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ABSTRACT

In this study, we investigated the structural differences of
6-methylcoumarin  (6-MC),  7-methylcoumarin  (7-MC), 4-hydroxy-6—
methylcoumarin  (4H-6-MC), 4-hydroxy-7-methylcoumarin (4H-7-MC) for
anti-inflammatory and melanogenesis effects in RAW 264.7 cells and B16F10
melanoma cells. Because 6-MC had the best anti-inflammatory and
melanogenesis effects, we conducted a mechanism study in RAW 264.7 cells
and B16F10 melanoma cells. As a result, 6-MC reduced the production of
inflammatory mediators, nitric oxide (NO) and prostaglandin E; (PGE,), and
significantly = reduced the production of pro-inflammatory cytokines
Interleukin-6  (IL-6), IL-1B, and tumor necrosis factor-a (TNF-a).
Furthermore, western blot results showed that the expression levels of iINOS
and COX-2 decreased in a concentration—dependent manner during 6-MC
treatment, and the phosphorylation of mitogen—-activated protein Kkinase
(MAPKs) was also suppressed in a concentration-dependent manner. It also
suppressed the phosphorylation of IkB-a and transfer of NF-kxB from the
cytoplasm to the nucleus. In B16F10 melanoma cells, 6-MC increased melanin
content and tyrosinase activity in the absence of cytotoxicity. As a result of
western blot, protein expression of tyrosinase-related protein-1 (TRP-1),
TRP-2, and microphthalmia-associated transcription factor (MITF) was
increased upon treatment with 6-MC. In addition, 6-MC showed inhibition of
ERK phosphorylation and AKT phosphorylation. These results suggest that

6-MC is a potential treatment for anti—-inflammatory and hypopigmentation.

Key words: 6-methylcoumarin, RAW 264.7, Anti-inflammation, NF-kB,
MAPKSs, B16F10, Melanogenesis, Tyrosinase, MITF, AKT
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o] AFolA= 4719 Fuld FEA < (a) 6-methylcoumarin (6-MC), (b)
7-methylcoumarin (7-MC), (c) 4-hydroxy-6-methylcoumarin (4H-6-MC), (d)
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YA NO F+5 7
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Figure 1. The chemical structure of (a) 6—methylcoumarin (6-MC), (b)
7-methylcoumarin (7-MCQO), (c) 4-hydroxy-6-methylcoumarin
(4H-6-MC), and (d) 4-hydroxy-7-methylcoumarin (4H-7-MC).
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B Ao AFE3  6-methylcoumarin, 4-hydroxy—-6-methylcoumarin,
7-methylcoumarin, 4-hydroxy-7-methylcoumarin < Tokyo Chemical Industry
(Chuo-ku, Tokyo, Japan)oll A vl &} 91t}

Dimethyl sulfoxide (DMSO), L-dihydroxyphenylalanine (L-DOPA), a
-melanocyte stimulating hormone (a-MSH), radioimmunoprecipitation assay
(RIPA) buffer, Griess reagent, sodium nitrite, protease inhibitor cocktail, and
phosphate buffered saline (PBS)+= Sigma-Aldrich (St. Louis, MO, USA)°l| A
vl Bk AT

Lipopolysaccharides derived from Escherichia coli (LPS),
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)&= VWR
(Radnor, PA, USA)olA] o &} o}

Dulbecco’s modified Eagle’s medium (DMEM), fetal bovine serum (FBS),
penicillin/streptomycin, nuclear and cytoplasmic extraction reagents (NCER)+
Thermo Fisher Scientific (Waltham, MA, USA)l A v} s}

Tris-buffered saline (TBS), enhanced chemiluminescence (ECL) Kits&
Biosesang (Seongnam, Gyeonggi-do KOREA)o A -uf 3} ¢4t}

duld g eE =48 93 o] 1A A9} anti-rabbit ¥ anti-mouse 23}
g4 = BD Biosciences (San Diego, CA, USA)o|A vl 5} %

Interleukin—6 (IL-6), interleukin-18 (IL-1B), prostaglandin E, (PGE,), tumor
necrosis factor (TNF-a) ELISA kits= R&D Systems Inc (St, Louis, MO,

USA)o A -l 3} A .

