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ABSTRACT

In this study, coumarin derivatives acenocoumarol and warfarin demon
strated the inhibition and anti—inflammatory effects of melanogenesis in
mouse cells. The effect of inhibiting melanogenesis was confirmed in Bl
6F10 cells, and both acenocoumarol and warfarin significantly reduced m
elanin production. Subsequently, the effect of acenocoumarol on the sign
al transmission path in B16F10 cells was investigated. Acenocoumarol in
hibited the expression of melanin—producing enzymes (tyrosinase, TRP
—1, TRP—2). And it was confirmed that the expression of MITF, whic
h regulates the production of tyrosinase, TRP—1, and TRP—2, was sup
pressed. In addition, it was confirmed that the expression of MITF was
suppressed through various signal transmission paths, and finally melani
n production was suppressed. Therefore, inhibiting the production of exc
essive melanin through the regulation of various signaling pathways hel
ps prevent various diseases and can be considered a promising strategy
for the treatment of hyperpigmentation and the development of whitenin
g agents. In addition, anti—inflammatory effects of acenocoumarol were
investigated in LPS —stimulated RAW 264.7 cells, which significantly re
duced the expression of INOS and COX—2 through various signaling pa
thways and ultimately reduced the production of inflammatory agents
(NO, PGE2) and pro—inflammatory cytokines. Therefore, inhibiting the a
ctivation of macrophages and the generation of inflammatory mediators
can be seen as a promising strategy for improving inflammatory disease

s and developing anti —inflammatory treatments.

Key word : coumarin derivatives, acenocoumarol, warfarin, B16F10, R

AW 264.7, anti—melanogenesis, anti —inflammation.
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o5  FAFAI7)a,  34—dihydroxy —L —phenylalanine (L —DOPA)”7}
DOPA quinonel. = 4tsl== AS Fvjsttt, DOPA quinones DOPA
chrome® 713%™ TRP—2+= DOPA chromes 5,6—dihydroxyindole —2—
carboxylic acid (DHICA) %+ 56—dihydroxyindole (DHD® A $kA] 71t}
vzt o 2 DHICA<SF DHI= TRP—19] &3] 4tstso] HFH oz a4
S & fFEgd (Eumelanin)S A4 ghoi[12—-14].

v o] ZAME7E ALl =EHW HEol= S E2¢ a—melanocyte
stimulating hormone (a—MSH)©] #H]HtH15]. ¥H]H a—MSHE= A 3E
o 21+ melanocortin 1 receptor (MCIR)®} Agsle] dWetd AXE 4

SAlA "Epbd el Aol dojdr16—19]

Tyrosinase & @A) zHox 71 F23 HAAAAE MITFE
(microphthalmia associated transcription factor)o]t}. =¥ MITF+= M
—box¢} Aeslal tyrosinase, TRP—1, TRP—2¢ W& S Z7iA)# daid
FdE fr=skA € TH20,21].

MITF+= Frizzled(Fz) F&A1¢] €743}, glycogen synthase kinase 33
(GSK3p)e] H|&Adst W B—catenin 549 A=S &3 Wnt/B—-catenin
NoHdGH 2ol FH |t 22—-24]. Frizzled(Fz)7} A= wowd GSK3B
(Ser 9)&= <4tsts] 31 Wnt/B—catenin 74 2ol A H] A s} E TH25]. o] o] A
B—catenine FA¥o] o] @Ml HoAgots dor HFAAH T—
cell factor—lymphoid —enhancing factor(TCF—LEF) HA}¢lz}e} H&x)=
gAstal, o] MITF 2d-& F7FA 7154 26.27]. Tyrosine 2168 7] o A
AFstEl GSK3B+ B—catening x4 0= QI4FSA 7] a1, S1AkstE B—
catenin< FH| A E WAYSE F3l & H28,29].

kel M X 5o BoldE MAPKE extra cellular signal regulated
kinases (ERK), ¢—jnk N—terminal (JNK), p382.& A% o] 9t}H30,31].



c—kit A=l o]k ERK?] <4k3}= serine 73914 MITFE <1AF3}A| A
MITF9 FrFA€3t 2@ 27 doju} F=% 2= tyrosinase 2 TRP—1,
TRP—29] 318 =4S T3 Aede F4S #HAA 7 WH[32-34]

INKe} p389] Q14tst= Hetd S S7HA 7]+ Ao 2 B uEAH35,36].

i

a—MSH”7}F MCI1Rel ZAg3H adenylate cyclase (AC)E A 3217
cyclic adenosine monophosphate (cAMP)E Z7FA| Z1t}H37—39]. cAMP2]
Z7F= 213 protein kinase A (PKA)7} < 7Fslal ¢cAMP response element
binding potein (CREB)E <14tststth[40,41]. CREBS] <14tst= MITFY
P ol= dHetd AAEE FX342—45].

=] O [e]
eSS

ol

b€ MCIRES ® b& ZA=2F @437tk A=5¢ MCIRZ s
phosphatidylinositol ~3—kinase (PI3K)7} &A3t=E™ 9 Qlx]&9l
phosphatidylinositol — (4,5) —bisphosphate  (PIP;)&  QAAtgsl s 3l
phosphatidylinositol — (3,4,5) — trisphosphate (PIP3)&¢] #3+S Zwj3lt}[46
—50]. PIP;2 <l AKTE Ax"oez =xF
PIBK/AKT =9 <jAl= =Hebd Ao 7kl dAvol gIuH[52,53]. uheh
AAKT7E 14Fstsd MITFS] 23S AAaA7]a g54oz Webd
Ag & A ETH54].

& 2] hydroquinone[55], arbutin[56] % kojic acid[57]9} &2 thkst 3

1=}
w
WA Ee WY Mk A dgsAg Azs] A AsEn Ao

N

[68]. ¥t} hydroquinoned] F7]14Q0 Fo= A=4, 54 AFEE F
W3t [59], hydroquinone fAFAIQ] arbutine s 31 545 7Fa 9l
L, 9lA YA hydroquinonel & H3tE = How HIFEJTHE0,61]. HgH
kojic acidell && &9t 7hsAdd ddHEV] FF FAE ofd AFolA
HaH eH62,63]. whebd, g3pAolal kA AN AAFAE e d %

e 2Fen B
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HAALZE 95 2 d9nse - T8 988 do{70-72]. Ul
=42 247 lipopolysaccharide(LPS)E 13 S-A7e] A 9 2o &7
skel, LPS7} A AEE A=shd #4sE dAAEE NO, PGE, % IL
—18, IL—6, TNF—a & HdAFA cytokines A cH73,74]. 12t 4
<4 WiZhAlek AASA cytokined] ) A ATt A A HdHz

#9932 e AWS FUT 5 A6 ek A 24
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LPS A= A] cytokinedl 93] %2 4 <9li= inducible nitric oxide
synthase (iINOS)¢} cyclooxygenase—2 (COX—2)¢} & AAFA a4+=
oel 54 AgteA 7 AEet= Aow W THT9,80]. &t o
A EE INOSE AAA7]H o] L—arginine? 4H3E Zvjsle] NO=
A @THBLL NO= W, a5, A4, Adds 343 B2 7ddA A
2 8t2 Ao #e]Fri82]. kAT INOSOl 98l NO7F A%zo=z 44
H fEdy &= 2 A4 A8 2 FaAd 2AE 45 7 U083l
PGE; =3 % db3-9] mf/fA| 24 cyclooxygenase—2 (COX—2)o] <]3f
FEHY PGEx 95 % @S ¥t opekst g st gy #o
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A5 AHE st 215 HE T toll—like receptor 4 (TLR4) A& +=
Ta3 dAYSE F stu=E FFETHRL] A=EA] &2 oA Al A

LPS+ TLR4el Agsly TLR4eo A4 3t= AE AEE HAE3ste] NF—x
Be} MAPKs Az dd A=2o 8A43= X2 3}H-6,87].

Extra cellular signal regulated kinases (ERK), c—jnk N —terminal
(JNK), p383 22 MAPKE AxX Ay E3pe] =dErt ofvegt
cytokine @ AE# Ao 3t AE Wkgo % F=
T A 25 oltH88l MAPKs®e ¢I4tst= &g std g AlxolA HddF
3 cytokine¥ f5 wiZlA &) BAS F7FAIXITH89,90].
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Nuclear factor kB (NF—kB) Az dg7d 2% iNOS, COX—2%} 2 A
FA = Zhe 95 dd G 245 F3 WY 2 d5A wSol
A s FuH91,92]. A=HA B2 AElel A NF—kB: pd0, p65
subunits &2 FA o] lom A EZ A A inhibitor kB—a (IkB—a)<}9]
B AES T AE A MG = A EH93,94]. LPSoll ©] 3] o
AAE7E A5HH kB kinase (IKK)ell 93 [kB—a® S14bstE o] frH]F]
g3 2 Rt dojuyr AF2Y2 NF—xBeE oz 2AA Ad5A
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Coumarin< benzenedll a—pyrone 2|7} AF Hojde sgtEolvt
[101]. ©l=213F 8¢ a—benzopyrone T-Z& 3 2% Ha528&S £
1A e v a4 2 FE&Ae g4 AT A8S ¢ AESF sho] oA
2A0 ALl FAEs YEbATH102,103].  Coumarine  Dipteryx
odorata®l x| A& TAE Ao AZqME Ho] WHHE HEY 4=
TAEW FAAA 130078 o] sheh=ol SAEATHI04] A A
coumarin< @¢H[105], &5 41[106], &4FsH107], &+H[108], 3-8 L[109], &
=110, Futol el =[111], &-5-2A[112] & vh&e oFgsts &S Hol

i ot

4—Hydroxycoumarin< coumarin®] 4¥ ¢ Xo] -OH7} 2% HojA+=
T%0|H 4—Hydroxycoumarin¥} 1 fFE=AE5L I3 ol v|AZHo =R
dojub= dd IS WA FSAAR AR H gHH113,114]. ®=F
dd[115], &eH116], A-EA17], &= [118], & ke ofkefsty 24

o

4—Hydroxycoumarin +%=3]% acenocoumarol®} warfarine dHH4 o 2
AbEE = AT FSaAlelw dAF ool Edrt dvka dHA Ao
[119,120]. o] &2 Xzt (I, VI, X,X)e] ofF S A7 o
ol WEtY K Z3dAgunx HFEUH121,122]. dA  acenocoumarol 7}
warfarine &84, 3¢k & HIV A4S 7Fdvtz B aEqoH123]. 3t
ARk 7 B4 B5 depd 3ol g A9 g5l gk Ao v E
sk AAolth, wEbaA] B AF A= BI6F10 Al¥Eo| A acenocoumarol 2
warfarin®] @ebd A oA g3} acenocoumarol©] BI16F10 Al 3ol A
AzdEA el mA= e AR LA v =3 LPS A5 RAW

264.7 M3 A acenocoumarol®] FHS EIE FASFALA} g,

(
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Figure 4. Structure of coumarin derivatives. (a) Coumarin, (b) 4—

Hydroxycomarin, (c) Acenocoumarol (d) Warfarin.



o A5 % 3H

L AE R A

EoAFto AFE-¥ acenocoumarol TCI (Tokyo, Japan)oll A 43S
™ warfain< Sigma— Aldrich (St.Louis, MO, USA)e| 4 <438} th.

