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ABSTRACT

This study investigated the melanogenesis effect of isoimperatorin and
imperatorin and the basic signaling pathway of imperatorin. The coumarin
derivatives isoimperatorin and imperatorin were tested at concentrations of
6.25, 125 and 25 uM, which do not affect cell viability. Isoimperatorin and
imperatorin increase melanin in the evaluation of melanin content and
tyrosinase activity. Interestingly, there was no difference in melanin content
and tyrosinase activity, despite the structural differences between
1soimperatorin and imperatorin. Imperatorin increased melanin by regulating
Tyrosinase, TRP-1 and TRP-2 enzymes, which play an important role in
melanin activity. MITF is a protein factor that plays a major role in
melenogenesis. Imperatorin increases melanin synthesis by finally regulating
MITF through the ERK pathway of MAPKs, PKA/CREB pathway and
AKT/GSK3B/B-catenin pathway in B16F10 cells. These pathways were
further identified using specific inhibitors. In addition, it was confirmed that
melanin production was induced in human epidermal melanocyte cells by
treating imperetorin in HEMn-MP cells. Finally, the primary stimulation
evaluation of the human skin was conducted to confirm whether the use of
imperatorin had a stimulation or sensitization reaction to the skin. Through
this test, it was confirmed that imperatorin was a hypoallergenic substance.
In conclusion, the activity of coumarin derivatives on melanin production was
evaluated through research. Both isoimperatorin and imperatorin showed
increased melanin, and especially imperatorin can be used as a local treatment
to treat hypochromic deposition.

Key word @ melanogenesis, imperatorin, isoimperatorin, signaling pathway,

B16F10, HEMn-MP
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A7re] yFAL dgtdd(Melanin), 3% = =/ (Hemoglobin), 7F= ¥l (Carotene),

AAdSe] FA 5 o 7HA el &) 2 o] T Weldo] FE Jds

sho), o]l AMAEe TdHo= FHA AAIE M A ZE HANE 2e]d) T
2, AEYS 323 22 A2 QA oM E g w=vH1-3].
Aald e zol ol 9B 2= Bd SogRYH ¥EHEHIE 7]TS AN A
ghd Aol sk Wk (Vertiligo), A2 4 3 25 (Hypopigmentation), &4
2 uk(Nevus depigmentosus), 21 Z(Albino), X Z(Poliosis) 59 A ASS

Qoqth wH WU AIHS Frate] o] AeHe] AFHE AL

Wi 339 A Zd EAsE Hebd Al E(Melanocyte) W] A7l =
b A A (Melanosome)oll A At A E Agde FAE7SE S5t 9

©] 244 A3 (Keratinoocytes) & o] 55 o] 3| ko] M-S 1}EbHTH6-9].

Wi o] A AXE e B3k Aladyg o] os] WA HT Tyrosinas
TRP-1(tyrosinase-related protein—1)¥ TRP-2(tyrosinase-related protein—2)
Wy Aol o] 8EH = EolFel w4 9 whulAEg Wy Ao T gk

A5 10,111

o

rr

Tyrosinase®= ¥ F-2] 7] A Zo] #=A3] Melanocyteo] 4] Tyrosinases AFs}A] A
Welyd AAS =28 FAo|th Tyrosinases tyrosines 3,4-dihydroxyphenyl
alanin(DOPA) 2. & hydroxylation A]7]3, DOPAYE &4 % Ak3wkS-o] ola DO
PAquinone 2. & #3+¥ vt} DOPAquinones Dopachrome® & 7 3+% 11 dihydro-i
ndolizinet} indole-5,6-quinone-2-carboxylic acid(DHICA)=Z ¥ w o2 Hk-3-9



ola HE2A % Eumelanine] ¥ TH12,13]. o] #7484 TRP-1-> DHICA®]
2rel S Z=wj3tal, TRP-2%= DOPAchromeel| 4] DHICA® Ak3} A& Znjalc}
3 DOPAquinone®] 4] cysteine®]t} glutathione?} 2 &3t cysteinylDOPA =
AR 3L FFH o2 F24S8 w= pheomelanin®] A7 € tH[14-18].

Al ek mpe} ol Al Wf HEhd FAHLS 1
Ao FAAE HAgith, aFo A E MITF= detieAlol E
Zbolth. MITFS] & dWepd Ao #ofsts 2459 Uy 24
o] gt} FEAZTE ATALEE YPRrE HE=% o2 MITF-M(Microphthalmia

2 ZE" FAR2 1507 ©]

N

s vtaE =4

(

1w

R

-

—associated transcription factor-M) ZAFQIAIZ FekdAtt, MITF-M<2 4wk
A Aol Bl Tyrosinase, TRP-1, TRP-2 59 Fxdx ZERE &3
M-box¢} A&3st= Aoz H4 FHA HdAE A A 216 [19-24].

