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[38-42]. wlebd Wapd PP EESHE AL WAL AR DR A oYl

£
datyd S8 L-tyrosine©] 3,4-dihydroxy-L-phenylalanine (L-DOPA)Z, 1
2]11 DOPA quinone© 2 ARst&]l= 7o g AJAt=tt o] &= ¥hE-2 tyrosinase
(TYR) 84 &Aoo 9o &ojEl DOPA quinone® DOPA chromef & X 2tE]
1l eumelanin ¥+ pheomelaning AAdst?] Q6 E3t=ItH49-50]. ©A,
DOPA quinone2 %}7] Atsts &6l Leuco DOPA chromefo =2 A2tE]yl, o|&
DOPA chrome©] 5,6-dihydroxyindole ®+ 5,6-dihydroxyindole-2-carboxylic
acid (DHICA)Z7F HH z|&2X80 72 ZSZ M(brown-black)E T+ eumelanino] g
A =tH51-53]. o] WMAA tyrosinase related protein-1 (TRP-1)& DHICAQ]
AtsHS &0fstal, tyrosinase related protein-2 (TRP-2)= DOPA chromeoj A
DHICAZ AshtAd-8 &0[stcH54-55]. DOPA quinone2 cysteine = glutathione
o] Z=xfsl¥ Cysteinyl DOPAZ AL, ol& Aitat 23S  Ed

rr

1,4-benzothiazinyl-alanine  &7MHS &5 ZE2A(red-yellow)S O

pheomelanino| g =tH49].
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OH

OH Tyrosinase Tyrosinase
— —_
NH,
HO'
Tyrosine L-DOPA L-DOPAquinone
l (o]
HO. HO.
0 OH
HO NH - OH HO i
LeucoDOPAchrome S

l H,N

HO. O,
N\ 0 10" o
A —
HO' NH HO NH oH CysteinyIDOPA

5,6-Dihydroxyindole DOPAchrome l
(o]
l Tyrosinase l TRP-2
HO.
o HO. o
N
o NH HO NH on "\/s
Indole-5,6-quinone DHICA

l l TRP-1 l
A\ 0
NH OH

Indole-5,6-quinone-
carboxylic acid

Eumelanin Pheomelanin

Figure 2. Melanin synthesis pathway.
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5o ZpiAmst At Mt 2o 9R aold os) AFS wow Amy
o-melanocortin-stimulating hormone (o-MSH)o] Eu|=®lt}H56-57]. &8| %=
o-MSHE Webd B4 Mzo] Asg Mgsto) Wehdg Yste of
Z2e wyoletti(se-59]. Wahd WY SEAY WAL YIS FARIAN
microphthalmia-associated transcription factor (MITF)= tyrosinase promoter
of aial wasielxt2 Wahd P4 ML Bof, 54, AEo] 3 AL A}
[60]. MITF+= TRP-1, TRP-2, tyrosinase promoter?] M-box©of| Zgtslo] ©iHR

0

2hd A oAIA el o8 Moz i,

MITFO| Helat wedd AesAgd=2s 2 2o Wnt/B-catenin ASHAE7
2= frizzled (Fz) 849 &3}, glycogen synthase kinase 338 (GSK3B)<]
g&/dst & B-catenin FAS Fol MITF Eelo] #ojst= 7oz A=A itk
[64-66]. Fz 8AI7F AI=3 WOW serine (Ser) 9% Zt7]9] Qlikab=l GSK3B
(inactivation)= B|&43te]11, M| ZAoA R-catenin® XS &L sHTHE7-68].
ZAE B-catenine 80 g o]&sto] T-cell factor (TCF) @ lymphoid-enhancing
factor (LEF)et BEgAIE F4sted MITF Ed3 F7HAIRITH68-69]. Eoh
Zt719] QAFSHE GSK3B(activation)= &/d3teE]o] B-catening]
O1ASLS O w51y, SH]HE3Hubiquitination) ¥ 2dl(degradation)S Y0710
ZX MITFQ] WS HAA|ZITH70-72].

GSK3B9] QlAIgto|l= Wnt Al &2} protein kinase B (AKT)7} 2% @ojsh= 7
oz AdA QitH73]. A= W 7|l A QlX}t= phosphoinositide 3-kinase
(PIBK) 425 &dll Ser 473¥ ZI7]oAl AKTS Ql4tet A|7]aL, Qliteld AKT+=
Ser 9% ZF7]ofAf GSK3BQ QIAFeHS Faf dH|&/dste ZEAc=z MITF Id
= S7HAZIHH{74-75].

Stem cell factor (SCF)= Aj&xoto] c-kite} ZAgrsto Mitogen-activated
protein kinases (MAPK)®| &2 =7dsto] Hepd A 3 Ao #ostt

rE

tyrosine 216

[76-79]. ©tFst N &z Tojol= MAPK= etracellular-signal regulated
kinases (ERK), c-Jun N-terminal kinase (JNK), p38 MAPK (p38)=2 A& of
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ol wetd 49 % =

ERKO] Ql4teh= serine 73%¥ Z7|ojA MITFE QIASIAIA #3HE =g
AEAor Wepdo P43 daAl7le vHH, INKe p389] Qliteh= Hapdo] &f
‘d2& S7HAIZITH81-83].

o-MSH9] AiMo] Z7teto] WatdA|x 2842 melanocortin receptor 1
(MC1R)o ZHgtelH A& W adenylate cyclase (AC)S &/d3tsto] cyclic
adenosine monophosphate (cAMP) ~%&& Z7}A|71t}H84-86]. cAMPQ] Z71=2

DOI‘
l'fU
X

Ol5f] protein kinase A (PKA)7} &A3tE]™ cAMP response element-binding

protein (CREB)E QlAtetste] B4e Smstn FArIAel MITFY] W 37}
AA AeAor HAehdol Ades FAITH87-89].
Wat Growth factor G Ser ll’riff.fﬁiytl’e
4 4 Receptor
@@@@@@@@@@I_ﬂs@ DRRRNNER CRRORAARNL LT ROR e CRRRRRRR RN A RRRRRRRRARH AN
Frizzled \ MCIR __ c-kit 1
Activation AC
J GSK;B/ P\G‘SKB:B == l MAEK
Activation (Tyr 216) lnanivmion(Ser;)\ \ - cAMP JNK p38 ERK
> o/ N\ -/ o1 ol ol
p-catenin B-catenin PKA JNK p38 ERK
1 p-catenin p-catenin l S
Degradation X7 _ _//_ R R MITF
/ * cres \ -~ = A metanosome }- |~ \
II TCELEF / Tyrosinase \l ' Tyrosinase \\
|‘ \ AR 'TRP_I — I‘ rrpg | —— Melanin
\ TRP-2 ! \  TRP2 /’
\ / .S __ P
N //

N e e e e e e e e e o = = =

Figure 3. Signaling pathways for the regulation of melanogenesis in

B16F10 cells.
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Chalcone2 A& 8ol t& + 719 xS 7 ap-=x8 Aoz
chalconed|A] & 719] 1= 3719 REESE A2 FAZAECHI0]. chalconeg Al
& X FE Ao FESH FRE Ao AA oA FeE EEx
o]tol o]aZetE woleo] MRA 2 HFETH90-93]. IrHst ghsr Lxet Halst
739 2oz W2 chalcone REA7E Al2E o] thefor At AFoM &
Z[94-95], HAESHI6], TeHI7-98], +H99], a-glucosidase A5 &¥H100] &

AAP101]7} 22 UG B4 Uedch Chalcone B4€ 7|¥ro o

Chalcone RAMAY] &4 R AEstA F7to] &9t 45 A7t
et oot stgdEit oJoF & wobollA ARA AL
QltH103]. 284 2'-hydroxychalconed] methoxy”]7} &

epid Aol Ojxl= Y& 2o T2 HAHYSZS ofAl YA Y%A 2okt
m2tA] o] Aol BA L 2'-hydroxy-3,4 -dimethoxychalcone (3,4'-DMC),

ofo
=2
L
D
<]
o>
o
oA
N
N
ol
o
g K

-hydroxy-4,4"-dimethoxychalcone (4,4,"-DMC), 2'-hydroxy-3,4"-dimethoxy

-chalcone (3',4'-DMC), 2'-hydroxy-4",6"-dimethoxychalcone (4°,6'-DMC), 2’
-hydroxy-2,4-dimethoxychalcone (2,4-DMC), 2'-hydroxy-2,5 -dimethoxychalcone
(2,5"-DMC), 2'-hydroxy-2,6 -dimethoxychalcone (2,6'-DMC) ¥ 2’-hydroxy-3,6
-dimethoxychalcone (3,6'-DMC)29] RAW 264.7 A|ZojA FTFHZ {1tet B16F10
Ao A =lepd B A g5 FIIstalAr st ®=5t, 47,6'-DMC, 2,6'-DMC

3.6-DMCE 23t F95 2L =Wepd 44 ox) ans depgozs, 1o
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(a
[0} OH 0 OH

)
|
)

|
0 CH
s Kol : CH,
(c (d)
0 OH 0 OH
O\
7 | 7
CH, CH, CH,
(e) (f) (8)
o) OH a oH 0 OH
SORe Sa8e
H,C
g (|) (I) (l) 0o
o, CH; (N cH, CH, CH,
(h)
0 OH
900e
7
o) CH
H,e” ’

Figure 4. Structures of 2'-hydroxy-dimethoxychalcone derivatives.
(a) 2'-hydroxy-3,4'-dimethoxychalcone (3,4"-DMC),
(b) 2'-hydroxy-4,4"-dimethoxychalcone (4,4,"-DMC),
(c) 2'-hydroxy-3’,4"-dimethoxychalcone (3",4"-DMC),
(d) 2-hydroxy-4’,6"-dimethoxychalcone (4',6"-DMC),
(e) 2'-hydroxy-2,4-dimethoxychalcone (2,4-DMC),
(f) 2'-hydroxy-2,5"-dimethoxychalcone (2,5'-DMC),
(g) 2'-hydroxy-2,6 -dimethoxychalcone (2,6'-DMC),
(

h) 2’-hydroxy-3,6"-dimethoxychalcone (3,6"-DMC)
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SRR

