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Increasing Effect of Myricetin of Biotae Semen &
Biotae Orientalis Folium on the Melanogenesis
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The unique biochemical pathways in melanocytes responsible for melanogenesis provide us with a rational

mechanism-based means for

developing both ‘pharmacological

regulators of pigmentation and cytotoxic

chemotherapeutic drugs for melanoma. Myricetin is a polyphenolic antioxidant and a component from Biotae Semen,
Biotae orientalis Folium. Therefore, the present study was conducted to evaluate the effects of myricetin on the
melanogenesis in human melanoma (HMsKO) cells. The cells were treated for 5 days with myricetin at several
concentrations (10 - 100 pg/ml). Treatment with myricetin dose-dependently suppressed cell growth in HM:KO cells.
But melanin formation was markedly increased by myricetin as a dose dependent manner. Myricetin did not affect to
tyrosinase activity, which is a key enzyme for melanogenesis, but significantly increased the level of tyrosinase protein
expression. These results suggest that myricetin stimulate melanin synthesis of human melanoma cells through the

modification of tyrosinase protein expression.
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Fo HIFEEESl H ROl myricetind] Wehd B4ol Xl J&

Hol ¥EiA UE duigy 2aYEX, QHEOZ flavones,
flavonols, flavonones, isoflavones, anthocyanins &€& Z&F6P
th3EA0Q] flavonol & 2= quercetin, kaempferol, myricetin
Zol U, Sbol 0 W Y Sof Bo| $RHo} Y=
HE 59 SHIZ RolH A4S WEHE BB 87t
quercetino] thet @ HlnA YA o]
2olA L AL} myricetinoll thEt HAF= MY 0]F6{A X
21 ATH

WA B dFoA= dlekriol] £X151= flavonoid £9) 5}
U0l myricetin®  AzjEdo] HI ATFE ST
Myricetin® 571, H/f4(Biota orientalis), Hlf{a%E 59 & S
& ShizEA ERIsta el anti-HIV activityE
AOE BAFHJUTHY. Alfa(Biota orientalis)S FlFIRIo] &3 4
EQQENEOR BT ES AEZ AMESkEH, St &
TE T EBE sl St MF LR B8 E1W, A
By, WEORFRS, HHERG, RETEE, BBEES fs0l Aol RREE,
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A} flavonoid &

glof| tannin, $=A], vitamin C
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1. HM3;KO M EF it

HM:KO AlZ&= Q1A WeldMEZFEA CO, uidy] (77T,
5%)oll 41 10% fetal bovine serum (FBS; Hyclones Co.)o] Z&He
Dulbecco’s Modified Eagle medium (DMEM' Gibco BRL Co,
Gaithersburg, MD)lX]ollA] HHIBIR OH 3¢ F71Z vl &
LA BT

2. NZYEE 58
HM:KO AZ9] M EHEES 3-(4,5-Dimethylthiazol-2-yl)-2,5
-diphenyltetrazolium bromide (MTT; Sigma Co. Ltd.) assay%
&3 0}93’\0‘31 MTT HZ2 Mosmann®] 21 & HE sl A6}
¥, HMKO M EE 7} disholl BFFIIL 24417 EQF MZE
QFE3IAIZ] & Myricetin (Sigma Co. Lid)E STHEE @I
5 Z0F mieksICE wigko] vt & AENHE a
Z¢H 0.05% MTIT S8HE w70 BF sl 3Kt &
SIECE Aol e AEZES MTTS jIgslo] HokE &
formazan FXEo0] 4=, 4EHE WL formazan F
< dimethyl sulfoxide(DMSO; Sigma Chemical Co.jofl &J20]
/\-] 1587} 84818t & ELISA readerz 540nmojlA] S§RLTE &
8l tHET3 1] alskRrt
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HM;KO M2 2t disholl EF8H1L 244135 ¢ Mg ¢
A3lAZl & Myriceting sTEE H718la] 5 St uf st Tt
£ inverted microscope(phase contrast, Leica Germany)& o1&

glol thET I g gegks Hals dEsiint
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Alzuiol F4¥ HWehd 2 Hosois9 B E HEsl 58
;Pﬁil‘/}zg) H]‘% Hi 5k phosphate buffered saline(PBS)2.2
28] AMEFH &, 583 12 Fuchs-Rosenthal cytometer® Al