MEES wjdst7] Y8l dulbecco’'s modified eagle’s medium (DMEM) ¥}
penicillin — streptomycin  (P/S)& Thermo Fisher Scientific (Waltham,
MA, USA)ol Al fetal bovine serum (FBS)+= Merck Millipore (Burlington,
MA, USA)el A -4 3t th.

AFE S 37 el AHEH a—melanocyte stimulating hormone (a—
MSH), protease/phosphatase inhibitor cocktail, sodium hydroxide
(NaOH), L—DOPA, Lipopolysaccharide (LPS), griess reagenti= Sigma—
Aldrich (St.Louis, MO, USA)ell A F3tH o™, 3—(4,5—dimethylthiazol
—2—yl) —25—diphenyltetrazolium bromide (MTT), Dimethyl sulfoxide
(DMSO), phosphate buffered saline (PBS), tris—buffered saline (TBS),
sodium dodecyl sulfate (SDS), radioimmunoprecipitation assay (RIPA)
buffer, enhanced chemiluminescence (ECL) kit Biosesang (Seongnam,
Gyeonggi—do, Korea)oll4 T3ttt BCA protein assay kite} 0.5%
trypsin —ethylenediaminetetraacetic acid (10x)= Thermo Fisher Scientific
(Waltham, MA, USA) A F+43F9 2, tween 207} 2 x laemmli sample
buffer+= Bio—rad (Hercules, CA, USA)olA T3t o™, skim milk+s
BD Difco (Sparks, MD, USA)el A <331t}

Enzyme —linked immunosorbent assay (ELISA) kit = PGE.% abcam
(Cambridge, EN, UK)olA, IL—1B, IL—6, TNF—a+* BD Biosciences
(Franklin Lakes, NJ, USA)el A <321t}

Western blotS ¢&] AF8¥ 1% @A tyrosinase, TRP—1, TRP—2,
MITF+= Santa Cruz Biotechnology (Dallas, TX, USA)olA F+3IH o,



COX—2% BD Biosciences (Franklin Lakes, NJ, USA)el A G438+, p
—ERK, ERK, p—p38, p38, p—JNK, JNK, p—PKA, PKA, p—AKT, AKT,
p—GSK—38B, GSK—38, p—B—catenin, B—catenin, iNOS, p—IkB—a, Ik
B—a, p65, lamin B, B—actin®} 22} A anti—mouse, anti—rabbit+ Cell

signaling technology (Danvers, MA, USA)oll A <3} th.



2. Agy

2.1, AE WY

B16F10 mouse melanoma cell<= ATCC: The Global Bioresource Center
(Manassas, VA, USA)olA FYstA 31, RAW 264.7 murine macrophage
cell> Korea Cell Line Bank (Seoul, Korea)ol A %3}t

M v 10% fetal bovine serum (FBS) % 1% penicillin—
streptomycin®] % dulbecco’s modified eagle medium (DMEM) ®j#|

of 37C, 5% COz°l Z3lA 747} 3, 24 A= A &t



22. X A&EE

Tk
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ool

v A=A grobnr] 93}

o

Coumarin Alg s}gtEo] Alxo] A&
MTTH S F839t. BI6F10 Al¥2 24 well platedl 1.5 x 10" cells/well
2 EFoto] 24X Fob viYAI7IAL, BEE s A EE Adste] 72
AlZF Eob wlEAlZ Y. RAW 2647 AlEE 24 well plateo] 15 x 10°
cells/well2 FF3to] 24A17F &<t WA 7] a2, T gt %9 A= 9k LPS
£ (1 pg/mL) Agste] 24A3F &b s A AT, g 5 MTT A%k
02 mg/mLe F== Akl 3AZF &<k WA wix AA 5
DMSOE 1 mL ¥o] 25Ce|A] 2023t Bk e] formazan A4S &34

Zth. Microplate readerE ©]-&3}¢] 570 nme| oA FHFE=E =43}

o
S~
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2.3. Melanin contents =74

B16F10 Aol A coumarin AlE 3}3&EE°] melanin B0 FaFS W
A=A gl1st7] 918 melanin contentsE T35kt 60 mm cell culture
dishol B16F10 Al2E 80 x 10 cells/dish® #F3ko] 2442k FF w &
AAFIL, st w2 A5 a—MSHE (100 nM) A& sto] 72A1 7+ &
A FAl o P2 S 2+ arbutin (200 pM)S A 23] witd M X
7b AHEE AT MAE AAS 27bE 1 x PBS buffer 23 A3

2 o

i

o

lysis buffer (RIPA buffer, 1% protease inhibitor cocktail)E& 200 uL*
o] 208 E<¢F 4T A lysis 3ttt Lysis & cell scraperE o] &3] cellS
Fol 15 mL e—tubeo] %7 vortexing 3}t 15000 rpm, —8T<el =71
oA 208 &< AR dAdEY F AFTAE AAsSE] pellet=

Ao pellet> 800 pl.e] 1 N NaOH (10% DMSO)Z o] 90TelA 10

offl

7 &35kt 96 well plateo] 200 plL® ¥ o]F2l o™  microplate

readerE ©|-&3ato] 405 nme] H}FoNM FRE=E S5



2.4. Tyrosinase activity 73

60 mm cell culture dishel] BI6F10 AZE 80 x 10" cells/dish® #F3}
o] 24A17F Eob WiRAIA L, T FEe AZ9 a—MSHE (100 nM)
g ste] 72417F ok wjkAFH o FAUIFETOZE arbutin (200 uM)S
Aelete] vigE MEZE ARG EAT WA E A ASEL 27 1 x PBS
buffer® 23] A& % lysis buffer (RIPA buffer, 1% protease inhibitor
cocktail) & 200 puLA Yo 20 &< 4TAA lysis st Th Lysis 5 cell

scrapers ©]&3) cell& o} 15 mL e—tube°] %7 vortexing 3} t}.

15000 rpm, —8TC2] ZZ1oA 208 &<t &S IPssdrt. A&

L AzdS dQon dulAe]l FHriE BCA protein assay kitE o] -&3}o]
AFetdth 96 well plated] 20 pg/mL= F=Fs @id 20 plef 2

mg/mlL. L—DOPA 80 plL& 2o]F 3 37CoA 1A1ZF Sk v A AL 3

¥ %=+ microplate readerg ©]&€3te] 490 nme] Gl A =43 T



2.5. Nitric oxide WA ZF =3

SF %

= o] LPSol 938l A=¥ RAW 264.7 A3zl A A4
#] 3l aF [
d= NO; o dHl= S AlEE 24 well plateol
wFate] 24A12F &9 wiYFAl7] AL, o
A& et LPSE (1 pg/mL) Aglske] 244%F IS
2% L-NIL (40 uM)= A gste] wigFd Alx27F AR5

o % o)

Coumarin A€ 3}

1
T

3

=

o

%)

\1

nitric oxide& AE wjekede] R E=
Nitric oxide?]
15 x 10° cells/well&

o} n

-

>=
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2.6. Prostaglandin E; (PGE:) ¥ H A 354 cytokine (IL—18, IL—6,
TNF—a) B3 F &H

oel A=FE RAW 2647 Al FolA

Coumarin A€ 3&}5&E0°] LPSo
Asst==]  glstr] 98l

PGE, IL—1B, IL—6, TNF—a¥
=33 dct. AEE 24 well plateol

B FE
ELISA kitE ©]&3}¢] 15 x 10°
cells/well2 FF3Fo] 24A17F &< vlFAl 7], st 559 A=
5 (1 pg/mL) Aste] 24412k Sk g3ttt PGE, A& 54 Al &

Ao 2= NS 398 (100 nM)S A2 sle] vjdd AME7F AFE5 AT
&3 %+ microplate readerE ©] 83t 405 nm &2 450 nme] Aol A
=43k T



2.7. Western blot

B16F10 Al¥%Z 60 mm cell culture dishell 8.0 x 10* cells/dishZ ¥53}
of 24AZF FeF M AN AL, GEF F= AFS a—-MSHE (100 nM)
Agstol  whuid AE Ao meEl wikAIH e T oeRs
arbutin (200 uM)& A glste] wigd A E7F AR H A RAW 264.7 Al

6.0 x 10° cells/dish® #F3te] 2443t &
b M AL, et w=4 AR LPSE (1 pg/mL) A ejste] iz
A AZbel whel wj Az W F, A E AlASL AR 1 x PBS
buffer® 23] A& % lysis buffer (RIPA buffer, 1% protease inhibitor

cocktail) & 200 puLA Yo 20 &< 4TAA lysis st Th Lysis 5 cell

= 60 mm cell culture dishol

A

scraperE ©]&3 cell& o} 15 mL e—tube°l %7 vortexing 3} t}.
15000 rpm, —8T9] ZxoA 20% &< A E Astah. HAE

T AzdS dAglon gulAol Er BCA protein assay kitE o] &3t
A w35ttt Loading samples 30 pg/mLE A &3 4@ A3} 2 x Jaemmli
sample bufferg 1:1 ¥ &2 &35t 100CAA 553 7FE3sEA . Az
loading sample2 SDS—polyacrylamide gel® #7]9%5& Ea g zdS
azigg ZEE3dy. Eyd dmEE gelodlA PVDF membrane & &
transfer 3}%13l, membranes 1 x TBS—T (Tris—DBuffered Saline with
1% Tween 20)% =9 5% skim milkell 2A]7F &<t blocking ¥ 1t}
Blocking ¥ membranes 1 x TBS—T=& 1087+ & 63 A&, 1 x
TBS—Tell 1:20009] v]&=2 &a¥ 12 A E 4TAA overnight WHSA]
Atk ©A 1 x TBS—T= 1083t F 63 Alxsta, 1 x TBS—Te
1:10009] vl&= galE 22 FAE 25TolA 2412 5t wESAIHTH
membranes UA] 1 x TBS—T= 1083 & 63] 433}, ECL kitE AF
&3] oA S WHAZ]L chemidoc (WL, VILBER LOURMAT,
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Figure 5. The effect of coumarin derivatives on the viability in

(b)
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100 |
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40 |

Cell viability (% of control)

20

0
Warfarin (pM)

B16F10 melanoma cells. The cells were treated coumarin derivatives
(10, 20, 40, 60, 80 and 100 uM) for 72 h. Cytotoxicity of (a)
Acenocoumarol, (b) Warfarin was evaluated using the MTT assay. Cell
viability is expressed as percentages relative to untreated cells. The
results are presented as the mean * SD from three repeated
experiments. * p < 0.05, *x p < 0.01, *xx p < 0.001 vs unstimulated

control group.