L A& @ Ao

H  ALoA  AFESH Dulbecco’s Modified Eagle Medium (DMEM),
penicillin/streptomycin (P/S), 10X Trypsin-EDTA(0.5%), bicinchoninic acid
(BCA) protein kit, NE-PER™ Nuclear and Cytoplasmic Extraction Reagents
+= Thermo Fisher Scientific (Walthman, MA, USA)ojA L5ttt Fetal
Bovine serum (FBS) & Merck Millipore (Burlington, MA, United States)of|A]
FASH 1, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT), dimethyl sulfoxide (DMSO), sodium dodecyl sulfate (SDS), tris-buffered
Saline (TBS), phosphate buffered saline (PBS), radioimmunoprecipitation assay
(RIPA) buffer, enhanced chemiluminescence (ECL) kit Biosesang (Seongnam,
Gyeonggi-do, Korea)ol|A] GLU4stI T}, 3,4'-dimethoxy-2 -hydroxychalcone (3,4
-DMC), 4,4'-dimethoxy-2'-hydroxychalcone (4,4'-DMC), 3’,4’-dimethoxy-2’
-hydroxychalcone (3",4'-DMC), 4',6'-dimethoxy-2'-hydroxychalcone (4',6’
-DMC),  2,4-dimethoxy-2'-hydroxychalcone  (2,4-DMC), 2,5 -dimethoxy-2’
-hydroxychalcone (2,5-DMC), 2,6 -dimethoxy-2"-hydroxychalcone (2,6'-DMC),
3,6'-dimethoxy-2'-hydroxychalcone (3,6'-DMC), Lipopolysaccharide from
Escherichia coli (LPS), o-Melanocyte-Stimulating hormone (a-MSH),
griess reagent, protease inhibitor cocktail, sodium hydroxide (NaOH),
L-3,4-dihydroxyphenylalanine (L-DOPA), sodium phosphate monobasic,
sodium phosphate dibasic2 Sigma-Aldrich (St. Louis, MO, USA)IA
st Tt L-N6-(1-Iminoethyl)lysine dihydrochloride (L-NIL)x}+
N-[2-(Cyclohexyloxy)-4-nitrophenyllmethane sulfonamide (NS-398)+=
Cayman chemical company (Ann Arbor, MI, USA)JA FUstIct. 2X
Laemmli sample buffer® Tween 202 Bio-rad (Hercules, CA, USA), skim
milke= BD Difco (Sparks, MD, USA), Bovine serum albumin (BSA)=
Bovostar (Bovogen, Melbourne, Australia)o|lA] U459t Enzyme-linked

immunosorbent assay (ELISA) kit % PGE,, IL-6, IL-13 ¥ TNF-o= BD
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Biosciences (Franklin Lakes, NJ, USA)o|A U5ttt Western blot2 <df
ArEEl 1XF A % Tyrosinase, TRP-1, TRP-2, MITF, p-CREB, CREB, B
-actin® Santa Cruz Biotechnology (Dallas, TX, USA)A U5},
protease/phosphatase inhibitor cocktail¥} p-ERK, ERK, p-JNK, JNK, p-p38,
p38, p-IkB-o, IxB-a, p-AKT, AKT, p-GSK-3B8, GSK-3B3, p-B-catenin, B
-catenin, p-PKA, PKA, B-actin, p65, lamin B 2] 2X} &4 anti-mouse®}
anti-rabbit2 Cell Signaling Technology (Danvers, MA, USA)O|A U5t
t}. o] Qo] Anti-iNOS &A= Merck Millipore (Burlington, MA, USA),
Anti-COX-2 &A= BD Biosciences (Franklin Lades, CA, USA)oAl U519
o},

_19_



2.1, M= uj

RAW 264.7 murine macrophage cell2 SFHEA|Z L2358 (Korean Cell Line
Bank, KCLB)oJ|A] MZ=E ZEofdlo} AFR35199 1, BI6F10 mouse melanoma cell
2 ATCC (The Global Bioresoure Center)oA] AN|ZLE Hofdlo} AFLSHITCEH A
I Hige  10% (v/v) fetal Dbovine serum (FBS)¥ 1% (v/v)
penicillin-streptomycin (P/S)o] A7F& Dulbecco’s Modified Eagle’'s Medium
(DMEM) mediags AFgsto 37°C, 5% CO, £71o=2 7tzF 2, 34 7HAo =z 7
chule} shaict.
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Olt

Ao M 54 BHE F4s5H7] HollA MTT LS o]8&sto] AL P&
= B4st3d. MTT H2 A= W9 t]EF =20l (mitochondria)of] &AHs
b gho] 95 dojuty 4840 2ol MTT tetrazoliumo] H|£8291
Yool MTT formazanC 2 &= Z15 7[¥ho=z ity ghdEjo] JAdd
formazan®| 2 AYESF M|z fof vt 104]. T2tA formazan®] &&=

7t 2205 A= AES0] ste 22 2oldH{105].

_,d
l‘ll‘

RAW 264.7 M| 24 well plateo]] 1.5 X 10° cells/well2 seeding 3to] CO,
HI710lA 24A17F & A vl &, AlsE 24A17F ¢t A2skdint. 0.2
mg/mLe] MTT AJeF2 A2|sto] 3|7t ¥FSA|ZTH MediaES A5kl Zb well

% DMSOS 800 pLA Jof #Heslo] 4% Weldl formazan 24< &35t
Spectrophotometric microplate reader& ©]-&sto] 570 nmo|A S4 =5 =4

stk

B16F10 M ZE 24 well plateo] 8.0 x 10° cells/well2 seeding &to] CO, uf
B7IA 24417 B A st 2, AleE T2AIKE &9t AsiRth 0.2
mg/mL2] MTT AJef3 A|2]sto 3AIF ¥FEAIZTE Mediag A7kl Zb well
g DMSOE 500 pLA do] ghdk|o] g/dd E2fM formazan 27 &3l

|A

i:J

Spectrophotometric microplate reader& ©0]85s5tod 570 nmojA SIS ==

stk

_||>l'
oZi
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Mitochondrial Reductase
72
] ]

/"_ NH—N
1\'"'\\ N \
Br \
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (E,Z)-5-(4,5-dimethylthiazol-2-yl)-1,3-diphenylformazan
(MTT) (MTT)

Figure 5. MTT assay: Cell viability cytotoxicity.
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2.3. Nitric oxide (NO) A4 &4

Al&7F RAW 264.7 tHAINIE Ujof A LPSO] oJsi |2 NO 3442 AA|st=A]
Qlstr] s Al viFto] = NOY 2 Criess reagents ARE-5}o] nitric
oxide (NO)Q] &< nitrite (NO; )9 FHEj2 A5G T RAW 264.7 N|ZE 24
well plateo] 1.5 X 10° cells/well2 seeding 3}o] A|Z ufjeF vltHol] HA|E X7
O = 24A1F A wigstnt. oget 29 A|&QF 1 pg/mL LPS, 721 /dH
ZFO2 40 pM L-NILZ 24AF 59F X2]st3itt. o], 96 well plateo] Al
BT}t Griess reagent (1% sulfanilamide, 0.1% N-(1-naphthyl)ethylenediamine,
2.5% phosphoric acid)E 1:1 v]&=2 &36to] 1027F 8F2A]71 &, microplate

reader2 0]83}0] 540 nmoA FL TS X3}

Azo Product

NH, El* 4 A

HN/\/NHZ
HY
T @ 4%

SO,NH, SO,NH,

N
Sulfanilamide Diazonium salt {
(Griess Reagent 1) N
+
HN /\/NH2

N-(1-Naphthyl)ethylenediamine
(Griess Reagent 1)

Figure 6. Nitric oxide production assay.
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2.4. Prostaglandin E; (PGE;) ¥ A¥YS5A cytokine ¥ 54

A&7} RAW 264.7 HANE Yo A LPSo oo =%l FZ 9 Ui7iAl U
AHS57 cytokine®] A2 Asist=A] &lst?] fIshAl ELISA kit ¥2 ©]&
5t =A5t9cE. RAW 264.7 NZES 24 well plateo] 1.5 x 10° cells/well2
seeding stof ANl& vief o] [AH Ao =m 24A1%F A uifsiich. opeer
=209 A8 1 pg/mL LPSE 24A%F &9F X5ttt o2, 2 well9] Al
Bl S 15,000 rpmofA 202 & ¥4 et &, S 4t A5H=S

Zofl ELISA kit A|&AFS] EAwHo|] w2t PGE,, IL-6, IL-18 ¥ TNF-a9] =
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2.5. Melanin contents 7%

Alm7b BI6F10 Ao wepd oo Xl dF2 &shr] HsiA
melanin contents assayS ©| &5t =451}t BI6F10 AlZE 60 mm cell
culture disho]] 7 x 10? cells/dish2 seeding &}o] A& vk BfHo| HAlE =
A0 =2 24A17F A wjdsidtt. thdst ==9] Alg2f 100 nM a-MSH, J12]1 <
M aF+o =2 200 pMQ] arbuting 72A]7F =9t X2|st¥tt. 8|Y %, medias
A7stal NS 1XPBS buffer2 23] A|Alstal lysis buffer (RIPA buffer, 1%
protease inhibitor cocktail)S AREs5to] 4°CojlAl 2082 =9 A|ZZ lysis 519
t}. o]z, 1.5 mL e-tubeo]] &7 ©o} 4°C, 15,000 rpm ARZAoAl 30% =oF ¥
o et 2 4582 AASHe pellets At Z2l® pelletz 80°ColA] 10%
DMSO7t A7t=l IN NaOH 250 pLo] 835jA]7|2L microplate readers ©o]-85}1
405 nmolA FF =5 FASIUL. o-MSH ©= A2t o5 7|&C=2 sto] HiF
=2 8l AlArsto] YERYIT
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2.6. A]® Y tyrosinase activity X

A 27} B16F10 M|ZolA A|E U tyrosinase activityo] O]X]= g3 &0l
7] ¢J5lA] melanin contents assays ©|&sto] &Aot T}t BI6F10 AlZE 60
mm cell culture disho]] 7 X 10* cells/dish2 seeding &}to] A& vk =lHo
WAE xHO02 24A7F A WiQIT) Thobet H50] A28 100 nM o-MSH,
J2ja FiEae® 200 pMO] arbuting 72A17F F9F A2|stict. wief <,
medias A|AHst ANZE 1XPBS buffer2 23] A|AstiL lysis buffer (RIPA
buffer, 1% protease inhibitor cocktail)& Aot 4°ColA 208 =9 A&
lysis stgith. o], 1.5 mL e-tubeo]] &7 ©o} 4°C, 15,000 rpm ZRZ1oj|A 30
T ¢ A BYst dedS dAH. BCA protein assay kitE ARE-5HO]

AR 2Ae AR ¥, BelE s

LIS

bovine serum albumin (BSA)?] BZ
B e 5745tk 96 well plateo] 20 pgo] ST oz THAZS S|A5

o] 7F wellof] @8iAl M= 20 puLet 2 mg/mL L-DOPA 80 pL&s &%st9ct. 3

LEs

7°ColA 2A17F Z9QF ¥teA]7]1 & AAE]= DOPA chromeS microplate reader
£ 0] &5t9 490 nmoj|A SE =5 FFSIAT. a-MSH ©= #2|gt &2 7]&2
2 sto] Eg = Hlw A4tsto] eIt
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2.7. Western blot

RAW 264.7 M|Zx= 60 mm cell culture disho]] 6.0 X 10° cells/dish&
seeding sto] Al vl ol YAlH o= A widsiith. et 5&=9
ARt 1 pg/mL LPSE A3t 5 target Wulde] wrg Ajzbo] me wjoroie]
o}

B16F10 MZXx 60 mm cell culture disho]] 7.0 X 10* cells/dish& seeding
stel Az e ol YAE s7ioe A wigstaion), okt sEol AlRet
100 nM o-MSHE 23t & 7} ol el Ajzvo] ma} ujopsteict.

