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ABSTRACT : This study was performed to investigate the enhancement of immunomodulatory activities of Lithospermum
erythrorhizon by extreme process. The extracts are WE100 (water extract for 24 hours at 100T ), WE80 (water extract for
24 hours at 80 T), EE (70% ethyl alcohol extract for 24 hours at 80C ) and EPE (extreme process for 30 minutes at 25C ,
500 WPa after 70% ethyl alcohol extracts for 3 hours at 40, 50, 60C ). Extraction yield was increased up to 5 ~ 10% by extreme
process, compare to the normal extraction such as water solvent extraction, 70% ethyl alcohol solvent extraction. The cyto-
toxicity of the extracts was showed in the range of 12.68 ~ 15.89% at 1.0 mg/m¢ for human lung cell (HEL299). The EPE40
was showed the lowest cytotoxicity 12.68%. The EPE60 extracted by extreme process increased the growth of human B and
T cells up to 12.12 x 10* cells/mé and 14.88 x 10* cells/mé, respectively and the EPE60 greatly increased the cytokine secretion
of both IL-6 and TNF-a. The extracts by extreme process also exhibited higher levels of nitric oxide production from mac-
rophages than the lipopolysaccaharides. It can be concluded that Lithospermum erythrorhizon has immune activities and
The extreme process could increase higher immune activities possibly by immunomodulatory compounds.
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1. 2 M= 2 A9

B Ao AL8-H A X (Lithospermum erythrorhizon
Sieb. et Zucc.y= 2009 1190 A& JHq AYakd Ao
2 OFAAL (HEFFAL, T ellM sk o, AxE AdE
2 ARgsiith

B Agro] AlEujet Al Z 23k ujx]Z RPMI 1640 (GIBCO,
USA)S ARE3ITL, 2 ol mijedol] a3k AJ9FO 2 hepes
buffer (Sigma, USA)S} fetal bovine serum (GIBCO, USA),
gentamycin sulfate (Sigma, USA), Trypsin-EDTA (Sigma,

USA)E AHgSHsith

2. NE Ael =AH

=3 A2 IS AHe] 80 goll 70% ethyl
alcohol 800 mee} A Hol F7|7F E0(7HA] &=s & 4%
Sk & %39k AX] (lshin autoclave, Korea)E ©|
500MPa 2] Qo2 25T, 3017+ Aaysict. xaef FAo
2 AIEE 74 3 Wl F2E FF flaskel] B2
5 40, 50, 60CoA 2z} 3A7F FE3I9Th Uutk E¢ &
2 AE FF) gisl 109 SRS FEEVE ARES]
717} 80C2} 100CoA 2477 FE3I9T) dee F52
70% ethyl alcohols % |Ul2 AE T2 18]S Ho
80ColM 24417F FZ3I9TE Bojdl Z42te] FE2EES
oJ3}4X] (Rotary Vacuum Evaporator N-N series, EYELA,
Germany)2 73l w5 ofda, #A7AXE ¢ & 22
YRR Al zste] Al ARSI (Kim er al., 2008).
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3. MIEZS U MIEZ M= HiK]

Aol ol &d AlEF= A7 FREFoIE] CCD-986sk
(Skin fibroblast cell, human, ATCC, USA), ¢17F ®e] A3l T
cell (Jurkat, ATTC, USA)Z B cell (Raji, ATTC, USAYS ©|-&
slod 5319 om RPMI 164081419 10% heating-inactivated
FBSE 7 A wlYsItt. RAW264.7 (mouse, macrophage,
40071, KCLB) D-MEMHA]®] 2mM L-glutamine, 0.2mM
myoinositol, 20 mM folic acid, 10-4M2-mercaptoethanol, 12.5%
fetal bovine serum (FBS)®} 12.5% horse serum (Myelocult)S

A7 wegskslon] Agel AHgsieic

4 HMNT =N =8
PYAE %4 242 94 SRB assayZ g3kt

Sulforhodamine B (SRB) assay= A% TS
2] FAolv 5AS S8ske WReE A o AlE
CCD-986sk9] &%=E 10% heat-inactivated FBS media®l]A]
45 x 10*cells/ml 2 96 well plate®] ZF wellell 100 (£ 27}
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ato] 24417 Wl (37T, 5% COyE F, ZHte] AA| A8
g FHFFE 005, 0.1, 0.5, 1.0mgml 2 10044 71519

O O -

48717k vt kel 9 B Fol AFAE AAs AL
21718 10% (w/v) trichloroacetic acid (TCA)E 100 x4 7}

atod 4CoA IAZE B3 BRS $ SFHTE 453] AF st
TCAS AASIL A20lA plateS AZF3 T 2+ wellel 1%
(v/v) acetic acidoll =21 0.4% (w/v) SRBEHS 100 L4
A7t dLollA 30 st FAAAT AREA &
SRB FANL 1% acetic acidZ 453 AL A, AzAIR
ol 10mM Tris buffer 100 4 S F7}sle] FAAS moful
% 540 nm oA ELISA reader (Molecular Devices, Sunnyvale,

