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Enhancement of the Antioxidant and Anticancer Activities of Berberis koreana
Bark by Using a Low Temperature and High-Pressure Extraction Process
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Jin Chul Kim, Ju Hee Ahn, and Hyeon Yong Lee'*
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Abstract This study was conducted to characterize the enhanced antioxidant and anticancer activities of Berberis koreana
bark following a low temperature and high pressure extraction process. The results indicate that the B. koreana bark
extracted as described showed a 93% increase in DPPH radical scavenging activity. Inhibition activity of xanthine oxidase
was highest by this extraction process. In addition the growth of human lung cancer cells (A549), human stomach cancer
cells (AGS), human breast cancer cells (MCF-7) and human liver cancer cells (Hep3B) were inhibited by 70.8%, 86.2%,
84.3% and 62.5% respectively. These data indicate that this low temperature and high pressure extraction technique results
in the efficient extraction of bioactive compounds from rigid plant materials. This process could also be combined with
other techniques to improve extraction yields and identify new biologically active substances from relatively hard plants.

Key words: Berberis koreana bark, low temperature and high-pressure extraction, antioxidant activity, anticancer activity

M = 9 gkedo] =2 A fgAEl g A7 FEd A

o] 2L WRIeZ tfFEL 3l
&2 d AAFez 7 de] HANE Ao suitt & WA= U]Urlﬂo} §o15 oz Hrake] GgaEc R off
2 QAP AFElAL o doz ISk Abggo] A AlYE & 7HE I 5iks 55 sUEA] S92 Berberis koreana

SO 1 £ 1% el 9 5 sl S
ASIEHD), 991 BT U A Yol A

ojtt. ok M AMgSlAL = miAhHRE &9, ?ﬂ%, =5
7149, g, FAY, Fat, fFobdAl SOl &7t vk ¢

st 2EHA7E o o] F83 dQle® RuEo] 9tk 4 A ATHG). e xR d2RE 55 48kE oz ¥
Bhakg-2 AN EAglel ‘Q"]"]"jr AL TFol g o o] ARgHo] kol Erelal ArhAQl A7k mlvlste] L &
ok AEAEA sk 2B 2] B3 =E2 716 Is d5T éﬂrﬂ AR Ao ool Wi A7t Hasit.

r

£

¢

—

Q). A2 37Eed, 5% 3, F, =7, ’—‘1”‘3%“3“*1 WA T3 e FEALeRE BN o] ddsie &
£ HIRE Ve AEFHTHA ,/}1:} ARE T2 AkskA REg A 4 4w Qﬂghl -r% T8 "ol FAE THAL JleH, 71E
5 Uo7 Yo, Alxuy) chaids 'v—ﬁﬂéb— DNA e o FEFYOEE FETEC| Yol BYEHY &8 St
Al T &Fe] ftel AERSE FIATIL o FEAIA oYL oA An7t Bom = Qs B2 84w 3
£ AFste] k2 sl IF AWAAE A¥EL Atk el WA, A &4, 7HEAEE 1Y FE3 de g
23). &) AN HH el B ATFE o]FoAL UAT A of ESHge A T ‘ﬂ”éo =L deke). Ay F=71
A Bol AHgEE dXEEH gt Ak 2 4 @rfi} =< ol&3H 4714 EAES MAE F IS 7/4\—30 Hlt}
FEOR ot FAS W QAN AAe BAE-E oplEhe A ALt Hele H AFolr] ddiet vgFEe] A=A
o8 BIE rkd). weEbs HZole FAgo] A3 & 1_-@]' sHEA AdFel o] 7P aeHe= 88 4 —)F‘ U= 71l
7). AZALSE 71 AFolA °ﬂ7<1947]' A Ha A2d
AZ S MAL EF = 9= HFH O Zx] AlEo oJofA]E ul &F
*Corresponding author: Hyeon Yong Lee, College of Bioscience and “ = i; ‘E:::\;o °E— O-] fo] 2 210 RO
Biotechnology, Kangwon National University, Chuncheon, Gang- 7], vigl 3 59 &8 Addes =Y F ok A2 &
won 200-701, Korea 22 Y obr| =it WlEle Xiil‘?ioﬂ o3k F3FS HA
Tel: 82-33-250-6455 Wy, A BAER] wld, g4 o, ik 5 FEH
Fax: 82-33-256-4819 9 e Sure] gz
E-mail: hyeonl@kangwon.ac kr = @g}z}o 4= ]UHH o]E}(8)B o == _
Received February 24, 2009; revised May 6, 2009; A 71ES FEAEY] f8 QRS FEed A8
accepted May 7, 2009 F e, 29 54 5 AR AE A FEolE

