2 LED £ EHARRT G RN T 0 i ook
4 fe AR (functional vision)#F £ % a7 & (VCSF) & % 19 -

6. AR 7 it B ik (Electroretinogram, ERG): = iz

ERG #_ M| AR 18 P A 4 Tk ehicsk o %‘%‘ TEARREWRTRY a g
22 b 4 ik vy (amplitude) &2 3 *"ﬂ% R (implicit time)2_ B 7% > fZpL ¥ % R3TG AL
Heinrt (35 0 2007) o 2t b o B A SRR IR 0 BT B @ AR 4R S 72 (cone cell) £
AR5 Jn¥e (rod cell) #F » R £ m ¥z (photoreceptor cell) £ ¥ — f& & § B & K AR ik
e A aﬂm”?’uﬁy@ ZRBIUE FA G FE G b’T':IZ:—“ LI B
* % (Forbose, 2023) » £ ¥ » F]* #AL4 %G 4 faR % 'w* (M-Cone, L-Cone, S-
cone, Rod) » -] BUAR e MC5 3 fAR -k e (M/L-Cone, UV-cone, Rod) » % & .+ it
2 # FHA) 0 F]pt 08 i 15 2 Green light flash ERG 2. % i+ » §]* M/L-Cone fr
Rod ‘m® e & 5 3205 %3 o

Bl=Lw 4] L& 300mg/kgbw 2. WECF » £ 2 LED %3 % H AR 395045
WS T o AR AR R o d 29 ak TIRIGE [ PALE
Bt LED Pedf g = ] B4R %"s—#ﬁl’; B mfﬁm WECF .2 a i T o3k tf
EJN“%—*F,Z B 2 3 m(NC)E § A2 % 4 B (p<0.05) > ¥ ¢h b T
YR tg TG PE#UFL%L o d 3% ERG #_% & ] /;WL Mr.s B A PR ekl o
Fet ’%MH TRATRH P DEAREERE S F £ 2 g s h F Ao 3
JREF * 1B e gt BERG fha A & F PR R X BT =0 o A a gl
Rp RRXEA AP A Z Fwe ko T ak Lo BTl e RIS
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AT ME Mg B jEgem b E ¥ a2 A A - B
vk o ARRAT N PR OB R e & Muller e > JRMF_a A ehdk '“V'%Li””g—
B ehal-F jEAL o d Bl Lw ri@ R %&E‘T o) BUA AR 2 ORE B R G
W3 BURL N LED RS A 4 4F i &2 P*EML

‘i’“ h—l = eﬂ&k

>

Bh i ,\M‘J;,?fﬁifr,ﬂ;fn t¢ » £ 11 LED %iﬁéﬁ’ﬁéﬁﬁﬁﬁ—i\im%&?'r g2
FrdE v e iy leﬁ’}%,E T .}?—‘,,4 K ﬁﬂaf%lL F > quercetin > betanin ¥ 3 BERZ &
FRE L LR B RNC) e £ ¥ d R SRR - zﬁr%ffr“ R R 2
AR R R R AT **f’l\—rﬁ"#"ﬂ”ﬁ T AR BCIE o d AN
BT RS ZH KPP L S LED R RHF AN G 2 pR E .

b invitro &S E BT L F REPFEd ER A0 R REXR2Z LEDFF X
PP Y d invivo Bk RS KT 2 H KE P48 H E M 8 4 2 quercetin
27 betanin ¥ /};‘“ % LED PR 543514 AR 4 5503f 1 o

FE YD EZ2 invitro ¥ invivo REkiE % 0 BR L H KEBRPEH S L L
LED ka3 R ehip T 25 mEs o

W £
140 q
~ 120 X * *
O L T
"E -
O 100 - il
@)
(-
Co’ 80 1
>
N
2 60 -
=
©
'S 40 A
o)
O 201
0 T T T T T
Control 0.1 1 10 25

Concentration (ug/mL)
Bl- ~ % -kE B2 ARPE-19 fw¥¢ £ Ji 24hr 2. fm¥2 4 5 1
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Figure 1. Effect of water extract of djulis (WECF) on AREP-19 cell viability. The cells
were treated with WECF for 24 h. Data are presented by means = SD (n=3). *(p < 0.05)
compared with the control group.

