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ABSTRACT

Coumarin derivatives such as umbelliferone, esculetin, herniarin, psoralen,
and imperatorin have various physiological functions such as anti-oxidant,
anti-inflammatory, anti-bacterial, anti-viral, and anti—cancer. In this study, we
investigated the effect of 4-methylcoumarin related compounds on
anti-inflammation and melanin in RAW 2647 and BI16F10 melanoma cells.
The results showed that the dihydroxy group had antioxidant and
anti-inflammatory  effects, and the ortho dihydroxy group had
anti-melanogenic effect, while the meta dihydroxy group had melanogenic
effect. Also, the methoxy group had a melanogenic effect, and the 6-methoxy
group showed the anti-inflammatory effect. Among 4-methylcoumarin related
compounds, 6,7-Dihydroxy-4-methylcoumarin (6,7-DH-4-MC) showed
remarkable anti-inflammatory effect, so we conducted the mechanistic study.
The results showed that 6,7-DH-4-MC significantly reduced NO levels and
PGE: expression via INOS and COX-2 down-regulation at non-cytotoxic
concentrations. Moreover, 6,7-DH-4-MC dose-dependently decreased the
levels of pro-inflammatory cytokines such as IL-18 and IL-6. A mechanistic
studies showed that 6,7-DH-4-MC treatment reduced phosphorylation of ERK
and p38-MAPK. Furthermore, the degradation of IxkB-a and phosphorylation
of NF-xB in LPS-treated cells were inhibited by treatment with 6,7-DH-
4-MC. In a-MSH-stimulated B16F10 melanoma cells, 6,7-DH-4-MC reduced
melanin contents and tyrosinase activity without any cytotoxicity. These
results suggest that 6,7-DH-4-MC is a potential therapeutic agent for

inflammatory diseases and hyperpigmentation.

Key words: 6,7-Dihydroxy-4-methylcoumarin, RAW 264.7, Anti—-inflammation,
NF-kxB, MAPKs, B16F10, Anti-melanogenesis
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Figure 1. The mechanism of LPS-induced inflammation
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Figure 3. Structure of 4-methylcoumarins

(A) 4-methylcoumarin (4-MC), (B) 7-amino4-methylcoumarin (7-A-4-MC),
(C) 6-methoxy-4-methylcoumarin (6-M-4-MC), (D) 7-methoxy-4-methyl
coumarin (7-M-4-MC), (E) 6,7-dimethoxy-4-methylcoumarin (6,7-DM-4-MC),
(F) 6,7-dihydroxy-4-methylcoumarin (6,7-DH-4-MC), (G) 7,8-dihydroxy-4-
methylcoumarin (7,8-DH-4-MC), (H) 5,7-dihydroxy-4-methylcoumarin (5,7
DH-4-MC)
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L A8 H A

B Ao AFE3  4-methylcoumarineS  Tokyo Chemical Industry
(Chuo-ku, Tokyo, Japan)¥} Alfa Aesar (Ward Hill, MA, USA)o A vl 3}
.

L-ascorbic acid, 22-diphenyl-1-picrylhydrazyl (DPPH), 2,2'-azino-bis
(3-ethylbenzothiazoline-6-sulfonic acid (ABTS), lipopolysaccharides (LPS),
fetal  bovine serum (FBS), 3-(4,5-dimethylthizaol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT), dimethyl sulfoxide (DMSO), Griess reagent,
sodium nitrite, protease inhibitor cocktail, a-melanocyte stimulating hormone
(a-MSH), L-dihydroxyphenylalanine (L-DOPA)-> Sigma-Aldrich (St. Louis,
MO, USA)el A vl s} At

Dulbecco’s Modified Eagle Medium (DMEM), penicillin/streptomycin (P/S),
Nonidet P-40 (NP-40) Cell Lysis Buffer, Bicinchoninic acid (BCA) Protein
assay kit Thermo Fisher Scientific (Waltham, MA, USA)o| A 0l 3} 1t}

Enhanced chemiluminescence (ECL) kit, radioimmunoprecipitation assay
(RIPA) buffer, phosphate buffered saline (PBS), tris-buffered saline (TBS)-
Biosesang (Seongnam, Korea)ollA G wjgtd o™, Tween 202 Bio-rad
(Hercules, CA, USA)o A w8} t}.

