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Suppressive effects of ethanol extract of Aralia elata on UVB-induced oxidative

stress in human keratinocytes*
Kwak, Chung Shil’ - Yang, Jiwon

Institute on Aging, Seoul National University College of Medicine, Seoul 03080, Korea

ABSTRACT

Purpose: Ultraviolet (UV)—induced oxidative stress contributes to several adverse biological effects on skin, Many phenolic
phytochemicals have been shown to have antioxidant properties and protect skin cells from UV—induced oxidative damage,
In this study, we investigated whether or not Aralia elata (AE) has a protective effect against UVB—induced reactive oxygen
species (ROS), ultimately leading to photoaging, Methods: Phenolic content of dried AE and antioxidant properties of AE
extract in 70% ethanol weredetermined by measuring DPPH and ABTS radical scavenging activities and ferric reducing
antioxidant power (FRAP). The effect of AE extract on cellular ROS generation and expression levels of oxidative stress—
response proteins such as superoxide dismutase (SOD)—1, catalase, nuclear factor—erythroid 2—related factor (Nrf)—2,and
heme oxygenase (HO)—1 in UVB—irradiated (75 mJ/cm?®) human keratinocytes (HaCaT) were further determined by 2'—7'-
dichlorofluoresceine diacetate assay and Western blotting, respectively. Results: The total phenolic and flavonoid contents
of dried AE were 20.15 mg tannic acid/g and 18.75 mg rutin/g, respectively. The ICs, of AE extract against DPPH radical
was 98,5 ug/mL, and ABTS radical scavenging activity and FRAP upon treatment with 1,000 pug/mL of AE extract were 41.8
Ug ascorbic acid (AA) eq./mL and 29.7 ug AA eq./mL,m respectively, Pretreatment with AE extract significantly reduced (p
{ 0.05) ROS generation compared to that in UVB—irradiated control HaCaT cells, Pretreatment with AE extract reversed
reduction of Nrf=2 and SOD—1 protein expression and induction of HO—1 protein expression caused by UVB exposure in
HaCaTl cells, whereas it did not affect catalase expression, Conclusion: AE extract in 70% ethanol demonstrated a
protective effect against UVB—induced oxidative stress and decreased expression of Nrf—2 and SOD—1 in human
keratinocytes, These findings suggest that AE ethanol extract might have potential as a natural resource for a skin anti—
photoaging product in the food and cosmetic industry.
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uLell 90% diethylene glycol 900 L= H7}skar, Al 1 N
NaOHZ 20 uLE 7}3F & 37°C %04 IA7F 52t & o
< 33345 A (Ultrospec 2100Pro, Amersham Phamacia
Biotech, England)E- ©]-&3}¢] 420 nmol| X FH == =4
A TE EFA|FS 2= rutin (Sigma-Aldrich, USA)S A}
/3190t = Za)9)= 3RS Singleton 5209 ¥ ol w
E]— 75% olek2 = 100 pLol| Folin-ciocalteau reagent
1 mL, 7.5%2] sodium carbonate 800 uLE- 7}3}ar & =}
wate] A2olA 3027 WAIg $ 760 nmollA] FRES
=45ttt EFEA| 20 B+ tannic acidE ARSI T

DPPH 2iC|Z MHEot &8
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9] 70% oNE-e FEAIFE ek o o %%i S
H|3E A 5o oflekgol =<1 200 uMe] DPPH &8 37}
aked 37°Col|l A 303 vl & 517 nmoll A FBEE =
At AlEE WA & txate] F3=0 Hlste] A
= AT AT F85e] HlEo) 9ste] DPPH 2]
Z 2AES AL, FE8 AAET] BAME ©]
B3t 2AE0] 50%el P8l AlEEE (IC5)E ALt
SHaAT. FANZET A kS = ascorbic acidE AHE-3FATE