140 -~
—@— 12 hr
—O— 18 hr
—~~ —v— 24 hr
o) 120 -
 —
—
c
(@]
QO 100 A
[ -
(@)
o
S g0
>
=
'% 60 -
S
o)
&) 40
20 T T T T T
Control 2 4 6 8

BL time (hr)
Bl- - EEXBLHARPE- 19 w2 BRI FRFRF B X3 FRFR2Z w4 34
Figure 2. Effect of BL exposure of different times on AREP-19 cell viability incubated
for various times. Data are presented by means + SD (n=3).
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140 71 0.1 pg/imL

1 1ug/mL
~ 120 - B 10 pg/mL
O BN 25 pg/mL
=
8 100 4 ] BL 6 hr
Y
2 80
>
) — #
2 60 A
=
®
'S 40 -
©
O 20-

0
Control BL 0.5 1 2

Sample time (hr)
Z N FHREPP Y ARPE-19 S22 R R L S BL RS 6 /) FFa (812 %
18 /] P2 tm¥e 73 i 5
Figure 3. Effect of water extract of djulis (WECF) on AREP-19 cell viability induced
by exposure to BL for 6 hr. The cells were pretreated with WECF for different times

and then incubated for 18 hr after the cells were exposed to BL irradiation for 6 hr. Data
are presented by means + SD (n=3). *(p < 0.05), compared to the control.
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120

BL 6 hr

~
o) 100 -
| -
)
c
(@] *
QO 80 A
Y *
(@] *
(=} * —_
S 60 # =
2
S 40
S
J)
@) 20 4

0 T T T T T

Control BL 0.1 1 10 25

Concentration (ug/mL)
Ble ~ =% -KE5EPF 2 BL R 6| PF2. ARPE-19 w2 & & 18 /| PP H ‘mre 4
GRS -4
Figure 4. Effect of water extract of djulis (WECF) on AREP-19 cell viability induced
by exposure to BL for 6 hr and then the cells were treated with samples for 18 hr. Data
are presented by means + SD (n=3). *(p < 0.05), compared to the control, and *(p <
0.05), compared to the BL group.
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Intracellular ROS production (%)
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4 Az BER
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1 10 25
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BT ~ =% kEsd 2 BL B+ 0.5 ] P2 ARPE-19 % & Ji 1 -] pEtE ROS

Figure 5. Effects of water extract of djulis (WECF) on reactive oxygen species (ROS)
in BL-induced AREP-19 cells for 0.5 hr and then the cells were treated with different
concentrations of WECF for 1 hr. Data are presented by means + SD (n=3). *(p < 0.05),
compared to the control, and *(p < 0.05), compared to the BL group.

22



120 - BL 4 hr

#
100
<
>
S
S 801
]
O
-
8 60 A
2 .
(0p)
oC 40 - x
<
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|_
20 *
O T T T T T
Control BL 0.1 1 10 25

Concentration (ug/mL)
B> ~2F k3P4 22 BLRH 4] PF2. ARPE-19 W% F J& 1 /| pF¥H TBARS
EE 7
Figure 6. Effects of water extract of djulis (WECF) on thiobarbituric acid reactive
substances (TBARS) in BL-induced AREP-19 cells for 4 hr and then the cells were

treated with different concentrations of WECF for 1 hr. Data are presented by means +
SD (n=3). *(p < 0.05), compared to the control, and *(p < 0.05), compared to the BL

group.
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120 q BL 0.5 hr

100 - 1T
*
~~ * T
3 T
g 80 d
S 4 i
@)
D 60 -
o
S
N
L 40
(7))
O
20
O T T T T T
Control BL 0.1 1 10 25

