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Screening of Inhibitors against Tyrosinase Activity
from Natural Products

Sang-Sook Choi”, Hyang-Soon Noh, Sung-Hee Cho and Kwang-Hoon Kong”
Department of Chemistry, College of Natural Science, Chung-Ang University, Seoul 156-756, Korea

Abstract — Tyrosinase plays an important role in the process of melanin biosynthesis, and it is a bio-
chemical target enzyme for skin-whitening agents and the remedy for disturbances in pigmentation. We
have screened 25 natural plant extracts for inhibitory effects against DOPA oxidase activity of tyrosinase.
For the inhibitory effect against DOPA oxidase activity of tyrosinase, the recombinant human tyrosinase
and the purified mushroom tyrosinase were used. Each of the dried plants extracted with methanol, and
then the extracts were subjected to sequential fractionations with methylene chloride, ethyl acetate, n-
butanol and water, respectively. The methylene chloride fractions of Angelica tenuissima, Nardostachys
chinensis, Bombyx mori and Saposhnikovia divaricata, and the n-butanol fraction of Bombyx mori notably
inhibited the human tyrosinase activity as well as mushroom tyrosinase activity (more than 90% inhibition).
This study suggests that the above extracts have a potential as whitening agents as single ingredients or

in combination with other of the extracts.
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R A7) 7u|e} F2A T2 i Habe ¥
e depd Aae) Zolel Z)iEhd mjre] A
& depd 3 AlEQ] dalieAle) E (melanocyte)
oM dahd Aol ) Akl w2 Wehd Mo
o F3e] 71913 dald Aae mR we)d
7145l EAhs defiAlolEdie MEM &
9 BjEAZE AdEREEe] 93 tyrosinaseRHE] AYA3
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2o AFAAL L-tyrosine©] tyrosinased] 2)3
hydroxylation 8H-8-& AA 3,4-dihydroxyindolepheny-
alanine(L-DOPA)E M &= 1 o]Zlo] ThA] phenyla-
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Tyrosinase(monophenol monooxygenase, EC 1.14.
181 AL ZE AE Fol X 9lor ) &4
Aol s e FEjolg st ' HTH
w9 A (metalloprotein)©] th® ©] & monohy-
droxyphenol o-dihydroxyphenol2 hydroxylationA]
7)& ¥h-8-(tyrosine hydroxylase activity)®} o-dihy-
droxyphenol® o-quinone®. % oxidationA|7]= ®HS
(DOPA oxidase activity)& Zuljst.” Tyrosinase?
AR 2 715 ehollx] e ukel o] Hahd
B ol $52F HAE Eske gsoth?
o] 7|52 Ay YAs FANo] itk FEel 3o
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2} FelEze) SmRzke o 9 viziejel FojlA] v
W Ft Qe Aow ezl A% HAE 552
P32 R tyrosinasee]] thet oA B43& AABINH &
3] ¥ AgeAe oAl 84 el mushroom
tyrosinase¥+e AMESHE ©]%9] Whi#= €2] human
tyrosinase®)] tigt Al &4E& ZAFSHIL, human
tyrosinase®} mushroom tyrosinase®] thet JA| E4&
H)2 - AEo 24 f3 THEAS gt sigith
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ABXIE — A AR 2550] HJELS s
2933 weks urERE ZPds wo} AMNSSISlL,
AAQEL] shgn} AMESH F-9E Table Il HERAIT
HAEAE oF 100gS 80% methanol 200 miE A
2ol 2447 AAF] FE F AFI A<k

3 tyrosinase AA ] A7E Fasolch,
£ QAFoME HIEZRE tyrosinased] F4 84

2 S 18] f AAg $ oRas del A%
%315t} 24 #5552 methylene chloride, ethyl

Table I—Natural plants and part of use used in this study

ol & ) k] AHE-gE B
1. Ll Aconitum koreanum Raymond Jo] Bz
2. A1 Amomum xanthioides Wallich Uk}
3. g Ampelopsis japonica Makino o) 5z .
4. iz Angelica dahurica Bentham. et Hooke we \
5. e Angelica tenuissima Nakai e 7] 9 &g \
6. 758 Nardostachys chinensis Batal Felgv) 9 e
7. HEF Asparagus cochinchinensis Merrill F23 F& P2 Qo] ¥l
8. 3t Benincasa hispida Cogniaux A
9. Ll Bletilla striata Reichenbach fil. o] &7]
10 LA Bombyx mori Linne FEo] W o g AHAARE FA
11 A RAY Broussonetia kazinoki Siebold AE gl
12 vt Cimicifuga heracleifolia Komarov By &7
13 a3} Daphne genkwa Siebold et Zuccarini 2Roq
14 Az Gentiana macrophylla Pallas gee

