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The Whitening Effect and Functional Machanism of 1-(2-cyclohexylmethoxy-
6-hydroxyphenyl)-3-(4-hydroxymethylphenyl)-propenone
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Abstract : The results of the research for the whitening effect and functional machanism of 1-(2-cyclohexylmethoxy-6-
hydroxyphenyl)-3-(4-hydroxymethylphenyl)-propenone are as follow : 1. Propenone inhibited concentration-dependently
the generation of melanin increased by the stimulation of «-MSH and protoporphyrin IX, and ICs, value was six to eight
uM. This was five to seven times superior in the inhibiting effect, compared with kojic acid used as positive control group.
2. Propenone did not have a decolorizing effect on melanin already generated. 3. Propenone was observed to have toxicity

of over 100 uM for the mouse melanoma B16 cells.
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eumelanin(Z-Z2-4 ~Z-)3}1 pheomelanin(Z 24 ~3Hah o 2 ol
#t}. Eumelanin®] A3 ot 2. FelE sk
A= aa9 tyrosinase= AA| U olm =4kl E]Z A1)
tyrosinasel] 2|3l Dopa® 2F8}== H4& Zvl st} Dopa=
THA] tyrosinaseell ]3] 2F8}E]o] Dopaquinones ¥d kL,
Dopa/Dopaquinone A+sl-3H 3|27} Wehd A)Ade] ksl
AR Zg3t} o]ojA Dopachromee CO, °]&uH-3-3}
Dopachrome tautomerase®l| 2]3] 223} S210] AAE whEo]
WA A S, 2004; #=F, 2004; G, 2003; PG,
2004; AAF - A, 2003; 2719 <], 2001; AZ3] 9,
2001; 718}k 2, 2004; o] 9], 2003; < 2], 2003;
Thody * Graham, 1997; Im et al., 2004).

HAN7A] melanogenesisE Fish= ZoZ 4#H7 22 5
oA 7Fd A8t A& a-MSHe|t}. Keratinocyte?F Bl =341
o =ZFHW d4itslE A(NO), o-MSH (alpha-melanocyte
stimulating hormone), prostaglandin E, 52 W&3slal o|&2
THA] melanocyte® ©]&38t). Aaksld A= cGMPS) protein
kinase GO] AEHEE 3l depd APIS F7MI71=),
o] 342 guanylate cyclaseE EA3IAAH cGMPL] FEE 5
7FX171 protoporphyrin IX, A ZH 2 Z NOE ¥-F3= SNP,
SNAPS} 7+& Edof| Qi = FARHA dojdtt. 183 a-
MSH+ cAMPS} protein kinase A2l 2 EAGS 53}
melanin A33S S7MAIZITE o] g S adenylate cyclase
=2 ZAZAA cAMPY BEE Z7HA7]E forskolin} cAMP
phosphodiesterase S A3t cAMP =& JF7H7]+=
isobutylmethylxanthine (IBMX) 722 &) 2siX = FAlS}
Al dedth# A4, 2004; HETF, 2004).

AF7H] Hehd A As) 2= s o] msdEel
AR AR7A Wol AREHI e tHEAR] AeR=
kojic acid, arbutin, hydroquinone, H|E}Yl C T°] Ut} =2
T BARNA AMSE FHNETOZEE tyrosinase®]
Lok 7 oS Y olE AA dWapd S Aslehs &
¢ myEFo] Ukl X kojic acidE AHE-SIATHALZ]
o}, 2003; A43], 2003; 2=EF, 2004).