1.2. Melanin contents

BI6F10 Mo A coumarin AlE 33Eo] AxE Ao YeEUA =
He el depd Aol mAE S dotry] 93 dWed g S
A AdS APttt Acenocoumarol¥ warfaring thedk H% (10, 20
240 pM)E 72413 &9 A EsEt a—MSH (100 nM) ¢} arbutin (200
uM)& ZH2t AR AT o R AN H QY 1 AF coumarin
AL 3¥E F  acenocoumarol®] HEbd A ZIHUE o U
Acenocoumarol# warfarin®] #Hebd S SAWETI AlugS o
3l F%2l 40 pMoll Al acenocoumarole 28.04%, warfarin< 23.74% 7+t

<= sk th(Fig. 6).
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Figure 6. The effect of coumarin derivatives on production of
melanin in a—MSH —stimulated B16F10 cells. The cells were
treated (a) Acenocoumarol, (b) Warfarin (10, 20 and 40 uM) for 72 h. a
—MSH was used as the negative control and arbutin (200 pM) was
used as the positive control. The results are presented as the mean =

SD from three repeated experiments. # p < 0.001 vs unstimulated

control group. * p < 0.05, =*x p < 0.01, *xx p < 0.001 vs a—MSH

alone.



1.3. Tyrosinase activity

B16F10 Aol A coumarin AlE 3}§=o] tyrosinase &30l A= 9
S dotr7] 98 AE Hgo] yEuA = Wl WA tyrosianse
activity 22 833 th Acenocoumarol?} warfarine thF3k 5% (10,
20 3 40 pM)E 724%F Feb A e a—MSH (100 nM)¢t arbutin
(200  oM)=  ZAZ SAdETH FUEToeE AREHAL
Acenocoumarol® warfarin®] tyrosinase &S SA W ZEY B PSS uf
1 FEQ 40 pMell A acenocoumarols 23.19%, warfarin< 6.03% 2
& glsk A oh(Fig. 7).

uw2kA] coumarin AlE 3HEHE
a7 7P s gt o] % acenocoumarolel] thE F7F A ¥

= A

acenocoumarol®] tyrosinase &4 74
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Figure 7. The effect of coumarin derivatives on tyrosinase activity
in a—MSH-—stimulated B16F10 cells. The cells were treated (a)
Acenocoumarol, (b) Warfarin (10, 20 and 40 uM) for 72 h. a—MSH was
used as the negative control and arbutin (200 uM) was used as the
positive control. The results are presented as the mean * SD from
three repeated experiments. # p < 0.001 vs unstimulated control group.

* p < 0.05, *x p < 0.01, *xx p < 0.001 vs a—MSH alone.



2. B16F10 Al | A acenocoumarol®] Had A 43 Hr}

2.1. Western blot

D 2zd A4 54 23

-

B16F10 AM¥>oA =epbd A 34 @Ed  dgS m A=
acenocoumarol®] S g2lst7] 913l western blote FdstAtt. 1 A

7 BI6F10 AlzolA wWepd A Jao g a—MSH (100 nM) =
g3 B3-S ul acenocoumarol?] FE7F FUhgtel| wel FE oEF

o7 A= AL A& 4 AT 53] acenocoumarolS FHil F%

)

el 40 uMoll A tyrosinaseE 35.59%, TRP—15 58.98%, TRP—2& 33.31%

#aAZ G (Fig. 8).
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(c) (d)

TRP-1 protein expression
(% of control)

TRP-2 protein expression
(% of control)

a-MSH(100 nM) - + + + * * a-MSH (100 nM) -
Arbutin 200 pM) - N - - - * Arbutin (200 uM) - - - - - +
AC (uM) ~ - 10 20 40 - AC (uM) - - 10 20 40

Figure 8. The effect of acenocoumarol on tyrosinase, TRP—1 and
TRP—2 protein expression in a—MSH—stimulated B16F10 cells.
The cells were treated with acenocoumarol (10, 20 and 40 uM) for 48 h
in the presence of a—MSH (100 nM). (a) Western blotting results, (b)
Tyrosinase protein expression, (c) TRP—1 protein expression, (d) TRP
—2 protein expression. a—MSH was used as the negative control and
arbutin (200 pM) was used as the positive control. The results are
presented as the mean +* SD from three repeated measurements using
the Image J. # p < 0.001 vs unstimulated control group. * p < 0.05, *x

p < 001, = p < 0.001 vs a—MSH alone.



2) MITF 24

MITF+ tyrosinase #@ @A o] FHlx}o]l™ tyrosinase, TRP—1,

-

TRP—2 promoter®] M—box$} ZAgste] Wzl MAS FE3sitia &

= pS =

A

A ATH20,21].  wEkA BI6F10  AM3zeolA  MITEF & =ke]  w X &=
acenocoumarol®] G &S &<e1st7] 93] western blots M@t 1 4
# BI6F10 Al ZolA MITF] 2@ @ wk &Aoo Hardhs s
A 4 o a—MSH (100 nM) M2+ vjuglS of Hi 5% 40

uMell Al ¢k 79.56% 722 Z tH(Fig. 9). o83 A3 = £3 acenocoumarol

< BI6F10 AlEellA MITFS] & oA deid AAS daAZts

2% FAY 5 vk
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Figure 9. The effect of acenocoumarol on MITF protein expression
in a—MSH—stimulated B16F10 cells. The cells were treated with
acenocoumarol (10, 20 and 40 uM) for 40 h in the presence of a—MSH
(100 nM). (a) Western blotting results, (b) MITF protein expression. a
—MSH was used as the negative control and arbutin (200 uM) was
used as the positive control. The results are presented as the mean =
SD from three repeated measurements using the Image J. # p < 0.001
vs unstimulated control group. * p < 0.05, ** p < 0.01, *** p < 0.001
vs a—MSH alone.



3) Wnt/B—catenin AT HAEGRE =

Wnt/B—catenin AZHGH 2N Frizzled(Fz) &A1 A=
GSK3pe] n &3 % B—catenin %49 A= &3 HFHo=2 MITF
S F7FA It 22—-24]. webA B16F10 Al oA Wnt/B—catenin A&
9425 Tl acenocoumarole] Wotd A S A=A &l
3] western blot2 &3} h Acenocoumarol®] §%=7F F7bgkel] uhgl B
—catenin?} P—GSK3B9 TS v& gEH o Iaste S &
g ¢ qlom P—B—catenin®] THHFL FUetE AS EAT F Sk B
—catenin® P—GSK3B2] #d=FS a—MSH (100 nM) A&l w2 ¥ gs
o 3 FEQ 40 pMeol A ZHZE 36.05%, 48.32% #A~dlil, P—[B—catenin
o wd#Fe 4516% S7HETHFig. 10). °l¢k e AE  Fd
acenocoumarol<> BI16F10 Al3Zo|A Wnt/B—catenin A EHEHZE &3
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Figure 10. The effect of acenocoumarol on B—catenin, P—GSK33
and P—B-—catenin protein expression in a—MSH—stimulated
B16F10 cells. The cells were treated with acenocoumarol (10, 20 and
40 uM) for 24 h in the presence of a—MSH (100 nM). (a) Western
blotting results, (b) B—catenin protein expression, (c) P—GSK38 protein
expression, (d) P—[@—catenin protein expression. a—MSH was used as
the negative control and arbutin (200 pM) was used as the positive
control. The results are presented as the mean + SD from three
repeated measurements using the Image J. # p < 0.001 vs unstimulated
control group. * p < 0.05 =*=x p < 0.01, *=xx p < 0.001 vs a—MSH

alone.



4) MAPKs A 3ZHEH =2

MAPK Az @24z Fo|A ERKE MITFE Q4tiA A FF2 o=
tyrosinase @ TRP—1, TRP—2¢] 38 =4S Eaf Aetde A4S #Hx
A7)= wE[32-34], JNKSF p38e] ¢ltals wWelu s Z7pA7]= Ao s
ATH35,36]. wEkA] BI6F10 Al Al acenocoumarole] MAPKs
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NZAGHRZE E& MITFY 2aS #aA7]a 5oz wapbd 44
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Figure 11. The effect of acenocoumarol on MAPKs protein
expression in a—MSH —stimulated B16F10 cells. The cells were
treated with acenocoumarol (10, 20 and 40 uM) for 4 h in the presence
of a—MSH (100 nM). (a) Western blotting results, (b) P—ERK protein
expression, (c) P—JNK protein expression, (d) P—p38 protein
expression. a—MSH was used as the negative control and arbutin (200
uM) was used as the positive control. The results are presented as the
mean * SD from three repeated measurements using the Image J. # p
< 0.001 vs unstimulated control group. * p < 0.05, *x p < 0.01, *xx p

< 0.001 vs a—MSH alone.



5) cAMP/PKA A3dGH =

cAMP/PKA 23 AgAZo| A MCIRo] A=+<S WA W AC7F 43}
ol cAMPE F7HAIZIYE. cAMPY S7F= Q13 PKAZF <Q14kstsw 3
¢to & o]%&] CREBE ¢l4t3ldte] MITFS 2dS HE=3c}H37—45]. w

oft

24 BI6GF10 AlZolA PKA 25 dE4d =& &3l acenocoumarole] PKA

°of WS FAaAA dWod A AAE A=A Fdetr] @

western blots X &stAtt. 1 23 BI6GF10 A4 PKAS WA ZFE 5

srelabglom a—MSH (100 nM) # e
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Figure 12. The effect of acenocoumarol on PKA protein
expression in a—MSH—stimulated B16F10 cells. The cells were
treated with acenocoumarol (10, 20 and 40 pM) for 24 h in the presence
of a—MSH (100 nM). (a) Western blotting results, (bh) P—PKA protein
expression. a—MSH was used as the negative control and arbutin (200
uM) was used as the positive control. The results are presented as the
mean * SD from three repeated measurements using the Image J. # p
< 0.001 vs unstimulated control group. * p < 0.05, *x p < 0.01, **x p
< 0.001 vs a—MSH alone.



6) PIBK/AKT A3 HEG3 =

ra

.

PIBK/AKT Z2¢] Al depd Aol S7kek Aol vt &
Aom AKT7F 14ksts ™ MITFS] 2@ S AAaA7]a 54 ow Wt
of AL AT Hiwo] QIth52—54]. webA BI6F10 Al 3£l A
AKT N&d2H 25 53] acenocoumarole] MITFS] #H& S Zar]#A @
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Figure 13. The effect of acenocoumarol on AKT protein
expression in a—MSH—stimulated B16F10 cells. The cells were
treated with acenocoumarol (10, 20 and 40 uM) for 4 h in the presence
of a—MSH (100 nM). (a) Western blotting results, (b) P—AKT protein
expression. a—MSH was used as the negative control and arbutin (200
uM) was used as the positive control. The results are presented as the
mean *SD from three repeated measurements using the Image J. # p <
0.001 vs unstimulated control group. * p < 0.05, ** p < 0.01, *** p <
0.001 vs a—MSH alone.