H9F & medias A|AHs5tal cold 1XPBS buffer2 13] A|AstaL lysis buffer

D

(RIPA buffer, 1% protease inhibitor cocktail)S Apg835to] 4°CofAl 202 =9t
NIZE lysis 5ttt o], 1.5 mL e-tubed] &7 ©o} 4°C, 15,000 rpm ZR719
A 30 & dAd 25t e AT BCA protein assay kit ARESH

o] bovine serum albumin (BSA)S] H&FAA

ud

o =1 5 u =
Mg Adst 3, BaE A

loading  sampleZ  &H|gklct.  7hEeh  THWEAZ ARl 2, sodium
dodecylsulfate(SDS)-polyacrylamide gelof 30 pg®] &2 Fo] ThuRAlS xshoh
+ samples 100 VoA loading?t & A7|¥9&S ol&sto TS F7[E=2
g5ttt B2d W¥iAlS polyvinylidene difluoride (PVDF) membrane© 2
transferstal 5% skim milksS 3§83t IXTBS-T (tris-buffered saline
containing 1% tween 20)= 1A]7t =QF blocking stith 1XTBS-TS AR&-5t9
membranes 108 A0 2 63] A|Astl 1XTBS-TO| 1:2000 H] &= s|Ad¥ 1
At SAS AR5 4°CollA] overnight incubation 3t T o]%, IXTBS-TE A
&3sto] 1A} A7 &2 membraneZ 10i& (A0 2 69] A|ASHL 1XTBS-TO
1:2000 ¥]g2 SAE 23t FAS Abgsto] ALLolN 227 Eob wSabeict
u

= Ao =z 63] NASH & ECL kitE AF&5t%] membranesd ¥Hg

olo
ol

5
A7 58 TS deAPIA 449 w4 WA band= Chemidoc (WL,

<
—
ws)
T
-J
—
O
c
-
=
>
=
T
=
o))
3
Q
ALY
uju
S~
e
ofo
ol
=
8
oY
M
ol
-
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3. AN E LxHR}= Al

2 Al BA7] Adoll ZAste FARIAL Hutzg 7| HAP e Hde 2R
Iy

B 22X, astd Bgids Aol Eop mAgArY] ArdA Foo ofsl A o
Aof maf o AAl mRof it ERAS FFE US| sl o REY

S AdstaL Ao Aofstes sty AIFR9(S)= 70% ethanolz AJATH

. squalene®]| =01 AJF=ZA 20 pL3 AlFEHol 24417 &9t HHESIITH

)

W Al 208 Soll 15 Woh 24417 $o] 28t WokE AA|SHITh MY Qxpap
dre = 23} o] PCPC Guidelineso]| T2l H 71599 cHTable 1).

Grade Description of Clinical Observation
+1 Slight erythema
+2 Moderate erythema, possibly with barely perceptible edema at the margin, papules may be present
+3 Moderate erythema, with generalized edema
+4 Severe erythema with severe edema, with or without vesicles
+5 Severe reaction spread beyond the area of the patch

Table 1. Grading system for skin primary irritation test.

2t g2l et myke Auto] wet obel WAL o) PRUIES A
itk o, PCPC GuidelinesoflA] +5 grade?] mHuteo olAbAlog A}=d
SuTHE Felx] WA JhsHo] koDR AFVWSEES FH: slEoR:

o

maximum grade +4 grade= H7}st¥tHTable 2).

Y.(Grade x No.of Responders)
4 (Maximum Grade)x n (Total Subjects)

Response = x 100 x 1/2
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Range of Response Judgment

0.00 <R <0.87 None to Slight

0.87<R <242 Mild

242<R<344 Moderate
344 <R Severe

Table 2. Determination criteria for skin primary irritation.

4. EAA2

BE 4P ABEL A W 5PN A

oo

= Budt B
LHER I A1 72432 studant’s t-testE 0|83t &7 &
0.

t}. *p < 0.001, p < 0.1, ™p < 0.01, ™p < 0.0012 HEA|3}C}.
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m. 2 i
1. RAW 264.7 AlZo|A] 2'-hydroxy-4'-methoxychalcones?] &§H%5 §i} H|n
1.1. RAW 264.7 N|Zo]A 2'-hydroxy-4 -methoxychalcones®] Cell viability &8

RAW 264.7 A|ZofA] 2'-hydroxy-4'-methoxychalcone A2 3}shE50] Al
E HEL GTL UAA 9t 5EE HAsH] Y8 MIT assayS 593515
tf. RAW 264.7 MzoA 2t stgdE59 ot 5= (2.5-40 pM)E A2 A2]st
of 24A17F St sidAIFT. Nl AAE 7]E2 o]XY izt dig]ste] 90% o
Y B AR AES IFS UIAA Adttal wdsioith. A A, 2
-hydroxy-3,4"-dimethoxychalcone (3,4'-DMC), 2'-hydroxy-4,4 -dimethoxy-
chalcone (4,4'-DMC), 2'-hydroxy-3’,4"-dimethoxychalcone (3°,4-DMC) 2]
11 2'-hydroxy-4',6'-dimethoxychalcone (4',6'-DMC)& 20 pM ©]5t9] =1%o
A M =45 BolA] EdtHFig. 7).

1.2. RAW 264.7 N|ZoJ|A 2’'-hydroxy-4 -methoxychalcones®] NO production &3
RAW 264.7 MZoA] 2'-hydroxy-4 -methoxychalcones®] AZ =42 HO|
o HEOH NO Aol oAl 9L vl &Absl] 95 NO A3 57
AES 285U RAW 264.7 AlzolA 2t stefE59 et 5=8 #2519
24M17F < BiFAIFR 2T INOS AA|AIQ] L-NIL(40 pM)2 FdHE2TC 2 ALE:
sttt NO A4ake LPS (1 ng/mL) 25 /2] 2o cfslstel ok} oixjatel
LA ZAMSEYICE A Aul, 20 pMojlA] NOo| AAS LPS &% &|2] of iy
slo] 4',6'-DMC- oF 83.95%, 3,4'-DMC: OF 79.75%, 3'.4'-DMC: ©F
33.00%, 4,4'-DMCx 9F 23.10% A5t chFig. 8). watal &Ado] 7bg 45t
4".6'-DMCZ M| Z=/Jo] YERFA] o2 20 pM ©0]5te] FwoA FI7MAFEZ A
stoict.
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Figure 7. Effect of 2'-hydroxy-4'-methoxychalcones on the cell viability
in LPS induced RAW 264.7 cells. The «cells were treated with 2’
-hydroxy-4"-methoxychalcones (2.5, 5, 10, 20 and 40 uM) in the presence
of LPS (1 pg/mL) for 24 h. Cell viability of RAW 264.7 cells subjected to
(a) 3,4-DMC, (b) 4,4-DMC, (c) 3,4-DMC, and (d) 4',6'-DMC was
measured by MTT assay. Data are expressed as the mean + SD from
three independent experiment. “p < 0.01, "p < 0.001 vs untreated

control group.
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Figure 8. Effect of 2'-hydroxy-4'-methoxychalcones on nitric oxide
production in LPS-induced RAW 264.7 cells. The cells were treated with
2'-hydroxy-4'-methoxychalcones in the presence of LPS (1 pg/mL)
stimulation for 24 h. L-NIL (40 pM) was used as a positive control.
Inhibition of nitric oxide production by (a) 3,4'-DMC, (b) 4,4'-DMC, (c)
3,4'-DMC and (d) 4',6'-DMC treatment in LPS-induced RAW 264.7 cells
was measured using the Griess reagent. Nitric oxide production of Data
are expressed as the mean + SD from three repeated experiment. * p <
0.001 vs untreated control group. “p < 0.01, "™p < 0.001 vs LPS alone

group.
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2. RAW 264.7 M|ZojlA] 4°,6'-DMC9]

%
of
o[\
fol
B

2.1. AFZ2 cytokine production A

Cytokine® WGMELs} Byl Hume w@oiNEe] B4, 34 U 2IE
xgste] §% wgL UPfst: dxtolch. LPS AlFo2 #dstd QAAMZE of
2 As AT 42 5o U 454 UMK 954 cytokine A
[106-107]. A&7} LPS2 At=9 RAW 264.7 AN ZLoA HAAF/] cytokine
(IL-6, IL-1B, TNF-0)o] 43’42 olMsher] ZAFH7] 8lA ELISA kitS AbEsl
of BYFS 55t RAW 2647 CIANZOIA 4'.6-DMCO] TfEt BE
(2.5-20 iMYZ A2jsto] 24A12F FoF BIFAIZ OB LPS (1 pg/ml) &5 A2l 2
of chelstol Aokt oiAlstgEAl mALtACE 4@ A 20 pMolA IL-6, IL-,
TNF-a2] AAS LPS @ X2] o ojy]sto] 2tzF oF 83.12%, 68.52% 12]1
91.64% < A|stAcHFig. 9).
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Figure 9. Effect of 4',6'-DMC on production of pro-inflammatory
cytokines in LPS induced RAW 264.7 cells. The cells were treated with
4'.6'-DMC (2.5, 5, 10 and 20 pM) in the presence of LPS (1 pg/mL)
stimulation for 24 h. (a) IL-6 production, (b) IL-1B production and (c)
TNF-o production were determined wusing an ELISA kit. Data are
expressed as the mean + SD from single triplicate experiment. *p < 0.001
vs untreated control group. *p < 0.1, “p < 0.01, "*p < 0.001 vs LPS

alone group.
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2.2. Western blot

2.2.1. RAW 264.7 AJZo]JA iNOS ¥ COX-2 2o ojdt 4°,6'-DMC IJgF

o

RAW 264.7 AM|ZoJA] 2,6'-DMC7} N|& E54-& Holx] &

5t9] s%=olA NO, PGE; A7d A7} INOSL} COX-2 Hd¥
olst QIR =ANSH7] Y3l western blot2 ZIg§stich. 1 ZAxf, LPSo] 2l3) &
=g iNOS, COX-29] W&k 4'6'-DMCO] oJs] H= ojExo2 ox|=girt,
LPS (1 pg/mL) ©= A2 o djv]ste] 20 pMojlA] INOSE 83.15%, COX-2
10.8% ZAaAlZcHFig. 10). T2tA 47,6'-DMCo]] 2JF iNOS, COX-2 walzfF 7b
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2.2.2. RAW 264.7 NJZo]A MAPK A1s JAG HZ0] tjst 4',6'-DMC ¥

