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Abstract

Melanin biosynthesis is a human defense mechanism to protect skin from UV irradiation and
also determines colors of hair and skin. However, as a interest on skin-whitening increases,
researches to prevent pigmentation and hypersynthesis of melanin in skin are being actively in
progress. Active components used as a whitening agent in cosmeceuticals are kojic acid, arbutin
vitamin C and hydroquinone. However, until now, because comparison researches among them
in the aspect of both melanin formation and cellular toxicity have not been performed, we can't
exactly estimate merits and defects of them as a whitening agent. To this end, we performed
experiments to compare their effects on cell viability and melanin formation. As a first step, in
vitro tyrosinase inhibition assay was done. While kojic acid and hydroquinone showed strong
inhibition activities(their ICsos are all <100uM), arbutin and vitamin C showed weak activities.
ICs0s of arbutin and  vitamin C are 100uM and 400~500uM, respectively.

In B16BL6 melanoma cells, like in vitro tyrosinase inhibition assay, arbutin and kojic acid
showed more strong inhibition effect on melanin synthesis than vitamin C. And unlike arbutin,

vitamin C and kojic acid induced cell death at high concentration. Although arbutin showed no
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cytotoxicity, it has side effect to induce morphological change at high concentration.. In this
paper, we suggest both kojic acid and arbutin have stronger ability to inhibit melanogenesis than
vitamin C. And they also have side effect, that is, kojic acid induces cell death like vitamin C

and arbutin changes cell morphology respectively.
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I. glo]Z Aol Z oA &3} (Tyrosinase inhibitory activity)

SpectrohotometryE ©]| &3 Elo] 2AUlo]Z A AA A|FOZ [n vitro “2olA
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4% 476nmolA FREE S 284S I

7142 Eglo] ZAI(Sigma) 10mME 0.1mM €14 3 (potasium phosphate buffer)
of =o Az AU <¢HFE(Enzhcyem Co., Ltd Taejon, Korea), BIE} C(Roche,
Mannheim, Germany), Z&AHKohjin Co. Ltd, Tokyo, Japan), 3dlo]= =]+
(Sigma)g 5 =(200uM, 400pM, 600uM, 800uM, 1000uM)Z H7}gHch. of 7)o
16unit WA Elo] ZA)Y) o] Z(mushroom tyrosinase(Sigma))E& #H7}sld 108237
37TCoAA ¥k3 A7 F 2A&3HA E3oA 523 At HgE& T3 Al t&
475nmoAl A FGEE =A% golEAYol2 AA)&(Tyrosinase inhibition

rate) S T3
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Tyrosinase inhibition rate(%) = [(A-B) / A x 100]

AP A &(inhibitor)7} S0l YAl &L WkS-A(control)2] ¥HE F SH T

B: AlEAI87F E9U= ¥H8d(reaction)d) W & F3 T

II. B16BL6 @&td A M E(melanoma cell) W9 Aetd AA A4 43

1) B16BL6 A EvjoF
B16BL6E 3 AIEFL2PKTCC : No.80006)NA FUd3td DMEM(Hyclone,
Logan, Utah, U.S.A.) #iXo] 10% fetal bovine serum(Hyclone,Logan, Utah,

U.S.A)S H7Mg wjekR oz 37C, 5% wjF7] oA wludslsdch,

2) Akl Fol =4
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5) SAA
249 AAXE HFEXFHAL] P2 BEAE3 3 SPSS/PC+ programe ©o|-&

3t t-testZ FoAdS HASA

43}

1. Tyrosinase inhibitory activity

1

A2k positive HERTLE AlEH Jol=2F =7 AY L 39 94 &
2 Jehidct. g€ nEwl Cr dlo|=2F =3 m3F o] Hl& oFs17 sk

B2 ICso7b 100upM=ZE Yo, BlERl Cx ICs07F 400~500uMeof A

)

O

-p;

tyrosinase inhibition &%& X4 FAtHFig.1 A). %3 Tyrosinase inhibition rate
< Foo FxEE YeEW o (Fig.l B). 24 100uMolA 95% A= AAIHSA

