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g‘% Natural Product
%% Chemistry Lab.

Biological Target Mechanisms

nhibition of melanin
biosynthesis and
melanosome maturation

3060

Internal stimuli
(hormone, inflammation)

Naturat Product
Chemlstry Lab.
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DHICA-Melanin .
brown, poorly soluble, Eu-Melanins '
intermediate MW

DHI-Melanin Pheo-Melanin
black, insoluble, ellow / red
high MW soluble, low MW
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Melanin & A K| N &=

1. Melanocytel HIZS 4

- hydroquinone monobenzyl ether, isopropyl catechol

SHIBHS S 2R A

2. Melanocyte LH 0l A 2| melanin 24 & X

- tyrosinase &4 X oli Kl — kojic acid, arbutin
- total inhibitor — 2}, D&, AW FE2

;. Natural Product
%" Chemistry Lab.

Bioassay

* Invitro screening

— Physicochemical evaluations: free radical scavenging,
UV absorption/blocking

— Enzymes: tyrosinase

— Cell cultures: melanoma cells, melanocytes,
melanocyte/keratinocyte co-culture

— 3D skin cultures: reconstituted epidermis, Dermal
and Skin equivalents

 Invivo efficacy evaluations
— Brown guinea pig, hairless mouse

— Human
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£ Natural Product
“£%4 Chemistry Lab.

Experimental Scheme

. Enzyme Assay
< Melanogenesis

Isolation of Inhibitory Compounds
lon Tyrosinase Activity from the
Rhizomes of Curcuma longa
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i.: Natural Product
Chemistry Lab.

Na—Phosphate buffer: pH 6.8 50mM Taking sample with 10mg/ml
Tyrosine: 1.5mM in 50mM Na—-phosphate buffer Sereal dilution with water
Dopa: 0.6mM in 50mM Na-phosphate buffer 1mg/ml, 0.1mg/ml
Tyrosinase: 60U/ml in 50mM Na-phosphate buffer l

Tyrosinase 900ul

Measuring Dopachrome Dopa 100ul
Buffer + sample soln 900ul

Incubation for 10min.

Natural Product
Chemistry Lab.

Tyrosinase inhibitors isolated from natural
sources

Oxyresveratrol OH

CHOH
[ ]
HO
o]
Glabrol Glabridin Kojic acid
H
HO'
OH
Arbutin
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[Preparation of tested samples]

Higher Plants(300g8) — 100 plants

Extraction with MeOH for 7 days

MeOH ex.

Partition in CH2Cly/MeOH

CH2CIy fr. (M) Water layer
Extraction with EtOA¢

| |

EtOAc fr. (E) H20 fr. (W)

Table Inhibitory effects of MeOH extracts of some higher plants on the tyrosinase activity in vitro

Plant (part of use) % of inhibition

Acalypha australis (whole plant) 2t NE
Acer ginnala (aerial part) B ) 29 AR
Agrostis clavata var. nukabo (whole plant) 21 HOotat
Alangium platanifolium var. macrophylfum (aerial part) 18 CHEOR
Artemisia princeps var. orientalis (aerial part) 20 5
Arthraxon hispidus (whole plant) 22 THE
Asiasarum mandshuricum var. heterotropoides (radix) 15 Hi&t
Aster scaber (whole plant) 29 &3
Athyrium yokoscense (aerial part) 16 28 IA
Boehmeria nivea (aerial part) 18 DA
Bulbostylis barbata {(whole plant) 16 I2
Campanula takesimana (whole plant) 15 HEEBER
Carex humiis {underground part) 24 SHE
Carex kobomugi {whole plant) 19 SH2IM
Carex siderosticta (whole plant) 16 CHALZE
Cersis chinensis (aerial part} 22 SEHTILE
Citrus aurantus var, tachibana (fructus) 15 a2
Curcuma fonga (rhizoma) 44 Ei)
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Plant (part of use) % of ]} 3}
inhibition < =
9. Acer ginnala (aerial part) 29 (Curcuma longa)
37. Aster scaber (whole plant) 29 Fraction ICs, value
(#g/ml)
102. Carex humilis (underground part) 24
198, Curcuma longa (rhizoma) 44 CH,Cl, fr. 100<
226. Desmodium oldhami (whole plant) 23
283. Dryopteris crassirhizoma (whole plant) 23
EtOAc fr. 10 ~ 20
312. Isodon japonicus (aerial part) 29
469, Morus alba (radicis cortex) 81
545, Potentilla paradoxa (aerial part) 25 | HOfr. 200<

