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ABSTRACT : This study was performed to enhance anticancer activities of Lithospermum erythrorhizon by eluting high
amount of shikonin through ultra high pressure process. Extraction yield was increased up to 5~10% by ultra high pressure
process, compare to the normal extraction processes such as water solvent extraction, 70% ethyl alcohol solvent extraction.
The cytotoxicity of the extracts (1.0 mg/mé) from ultra high pressure process was showed the lowest cytotoxicity 13.4% for
human lung cell (HEL299). The anticancer activities showed 80~85% by adding 1.0 mg/mé of the extracts from ultra high
pressure process in several cancer cell lines such as AGS, Hep3B, MCF-7 and HeLa cells. Among them, MCF-7 cell of the
endocrine system was highest inhibited than other cells. The anticancer activities of the extracts from ultra high pressure
extraction process showed 10~15%, which was higher than the extracts from normal extraction processes. From HPLC
analysis of the extracts, the contents of shikonin in the extracts from ultra high pressure process was 11.42% (w/w), which
was 20% higher than others. This results indicate that ultra high pressure process could increase the extraction yield of
shikonin and other contents, which resulted in higher anticancer activities.
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Lee et al., 2008).

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 2010 Aprilr 13



rot

ARE U BASSGES o8 NEAYoR =
L b5l o3 Eehsta PAE olsle] B AT
e Ui glo] Solzjeln A=) gAlel A
o] QE| Y= Ao, = WYY LS
Aot Az oz 28she HA AUAIE AIAZHEH
Miske B A7 FAd wet & A7E st
(Lee et al., 2000, Park et al., 2007; Jo and Min, 2007).

d

bt 2
JHH{

-0
o= ==

71E AREES] SE FE 8L W2 FEF 889 8BS
oA 4], =2 Q13+ §-8A3%9] 13, R &4, 71E-
BAE A7 F=, 52 doll tiele] B A %"l @3
< 7HAAL ek olel whel QTS FHT A FA F
W Qe THIE BokRA VIS IR AF BEA
# B, 71578S FINATE Aol Jem™ 100~1000 WP
o] S o8& HHMAR Eolut 2ol ¢S &HEe

2 FdsH Ay E delEA 71 EXe] 3He 3lst
W37 Bo] doju=d] Hkele] 239t 3L seHor &
H3ls do7|x] k= Aol Ut (Jeong ef al., 2009). L
23z Alx¥o] Avsle] 854S At AVt e AA
el 71l A te 238 3AS =96t
g0 Zhgshe B2 YHOE TIEY FE THOE
8 A 2248 4 F IA Sk olst

==
1 = [e]
I e AES

7+0. &

ne

I

UL Ao E AIRETH (Kim ef al., 2007).

T4 718e] 38E HlaFre =R A A9
shikonin FFEAE0] &&5HE= =fol9}
o} =7 EJJI# SJolr i), oast Ae|eA
A28 73S B7skaL, o
Lolrh & A X]’-u—T—EO] 714 AFel HEE Fool 714

U HIRAEE ARE7] QA B AFE FYselth
Rz %

1. & M o A9

2 AYdA A8E AR (Lithospermum erythrorhizon
Sieb. et Zucc. )= 2009 119 A& FHA AYskd Zo
2 A% B @3eFdAL Chuncheon, Korea)ll A &}
031;],

A T .

oA AEuig A "agh WX RPMI 1640
(GIBCO, USA)S ARE-3FAL, 2 Hioll wj gl Bash AJokS
2 hepes buffer (SIGMA, USA)®} fetal bovine serum
(GIBCO, USA), gentamycin sulfate (SIGMA, USA), Trypsin-

EDTA (SIGMA, USA)S A3t

C RHAM .
oH

M

104

Zloi2

< Z2IK[E .
[==Re ]

A=

0

E

2. NZ el =AH

29t FEL XA B
ethyl alcohol 800 m¢e} g7 ¥
LB F

FES 80¢g¥ Hd
3717F o7
FZ7A] (llshin autoclave, Korea)s ©|-&
st s00e2] grEoE 3027} el 2sk g4
Bt ARE 74 &F W) FFE FF flaskel] AR
70% ethyl alcoholS- —T«%Q—UHE AL

ol thsto] 10u42] 7
0}04 60ColA 3A17F FZ3190Th. ANt F5& SHF 70%

ol 70%

g%— _11:_.?_ ;0-

, 239t

ethyl alcohols FZ& £vlZ Z+7 AMEslY 70% ethyl
alcohol 80C, Z7F 60C, SF 100ColA 2447k =3}

Atk ol zHzte] —r%%%% 2ol AEA] (Rotary
Vacuum Evaporator N-N series, EYELA, Germany)Z 3}
sto] 5 S, FAAZRE ¢ & TRUHE Azt

Aol ARESIAY (Kim ef al., 2008).

