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ABSTRACT

In this study, we investigated the biological activity according to the
structural difference of Psoralen derivatives in RAW 264.7 cells and B16F10
melanoma cells. We also investigated the mechanism of Xanthotoxol in RAW
2647 cells and of Bergapten in B16F10 melanoma cells. The RAW 264.7 cells
were treated with Xanthotoxol (62.5, 125, 250 and 500 pM) respectively to
observe its effects. As a result, Xanthotoxol significantly decreased on the
production of inflammatory mediators (NO, PGE:) and pro-inflammatory
cytokines (IL-6, IL-13, TNF-a). Western blot results showed that the protein
expression of INOS and COX-2 were decreased by Xanthotoxol. Xanthotoxol
reduced the phosphorylation of the mitogen activated protein kinase (MAPK).
Xanthotoxol also reduced the phosphorylarion of IxBa in the nuclear factor
kappa B (NF-kB) pathway. These results suggest that Xanthotoxol is a
potential treatment for inflammation. The B16F10 melanoma cells were treated
with Bergapten (6.25, 12.5, 25 and 50 pM) respectively to observe its effects.
As a result, Bergapten increased melanin contents and tyrosinase activity in
B16F10 cells. Western blot results showed that the protein expression of
Tyrosinase, TRP-1, TRP-2 and (microphthalmia associated transcription
factor) MITF were increased by Bergapten. Bergapten increased the
phosphorylation of glycogen synthase kinase 3B (GSK3B) at Ser 9 and the
expression of B-catenin. Bergapten increased the phosphorylation of porotein
kinase A (PKA) and MAPKs. On the other hand, Bergapten increased the
expression of MITF by inhibiting the phosphorylation of AKT. These results
suggest that Bergapten is a potential treatment for hypopigmentation.

Key word: Psoralen derivatives, RAW 2647, B16F10, Inflammation,

Hypopigmentation.
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COX-2 4% AAel 7 S fEste] Wydld, 554 Bdd, 954 3
A% L e 9FH ARS FBAH4E]. B 9F Nee 2AFOoEA

W dFone] §EE ool dh

HAAEZE AA BE AW FEstaL 9lof, oF #Addd dis) S22 o%
Wolgte 2 el AAdA Fad gds drh dHAEs AE FZ9H9
toll-like receptors (TLRs)E &3l WUAE HEsta, E5 AdAE W&o
[6-7]. A A EANA TLRsH < <l toll-like receptor 4 (TLR4)+= 1% 4
9 AME 9 A 249 lipopolysaccharide (LPS)$} wFg-&to] 54 Ao
E7FQ1 (IL-6, IL-1B, TNF-a) % NO, PGE:;¢} 22 A% wiZiAle] 2dS &4
StAA ASREES doTH8-9] oYt A5 dAES By A9 AsHdEH
2o &3t AAE 8 AL Fo AT HDEHZZ nuclear factor kappa
B (NF-kB)%} mitogen activated protein kinase (MAPKs) A =27} Qlt}. o] g st
NEAGAR &4 JA= 95 &S 2det=d Qo] $8% oldon, ¥

o gdzE Ao AAA TR o AX I YrH10-12].

A5 HBAoA PGEx2F NOE= 95 wWiMAZA A5 Hbgo Fa3k 935 3t
t}H13]. PGEy+= arachidonic acid®l A Cyclooxygenase-2 (COX-2) &4 2 ZX o

A
o} FAHHM, dFoA 7P AETF A5 wWAA T stuE S 14-18]1
NOE= E5HHg9 ARXEZE L-argininel A inducible NOS (NOS)el ¢]3l] A3
FETH19-20]. NO= &44E 24 F29 32 A A dir3ds 732
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MAPKs Az ddd2s Alxze] AE, 44, Ald 3 d5 #3199 ks 53
2 Ay AESH #A4s xdste W #o@tH25]. MAPKse  ERK
(extracellular signal-regulated kinase), JNK (c—jun N-terminal kinase), p38
WA2 T4 vk MAPKs7F LPS #5098 QIitstsd s dd7d =7t
G438t Hol AATA cytokinet A5 wiZNA S S S7HAIHH26-271.

NF-kB AladgdZoA NF-kBe= AddS54 AtelE7F1# INOS % COX-2
A HES 2deks AARRIAR, p503 ped FIHe] submite® T EH ol 9l
CH2R]. AF=abA] k2 Aol A NF-kBE AlX 2|4 IkBa (inhibitor-kBa)9} 2
=ol nEAdst R E=ASH29]. olw LPSe o& A=5& wrow kB
kinase (IKK)el 9J3ll IkBa ©® 22 <QlAitsls 3, IkBa FEl& 8] F 8 85 o
HFAow Eafdr. 25 77 @ NF-kB (pb0 % p6b)e AEHolA o=
A9l el A5zl EEEY FAA B S FE=UH30-341(Fig. 1).



Melanine W52 29 3% Bu & Sol ®XHo i Ay =uk A5

AAste EZZ[35] yF EI9 9 7|AFd EA5= HWebd AXE (Melanocyte)

o] Melanosomeol| Al A @ H36-37]. Habd AEZe= 9

TEZ FEAE AL o], AL 2 QN oy T2 Sl oA
dH = dEe AAHES

melanogenesis 2+l 37, A Melanine W ZFA A ¥ (keratinocyte) =

Addwo]l Ao gRrAow yetuA ®tH41-42]. Melanin A49]4d 0 2 3-8

i, BAMAEE AASE dBe a7 WEa43-45] Wehd A

Ao Ad =4 4

melaning A e tH38-40]. ©o]g Al  Melanin®] &%

o

o,

3

5
W A A5 Rz (Hypopigmentation) ¥ #d ¥ WA= (Albinism), ¥¥

Tyrosinaset™= %7] #Hzhd Ao &% 24 dAE Z4dss 42 #Hd
Aol oA M Fadt 93-S dtd. Tyrosinase™ melanosome®l A
tyrosines 34-dihydroxyphenylalanine(DOPA) 2.2 4Fs}  A]7]31, DOPAE
DOPAquinone©. & 4FstA] 71t} o] 3 DOPAquinone< A5 A3t dF-g-o] 2]
DOPAchrome .= 2% 31, DOPAchrome TRP-13 TRP-2 w@jzo] 23
HAFHor S2AS == fFaed(Eumelanin) S A4 A | tH50-531(Fig. 2).

