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Abstract: We synthesized 2',4'-dimethoxyflavone and investigated the effects on melanogenesis. To determine the effects as
a whitening agent, various in vitro tests were performed such as free radical scavenging activity, melanin assay, tyrosinase
activity and expression of tyrosinase, TRP-1 and TRP-2 (western blot and RT-PCR) in B16 melanoma cells. 2'4'-
Dimethoxyflavone showed neither free radical scavenging activities against 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical and
inhibition of mushroom tyrosinase activity, 2'4'-dimethoxyflavone significantly inhibited melanin production in B16 melanoma
cells. 2'4'-Dimethoxyflavone treatment (48 h) suppressed the biosynthesis of melanin up to 27% at 5 ug/mL and reduced
tyrosinase activity up to 20% at 5 pg/mL in Bl6 melanoma cells. 2’,4'-Dimethoxyflavone was also able to significantly
inhibit tyrosinase and TRP-1 expression in protein and mRNA level. These results suggest that 2',4’-dimethoxyflavone
inhibits melanin biosynthesis at the level of enzyme activity and protein mRNA expression B16 melanoma cells. Therefore,
2' 4'-dimethoxyflavone may be useful as a new whitening agent in cosmetics.
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A ZAOF tyrosinase, tyrosinase related
protein-1 (TRP-1)3} dopachrome tautomerase (DCT) %
o] dtH23]l. °]E % tyrosinase™ melanogenesis®] £%
AAGA]N %7 W&ol FEIE BAEA, tyrosined
34-dihydroxyphenylalanine (DOPA)Z A%} tyrosine
hydroxylase 343 DOPAS DOPAquinonel & 4h3}a}
+ DOPA oxidase 84 2% 7IAz 9¢h. TRP-1&
5,6-dihydroxyindole-2-carboxylic acid (DHICA)E indole-
5,6-quinone-2-carboxylic acid® At3}ste Ziolth DCT
E Z7]ol:= tyrosinase related protein-2 (TRP-2)& £
HY F424 dopachromeS DHICAZ oA 38lsles &4
ot} Wl e & ZMol eymelanin 2, =% ¢] pha-
eomelanin®] 2t} &3] tyrosinase® ©1E& ¥ 7HA B9
melanin Aol F23m TRP-13 DCTE eumelanin®]
FAol o Ho| Fodte Aoz o U4l

i EAEE AE VA upet zpe M FeAv Ak
A, vitamin CY kojic acid, S¥EI[56] 53 ZLS ty-
rosinase A A, B4 N4LFE 2A}E EIAE Fo
2 EFE  givh w3 oy g, 24 AY, 528
Az, v}, warer gors Zof vhgkgh A8 F&Eo] b
W oEHE de Ao
acid®] F=A #A229 vMEAe} hydroxybenzoate,
alkoxybenzoate®} 345-trimethoxycinnamate 59 MZ$
upd g3yt dEE T o738l

M2L ol 34EF 245 AEstr] Yatd FgEs
ol FEAE dAFEd F UuEA EHGE FEAVE
ndA e &8 7Aool B AL L3N U EA
Eohdo] g 71E4 AFEE FE FEA ] gt 7]
2 F2AAT A A Fdel dig &8
gt A7 2FA7F 4R Yot v g3 EHZ"L 0‘1:?“
S ATH9,101.

2 d7e dEagst sle AaAE AE
gu5A] s FAAsH e dehd A AlEA 9
daibd A A a3E At

Hug B EY L AFEe ABFA DFA%S ALS
sgon wg

Svle F £9E FSlete R A
2] glo] AHE-3tsith 'H NMR (300 MHz)& FT-300 MHz
spectrometer (Brucker, USA)E AMg3le] ¥glom Soj=
DMSO-d6% AH&3stit). FT-IR spectras FT-IR (JAS-
CO-5300, Japan)& A3t o™ LC-MS  spectrum+>
Waters Alliance 2795 (Waters, USA)E AH&-3ld 4%l
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2.2. 2'4’-Dimethoxyflavone?| &4