<8 ﬂl&o}ﬂ AXERISI FESIECE £EE AlEZA
Acid-insoluble material& ¢¥71 $35] 10% DMSO7} 71 IN
NaOHEZ 300 Erisle) 100TolA] 108 29 SdiA7ich
ELISA readerZ 405 nmojA 3L & HFsIG oM HWald 8
2 ghd wahd(Sigma Chemical Co)g AMESle] AMdE BEE

HollAl Faiirt
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Myriceting HM;KO A Zd] Azlgled 58 FOF v kst
£ 0.05% trypsine-EDTAE M ZE Bglsl1, A4 &5l 8
St +288 MIES S OF BBl Myricetino] 2J8
HM:KO AEZ0) M4 MATE A
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6. M W tyrosinase 84 &H

Tyrosinase €43 Martinez-Esparza M E9 diHol QaiA]
IREFY. 7t welle) MEE 850} QYRR MER
U=, 100 4 lysis buffer (1% Triton X-100, 10 mM
sodium phophate, pH 7.0, 0.1 mM PMSFH)& @1 4T & EollA]
3057 HXIsld AIEE THA71I AAEEISH & AENE
tyrosinase®] enzyme solution©E AFESINLE O] enzyme
solution 100 mM sodium phosphate buffer (pH 7.0) 10040
AlE 50uE Eo] 30T water batholA] 5837 HE238E & 100
mM catechol 50 (5 FolA RLFEZFA} FHo] e I
TAZE 37T, 405 nmoll4] EBE Y HIE 1 A7 HESINACH
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7. Western blotting

HMKO M Z(5x10%E PBSE MZEFIL 4TolA 3020
lysis buffer(phosphate buffer, pH 6.8, 100IU Aprotinin, 1%
AEBSF)ol &35l 20,000xg= 302 =0 QAI2EZsINch
Amicon systemE 0| &5} HEAJMIA G &SIt 55
ot tHMZS Bradford assay® ZAZFGH1L, 50-1004g0] THAZIS
7.5%L} 10%9] SDS-PAGE&olA] H7 @ Eal0] BE5Iart e
B UnEe £ F 4204 241%F
&} blocking buffer(5% skimmilk in TBST)ollA] incubationA]%3
Ct Tyrosinase antibody(Santa Cruz Biotechnology, Inc.)& 1:500
S g FY5lo] 1X]7F ¢t 88171 & TBSTo)| 33] washing 5}
1:1,0000 8 34A)17)
anti-mouse antibody(Sigma)of]
ECL systemQ Z ZOI519iC}.

Nitrocelluose membraneoi]

A secondary peroxidase-conjugated

HI2E chHHAES  Amersham

1. Myricetin0] Q1A BWEPA M EFQ)

Myricetino] Fghd ol B]Xx]
HA QA HEPAMEF9] HZ &
Tk Q1A Wehd 4l 2301 HMsKO Al o
(10 - 100 pg/ml )2 58 S+ Mgl & & MIT ghgoz
2 ZX8199r). Myricetin M2122 HM:KO A %29
A Gk Myricetin 10 pg/ml STollA] AT (100+4.6%)2)]
BEolA 47:74%, 100 pg/ml STolA

Myriceting <7

=]
MEES
o
=

767.2%, 50 pg/ml

19:5.9% 2 VERJTE (Fig. 1). 8 Al 29 Folalu| 4y Batd
TN T Myricetin® HM:KO M EQ) ZA1S Adxdt AOE T
ZEUCt (Fig. 2). old9 Z3 Myricetin2 5% JEHCE
HM3KO #HES} ZA1S oARlgre & + AUUTh

= 1201

e

T 100

o

o *

s 80

2

3. 60+ **

2 40

> 9 * *

% 204

©

0
Control 10 50 100
Myricetin (ug/mi)

Fig. 1. Effect of Myricetin on the cell viabilty in human

melanoma cells \aKO cells were seeded at 5x103 cells/well. After 24 f, tre cells
were trealed wath various concentrations of Myricetin {10 - 100 ng/ml) for 5 day. Tre
cell viabiity was measured by MIT assay as described in Materials and Methods. Data
are expressed as % of control and each column represents the mean + SD. of six
determinations. Astensks indicate a significant difference compared with control group, *
p¢0.05, *p¢001.
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Fig. 2. Light
observed for 5 days. HMKO cells were treated with Myricetin (10 ng/mi or 50
ug/ml ) for 5 day. 1: Control, 2 Myricetin (10 ng/ml), 2 Myricetin (50 pg/mli).

