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ABSTRACT

Chrysoeriol (4’ 5,7-trihydroxy—3’ -methoxyflavone) and linarin
(6-Hydroxy-4'-methoxyflavone-7-O-rutinoside) are flavonoid compounds
commonly found in nature. In this study, we investigated the melanogenesis
and mechanism of chrysoeriol and linarin in B16F10 murine melanoma cells.
The B16F10 cells were treated with various concentrations of chrysoeriol (1,
2, 4 and 8 pyM) and linarin (5.25, 105, 21 and 42 uM) respectively to observe
its effects. In the concentration range without cytotoxicity, chrysoeriol and
linarin concentration-dependently increase melanin content and tyrosinase
activity in B16F10 cells. To confirm the expression of melanogenic enzymes
expresstion and its mechanism study, we performed western blot analysis.
The results showed that chrysoeriol and linarin increased the expression of
proteins associated with regulating melanin synthesis such as tyrosinase,
tyrosinase-related protein-1 (TRP-1) and 2 (TRP-2). In this regard, treatment
with  chrysoeriol and linarin also increased the expression of
microphthalmia—-associated transcription factor (MITF). Chrysoeriol and linarin
inhibited the degradation of MITFEF through inhibition of extracellular
signal-regulated kinases (ERK) phosphorylation and also upregulated MITF
by inhibiting phosphorylation of protein kinase B (AKT). Additionally,
chrysoeriol inactivitated glycogen synthase kinase 3 beta (GSK-3B) through
phosphorylation (ser9), leading to the accumulation of B-catenin. It was
confirmed that the expression of P-catenin phosphorylation, which induces the
degradation of B-catenin, decreased. Moreover protein kinase A (PKA)
phosphorylation was increased by treatment with chrysoeriol. The resultes
suggest that the possibility of chrysoeriol and linarin as agents for
hypopigmentation treatment through their upregulation of melanogenesis.
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/7ol I F-o A2 Wb (melanin) FFolv &5, 7t2EH o= FHeF A A
W o TR 2klel o uEtaL, o] FellM dEhde RS A=
L el 7herelut Saf o] Ao

Aol ZFAashAl S\ WRES (vitiligo), A E R (nevus depigmentosus) &
& 12~ %12 (hypopigmentation)©] WERATHE - 8], W ghgko] A2 1 H
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dWepbd Fheke] B2 v FEY S4E (melanoma)¥ 2 3¢ A H[Eo]
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Ml s AAgstE AEA W@ wAlolE (melanocyte)E  ZHEA A X
(keratinocyte) ¢} 1:10¢] H]&= %9 7]AF (basal layer)oll =A]gth9]. 3] -0l
EAshE deleAlo] Bl X% £7] (dendrites)= FHdl 36719 Z-EAxEe} <
Aall ATHIL] WepeAato]lE W] Al A7 #Q depeFe debdS A st
At Fo A AAE Aepde "o Alo]ES] FAAEVIE FI AdAEE

A I FA S YERITH12].

Fe

thymine dinucleotides®} 72 22 DNA %7} (fragments)E°] A HT. o]

DNA7Z} &9 MaEs AE2F7] (cell cycle)yt MAEZAE (apoptosis)e 243k
ZAAFRIALQL p53& A st It} &4 8tEl p532 pro-opiomelanocortin (POMC)
2 K ¥ f3d%¥ a-melanocyte-stimulating hormone (a-MSH)2] &S Z7}A]
A0H9,13]. A M= AE o-MSHE #¥]5ta, a-MSHE @il E
A Edte] ZA 8 melanocortin 1 receptor (MCIR)el ZAgHstcH14]. 43
MCIR2 adenosine 3’,5'-cyclic monophosphate (cAMP)/protein  kinase A

9] 57} Ultraviolet radiation (UVR)el| 98] Ao DNAZF &A4F5 a1

(PKA) signaling pathway, phosphoinositide 3-kinase (PI3K)/protein kinase B
(AKT) signaling pathway s E3] @eld Aol F 23k HAAFQIAF (transcription
factor)Q] microphthalmia-associated transcription factor (MITF)7} 2& & a1
MITF= debd b4 2459 23S S7HA AFAem depdo] Addn
[15,16]. Extracellular signal-regulated kinases (ERK) signaling pathway[17]t}
Wnt signaling pathway[18] T3 MITF @do] #ojsteE #obd A A5 A



9 ARo|th. MITFE #HgAlolES] oA HwHabd A &49 tyrosinase,
tyrosinase-related protein-1 (TRP-1) % tyrosinase-related protein-2 (TRP-2)
o] d@s F7HA7IAL, HebeFell A tyrosinase, TRP-1, TRP-2 EA S <3
HEA oz depdo] AT 19].

a-MSH<} A3k MCIR+ adenylate cyclase (AC)E @43} A]7]aL, cAMP=
S 7MA1 71t} o]= PKAS9F cAMP response element-binding protein (CREB)Z
QAAkstAI 7T, Q14EslEl CREB+ Mitf promotere] Z3tste] welbd 3d 849
s F7HA 21 TH16,201.

T3k PIBK/AKT signaling pathwaysS &3] a-MSHe| ¢]3] MCIRe] PI3KE
g stetar, PIBK7F PIP.E PIPsE QI4bstste] AKTE Alx27o] sdg. €4

sl AKT+= MITFS] s Asfgh. webr] AKTO 14Es; A &= MITF]
s S7MAA debd S wEeA ¥ 21,221

Extracellular signal-regulated kinases (ERK)T mitogen-activated protein
kinase (MAPK)®] dZF 2= MAPKse MX 2, &3} AX &5& 2d3=
serine/threonine kinase©]thH23]. 14tstEl ERK+= MITF9] Ser 732 {14
olxk3tyl MITF+= 4] F "3} (ubiquitination) %] proteasomee®l| 2] 3|
[24]. ek~ ERKS] <14tst A& e MITFS 2dS S7HAA deid §4S
fre=stA Hoh

Wnt signaling pathway® MITF @&e] #ojstt}y, Wnt signaling pathway 7}
2435 glycogen synthase kinase 3 beta (GSK-3B)7} <14tslH . Ser 99

o143l ¥l GSK-3B (inactivation):= B-catening =% (accumulation)*] 71t} 3=
A ® B-catenine & W9 lymphoid-enhancing factor/T—cell factor (LEF/TCF)
AARIZALE ZXAIA MITFY 2dHS F7FA1ZIY. Thy 216 zH7]ol 14tshs

GSK-3B (activation):= B-catenin®] <2t} = F =3k, <1A3lEl B-catenine
oA el sl wof 3 ErH18,25].
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Figure 1. Mechanisms regulating melanogenesis.