2.2.1. 2-Acetylphenyl 2,4-dimethoxybenzoate

4= methylene chloride (250 mL)ol| thionyl chloride
(218 g, 024 mo)E =olx -20ClA 20 minIt ¥ ¥
DMAP (336 g, 0.36 moDE =<1 methylene chloride (150
mL)9 24-dimethoxybenzoate (334 g, 024 moDE =<1
methylene chloride (200 mL)E &2 HA3| 718k
Z4zy A &oA 30 min WEAIZE 3 -20°Col A Wk
gtk el Hhg-dof 2-hydroxyacetophenone (22.3 g,
022 mol)®} DMAP (336 g, 0.36 mol)E %21 methylene
chloride (250 mL)& AA3] #H7lshe] A2o)A 30 min7k
ket whg A & EH49 ethylacetatea A 7tst
& SRFE AFT T MgSOE
A 58 A FAHo] w3

2.2.2. 1-(2,4-Dimethoxyphenyl)-3-(2-hydroxy-
phenyl) propane-1,3-dione
Pyridine 400 mLel 2-acetylphenyl 2,4-dimethoxybenzoate
(84 g, 070 mol)E =°]3 50CZE 7232 KOH (4 g,
107 mo)E /Mg ¥ 50ToIA 1 h $<¢ _’H“\]ﬁ‘:} s
L x2A T %%*9} ethylacetatea 4718l F&3ln
2 AE% & MgSO2 23 o8 A
&5 AA %-’Fﬁi L@ 249 HSAGES AU

lo}-
i:{o
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2.2.3. 2',4’-Dimethoxyflavone

29l ¥rg A 52l 1-(24-dimethoxyphenyl)-3-(2-hy-
droxyphenyl)propane-1,3-dione (622 g, 0.77 mob)& 270
mL acetlc acidell ¥ 3 WgkE &t 7 mL H:S0.2 #7t
g & 50CoA 2 h ¢ A, wh3-dS 0CE
Zsta old) AHE AHES oFsld FHRTE MAT
kS A7 hexane/ethanol (2:1, vz A4
233}"%5}( £ > 9%, 'H NMR in DMSO-d6,): 792~

7.76 (m, 4H), 743 (s, 2H), 7.33~7.20 (m, 3H), 6.98~6.61
), 3.83 (s, 6H)).

/\

2.3. Tyrosinase Xai&Al

2.4. DPPH Radical &7 &1}
a3l @42 1 1-diphenyi-2-picrylhydrazyl (DPPH,
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Aldrich, USA)E o]-&3te] Ag9 Uz LAFGAE &
A3t Blois#[11]1S 2835t 01 mM DPPH vlg&
Lo FUdF A RE 71819 vortex mixerZ 2 g3

% Ao 10 min ¢ Y2121 ¥ spectrophotometer&
o] &3t 565 nm MM FHEZE A3

e

2.5, ME 3 Alef

Bl16< w9249 melanoma AXFZ MLdstn 3=
AEF 2ol FY3actk FYUT HEE 5% fetal
bovine serum (Bio Whittaker, USA), 1% penicillin-
streptomycin  (Gibco BRL, USA), 200 yM «-MSH
(Sigma, USA)E #7784 37T, 5% COz #7104 i
st9th. Tyrosinase, TRP-1, TRP-2, actin ¥3|= Santa
Cruz Biotechnology (CA, USA)IA Fuste] AMgsteit)

2.6 M= M=g 53

MTT (3-(4,5)-dimethylthiazol2-yl)-2,5-diphenyltetra-
zolium bromide) 4 #F& Mosmann [12]¢] #HH< w# s}
o] 2319t} Bl6 melanoma AEE 1 x 10° cells/well
FEE 24 well plated] &3 AX] 2’ 4'-dimethoxy-
flavone® 43k 24 h &9 vl MTT £45
pg/ml)E€ 718k 3 h § 94 Zeldle] 459 AA
3l 100 pl. acid-isopropanol (0.04 N HCl in isopro-
pano)< %713 ¥ 565 nmolA §FHE=E A9k