HIEFY C= 800uMol A, &HE & 700uM oA Ztz} 95% 9 AA&E BT

2. Agkd X A= 9F
2-1 Cell W] melanine 84 <Al

B2 AgTe FATA vE debd FFo] 40% A= w4 AA F7H8E
Atk wkdo] 37kx] wMA] HEFAAME EF 57t FolASE dgd gl
SAUA BA3AT. ZAA 0.5mMAAdE 719 Aabd g oF 50%, 1mMol
AME 100%7t AU, 2mMYF-EE Z2E AsiA #S AXRY ¢ @Ol
debd Aol AAHATH debd FEFHA Fe AEY 70%, ImMIME
50% &9 Hold datd FAAASE et
AREAE 0.5mMolA 5mM 7hA Hebd §Fo] Fxo met Fo4d A HFAsR

t}. ImMOAlA 100% #A%[, ZAA ntd7tA 2 2mMEEH Zx4E A8 st
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A 2 AERT ¢ Fojgo] o FFo] dE2FY 50% v To)th

HEY CE 2mMojA Zrzite s fxd Rahd AL 100% JAsAoY 2
32 0.5mM # ImM F=oAE dad A4 FX7F 1.5 A 28] F7H83Tt
3mM JAE @ watA e AEnch FFol o Fojso] 75% FFEol
mebd 3mM A TFANE Behd 44 AAES o) s Fon :A4l,
HElY Ck €02 Uehdth smM FEAAE :Fdo] 7bg Fkon s

HEE CE 2aAtg Aax e AXel wlal Behd gl 40% B0t

2-2 AFEAEE =3 (Cell viability)
Iy 304 A4 AEAl 20%9 MEF gAY ZxAbe] Alxe] Y o
WA A deld {fXxo gt 71F 2 oln F 4y

MTT assay® B16BL6 @ztd YAz BEES2 FSAT 43, 244

>
5
=

TEoA oF 20% B9 AETHEARI GERRTH £ 3mM, 5mMe] 3E o)A
= A7 o 40%, 5% AEIE FAG. YH A FEAAE F449 dE Aot 4
EhA] ke

GEE Ao 9ol 5mME A 0.5mM, 1mM, 2mM, 3mM

olf
H1
2
=X

. 47
% 45%, 70%, 45%, 45% F=o Behd AYMET AL ZPaAT weof
5mM 2ol dE Aol 0@ ojme wIE UepiA et

HER Ce AEsE 5 0.5mMolA 3mM 744 FZoAds &Rdx nparbx

2 Zkzb oF 25%, 25%, 60%, 45% AT Hehd AAA T 248 5900
5mM F=oAE did BT g MEZSE FE3AeH gl 80%
AE7F 2. 243 #EtY CE 5mM XA AE 75% oL FAT
Axe] MEZAES veERlT vide] 4RELE Ay omed FRAAE AXe|

ek 540 vehA skt
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2-3. BEd AE] Juey €l

Heke debd AXo] Azte] Bd& FAda 2447 (Fig5 A, B, C), 72A1ZHD
E, F) v Feistd gl Hats adagivh. A= 229 5571 ol A¥e 4=
o] olele

21

A4F 3mM, 5mM3} BlEYl C 5mME AYdtns 273 v sl

< ¥gs #2 & 5 Y vi(data not shown). 2 &HE 3mM 5% o] Ao A
= T2A1 Fo) WigE Bygon Fxw dlxF(Fig. 5 A, D )9} #Zx4HFig.5 B, E)
T AP dxFR dehd A Eo Axdo] S5 $AAE79 dolst dolR

flo
m<h
ik
ek

T AA}(Fig.5 C, F).

o] @7& Phd & AAAZ ¢ A4, 7Y wEgW C 52 gL 5
=2 dastel A Aoz depd AT EHL FE= 449 9 2
ghd o] AP AAE el ot F7b Yt}

In vitro °|AE kojic acide ICso7F 100uM ©|3t2, 74¥ e m@zgtn GaA
Hydroquinone3} A A& Hch dHE, HEW C 08 I d%o] e
B 32 in vitro Efo] ZAIUIol= A Axtel HEAFAA S v a% A}
7t F4® S RoXe etk In witroolA AFEE inhibitorE 9] ICs7t B

S500pM °lst2 uvebgont, AE Wo] AYelAE olitt & FXolN adst B

AL Axgon T3] A% FasEr 2o Aoz Azdr.,

o]

rr

Gordon 5ol €I5hd 44&Es} whe depd Ao} Wehd Fe 7t AL 3
HElo] Yehtee AXg dehd PRt well § Behd ol AAH AR