B AFM = CyHyOuMW 366.45)2]  molecular
formularE 7FA™H, yellow powder?] 3’32 7EK& 1-2<cyclo-
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>
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Fig. 1. Chemical structure of 1-(2-cyclohexyl-Methoxy-6-hydroxyphenyl)-
3-(4-hydroxymethylphenyl)-propenone.

hexylmethoxy-6-hydroxyphenyl)-3-(4-hydroxy-methylphenyl)-
propen-one(Fig. 1)©] melanoma B16 A 3E|A] o-MSH,
protoporphyrin IX%} 7+ 24FA0) o)ale] fEE= dHapd A
e A aE AT AESNLeH, tEe] dapd A4 9
Aol the 287108 Selgto ) Soln T BRZA)
A s o] JEAE AT,

2. AENE W WY

2.1. HiX] & 2SS

DMEM-10% FBS ®]X] : DMEM 26.8 g, HEPES 4.7g,
benzylpenicillin potassium 200 mg3} streptomycin sulfate 200
mg 1.5 liter®] I9}5710 Haeh SRl 3] =3
NaHCO, 4 g& 713} th3 pHE 742 %5 9 /52 718t
of A% 2 liter7} H=F ST TEE AREole] o3
T 57°C oA 427 28793} AlZ1 FBS 200 miE 78It

Freezing medium : DMSO 4 ml, FBS 16 mlE 42 &
gHls DMEM-10% FBSHiAISL 1:19] Wl&= 4 o] ARSI
o}

PBS €%&9 : NaCl 8g, KCl 02g, NaHPO, 29g,
KH,PO; 02g & 950 mle] ZF<ro] =< % pH 742 2
th SHTE It A 1 it} HESE TR & IS
71+t &3k

0.5 M sodium phosphate buffer(pH 6.8) : Na2HPO, -
TH,0 67gS S 500 mlell =<1 84 774 mlz} NaH,PO, -
H,0 34.5g& 57/ 500 mlol] 5291 89 22.6 mle &9}l
pHE 6.8% W& - AME-3INTH

5 mM L-Dopa solution : L-Dopa 98.5mg= 0.1 M
sodium phosphate bufferol] B3l &33sle] ARE-313 T

Sodium phosphate lysis buffer : 0.1 M Sodium phosphate
buffer]l 100 mM PMSF 100 pl®} Triton X-100 100 piE &
ralod AR s3iTt.

Triton X-100 lysis buffer : 50 mM Tris-HCl, 1% Triton
X-100, 0.5% Nonidet P-40, 0.1% SDS, 1mM PMSF, 1
mM EDTAS &o] pHS 742 9= 3 ARSI

Electrode buffer : Tris 3.0275g, Glycine 14413 g, 10
% SDS 10 mt Sl 4ol A% 1 literr}t H=5 3L
o}

5xSample loading buffer :

e

0.5M Tris-HCI (pH 6.8) 3.1
ml, SDS 13g, glycerol 2.5ml, 2-mercaptoethanol 1.3 ml,
bromophenol blue 5mgs &3t3te] AZF 10ml7} H=s T+
E0] ARS-SI3IT

0.1% Trypan blue :
o] ARG SiSiTt.