2.7. Hapd Mzt

Wbl A Yasunobu [13] #HHS AR&&lsdt) 6
well plated] 3 X 10° cel/well2 M ZE BF3ga A&
E AYsta 48 h B¢ 37C, COp ¥l A oA v F3bsi et
AEE F38q AEZFE A3, 1,200 ripmol A 5 min
7F A4 Eeled 1A% & 1 mL homogenization buffer
(30 mM sodium phosphate pH 6.5, 1% Triton X-100, 2
mM PMSF)Z £3jA#th o714 24& pellete] 1 N
NaCH (+10% DMSO) 200 pLE A7}t vortex & 406
mmollA FEEE FHsArk dEd  EFEE(Sigma,
USA)S.2 A2 BF HAHFAE o]83t Z wellolA] AA
g dgd 4e AEstact dehde G994 210" cells)

or

2.8. MZW Tyrosinase &4 &X

A ZW tyrosinase &4 AW Pawelek® Pomerantz
S ALE-8FATHI4,15). 6 Well plateell 5 x 10° cells/
well2 AEE F533tn 3F 5o vkt & A8E A
Stk 24 h ¥, AXE 3o &4 F 02%
L-DOPA7} 715 01 M sodium phosphate buffer (pH
63)% 41 37CNA 2 h FoF wj¥shar 490 nmol A &%

=& SASH

2.9. Western Blot Analysis

A 8E 48 h 2123 B16 melanoma Al X & RIPA huffer
(10 mM sodium fluoride, 0.1% SDS, 1% NP-40, 1 mM
DTT, 500 uM sodium orthovanadate, 10 ug/mL aprotinin,
10 pg/mlL leupeptin, 1 mM PMSE)Z &35tz 94 &
At A7|M e FFAE 12% SDS-PAGEE ©]£-3]
A7199%88t1 o] nitrocellulose membrane 2.2 ©] H A7
th ol& 3% skim milk7} E-H8 Tris SELAfA ty-
rosinase (sc-7833), TRP-1 (sc-10443), TRP-2 (sc-10452),
actin (sc-1616) A} Z2 &A1zl F alkaline
phosphatase’t 2349 3|8 718 ¥, 5-bromo-4-chloro-
3~indoly-1-phophate/nitro blue tetrazolium (BCIP/NBT)=
7Vsle] WAAZTE Western blot ZAFE  calibrated
densitometer GS-800 (Biorad, USA)E ©]&3te] A8}
At

2.10. RNA 22 % RT-PCR

Total RNAFZ2 RNeasy mini kit (Qiagen, MD,
USA)E o] &3l Th cDNAZAS 1 ug9 total RNAS
oligo (dT)15 primer, ANTP (0.5 uM), 1 unit RNase in-
hibitor 22|32 4 unit Omniscript reverse transcriptase
(Qiagen, Hilden, Germany)= 37ColA 60 min, 93C ol A
5 min heating A7 224 ¥H3-& FA A Ztl Polymerase
chain reaction (PCR)2 ¢cDNAZHH tyrosinase, TRP-1,
TRP-2, f-acting T%3t7] $13te] cDNA, 05 uM9] 5 3
3'primer, 10 X buffer (10 mM Tris-HC], pH 83, 50 mM
KCl, 0.1% Triton X-100), 200 uM dNTP, 25 mM MgCle,
2.5 unit Tag polymerase (Qiagen, Hilden, Germany)& ©|
£35le] PCRE AAIsHE T PCREEL MC 05 min, 50
~ 55T, 05 min, 72C, 1 min, 20 ~ 29 cyclesE ¥HS-A A
o} PCRoll 93l AAg AHE-§ 15% agarose geloll 4]
A719 %35+ tyrosinase, TRP-1, TRP-2¢} S-actin 4
zZte] 2&S image analyzer (BIS303PC, DNR Imaging
Systems Ltd, UK)E &<l 3lgom 7} band?l densitys
densitometric program (NIH Image software, Maryland,
USA)E o]&3tdth. Tyrosinase, TRP-1, TRP-29] oligo-
nucleotideX €& tyrosinase : sense ; 5 -GAG AAG CGA
GTC TTG ATT AG-3', antisense ; 5'-TGG TGC TTC
ATG GGC AAA ATC-3’, TRP-1 : sense ; 5'-GCT
GCA GGA GCC TTC TTT CTC-3', antisense
5'-AAG ACG CTG CAC TGC TGG TCT-3', TRP-2:
sense ; 5'-CCT GTC TCT CCA GAA GTT TG-3,
antisense ; 5'-CGT CTG TAA AAG AGT GGA GG -3’
ol B-actin® oligonucleotider] @& sense ; 5-ATG