H o2 uee Aow 49sn®. metd B APAIAE wel & dahd e =
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A m, dehd ¥ FY ATAl I AYWoIE WE AolE BTG B
g0} gonl'® mebd Wehd FAol W P2 WEmE YA ¥ o
ov] glekn Bk WEFAFY AT FREL SRB AAPY 10°-107°MoIA 1

Bd AlEe FH&

12

AR T 81, Maeda® e ATIME ¢¥™ 10°-107
Mol A dehd MES AEe] FFo] AQAN 'V Fe T Folg Holx Utk o]
= WFSd fELd o] AEY Aoz FAHY B APAXE 5mM(GX107°M)
ANM7A] B B F&Fol A

GRE 37I8tA @& THY GRE H7M TolAE AT YEEol 20% Dol
AAT depde] F2 40% o oy Jdezz dadd 44 fF= EAYS oA
gAY 5 I

a9 29 23E & W /Y 2 2d A4 JAAE 2AM] RAoE 4R
o 28y 398 39 AESA AAE FAC 28 W A 204 Ao HF
AEc B2 A 2AsA At I¥ 29 o] EE AEE 5mM FEA
P 2 dEtd A4 JASE JdEReY AA 243 bekEl C A g oA
= AEY 75% oldol Abdstd daid HAAAAC BEhsd AE B ¢ U
S 5mMe] = HlEldl C AE Aae dgd AAAET FJ7) dizel, 2
ghd A o] Add Aot obd FoF AT wep F AT gl
o] 5mM Fkx¢ Z¥E Hlu E7l 2 5 fivh W] ¢8998 5mM FX0
A 3" 49 Zo] AX FEjols FFol Jdou Alxe YEEE dFol e A
o2 Yebdthad 3). 28423 5mM =94 7FF F& depd A4 dAA)
= ¢Fdolt

2mM olgte] FRolME Al 7HA AR BTN AE 540l vehtA ¢kkm
HEHH ColA 0.5mM# ImM<E Alg 0.5mMolA 3mM7HA] 5% &R oz 4

ghd Ageol AU HER Ce Bapd FAAEA Ao 3mM o]&e] @&
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FEoAE AE FHE83E el 5mM XA E AXFA JAEAE e
Y= olF& 5 (Dual function)g€ YeEMAAT. A A& Yellis &3 Foles 9
w A3lstA whgo] diste AwiEE 8% UehlsE A9 FF Ad=d ve

o A% Wed Y AT P oY B B RS Bl Agow n

i

O

28 Aol o] Rl e olshE sl Azt A ARAY FAATA I
L35ttt
Al 7k AR dEtd A4 RS Blasy] HA8td 2mM FEAA 4E

Ase vlud 5 Ao dushd 3mM ZH A2 T AEFAHo] YeEbsr] o

Hd
=2,

45 vmgez AP Rk

23 204 ZxAe siA fxd datd dol ds RES oF 140%9 o
Aadg vepdlen 7A%to] 135%, HlER C7F 100% A8kt wekx dz)
d AG dAsS ¢F", 334, HEH C €22 JAlso] £L2 Ae=E 48 A

& 4 A aHY AESA AolA 05mMelA 3mM 74X @REs EEE C

1

= Az FAE FJ83TE 53] 2mM ATl o] ZAMS Al EFo] Wt
ey HER Cok R Aol 2z oF 60%9 456% AE7F FIFSHT
(24 3). 28 Rds vER Co ANdZddes S48 AxsE AUde 3+
AEGE] 7 dtd B 5l d3 dA5LS ARG g4 yehd Aot ol
e nEdod LF"o] 7 Hold dzhd A AAAolH wgRl C7F 23
Aol B] 8} i%ol o £2 depd A4 AR ReE FAAY

a9 3 oA gEd AT HER C ATl 3mM o] FRAA EF
datd YYAE] SFHEAFHI degted ol F E49 FA43E wEQd Aoz
FRED AEEE A WE AX DA FREEY o] o] Absgdo] o
Foz Addn % BHHE AAEEE AAY & doE AEZFTHEEE Y

% &8 @ 4 9L Rolth WiE Coh 2rEL FHF FAHAZ F LA
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dor AX FARHAA F& FrME ASFEDSE AAS AE FHsE F

ANZ F e Aoz FAHAGY?, widd 48" 5mM RS AE F4%

o] AlgtA =l 23 49 ¢RE AFE uHY @ gFdo] 5mMe HlwF IF

Eo) ol2d Ao tiF Fits AGHvis dF 5H0E FEse ALE H

Atk &, ¢REL 5mM FEoA AEE F5E FEIAE AT Axo] A

WL g AT AEEHo EATE AR RAJIHIY 49 F). AXE9
3

Fo] AAAR 54 WEAA AEAYP i | AEAAE A7 dE

2

AA el dig F7+ A7 Bostth 53 HER Ce Phd A4 AX dsto
= et S AAE FAlA HEtE o]FEasS M AR FYHA

.