3. RAW 264.7 Al X4 acenocoumarol® 4= &% H7}

31. A2 BEE

RAW 264.7 A Eo|A acenocoumarol®] AE2] AEo] JgFS v X% ¢
TEE gty felA MTTHS 333 th Acenocoumarols T
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Figure 14. The effect of acenocoumarol on the viability in RAW
264.7 cells. The cells were treated acenocoumarol (31.3, 62.5, 125, 250
and 500 pM) and LPS (1 pg/mL) stimulation for 24 h. L—NIL (40 uM)
was used as the positive control. Acenocoumarol was evaluated using
the MTT assay. Cell viability is expressed as percentages relative to
untreated cells. The results are presented as the mean + SD from three
repeated experiments. # p < 0.001 vs unstimulated control group. * p <

0.05, *x p < 0.01, *** p < 0.001 vs LPS alone.
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Figure 15. The effect of acenocoumarol on production of Nitric
oxide in LPS—induced RAW 264.7 cells. The cells were treated
acenocoumarol (31.3, 62.5, 125 and 250 pM) and LPS (1 pg/mL)
stimulation for 24 h. L—NIL (40 uM) was used as the positive control.
The amount of Nitric oxide in the medium was measured using a
Griess reagent. The results are presented as the mean + SD from three
repeated experiments. # p < 0.001 vs unstimulated control group. * p <

0.05, *x p < 0.01, *** p < 0.001 vs LPS alone.
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Figure 16. The effect of acenocoumarol on production of PGE; in
LPS —induced RAW 264.7 cells. The cells were treated acenocoumarol
(31.3, 625, 125 and 250 pM) and LPS (1 pg/mL) stimulation for 24 h.
NS 398 (100 nM) was used as the positive control. The PGE;
production was determined using an ELISA kit. The results are
presented as the mean = SD from two repeated experiments. # p <
0.001 vs unstimulated control group. * p < 0.05, *x p < 0.01, *xx p <
0.001 vs LPS alone.
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Figure 17. The effect of acenocoumarol on production of pro-—
inflammation cytokines in LPS—induced RAW 264.7 cells. The
cells were treated acenocoumarol (31.3, 62.5, 125 and 250 uM) and LPS
(1 pg/mL) stimulation for 24 h. The (a) IL—1B production, (b) IL—6
production, (c) TNF—a production was determined using an ELISA Kit.
The results are presented as the mean = SD from two repeated
experiments. # p < 0.001 vs unstimulated control group. * p < 0.05,

p < 001, xxx p < 0.001 vs LPS alone.



3.5. Western blot
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Figure 18. The effect of acenocoumarol on INOS and COX-—-2
protein expression in LPS—induced RAW 264.7 cells. The cells
were treated acenocoumarol (62.5, 125 and 250 uM) and LPS (1 pg/mL)
stimulation for 22 h. (a) Western blotting results, (b) iINOS protein
expression, (¢c) COX—2 protein expression. The results are presented
as the mean =SD from three repeated measurements using the Image J.
# p < 0.001 vs unstimulated control group. * p < 0.05, *x p < 0.01,
*xx p < 0.001 vs LPS alone.
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Figure 19. The effect of acenocoumarol on MAPKs protein
expression in LPS —induced RAW 264.7 cells. The cells were treated
acenocoumarol (62.5, 125 and 250 pM) and LPS (1 ng/mL) stimulation
for 20 min. (a) Western blotting results, (b) P—ERK protein expression,
(c) P—JNK protein expression, (d) P—p38 protein expression. The
results are presented as the mean £SD from three repeated

measurements using the Image J. # p < 0.001 vs unstimulated control

group. * p < 0.05, xx p < 0.01, =+ p < 0.001 vs LPS alone.
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Figure 20. The effect of acenocoumarol on IkB—a and P—IxB—a
protein expression in LPS—induced RAW 264.7 cells. The cells
were treated acenocoumarol (62.5, 125 and 250 uM) and LPS (1 pg/mL)
stimulation for 20 min. (a) Western blotting results, (b) IxB—a protein
expression, (c) P—IkB—a protein expression. The results are presented
as the mean =SD from three repeated measurements using the Image J.
# p < 0.001 vs unstimulated control group. * p < 0.05, *x p < 0.01,
*xx p < 0.001 vs LPS alone.
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Figure 21. The effect of acenocoumarol on NF—kB (p65) protein
expression in LPS —induced RAW 264.7 cells. The cells were treated
acenocoumarol (62.5, 125 and 250 pM) and LPS (1 ng/mL) stimulation
for 15 min. (a) Western blotting results, (b) p65 (cytoplasm) protein
expression, (c) pb65b (nucleus) protein expression. The results are
presented as the mean =SD from three repeated measurements using
the Image J. # p < 0.001 vs unstimulated control group. * p < 0.05, #*x*
p < 001, =xx p < 0.001 vs LPS alone.



Coumarin< th

4w

= o
A=<

T = A

A e124]. 7k

alr
=

i

o] 4 acenocoumarol®} warfarin® =z}

3t o™ ] vpolrb acenocoumarole] B16F10 Al

-
X

ATH125,126]. wekA] B16F10 Al

T3 LPS A= RAW

g 24}

FA T

o

3

No

;OO

264.7 A 3o 4] acenocoumarol 2]

ol

I

12 A Bk ATAY B4

3} 2

[e)
Zf'l:t_

1}

blo

& ATl A

[e) [e)
2S T

A7 B

e

ol rH56—63]. wEkA $ele &t

al

3
H

< 3

oW coumarin Al

S

1 BI6F10 A=

9]

el

Coumarin Al

&

o 4

hyA
il

o] 1 acenocoumarol®} warfarin®] Al

A3} acenocoumarol ¥}

g 2

o

warfarin =5 60 pM 7| 9He] F oA AE

~
fi%e)

2

|

A& o
= a3

40 UM olate] FEolA o] F

KeN
T

acenocoumarol¥} warfarin

ATt



AE Aol YetA k= W9 WalAl coumarin AlE 3tgHE< A
shak =24 298 A3 th Acenocoumarol¥ warfarin 40 M ©] 3}2]
FroA 23S 25Ut Acenocoumarol¥ warfarin®] @Wabd e

SANEZTY H2ges u Hu %< 40 pMoA  acenocoumarol&

9 tyrosinase activity 23S Z33FA T Acenocoumarol® warfarin-
40 pM o]&te] T A AdS s Ant. F =29 tyrosinase A
SANETY Huds w Hi $%=2 40 pMolA  acenocoumarol<
23.19%, warfarin< 6.03% 7432 gRlstAdth. WekA coumarin AlE 3}
3= % acenocoumarole] @Zbd AA oA 39} tyrosinase A A
a7t 7P e sk o] % acenocoumarolel] tE F7F A F

2 AW

Acenocoumarol®] B16F10 M XA gkt ANsAGHZE T FHFTH
oz dWad PSS A=A Flstr] #l8 western blot 23S 3
stk Wl Al oA wWaldel $HAl S tyrosinase®t tyrosinase #wE o
Md TRP—1 % TRP—2¢ 9l&] v 9] wiebA depd A4 &
©l tyrosinase, TRP—1 % TRP—2°] 2&=s solsdey. o2 Ay
BI6F10 Aol A #Hepbd A4 549 WS a—MSH A2/« ¥ Blust
o] acenocoumarol®] FE=7} FT7MECl Wl s& oEHOR IAATIE

A

= e 5 A

Tyrosinase & @z o] Ao 714 T3 AAFIA= MITFo| ¥,
=¥ MITF+ tyrosinase, TRP—1, TRP—2 promoter®] M—boxe} A
st Wbl S §EATH2021. BIGFI0 AZoA MITFe] w9 =
g A3 a—MSH A3t Aluste] sk oEA 0w fadts A&
geld = vk wepbA MITFO] wrgo] Zhagtomy Hepd 44 T4

o

[UO



Ao] Aava HFHor Wepd Aol AT

Wnt/B—catenin A S AL ZAM Fz 8A7F A=2 wA HWH GSK3
B (Ser 9% <U4ts¥ 1 Wnt/B—catenin 4 2ol A vl &35} HTH25]. o]
o} B—catenine A5 Hor FAAH TCF—-LEF dAIAer 5
AE F4staL, ol MITF 2d& S7FA2HH26.27]. Tyrosine 216% 3
710l Q14kslE GSK3BE B—catening =24 02 QAbstA] 7] a1, Q143
¥ B-catenin>  F3lETH2829]. Ad A3 BI6GFI0 Al
acenocoumarol®] F%7} F7}8te] wel B—catenin®} P—GSK3B2 @&
<& acenocoumarol?] FE7} F713to] wel FE oEFHow A=
S 39% 4= 9t} ©]i= acenocoumarol®] GSK3B (Ser 9)¢] <14tsltE

il B—catenin®] A ¥ o] Fow FAX= AL AASte] HFAH R
MITF #d & #ZaAivs As g9 5 vk 92 P—B—catenin®
3 & Stoll we} S7kste AS g

4 9lt}. o] acenocoumarole] GSK3B (Tyr 216) o <lAlkzle] o3k B—

ool 2

12

rlo
o
(@)
(@)
)}
o
Q
@]
e
8
)
=
o,
o
O%F
\l
-
of\
N
-
ot
)

catenin®] A2t E JA|FT oz HFTHOoZ MITFS wHdS #AaA
Al

A~

i

S = 2~
glg 4= 9l

ftlo

ERK, JNK, p38o.= /4% 3l= MAPKs As G =
JA4stE MITFE I%kst 2 #ajr7iw HFHow #Hepde f§4de 7
A7) WHhE[32-34], JNK$F p38el <latsl= wWEds SUhA I
[35,36]. 238 A3} acenocoumarol®] FE7F F71sho] wat &4 s AL
422 ERKS #dHFL sk &Aooz Frhste AL e 4 Ak

o= MITFE 2143 2 2aA7 Webd 442 gtk 42 & 5
Y



cAMP/PKA 2G4 2Zo)A MCIRe] #A=& oA =4 AC/ 243}
o] cAMPE <S7HAZlth. cAMPe S7F= <& PKAZF Q14kstew @)
oz o]Fd CREBE <l4ibststel MITFe A& fF=¢th37—45]. =1
A3} BI6F10 AlEo14 PKASl @& HFLE o —MSH A2y Hlwste] 5k
EHoR IUrATE AL A3t o= acenocoumarol®] PKAS]
AFsHE Alste] MITFS 2 oA AlA o524z dibd B4

o =t
e AS #30E  dnh

B
k>
Y

Al

PI3K/AKT 7229 A= dopd Ade F7het dAdte] o =4
MCIR2 PIBKE QI4bsl Al7]w 9 1<l PIPE QI4tstste] PIPsE ¢
M-S FuletH46—-501. PIPs& Q18] AKTE Axwoz mysof <t
stE™ MITFS] @& #HAaA7]aL o540 2 depde] 442 A d
[51,54]. = 23} BI6F10 Aol AKTO #dH#HF2 a—MSH A&+ H]
W3k acenocoumarol?] F=7F FUFse] wWE T EH OB FUMA
= AL gAY olE acenocoumarole] AKTS| <1AMsE F7HA] A