J. Soc. Cosmet. Scientists Korea, Vol. 32, No. 3, 2006



=

156 oMA - BA - AR A5 - o5 - TR

o] Me -20°C to RT

MeO. OMe
OH OMe O SOCl, Oﬁj@/
+ on DMAP
CH,Cl °
o
0

KOH
) Pyridine
( A

H,S04 oH OMe
HOAG. A

o) O MeO

Figure 1. Synthetic procedure of 2'4’-dimethoxyflavone.

CAG AAG GAG ATC ACT GC-3', antisense ; 5'-CTG
CGC AAG TTA GGT TTT GT-3'o]th

S

| =& 2 4-dimethoxyflavone

g

—&— Kojic acid
2.11. HEEN U S Ko
BEE A¥4dde Hd + FFUAE 270891, 543 0 |
93L& Student’s t-test® 3t2.oH, p #to] 0.05 MY

_ﬂ_
W EAHeR folara Buad.

inhibition rate (% of control)
3

3.1. 2',4"-Dimethoxyflavone2| &4
2' 4'-Dimethoxyflavone?] ¥4 Figure 1 wj&} A3 0 -5

Haiek EA flavoned] 34L& Y8t thdg Wigo] A& 0@ 02 5 0

Ha gler, o] FollA Baker-Venkataraman 8% Concentration (pg/mL)

= 0]'%'6}—;,"}1:}[16], 2'4_EDHn eth?xybenZOIC ?Cld%: _h;a:loo— Figure 2. Anti-oxidant effect of 2’ 4’-dimethoxyflavone in

genating agent? SOCEZ I8k} acyl halide S13&-< the DPPH assay. A solution of 150 4L of 100 uM DPPH

A5 & 2-hydroxyacetophenone®} ¥H&-3la] benzoyl

2 4
H
v

solution in methanol was gently mixed with 100 uL of

esters FASHA A Aé_ @ benzoyl esterdll 971 A2 2" 4'-dimethoxyflavone for 10 min and the absorbance was
sted ZAh 9| Claisen S¥W62 F3t 13-diketoned measured at 565 nm. Results are means*S.D. from 3
A& $ AAEE T34 dehydrative cyclizationg fr& separate experiments.
sta] 2’ 4'-dimethoxyflavones Aith

sHAE 2’ 4'-dimethoxyflavone®] 72+ NMR, LC-MS, HAME M+l 9325 #AFE = UJHLCMS vz
FT-IR ~HEHE T3t Asict ZE #4314 4 (rel. int.)%}): 620 (98) [M~+1]).
I Addd F2e dAEYEY §4E flavoned V-
pyrone?] EAA R F#E UeWos(1628~1631 3.2. Tyrosinase &gy
cm Y, 'TH-NMRAIA & flavoned] 49 ~dEHS Tyrosinedll A Wzld-g FA3e dHE 45 wkgoA
2 & ¢ UATHE61~792 Sppm). EF LC/MS AFE tyrosinase= A& tyrosine®] dopaZ® AH3tHE AR

etshgEets A, A 32¥ A 3 %, 2006
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Figure 3. Relative cell viability of 2'.4'-dimethoxyflavone
on B16 melanoma cells by MTT assay. The cells were
treated with various concentration of 2’,4’—dimethoxyﬂav¢ne
for 24 h. The cell viability was measured by the MTT
method. Data are normalized by taking 100% as a viability
of non-treated cells. Results are means + S.D. from 3 sep-
arate experiments.

o2 A9l dopa’}t dopaquinone©. & A+3tEE T A 9
WS-8 3= Fiolth 2/ 4'-Dimethoxyflavone®)
tyrosinase @A4& JAS = A=E A3 dx A4 o
272 ¢FEH kojic acid®] A-$-9ll:= mushroom tyro-
sinasedl AHAQA A& a3 el oY 2'4'-dimetho-
xyfavonex tyrosinase A3 Aol e} ¢ksith
(Figure 2). ©o] A%}&Z 2’ A'-dimethoxyflavone2 7)& 1]
WAl e} 22 mushroom tyrosinaseo] A<l A3 24
o] gl AoE gt}