Concentration (ug/mL)
Bl- ~ % k¥Epds BL RS 0.5 FF2 ARPE-19 'Wm? & i 1 -] pF%tH GSH
2 HF
Figure 7. Effects of water extract of djulis (WECF) on glutathione (GSH) in BL-induced
AREP-19 cells for 0.5 hr and then the cells were treated with different concentrations
of WECF for 1 hr. Data are presented by means + SD (n=3). *(p < 0.05), compared to
the control, and *(p < 0.05), compared to the BL group.
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18 ~ BL 0.5 hr

16 -

— *

14 -

H %

12 -

— *

10 A

— *

SOD activity (U/mg protein)

O T T T T T
Control BL 0.1 1 10 25

Concentration (ug/mL)
Bl N~ 2F kE B4 2 BL RS 0.5 ] pF2. ARPE-19 ‘w2 & & 4 /] P4t SOD
2 F
Figure 8. Effects of water extract of djulis (WECF) on superoxide dismutase (SOD) in
BL-induced AREP-19 cells for 0.5 hr and then the cells were treated with different
concentrations of WECF for 4 hr. Data are presented by means = SD (n=3). *(p < 0.05),
compared to the control, and *(» < 0.05), compared to the BL group.
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Figure 10. Effects of water extract of djulis (WECF) on Caspase-3 in BL-induced
AREP-19 cells for 4 hr and then the cells were treated with different concentrations of
WECF for 2 hr. Data are presented by means + SD (n=3). #(p < 0.05), compared to the
control, and *(p < 0.05), compared to the BL group.
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Figure 11. Effects of water extract of djulis (WECF) on DAPI staining in blue light
(BL)-induced ARPE-19 cells. The cells were exposed to blue light for 4 hr and then
treated with WECF for 2 hr, respectively. The arrows demonstrated shrinkage and
rounding of apoptotic cells. Data are presented by means + SD (n=3).
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Figure 12. Effects of water extracts of djulis (WECF) on NF-kB signaling pathway in
blue light (BL)-induced ARPE-19 cells. The cells were exposed to blue light for 6 hr
and then treated with WECF for 15 hr. *(p < 0.05) compared to the control group, and
*(p < 0.05) compared to blue light (BL)-induced cells alone. Data are presented by
means = SD (n=3).
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Figure 13. Western blot analysis of MAPKs in the AREP-19 cells exposure to BL for
0.5 h, and then coincubated with WECF for 2 hr. (A)-(D) Protein expression of key
proteins in p38, JNK, and ERK pathways measured with western blotting.