AT A WAy 2HEAxZ F <l MITF  (microphthalmia
associated transcription factor)© tyrosinase, TRP-1, TRP-2 promoter?]
M-boxell ZAg3ste] @] WS Fista Wepd S 2dsk=d, oy

A

3k MITFS] #ebd A 24 ofe] A3 dGdH 2o oajA =4 E v 54-56].

g

rr

dEAQ depd Asdg A=z 4zl Wnt/B-catenin A5 HE A=
MITF Zdel #ojst= Aoz deA gtk FrizzledFz) F&A7F A=5 we
M serine 9H 7)ol A 2Ak3tE glycogen synthase kinase 3B (GSK3B):& H]
st vh57]. olw] B-catenin H| A st P-GSK3BE Q18] 8l == i,

MEA  ZHHEYLR]. 4% B-catenine oz 2wtyo]  T-cell



factor-lymphoid-enhancing (TCF-LEF) A}zl e} E3AE JAdste] MITF &
A4S 7N T59]. B tyrosine 216WH Z7]ol A <lakslEl GSK3BE &4 3}
¥ 31, B-catenin®] <QIAMSLE FEsle] fulFEst 2 Fago=z4 MITFE ¥
A& 7HAaA 7 THE0-62].

PKA Alzdg 724 melanocortin 1 receptor (MCIR)°e] A}=& wdtow
adenylate cyclase (AC)E ZAsIAIZIt) o= AEZ We cAMPE S7HA17]aL
protein kinase A (PKA)E <4t A| 71t} Q14FslEl PKAE 8 Qto = o]53to]

CREBE Ittst A7, "epd d4 3458 =438

r1r

A AARRIARRD MITF €]

st & & daldAAd AW AlsEHA phosphatidylinositol  3-kinase
(PISK)/AKT Alazd=gd=z7F AdoH67]. A= MCIRS PIBKE &4 38l
PI3K:E AlEwte] Q1xH <9l PIP,Z PIPs 14FsahrH68]. oW PIPsE= AKTE
Axero 2 wyste] ¢labste = =S F=vHeE9]l AKT Asdgdd = &4
st debd AR gA 712 AdEel AB70-711. =, AKTe <likst=
MITF®] 23 & SXAIA Had S JAstE= AKTS 14kt Ael= 2
s S frEsH o2
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MITF 2d 2 &gste] 4o wolstr] wol
depbd Aol Fa 2dA T oshuelv[73-741 MAPK 42| %3k ERK
AzE 4G22, ERKE 48k= serine 73614 MITF] <litshs
fFE=gtal, MITF &8s E3ste] F54o= debd A4S oAd 75761
b JNK 3 p38 Alss FAAMEdE FE2R, JNK 3 p3gd 2o liksh=

MITF w& S AeF 243} al tyrosinased AALS =R 3sle] dgtd HAS Z71
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Psoralen< Furanocoumarin®] 7| 2&24& o|F& 522 coumarin®| furan i
27F Ao g Ak Fxo|t}. Psoralens Psoralea corylifolia L. &) {Axd &
o] = Fo A & JRo=[82] vy A &4 EAS A =dH A

L wA, BUEE, 3, 95 59 A8l fostta maso] qIrHs3-s6l

2 AFoAx = Psoralen A¥E 3= F 5-Hydroxypsoralen (Bergaptol),
5-Methoxypsoralen (Bergapten), 8-Hydroxypsoralen (xanthotoxol),
8-Methoxypsoralen (Xanthotoxin) a8 5,8-Dimethoxypsoralen
(Isopimpinellin) & 7FA a2 A3 Abgstlvt. 2b 8822 714 <] Psoralen

al
TZoA 5 T 8 X9 Hydroxy”’] (-OH) %3i= Methoxy”] (-OCHs)7}

Bo 1xz2 7+y 9t} ol#d JTLFZ zo]E 7|uko & Psoralen SEAS9
Zd e gdF L depd A g3E v 9@ B4 AFs
RAW 264.7 A 304 Nitric oxide (NO) A% =4 AdS F3] 4719 A&

= NO AAZHS 718 A stE= 8-Hydroxypsoralen (xanthotoxol)S 7FA| il

[88]o A F&FH = JFEZ I3}, o that @50 Uriar HaEo] A
THE9l, ddd=E &y did A= uEFEEE RAW 2647 A EO A

2 ekt
E3F BI16F10 M oAl Melanin contents 23S &3 5712 Als & #Hebd A
A g7y 7FE 993 5-methoypsoralen (Bergapten)o. & F7F 28-S W33
ATt Bergapten < o2 F¢ R w27t QdolA FE3 3= =[90]
akst, &9, ekl dia] ®aso] IAIWH91-93], Hekbd A Al
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Figure 4. Structure of Psoralen derivatives. (a) Psoralen, (b)
5-Hydroxypsoralen (Bergaptol), (c) 5-Methoxypsoralen (Bergapten), (d)
8-Hydroxypsoralen (Xanthotoxol), (e) 8-Methoxypsoralen (Xanthotoxin), (f)

5,8-Dimethoxypsoralen (Isopimpinellin).
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o Az 2 49

L A8 2 A

L A o AH8-E Bergaptol (5-Hydroxypsoralen), Bergapten
(5-Methoxypsoralen), Xanthotoxol (8-Hydroxypsoralen), Isopimpinellin
(5,8-Methoxypsoralen)< ChemFaces (Wuhan, China) oA TFull3}$om,
Xanthotoxin (8-Methoxypsoralen) = TCI (Tokyo, Japan)ol 4 "3l
AE AFS 9l AF8E  lipopolysaccharide from Escherichia coli (LPS),
Griess reagent, protease inhibitor cocktail, a-melanocyte stimulating hormone
(a-MSH), sodium hydroxide (NaOH), L-dopat™ Sigma-Aldrich (St.Louis, MO,
USA)A A el o, 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium
bromide (MTT), Dimethyl sulfoxide (DMSO)+= Biosesang (Seongnam,
Gyeonggi-do, Korea)oll Al Fujalsdch Ax wjdS 93 wix 2 Dulbecco’s
Modified Eagle’s Medium (DMEM)} penicillin-streptomycins Thermo Fisher
Scientific (Waltham, MA, USA)°lA Fetal bovine serum (FBS)E Merck
Millipore (Burlington, MA, USA)dA w3ttt ELISA kit & PGE;<
abcame (Cambridge, EN, UK)ol| 4], TNF-a, IL-18 ¥ IL-6 = BD Biosciences
(Franklin Lakes, NJ, USA) oA w5ttt Western blot2 ¢l AF&-¥ 1+
g4 p-ERK, ERK, p-JNK, JNK, p—p38, p38, p-IkB-a, IxkB-a, p~AKT, AKT,
p—-GSK-3B, GSK-3B3, p—B-catenin, PB-catenin, p—PKA, PKA, B-actin, p65,
lamin B ¢ 22} 8| anti-rabbit, anti-mousei= Cell signaling technology
(Danvers, MA, USA)dA w3t} L, tyrosinase, TRP-1, TRP-2, MITF+=
Santa Cruz Biotechnology (Dallas, TX, USA)olA Fujstdct. o]l
Anti-iINOS &A= Merck Millipore (Burlington, MA, USA), Anti-COX-2 & A
+ BD Biosciences (Franklin Lakes, CA, USA)olA vl 3} %3
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2. 4984

