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ABSTRACT

To date, research on the regulation of melanogenesis has focused on factors which
affect tyrosinase, the rate-limiting enzyme in the melanogenic pathway, by searching
for chemicals which competitively inhibit tyrosinése function. Many types of
tyrosinase inhibitors have been developed, but no satisfactory results have been
made clinically until now. To find a new whitening agent, which effectively inhibits
melanogenesis, we synthesized several compounds and selected compounds by cell-
based assay system. . Finally, 3,4,5-trimethoxy cinnamate thymol ester(TCTE,
Melasolv®) was selected and the effects of TCTE on melanogenesis were
investigated. Treatment of mouse-derived melanocyte melan-a cells with TCTE
results in a marked down-regulation of tyrosinase activity. 80% decrease of
tyrosinase activity occurs with 30uM TCTE treatment for 72 hours without affecting
cell growth. The inhibition of tyrosinase activity is dose-dependent and melanin

content was also decreased to 40%. From the in vitro tyrosinase assay using cell
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extract, TCTE does not act as a direct inhibitor of the enzyme. Treatment of melan-a
cultures with TCTE blocks the increase in tyrosinase activity by either forskolin, 3~
isobutyl-1-methtyl-xanthine.

TCTE decreased the expression of tyrosinase, TRP-1 without effects on
TRP-2 protein expression through the down regulation of. tyrosinase and TRP-1
mRNA. From the results of cAMP immunoassays, intracellular levels of the cyclin
nucleotide are unaffected in cells treated with TCTE. The inhibitory effects of
melanin synthesis were also shown in reconstitute human epidermis model by topical
application. These findings suggest that TCTE can be used for studying the

regulation of melanogenesis and depigmenting agent.
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AXNA NI DS AESHO 0X=s JES %‘O}LHD_I} SAXA OlAHIZ
sletes PSR, 3,4,5-trimethoxy cinnamate thymol ester(TCTE, Melasolv®)&
SHALS B A0l O, LWL AIOIENM ST 2AE=O=Z tyrosinasel &4 41

goiHMAE Maats Rl 0l2ish TCTEQl Zetd d4d HHEUE #HE 21
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TCTE=  IBMX(3-isobutyl-1-methyl xanthine)L} forskolinS0l <28t tyrosinase2
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1) Melanin synthesis assay in melan—-a cells

melan-a(1)MIZ&= non-tumorigrnic mouse melanocyte cell line 22M C578L &
embryo 22 H ci8 AIXOICH. A& mouse melanocyte 2| &A&EE HRE Il
USHKME immortalization SO U A& 0156t HIotL. Melan-a cell 2
24 well plate Ol 5 x 10 ®° cell/well 2 plating 8 £ , ISESH AIEE 3 22

2 MelstCh. 5 LMol BHXIE MIAS =, PBS 2 2 & washing HECH. O0IF 1ml
2 1 N NaOH & EII5IH NIZE 2835 =2 = 400nM OIA EZTE =FsEHL.

Plate 2 duplicate 2 ot LIHX plate = commassie blue & SMEIH HIXZ2
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viability 8 E&stC.

2) /n situ tyrosinase activity X3 &3t &3

L-[ring-3,5-*H] tyrosineOl tyrosinaseOl 2l5i dihydroxyphenylalanine22 HIHHA
L= H09 &S XS0 tyrosinasel EAHE ZAots LHOICH?2).

t£ S cellOl & 2

Ol

Cell2 12 well plate®ll 2 X 10° cellst &S 2D

SECH A8 ANZ2I 80 U= M HIXEZ 20110 A8E Z2UD1 24A12 JO|

8]

mle 2 pCiol [*Hltyrosine2 SO ZCH. 500u o HHXIE &t 10% TCA% 0.2%

BSAE EJISIH CHAS EXMAIZ| D |AZ2I6HH HASHL 1mi2 A4S2H0 500u

[0

ﬂIIO

9| activated charcoal 3AIZ2} Ol E&6I 11 ASH Fat H Liquid
scintillation counter2 ZE& st}

3) Tyrosinase A 8A =3

Tyrosinase activity using cell homogenates was assayed according to the method

o

of Pomerantz(3)9] ¥ o2t BE5IACH.  Melan-a HIEE 0.1M sodium
phosphate buffer(pH 6.8, 0.1mM PMSF and 1% Triton X-100) Ol 0f
sonication8tCt. L3S0 1AI2 YXIGIH tyrosinaselt HEEHTF 8HCH. 25pg 9
ClHA s SABEFFH0 AZSCH 2 222 0.5mi 2 2HSAU( 0.25uM tyrosine,
5uCi[3H]tyrosine, 0.25mM L-DOPA and 0.1mM PMSF in 0.1M sodium phosphate
buffer(pH6.8)) &1 37°COIAl 1AI2F BFSAIZICH Charcoal2 BHE5HXI 42 [°H]
tyrosine S XA £ MSHUAN LEBE °H,02 SE SHEH.