Cells were irradiated by BL for 0.5 hr, and then treated with WECF (0.1-25 pg/mL) for
2 hr. Data are presented by means = SD (n=3). #(p < 0.05), compared to the control, and
*(p <0.05), compared to the BL group. p-p38, phospho-p38; p-JNK, phospho-JNK; p-
ERK, phosphor-ERK.
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Figure 14. Effects of water extracts of djulis (WECF) on Nrf2 protein expression in
blue light (BL)-induced ARPE-19 cells. The cells were exposed to blue light for 2 hr
and then treated with WECF for 14 hr. Data are presented by means = SD (n=3). *(p <
0.05), compared to the control, and *(p < 0.05), compared to the BL group.
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Figure 15. Effects of water extracts of djulis (WECF) on heme oxygenase-1 (HO-1)
protein expression in blue light (BL)-induced ARPE-19 cells. Effects of WECF on
blue light (BL)-induced HO-1 activity in ARPE-19 cells. The cells were exposed to
blue light for 3 hr and then treated with WECF for 16 hr. *(p < 0.05) compared to the
control group, and *(p < 0.05) compared to blue light (BL)-induced cells alone. Data
are presented by means + SD (n=3).
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Figure 16. Effect of betanin, rutin, kaempferol and quercetin on AREP-19 cell viability.
The cells were treated with samples for 24 hr. Data are presented by means + SD (n=3).
*(p < 0.05) compared with the control group.
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Figure 17. Effect of betanin, rutin, kaempferol and quercetin on AREP-19 cell viability
induced by exposure to BL for 6 hr and then the cells were treated with samples for 18
hr. Data are presented by means = SD (n=3). *(p < 0.05), compared to the control, and
*(p <0.05), compared to the BL group.
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Figure 18. Effects of betanin, rutin, kaempferol and quercetin on reactive oxygen
species (ROS) in BL-induced AREP-19 cells for 0.5 hr and then the cells were treated
with different concentrations of samples for 1 hr. Data are presented by means + SD
(n=3). #(p < 0.05), compared to the control, and *(p < 0.05), compared to the BL group.
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Figure 19. Effects of betanin, rutin, kaempferol and quercetin on thiobarbituric acid
reactive substances (TBARS) in BL-induced AREP-19 cells for 4 hr and then the cells
were treated with different concentrations of samples for 1 hr. Data are presented by
means = SD (n=3). *(p < 0.05), compared to the control, and *(p < 0.05), compared to
the BL group.
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Figure 20. Effects of betanin, rutin, kaempferol and quercetin on glutathione (GSH) in
BL-induced AREP-19 cells for 0.5 hr and then the cells were treated with different
concentrations of samples for 1 hr. Data are presented by means + SD (n=3). #(p < 0.05),
compared to the control, and *(p < 0.05), compared to the BL group.
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Figure 21. Effects of betanin, rutin, quercetin, and kaempferol on blue light (BL)-
induced SOD activity in ARPE-19 cells. The cells were exposed to blue light for 0.5 hr
and then treated with bioactive compounds for 4 hr. Data are presented by means + SD
(n=3). #(p < 0.05), compared to the control, and *(p < 0.05), compared to the BL group.
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Figure 22. Effects of betanin, rutin, kaempferol and quercetin on mitochrondrial
membrane potential (MMP) in BL-induced AREP-19 cells for 3 hr and then the cells
were treated with different concentrations of samples for 15 min. Data are presented by
means + SD (n=3). *(p < 0.05), compared to the control, and *(p < 0.05), compared to
the BL group.
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Figure 23. Effects of betanin, rutin, kaempferol and quercetin on Caspase-3 in BL-
induced AREP-19 cells for 4 hr and then the cells were treated with different
concentrations of samples for 2 hr. Data are presented by means + SD (n=3). #(p < 0.05),
compared to the control, and *(p < 0.05), compared to the LED group.
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Figure 24. Effects of betanin, rutin, kaempferol and quercetin on Nrf2 protein
expression in blue light (BL)-induced ARPE-19 cells. The cells were exposed to blue
light for 2 hr and then treated with WECF for 14 hr. Data are presented by means + SD
(n=3). #(p < 0.05), compared to the control, and *(p < 0.05), compared to the BL group.
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Figure 25. Effects of betanin, rutin, kaempferol and quercetin on heme oxygenase-1
(HO-1) protein expression in blue light (BL)-induced ARPE-19 cells. The cells were
exposed to blue light for 3 hr and then treated with WECF for 16 hr. Data are presented
by means + SD (n=3). #(p < 0.05), compared to the control, and *(p < 0.05), compared
to the BL group.
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Table 1. Effects of water extract of djulis (WECF), quercetin and betanin on
biochemical examination of the plasma in mice following exposure to LED light

Groups AST ALT BUN CRE
(U/L) (U/L) (mg/dL) (mg/dL)

C 391.17+84.05 207.14+53.83 17.64+1.50 0.18+0.01
NC  340.33+69.15 215.29+93.14 18.25+0.91 0.19+0.02
QL  342.83+61.36 164.00+49.76 17.51£1.32 0.20+0.02
QH  743.00+206.31 284.71+95.43 16.09£0.86 0.21+0.01
BL  428.83+66.46 225.86+77.90 17.58+2.35 0.18+0.02
BH  872.174355.44  324.71+101.87 16.36+0.69 0.20+0.02
WL 335.67+47.90 130.29+36.18 16.90£1.10 0.2240.03
WM 452.67+122.49 208.29+65.02 16.58+0.93 0.2120.01
WH  176.17+41.85 174.86+109.33 17.70+0.94 0.19+0.01

