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ABSTRACT : In this study, whitening activity of Lithospermum erythrorhizon extracts were investigated according to sev-
eral extraction processes: water extraction at 100 C (WE100) and 60 °C (WE60), 70% ethyl alcohol extraction (EE) and ultra
high pressure extraction (HPE) at 500 ¥Pa for 30 minutes at 60 C. The extracts from ultra high pressure extraction showed
the highest tyrosinase inhibition and melanogenesis inhibition activities as 52% and 79.5%, respectively, in adding 1 mg/m¢
than others extraction processes. HPE extracts also showed the strong reducing power as 3.19 that absorbance at 450 nm.
The contents of polyphenol in WE100, we measured as 10.1 zg/mf in adding 1 mg/mé. Extracts have a high total flavonoid
contents by HPE as 4.1 yg/m¢ at 1 mg/ml. We can conclude that better whitening activity of extracts from high pressure
extraction was due to high antioxidant activities which could be extracted by higher polyphenol and flavonoid contents in
HPE than others.
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A|X] (Lithospermum erythrorhizon Sieb. et Zucc )= || Hagro] 7k 183 ARSI 7T EHA A]-HEQ] A
o] thadd & AEEA fElvete] A, A 59 of A7 o8 A olg Al Folvke ZeE HFol HAL
Aol F2 APYstaL A A Bele dE2RE v, 53 Stk olEd Altieh Ialel F-gate] 71 AE 3 sPEE
AiofA] gefAef AR o §HUTE FhdellA Hele Eoke] A tRIL s, 58] AAES 283 Zofd
3 =3, g, dls Fgol| F2 ol&sAY EY, ¥, A ATte F59 X]@E]l AT (Cho 2007).
H], EVJ, w1, 8= 7 55 XEshked ARSSIATE (Lee 7158 HE R
et al., 1998). EZo] FA o) %‘;—‘__—0]-;(]_]_ lE} o= ]J/\o] zﬂ/HO Z}QW

HARY7HA] AR)e] AES2AE shikonin (Kim, 2001; Kim  o)u} AZAGEAR So] o33 x50 os)] Hahd A
et al., 2006), acetylshikonin S°] BT EA}t (Yoon et al., Aol F7FEHA Yehdt) dA7EA] weA] s F2
1988; Hwang et al., 2000). 2F2] Z-&0F% shikoninoll <] tyrosinases SJAISHAY Hepd M AP THAh 58 F
Sk AROAR] AbslEhednks: 2 W g sPde] AER sl WaEhd M X AHHOE Hgdle 7O R o]Fo
(Min et al., 2005), acethylshikonin®} shikonin®l] <J3F &< Aot ey deid Al x| Aol o8 A=} a9}

fCorresponding author: (Phone) +82-33-250-6455  (E-mail) hyeonl@kangwon.ac.kr
Received 2010 October 2 / 1st Revised 2010 November 5 / 2nd Revised 2011 February 10 / Accepted 2011 April 13

97



o]}
E3
TR URIRD o] Mo oa] BAE B4t
IS stk 7%l BeiAIA ol2jt
Wehd Ak FHelle) Eaaol
Tobin et al, 1994; Bernadette et

i v}

g AR}
al, 1998).

yHe 7153, TRHOE ¥slE| =55 A7 oE U
Eille] Eoh e 3 ARst HES Aol =&Y
o do] BAAMA Foll o3t o] BAsE B4 f1Fel
7 AT 17ke] A WellA dagk ouA] FH-& S8l
FAfe] dojuks AsEHA vk AAollx WAlsle S
o 27| Wol 71991 A W A A7) ofs] o A
A, olejgt DT BGH R AR %S o,
FrE71= QI3 Atsla REH A7 A Yol ZkiAE o5
A METY BEER] AE, Tild, F, DNA, 84
2 THIES} 2+ HGAIE9] IAE A HE5F, RIS
A Fol HAs} AgEs §1d, sS4 A
Wit oF 59 4% AWe dov|= o] H}h (Park er
al., 2007; Halliwell, 1991).

gk, T o A Al Adelx s Ze) el o] g
PgrkAe] S 9] el Hebd AAE #Hgt) (Park,
1997). Aol 43 AASHH =spyR|e} FAlol ]
B3 FRkE Aolgtal AlRHTH