&
by
e
R
&

Gleditsia japonica Miquel var. koriensis Nakai bl

16 s Saposhnikovia divaricata Schiskin wa) 9 #y &7

17 SRS Leonurus sibiricus Linne 2 AN

18 BT Lysimachia foenum-graecum Hance Az

19 Hish Pinellia temata Breitenbach F2IAFS AAT ol £7]
20. B Poria cocos Wolf =3

21. =0 Prunus persica Batsch A

22. HFEZ Trichosanthes kiriowii Maximowicz 2y

23 7 Trichosanthes kiriowii Maximowicz A

24 3 Nelumbo nucifera Gaertner o

25 AR Kaempferia galanga L. W 27
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acetate, n-butanolZ £v) FE3p] 4} oz
WFolth WA, methanol FEES Bl €Az &
2] methylene chloride® % 3%3]9] methylene
chloride 7H8- #E& At EFL2 thA] T3
ethyl acetate® FZ3% ethyl acetate 7Ht F2&
LR, T E5E FHdlo] 522 n-butanol® &
8lo] n-butanol 7H FEE d1 YuAE & 718
o7 st 7t $ES Y - w58 U2 95%
ethanolell 9§ 249 AJEAE whEN, tyrosinase
a4 ZA A1 ANl ARESIIC)

Alef % 717} - L-dihydroxyphenylalanine(L-Dopa)
3} TrisThydroxymethyJaminomethane<- Sigma A%
& AMESIT). Methylene chloride, ethyl acetate, #-
butanok® Duksan Pure Chemical #¥F& AN
t}. Spectrophotometer+= JASCO V-550 UV/VISE,
WE-dHEe )= $AHMVC-250 IVE, 233 314
7= UltrasonicA}2] High Intensity Ultrasonic Proce-
ssorg ARSIt

X§=gl Human tyrosinase®| % U Hx - =
ATtellA= human tyrosinase cDNAE ©]&3}o]
polyhistidine sequence$} FHLAHAZ WHA A
metal binding resin®l] 93 73] AA 71s3k wd
AE pTrcHisoll A=At 2AHE pHis-
W% o)83le] thghaoll] 2&sigitt. Expression
vector pTrcHis®} human tyrosinase 3= Az
A7) A9 pHis-hTyr2 82 A2 g
< ampicillin®] =8¢ LB brothiix]ox] &k 2473
5 37°CellA] ikt -, ODgy 0l 04~058% =3
<€ o ZIFEAQ isopropyl B-D-thiogalactopy-
ranoside(IPTG)YE Folaitt. Al&eix] 8~10413 4
L ufiekt &, 8000 g2 1083 4E-Esld 7 A
w3+t 20mM potassium phosphate buffer
EH7.0)Z & #d33ly 239 w712 & 9
F3kaL 20000 g2 6023 AT AdEdel o
3 metal binding resin® 713 &, 4°CollA 30&3t
E£59] YA metal binding resinoll ¥EE poly-
histidinel 22 ¥3sl= FEANA S F2AHT 9
AEEE 3l F&g A B ke, B9 g
AL AAS] A8l native wash buffer® A|&sk1
cleavage buffer2 thA] MH3}TE Resind entero-
kinase cleavage bufferol &3} A]7] th-, entero-
kinases 7}l §3 A Adsisith, 942

g B3 A9 Fst A AZREY human
tyrosinaseE NFOZE At o|gA e FAE
& 55 J5 SDS-PAGER) <Js) Felsigict