CA, USAYE o|&3ly §3&=E A

5. HOM|Z M=z B 20
HY7 |5 %7& a= <7k W AEQ T cell (Jurkaty?} B

cell (Rajiy ©]& Aol B8-S 10% FBSE

-3-5R= RPMI 1640 HiA| S ©]8 5% CO,, 37CollA vl
stFew, W75 57 EF= 6 well plaeo] NEE
1.0x 10%cellyml 2] S5 g ZH3 & A 82 =osle] 62U ZoF
HiFslEA] oY ZF well9] cellS hemacytometerZ Al X 45

2g5)e] ARES FYoke
2002).

ARESIAT (Lee et al,

6. Cytokine ZH| 53

Cytokine2 IL-69} TNF-a2] 32 Chemicon (USA)/\}Q]
IL-6%F TNF-a g% kit AR&-ste] SA s Al
= 1.0~20x 10%cells/ml o] FEZ ZH3 3 24 well plate
ol 900 04 FH7Fste] 24A17F Bt vl 37T, 5% CO
2 F AR HAFFEEES 05/ L2 100 8 Z71sle] oA
Hjk (37C, 5% CO,)EIATE YAER71E o] &ate] wjdn)
A o] JEAS F3F thS 450 nm oA microplate readerS ©|

=
g5l FHEE sl ol ODRE EEEEE °1%
8 2dF E=padath vlaste] cytokined] P& S sIoirt

(Lim ef al., 2008).

7. HAMIZZOIMC] nitric oxide 24M8s =3

AHEE A EFE vR2 G2 RAW264.7 TAIA| oo, A
0% heat-inactivated bovine serum¥} 90% DMEMS-
o] g3l 24 well plateol] 45x 10*cellsiwell®] T2 ¥&
o=, AlEE H7BEAY "718EA] 23 5% CO, incubator
QoA 37CellA] 48A17FE3F vl gsle] Aol AMg-stTt o)
2 A A A= nitric oxide?] W SAIsIE A E
Hj&kelo] ZAxo] = nitrite®] 92 microplate assays ©|
3te] Ao gA 43I WA ARE AT slal 484
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griess*|9F (1% sulfanilamide/ 0.1%, N~(1-naphthyl)-ethylenediamine
dihydrochloride/2.5% H;PO,)yS F7Feted A2ox 1027+ vt

S A7 & ELISA readerE ©|-&3lo] 540 me] F3EE =4
3t} Nitrite®] 222 2= sodium nitriteS AR-8F1.0H
FEE 025 o MAXMFEE 4 1 M7FA] DMEM HIX|Z 264
3431 °k %‘jﬂﬁr vl w3 AR NO A4 5]
=4 "zt 2E LPSE ARE3IT) (Petra et al., 2008).
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tlolele] BAIXE= ZF AIEE 33 wiEoE Sfsxon,
B it £ SEMOE YERAITH tixS X3 7 AF
a5 Ha A IdYELHEA (one-way ANOVAYS 3|
1S ek B dlolE] 42 AAls] flsl FAIE
2ZEY o] 37]x]¢l SPSS 10.0 (SPSS institute, Chicago,
ILyS ARSSIATE Hake] ztol= P<0.059] &4 o
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Table 1. Comparison of the extraction yields and shikonin contents
of Lithospermum erythrorhizon according to different extraction

processes.

Sample Extraction condition Yields (%, w/w)
WE100" 20.4740.317

WE80? 20.78+0.62

) EE 19.78+0.55

L. erythrorhizon EPE40? 20.7840.22

EPE50” 21.27+0.80

EPE60® 23.6610.18

TMean values + SEM from triplicate separated experiments are shown.

PWE100: Water extraction for 24 hours at 100C.

2WE80: Water extraction for 24 hours at 80°C.

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

YEPE40: Extreme process extraction for 30 minutes at 25°C, 500 Mpa
with 70% ethyl alcohol solvent and extraction for 3 hours at 40C.

EPE50: Extreme process extraction for 30 minutes at 25C, 500 YPa
with 70% ethyl alcohol solvent and extraction for 3 hours at 50C.