K
2

Wby Aol 3 we A% HAY ZAE27F d=d, MITF #-4d4 =4de
AE AR g2 2ol 4712 s 4 9tk 1) MAPKs 21349 A= 2)
PKA/CREB A& A4 7= 3) AKT/PI3K A&d9 22, 4) GSK3B/B-catenin

e A=

MAPKs 2= vkt A=5e] As5s dd, &% % $dsta Axa, 23,

U AFUS W AE AEAE 0EE 4@ Aty weg oot

A

A
MAPKs 2z dg A2 oAy thddt AlE 7|5 Aojstsd old Ao
olstd, MAPKse Wetd XS Fdsts 28 3ty HuHdr. MAPKs

AE Fstel debd Y-S AARH webd P-MITFS #3428 das
e o] A == oo X TH25-30].

57 2 S HAY AP AELEZHEEY 4bst 2EYAE WOH o] a-
MSHE F=3031]. AE W Z7F3 a-MSHE = 3F5A T4l 2= w0
g A XAt dHE = 9 842 MCIR¥} ZA3ste] Adenylyl CyclaseE

ke

rl



A3 A 7T o] AE U cAMP 2132 ZZAA PKA(cyclic AMP-depende
nt/protein kinase)®] &4 3= /%3, CREB(cAMP response element-binding
protein)®] &% AR olojx] Wb A3 Fo]A HARIAQI MITFS] Idd
& S7HA 0 H32-38].

Tk W Ao Aot FAEEM AKT Asdd Z=27F dok A5
MCIR2 PI3KE &7dststtt. PIBKE A& Ql4kst 4= A Alxe Qx4 9
© PIP2¢] Inositol 3H &4 & Q14siA| A PIP3E WH=ETH39,40]. oW PIP3<} 4
$+3}+= PH(Pleckstrin Homology) domain®! PDK1<2 AKT¢] Thr 308 2715 <l
2Fsbslal, mTORC29 9]3l Ser 473 ZH7]oA] Q4bstelr 4= QEsE Feuh 4t
st AKTE Aadg A=29 &A38ld J&S nxy, dad A4 oA o
B5o] k. AKTE ¢14ksl= MITF 282 xa Webd A4S oAlstz
AKTS <14tst Asi= depd QS fFE=get41-45].

dad Az HAY A2z 2 4y Wnt A ZdE 7 2 (Wingless/Integrated si
gnaling pathway)= Wnt @93 2] F=7} Frizzled(Fzd) & Ad ZA3go =4
gzt Wnt7b 4184 %S wl= Axin, Adenomatous Polyposis Coli(AP
C), Casein Kinase(CK), GSK3B=E ©o]Fo{zl 33| 5347} B-catenine <14Fs)s}
of ZreolE ol o8| B-catenin®] FHIATSE Ao TH46-48]. WA, W
nt =7 FEA N Ajtste] @43 Axinel HIAZ S Hsta,
oo w2} axin modulating B-catenin®] ¢14ksle] AA = o] R, ol F T4
© 2 B-catenin® ¢HHI}E Z Il B-catenin® <t I} E FH2H -2 B-catenin
o] ool HYE Fu3te] T-cell factor-lymphoid-enhancing(TCF-LEF) #
ARQIZLSE BEAE @Adstel 4 Al MITF 2ds 7121 0H49-52].

Ful& (Coumarin, 2H-chrome-2-one)> A&E50 9 #3E3to] Kok o, &
M2 5E EelEy, 5 he s 7R sgEE A &4

aE7F F2E FEE ztev ekl 963, dats54], A &S], 3-8
AAS6] & TEFE Aol Baxo] gl



Isoimperatorin®} imperatorin< coumarin®| furan 112]7} Ad oz A3
%91 psoralen®] X 3¥ HE|ES 71X, Z}z} 5 8 9] x| prenyloxy”Z] 7} A
ks o] Q) oH(Figure 1).