%0
o
_

=
e

ZIY 71ES oFgAEY £-8 ARS FEske A8
T e 2o BAS T AMSE FE 38S 23y
2 FHolElx I} 718 d5 FE2 3L Al
ofsf] FE=9] s dojuks W, 23 & T4
< FAE7} obd A E ol&3te] stshiasht Al I
ouA e Aol Atk (Kim er al., 2007). 23 7|&
S 5 FE2L FEAEY Fo A AR FEol WA
ZE el 7hsste], Bge] A9 glal, we SR WY
AES A 4e 5 3k ol 2y slold who] W
A5, Aol 9] (Bennett, 1998) Eo] ME ¢ro=
Srj7t o7t Bk Be o] AX wros A £&F
o] o= Zog F43al Stk T 239 FES F3)
of oUA] ol AlgkE F4A%, 1714 Ad, v
2 A%, FaAds e ot AgEol o3t A £

ol AEd §Fo] 7Fsd ZeE HRAY (Kwon et al.,
2007).

W Qe olefd gt
g s 7189 d53E B des 75349 HlaE
o 715795PEE okt 7154 AFE AAEA &8 TS
AEsIGoH, O Yoyt & A AmEo| MgA+ Aot
BA & AA ¢ Aot AEE Foke VxR AREA

- OISA|

98

Lo - 2N - B 8- IHY - 038
948 5 UES &) 98 2 AT7E FPsKAch

—_

. AlSE W AIQF

E AFo|A ARM-E XX (Lithospermum erythrorhizon Sieb.
Zuce.y= 20099 1190 A5 GHoA Aatd Zo=z A
At (T3FAAL, Chuncheon, Korea)oll A T4 3F3Att.

2 A7 AlEwGF A Fasgh w2 RPMI 1640
(GIBCO, USA)S ARE-3IaL, 2 gtel] wfjfel] B ok AJoko
2 hepes buffer (SIGMA, USA)$} fetal bovine serum
(GIBCO, USA), gentamycin sulfate (SIGMA, USA), Trypsin-
EDTA (SIGMA, USA)S AM&3}iTh

et

=
K3

A2 80gH HE ¥
717k B0V =S
autoclave, Korea
F=5 AYsislth Bl 5
T2 &7 d7ld 2R 3= flaskel] A8 F
2ol thale] 1082] ethyl alcohols: FZE&mi= AME-3le] 60
CollA 2477 FZ31ch

dnt dFFE2e SFHSS} ethyl alcohols & &= 7}
z} AL8-519 o™, ethyl alcohols &m& AME A] 60T, S/
T2 SUE AR Al 742 60T 100ToA 2447 55}
Ak ol Azte] FEZEES FHAHEA (Rotary
Vacuum Evaporator N-N series, EYELA, Germany)Z 3}
sto] F58 S, FAAZRE & & BUE Alxsie] AF

o] ARE-SFATHKIm et al, 2008).

ol 70% ethyl alcohol

g

i

500 MPae] <=

= O

3. MIZZF U MIEZ M HiX|

Ao o] gd MEFE upgA ZAE AEQ Clone M-3
(Cloudman S91 melanoma, mouse, KCLB 10053.1, KOREA)
£ Abgstolen, Aol g wiAZ RPMI 1640
(GIBCO, USA)S ARE-SFIAL 2 He] Al wlefell Za3dh Al
ko 2 hepes buffer (SIGMA, USA)®} fetal bovine serum
(GIBCO, USA), gentamycin sulfate (SIGMA, USA), trypsin-
EDTA (SIGMA, USAYE ARE3IT) el AMS-H Mxe
RPMI 1640812 90%¢°ll FBSE 10%2 2-8-A1A wjgste] 4l
el o]-g-33dtt.

4. Tyrosinase MIEH 21
712 & 2 A T hE AT m 33E 24
Sk Ago g A¥Le dopachrome™¥ (Pomerantz, 1963)

o
o
oo

sled 2231t 150 14 2] mushroom tyrosinase-150



x| FE2=22 =08t

unit (SIGMA, USA), 225 4£42] 2.5mM L-tyrosine (FLUKA,
JAPAN), 2254 2] 04 M hepes buffer (SIGMA, USA)
(pH 6.8), ZL2]3L 300 10 2] ethanol £ Z-& AJF (1 mg/mk)
SHS 4L T g A 1587 MgS & F 475 mm oA
FHEE A ST
A=

thest o] AT,

Tyrosinase A

fo R =y
. e C-D)-(A-B
Tyrosinase inhibition (%) = ( (C)—l()) ) x 100
AE AEE THE g W Fo) FREOIN, B A
S8 /HE g9 W Ae) FRE, Ce NEE A 2

£ golo] ujF o) FY=

wjog 5] FYolc.

