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ABSTRACT : Both fresh Codonopsis lanceolata and lactic acid bacteria fermented Codonopsis lanceolata were extracted
with water at 100 C, and tested for anticancer activity using several human cancer cell lines. The fermented extracts inhib-
ited the growth of hepatocellular carcinoma cells up to 90%, compared to 75% for fresh Codonopsis lanceolata. The extracts
of cytotoxicity on human normal lung cells (HEK293) were as low as 15%. Especially, human hepatocellular carcinoma cell
were more efficiently inhibited than other cells. This extract also inhibited a-glucosidase activity up to 60% at 1.0 mg/mé. This
fermented extracts showed the inhibition potency on tyrosinase by 25% at 1.0 mg/mf. From the results, the fermented
Codonopsis lanceolata enhanced several biological activities up to 20~30%, compared to those from fresh Codonopsis lan-
ceolata. Tt implies that fermentation process could be one of useful methods of utilizing low quality Codonopsis lanceolata.
Because this process could yield high amounts of biologically active compounds by the help of microbial growth.

Key Words : Fermented and fresh Codonopsis lanceolata, Anti-Cancer Activities, o-Glucosidase Inhibition, Tyrosinase Inhibition

M ol al., 2007).
B9 (Codonopsis lanceolatays: ZFZZ3}| £3F= thdAl
H 1S ATt AR B4 dEFe 2 FEOE wi AR Y, 7MY, AFH oY 7R olge R
o] HolE HFH sl Felet Hugt REHAE e 2 o, I, T (AN, D] ARl A
sfolla] Agalar ok o]& Qg QAW Y] Ask= 72+ T} (Choi er al., 2006). o= 2] A AAE gloH

AW ST, Ao 2 oF 59 WHES Z77|E E-3], triterpenoidZl saponind} T % H/42S el 9
delo g #8332 Ut} (Shim er al, 2001;Kang et al, o sl E A, v, Fslek, A=A, HF Tl A
2004). WEhA o]F sdsh] & MYHe TAATIEE A SEAL Al FEEXAONE 171, 71F, A2, AAge A

T7F AP glon, 53], AATEe] By AR+ ARAM {88l 5HAd a3t kAl skt (Kim er dl,
Z2ol that #dol =oAL 3l ol FHeloREel wisl  1993). ol2idt ATYyhe g darye] Al A

$ahge] A3 kAol 7] mielw, ol o8 /5H  ATE okl A9l olRolXA B gl Aeltt. s, |
HF 2 APhuel g3t A7} 0oL Uk Kwon o A RS B3 ol AEeA del LelA Ak &

fCorresponding author: (Phone) +82-33-250-6455  (E-mail) hyeonl@kangwon.ac.kr
Received 2009 June 3 / Revised 2009 July 31 / Accepted 2009 August 6

280



MO gerHe| REdiEy Hln

8], oA 84S FTIek 4stE, F80] 7t
3L ZHgEefe] mAEe] Agog fY|EAR FalET, {2
& AlES STHIA A4S fAlskedl 2 =85 £ (Heo,
1998).

ojgl o]ff2 & dAFelMe darye] Aeed
3 Tige] gk EA4ZR1 A5 APt} i A7 ¢
g daAA TS e FUE Hste bt
Aol T ARFEA Yot 1t A Sho] A
T AT SIHEEA Jidel] flete] 2 AES T
th 53], o[ AelM= Ity ¥} dar| g o] Ao
Aol AlxEA, dAadel a-glucosidase, tyrosinase®] &4
AR AWEIT 53], gyl EAlske AR Aol
HA| g7 g e Foll dA7E QA7) wliizo] o] 9]¢ &4
gele 93 a-glucosidase, tyrosinase®] A|EAS ©]-8-319

o} (Kim et al, 2009).

