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Effect of Hovenia dulcis Thunb. Ethanol Extract
on the Melanogenesis in B16F10 Melanoma Cell

Jun Ho Kim, Dea Won Moon, Mi Eun Choi, Gyu Sang Lim', Yeun Ja Mun', Won Hong Woo'™

Department of Herbal Resources, Professional Graduate School of Oriental Medicine, Wonkwang University,
1. Research Center of Traditional Korean Medicine, Wonkwang University

Acquired pigmentary skin diseases such as abnormal melanogenesis, vitiligo, chloasma and inflammatory
pigmentation are related to regulate the melanin production. In this study, an ethanol extract of Hovenia dulcis
Thunb.(EHD) makedly inhibited melanin biosynthesis and suppressed, the protein expression of tyrosinase,
tyrosinase-related protein 1(TRP-1), and tyrosinase-related protein 2(TRP-2) in B16F10 cells. On the other hand, EHD
did not inhibit mushroom tyrosinase activity. These results indicate that EHD may contribute to the inhibition of melanin
biosynthesis through regulating tyrosinase activity and expression, and serve as a new candidate in the design of new

skin-whitening or therapeutic agents.
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BRUBSES BEEME S GHd wit I1E, mER
#O0, JOEAE, B, £5 B 508 S0 ®ESl 2k &
B= R, BB KTEE OF #HEo 200 W bpgEo)
FIEShs REES A2ME, HekdAEZ, YASAM E, o224
ZEZ O|FH vk T2 REGES ¥ekd, hemoglobin,
carotene S0l IS4l PEEI=T, o1Fol 71E Q38 #ES 6t
£ Z2e gapdoy. e e ZRMRE ol5aia Kool
SNESHIEL MIE SOERE RES R#Echs BTN HEES 71X
I A2 BESH BRUES V10, TN, REEL BE 5 =
FHQ! FIEOIA B W) EERIR] HAE S, 7T Uk

HEhA S BEhd AR (melanosome)oll A 4REH, Bohd A
AE EEKC H2hds ARshet 45 BENQ xR0
tyrosinase, tyrosinase related protein 1(TRP-1)3} dopa chrome
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tatutomerase(DCT, TRP-2)E0] omtd ol = tyrosinase=
melanogenesis®] HEE BERRC! FHKEN EASHE BFHol
T} wheEbA tyrosinase®] & M= F2E AOlAS Flobd &5
€ BRMOE HEZ ¢ V] vl REEEHS) B A
oA 988 BFEHEOE wEEL YTF.

BT ol theh it&mvel #iol EinshHAl flifEel Eitol
HOoWM Wehd 8fE WAAIZ| 1L, SAlo] non-mutagenich
Za%l et e "R el e AFolrt

B F(Hovenia dulcis Thunb)= ZLbE3HRhamnaceae)
SIS WEO] e BE ZX71 grl gnjy mron’, B
£ UFRd v Bolghs 92 K&, U9 EEIA e
iR e 529 TEER, Suido] 31 vidsitlsiel BAR S
o8 BEY|L Sy MHTE GIERE R, EH 0E, 2
B, A/NMEO] 2 &E ER & RSk ol8To] ¢
o™ FERHOTE LB glucoseSt calcium malate7} &
Aol AT BE HIFEolAE FERMIRERY, BRIGEEE
BV mE e, RERE KhEoke med] B8 i 5ol
HuEdHE oL Behd &R HHIE S5 EEERY tish #
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Ololl A= #UEFHitmo] Wikd &5 #E 71-ol n)x)
T ®Ee ZAIGIALAL B16F10 AIME FIFSKY tyrosinase ¥&:
2 "epdo] g BEslelen, Aol BoShs tyrosinase®}
TRP-1, TRP-2 B9] &HE BEEFE BTl 94 e #
RE LU Hislk= Hioloh

—
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1 K7 FEE

Aol AgE HBEFEI)E (FHSESEUAKSeoul,
Korea)ol A FAUSIH 2H, BT 200 goll 100% oler& 2 v &
7¥okd 3y =t EifolA S RE AXE ElRsL RE =
F Slo] 42 g(8 21%)9 AIEE LR, DMSOd =6 B
o Agdlrt

2. B16F10 A3 viet

ok BI6F10 M| £ E 5% fetal bovine serum (FBS)7} ¥
7% Dulbecco’s Modified Eagle medium (DMEM, Giboco BRL
Co, Gaithersburg, MD)& A1&8KH 37C, 5% CO; incubatoroy| A
BESIET