MITFe] T&dE& AAA 7)1 5202 Aepde] S oA g,

(NSAIDs)= ©tgt 7483 NSAIDsE #ohH83 A7 Sxpo AlA =

49, =, 74 AR T ALY I FaTol Hasa uH115—

1171, webA Aol bdsly a3l FdSAE 27 A% dde 13
a

3} 2™ acenocoumarol



Holx] gfgtom o]F AL 250 uM olste] skolA HAFAS WA
th d4dstE A EE ddSAd 849 INOSE AAA7IH ol L—
arginine®] AtshE F skl NO

A3 2o faElgk A9E 48 5 ATHSLE3] RAW 2647 AlE A

Nitric oxide A #FS =743 A3} acenocoumarol® FE=7F 718t &

& AAsH NO= #Hdd &3 3 954

PGE, =3 935 w89 A=A COX—20 o3 f=%™ PGE;=
9o H Tds 2o g A Aol deddnsd]. RAW

264.7 AEANA PGE; 8 &S 543 23 acenocoumarol® =7} 7t
o] v= EHow HArde AL FAFA

LPS 7=l s &Adstd tiAAlx= o Al
A A A=A cytokineS AAAFHA FH =)
ARE™E A7t g Addads oy 22 g s fod
ATHT73—76]. RAW 264.7 A EA A=A cytokined] A ZHS =H3 2
I} IL—1B, IL—6, TNF —ai= acenocoumarol®] %7} S7}ske] o
olEgH o g 7HAsATE wEkA acenocoumarole]l A wizfAle} AAS
d cytokine®] BAS AAlst= AES Gl on o= A5 A3 A

Hib FESAL ALE ool F Aee AR

Acenocoumarol®] RAW 264.7 M3EoA vt ASHAGHEEE S8 A
THoR ATA vJNAIS cytokines AIEE=A EAsty] fIsIA o] &
western blot 28-S A&k LPS A= Al cytokineol] ]3] f=2d 4
A= INOS, COX—29 #Z2 AATH E4ae o8 A543 AddA A
283k 0H79,80]. 2 A3 RAW 264.7 A4 INOS, COX—29] &3 &g
acenocoumarol®| =7} F7Fghel] wel sk EH R HAAT|E Ae

slatlrt.



MAPKs Az dgd7d 2% ERK, JNK, p382 A% o o MAPKs9
QIAtst= A st A ZoA AASA cytokinet A5 wi7HA S A
S S7FAIZITHR9,90]. 1 A3 RAW 264.7 A3z A ERK, JNK, p38¢] 4t
& 22 acenocoumarol?] FE7F FUHEOl wEl TR EHoR i

PR
1S shelslgdtl. o] acenocoumarole] MAPKs 213 d G729 A3t

NF—xB A&ZHdGH2A NF-kBE IkB—a9t9 J528S &3 AX
Aol v &4 ez FA%=Hv NF—xB7F A5 KK 28 kB—a
v diakstE o] a7 dojy NF—kBe oz &AA AASTA
cytokine ¥ iNOS¢}F COX—29] FFxd& T3 bds 95 2s F=2E
@3t BHaso v93-97]. 71 Z 3} acenocoumarol }
st wel IkB—ao] TS FU715HH, P-IkB—ad WA A=
AL Feolst 4= 9} T3 A E Aol acenocoumarol®] FE7F F7FgH
el p65e] WP HE FkskH, e A= acenocoumarol®] FE7F F7HE
of we p65e] HATF t
acenocoumarol©] IkB—a®] <14ks} B & &F p657F MEHoA] o= A

A5 AL Wop AFAOE GFL JABIE AL L F Ak

lo,
off
al
N

VAl

AN Al

= -

rlo
ol
rlr

—

Ao = coumarin FE# ¢ acenocoumarol¥ warfarin®] 2
A oA @3E BI6F10 AlEoA  Felsld o™ acenocoumarol ¥}
warfarin 25 oA d@ebdS FAAIHTE o]eJAl  acenocoumarol ©]
BI6F10  AlZolA Az dgdAd=2e  mAE  9Fgs 2AEAL
acenocoumarol<> ™ A G492 tyrosinase, TRP—1, TRP—2¢] 23
b e dsdEARE S Tades A

oS AT Fastgch ek td dEdggRe] 24S B
(2]
-1

ftlo

2,

N

ﬁod

0
_EL

Anj

EL‘E

k3



T3 LPSE =% RAW 264.7 M Eol Al acenocoumarole] 3% g3}

£ ZA}8F e acenocoumarol iNOS9F COX—29] &S f2fs)

AAZer O Yol e 415A94RE Fd gIon A4 o

AN —
MA et AA5A cytokine?] AWAS HAALDS
xo] gAstet A5 wiAAY BAEES A=

IS Al Aes A% 7343 d=fo=

e

3o
1 =

Y

rlo

2

(NS

sheirh. whebd oA A
dz4 Ao A

o
T 3



a-MSH

Keratinocyte
VANRWAN
SCF
Wnt
AC
Cell membrane Frizaled PIP, «—— PIP. e
e P R : mcirY VoV ol
A N 1
Cytoplasm
» » PI3K. —
GSK3B GSK3p MAPK.
activaton (Tyr 216) inactivation (Ser 9)
. —_—
»
. on cHy PKA INK 38 ERK
p-mmﬁ Prcatenin LT : | ‘
B-cateni 0" N0 »o. P r P
l PB-catenin 4 INK p38 ERK
Degradation » 4
MITF
Nucleus 5 \
CREB Degradation
J Melanosome
TORLEF | — Tyrosinase
MITF — TRP-1 ————p  Tyrosinase Melanin
TRP-2 TRP-1

M-box TRP-2

Figure 22. Regulation of melanogenesis signaling pathway through

acenocoumarol.

LPS

Cell membrane

Cytoplasm / \
ﬁI”B*‘ NFxB
P50, p65 MAPK
/ i

]; B o o INK p38 ERK
KB-o

NF-xB N I | 1

CCOC0.) @ Wl ¢

o INK p38 ERK

P P
NF-«B
lei-aﬂ 250,965
Nucleus

l iNOS NO
v |l I S | — | |

Degradation
i IL-1B, IL-6, 'I'Nl:aﬂ

Figure 23. Regulation of inflammation signaling pathway through

acenocoumarol.



V. kil

By
bl
i

1. Chao Niu, Haji A Aisa. Upregulation of Melanogenesis and
Tyrosinase Activity: Potential Agents for Vitiligo. Molecules, 2017,
22(8), 1303.

2. Thanigaimalai Pillaiyvar, Manoj Manickam, Sang —Hun Jung. Recent
development of signaling pathways inhibitors of melanogenesis. Cel/

Signal, 2017, 40, 99—115.

3. Zizi Hu, Xiaomel Sha, Lu Zhang, Sheng Huang, Zongcai Tu. Effect
of Grass Carp Scale Collagen Peptide FTGML on cAMP —PI3K/Akt and
MAPK Signaling Pathways in B16F10 Melanoma Cells and Correlation
between Anti—Melanin and Antioxidant Properties. Foods, 2022, 11(3),
391.

4, Patrick A Riley. Melanogenesis and melanoma. Pigment cell

research, 2003, 16(5), 548 —52.

5. Gertrude—E Costin, Vincent J Hearing. Human skin pigmentation:

melanocytes modulate skin color in response to stress, FASEB journal,

2007, 21(4), 976 —94.

6. M  Seiberg. Keratinocyte—melanocyte interactions  during

melanosome transfer. Pigment cell research, 2001, 14(4), 236—42.

7. R Busca, R Ballotti. Cyclic AMP a key messenger in the regulation

of skin pigmentation. Pigment cell research 2000, 13(2), 60—9.



8. Michaela Brenner, Vincent ] Hearing. The protective role of
melanin against UV damage in human skin. Photochemistry and

photobiology, 2008, 84(3), 539 —49.

9. Mohammed Shariful Azam, Jae—Il Kim, Chang Geun Choi,
Jinkyung Choi, Bonggi Lee, Hyeung —Rak Kim. Sargahydroquinoic Acid
Suppresses Hyperpigmentation by cAMP and ERK1/2—Mediated
Downregulation of MITF in a—MSH— Stimulated B16F10 Cells. Foods,
2021, 10(10), 2254.

100 M S Eller, K Ostrom, B A Gilchrest. DNA damage enhances
melanogenesis. Proceedings of the National Academy of Sciences of the

United States of America, 1996, 93(3), 1087 —92.

11. Chin—Feng Chan, Ching —Cheng Huang, Ming —Yuan Lee, Yung —
Sheng Lin. Fermented broth in tyrosinase— and melanogenesis

inhibition. Molecules, 2014, 19(9), 13122 —35.

12. Andrzej Slominski, Desmond J Tobin, Shigeki Shibahara, Jacobo
Wortsman. Melanin pigmentation in mammalian skin and its hormonal

regulation. Physiological reviews, 2004, 84(4), 1155 - 228.

13. Zahra Tayarani—Najaran, Maryam Akaberi, Mohsen Vatani, Seyed
Ahmad Emami, Evaluation of antioxidant and anti—melanogenic
activities of different extracts from aerial parts of Nepeta binaludensis
Jamzad in murine melanoma BI16F10 cells. [ranian journal of basic

medical sciences, 2016, 19(6), 662—09.

14. Gertrude—E Costin, Vincent J Hearing. Human skin pigmentation:



melanocytes modulate skin color in response to stress. FASEB journal,

2007, 21(4), 976 —94.

15.  Jennifer J Hsiao, David E Fisher. The roles of microphthalmia—
associated transcription factor and pigmentation in melanoma. Archives

of brochemistry and biophysics, 2014, 563, 28 —34.

16. Abdelali Lehraiki, Patricia Abbe, Michael Cerezo, Florian Rouaud,
Claire Regazzetti, Bérengére Chignon—Sicard, Thierry Passeron, Corine
Bertolotto, Robert Ballotti, Stéphane Rocchi. Inhibition of melanogenesis

by the antidiabetic metformin. 7he Journal of investigative dermatology,

2014, 134(10), 2589—97.

17. Kamal Uddin Zaidi, Sharique A Ali, Ayesha S Ali, Vijay Thawani.
Natural melanogenesis stimulator a potential tool for the treatment of

hypopigmentation disease. Molecular Biology, 2017, 2(1), 37—40.

18. Jennifer Y Lin, David E Fisher. Melanocyte biology and skin
pigmentation. Nature, 2007, 445(7130), 843 —50.

19. Ayako Kumagai, Nanao Horike, Yudai Satoh, Tatsuya Uebi,
Tsutomu Sasaki, Yumi Itoh, Yoshiyuki Hirata, Kozue Uchio— Yamada,
Kazuo Kitagawa, Shinichi Uesato, Hidehisa Kawahara, Hiroshi
Takemori, Yasuo Nagaoka. A potent inhibitor of SIK2, 3, 3', 7—
trihydroxy —4’ —methoxyflavon (4"’ — O —methylfisetin), promotes
melanogenesis in B16F10 melanoma cells. PloS one, 2011, 6(10), e26148.