ES &

H1E O

£ Ayl A A5 20089 =iat tigo® A%
APGelA skl ARESITE T 7i3to] AlAste] &
NE AAG the 2FAZ7NA FH38] ARANZ L, BE
tye A & 23 Azxsd AAFTE oi¥ 5%

Leuconostoc mesenteroidesS &3t 30C, % 75%%=

A& 7U7F 2ask & 20Col 797 sAdske] AUt F
ANEE ZH2F 100 g0l 10 vlFe] SHFE Yol 2447 ShF

W7t 95 #3710 FEehY, el 2 55 7§54
AzAA g NSl Wy washAN 8ol olgst
ik

AA

2. MIEZZ 2 HIEZ M UK
2 A AR AEF= GHER QT HUAME AS49
7+ YI9AIEZ AGS (Stomach
adenocarcinoma, human), b 7FFAI X Hep3B (Hepato-
cellular carcinoma, human), 217+ F-HAAE MCF-7 (Breast
adenocarcinoma, human)’} ©]-&EA 3, HJA EZ2= QI7F 4
M| 32 HEK293 (Kidney normal, human)2 Korea Cell
Line Bank=5-E 73t 2 AP njFabar Aol
AME-BIEE AS5499F AGS MEFE RPMI Medium 1640 &
iRl (1L B 3x5°] RPMI 1640 1 pack, sodium
bicarbonate 2 g, hepes buffer 2 g, gentamicin sulfate 54.47
S %9 Z)E, Hep3B, MCF-7, ¥ HEK293 Al
DMEM (Dulbeco's Modified Eagle Medium, 1L Ha 3%}
%o DMEM 1 pack, sodium bicarbonate 3.7 g, hepes

buffer 2 g, gentamicin sulfate 54.47 mg-g =21 ZEIRE ©]

(Lung carcinoma, human), <!
017

il

LA
T T
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&3t 10% $Elol ¥HS Hrsted 37C, 5% CO,
incubator®l] Z-g-A17A 24z} vl YA FTE

3. MIEZ SHay U UMIEO| Ms Mol 29t 54

SRB (sulforhodamine B) assay (Kim et al, 2005)= Al
E e dalsled AEe] FA0lt B4 ek wy
o2 Ayel AHEE MEFEE AT FF AR EY
HEK293E ol §8le] AZSRE 2481902, AL
A5499} A7E SIHHIEQ] AGS, U7 7FAIER] Hep3Bet <l

b FEAAIES] MCE-75 ©]8-8to] &% 24 SAsinh

A A AlE2] FEE 5x10* cellsyml ©F 96 well plate
o] 7} wellell 10040 2 H7Fste] 2447k 52t wj (37C,

5%, CO)3F ¥, 7z} 252 0.1M DMSORE ¢l A8E
HEEE 02, 04, 0.6, 0.8, 1.0mg/ml & 100 1 ¥ 7}k
487178 vkt wio] e E Fo AEAL ZAAHA
aspiratorZ A A3l ¥F B3AS 10% (w/v) trichloroacetic
acid (TCA) 100 /& 7}ste] 4ColA 1A1ZF E<t BRS &
SHTE 48] MAsl] TCAZE wikstal A-2oA] PlateE 71
z23 H 72 wellell 1% (v/v) acetic acidoll <1 0.4% (w/v)
SRB &4 100 8 & H7}8IAL AF20A 30 5F A
Atk AgtEA] ¢S SRB GAES 1% acetic acid® 453]
A= M, AFA1Z1 3 10mM Tris buffer 100 4 & 7}

slo] Aok ol & 540 nm oA microplate readerE ©]

£33t TS ST T3 7 Al 5EE oA
A=A tgE GAHE LA EA2] HIE selectivityS
ALkt

OFA| 3 A8 oA A
Selectivity = —= ES _gtr —];i] =

A M EZe] A E 54
4. a-glucosidase AMIEH

E2E 10mM PIPES bufferd] &aiAA G49S A xs}

3 20 mM maltose®} 7t FEES FEHEE E9gt & 37C

DNS A2k 3
WSS A XA

o=

oA 2087k wjF3iet, wkE-el 60 Lo 1ml
7FstaL 100C EellA E& A2] (10 min)3he]

sto] aadyd AsleS Artesitt

5. Tyrosinase WM&

Tyrosinase &A= dopachromedH (Pomerantz, 1963)
S o] &3ste] =43tk 150 140 2] mushroom tyrosinase-150
unit (Sigma Chemical Co.), 225 £ (2.5 mM)2] L-tyrosine,
22540 2] 0.4M Hepes buffer (pH 6.8), ZZ2]3L 300 1L <]
ethanol & 3 A& (1 mgml)y&AS &S 5 vjkAda} 15
B2 a3 F 475m oM FB=E A7 SAsi
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SEA[E| - I

the ) o] 5asic
Tyrosinase inhibition (%)=(D-C)-(B-A)/(D-C)x 100
A%} BE 717t RS JAE ole) wiek s} wiek o)
Fwol), co} D 27 RS ¥4 e Sole] wiekd
I v Fo] FF=o|t}. tyrosinase Q,JX%]ET}-“* 10022 1}t
EFd o) A oAF s, 02 o) S