2~ =
EC 5 A%

wWabd A Ao A Tyrosinase:
E=AgE A
(DOPA)Z 8to] =43} (hydroxylation) &=

=

3cH27]. DOPA  quinone<
DOPA quinone®] DOPA chromel &

eumelanin®| Y4 ph

dehs o

=

g gelste %

Qe

(rate-limiting enzyme) ©]t}26]. Tyrosine2 dihydroxyphenylalanine
monophenolase activity2}, DOPA

23} (oxidation)A]#] DOPA quinone< A4 3+ diphenolase activityS 43

aeomelanin®©. 2 34 2 t}H[28].

dihydro—indolizine (DHI)“}

indole 5,6—quinone—2-carboxylic acid (DHICA)Z ™ of g Hkgo o3 FHF4
o2 oF&A (brown-dark)® eumelanino] FAdETt o] A TRP-1<
DHICA Y] 4F3t=E Zwjala, TRP-23%= DOPA chromeol| A DHICA® AF3} 3}4-&
Z ) 3ktH[23]. DOPA quinone®l| A cysteineo] Yt glutathione®} Agtsld HZE % o
2 A (red-yellow)= ™+ phaeomelanin®] 234 ¥ t}H6].

1=}
il

Eumelanogenesis

Pheomelanogenesis

TYR

COOH
Hom':

Tyrosine

HO

o} NH,

Glutathione or Cysteine
H,N

Dopagquinone

HO

HO

Y
-

COOH
X

S

COOH
Cysteinyldopa

FD:@/‘Y
HO N,

Dopa

|

HO. COOH
peg

Qjm

Bew
HO 4:0 N cooH COOH [
DHI Dopachrome Leukodopachrome -
‘L TYR \L
l TRP-2 \L :
Pheomelanin

“Scoo —) o N “cooH
DHICA
\ : __lcAq
N ‘$ ér,/f"’
Eumelanin > Mixed-melanin

Figure 2. Diagram of melanogenesis[20]. TYR, tyrosinase; TRP; tyrosinase

related protein: dopa, 3,4-dihydroxyphenylalanine; DHICA,
5,6-dihydroxyindole-2-carboxylic acid;, DHI, 5,6-dihydroxyindole; ICAQ,
indole—2-carboxylic acid-5,6—quinone; 1Q, indole—5,6—quinone; HBTA,

5-hydroxy—1,4-benzothiazinylalanine.

_‘lo_



©

ZgtH o] = (flavonoid)E= AEZA ] de &
ok, Az, Ak, A AE E7), % R
YA

Atk @A7ZEA] 50007] ©]ge] EEtrmol= 3ol

5o
a1
=7t
pollinators)

oh AEe

o, Lot
%
i
N

R
_>|‘1_';
D
o

Jo
o,
)
332 e

il
i—'%
=
2
X
)
o2
ot
o
i
ot
Y
ro
18
ek
[o
ot
i)
i
=
i
R
_OL
i B
4o ol mu

(r
o orr
W 1>
o,
1=
©
T
o
o
3
8
&
ftlo
T
o,
=
=
©
(e ™
Sy
ML
i)
=

A

-
~~

il
rr

o,
ol

)
o o
<

wolso s A Star, Aok E2; ol Aot

Qlo A= ZFetH wmol=+= FFolir (fungal pathogen) 2
AUA de3 AE Y S=28
Soll #Fofsi29 - 32]. R =
dEA Uk F2 AA 3
TE AEoE AR

e
o o
o
Lo
oo 2

[ fol
Hore oo

offi
K
k)
b
o
§2 |o

o -

e
ox,
o
=
2

gtH ol = 313HE 2 flavanes 7] ¥ FF % 3k} ©o]= heterocyclic pyrane
S H ¥ M9 benzene ring (A9t B)e & FA %o gt =gt
2ZE C He] ' 9 C He Exst 9 Abst o mhet
ZgE  (flavone), Z2tH = (flavonol), Z&¥l= (flavanone), ©}o]AZebi
(isoflavone), ¢tEAlo}U W (anthocyanidin) 5o & EFHETL o]F Ao AL&3
3= SeHEe 29 3W Aol olFAde] gz, C ring®] 4W f1A el A
(ketone)= $Hrslal Sl iR ALY Pdo EAjst=E ZHES A ring
58 Aol 4kt (hydroxyl group)E 7FA AL At diiAd ZeEo=
luteolin (3',4’,5,7-tetrahydroxyflavone)¥} apigenin (4’5, 7-trihydroxyflavone)
| JtH29,30]. Aol AFE¥ chysoeriol luteolin®] = (derivative)©]™,
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Figure 4. Structure of flavones. (a) chrysoeriol, (b) luteolin, (c) apigenin,
(d) linarin, (e) acacetin.
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0I. Alsg 2 =

O+
ine)

1L A& 3 A

HoAFo A AFE3SE chrysoeriol, linarin, acacetin, apigenin< extrasynthese
(Genay CEDEX, France)olA T3k 1L, luteoline Sigma-Aldrich (St. Louis,
MO, USA)A G438ttt Dulbecco’s Modified Eagle Medium (DMEM),
penicillin/streptomycin,  trypsin-ethylenediaminetetraacetic = (EDTA)  acid,
bicinchoninic acid (BCA) protein kiti= Thermo Fisher Scientific (Walthman,
MA, USA)oA +Y4&9t}t. Fetal Bovine serum (FBS)& Merck Millipore
(Burlington, MA, United States)elX T3 th. a-MSH, protease inhibitor
cocktail, sodium hydroxide (NaOH), L-DOPA, sodium phosphate monobasic,
sodium phosphate dibasice Sigma-Aldrich (St. Louis, MO, USA)°l A + 38}
Gtk Western blot 12} @A % tyrosinase, TRP-1, TRP-2, MITF, B-actin<
Santa Cruz Biotechnology (Dallas, TX, USA)el A A5k Az,
protease/phosphatase inhibitor cocktail®} p-ERK, p-AKT, p-GSK-3B, p-B
—catenin, p~-PKA, ERK, AKT, GSK-3B, B-catenin, PKA, B-actin 1@ i
anti-mouse®} anti-rabbit 2x}& A= Cell Signaling Technology (Danvers, MA,
USA)° A AsFAth. 2X Laemmli sample buffer?t Tween 202 Bio-rad
(Hercules, CA, USA), skim milk= BD Difco (Sparks, MD, USA), bovine
serum albumin (BSA)+ Bovostar (Bovogen, Melbourne, Australia)olA % 3&}F
A}t 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT),
dimethyl sulfoxide (DMSO), sodium dodecyl sulfate (SDS), tris—buffered
Saline (TBS), sodium dodecyl sulfate (SDS), enhanced chemiluminescence
(ECL) kit= Biosesang (Sungnam, Gyeonggi-do, Korea)ol 4 %3} th.
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2. AFHy