ABTS (2,2'-azino-bis-(3-ethylbenzothiazoline-6-sulfonic
acid) diammonium sulfate) 2tC|1Z HMAZ1 X
ABTS 2|z A A& = Re 522¢) Wl e} 243}
9t} ABTSS} potassium persulfateZ S7-70l o 2=
=57} 217} 7 mME} 2.46 mMo] B EFE-S vHE0] of
T2 3o 124)7F o)A Ut} ABTS £3 89 1 mLe}
FZAIF 50 pLE 419 ofF& el 30 & FAT 734
nm°ﬂf‘ﬂ FHEE ST $ AP FHEE UETY
A=} vaste S 2A BlE-S ALk X
) ZA| 2k 0 B = ascorbic acidE ARSI T

AFe] B F o] &S Fe ol Fe'Z EIA]Y)
= 7JFJ} 255 WY Fert Skeke dEE ol&st
o] w}e} ferric reducing antioxidant

power (FRAP}E— 431t PBSoll &3lA7l FRe
70% olekS FE2AI8 592 0.2 M phosphate buffer
(pH 6.6)Z 843} 100, 500, 1,000 pg/mLe] FE2 2=
1] T8 7+ A| 5.9} 1% potassium ferricyanideS 43
50°Col| A 30 B3 "R A ZI T HES-Ho] 10% trichloroacetic
acidE 7181l 3000 rpmollA] 1087 AAEE] 3 & A5

o =
=%

S 0.1% FeCl;¢} 4101 700 nmollA E3=2 43150t
Ascorblc acid (AA)— EFAFOZ /\]~9— o FEIAS
F 7t Ao FHxo dlEshs AA TEE ARk

Of] ug AA eq./mL E}%i SR

MIZHHQ 2 AlE X2

HaCaT A3 (M&ojd] v73} d7-dox B
10% %83 (FBS, v/v), 1 mM glutamine, 100 units/mL
penicillin, 50 pg/mL streptomycing- $H-5li= DMEM Hj]
A] (Welgene Inc., Korea)E ©]831 37°C, 5% CO, M3E
Hj 7ol Al Fstitt. F5<= F=A15 phosphate
buffered saline (PBS)°] 100 mg/mL =2 &3A]7] 3
0.2 um syringe filer2 J3}3l th3- DMEM HjX| 2 3] 23}
of Ao A5

XIIM B ZAb

UVB ZAk= vl|glS A A & AIZE PBSZE Al&sar
AEZE A T-9 wE-9] PBSE Y& Aol A] o] Foj Rt

UV ZA7] ekl AIEE ¥a TL 20W/12 RS fluorescent
sun lamp (Philips, Netherlands)E ©]-&-5}4] 275~380 nm
(H3r 290~320 nm)2] 3F-S ZASFE T ©] Wl lampoll A
U= UVCE AlAsH] sk TA 401/407 Kodacel
filter (Kodak, USA)S F-&35le] AR5l 0, Ao Z
AlEl= UVel 7=+ UV meter (Ultra-Violet Products
Ltd., UVP, USA)Z =431t}

HE M5 &7

TR FEAIES UVB tigh Alx5A BEE ot
H7] 9181 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetra-
zolium bromide (MTT)E o] &3+ Wp24o 2 NINESS
24319}t HaCaT AlEE 96-well plateol] 93 9+
A1 24X 7Y vl kst T2- v okolS B8 DMEMCO.E 1l
Stax 2t FEAEE oY FEE At 978 A
F g $ addS AASKAL MTT 88 H7heh o
37°CelA] 3~4A7F nljeket & 8BS AASKAL 2 welle]l
200 pLe] DMSOE 3713} formazan crystalsS 8-3[A|
71 Th2- ELISA readerZ o]&3}] 540 nmollx] &%

O»J—a
2t
MZ0|AM2| ROS AAMEF =X
HaCaT AZoA12] ROS AWAZEE Yoo S29] WPl wh

2} =43}39c}. HaCaT AMEXE 24 well plated]] LG3HA]
431 2477k ¥ F 83 DMEA v g0l A 55 83
AlA wgsie] FATH TA] 24 AIZE H)SF S uljtl S A
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Aok slsdl=g 431 Sk DMEM wielol] 5l
40 uM¢] 2'-7'-dichlorofluoresceine diacetate (DCF-DA)S
H7Fslar 30 B 3o UVB (75 ml/em?)E ZAF8}IL 30 2
7 vkt 2 welle] 745988 whA] ELISA reader’}
H2= fluorometer (TECAN, Switzerland)s ¢85}
excitation 485 nm, emission 530 nmol| A FFE=E =A s}
otz theh HIE-S FeIQlth SYg 2olA Al
AEES S8t A