—

nhibitory effect of MeOH extract of some higher plants
on the tyrosinase activity in vitro (150 ¢ g/ml)

Ruirotic of Curcume langathiky)
Dy Extroviien waith CH-CL MeOHO )
2y Evaporanon o CHACL & MeOH w vacvue
Extract
Partitivnm H O EtOAC

F ]

Aqueons layer EtOAc fr.

CC ot Silga Gel
{EIDAC CH (1)

Fr.2 Fr.}
Desolve msalatien € C ot Silica Gel
(Acetone CH.CLLY
Supernatant Ryidue

1C CarRPA1%

(\LOH H 0) R reerystalization ’
] (McOH H.O} [T

Fr 21 Fr 22 Fr. 23

Fr.3z

reenystalization recnastalization Fr 321 Fr 3 Fr 323
€ C ot Sttiva Gl
[ACekne n-Hewang

Comp. 1 Comp. 2
(Acctone n-Hewane

C Cof Silica Gl
(EIOAC n-Hovane

Prep HPLC Prep HPLC
Comp, 9 Comp. 4

Isolation of the tyrosinase inhibitory components from the rhizomes of C. Jonga

_52_



( 5-(R)-Hj ydroxycur[oneJ

HMQC spectrum of 5-(R)-Hydroxycurione (250 MHz, acetone—d)

E— (R)-H) ydroxycur]o@

BT

!H-'H COSY spectrum of 5-(R)-Hydroxycurione (250MHz, acetone—dg) J
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| 5-(R)-Hydroxycurlone

(3

son

¢

HMBC spectrum of 5-(R)-Hydroxycurlone (250 MHz, acetone-dg)

[e)

y?‘“' S-MTPA-ester
by
o

S~
m _ _
A~y R-MTPA-ester

Proton chemical shifts ( 4= 84-8) Carbinol
MTPA configuration
config | H6) 48|, H(15) s, H(15") c)
438,
S 157 503 4.89
+) -
R -
148 521 5.12

Determination of absolute configuration of stereogenic carbinol center

by 'H-NMR analysis of Mosher ester derivatives
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Comp 5.

Comp 4. OCH, OCH, CH Comp6.  OCH, OCH,

Comp 9.

[nhibitory effect of isolated compounds from the rhizomes
of C. longa on the mushroom tyrosinase activity in vitrg

Comp. No Comp. Name ICs,
values(#M)
Comp. 1 Coniferaldehyde 28.1
Comp. 2 Methyl-3,4-dihydroxycinnamate 20.6
Comp. 3 p—Hydroxycinnamic acid 100<
Comp. 4 4~(3',4’~Dimethoxyphenyl)-3-buten-2~one 200<
Comp. 5 Demethoxycurcumin 11.3
Comp. 6 Curcumin 10.9
Comp. 7 2, 10-Bisaboladien—1,9-dione -
Comp. 8 Turmerol A -
Comp. 9 5-(R)-hydroxycurlone -
control Kojic acid 8.9
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The Roots of Sophora flavescens

R R? Py Re 1Cy ICso(uM). 1.1

(1M}
1 H OH isop isop 55.4 ICy
2 H OH isop lava 38.3 R! R? ©M)
3 H oH H lava 44.7 " pon — ™
4 [ PO | OH iscp isop 458 1 H Lava(OH) 10.6
s | piom | OH isop lava 7.5
7 R OMe H lava 1.3 :
9 | pOH) | OH | isoptOH) | lava 36.9 4/_< < o ,ﬁﬁi_/—ém
10 H OH H Lava(OH) 21 x X «
12 | a0l | OMe H Lava(OH} | 40.0 isop : isop(OH): X lava: lava(OH) :