QUSRI S |
e v,

Tyrosinase A&

8 e

6. SEM(Scanning electron microscope) Image
LVSEM (low level scanning electron microscope)s &

HEE imageS Ho] AHE FaHH 244 AolE
watglnh. ZHzke] BYg S00ul&= A on, tye] %
H AR FERE S 72 Y AT EHEARY
AZF FAF AAFER 7 (LVSEM, Hitachi S-3500N)S AR
skt e AEE FARIARNE o g AFeb] sl WA,
3% glutaraldehyde &4 02 A2ofx] 3AI7F < A7ggh
%, 0.1 M sodium phosphate buffer (pH 6.87.2)2 1554 3
3 AT AAHE AEE 2% aqueous osimium
tetroxideol] &J3l 4CollA 26217+ T3 (postfixation) %12 =)
o] THA] 0.1 M sodium phosphate bufferZ AZH = AT} (155
33]). ©]o] 30% acetone2 A1ZFOZ 10%% J5E graded
acetone series ETAES AR, G5E AIEEL isoamyl
acetateol] 343] WAE & 4CoH ¥ BPAEAL o]F o]
£ A]E+£ Hitachi HCP-2 critical point dryerE ©]-83}¢]
liquid CO°ll <3t AAH AZIA (critical point drying,
CPD)S 71A Hitachi E-1030 putter ZX|Z <F 10 nm F7<]
=439 (Au gold coatingyS 9% ¥ LVSEM Hitachi S-

1

ol=s| -

wEE - g - gS5 - olsE

3500N AZE FAF AzpdAn Aoz #asle] £1% image
datar= fileol] 41738 § = o] Z7te] 24 Paa—g- v 3}
ATt (Kim and Lee, 2005).

7. SAA

tlolele] BAIXEE ZF AIEE 33 wHEo g Ssxlon,
A#HzEe] EAE SAS 9.1 TEIAS ARSI Py} BE
QAE et A8l

iy 9 oA

1. HMMIZ W QHIFOl TSt SM 5

£ A o]&¥ Y AEE %‘—_‘T—_H—i 2 021.0mgml S A
gato] BGME} GMEAA ] 54E ST F 7} T2
Aol AEFA e gk A&A] 2 *34 1291 selectivityS
Table 19 YERATE Fig. 19X 17F 824 A3 HEK2939])

et S48 vehd Aotk AR tigt Al EsAe *3
e dary BRoA w7 BoEeE S7RIA, 1
mg/ml oA AT E 0] 24.01%% 21.45%2) TaCHd Hlé}al
AlE=Ao] 25 o] A SHEAAT 25% rRke] 3 =
Qo AEFFAN FolF v 42 ofd AoR gy
Atk ol& GAEFS} vlaws) BI)9ls) Al ET] i A
S 3619, 2 A3= Table 19] YERHSITE. Table 19]]
Al Holo] I XM 9] Yy} HarY o] A&
FEEY Fro vliEEsld IR & AT FEES
SE7F Lomgml A v A& YEE o] 89.44%= AT
go] A& 71.46%HTt =rom, A|Ee]

e AEEg]
w3tk H]—/;q ;q

selectivity 3 TOME F AlE BT 1.5 o)A

Table 1. Inhibitory effect of Codonopsis lanceolata on the growth of four difference cancer cell lines and the selective toxicity.