NC: negative control; QL: low dosage of quercetin; QH: high dosage of quercetin;
BL: low dosage of betanin; BH: high dosage of betanin; WL: low dosage of water
extracts of djulis; WM: medium dosage of water extracts of djulis; WH: high dosage
of water extracts of djulis; AST: aspartate transaminase; ALT: alanine
aminotransferase; BUN: blood urea nitrogen; CRE: creatinine. *(p < 0.05) compared
to the control group by t-test. The different superscript letters are significantly
different at p < 0.05. Data are presented by means + SD (n=8).
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Table 2. Effects of water extract of djulis (WECF), quercetin and betanin on lipid

oxidation and antioxidant biomarkers in the eyeballs of mice following exposure to
LED light

Groups TBARS GSH SOD
(nmol/g) (mmol/g) (U/g)

C 1289.14+76.01 3.76x0.17 3079.21+134.08
NC 1171.09+127.85 3.39+0.16 2654.88+198.10"™
QL 1095.96+124.31 3.67+0.18 3018.22+121.72%
QH 1050.50+92.780 3.29+0.13 3405.83+122.83"
BL 1032.83+161.94 3.43+0.06 3396.06+243.06"
BH 942.55+52.55 3.44+0.24 3775.03+145.20%¢
WL 1169.46+137.43 3.20+0.11 3490.28+176.55%
WM 1157.58+45.90 3.24+0.12 3788.99+345.70%
WH 976.64+84.06 3.20+0.08 4315.22+218.914

NC: negative control; QL: low dosage of quercetin; QH: high dosage of quercetin;
BL: low dosage of betanin; BH: high dosage of betanin; WL: low dosage of water
extracts of djulis; WM: medium dosage of water extracts of djulis; WH: high dosage
of water extracts of djulis; TBARS: thiobarbituric acid substances; GSH: glutathione;
SOD: superoxide dismutasealanine. *(p < 0.05) compared to the control group by t-
test. The different superscript letters are significantly different at p < 0.05. Data are
presented by means + SD (n=8).
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Figure 26. Effect of the oral administration of water extract of djulis (WECF), quercetin
and betanin on retinal inner nuclear layer (INL) following exposure to LED in mice.

C: Control; NC: Negative control; QL: quercetin at 1 mg/kg bw; QH: quercetin at 10 mg/kg
bw; BL: betanin at 1 mg/kg bw; BH: betanin at 10 mg/kg bw; WL: WECF at 10 mg/kg bw;
WM: WECEF at 50 mg/kg bw; WH: WECF at 100 mg/kg bw. *(p < 0.05) compared to the
control group by t-test. Data are presented by means + SD (n=8).
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Figure 27. Effect of the oral administration of water extract of djulis (WECF), quercetin
and betanin on retinal outer nuclear layer (ONL) following exposure to LED in mice.

C: Control; NC: Negative control; QL: quercetin at 1 mg/kg bw; QH: quercetin at 10
mg/kg bw; BL: betanin at 1 mg/kg bw; BH: betanin at 10 mg/kg bw; WL: WECF at

10 mg/kg bw; WM: WECF at 50 mg/kg bw; WH: WECF at 100 mg/kg bw. *(p <

0.05) compared to the control group by t-test. Data are presented by means + SD

(n=8).
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Figure 28. Effect of the oral administration of water extract of djulis (WECF), quercetin
and betanin on inner and outer segments (IS&OS) in mice following exposure to LED.

C: Control; NC: Negative control; QL: quercetin at 1 mg/kg bw; QH: quercetin at 10 mg/kg
bw; BL: betanin at 1 mg/kg bw; BH: betanin at 10 mg/kg bw; WL: WECF at 10 mg/kg bw;
WM: WECEF at 50 mg/kg bw; WH: WECF at 100 mg/kg bw. *(p < 0.05) compared to the
control group by t-test. Data are presented by means = SD (n=8).
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Table 3. Effects of the oral administration of water extract of djulis (WECF),
quercetin and betanin on plasma biochemical markers in mice before exposure to

