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Cellular Antioxidant Activity and Whitening Effects of Dendropanax morbifera Leaf Extracts. Park, Su Ah', Jun Park?,
Chan Il Park?, Young Jong Jie?, Yun Chan Hwang?, Yong Hyun Kim?2, So Ha Jeon', Hye Mi Lee', Ji Hoon Ha', Kyeong
Jin Kim', and Soo Nam Park'*. "Department of Fine Chemistry, Nanobiocosmetic laboratory, and Cosmetic R&D Center,
Seoul National University of Science and Technology, Seoul 139-743, Korea, 2Seoul Science High School, Seoul 110-521,
Korea

In this study, we investigated the antioxidant activities on HaCaT and the whitening effects on B16F1 melanoma cells of Den-
dropanax morbifera leaf extract. In an antioxidative activity assay using HaCaT cells, the ethyl acetate (50 ug/ml) and aglycone
fractions (25 ug/ml) of the D. morbifera leaf extract didn't exhibit any characteristics of cytotoxicity. When HaCaT cells were
exposed to a single large dose (800 mJ/cm?) of UVB, the extracts protected the cells against UVB radiation. When HaCaT cells
were treated with 10 mM H,O, and 4 uM rose bengal, the ethyl acetate (6.25~50 ug/ml) and aglycone (6.25~25 ug/ml) frac-
tions protected the cells against oxidative damage in a concentration dependent manner. When the whitening effects of D. mor-
bifera leaf extract were tested in melanoma B16/F1 cells treated with the a-melanocyte stimulating hormone (c-MSH), the
extracts inhibited o-MSH-stimulated intra/extracellular melanogenesis in a concentration dependent manner. The inhibitory
effects of the ethyl acetate and aglycone fractions of D. morbifera leaf extract were 21% and 44% at 25 pg/ml, respectively.
Both are more effective than arbutin (15% at 25 ug/ml) which is known as a whitening agent. These results indicate that frac-
tions of the D. morbifera leaf can function as cell protectants and natural antioxidants in biological systems, particularly skins
exposed to UV radiation by quenching and/or scavenging 'O, and other ROS, and protecting cells against ROS. In addition,
fractions of the D. morbifera leaf can be applied to new whitening cosmetics because of their inhibitory effects on a-MSH stim-
ulated melanogenesis in B16F 1 melanoma cells.
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Extract with 50% EtOH for 1 day,
at room temperature mixing

| 50% EtOH Extract |
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separation

/

‘ Hexane fraction |

’ Aqueous fraction |

Separation

Ethyl acetate fraction | I Aqueous fraction

Fig. 1. Scheme for preparation of the fractions obtained from
D. morbifera leaf.
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Sttt B3 50% L FEES UY 55 T B
8 XH(n-hexane)S ©]-83to &4, A2 59 H|SAH A&
< AAGHH, o] F o HotAH o] ER 33| ¥HE A 2| gt
85 A, w550 {71 8mE &3] AASHA

oeolAHo|E E3(Ethyle acetate fraction of D.
morbifera leaf, DM EA)© 2 XLE| o}-Z & Z(aglycone) Al Z :
o HotAHo|ER oA E-2 A5 Ui = A 7H4RS
W= o] &3 g2 AAANI F && of=2|E(aglycone
fraction of D. morbifera leaf, DM Agly)a A3 of] AFE3}+5
ot AE WS ool o E 7H8R ARl 5% H2SO4
50% O & §HLS Y, 4 h $O £ 71EsHA FH
ZA|71t}, 3 A7) 84S 5% KOH-MeOH £ 2 wﬂ
Aggtt 3 J3 F oAl o|dotAH ol E & #&st1
e, F53t f718HE A8 AATHGL, o] E A

Agatsnt

NZ 5§ S1t &3

MIZ HHQE: Abgr ZHAE A Al 2329 HaCaT Al Z+& Dr.
Fusenig (German Cancer Research Center, DKFZ)Z 5 E]
Bapurol AL sheich A Zuofel] AH§H ¥4 Dulbecco's
modified Eagle's medium, DMEM)= 10% fetal bovine
serum (PAA, Austria), 1% penicillin-streptomycin (PAA,
Austria)g &35t AME3IAL, 37°C, 5% COy ZAA )
strt.