Western blotting

AN SRS 3337 slalel Mg AR
27K PBS (pH 7.4)Z A& ths protease inhibitor
(Roche, Germany)Z ¥E3$}s]= RIPA buffer (Sigma-Aldrich,
USA)E 931 4 9o F4ITh} 4°C, 10,000 goll A 155
7t QAR s FEAS BE & Bradford WP
ild FEE Z43Yt. 24 A8 sodium dodecyl
sulfate (SDS) sample buffer (Sigma-AldrichyS 713}l
100°Cell A 537t 3o =118 o Mini-PROTEIN system
(BIO-Rad, USA)E ©|-83}4 10% SDS polyacrylamide
gel®] Z} wellol] @ ¢fo] FUSES FRIFH AIRE ¥
3L 71955 AJ351.2 ™ o]oj4 Amersham Hybond P
0.45 PVDF membranes (GE Healthcare Life Sci., Germany)
o2 o]=A|ATE. Membranes 0.1% Tween-202 &3}
= Tris-buffered saline (TBST, pH 8.0)°] €AE7= 5%
7} F== 8327 blocking solutionol] ¥o] A-LofA 1
AJIZF &<t blocking ¥ 5 S|AAIZ] 12} A 84 (anti-
catalase, anti-Nrf2, anti-HO-1, anti-SOD-1 (Santa Cruz
Biotech., USA), anti-B-actin (Sigma-Aldrich))oll @7} 4°C
ol 18X7F FAT}. MembraneS TBSTZ 4|2 3 21-&-0j]
A1 22} &4 (Santa Cruz Biotech.)ol| 2417t 9t =&A]7]
o2 Al#&slal ECL solution (Pierce, USAYS- ¥ LAS-
4000 Luminescent Image Analyzer (Fujifilm, Japan)<- ©]
£3lo Dl W= S SR8 olml A2 A,

sAy

HE AYdv= 33 o wHEsle] B + RERAE
UER AT =3 Al 85 1] A SHXE vlwstr] 9
B}o] Statistics Analysis Systems (SAS) SA|Z=Z 1Y
(ver. 9.4, SAS Institute, Cary, USA)S 0|83} ANOVA-
test 2A] & Duncan testS A3} p < 0.05Y€ v thZE
ol Hlgte] 2t Ajlto] BAIX SR fresvE Brtst
Atk

FExo FErE ¥ T Sy E2HL0|E BE

FEEY FANE 8 1L1%YA, DR SENE
70% N2 F=3 23 782 33.0%AH. Fa A
HE g F FEEl=E 717
20.15 mg tannic acid (TA)/g2} 18.75 mg rutin (RT)/g &
3la AT} (Table 1).

FET FEEQ uaEnt

FTET 70% AEE 558 0~200 pg/mL =2 A
gléte] DPPH #HHZ 2755 43 23 50, 100, 200
pg/mL =X ZF2E 21.7%, 49.6%, 90.9%2] DPPH =z}
OZ-s AATOEZN LS 50% AASE ICs) &
+= 98.5 ug/mLo| AT} ©]= 3.6 pg ascorbic acid (AA)/mL
7} vk Ealel sigelslc. PtlEslereR ALg
gl ascorbic acid®] DPPH 2}t Zel] thgh IC5; 3.0 pg/mL
o)1t} (Table 2).