2.1. Al Xuje

B16F10 murine melanoma cells& ATCC (Manassas, VA, USA)ol A <3}
At} A3+ FBSS penicillin-streptomycins 22} 10% (v/v)¢} 1% (v/v)= 3

7} DMEM Hj A E A}&3&dt}. 37T, 5% COy 555 wjoE7]ol A vikatsdar, 3
o 7tA o= Austg).
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22. AX &L

Aol AgE Eehd = MTT W& 38k Az 54 W
AT MTT He wadbeo] =8A40¢ MTT tetrazolium”F HzbA o] Hl4=&
MTT formazan®. = 3k 7Zldko 2 Stt}, o] Whg-2 AbololE M
o] mEFZ =g o} (mitochondria)oll &A= g dol A dojvtar, Fof
A =E7|3F 59 A H formazan -2 welld AESH MAEo] o] Au]H g},
e MTT H2 Az 52 2 AEdES SAe7] g Agsta A=
A AYA WHo =z de dAFa TH45].

oX, JIN'

:E o ol

o
L)
rr
Py
rulo

BI6F10 A2 24-well plateel well B 8x10° cells/well® EF3F 3 244
HiFel ATt AR E Mxdd s=HZ A T T2A17F FoF wigsianh 1
e Azds % A MTT Ak (02 mg/mL in DMEM)S well

WS A Th WES A 7] £ MTT Al9kS 25 AA
5 DMSOZ 4o 3dA%E formazan crystalse % th  Spectrophotometric
£ AH&3te] 560 nmoll A FREE SA AT

b ot rE A
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23. Behd FF 574

6-well plateol] 5x10" cells/wellZ EFa}aL 24A17F vl Al RS A E
FEEE AYsta 7243 St v gst A Wl gd AEE 1x PBSE AFHT &
RIPA bufferE 200 pL Yol 3 2083+ 4T A lysis 3ttt 29 o cell
scraper® 1.5 mL e-tube°l| A¥EE Fol+ H 15000 rpm, 30%, 8C XHo =
dAEestar pellets AU EL th 10% DMSO7F #7Fe 1 N NaOH&
200 plL® @i 80ToA 10% Wy 83390}t Spectrophotometric
microplate readerE AF-g&3lo] 405 nmoﬂ/ﬂ FAEE A, dilE s

BCA protein assay kit= # %3} 91t}

(o3
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2.4. Tyrosinase &4 =4

6-well plateol] 5x10% cells/well2 538t 2447+ wjkat ek, Ao A&
sEEE APt 2ATF Fk v gstdth wi g A2 E 1x PBS® /ﬂ]]—ﬁf} =
protease inhibitor cocktailS 1% = % 7}sF RIPA buffer (150 mM Sodium
chloride, 1% Triton X-100, 1% sodium deoxycholate, 0.1%6 SDS, 50 mM
Tris—HCl, pH 7.5, and 2 mM EDTA, sterile solution)® A% lysis 331t}
Melanin 3% S43 543 oA dAZeste] FS5Hs . o
A %% BCA protein assay kit® A #Estch 28 the 96-well plated] 20
pg/mL= A=k ol 20 LlLﬂ- 2 mg/mLe] L-DOPA 80 pLS Y il 37Tl A
2A17F EoF ¥k Al ZTE 71 & spectrophotometric microplate readerE AR-g-3ho]
490 nmel A FFEE SAHFA
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2.5. Western blot

6-well platec] 5x10* cells/wellZ #F3aL 24A17F vikaldeh. 2 & A|RE
Zh FREE e g Azl wet A s dtyh 1 27k 1x PBSE AH
St 9 protease/phosphatase inhibitor cocktailE 1% % % 7}3sF RIPA bufferE *
sto] 2087 4T A lysis 3FF T 15 ml e-tubed] AEE EE& Z 15000
pm, 308, -8C Z7do® JAEYsty A=dS Arl. wwd »r= BCA
protein assay kit® A&t ZF A5 @A e 20 pg/mLE AL,
loading samples #| %3 sample buffer?} 20 pg/mLE A =3 @z S 1:1 v
&2 31 100TColA] 587F 7FE 3t} Loading samples loading A 7FA -20C
oA H#AstFTE A X3 A sampled SDS-polyacrylamide gel®Z & 7] %
sto] @S =7 ¥H2 ZEedr. FEld dwWEdE geld A polyvinylidene
(PVDF) membrane®. = transfer %t Membrane< 1% tween 205 33k
TBS (IX TBS-T)= AlFaAdtt. 181 tha 5% skim milk (in 1X TBS-T)u
5%¢ BSA (in 1X TBS-T) °l 1A%t &<k blocking 3 % 1X TBS-TZ 10%
A 63 AHstATt gRlstaizt st g el A= 1% skim milk (in 1X
TBS-T)4 1% BSA (in 1X TBS-T)el 1:1000 Hl&= 34 &tieh. A= o] &1t
membrane 12 FAE 4TAA 12A1F o] ¥g3dt. 19 o 1X
TBS-TZ 104 63] AHsA L, 1% BSA (in 1X TBS-T)d 1:1000 H] &=
A8 22k A2 A LA 2417F o] e A7) T 1X TBS-TE 1024 63
At mpAgor  BHA" 23 Ao ECL  solutions HWHE-A]7]aL
chemidoc (WL, VILBER LOURMAT, France)& Al-&3te] @il ds HE3dth

O
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1. B16F10 M2 U4l A Chrysoeriol®] @z A &7

1. AE AEE

B16F10 Al ¥olA] chrysoeriolo] A Xo] EZAS UEIYA & s=E <lsH7]
&l MTT <& 338 th Chrysoeriol (2, 4, 8 2 16 uM)¥} FAHETFL O R

AHEEE o-MSH (100 nM)& ZH7F 72412 E¢ Agsigivh. AZ AEES of
AR AYshA 2 AEANED)E 7=z oS W 90% oo A
EES W FE WS WelA olF AdS WaEA ) chrysoeriol> 8 uMell A
92%, 16 uMol A 87%< AE&S Bl webA chryseriol®] HEEA o] e}
A 2 529 1,2, 4 9 8 uM oA o] F A3FS F et tHFig. b).