Isoimperatorin®} imperatorine Angelica siensis, Peucedanum ostruthium, C
neoridium 5o Z5¥H H ¥ v} J3[57-59] isoimperatorin< auraptin, cinidin
o2 EEem 960l FA=A6L], Fadete2], XEAB3] R 1 HE 54
[64]°] B %At} 3 imperatorine marmelosin, ammidin, pentosalen & 2. %
=29 gASA65], 719 A MAl66], 3-8 A67], & -AA68], F7EHA

[69] T2 a¥7F drta LA o)

2 AFAE g coumarinAl 3 ES U R dHepd AT Fx2H A
olefo] Ao diste] At 42w[70,71] isoimperatorin¥} imperatorin$]
Wabd A #HH AFE o] AFAMgA A= dTE A isoimperatorind}
imperatorin T Aol #Hebd Ay A W ded g

A, Tyrosinase A4S EX %t Aoz dHAd Joy72], & 5= BI6F10

o
N
ko
oX,
M
o
u
o
rir

ul9-2 A9} HEMn-MP <QI17F %3] Wb AAMEE U4 S =2 isoimperatori
n¥ imperatorin®] @Ehd A 2 A HAG A e JAFHAT T A A
A= Al E S E3}o] isoimperatorin®} imperatorin®] A A& e A oFx 3
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(a) (b)

Figure 1. Structure of (a) isoimperatorin and (b) imperatorin.
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ARER IR

oA qte] ALg% Isoimperatorin(>98%)< CAYMAN CHEMICAL COMPAN
Y(Ann Arbor, MI, USA)o| A +ul 3} %4 32 Imperatorin(=>98%)2 Tokyo Chemica
1 Industry(Chuo-ku, Toyko, Japan)oll Al FujstAth. MEAHS 98] AFEE o
Melanocyte stimulating hormone(a-MSH), L-DOPA, Protease Inhibitor Cocktai
12 Sigma-Aldrich(St. Louis, MO, USA)o 4 38t Dulbecco’s modified
Eagle’s medium, Penicillin/Strepcomysin, 10X Trypsin-EDTA(0.5%)2 Thermo
Fisher Scientific(Waltham, MA, USA)dl A Fwj3}sd o™ Skim Milki= Difco(Fr
anklin Lakes, New Jersey, USA)o| 4 w39t} Dimethyl sulfoxide(DMSO),
Phosphate-buffered saline(PBS), 10x TBS % Radioimmunoprecipitation assay
buffer(RIPA buffer)= Biosesang(seongnam, gyeonggi-do, Korea)oll A —+ul3}d
o} 12k A2 o] 83 Tyrosinase, TRP-1, TRP-2, CREB, P-CREB<> Santa C
ruzol A Fulsl sl P-MITFE Abcam(Cambridge, UK)ol A efatdc. w3k
MITF, P-ERK, ERK, P-GSK3B, GSK38, P-B-catenin, B-catenin, P-PKA, PK
A, P-AKT, AKT ¥ 23 &A= Cell Signaling Technology(Danvers, Massach
usetts, USA)ZF-H Fujsto] AF&-3F
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2.4

s

A

2.1, Al Zuf

B16F10 mouse melanoma cell= ATCC(The Global Bioresource Center)ell 4]
Tt Th Al Z ]2 10% Fetal Bovin Serum(FBS)9} &A1 #1911 1% Penicillin
-Streptomycine 3 7}t Dulbecco’'s Modified Eagle’s Medium(DMEM) Hjj Z] o]
A 37°C, 5% CO, Z7AdA 3¢ tAo = Adiefd 3Fth. Human epithermal
melanocyte, neonatal(moderately pigment doner)< Gibcool A uis}lt}. HEM
n-MP cell®] #]%2 Medium 2549 Human Melanocyte Growth Supplement(H
MGS)E H7Fs mx] & o] &3t 37°C, 5% CO, 7oA 6 FHA o= A dinj
& stk

_16_



22. N S5

1) MTT assay

Cell viabilityE =43}7] 9siA MTT HHS o] &3sle] AE BESS st
Atk MTT assays ol e M2 mEZE=g ol 854 8§45 &3 Tetrazo
lium salt®= AgEw FA3 MTT formazan crystals #7]&vwjol] ol 3 7)st
= o)l BI6F10 Al3ZE 24 well plated] 1.0 x 10* cells/well2 233t o] 24
AlZE S midFE s E ARE AP ste] 72A12F sk vhEAI AT MTT
A%k 04 mg/mL §=2 Agdte] 3AF wg-stint o] % A& A|7skal D
MSOZ welld 800 ulL.® o] WA Formazan 242 £33t th ©]E Micro

bl o,

N
ol
22

plate readerE AF-83te] 560 nmolA 3 =S =A
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2) LDH assay

MEZF =AY €459 Lactate dehydrogenase(LDH)Z W34 ¥t} LDH
assay= AlXolA WE¥ LDHe %45 water soluble tetrazolium salt(WST)E

o] &3] TYLEE =A3= otk 24 well plated] 1.0 x 10* cells/well2 25
Sho] 24417 FoF vt & FEEE AIRE Aste] 72413 ok WAl