N-[2-(cyclohexyloxy)-4-nitrophenyl]l-methanesulfonamide (NS-398)%
Cayman chemical company (Ann Arbor, MI, USA)el| A vl &} %3t}

PGE,, IL-1B8 ELISA kitsi= R&D systems Inc. (St, Louis, MO, USA)| A,
IL-6, TNF-a ELISA kit= BD Sciences (San Diego, CA, USA)ol|A T3}
.

dulg e

A

AE 93t EolA 1x A 9 anti-rabbit E anti-mouse 232}

Al = Cell signaling technology (Beverly, MA, USA)ol A4 vl 3} 31t}
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2. 33 24 HIt

2.1. DPPH radical scavenging assay

DPPH A]2FS DMSO9| ¢ 20 mMe DPPH £9-8 whETH 95% o g2
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Figure 4. The principle of DPPH radical scavenging assay.
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2.2. ABTS" radical scavenging assay

4-methylcoumarinE9 ABTS %ol #duZ AATES FA437] 98] Re &
o] WS S&3FA L2l T ABTS+E potassium persulfateo] Al AAE A
Tate] AbstElol =40 ABTS ol #uzs gt o] HEA 9]
ABTS ol etrj o] atstAle] dxps wow o] ta] F49] ABTS

e A9 olgetel 4% F vk

of 315 ok AeolA] QurgS AJIW ABTS ol & izl 44Tt A9
at7] A 95% ol gbgol 30 FE 3|4 Al 713 700nmell A 0.6870.72 Akele] F&

T S 2 == ) 96 well plated] A FS wEREE 20 pL¥ ¥, ABTS &

Hg 180 uL =t 15623 A2l ¢hikg A7l & 700nmel X F3 =8 574
b g2 o2 L-ascorbic acide AH&-3FSth

ABTS" radical scavenging activity (%) = [1— i:g]xloo

A AR FAYTE FRE

B: AR Agee FHE

C: A TAYZAN ABTS §91& Aelahd @e 29 FHE
D: AR Ael@el A ABTS §1 Aeshd e 2o FHE
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Figure 5. The principle of ABTS" radical scavenging assay.
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3. AXE vYg 2 NE 54 H7}
3.1. AI¥E 9%

RAW 2647 A*E<¢ BI6F10 Al E£E 3= M EF23)(Korean Cell Line Bank)el
A e Ekdel AlE eSS 37T, 5% CO, 7oA 10% FBS¢ 1% P/SE %
&3 DMEM A& Abgsto] 247} 24, 39 b7 o= Al skl
3.2. AIE 54 H7}

6,7-DH-4-MC®2] A¥E A4S H7Ist7] YsiA MTT assay S E3) AxX A=
U vEZE=gole] E44h ghztgol o3
H

gAle] 849 formazans A 3T}

RAW 2647 AEZE 15 x 10° cells/well, BI6F10 AXZ 2 x 10" cells/well2

24 well plated] #+F3+ 5 24A7F F U435 A5 2@l ste] 2447 wl
sttt MTT A¢S 02 mg/ml H5=2 Aol 4A7F =<k A=

formazan 24 S DMSOZ £33} microplate readerE %3 570nmeolA 53
= SASAY. AEX 542 AETY FHE #E TR (contro)d FHE=

gtk mla A dbste] wiE& 2 upebio] skt
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L N 7 i I
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©/ NADH  NAD" ©’
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MTT Formazan

Figure 6. The principle of MTT assay.
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4. ¥dF 4 Bt

4.1. Nitric oxide (NO) A F =A

M vt o EA3= NOE Griess A (1% sulfanilamide, 0.1%
N-1-(naphthyl) ethylenediamine dihydrochloride, 2.5% phosphoric acid)S A}-&
3to] nitrite (NOg) HElZ =43t RAW 2647 cellS 24 well plate©l