M= =M ™I} HaCaT A|ZE 96 well plateo 4] 24 h
59 37°C, 5% COp 2ACE L vjFet &, 7+ s ¥z
FAYF d F2ES A 24h HH%H{ NZE PBSE
A AsI MTT €942 pg/ml)ye A7t} 3h <t vHeA171
S A E formazane DMSO09] &4 570 m°ﬂ/\1 =45}
A},

FRAE XS A e HEALS YETOE o]
100% 7|02 o} A& el AZ BE&S T35

UVB ZEA}L: 96 well plate©] 1x 10% cells/well2 HZ}FA|
7]l HaCaT N ZE 24 h S st AR &2 =
= d 3AUR o 2&Eo0| §-83 vjA| o UVB Crosslinker
= olgsto] UVB 800 mJfem’S ZA18 5, 4% A7t St
ujj 3t et

H,0, X 2|: 96 well plateo] 1x 10* cells/well2 F-2FA]
71 HaCaT Al Zof AR 22 5= 8 AT
Eo] 345 vjX & Y 30 min B|F &, 10 mM Hy,0,5
e v E A Este] 30 min FF HH‘%FO}‘R“F}.

Rose bengal X2|: 96 well plateo] 1 x 10? cells/well
2 BZAZ HaCaT Al 2o A &2 5= & Y
29 2&E0] 3145 vixE Y 30 min HjYF &, 4 uM
rose bengalZ 3H§-3F Wi A& A7) 5}e] 15 min FRASFGTH

ol zz
3T

MZE Mz=8 3. Alx &L 3-(4,5-dimethythiazol-
2-y])-2,5-di-phenytetrazolium bromide (MTT, Sigma, USA)
assay® =434} Aolgl= Al E 9] mitochondria dehydro-
genase?] 521 olgao] edlel 584 712l MITS
AN v|$£=L8A formazanC 2 HIA| 7| = W o2 A
AH formazan® 2 Aol Al3E 42of H]F| 3t}

HaCaT A& 96 well plateo]A] 24 h 52 37°C, 5%
CO, 2702 TFL YT T, 7 FEUR FAYR o >
EE5E AT A=z 800 mJ/cm UVB, 10 mM H,0,,
4 uM rose bengalZ A3 A& AT &, 24 h F2U Hj
%t AZE PBSE AF st MTT §H(2 pg/ml)Z 718t
o] 3h o ¥ A7l &, A H formazans DMSOo| &=
o] 570 nmofl A &7t

FRAE XS oA gL
of 100% 71202 ot A<l A A)
AZE ARl g e B
Aze) JEge e

HEALE S 2R

Az A7) g9
EEEEESE

MZYELE(%) =

Wajel MY Folls 55
A‘IIEHHOF' B16F1& #9 melanoma A|(2F2 A3 t)st
FASAE ol A o] ARSIt Al 10% fetal
bovme serum (PAA, Austria), 1% penicillin-streptomycine
(PAA, Austria)E 333t Dulbecco's modified Eagle's medium
(DMEM) #jA]e]l 37°C, 5% COy 270l A uljFslict.

MZ =M ZIb: NE =4 H7k= 3-4,5-dimethythiazol-
2-yl)-2,5-diphenytetrazolium bromide (MTT, Sigma, USA)
assays ©]|&3}o =343}t B16 melanoma Al Z5 96
well plated]| A 24 h &2 37°C, 5% CO, A2 L uj
¥ T, 7 v HE FAURE 9 —T—%%i’)r H| W& 2 A
RS Astgth A= A2 72h T MTT §H(2 ug/
ml)& A75te] 3h 5 ¥-SAI7 o A H formazan
< DMSO9| ¢ ELISAE ©]-§3}] 570 nmoj| A &7 5}
k.