TR FEAES ABTS 22 27152 200, 500,
1,000 pg/mL F=A4 22} 10.1%, 24.5%, 44.6%% )=
Z}7} 9.4 ug AA eq./mL, 23.0 ug AA eq./mL, 41.8 ug AA
eq./mLe 3|Fs= EHT (Table 3). =3}, F5T =
AlE7F Fe'E Fe' 2 3IA7|E SIS S4% 2
200, 500, 1,000 pg/mL F%=ol A 242} 6.4 pg AA eq./mL,
14.6 ug AA eq./mL, 29.7 pg AA eq./mLe] §3= YeRY

Table 1. The content of total phenolics and flavonoids in Alalia
elata

Total phenolic content (mg tannic acid/g dry wi)  20.15+0.13
Total flavonoid content (mg rutin/g dry wt) 18.75+0.42
Values are expressed as mean * SD.
Table 2. DPPH radical scavenging activity of AE
DPPH radical scavenging activity
AE % AA AA %
(bg/mL) eq.pyg/mL (ug/mL)
50 217410 1.6+0.6% 2 36.1£3.5
100 49.6%24 36x10° 3 478+ 4.4
150 79.2+38 54+1.0° 4 69.8+6.4
200 90.9+0.5 59+1.0° 8 96.8+0.2
ICsg 98.5+4.4 ICsq 3.0x0.2

Values are expressed as mean * SD. AE: 70% ethanol extract Ara-
lia elata.

1) ascorbic acid, positive control  2) Means sharing the same
alphabet in superscripts are not significantly different at each
treated concentration at p <0.05 by ANOVA and Duncan’'s multi-
ple range fest.
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At} (Table 3).

HaCaT MZO0M FE= FES2 MESH ¥ UVBO
oI5t ROS MM x|zt

TEE 70% o FEES 10~300 pg/ml FEE
HaCaTAH|Ee]| 24417t &<t 22]gh ﬁo—"r AEE AHY3HA

oo gzl visle] AEAEE 01 FashA] ot &g

S 9o AEFAELS Sl A= Adslt (Fig.
1A).
A Eo) A|ZHE §lo] UVBE ZAISHAL (UVB+ H &)

- Fo ROSE 3743 A3} UVB- dizTel vty
ROS A3 7o) 20l 717ke] S7F=EITE (p < 0.05). L&ut,
UVB ZA} el 55 FFA5E 50, 100, 200 pg/mL
TEZ 2447 HX S A9 ROS A2 712F UVB+
hZ9] 86.4%, 85.5%, 89.6% TFO & folsHA 1A
3o (p < 0.05) T FEEY T W Aol=

Table 3. ABTS radical scavenging activity and ferric reducing anti-
oxidant power (FRAP) of AE

AE ABTS radical scavenging activity FRAP
(bg/mL) % AA" eq. pg/mL AA" eq. pg/mL
200 10.1£1.2 9.4%0.0°% 6.4%0.7°
500 245+1.2 23.0+2.2° 14.6+0.4°
1000 44.6+35 41.8+4.4° 29.7+1.99

Values are expressed as mean * SD. AE: 70% ethanol extract Ara-
lia elata.

1) Ascorbic acid, positive control ~ 2) Means sharing the same
alphabet in superscripts are not significantly different at each
treated concentration at p <0.05 by ANOVA and Duncan’'s multi-
ple range fest.
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AT} (Fig. 1B). FdthEA)ek0 & A3} ascorbic acid
(200 pM) o] ROS AAHEES UVB+ tZEzr9]
86.0%E TR FEE Awd viszd =] g
S LRI (p < 0.05). ROS A3} FA ol AEAEL
S A% A BE o AZAEEC] 90% ool

(Fig. 1B).
UVBE ZAlSt HaCaT MZOAM FE& F£E0| &
ABlE A CHHE ui5ig) O|R|s 5t

T FEE°] UVBel 93 ROS ﬁ 3 AAATI=
S ®BY7) wiol 19} B RS AHET] 8t

o 281 2Ed 20 s W FARIARR] Nrf-29} &)
A8l & AQ) catalase, SOD-1, HO-19] whiz 43S
Western blot ¥H 0 2 =439tk 1 A3} Nrf-29} SOD-
19] @l ddske UVB A 9Jsie] Lﬁ\ﬁ}‘ﬁﬂ”}
UVB ZA} el F5<¢ F2E55 10, 50, 100 pg/mL %