284



A2 FEEE o187 iR o] s} Bl gl

3Gk Aeug 1% kgAY B8 Y AR F3ol
AIE Vel Esale, ol A9 g, ¥e wwel vl A
B 4 Qg & ATk RE ALt sl whe] WA
A, Azl uldHow Bajuo] B Fabygo] Z7bHe
weh B4 olo] golspl Hof §ul7l AE o Sof7t 1
o e ARl AE HoE 47 §E50) vor Aoz 34
CES ALneh F5L o ofux) SEo] Alg
FRAY, WA AF, R AT 2 ok ATE
oJg Age Belso] NBAY §Eo| 7Fsd AR BATHEY).

met] B dpelde Aeush 2E39L olgstel 453
o 71E TR MaFoEn ALeug 53 B o)
A 3o @ 2 gABY FAL WA A7
SETES

sk 9l

&

NE=

2 A AR vz A2 EXse 3= Sk
Q1 Berberis koreana®X 20074, =HAF
FE BES A Yutol AMS-3ISIT

i
o
X
o
S
ot
oftl
>
i)
o
L%

Al

MaEvjeFo] Zad wiAZ RPMI 164032 alpha minimum
essential medium(o-MEM) Gibco(Carlsbad, CA, USAV}IZHE
T-Y3F9 3L, Hepes buffer= Sigmark(St. Louis, MO, USA)oi|A]
TFUske] AMgEITE @S GibeoAle] fetal bovine serum(FBS)
3} horse serume ©]-8-3} 3L gentamycin sulfate, trysin-EDTA=
SigmaAte] A& AMS-sIAT). AEZFA-S 13k SRB(sulforthodamine
B)E SigmaAlEFE 9)ste] Aol ARSI

A FES AR AIE 100gS JFEFS &, gt
ZFZ7X|(Ilishin autoclave, Yangju, Koreays ©]-83}4] 5,000 bar

goz 25°ColA Ztzt sE 1587 A3t FES A3
o} A28t FEo] B iAUE AEs FREREYLF F
ZE F=5 FopaIol| 27t 10819 F/FTE ARS-ste] 60°CollA
12A)17F &<t 28] WHE 2E3QT) UlREe R AMgE F& U
2 B EF FETHOE 1008 WA AEE FH3E
FIA717F F2E F5 flaskel]l 2H) 10819] SHFE AHE-SH
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100°CellA] 124]7F F<F 23] whE FE3850t) ol Zhzte] &
EFES st & s ST (rotary vaccum evaporator
N-N series, Eyela, Tokyo, Japan)Z 7r3}&Z3slal thA] 55
TANZS 2E Ao FEES APl ARSI

DPPH radicaloil cist MXS0is A

FZE9] AAF-o] %8 (electron donationg abilities, EDAYS Z}
Zte] FZ&E| gk DPPH(1,1-diphenyl-2-picryl-hydrazyl)e] =}
T EHI0E SETEA 7 A5 Sd8S A5
ImgmLe =2 XHF Z+ A& 10uLst ITE 1mL,
100 mM sodium acetate buffer(pH 5.5) 990 LS EF3F Al ol
0.5mM DPPH £%(Abs. EtOH soln) 0.5mLE o] Wbl
SN 3027 S =g F, E radical®]l ¥=E UV
spectrophotometerS ©]-8-3l] 517 nmollA] 43} Th 2T
50 uM ascorbic acidE AME-ste] AE 3} H)WBFATH
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As AFHGFEE A7 F3=
Ac: WEHFEE FH7HO] F3=