_1‘]_



2. AE g R AXE 54 H7}

2.1. AE Wi

&) (Korean Cell Line Bank)ol A, BI6F10 Al

RAW 2647 ME= A2+
. AlE g2 RAW

¥+ Global BioResource Center (ATCC)olA -uf3}$i

7}zb 29 39 F7|& 37C, 5% CO, =74 10%

264.7 M3t BI6F10 A&

FBS$} 1% P/SE *33 DMEM v A & Abg3lo] Adiujek a9l
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3. 495 &4 H7}
3.1. Nitric oxide (NO) WA ZF =4

RAW 264.7 A EZE 24 well plated] 1.5 x 10° cells/well2 #5331 234 7F

5
of MX HJAo] YeER e thefFdt w5 o] Samples #g]slal 1A F-9

k=3

1
ug/mL %9 LPSE Aestal 24A17F &t wj sttt Al 4E< 100 ul <k
Griess reagent 100 pLE 96 well plateo] &3gslo] A 204 10F7F ¥ES-A1 7

% spectrophotometric microplate readerS AF&3Fo] 540 nmolA SHE=ES =A

319} Sodium nitrite® 2@ ATAE wrEo] NO A S A A A4l
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3.2. Prostaglandin E2 (PGEy) % A €@%4 cytokine (IL-6, IL-1B, TNF-
) ARFE A

RAW 264.7 AZE 24 well plated] 1.5 x 10° cells/well2 #5331 234 7F

a5
L9 Samples A glstal 1417 £ 1
pg/mL F%E° LPSE A

glBkar 24413 Eot kst Al wiFelS 15,000
pm o2 1027 94 2 5, s F

3] ELISA kit A FAMe] W w
E]' PGEZ ‘;'-l Zjog%k]
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3.3. Western blot

RAW 2647 AIZE 60 mm cell culture dishdl 6.0 x 10° cells/dish® *F 3}
3L 24A3F FQF Y ) st v A8 E 1A B9 AAEsta T

’

W AJRbe]] BEE

pLLAY]

Al AFAR]D LPS (1 pg/mL)E A F skt v =+,
AeAS AASIL Z7FE 1X PBSE ARS8t 2@ A& skal Lysis buffer (150
mM NaCl, 50 mM Tris-HCI1 [pH 7.5], 2 mM EDTA, 1% Triton X-100, 0.1%
SDS, 10% NP40, 1% protein inhibitor cocktail)E& o]0l 4TCeolA 20%7F
lysis 3t T} o] % cell scraperg Ab&3ste] wol& & -87T, 15000 rpm, =712
2 2087 94 BEYsta SRS Atk BCA Protein assay kitE AF&-3}¢]
ME g5 wd skakS A stal 2x Laemmli sample bufferE 1:1 B & =2
E&stal 100ToA 5&3 7HdEde ol % dwMES 20 pgew AtkEta
Sodium dodecylsulfate—polyacrylamide gel (SDS-PAGE)& Al&3te] d7] 9% S
stogy v I7|¥E #3 & PVDF membrane 2 transfer slal, 5%
skim milkE AF&38te] A4 2413 &<t blocking 3 th o] 1X T-TBS
(IX TBS, 0.1% Tween 20)°.% 10%3F & 691 A=At A4 14 A
(1:1000)5 AF&3te] 4T Z7delA 8AIZF &t migFatdith. & %, 1X T-TBS&
Ab&Ete] 1043F & 6 MlAstar Ade 23 A (1:3000)F Ab&3ste] 4T =
Aol A 2412 wiekstar 1IX TTBSE AH&ste] 1023t & 63] Al skl nhA|
uto 2 ECL kitE AF83}e] Chemidoc (VILBER LOURMAT, France)ES A}-8-3}

o] @43t Image] Softwares AF-&3te] 413kt

=

_16_



4. v &4 H7}
4.1. Melanin contents =3

B16F10 A= 60 mm cell culture dishel 6.0 x 10* cells/dish® 53} 24
AlZE E w et vl 5 AE B4l fle R AES dAHELQ
a-MSH (100 nM)E A skl 72A3F &b wigstsich. wiAE AAs L 1X
PBSE AF&3slo] 29 A& stal Lysis buffer (150 mM NaCl, 50 mM Tris-HCI
[pH 75], 2 mM EDTA, 1% Triton X-100, 0.1% SDS, 10% NP40, 1% protein
inhibitor cocktail)& “2olF0] 4T oA 2023t lysis 3FATEH o] %, cell
scrapers AF&3F] HolE= & -87T, 15000 rpm, =A o2 2087 44 Eyst
o] 45N pellets #2lsk3ith pellete]l 1 N NaOH (10% DMSO)E 600 plA
Yol 90TCoA 1587 AHEsAeh o] F, 96 well platee] 100 uL% =7 o}
1