LPS2 At=% tiAlA| oA MAPK 4Ale AF d=9 &dets Atz o
gt BSH cytokine I AF TIVRA] AEY daz JES 27t UERIH
[120-122]. webA] LPSE A2 RAW 264.7 H|ZoA] 4°,6'-DMC2] NO ¥ A
573 cytokine A7 A7} MAPK Ale A G=of 9t IR =AFsH] ¢sf
western blotg XIsistitt. 7 Ay}, LPSo| 95 S =% ERK, p389] QlAlst=
4°,6'-DMCof| 95l 5% &Nz AAXE Tt LPS (1 pg/ml) ©= A2 o
tiulstol 20 pMoj|A} QI4Fete ERK, p38E5 242t of 22.54%, 46.43% HAAIZT
(Fig. 11). w2} 4°,6'-DMC7} MAPK Al &35l AR E5] N
AYEE7d cytokined] Y +&5 st 222 o
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Figure 10. Effect of 4',6'-DMC on protein expression of iNOS and COX-2
in LPS induced RAW 264.7 cells. The cells were treated with 4",6'-DMC
(5, 10 and 20 pM) in the presence of LPS (1 png/mL) stimulation for 24 h.
(a) Western blotting results, and protein expression of (b) iNOS/B-actin,
(c) COX-2/B-actin. Equal amounts of protein loadings were confirmed by
using P-actin. Data are expressed as the mean + SD from single
triplicate experiment using Image ] software. p < 0.001 vs untreated

control group. **p < 0.001 vs LPS alone group.
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Figure 11. Effect of 4',6'-DMC on phosphorylation expression of MAPK in
LPS induced RAW 264.7 cells. The cells were treated with 4',6'-DMC (5,
10 and 20 pM) in the presence of LPS (1 pg/mL) stimulation for 20 m.
(a) Western blotting results, and protein expression of (b) p-ERK/ERK,
(¢) p-p38/p38, (d) p-JNK/JNK. Equal amounts of protein loadings were
confirmed by using P-actin. Data are expressed as the mean = SD from
single triplicate experiment using Image ] software. p < 0.001 vs

untreated control group. “*p < 0.01, "*p < 0.001 vs LPS alone group.
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2.2.3. RAW 264.7 H|Zo]A NF-xB Al Ag A= tjst 4',6'-DMC &3t

NF-kB= [kB-aote] AdZ &l AlzAoA v dst ez EAistH IkB-a
7F QUIASIEIHA Zolle & LPSE AF=H tiAIA| oA NF-kBo] &/de7t Yo
gt} &/dskd NF-xBe MlZHoA o g o]Fsto] oot 54 cytokine H

A5 AL QRN ddS Bkttt B e QITi{123-126]. TefA] LPS= A}
=5 RAW 264.7 A|ZLof|A 4 MC9 HE57d cytokine X A5/ Ti7hAl A3
A9 AAI7F NF-xB 4= Ag d=zof ofgh QA &AlsH] ¢sl western blot
Alegstict. 1 ZAxf, LPSo] o8l f-=d kB-ad] Ql4Ateh= 4°,6'-DMCoO 2]5]

s YENoR AAEIen LPS (1 pg/mL) B=5 2| o ofslste 20 pM

oAl QlAtate IxB-ags oF 37.98% HAA|ZTHFig. 12). mata] 4°,6'-DMC7} Ik

B-a9] QIitsl 242 &8 452 dAlIH= s € + At

o[\

It

tjo
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2.2.4. RAW 264.7 NlZo]A] NF-kB 38 X Qo] ojst 4°,6'-DMC ¥

LPS2 A= RAW 264.7 NZLojlA p6b7t NmAoA sHozo] KQE ZAlsH
7] $15l western blotg 7385y, 1 Ay, NZAO|A pe5e] P2 4.6
-DMCo]| oJ5ff &= oJ&EAo =z FIIstal, sHolA p65o] AHES #2stAl A
sttt LPS (1 pg/ml) ©= A2] o tjy|sted 4°,6'-DMC 20 uMolA A7
oMo p65E ©oF 334.41% F7HAIZ ST, SHOA 9] p6bE oF 51.11% HAAIZT
(Fig. 13) @2tA 4°,6'-DMC7F NF-kB9] sl HYE HA|Fz2H H55 AAst
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Figure 12. Effect of 4',6'-DMC on protein expression of p-IkB-a in LPS
induced RAW 264.7 cells. The cells were treated with 4°,6'-DMC (5, 10
and 20 pM) in the presence of LPS (1 ug/mL) stimulation for 15 m. (a)
Western blotting results, and protein expression of (b) p-IkB-o/B-actin.
Equal amounts of protein loadings were confirmed by using (-actin. Data
are expressed as the mean + SD from single triplicate experiment using
Image ] software. *p < 0.001 vs untreated control group. ***p < 0.001 vs

LPS alone group.

_39_



(a)

Cytoplasm Nucleus
LPS (1 pg/mL) . + + + + LPS (1 pg/mL) . + + + +
4,6’-DMC (pM) = = 5 10 20 4°,6’-DMC (uM) = - 5 10 20
p6s | — | —— — | 65 kDa p65 | W W— W _—— | 65 kDa
B-actin - ) — I 43 kDa Lamin B1 | — — _ I 68 kDa
(b) (c)

500 120

400 100

80
300

60

(% of control)

200

(% of control)

40t

nucleus p65 protein expression

100 | w |

cytoplasm p65 protein expression

0 0

conMCEM - S 5w devCow - S 5w om
Figure 13. Effect of 4',6'-DMC on protein expression of NF-kB (p65) in
LPS induced RAW 264.7 cells. The cells were treated with 4°,6'-DMC (5,
10 and 20 pM) in the presence of LPS (1 pg/mL) stimulation for 15 m.
(a) Western blotting results, and protein expression of (b) p65/B-actin in
cytoplasm, (c¢) p65/Lamin Bl in nucleus. Equal amounts of protein
loadings were confirmed by using P-actin and Lamin Bl. Data are
expressed as the mean + SD from single triplicate experiment using
Image ] software. *p < 0.001 vs untreated control group. ***p < 0.001 vs

LPS alone group.
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3. B16F10 A|Zo|A] 2'-hydroxy-4 -methoxychalcones?] Hapd A4 A &3} H|n

3.1. B16F10 NlZ oA 2'-hydroxy-4 -methoxychalcones®] Cell viability &7x

B16F10 AJxZofA] 2'-hydroxy-4'-methoxychalcone A2 3IsH=S50] AL

WERO] GFL OIAIA A SES HAsHs] YSIA MTT assay 23stact.
BI6F10 AlZol4 7 sH25e] tebet B (2.5-40 pM)E 27t l2late] 724]
TS BAZCE AE BE J1ES M taPol helstel 90% ol g 7

S N AEEC TS UIRIAl FdTt w2y 4,4-DMCe
20 pM oJste] EHx oA, 3,4'-DMC, 3',4'-DMC+ 10 pM o]st9] oA, 4',6
-DMC= 5 pM oJstd] FE=ollA N2 /g5 HolA] trhFig. 14).

3.2. Melanin contents @ Tyrosinase &Aof sl 2'-hydroxy-4'-methoxy-
chalcones®] %3}

B16F10 melanoma AJZofA] 2'-hydroxy-4'-methoxychalcone A& 3}3H=

=0l Az =423 EoJA] e s=olA Hepd g4 R tyrosinase /g0 DlA]

I
of
oo
o
BA

S
>

ol
o
N
19

ol
2
o

d ot R tyrosinase g7 54 AdE Y5t
t}. B16F10 melanoma A|Zo|A 2t stetE59 et 5=5 A2lste] 72417t
& BiFAIeH o-MSH (100 nM) 3 arbutin (200 pM)2 22 5748 3 F4
davoz AREEQIY. A Ziuh, 5 pMolA Eepd AB/dS o-MSH @5 A2
o] tju]ste] 4°,6'-DMCx= 9F 32.58%, 3,4'-DMCx 9F 18.25%, 3',4'-DMC+=
oF 6.08% <AA|otY 11, 4,4-DMCE= ©°F 7.69% Z7}otgtH(Fig. 15). ®St
tyrosinase &< o-MSH W= X2 o tjv]|sto] 4',6'-DMC= <F 40.18%,
3,4'-DMC= ©9F 3.69%, 3',4'-DMCx= 9F 15.30% 9A|st¥1, 4,4'-DMCx ©oF
8.16% Z71stAth(Fig. 16). metA FHatd "ol 7Mg 43t 4°.6'-DMC=Z
A

NESgo] UERIAl 912 5 pM ojste] Smolli] 27148e ARsts
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Figure 14. Effect of 2’-hydroxy-4’'-methoxychalcones on the cell viability
in B16F10 melanoma cells. The cells were treated with 2'-hydroxy-4’
-methoxychalcones (2.5, 5, 10, 20 and 40 pM) for 72 h. Cell viability of
B16F10 cells subjected to (a) 3,4'-DMC, (b) 4,4'-DMC, (c) 3',4'-DMC, and
(d) 4",6'-DMC was measured by MTT assay. Data are expressed as the
mean *+ SD from three independent experiment. “p < 0.01, ™ p < 0.001

vs untreated control group.
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Figure 15. Effect of 2'-hydroxy-4'-methoxychalcones on the melanin
contents in B16F10 melanoma cells. The cells were treated with 2’
-hydroxy-4'-methoxychalcones in the presence of o-MSH (100 nM)
stimulation for 72 h. Arbutin (200 pM) was used as the positive control.
Melanin contents of BI6F10 cells subjected to (a) 3,4-DMC, (b) 4,4"-DMC,
(c) 3°,4'-DMC and (d) 4',6'-DMC. Data are expressed as the mean + SD

from three independent experiment. Yp < 0.001 vs untreated control

group. “p < 0.01, ™"p < 0.001 vs a-MSH alone group.
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Figure 16. Effect of 2’'-hydroxy-4 -methoxychalcones on the tyrosinase
activitys in BI16F10 melanoma cells. The cells were treated with 2’
-hydroxy-4'-methoxychalcones in the presence of a-MSH (100 nM)
stimulation for 72 h. Arbutin (200 pM) was used as the positive control.
Tyrosinase activitys of B16F10 cells subjected to (a) 3,4'-DMC, (b) 4,4’
-DMC, (c) 3,4-DMC and (d) 4',6'-DMC. Data are expressed as the mean
+ SD from three independent experiment. p < 0.001 vs untreated

control group. p < 0.01, "*p < 0.001 vs a-MSH alone group.
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4. BI6F10 AM|ZoflA] 4°,6'-DMCQ] Wapd A AA| &}

4.1. Western blot

4.1.1. B16F10 M ZojA @e2hd Y §4 L MITF 2do ojjgt 4',6'-DMC g

Tyrosinase, TRP-1, TRP-2= Wztd 3sHdoj] Hojst= &4Ao0|t MITF= @}t

d Ad 459 MARIALZMA TYR, TRP-1, TRP-29} 2 @apd Aol o]
she 45 F/geiste] Wehd M=o 44, 2ot % 7ls2 28sts dde &