PBS $F=8-ol 0.1% trypan blueZ

2.2 Alg{uiy
AlE 89 Az : B e AlE= 100% DMSOZ
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100 mMe| E=F 833l -20°Col| Bt Ao AL
g o= 49 AEE F2A 50 & g R F
Ale] AMgsIiT ol DMS02] HF X 0.1% olaht
HEE 35t
MENFHE : Melanoma Bl16 AXFE= w2~ melanoma
AEZ culture dishol 22t} S8t o] MEFE =
HEF 23) 0 2 RE] FPISITE. Melanoma B16 AlE 2x10°
ME 10 mie] DMEM-10% FBS ¥iX|2 343t ¥ 5% CO2
7} A%+ 37°C incubatorol| 4] Alt) vttt
dAzbd A oA =AY : 92~ melanoma B16 AT
96-well microplate] 2.5x10° cellsiwell® B33 5% CO,
7} fA1EE 37°C incubatoroll A wRFSIATE 24417 & well
olA 100 pie] Bl S A 71822 DMEM-10% FBSEiA|] AlE
343 ARt AFAE 7ttt o] o AFAY] HE s
Z o-MSH= 1 nMZ 318021, protoporphyrin IX= 30 uM
o] F=E st A5} AFAE ATsl] 39 Bt vyt
HIA] 150 s 22 96-well microplated] &7 405 nmollA]
FEEE 2439 o-MSH & protoporphyrin IX2. 2 =}
e A E THEE YFFOR sl RS R &S AlE
oMol FF= 7S A Zh AlFe] Wahd Aol sk A
&5 T3S
bl 2 g3 =Y : Melanoma B16 A¥XE 1 nM2]
o-MSHZ A&|3}e] 5% CO,7F F-A1%+ 37°C incubatorol] 4]
3 FF RREAIA AAEE WEpde AlEe] B gy FA
ARg3ITE. AdE FEhdo] S HiA] 150 wet S E F
=9 Ag 50uE EF3] 96-well microplated] EF3}3L
37°C incubatorollA] 24A]7F F<t vtk 1213 405 nmell
A FEEE 45t AR melanin B EHAE SA I
M| ES2] ZA-H : Melanoma B16 A|XZE 96-well microplate
o 2.5x10° cells/well2 2331 5% COyt fAE+E 37°C
incubatorol] 4] BIFSIATE 2441 7F 3 welloll A 100 ule] BiA]
& A|ASL DMEM-10% FBS vlX|2 3|43 N85 s}
339 B wiEiaAth. Mg AEds BT AASA

DMEM HIX] 180 pi¢} 5mMe] WST-1 &< 20 uE 713k

200
E 150
ko)

2
< 100
C
8
(0] 50
=
Propenone (uM)

o.—MSH (1 nM)

37°C incubatorol| Al 3-4A)17F wjj 3}
nmol|A] Zg31] A EE XBEHA] R AL URTo R 3]
ME F2& v
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3.1. Propenone A2 Mt 44 oAX|Sut

o-MSH A=¢] 93] f=d datd A4 oA a3 .
Mouse melanoma B16 A|¥el Z} 5%2] propenone? 1nM
9] o-MSHE 3% B¢t A3l wixRE WEEe Wepde
405 nmollA T3S 245l FH3IthFig. 2). a-MSH=
MCIRZ} Af sl 319 4Alsrt Ag=d AEW cAMPY| &
EE ¥o]i PKA ARE Fslo] dWapd A4S S/t
TS SR e oPgAFEle] melanoma B16 MEoA&= oF
37.0 uMe] FEpdo] AGEN O™, o-MSH 25l e]3te] oF
48 ol S 156.7 ume] Hzhdoe] A=) o-MSH #b
ol oJate] F71g dahd 3’32 propenone ol ]3}e]
T 9FEHo g ZASNEH, HAE % 3uMolA 379+
3.3%, 10 uMollA] 64.8+3.5%, 2231 30 uMellA= 89.3+3.1
9] 94 TFHE Yo, ICsxS <F 6.1 pMeliTh. 3HA
F EZEoZE AR kojic aicde HeEhd AAEES oAIEkA
zkg-g ke o2 U4 el HE FE 25 uMellA
23443.1%, 50 pMOl A 57.444.1%, 12| 100 pMl A =
94.7+4.6%2] A A2 HIOH, ICsxS 44.6 uMo|3Jtt. ©]
+ kojic acid®T} propenone®] ¥ 7THiIHE JTIT o A
UeRES 891 & Ak

Protoporphyin IX A=l 9J5] f=¥ d@ahd Ao disk
Al &3} : Protoporphyin IXi= guanylate cyclase 7M1=
Agate] diIstELE WlE ke cGMP BEE Fot] @
gd S TTHITIE AR duA Utk A=E A &
L oPgAJEle] melanoma B16 AlXEoA+= oF 32.7 ume] Hz}
o] AAENSH, protoporthyrin IX A=l 2]3te] <F 4u
Z7F8F 1292 pMe] dehdo] AAEATHFig. 3). Protopor-phyrin
A=l efste] S71g ehd A2d-> propenone A 2ol |5}

100 %
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Fig. 2. Inhibitory effect of propenone on o-MSH-induced melanin production.