=

spectrophotometric microplate reader® AF£3}o] 405 nmolA FH ==

At

g

A
of

f
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4.2. Tyrosinase activity =3

B16F10 A= 60 mm cell culture dishel 6.0 x 10* cells/dish® 53} 24
AIZE Eob vt Ml -, AlE FA4e] gle =Y AR FddEE
a-MSH (100 nM)E Azt 72412+ &<k wiFatdoh wiAl& Al AstL 1X
PBSE Ab&3&lo] 2 A H &3 Lysis buffer (150 mM NaCl, 50 mM Tris-HCI
[pH 75], 2 mM EDTA, 1% Triton X-100, 0.1% SDS, 10% NP40, 1% protein
inhibitor cocktai)E Yool 4T XA 2087F lysis 3ttt o] %, cell

)
scrapers Ag&3le] FHols& & -87T, 15000 rpm, A Z 2087 U4 &

o ASA pellets TP 3ATH 45 A4S BCA Protein assay kitsE AF-83sho]
G Ads AgFsta dwd w27 20 pg/ml HEE SAEAT 1 F 96 well

plateo] 32419 wwlza 20 uLo} L-DOPA (2 mg/ mL) 80 uLE @iL 37Tl A 2

Al 7F HES-A1Z1 & spectrophotometric microplate readerE AF£3Fe] 490 nmell A
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4.3. Western blot

B16F10 A= 60 mm cell culture dishel 7.0 x 10* cells/dish® 53} 24
Al Fok wket & Ut s A8 E 1A Bk dAE e guE 1
Al Zbol] A AR a-MSH (100 nM) A2 & wjstach w5 43
TAS AL A7E 1X PBSE AR&Ste]l 2W AlF&bal Lysis buffer (150
mM NaCl, 50 mM Tris-HCI1 [pH 7.5], 2 mM EDTA, 1% Triton X-100, 0.1%
SDS, 10% NP40, 1% protein inhibitor cocktail)E& o]0l 4TCeolA 20%7F
lysis 8tk o] %, cell scrapers AF&3lo] sols ¥ -8T, 15000 rpm, =71
o2 2083 94 EYsta AEds AUtk BCA Protein assay kitE AME-3)
o My &aEe dwd ks AFsal 2x Laemmli sample bufferE 1:1 4]
& Egtsta 100TColA 5&3F 7HEstitt. o 5, @¥lds 20 ngo = A4ket
1. Sodium dodecylsulfate—polyacrylamide gel (SDS-PAGE)S Ap-g&3le] A7)
TS o dwmAds ¥R 3 F PVDF membrane Z transfer s}
a1, 5% skim milkE AFg&3ste] A-&o|A 2A]7F &<t blocking T o] % 1X
T-TBS (1X TBS, 0.1% Tween 20022 1037+ & 6% A sta A4 13 3
(1100005 AHg-3te] 4T 7oA 8AIRbEF wiFstitt. 21§, 1X T-TBS
Abgete] 1023F & 6W AlHekar Adg 23 A (1:3000)05 AH§she] 4T
A 223 wideta 1X T-TBSE Ab&ate] 1027+ & 63 AlH st vt
Ao g ECL kitE AF83te] Chemidoc (VILBER LOURMAT, France)Z& A&

sle] &44sta Image] SoftwareS Ab-&3ho] 41319 th

—

2

il
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BE A dHeolHELS 3 HHH AdS Hy xad
Student’s t-testZ AF&3}e] p-value ko] 0.005X.t} =2 #9
p

R TSH o] F7IsHATE p < 0.05 (%), p < 0.01 (xx),
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. 2 S

1. RAW 264.7 AlE A 6-Methylcoumarin®] 3d93% &4

L1 AZ 574 47}

RAW 264.7 mouse ™2 A ¥ oA 6-methylcoumarin (6-MC)¥} A 2=
7}7 7-methylcoumarin  (7-MC), 4-hydroxy-6-methylcoumarin (4H-6-MC),
4-hydroxy-7-methylcoumarin (4H-7-MC)e] AX SA H7E 98 MTT
assays st 6-MC, 7-MC, 4H-6-MC, 4H-7-MC+ 500 uM7FA] A E
=40] gl As AT+ Urh