Aol gl w9 A& LPS

ke

1.5x10° cells/well® #58 F, 24417 5 A
(1 pg/mL)E A7 3te] 24A17F w3kt 96 well plateo] A3 ¥k} 100 ulL
o} Griess Al9F 100 pLE &£&3}e] 1087 WA 71 & 540nmolA &3 %= A
AT NO A &2 sodium nitrite (NaNO)2] XA AFAS Tl A FAL

&l k.
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Figure 7. The reaction of nitrite with Griess reagents
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4.2. Prostagladin E2 (PGE2) ¥ A 34 cytokine A F A

RAW 264.7 cellS 24 well platee] 1.5x10° cells/well& 253 3 24A7F
M =40 glv X9 Alset LPS (1 pg/mL)E #lste] 24417 vl et
otk AZ s S 5000 rpme 2 5@ Y4l BEe § e dS F 3 ELISA
kit A Z=ALS] W ol whEl PGE,, IL-1B8, IL-6, TNF-a9] $t#S =434}

o

4.3. Western blot

RAW 264.7 cell& 60 mm cell culture dishel 6x10° cells/dish® 253 3
Zkzt lysis A AAg AFolA ARE 1A w2k A st LPS( pg/mL)E
AdstAt. 1 F A7k 1IX PBSE AE-8he] Al A kal lysis buffer (1X RIPA,
196 Nonidet P-40, and 1% protease inhibitor cocktail)S AF-&3}o] 2087F Al
S &3 F, 15000 rpme® 1583 44 sttt e did g
BCA Protein assay kitE A}83}¢] bovine serum albumin (BSA)S| FF7 A=
e B AEAAsA T A Ee G A 2x Laemmli sample bufferS 1:1 H]
&2 E3ste]l 100TCoA 577 7FE3Ftt. Sodium  dodecylsulfate—poly
acrylamide gel (SDS-PAGE)S Ab&3ste] d7|9ss & @ids m7|d=
T2ttt 1§ PVDF membrane® 2 transferdlo] 5% skim milk2 229
2 1AZF E<t blocking 3Fth. TBS(Tris-buffered saline buffer)®t 0.1%
Tween 209] &3tE2] TBSTE AFE3le membranes 10+ HA o2 63 Al
st A Ak 12 FdAE AFE38Fe] 4Tl A overnight incubation sttt o] %,
TBST® 63] AlHsta A2oA 2A3F &t 22 FAE vt oA
TBST=Z 63] A&t ECL kitE AF83e] Chemidoc (Fusion solo 6S.WL,
VILBER LOURMAT, France)o. & & *&lil, Image] softwares Ab-g&3do] £4
s
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5. v ¥ &4 H7}
5.1. Melanin A F &3

BI6F10 A 2ZE 60 mm cell culture disholl 8x10" cells/dish® HF 38 I 244
T AE 540 gl wx9 Alse o-MSH (100 nM)E A sttt 72A1%F
Hjok & wj A= A AstL 27 1X PBSE AFg8te] Al FH 3k th Lysis buffer

&35t 203 MEE 833 & 15000 rpme2 1583 94 2833
A=A} pelletE Eolstar, 29 pelleto] 10% DMSO7F 7 1 N NaOH=
700 pLA ¥eof 100CelA 2023t A&ttt 1§ 96 well platecl]l 200 pL*
=71 "ol 405 nmelA FF=E FAsAv A5 Wod A HFLS o-MSH
G At v A Akete] MEE2 YE T 4F H2 BCA Protein assay

kitE AF&ste] @A S AFaFeto] HAepd A FS BAsEAT
5.2. A1¥ W tyrosinase &4 &4 A

BI6F10 A2 E 60 mm cell culture disholl 8x10" cells/dish=® HF38 I 244
5 ME 54 gl w529 A= a-MSH (100 nM)E A g3t A Tt 72412t
ok & A E A AL 27FE 1X PBSE AF&&e] A&t Lysis buffer

g3ke] 2083 AEE &g -, 15000 rpm o2 15%3F 94 skl
Azoe] wulz ke BCA Protein assay kitE AR&3dle] =A3sa, 01 M
sodium phosphate bufferE AF-&3te] @l d F%7} 20 pg/mlLo] =5 343}
ATk 96 well plateol] &4 Tz 20 ulL¢} 2 mg/mL L-DOPA 80 pL& Y1
37CeA 2A1F wjFE F 490nmollA FFE=E SASAT. AR AE U
tyrosinase &4 €42 o-MSH @5 A a3 vluwA st W& =2 e G