_20_



120

£ 100 B} * = .

g

— 80

<

X

‘é 60

2 40 |

=

5 20

0 1 1 1 1 1

+ - - - -

a-MSH (100 nM) -
Chrysoeriol (M) - - 2 4 8 16

Figure 5. Effects of chrysoeriol on the viability in B16F10 cells. The
cells were treated with chrysoeriol (2, 4, 8 and 16 yM) and a-MSH (100 nM)
for 72 h. Cell viability was expressed as percentages relative to non treated
cells. Data are presented as mean * standard deviation (SD) of at least three
independent experiments (n = 3). * p < 0.05 and ** p < 0.01 vs. non treated

control.
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1.2, Add FF 574

Chrysoeriole] Webd Ao mx]= gaFS gQlstr] el Axze| 548
BA Ze s HSlddA "Hebd AAEE Flskiith. BIGF10 Aol
chrysoeriol (1, 2, 4 2 8 uM)¥} a-MSH (100 nM)S 7221 7F&et X2 ste] A A
Y= depbd e e SAskAth

AFAR AT 100%= oS o, FANETS v Ztol H]
 °F 130% S7Feksdal, chryseoriol (1, 2, 4 2 &8 uM) A Al 27 102%,
108%, 137% % 204%= HWepd Aol sEeoEAo=m F7hshs gelstdd
(Fig. 6).
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Figure 6. Effects of chrysoeriol on the melanin production in B16F10
cells. The cells were treated with chrysoeriol (1, 2, 4, and 8 pM) and «a
-MSH (100 nM) for 72 h. Melanin contents was expressed as percentages
relative to non treated cells. a—-MSH-treated cells were used as a positive
control. Data are presented as mean * standard deviation (SD) of at least
three independent experiments (n = 3). * p < 0.05 and ** p < 0.0l vs. non
treated control.
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1.3. Tyrosinase &4 =4

,_]
<
S
o
2,
=
jab)
102]
o
iy
=3

Aty A 7)Ao A tyrosine® DOPA®] Abshulgof] 3o
3t £ A3 & Aot 26]. Chrysoeriole] B16F10 A% W9 tyrosinase &4 <l
A= GEFs gletr] A Alx=s4S UelA &= s HeelA AES

31T} tyrosinase €42 L-DOPAE 7|22 3o A5 += DOPA chrome
o] &5 vAHo R A3t gRlstaith
A Ay PAYfERTS 100%2 39S W, FAHETS 160% F7FskA L,
chryseoriol (1, 2, 4 2 8 uM) A2 A] 104%, 120%, 161% 2 219% Z7}a+3)
E3] 8 Mol A= FAHET Bt oF 60% A% =2 tyrosinase A4S H o
(Fig. 7).
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Figure 7. Effects of chrysoeriol on the tyrosinase activity in B16F10
cells. The cells were treated with chrysoeriol (1, 2, 4, and 8 pM) and «a
-MSH (100 nM) for 72 h. Tyrosinase activity was expressed as percentages
relative to non treated cells. a-MSH-treated cells were used as a positive
control. Data are presented as mean * standard deviation (SD) of at least
three independent experiments (n = 3). * p < 0.05 and ** p < 0.01 vs. non
treated control.
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1.4. Western blot

D @by 34 &4 wde) mx|E chrysoeriole] 3k

Tyrosinase, TRP-1 % TRP-2v Watd 34 A4S Fojsie 424 de
AR HAe el dAdA Fast 93-S t2327] whebA
o] nxE JFS Fels)

chrysoeriol®] B16F10 Al¥ o] #etd A a4
7] 913 western blots F8ste] HWepd A g4 LS AT

A A3 chrysoeriols §E=H=E A5t < ®, tyrosinase, TRP-12} TRP-2
v BT uAggzdd dE gahddoe]l TSt 53 8 uMellA
tyrosinaset= WA Ul EZT Tt oF 75% F7FsSlal, TRP-2% v A g i &Ko}
°F 50% 7kttt TRP-19] 4% WAzt Bot 4u) 7h7ke] S71sts <
Q&R tH(Fig. 8).
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Figure 8. Effects of chrysoeriol on TRP-1, TRP-2 and tyrosinase
protein expression in B16F10 cells. The cells were treated with chrysoeriol
(1, 2, 4, and 8 uM) for 72 h. Western blot was performed to verify protein
levels. (a) Western blotting results and protein level of (b) tyrosinase, (c)
TRP-1 and (d) TRP-2. B-actin was used as loading control. Tyrosinase,
TRP-1, TRP-2 and B-actin were quantified by Image ]J. Data are presented
as mean * standard deviation (SD) of three independent experiments (n = 3).

*x p < 0.01 vs. non treated control.
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2) MITF 2&do| v x|= chrysoeriol®] <3 &

MITF+= ®ehd 34 549 2ds = TR AE W A AR
5 B3 MITF7F &3 =W gA4sle MITF+ tyrosinase®t TRP-1, TRP-29]
promoterql M-boxell ZAgate] @b g Mo S S7HAZIHIG].
2t BI6F10 Al el chrysoeriols wR=E & Aelg & MITF @eld ddof] v
A= dFe s

A& A7} chrysoeriol A8 FE7F Z713ke] wegl MITFS o] Z7138+4)
53 8 uMelAd= viAZtzLel e ofF T0%7F FS7bskAth wekA
chrysoeriol& MITF9 2388 Z7iAzlo=xy dAad 34 gho AAHS Z7}
A7) 3L tyrosinase BAS Z7AZITH o]E X Wad AAjo] ZrlEE Ao

2 Ale " tH(Fig. 9).
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Figure 9. Effects of chrysoeriol on MITF protein expression in B16F10
cells. The cells were treated with chrysoeriol (1, 2, 4, and 8 uM) for 48 h.
Western blot was performed to verify protein levels. (a) Western blotting
results and protein level of (b) MITF. B-actin was used as loading control.
MITF and B-actin were quantified by Image J. Data are presented as mean
+ standard deviation (SD) of three independent experiments (n = 3). ** p <

0.01 vs. non treated control.
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3) ERK A& e74 2] w3 chrysoeriol?] <&
ERK+=
fEsta, <l
A& = MITFY A
Chrysoeriol”} ERK9] <14ksleo] mjx]= 3k
A A5

HAsADA ol A4shE ERKE MITFe| 914512
waldh wepd ERKel 148
A wede] BEe fra

gola) 1 7] 93] western blot 2

i

ﬁﬂcmm%mmlﬂa w7} =7}3to] wegl ERKe o1Absb7) 7k &t
welal, 531 8 uMOHAF mA Y EE Bk 21% Fads g9l
w}‘j/]r/ﬂ chrysoeriol ERK A& d&7 2o A ERK? Aits #HAE