2.1. AAZMEF

RAW 264.7 murine macrophage cell2 3= EXF23 (Korean Cell Line
Bank)el| Al B16F10 mouse melanoma cell<= ATCC (The Global Bioresource
Center)oll A FulgtAth. ME w2 10% Fetal Bovin Serum (FBS)®} 1%
Penicillin-StreptomycinS % 7}3F  Dulbecco’'s Modified Eagle’s Medium
(DMEM) HjAell 37C, 5% CO, ZAolA z}7} 24, 3d Aoz Adujt st
AT
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22. AIZAEE

Al AE B4 098 2437 98 MIT ¥ 359tk RAW 2647

—
(e}
[¥)
(@)
@,
73
~.
=
@,
it
ML
N
ol
i

A E= 24 well plateo] 15 x
O sEe] ARES AYstel 2443 FE RESAIZT MTT A%S 04
mg/mL =2 A gdte] 3AZF vEEAIA T o] % wjA] & A Sl DMSOE 800
L Yol HEA formazan Z2AS 8313t Spectrophotometric microplate
readerE AH&3to] 570 nmolA FH=E A

B16F10 AlXZ &= 24 well plateo] 8.0 x 10° cells/well2 #F3}o] 24A)7F H<F v
G F, vdF s ARES Adste] 2AF FF wEAIZ T MTT A ¢

= 04 mg/mL =% Agste] 3AF WEEAIZAT o]F wjAE AlAst

o
-

=
DMSOZ 500 plLA ¥o] ®EM formazan 274 S £3)3}1 microplate readers

AFE-Ee] 570 nmol A SR EE ZA 59T
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2.3. NO (Nitric oxide) A ZF =4

A2 7F RAW 2647 Al3EolA LPSe 93] f=¥ NOE Asst=x &<lsl7]
218l NO A S SAHsAT NO A HEF 4L AX vl = NO9 &

=39 RAW 2647 AEZE 24 well platee] 1.5 x 10°

o
Z
o
L
ot
=
fr

cells/well2 &F3F0] 24A17F &<t wietstdoh st w59 A5 LPS (1 p
g/mL), L-NIL (40 uM)E A& s T 24A7F S BrSA 7T o] 7+ well9
AZol 100 ul 9F Griess reagent 100 pL & 96 well plate o] &33}a

¢} =1

microplate readerE AF83te] 540 nmol A SHE=E SAHSA
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2.4. Prostaglandin E; (PGE2)® A Y9 FA cytokine (IL-6, IL-18, TNF-a)
ARZF &3

RAW 264.7 Al3Eol A A&7k LPSel o8 fr=d A5ws mZiAEs Aslsh=
A Zlet7] 8 ELISA Kit & Ab&ste] S48kt RAW 2647 A2 & 24
well platecll 15 x 10° cells/well2 #F3}o] 244]
Lol Almet LPS (1 pg/mL)E AEgh F 24X7F 5k WA HH. ol %, 7
well®] el 100 pLE L 15000 rpm oA HAZE s &+ AFS5AqS A
o] 45 He ELISA kitel wet 7t s =9 PGE, IL-6, IL-18 18|31 TNF-a]

e Zqshel

2
offt
r o
=
o2
off
o
3R
)
)
o2
r
off
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2.5. Melanin contents =%

A2 7F BI6F10 Ao A Melanin Ao dFS vA=A &Ast7] 98]
Melanin contents& 743 th. BI6F10 AlZE 60 mm cell culture dishel] 8.0
x 10* cells/dish® #F3Fe] 24A12F SoF wigstA ey et 5= Al59) «
-MSH (100 nM)< A g8t 72A17F &<k whg-stAth. wiF 5, WX & A7 st
1 x PBS buffer & A& 33l lysis buffer (RIPA buffer, 1% protease inhibitor
cocktail)E ¥olF0o] 1027F 4T A lysis sttt 2@ thS cell scraper® cell
S #9 15 mL e-tubeoll %7 i, 5% Ao 2 33] vortexing 3Rt 15,000

pm, -8C Z7olA 2087 AAEgs A=RS A A pellets LAt

-

O

pellete]l 10% DMSO7} #7Fe 1 N NaOH= 500 pL# ¥o] 80TColA 1087 A
21t th 96 well plateo] Z+zF 100 uL® %7 © 3 microplate readers Ab-83}

o] 405 nmoA THE=E =A39 T}
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2.6. Tyrosinase activity =3

B16F10 A2 60 mm cell culture dishel 8.0 x 10* cells/dish2 ¥F3}o] 24
A ZF Fot wiksldt e ol A89 a-MSH (100 nM)S A 2]3ste] 72
AR Eot mEgEAth v §, WiAlE AlASkaL 1 x PBS buffer 2 A3 kil
lysis buffer (RIPA buffer, 1 % protease inhibitor cocktail)S @ o]F0o] 4T ol A
1087 lysis 8t th o] & cell scraper® cell& 9 15 mL e-tubeo] %74 &
3, 5% kA o 2 33] vortexing 3 TE 15,000 rpm, -8C ZAoA 2087 44
Besta AZ=dS Adrl BCA protein assay kitE Ab83to] whulz A 2kalo]
96 well platee] 20 pL® ¥ i, L-dopa (2 mg/mL)E #| %3] 80 uL® Y oA
37C oA 147 A g8t th. Microplate reader® AF&3Fe] 450 nmol A &%=

g =733,
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2.7. Western blot

RAW 2647 A%+ 60 mm cell culture dishel 6.0 x 10° cells/dish® &3}
24N 7F For wieFatglTh thek wxol Algel LPS (1 pg/mL)E Agste] z+
A ke A zEe] kel ) Fskith BI6F10 Al & 60mm cell culture dishell
8.0 x 10" cells/dish& ®F3Fe] 24A7H5<h wigatadth, e w% ARE
Agete] zh dad Wy AJZbe] wheh wj stk vlF §, wiAE AASL 1
x PBS buffer & &3}l lysis buffer (RIPA buffer, 1 % protease inhibitor
cocktai) & Yo]Fo] 4ToA 1087t lysis 3t th o] % cell scraper® cellS
o 15 mL e-tubeo %74 i, 108 FAo = 33 vortexing s+t 15,000
rpm, -8C 7oA 207 dAEE s F5AES A3k BCA protein assay
kitE AFg3le] gl d A 2Ear, 2 x Laemmli sample buffere} 1:1 v]& &2 &3}
g % 100ColA 53 7FEstdth 7hEd g @iEAs A3l