.
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1. 2 S

1. 4-MethylcoumarinE ¢ 34+3} &4

1.1. DPPH radical scavenging activity

4-MC, 7-A-4-MC, 6,7-DM-4-MC+= 0.78-50 mM, 6-M-4-MC, 7-M-4-MC
+ 0.03-2 mM, 6,7-DH-4-MC, 7,8-DH-4-MC+ 3.91-250 uM, 5,7-DH-4-MC+
0.31-20 mMe] F%=% DPPH &tz A~7%sg 480t DPPH #uz&
50% AASEE S W] % (ICx)E AlLEs 23 L-ascorbic acide 40.869 uM
(7.2 pg/mL), 6,7-DH-4-MC+= 25.491 pM (4.9 pg/mL), 7,8-DH-4-MC+ 39.393
uM (7.6 ng/mL), 57-DH-4-MC+ 7422 mM (1.4 mg/mL)2] ICs = e

A, 6,7-DH-4-MC+ $A ) Z+e L-ascorbic acide} W n S w ¢ £
DPPH &tz A~A 55 YeERY S th(Figure 8).
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Figure 8. DPPH radical scavenging activity of (A) L-ascorbic acid, (B)
4-MC, (C) T7-A-4-MC, (D) 6-M-4-MC, (E) 7-M-4-MC, (F)
6,7-DM-4-MC, (G) 6,7-DH-4-MC, MH) 7,8-DH-4-MC and (D)
5, 7-DH-4-MC. The ICs value was (A) 40.869+2.441 uM, (G) 25491+ 1.853
uM, (H) 39.393+2.717 pM and (I) 7.422+ 1.996 mM. The results are presented

as the mean £ SD from three independent experiments.
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1.2. ABTS" radical scavenging activity

4-MC, 7-A-4-MC+= 0.78-50 mM, 6-M-4-MC, 7-M-4-MC+ 0.03-2 mM,
6,7-DH-4-MC+= 0.39-25 mM, 6,7-DH-4-MC, 7,8-DH-4-MC+ 3.91-250 uM,
57-DH-4-MC+ 7.81-500 uyM¢] %= ABTS #HUZ A2ATES A3
ABTS" &t Z-& 50% A8 S wWe 5% (IC)E AlLtgt 23, L-ascorbic

acid® 26.244 uM (4.6 pg/mL), 4-MCE 20693 mM (3.3 mg/mL), 7-A-4-MC
= 13240 mM (23 mg/mL), 6,7-DH-4-MC¥ 8885 uM (1.7 pug/mL),
78-DH-4-MC¥ 11.867 uM (2.3 pg/mL), 57-DH-4-MC+ 10779 uM (2.1 n
g/mL)¢| 1Cs #& YER e, 67-DH-4-MC, 7,8-DH-4-MC, 5,7-DH-4-MC
= A hETe L-ascorbic acid¢ vHluglS o ¢ £& ABTS' oz 2A%

< YeER A (Figure 9).
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Figure 9. ABTS" radical scavenging activity of (A) L-ascorbic acid,
(B) 4-MC, (C) 7-A-4-MC, (D) 6-M-4-MC, (E) 7-M-4-MC, (F)
6,7-DM-4-MC, (G) 6,7-DH-4-MC, (H) 7,8-DH-4-MC and (1)
5, 7-DH-4-MC. The ICs value was (A) 26.244+1.635 uM, (B) 20.693+1.526
mM, (C) 13.240+1.743 mM, (G) 8.885+ 0.645 puM, (H) 11.867+3.487 uM and (I)
10.779£0.688 pM. The results are presented as the mean +* SD from three

independent experiments.
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2. 4-MethylcoumarinE ¢ 33493 &4

1. Ax 574 A7

RAW 2647 WA M EZAd A 67-DH-4-MC9} A F+2& 7} 4-methyl
coumarin FE=AE9] AX =54 HI7IE JPsA. 2 A3 4-MC, 7-A-4-MC,
6-M-4-MC, 7-M-4-MC, 6,7-DM-4-MC, 6,7-DH-4-MC, 7,8-DH-4-MC,
57-DH-4-MC+= 77} 40, 60, 300, 10, 160, 40, 20, 200 uM7}A] A3 o] ¢l
A tH(Figure 10).