Mushroom tyrosinase $& 3 M| -yl ozy
Bl tyrosinases &3t FASH= WL Az} 5ol
oju] e W& BN ARSI akdo)
W Agaricus bitorquisye polyethyene glycol 6000
& X¢3% 20mM potassium phosphate buffer
(pH7.0) bufferold P32 &, =47]9} homo-
genizers °l-8310] AEZE sty ). o3}
AE 100000g 60EF¢t AAE s AEHS
DEAE-Sephacel column chromatography & Mono Q
column chromatographyE ©)-83te] AAst ¥, o)A
& 4 B4 A Sl AgsIATh

Tyrosinase®| §4 M| &4 ZHE(Dopa oxidase
x| EA)- 549 Y5 L-Dopadl 28 S
Q1 dopachromeo] A== AL 475 nmellA =43
At 50mM Tris-HCl $H2-8pH 7.5) 720 p
& AP o] 37°CE FAAZ]L 20mM L-
Dopa 190 s} &4 50 pl, plant FE2 40 WEHE
FE 100 pgmiys 713tz 2 £3819] 475 mmolAl
38 <t 8% HskE sl ol plant 3%
== 94 41 P 2L controlE Tk 19
% control®] &4 4% 10022 BHE 9 control
¥ vlmstey Zpbe] #4438 %= eI

Sample?] 8=

—_——— X 100
Control?] 8%

Relative $45(%) =

s ¥ I

MZ=F human tyrosinase 2| CHEFElsd 3! A

dHWE pHis-hir® FAASAT S
ampicillin®] X3¢ LB brothulx]ollA] ¢k 24178
37°CellA] wllFatdat, ODgyol 04914 RFEAQ
IPTGE 1mM Fo85i& W hilzlo] 713 ol §-
EHC B3 IPTGE T3 &, A3 A wjk
SIE Wyt S4 iAo W oo] 7P AAER
o}, AZF human tyrosinase= M|¥Z whzle] ok
5% BAEE F FEE s3lo, ERsE o
o] EZAAIRZ LU o1& MFsh] Y& F
Hjok 2aS AEZ 4=, 30°ColA 1mM IPTGE
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FE3Re o, 848 548 HUF 4L & s
318 DEAE-Sephacel chromatography 2} immobilized
metal affinity chromatography3 ©]&-3}o} A3 2
7}, SDS-PAGEeI E&¥el mo3t =17)9 dx)at
= B2 660008 @ WMME=E El T 4 QISich
AAE AZ3 human tyrosinase?] 71& L-DOPAY]
o8t B]8-d (specific activity)2 25 units/mg®] AT},

Mushroom tyrosinase 2| XX

Agaricus bitorquis25¥] DEAE-Sephacel®} Mono
Q column chromatographyS A}£3}%) mushroom
tyrosinaseZ A5t A A€ mushroom tyro-
sinaset™ AR 270009 subunit® T4¥  homo-
tetramer©| It} o] FAlE &4 YL pH7.000A4
7P #9kom, L-DOPAE BFR% catechin, catechol,
resorcinol ¥ pyrogallolell ths] ¥& ]2 Sol4e

B4k AAE mushroom tyrosinase®] 7]7d L-
DOPA®] thgt BI&AL 85 units/mge|3 o™, o} A
A AFRFE a4 A3 &Y Al ARSI

Tyrosinase K| &4 7

WRZE T 25529 HES] methylene chloride,
ethyl acetate, z-butanol @ = 7}8 13 FEE]
tste] Yol AAG =% human tyrosinase}
mushroom tyrosinase®] &4 &4 A & i3}
o] AN

Human tyrosinase®] &4 84 oAl &3 A|§of
A= controls 10022 HSES Wl methylene chioride
748 78 A 1, 2, WA, sl 3E, &
3, 352 9 FFAL 509 o4 A3 4L
EfiSith(Table ID. 53] ©l& % &, 5%, 9%
gl BhEe] FE2EL 90% olde] A @48

Table II - Inhibitory activities of solvent extracts on the human tyrosinase iz vilro

Relative activity (%)