=

CH108-109]. watA a-MSHZ A2 BI16F10 A|ZO|A] 4',6'-DMC7} o|2j3t =
ahd A Tl Qo) wio] Jare ZEAl 24| 98l western blotg Al
sttt 7 Ayt o-MSHo| 9lsff =% TYR, TRP-1 72]i1 TRP-29] €32k
6°-DMCO o5} 5= olEMoz o5 Zasts Aoz LT o
-MSH (100 nM) ©@= A2] 9 tis]ste] 5 pMojA TRP-1, TRP-2, TYRE Z+
7b oF 30.34%, 25.68%, 28.82% 7'AA|ZATHFig. 17). o|2{dt 4'.6'-DMCeo] @z}
d A &2 oA Aol Ojg MITFO] Aake &Al] 98] MITF g wa
olstgirt. 1 A3}, o-MSHo| ols] =% MITFO] Wate s& oExo
2 9osp odME9on a-MSH @5 Ae] 2o djulsle] 4.6 -DMCE 5 uM
21.81% ZtAA|ZtHFig. 18). watA] 4°,6'-DMCo] ®ztd A §49]
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Figure 17. Effect of 4°,6'-DMC on protein expression of TRP-1, TRP-2
and TYR in a-MSH induced B16F10 melanoma cells. The cells were
treated with 4',6'-DMC (1.25, 2.5 and 5 pM) in the presence of a-MSH
(100 nM) stimulation for 24 h. Arbutin (200 pM) was used as the positive
control. (a) Western blotting results, and protein expression of (b)
TRP-1/B-actin, (c¢) TRP-2/B-actin, (d) TYR/B-actin. Equal amounts of
protein loadings were confirmed by using R-actin. Data are expressed as
the mean + SD from single triplicate experiment using Image ] software.
*p < 0.001 vs untreated control group. “p < 0.01, **p < 0.001 vs o-MSH

alone group.
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Figure 18. Effect of 4',6'-DMC on protein expression of MITF in a-MSH
induced B16F10 melanoma cells. The cells were treated with 4',6'-DMC
(1.25, 2.5 and 5 uM) in the presence of a-MSH (100 nM) stimulation for
24 h. Arbutin (200 uM) was used as the positive control. (a) Western
blotting results, and protein expression of (b) MITF/B-actin. Equal
amounts of protein loadings were confirmed by using Pp-actin. Data are
expressed as the mean + SD from single triplicate experiment using
Image ] software. “p < 0.001 vs untreated control group. **p < 0.001 vs

oo-MSH alone group.
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4.1.2. B16F10 N|Zof]A] Wnt/B-catenin A& XZF 720 st 4',6'-DMC 43

Wnt/B-catenin Fz2ofA 2 »8&A] THEEQ1 Frizzled”} Wnt 2J7rE=e} A5t
o &/JstE|H serine 99 ZH7|o|A Ql4ket A v|E/debe GSK3B+= M ZAOA B
-catening ¥&oty WEE B-catenine Moz A Eo] x&EA oz MITFO

TAS S7HAIZITH110-112]. =3t tyrosine 216WH ZE7]of|A] QIAFSHE GSK3R+=
Zgatslo] p-catening] QMBS SEolT, QU R BolS Yoo

MITFO] &dlS ZHAAIZITHT70-72]. wetA] o-MSH=Z AF=29 BI6F10 A 2o A
4’ 6'-DMC7} Wnt/B-catenin Als MY HA2E2 &3] HWaptd WAL AF|st=A]
ZARSH] 95l western blotS ZI¥stTt. 1 Ay, a-MSHO| o5 f=% f
-catenin®] wal=Fut GSK3pRQ] QIAMSH= 4' 6'-DMCY| 9J5] =& oj&Alog G
Ot HFAasts o= UEHT E3t a-MSHO| sl F =% B-catenin®] QI4F
St &= EA o R SUtste Ae sttt a-MSH (100 nM) ©5 A2]
of tiu]sto] 5 pMojlA B-cateninyt QUANSHE GSK3BRES 7H7zt 9F 39.37%, 56.36%
IAAZ L, QAISHE B-catening 9F 51.12% Z7HAZHFig. 19). w2kA] 4,67
-DMC7t Wnt/B-catenin 4Als AY F2E5 o AALRAE AXQ MITF el
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4.1.3. B16F10 M|Zo]A PI3K/AKT A5 JAG H=Z0] tjjst 4',6'-DMC Fg

PIBK/AKT 42+ o] A-tolA GSK3pel BAeH #sdo] qltkal de{A Qlo
o, &/detd AKT= Ser 994 GSK3BE <l4telsto] GSK3RE wvl&/delstal B
-catenin®] & AAT £ U= Aoz AAXG[113-115]. ©2tA o-MSH
A== B16F10 M|ZoA 4.6'-DMC7} PI3K/AKT A5 AL #A2ES Eof Wahd
42 AAISH=A] &ZASEHZ] {5l western blotZ %1985ttt 7 ZAyk, o-MSH
of o5 F=H AKTY QIiteh= 4',6'-DMCo]| 9J3fl 5= &R oz ROJstA 2
aste Zlez Uepdth a-MSH (100 nM) ©= &2] o tj¥]ste] 5 pMojA]
QASHEl AKTE 9F 50.28% 7FAA|ZiTHFig. 20). WatA] 4',6'-DMC7} PI3K/AKT

v}

NE AT 428 5o FAXE AA MITFY 44 252 o1 29Po2H
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Figure 19. Effect of 4',6'-DMC on protein expression of B-catenin,
p-GSK3B and p-B-catenin in o.-MSH induced B16F10 melanoma cells. The
cells were treated with 4°,6'-DMC (1.25, 2.5 and 5 uM) in the presence of
o-MSH (100 nM) stimulation for 24 h. Arbutin (200 pM) was used as the
positive control. (a) Western blotting results, and protein expression of
(b) B-catenin/B-actin, (c) p-GSK3B/GSK3B, (d) p-B-catenin/B-actin. Equal
amounts of protein loadings were confirmed by using PR-actin. Data are
expressed as the mean + SD from single triplicate experiment using
Image ] software. *p < 0.001 vs untreated control group. ***p < 0.001 vs

oo-MSH alone group.
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Figure 20. Effect of 4',6'-DMC on on phosphorylation expression of AKT
in a-MSH induced B16F10 melanoma cells. The cells were treated with
4" 6'-DMC (1.25, 2.5 and 5 uM) in the presence of a-MSH (100 nM)
stimulation for 4 h. Arbutin (200 uM) was used as the positive control.
(a) Western blotting results, and protein expression of (b) p-AKT/AKT.
Equal amounts of protein loadings were confirmed by using (-actin. Data
are expressed as the mean + SD from single triplicate experiment using
Image ] software. *p < 0.001 vs untreated control group. ***p < 0.001 vs

o-MSH alone group.
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4.1.4. B16F10 AN|=Zof|l45] MAPK 4l
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4.1.5. BI6F10 MZoA cAMP/PKA A5 Mg A =20 Tjgt 4',6'-DMC H3

cAMP/PKA 73Z20|A o-MSHE= MCIR¥ A7 Agkstol MCIRE &/dststal
AZ U cAMPO] £ Witk cAMPo] o8] PKAZ} QAlatelm & gloz
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Figure 21. Effect of 4',6'-DMC on phosphorylation expression of MAPK in
o-MSH induced B16F10 melanoma cells. The cells were treated with 4,6’
-DMC (1.25, 2.5 and 5 pM) in the presence of a-MSH (100 nM)
stimulation for 4 h. Arbutin (200 uM) was used as the positive control.
(a) Western blotting results, and protein expression of (b) p-ERK/ERK,
(¢) p-p38/p38, (d) p-JNK/JNK. Equal amounts of protein loadings were
confirmed by using P-actin. Data are expressed as the mean = SD from
single triplicate experiment using Image ] software. p < 0.001 vs
untreated control group. *p < 0.1, "p < 0.01, "™*p < 0.001 vs o-MSH

alone group.
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Figure 22. Effect of 4',6'-DMC on phosphorylation expression of CREB
and PKA in o-MSH induced B16F10 melanoma cells. The cells were
treated with 4°,6'-DMC (1.25, 2.5 and 5 pM) in the presence of o-MSH
(100 nM) stimulation for 24 h. Arbutin (200 pM) was used as the positive
control. (a) Western blotting results, and protein expression of (b)
p-CREB/CREB, (c¢) p-PKA/PKA. Equal amounts of protein loadings were
confirmed by using P-actin. Data are expressed as the mean = SD from
single triplicate experiment using Image ] software. p < 0.001 vs

*

untreated control group. **p < 0.001 vs a-MSH alone group.
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5. RAW 264.7 NIZoJ|A] 2'-hydroxy-2-methoxychalcones?] &§¥d% qi} v
5.1. RAW 264.7 NJZ0]|A] 2'-hydroxy-2-methoxychalcones®] Cell viability &7

RAW 264.7 AlZofA] 2’ -hydroxy-2-methoxychalcone #|E 3}sHE50| A
. YEgo] ek vjA|K] gr 52 BHolobr] 9IshA MTT assay2 238619l
tf. RAW 264.7 MzoA 2t stgdE59 ot 5= (2.5-40 pM)E A2 A2]st
of 24A17F St BiFAIT Nl AE 7]&2 ojRY iz tie]ste] 9
Y B AR AEE FFS UIAA Attt wdsioith. A A, 2
-hydroxy-2,4-dimethoxychalcone (2,4-DMC)& 20 pM ©0]35}9] XwojA], 2’
-hydroxy-2,5"-dimethoxychalcone  (2,5'-DMC) 22]11  2'-hydroxy-2,6’
-dimethoxychalcone (2,6'-DMC)& 10 uM 0]519] =T oA AL =& HOJX]

% AcH(Fig. 23).

