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ABSTRACT

7-Hydroxy-4-methylcoumarin (7H-4MC) inhibits hyaluronic acid production
in multiple cell lines and tissue types both in vitro and in vivo. However, the
pharmacological efficacy of 7H-4MC has not yet been reported in
anti-inflammation and melanogenesis. In this study, we investigated
mechanism of its  anti-inflammatory  effects in  lipopolysaccharide
(LPS)-induced RAW 264.7 macrophages and mechanisms of melanin
production in B16F10 murine melanoma cells. We investigated the inhibitory
effects of 7H-4MC on the production of nitric oxide (NO) and
pro-inflammatory cytokines in LPS-induced RAW?264.7 cells. We found that
TH-4MC inhibited NO and pro-inflammatory cytokines production such as
prostaglandin E. (PGE:), interleukin—6 (IL-6), interleukin (IL-18) and tumor
necrosis factor-a (TNF-a). In addition 7H-4MC significantly inhibited
experssion of inducible nitric oxide synthase (NOS) and cyclooxygenase—2
(COX-2). TH-4MC suppressed phosphorylation of c-Jun N-terminal kinases
(JNK). 7TH-4MC prevented nuclear factor-kappa B (NF-xB) activation by
reducing the phosphorylation and degradation of the inhibitor kB-a (IxkB-a).
In addition, TH-4MC concentration-dependently increase melanin content and
tyrosinase activity without being cytotoxic in B16F10 cells. Furthermore,
TH-4MC increased the expression of proteins associated with regulating
melanin synthesis such as tyrosinase-related protein-1 (TRP-1), 2 (TRP-2),
tyrosinase and microphthalmia-associated transcription factor (MITF). These
results suggest that possibility of 7TH-4MC may be an anti-inflammatory and
hypopigmentation drug.

Key words : 7-hydroxyv-4-methylcoumarin, inflammation, melanogenesis
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Figure 4. Structure of 7TH-4MC.
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L As 2 A%

B Ao ARSI 7-hydroxy-4-methylcoumarine ChemFaces Biochemical
(co, Ltd, Wuhan, china)olA TFU3tHA . Fetal Bovine serum (FBS),
Dulbecco’s Modified Eagle Medium (DMEM) Z18] 3 penicillin/streptomycin<
Merck Millipore (Burlington, MA, United States)olA < 3}%t}. Bicinchoninic
acid (BCA) protein kit @ NE-PERTM Nuclear and Cytoplasmic Extraction
Reagents= Thermo Fisher Scientific (Walthman, MA, USA)lA F43HS
Protease inhibitor cocktail, lipopolysaccharide (LPS), griess reagent <
Sigma-Aldrich (St. Louis, MO, USA)lA F43t9th. PGE: ELISA kit
Abcam (Cambridge, UK)ellA T3ttt Mouse IL-18 ELISA kit® R&D
System (St. Louis, MO, USA)olA T3 A3k, Mouse IL-6 ELISA kit¢t
Mouse TNF-a ELISA kit¥ BD Biosciences (San Diego, CA, USA)dA T¢
3ttt Western blot 1xF A (Primary Antibody) % anti-COX-2 34}
anti-iNOS &#+= BD Biosciences (San Diego, CA, USA)olA TA3FH 1,
protease/phosphatase inhibitor cocktail®} P-JNK, P-ERK, P-—p38, IkB-a, £
—actin ¥ 3 anti-mouse®} anti-rabbit 22} | (Secondary Antibody)E Cell
Signaling Technology (Beverly, MA, USA)o|lA FY3dct. 2X Laemmli
sample buffer®t Tween 202 Bio-rad (Hercules, CA, USA), skim milk= BD
Difco (Sparks, MD, USA), bovine serum albumin (BSA)+= Bovostar (Bovogen,
Melbourne, Australia) | A4 TYsA
3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide (MTT), enhanced
chemiluminescence (ECL) kit, dimethyl sulfoxide (DMSO),
radioimmunoprecipitation (RIPA) buffer, 20X Tris buffered Saline (TBS) L&
I phosphate buffered saline (PBS)+ Biosesang (Sungnam, Gyeonggi—do,
Korea)l A+ 3t
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2. Adwd

2.1. RAW264.7 AI¥ A 7TH-AMCe F 45 &3

21.1. Al W

RAW264.7 W2 A Z+= FBS® penicillin-streptomycing 22t 10%  (v/v)<}

1% (v/v)2 7} DMEM A& Abgsto] 29 zhHo= Aduld ok, 3
7C, 5% CO:; & w71l A s dstint.