Xanthine oxidase Xaf &AM

WA A5 ksl &4 579S 918l xanthine oxidase A
A1) E SHAT. 1 mgmLe] FE2 283 7} AR |
mLo| 40mU<2] xanthine oxidase 0.1mL % 0.07M phosphate
buffer(pH 7.5) 2.9 mLZ 7}3le] 25°CollA 1587 dlE AT o
710l 0.15mM xanthine 2 mLE 7}3}3L, ThA] 3087F ¥FSAIZ] &
IN HCl 1mLE 7}ete] whg-& AAAZ - 290 nmollA] F-85%
£ 24319}, S allopurinal 30 pME- ©|-&-31d ¥lwslSict.

Inhibition ratio of xanthine oxidase (%)=
(-2 B7hee] =M FE7HEe) FHE)100

MZEFE & M= 85 viX|

Ao o] &3t MEFE GHMEFE QA7 HIAEFS
A549(Lung carcinoma, Human), 917+ 9GAZFQ1 AGS(Stomach
adenocarcinoma, Human), 17F F4UHES] MCF-7(Breast ade-
nocarcinoma, Human), ZF3A| 3521 Hep3B(Hepatocellular carci-
noma, Human)E AMS-3I3L, AlE AA| 9] M2 5448 dolrr]
91 A EE QA7F A EQ] HEK293S AHE-SISITE AlE
vjFo]l Z a3k wiX]Z RPMI 16403} alpha minimum essential
medium(c-MEM)  GibcoAtZFE Y33, Hepes buffere=
SigmaAtoll X FYte] ARE3ITE A GibeoAke] fetal bovine
serum3} horse serum< ©]-8-3}%0 3L gentamycin sulfate®} trypsin-
EDTAE Sigmarle] & AME3th MEDANE 98 sul-
forthodamine B(SRB)= SigmaAlZH-E st Ao ARE-s)
Atk

HAUMZE =4 A SAEd 53

AR 5 Ee] A2 ol Yolr 7] 3] 21
F AZAER] HEK293E ARE-SFASL @tedde dotr izt 91
7+ A EQD AS49, 17+ FHAAE] MCF-7, 7F I9AE
¢l AGS, 217F 7FHAHIES] Hep3BE AME-3199.2™ sulforhodamine
B(SRB) assay(12)3H-g o|-&3te] AMESAH JFI2de 43t
2Tk SRB assays= M TS s} Alxe] F2loy &
e Z9ske o E AF o AlESQ] HEK293, AS49, AGS,
MCF-7, Hep3B(in 10% FBS media)®] %% 4-5x10* cel/mL&
2 96 well plate®] ZF welloll 100 pL® H7lsle] 24417 F<t 1)
FQB7°C, 5% COYet -, ZH7te] A58 HFFE 02, 04, 0.6,
0.8, 1.0mg/mLE 100 uL¥ HA7}ste] 4817+ wjekslgict. wij<ko]
28 F Fo] ATHS AAS L A7HE 10%(w/v) TCA(Trichlo-
roacetic acid) 100 uLE 7Fste] 4°Coll 1AI17F &<t HAgE & &
FER 453 Al TCAS AAS L ALl plates A
3 5 ZF welloll 1%(v/v) acetic acidoll %<1 0.4%(w/v) SRB-E-<]
< 100 pLA H7Fetal A2ollA] 308 &t GAAAT. AFEA
%o o] FMde] AAE fste] SRB GAHL 1% acetic acid
2 458 A= AlH, AZAIZ] 3o 10mM Tris buffer 100 pLE
A7tete] AAAS Hol 5 540 nmoll A microplate reader
(THERMO max, Molecular Devices, Sunnyvale, CA, USA)E ©]
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2t F=3™2 £35F jXHIFQ] Scanning Electron Micro-
scope(SEM) &t

FETE X E 249 32 33’4'2 Ueill= 589 &
e Gt 7t FEFA AE F AR AlEE AXNF
FAPAAE ] 7 (Low  Vacuum-Scanning  Electron  Microscope,
x400)02 T2} B FASIGIh 7 iR A5 27
< 74 2 FHEoR Hudl _’7‘]~—'Z7‘L7](Polaron SC502
sputter coater)ol| 4] gold coating®t ¥~ A% F-=FALE v 7 (Hitachi
Science Systems, S-3500N, Tokyo, Japan)s- 1%6}@] Zpzke] Al

£ o gojjste] #ZsTh20).