20. Stacey A N D’Mello, Graeme ] Finlay, Bruce C Baguley, Marjan

E Askarian—Amiri. Signaling Pathways in Melanogenesis. International



Journal of molecular sciences, 2016, 17(7), 1144.

21. Hee—Young Park, Christina Wu, Laurie Yonemoto, Melissa
Murphy —Smith, Heng Wu, Christina M Stachur, Barbara A Gilchrest.
MITF mediates cAMP—induced protein kinase C—beta expression in

human melanocytes. 7he Biochemical journal, 2006, 395(3), 571 —8.

22. Larue L, Delmas V. The WNT/Beta—catenin pathway in
melanoma. Frontiers in Bioscience. Frontiers in bioscience, 2006, 11, 733

—42.

23. Barbara Bellei, Enrica Flori, Enzo Izzo, Vittoria Maresca, Mauro
Picardo. GSK3beta inhibition promotes melanogenesis in mouse B16

melanoma cells and normal human melanocytes. Cellular Signalling,

2008, 20(10), 1750—61.

24. Alexander Schepsky, Katja Bruser, Gunnar ] Gunnarsson, Jane
Goodall, Jon H Hallsson, Colin R Goding, Eirikur Steingrimsson,
Andreas Hecht. The microphthalmia—associated transcription factor Mitf
interacts with beta—catenin to determine target gene expression.

Molecular and cellular biology, 2006, 26(23), 8914 —27.

25. Ken—ichi Yasumoto 1, Kazuhisa Takeda, Hideo Saito, Ken—ichi
Watanabe, Kazuhiro Takahashi, Shigeki Shibahara. Microphthalmia—
associated transcription factor interacts with LEF—1, a mediator of Wnt

signaling. The EMBO Journal, 2002, 21(11), 2703—14.
26. Jinling Wu, Jean—Pierre Saint— Jeannet, Peter S Klein. Wnt—
frizzled signaling in neural crest formation. 7rends in neurosciences,

2003, 26(1), 40—5.



27. Ilandarage Menu Neelaka Molagoda, Wisurumuni Arachchilage
Hasitha Maduranga Karunarathne, Sang Rul Park, Yung Hyun Choi, Eui
Kyun Park, Cheng—Yun Jin, Haiyang Yu, Wol Soon Jo, Kyoung Tae
Lee, Gi—Young Kim. GSK—3B8—Targeting Fisetin Promotes
Melanogenesis in B16F10 Melanoma Cells and Zebrafish Larvae through
B—Catenin Activation. International journal of molecular sciences, 2020,

21(1), 312.

28. Te—Sheng Chang. Natural Melanogenesis Inhibitors Acting
Through the Down—Regulation of Tyrosinase Activity. Materials, 2012,
5(9), 1661 —8&5.

29. Hans Clevers. Wnt/beta—catenin signaling in development and

disease. Cell, 2006, 127(3), 469—8&0.

30. R Seger, E G Krebs. The MAPK signaling cascade. FASEB
Journal, 1995, 9(9), 726—35.

31. P Cohen. The search for physiological substrates of MAP and
SAP Kkinases in mammalian cells. Trends in cell biology, 1997, 7(9), 353
—61.

32. W Englaro, C Bertolotto, R Busca, A Brunet, G Pageés, ] P
Ortonne, R Ballotti. Inhibition of the mitogen—activated protein kinase

pathway triggers B16 melanoma cell differentiation. 7he Journal of
biological chemistry, 1998, 273(16), 9966 —70.

33. T J Hemesath, E R Price, C Takemoto, T Badalian, D E Fisher.

MAP kinase links the transcription factor Microphthalmia to c—Kit



signalling in melanocytes. Nature, 1998, 391(6664), 298 —301.

34. W Xu, L Gong, M M Haddad, O Bischof, J] Campisi, E T Yeh, E
E Medrano. Regulation of microphthalmia—associated transcription factor
MITEF protein levels by association with the ubiquitin—conjugating

enzyme hUBC9. Experimental cell research, 2000, 255(2), 135—43.

35. Suman Kumar Singh, Chinmoy Sarkar, Shampa Mallick, Bidisha
Saha, Rabindranath Bera, Ranjan Bhadra. Human placental lipid induces
melanogenesis through p38 MAPK in B16F10 mouse melanoma.
Pigment cell research, 2005, 18(2), 113—21.

36. Bidisha Saha, Suman Kumar Singh, Chinmoy Sarkar, Rabindranath
Bera, Jagnyeswar Ratha, Desmond ] Tobin, Ranjan Bhadra. Activation
of the Mitf promoter by lipid—stimulated activation of p38—stress
signalling to CREB. Pigment cell research, 2006, 19(6), 595—605.

37. Carlos Ivan Rodriguez, Vijayasaradhi Setaluri. Cyclic AMP (cAMP)
signaling in melanocytes and melanoma. Archives of biochemistry and

biophysics, 2014, 563, 22—17.

38. Marina Tsatmali, Janis Ancans, Anthony J Thody. Melanocyte
function and its control by melanocortin peptides. 7he journal of
histochemistry and cytochemistry, 2002, 50(2), 125—33.

39. Inés Ferreira dos Santos Videira, Daniel Filipe Lima Moura, Sofia
Magina. Mechanisms regulating melanogenesis. Anais brasileiros de
dermatologia, 2013, 88(1), 76—&3.

40. M Karin. Signal transduction from the cell surface to the nucleus



through the phosphorylation of transcription factors. Current opinion in

cell biology, 1994, 6(3), 415—24.

41. Maria Vittoria Schiaffino. Signaling pathways in melanosome
biogenesis and pathology. 7The international journal of biochemistry &

cell biology, 2010, 42(7), 1094 —104.

42. Carmit Levy, Mehdi Khaled, David E Fisher. MITF: master
regulator of melanocyte development and melanoma oncogene. 7rends in

molecular medicine, 2006, 12(9), 406 —14.

43. Zuzanna Rzepka, Ewa Buszman, Artur Beberok, Dorota Wrzesniok.
From tyrosine to melanin: Signaling pathways and factors regulating
melanogenesis. Postepy higieny 1 medycyny doswiadczalnej, 2016, 70(0),
695 —708.

44. Jir1 Vachtenheim, Jan Borovansky. "Transcription physiology” of
pigment formation in melanocytes: central role of MITF. Experimental

dermatology, 2010, 19(7), 617—27.

45. H Y Park, M Kosmadaki, M Yaar, B A Gilchrest. Cellular
mechanisms regulating human melanogenesis. Cellular and molecular

life sciences, 2009, 66(9), 1493 —506.

46. John A D’Orazio, Tetsuji Nobuhisa, Rutao Cui, Michelle Arya,
Malinda Spry, Kazumasa Wakamatsu, Vivien Igras, Takahiro Kunisada,
Scott R Granter, Emi K Nishimura, Shosuke Ito, David E Fisher.
Topical drug rescue strategy and skin protection based on the role of

Mclr in UV —induced tanning. Nature, 2006, 443(7109), 340—A4.



47. Leah Ray Strickland, Harish Chandra Pal, Craig A Elmets,
Farrukh Afaq. Targeting drivers of melanoma with synthetic small

molecules and phytochemicals. Cancer letters, 2015, 359(1), 20—35.

48. Joana Baldea, Lorin Giurgiu, Ioana Diana Teacoe, Diana Elena
Olteanu, Florin Catalin Olteanu, Simona Clichici, Gabriela Adriana Filip.
Photodynamic Therapy in Melanoma — Where do we Stand?. Current

medicinal chemistry, 2018, 25(40), 5540 —63.

49. Cecilia Herraiz, Jose C Garcia—Borron, Celia Jiménez —Cervantes,
Conchi  Olivares. MCIR  signaling. Intracellular  partners and
pathophysiological implications. Biochimica et biophysica acta. Molecular

basis of disease, 2017, 1863(10), 2448 —61.

50. Bart Vanhaesebroeck, Maria A Whitehead, Roberto Pifieiro.
Molecules in medicine mini—review: isoforms of PI3K in biology and

disease. Journal of molecular medicine, 2016, 94(1), 5—11.

51. James M Cleary, Geoffrey 1 Shapiro. Development of
phosphoinositide—3 kinase pathway inhibitors for advanced cancer.

Current oncology reports, 2010, 12(2), 87—94.

52. R Busca, C Bertolotto, J P Ortonne, R Ballotti. Inhibition of the
phosphatidylinositol 3 —Kkinase/p70(S6) —kinase pathway induces B16

melanoma cell differentiation. 7he Journal of biological chemistry, 1996,
271(50), 31824 —30.

53. Mehdi Khaled, Lionel Larribere, Karine Bille, Jean—Paul Ortonne,

Robert Ballotti, Corine Bertolotto. Microphthalmia associated transcription



factor is a target of the phosphatidylinositol —3—kinase pathway. 7he
Journal of investigative dermatology, 2003, 121(4), 831 —6.

54. Jason S L Yu, Wei Cui. Proliferation, survival and metabolism: the
role of PI3BK/AKT/mTOR signalling in pluripotency and cell fate
determination. Development, 2016, 143(17), 3050 —60.

55. Alessandra Lima Haddad, Luiz Fernando Matos, Flavia Brunstein,
Lydia Masako Ferreira, Ademir Silva, Divaldo Costa Jr. A clinical,
prospective, randomized, double—blind trial comparing skin whitening
complex with hydroquinone vs. placebo in the treatment of melasma.

International journal of dermatology, 2003, 42(2), 153—6.

56. K Maeda, M Fukuda. Arbutin: mechanism of its depigmenting
action in human melanocyte culture. 7he Journal of pharmacology and

experimental therapeutics, 1996, 276(2), 765—09.

57. K J Senthil Kumar, M Gokila Vani, Sheng —Yang Wang, Jiunn—
Wang Liao, Li—Sung Hsu, Hsin—Ling Yang, You—Cheng Hseu. In
vitro and in vivo studies disclosed the depigmenting effects of gallic

acid: a novel skin lightening agent for hyperpigmentary skin diseases.

BioFactors, 2013, 39(3), 259—"70.
58. K Maeda, M Fukuda. In vitro effectiveness of several whitening
cosmetic components in human melanocytes. Journal of the society of

cosmetic chemists, 1991, 42, 361 —8.

59. S M D Macedo, E L B Lourenco, P Borelli, R A Fock, ] M

Ferreira Jr, S H P Farsky. Effect of in vivo phenol or hydroquinone



exposure on events related to neutrophil delivery during an

inflammatory response. 7oxicology, 2006, 220(2—3), 126—35.

60. Sun—Long Cheng, Rosa Huang Liu, Jin—Nan Sheu, Shui—Tein
Chen, Supachok Sinchaikul, Gregory Jiazer Tsay. Toxicogenomics of

A375 human malignant melanoma cells treated with arbutin. Journal of

biomedical science, 2007, 14(1), 87—105.

61. J L O'Donoghue. Hydroquinone and its analogues in dermatology
— a risk—benefit viewpoint. Journal of cosmetic dermatology, 2006,

5(3), 196 —203.