5.2. RAW 264.7 N|20]|A 2’'-hydroxy-2-methoxychalcones?] NO production &%

RAW 264.7 M|Zo]|A 2'-hydroxy-2-methoxychalcones®] MZ =4S HO|
Al %= FEoA NO Ao tlxl= &= vl AR ] ¢l NO

UHS 2sloich RAW 2647 AZOIA 7 225 St 58 Helstol
24X ERF BiFAIF o INOS AAAIQl L-NIL (40 pM)S =Tz AR
SI9ITH NO Aldake LPS (1 ng/ml) ©= 2] 2o rjujste] eloh} ofxjats)
LA Axjslgich. AF A3, 10 pMolA] NOO} A4S LPS Us Hej 2o] ]
sto] 2,6'-DMC+= 2F 61.95%, 2,5'-DMC+= <F 53.22%, 2,4-DMC+= 2F 36.04%
AAIstAHFig. 24). TatA /o] 7P 48 2,6'-DMC=2 A|la2=57do] UEh
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Figure 23. Effect of 2'-hydroxy-2-methoxychalcones on the cell viability
in LPS induced RAW 264.7 cells. The cells were treated with 2’
-hydroxy-2-methoxychalcones (2.5, 5, 10, 20 and 40 uM) in the presence
of LPS (1 pg/mL) for 24 h. Cell viability of RAW 264.7 cells subjected to
(a) 2,4-DMC, (b) 2,5'-DMC and (c) 2,6'-DMC was measured by MTT assay.
Data are expressed as the mean £ SD from three independent

experiment. **p < 0.001 vs untreated control group.
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Figure 24. Effect of 2'-hydroxy-2-methoxychalcones on nitric oxide
production in LPS-induced RAW 264.7 cells. The cells were treated with
2’ -hydroxy-2-methoxychalcones in the presence of LPS (1 pg/mlL)
stimulation for 24 h. L-NIL (40 pM) was used as a positive control.
Inhibition of nitric oxide production by (a) 2,4-DMC, (b) 2,5'-DMC, (c) 2,
6'-DMC treatment in LPS-induced RAW 264.7 cells was measured using
the Griess reagent. Nitric oxide production of Data are expressed as the

mean *= SD from three repeated experiment. *p < 0.001 vs untreated

*

control group. **p < 0.001 vs LPS alone group.
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6. RAW 264.7 M|Zo]lA] 2,6'-DMC?] &5 gt

6.1. PGE, ¥ AHEZA cytokine production &%

trdze o2 Ao Ag H25 & gdet 945748 t7iAIet 4574 cytokine
< AASTH106-107]. Al=7F LPS=2 At=% RAW 264.7 TYAIAN|LO| A PGE,Q}t
N5/ cytokine (IL-6, IL-1B, TNF-a)9] /2 AAIst=A =AFSH] Al
ELISA kitE AR&sto] AMAEHE 264.7 AN Z O A 2,6'-DMC
o] et 5= (1.25-10 uM)E A2]sto] 24A17F &0 viFAIZ o COX-2 A
ARl NS-398 (1 puM)2 PGE, A 549 a2 ARESHAT PGE2t
V578 cytokine A/dF2 LPS (1 pg/mL) ©5 &|2] o tfju]sto] doput A
FREA 2Apstet. A Zd, 10 pMolA PGE, IL-6, TNF-a9] *37d2 22t
F 24.23%, 11.62%, 40.98%, 60.10% <1R|5tAcHFig. 25).
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Figure 25. Effect of 2,6'-DMC on production of PGE; and
pro-inflammatory cytokines in LPS induced RAW 264.7 cells. The cells
were treated with 2,6'-DMC (1,25, 2.5, 5 and 10 pM) in the presence of
LPS (1 pg/mL) stimulation for 24 h. (a) PGE; production, (b) IL-6
production, (c) IL-18 production and (d) TNF-o production were
determined using an ELISA kit. Data are expressed as the mean = SD
from single triplicate experiment. *p < 0.001 vs untreated control group.

*p < 0.1, "p<0.01, "p < 0.001 vs LPS alone group.
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6.2. Western blot

6.2.1. RAW 264.7 AJZo]A iNOS ¥ COX-2 o] st 2,6'-DMC FFF

RAW 264.7 HJZollA 2,6'-DMC7} A& =742 Holx] ¢he WY 10 uM ©]
5to] swolA NO, PGE, A8/ &7} INOSeF COX-2 HEZF A
oI5t ZAAQIX] =ASI7] sl western blotg XI&8stict. 1 Az, LPSo] Qs &
=9 iNOS, COX-29] LA 2,6'-DMCo]l 95l FolsiAl AA= ATt LPS (1
pg/mL) @ A2] ol tu]ste] 10 pMojAl iNOSE 72.23%, COX-25 16.52%
ZAaXZIeHFig. 26). WebA 2,6'-DMCo]| 9]3F iNOS, COX-2 U g4t 4%
’d UIZRAIQI NO®F PGE, 2378 AR o]ojd £ ASS AlAR.
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Figure 26. Effect of 2,6'-DMC on protein expression of iNOS and COX-2
in LPS induced RAW 264.7 cells. The cells were treated with 2,6'-DMC
(2.5, 5 and 10 pM) in the presence of LPS (1 pg/mL) stimulation for 24
h. (a) Western blotting results, and protein expression of (b) iINOS/B
-actin, (c) COX-2/B-actin. Equal amounts of protein loadings were
confirmed by using P-actin. Data are expressed as the mean = SD from
single triplicate experiment using Image ] software. p < 0.001 vs

untreated control group. **p < 0.001 vs LPS alone group.
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Figure 27. Effect of 2,6'-DMC on phosphorylation expression of MAPK in
LPS induced RAW 264.7 cells. The cells were treated with 2,6'-DMC (2.5,
5 and 10 pM) in the presence of LPS (1 pg/mL) stimulation for 20 m. (a)
Western blotting results, and protein expression of (b) p-p38/p38, (c)
p-JNK/JNK. Equal amounts of protein loadings were confirmed by using
-actin. Data are expressed as the mean + SD from single triplicate
experiment using Image ] software. “p < 0.001 vs untreated control

group. ~p < 0.001 vs LPS alone group.
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6.2.3. RAW 264.7 NJZo]JA] NF-kB Als AGF 7420 djdt 2,6'-DMC FFF

NF-kB& IkB-aote] AEZ &6l MEAA vjZ/dst Jelz2 EAIstH 1kB-a
7b QuAtStElHA EoliE & LPSE A= tiAIAZoA NF-kBo] &/detrt dof
ot Z/detd NF-xBe AMl2AoA slog o]Fsto] thefet @57 cytokine ¥

A5 AAF AR LS F/dstettty BuEQITi{123-126]. TatA LPS2 A}

=9 RAW 264.7 NjazofA 2,6'-DMCo] HE357d cytokine I A5/ TH7iA] A3
‘g9 AAI7F NF-xB Ao A Z=of ot ZQIA] RASH] 2|5l western blot

Alegstdet. 1 Aut, LPSo] 95l f-=¥ IkB-ao] Ql4teh= 2,6'-DMCof 2]sf
== &R oz AAXEHPCH LPS (1 pg/mL) ©5 A2| o tjd|ste] 10 uM
o A QUAFSHE IkB-os 9F 46.92% ZFAA|ZItHFig. 28). wata]l 2,6'-DMC7F Ik

B-ao] Qitel X8 L §o 95 oM 2 ¥ 4 ALk
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6.2.4. RAW 264.7 N|Zo]A] NF-xB 38 X 9o cfdt 2,6'-DMC I
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DMCo] o5} & ojER o F75t9in, SMolA pe5el AH S Sols oA
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Figure 28. Effect of 2,6'-DMC on protein expression of p-IkB-a in LPS
induced RAW 264.7 cells. The cells were treated with 2,6'-DMC (2.5, 5
and 10 pM) in the presence of LPS (1 ug/mL) stimulation for 15 m. (a)
Western blotting results, and protein expression of (b) p-IkB-o/B-actin.
Equal amounts of protein loadings were confirmed by using (-actin. Data
are expressed as the mean + SD from single triplicate experiment using
Image ] software. *p < 0.001 vs untreated control group. ***p < 0.001 vs

LPS alone group.
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Figure 29. Effect of 2,6'-DMC on protein expression of NF-xB (p65) in
LPS induced RAW 264.7 cells. The cells were treated with 2,6'-DMC (2.5,
5 and 10 pM) in the presence of LPS (1 pg/mL) stimulation for 15 m. (a)
Western blotting results, and protein expression of (b) p65/B-actin in
cytoplasm, (c¢) p65/Lamin Bl in nucleus. Equal amounts of protein
loadings were confirmed by using P-actin and Lamin Bl. Data are
expressed as the mean + SD from single triplicate experiment using
Image ] software. “p < 0.001 vs untreated control group. p < 0.1, **p <

0.001 vs LPS alone group.
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7. B16F10 A|Zo]A] 2'-hydroxy-2-methoxychalcones®] Watd 34 A gy} H|w
7.1. B16F10 NJZ oA 2'-hydroxy-2-methoxychalcones®] Cell viability &%

B16F10 AlZollA  2'-hydroxy-2-methoxychalcone A|¥ &}grE50] ANz
BEEY FTE VAR Y =5 FUst] YsiA MTT assays 4285t

BIGF10 AlmolA 7t S1250] Chobst & (2.5-40 pM)S 22 &j2lsto] 724]
AF

T2 URIA] e st A Aa, 2,4-DMCE 10
pM 0]3te] =wof|A], 2,5'-DMC, 2,6'-DMC: 5 uM ©0]3}9] =wojA Az =A
= HOIX] AottH(Fig. 30).

7.2. Melanin contents @ Tyrosinase &0 gt 2'-hydroxy-2-methoxy-

chalcones®] %3}

B16F10 melanoma A|ZOJA] 2'-hydroxy-2-methoxychalcone A& 3}3+=
% s=oA Hehd E4 % tyrosinase /o O]
T S ZAH] sl etd & W tyrosinase 24 £ HdS 45
t}. B16F10 melanoma A|Zo|A 2t stetE59 et 5=5 A2lste] 72417t
& BiFAIeH o-MSH (100 nM) 3 arbutin (200 pM)2 22 5748 3 F4
oz ARZEQTH A Axb, 5 pMojA Hlepd A4S a-MSH ©= A2
of thu]ste] 2,6'-DMCx= <F 36.62%, 2,5'-DMC+= ©9F 6.65%, 2,4-DMC= <F
4.68% AR|5tYHFig. 31). ®3F tyrosinase &S a-MSH ©= x2] o Of
v]5to] 2,6'-DMC+= 9F 46.83%, 2,5'-DMC+= ©9F 14.69%, 2,4-DMCx= 9F 4.23%
AAstAHFig. 32). Wepx FHetd &/dol 7ME 4%t 2,6'-DMC2 AlZ2=7d
o] UEtUA] 2 5 uM 0]519] FrofA F7F ddS ZIedsta

=0 AE 545 E2olA]

L
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Figure 30. Effect of 2'-hydroxy-2-methoxychalcones derivatives on the
cell viability in B16F10 melanoma cells. The cells were treated with 2’
-hydroxy-2-methoxychalcones (2.5, 5, 10, 20 and 40 pM) for 72 h. Cell
viability of B16F10 cells subjected to (a) 2,4-DMC, (b) 2,5'-DMC and (c)
2,6'-DMC was measured by MTT assay. Data are expressed as the mean
+ SD from three independent experiment. *p < 0.01, "*p < 0.001 vs

untreated control group.
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Figure 31. Effect of 2'-hydroxy-2-methoxychalcones on the melanin
contents in B16F10 melanoma cells. The cells were treated with 2’
-hydroxy-2-methoxychalcones in the presence of o-MSH (100 nM)
stimulation for 72 h. Arbutin (200 pM) was used as the positive control.
Melanin contents of BI16F10 cells subjected to (a) 2,4-DMC, (b) 2,5-DMC
and (c) 2,6'-DMC. Data are expressed as the mean + SD from three
independent experiment. *p < 0.001 vs untreated control group. “p <