FFI

ATelA vlug debd A A5 lolA 7 dAs asol F2 A

S
i

FReoly A7 AT nAY W wEE Cb BAN Hake] dRE &

olr
o

O £ Acz wRAY. 1Y ol ARE wgez Axd o HY

2=

FEA N 489 A5 wried Aol 719 o)F wEe] Fsior o).
AR, AHEE dehd A MEQ BI6BL6 AXFE Aol old HFH AX
ol fLo] HAFMNEI} obd FFATE Axolth wetx AN dojupe Al
T Qe AsHQl ded YA S FgeiA 2@ n ¢ 5 Ao £
A BEAEL AYATAN G FAAE d ATAM AEEAM] AE g2A Y
) mEo] o] =Rl Aot dutEE AdE =28 F vk AA AX
E ooz e ANPS dAste AAE vudozy HAfARe Bhd YA
oF A ] AGAEANM MEAHEE HuwITtd F AEFF dd A4
FAo dolA e AolFE AHE F Us F2 7137 € Aolnh

4, AAA Qo] v ETE AEA AT} FF AEHA vebd + gt

dREoly HER C e Af AAR A5 EA2A 4F FFFezA A

Jm
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¥R A5 AP 54 me 1 @Ak 29k 5 ok QuEom A5 2.
A%4 Bl Hatel JPe BRI AW 55 dgd AYHATE Ea:
o 7 olalme] gAska o) MMEA] BFS Uy PAAL Bepd 4
QAL GRS E9F olelAA ARHe A%l o|FHol Aok BT}, o

ofj

2Hoz o2 dstel Yo Ue AHSHD U= AFE AYHEF AW
AAE ARAT 7k F7] ] U £F o4 FEE ALgsloret £7]9)

24g ol % Utk wEe] A54EAe HRY AEE 9

&

e gEF AFol
AHEE F ded HIode £AF 30,000 oo A ANEAE AFAZ7HA
Al gl SHEUT
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=
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=
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.
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or
o
=

EgEoA vagezs uiA dAH9 7|2A8E AlFsit. £3 HEHY 3
7FA o miE Ao tiate] ZE ZxolA dtd BAAATIH AZYESES SAY
o2H ME FEIAAY mNa TS T

FZA4e] MM Es F 3mM oY FEAA Y &% AAvHES] ofyet Al
EAA S Apde] ofsted dAEd AAIE REAI] A% HEH. IR
3mM3 5mM FFE& BHla oA AL AESAH] e 2mM FEAA OE
F AEH &%& HAstE 3mM¥F 5mM FFEAA Y Bl ArL @i ne}
A i AE AASH] AR Aol o detd @ SAT FA A ESFA] o

B2 BA0 ZRfNR AR MREFS AFT 5 Ao

o
X
22
o
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Tyrosinase in

Fig.1  Imvitro inhibition test of tyrosinase activity.

L-tyrosine is converted into L-dopa by tyrosinase. Concentration of L-dopa can be determined
by spectrophotometry. This experiment shows that whitening agents such as Vitamin C, Kojic
acid and arbutin inhibit tyrosinase activity in a dose-dependent manner.

IC50 of whitening agents is as follows; 100mM(Arbutin), 400mM~500mM(Vitamin O,

<100mM(Kojic acid and Hydroquinone)
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Fig. 2 Melanin content assay was done according to the method, previously described.
Result are expressed as relative absorbance of control and data means +SD of at least three

determinations. (* P<0.1, ** P<0.01, ***P<0.001, n=9)
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Fig.3. Effect of whitening agents on the cell. Cell viability was determined by measuring

optical density(OD) at 570nm (* P<0.1, ** P<0.01, ***P<0.001, n=9)
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Control GR (1mM) Arbutin (5mM)

24hr

Fig.4  Cell morphology of B16BL6 melanoma cell, treated without or with GR  and

Arbutin SmM, respectively for 24hrs or 72hrs.(x100)
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