-

o} ol % Z} welloll Al AlXEufke] 200 uL& o] 600 xgoll A 5837 L4 E 23
FAT A=Y 10 uL=s 96 well plated] ¥ 3 LDH Reaction MixtureS #| %
o 100 plL® H7pste}, Wo] zpeke oA 30%3F ¥HS-A] 7] 450nmeoll Al &

P58 S5k

off
o
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2.3. Melanin contents =%

B16F10 A3z oA A&7} Melanin Ao S v X=A &<s7] 9138l mel
anin contentsE 439t} B16F10 AMXE 60 mm cell culture dishel 7.0 x 1
0! cells/dish® ZF3ke] 24713t F<b wiFatgich. o8] w2 A 89 a-MSHE
Aglste] 72A12F &t WEEAIZITE Wi ¥ & mediume A7 stal 1x PBSE A A
3 AL, lysis bufferE YolFo] 2087F 4°Coll A €38ttt Cell scraper® cell

o

S 9l 15 mL e-tubed] &7 w1, 5&7F 33] Vortexing 7|71 o]&3 &
S AoFAY. 283 15000 rpm, -8°C 7oAl 2087F YA =& st A4S
< AA AT} Pelletell 10% DMSO7F 7k 1 N NaOH< 200 plL.# o] 8

CollA 1087 A2l skdtt o] = 96 well plated] Z+2} 50 ulL® &7 © 31 Microp

late readerS A}£3}4] 405 nmol A SFE=E =AH3
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2.4. Tyrosinase activity =74

Al5E A8 3k BI6F10 Al ¥7F Melanin A4S 3 Z o] Tyrosinase &40 9

Z1Q1A &2l1sl7] $]38] Tyrosinase activitys =A3FAth BI6F10 Al X

N

ol

mm cell culture disholl 7.0 x 10? cells/dish® ¥F3}o] 24A17F &t Hj ksl gl
Tk w8 AlEe a-MSHE A glsto] whgAIZIth 7243F 5 wj A& A A
31l 1x PBSE A& 3lal protease inhibitorE X33+ Ripa buffer® 2olF9] 20
F7F 4°Coll A lysis 8+ tF. Scraper® cellS 5o} 15 mL e-tubeo] =74 &

5% Ao = 33] 4do]F k. 18 al 15000 rpm, -8°C Z 7oA 203 A+

2 Al

=

Tl Ar=olS Art. BCA protein assay kitS AF-g3dte] gz

2
of T3k o] dwlAS 20 yulL® ¥il, L-dopa (2 mg/mL)E AlZ3te] 80 ul

=

% H7bekelh olE 37°Cel Al 1AIZE Wh-Ek T 490nmel A FAEE =4k,
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2.5. Western blot analysis

()
T
T

U

[o
do
o
ol

B16F10 A% W v }71 €3Fe], Western blotS 7333} o}
Western blotg ©] €3] ©¥dS A7) Ha Byt 54 g AT-S Detection
3tdth. 60 mm cell culture disholl B16F10 Al=2 7 x 10* cells/well2 #F3&}
L wfeFEkAdTh 2447 & ARE FEEE AYsrh 4 AE o -, wy
A A7) Y& A7 1x PBSE cellS 23] A& 38Fal protease inhibitor cocktai
= 1%= FH 71 RIPA buffergs A glsto] 2021 4°Coll A cells &3ttt ©]
oA -8°ColA 207 15000 rpm o= P4l elste] S dS Aok TS
BCA protein assay kitZ o] &3] A#=std 1, 5
PAGE(Sodium-dodecyl sulfate polyacrymide gel electrophoresis)® % 7] % s}
of 23l 9l de PVDF %o 2 &AXth Membranes 24 1417 3
B 5ot 5% skim milkE AF83Fe] blocking 3t o™ TBS-TZ 10% 7tz o=
631 AA3skdth 12 FA = bufferd] TBS-Tell 81418 overnight 3l F3lth. ]
% Membranes TBS-TZ Al ZH3A L 2o 2417 <t 234 A9} vH-5-A]
Zth wld wi= =8 ECL Reagent(Advansta Inc, Menlo Park, CA, USA)
2 28393 chemidoc(WL, VILBER LOURMAT, France)Z o]&3&] wW==

3kolstg Tt M= o]u %] = Image] softwareE A}-&3}o] #4933t

_2’|_



26. A4 WNEF AR AF A7}

A - A A= Gk AP A, Azl 3 AR A #qAd] 9

5oz uRue Axs 2o A2 HGytetl AlHS F23]4AF o

W7 R ERA 5o AAE Bakel WP AAVIE AFsm A9 71E
AFakA 2= 2076049) o)y 309 o4 Mo HAsHh A EeQ
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Ao A= A Hel vbE AFS F Hyy #
Aok BAA #9Ae Studant’'s t—testES AFE3He] p

p < 0.05, #x p < 001, =+ p < 0.0012 FEA&c}

ol
=5}
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1. BI6F10 Aol A Isoimperatorin®} imperatorin®] Al¥=54 H 7}