2.2. Nitric oxide (NO) BAF =A

}
Atk 4-MC, 7-A-4-MC, 7-M-4-MC+ LPSE X% NO AAZFS oA sHA

ol

ME EA4o] g %9 4-methylcoumarin FE=A59 NO A EFS =4

2890m, 6-M-4-MC, 67-DM-4-MC, 67-DH-4-MC, 7,8-DH-4-MC,
57-DH-4-MCt s=9&4 oz A st HFigure 10).
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Figure 10. The effect of 4-methylcoumarins on the viability and NO
production in the LPS-stimulated RAW 264.7 cells. (A) 4-MC, (B) 7-A-4
-MC, (C) 6-M-4-MC, (D) 7-M-4-MC, (E) 6,7-DM-4-MC, (F) 6,7-DH-4-MC
(&) 78-DH-4-MC and (I) 5,7-DH-4-MC. The results are presented as the
mean = SD from three independent experiments. ###p < 0.001 vs untreated

control group. *p < 0.05, *xp < 0.01, *xxp < 0.001 vs LPS treated group.
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3. 4-MethylcoumarinE ¢ #] ¥ A
31. AX 54 H7}

B16F10 Al A 6,7-DH-4-MC®} FAFsH +3& 7} 4-methylcoumarinE <
ME =4 H7ME JAYgsdd. 2 23 4-MC, 7-A-4-MC, 6-M-4-MC,
7-M-4-MC+= 100 uM, 6,7-DM-4-MC+= 120 uM, 6,7-DH-4-MC,
78-DH-4-MC¥ 4 uM, 57-DH-4-MCE 60 puM7ZHA AlZ 5A4e] ¢t

(Figure 11).
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Figure 11. The effect of 4-methylcoumarins on the viability in B16F10
melanoma cells. (A) 4-MC, (B) 7-A-4 -MC, (C) 6-M-4-MC, (D)
7-M-4-MC, (E) 6,7-DM-4-MC, (F) 6,7-DH-4-MC, (G) 7,8-DH-4-MC and (I)
57-DH-4-MC. The results are presented as the mean +* SD from three

independent experiments.
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3.2. Melanin A% =3

a-MSH == ol wet Mx 540 gl FXA 4-methylcoumarins ¢
dWabd AR S A8 2 243 4-MC, 6-M-4-MC, 7-M-4-MC,
6,7-DM-4-MC, 5 -4-MC¥ a-MSH=E A=57A %2 BI6F10 AlxeA =
ZBds  S7RAAAT 67-DH-4-MC  7,8-DH-4-MCE o MSH=Z A4
BI6F10 Al¥EolA @ebdS ZAaAZ T 7-A-4-MCe #ebd Ao J&S 7
%A ek} (Figure 12).

,(-DH
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Figure 12. The effect of 4-methylcoumarins on production of melanin in
B16F10 melanoma cells. (A) 4-MC, (B) 7-A-4 -MC, (C) 6-M-4-MC, (D)
7-M-4-MC, (E) 6,7-DM-4-MC, (F) 6,7-DH-4-MC, (G) 7,8-DH-4-MC and (I)
57-DH-4-MC. The results are presented as the mean +* SD from three
independent experiments. *p < 0.05, #xp < 0.01, =xxp < 0.001 vs untreated
control group. #p < 0.05, #ip < 0.01, ##p < 0.001 vs a—MSH treated group.
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3.3. A1¥ Y tyrosinase &4 A =3

a-MSH A= 5o uwg} Al¥ ZAo] gl F%oA 4-methylcoumarins 2
M3 Ul tyrosinase §4 &S FAHSAT 1 Ay debd AR Ayt b
8k Al 4-MC, 6-M-4-MC, 7-M-4-MC, 6,7-DM-4-MC, 57-DH-4-MC+ «a
-MSH=Z #A=5%A &2 BI6F10 A ¥ A tyrosinase &4 A4S F7FA|#H A g
6,7-DH-4-MC<¢} 78-DH-4-MC+ o-MSH=Z A% BI6FI0 A XA
tyrosinase &4 XS ZAAATH 7T-A-4-MCTE tyrosinase &4 Aol o3k