3.3. DPPH Radical &7 =1}
DPPHE free radical®) ¢34
7H~¥ free radical®] AAWHgo] A el
A3sbsle] 2710So] JAHEE 4= ¢
daE EEAlE g4 AhE AE QA
Exst AAke T4 Adbe uke-g doA A
W #akst AdE s34 o2 st AA 7Fo] HeHu
SAO A HA w35 g Y AEE fE17ske A
oz 4d#HA v} 2’4 -Dimethoxyflavoned] 34tst &3}
gotr 7 938 DPPHE ol43te a4ts} zhgs =4
ATt G dExToz e §itsl FHgo] gl Hew &
# 7 butylated hydroxytoluene (BHD)E o] &3te] 2/ 4'-
dimethoxyflavoned] &4t3l §3t¢} nlwslyg e BHTE
647 ug/mL FEoN A 50%<9 DPPH radical® 473t
Tk 2' 4’ -dimethoxyflavones DPPH radicalol] thgt AA &

=}

it

80 |

Melanin content (%)
S 3

[
(=3
T

0 0.625 125 25 5 Arbutin

Concentration (nug/mL) (2 mefol)

Figure 4. Effect of 2'.4'-dimethoxyflavone on melanin
production in B16 melanoma cells. The cells were incubated
with 2'4'-dimethoxyflavone for 48 h. Melanin content is
quantified by absorption at 405 nm calibrated with synthetic
melanin as standard. 2',4’-dimethoxyflavone decreased the
intracellular melanin contents at treated concentration.
Results are means + S.D. from 3 separate experiments.
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Concentration (g/mL.)

Figure 5. Effect of 2'4'-dimethoxyflavone on tyrosinase
activity in B16 melanoma cells. The cells were incubated
with 2’4" -dimethoxyflavone for 24 h. Results are means *
S.D. from 3 separate experiments. *p < 0.05 compared with
control.

7} YA gkgiti(data not shown).

J. Soc. Cosmet. Scientists Korea, Vol. 32, No. 3, 2006



158 oj¥A - A

2’ 4’-dimethoxyflavone
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Figure 6. Effect of 2'.4’-dimethoxyflavone on tyrosinase,
TRP-1 and TRP-2 expressioh in B16 melanoma cells. B16
cells were treated for 48 h with 2’ 4'-dimethoxyflavone.
Solubilized total protein (30 ug) was electrophoresed in 12%
SDS-PAGE gels and transferred to nitrocellulose mem-
brane. Specific detection of proteins was perfomed with the
polyclonal antibody against tyrosinase, TRP-1 and TRP-2.
Similar results were observed in three independent ex-
periments.

3.4, Mz=4

2' A'-Dimethoxyflavone] A%
ARl wE A g AlgE T ‘?:‘%7“49— A MTT
assayE AlW3tATh Bl6 melanoma Al ¥l thdt 2'4'-
dimethoxyflavone®] A¥ A& A Ad, 2'4'-
dimethoxyflavone 10 ug/mL ©13l9] T2 AZA Al
IREEC] W% ol Yehon, 1 o]k Fko
M g243 AEEe] AstE A (Figure 3). ICok2 75
pg/mL o2 vhepTh

3.5, "zpd AstM Mo £3}
2' 4'-Dimethoxyflavoneo] dahd Aol n| x| &=

o2
ot
tlo

uistelgEEk sl A, A 324 Al 3 3, 2006

i
iz
o
N,

71% - ol5td - 23

2’ 4’-dimethoxyflavene

0 125 25 5 (ug/ml)
S TRP-1

L e A TRP-2
150
B Tyrosinase
3 TRP-1
P-
~ 120 O TRP-2
=
>
=
7
c 9
[]
et
£
)]
= 60 ¢
L
Q
14
30 +

0 1.25 2.5 5

Concentration (ug/mt.)
Figure 7. Effect of 2’ 4'-dimethoxyflavone on tyrosinase,
TRP-1 and TRP-2 mRNA expression in Bl6 melanoma
cells. B16 cells were treated for 48 h with 2'4'-dimeth-
oxyflavone. Total RNA extracted from B16 melanoma cells
was analyzed by RT-PCR.