Isoimperatorin® imperatorin®] B16F10 A|3Xo] s SAS Holx &= AU

TEE Qs Hal AEx AEES FRAedT AxE AESE A0S 98 MT
T assay®t LDH assayS ©]-&3}1t}. Isoimperatorin® imperatorine th3t &

T=(6.25, 12.5, 25, 50, 100, 200 uM)Z A &l sle] 72417 & oF v = AT}
MTT assay® 4%

Al BEEC] IdFS FA Fe vEE vAY dEzL
ie] 90% o]de] MEES 2E oz HUbskY. Figure 49 YERd nRe} 2
o], MTT assay°ll~] isoimperatorin® imperatorin =5 25 uM ©]3}2] & X0l A
AEZ=5E HolA gkt

LDH assay© AZ7F APEE off Az vto] 3l & HA] &5
lactase dehydrogenase?] %S =743slo] Hrlel= WHOE A E7} damages ¢
owW LDHY <ol F7istth. A3 A¥des mAe gz fH] 110% ©lstd
AE AEE FeFe MAA Fe s=2 H7isklv. LDH assay®l 4-F isol

H

AN

i

AR 4z

mperatorin<= 50 uM ©°]3}, imperatorin< 25 uM ©°]3}2] FEAA AH¥E=4
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Figure 4. The effects of coumarin on the viability using MTT assay. C
ells were treated with various densities(6.25, 12.5, 25, 50, 100, 200 uM) for 72
h. MTT assay was performed to evaluate the cell viability of (a) isoimperator
in and (b) imperatorin. The results are presented as the mean * SD from thr
ee independent experiments. * p < 0.05, *x* p < 0.001 vs. the untreated contr

ol group.
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Figure 5. The effects of coumarin derivatives on the viability using LD
H assay. Cells were treated with various densities(6.25, 12.5, 25, 50, 100, 200
uM) for 72 h. LDH assay was performed to evaluate the cell viability of (a) i
soimperatorin and (b) imperatorin. The results are presented as the mean = S
D from three independent experiments. * p < 0.05, **+* p < 0.001 vs. the untr

eated control group.
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2. BI6F10 Al A wepd g=F 7}

B16F10 A3 4] isoimperatorin®} imperatorin®] Melanin $F7dol] G 3S 1| %]
=7} &<2lst7] 98] Melanin contentsE <33} t}. Isoimperatorin®} imperatori
n 6.25, 125, 25 uMe] s=8 A ste] 7243t &<k widFE ok o-MSHE= &
Az o 2M ALEE At} Figure 69 YERd BEe} 7ol isoimperatorin® impe
ratorin B #otd FXS BAT WA xR Bludte] F AR FR9
E=Ho2 Frtetg o, vAE xS 100%=2 3% W isoimperatorine il
T2 25 uMol A 185.67%, imperatorine iLE =Sl 25 uMoll Al 18355% % YEF:
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Figure 6. The effects of coumarin derivatives on the melanin contents.

For the evaluation of melanin production, cells were treated with various dens
ities(6.25, 12.5, 25 uM) and a-MSH(100 nM) for 72 h. a-MSH treatment was
used as the positive control. The results are presented as the mean £ SD fro

m three independent experiments. * p < 0.05, *xx p < 0.001 vs. the untreated
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3. BI6F10 A3 oA Tyrosinase &4 %7}

Isoimperatorin¥} imperatorinE * 2] 3+ B16F10 A| X7} MelaninS A3 7 o]
tyrosinase &40 o3& AAA F<lsly] ¢ Tyrosinase activityS A s
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Figure 7. The effects of Coumarin derivatives on the tyrosinase activit
y. For the evaluation of tyrosinase activity, cells were treated with various d
ensities(6.25, 12.5, 25 uM) and a-MSH(100 nM) for 72 h. a-MSH treatment w
as used as the positive control. The results are presented as the mean £ SD
from three independent experiments. * p < 0.05, **x p < 0.001 vs. the untreat

ed control group.
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4. B16F10 A XA Imperatorin® ®abd A =32 H7}
4.1. Western blot analysis
1) Watd A &4 Wdo| Imperatorine] 7| X &=

Tyrosinase, TRP-1¥ TRP-2&= @Wethd A Fa3 985 sl gio|t
Wopbd A AEE F40 WHE Axo| wel 1 gAdo] xEdTh oA g9l
Sk imperatorin®] Webd A FE7F 549 Ao mE+=x &3ty 98
western blotS ]3] ©wd WIE H=E FAH3IT. B-actine  Loading
controlZ24 AF&= At Ad Ay T wet /9% 52 Tyrosinase, TRP-1
1831 TRP-2 sz o] wao] A3k %A E o] o] imperatorin®] melanin A

el TYR, TRP-1, TRP-2 E4& ©

o
ol
20
rr
A

Aoz detsl ¢l thH(Figure 8).