2. Myricetino] Hhd o njX|= gk

WA WepdMxo] AEL] 2hd 4R (melano-
some)ollA] A#Q] F4 whgoll 2ol ok B dFoldlE
Myricetin0] FZf79] Werd #ddll nlxls g ALEE7] 95
o QA WEhdAZEFQl HMKO Aol Myriceting U A|7H
g & BEPAYS SHFINTE Myriceting Q1] BEhdME
ZFoll 10, 50, 100 pg/ml SEE 5U+ Melst &, NS 25
of "ehd AESd] mE dehdyg SE0IATt Myricetin 10,
50, 100 pg/ml RzlFoldl 1x10°709) ME" Weld Qo)
4.6x1.6 ng, 7.4+0.6 ng, 11.343 ngo|N O™ TR TFolA = 3.0:0.4
ngolUTt (Fig. 3). WEkA] Myricetin® % QEHOE wWahd
WEG EX5I9 o, Myricetin 50 pg/ml M2} ZS ) RF9] 2
Hll, Myricetin 100 ug/ml ]S RS 30 & Hahd 2

=
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do] E7EHREE ¢ 5 UAAT
o]4k9) AA M Myricetin® HM;KO A 29] 5412 o)
Sl o, dhHol HMGKO M 29 dehd Mde EXA1711 )
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Melanin Content (n’gtﬁﬂls)
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Fig. 3. Effect of Myricetin on melanin synthesis in human
melanoma cells HVKO celis were treated with various concentrations of Myricetin

(10 - 100 wg/ml ) for 5 day. Then, melanin contents were meastred as described in

Vaterials and Methods, Data are means + SD. of three experiments performed in
triphcate. Asterisks indicate a significant difference compared with control group, * p<0.05.
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3. Myricetinol] 9|5t Wb 4 F20) Helx Hat

9 A A} Myricetin® HM;KO M 29 EEE o7
SHHA SAlol HEld M4 SXA7= ALRE Uent, dekd
My &N ANE SUHCE BESIFMCE HMKO Ao
Myriceting 50 ug/ml &E 2 AZISHL 5 SQF sikst & 4
ZE 585l0d, HMKO cell pelletg THESH 23, Myricetin &
2l thETo H]6le] Hehd 44o] dA8] Eri=Eiec] &
QI OF BOIERC} (Fig. 4). 318 HEkd Mg EXN|7IE
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Fig. 4. Photographs of cell pellets of human melanoma cells after
5 day treatment with Myricetin or o-MSH HMs:KO cells were
cultured in DMEM supplemented with 10% fetal bovine serum. i:
Control, 2 Wyricetin (50 ng/mi), 31 a-VSH (20 ).
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. Myricetino] Q1A WZPAMEFY] tyrosinase 4o H|X]=
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Hepd 4d 82 SEEell tFEolX T ota Al F
B AHIE 2 tyrosineS 71AZ 510] tyrosinase G40l 5}
DOPA, DOPAquinone2 2 H&E 11 0] thX] DOPAchrome,
DHIL} DHICAE g4ola AEH R SeHtsd dsle] "t
i polymerE HHsle AR JedA rt ol IE & £719)
F TS B130] tyrosinased] EUiAE S El Loluim, o
o HHS0] 7AEH e mEA MHEEE tyrosinases Wik
YENHolA EQ8 dEtg ot 19 AE A Myricetin X2
F gehd gdo] dAS] EUIHALERE ol HWild gl &
osh= AoEY 43 B0l ASE Yvis. Wik £ 4
Slofl A= HM3KO A ZE9] tyrosinase EHdoll BIX|:= Myricetin®]
FeE RAISIKCE. Myriceting HMKO M Zoll 2F 5EHE &
ZIohL 5% &0 uieket & M Zu tyrosinase §4 EHE EA}
¢+ 231, Myricetin 10, 50, 100 ng/ml &50l4] tyrosinase £
232} Y 2 7+(100+2% )08 vl alEle] 104:6%, 113+6.3%, 108+4.6% =
Liehdth. wighid Myricetin® HMRKO A 3EQ] tyrosinase EHdol]

£ GES nlAA 2RSS L 5 UKL (Fig. 5).