M=Zo| FEfst™ zzEb: B16 melanoma A|ZE 6 well
plateo]] 1x 10° cells/well & EZF3}1 37°C, 5% CO, 27
o= o WS 20 h T AEIF LAY AL A3t

3 HjX] & w3t T o) a-melanocyte stimulating hormone
(0-MSH, Sigma, USA, 200 nM)¢} SHEAUE o 2252 5
w92 Aelsfel 72h 5 eshodct AT £ 8
of Wstel Wehy B TS JAAEAAD|AS o] §5tof
BTt

HWap g ™ Wehd 92 Hosol 59 W41
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HEsto] AFL-31 Tt B16 melanoma A ZE 6 well plate
o 1x10° cells/well & E33}31 37°C, 5% COp XHO2
3re vjokslqth. 24 h & A 27} B2k AL 3¢t PBS

2 13] A& £ phenol red’} S0 A %4& DMEMOZ 1
254t o-melanocyte stimulating hormone (0-MSH,

Sigma, USA, 200 nM)Q} SAUE o FE2ES SEEHE A

glsto] 72 h Fet Hj et Al E greg wjEd dd S
i oFst o ZF AZujoF A& 100 plE 96-wello]] Y12

ELISA readeri 405 nmo| A EF=E 2A5Hch AZ Y

Aopd e F2 A2z ASHE AASHAL 1% triton

X-100 %‘?HEE AZE sste] diiesto] Fede &

w2 Fheks 24510, pelletE AZRA|A 10% DMSOE &

£ 1 N NaOH €9 100 ulol| €al3+e] 96-well plateo] &

21 3 ELISAE AH§-3to] 405 nmol A &7 5¢ich Hatd

G dod BEEoR ¥4 EF ATAS o&5to] A

z shgow, dud B

Rad, USA)E ol83le] 274

2 DC protein assay kit (Bio
3 BAsH

SAHX2
© AP 33 wtEsY
A Student's t-testS P3FF T}

EARAL 5% §0l520
23 U N

£ A}
o T HO AAL 93] MTT assays Al
HFotgich FAUF %z FEEY JEoAElolE 289 /‘ﬂ
I EXNL ZA% AT} 50 ug/ml & 05t AE HYE

@BDMEA
= 100 - ODMagly
S
c
S 80
?

2
=
& 40 -
>
©
O 20 4

o |

Control  6.25 pg/mL 12.5 pg/mL  25pg/mL 50 pg/mL
Concentration (ug/mL)

Fig. 2. HaCaT cell viability of the fractions of D. morbifera leaf
extracts by MTT assay.

DM EA, ethyle acetate fraction of D. morbifera leaf, DM agly; agly-
cone fraction of D. morbifera leaf.
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o] 80% o]4tol it ofF e & £8 9 A%, 50 pg/ml =
oA AE AE R 20%2 AEEAS Lebict Heby 2
APOIAE FALE o 2220 GAS FHS 23]
Ao FAUR Q 22329 Lol 0= £ & o} 22
Z 28] 2 E 80% o] AZAZES Ued= 1
22 ZHZF 50, 25 ug/mll 2 AAsHch(Fig. 2).

Xl ZALO]| WE SRR o FEE2| MZE BS &1t
UVB ZARME| M2 M MZ=F: UVB Crosslinker
£ ©]&3to] HaCaT NZE diFS2 UVBE FTH
(600~900 md/em?) 2 ZASL QX PELo| n A= I
< #F5gTh 600 md/em?e] UVBE XA A9 AL *&‘
Z%—o- 78%S UJEMY I, 700 md/em?Q] AL AZ Y=
2 65%, 800 md/cm?S 50%, 123 900 md/ecm?S 39%4

AEEE et 2 Q7oA e AdHo=RE A2
B3 GHE ZA5}7] 9ste] 29A 9] FekS 800 md/em?

2 HAslch(Fig. 3A).
UVBE |TE M= &40 st SELIR o FES
o HS Zg:! HaCaT A2 FHUE A FE2ES 55
Ha A gs $of 800 md/em?2] UVBE RA}S}S,
T AZE vt A2 EES MIT assay 2 5%

3Lt 800 md/em?9] UVBE ZASE & A|X AELLS
UVBE 2AFeHA] GF2 tj27of Blste] 44%9] &S Y
el it ZrelA A A HaCaT A|Zof 12.5, 25 D 50 ug/
ml®] AR o FEE9 oA HoE £&& At