_3"_



(a)

o-MSH (100 nM) - - - - +
Imperatorin (uM) — 6.25 12.5 25 -
| ] "

TYR [ #e e S Sl | 75KDa

TRP-1 [ s s s wew| 70 KDa

. — — —

TRP-2 60 KDa

= - « | 43 KDa

B-actin

(c)

250
200

150

(% of control)

100 -

TRP-1/B-actin protein level

50

0

0-MSH (100 nM)
Imperatorin (M)

12.5

6.25

(b)

(d)

250

200

150

TYR/B-actin protein level
(% of control)

100

50

0
o-MSH (100 nM) - - - - +
Imperatorin (uM) ~ —

200

150

100 -

TRP-2 /B-actin protein level
(% of control)

50

0

«-MSH (100 nM)
Imperatorin (pM)

25 -

- 6.25 12.5

Figure 8. The effects on the protein expression of TYR, TRP-1 and TR

P-2 in B16F10 melanoma cells. The cells were treated with imperatorin(6.2

5, 125 and 25 uM) for 48 h. (a) Western blotting results; protein levels of (b)

TYR, (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 measurement

s using Image] software. *+x p < 0.001 vs. the untreated control group.
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2) MITF Zd o Imperatorin®] 7 x|+ <&k

MITF= Webd AgA AAelM sost Ads shad, oM depd A4
Holats EASS MITFY 324 ZRwEel dzAsoel o1 AAF zddth
mekA] MITFY S7bs debd A3 A#s o St Figure 9. (b)ol =2 «
-MSH= AWz om offsflon g7t S7heel weh MITFO 2dol
S7tE A es s

HH o] serine 73 ol A MITFS] QlAtst= 1o wrE BIE fFxsha @ehd
RS Ao ek P-MITF 239 Zae dod A4S gt ol &
golst7] ¢8l, western blots ©]83sle] P-MITFe] ©
At} Figure 9. (c)oll wr2w, QA3tEl MITF: =7 S71sto] whgl o4 o

_33_



(a)

-MSH(100nM) - - - - +
Imperatorin (uM) - 625 125 25 -

P-MITF | S B S S| 59 KDa

MITF | wos wew s wee | 60 KDa

B-actin |— T — — | 43 KDa

(b) (c)

350 - 120 [

300 100 L
250
80

200

(% of control)

60 -

150 -

p-MITF/B-actin protein level

(% of control)

40 -

MITF/B-actin protein level

100

20 -
50 -

0 0
a-MSH (100 nM) - - - - + o-MSH (100 nM) =
Imperatorin (uM) - 6.25 12.5 25 - Imperatorin (pM)  —

6.25 12.5 25 -

Figure 9. The effects on the protein expression and phosphorylation of
MITF in B16F10 melanoma cells. The cells were treated with imperatorin
(6.25, 125, 25 uM) for 24 h. (a) Western blotting results, (b) protein levels of
MITF, (c) phosphorylation level of MITF. B-actin was used as a loading cont
rol. The results are presented as the mean £ SD from three independent mea

surements using Image] software. *** p < 0.001 vs. the untreated control gro

up.

_34_



3) MAPKs 2l dg 2ol t3t Imperatorin®] <3 &

MAPKs Alsdg 72+ ERK(extracellular signal-regulated kinase), P38 %
JNK(c-Jun N-terminal kinase)® ©o]Fo]x] 2t} 53], ERK+:= <lA3lE %3
MITF @4 84S £4dste &S vk 5, MITFY <Qibste= A&
TaA71an ZRE oS A EIlE do7|H, ERK Eelise= Jdz o=
MITF Z3& Walste] 2ed AEES ddstAzith. webA  imperatorin®]
MAPKs 4&2& @ MITF €45 x4dst=A oAF5 AT Western
blot analysisE® %3 imperatorine >8] & uwegl P-ERK7} 5% oj&EHo =
oAl #Fashe Aoz YeElsth(Figure 10). PlA g x2S 100%= 314
EQ1 25 uMelAl 76.82%= EFSETE. o] & Imperatorine] <]
274 <Ql ERK <14kste] A s depd A S A=53s HoFErh
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Figure 10. The effects on the phosphorylation level of ERK in B16F10
melanoma cells. The cells were treated with imperatorin(6.25, 12.5, and 25 u
M) for 3 h. (a) Western blotting results, (b) protein levels of P-ERK/ERK. (3
—actin was used as a loading control. The results are presented as the mean
+ SD from three independent measurements using Image] software. #xx p <