1.2. NO (Nitric oxide) A F =3

ME ZAo] YA ¢S Wgel 500 uM °]8te] FXo| A 6-MC, 7-MC,
4H-6-MC, 4H-7-MC2 NO AA#HS AU 7 3dE2 NO A HS
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I Nitrite production (M) —*- Cell viability (%) I Nitrite production (uM) —# Cell viability (%)

s 5 o 0w £ S B 0w £
5 ¥ ¥ L ¢ Bl Hgpsh— | "E
I L 8 © SR . i 0 8
g FEIE T 9 z 9
L “6 9 #5% ua
v 15 1 0 S 154 a0
2 g E g
T 10 0 2 T 10 0 >
= = ° b
% - =
o 51 n 2 & 54 n 3
: o ol 5
» o
E 0 0 = HF gl M B B B B8 , :
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Figure 2. Effect of coumarin derivatives on nitric oxide production in
LPS-stimulated RAW 264.7 cells. The cells were stimulated with 1 p
g/mL of LPS only or with LPS plus various concentrations of coumarin
derivatives for 24 h. Cell viability and NO production of LPS-induced
RAW 264.7 cells subjected to (a) 6-methylcoumarin (6-MC), (b)
7-methylcoumarin (7-MCQC), (c) 4-hydroxy-6-methylcoumarin
(4H-6-MC), (d) 4-hydroxy-7-methylcoumarin (4H-7-MC) treatment
was measured using MTT and Griess reagents, respectively. The
results are presented as the mean = SD from three independent
experiments. #p < 0.001 versus untreated control group. **p < 0.01,

*x*%%p < 0.001 versus LPS alone.
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Figure 3. Effect of 6-methylcoumarin on production of PGE; in the
LPS-induced RAW 2647 cells. Cells were pretreated with
6-methylcoumarin (100, 200, 300, 400, and 500 yM) for 1 h and then
stimulated for 20 h with LPS. N-[2-(Cyclohexyloxy)-4-nitrophenyl]
methanesulfonamide (NS-398) was used as a positive control. PGE;
production was determined by ELISA. The results are presented as the
mean = SD from three independent measurements using the Image]
program. #p < 0.001 versus untreated control group. **p < 0.01, **xp <

0.001 versus group treated with LPS alone.
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Figure 4. Effect of 6-methylcoumarin on  production of
pro-inflammatory cytokines in the LPS-induced RAW 264.7 cells. Cells
were pretreated with 6-methylcoumarin (100, 200, 300, 400, and 500 pM)
for 1 h and then stimulated for 20 h with LPS. IL-18, IL-6, TNF-a
production were determined by ELISA. The results are presented as the
mean = SD from three independent measurements using the Image]
program. #p < 0.001 vs. untreated control group. *p < 0.05, **p < 0.01,

=*%xp < 0.001 versus group treated with LPS alone.
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Figure 5. Effect of 6-MC on the protein expression level of iNOS and
COX-2 in LPS-induced RAW 264.7 cells. (a) Result of Western
blotting, and protein levels of (b) iNOS and (c) COX-2. Lysates were
prepared from cells pretreated with 6-MC (200, 300, 400, and 500 uM)
for 1 h and then treated with LPS (1 ug/mL) for 18 h. B-actin was
used as a loading control. Total cellular proteins were separated using
SDS-PAGE, transferred to PVDF membranes, and detected using
specific antibodies against iINOS, COX-2, and B-actin. The results in
the graphs are presented as the mean = SD from three independent

measurements using the Image] program.
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Figure 6. Effect of 6-MC on phosphorylation level of MAPK in
LPS-induced RAW 264.7 cells. (a) Result of Western blotting, and
protein levels of (b) P-ERK / ERK, (c) P-JNK / JNK, and (d) P-p38 /
p38. Lysates were prepared from cells pretreated with 6-MC (300, 400,
and 500 yM) for 1 h and then treated with LPS (1 pg/mL) for 15 min.
B-actin was used as a loading control. Total cellular proteins were
separated using SDS-PAGE, transferred to PVDF membranes, and
detected using specific antibodies against phospho-ERK, T-ERK,
phospho-JNK, T-JNK, phospho-p38, and T-p38. P: phosphorylated, T:
total. The results in the graphs are presented as the mean = SD from

three independent measurements using the Image] program.
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Figure 7. Effect of 6-MC on the protein expression level of P-IxB-a
in LPS-induced RAW 264.7 cells. (a) Result of Western blotting, and
protein level of (b) IxkB-a and (c) P-IkB-a. Lysates were prepared from
cells pretreated with 6-MC (300, 400, and 500 uM) for 1 h and then
treated with LPS (1 pg/mL) for 20 min. B-actin was used as a loading
control. Total cellular proteins were separated using SDS-PAGE,
transferred to PVDF membranes, and detected using specific antibodies
against phospho-IxkB-a, IxkB-a, and B-actin. The results in the graphs
are presented as the mean = SD from three independent measurements