AL NE YRLL 54, 57 L 59%2 FE o2FoZ 219

A ZAA HZ AFEE JA St A7) e AR U
ettt YR 9 2259 ofgEE BYE A F¢
£, 54 sxolA AxZ BELO] 45, 53 E 22%=, A9
Aof disto] A2 R &S Yt Ao 50 pg/mlo &
Lo A= UVBEE A F L H o A2 EE0] o 1A
Uebstth o= 50 pg/mlofl A FHAUE A FE2E59 of2 g
Z 28 QA Az et 54 ge A= Hojzl
th(Fig. 2). ZRH o &2, M 2AL Mol FAUYR Q) 2
£S5 Ay, UVBRZ 48 gz dajukso] /A &
AL AGA AN NZES S YetdS & 5 U
(Fig. 3B).

5

Ho0, X2|0f| e SELIT o FESC| ME HS S0t
H,0, s X2|o| 2 HaCal M|Zo| MZE=:
Mof o3 WA H | AFSHE &4 FEshe @4
Hy0,5 HaCaT AZE Aoz =¥, 5, 10, 15,
20 mM) A 2JstaL Al X YE&o] vjA] & FFS BES
1 mM9| Hy0.5 A2d %9 Ho0.5 A2stA] g2 H¢
o ul3j 89% =2l AEZ FEE&S Vet 5 mM2l 73

=
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Fig. 3. (A) Viability of HaCaT cells exposed to different irradi-
ation intensities of UVB irradiation. (B) Effect of the fractions
of D. morbifera leaf extracts on UVB-induced cell damage in
HaCaT cell system.

HaCaT cell were exposed to UVB 800 mJ/cm? and stained with
MTT to show survival cells compared to non-irradiatied group (DM
EA; ethyle acetate fraction of D. morbifera leaf, DM agly; aglycone
fraction of D. morbifera leaf).

2 Az JEEL 5% S VERYS AL, 10 mME 50%, 15 mM
2 35% 183 20 mMo] A= 16%9] BE&S Uit
(Fig. 4A). & AFoA = H0.2HE AZHEZ ans 574
517] 95to] Ho0.9 =5 50% =9 Al Z AE&S Y
Ehd 10 mM2 233t

H.0,2 FEE M= a0 cist ST o FE2
o HS =g: 7= FAUF ‘3} FEES AYT T
HaCaT ANlZ¢] 10 mM Hy0,5 3 WA & At &,
30 min HjjoF3lo] PBSZ A& o}@'r:} 24 h vjoFst M| E2] A
Z8L MTT assays 3 43t} 10 mM Hy0,5 A
23t Al Z BEEL Ho0.,5 A stA] & = H]s}
o] 50%9] FEES YW AT Hy0, A 2] A HaCaT Al Z
o] 6.25, 12.5, 25 9 50 ug/ml®] FAUE ¢ FE2E9 9°
oAHIO|E 28Z AP F¢ HE BELLE 53, 53, 54 H
55%%, FAUT o FEE9 oEotAEolE £80] Hy0,
Aol &gt Al &4 el W Reans yehdS &
AstET EZ AL w2 FHAUR I FEEY of2dE
23S X3t F<L 61, 63,66 D 40%Z 25 ug/ml ©]3}9]
TEANE T YEHOE 9 AE BT Aa0E 2

120

100

Control

Cell viability (% control)
8 3

N
S

H,0, (mM)
120
BDMEA
_—§ 100 - DODMAgly
5
5 80 -
o
2
2
S a0
S
T 2
[v]
0
H,0, (10 mM)
Concentration (pg/mL) - - 6.25 12.5 25 50

Fig. 4. (A) Cell viability on H;0,-induced cell damage in
HaCaT cell system. (B) Cellular protective effect of the frac-
tions of D. morbifera leaf extracts on H,0,-induced cell dam-
age in HaCaT cell system.

HaCaT cells were treated with 10 mM H,O, and stained with MTT
to show survival cells compared to non-treated group (DM EA, eth-
yle acetate fraction of D. morbifera leaf, DM agly; aglycone fraction
of D. morbifera leaf).