0.001 vs. the untreated control group.
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4) PKA/CREB A& dg A 2] tj3+ Imperatorin® <3

debd el A @A) #olsts T2 o-MSHE Wabd AlEo A e}
U Ay AAEE Fek 2d wwEel PKA(Protein kinase A)$F cAMP(Cyclic
Adenosine Monophosphate) response element-binding protein®] <¢l1At3ES Ap=+
sto] WaEtd A x o AS FEdtt) walbA tS- o 2 imperatorin®] B16F10 Al
Fol4 PKA/CREB A& A9 A=& & Wetd A4S fEsteA ofs =
ALt B16F10 Ao A imperatoring ©] 83}o] A=3sto 24 PKA< CREB
o] QIAsH7E Fiel wel oA Srtele AS Fe Atk (Figure 11). %
st o]#l gt do]H = imperatorin® #ebd A4 g 37 PKA/CREB 4l& A¥
Aol dHeA #AsY o MITFE %3 TYR, TRP-1 ¥ TRP-29] %
5

F A ol S HolErh

iy
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Figure 11. The effects on the protein expression of PKA and CREB in
B16F10 melanoma cells. Cells were treated with imperatorin(6.25, 12.5, and
25 uM) for 15 min. (a) Western blotting results; protein levels of (b)
P-CREB and (c) P-PKA. B-actin was used as a loading control. The results
are presented as the mean + SD from three independent measurements using

Image] software. * p < 0.05, and #**x p < 0.001 vs. the untreated control

group.
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5) AKT/GSK-3B/B-catenin 21 &g =20 t]3 Imperatorin®] <3k

F PIBK/AKT/GSK-3B/B-catenin A& AY ZF=7F dabd Ax @
Wby A AHE ddHo] usE RS Bl . AKT 4tkst 2
3= GSK-3B9 214k3lE %35l GSK3BE B84 3}A| 7)1 B-catenin 3 S
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o,

il (
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HHS F=30 Imperatorino] o213 Ao dd G FIFS MA=A ofF
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Figure 129 YEhd vFel zZFo] imperatorin® AKTO| ¢3S Fol &t A o A8t
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 dWatd S fFrsteA AFE FRlskAth Figure 139 Heol= A 2
o], imperatorin®] " @ thxto] H|s] P-GSK3B(Ser 9) @ B-catenin® &
S F7HA 7= Ao & vrebygth 18y Figure 13. (b)oll w2 imperatorin
e gjzzat¥ ¥ as] P-B-catenin @l E o] WS oA|s AT ol gk Ay}
= @ebd Aol 3 imperatorin®] & 37t AKT/GSK-3B/B-catenin A& 7

g 4zs Bad bsgel 98 ey,
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Figure 12. The effects on the protein expression of AKT in B16F10 mel
anoma cells. The cells were treated with imperatorin(6.25, 12.5 and 25 pM) f
or 4 h. (a) Western blotting results, (b) protein levels of P-AKT. B-actin wa
s used as a loading control. The results are presented as the mean + SD fro
m three independent measurements using Image] software. **x p < 0.001 vs.

the untreated control group.
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Figure 13. The effects on the protein expression of B-catenin, P-GSK3

B, and P-B-catenin in B16F10 melanoma cells. Cells were treated with im

peratorin(6.25, 12.5, and 25 uM) for 24h. (a) Western blotting results; protein 1

evels of (b) P-B-catenin, (c) P-GSK3B, and (d) B-catenin. B-actin was used

as a loading control. The results are presented as the mean + SD from three

independent measurements using Image] software. ** p < 0.01 and #**x p <

0.001 vs. the untreated control group.
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Imperatorin® = =t Hetd A AN A3 FRe] 95 F7H4 e
2 2137l 913t specific inhibitord] ERK <A A (PDI8059), PKA <A
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Figure 14. The effects of inhibitor on imperatorin-indued melanin conte
nts in B16F10 cells. To determine the involvement of ERK, AKT, PKA enz
yme in melanogenesis, melanin content was conducted using the PD98095, H-
89 and LY294002(1 uM). The results are presented as the mean £ SD from t
hree independent measurements using the Image J. ** p < 0.01 and **x p <