LED light

Groups AST ALT BUN CRE
(U/L) (U/L) (mg/dL) (mg/dL)
C 354.13+46.81 92.63+19.57 20.65+1.37 0.23+0.43
NC 418.38+100.64 71.63+19.58 23.19+0.49 0.23+0.03
QL 381.25+140.92 76.13+24.82 21.96+0.99 0.28+0.02
QH 246.86+65.47 53.71+13.9 24.20+1.22 0.31£0.02
BL 393.88+128.5 69.75+17.36 22.2642.11 0.3120.01
BH 512.38+152.51 108.50+29.26 22.65+1.22 0.30£0.02
WL 621.25+203.99 96.50+27.09 21.09+1.25 0.32+0.01
WM 352.88+62.85 89.25+33.25 23.30+1.38 0.27+0.03
WH  421.50£134.00  177.00+£76.90 20.65+1.37 0.30+0.01

NC: negative control; QL: low dosage of quercetin; QH: high dosage of quercetin;
BL: low dosage of betanin; BH: high dosage of betanin; WL: low dosage of water
extracts of djulis ; WM: medium dosage of water extracts of djulis ; WH: high dosage
of water extracts of djulis; AST: aspartate transaminase; ALT: alanine
aminotransferase; BUN: blood urea nitrogen ; CRE: creatinine. *(p < 0.05) compared
to the control group by t-test. The different superscript letters are significantly
different at p < 0.05. Data are presented by means + SD (n=8).
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Table 4. Effects of water extract of djulis (WECF), quercetin and betanin on lipid

oxidation and antioxidant biomarkers in the eyeballs of mice following exposure to
LED light

Groups TBARS GSH SOD
(nmol/g) (mmol/g) (U/g)

C 207.46%39.01 2.64+0.07 2695.96+143.64
NC 577.26+130.35™ 1.95+0.13™ 2078.43+163.23"
QL 321.43+65.92% 2.20+0.13% 2207.19+83.272
QH 295.33+61.59? 2.88+0.52° 2381.49+86.95%
BL 450.56+£67.49% 2.38+0.72% 2334.64+117.38%
BH 366.54+51.57% 2.43+0.17% 2372.05+105.42%¢
WL 374.94+54.67% 1.93+0.092 2816.69+98.83<
WM 243.16+46.99° 2.60+0.07® 2714.11+179.76>
WH 240.60+33.312 2.72+0.36° 2987.79+80.58¢

NC: negative control; QL: low dosage of quercetin; QH: high dosage of quercetin;
BL: low dosage of betanin; BH: high dosage of betanin; WL: low dosage of water
extracts of djulis ; WM: medium dosage of water extracts of djulis ; WH: high
dosage of water extracts of djulis; TBARS: thiobarbituric acid substances; GSH:
glutathione; SOD: superoxide dismutasealanine. *(p < 0.05) compared to the
control group by t-test. The different superscript letters are significantly different at
p <0.05. Data are presented by means + SD (n=8).
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Figure 29. Effect of the oral administration of water extract of djulis (WECF), quercetin
and betanin on retinal inner nuclear layer (INL) prior to exposure to LED in mice.

C: Control; NC: Negative control; QL: quercetin at 1 mg/kg bw; QH: quercetin at 10 mg/kg
bw; BL: betanin at 1 mg/kg bw; BH: betanin at 10 mg/kg bw; WL: WECF at 10 mg/kg bw;
WM: WECF at 50 mg/kg bw; WH: WECF at 100 mg/kg bw. *(p < 0.05) compared to the
control group by t-test. Data are presented by means + SD (n=8).
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Figure 30. Effect of the oral administration of water extract of djulis (WECF), quercetin
and betanin on retinal outer nuclear layer (ONL) prior to exposure to LED in mice.

C: Control; NC: Negative control; QL: quercetin at 1 mg/kg bw; QH: quercetin at 10 mg/kg
bw; BL: betanin at 1 mg/kg bw; BH: betanin at 10 mg/kg bw; WL: WECF at 10 mg/kg bw;
WM: WECF at 50 mg/kg bw; WH: WECF at 100 mg/kg bw. *(p < 0.05) compared to the
control group by t-test. Data are presented by means + SD (n=8).
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Figure 31. Effect of the oral administration of water extract of djulis (WECF), quercetin
and betanin on inner and outer segments (IS&OS) in mice prior to exposure to LED.