_15_



212. AX BE&EE

o
4
OO::‘“
ol
2

TH-4AMCe] HE A& vA= JTFS dolrr] 98 MTT H
MTT e =@ $842 MTT tetrazoliume HeAe] H]$8420 MTT
formazan®. 2 LY== Y E o] &3t} MTT formazane DMSOSt #2 £7]

& =

H

v R et

o -

ol
o
£
e

i
A
)
ol
o,
ol
Jar)
o,
e
e,

Lol =0]3 microplate reader® A}
Zy welldl EAsts AE AE F9 vl s o]Hs delE o] &3sto] H4H

FAuo] me gopgle AEE ARHoz Brhers)

RAW264.7 AEE 24-well plated] well & 1.5x10° cells/well2 #F3 ¥ 24
AlZE Ft vl A Y. TH-4MC (62.5, 125, 250 % 500 pM)3} LPS (1 pg/mL)
£ At 2443 vigetde. 28 v AFTAES EF AASZ MTT A e
(0.4 mg/mL in DMEM)E well & 400 pL¥ Y1 4A]7F &9t dbgA AT dhg
Aztel B ¥ 439l R A7ex, DMSOE 800 uL¥ ol 3027 34
AR S

o 570 nmolH FHE=E =As40.

}<c}. Spectrophotometric microplate readerS AF-& 3}

oo
o
o

¥ formazan
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2.1.3. NO AR F =A

TH-AMCo] LPSZ A=%" RAW264.7 2 Ao NO A &35 &4
3t7] 18l griess reagentE o] g3dle] AFLS FPsAt A2 A4 (NO) ut

HA717F Axz v Fop dAEE LT AAdseE dAEE

ro,
o
o
)
>
ales
=)
g
—t
o

NO2) ¢t A4 (nitrogen trioxide, NO3)2 E3] 7Fdd oz =AHst= Wo|u)
o714 AAdE AAA (nitrate, NO3)2 griess reagentol] £ v ZAddas
(nitrate reductase, nitratreductase)®ll ]3] of@itg oz FAAHAY. olgdA A4
H o}AAA L griess reagentd] H7FE sulfanilamide®t ¥HS & Al H.09 W+
Zeojedtio]oldl (naphthylenediamine)® %} o}l 33HE (azo compound)
< FA%H A% F24E "e ofx FFEL 540mmilM FFEE SAHIH

(60, 61].

RAW264.7 J A AN ZLE 24-well plated] well B 1.5x10° cells/well& 2F 31
24X 7 WS T, TH-4MC (625, 125, 250 2 500 uM)3 LPS (1 pg/mL)E
2417 <k At AE slgAE= 100 uLe} griess reagent 100 pLE £

i
o
o
£
—

587 Wk2 A7l F spectrophotometric microplate readerE E3 540
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2.14. PGE; ¥ Pro—-inflammatory cytokines =%

RAW?264.7 SR A ZE 24-well plated] well ¥ 1.5x10° cells/well2 EF38}1
24X ZF i eFst Y. TH-4MC (625, 125, 250 2 500 uMDI} LPS (1 ng/mL)E
2477 Fob Atk AlZ s FdSAS 10,000 rpmeE 5F 7 HA T
3, AFAE It PGE: 2 A58 AtelE7KQl (IL-1B8, IL-6, TNF-a)9]
’d%& ELISA kit 2@ %Rd wat +34skot