0.001 vs untreated group. ## p < 0.001 vs imperatorin treated group.
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6. HEMn-MP Ao A #Wzbd gek3} Tyrosinase &4 ¥ 7}

Mouse melanoma cellg] B16F10 Aol A imperatorin®] @ehd A A o]
A7 3 Wehd AEoME e v X =4 &Astr] &l HEMn-MP cell
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¥, sz Agsto] 72413 wjgslth. a-MSH(200 nM)2 Y dET o=
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A AT, A o3 Hastel & A5 BE5 gk &R 50 &
7}ttt Figure 15914 B A} o], nxg thxS 100%E 39S o a2
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Figure 15. The effects of imperatorin on the melanin contents and tyros

Tyrosinase activity (% of control)

inase activity in HEMn-MP cells. (a) melanin contents, (b) tyrosinase activ
ity. Cells were treated with various densities(6.25, 12.5, 25 uM) and a-MSH(2
00 nM) for 72 h. a—-MSH treatment was used as the positive control. The res
ults are presented as the mean = SD from three independent experiments. * p

< 0.05, =+ p < 0.001 vs. the untreated control group.
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7. HaCaT Kkeratinocyte Aol A Imperatorin® A=A H7}

dobd Ao A FEE dWehde FAE7] Fo8 olFsta A4 MERE A
g ¥t Imperatorin® A 27} o] A Ao dof ZrEAELe] AEE FF=
] ] =%] &92l&tth. HaCaT keratinocyte cell AlXE 24 well plateol] 2447+
TEHEE ARE AHEste 72417 s WESAIZHTE MTT
assay®] -, wAE diza ¥ 90% o]/de] AEES JHAH ME AEE
dEds HAA e Aoz HUe vk Figure 169 YERd nlel 2ol MTT
assay°l A imperatorin 100 uM ©]&}e] FEolA MESAS HolA gt
183l keratinocyte™ I H-9] wiA| " M EZF°0 2 HaCaT cellol A Hel AlE A3

E& e AAES Bt ddeit

_46_



120

= 100
£
E

o 80
el
1)
S

z 60
E
g

> 40
o)
QO

20

0

Imperatorin (nM)

-

‘ ‘
50 100 200 400

6.25 125 25

Figure 16. The effects of imperatorin on the viability in HaCaT cells. C

ells were treated with various densities(6.25, 12.5, 25, 50, 100, 200, 400 uM) fo

r 72 h. MTT assay was performed to evaluate the cell viability of imperatori

n. The results are presented as the mean + SD from three independent experi

ments. * p < 0.05, =+ p < 0.001 vs. the untreated control group.
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8. oA ¥R Az} &A=+ Hr}

o

N F A5 HAES F8 w4 A&olA Imperatorin®] 7hHed& HEE
3Rt Imperatorine #H o] 24A17F &<k 25 pM % 50 pMe] FZoA 34 3
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20min after 24hr after Reaction Grade

Test Sample No. of patch removal patch removal R)
Responder
t1 42 43 +4 +1 2 43 4 Mean
Imperatorin 5 ) ) ] o, ] _ os
25 uM .
Imperatorin
50 uM ! S 0.4
Sq 0 0

Table 1. The results from the primary human skin irritation tests.
Imperatorin was applied as a skin patch at concentrations of 25 ntM and 50

uM for up to 24h.(n = 31)
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Isoimperatorin® Imperatorin< Coumarin =A% 5%, 8H Z7|7} prenyloxy
712 *3+¥ psolaren AlE 3}sHEolth. Coumarine &4+sl, &9 3814 &
ojg] okl §5S Holx EFZAM 53| psolaren AIEY 3FES o) AF
oA Wetd S AT deA ol wet[74, 78], 2 A= Isoimper
atorin®} imperatorin®] #Wabd A ] AFRAG L A G Ao gk 7]H

ATE FASA

fol

Wehd e sReh wuke] AL Rolsts 4@ @k UV AF 2 Abg 2Eg

Waly A FANA o-MSHE UV Aoz 235le] 723 A A X (Keratino
cyte)9} Wt A A E(Melanocyte)ol| Al A o] ZZE o] A7HEd]a} SEH]
A=A depbd A Fash 93-S gk By ofydl a-MSH+= Alx9 &

o2

2l (proliferation), A% X 3 #-&(cytoprotection), = 7] &4 (dendricity) Sl =
&S 71X &3 Tyrosinase= TRP-1 % TRP-29F 74 #zbd S 93
S Al ZARA AARIARRD MITF] o) =devta 4 A ot &3k MI
TF+ PKA/CREB, Extracellular Signal-regulated Kinase(ERK), Phosphoinositid
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