IC5o{uM) of kojic acid: 11.3
Lee et al; Planta Medica, accepted (2003)

The Leaves of Cercis chinernsis

o8z on HO OH
OH
Rt R R3 1c50uM) R 1C50(uM)

CE1 H H H 450< CES H 92

CE2 OH H H 67 CE6 OH 69

CE3 OH OH H 150

CE4 OH OH G 63 HO,

- IC50(uM . i1 G : H

uM) of Kojic acid : 9 J{

HO

Lee et al: 242t331 X 30(4) 1999
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- The Roots of Glycyrrhiza glabra

liquilitigenin R=H  200< A
ugunmg R=glc  200< isoliquilitigenin ~ R= H 200< isoliquilitigenin 2'~O-methyl ether

isoliquilitin R= glc 200«
gle—0, ] 0,

o}

ononin 200< glycycoumarin 200< glycyrol 200<

Lee et al : M 2kBH3} ), accepted (2003)

84:R=0CH3 85:R=H

1M 11uM
COOCH; ° H b
R o on
ey
H

| 6uM © o0 6

OH
88 HO' OH

OH R=galtoy!, 5uM

R=H,  11uM
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Inhibitory effect of some natural
products on melanogenesis in B-16
mouse melanoma cell lines

£E% Natural Product
Rt Chemistry Lab,

Protocol of melanogenesis test
in B-16 mouse melanoma cell lines

5x10* cells/mi

5x104 cells/200ut

for 2 days

B-16 melanoma
cells
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Natural Product
Chemistry Lab.

/n vivo bioassay

ag
%

p2 .

1
a1

P
&
@
X
b4

Brown guinea pig /n vivo Human test

Inhibitory effects of solvent fraction of natural resources
on melanogenesis in the B-16 mouse melanoma cell lineSuxiiy,

Inhibition ratio(%) at the
No. Scientific name concentration of 250ug/ml Kojic
o c £ W acid
—r: 1 Carex humilis, Cyperaceae ~14.902 —-54.985 « -25.694 5139
2 Evodia officinalis, Rutaceae -379.239 —-386.948 -80.442
3 Pueraria thunbergiana, Leguminosae -14.83 -19.42 -1.35
4 Trifolium pratense, Leguminosae -138.746 -147.482 ~25.694
5 Acer tegmentosum, Aceraceae -373.073 -445.015 ~152.621
6 Artemisia scoparia, Compositae -195.272 -616.650 —176.259
7 Gentiana scabra, Gentianaceae -162.384 -130.10 -25.180
8 Smilax sieboldii, Lilaceae -214.800 ~280.576 -75.540
9 Filipendula glaberrima, Rosaceae -129.469 -84.789
10 Morus alba, Moraceae -453.237 -905.447 -915.725
11 Aconogonum divaricatum, Polygonaceae —294.964 -284.687 -100.206
12 Acer ukurunduense, Aceraceae —351.490 -343.268 -218.8911
13 Ulmus davidiana, Uimaceae -117.183 -778.034 » -227.873
14 Crisium maackii, Compositae -94.719 -245.599 ~-14.669
15 Paederia scandens, Rutaceae ~79.631 -897.594 -18.860
16 Clinopodium chinense, Labiatae -10.059 -227.158 -67.896 8.382
17 Sapium japonicum, Euphobiaceae -7.963 0.419 « 23.051
18 Clerodendron tichotomum, Verbenaceae -111.484 -391.031 —-34.786
19 Cnidium officinale, Umbelliferae 45,683 = 38.977 16.345
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Continued.