Plants
M.C. EtOAc »n-BuOH H,0
Control 100 100 100
1. R} Aconitum koreanum 44 £ 3 79 £ 8 372 241
2. AR1 Amomum xanthioides 37+2 227 £ 17 372 120 £ 7
3. ue Ampelopsis japonica 644 223=£5 49+ 3 273 £ 18
4. ulz Angelica dahurica 44 %3 82 +3 727 133
5. JIE Angelica tenuissima 03101 151 105 £ 6 68 £ 8
6. KA gl Nardostachys chinensis 71 279 + 19 268 = 5 184 =5
7. JAEF Asparagus cochinchinensis 303 £ 12 241 £ 19 190 £ 5 209 * 10
8. =1z} Benincasa hispida 875 763 61£5 45+ 2
9, Ll Bletillz striata 5*2 15%2 95£9 145 £5
10 LA Bombyx mori 611 17+ 3 4101 13+1
11 =} Broussonetia kazinok: 83+3 218 + 18 195 = 2 167 = 10
12 el Cimicifuga heracletfolia 32+1 37+3 45t 218 = 15
13 g3t Daphne genkwa 176 £ 9 81 106 £ 3 45 +5
14 Ax Gentiana macrophylla N.D. 42=*3 93 = 12 72t3
15.  ZHEZ) Gleditsia japonica 88 =7 -14=*2 91 %09 718
16 LS Saposhnikovia divaricata 0.4 £ 0.1 370 £ 28 279 + 17 8§+1
17 oz Leonurus sibiricus 252 + 10 218 = 4 253 *+ 13 97 £ 4
18 T Lysimachia foenum-graecum 241 £ 8 76 £ 2 1232 108+ 6
19 Cles Pinellia temata 345+ 19 254+ 9 279 = 7 128 £ 10
20. =7 Poria cocos 19+2 57+ 2 101 £ 2 718 + 16
2. =9 Prunus persica 99 5 7£01 410 £ 22 430 £ 18
22 HpFET Trichosanthes kiriowi 48t 3 67 +4 70+ 3 6+1
23, Trichosanthes Eiriowii 15*2 90 £ 6 836 69 + 7
24. 3 Nelumbo nucifera 146 + 4 45+5 42*2 176 = 14
25.  Zxh Kaempferia galanga -13+1 1253 227 £ 19 45+1

N.D., Not determined. Values are Means * S.D., generally based on n = 5.
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At} whde] HEE Ik 92 9 Ukl 52 d 2 BYuh B M BEor winixl wix) wi
& A @Ao] Uk 2318 ol FEES Hyh= WE 9 AR FEEL oF 80% oMY A &
human tyrosinase &4~ 42 & F7H250% ©1) A B ybde] g3}, dst 2 iRk oF 55%
E ZAsign) ol2lgt a4 X9 St A A 9 A 48 et Ty B, e A

9] 289 7]2 L-DOPAY 12 AEAE°] &
Zof| 7|08k A 2t

Ethyl acetate 71§ &A= 11, wig, W7kg
9 3le] FEHEOA oF 80% ol Az A
YERNSICE. dhdell AR iR ZhpdE, Hig, A
Zh, WE, QEE 9 Akl FEES A8 8492 ¢l
o, 93]3 o 2~34) &4 BHS FVMIFTH

TESh  m-butanol 7HE- EFOME AEY, AET,
A7), E, AEE, e}, 290 9@ ARiRlE @40l
UATHTable M. Zejvt WE2L ARl Wy u} gl
i FEEL & 50% o] Al €4& vER]
Qich. 53] wi7kde] FEEL 96%] A3 A3 &4

tlo d

e

%, A4A) 0 29, 290 9 g2 #4d0] 9l
R31, B3] HHI ER1¢ FEEL 54 S ¢
4~7i FA F7MAIZ

o|Ate] A2 HE] human tyrosinaseo]] tEk F&
Al 4 A5, nE, WF o4 @R
methylene chloride 7} F&oA, A3} ethy
acetate 7+ E& oA, W7FE9] y-butanol 7HE F-3
oA, AFE BFY £ 7 EFolA YERIC

%8, mushroom tyrosinase®] &4 84 oA &
3} A HoJAME human tyrosinaseolA ¢} whEl7Ex] &
controbe 1002.% HSEE o 7}zke] oA a3F &
As] BItHTable IM). Methylene chloride 718 ¥

T

Table III —Inhibitory activities of solvent extracts on the mushroom tyrosinase in vilro

Relative activity (%)