3. NENES 53

NEZYEE 5HE Mosmanng] Hw:"0 Asla] AAIBIA
T}, 24-well 52 8710l BI6F10 AHHES 2x10° A BF5)1L 24
Al BE & SRR THHEYS o BEE EHES U1 37T,
5% CO, oA} serum starvation©O T 24A)7} BEESIC) B2 8
0.05%(W/V) MTT B&1ES Wol 2217} &S 1S 4EL A
ABHL, §4F formazens DMSO(1 ml)Z =0J 4] ELISA reader
£ 01835l 540 nmollA] BHEE BIESIA

4. 29 HeNs® pz
BI6F10 MHHE 6 cn 15 280 1x10° 744 25310 #Hle

o
O

|4 (inverted phasecontrast microscope)E |5l BEzsIGTh
5. Tyrosinase &3 &7

A tyrosinase 151 Martinez-Esparza £9] Hago
2 EESIATE 6 am dish o B16F10 ifaE 1x10° TRR 2EFE5)
o 24X)7} &S TS HRETHHYES 50 pg/ml, 100 pg/mlZE
BHISIATE 37} B % PBSE 23] MASHL, 5 mM EDTAZ}
&% 01 M sodium phosphate buffer(SPB, pH 6.8) 1 niol
1%(V/V) Triton X-1003} 0.1 M PMSFE {E&S} lysis bufferE
200 w2 BT MEE M ESkd 8ol 3027 BE#EAT)
THe 47, 15,000 rpmollA] 3027 BivsyEE 51 e LBl E
tyrosinase {&¥: BIEON FFHSINCE BRE TES Bradford &
EOE 5% nmolA] BAEE BIESY FEY EHE BS i

ro

Kol om, tHY E8E 01 M SPB(pH 6.8)9] #&o] 150
w7t 5 E BFE 3l 0.1%(W/V) L-DOPAE 50 w4 BF35)0]
37ColA] 405 nmo] TFOE 1X7HEQH 108 IHHCE FHE
9 H3lE SHSKICE G4 EHE2 UETY EBLE TIES
Z ot EgE skigle] AIE Lehlich

6. Al tyrosinase E&4EH

HAl tyrosinase= 2,500 units/ml7} % E 50 mM sodium
phoshate buffer(pH 6.8)0l] =0f BBl 20Tl HfE RE
% BRFEOE ML FES BRE il 25ColA 5
87} st (pre-incubation) A17] #% £EBT L-DOPAS RmsH
I 1087 KiE A7) % 475 nmol A RAEE BlEsIETt 24 B
B 25 33 RESIICH

7. Wekd gEYe 58

dehd 8BS Hosei £ #i)g #olel mAsIIC
BAE 6 cn BEREER0) 1x10° NN BF510] 417 SEET &,
PRI 50 pg/ml, 100 pg/med) JEFESH T 3T BRI
om, 7+ 7 2x10° 7§¥ Sk lysis buffer(> mM EDTA,
0.1 M SPB(pH 6.8), 0.1% Triton X-100)E #IIE EHSIFCE &
OB Sh] He Ml MBS SISE BES 8 10%
DMSOZ} fiinE 1 N NaOH B CE 90°ColA] 1A]17} isasle]
405 nmE RHXEE BIESIHUC
8. WEhda A A0 SO1E &

depd #BS Hosei B9 #8702 86l HRASIKICH
BAE 6 cn BB 3x10° /AR BFEI 417} SEET &,
T 50, 100 pg/meA RS THS 3YUZE HEDIG O,
7y 3 2x10° ZWA g FEBlo] MERMOE WakdAiiEe] Mg
2519

a5l
4n

1Y)

9. Western blot 43

BI6F10 #HHEE 10 cm $EAFE0] 3x10° /1R MRS F#A]
713 50 pg/mé, 100 pg/mt¥ HUATF HIHWIE EIEESIL 3Y St
EESIGCT EEY #EE 2T WFESI lysis buffer(lx RIPA
buffer 1 m¢, 1 mM PMSF, 1 pg/mé aprotinin, 1 pg/mé leupeptin,
2 mM DTT)E 3027} #B#A17] #, 13,000 rpmollA] 3087t i@l
538t olod LIRS FISIArt. EEE S Bradford #ZEe FIFAGH
o] FESIN L, 50 ug EABEW 2x sample buffer(l mé glycerol,
05 ml B-mercaptoethanol, 3 mé 10 % SDS, 1.25 m¢ 1 M Tris-HCl,
1~2 g bromophenol blue)& FEECE EES tH& 75% SDS
gelolAl  ERUKE SISCE  Nitrocellulose
membraneZ EHAI7| L 5% non-fat skim milkE blocking A]7]
%, tyrosinase, actin, TRP-1, TRP-29] antibodyE 1:5002.% ik
Slo] ZiollA] 1K1Y 308 SOF RIEAIZATE TBSTE 33 Hifkst
%, tyrosinase, actin, TRP-1 21 TRP-2 anti-Goat polyclonal IGg
HRP conjugate 2%} antibodyZ 1:10000 2 #ESIe =EA 1
AR} EQF [XFEAIZATE. TBSTE #iilEst & ECL MRS E #E &