3. MIEZSF 2 HIEZ M= il

Ao o]lgd AXFZ 27F QUM ES AGS (stomach
adenocarcinoma, human, ATCC CRL-1739, USA), 217+ A}
F73F-AAESQ] Hela (cervix uterine adenocarcinoma, human,
KCLB 10002, Korea), <¢17F ZFIAMIEQ] Hep3B (liver
adenocarcinoma, human, ATCC HB-8064, USA), 17+ %
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Bt vl (37C, 5% COy)S ¥, ZH7te] A58 HITs=
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Table 1. Comparison of the extraction yields and shikonin contents
of Lithospermum erythrorhizon according to different
extraction processes.

Extraction Shikonin
Sample - Yields (%, w/w)!  contents
condition o +
(%, w/w)
WE100" 20.47+0.314 9.2+0.12%
, brorhi WE60? 20.78+0.62" 9.31+0.28°
- erythrorhizon s 19.78+055°  8.99+0.52"
HPEY 23.66+0.18°  11.24+0.35°

WE100: water extraction for 24 hours at 100°C.

YWE60: water extraction for 24 hours at 60C.

JEE: 70% ethyl alcohol extraction for 24 hours at 80C.

YHPE: high pressure extraction for 30 minutes at 500 Wa with 70%
ethyl alcohol solvent and extraction for 3 hours at 60C.

*Mean values=SD from triplicate separated experiments are shown.
Mean with difference letter (A-C) within yields are significantly
different at p < 0.05.

*Mean values=SD from triplicate separated experiments are shown.
Mean with difference letter (A-C) within shikonin contents are
significantly different at p < 0.05.

2 38 FEEC] 7P =& &S VERITE (Table 1).

A2 g %%%% 100°C9Jr 60°Cell Al 2tz 20.47%,
20.78%°] &S HAL, dEE FEE2 19.78%°] T&S
ioﬂl:} TP e 8-S Eol qete FEEE dF 729

& §uirc} oleks gulol] 7H8/dEe] HA Zof v =
&0 YA Usks Aolgt AZHET MY 58 e 23
A T FEEE 23.66%°] TES HERCH, dnt A
FE=d vasile W 5-10% = SXEAT ol 2
& F= Aol o3 i g9 g 24 33 =%
(Jeong et al., 200914 H ¥ YA 239t FE2E 58
13.67%%} ¥lalste] O £ 35 &5 UERe 2 2
A X]ol| & = shikonin®] S
< HPLCEAS Sl 43 23} standard?! shikonin®
area®} BWEIHNS o, 2 FEEO] 1142%E 7P B
S UFERARITE (Table 1).

7188 FE=0 Hlet] 2%t 3 FEEC 7%
shikonin 3ol =] Yehbe A2 A|A| Az Aghat
ZAo] dedgloz s Unt HouA|vke: 73S ve 8

o] 1}9ox] Eahd #]x]9] shikonin GEA Eo] AWzEHA
BAEC] 5000ke E 4ES B B AUAS /RIS
] o 2ol &5 FE25E S FIgS vHE Aol

ALEETH (Kim et al. 2008).
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Fig. 1. C?'totoxmlt%/ for the extracts of L. erythrorhizon by different extraction processes on normal cell line, HEL299. Mean
es=SD from triplicate separated experiments are shown. Mean with difference letter (A-B) within same concentration are

significantly different at

< 0.05 and mean with difference letter (a-c) within same sample are significantly different at

p < 0.05. WE100: water extraction for 24 hours at 100; WE60: water extraction for 24 hours at 60C; EE: 70% ethTI alcohol

extraction for 24 hours at 80°C; HPE: high pressure extraction for 30 minutes at 500 ¥Pa with 70% ethyl alcohol so

extraction for 3 hours at 60C.
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Aol o]fH MEFE 23] AEQ <17k oA ES]
AGS (stomach adenocarcinoma, human)e} €17+ 7FQFA3E9Q1
Hep3B (liver carcinoma, human), 27| A%< A7+ A&
73H-AA ] HeLa (cervix uterine adenocarcinoma, human),
e AlEe] 27k A E2]l MCF-7 (breast adenocar-
cinoma, human)g ARE-3le] X|2] FE2EC tish Al5E A
¥ AF IAES AL AFEE sample®] FEE 0.05,
0.1, 0.5, 1.0mgmd 2 ZA3l] AHA3}Ac}.

017k 7FFA|EQ] Hep3Boll thah AsoiA] 4 2 Az
AFEEE Yl AT (Fig. 2). BE sampleolr] % 9]F7
o= Frkke %S eIt 2 F 1.0 mgml 8] s o]l
A 239 3 FEEC] 81%E 7MY B2 ASA E4E
UepAL, AeE] AlhEs 6042 B £22 VYeRHUTH

olgfst Ade FF o thslE T3 34 IUdEA
ZREF (Kim e al., 2006014 B 1.0 mgml &) FEo]
A& 60C 221 Ha FEE9 12%HT =2 S48 U
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Fig. 2. Inhibition ratio of Hep3B growth (bar chart, %) and selectivity (line shart) by adding the extracts of L. erythrorhizon. 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-d) within same sample are significantly different at
p < 0.05. WE100: water extraction for 24 hours at 100; WE60: water extraction for 24 hours at 60C; EE: 70% ethyl alcohol
extraction for 24 hours at 80°C; HPE: high pressure extraction for 30 minutes at 500 WPa with 70% ethy! alcohol solvent and

extraction for 3 hours at 60C.
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Table 2. Inhibition ratio of different human adenocarcinoma cell lines on the various growth system.