HPLCEA

7+ FEFAE Bl A FEE EACIE dolR
A} 35 NA| I ZwpE 23 (HPLC; High-Performance Liquid
Chromatography)E ©]-&-3to] 43 vl 23

HPLC 7]7]+= BIO-TEK instrument(Italy)* } HPLC 500 series2]
BIO-TEK 522 controller Pump®} BIO-TEK HPLC 535 UV
Detector(254 nm)S A3, column Alltech*F] Prevail C18
(5 pum, 4.6x250 mm)yg ARSI FA O wE AR FEE
o] MEREAMS $J8] A]EE HPLC £48 waterd] 5] 02 pum
syringe filter® &J75}3 ZFz} 1 mg/mLe] T=2 ZA|3H] Injec-
tion volume 20 L2 =733t} ol &2 &3 weh-2(40:60, v/
v)e] EFEHE ARSI F52 0.8 mL/minE EHFATH17).
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SPSS program(ver. 12.0, SPSS Inc, Chicago, IL, USA)2| t-
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Table 1. Comparison of the extraction yield from B. koreana
bark according to different extraction processes

. Yield
Sample Solvent Temp.  High Pressure (%, Wiw)
WE* 100°C - 8.39+0.21
HPE5" water §0°C S5min  11.41+0.42
HPE15* 15min  11.04+0.18

% Each value were compared with control at p<0.05 by student t-test.
*water extraction at 100°C.

"high-pressure extraction for 5 minute at 60°C with water.
*high-pressure extraction for 15 minute at 60°C with water.
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Fig. 1. DPPH radical scavenging activities of B. koreana bark
according to different extraction processes. (BNE, B. koreana
bark extracts by normal extraction at 100°C with water; BHPES, B.
koreana bark extracts by high-pressure extraction for 5 minute at
60°C with water; BHPE1S, B. koreana bark extracts by high-
pressure extraction for 15 minute at 60°C with water.) Each value
were compared with control at p<0.05 by student t-test. Mean
values+standard deviation from triplicate separated experiments are
shown.
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Fig. 2. Comparison of inhibition ratio of the xanthine oxidase
activity by B. koreana bark according to different extraction
processes. (BNE, B. koreana bark extracts by normal extraction at
100°C with water; BHPES, B. koreana bark extracts by high-
pressure extraction for 5 minute at 60°C with water; BHPELS, B.
koreana bark extracts by high-pressure extraction for 15 minute at
60°C with water.) Each value were compared with control at p<0.05
by student t-test. Mean values+standard deviation from triplicate
separated experiments are shown.
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A uric acidg AJAbsle WHEe] FHvlR 2H8-3l(16). Xanthine
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Fig. 3. Cytotoxicity of B. koreana bark on human normal cell
line, HEK293. (BNE, B. koreana bark extracts by normal extraction
at 100°C with water; BHPES, B. koreana bark extracts by high-
pressure extraction for 5 minute at 60°C with water; BHPE1S, B.
koreana bark extracts by high-pressure extraction for 15 minute at
60°C with water.) Each value were compared with control at p<0.05
by student t-test. Mean valueststandard deviation from triplicate
separated experiments are shown.
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Table 2. Inhibition ratio of growth A549, Hep3B and selectivity of B. koreana bark according to different extraction processes