4) DOPA assay on Gel

ANE ANgE 2 29 S Xc2l8 HM3KO cellel & 50 ~ 100 pgsS

sz 2

ro

£, gel2 0.5 M sodium phosphate buffer (pH 6.8)0l €1

152 SOt E50 0. Buffer8 B2l 0.2 % DOPAE &St 0.1 M sodium

H

phosphate buffer (pH 6.8)2 21 37 °COIA 1522} incubation &tCt. DOPAD} gl&=

M buffer2 gel€ A1 i 238
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5) Western blot

Melan-a cell@ 60mm plate0ll plating8t & AIE& 322 XMe2lotl, proteing &
tyrosinase(M-19, santacurz), TRP-1(G-17, santacurz), TRP-2(alpha-PEP8) %
actin(SC—-1616, santacurz) antibody® O0|&3l0{, western blotS & AIEHCH.
Chemiluminiscent detection8 % x-ray filmZ Image analysis6t, E& oLt
6) RT-PCR

Melan-a HIZZ 2x10° JHOF SI== 60mm HHY HAIO Z3, otF SO HIEOl
ETE HIZAIZICH TO3SE AEAMSI SHU= M HINZ w8 H, 48A2 S
BH2OIRUCE. HEZ5H total RNA & F=&6l= A2 StrataPrepl Tatal RNA
miniprep kit(Stratagene USA) & ALESIRAC. RNA levelOl A SAEX 2E 20l

Ch &t

I'-III

8 One Step RNA PCR kit (Takara, Osaka, Japan)& AI25I0H £85It
100ng' RNA, 5mm MgCl2, 1mM dNTP, 0.8 units/#2 Rnase inhibitor, 0.1 units/z¢
AMV Rtase, 0.1 units/#¢ AMV-optimized Taglt specific primer® 222t 20pmol&!

Egot= RT-PCR EISH 502

£ USUCH F2 BISAE 50TUHA 3022 HEA
HSE AMIIL, 94TOHA 222 XG0 BISS B A2 F, 94TCTUHAM 30=2

denaturation, 58 COlAM 30=2t annealing, 72COIA 1230x2t extension 2 15
cycles #=#5t(H amplification oIRUCt. PCR producte= 1.2% agarose gel0fl
HIES6tH ethidium bromideZ M8t = AEFIACH BHESUH AF2E primers
St 2L Tyrosinase; Backword: 5 -GCAAAAGAATGCTGCCCACC-3’, Forward :5'-
ATGTCCCTCCATATTTCAGAGCC-3" TRP-1 ; B:5'-TATTGAGGCTCTGAGACGTGGGG-',
F:5'-CTCCTTGTGGCAATGACAAATTG-3’, TRP2; F:5-'"GAGAAGCTCCCCTCATTAAACCTG-
3, B:5'-TTCAGCACGCCATCCAAGGTCATG-3’, p-actin; F: 5~
GTGGGGCTGCCCCAGGCACCA-3’, B:5-CTCCTTAATGTCACGCACGATTTC-3

7) c—AMP level &3

Melan-a HIZZ 6-well plateOll wells 2x10°4Jt E&= ZD, 82 =0 NZIt

-139-



HISO =5 HHSAIZICH O € BIXE 2 wel22H HAHS &, 2 A&t
S0 U= HIXI(FBS-free)2 ZIOF1D 4022+ HHXAIZICH 10% TCAE HE&6H=
phosphate buffer& &JIol0 BIESS SHAMIILD HEE 38t FH, 5 diethyl
ether& JI6t0 32014t extraction= EBHESHCE. A8 AI&E2) cAMP level2 FE&46tD|
A, 2 s£82 FHIE cAMP standard E&1t A8 A&0 CHSIK cAMP

enzyme immunoassay kit(Cayman, Ann Arbor, USA)E 0I23dl0 assayS &l AlIStC.

8) Melanin assay in RPE(melanoderm®) model

Melanoderm®2 Mattek(USA)AIOIA R USHRUCE Melanoderm tissueE 6 well

platefl ®=Ch 0% SEE 320 St&iH 232t topicalXcl8t #, tissuelilA
ol E BAGHL XXEE JMg B 2H0 ABUYEE M=6E O3H

2CH Xelel &2 homogenizer2 21, proteinase K 24A12F XeEl8tCH. 24A|2¢
F0.5M NaHCO & & Jist & 80CH A prewarm &1, 30% H»0, solution & J}StC}.
302A83 =& chloroform: MeOH(2:1)2 &JI8t & vortexolll, centrifugedtd

supernatant® 405nmOiAl ZEAESICH. XXAME2 10% formalinOlAd DEAIZIF

9) EAXe

2E EHHel= paired Ut unpaired Student’s t test® & AlSHILE.