polyacrylamide
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BHETFOIRIEXEE0] BIGFIOSMEA 22 HEpdddo) tigh a5
ChemiDocg 3l band®] HES ®RESISGLL Sl71 |5k, AIRE 50 pg/ml, 100 pg/ml EER EHESIL 3Y
% tyrosinase ¥GiES HIESIGCE BEREF(100:5.8%)S HiMEO T
10. EARz) HERE R 50 pg/miolAl 63£11%, IE]T 100 ug/miolAd
i SR student’s ttestZ FFASH p-valueE T3l 56+5.6% 2 tyrosinase {GH:0] $AE] WA SIS CHFig. 3).
BEMES wEsINCh 2) WA 24 88
WAL tyrosinaseE  FIFIGIY AURFAIHC] EEOE

a4 %
1. fRlE AR

B16F10 #laATFz 0] v]x]
FHHTE 125~200 ug/mo) BEZ 217} EMSIIL, serum
free-media = 24A|7F Ei#Sl MIT assay2 EHSIACE B8
FER FURT Y 50 pg/mt, 100 pg/ml FEEITZONA] HEREAEER
2 HHERE(100+1.8%) 3 Haslo] 282 9121.5%, 90+15% 2 A9
B7F QAT 200 pg/ml R REBOIAIE 82:05%F QR
BB O, EEHE SUCHFig. 1).

oixlE #
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Fig. 1. Effect of ethanol extract of Hovenia duicis Thunb. (EHD) on

cell viability. Cells were serum-starved for 24 hours and EHD was treated in

serum free-media at 125200 we/ml for 24 hours. Cell viabilly was determined by

MTT assay as described in materials and methods. Data are means + S.. of

three experiments performed in triplicate

2. debANZe gejsks e

WEPAMZ = actin filament®] HERS £3
RHEE PSS o] BifiEEE S0 £RE o
ZYE M) 2 (keratinocyte) 2 WA BT Wk 2 5
FHIHII0] B16F10 MRS BIRsAER Mol EE8S ni=X
BESH oked HETMmEMS 222 50 pg/und, 100 pg/mid jE
Holo] 39 30k 285 1S MilRS] MR BLE BIEET
B Bzcioltt. Sl SR SR8 UM mEEoAe] |

S Z = BiERO] H18) BREOREET BN SS BBt
2 I9CHFig. 2).
3. Tyrosinase &4 & g3
1) Tyrosinase 4%
HEPAA ZollM HEPAE &Fichs Q7112 tyrosineS

DOPAEZ  ## A7|= hydroxylase®} DOPAZE
DOPAquinone 2.2 EHfzA]7] = DOPA oxidaseZA] AES = &
BB KiEe M Sk tyrosinase®] fEFol Qlal A|ZHAT] 2
Il A BUEFHIHIO) tyrosinase ¥Eiko] D)X= 242 Py

tyrosine

- B2

R

.

- 339 -

tyrosinase BERQ| EME MIMISIEA #AEO 2 &R HETFH

HYE MAL tyrosinase B3RO EHEE HISIGIK LUt (Fig.
4). o]&= ’ferSinase BRO Eihe HRFHMgo] BEENoE

st esE A

EHRSIT)

Fig. 2. Light micrographical observation of B16F10 cells after treated
with EHD. Ceils were cultured with vehicle, 50 we/ml and 100 wg/m of EHD
After 3 days, cells were photographed with inverted phase-contrast microscope
A vehicle, B: EHD (50 we/ml), G EHD (100 wg/ml) (x100)
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40 1

Tyrosinase activity

20 1

50

Concentration (ug/mL)
Fig. 3. Effect of EHD on tyrosinase activity in B16F10 cells. The effect
on tyrosinase activity was tested with 50 wg/ml, 100 we/ml of EHD for 3 days
Results are expressed as percen: of control. Each column represents the means
+ SD. of triplicate determinations. *P(0.01 compared with the vehicle.