Concentration (mg/mL) 0.2 04 0.6 0.8 1.0
WE* Inhibition ratio 27.6x1.2° 42.34+2.7 46.9+1.9° 52.143.4° 58.2+3.7%
Selectivity 6.0 7.0 5.4 22 1.9
A549 HPEST Inhibition .ratio 47.5+1.5 56+2.6 63.5+3.4° 68+3.9 70.8+3.1
Selectivity 5.8 59 4.8 24 2.0
HPELS! Inhibition ratio 45.7+1.1° 49.7+2.3 54.5+3° 55.9+3.4° 60.4+3.5
Selectivity 45 34 3.2 2.5 2.3
WE* Inhibition ratio 41.1+1.1° 43.6+2.6 49.8+2,9" 51.243.2° 54.6+3.4°
Selectivity 9.0 7.4 5.7 2.4 1.8
Hep3B HPES' Inhibitio.n .ratio 52.1+£1.2° 55.6+3.4° 57.243.1 59+2.3° 62.5+3.7°
Selectivity 6.3 5.8 43 2.1 1.8
HPEISH Inhibition .ratio 49.2+0.9 54.242.4* 55.4+2,6" 56.1+3.8° 58.8+3.3°
Selectivity 4.8 4.2 32 2.5 2.3

% Value are expressed as mean+=SDM for data obtained from three independent experiments. p<0.001, *p<0.005, °p<0.01 vs. control.

*water extraction at 100°C.
"high-pressure extraction for 5 minute at 60°C with water.
*high-pressure extraction for 15 minute at 60°C with water.



288 =21 E 3818 %] 2| 41 WA 3 E (2009)
1000 [ 1BNE [ JBHPES —1BHPE15 1;
90.0 —a&BNE ---@-- BHPE5 — = —BHPE15
T T _ |12
80.0 T 11
=) T | | T T
£ 700 | T ;0
o
5 600 8 g
c 500 N 7 3B
o ey
= 4 6
3 400 \ : &
£ 300 N 4
20.0 ol et 3
2
10.0 1
0.0 0

0.2 0.4

06

08 1.0

Concentration(mg/ml)

Fig. 4. Inhibition ratio of the growth of MCF-7 (bar chart, %) and selectivity (line chart) by adding the crude extracts of B. koreana
bark. (BNE, B. koreana bark extracts by normal extraction at 100°C with water; BHPES, B. koreana bark extracts by high-pressure extraction
for 5 minute at 60°C with water; BHPELS, B. koreana bark extracts by high-pressure extraction for 15 minute at 60°C with water.) Each value
were compared with control at »p<0.05 by student t-test. Mean values+standard deviation from triplicate separated experiments are shown.
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Fig. 5. Inhibition ratio of the growth of AGS (bar chart, %) and selectivity (line chart) in adding the crude extracts of B. koreana bark.
(BNE, B. koreana bark extracts by normal extraction at 100°C with water; BHPES, B. koreana bark extracts by high-pressure extraction for 5
minute at 60°C with water; BHPE1S5, B. koreana bark extracts by high-pressure extraction for 15 minute at 60°C with water.) Each value were
compared with control at p<0.05 by student t-test. Mean values+standard deviation from triplicate separated experiments are shown.
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Fig. 6. Inhibition ratio of B. koreana bark on human cancer cell lines. (BNE, B. koreana bark extracts by normal extraction at 100°C with
water; BHPES, B. koreana bark extracts by high-pressure extraction for 5 minute at 60°C with water; BHPE15, B. koreana bark extracts by high-
pressure extraction for 15 minute at 60°C with water.) Each value was compared with control at p<0.05 by student t-test. Mean values+standard

deviation from triplicate separated experiments are shown.
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Fig. 7. Morphology of B. koreana bark observed by SEM. (a), B. koreana bark by normal extraction at 100°C with water; (b), B. koreana bark
by high-pressure extraction for 5 minute at 60°C with water; (c), B. koreana bark by Ultrasonification process after high-pressure extraction for

5 minute at 60°C with water.
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Fig. 8. Comparison of peak of B. koreana bark according to different extraction processes using HPLC. (A), standard, berberine of B.
koreana; (B), B. koreana bark extracts by normal extraction at 100°C with water; (C), B. koreana bark extracts by high-pressure extraction for 5
minute at 60°C with water; (D), B. koreana bark extracts by high-pressure extraction for 15 minute at 60°C with water.