4. NNE 21

4.1 TCTES Melanin synthesis X 8l & 2}

TCTEEZ Xcist Z0 A= controlZ20 HIdH pigmentdt dendritelt Al 2 LHO|
FHCX UBE FHOHH HEE £ USOHH(48 hour, 1B 1a), AME2EZ

ot Mol SUE HEE oI melan—a HMZ0 AIRZE 422t Xl £
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4. TCTE 30uM

1. Vehicle 2. TCTE 1uM 3. TCTE 15uM

18 1b. MelaningdXoi& . + P<0.01

4-2. /n situ tyrosinase activity X8 &3}

Melan-a MZE OIEcl0d &8 AEE 1, 15 30 pMeY s&=2

ok

=2
o=

tyrosinase 2 208

e

activityOll CHEt Mo &WE 2F6IAC. 2 Z D, Thymol

benzoic acid 22|l tyrosinase &4 Mo &=2
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TCTE30 OIAM= 80%2 MAHES,15 OAE 60 %2 MolE=2 LIEHHULE

* P<0.01
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8 2. /n Situ tyrosine hydroxylase &4 Hais

4-3. In vitro tyrosinase &4 =3

melan-a MZ0 A F&E tyrosinaseE 0|&38t0 In vitro tyrosinase assaysS £88t
Z 1 tyrosinaseMdl Slt= SIUCH /n SOl HAESDUI Y= 209 HIDdH 2
M, TCTE® directBt tyrosinasel &2 MoHHIF OtLITY, CH2 J|1=0 Qdl 549

BHE WEES 202 BOE 4+ UL

* P<0.01
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Control TCTE 15uM control TCTE 15uM
A. In Situ B. Cell extract.

1% 3. Tyrosinase assay using cell extract and In situ.
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4-4. Tyrosinase 2#& Mol &1

OlXle H&2 202D #dl melan-a celldl

r

TCTE tyrosinase2 protein Z&0
LSe s&Z 322t Mel8 = western blotE & AISHRALCE

AE0A 2501 TCTE XMclg B0 tyrosinase2 Y0l MolLIRAD, 0|8 actindt
BIWGl, densitometry2 A&st Z 30uMXel 2 2 50%2 tyrosinase
HolguE, 15uMlll= 20%2 £& Xl 5_3.}% LIEHHRACH R 4). £8t DOPA
gelEME Sol g4° E4EE HFS ZI O 50M% 201 TCTEXMZIZ20A

29 240l B MEEOH USS 2 & UL

L] <__Tyrosinase
N S 4 Actin
1(2)8 [ 100.0
g A: DMSO
S 80 | 64.0
o 60 L 52.6 B: TCTE 15 pM’
5 40 | . . C: TCTE 30pM
»
20
O 1 1 1 t
A B C

8 4. Tyrosinse western blot I} densitometry 2 1t

A: DMSO
B: TCTE 15 uM
C: TCTE 30uM
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8 5. DOPA staining of SDS-PAGE gel and densitometry

4-5. TRP-1 &8 Mol &

st AIRE 085610, ,TRP-12 westerndt 21, J&0A £5=0] TCTE XMclst

Ol

2 =55 YEXHCZ TRP-12| L0 Mol& UCH

oY

S e® Gwwe| < TRP-1
A B C

% 6. TRP-1 western blot.

A: control, B; TCTE 15uM C: TCTE 30uM

4-6. TRP-22] ®#

Ew
R l—1

30 SLALCH

rir
ror

gl TRP-221 2 &0l

I

D P W < TRP-2

A B8 C

8 7. TRP-2 western blot

A: control, B; TCTE 15uM C: TCTE 30uM
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4-7. mRNA 280 0IXl= S8

>..
]

Z 48Al2¢ M2l & RT-PCR8t Z I, tyrosinase, TRP-12 mMRNAZ & 0| EUS

TRP-2

o

2 JACHIH 8).

B-actin

(a) (b) (c)

12 8. RT-PCR results. (a)control (b)TCTE 15uM (c) TCTE 30uM

4-8. c—-AMP inducer0ll 28t tyrosinaseg &Il A HSH

c-AMP2 inducer®t c—-AMPOI 2|8 tyrosinase activity2t SISO, TCTEX 210 2Jdl

E IS tyrosinasel 40| Ha+=ZE 0|2 2A2HULCH
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d8 9. /In Situ tyrosinase activity. IBMX 100uM, c-AMP 100uM, Forskolin

10uM and TCTE 30uM were treated for 48hours in melan—a cell.
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4-9. c-AMP level 2 Bi3}

Alpha MSH, forskolinX2l0ll 2i6H, c-AMP2l £==0| 0| &I} alg 2L, TCTEN 26l

Bale = QUL

pmol/10° cells

- MSH For - MSH For. — MSH For.
- +15uM TCTE  + 30 pM TCTE

8 10. c-AMP level. C-AMP level was elevated by MSH and

forskolin treatment.