5. MyricetinO] tyrosinase THHEZ wslol mlxj= Gk
Myricetin0] HM;KO A £8] tyrosinase G4 g0l g
g FA YAXOL} tyrosinase protein WS A & 7hs40]

At w2 AgolAls Myricetino] HM;KO  AlZ9)
tyrosinase protein BI&Igkat0] n|R|E FEE ZAB] Yl
tyrosinase antibodyZ ©]&3&t western blotting YHOE Q1A
HEPAM EEF0llA]  tyrosinase protein levelE EAISISIT
Myricetin 10 pg/mi2} 50 pg/ml Aldkd 58 S0 njgket

o

tyrosinase protein levelS ZAISH A3} thE 7ol H|3H SA3]
E715IRict (Fig. 6). ok &Y 2o 2A dild 84de &
ks $EEOF Uil a-MSHO 8 IMEA A SEAJo]
T HETZHL} tyrosinase protein levelo] S7151irt (Fig. 6).

120 +
100 <
80 4
60
40
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Tyrosinase Activity (% of Cc

Control 70 50 100
Myricetin (ng/ml)
Fig. 5. Effect of Myricetin on tyrosinase activity in human
melanoma cells HViKO cells were seeded at 1x105 cells/well. After 24 hr, cells
were treated with various concentrations for 72 hr. Then, tyrosinase activity was

measured as described in Materials and Methods. Data are meanszSD. of three
experiments performed in triplicate,

1 2 3 4

Fig. 6. Myticetin induces expression of tyrosinase protein in
human melanoma cells HVKO cells were treated for 5 day with 10 ng/ml and
50 ug/ml Myricetin. Total protein were electrophoresed in 10% SDS-PAGE gels and
transferred to nitrocellulose membrane. Specific detection of tyrosinase was performed
with the antibody tyrosinase. 1: Control, 2 Myricetin (10 ng/ml), 3 Myricetin (50 ug/mi),
4 a-MSH (20 nM).
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DOPAchrome tautomerase (TRP-2) So] U}, ol#t
melanogenesisoll Ao{ghe FAARE A 1606 7 FAXL
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< BFEfE(albinism)o]L} BRHE(vitiligo) 59 P&
SHiL, ollti&E (Addison’s disease)2 HHNE HAn|ZolA] HE]
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ol g Fo] FES A3} &= /MlEA sk
Z '%51 I . B8] 710), F2A E 520l 447

BHEGIH tyrosinase?] ZHEE AAlole EEE
A, 2ud LREEE S0 Ao, "Wepd
Sh= AHA, BEPAMZAAE APEAT]
hydroquinoneo] Y.

olet YN E Wehd M40 ZhAE Qg ABHE (vitiligo)2
TGl 719 B MEEE RECE dle Y a% 8BE
ECE AfRS B W Efol Frshks dohdAl2r) shy o]
FRIH. ool AMPIE MERME W, HEE
(albinism), BHIR B, ZEME BN, B D2 GRS
E RAER, BEs, Bet BHA BEY ERE 8t 5
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3 ERFES HEE 482 YAoiAE SAT sy ZY
ol UA| o} x| Fofl B A7 AME BYE Q5 £3)
SA0l01A] B84 ABHS Zelsl] BXlIA BARE BEe F
I ABES Mok dulels BX(REssd) 508 dat

WES st We olEise A1 U ANES B4
ESE, FEE, B8 e 3E, BIE S gEUR e, B
BTHY THRERR B, Vol ERE mRSEES MmN
B0 EEGEARE IRNER E2ai NERATE R IR
TR ED. 2 5l A3 A58 olZIE o 8ldM o
of g, RRCEE BMEREHIAL #RESE A5k
RMkAsI™Y, me FERE”, fmnr? 508 8ot
Vol QoI RIREOZ HWHE, WA, BEA, BEHEN
5 %e SO R HEIBE], BIEEH, EnE $o] Mol o
SEHACH, S, BRMEE W, W, MEiE Lol A 2
Q1 orHHCH
Flavonoid= polyphenolic compoundZA{ Slvirus,
E o] g4o] duid Us duigy e, o
% flavones, flavonols, flavonones, isoflavones, anthocyaruns
< zgsh tiEEQ! flavonol 2EZ = quercetin, kaempferol,
myricetin 50| Q=, S|} Yok gl Soll B0l gk
o] e 88 59 IR AJolA] g WeH T #odsict &
M7A} flavonoid & quercetindl] ThEl G H|wE EukslA
ORI X AL Q2L} myricetind]] TS H= AY o2 AKX &
I vt Wtk B ATolle giekol Ex16h= flavonoid
9 ShAQl myricetin®] Wel&Hol FS ATE HYIA
Mpyricetin® #57{=, Hiff(Biota orientalis), HlfaZE E9 -7 4
= £ oht2A] eHISta e} anti-HIV activityS 71X 2L Q= A
o7 BagUCH?. El(Biota orientalis)2 Fligbiol L3l 1=
FEU=0Z EFo S AHRE A=, g &7
& fFC T gt oot TS &% =, Al