1-(2-cyclohexylmethoxy-6-hydroxyphenyl)-3-(4-hydroxymethylphenyl)-propenone)

150 A #
E
2 100 A
£
5
o 50 -
=
0 .
S X X X
'V“‘
Propenone (uM) 0 0 1 3 10 30
PPIX (30 uM)

nas ® A7) 329

100 - *
*
X 75 1 *
g *
3 50 A
<
< *
- *
25 -
0 T T

1 3 10 30 100
Sample (uM)

Fig. 3. Inhibitory effect of propenone on protoporphyrin IX-induced melanin production.

Fo o om AsIGE, HE 5 3 uMelA 31.643.1%,
10 pMeA 56.743.2%, 28] 3 30 uMOIAE 87.1% 3.5%2] A
EHE eI, ICsxS <F 8.1 pMel AT

A kA tRTeR AR kojic aicdE
pMOIA] 26342.7%, 50 uMOllA] 63.5£4.3%, 223 100 pM
NAE= 91.614.7%2] oA TS BHI2H, ICs 40.9 pMo]
St} ©]& kojic acid®TF propenoneo] ¢F SHlE%E &3} O
A el 2l & 5 AT

A% s% 25

3.2. Propenone REA|2| el EME 53}

Mouse melanoma B16 A|XE o-MSHZ A=3l Al
melanin®] A X ¥oF HWrExo] uwjx|o] &)=
propenonet A WEEAIA Algol i dapd 24 a3E
=731 THFig. 4). 96-well microplateol] HjA|Z ¥ %EJ o
d g3} propenoneS E3HEI] 37°CollA 244)7F WEEAI
3405 nmoﬂfﬂ 4= WslE =431 Properone 1-
30 pMelA F8EE iRt Ao Hissie] AE dahdel
Heixe g4 3 -74% e Zo=E ekt

M o
flo it

[Uﬂl

3.3. Propenone F=X|2| melanoma B16 M= ZA{of O]
= A

Mouse melanoma B16 A|XE 96-well microplated]] A|EZE
st thed 7t w50 ARE APkl 39 Rt vt
o WST-12 Aglsled Ade A =g olgsl] ME &
2ol 2= A5e] FIES BrlsIATHFg. 5).

WST-1-2 4Aol9li= AH3E2] mitochondria®ll 3= dehydro-
genase”} tetrazolium 3} W3l AT formazans B4
s, AolQle ME7F BETE formazans Wo] A3l A
Aoz §3%=7t S71eth. Melanoma B16 AMlX+= 100 uM
©]’d2] propenone EE=OIA AE F2lo] AA|F ALt whEbA
2 AoMe AlEAdAM AE F2ol FES eplA 2
100 1M ©0]3}e] FE=E AME-31 T

1.5

©
o
<
a 1.0
<}
£
g o5
[5]
=
0.0

Propenone (UM)

Fig. 4. Depigmenting effect of propenone on melanin (pg/ml).
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Fig. 5. Cytotoxicity of propenone compound.
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1-(2-cyclohexylmethoxy-6-hydroxyphenyl)-3-(4-hydroxymethyl
phenyl)-propenone®] W|¥ &5 % A871He| AT A= o
3 2t

1.Propenone o-MSH$} protoporphyrin IX AF=ol] 2|3}
Z7k wEhd AAS Bw oEHom oJASUon, [y
6-8 pMOISILE. o)A & FZRTFoZE AME3 kojic acide} Y]
aste] oF 5l ER oA gt ekt

2. Propenone A/3% Weldol= Al axrt giiTh

3. Propenone mouse melanoma B16 A|3Zol ts}ed 100
pM ool EAdo] AEE ).
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