2 A2 Biolle BE EoA sk wsker o]
o PHFJ ol T Akl Ak HESH, HO-19] Tl
W ERe UVB ZAW] gJle] S71elANt Fie 5

S 7113]3]- A9 RE oo Z7)181K] okt aE,
catalase T A whggke UVB ZAS} T2 225 A

Aol ofsto] Fda A FUT (Fig. 2).
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Fig. 1. Effect of AE freatment on cell viability and UVB-induced ROS generation in HaCarT cells. (A) Cell viability at 24 h freatment of AE
extract in HaCaT (B) ROS generation and cell viability at 30 min after UVB (75 mJ/cm?) iradiation to the cells pretreated with AE extract
for 24 h. AE: 70% ethanol extract of Aralia elata, AA: ascorbic acid, positive control. Means sharing the same alphabet in superscripts on
the bar are not significantly different at each treated concentration at p <0.05 by ANOVA and Duncan’s multiple range test.
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Fig. 2. Effect of AE treatment on the protein levels of oxidative
stress-related enzymes in UVB-irradiated HaCaT cells. UVB (75 mJ/
cm?) was iradiated to the cells pretreated with AE extract for 24
h. At further 24 hincubation, the cells were harvested and the pro-
tein levels of Nrf-2, catalase, HO-1 and SOD-1 were determined by
Western blotting.
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sl SEe) Sl Bl 5o ¥Ajs) BReR
W s, 9, B, 395 G0 5ol Tk ARl
& e Zeslise] isEse 49 S9e oy
ow ROSO] ot MEegS Pl Heelole] A%
S Ak Aow deA glon 22728 anthocyanidines,
flavonols, flavones, cathechins & flavanones 52| Z&}H.
wolex 1 x| met Fstad) Ee gt 9l
£ Aow geiA ok

DPPH 2}tz ABTS iz vlwd eHdE A2t
1:]7]'i /\IUZXU_J 6}/\]-3?4;61&] 22401] 1{%—0]
Uth. DPPHE &0l 225 AAskE 248<
= B ABTSE el gtz AAsk: g4s 34
3 2= glom AT} 144 BA wno] e =43}
T W71 w2l 5 7EA] el o3k Axprt deld i
}/11;}.30 B AP F5E FEES 200 pg/mle] FE2
#2)5}99:2 wl DPPH 2} -2 90.9% A1 A% whd ABTS
22 10.1% Broll AASHA] Z3FAAIRE A<l
ascorbic acid®] E3= 7|50 2 $aksle] Hlws] B Z}
7} 5.9 ug AA eq./mL3} 9.4 pg AA eq./mLo] it}

ofe] d7elM EF5=2 DPPH 2}tz 245 &
guls o] =275 el & BHHAE e
S AoE HuHom 15 5 vR3} A8 Ex)
sk G- ZPHlEE2 HIE O ER TR T 52 3t
SadE Yepitka gEAn B a7l 55 F
Z2) 9% FHEe 20.15 mg TA/g dry wtO 2 Al 53] (10.91
mg TA/g dry w)RTE=E =3 U= (23.77 mg TA/g
dry wt), Ev]Ug] (22.53 mg TA/g dry wt)e} H|S=5E ==
o|ATH* wF, FF9 DPPH Pz &A%< ICs;

ES] (96.1 pg/mLy} vl 0| a, FH<-e] 3l
2L 1000 ug/mL FEol|lA 29.7 g AA eq./mLe] E=
HA=Y o]= E71<$6°] (30.8 ug AA eq./mL), 2] (29.7
ug AA eq./mL), E‘ﬂ'%l (26.4 ug AA eq./mL)7} H]S23F =
Fol ATk

Cha 5'°& F59] 5525, 0% dge 325,
80% Wete F=E&2] F Z2]9& (tannic acid eq.) ?J"D'*
2 =243 A3 22 10.7%, 16.2%, 16.7%E 70% ol ek
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