9EPE6O: Extreme process extraction for 30 minutes at 25°C, 500 Mpa
with 70% ethyl alcohol solvent and extraction for 3 hours at 60C.
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Fig. 1. Cytotoxicity for the extracts of L. erythrorhizon by different
extraction processes on normal cell line, CCD-986sk.
Mean values + SEM from triplicate separated experiments are
shown. Mean with difference letter (A-E) within same
concentration are significantly different at p < 0.05 and
mean with difference letter within same sample are
significantly different at p < 0.05. WE100; water extraction
for 24 hours at 10C, WEB80; water extraction for
24 hours at 80C, EE; 70% ethyl alcohol extraction for
24 hours at 80°C, EPE40; Extreme process extraction for
30 minutes at 25C, 500 Wa with 70% ethyl alcohol
solvent and extraction for 3 hours at 40 C, EPE50; Extreme
process extraction for 30 minutes at 25T, 500 Ma with
70% ethyl alcohol solvent and extraction for 3 hours at
50T, EPE60; Extreme process extraction for 30 minutes
at 25C 500 M2 with 70% ethyl alcohol solvent and
extraction for 3 hours at 60C.
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Fig. 2. The B cell (A) and T cell (B) growth by adding 0.5 mg/m¢
the extracts from Lithospermum erythrorhlzon according
to different extraction processes. Mean values + SEM
from triplicate separated experiments are shown. Mean
with difference letter within same cultivation time are
significantly different at p < 0.05 and mean with difference
letter (a-f) within same sample are 5|§n|f|cantly different at
p < 0.05. WE100; water extraction for 24 hours at 100 C,
WEBO; water extraction for 24 hours at 80C, EE; 70%
ethyl alcohol extraction for 24 hours at 80 C EPE40
Extreme process extraction for 30 minutes at 25 C
500 MPa with 70% ethyl alcohol solvent and extraction for
3 hours at 40C, EPE50; Extreme process extraction for
30 minutes at 25 T, 500 W with 70% ethyl alcohol solvent
and extraction for 3 hours at 50C, EPE6O; Extreme
process extraction for 30 minutes at 25 C 500 MPa with 70%
ethyl alcohol solvent and extraction for 3 hours at 60°C.
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Table 2. The secretion of IL-6 and TNF-a from human B and T cells by the treatments of the extracts from Lithospermum erythrorhizon
according to different extraction processes (0.5 mg/ml).

Cell line
Time ” 2
Sample (day) B cell (107 pg/ml) T cell (107 pg/mt)
IL-6 TNF-o IL-6 TNF-a
1 0.23£0.01 0.33+0.05 0.41£0.04 0.39+0.05"
2 0.44+0.04 0.56+0.02 0.59+0.01 0.47+0.01
WE100" 3 0.35+0.02 0.69+0.03 0.71+0.02 0.59+0.02
4 0.99+0.03 0.81+0.03 0.93+0.02 0.71+0.03
5 1.25+0.02 1.34£0.01 1.1240.03 0.94+0.04
6 1.360.01 1.43£0.04 1.47£0.01 1.25£0.05
1 0.38+0.02 0.42+0.02 0.37+0.05 0.40+0.05
2 0.51+0.03 0.67+0.04 0.50+0.02 0.61+0.04
WES0? 3 0.63+0.01 0.84+0.02 0.72+0.03 0.66+0.02
4 0.82+0.03 0.91+0.03 0.88+0.05 0.87+0.03
5 0.97+0.02 1.10+0.04 0.98+0.05 0.94+0.02
6 1.05+0.05 1.184£0.04 1.144+0.04 1.1240.01
1 0.30+0.04 0.23+0.05 0.42+0.02 0.38+0.02
2 0.48+0.02 0.55+0.06 0.60+0.01 0.59+0.02
(Y 3 0.55+0.02 0.73+0.02 0.74+0.02 0.65+0.04
4 0.78+0.05 0.84+0.04 0.82+0.03 0.80+0.05
5 0.95+0.04 0.99+0.05 0.95+0.04 0.91+0.02
6 1.07+0.03 1.04£0.02 1.11+0.02 1.08+0.03
1 0.39+0.02 0.37+0.01 0.38+0.04 0.48+0.04
2 0.47+0.03 0.67+0.03 0.49+0.01 0.54+0.02
EPEAO" 3 0.6£0.04 0.84+0.05 0.61£0.03 0.63+0.04
4 0.77+0.02 0.96+0.04 0.750.02 0.7710.01
5 0.90+0.06 1.08+0.02 0.90+0.02 0.84+0.02
6 1.25£0.04 1.2240.02 1.0240.05 0.98+0.02
1 0.45+0.02 0.61£0.03 0.57£0.01 0.55+0.03
2 0.80+0.03 0.89+0.04 1.04+0.02 0.62+0.05
EPE50” 3 1.18+0.03 1.04+0.02 1.35£0.02 0.88+0.01
4 1.90£0.01 1.1440.01 1.67+0.03 1.14+0.04
5 1.9840.04 1.35+0.02 1.8940.05 1.3740.02
6 2.214+0.05 1.7840.05 2.11£0.01 1.66+0.03
1 0.48+0.05 0.66+0.05 0.72+0.02 0.64+0.05
2 0.86+0.04 0.94+0.02 1.1240.02 0.83+0.02
EPEGO 3 1.2240.02 1.0610.01 1.50+0.03 1.02+0.01
4 1.96+0.03 1.2240.02 1.984+0.03 1.404+0.02
5 2.02+0.01 1.56+0.06 2.66+0.05 1.62+0.05
6 2.4440.04 1.94£0.04 2.3240.01 1.88+0.03

TMean values+SEM from triplicate separated experiments are shown.
PWE100: Water extraction for 24 hours at 100C.