Samol Con. Inhibition ratio® (%) Selectivity*

ample

P (mg/ml) Hep3B® AGS MCF-7 A549 Hep3B AGS MCF-7 A549
0.2  45.77+4.0° 46.08+2.0"° 29.41+3.0° 15.40+2.0° 3.93+0.21° 3.95+0.10° 2.52+0.22" 1.32+0.10°

Fresh 0.4  48.59+3.0" 49.02+4.0" 54.90+3.5° 23.51x2.0" 3.53+0.31" 3.56%0.14" 3.99+0.12°> 1.71+0.12"

Codonopsis 0.6  54.23%2.5° 50.49+1.5° 61.76=4.1° 28.31+2.2° 3.52+0.26° 3.28-+0.16° 4.01+0.10° 1.84+0.14¢

lanceolata 0.8  71.13%2.7° 65.69+1.7" 69.612.2¢ 24.83+2.6° 4.24+0.10° 3.91+0.18* 4.15+0.13¢ 1.48+0.11"
1.0  77.46+2.3° 7451+1.0° 77.45+3.1° 35.10+2.4% 3.61+0.20° 3.47+0.11¢ 3.61+0.15° 1.64+0.10"
0.2  70.92+3.0° 18.14+3.2% 13.73%£2.5% 15.73+2.5% 4.41+0.20° 1.13+0.12° 0.85+0.14° 2.50+0.13"

Fermented 0.4  78.87%2.5" 29.41+2.1" 37.25+4.0> 42.05+1.5° 4.70+0.15" 1.75+0.13" 2.22+0.16"> 2.51+0.12°

Codonopsis 0.6  82.39+3.0° 36.76+2.5° 51.96%3.2° 45.03+2.5° 4.65+0.22° 2.08+0.10° 2.93+0.14° 2.54+0.12°

lanceolata 0.8  86.62+3.1° 46.08+2.4" 61.76+2.3* 49.34+2.6" 4.53+0.30° 2.41+0.15° 3.23+0.17° 2.58+0.10°
1.0  89.44+2.5% 52.94+1.4¢ 67.65+2.8" 53.31+1.3Y> 3.73+0.17° 2.20+0.10° 2.82+0.15° 2.22+0.10¢

{1 — (sample)O.D. / (control)O.D.} x 100
*(cancer cell cytotoxicity)/(normal cell cytotoxicity)

§ Hep3B; human hepatocellular carcinoma cell, AGS; human stomach adenocarcinoma cell, MCF-7; human breast adenocarcinoma cell, A549;

human lung carcinoma cell

*¢ Values with different superscrits within the group are significantly different by ANOVA
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—e— Fresh C. lanceolata —&— Fermented C. lanceolata |
Fig. 1. Inhibition ratio of fresh C. lanceolata and fermented C.

lanceolata extract on the growth of human normal lung
cell line, HEK293.

o] MelA ApdE=E UERSITE 2 vke] ohE oy A
et Ax= Table 16 YERASATE AS4991 Q17 #bA 2]
et A& selectivity= THA oA e} o] =X]= 2%
ANE, FH3L FE 1L.0mgml oA BT Yo] 53.3%, ATy o]
35.1%02 oAl&o] YRt 7 AR BT FAHEE AT
& e oz FRIFU FEEh Banye Yy v o
Eo HEE MEY HIAEZE JAT F Ue S &
T AATE TR E AGSS! A7 Al tigh T A5
AA & AeF APHEE Gol A} PAHEe disiM e
T AR BF AElgs Hion 53], dary Rk Ay
Ho] dAgo] HI F% 1.0mgml A 74.51%2 LECEE
o] A& 51.94%KTt =7 eIt Selectivity =5 F A
B BT 04mgml oo FwolA 55T 2o Az apd
5 YA, waryY Hoe AuYer 2 FXE B
oFATt. MCE-7012Rs 97 UM X2 AE
HE HAF 5 1.0mgml 71A] ARAE3} A9F] AMEEE
YolrSt=t A EAME AeYe] A&} MEZ A}
Hel: HI 5 1.0mgml A 77.4%9F 3.69% JERG,
Harye] A& HEF] APHEE 67.6%, 2.8% LEFHTH
=, A Edd teide AYY FE80] BaYY FE=
Ho} A& A APEE 222 RIS o9 7+
< AFAEA YUYz dary FE2E9 58 7R
e} QM Ao FelHoR TS ERIE 4 AL
53], 20kt HokA 2o disiae Ry oAlEd A9
A ApdErE Yol vjal] wow, A kA o
dAMe dargEths AuYe] A& A3 ApEErt
258 ¢ F M ol AFE & o Yy
I &3] AFe] 7)ol Aeste] w2 3o GTS
HA, Baguge Ho} 28 SF7|A5S] 71l Fg-she
2 FAIE UERlo] 713 BolHoR gl gk F

s
s

=

Hir
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Fig. 2. The effect of inhibition a-glucosidase activity of femented
C. lanceolata and fresh C. lanceolata.