120
100 A
80 A

60 -

(% of control)

40

Mushroom tyrosinase

20

100

Concentration (pg/mL)

Fig. 4. Effect of EHD on tyrosinase activity in a cell free system. To
test direct effect on lyrosinase, the tyrosinase activity was measured in a cell free
system, as described in materials and methods. Date are expressed as percent (%)
of control and each column represent the means + S.D. of least three experiments
performed in tripiicate.
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4. dz2hd Yol nixle= gat
HEFHHo] Wekd Aol RIXls BES FHash] 9
SiA1 B16F10 #iKaol 50 pg/ml, 100 ug/mé EEEES EESI 3Q
B &5l 74 gy 2x10° 09 MRS ES the wWad
2 BIESIET). B R HIERH10024.2%)) B 08I AR
THHYE EES 2 50 ug/miollA] 73.3+3.5%, 121 100 ug
/A= 47.622.7% 2 Hehd Bol BASIACHFig. 5).

120

—
2 ® o
> = S

Melanin contents
-
>
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=

50

100
Concentration (ug/mL)

Fig. 5. Effect of EHD on melanin synthesis in B16F10 cells. Cells were

treated with 50 wg/ml, 100 we/ml of EHD for 3 days. Melnain contents were

measured as described in materials and methods. Results are expressed as

percent of control. Each determination was made in triplicate; the data shown

fepresent means + S.D. *P(0.01 compared with the vehicle.

5 WEkd A4 FZ) 2018 pat

219] #E R R HMHEYO) tyrosinase ¥ HERJ
B2 WA CEE MRS i el Wakd A M4 BRE
WERCE #2% 51Tk BI6F10 #HHES #ULTFHIHMS 50 pg/ i,
100 pg/mt BER EESIY] 3Y S0 sEsly, 2 gyt 2x10°
NS MHREE i £o Che MifE pelletd) Wahd &FEE HiEpT
HESIGT) R AR Wil GFE BB RERA AX3)
NEES R UACHFig. 6).

B X
¥ 4

E - ey
L e

confro EHD 50 #g/m¢ EHD100 29/me

Fig. 6. The formation of melanin on the B16F10 cells after treated
with EHD. Cells were treated with 50, 100 we/ml of EHD for 3 days.

6. WEhd &y #¥d vhd dadol o)X ek

REFiHYo] B16F10 #BES] tyrosinase, TRP-1 18]l
TRP-2 EHE BHRES HESI=A LolE7] 98] Western blotS
AT BB ER FURFIHYE 50 psg/nl, 100 pg/miQ)
EE EH 31948 l tyrosinase HEE RIS 247} 0.38, 01847
Z, TRP-1= 0.8, 0.68:0 = Bi/P5H3 21 TRP-2:= 0.79, 0.8600 2
BASIACE Wekd HEFEHY2 dikd AR 8 BE S
TRP-13} TRP-20l HI5l tyrosinase®] BEHS 3143 #1%I5IN
22 o 4 UUCHFg. 7).

== 8 T

N Tyrosinase
TRP-1
Em@ TRP-2

Protein expressions
(Tyrosinase/ TRP-1/ TRP-2)

Io— Tyrosinase

50

Concentration (pg/mL)
Fig. 7. Effect of EHD on the tyrosinase, TRP-1 and TRP-2 protein
expressions in B16F10 cells. B16F10 cells were incubated with EHD. After
3 days, cells were analysed using Western blotting as described in materials &
methods. Each determination was made in quintuplicate; the data shown represent
means = SD.
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BEY FQ e & Shis SMEERE ABE FH#cl=
BEEQIT), B3] &AMR B Aol WeldHzE Wehd S ARs)
ol RS BF sl Q8 fES g 2 ohig) BESH K4
RS RSl EETSHE X R# EAS St ¥HA AP

BT kgl BEA BRI AU B BY KMES S

al

me
o

Holl wh2 2 KF BRI} BER L &R g, § 70, =
ok ol AREVT ot

Hehd 2 Wehd A (melanosome)ofl A GREH, FEbda
Aol EFEMC dibdES sk LHES BENQ B3RO
tyrosinase, tyrosinase related protein 1(TRP-1)3} dopa chrome
tatutomerase(DCT, TRP-2)Z0] Q1Om*® 0|5 £ tyrosinase=
melanogenesis®] RE REREC FHINKEA EFHSh: BRE
A, tyrosineg DOPAE ##i5le tyrosineE€ hydroxylase ¥&##:
I} DOPAE DOPAquinone2 2 E&fl.6h= DOPA oxidase ¥&iE
g B ZA rt