0.01, ™ p < 0.001 vs oo-MSH alone group.
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Figure 32. Effect of 2’'-hydroxy-2-methoxychalcones on the tyrosinase
activitys in B16F10 melanoma cells. The cells were treated with 2’
-hydroxy-2-methoxychalcones in the presence of o-MSH (100 nM)
stimulation for 72 h. Arbutin (200 pM) was used as the positive control.
Tyrosinase activitys of B16F10 cells subjected to (a) 2,4-DMC, (b) 2,5
-DMC and (c) 2,6'-DMC. Data are expressed as the mean + SD from
three independent experiment. *p < 0.001 vs untreated control group. “p

< 0.1, "p<0.01, ™p < 0.001 vs o-MSH alone group.
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8. BI6F10 A|3ZoJA 2,6'-DMCQ] Wa}ld AMA x| &}
8.1. Western blot
8.1.1. BI6F10 Ao Wahd MA §4 U MITF @3] st 2,6'-DMC Y3k

Tyrosinase, TRP-1, TRP-2= Wztd 3sHdoj] Hojst= &4Ao0|t MITF= @}t
M FAE9 JARIALZMA TYR, TRP-1, TRP-2°F Z ]
ste aas F/dsetsto] Hetd M=z J&, 78t % 72 285tk 92=
CH108-109]. m2tA a-MSH= A= BI6F10 AZoA 2,6'-DMC7} o|2{st &
22X RZASEH] Y6l western blotg Xl
sttt 7 Ayt o-MSHof Qs &=% TYR, TRP-1 2] TRP-29] &3
Qoje Zasts Aoz U a
100 nM) ©= A2| o dj¥|stof 5 uMo|lAq TYR, TRP-1, TRP-2& 2}
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(a) (b)

1)
=
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Figure 33. Effect of 2,6'-DMC on protein expression of TRP-1, TRP-2 and
TYR in a-MSH induced B16F10 melanoma cells. The cells were treated
with 2,6'-DMC (1.25, 2.5 and 5 pM) in the presence of oo-MSH (100 nM)
stimulation for 24 h. Arbutin (200 pM) was used as the positive control.
(a) Western blotting results, and protein expression of (b) TRP-1/B-actin,
(c) TRP-2/B-actin, (d) TYR/R-actin. Equal amounts of protein loadings
were confirmed by using B-actin. Data are expressed as the mean = SD
from single triplicate experiment using Image ] software. “p < 0.001 vs

untreated control group. **p < 0.001 vs a-MSH alone group.
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Figure 34. Effect of 2,6'-DMC on protein expression of MITF in a-MSH
induced B16F10 melanoma cells. The cells were treated with 2,6'-DMC
(1.25, 2.5 and 5 uM) in the presence of a-MSH (100 nM) stimulation for
24 h. Arbutin (200 yM) was used as the positive control.Arbutin (200 uM)
was used as the positive control. (a) Western blotting results, and protein
expression of (b) MITF/B-actin. Equal amounts of protein loadings were
confirmed by using P-actin. Data are expressed as the mean = SD from
single triplicate experiment using Image ] software. p < 0.001 vs

*

untreated control group. *p < 0.001 vs a-MSH alone group.
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8.1.2. B16F10 A|®Zo]JA] Wnt/B-catenin Als XAZF 2o Ojst 2,6'-DMC 43
Wnt/B-catenin 7d 204 8F £~8F] ThERAIQl Frizzled”7l Wnt 2]7F=°} Agtst
o Z/dstE|H serine 99 Z7]of|Af Qlitst A v|/detH GSK3B= M ZEo|A B
-catening ¥&oty WEE B-catenine Moz A Eo] x&EA oz MITFO
) S7FAIZ1EH110-112]. 2bA o-MSHZ AF=49 B16F10 A|ZoA] 2,6
-DMC?} Wnt/B-catenin A2 g d25 & Hebd ABHS AAst=A] =A
st7] 9ol western blotE ZAI§stict. 1 ZAzb, o-MSHO| o8 =% B
-catenin®] W}t GSK3BQ] QlAtsh= 2,6'-DMCO| 9ol 5k o&xo=z {9
SHA dashs Zloz YEETh a-MSH (100 nM) &5 A]2] Jof tjd|ste] 5 p
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Figure 35. Effect of 2,6'-DMC on protein expression of B-catenin and
p-GSK3B in a-MSH induced B16F10 melanoma cells. The cells were
treated with 2,6'-DMC (1.25, 2.5 and 5 pM) in the presence of a-MSH
(100 nM) stimulation for 24 h. Arbutin (200 pM) was used as the positive
control. (a) Western blotting results, and protein expression of (b) B
-catenin/pB-actin, (c¢) p-GSK3B/GSK3B. Equal amounts of protein loadings
were confirmed by using B-actin. Data are expressed as the mean = SD
from single triplicate experiment using Image ] software. “p < 0.001 vs

untreated control group. **p < 0.01, **p < 0.001 vs a-MSH alone group.
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Figure 36. Effect of 2,6'-DMC on phosphorylation expression of AKT in a
-MSH induced B16F10 melanoma cells. The cells were treated with 2,6
-DMC (1.25, 2.5 and 5 pM) in the presence of a-MSH (100 nM)
stimulation for 4 h. Arbutin (200 uM) was used as the positive control.
(a) Western blotting results, and protein expression of (b) p-AKT/AKT.
Equal amounts of protein loadings were confirmed by using (-actin. Data
are expressed as the mean + SD from single triplicate experiment using
Image ] software. *p < 0.001 vs untreated control group. ***p < 0.001 vs

o-MSH alone group.
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Figure 37. Effect of 2,6'-DMC on phosphorylation expression of MAPK in
o-MSH induced B16F10 melanoma cells. The cells were treated with 2,6’
-DMC (1.25, 2.5 and 5 pM) in the presence of a-MSH (100 nM)
stimulation for 4 h. Arbutin (200 uM) was used as the positive control.
(a) Western blotting results, and protein expression of (b) p-ERK/ERK,
(¢) p-p38/p38, (d) p-JNK/JNK. Equal amounts of protein loadings were
confirmed by using P-actin. Data are expressed as the mean = SD from
single triplicate experiment using Image ] software. p < 0.001 vs

untreated control group. “*p < 0.01, **p < 0.001 vs a-MSH alone group.
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Figure 38. Effect of 2,6'-DMC on phosphorylation expression of CREB
and PKA in o-MSH induced B16F10 melanoma cells. The cells were
treated with 2,6'-DMC (1.25, 2.5 and 5 pM) in the presence of o-MSH
(100 nM) stimulation for 24 h. Arbutin (200 pM) was used as the positive
control. (a) Western blotting results, and protein expression of (b)
p-CREB/CREB, (c¢) p-PKA/PKA. Equal amounts of protein loadings were
confirmed by using P-actin. Data are expressed as the mean = SD from
single triplicate experiment using Image ] software. p < 0.001 vs

*

untreated control group. **p < 0.001 vs a-MSH alone group.
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9. RAW 264.7 N|Zo|A] 2'-hydroxy-3,6 -dimethoxychalcone (3,6'-DMC)9]

9.1. RAW 264.7 M|32oj|A| 3,6'-DMC9] Cell viability &%
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Figure 39. Effect of 3,6'-DMC on the cell viability in LPS induced RAW
264.7 cells. The cells were treated with 3,6'-DMC (2.5, 5, 10, 20 and 40 p
M) in the presence of LPS (1 pg/mL) for 24 h. Data are expressed as the
mean + SD from three independent experiment. **p < 0.001 vs untreated

control group.
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Figure 40. Effect of 3,6'-DMC on nitric oxide production in LPS-induced
RAW 264.7 cells. The cells were treated with 3,6'-DMC (1.25, 2.5, 5 and
10 uM) in the presence of LPS (1 pg/mlL) stimulation for 24 h. L-NIL (40
uM) was used as a positive control. Inhibition of nitric oxide production
by 3.6'-DMC treatment in LPS-induced RAW 264.7 cells was measured
using the Griess reagent. Nitric oxide production of Data are expressed
as the mean + SD from three repeated experiment. *p < 0.001 vs

*

untreated control group. **p < 0.001 vs LPS alone group.

_8‘]_



9.3. PGE; ¥ AESA cytokine production £73
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Figure 41. Effect of 3,6'-DMC on production of PGE; and
pro-inflammatory cytokines in LPS induced RAW 264.7 cells. The cells
were treated with 3,6'-DMC (1.25, 2.5, 5 and 10 pM) in the presence of
LPS (1 pg/mL) stimulation for 24 h. (a) PGE; production, (b) IL-6
production, (c) IL-18 production and (d) TNF-o production were
determined using an ELISA kit. Data are expressed as the mean = SD
from single triplicate experiment. *p < 0.001 vs untreated control group.

*p < 0.1, "p<0.01, "p < 0.001 vs LPS alone group.
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9.4. Western blot
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Figure 42. Effect of 3,6'-DMC on protein expression of iNOS and COX-2
in LPS induced RAW 264.7 cells. The cells were treated with 3,6'-DMC
(2.5, 5 and 10 pM) in the presence of LPS (1 pg/mL) stimulation for 24
h. (a) Western blotting results, and protein expression of (b) iINOS/B
-actin, (c) COX-2/B-actin. Equal amounts of protein loadings were
confirmed by using P-actin. Data are expressed as the mean = SD from
single triplicate experiment using Image ] software. p < 0.001 vs

untreated control group. *p < 0.01, "*p < 0.001 vs LPS alone group.
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Figure 43. Effect of 3,6'-DMC on phosphorylation expression of MAPK in
LPS induced RAW 264.7 cells. The cells were treated with 3,6'-DMC (2.5,
5 and 10 pM) in the presence of LPS (1 pg/mL) stimulation for 20 m. (a)
Western blotting results, and protein expression of (b) p-ERK/ERK, (c)
p-p38/p38, (d) p-JNK/IJNK. Equal amounts of protein loadings were
confirmed by using P-actin. Data are expressed as the mean = SD from
single triplicate experiment using Image ] software. p < 0.001 vs

untreated control group. **p < 0.001 vs LPS alone group.
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Figure 44. Effect of 3,6'-DMC on protein expression of p-IkB-o and IxB-
o. in LPS induced RAW 264.7 cells. The cells were treated with 3,6'-DMC
(2.5, 5 and 10 pM) in the presence of LPS (1 pg/mL) stimulation for 15
m. (a) Western blotting results, and protein expression of (b) p-IxkB-a/B
-actin, (¢) IxB-o/B-actin. Equal amounts of protein loadings were
confirmed by using P-actin. Data are expressed as the mean = SD from
single triplicate experiment using Image ] software. p < 0.001 vs

untreated control group. "p < 0.1, ™*p < 0.001 vs LPS alone group.
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Figure 45. Effect of 3,6'-DMC on protein expression of NF-xB (p65) in
LPS induced RAW 264.7 cells. The cells were treated with 3,6'-DMC (2.5,
5 and 10 pM) in the presence of LPS (1 pg/mL) stimulation for 15 m. (a)
Western blotting results, and protein expression of (b) p65/B-actin in
cytoplasm, (c¢) p65/Lamin Bl in nucleus. Equal amounts of protein
loadings were confirmed by using P-actin and Lamin Bl. Data are
expressed as the mean + SD from single triplicate experiment using
Image ] software. *p < 0.001 vs untreated control group. “*p < 0.01, **p

< 0.001 vs LPS alone group.
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Figure 46. Effect of 3,6'-DMC on the cell viability in B16F10 melanoma
cells. The cells were treated with 3,6'-DMC (2.5, 5, 10, 20 and 40 uM) for
72 h. Data are expressed as the mean + SD from three independent

experiment. “p < 0.01, **p < 0.001 vs untreated control group.