TFe ®3E 2 MITFO 2dS S7HA1A #Hebd A S S7HA)
A2 ¥ o (Fig. 10).
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Figure 10. Effects of chrysoeriol on p-ERK protein expression
B16F10 cells. The cells were treated with chrysoeriol (1, 2, 4, and 8 uM) for
4 h. Western blot was performed to verify protein levels. (a) Western blotting
results and protein level of (b) p~ERK. B-actin was used as loading control.
p—ERK and ERK were quantified by Image J. Data are presented as mean

standard deviation (SD) of three independent experiments (n

0.01 vs. non treated control.
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4) PIBK/AKT A& de7d &l WA= chrysoeriol®] &

S e 2Astn Wty QA chul Ao by
A A et 2822 AKT OW§} A= MITFe
o

=

A AT AKT 0AMsl= rrmozEzx o g 7L/\o}‘— AEES A, 53 8 uM
ol M= m A thEa Bt oF 70% 7FA s th Chrysoeriols PI3K/AKT 4A1& A
47 2o A AKT J&ﬁ} #HAaE B3 MITF 2dS F7HA17)
d

i olE T det
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Figure 11. Effects of chrysoeriol on p—-AKT protein expression in
B16F10 cells. The cells were treated with chrysoeriol (1, 2, 4, and 8 uM) for
3 h. Western blot was performed to verify protein levels. (a) Western blotting

results and protein level of (b) p~AKT. B-actin was used as loading control.

p—AKT and AKT were quantified by Image J. Data are presented as mean *

standard deviation (SD) of three independent experiments (n = 3). ** p <

0.01 vs. non treated control.

_33_



5 Wnt AZ A&7 2] 12+ chrysoeriol®] & &F

Axk3tE GSK-3B (ser 9)i= WA 3} (inactivation)¥©] B-catening %4 A|
7131, B-catenine LEF/TCF HAFIAE &3 3 e MITFY 2d& S7HA
itk ¥k GSK-3B (Tyr 216)9] <lxkstE= @43} (activation)® ©] B-catenin
Ol Ak3lA| 7] a1, 21 AF3tE B-catenine E3) ‘:} w2k p-GSK-3B (ser 9)9]
}= B-catenine A4 AAH MITFY 2dS %3kt Chrysoeriol7} Wnt 2l
g7 2ol m X 9G3FS gola) B 14 western blotg 72133

I A3} p-GSK-3B (ser 9= 2 M o9 FxolA F7lshs ko] Kol
, 53] 8 uMellA = A z=a Bt 84% S7Hetsith. Chrysoeriol®] #] 2]
=7F 78S AkstE p-B-catenin®] ¥ A ZAdklaL, 53] 8 pMol
= 42%  #HAFET. ¥bHo] B-catenin® p-B-catenin®} W ERAH o=
chrysoeriol®] 2] 3% F7[Ed45 F71stal, 8 uM XA+ v A g o) &9
vl oF 120% AXx Z7F8Fdth wEbA] chrysoeriolS Wnt A1 E 1G4 25 =3
debd Aol d3Fs +vh(Fig. 12).
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Figure 12. Effects of chrysoeriol on p-GSK-38, p-B-catenin and 8
—catenin protein expression in B16F10 cells. The cells were treated with
chrysoeriol (1, 2, 4, and 8 uM) for 24 h.. Western blot was performed to
verify protein levels. (a) Western blotting results and protein level of (b)
p—-GSK-3B, (c) p—B-catenin and (d) B-catenin. B-actin was used as loading
control. p—~GSK-3B, p—B-catenin, B-catenin and [B-actin were quantified by
Image J. Data are presented as mean = standard deviation (SD) of three

independent experiments (n = 3). ** p < 0.01 vs. non treated control.
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6) cAMP/PKA A& de7d &2of v X = chrysoeriol?] ©

a-MSHoel 93] &4d3te MCIR<S cAMPE 71417131 2= PKA$ CREB

Z QatsAl 7t} ¢l4atsld CREBE MITFS #dS S7iA1A wepbd g4 ok
2 o g 3S vl Chrysoeriolo] cAMP/PKA Aladgd 7 &0 wxx= gk
S Fols| w14} western blotS 43 3F3A .

A& A3 p-PKAE chrysoeriolE #g]3F BE FIox ”]ﬂﬂtﬂz‘? Hoh
30% ol F7Fstial, 53] 8 uMellA = mlA g ®Bu 44% S7skavh o
2a o]2 3 A= chrysoeriole] cAMP/PKA A3 dE4d2E Sa wWahd A
de =TS AARH(Fig. 13).
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Figure 13. Effects of chrysoeriol on p-PKA protein expression in
B16F10 cells. The cells were treated with chrysoeriol at the indicated
concentration for 24 h. Western blot was performed to verify protein levels.
(a) Western blotting results and protein level of (b) p~-PKA. B-actin was
used as loading control. p~PKA and PKA were quantified by Image J. Data
are presented as mean * standard deviation (SD) of three independent

experiments (n = 3). ** p < 0.01 vs. non treated control.
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2. B16F10 Al Wl A Linaring "@ad AA &3

21 AE AES

BI6F10 Ao A linarine] Mol =4S YEIWA e w55 Z2lst7] ¢
) MTT ®HE 4889t Linarin (105, 21, 42 2 84 pM)3} FAd o=
AR&E = a-MSH (100 nM)-& 2H7} 72A17F &9t A g atadth. ofF- A% A 2] shA]
e MEE 7FoR SIS u 90% o] AESS H F= WY U
o]% 23S FEsFA T} Linarine 42 pMol A 92%, 84 uMoll A 88%<2] AME&
S HAT wWebA linarin®] AEZ=5do] YERUA] &5 w290 525 105, 21 2
42 uM ol A o] F AdS WA th(Fig. 14).
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Figure 14. Effects of linarin on the viability in B16F10 cells. The cells
were treated with linarin (10.5, 21, 42, and 84 puM) and a-MSH (100 nM) for
72 h. Cell viability was expressed as percentages relative to non treated cells.
Data are presented as mean * standard deviation (SD) of at least three

independent experiments (n = 3). ** p < 0.01 vs. non treated control.