Hepdo 6 MR EEN ER, K3, AL, RIE,
By, BE 53 22 WEN 2 (e BERE JsiA A
e g w5t WEhde AmiE Alolo HERIT KR
UVl gal AfEeE AFeitZ{free radical)s s
scavenger ZA|S] ®EIS SO=EH MEY BHEE WXL
3lo, AEEEMEAY FrEE Sol YElA AP

BRiL FEHO tist #Lo] EhdlEA dikhd 58 BER
fime] BEXR WES HlMcl EB (iR e #E7t
5] O|FH 2m, B 4-hydroxy-anisole, 5-hydroxyindole

=

o

ISR NS

hydroquinone@} kojic acid, arbutin, oxyresveratrol
tyrosinase  HIEIEIET  silbenei  (LEWIQ)
isoflavonoid E91 ferulic acid7} L& Ui, olgtol &

a-viniferin,
f=Xo}xu}

=2 O
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HIRTAHEREE0] BIOFIOSASH 20 Wepd g gl a3

f] 26)/

®, 27, 22", By® 59 mypnme) gekd 4
B H0H 2Eeo] ATkl B IE AT

webA B EholAE SURFmEo] B16F10 #ifEolA B
oA BRol] vXlE BEES RASE) Y18K tyrosinase {EES
BIZESH #5R tyrosinase T4 ¥EHEC] HEMOE MEIEA O
(Fig. 3), filf MolA &FE BEhde BS RESH R doid
GH T8 B ATHFg. 5). It BIAL tyrosinase G4 ¥
o] & plAIX] Qi) o] B16F10 fHfEolA] #BFHmHy
o] EFHEERIEE S0l BBENCE tyrosinase® ¥E1EES #H]
AFEE 9uight

el 2= AA S (neural crest)ol A HARSH MAEEA)
BRGR LA (dendritic) & ZYT Qo0 OF 30~40709) ZHElAM 9}
HiEE ol Rz-gehd Bf7(epidermal-HEhd unit)E FRsH
o), 0] E##HEE ESI melanosomeo] ZHFMZE OIF FTI30).
2 ROl T BT S BL6F10 MRS Bz
= HIfIBIACHFig. 2).

YWahAL tyrosinase, TRP-1, TRP-29] Q9] o] <50
BRECE £ tyrosinase= tyrosines DOPA, DOPAquinone®.
E BRA71E T8 KERES 0K eumelanin TR B REQ)
KMES MBESHL, TRP-12 tyrosinaseE ZE(V Al7|= HEES
ole ALE &EdA Q17] thEol tyrosinase: eumelanin FZE0)
EQ% &ES ST A 2 UBoA Western blotS E3)
tyrosinase, TRP-1 & TRP-29] TIWHZl 2B TE ZALSH A1t
RETHEYS TRP-1Z} TRP-20] HI3IA tyrosinase?] S
FAE] MABIHEE ¢ 4 AN

ole] KRE FEHl B, FUEFHHS tyrosinase,
TRP-1, TEP-29] && #iflsl Wahde ARS M#ish= A
OF WRH, FEFHETS EAERY FERYBETEAY
BEE AIEEto]l =2 ACSE ZihEo] Ak

=1 AN

2 8
R THIH0) WY &
ESHLAL, BIGFI0 RS

=

EE 7™ v EEe
HMIFBIA] tyrosinase ¥EME 2 HEPAS]
E Yol B3R nhaEe mENe BZEY tyrosinase, TRP-1,
TRP-28] EBEE BHAAE HASKELE B B%, HETHH
Y0 100 ug/me BEONA MMATFRS 90+15%E st o
£ nlekelol Om, tyrosinase ¥ Wekd ARE 94 AUA
MEGIE L, HREEN BRAAL MY BRREESE ZaA)
730k 28Ut HA tyrosinase ¥E#Q] AL AU FHE® S o1
o FEL PIXIA Ut W49l Aol BAEhe tyrosinase
<} TRP-1, TRP-2 59| EHE RESILE HITS BE FETH
tH#)2 tyrosinase, TRP-1, TRP-2 EHE BHES S84 4
AlA Wehd ARE M#ichE ASZ VERdTE
ol #R HEFHMEYS BI6F10 MEOIA flasEito)
A OHA] tyrosinase (&3} tyrosinase, TRP-1, TRP-2 BES 4]
fisd, Wehd £iE BRNOE A HoH, 25 EHuE
S} rEEE BU AANCE 1Hsly) Y3t Hhayl nlurisy

o o=
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