_9‘]_



120

100

80

60

40 r

20

Melanin content (% of control)

0

¢-MSH (100 nM) - + + + + +
Arbutin (200 pM) - - + = - _
3,6-DMC (uM) - - - 1.25 25 5

Figure 47. Effect of 3,6'-DMC on the melanin content in BI16F10
melanoma cells. The cells were treated with 3,6'-DMC in the presence of
o-MSH (100 nM) stimulation for 72 h. Arbutin (200 pM) was used as the
positive control. Data are expressed as the mean + SD from three
independent experiment. *p < 0.001 vs untreated control group. “p <

0.01, ™"p < 0.001 vs a-MSH alone group.
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Figure 48. Effect of 3,6'-DMC on the tyrosinase activity in B16F10
melanoma cells. The cells were treated with 3,6'-DMC in the presence of
o-MSH (100 nM) stimulation for 72 h. Arbutin (200 pM) was used as the
positive control. Data are expressed as the mean + SD from three
independent experiment. “p < 0.001 vs untreated control group. ““p <

0.01, ™ p < 0.001 vs oo-MSH alone group.
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10.3. Western blot
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Figure 49. Effect of 3,6'-DMC on protein expression of TRP-1, TRP-2 and

TYR in a-MSH induced B16F10 melanoma cells. The cells were treated

with 3,6'-DMC (1.25, 2.5 and 5 pM) in the presence of oo-MSH (100 nM)

stimulation for 24 h. Arbutin (200 pM) was used as the positive control.

(a) Western blotting results, and protein expression of (b) TRP-1/B-actin,

(c) TRP-2/B-actin, (d) TYR/R-actin. Equal amounts of protein loadings

were confirmed by using (-actin. Data are presented as the mean + SD

from single triplicate experiment using Image J. “p < 0.001 vs untreated

control group.

**p < 0.001 vs oo-MSH alone group.
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Figure 50. Effect of 3,6'-DMC on protein expression of MITF in a-MSH
induced B16F10 melanoma cells. The cells were treated with 3,6'-DMC
(1.25, 2.5 and 5 uM) in the presence of a-MSH (100 nM) stimulation for
24 h. Arbutin (200 uM) was used as the positive control. (a) Western
blotting results, and protein expression of (b) MITF/B-actin. Equal
amounts of protein loadings were confirmed by using PR-actin. Data are
expressed as the mean + SD from single triplicate experiment using
Image ] software. *p < 0.001 vs untreated control group. ***p < 0.001 vs

a-MSH alone group.
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Figure 51. Effect of 3,6'-DMC on protein expression of B-catenin, p-GSK3
B and p-B-catenin in a-MSH induced B16F10 melanoma cells. The cells
were treated with 3,6'-DMC (1.25, 2.5 and 5 pM) in the presence of o
-MSH (100 nM) stimulation for 24 h. Arbutin (200 pM) was used as the
positive control. (a) Western blotting results, and protein expression of
(b) B-catenin/B-actin, (c) p-GSK3B/GSK3B, (d) p-B-catenin/B-actin. Equal
amounts of protein loadings were confirmed by using (-actin. Data are
expressed as the mean + SD from single triplicate experiment using
Image ] software. *p < 0.001 vs untreated control group. *p < 0.1, “p <

0.01, ™ p < 0.001 vs oo-MSH alone group.
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Figure 52. Effect of 3,6'-DMC on on phosphorylation expression of AKT
in a-MSH induced B16F10 melanoma cells. The cells were treated with
3,6'-DMC (1.25, 2.5 and 5 pM) in the presence of o-MSH (100 nM)
stimulation for 4 h. Arbutin (200 uM) was used as the positive control.
(a) Western blotting results, and protein expression of (b) p-AKT/AKT.
Equal amounts of protein loadings were confirmed by using (-actin. Data
are expressed as the mean + SD from single triplicate experiment using
Image ] software. “p < 0.001 vs untreated control group. **p < 0.001 vs

o-MSH alone group.
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Figure 53. Effect of 3,6'-DMC on phosphorylation expression of MAPK in
o-MSH induced B16F10 melanoma cells. The cells were treated with 3,6’
-DMC (1.25, 2.5 and 5 pM) in the presence of a-MSH (100 nM)
stimulation for 4 h. Arbutin (200 uM) was used as the positive control.
(a) Western blotting results, and protein expression of (b) p-ERK/ERK,
(¢) p-p38/p38, (d) p-JNK/JNK. Equal amounts of protein loadings were
confirmed by using P-actin. Data are expressed as the mean = SD from
single triplicate experiment using Image ] software. p < 0.001 vs

*

untreated control group. ***p < 0.001 vs a-MSH alone group.
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Figure 54. Effect of 3,6'-DMC on phosphorylation expression of CREB
and PKA in o-MSH induced B16F10 melanoma cells. The cells were
treated with 3,6'-DMC (1.25, 2.5 and 5 pM) in the presence of o-MSH
(100 nM) stimulation for 24 h. Arbutin (200 pM) was used as the positive
control. (a) Western blotting results, and protein expression of (b)
p-CREB/CREB, (c¢) p-PKA/PKA. Equal amounts of protein loadings were
confirmed by using P-actin. Data are expressed as the mean = SD from
single triplicate experiment using Image ] software. p < 0.001 vs

*

untreated control group. **p < 0.001 vs a-MSH alone group.
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w Ag2 Ae7IE R AR7IE ®dhs o/ mAIFAL 340l = Aol &
ofstAtt. mAIFAIES AP 41.56 + 737N, A AFA:= 51A,
AR APZA= 2514 Al A 4°,6'-DMCeF 3,6'-DMC= 1A mFof tigh
AL Al FHAM AAS ARe] 222 THE A (Table. 3).

No. of 20 min after 24 hr after Reaction Grade (R)
No. W e Responde patch removal patch removal
r +1 +2 +3 +4 +1 +2 +3 +4 20 m 24h Mean
3,6’-dimethoxy-2'-
| ,6'-dimethoxy: 0 B B _ _ _ _ - 0.0 0.0 0.0
hydroxychalcone 10 uM
3,6-dimethoxy-2'-
3 ,6'-dimethoxy 0 _ B _ _ _ — = 0.0 0.0 0.0
hydroxychalcone 5 uM
4’,6'-dimethoxy-2"-
3 ,0'-dimethoxy 0 _ _ _ _ - - - 0.0 0.0 0.0
hydroxychalcone 10 uM
4’,6'-dimethoxy-2"-
4 ,6'-dimethoxy 0 _ B _ _ _ _ _ 0.0 0.0 0.0

hydroxychalcone 5 uM

Table 3. Results of 4',6'-DMC and 3,6'-DMC on human skin primary

irritation test.

2 Ade AerE @ AATIEN Fate o4 mAEAL 33%o] B Ajgo] &
olsleict. WMAIEAISO] WAL 4582 £ 784G 00], Hn ARt 534,
A7 A=At 25490t A1E 23 2,6'-DMCE A mo] o
WollA A2 Wxo] 22 WUE QrHTable. 4).

]

AR A2 5

No. of 20 min after 24 hr after

. i b | Reaction Grade (R)
No. Terimis Responde patch removal patch removal
v +1 +2 +3 +4 +1 +2 +3 +4  20m 24h  Mean
2,6’-dimethoxy-2'-
1methoxy: 0 _ _ _ _ _ - - - 0.0 0.0 0.0

hydroxychalcone 10 pM

2,6"-dimethoxy-2'-
hydroxychalcone 5 uM

Table 4. Results of 2,6'-DMC on human skin primary irritation test.
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Abstract

Chalcones are flavonoid precursors that are abundant in edible plants
and exhibit a wide range of biological activities, including anticancer,
antimicrobial, and antioxidant. As success stories concerning the
synthesis and biological evaluation of chalcones analogs are steadily
being reported, interest in these compounds and their potential use in
medicinal applications is increasing. However, the effect of 2’
-hydroxy-dimethoxychalcone on anti-inflammation and anti-melanogenic

has not been fully investigated. The aims of this study were to evaluate
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the anti-inflammatory and anti-melanogenic effect of 2'-hydroxy-3,4’
-dimethoxychalcone (3,4'-DMC), 2'-hydroxy-4,4 -dimethoxychalcone (4,4
-DMC), 2'-hydroxy-3,4 -dimethoxychalcone (3',4'-DMC), 2'-hydroxy-4",6’
-dimethoxychalcone (4',6'-DMC), 2 -hydroxy-2,4-dimethoxychalcone
(2,4-DMC), 2'-hydroxy-2,5-dimethoxychalcone (2,5'-DMC), 2'-hydroxy-2,
6’ -dimethoxychalcone (2,6'-DMC), and 2'-hydroxy-3,6'-dimethoxychalcone
(3,6'-DMC). Among the 2’-hydroxy-dimethoxychalcone derivatives, 4,6
-DMC, 2,6'-DMC, and 3,6'-DMC had the potent anti-inflammatory and
anti-melanogenic effect. As confirmed by multiple biological assays, 4,6
-DMC, 2,6'-DMC, and 3,6'-DMC exhibited no cytotoxicity and the results
demonstrated that treatment with 4°,6'-DMC, 2,6'-DMC, and 3,6'-DMC
profoundly attenuated the lipopolysaccharide (LPS) stimulated levels of
nitric oxide and pro-inflammatory cytokines, and protein expression of
cyclooxygenase-2 (COX-2) and inducible nitric oxide synthase (iNOS).
Collectively, 4°,6'-DMC, 2,6'-DMC, and 3,6'-DMC treatment notably
weakened LPS-induced damage by reducing the phosphorylation of
NF-kB, p38, JNK, ERK proteins, and NF-kB/p65 nuclear translocation. In
addition, significantly reduced the expression of tyrosinase, TRP-1, and
TRP-2 enzymes as well as intracellular tyrosinase activity and melanin
content in B16F10 melanoma cells via MITF, GSK-3B, B-catenin, AKT,
PKA, CREB, p38 and JNK-dependent downregulation, and upregulating
ERK and p-B-catenin cascades. Finally, we tested the topical applicability
of 4,6'-DMC, 2,6'-DMC, and 3,6'-DMC through primary human skin
irritation experiments and found that 4',6'-DMC, 2,6'-DMC and 3,6'-DMC
did not induce any adverse effects. These results suggest that 4',6'-DMC,
2,6'-DMC, and 3,6'-DMC may provide new insights into the development

of therapies for skin diseases.
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