C: Control; NC: Negative control; QL: quercetin at 1 mg/kg bw; QH: quercetin at 10 mg/kg
bw; BL: betanin at 1 mg/kg bw; BH: betanin at 10 mg/kg bw; WL: WECF at 10 mg/kg bw;
WM: WECF at 50 mg/kg bw; WH: WECF at 100 mg/kg bw. *(p < 0.05) compared to the
control group by t-test. Data are presented by means + SD (n=8).
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Figure 32. Effect of the oral administration of water extract of djulis (WECF) on visual
acuity (VA) in mice prior to exposure to LED. *(p < 0.05) and **(p < 0.01) compared by
Mann-Whitney U-test.
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Figure 33. Effect of the oral administration of water extract of djulis (WECF) on
visual contrast sensitivity (VCS) in mice prior to exposure to LED. *(p < 0.05)

compared by Mann-Whitney U-test.
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The protective effect of djulis and its bioactive compounds against blue light-induced

retina damage
Pin-Der Duh!, Ching-Chih Liu?, Chin-Chen Chu?, Shih-Ying Chen*

'Department of Food Science and Technology, Chia Nan University of Pharmacy and
Science, 60 Erh-Jen Road, Section 1, Pao-An, Jen-Te District, Tainan, 71710, Taiwan,
RO.C
’Department of Ophthalmology Chi-Mei Medical Center, 710402, Taiwan, R.O.C.
3Department of Anesthesiology, Chi-Mei Medical Center, 710402, Taiwan, R.O.C.
“Department of Health and Nutrition, Chia Nan University of Pharmacy and Science,
Taiwan, R.O.C.

E-mail: ipdduh@mail.cnu.edu.tw

The aim of this study is to investigate the djulis (Chenopodium formosanum) and its bioactive
compounds inhibit blue light-induced retinal damage in retinal pigment epithelium (RPE)
cells, and to elucidate the mechanism action. The results showed that water extract of djulis
(WECF) in the range from 0.1 to 25 pg/mL did not affect AREP-19 cells viability. The cell
viability was 55.8% when cells were treated with blue light with short wavelengths (410-480
nm) exposure for 6 h and then incubated for 18 h, indicating that blue light significantly
decreased cell viability. However, treatment of AREP-19 cells with WECF at 25 pg/mL, the
cell viability was up to 85%, compared to the cells treated with blue light alone, implying that
WECEF protected cells against blue light-induced cytotoxicity. WECF-inhibited cytotoxicity
by blue light was associated with decrease in blue light-induced reactive oxygen species
(ROS) generation, thiobarbituric acid reacting substances (TBARS) formation and activity of
caspase-3, and increase in glutathione (GSH) levels, mitochrondrial membrane potential
(MMP), and SOD activity. Furthermore, WECF protected AREP-19 cells from blue light-
induced photo-oxidative stress injury by inhibiting the activation of the JNK, ERK and p38
signaling pathways. Moreover, WECF was capable of combating oxidative stress by
enhancing the protein levels of heme oxygenase 1 (HO-1), by upregulating the nuclear factor
erythroid 2-related factor 2 (Nrf2)-mediated pathway in blue light-induced AREP-19 cells. In
addition, betanin, kaempferol, quercetin and rutin, presented in WECEF, at 1-10 uM inhibited
ROS generation and TBARS formation, and significantly restored GSH levels, increased SOD
activity and HO-1 protein levels in blue light-induced AREP-19 cells, compared to the cells
treated with blue light alone. Taken together, WECF showed a significantly cytoprotective
effect against blue light-induced photo-oxidative damage of AREP-19 cells, which may be
most likely because of inhibition of photo-oxidative stress, regulation of the MAPK pathway




and modulation of the antioxidant pathway in blue light-induced AREP-19 cells as well as the
bioactive compounds presented in WECF. These findings provide insights into the protective
effect of djulis and its bioactive compounds against blue light-induced retina damage, which

could potentially be useful for treating retinal disease.
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