0
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2.1.5. Western Blot ¥4

RAW264.7 WA A £E 60 mm culture dishel 8 x 10° cells/dish® 3 mL#¥ ¥
Fako] 24X 2F FF wigstdth TH-4MC (625, 125, 250 2 500 uM)# LPS (1
ng/mL)E 24A17F A=t dEFAE AAsL A7E: 1xPBSE AFHE 5,
M EE 1% protease/phosphatase inhibitor cocktail® &3+ RIPA bufferg& At
L3t 4T A 20870 AEE E3idysis)stdth AEE 1.5 mL e tubed] 2o}
= 5 -87T, 15000 rpm XA 2027t A Zetdoh. A AEEe by
2L E7+= NE-PERTM Nuclear and Cytoplasmic Extraction Reagents kit A&
o wet Agstgrt v ke BCA protein assay kitE o] &3t A
At} Loading sampleg T AL 2X laemmli sample buffers} L3 v &=
&8t 100CelA 523 7HEste] Azttt Loading sample  10%
SDS-PAGE 2ol #8393 Polyvinylidene Fluoride(PVDF) membrane®. &
&A%k membraned 4% skim milk® 2417t F<F blocking 3 ¥ TBSTZ

24 63 AHsth TBSTel 34 14 A9 membranes 4ToA
overnight$¥+ %, TBSTZ 63 AMFs3c. TBSTol A3 23 FA <
membranes A-ZoA 2A7F E<F vEAZ] & TBST=E 63 A% stk AlH
g & ECL kitE AHE-3t bandE @43ttt
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2.2. BI6F10 Al ¥ WA 7TH-4MCe @A I AA s}
22.1. A wj

B16F10 &M% A %= FBS% penicillin-streptomycing 2tz 10% (v/v)¢}

AR
1% (v/v)E H7F3 DMEM WA & Ab&ste] 3Y A E Al s, 3
7C, 5% COz; & wWF7]olA v gt Aot

_20_



222. AX BE&EE

BI6F10 M XE 24-well plated] well B 7x10° cells/well2 &5
o Hjdstieh. TH-4MC (25, 50, 100 2 200 pM)e} A=+ S
(100 nM) 72A17F &2t HgstAdth. 28 & 4FdE EF AAS L MTT Al

4n
24
Y
ot
v}
oo
)
=<
w0
@)
il
0
(e}
(e}
=

&=
3
oL
2
w
(@)
AL
offt
2
ol
o,
e,
-
3

=]

L
AARS galstgdth. Spectrophotometric microplate readerZ Ag-3to] 570 nmol
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2.2.3. Melanin Contents =#

B16F10 M ¥ & 60 mm culture dishdl 6 x 10* cells/dish® 3mL#% ¥ F3}<]
247 ZF v Fslg o TH-4MC (25, 50 2 100 uM)I A A=+ - MSH (100
nM)E 7271 HF3sAh dEdAS AAS I A7 1IxPBSE A &3 & A X

al
£ RIPA bufferE AFE3te] 4T A 2087F &3 (lysis) 33 Al£E 1.5 mL

ol

e-tubed HolFE F -8T, 15000 rpm Z7 A 2027 94 ZEetdh &

1S AAstL 10% DMSO7F #H7Fd 1 N NaOH<S 200 pL¥ €3 90TCel|A 5

=

o]

L3 A} A}t Spectrophotometric microplate reader® E3] 405 nmolA &%

AT,

A

o

=
=
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2.2.4. Tyrosinase Activity =3

B16F10 A/£& 60 mm culture dishell 6 x 10* cells/dish® 3mL#¥ ¥F3}4
2471 2F vtk TH-4AMC (25, 50 3 100 uM)¥F FAAHET o2 o MSH
(100 nM)E 72N 7F A #3tAth 45 dES A7 A7 1xPBSE Al H 3 &
M EZE RIPA buffer& AF&3to] 4TolAM 2087+ &8 (ysis)stith. MEE 15
mL e-tubed EolE FH -8T, 15000 rpm =74 2083 944 2239
@A T2 BCA protein assay kitg ©]-83t4 FHetdch 18 o 4A
3 Aoz A2 gd 20 uLet L-DOPA (2 mg/mL) 80 uLg ¥ 3
37ColA 2A1%F ¥FgA171 ¥ spectrophotometric microplate reader® Ab-&3}o]

490 mmel A FFEE 23
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2.2.5. Western Blot ¥4