% sodium dodecyl
sulfate—polyacrylamide gel® loading o224 H7|dEox gdwas 3792

u:

Tt arjdE el @M AS PVDF membrane®. 2 transfer 3}al, 1X
TBS-T (Tris-buffered saline containing 1% Tween 20)% =9I 5% skim milk
& 1AIZF blocking a3t 1X TBS-T® 1084 & 63] Al&sta 1X TBS-Tol
1:1000 M &= A f 12 FAE Ab&ste] 4TollA overnight ¥H&-stith. &
Uhe 1X TBS-T= 10&2% 3 63] AlFstal 1:2000 Hl&= 3|48 23 A=
AFEE] Aol A 2A1ZE WEgE T 1X TBS-TZ 583 % 63 Ag &
ECL kitg Ab&ste 54 dwdS @& A7]3 Chemidoc (WL, VILBER
LOURMAT, France) 2.2 &34t}

y
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3. BAAY

<

RE Y AREe A W 5949 A3 Wi o+ SD (RERADE

5

Al s}
Atk Student’s T-testE AF&3e] * p < 0.05, = p < 0.01, *xx p < 0.001 <

AS EAH o= §osttha EA ST

ol
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m 2 3

1. RAW 264.7 A Z A Psoralen A<¥€ JFEE= = 43

CAE AEE FF

RAW 264.7 Al3£oll A Psoralen A€ 3tehEo] Alxo] SA4S UHellA &= &
L5 XA flA MTT assays T8t RAW 264.7 Aol A 7} &3t
EE59 vt T2 (625, 125 250, 500 and 1000 uM)<} A xS 2 INOS
EolA AAAR] L-NIL (40 uM)S 24A12F B2t A 3Arh AE AE V&2
A gzt gib] 90% oY A9 AE HAo] vElgA ekdrtar dased
t}. A8 43 Bergaptol, Bergapten 12 i Xanthotoxing 250 uM ©]38te] ¥ &
o 4], Xanthothoxol< 500 pM ©]s}e] FZo|A ME FAJo] eERA] ottt
(Fig. 5).
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- - _ L-NIL (40 pM) - - - - - +
Nanhotorol (430 625 125280 S0 1000 Bergaptol (uM) - - 625 125 250 500 1000 -
(c) (d)
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~ 100 | _ 100 |
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=
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LPS (1 pg/mL) - + + + + + + + LPS (1 pg/mL) - + + + + + + +
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Xanthotoxin (uM) - - 625 125 250 500 1000 - Bergapten (M) - - 625 125 250 500 1000 -

Figure 5. Effect of Psoralen derivatives on the cell viability in
LPS-induced RAW 264.7 cells. The cells were treated with Psoralen
derivatives (62.5, 125, 250, 500 and 1000 pM) and L-NIL (40 pM) for 24 h
with LPS (1 pg/mL). L-NIL was used as a positive control. Cell viability of
LPS-induced RAW 2647 cells subjected to (a) & Hydroxypsoralen
(Xanthotoxol), (b) 5-Hydroxypsoralen (Bergaptol), (c) 8-Methoxypsoralen
(Xanthotoxin) and (d) 5-Methoxypsoralen (Bergapten) were measured by
MTT assay. The results are presented as the mean = SD from three
independent experiment. * p < 0.05, ** p < 0.01, =x* p < 0.001 vs untreated

control group.
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RAW 264.7 Al A Psoralen A9 3dEE5Y T4 28 Ax5A 0] LY
A e ML 250 uM o]sle] sEolA NO Aol " A+ gaks vlal AL
st7] 91 NO A= 5748 Ads FdstAth. RAW 2647 AlxzelA 7 3§+
59 g4t w% (156, 31.3, 625, 125 and 250 pM)<} FAddlx=a"o =2 L-NIL
(40 M) 24A17F &< AElstAdth. NO A2 LPS @5 A & 100% =,
H el A Lt A A=A ZASEA T (Fig. 6) 9+ #Z©] Psoralen 3}%

ol A Xanthotoxol®] NO A &7} 7 3t 53] gkl 250 uMelA
NO<9] A4S Xanthotoxol ©¢F 40.5%, Bergaptol ¢F 36.47%, Xanthotoxin<
oF 29.77% A sF9 3L, Bergaptene ©F 12.52% T 7FAIZ T weba Ao 714
3 Xanthotoxol®. 2 A EZ=A o] velbA &8 500 pM ©]8te] s XA

NO A =S ZAshar (Fig. 7), Xanthotoxolol] W3k F7123-S 735
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120 140

100 120 ¢

100 -
80 -

80
60 -
60
40 +

NO production (% of control)

40 f

NO production (% of control)

20 2 |
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L-NIL (40 M) - - - - - + L-NIL (40 pM) - - - - - - +
Xanthotoxin (:M) - - 156 313 625 125 250 - Bergapten (uM) - - 156 313 625 125 250 -

Figure 6. Effect of Psoralen derivatives on nitric oxide production in
LPS-induced RAW 264.7 cells. The cells were treated with Psoralen
derivatives (15.6, 31.3, 62.5, 125 and 250 pM) and L-NIL (40 puM) for 24 h
with LPS (1 pg/mL). L-NIL was used as a positive control. NO production of
LPS-induced RAW 2647 cells subjected to (a) 8-Hydroxypsoralen
(Xanthotoxol), (b) 5-Hydroxypsoralen (Bergaptol), (c) 8-Methoxypsoralen
(Xanthotoxin) and (d) 5-Methoxypsoralen (Bergapten) treatment were
measured using a Griess reagents. The results are presented as the mean =*

SD from three independent experiment. # p < 0.01 vs untreated control group.