%, DE ARE 7R g

8ol

5. Clone M-3MIEZ22E] Melanin Md2=2 =5

7]—/\]411-/\1 OioquHO] TIFCE _;GEL _Eyﬂ Melaning®] A4
Fe vud vk ek B APlME Clone M-3 A3
Z plateol] 1x10°cells/well®2 FHZF3 % CO, incubator
(5%, 37C)lA ME7L well vF=tel] 80% ©1 F-2H2 wj71x]
3T BIAIE A|ASH AEZE phosphated buffer saline
(SIGMA, USA)&E AH3L o]A& Trypsin-EDTAR #]2]s}
o NEE 353t 35" AEE 5,000 pmOZ 107+

&

PAEZS & A=A AT pellets Aol 60ToIA A
Z3Ac} 10% DMSO7F ¥ 1M NaOH 100 LS 4
60C ar2zolla Alxy Wehds Ak Microplate reader

s}

H O

(Thermo max, Molecular Devices, USA)Z. 490 nm oA
L& 345t Ax dA5T Fepde] S etk AA

FEE 02, 04, 0.6, 0.8, 1.0mgml 2] F== A
lo] wgbd A RS =3t I FRS ascorbic acid
(SIGMA, USA)Z ARgElon 32523 5o 2 st
o =43t (Kim ef al., 2008).

Faue

6. f&*qa e
dAELe oy FEO FEHFE 25mlo] 200mM sodium

phosphate buffer (SIGMA, USA) (2.5md, 6.6)2} 1% potassium
ferricyanide (HAYASHI PURE CHEMICAL, JAPAN) 2.5
e E EFAR F EFES 50TA 208 < incubation
A1Z1 t& 2.5mé trichloroacetic acid (SIGMA, USA) (10%,
whyE 371t 650 x goll M 1027 Aalie] silth dilE
2t AN smbo golS S5ml 2t 1% ferric chloride
(SIGMA, USA) 1ml 2 H7P7 %

gy

< UV - vis Spectropho-

tometer (852A Diode Array Spectrophotometer, Hewlett
Packard)E ©]&3te] 700mm oA FFE=E AU

(Oyaizu, 1986).

b |
oo

o

99

Sot ehist & ojeSa;
7.5 Hs 3‘:}%@_} ZagLo|C S 2A
% ¥E =S Folin-DenisHoll Wl 3% 1 mlol] Folin-

Ciocalteau (SIGMA, USA) AleF % 10% Na,OH; &2
ZF 1ml A 2R TR Aol IAZF ZAXg § UV-
vis spectrophotometer (852A Diode Array Spectrophoto-
meter, Hewlett Packard)E ©]-83t>] 700 nm oA FFEE 3
g3kt Caffeic acid (SIGMA, USAYE 0~100 pg/ml ©] 5
w2 Azajel ARt BT PHOT BAS AL HE
AE FHeERE NE FE2E9] T ds s S
(Singleton and Rossi, 1966).

% SR =0]== Moreni 52 W (Moreni ef al., 2000)
o ugt FEE 05 mlol 10% aluminum nitrate (SIGMA,
USA) 0.1m{ 2 1M potassium acetate (SIGMA, USA)
0.1 me, ethanol 4.3 mé =S 7Iste] EGHe & A2oA 4087t
A& T UV-vis spectrophotometer (852A Diode Array

Spectrophotometer, Hewlett Packard)E ©]-8-3}>] 415 nm ol|A]
FRES ST

_1{)1

P

8. SAIXe

tlolge] FAAME = 72t ARE 33| RiERo R FaiFlon,
A33e] A= SAS (Statistical Analysis System) ZZ 1%
= ARgSl] AR bl Hs Fele, 4 Agaite] F
& FoAt (P <0.05) oM SAAE 8kl

2

b=

it}

1. Tyrosinase &) STE=I 2|
Tyrosinase= 3| F-<] @zt
tyrosinase®] #s|EdS ST ZH
of & 5 Qith F& A AX FEEEC
gJato] tyrosinase] A3 E44E Fig. 1] L}E}qaoiq 23]
Ashe BE BE 2R $EEC Tt 57K He
tyrosinase®] A3l A= 57]—0}— A wlon, 1 F 2
S oA 71 o A &
= —,—gﬁﬂ- ethyl alcohol solvent
29| tyrosinase A3 B4 FA= 22 2%, 37%2 U
Epsith, olof Blaste] &7, WiE gl Qriu]e] iltshd B