62. Yeon—Joo Kwak, Kyoung —Sook Kim, Kyung—Mi Kim, Hai Yang
Yu, Eunsook Chung, Seok—Jo Kim, Jae—Young Cha, Young—Choon
Lee, Jai—Heon Lee. Fermented Viola mandshurica inhibits melanogenesis

in B16 melanoma cells. Bioscience, biotechnology, and biochemistry,

2011, 75(5), 841—7.

63. Tamotsu Takizawa, Toshio Imai, Jun—ichi Onose, Makoto Ueda,
Toru Tamura, Kunitoshi Mitsumori, Keisuke Izumi, Masao Hirose.
Enhancement of hepatocarcinogenesis by kojic acid in rat two-—stage
models after initiation with N—bis(2—hydroxypropylnitrosamine or N—

diethylnitrosamine. 7oxicological sciences, 2004, 81(1), 43—9.

64. Carl Nathan, Points of control in inflammation, Nature, 2002,

420(6917), 846—52.

65. Andis Klegeris, Edith G McGeer, Patrick L. McGeer, Therapeutic

approaches to inflammation in neurodegenerative disease, Current



opinion in neurology, 2007, 20(3), 351 —7.

66. Ruslan Medzhitov. Inflammation 2010: new adventures of an old

flame. Cell, 2010, 140(6), 771 —6.

67. Toby Lawrence, Derek A Willoughby, Derek W Gilroy. Anti—
inflammatory lipid mediators and insights into the resolution of

inflammation. Nature Reviews Immunology, 2002, 2(10), 787 —95.

68. Marc Feldmann. Development of anti—TNF therapy for rheumatoid

arthritis. Nature reviews. Immunology, 2002, 2(5), 364—"71.

69. Luisa Minghetti. Role of inflammation in neurodegenerative

diseases. Current opinion in neurology, 2005, 18(3), 315—21.

70. Nagatoshi Fujiwara, Kazuo Kobayashi. Macrophages in
inflammation. Current drug targets. Inflammation and allergy, 2005,

4(3), 281—6.

71. Melissa Hunter, Yijie Wang, Tim FEubank, Christopher Baran,
Patrick Nana—Sinkam, Clay Marsh. Survival of monocytes and

macrophages and their role in health and disease. Frontiers in

bioscience, 2009, 14(11), 4079—102.

72. Zheng —Shun Wen, Xing— Wei Xiang, Huo—Xi Jin, Xiang —Yang
Guo, Li—Jia Liu, Yan—Na Huang, Xiao—Kun OuYang, You—Le Qu.
Composition and anti—inflammatory effect of polysaccharides from
Sargassum horneri in RAW?264.7 macrophages. International journal of

biological macromolecules, 2016, 88, 403 —13.



73. R J Ulevitch, P S Tobias. Recognition of gram—negative bacteria
and endotoxin by the iInnate immune system. Current opinion in

Immunology, 1999, 11(1), 19—22.

74. Peng Wang, Qi Qiao, Ji Li, Wei Wang, Li—Ping Yao, Yu—Jie Fu.
Inhibitory effects of geraniin on LPS—induced inflammation via
regulating NF—kB and Nrf2 pathways in RAW 264.7 cells. Chemico—
biological interactions, 2016, 253, 134—42.

75. Guanwel Fan, Xiaorul Jiang, Xiaoyan Wu, Patrick Asare Fordjour,
Lin Miao, Han Zhang, Yan Zhu, Xiumei Gao. Anti—Inflammatory
Activity of Tanshinone IIA in LPS—Stimulated RAW264.7 Macrophages
via miRNAs and TLR4—NF—«xB Pathway. Infammation 2016, 39(1),
375—84.

76. Madhav Bhatia, Shabbir Moochhala. Role of inflammatory
mediators in the pathophysiology of acute respiratory distress syndrome.

The Journal of pathology, 2004, 202(2), 145—56.

77. Jiang Pi1, Ting Li, Jianxin Liu, Xiaohui Su, Rui Wang, Fen Yang,
Haihua Bai, Hua Jin, Jiye Cai. Detection of lipopolysaccharide induced
inflammatory responses in RAW?264.7 macrophages using atomic force

microscope. Micron, 2014, 65, 1—9.

78. Tao Zhu, Wei Zhang, She—Jun Feng, Hua—Peng Yu. Emodin
suppresses LPS—induced inflammation in RAW?264.7 cells through a

PPARy—dependent pathway. International immunopharmacology, 2016,
34, 16—24.



79. D C Goodwin, L M Landino, L J Marnett. Effects of Nitric oxide
and Nitric oxide—derived species on prostaglandin endoperoxide
synthase and prostaglandin biosynthesis. FASEB journal, 1999, 13(10),
1121 —36.

80. Sangwon F Kim, Daniel A Huri, Solomon H Snyder. Inducible
Nitric  oxide synthase binds, S-—nitrosylates, and  activates

cyclooxygenase —2. Science, 2005, 310(5756), 1966 —70.

81. C Nathan, Nitric oxide as a secretory product of mammalian cells,

FASEB journal, 1992, 6(12), 3051 —64.

82. Q Xie, C Nathan. The high—output Nitric oxide pathway: role and
regulation. Journal of leukocyte biology, 1994, 56(5), 576 —82.

83. M A Titheradge. Nitric oxide in septic shock. Biochimica et
biophysica acta, 1999, 1411(2—3), 437—55.

84. Jaya Gandhi, Lohit Khera, Nivedita Gaur, Catherine Paul, Rajeev
Kaul. Role of Modulator of Inflammation Cyclooxygenase—2 in

Gammaherpesvirus Mediated Tumorigenesis. Frontiers in microbiology,

2017, 8, b38.

85. Li Cui, Liang Feng, Zhen Hai Zhang, Xiao Bin Jia. The anti—
inflammation effect of baicalin on experimental colitis through inhibiting
TLR4/NF —xB pathway activation. International immunopharmacology,
2014, 23(1), 294—303.

86. Lei Wu, Xueqin Li, Haifeng Wu, Wei Long, Xiaojian Jiang, Ting



Shen, Qian Qiang, Chuanling Si, Xinfeng Wang, Yunyao Jiang,
Weicheng Hu. 5—Methoxyl Aesculetin Abrogates Lipopolysaccharide—
Induced Inflammation by Suppressing MAPK and AP—1 Pathways in
RAW 264.7 Cells. International journal of molecular sciences, 2016,
17(3), 315.

87. Vladimir Toshchakov, Bryan W Jones, Pin—Yu Perera, Karen
Thomas, M Joshua Cody, Shuling Zhang, Bryan R G Williams, Jennifer
Major, Thomas A Hamilton, Matthew J Fenton, Stefanie N Vogel
TLR4, but not TLR2, mediates IFN—beta—induced STAT]lalpha/beta—

dependent gene expression in macrophages. Nature immunology, 2002,

3(4), 392—8.

83. E Nishida, Y Gotoh. The MAP kinase cascade is essential for
diverse signal transduction pathways. 7rends in biochemical sciences,

1993, 18(4), 128—31.

89. Yoshimitsu Yamazaki, Yasuhiro Kawano. Inhibitory effects of
herbal alkaloids on the tumor necrosis factor—a and Nitric oxide
production 1in lipopolysaccharide—stimulated RAW?264 macrophages.
Chemical & pharmaceutical bulletin, 2011, 59(3), 388 —091.

90. S J Ajizian, B K English, E A Meals. Specific inhibitors of p38
and extracellular signal —regulated kinase mitogen—activated protein
kinase pathways block inducible Nitric oxide synthase and tumor
necrosis factor accumulation in murine macrophages stimulated with

lipopolysaccharide and interferon—gamma. 7he Journal of infectious

diseases, 1999, 179(4), 939 —44.



91. Shu Fang Liu, Asrar B Malik. NF—kappa B activation as a
pathological mechanism of septic shock and inflammation. American

Journal of physiology. Lung cellular and molecular physiology, 2006,
290(4), 1622 —1.645.

92. Min—Ji Bak, Van Long Truong, Hey—Sook Kang, Mira Jun, Woo
—Sik Jeong. Anti—inflammatory effect of procyanidins from wild grape
(Vitis amurensis) seeds in LPS—induced RAW 264.7 cells. Oxidative

medicine and cellular longevity, 2013, 1—11.

93. P A Baeuerle, D Baltimore. I kappa B: a specific inhibitor of the
NF —kappa B transcription factor. Science, 1988, 242(4878), 540 —6.

94. A S Baldwin Jr. The NF—kappa B and I kappa B proteins: new
discoveries and insights. Annual review of immunology, 1996, 14, 649 —

83.

95. I—Ni Hsieh, Anita Shin—Yuan Chang, Che—Ming Teng, Chien—
Chih Chen, Chia—Ron Yang. Aciculatin inhibits lipopolysaccharide—
mediated inducible Nitric oxide synthase and cyclooxygenase—?2
expression via suppressing NF—xB and JNK/p38 MAPK activation
pathways. Journal of biomedical science, 2011, 18(1), 28.

96. Hong Yu Zhou, Eun Myoung Shin, Lian Yu Guo, Ui Joung Youn,
KiHwan Bae, Sam Sik Kang, Li Bo Zou, Yeong Shik Kim. Anti—
inflammatory activity of 4—methoxyhonokiol is a function of the
inhibition of INOS and COX—2 expression in RAW 264.7 macrophages
via NF—kappaB, JNK and p38 MAPK inactivation. European journal of
pharmacology, 2008, 586(1—3), 340—9.



97. P P Tak, G S Firestein. NF—kappaB: a key role in inflammatory
diseases. The Journal of clinical investigation, 2001, 107(1), 7—11.

98. Jie Ren, Lixia Li, Yue Wang, Jingchen Zhai, Guangtong Chen, Kun
Hu. Gambogic acid induces heme oxygenase—1 through NrfZ2 signaling
pathway and inhibits NF—xB and MAPK activation to reduce
inflammation in LPS—activated RAW264.7 cells. Biomedicine &
pharmacotherapy, 2019, 109, 555—62.

99. Laura J Hunter, David M Wood, Paul I Dargan. The patterns of
toxicity and management of acute nonsteroidal anti—inflammatory drug

(NSAID) overdose. Open access emergency medicine, 2011, 3, 39—48.

100. Dhikav Vikas, Singh S, Pathak Swati, Chawla A, Anand
Karthika. Non—steroidal drug—induced gastrointestinal toxicity:
Mechanisms and management. J Indian Acad Clin Med, 2003, 4(4), 315
—22.

101. Konstantina C Fylaktakidou, Dimitra ] Hadjipavlou—Litina,
Konstantinos E Litinas, Demetrios N Nicolaides. Natural and synthetic

coumarin derivatives with anti —inflammatory/ antioxidant activities.

Current pharmaceutical design, 2004, 10(30), 3813 —33.
102. D Egan, R O'Kennedy, E Moran, D Cox, E Prosser, R D
Thornes. The pharmacology, metabolism, analysis, and applications of

coumarin and coumarin—related compounds. Drug metabolism reviews,

1990, 22(5), 503 —29.