* p < 0.05, ** p < 0.01, *xx p < 0.001 vs LPS alone.
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Figure 7. Effects of Xanthotoxol on nitric oxide production in
LPS-induced RAW 264.7 cells. The cells were treated with Xanthotoxol
(62.5, 125, 250 and 500 pM) and L-NIL (40 pM) for 24 h with LPS (1 u
g/mL). L-NIL was used as a positive control. NO production of LPS-induced
RAW 2647 cells was measured using a Griess reagents. The results are
presented as the mean * SD from three independent experiment. # p < 0.01

vs untreated control group. ** p <0.01, *+x p < 0.001 vs LPS alone.
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2. RAW 264.7 Al XA 8-Hydroxypsoralen (Xanthotoxol)¢ &d4ZF &3

2.1. Prostaglandin E; (PGE;) 3% =3

LPSE #=¥d RAW 2647 Al3*o|A Xanthotoxol®] PGE, A& Alsh=4
ZAFs7] 918l ELISA kitE AHE3te] PGE, AA &S dlstdth. RAW 264.7
A E+E Xanthotoxol®] thdl 5% (625, 125, 250 and 500 uM)e} FAthZ o
2 COX-2 5014 AA NS-398 (100 nM)< 247412+ 59k Agstdch. 1 2
7} Xanthotoxol= LPSE F%% PGE:% A4S % d&do= A5
53] 500 uMellA LPS w2 gfatat vaetls w, PGE, YA &S of 93.24%
arAom gzt NS-398% HlwaldS W, oF 16% ] A3
(Fig. Q).
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Figure 8. Effects of Xanthotoxol on the production of PGE; in
LPS-induced RAW 264.7 cells. The cells were treated with Xanthotoxol
(62.5, 125, 250 and 500 pM) and NS-398 (100 nM) for 24 h with LPS (1 u
g/mL). NS-398 was used as a positive control. Production of PGE, was
measured by ELISA kit. The results are presented as the mean = SD from

three independent experiment. # p < 0.001 vs untreated control group. *** p

< 0.001 vs LPS alone.
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2.2. A49ZA cytokine A F =4

LPSE =¥ RAW 2647 AlXEo|A Xanthotoxole] HAAF4 cytokine (IL-6,

IL-1B and TNF-a) 745 olAlet=A £Aet7] 93] ELISA kitE AHg-3sto]l A

A4 cytokined] A HFHS sttt 1 A3} XanthotoxolS LPSel ol&

L% IL-6, IL-1B 123l TNF-a o AAS FostA #aAZH. 539

SkolA IL-6, IL-18 283 TNF-a®] A& 72 oF 74.99%, 63.33% L]l
38.12% #HAA A HH(Fig.9).
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Figure 9. Effects of Xanthotoxol on the production of pro-inflammatory
cytokines in LPS-induced RAW 264.7 cells. The cells were treated with
Xanthotoxol (62.5, 125, 250 and 500 yM) and LPS (1 pg/mL) for 24 h. (a)
IL-6, (b) IL-18 and (c¢) TNF-a production were determined by ELISA Kkit.
The results are presented as the mean * SD from three independent
experiment. # p < 0.001 vs untreated control group. * p < 0.05, *x p < 0.01,
*xx p < 0.001 vs LPS alone.
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2.3. Wetern blot
1) iNOS, COX-2 &3 % =4
LPSZ =% RAW 2647 A3xoA Xanthotoxol®] NO, PGE, A4 A7+

INOS, COX-22] Al AAo slaFzdo 23k AAX A7l 8] western
blot 23S F8stdtt. 1 A3} Xanthotoxol2 LPSZ %% iNOS, COX-22]

AAE s gEFoz AAAY. 53] 500 uMe] 5= A iINOS, COX-2 A
A 27 oF 76.16%, 97.35% fFAskTE. melA] Xanthotoxoli=  iNOS,
COX-29 Wd & gAg o=z LPSE 2% NO, PGEE #AAAHS & F

A tH(Fig. 10).
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Figure 10. Effects of Xanthotoxol on the protein expression of iNOS
and COX-2 in LPS-induced RAW 264.7 cells. The cells were treated with
Xanthotoxol (62.5, 125, 250 and 500 pM) and LPS (1 pg/mL) for 24 h. (a)
Western blotting results, and protein expression of (b) iNOS and (c) COX-2.
B-actin was used as a loading control. The results are presented as the mean
+ SD from three independent measurements using the Image J. # p < 0.001
vs untreated control group. * p < 0.05, *x p < 0.01, *x* p < 0.001 vs LPS

alone.
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2) MAPKs A3 G732

MAPK7} QI4kstE W A5 g 27 dAdstE o] st 54 cytokined A
Be 7MY BaEdt26]. wek LPSE A=¥ RAW 264.7 Aol A
Xanthotoxole] MAPK A& dg 422 &) NO ¥ dA=A cytokine ¢ A
S A=A FAEH7] Y8l western blot A8 S Fasle] A A T 1
7} Xanthotoxol< LPSel ¢J3] %% JNK, p389 <litstE JAIAIF T}
500 uM sXxoll Al QlAikstE JNKeF p38 ZHzb oF 46.01%, 49.93% 743t
o]+ Xanthotoxole] JNK, p38 Az HGAZE Fa d=F = o=

A tHFig. 11).

8 Jlm
4 oo o

i)
ol
poy
o
i

_34_



(a)
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Figure 11. Effects of Xanthotoxol on phosphorylation level of MAPK in
LPS-induced RAW 264.7 cells. The cells were treated with Xanthotoxol
(62.5, 125, 250 and 500 pM) and LPS (1 pg/mL) for 20 min. (a) Western
blotting results, and protein expression of (b) P-ERK/T-ERK, (c)
P-JNK/T-JNK and (d) P-p38/T-p38. B-actin was used as a loading control.
The results are presented as the mean = SD from three independent
measurements using the Image J. # p < 0.001 vs untreated control group. * p

< 0.05, xx p < 0.01, =+ p < 0.001 vs LPS alone.
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3) NF-xB 43324 =

NF-kB7} 2= o IkBa= <IAbsts o Zafsal, NF-kB= AlEdolx &
o2 A9 o] AAFA cytokines F7HAIZITHL HalE JATH30]. LPSE A=+
RAW 264.7 Az A Xanthotoxol] NF-kB AZHdGYHE2E F3) AISA
cytokine®] M-S AAF=A FAFe7] 98] western blot A3-S HaYsHAT)
1 A3} Xanthotoxol IkBas LPS w5 Aol Hls| S7hAZaL, Q14bstd 1
kBa= LPS @55 Aol nle) gaAlzlvh 53 500 pM s =ollA LPS w55
Aglwt o] kBa] A oF 39.94% S 7Fstlar, P-IkBaol A2 <F 75% 7
Aot oH(Fig. 12).
o=z, Mxdex oz pes HAE Gl rE AxAA
Xanthotoxol p65e] THS FEogEHOZ FI7IAIZA LW, 500 pM 5ol A
p652] AAe] LPS w5 Ao tiv] oF 58.43% S 7FskAth. & o 4] Xanthotoxol
o2 faAzow, 500 uM FIEo Al pe5e] A o]
LPS ©5 A+ o] oF 5379% At thFig. 13). olHd Ay