B16F10 Al¥Z 60 mm culture dishol 6 x 10* cells/dish2 3mL% 3}
2477 wFstA T TH-4MC (25, 50 2 100 uM)¥} FAAdE=TF =2 o-MSH
(100 nM)E 72712+ &t A8ttt AFds AASL x7E 1xPBSE Al A
3 & A|EZE 1% protease inhibitor cocktail® 3¥H-3F RIPA bufferg A}-£3}4
4ColA 2027 &3ldysis) st A2E 15 mL e-tubed Eols FH -8T,

15000 rpm =AM 20837 d4 EHedo. & E 2 BCA protein

=

assay kitZ o]&3te] A##sIY. 28 oL, 9l ES 2X laemmli sample
bufferelt B3 v &2 £t 100CAA 587 71493t loading samples
W=t Loading sampleg 10% SDS-PAGEZ ¥d 381 PVDF membrane2
2 &AF A membraned 4% skim milk® 2417+ ¢t blocking 3 ¥ TBST
= 1084 63 Al"sAtt. TBSTOl 343k 13 A9 membranes 4CollA
overnight¥s %, TBSTZ 63 AHsAd. TBSTOl 343 22 A9
membraneg A4 2A171 <k ¥HEAIZl F TBSTZE 63 A1H Atk Al¥
% ECL kitE AH&3te] bandE /423t
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BE A3 A A Ao SJH 2P

-

T+ ¥5HA (SDy n = 3=

o
r-m
i
Y
¥
o

« p < 005, *x p < 0.01 and *** p < 0.001 vs. control group. = 7|

2 o)A 2 p 32 Student’s t-testS AR&3to] AXEA
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m. 2 3

1. RAW264.7 A3 JdlA 7TH-AMC®| &85 &%

11. AIX BEE

RAW264.7 AEA TH-AMC9 AEZEAo] Yex] &= 5= HYE 37
s MTTHES F339d AX P& A ES 71Fo2 90% o] A
HAS o, 540 glvha #stAh
62.5, 125, 250 2 500 uM<] 7H-4MC# 1 ng/mLe LPSE &3 23, v]x
00% 39S W SAHANZTOE ALY LPSE B%E AEEA 3
e FA @ LPS¢ TH-AMCE sAlo Agsas W B& skolA A&

riN
o
o

vk
M
o

o
s
S
X
)
oy

o
i
o
=
38
£
)
rir
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o
:__l‘
me
rlo
off
ol

iz
s
2
>
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.
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=
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>
5]

o AEE] HoRE FFL MAA G AL m@th Gy ofF APe

500 uM oJste] FiolA S WA A (Fig. 5).
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Cell viability (%o of control)
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LPS (1pg/ml) - + + + + .

THAMC (M) - - 62.5 125 250 500

Figure 5. Effects of 7TH-4MC on the viability in RAW264.7 cells. Cells
were seeded in 24-well plates and incubated for 24h. Cells were treated with
TH-4MC (625, 125, 250 and 500 puM) and LPS (1 pg/mL) stimulation for 24
h. Cytotoxicity of 7TH-4MC was evaluated using a MTT assay. The results

are presented as the mean * SD from three independent experiments.
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1.2. NO 2 PGE:°l| g 7TH-4AMC*e| 2%

1.2.1. NO AAF =3

FEd NOSo| AHe 9FH A3

o

gk, ok LPSE f&"
RAW264.7 A XA TH-AMCe] NO Aol w3t H3FS v|x =X griess
reagentE Al-8-3to] E2l3] Ry

Ag A3 LPS ©5AE A] NO AAZFo]l dA3] 78t LPSE A g g

[‘

Aol A TH-AMCE 625, 125, 250 2 500 M == AHzsde o, LPS &

12.2. PGE; 4% 54

PGEx= NOSt vH7HAR 95& wi7liste] PGE.°] 430l S7tstd g5l
R g LPSE =8 RAW264.7 A ZoA TH-4AMCe] PGE;9 A4l
nX e G #eldr] $18 ELISA kitE AHg-stel S48