© 2 Yepygtt. A9 50 pg/mle] FE o) A= TpAlkEk4
Ok 2ARGE FSE T Al Z AELO] o WA e of
£ 50 ug/mlof A FHAUE o F2E9 ol=2E 28 A4
O] Nz tigt HA4S gt 2= Eo:]xlu}(Fig. 2. 2
HHo 7 FAUYR J FEE0] AT e4E FEE A X
&4l it N ZH S S UedS %‘ T U h(Fig.
4B).

A
£

10,22 REE HaCaT MZo| &40l Chet MEES St
Rose bengal s X2[0f| UIE HaCal MIZS| 4
ZE8:! HaCaT A|EZE o2, Fusto] glojr] Fas &
AAk2:01 10,& A7) rose bengalE H=H(1, 2, 3, 4,
5uM)E A st A E AE2LES ST 1 uMY rose
bengalZ # 23t 4 $-E rose bengalE A |atA] ¢S ¢
o vl 89% FE=2 NEZ FEEL&S Vet 2 uMel 3
& NZ BE2EL %S YEFH L, 3 uM2 59%, 4 uM-Z
50%, 5 UM 37%2] AEEE LERSIth(Fig. 5A). B A7
NHNE10,02 Sog AT £X402HE NI B3 Ay
£ ZA45}7] 215t rose bengald] F=F 50%2] A Y&
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S 100
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= 20
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Concentration (ug/mL) - - 6.25 12.5 25 50

Fig. 5. Cell viability on '0,-induced cell damage in HaCaT cell
system. (B) Cellular protective effect of the fractions of D.
morbifera leaf extracts on '0,-induced cell damage in HaCaT
cell system.

HaCaT cell was treated with 4 uM rose bengal and stained with
MTT to show cell viability compared to non-treated group (DM EA,;
ethyle acetate fraction of D. morbifera leaf, DM agly; aglycone frac-
tion of D. morbifera leaf (*p < 0.05).

o

<= UEhd 4 uM=Z A4kl

0,22 QEE MZE 240 i SAUHR o F
29| HS X! HaCaT AlZof| FAUR o FEEZ
=¥E A% Tof 4 uM2) rose bengale $H53 =
15 min §9F YEA F A|ZZ PBSZ AHsHAC). 24 h
S A 2E wjodstn A|EZ o WEES MTT assayz 4
3} Th 4 uM rose bengal2 A7}t 7= rose bengalS
A stA] e 27 ] AZ BEE 41%5 YEr o
Rose bengal& A 2|3}7] Ao HaCaT AlZof 6.25, 12.5, 25
4 50 ug/mlo] FAUE o FE2E9 o dotAHo|E &8
= AT B AZ BEES 47 54, 63, 12 E 91%E Y
Bl len, 50 ug/mle] ¢, FA S controldt H|S3F
A ZAEES YRS o222 £899 A ¢, 58 &
ZoJA 75, 80, 84 L 54%——] Aﬂﬁk NMEES E%]\E]- ole
50 pg/mlof A FAUR ¢l FEE9] of 22 & 8 AA 9
Al 2o EHKFE AE g 7&# Ho|Qoh(Fig. 2). ThhA
FAYE A FE2E NZEAYS 27 e =94 10,

http://dx.doi.org/10.4014/kjmb.1311.11001

A EDM EA
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Fig. 6. B16F1 melanoma cell viability of the fractions of D.
morbifera leaf extracts and arbutin as standard by MTT assay.
DM EA,; ethyle acetate fraction of D. morbifera leaf, DM agly; agly-
cone fraction of D. morbifera leaf.
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Fig. 7. Effect of D. morbifera leaf extracts on cellular morphology of cultured B16F1 melanoma cells under inverted phase con-

trast microscope using a digital camera.

B16F1 melanoma cells were treated with the fractions of D. morbifera leaf extracts in the presence of 200 nM o-MSH for 72 h (DM EA,
ethyle acetate fraction of D. morbifera leaf, DM agly; aglycone fraction of D. morbifera leaf).
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Fig. 8. Inhibitory effects of the fractions of D. morbifera leaf
extracts and arbutin on intracellular/extracellular melanin
contents stimulated by o-MSH in cultured B16F1 melanoma
cells.

DM EA,; ethyle acetate fraction of D. morbifera leaf, DM agly; agly-
cone fraction of D. morbifera leaf (*p < 0.05).
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