Q.
O =

OT

=
=)

e, EEE RINEE, EREEY E50] ol Rk, B

B, Yeir, BIEKIE RERT, BRER S 285k, 480
2 e L ZHE Rl R, saponino] gHRE0] R1om P,

2 3 7Y WMTCOFRE] & Herpes lol#i2 18 (HSV-1)
WSl Syl TSt WesT AT AEEES RMLEM, 1EREE,
A A8, BHA%E £9| WEEo] ol BUIRREET, ot lfl, SN, M,
R, FAEAZE, B|KE, BB, BEER B3 A Fdlet, 8o
E FHMEA] a-pinene, thujone, caryophyllene, fenchone E0],
flavonoid2A] quercetin, myricetin, hinokiflavone 0], o] 8}o|
tannin, 42X, vitamin C £0] 3t25)0] lom®? Qg o)
B9 fIgE BEgol NEaT vl gatn 2 99 fHiig
EE£9] Diterpenes 2ol thgt Br} Ut
A9l WehH S FZ tyrosinase®] ZHgol 9al 0]F01A|
= ALE iy Uesd, 19808t7IA] L-tyrosine Q. 2 HE
DOPAZ hydroxylation, DOPAo A} DOPAquinone 2 29] E&{l,
DOPAquinoneo|4] DOPAchrome®] AR, DOPAchromeoijA]
DHI(5,6-dihydroxyindole) £2] &}, DHIO] 4}3l% g?:."' gl ¢}
WAl Zgg S IFHoE dwWildEg k=
Raper-Mason PathwayZ &3l 4eHd Ele AOE OLE:]X:‘D}“).
JBEE HAEHCE Wik 44(melanogenesis) 22 EZo]
el dE deld 48 429 &% 28 uAE Snigke
BEAQl tyrosinaseol] FEE F& QA £HG FARoU,
E] o] dHahd 4ol gt dFE TlRe #E AT I
oAl BEHOE ATwol, Aol DOPA -chromeo] DHI
Z XEF = 42 Qo] DOPAchrome tautomerase 2Hgol 2]6l
DHICAE HEEE MER ZE7 SISl ARo] HsiAth
1546) Kojic acid, arbutin 59 &2 tyrosinase X323} SR}
SHargo Qo Hikd H4e ZARIvia 219 vl 9lom,
THY] MMM S RESRE B T tEEO] tyrosinased)
hoRavs Fojd P 2 Ugoly
Myricetino] HM;KO A9 tyrosinase 9“"01] U]X]E
2445} 23} Myricetin® Ev|EA T
XA k2 ALE VERATE

Mishima E¥2 ga}w A4 om]
}OﬂL 1

OrAx T

L

s}
[
D

2o £Ho|

B 228k tyrosmaseoﬂ EHoH/d
AT Held A E oA BEhd g ARk Aolth
tyrosinase B4 A&, |4k esculm, tyrosinase EH4l|=410] 9J5h
d=aE Mo, AEsd 59 2EoE ugEdEnt
Al Myricetino] HM;KO A Z9] SAlol] BlX]= &
Z 3 Myricetin® HM:KO A Z9] 4] 2 FSHA AA
uleba] 2 dFABolA] Myricetin® 91
= dABIR oL AExY depd Mdg ;‘_Xi 3K &
2 UERTE in  vitrool A&
4-hydroxy-5-methy!-3-[2H]- furanone (HMF)7} Kojic acid Hr}

=9o
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B I == T

tyrosinase &4 o1& Zgo] oF5IAY, Wi murine melanoma
Ao A Kojic acid BtiE 4 251 WEhd9) 44 & oA
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T3 RIMREES S2Q] myricetind] Wehd Ydol plAlE S8

SIEIL, ol Wihd B4 AAE 5= e E TE AP US
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