A Aol e AR Al 28y, 9 HAE T
g A Ee e = AT AR 2 FEE Y
triterpenoid saponins Zd-oll 2J8)] Ao Eo]F2l o

A
(Shibata, 2001; Lee et al., 2002y Hol= o]z} Al

(
=

H o Lo

7}
TR A (Kim ef al, 2007)3F Blaste] £ wf 7¢
SHHIAE Hep3Boll s 22 F% 1.0 mg/mlol|A] 733 9]
A5 693 +3.69] Hlal 89.4+2.50 % WFT|EE] oA)5o0]
F 20% F=2 AlTS H FALZ jn vivo AES T3 o
A 712E #HE 5 AT, 7154 Qe E A ke
A& ANE F e Aol AlsH

5
B
T A
2. a-glucosidase M| 2

a-glucosidaser= 4~ A 2] brush-border membrane®l]
TAshe B4aEA o|FFU RS B steol 43t F
7] 91k AEiQl @RE JEslcke s it o-
glucosidasedl] gt Aell 5~ B3l 2lo] & S 9
A 7 Qo] I DA SHAUOE o]} (Gua er dl,
2006). SaponinZ] “g&o] HIRES SJAFTIAL (Kim er dl,
2009) 3k o]0 Wl a-glucosidase A B AHS g
A &9tk 2 A3} a-glucosidase A FA AH-S Fig 2
ANA BRI Zo] AYY FEES 02mgml, 0.4 mg/ml,
0.6mg/ml, 0.8mgml, 1.0mgml 2]l Fx=of t)ste] 7.8%,
23.6%, 37.7%, 40.1%, 55.1%=% frolsk Astdtt (p<
0.05). WETE FZE2 02mgml, 0.4 mgml, 0.6 mg/ml, 0.8
mg/ml, 1.0mg/ml &] Fx=o thd}e] 28.3%, 39.3%, 40.1%,
47.2%, 55.1%= FelsHl JASIATH (p<0.05). HiL &=
LOmg/me X = AT G 9] A& o] 55%, WATE ] |
P50l 59%E HI=T Aslies YERIAITE darye] o

o

O ==

Aol ot =52 & AT o] A= ApE dF

FZE5 (Lee et al, 2008)9] o-glucosidase A5 64.59%}
acarbose (Kim et al, 2001)2] 98.04%°1E * "XA|4H T
Y "4F%E (Oh and Kim, 2007)2] a-glucosidase A5
25%) thaliA= 24 ool JATS e o S




2BH - B8 - HYE - 05

Att. o T3l A9 a-glucosidase HA5o] EAES &
AE & Jgler, 53], Harjge] a-glucosidase IAIEF
Ista AYY Hr} AA|so] Fsddtie 2SI
AN ol LRE T3 A2V} HaL AskgEo] =
g Z71 (Park et al, 2009) ¥ F-&AES] W3}
FEAE &30 Jojre] HslZ 23l a-glucosidase A1Z
dsol F7H 2o = AlEHrh

o
=
o=
T
KeN
pu

3. Tyrosinase A2

Tyrosinase AL 2 v gs 2k 7|54 s
of that 4ol oA 1 7EX7} Asskal ot ol
w2}, a-glucosidase A &4 A&7} A tyrosinase A E
A 7 88Tt 71n), T2 5o ARl Hofst
Aald AMAE tyrosine>ZH-E]  tyrosinasel] 2] 3l
dopachrome® 2 =|37 A8 A% AAJET. oo} 2+
2 dEpd MRS AAE] {siA FFAAI] tyrosinaseS]
S JAlsk= Zlo] Hastt. oo wet tyrosinase A&
e ok AFE Fig 30 YRR 2 A% NEFE
0.2, 04, 0.6, 0.8, 1.0 mg/ml 7kx] WEHHE] tyrosinase A&

of

p

-

35
30
25
20
15
10

5

0
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Tyrosinase activity inhibiton

0 0.2 0.4 0.6

Concentration (mg/ml)

0.8

—e— Fresh C. lanceolata —&— Fermented C. lanceolata

Fig. 3. Inhibition of tyrosinase activity of fermented C. lanceolata
and fresh C. lanceolata.