29 A3 LIPS ©5AY Al PGE; A4 %] S7kshala, LPSE A =4

ol A TH-AMCE 625, 125 250 % 500 uM =% AHgst9<S o, LPS @5 A

)
i
o
N
AN
lo

zkzte] oA 7%p, 19.3%p, 57%p B 782%p TE PGE: A
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Figure 6. Effects of 7TH-4MC on production of NO and PGE; in
LPS-induced RAW264.7 cells. Cells were seeded in 24-well plates and
incubated for 24h. Cells were treated with 7TH-4MC (62.5, 125, 250 and 500 u
M) and LPS (1 pg/mL) stimulation for 24 h. The results are presented as the
mean = SD from three independent experiments. * p < 0.05, *x p < 0.01 and

w6 p < 0,001 vs. control group.
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1.3. iNOS ¥ COX-2 23d%F 54

LPSEZ %% RAW2647 AlXold NO % PGE:4 Ad9A7F INOS %
COX-2¢ 9la) =A== AAA ZAe7] 98] western blotS T3] @z 2
L FAsrA

I A3 LPS A Al INOS®F COX-29] ZdHe] F7FstHal, TH-AMC2 5%
JEH o ® INOSS COX-29 2L At A& ddsidith 1 =<

500 uMell A INOS® & & 60%p, COX-29 HHE& 98

(]
o
ko)
2
%
Ol
28
32
&3
Q
-
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LPS (1 pg/mL) - + + + + +

TH-4MC (pM) = - 625 125 250 500

iNOS [;— L —-|

COX-2 ‘ - es oe - |
Pactn | G G S ———

(@)

(% of control)
o =
=} =]
(% of control)
=} =) =) =3

COX-2 protein level
-
=}

iNOS protein level

2
=

0

LPS (1 pgml) + + + + + LPS (1pg/ml) + + + + +
TH-4MC (nM) - - 625 125 250 500 TH-4MC (nM) - - 62.5 125 250 500

(b) (©)

Figure 7. Effects of 7TH-4MC on expression of iNOS and COX-2 in
LPS-induced RAW264.7 cells. Cells were treated with 7TH-4MC (62.5, 125,
250 and 500 uM) and LPS (1 pg/mL) stimulation for 20 h. Western blotting
results (a), protein levels of INOS (b) and COX-2 (c). The results are
presented as the mean = SD from three independent experiments. * p < 0.03,

=k p < 0,01 and =+x p < 0.001 vs. control group.
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1.4 Pro—inflammatory cytokines Ao "X = TH-4AMC®9 9

LPSE =% RAW2647 Ul A LA Ao #AstE AEF9 Al EF
o tigk TH-4MCe oA &35 &2ls) 27] 3 ELISA kitE AH&-3to] IL-1
B, IL-6 ¥ TNF-a9] 2d<& ZAsAT}

A¥ A3} LPSE IL-18, IL-6 ¥ TNF-a9 A4S F=3%ch LPSE Ag
§t 270l TH-4AMCS sxEH oz AFEA AolEFY XS oA
R, LPS &5 HEE 7IF2Z2 500 uM FEANA IL-1BE 78%p, IL-6%
97%p, TNF-aZ 35%p A 383} tH(Fig. 8).
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Figure 8. Effects of 7H-4MC on production
cytokines in LPS-induced RAW264.7 cells.

o
e
=

100
L
= 80
2
E 60
-~
g
-
- 40
-
]
LP5 (1 pg/mL)

TH-4MC {piI)

hkk .
— n i n -. e .
+ + + + +
62.5 125 250 500
(b)

Cells were treated with

TH-4MC (625, 125, 250 and 500 puM) and LPS (1 pg/mL) stimulation for 24

h. IL-1B (a), IL-6 (b), TNF-a (c), production was determined by ELISA. The

results are presented as the mean +* SD from three independent experiments.