Plants
M.C. EtOAc n-BuOH H,0
Control 100 100 100 100
1. wELZ] Aconitum koreanum 131 £ 13 816 92 +2 125 £ 5
2. A1 Amomum xanthioides 8+1 95+ 8 713 107 £ 6
3. L Ampelopsis japonica 120 £ 11 51+3 4 *+ 2 17
4. H=] Angelica dahurica 4*1 26 £ 2 100 = 13 95 * 6
5. A Angelica tenuissima 41 101 128 + 12 14=*1
6. Ko Nardostachys chinensis 102 91 £ 4 80*9 102 £ 12
7. AEE Asparagus cochinchinensis 88 t5 883 85t 6 155 * 4
8. SR Benincasa hispida 183 139 £ 18 778 118 = 7
9. o Bletilla striata 37+ 4 64 89t6 117 £ 7
10. ELaA s Bombyx mori 3=x1 0.6 £ 0.1 3=x1 06 £ 01
11. 2=} Broussonetia kazinoki 86 £ 6 148 £ 7 201 190 £ 8
12. el Cimictfuga heracleifolia 4*1 63+ 7 18 £3 1577
13. st Daphne genkwa 42+ 4 532 117+ 6 113 = 4
14. R Gentiana macrophylla N.D. 118 £ 4 133 £ 10 143 £ 9
15,  Z¥@&EZY)  Gleditsia japonica 37 %5 16+ 2 149 * 15 29+6
16. uF Saposhnikovia divaricata 62 101 =6 773 813
17. IR Leonurus sibiricus 78+t8 913 803 955
8. ¥ Lysimachia foenum-graecum 82L6 1915 71£5 207+ 8
19. Hks} Pinellia temata 66 £ 4 88 + 7 90+ 8 82 =+1
20, 5% Poria cocos 12£2 776 162 £ 7 208 + 17
21. £ Prunus persica 8Lt 7 2*1 24 £ 6 24 £1
22. R Trichosanthes kiriowti 107 £ 9 126 £ 19 118 £9 107 £ 4
23. )l Trichosanthes kiriowii 74*3 883 67 £2 709
24. 3l Nelumbo nucifera 56 = 2 106 = 7 106 =3 103 £ 3
25. Ak Kaempferia galanga 18+1 86 *+ 3 85+ 3 106 * 10

N.D., Not determined. Values are Means * S.D., generally based on n = 5.

J. Pharm. Soc. Korea



ElzAA E4 A3iA) 527

it
do

BF AR, 12 5, s, B3R, Sl
2 AR FEES o 80% ol A
LERARATE. Bhol] wiRzl wiy 9 nes
Ay A €4do] It Ethyl acetate 7Hg-
e mE, uF, W 2y 9 =9 F=
oA ok 85% oSl A3 &4-& JERSIc \id
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filo
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A, =9, 59, 372 9 59 59 F2ES 24
of itk ey AR, Fob 9 2919 FEELS

oF 75% o4l A S et 53] W
o] FEEE 97%2 7% AF 24& 2 & 7}
& BZolMe 38, W, £ 9 519 FEE
A 22 A8 @4 JERSIT

o)’de] A#ZHE] mushroom tyrosinaseol] thdk
F A B9 AT, 32, BF, R, AR
9 5018 methylene chloride 7Fg H&oflx], ¥,
W7zl 9l w2 o} ethy acetate 718 &304, wi7)

2] n-butanol? & 7+ E&X YRt
g £

HAENA human tyrosinase$} mushroom tyro-
sinase®] &4 A S HA% AE AHE T
8] B9 vhea At

1L 28, #5%, 97338 9 UF° methylene
chloride 7H8- ¥&3 97322 p-butanol 7H- H-H2
human tyrosinase®} mushroom tyrosinase®] &4d-&
90% ol AAERCE.

2. 9732 methylene chloride, ethyl acetate,
n-butanol, & 7FEE T human tyrosinase
9} mushroo tyrosinaseo| tis] 714 £ A=
ERfiit.

oo uly HAAELS HAE gt AAEEE
I, A, Wzt 43, ok =11, AR 9 g
2 Z4EGeH A olf MAES AEEH U &
d E4 & Tl digt 475 A8 Ff ot

LAl g
o] ATE FRALAFAGY 009 7|2He
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