(* cytotoxicity)

Inhibition ratio(%) at the
No. Scientific name concentration of 250pg/ml Koijic
C E w acid
20 Magnolia kobus, Magnoliaceae 80.889 -37.301 8.382
21 Gaedenia jasminoides, Rutaceae -36.463 —-746.018 -658.843
22 Aslragalus membranaceus, L eguminosae -41.911 9.220 25.147
23 Atractylodes japonica, Compositae 21,794 21.985 61.190
24 Cyperus rotundus, Cyperaceae 45.683 20.956 40.235
25 Lirfope platyphylla, Liliaceae 20.117 24.728
26 Geranium thubergli, Geraniaceae -~143.336 -188.240 ~25.566
27 | Phellodend , Rut -18.3 <14.6 -11.6
28 Corydalis ternata, Papaveraceae -143.2 ~89.8 -6.20
29 Paeonig suffruticosa, Paeoniaceae -5.39 -56.09 ~-1.89
30 Scutelfaria baicalensis, Scrophulariaceae -87.92 ~7.28 -21.31
31 Magnolia officinalis, Magnoliaceae -14.83 » -335.22 -3.51
32 Epimedium koreanum, Berberidaceae -125.94 -92.23. -5.12
33 A hpodeloides, Liliaceae 9.44 8.63 11.60
34 Genliana scabra, Gentianaceae 12.68 14.29 18.88
35 Gastrodja elata, Orchidaceae 43.15 24.00 7.82
36 Crataegus pinnalifida, Rosaceae 1.62 -110.57 13.21
37 Sophora flavescens, Leguminosae -7.55 ~115.70 -5.12
38 Akebia quinala, Lardizabalaceae -18.88 -122.71 19.69
39 Cornus officianalis, Comaceae -5.12 —86.84 4.85

Inhibitory effect of 1-desgalloyl eugeniin on
melanogenesis in B-16 mouse melanoma cell lines

(%) 931 uonIqIyu]

80

70

60

50
40

204
10—
0.005 0.02

0.05
Concentration (mM)

@ 1-desgal oyl

eugeniin

Bcytotoxicity

Arbutin=0.5mM(IC,,)
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Inhibitory effect of arecoline on melanogenesis in B-16
mouse melanoma cell lines

[$)]
[=]

(\/l/COOCH?
N

B Arecoine
O Cytotoxicity

Arbutin=0.5mM(IC,)

(%) 231 wonIqIyuy
w
o

L L
Concentration (mM)

otk Bl 2
0.03 0.06 0.12

Inhibitory effect of compound sitosterol on melanogenesis in
B-16 mouse melanoma cell lines

90
80
70 A
60

HO'

e T

50

Blsitosterol
40}

Ocytotoxicity

301
20

ot

Arbutin=0.5mM(IC,,)

(%) re1 uoniqryuy

% ¥ vy i

.01 0.02 0.04 0.06 0.1
Concentration (mM)

_61_




Inhibitory effect of linoleic acid anhydride on
- melanogenesis in B-16 mouse melanoma cell lines

100 i CH3(CH2)4(CH=CHCH 2)2(CH2)sCH7—C,
90 i o
CH3(CH2)4(CH=CHCH Z)Z(CHZ)SCH’Z“ﬁ

linoleic acid anhydride ~ ©

linoleic acid
anhydr ide

B kojic acid

(%) dyea uonIqryuy
[8,)
(=]

25 5 10 20 40
Concentration (uM)

Rhizomes of Gastrodia elata

4 5
(54.6pM) (nd)
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Flowers of Magnolia denudata

OMe
O
E}ﬁo,we

3 O "
0@ O/\:© 0 0
o
(+)-fargesi (+)-kobusir (+)-aschanthi
(nd) (18.6uM) (96.3uM)
OMe
OMe
OH
O H
E } OMe
Meo I j e} “on
MeO MeO Rel~[7s 8s.8's]-3.4,3'4" oplodiol
(+)-magnolin OMe tetramethoxy—9,7’~dihydroxy—
8,8',7.0.9'-lignan (35.6uM)

{nd)

(56.7uM)

Machilus thunbergii at 25 pg/ml.