, 1= R

=
Nag

R

al

vl gate] A3k A (Kim and Heo, 20094+ 1 mg/mé
o] 3], WE, o/ FEES UK A7 6.0%, 31.2%,

42.1%S Yepfo] A A9

g4 FEEF ethyl alcohol

solvent FEE<| Hla) =& FX5 Wk Ty Xx9] %
I8 TS B3 FEEY tyrosinase Al B FHE 52%
2 3], 8%, B FEEY FHED =2 20% vt
T} oJAo R Hol Y FAH Y3 Ax] FEEo] tIE
39 AR FEEWR o} 7], WE, U FE=F



i

° iISo . A'I(:)_o}' ° D%X‘”

+
—*—WE100
WE60

—*—EE

“HPE

Tyrosinase inhibition ratio (%)
w
o

10

0.2 04 0.6 0.8 10
Concentration (my/n€)

Fig. 1. Tyrosinase inhibitory activity of the extracts of L. erythrorhizon
by different extraction processes.
tWE100: water extraction at 100C; WE60: water
extraction at 60°C; EE: 70% ethyl alcohol extraction at 60
C; HPE: high pressure extraction for 30 minutes at 60C
with 70% ethyl alcohol solvent.
*Mean values=SD from triplicate separated experiments
are shown. Mean with difference letter (A-D) within same
concentration are significantly different at p < 0.05 and
mean with difference letter (a-e) within same sample are
significantly different at p < 0.05.
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Table 1. Melanin production of the extracts of L. erythrorhizon by different extraction processes in Clone M-3 cells.

Melnin production (%)

c tration (ng/nd) Extraction condition Standard
oncentration (mg/m
WE100" WE60? EEY HPEY Ascorbic acid
0.2 99.5+0.4% 99.7-0.7% 99.1+0.7" 98.5+0.8" 92.1+0.5%
0.4 91.5+1.14 96.1+1.28 96.4+0.7% 95.4+1.0% 87.1+0.4
0.6 90.4+0.8"° 94.5+1.28 95.1+0.9% 90.1+1.17¢ 85.6+0.5
0.8 88.5+1.3% 90.1+0.8¢ 89.2+1.0/¢ 84.1+0.9% 79.5+0.6%
1.0 86.1+0.9¢ 86.1+1.6M 87.5+0.8 79.5+1.6"¢ 77.4+0.6°

*Mean values=SD from triplicate separated experiments are shown. Mean with difference letter (A-C) within same concentration are significantly
different at p < 0.05 and mean with difference letter (a-e) within same sample are significantly different at p < 0.05.

YWE100: water extraction at 100C.
2WE60: water extraction at 60°C.

)
JEE: 70% ethyl alcohol extraction at 60°C.
4

HPE: high pressure extraction for 30 minutes at 60°C with 70% ethyl alcohol solvent.
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Fig. 2. Reducing power of the extracts of L. erythrorhizon by
different extraction processes and concentration.
*Mean values=SD from triplicate separated experiments
are shown. Mean with difference letter (A-C) within same
concentration are significantly different at p < 0.05 and
mean with difference letter (a-g) within same sample are
significantly different at p < 0.05.
*WET00: water extraction at 100C; WE60: water
extraction at 60°C; EE: 70% ethyl alcohol extraction at 60
C; HPE: high ressure extraction for 30 minutes at 601
with 70% ethyl alcohol solvent.
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Table 2. Total polyphenol contents and total flavonoid contents of
extracts of Lithospermum erythrorhizon according to
different extraction processes.

Extraction Total polyphenol Total flavonoid

condition contentst (g/mg) contentst (ug/mg)
WE100" 10.118+0.360" 4.064+0.170°
WE60? 8.174+0.300° 3.936+0.220°
EEY 7.742+0.550° 3.264+0.290"
HPEY 9.627+0.280" 3.328+0.210°

*Mean values=SD from triplicate separated experiments are shown.
Mean with difference letter(A-B) within total polyphenol contents
colunm is significantly different at p < 0.05 and mean with difference
letter(a-b) within total flavonoid contents colunm is significantly
different at p < 0.05

WE100: water extraction at 100°C.

YWE60: water extraction at 60°C.

JEE: 70% ethyl alcohol extraction at 60°C.

YHPE: high pressure extraction for 30 minutes at 60 with 70% ethyl
alcohol solvent.
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