Human adenocarcinoma cell lines

Concentration AGS Hela MCF-7
(mg/me)  Sample ——— — —
Inhlblzyoo)n ratio Selectivity |nthIE:£? ratio Selectivity Inhlblﬂyoo)n ratio Selectivity
WE100" 5.18+0.81%"  1.50+0.13™ 14.15+2.31"  1.40+0.11M 11.34+1.24%  1.10+0.14M
WE60? 17.61+£1.39%  1.65+0.51" 16.69+1.69%  1.55+0.08" 13.43%1.54% 1.26+0.07"%
0.05 EE? 12.64+2.10%  1.16+0.48" 11.41+0.73"  1.06+0.11%2 8.87+1.328  0.77+0.24%
HPE 19.43%£1.29%  1.92+0.07™% 18.8120.49%  1.82+0.23% 15.15+1.12%  1.52+0.04%
WE100 22.51%0.43"  215+0.617%  18.94%=0.03"" 1.76+0.08"  20.41x0.14" 1.95+0.19*
WE60 26.41+0.07*  2.48+0.13"  29.61+0.19%° 2.76+0.81%  24.53+1.29°°  2.29+0.45%
01 EE 27.69+1.08%  2.56+0.51""  30.84+0.08® 2.84+0.07%°  25.12+1.58% 2.37+0.51*"
HPE 31.17+1.93%  3.08+0.47"  34.15=1.11""  3.38+0.16">  29.81+0.11%  2.88+0.33""
WE100 48.17x0.46°  4.03x0.16™ 54.99+0.51°  4.54+0.19"° 49.41+1.72°¢  4.11x0.09¢
WE60 48.99%1.71°°  3.98%0.31%¢ 56.81+0.13%  4.65+0.03"° 51.43%1.64%°  4.23£0.24°¢
0.5 EE 51.51£2.11%¢  4.1320.04"¢ 55.91+0.47%  4.45+0.01"° 48.19%0.1°¢ 3.89+0.11%¢
HPE 56.61+£0.545%  4.85=0.40% 62.88+0.51%  5.37+0.08% 57.22+0.738¢  4.94+0.28“
WE100 55.41x1.64"  393=1.11"  65.19+0.23"  4.64+0.49°¢ 72.15+1.32M  514+0.32M
WE60 57.11+0.39M  4.07+0.08° 70.69+0.11%  5.00+0.46"  80.91+1.51% 571+0.1%
10 EE 58.64+0.81%  3.97+0.43™M  71.35+1.35% 4.86+0.13"  76.25+0.54°  5.20+0.42*
HPE 78.18+1.94%  5.82+0.08% 76.22+0.73%  567+0.69"°  86.15+0.33™  6.42+0.37%

UWE100: water extraction for 24 hours at 100C.

)

YWE60: water extraction for 24 hours at 60C.
JEE: 70% ethyl alcohol extraction for 24 hours at 80°C.
YHPE: high pressure extraction for 30 minutes at 500 Ma with 70% ethyl alcohol solvent and extraction for 3 hours at 60°C.

*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-d) within same sample are significantly different at p < 0.05.
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Fig. 3. Inhibition ratio of different human adenocarcinoma

cell on growth system supplemented with 1.0 mg/mé

concentration from the extracts of L. erythrorhizon by

ultra high pressure process. Mean values=SD from
triplicate separated experiments are shown. Mean with

ditference letter (A-C) within inhibition ratio are significantly
different at p < 0.05
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A MCF-70] 39ty 57800 ARed SHlEs
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4. XIX| HPLC 2A

A X 2] FAE FZEE2] HPLC ¥4 A3}, WA standard=
] ARE-3E shikonin® 342 oA peak’} EA = A8 El
& 4 AT} (Fig. 4). 283 BE FZEA] BT 3450
o 32 peak ¢l shikonin®2 HHE = Y& peak’} B4
HRom 7k WEL00: 9.2%, WE60: 9.31%, EE: 8.99%,
HPE: 11.24%% shikonin &2 YERl= |
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Fig. 4. Comparison of activity from the extracts of L. erythrorhizon and shikonin by using HPLC. WE100: water extraction for 24
hours at 100C. WE60: water extraction for 24 hours at 60C. EE: 70% ethyl alcohol extraction for 24 hours at 80°C. HPE: high
pressure extraction for 30 minutes at 500 M with 70% ethyl alcohol solvent and extraction for 3 hours at 60C.
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