* p < 0.05, = p < 0.01 and *=** p < 0.001 vs. control group.
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A3 B 5

2439 A3 ERK, INK, p389 <2tsteE LPS Ay Al @A A Z718t9
TH-4MC> ERK<S} p389] 4tslolli= ddko] wxx] ¢kkth JNK <Qlitshe
xr g&Ho7 ZAANAL, LPS 9 e is 71Fo2 39S u 500 uM

s&=olA 33%p A 3l 8k tHFig. 9).
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0 0
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THAMC (M) - - 625 125 250 500 THAMC (V) 625 125 250 500

() @
Figure 9. Effects of 7TH-4MC on expression of P-ERK, P-JNK and
P-p38 in LPS—-induced RAW264.7 cells. Cells were treated with 7TH-4MC
(62.5, 125, 250 and 500 pM) and LPS (1 pg/mL) stimulation for 20 min.
Western blotting results (a) and protein levels of JNK (b), ERK (c¢) and p38
(d). The results are presented as the mean = SD from three independent

experiments. * p < 0.05 and ** p < 0.01 vs. control group.
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16. NF kB A5 AZXAZ O3 7TH-AMCS 93
1.6.1. IxkB—a°ll ojg 7H-AMC9] 49

LPS¢ #2 52 IkB-ad ¢litgel #3l& do7]i, €439 NF-xB&
AEZANA oz o]Fdtl TH-4MC7} IkB-a9] dAitge] vz JFe <l
B 32} western blot< 33t
Ay A LPS @5 A Al IkBag J4ks7t FE=EHA
M o] @9 FEdA IkB-a® J4sE Asstsith LPS ©

)

stls W 500 1M FEAAME 65%p WE IkB-af] IAtEE A& 5ok (Fig.
10).
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TH-4MC (uM) - - 62.5 125 250 500 TH-4MC (uM) - - 625 125 250 500
(b) ()

Figure 10. Effects of 7TH-4MC on expression of IkB-a in LPS-induced
RAW264.7 cells. Cells were treated with 7TH-4MC (62.5, 125, 250 and 500 u
M) and LPS (1 pg/mL) stimulation for 15 min. Western blotting results (a)
and protein levels of P-IkB-a (b) and IkB-a (c). The results are presented as
the mean * SD from three independent experiments. * p < 0.05, *x p < 0.01

and *x% p < 0.001 vs. control group.
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16.2. NFxB 3 A9 dg 7TH-4MCe IF

NF-xB A3 AGHAZ = 945 oA 9354 Fdx9 ddS 243 9T
S 3dan gElAd dvh LPSE FX¥ NF-xkBe @A3 2 3 Ao g

TH-4MC®e] & 3& western blote 3] #<ls] Bz} 3o
A NF-kBo 14tst= LPS A Al dAstA S7kstd i, TH-AMCE NF-
kB9 <14kslE 500 uM FXxollA 65%p JASIAHFig. 11). o2 AE A
A oz el NF-xBY HHE &lstdnh LPS A2 A p65 &@ o] AFEF)A
Zasta oA E7tstgeh olE NF-kB7F Al A oz Ay HUes
= o

UJERIY. ey 7TH-AMC A2 A AEAAA 9 W pese] 498 9447
< A3 ok (Fig. 12).
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LPS (1 pg/mL) = + o+ + o+ o+ 5
29
TH-4MC (uM) . - 625 125 250 500 5 e
i% 60
P-p65 ‘ Bt G S e ‘ E&\e,w
z
T-p65 ‘----——‘ 20
p-actin ‘ i — s S o— ‘ LPS (1 p.g/m'i)
: = + + + + +
ELAMCON = 62.5 125 250 500
(a) (b)

Figure 11. Effects of TH-4MC on expression of NF-kxB in LPS-induced
RAW264.7 cells. Cell were treated with 7TH-4MC (62.5, 125, 250 and 500 u
M) and LPS (1 pg/mL) stimulation for 15 min. Western blotting results (a)
and protein levels of NF-kB (p65) (b). The results are presented as the mean

£ SD from three independent experiments. * p < 0.05, ** p < 0.01 and *** p

< 0.001 vs. control group.