Xanthotoxol©] IkBa %3] 2 NF-xkBe 3 AE WAste] 9=L A4S &

rlo
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o1
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2
e
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Figure 12. Effects of Xanthotoxol on protein expression level of P-IkBa
and IxkBa in LPS-induced RAW 264.7 cells. The cells were treated with
Xanthotoxol (62.5, 125, 250 and 500 pM) and LPS (1 pg/mL) for 20 min. (a)
Western blotting results, and protein expression of (b) IkBa and (c) P-IxBa.
B-actin was used as a loading control. The results are presented as the mean
+ SD from three independent measurements using the Image J. # p < 0.001
vs untreated control group. * p < 0.05, *x p < 0.01, *:x p < 0.001 vs LPS

alone.
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Figure 13. Effect of Xanthotoxol on protein expression level of NF-k
B(p65) in LPS-induced RAW 264.7 cells. The cells were treated with
Xanthotoxol (62.5, 125, 250 and 500 uyM) and LPS (1 pg/mL) for 15 min. (a)
Western blotting results, and protein expression of (b) p65 (cytoplasm) and
(c) P65 (nuclear). B-actin and Lamin Bl were used as a loading control. The
results are presented as the mean + SD from three independent
measurements using the Image J. # p < 0.001 vs untreated control group. * p

< 0.05, =+ p < 0.01, =+ p < 0.001 vs LPS alone.
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3. B16F10 Aol A dEld A Ao )3+ Psoralen A€ JFEEY IF
3.1 A BES

BI6F10 A2l A Psoralen A9 3&Eo] Alxe SA4S HEHlA &+ s=&
2AF8E7] #18l A MTT assays 38tk BI6F10 AlZAA 77 st&E5e] o
&3t % (125, 25, 50, 100, 200 and 400 uM)e} FAH =TS22 o-MSH (100
nM)S 72A13F FoF AHElstth. 2% Z3 5-Hydroxypsoralen (Bergaptol)< 25
uM  o]sle] T A, 5-Methoxypsoralen (Bergapten), 8&-Methoxypsoralen
(Xanthotoxin), 8-Hydroxypsoralen (Xanthothoxol)< 50 pM ©]3&}2] FI=of A,
5,8-Dimethoxypsoralen (Isopimpinellin)< 100 uM ©]3}2] FZ=oA A¥E HA o]
UetuA] e ok (Fig. 14).
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Figure 14. Effect of Psoralen derivatives on the cell viability in B16F10
melanoma cells. The cells were treated with Psoralen derivatives (12.5, 25,
50, 100, 200 and 400 pyM) and a-MSH (100 nM) for 72 h. Cell viability of
B16F10 cells subjected to (a) 5b-Methoxypsoralen (Bergapten), (b)
8-Methoxypsoralen (Xanthotoxin), (c) 5,8-Dimethoxypsoralen (Isopimpinellin),
(d) 5-Hydroxypsoralen (Bergaptol) and (e) 8-Hydroxypsoralen (Xanthotoxol)
were measured by MTT assay. The results are presented as the mean += SD
from three independent experiment. * p < 0.05, *x p < 0.01, **x p < 0.001 vs

untreated group.
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32. Behd ¥ 24

B16F10 Aol Psoralen 3tEE9 FFHoZ MxEmAdol Yelux e
HRIQl 25 uM olste] FEelA Hebd A wX = IS FAFEHT] HAEA
Aoy sS4 AES A3t BI6F10 AlEolA ZF sistEse] theket
&% (313, 6.25, 125 and 25 pM)oF YA HETSE o-MSH (100 nM)<= # &
skith. 1 23 Psoralen #HgtE oA Bergapteno] 2ehd A4 &37F 7HE

. 53] nEEQl 25 pMoll A #Hebd S v A2 st tiH] Bergapten<

o

oF 147.04%, Xanthotoxin< ©¢F 115.8%, Isopimpinellin<= ¢F 82.59%, Bergaptol<-

=

22.59%, Xanthotoxol> ¢F 3.33% < 7FA A thH(Fig. 15). weba] &Ade] 7 =
Bergapten®] A5 o] YELR @2 50 pM ©]3te] FEolA ded A
&S FAFshiL(Fig. 16), Bergaptenel tigh F7HA3& 2l sint

rlo
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Figure 15. Effect of Psoralen derivatives on the melanin contents in
B16F10 melanoma cells. The cells were treated with Psoralen derivatives
(3.13, 6.25, 125 and 25 uM) and a-MSH (100 nM) for 72 h. Melanin contents
of BI16F10 cells subjected to (a) 5-Methoxypsoralen (Bergapten), (b)
8-Methoxypsoralen (Xanthotoxin), (c) 5,8-Methoxypsoralen (Isopimpinellin),
(d) 5-Hydroxypsoralen (Bergaptol) and (e) 8-Hydroxypsoralen (Xanthotoxol).

The results are presented as the mean = SD from three independent

experiment. * p < 0.05, ** p < 0.01, **x p < 0.001 vs untreated group.
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Figure 16. Effects of Bergapten on the melanin contents in B16F10
melanoma cells. The cells were treated with Bergapten (6.25, 12.5, 25 and 50
uM) and a-MSH (100 nM) for 72 h. a-MSH was used as a positive control.
The results are presented as the mean = SD from three independent

experiment. * p < 0.05, *x p < 0.01, *** p < 0.001 vs untreated group.
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4. B16F10 Al ) A 5-Methoxypsoralen (Bergapten)? #&d A &3
4.1. Tyrosinase 84 =3

B16F10 Al XA Bergapten©| Tyrosinase Ao W x&= J3kS ZAREH7] ¢
3] Tyrosinase activity 28-S &3ttt BI6F10 A3+ Bergaptene| AlX =
Aol el &= % (6.25 125 25 and 50 uM) 9 YA HZT<Q a-MSH
(100 nM)S A g3stdtt. 1 23 Bergaptene tyrosinase A4S L& o&EF o
2 S7M7IE AS st 53 x50 uMe] A% vA e b oF
311.98% <7Fstarl, YA a-MSH thy] ¢F 124.11% vl <7tshsdoH(Fig.
17).
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Figure 17. Effects of Bergapten on tyrosinase activity in B16F10
melanoma cells. The cells were treated with Bergapten (6.25, 12.5, 25 and 50
uM) and a-MSH (100 nM) for 72 h. a-MSH was used as a positive control.
The results are presented as the mean = SD from three independent

experiment. **x p < 0.01, *xx p < 0.001 vs untreated group.
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4.2. Western blot

D Eadd 34 24 ¢8F 54

Tyroinase, TRP-1 2|3 TRP-2v #Hztd S X3 42 HiHo
A tH53]. wEkA B16F10 Al Eol A4 Bergapten©] Tyrosinase, TRP-1 2 TRP-2
of WX JFE ZAeHr] 8 AFES WAk 1 A3 Bergapten©]