_39_



22 493%d ¥F =4

Linarine] #ehd Aol v X = FaFs elstr] 98] Alxel =45 e
A G e Ao Wl WAL et BI6F10 A3l linarin (5.25,
105, 21, 42 uM)¥ FAdx=a" a-MSH (100 nM)& 72417+ &<t A2 ste] A4
Y= depbd e e SAskAth

A4 AYR TS 100%2 ot s W, Wz 282% F7Fak A L,
linarin (5.25, 10.5, 21 ¥ 42 uM) A A] Z+7Z} 115%, 129%, 168% % 290% =
linarin 2] F=7} S71&45 Aedd Ago] S71EES g<lstath(Fig. 15).
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Figure 15. Effects of linarin on the melanin production in B16F10 cells.
The cells were treated with linarin (5.25, 105, 21 and 42 yM) and a-MSH
(100 nM) for 72 h. Melanin contents was expressed as percentages relative to
non treated cells. a-MSH-treated cells were used as a positive control. Data
are presented as mean =+ standard deviation (SD) of at least three

independent experiments (n = 3). ** p < 0.01 vs. non treated control.
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2.3. Tyrosinase &4 =4

Linarin®] BI6F10 A3z W¢] tyrosinase &/l WX+ F3FS glstr] 93l
AEZSAHS deEtlA g= w5 ®eolA dds ddsidv. 2 A3 v
27 100%% S9e W, FAUETL 267% Z748A R, linarin (5.25, 105,
21 W 42 M) A 77 172%, 204%, 281% 9 308%% FE7t EAHESE
tyrosinase®| Aol F7Fetlth. 53] 42 pMeolA = FA =T (267%) B of
40% Ax o =& 245 B (Fig. 16).
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Figure 16. Effects of linarin on the tyrosinase activity in B16F10 cells.
The cells were treated with linarin (5.25, 105, 21 and 42 uM) and a-MSH
(100 nM) for 72 h. Tyrosinase activity was expressed as percentages relative
to non treated cells. a-MSH-treated cells were used as a positive control.
Data are presented as mean =* standard deviation (SD) of at least three

independent experiments (n = 3). ** p < 0.01 vs. non treated control.
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2.4. Western blot
1) "@ahd 3 §4 B3] v X linarin® &

Linarin®] B16F10 A|3X 9] Webd 3 44
3l western blot= F3ste] Hepd 4 & I
A A} linarins FE¥ 2 A 23t¥ S u, tyrosinase, TRP-13¥ TRP-2& &
Fou A g Rl vl Eaddo] FRoEA R T vA Y TS
100% %2 39S wl, 53] 8 uyMollA tyrosinase, TRP-1 ¥ TRP-2¢] wd2 n
Az vlwste] ZhzE 218%, 152% % 126% T7FAI71E RS st
(Fig. 17).
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Figure 17. Effects of linarin on TRP-1, TRP-2 and tyrosinase protein
expression in B16F10 cells. The cells were treated with linarin (5.25, 10.5,
21 and 42 uM) for 72 h. Western blot was performed to verify protein levels.
(a) Western blotting results and protein level of (b) tyrosinase, (c) TRP-1
and (d) TRP-2. B-actin was used as loading control. Tyrosinase, TRP-1,
TRP-2 and B-actin were quantified by Image J. Data are presented as mean

+ standard deviation (SD) of three independent experiments (n = 3). ** p <

0.01 vs. non treated control.
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2) MITF &) v+ linarin®] <3 &

MITFE wabd &4 &49 2dd #osig. welad BI6F10 Al Eol
chrysoeriols FEHE g3 & MITF @9 d wdo] nxe= J3Fs shelsh
A3} linarin A2 =7} 525 pMolA 42 pM= 718 wel z2+zF 121%,
141%, 160% 92 163%= MITFe] rdo] ZF7hetditt. webA]  chrysoeriol
MITFe #dS S7HAA Hetd 4 a4 S 7713 ol & &8 2
g Aol FrteteE Ao w AlsE Ut (Fig. 18).
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Figure 18. Effects of linarin on MITF protein expression in B16F10
cells. The cells were treated with linarin (5.25, 10.5, 21 and 42 uM) for 48 h.

Western blot was performed to verify protein levels. (a) Western blotting

results and protein level of (b) MITF. B-actin was used as loading control.

MITF and B-actin were quantified by Image J. Data are presented as mean

+ standard deviation (SD) of three independent experiments (n =

0.01 vs. non treated control.
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3) ERK A& dgd 74 2] v A+ linarin® ©

oL
e

ERK®] <Q14tel Asf= MITFS AtbstE Asjdo=Xi MITFS Z3l& =il
Wty A gEe] e S {230 Linarin®] ERKE] 14tsbel] w A= ¥
S iR 7] ¢ western blot 23S 28t

AAAF} linarin® A2 =7t S7Fstel wel ERKO 4Fstrh 7Haskaith
1 uM o] A FZd A= v dizatol B3] ERKe 14kst7 oF 30% A
T AT wEkbA linarine ERK AlZdE7d 2o A4 ERKe A4ks A&
ol Wepd Aol &S F=rh(Fig. 19).
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Figure 19. Effects of linarin on p—ERK protein expression in B16F10
cells. The cells were treated with linarin (5.25, 10.5, 21 and 42 uM) for 24 h.
Western blot was performed to verify protein levels. (a) Western blotting
results and protein level of (b) p~ERK. B-actin was used as loading control.
p—ERK and ERK were quantified by Image J. Data are presented as mean =+
standard deviation (SD) of three independent experiments (n = 3). * p < 0.05
and ** p < 0.01 vs. non treated control.
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4) PIBK/AKT A& dAgd7 2ol u| X+ linarin® <3 8k

=]

Linarine] AKT®] QI4tste] mx]= JaFES Rls| B2}t western blots 713}
g A3t linarin®] A F27F S7FESE AKT| Sikshe groE4 o 3t
Aste A¥dS Bt 53] 8 uMellAd = Ayt xa Bt 45% A% 7HAskS
o} kA linarine PISK/AKT AladgZZelA AKT <dikst 2t

MITF 2@l #ejstar o]& Faf Hepbd Ao d&Fs FrhFig. 20)
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Figure 20. Effects of linarin on p-AKT protein expression in B16F10
cells. The cells were treated with linarin (5.25, 105, 21 and 42 uM) for 4 h.
Western blot was performed to verify protein levels. (a) Western blotting
results and protein level of (b) p~AKT. B-actin was used as loading control.
p—AKT and AKT were quantified by Image J. Data are presented as mean =*
standard deviation (SD) of three independent experiments (n = 3). #x p <

0.01 vs. non treated control.
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3. B16F10 Al¥ Wl A Flavone 3g&E2 dadd A &3 v