103. Xin—Mei Peng, Guri L V Damu, Cheng— He Zhou. Current



developments of coumarin compounds in medicinal chemistry. Current

pharmaceutical design, 2013, 19(21), 3884 —930.

104. K N Venugopala, V Rashmi, B Odhav. Review on natural
coumarin lead compounds for their pharmacological activity. BioMed

research international, 2013, 1—14.

105. Irena Kostova, Synthetic and natural coumarins as cytotoxic
agents, Current medicinal chemistry. Anti —cancer agents, 2005, 5(1), 29

—46.

106. Ran An, Zhuang Hou, Jian—Teng Li, Hao—Nan Yu, Yan—Hua
Mou, Chun Guo. Design, Synthesis and Biological Evaluation of Novel 4
—Substituted Coumarin Derivatives as Antitumor Agents. Molecules,

2018, 23(9), 2281.

107. T Kostova, S Bhatia, P Grigorov, S Balkansky, V S Parmar, A K
Prasad, L Saso. Coumarins as antioxidants. Current medicinal

chemistry, 2011, 18(25), 3929 —51.

108. N A Gormley, G Orphanides, A Meyer, P M Cullis, A Maxwell.
The interaction of coumarin antibiotics with fragments of DNA gyrase

B protein. Biochemistry, 1996, 35(15), 5083 —92.

109. Christos Kontogiorgis, Orazio Nicolotti, Giuseppe Felice
Mangiatordi, Massimiliano Tognolini, Foteini Karalaki, Carmine Giorgio,
Alexandros Patsilinakos, Angelo Carotti, Dimitra Hadjipavlou—Litina,
Elisabetta Barocelli. Studies on the antiplatelet and antithrombotic profile

of anti—inflammatory coumarin derivatives. Journal of enzyme inhibition



and medicinal chemistry, 2015, 30(6), 925—33.

110. Jagdeep Grovera, Sanjay M. Jachak. Coumarins as privileged
scaffold for anti—inflammatory drug development. RSC Advances, 2015,
5(49), 38892 —905.

111. Mohd Zaheen Hassan, Hasnah Osman, Mohamed Ashraf Alj,
Mohamed Jawed Ahsan. Therapeutic potential of coumarins as antiviral

agents. European journal of medicinal chemistry, 2016, 123, 236—55.

112. Koneni V Sashidhara, Abdhesh Kumar, Manavi Chatterjee, K
Bhaskara Rao, Seema Singh, Anil Kumar Verma, Gautam Palit.
Discovery and synthesis of novel 3—phenylcoumarin derivatives as
antidepressant agents. Bloorganic & medicinal chemistry letters, 2011,

21(7), 1937—41.

113. Nohemi Salinas—Jazmin, Marisol de la Fuente, Ruth Jaimez,
Mayra Pérez—Tapia, Armando Pérez—Torres, Marco A Velasco—
Velazquez. Antimetastatic, antineoplastic, and toxic effects of 4-—
hydroxycoumarin in a preclinical mouse melanoma model, Cancer

chemotherapy and pharmacology, 2010, 65(5), 931 —40.

114. Ilia Manolov, Caecilia Maichle—Moessmer, Nicolay Danchev.
Synthesis, structure, toxicological and pharmacological investigations of
4—hydroxycoumarin derivatives. European journal of medicinal

chemistry, 2006, 41(7), 832—90.

115. Ana Carolina Luchini, Patricia Rodrigues—Orsi, Silvia Helena

Cestari, Leonardo Noboru Seito, Aline Witaicenis, Claudia Helena



Pellizzon, Luiz Claudio Di Stasi. Intestinal anti—inflammatory activity of
coumarin and 4—hydroxycoumarin in the trinitrobenzenesulphonic acid
model of rat colitis. Biological & pharmaceutical bulletin, 2008, 31(7),
1343 —50.

116. Marco Antonio Velasco—Velazquez, José Agramonte—Hevia,
Diana Barrera, Alejandro Jiménez—Orozco, Maria Juana Garcia—
Mondragén, Nicandro Mendoza—Patifio, Abraham Landa, Juan Mandoki.
4—Hydroxycoumarin disorganizes the actin cytoskeleton in B16—F10
melanoma cells but not in B82 fibroblasts, decreasing their adhesion to
extracellular matrix proteins and motility. Cancer letters, 2003, 198(2),

179 —8&6.

117. E ADAMI, E MARAZZI UBERTI, C TURBA. Experimental and
statistical data on the analgesic action of 4—hydroxycoumarin. Archivio

Italiano di scienze farmacologiche, 1959, 9(1), 61 —9.

118. Zahid H Chohan, Ali U Shaikh, Abdul Rauf, Claudiu T Supuran.
Antibacterial, antifungal and cytotoxic properties of novel N—substituted
sulfonamides from 4—hydroxycoumarin. Journal of enzyme inhibition an

d medicinal chemistry, 2006, 21(6), 741 —8.

119. Duxia Cao, Zhigiang Liu, Peter Verwilst, Seyoung Koo, Paramesh
Jangjili, Jong Seung Kim, Weiying Lin. Coumarin—Based Small—
Molecule Fluorescent Chemosensors. Chemical reviews, 2019, 119(18),

10403 —519.

120. Anne M Holbrook, Jennifer A Pereira, Renee Labiris, Heather
McDonald, James D Douketis, Mark Crowther, Philip S Wells.



Systematic overview of warfarin and its drug and food interactions.

Archives of internal medicine, 2005, 165(10), 1095—106.

121. Talitha I Verhoef, William K Redekop, Ann K Daly, Rianne M F
van Schie, Anthonius de Boer, Anke—Hilse Maitland—van der Zee.
Pharmacogenetic —guided dosing of coumarin anticoagulants: algorithms

for warfarin, acenocoumarol and phenprocoumon. British journal of

clinical pharmacology, 2014, 77(4), 626 —41.

122. D Barcellona, M L Vannini, L Fenu, C Balestrieri, F Marongiu.
Warfarin or acenocoumarol: which is better in the management of oral

anticoagulants?. Thrombosis and haemostasis, 1998, 80(60), 899 —902.

123. 1. Hubert Joe, Irena Kostova, C. Ravikumar, M. Amalanathan,
Simona Cinta Pinzaru. Theoretical and vibrational spectral investigation

of sodium salt of acenocoumarol. Journal of raman spectroscopy, 2009,

40(8), 1033—8.

124. L K Leal, A A Ferreira, G A Bezerra, F J Matos, G S Viana.
Antinociceptive, anti—inflammatory and bronchodilator activities of

Brazilian medicinal plants containing coumarin: a comparative study.

Journal of ethnopharmacology, 2000, 70(2), 151 —9.

125. Hanan M Alshibl, Ebtehal S Al—Abdullah, Mogedda E Haiba,
Hamad M Alkahtani, Ghada E A Awad, Ahlam H Mahmoud, Bassant M
M Ibrahim, Ahmed Bari, Alexander Villinger. Synthesis and Evaluation
of New Coumarin Derivatives as Antioxidant, Antimicrobial, and Anti—

Inflammatory Agents. Molecules, 2020, 25(14), 3251.



126. Christos Kontogiorgis, Anastasia Detsi, Dimitra Hadjipavlou—
Litina. Coumarin—based drugs: a patent review (2008 — — present).

Expert opinion on therapeutic patents, 2012, 22(4), 43754.

127. Xiaolong Xu, Peng Yin, Changrong Wan, Xinlu Chong, Mingjiang
Liu, Peng Cheng, Jiajia Chen, Fenghua Liu, Jiangin Xu. Punicalagin
inhibits inflammation in LPS —induced RAW?264.7 macrophages via the
suppression of TLR4—mediated MAPKs and NF—xB activation.
Inflammation, 2014, 37(3), 956 —605.



	Ⅰ. 서    론
	Ⅱ. 재료 및 방법
	1. 시료 및 시약
	2. 실험방법
	2.1. 세포 배양
	2.2. 세포 생존율
	2.3. Melanin contents 측정
	2.4. Tyrosinase activity 측정
	2.5. Nitric oxide 생성량 측정
	2.6. Prostaglandin E2 및 전염증성 cytokine 생성량 측정
	2.7. Western blot

	3. 통계처리

	Ⅲ. 결과
	1. B16F10 세포에서 coumarin 계열 화합물의 멜라닌 생성 영향 평가
	1.1. 세포 생존율
	1.2. Melanin contents
	1.3. Tyrosinase activity

	2. B16F10 세포에서 acenocoumarol의 멜라닌 생성 영향 평가
	2.1. Western blot
	1) 멜라닌 생성 효소 발현
	2) MITF 발현
	3) Wnt/βcatenin 신호전달경로
	4) MAPKs 신호전달경로
	5) cAMP/PKA 신호전달경로
	6) PI3K/AKT 신호전달경로

	3. RAW 264.7 세포에서 acenocoumarol의 항염증 효능 평가
	3.1. 세포 생존율
	3.2. Nitric oxide 생성량
	3.3. Prostaglandin E2 생성량
	3.4. 전염증성 cytokine 생성량
	3.5. Western blot
	1) iNOS, COX2 발현
	2) MAPKs 신호전달경로
	3) NFκB 신호전달경로


	Ⅳ. 고    찰
	Ⅴ. 참고문헌


<startpage>5
Ⅰ. 서    론 6
Ⅱ. 재료 및 방법 15
 1. 시료 및 시약 15
 2. 실험방법 17
  2.1. 세포 배양 17
  2.2. 세포 생존율 18
  2.3. Melanin contents 측정 19
  2.4. Tyrosinase activity 측정 20
  2.5. Nitric oxide 생성량 측정 21
  2.6. Prostaglandin E2 및 전염증성 cytokine 생성량 측정 22
  2.7. Western blot 23
 3. 통계처리 24
Ⅲ. 결과 25
 1. B16F10 세포에서 coumarin 계열 화합물의 멜라닌 생성 영향 평가 25
  1.1. 세포 생존율 25
  1.2. Melanin contents 27
  1.3. Tyrosinase activity 29
 2. B16F10 세포에서 acenocoumarol의 멜라닌 생성 영향 평가 31
  2.1. Western blot 31
  1) 멜라닌 생성 효소 발현 31
  2) MITF 발현 33
  3) Wnt/βcatenin 신호전달경로 35
  4) MAPKs 신호전달경로 37
  5) cAMP/PKA 신호전달경로 39
  6) PI3K/AKT 신호전달경로 41
 3. RAW 264.7 세포에서 acenocoumarol의 항염증 효능 평가 43
  3.1. 세포 생존율 43
  3.2. Nitric oxide 생성량 45
  3.3. Prostaglandin E2 생성량 47
  3.4. 전염증성 cytokine 생성량 49
  3.5. Western blot 51
  1) iNOS, COX2 발현 51
  2) MAPKs 신호전달경로 53
  3) NFκB 신호전달경로 55
Ⅳ. 고    찰 58
Ⅴ. 참고문헌 66
</body>