Tyrosinase, TRP-1 18|31 TRP-29 &4 & T% gEHo=z F/MA7IE A

o

shelstdel. 3] 50 uM s %ol A Tyrosianse, TRP-1 2] TRP-2¢] A&
v = 2] ] oF 723.78%, 45.19%, 526.62% S 7}sFStH(Fig. 18).
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Figure 18. Effects of Bergapten on protein expression of Tyrosinase,
TRP-1 and TRP-2 in B16F10 melanoma cells. The cells were treated
with Bergapten (6.25, 12.5, 25 and 50 pM) for 48 h. (a) Western blotting
results, and protein expression of (b) Tyrosinase, (c) TRP-1 and (d) TRP-2.
B-actin was used as a loading control. The results are presented as the mean
+ SD from three independent measurements using the Image J. * p < 0.05,

#x p < 0.01, »x+ p < 0.001 vs untreated group.
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2) MITF ¢3% &4

Wl d A - edx MITF+= tyrosinase, TRP-1, TRP-2 promoter?] M-box?]
Agete] dabd APS Aot x| UtH54]. wEkA BI6F10 Al E el A
Bergapten©] MITF o "X+ G&F& AFet7] 98 AdES Ayt 23
A3} Bergapten< MITFe &4 & F& oEHo=Z F7HAl7 =

th 53] 50 uMellA MITF A3/4d o] mlAglat thH] °F 65.3% S 7tstdtt ol & &
3] Bergaptenc] MITF¢ @3S S7HAA Hebd A S wedtes 2s & -

Sl tH(Fig. 19).
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Figure 19. Effects of Bergapten on protein expression of MITF in
B16F10 melanoma cells. The cells were treated with Bergapten (6.25, 12.5,
25 and 50 pM) for 48 h. (a) Western blotting results, and protein expression
of (b) MITF. B-actin was used as loading control. The results are presented
as the mean * SD from three independent measurements using the Image J.

wxx p < 0.01, =xx p < 0.001 vs untreated group.
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3) Wnt/B-catenin A ZHEF &

Wnt/B-catenin 74 2ol A <AAk3E GSK3B(Ser 9)+= XA A B-catenin®
=4S FE%ta, 4% B-catenine oz gHbxEo] MITF &S F7HA 71
tH57-59]. B16F10 Al ¥4 Bergapten®] Wnt/B-catenin A EZHEHA2E E3)
Aebd PSS FrsteA AT 98 Ade s 2F A
Bergapten< P-GSK3B(Ser 9)¢ B-catening =7FAZAth. E3] 50 pMollA
P-GSK3B(Ser 9)¢} B-catenin® A4S v A2l div] ¢F 83.92%, 123.56% <7}
A Zth. WbH Bergaptens P-B-catenin® A S AR, 53] 50 puMol A
P-B-catenin® A/ WA oiv] oF 12355% fAastATH olE  E3l
Bergapten©] Wnt/B-catenin Az AEA 22 Za MITFE F=8t1, @atd A3

S STH7IE Ae & & slvk(Fig. 20).
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Figure 20. Effects of Bergapten on protein expression of B-catenin,

P-GSK3B and P-B-catenin in B16F10 melanoma cells. The cells were
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treated with Bergapten (6.25, 12.5, 25 and 50 pM) for 24 h. (a) Western
blotting results, and protein expression of (b) B-catenin, (c) P-GSK3p
/T-GSK3B and (d) P-B-catenin. B-actin was used as a loading control. The
results are presented as the mean + SD from three independent
measurements using the Image J. * p < 0.05, *x p < 0.01, **x p < 0.001 vs

untreated group.
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4) PKA A3sAdAEHd=

A5 MCIRS ACE @A48tA17]1aL, ol AX U9 cAMPE F7HA1717
Hrh. cAMPol ol PKAZF Q148 o) 8 qQbo = o] F3te] CREBE ¢l4hst Al
7131, MITFe] odS FXeoh63-64]. wetA B16F10 Aol Al Bergapten©]
PKA Asdgdd =g g3 dad 84S fFestex A7 s d43ds 2
gttt Ae A} Bergaptens PKAS QA3 E Fvx oJEFH o R FVHA7]+=
As FAeAtt. 53] 50 uMollA Q14tkste PKA A& oF 332.69% <7133t
t}. °]& T3l Bergapteno] PKAS] <Q14itstE F7FHA1A MITF 2Hd-& %35k,
K

ghd A S 77 AS & 5 dvk(Fig. 2D).
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Figure 21. Effects of Bergapten on phosphorylation level of PKA in

B16F10 melanoma cells. The cells were treated with Bergapten (6.25, 12.5,

25 and 50 pM) for 20 h. (a) Western blotting results, and protein expression

of (b) P-PKA/T-PKA. B-actin was used as a loading control. The results

are presented as the mean +* SD from three independent measurements using

the Image ]J.
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5) PIBK/AKT 23 AG3 =

PIBK/AKT A&7 2elA <1itstd AKTE @ebd A oo #-dgivtx

sl QuHT70-71]. =, AKT® <l4kst A= Hetd 84S FiestA drh

w2l A B16F10 Al oA Bergapten©] AKT Az AGA2ZE T3 Wad YA S

wal=x ZAbetgdth A3 Ay Bergaptend AKTY QA3 S srol&E# o
3}

spel skl 531 50 uMel 4] <lakshel AKT7b o 5455%
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Figure 22. Effects of Bergapten on phosphorylation level of AKT in
B16F10 melanoma cells. The cells were treated with Bergapten (6.25, 12.5,
25 and 50 pM) for 4 h. (a) Western blotting results, and protein expression of
(b) P-AKT/T-AKT. B-actin was used as a loading control. The results are
presented as the mean * SD from three independent measurements using the

Image J. * p < 0.05, ** p < 0.01, *xx p < 0.001 vs untreated group.
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6) MAPKs A1539 =&

MAPK 7 &9 43l ERK 4las &4 Aadesd2 2, 94hstd ERKE
MITF®] Q4bsts fetal, dHepd S A7) v+d JNK 2 p38 4l
e YA ANaAGARRE, akstd JNK 2 p38 MITF 2HadS 4 43
3 owgbd AAS ZEFsg77]. weEb B16F10 Al 2o A Bergapten©] MAPK

NEALHRE B9 dehd AL FESEA 2AP] A6 232 AR

t}. A3 A3} Bergaptend ¢14H3tE ERK, JNK, p38E & oEH o7 F7}A
715 AL g8t 53] 50 uMolA P-JNK ¢ P-p38e] Aol zt7z} oF
88.26%, 115.23% < 7}8tdth. o] & §3l Bergapten©] JNK<} p389 QI4tstE A

gadske] MITFS 2de sy, wehd 448 S0 AL & %

A HFig. 23).
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Figure 23. Effects of Bergapten on phosphorylation level of MAPKSs in
B16F10 melanoma cells. The cells were treated with Bergapten (6.25, 12.5,
25 and 50 pM) for 4 h. (a) Western blotting results, and protein expression of
(b) P-ERK/T-ERK, (c) P-JNK/T-JNK, (d) P-p38/T-p38. B-actin was used
as a loading control. The results are presented as the mean + SD from three
independent measurements using the Image J. ** p < 0.01, **x p < 0.001 vs

untreated group.
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S ul vlz7A| 2 Psoralen®] 5 919 Hydroxy”]7F -2 Bergaptole] NO
| &de] o T Hu o wEdl 250 uyMES HwE] BEos o