LPS (1 pg/mL) - + + + + +
TH-4MC (nM) - - 62.5 125 250 500
T-p65 ‘ — — — — —
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Lamin B ‘ — m— — — — — ‘
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150 150
hi
£ wo Z _ 10
e i
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u‘é- g 50 %‘.5 50
= =
0 L]
LPS(lpgmLl) - + . - + LPS(1pgml) - + + + +
THAMC (M) - - 625 125 250 500 TH-4MC (M) - - 62.5 125 250 500

(®) (©
Figure 12. Effects of TH-4MC on expression of NF-xB (p65; cytoplasm
and necleus) in LPS-induced RAW264.7 cells. Cells were treated with
TH-4MC (625, 125, 250 and 500 pM) and LPS (1 pg/mL) stimulation for 15
min. Western blotting results (a), protein levels of NF-xB (p65; cytoplasm)
(b) and NF-xB (p65; nucleus) (c). * p < 0.05 and ** p < 0.01 vs. control

group.* p < 0.03, ** p < 0.01 and *** p < 0.001 vs. control group.
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2. B16F10 Al WA 7TH-AMC9 QI3 JINA 53}

21. AX AEE

A

=

7]

do
s

BI6F10 M|=Zel st 7TH-4AMCe ME=/ ] Ye A &= 35 H %
8l MTT HE Fd3t9th. 7TH-4MC (25, 25, 50 ¥ 100 uM)T} A=<l

a-MSH (100 nM)& 72A17F A 8] st o
I 2, AYEE VLR FH9ES W TH-4MC+ 100 uMell A 98%p, 200
APE AE5F0] gle 100 M

UMl Al 85%pe] AEES EATH webA o %
olat FEoAAM HFL AP rHFig. 13).
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TH-4MC (uM) - - 25 50 100 200

Figure 13. Effects of 7TH-4MC on the viability in B16F10 cells. Cells
were seeded in 24-well plates and incubated for 24h. Cells were treated with
TH-4MC (25, 50, 100 and 200 uM) and o-MSH (100 nM) for T72h.
Cytotoxicity of TH-4MC was evaluated using a MTT assay. The results are
presented as the mean = standard deviation from three independent

experiments. ** p < 0.01 vs. control group.
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2.2. Melanin Contents®l] W3 7H-AMC®2] 43t

BI6F10 A XA 7H-4MCe] Hatd FAdd mAE IS H7lstr] 93
melanin contents 28-S Y3} o}

B16F10 A2 7H-4MC (25, 50 and 100 uM) 2 a-MSH (100 nM)E 724 %F
e A A FHYRTA o-MSHE ®lH ol vls) 253%p 71t
a-MSHE AH#aA && A 7TH4MCL 2adAdE s5 Edez

S7HIAL, A FEA 100 uMe] FEol A mA el HlE 182%p S7HEHA
thFig. 14).
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Figure 14. Effects of 7TH-4MC on production of melanin in B16F10
melanoma cells. Cells were seeded in 60 mm culture dish and incubated for
24 h. Cells were treated with 7TH-4MC (25, 50 and 100 uM) and a-MSH (100
nM) for 72h. a-MSH was used as the positive control. The results are
presented as the mean * SD from three independent experiments. * p < 0.05,

=k p < 0,01 and =+x p < 0.001 vs. control group.
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2.3. Tyrosinase activityo] 3 7TH-AMC9 93

Tyrosinase® 2zhd A4 =7|d #AS = &% A &4 (rate-limiting
enzyme)°]| . B16F10 Al Z oA TH-4AMCo| tyrosinase &4 m X+ <
7}&t7] 918} tyrosinase activity® 23851

B16F10 Ao 7TH-4MC (25, 50 and 100 uM) ¥ a-MSH (100 nM)E 7243+
T A2 23 o-MSHE " A gL B8 131%p S7HetSth a-MSHE A
getA] e ZANA TH-AMCE tyrosinase A4S Fx oEHo T Z7INA

100 uMo] FEolA m A Eel H3] 144%p F7HA A THFig.