HPLCEN
Fig. 8& AU 2+ Al 85 HPLCE ARS8l mjahby -8
PP &F ATS vlug A3E vER Aotk HPLC 2
2 BAE Ry oz 2E Zzno] 5.03F 12.08 Aol
A F8 peakE UER Zo2 3 & & . (A)‘W AR
o] Fa FAAE2 berberine AE0| 7.5—‘:°ﬂ A= R A
1 4 YL B), (C), D) ¥wsl] & w berberine
SHr ®st A JEhA] gkskew 7R 2 edA vER
peak(C)7F 7F¢ =31, S22 (B), (D)2 peak’} AlY &
Aoz Yehfict, E3 1080 YERd peakE Y] & o
(C>D)>B) A= YEPITE 72, e 103 Ao 449
Aol miAUE 453 &34 YepAY o Zp-2]
=48 veille 84 ARd 202 AlsE. olEe A4E
Bl ARG FE=ol W 2Fo FFE Fo] 24 4R &
4‘1016}71] 3133 Aom, g A1) 158 A
35 vebd Ae) s 155
5 wFo] Kol A7k A
HZM# =4 “’” do] g e ofr)ate
%L— Fe Aoz Algdnh ue B A7
FZo] B4 R 2 =4 Al At ISS @
}7} Ziij% 374l HHsts Fa

9 ojAe 7154

e
o:

éﬁ

1o o

“
=

=

] Z7

5o o~
E T
:‘T’;

==

T=

o oF
S =
2 AFdME A FEIFHS o8t ATHQ V&

Nl
)

35945 vngony A0 $2390 AT R
Astuat A7 5

e 7
i) B P e et 2 ) B ST R S K
3199th. DPPH radical &7 €43 JeTel Haer 228
]

FEI4

_l

=
ol
O

N

A rlllo

o] 93%= 7Y =2 A4S e dlE+<] ascorbic acid
95%%} AR 48 YeEITh A8 23S Fe 1)
AT FEE0] Gt g4 FZE3} B3 xanthine oxidase A

1l
z_,_

o] w7 vehtor 53 5% A2t A3 FE=e
56.68%°] =& Aol FAES YERiTh webd ALAgF FEF

==TI1 0o

TE‘E

e Fa) wpAr

2~
2% 9

fz}%‘%}** =4 A3, viAE 9 —}éa
st om S

sb\]-;g} ;;zl-/ﬂ_q Z;<]o] o]_ro]gg‘{%

o
=

lo] Fsehe B, *ﬂii*é

Ak x—]]lfoﬂ gk =AJo] 7HR

259 MEEAo] AY
E5 Aol ALY FEAD)

==517]

=00

2~

o] ol 7FeE ANT F dom A ﬁ‘”



A2 FEEE o187 viRRT o] st 3 ok X1 291

sks T% &= 2 SuskE TE w2 A TS
2~
T

#Ale| 2

2 d7e AEHAAM AgE AHEEAATFAYFHAHE:
S120708L.1701104)2] Aol &l @ Ao = oo 7A=Y
Yt

G
ror

—

. Min KJ, Cheon JU, Cha CG. Anti-oxidative and anti-cancer activ-
ities of extracting of Yacon. J. Food Hyg. Safety 23: 163-168
(2008)

2.Seo HS, Chung BH, Cho YG. Antioxidant and anticancer effects
of agrimony (Agrimonia Pilosa L.) and chinese lizardtail (Sauru-
rus chinensis Baill). Korean J. Med. Crop Sci. 16: 139-143
(2008)

3.Lee JH, Kim YG, Choi MI. Effects of cytotoxic and antioxidant
of methanol extracts from medicinal plants. J. Korean Oriental
Med. Ophthalmol. Otolaryngol. Dematol. 18: 37-43 (2005)

4.Nam SH, Yang MS. Isolation of cytotoxic substances from Chry-
santhemum boreale M. Agric. Biol. Chem. 38: 273-277 (1995)

5.Kim YK, Kwak BM. Analysis of cytotoxic constituent of Berb-
eris Koreana palibin. Mokchae Konghak 26: 100-106 (1998)