[e] _O
S " AA Ut} (Figure 13).
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Figure 13. The effect of 4-methylcoumarins on tyrosinase activity in
B16F10 cells. (A) 4-MC, (B) 7-A-4 -MC, (C) 6-M-4-MC, (D) 7-M-4-MC,
(E) 6, 7-DM-4-MC, (F) 6, 7-DH-4-MC, (G) 78-DH-4-MC and (D
57-DH-4-MC. The results are presented as the mean +* SD from three
independent experiments. *p < 0.05, #xp < 0.01, *=xxp < 0.001 vs untreated
control group. #p < 0.01, ##p < 0.001 vs a-MSH treated group.
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4. 6,7-Dihydroxy-4-methylcoumarin (6,7-DH-4-MC)¢] 34835 &4

4.1. Prostaglandin E2 (PGEy) A% =3

6,7-DH-4-MC®] PGE2 A% A& Z43t7] Slsl, vk wi# il PGE2 A
&S ELISA kitE AMg3te]l 43kt COX-29 5ol4 oAAQl NS-398<
FANEToZ AEEAT. 67-DH-4-MCE LPSE f:¥ PGE2 A S
LPS Azlatel Hal s=¥EE 58% 157%, 40.0%, 46.1%, 50.3% <] Al8tsitt
(Figure 14).
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Figure 14. The effect of 6,7-DH-4-MC on PGE: production in the
LPS-stimulated RAW 264.7 cells. Cells were seeded in 24-well plates (1.5
x 10° cells/well) and incubated for 24 hours, and then pretreated with various
concentrations of 6,7-DH-4-MC (5, 10, 20, 30, 40 uM) for 1 hour before LPS
stimulation for 24 hours. N-[2-Cyclohexyloxy-4-nitrophenyl] methane
sulfonamide (NS-398) was used as a positive control. The results are
presented as the mean * SD from three independent experiments. ##p <
0.001 vs untreated control group. **p < 0.01, *x*p < 0.001 vs LPS treated

group.
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4.2. A9 Z4 cytokine A ZF =A

6,7-DH-4-MC®2] A9 54 cytokine (IL-18, IL-6, TNF-a) &A= A=

A\

dat7] s, i vl W cytokines ELISA kitE AR&-shel S48kt 2t

L

riN
o
ol

9] cytokine A HS LPS A& & AAA Z7Mek 1, 6,7-DH-4-MC+ LPSZ
4w IL-1B9 IL-6 AAFS v% 9 2 At oA
515%, 65.6% 7F2AZATH AW TNF-a A= 93Fe mxx &

© 5

3|
A

S
L

o

32
o

(Figure 15).

_39_



40 03

5 025
g 30 =
By L
B _a 0.2
g )
L 20 z 015
€ i)
2 Py
& 10 e
w & 005 |
0 <
B oo 2 o
LPS (lpug/ml) - + + + + + + LPS (1ug/mL) - + + + + + +
6,7-DH-AMC (uM) - - 5 10 20 30 40 6,7-DH-AMC (uM) - - 5 10 20 30 40
15
7
3o,
=
2
b
5
2 05
[
-1
&
4
= 0
LPS (lpug/ml) - + + + + +
6,7-DH-AMC (uM) - - 5 10 20 30 40