3.1 #Zzd 3= A
1) Chrysoeriol®} FA+gF +2 359 Wl A a3 v

Apigenine 4’ ¢ 4k (-OH)7F =413, luteoline apigenin®] A4 3’
Rl 2371 (-OH)7F £ A138}aL, chrysoeriolS apigeninol 4] 3’ ¢ Xl W& A
71(-OCH3)7F £ th(Fig. 4). old H| 23k x5 7Hd stdes9 724 A
ol 9% Wl F3 g3E vludHE iz AT Luteolin?  apigenin<
chrysoeriol®] #Hil5%=¢l 8 uMollA AZ54-S YERHA &8k

AFAR 4 1Al b7 EASEHA 30 1Al #EA] 7] 7 %lh
chrysoeriol> &4 Ag3} Zo] FrolEXow wephd A Ho] Tkt aL, 3
Al FAaksE7] 7} 1= luteolin® 8 pMoll A #Hatd =71 &37} YehvbA ek
ok 4" Ao vk F=A3L7] 7 9 apigenine 8 uMol Al chrysoeriol®} H] 523 A

Lo depd A E7F e tH(Fig. 21).
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Figure 21. Effects of chrysoeriol, luteolin and apigenin on the
melanin production in B16F10 cells. The cells were treated with
chrysoeriol, luteolin and apigenin at the indicated concentration for 72
h. Melanin contents was expressed as percentages relative to untreated
cells. a-MSH-treated cells were used as a positive control. Data are
presented as mean

independent experiments (n = 3). * p < 0.05 and ** p < 0.01 vs. non

treated control.
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2) Linarin®} A 72 3t¢&e] Wehd A4 &3 vl

Acacetine 4" §J Aol W EA| 717} EA35F= 3F3HE©] 3L, linarine acacetin®] 7
H Q] X9 rutinose’} AgE 33HEo|t}. 4'-O-methylated flavone?] 79 9] %] 9
rutinose =] o Fo <3 Wl F7F 3= v uwsfE A 319t acacetine

10 uM ¢} F=7bA4 A 15 3
¥ A3 linarin A o] oo Wepd Ao s
93l, acacetin 3 Waldo] 7138 geletglth Linairn® & ko] H] &)

acacetine °F 70% =& @l Aol YESHFig. 22).
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Figure 22. Effects of linarin and acacetin on the melanin production in
B16F10 cells. The cells were treated with linarin and acacetin at the
indicated concentration for 72 h. Melanin contents was expressed as
percentages relative to untreated cells. a-MSH-treated cells were used as a
positive control. Data are presented as mean * standard deviation (SD) of at
least three independent experiments (n = 3). #** p < 0.01 vs. non treated

control.
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Aepd e B RS AFsts FAJAAEA AHoZHE IFE HEsHAY
A 2b ] Z(free-radicals)s &ote 9GS oH46]. 1o debd ‘g*éoﬂ
A7F AA7IH gk e A4 Fo] vebdth Wepd 3heko] A2 vE=
RET g5k WA vl Eo] EolA A "k AA AMAF

Eo] YEhr] wie] o]F <tHEA A8 F Qe
2 2o A7t olFoiA a6l FEtR ol ==
AN Ao m ve 5407 Qdd) Bwe AT7A

lF gl

o AA =ol ¥As 7HA
aL 3l 5 59

2, A
= S do|th, Ao AF8¥ chrysoeriol S &4H3}F, dd= bt}
| dow linarine &85, & dld 59 %o Avta d#A Aot
A= ezl b gl webA
olsta, ey AT HdY H =
7} flavone 3+&E 3 G330

o} chrysoeriol®} linarin® #zd A
chrysoeriol?} linarin®] #Hehd F3 oJH-=
N 2= geks gl Tt g AR
of W& Wapd A gIE H]F—H

=

ALFAE Yl 2 %

i

O

( &l; ]y
A s g OP =g MITFJ TS 2dete o AsdY A2 &
3} chrysoeriol®} linarine ERK$} AKT ¢l14bslo] #osts AL gelsda,
FIHH o= chrysoerloH 749 GSK-3B, B-catenin, PKAS] ¢14l3}lo] 3o]a}o]
dod AGE fFegites 2As gl

WA MTTZ —raﬂzﬂ A3} chrysoeriol 8 uM ©]3l2] FEolA AHES éO]
e A @3 QAL linarin 42 uM ©]at9] sl AEEdo] vEREA] ¢
(Fig. 5, 14). wg}A o]F A& chrysoeriol 1, 2, 4 2 8 uMoll A %13} 8}9\9\3’—,
linarin< 5.25, 105, 21 % 42 pMollA Z8istdt. deld 53 o H-E &2ls)7]
& Aebd sy} tyrosinase S 43 23} chrysoeriol?  linarine
a-MSHZ A glstA &2 ZAoA #Hatd %3} tyrosinase FAH S 5L &4
o7 I7MAIIE AE FAstA Y weEbA chrysoeriol® linarine #Ebd A S
771 AE gl A T (Fig. 6, 7, 15, 16).

melA o] & western blot 28-S 3t chrysoeriol?} linarino] @&k A
d el ‘Jroq St a4 Wdol v 9FES gl 2 tyrosinase, TRP-1,

o] BT FostA Friet AL FRlstAthFig. 8, 17).
Chrysoeriol?} linarine A #3t9S o Aebd Aol 713k A2 chrysoeriol %
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i

a0 2y

olN
N
ol
o

FAl7) 5, Webd

b

linarin®] tyrosinase &4 ’def o]

TR e 2A et

e Qdﬁ} 3 T}
MITF= #Hehd 3H4d 2459 T8 HAAIA o]t MITEZ} tyrosinasett 1
#AH F4AE59 DNAAS ZRZFEC] M-boxol| Adtsld s vz o] 1-do)

olN

7bstth. wrebA] chrysoeriol® linarine] MITFEF 3o J3S n)x]&=% &2la)
B 312} western blotS 33tk 2 A3} chrysoeriol?} linaring A2 S o
A FE7t F7rEFE MITFO 2do] F7hstlvh. whebAl  chrysoeriol 7
linaring A& atd& o MITFO 28 7tz <l ddd 34 459 2d
S7tsto] "Webd Aol F7HEHe <l lv(Fig. 9, 18).