using the Image] program.
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Figure 8. Effect of 6-MC on the protein expression level of NF-xB in
LPS-induced RAW 264.7 cells. (a) Result of Western blotting, and
protein level of (b) P-65 (cytoplasm) and (c) P-65 (nucleus). Lysates
were prepared from cells pretreated with 6-MC (300, 400, and 500 pM)
for 1 h and then treated with LPS (1 pg/mL) for 15 min. B-actin and
Lamin Bl were used as a loading control. Total cellular proteins were
separated using SDS-PAGE, transferred to PVDF membranes, and
detected using specific antibodies against NF-xB / P-65, Lamin B1, and
B-actin. The results in the graphs are presented as the mean = SD

from three independent measurements using the Image] program.
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Figure 9. Effect of 6-MC, 7-MC, 4H-6-MC, 4H-7-MC on the
viability of B16F10 melanoma cells. Cells were plated in 24-well plates
(1.5 x 10* cells/well) for 24 h, and then treated with 6-MC (150, 200,
250, and 300 pM), 7-MC (150, 200, 250, and 300 pM), 4H-6-MC (150,
200, 250, and 300 uM), 4H-7-MC (150, 200, 250, and 300 uM) for 72 h.
Cytotoxicity of 6-MC, 7-MC, 4H-6-MC, 4H-7-MC were evaluated
using the MTT assay. The results are presented as the mean +* SD
from three independent experiments. *p < 0.05, "*p < 0.01 versus

control group.
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Figure 10. Effect of 6-MC, 7-MC, 4H-6-MC, 4H-7-MC on production
of melanin in B16F10 cells. Cells were plated in 60 mm cell culture
dish (6.0 x 10* cells/dish) and incubated for 24 h, then treated with
6-MC, 7-MC, 4H-6-MC, 4H-7-MC for 72 h. a-MSH was used as the
positive control. The results are presented as the mean + SD from
three independent experiments. *p < 0.05, "p < 0.01, **p < 0.001

versus control group.
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Figure 11. Effect of 6-MC on tyrosinase activity in B16F10 cells.
Cells were plated in 60 mm cell culture dish (6.0 x 10* cells/dish) and
incubated for 24 h, then treated with 6-MC (100, 150, 200, and 250 pM)
for 72 h. a-MSH was used as the positive control. The results are
presented as the mean * SD from three independent experiments. *p <

0.05, ™p < 0.01, ™™p < 0.001 versus control group.
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Figure 12. Effect of 6-MC on the level of TRP-1, TRP-2, Tyrosinase
in B16F10 cells. Cells were plated in 60 mm cell culture dish (7.0 x 10*
cells/dish) and incubated for 24 h, then treated with 6-MC (100, 200,
250 pM) for 72 h. a-MSH was used as the positive control. Total
cellular proteins were separated using SDS-PAGE, transferred to PVDF
membranes, and detected using specific antibodies against TRP-1,

TRP-2, Tyrosinase, and B-actin.
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Figure 13. Effect of 6-MC on the level of MITF in B16F10 cells.
Cells were plated in 60 mm cell culture dish (7.0 x 10* cells/dish) and
incubated for 24 h, then treated with 6-MC (100, 200, 250 uM) for 72 h.
a-MSH was used as the positive control. Total cellular proteins were
separated using SDS-PAGE, transferred to PVDF membranes, and

detected using specific antibodies against MITF, and B-actin.
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Figure 14. Effect of 6-MC on the level of P-ERK in B16F10 cells.
Cells were plated in 60 mm cell culture dish (7.0 x 10* cells/dish) and
incubated for 72 h, then treated with 6-MC (100, 200, 250 uM) for 24 h.
a-MSH was used as the positive control. Total cellular proteins were
separated using SDS-PAGE, transferred to PVDF membranes, and
detected using specific antibodies against P-ERK and T-ERK.
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Figure 15. Effect of 6-MC on the level of P-AKT in B16F10 cells.
Cells were plated in 60 mm cell culture dish (7.0 x 10* cells/dish) and
incubated for 72 h, then treated with 6-MC (100, 200, 250 uM) for 24 h.
a-MSH was used as the positive control. Total cellular proteins were
separated using SDS-PAGE, transferred to PVDF membranes, and
detected using specific antibodies against P-AKT and T-AKT.
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