6. Park JH, Lee HS, Mun HC, Kim DH, Seong NS, Jung HG, Bang
JK, Lee HY. Effect of ultrasonification process on enhancement
of immuno-stimulatory activity of Ephedra sinlca stapf and
Rubus coreanus miq. Korean J. Biotechnol. Bioeng. 19: 113-117
(2004)

7.Deliza R, Rosenthal A, Abadio FBD, Silva CHO, Castillo C.
Application of high pressure technology in the fruit juice process-
ing: Benefits perceived by consumers. J. Food Eng. 67: 241-246
(2005)

8. Koo SY, Cha KH, Lee DU. Effects of high hydrostatic pressure
of foods and biological system. Food Sci. Ind. 40: 23-30 (2007)

9.Zhang S, Zhu J, Wang C. Novel high pressure extraction technol-

ogy. Int. J. Pharm. 278: 471-474 (2004)

10. Kang MY, Lee YR, Koh HJ, Nam SH. Antioxidative and antimu-
tagenic activity of ethanolic extracts from Glant embroynic rices.
J. Korean Soc. Appl. Biol. Chem. 47: 61-66 (2004)

11. Hyun SH, Lee JS, Lee KB, Lee JS. Antioxidative activity of
Gynostemma pentaphyllum Makino extracts. Korean J. Food Sci.
Technol. 39: 447-451 (2007)

12. Kim HT, Kim JW, Lim MK, Jin TW, Yeo SG, Jang KH, Oh HT,
Lee KW. Cytotoxic effect of Artemisia capillaris extracts on the
cancer cells on in vitro. J. Vet. Clin. 24: 367-371 (2007)

13. Qadir SA, Kim CH, Kwon MC, Lee HJ, Kang HY, Choi DH,
Lee HY. Comparison of anticancer and immuno-modulatory
activities in the different parts of the Acer mono max. and Acer
okamotoanum. Korean J. Med. Crop Sci. 15: 405-410 (2007)

14. Park KE, Jang MS, Lim CW, Kim YK, Seo Y, Park HY. Antioxi-
dant activity on ethanol extract from boiled-water of Hizikia fusi-
formis. J. Korean Soc. Appl. Biol. Chem. 48: 435-439 (2005)

15. Kim EY, Baik IH, KIm JH, Kim SR, Rhyu MR. Screening of the
antioxidant activity of some medicinal plants. J. Food Sci. Tech-
nol. 36: 333-338 (2004)

16. Sung JY, Joe WA, Kim YH, Cheon SJ, Jang MJ, Choi HJ, Lee
JS, Choi EY, Lee HS, Kim DI, Kim JO, An BJ, Lee JT. Study
on the anti-oxidant activity of extracts from the Chrysanthemum
indicum L. J. Appl. Oriental Med. 7: 1-5 (2007)

17. Yoo SJ, Lee KB, Kwak JH. Studies on the seasonal variation of
berberine contents in Berberis koreana. Korean J. Pharmacogn.
17:123-128 (1986)

18.Jin L, Han JG, Ha JH, Jeong HS, Kwon MC, Ahn JH, Kim JC,
Choi GP, Chung EK, Lee HY. Effect of immune activity on Ber-
beris koreana palibin by ultra high pressure low temperature pro-
cess. Korean J. Med. Crop Sci. 16: 439-445 (2008)

19. Kwon MC, Kim CH, Na CS, Kwak HG, Kim JC, Lee HY. Com-
parison of immuno-modulatory regulatory activities of Rubus
coreanus Miquel by ultra high pressure extracts process. Korean
J. Med. Crop Sci. 15: 398-404 (2007)

20.Kim CS, Jang DS, Che SY. Histological characteristics of Korean
red ginseng in steaming processes. Korean J. Med. Crop Sci. 14:
36-40 (2006)

21.Lee KJ, Choi SD. Application of biologocal industry using high
hydrostatic pressure (HHP) system. Korean J. Biotechnol. Bioeng.
23: 362-368 (2008)