2WEB0: Water extraction for 24 hours at 80C.

3IEE: 70% ethyl alcohol extraction for 24 hours at 80C.

)

)

&

EPE40: Extreme process extraction for 30 minutes at 25°C, 500 MPa with 70% ethyl alcohol solvent and extraction for 3 hours at 40C.
sEPESO: Extreme process extraction for 30 minutes at 25°C, 500 MPa with 70% ethyl alcohol solvent and extraction for 3 hours at 50C.
YEPE6O: Extreme process extraction for 30 minutes at 25C, 500 WPa with 70% ethyl alcohol solvent and extraction for 3 hours at 60°C.
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cytokine H] S
ot F3 A2 ¥4 o2 34l Hlske] B cell
4 T celolld 7HE =& ASEE Ueplile, 2 5 S5
AL 3G FZ2E T 60T AE3H7F Aoz 6drlol o
Hk 80C G452l Hla] B cell ¢ 2% <F 158 7%
S 1212 (x10%cell/ml) T celllXE 1280 71 =S 14.88
(x10%pg/eelh® 7FE =& A Hepl Aok wEbA 21A]

o

[ R =
o=

FEE e AN E S TR =go] He F8A8]
o] dor, ol st f-8/9we] MEUE FFate] A&
3018 ®ole Zo= AlmHrh e =g ot uf
AP FEES B9 A7 THE S WE fARE
HAAZ AS5EKE IR 5 Aot (Jin er al,, 2008). ]
S A= nFo] Hol F¢ AL S T 48 &8 E
Aol 8%

F=7F 7FeE o= AlEEH, Q17F AR UiellA
A

B} =2 AAls el 719 & Aes ZvE

4. Cytokine 2H|2¢ =3

Table 2= HIA| L] Cytokine HH|HS =43 o=z 7
M) FEA Agdste] Alxd 2443} MAUSS 2
AIA AZF AGAM| 320 S FXlo Fosks Ao HAA
X Eo°] ®H|3}= cytokine (IL-69} TNF-o)¢] #4H|ZFS B
cell Z T cellolX] SA3 Aolt}. SR W AlE2TF IL-6

o] g NS HH, 9 A2 34 FEE 60T 6
Aol 242k B celld T cell] A5 2.44 (x10*pg/eell), 2.32
(x10* pg/eel)= FHo] FH]FS YERHATE TNF-o= PR
2 T3 AL 3 FE5 60T 1.94 (x10% pg/eell), 1.88
(<10 pg/eel)Z B U YERAILE o= dvt E45
=oll Wlal] 2} 7hF Fom kAl oF BRA FEE
S A (Kwon er al., 2007) T¥= Hate] cytokine
H|go] 1.8 7FF 2 725 Jepdinh B8k olyg A3
UM At HAAE S S A} $ A2

A7 S AAZE 248t #o] cytokine

fr Mz owo

0

& SF0Z I3l Q17 |
HFE Z71E 202 AAZEY (Mun ef al., 2004).
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PAAEZRE AAdE NOE interferon-y;, TNF-y =
TNF-o&} 72 o8] 7FA] cytokine®} LPS (E. coli derived
lipo-polysaccharide)2} 7+ Mo Ul 549 JdS wol f=
H inducible NO synthase (iINOS)ell ]3] wdo] H=Fc}
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Fig. 3. Stimulation of nitric oxide production by adding the
extracts from Lithospermum erythrorhizon. Mean values
+ SEM from triplicate separated experiments are shown.
Mean with ditference letter (A-D) within experimental
group are significantly different at p < 0.05 and mean
with difference letter (a-b) within same sample are
significantly different at p < 0.05. WE100; water extraction
for 24 hours at 100C, WE80; water extraction for
24 hours at 80C, EE; 70% ethyl alcohol extraction for
24 hours at 80C, EPE40; Extreme process extraction for
30 minutes at 25C, 500 MPa with 70% ethyl alcohol
solvent and extraction for 3 hours at 40C, EPE50;
Extreme process extraction for 30 minutes at 25T,
500 WPa with 70% ethyl alcohol solvent and extraction for
3 hours at 50C, EPE60; Extreme process extraction for
30 minutes at 25C, 500 WPa with 70% ethyl alcohol
solvent and extraction for 3 hours at 60C.
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