8-Hydroxypsoralen (Xanthotoxol)+= o 40.5%, 8-Methoxypsoralen

2
2

(Xanthotoxin)&= ¢F 29.77% < AstAth. 5-Hydroxypsoralen (Bergaptol)= ©F
36.47% A8, 5-Methoxypsoralen (Bergapten)< 2.3|& ¢F 12.52% < 7}3}
A

T 59 YA ZAFE77F S R 8 Ao FE7]7F 23S W NO ¢
A Zdo] o sttt AS gttt 8-Hydroxypsoralen (Xanthotoxol)

5-Hydroxypsoralen  (Bergapto)® .t} NO A Aol ¢ 53,

K

8-Methoxypsoralen (Xanthotoxin)= 5-Methoxypsoralen (Bergapten)X.t}h 24
o] o ¢+t

webd gd S Aol 7§43 Psoralen 7% E Methoxy”] H.t}+ Hydroxy
717F &L, 59 $1A] Hop 8H 9] X|oll 2H&7]7F ZofoF ] @A o] st A
S Fstdnh. 1 A% 4709 Psoralen 3¥E F Aol 7P g
8-Hydroxypsoralen (Xanthotoxol)® A EZSAo] YeEl A && Fx2 500 uM
ojete] FLE A&t F7F AYPS AT 500 pM ©lske] FEE AES
of NO A4 543 A, 500 uMellA LPS w52 gl the] of 74.36% 4
AR ew ol FAUET L-NILEG NO Aol $-3).

Xanthotoxole] @5 vi7iA9l PGE,el A FE Asjetex #1ets) 99
ELISA kitE AR&ste] A3S sl 2 23 LPS® f=9 PGE:° A4
@el Xanthotoxole] 93 FEeJEA o Asld 2 FAL 5 AT thge
2 Xanthotoxol®] LPSZ #F%=¥ Y934 cytokined! IL-6, IL-18, TNF-a2] A
Aae AsesA 2AEt T 1

tgzae 2s g,

i

7} XanthotoxolS HAZA A EFRIES

ol

AZwS A FEFQ NO+= L-arginineo] A iNOSel| ol&] A w1, AZw7lA
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3] Western blotg& Z3stdth. Ae A3} Xanthotoxole INOS, COX-2°] AA
S R oEH o R TAaAFZ Y wEbA Xanthotoxol iINOS, COX-2 A S A
oA NO, PGE9] S A&t A & 4 )

MAPKs (ERK, JNK, p38)o] QI4tst=l¥ HHAFA cytokineE9] S S7HA
Itk B uEoH26]. 238 A3} XanthotoxolS ¢143tEl ERKS A oA &
AL YERA Ak 2akEtE INK, p38el AAS dAETE o] £
Xanthotoxol & JNK, p38¢] <1432 A agto 24 JNK, p38 ASAGHEE =

d 9 mhAlEe Bde Adfsts Ae & 5 3

NF-kB7} LPSel ofsf Ab=temd Agtstar 9 IkBagt 3% i, NF-kB=
A A dMog AqHel dF viZRAY FHda T FEdrh olw el
¥ IkBav S1AbstEo] frjFE st 2 #8 @ tH34]. Xanthotoxol LPSel A=
o2 Qtgd IkBags FAaAZl WbH IkBat S7FAF#H T 3 Xanthotoxol
AEAAA LPSS] A= 0 2 3Ha¥ p6be] AES F7HAF AL, 3ol A] LPSel] 9]
d S7e p6b AAS JA AT o= Xanthotoxole] LPS9] A=o 2 <lAaks)
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7F4 $-73F 5-Methoxypsoralen (Bergapten)® A|EE5A o] YEIA &e F=
M °J

FEE AHESe] 371 APS A

Bergapten®] A EE=Ao] Ye# €& % 50 uM ©]3¢ %% Melanin
contents 2 ¢S 3 Ay HasEel 50 pMol A mlx g the] 250.21% Z7}
stlar Fed= a-MSH ¢} Hluwstsls W 56.9% B F7Fsksith. o] oA
Tyrosinase activity 23S s 23 50 uMolA w3 gl 4] 311.98% =7}
o, FANET a-MSHeE vwstgls o 124.119% Y F7Fsksl

ﬁ

F—Ll
o

o] % Western blote.z @Wzhd Zu] &4 9l Tyrosinase, TRP-1, TRP-1¢] %
e Fsugktl. 23 A3} Bergaptenol 93 vk oEHow FUE AL
B 4 AAY. ol= Bergaptend Wl A F7F7F Tyrosinase, TRP-1,

TRP-2% 53 dojvths 22 & & gtk

o]0} Al Tyrosinase, TRP-1, TRP-2¢] Z7}7} MITFE Ea&)4 doji}=A el
skt MITFE= w@epbd A4 =4 AAZ Tyrosinase, TRP-1, TRP-2
promotor®] M-boxel Agtste] Wepd S A6l AE A
Bergaptens A2 dg W MITFe @do] sxoEHoz Frtettt ol &
3] MITFe Z7}2 <18 Tyrosinase, TRP-1, TRP-2 2] AAJo] Z7}sle] e}

d A4y 3k dojdniE AL % % 9

MITFe] =Hebd A 2de oy sddd=zs S8 xdHsd HA
Wnt/B-catenin A HAGA 2 A tyr 216904 <243 e GSK3BRE A 3w
g4 3tel P-GSK3B+ B-catenin®] QIAbsHE FEdte] fulFEst 2 g
HHl 2 ser 9914 AA4HsE GSK3BE vl A sty o, nj&dstd P-GSK3BE B
-catenin®] ¢1AF3}E o AE B E B-catenine A FAA =ZHHACT =HH B
—catenin o2 Fukx o] MITF 23S S7HATH57-62]. 23 A7} ser9o
A 4kslEl GSK3BE Bergapten©l 9JalA] wro]EH oz ZrlEglon o]

w2 B-catenin® F7}E A t}h WF 2 Bergaptens 214F3l¥E B-catening 7 AA
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Z3l, o] Bergapten©] <14FsleEl GSK3B(ser9E S7FAIAA B-catenin®] A

S S7MAI71a 14kskE B-catenin®] A S Aoz A MITFY 2dS 7t
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