X,

X 5 0 (I' .1 0 Ii l_uvv-

. 29
e

=t
[=]

HIAJX] -
1oL

MNES - O[sE

o] 20.7, 22.5, 23.1, 242, 26.9% & HFEY] A& 9.9,
10.9, 18.0, 234, 24.4% Z 2|3t tyrosinase A EAS B
Rowm Arye] watyrtt ot 255 & F AU (p
<0.05). o] FA= FEN 72%°] A& (Kwon et dl,
2008) Hrtl= Wo FXo)A|vl A% H4FEE (Chang ef
al, 2007) 1.0 mg/ml E%141¢] tyrosinase A 27.25%
o} Hiszgh X5 UER Zolth 22 fle %= tyrosinase 1A
55 AME kojik acid (Jung er al, 2009y= 50 r4/ml, 100
/ml, 200 0/ml, 500 zml AN A ZHZE 22%, 33%, 51%,
79%°] =& AAES YeERUTE ol2lgh tyrosinase 97T
g8 Eo] eiME TEE oAU UE FE3PE 5
st f89%e a4 858 Fedhe thHEQl WhHol
RAE|ojo & Zolzt AlRHT

4. SEM(Scanning electron microscope) Image
SEM (scanning electron microscope)s SFAF A} Huj7gd o
2 AardnAe] AAgelld ves dade] SEdte] UE
e o e A7) "o 554 Bl g AE
AlEE TR #EY e gl A 5, 9, 59, Y
7 = Fe A7)0 JAE 3-dmm AL 9 2l
g5at 2 AR E fEsh Ao RRE A
BEstofof sh= dxe] S AAF gtk (Chae,
1996). A2l A& Fall ol FHE ANEe ded gkl

=
©

0=

A A FARIe] @ oS Bt o gH. ¥
A 248 ARy Avel BEo] WAzt gl we 247

oF ojufgt ¥isprt o]FEAE SEMS B3l sl
Fig. 4914 A A9l SEM olmlje|, B WaTHe|
SEMe|ElA]eleh. 2ol BolRo] Aufee 28] Az
R O L EX LR = E B S
a2 T Yo moolt) o]AoR tye uEgs B 2%
I 2F Ato|7h Wojx MEEe] st o} thyd =

AAse sk, Fargelre] Bay rdEe] 8=

KBSI

WD13.3mm 10

0kvV %500 100um

Fig. 4. Scanning electron microscope (SEM) image of a representative portion of Codonopsis lanceolata (A: Fresh Codonopsis

lanceolata, B: Fermented Codonopsis lanceolata).
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FeH%ol B & §5F 5 i otk w3, go] WEE
o4 AWHOE FHol Ep] uje] wiel wet 44 )
RS JFo T FEYRO] §30] F71E Holet AT &
9o Gl oleist rET BaH BAL o Apshdol

& Roleh AlmHT).

oo
=2

i o] FAAFNEAY (A S
200901AFT143782462)2] Aol 2]dt AFAe] RZ o]
o] ZAF=HY

LITERATURE CITED

Chae JM. (1996). Maceration methods for SEM observation.
Keimyung Medical Journal. 15:75-85.

Chang MS, Kim HM, Yang WM, Kim DR, Park EH, Ko EB,
Choi MJ, Kim HY, Oh JH, Shim KJ, Yoon JW and Park
SK. (2007). Inhibitory effects of Nelumbo nucifera on
tyrosinase activity and melanogenesis in clone M-3 melanocyte
of cultivated Codonopsis lanceolata, stored at various storage
conditions. The Plant Resources Society of Korea. 19:59-67.

Choi MY, Oh HS and Kim JH. (2006). Changes of physico-
chemical properties of cultivated Codonopsis lanceolata stored
at Various storage conditions. The Plant Resources Society of
Korea. 19:59-67.

Gua J, Jin YS, Han W, Shim TH, Sa JH and Wang MH.
(2006). Studies for component analysis, antioxidative activity
and a-glucosidase inhibitory activity from Equisetum arvense.
Agriculture Chemistry and Biotechnology. 49:77-81.