ket "Webd A NZAGARZES MITFY @do] #d3le HFHo=
dopbdo] AAET i A J MzHAGHdZd= ERK Qladgd ZH=ze}
PIBK/AKT Azded =7t 3l Aitst= MITFE 1zbstshar, o
MITF] &#al& =t H%EW ERK®| <14bst Asi= MITFS #als 2
t}. Chrysoeriol?} linarins T =¥ =2 A3 v Ay =71 7145 ER
of wrdo] ZAFE FstthFig. 10, 19). tHE =4 uﬂéiﬂ PI3K/AKT
NEAEH 2ol AKTS 14t MITFE stakx 3——;‘1’5}4 Aoy S A
sheh. whEka] AKTO] <14ksl ojAl= MITFO &S Z7FA121t. Chrysoeriol 7
linarins =¥ =2 A IS v A Te7t S7FE545 AKTY @do] I 4ast
AL F2lstd tH(Fig. 11, 20). Chrysoeriol¥ linarin ERK$} AKTS] <lAks}t
AAlstE2x MITFO Ealol] ojsta wepd A d3Fs v
F7FH 22 chrysoeriole] Wnt Al&d@7Zd 29 cAMP/PKA 21sdE 7 =9
n X ks glejR gt Wnt AlZAEF 2o A Thy 216 7)o <lk3ste
GSK-3B+= &43t= 1 ﬁfcateniné AASIAI A FelE FEgrh Ser 9 7]l
1xkstE GSK-3B+ H|&AslE o] B-catenin® FH4& =3t 4" B
~catenine MITF2] l‘i 7k Chrysoeriol e #=®Z A sd S o,
p-GSK-3B (ser 9)°] @& Friste A4S BHAvh E p-B-catenin
chrysoeriol®] #¥] w=7} F7la44S @do] Hap 74393, B-catenine 1
o w2 FUlskeE S B UtH(Fig. 12). WEkA chrysoeriolS GSK-3B2] H]
343 E FE8to] B-catenin®] AASIE A S Z M B-catenin® HIHE A
AlstaL, B-catenin®] FA o #oste] MITF T3S F7HAFAS=ZA dHepbd Al
Aol oS m R},

CAMP/PKA 25 d242o]d 24388 cAMPE PKAS 14847]1, 9
ste PKAE CREBE <I4FshA|zith <I4bstd CREB: MITFe] 2de S7t
A ded Al o cAMP Alsdg A= F PKA9 <l4its
chrysoeriolel]l 98] <7} A th(Fig 13). wEkA] chrysoeriol cAMP/PKA 4%
Ag AR 9&Fs v fdddn. a8y cAMPY A #Holyd CREBY
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olAts)l AEE Q%ﬁﬂ%giﬁﬁ chrysoeriolO] cAMP/PKA A& HAG7Z 2o 1]z

ek I HEAFAE Y g F 59 "“\] ?ﬁ 23] chrysoeriol® linarin®] 3%
=]

37bshs A Wed A ZaE AAd Fgake de o] mgol

H o}t chrysoenolO]‘«} linarin¥} FAFSE +2E 7137 flavone =52
A5 vaste] -z zbolo] wE Hepd A gdE Sl E Al s o]
A Ao 2w 10 pMoll A acacetin® 72 4'-O-methylated flavonoids+=
apigenin®| Y luteolin®} #& 4'-OH-type flavonoidsol] H]&] 377w @adS A
Attt B aEACH47]. o] AFE ¥l¥ o 2 chrysoeriol¥ linarin® +%$F
Abgh flavone sHt=E9 wetd AY 235 v ustA

Chrysoeriol®} A}gF %2 flavone 33EE9 wWad gz
chrysoeriol®] #1135 %o|™, luteolin¥} apigenin®] =4o] YEFYXH
8 uMolA Fdstdtt. 1 23 chrysoeriol> FEo|EH o2
Z7tskg T 47 A vk £4817) 7 9lE apigening ek o]
2 FE9 chrysoeriolitE WEMSETE Apigeninoll A 37 €] X9l
H luteolin® A 2L FLolAd H#Hobd FUH7F yERA
Apigenin®] 7% 10 pM o]e] F=olA HAetbd S7Hdt= o

o
o
o rle

o

=
i
oX off
_\_4 o O&i H-I Ug{_"
O

rr

B &L g
52
!

717v A 7F
}H(Fig. 21).
I}7F E=A5H

—U §2 4y o 12
mﬁ 220 NOH

& SASFNML), ol AT ARER AR HFAAE e olF %
d 4' §1A6] 245717 Q1% apigenin®] Wehd AAEAE 3 1A el ksl
719 2A 99 2o 49 Ak GAAL, ¥ AN AR A
B4 3 AAE Ao (masking)stel Bebd A Rk FAE AOR ARE

=3

T3k linarin®} acacetin®] 2t A =S vlus)E A3} linarine ®Wekhd A
daFol F7FFAAINE 4" Ao wIEAI7F H7HE acacetinWtE A4S Holxl %
Sktt. o] Aol A BI6F10 A3 naringenin (4',5,7-trihydroxyflavanone) *
2] A "Wgd Aol FUFeFE AN 7 ¢ rutinoside’} £ A} 3k narirutin
(naringenin—7-rutinoside)¢] 7-¢ #zhd A o] YelyA] EktH49]. A A}
T w7k R 7H 91| rutinoside 7ol ofs wWebd AN S-S HASHAA
T ded F7F o e WEkA] e AS Hol 47 X HEA]7] ] FgFo]
435k Aoz Hlth(Fig. 22). © 1S Fa detd S £ wEATY &

H

o
A ook WEA 7] 9] A9 FEFEe LT Ae & T AN

ri

>
9L'

B A4S %3 chrysoeriol?} linarine B16F10 M EolA Al¥x&EA glo] =z}
U ALS FrdtdeE AS & 7 AT E$E chrysoeriol?}t linarin ERK

signaling pathway$} PISK/AKT signaling pathwayS & dabd Ao o3k
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S 1" X3, chrysoeriol Wnt signaling pathway®t cAMP/PKA signaling
pathwayol = J&S v AohE 2S & 4 A old 2AsddHdZEL2 MITF
o] JFS v o HFAoR depd Aol FIkeA "ot oleld AdE

%3, chrysoeriol¥} linarine A M2 25 x50 AlgE 4 &S A|AST

_59_



chrysoeriol Keratinocyte

\
=)

] cKit [ MCIR PIP, Frizzled |
2 3

\ cytoplasm
p p
GSK-3p @

Ser9 Thy216
(inactivation) (activation)

\ degradation .

=
B-catenin

‘
MITF prot I degradati [ Tyrosinase )
proteasomal degradation y
\ TRP-1 D@ . i
/
/

TRP-2 , Vo

~~~~~ 4 melan,osome';___/
Figure 23. Effects of chrysoeriol in B16F10 cells.
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Figure 24. Effects of linarin in B16F10 cells.
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