Inhibition ratio (%)

CH,Cl, extract 42,9 L+ 528
EtOAc extract 2451t 4.2
H,O extract 3.12 147

Kojic acid®

22.0 £ 3.82¢

2 Significant difference from the control is p< 0.01.

b positive control
< at 150 pg/ml
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Isolation of Compounds from Methylene Chloride
Fraction of Machilus thunbergii

CH;Cl, Fraction

$i02 column
Hexane:EtQAc, EtOAc: MeOH
{gradient)
MALIAJ !9 -10 —]ll -~13 -lI4 -!6 -18
Comlp.l RpCi8 RpCl18 RpCi8 RpC18 RpCl18
H;0:MeOH | H:0:MeOH H:0:MeOH H:0:MeOH | H:0:McOH
gradient Gradient Gradient Gradient Gradient
MAM-9-3  MAM-10-4 Comp.9
Comp.4 MAM-16-10 MAM-18-3
Comp. 2 Comp. 3
Comp. 10 Comp.11
MAM-13-9 MAM-13-13
RpCl8 RpCl18
H:0:MeOH H,0:MeOH
Gradient Gradient

MAM-13-9-1

-4

Comp.!

Comp.5

MAM-13-13-2
Comp. 8
-6

6 Comp.7

Compounds isolated from the bark of Machilus thunbergii.

R‘I
, O R' R* R® R
R 1 OCH,0 OCH,.0
3 O OH OMe
O ‘. 7 . 9H OMe OMe
., B 9 OMe OH OH OMe
R

R? R!

& i
% R' R® R® R*
Oi 5 OCH0, OMe OH

v 10 B ‘ OMe OMe
] 1 OMe OH
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- Inhibitory effect on melanin biosynthesis and dose for
cytotoxicity initialed in B-16 mouse melanoma cell lines

compound Melanin synthesis Dose of cytotoxicity
1 ‘ 39.9 75.0
2 NA 375
3 NA 13.8
4 NA 188
5 NA 3715
6 NA 18.8
7 15.1 375
8 NA 18.8
9 NA 18.8
10 194 75.0
11 37.8 75.0

Kojic acid 1700 NA

METPETE A He e el
lines
Compounds  Melanin synthesis Cytotoxicities
tested I1Cs (BM) LDs, (nM)
1 39.9 62.8
7 15.1 >150.0
10 19.4 70.6
11 37.8 140.9
Arbutin 109.5 >150
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Machilin A

machilin A (1)
ICsp values in B—16 mouse melanoma cell : 10ppm

Human melanocyte : 20% inhibition at 1ppm, toxic at 2ppm
Allergy test : safe

Genomics/proteomics with human melanocyte :
Inhibition of enzyme revelation

Sl MBS

Human patch & &, Q2 SHAE8, JIES

iz
o

W N [

0~ ow;

A4 M=

. Inhibitory effects of herbal extracts on dopa oxidase activity of tyrosinase,

Natural Product Science (1997)

. DEHESNYH Fydad Y4 Fosts H2AUA 494 B9 ®Y, o)A (197
. o2 e daid 44 ALY 2, oA (1998)
. Inhibitory effects of a-viniferin and resveratrol on the L-dopa oxidase activity of tyrosinase,

Planta Medica (1998)

. HHElZIGR Qo2 RE vRdetd MAgY AR B, YA (1999)

WA E SUERYE D2 M2y @dtyrosinase B4 A A, oFstsA] (200D
Tyrosinase Inhibitors from the roots of Sophora flavescens, Planta Medica, accepted (2003)

. Melanin Biosynthesis Inhibitors from the Bark of Machilus thunbergii, Chemical

Pharmaceutical Buletin, accepted (2003)

. 239 tyrosinase ¥ A AE, oFetsiA|, accepted (2003)
10.
11
12.
13.
14.
15.
16.
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