Heo YH. (1998). Studies on the fermentable properties of isolated
B. subtilis from fermented soybean. Annual Bulletin Seoul
Health. 18:181-192.

Jung SH, Ku MJ, Moon HJ, Yu BC, Jeon MJ and Lee YH.
(2009). Inhibitory effects of fucoidan on melanin synthesis and
tyrosinase activity. Journal of Life Science. 19:75-80.

Kang HI, Kim JY, Moon KD, Seo KI, Cho YS, Lee SD and
Yee ST. (2004). Effect of the crude polysaccharide of Pleurotus
eryngii on the activation of immune cells. Journal of the
Korean Society of Food Science and Nutrition. 33:1092-1097.

Kim CH, Kwon MC, Qadir SA, Hwang B, Nam JH and Lee
HY. (2007). Toxicity reduction and improvement of anticancer
activities from Rhodiola sachalinensis A. Bor for ultra high
pressure extracts process, Korean Journal of Medical crop sci-
ence. 15:411-416.

Kim IS and Lee SH. (2005). Trichome type and development in
leaves of Althaea rosea. Korean Journal of Microscopy. 32:97-

285

104.

Kim MJ, Ahn YJ, Kim MK, Kim HY and Lee HS. (2001). Rat
intestinal o-glucosidase inhibitory activities of leguminous seed
extracts. Agricultural Chemistry and Biotechnology. 44:1-5.

Kim SM, Seo KI, Park KW, Jeong YK, Cho YS, Kim MJ,
Kim EJ and Lee MK. (2009). Effect of crude saponins from
soybean cake on body weight and glucose tolerance in high-fat
diet induced obese mice. Journal of the Korean Society of Food
Science and Nutrition. 38:39-46.

Kim SY, Kim HS, Su IS, Yi HS, Kim HS and Chung SY.
(1993). Effects of the feeding Platycodon grandiflorum and
Codonopsis lanceolata on the lipid components of serum and
liver in rats. Journal of the Korean Society of Food Science
and Nutrition. 22:517-523.

Kwon MC, Qadir SA, Kim HS, Ahn JH, Cho NH and Lee
HY. (2008). UV protection and whitening effects of collagen
isolated from outer layer of the squid Todarodes pacificus.
Journal of the Korean Fisheries Society. 41:7-12.

Kwon OW, Kim CH, Kim HS, Kwon MC, Ahn JH, Lee HJ,
Kang HY and Lee HY. (2007). Comparison of immuno
modulatary and anticancer activities according to the parts of
the Styrax japonica Sieb. et Zucc. Korean Journal of Medical
Crop Science. 15:170-176.

Lee BB, Park SR, Han CS, Han DY, Park EJ, Park HR and
Lee SC. (2008). Antioxidant activity and inhibition activity
against a-amylase and oa-glucosidase of Viola mandshurica
extracts. Journal of the Korean Society of Food Science and
Nutrition. 37:405-409.

Lee KT, Choi JW, Jung WT, Nam JH, Jung HJ and Park HJ.
(2002). Structure of a new echinocystic acid bisdesmoside
isolated from Codonopsis lanceolata roots and the cytotoxic
activity of prosapogenins. Journal of Agricultural and Food
Chemmistry. 50:4190-4193.

Oh HS and Kim JH. (2007). Physiological functionalities of hot
water extract of Codonopsis lanceolata and some medicinal
materials, and their mixtures. The Korean Journal of
Community Living Science. 18:407-415.

Park SJ, Seong DH, Park DS, Kim SS, Gou J, Ahn JH, Yoon
WB and Lee HY. (2009). Chemical compositions of fermented
Codonopsis lanceolata. Journal of the Korean Society of Food
Science and Nutrition. 38:396-400.

Pomerantz SH. (1963). Separation, purification and properties of
two tyrosinases from hamster melanoma. The Journal of
Biological Chemistry. 238:2351-2357.

Shibata S. (2001). Chemistry and cancer preventing activities of
ginseng saponins and some related triterpenoid compounds.
Journal of Korean Medical Science. 16:28-37.

Shim MS, Choi SW and Bea SJ. (2001). Effects of Punica
granatum L. fractions on quinone reductase induction and
growth inhibition on several cancer cells. Journal of the Korean
Society of Food Science and Nutrition. 30:80-85.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