Figure 15. The effect of 6,7-DH-4-MC on (A) IL-18, (B) IL-6 and (C)
TNF-a production in the LPS-stimulated RAW 264.7 cells. Cells were
pretreated with various concentrations of 6,7-DH-4-MC (5, 10, 20, 30, 40 uM)
for 1 hour before LPS stimulation for 24 hours. The pro-inflammatory
cytokine production was measured using ELISA kit. The results are presented
as the mean * SD from three independent experiments. #p < 0.01, ##p <
0.001 vs untreated control group. *p < 0.05, *xp < 0.01, **x*p < 0.001 vs LPS

treated group.
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4.3. iINOS, COX-2 &#d&F &3

6,7-DH-4-MC¥ LPSZ F%% RAW 264,794 NO¢ PGE,S A%t}
webA 6, 7-DH-4-MC7F o]¢} ##lo] 9= iINOSe COX-2 whula uhg S o 4

shi=x] gelslr] 93] western blotg %3 &9t}

6,7-DH-4-MC LPSEZ X% iINOSE HE™Z 69%, 36.6%, 49.9% A3}
P, COX-2& H=WE 309%, 44.2%, 67.2% A5 tHFigure 16). ©] &3t
A¥= 6,7-DH-4-MC7F iNOS9F COX-2 wiiz wd S Aoz NO9
PGE,Z Attt 22 yepdit
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Figure 16. The effect of 6,7-DH-4-MC on the protein expression of (A)
iNOS and (B) COX-2 in LPS-stimulated RAW 264.7 cells. Cells were
pretreated with various concentration of 6,7-DH-4-MC (5, 10, 20 uM) for 1
hour before LPS stimulation for 18 hours. B-actin was used as a loading
control. The cellular proteins were separated using SDS-PAGE, transferred to
PVDF membranes, and detected using specific antibodies against 1NOS,
COX-2 and PB-actin. The results are presented as the mean £ SD from three
independent experiments. ###p < 0.001 vs untreated control group. **x*xp <

0.001 vs LPS treated group.
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4.4, MAPKs 238 % =3

ERK, JNK, p38 MAPKs<] <Ql4tst= 9S4 cytokineo] #d ¥ HHs #-d
Aoz 4 A gt webA 6,7-DH-4-MCe ¥ 34 cytokine A4 &
A7} MAPKs 14kst Aol o1&k A1A] glst”] 93] western blots %13
sk St

o]

rir
I

[e3]
2R

6,7-DH-4-MC+¥ LPS® %% ERKY Q4t3E sz

2.3%, 4.5%, 54.3%
AA et H L, p-389 QIAtstE HwEHEE 47%, 135%, 31.8% A8ttt spA| Rk

ftlo

EE R

o

6,7-DH-4-MC+ LPSEZ 5% JNK& <Qlitstel= 9
(Figure 17). ol&lgt A3+ 6,7-DH-4-MC7} ERK$} p38 MAPKs®] <l4tst o

A2 B8 A% A9t ALSA cytokine] HAL oA @i AL e,
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Figure 17. The effect of 6,7-DH-4-MC on the phosphorylation of (A)
ERK, (B) JNK and (C) p38 in LPS-stimulated RAW 264.7 cells. Cells
were pretreated with various concentration of 6,7-DH-4-MC (5, 10, 20 uM)
for 1 hour before LPS stimulation for 30 minutes. The cellular proteins were
separated using SDS-PAGE, transferred to PVDF membranes, and detected
using specific antibodies against p—ERK, ERK, p—-JNK, JNK, p—p38, p38. The
results are presented as the mean + SD from three independent experiments.

#H#p < 0.001 vs untreated control group. *+*p < 0.001 vs LPS treated group.
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Figure 18. The effect of 6,7-DH-4-MC on the protein expression of (A)
IxkB-a and (B) p-NF-xB p65 in LPS-stimulated RAW 264.7 cells. Cells
were pretreated with various concentration of 6,7-DH-4-MC (5, 10, 20 uM)
for 1 hour before LPS stimulation for 15 minutes. B-actin was used as a
loading control. The cellular proteins were separated using SDS-PAGE,
transferred to PVDF membranes, and detected using specific antibodies
against IkB-a, p—-NF-xB p65 and B-actin. The results are presented as the
mean = SD from three independent experiments. ###p < 0.001 vs untreated

control group. ***p < 0.001 vs LPS treated group.
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