171 $13 B16 melanoma M ¥E o]-&ste] Hetd A

A& ZH}E SAskAr} FulE AE 2' 4" -dimeth-
oxyﬂavone% =eE2 sl 48 h St wlusldn
AEE FH8te dehd FE Zl.‘*xé"?} Az, 2 4'~dime-
thoxyflavone AT 257} F=ol Hl#ste] dapd o4
ol AU 5 pg/mL FEONIA oF 27% Hahd A
A8 347 A tHFigure 4). ¥4 HET oz AT &
HEe 2 mg/mLoA oF 3% detd 7Hh S8 ey
ow 2 4'-dimethoxyflavone2 w2 FolA Wlmd ¢
3 ey A4 As) &7 vebtoh

Olr

‘_l

%Jﬂ

' 3.6. MZLH Tyrosinase X&l =1}

Behd #49-E tyrosinasee]l ole 2 E= ¥ 54
2 dkgol| 98] ZAHY tyrosined 71AE 39 dopas
RBARAFIAL A dopaquinone 0.2 4FEHA7lE A4H<

2 A A & o7t %M“«l ZSeuk-Sol 93 o
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Folxitka &HA ok "Wahd AAd #HstE AlxY
tyrosinased] &4 A& &3} 2439k 2' 4'-Dime-
thoxyflavoned A e HNEZE A3 LAz F,
0.2% L-DOPAZ} #7F4 0.1 M sodium phosphate buffer
(PH 68)5 ¥ 37T A uigs & FF=E SAsA
Figure 59 ZA3}9} Zo] 204 dlmethoxyﬂavonea ¢ 3k
AP FoMe BE dEHOE tyrosinased] FAo] A
HRow, 5 ug/mLAlA tyrosinase 84S oF 0% 7+
A &7 9= Aoz eyt

3.7. Tyrosinase/TRP-1/TRP-2 CieiZl sis X5l o}

AXW tyrosinase A3 HA¥ A} 2'4’'-dimeth-
oxyflavone® A XU tyrosinase A4S Asste dahd
e ZAaANA olEld Al dotd YA BHEd
gz dHAs Aol JYeAE Gty HH ty-
rosinase, TRP-1, TRP-2¢] & 0]%@ western blot2.
2 oY g wdsk Wl oisle zARSY tHFig-
ure 6). 28 A 24 -dimethoxyflavone? tyrosinase,
TRP- 19 @d& Aslste Aoz Jehgow TRP-29
Elg=) ‘“*"ﬂ?‘f FEE AR gkt ES o) g density

g &A% A3 5 pg/mLolA tyrosinase HEE 30%,
TRP- 194 1S 57% 7AAAYE Aoz JEgm
TRP-2 w@ e et 99k

3.8. Tyrosinase/TRP-1/TRP-2 mRNA & X3l
k=
2' 4'-Dimethoxyflavonec] Wehd Ao Aosts=

AR HE) nAE F3e sty Y8t RT- PCR
S 35t A48 A3} 2’ 4'-dimethoxyflavone ty-
rosinase, TRP-1¢] #&8& A3lse A2 YelgAT
TRP-29] ZdFel= 984S vXA FdrhFigure 7).
2' 4'-Dimethoxyflavonee @ahd Ao #AAsE ty-
rosinase, TRP-1 59 Fxx @& 24s= ’1\_117‘4%
HAo} FAF] Apd AZE Asste A2 FZH
o & F71-Q A7t dastvtn AyZhEd

4.2 B

N2 wHAE HLstr] At 2’4’ -dimethoxyflavone
£ Ao dad A4 A &g dysidth
2' 4'-Dimethoxyflavone®] DPPHAA &Y  mushroom
tyrosinase®] digt AHAA As) 7} JebtA gkokeh
BI6 melanoma AXAA = 5 yg/ml =& AT A8
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