3, H3 wE
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Figure 15. Effects of 7H-4MC on tyrosinase activity in BI16F10
melanoma cells. Cells were seeded in 60 mm culture dish and incubated for
24 h. Cells were treated with 7TH-4MC (25, 50 and 100 uM) and a-MSH (100
nM) for 72h. a-MSH was used as the positive control. The results are
presented as the mean £ SD from three independent experiments. ** p < 0.01

and *** p < 0.001 vs. control group.
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24. PRI #AA 54 HHd vX = TH-AMCO 943

TRP-1, TRP-2 ¥ tyrosinase= B&d AP E Svst= il wabA
TH-4MC®] TRP-1, TRP-2 % tyrosinase & "X F&e FQls) 2zt
stk

g A3} o-MSHE AHestA &2 ZANA TH-4MC tyrosinase®} TRP-1
o HHE FLgEHOFE FUMAAL, X &< 100 tMAAE FlAET B
o 27 45%p 2 28%p F7HAZATH TRP-2& 50 uM o]A+e] Ficolx 23 o)
<3

7Vet L, Has koA 44%p =718+ oH(Fig. 16).
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Figure 16. Effects of 7TH-4MC on expression of TRP-1, TRP-2 and
Tyrosinase in B16F10 melanoma cells. Cells were seeded in 60 mm culture
dish and incubated for 24 h. Cells were treated with 7TH-4MC (25, 50 and 100
uM) and a-MSH (100 nM) for 72h. a-MSH was used as the positive control.
The results are presented as the mean = SD from three independent

experiments. * p < 0.05, *x p < 0.01 and *** p < 0.001 vs. control group.
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25. MITF @& v X+ 7TH-4MCe| 94

MITFE tyrosinase, TRP-1 ¥ TRP-2 2dS FZA3te] #Aagtd g F23
AE¢E ok waba 7TH-4MCeo] MITF 2dd mx= F3&e w
s s m k)

Ay A3 o-MSHE HsA Z& z2dolH TH-AMCS vl x| T H]s)

estern blotS &

MITFO 2d& % AdEHeR S7HZ I, 100 tM sEA 75%p S7HA12

oH(Fig. 17).
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Figure 17. Effects of 7TH-4MC on expression of MITF in B16F10
melanoma cells. Cells were seeded in 60 mm culture dish and incubated for
24 h. Cells were treated with 7TH-4MC (25, 50 and 100 uM) and a-MSH (100
nM) for 72h. a-MSH was used as the positive control. The results are
presented as the mean £ SD from three independent experiments. ** p < 0.01

and *xx p < 0.001 vs. control group.
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ol Ao A" TH-AMCL RAW2647 AZoA dFgZo h3 AAUSE
7} BI6F10 AlXel ZetdgAgdel #s% A7e obd ZALHA Fdkth whEhA
LPSE X% RAW264.7 AlZoA 354 wAA AP AEFAE Aol E
of e Ui TH-AMCS F9%F s 45 Z8 7|ded s 2Agoy,
BI6F10 A EllA dapdAd3 depd gy £4 2do] ik 7TH-AMCS &35
ZAMEF o)

L

2 dAFdAes TH4AMCY ANE54S HEA &5 55 Hed4 7TH-4MC
o] LPSE FX% RAW264.7 A XA NO, PGE: A 2 ALZA Alo]E7QI
9 AWML Tr ogEHoz AdAFYT. 283 western blotg 3 INOS$H

COX-2¢ Zd& AAste LS Fdadn. oldd INOS9 COX-2¢ TA&

Z43t+= NF-kB9 MAPK AsdE42F TH-4MCo| 3% ZHEgo2ZH AF

HA, RAW264.7 Al E A TH-4MCo] AEZ4e] UehuA o 55 349
271 sh MTT ¥& ARSstsled, A2 AEed vAATE V€= 39
909 o]’d<l TS ARSI wWEA AXFFel HEA de sk Wl
62.5, 125, 250 2 500 uM HEolM olF HPL NaAsAT

Ll

(-
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NO¢ Zde o
DAL, FriEl~ #AEY, A8 23 5 XS B 954 ZEo €9l
o] Fr}l. wetx TH-4MCol NO e mAl= &L sttt 945
e A LPSE ©5 AFads o nAgLd H3) NO B4& &3] &
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PGE:&= COX-29 93 945 FHdA APHe= €5 WAz~ 42838 2
G 22 B A dEA A3 BH 7lodt. web TH-4MCol PGE:
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