4-9. Melanoderm Ol WetH MY 2AFH S

AMEAZE 14 22t el & melanin content 8 A& 21, TCTE HzlAlol
18.2pg/tissue & control DH25.8ug/tissue) BIWM3IH <& 30% HTOl A6
SUE LIEHLHRACH kojic acid 1% H2lAlOlE 2 20.5 pg/tissue 2 control 0l Hldl

20%2 Mol s0E 2UAC

120
100
80 F
60 |
40

Melanin content.
(% of control)

O 1 1.
GEO50 KA Control

38 11. Melanoderm modelOi A ety A4 XS M (day 14).
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5. 28 ¥ 1&

<4

Melasolv(TCTE)2 melan-a cell OiA AIZ0 SAHS 0IXX ALHA, s& 9

M

Moz
melanin 84 HlSE BEQUCHIAE 1). 2 2&9 building blockdt Ef—i—vmixture-t-

Wl HEASUIL LACH

TCTES cell extract® OI88t /n vitro tyrosinase assayliilAl 2AXMENUE= QU= o=
LHEFLE = EEOQI tyrosinase MollHle OlHYE & £+ UIUCHAZE 3). TCTEL et

4 Holsilt= key enzyme@l tyrosinasel Y& XMoHOl 2AdH LIENY RAE in situ
tyrosine hydorxylase &4 &4(0O& 2, 53 enzyme expression(1g 4)2
EFEOZ M OISIACH. 8 2 SE Mo 2AMTRP-12 S0 MU H(O
6), TRP-29] 2B S o2t 2ABIAUOL 2 Bisls AAUCHL(Y 7).

Tyrosinase, TRP-1 112l1) TRP-22 S&& dHAIIXIZ %’#c‘ﬂ’&." N2 upstream region
M-box(5)0ItH, Ol= F2 AZUAMT BELOAUCH. M-box0ll binding&le factors
micropthalma—-associated transcription factor(MITF)= positive regulatorOl0{, TCTEO!
Ol ZEE ItsHdx US 22z 2ol

Protein expression levelZ5&Z 1 Tyrosinase, TRP-12 TCTEOl A& &80l ESEA2LL,
TRP-2&= 2 B30t A/UCL. B16-F1 melanoma celllAl cAMP-dependent protein
kinaseLl protein kinase CE2 dR0l= melanotrophic agentS0l I3l tyrosinases
TRP-10| 20| Z&E&{= 2162 2 O TCTEN 28 olgl XHO0| Jissiti
42150, A pathwaylll 20{E Js40l UCID AZEC =, Cholera toxinOlLt,
alpha-MSH, dibutyryl cAMPS tyrosinase®l transcription2 ZJtAIJ1= melanotropic
reagentdt TRP-12] EMAIE EASIAIZICHE ENE8 DM, tyrosinase?t TRP-10|
20| ZEEUE=E A2 20 Ys a0t EUHRDH g3, TRP-2& 0lElE 20518

Btz =

[

o

Sllhl= B0 UA2H(7, 8), Bouchare S2(9) 1022 human melanoma

~147-



cell lineOlA TRP-22 & &1l melaning A
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TRP-12] S&0! tyrosinase® QtESIOl &C&ECH= =20&8 8 WM(10), 0

o
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CHUZO] YBAAL tyrosinasel THME AAE OHS I g4 Xatol
ASHES B8 ¢ &+ UL

TCTEXMCIO 2I8i tyrosinase, TRP-1 2 mRNAS &0 ZAZAULE. TRP-2 mRNAZ
ZAEE FES BEASL LA HR2 Z0| tyrosinaselt TRP-1X& SFH6tX &=
QUACH(O™ 8). TCTEHMEZlE Melan-a kIIEOIij IBMX2H c-AMP, forskoling2l X2l o
o8 tyrosinase® SAZIIE AMSASLHIAZ 9), c~AMP U2 HBIAIIIX
UUCHIR 10). MmN HFHO c-AMPE XESH= 22 Of- 2002 HOIN, 0%
et 2 &i@%‘%&’é%’ Its40l U=2iet EH AL

TCTEE2 human skin® OHH 229 melanodermOiAd melanind4d Xl SNE
HRCH Kojic acidet HImate 4HH Ol&2 M4 XMl SHE UEHHATH(AE 11).

2 AEE SHE O melasov(TCTE)R et MAXMNSUIF R45 DIUIB2A

Is4d0] Y= Aez AL
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