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ABSTRACT : According to previous reports, antioxidant activities of Codonopsis lanceolata could be increased by a steam-
ing process. This study was performed to improve its antioxidant activity and skin whitening activities of C. lanceolata by
high pressure and stepwise steaming complex process. The complex processed C. lanceolata showed highest free radical
scavenging acitivity as 45.21%, and for phenol and flavonoid contents, complex processed C. lanceolata contained higher
than those from conventional extraction process or steaming process alone. The Cytotoxicity of all C. lanceolata extracts also
showed low cytotoxicity against human fibroblast cell (CCD-986sk) as 4.49 ~ 10.40%. In whitening activity, high inhibition
of tyrosinase activity was estimated as 25.08% by adding the extracts from complex process. We found that whitening and
antioxidant activity of complex processed C. lancolata extract was higher than those obtained from conventional extraction
and a steaming process because various kinds of antioxidant compounds could be easily released by combined process, com-

pared to one of each process.
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ZAo 42 7hskaL X529 DNA 742 doA IRs
Foke AA e ¢, k=3t IXF T& e Hrh (Lee
and Min, 2006; Fang et al., 2002). 3+ S 27} vl
A Al AdelM s depd MAaE EHste] ztelade] &gk
A0 XS wh=th (Park, 1997).

un,j)rp] (Melanm}‘ S Qujole] MAEA] J]—r E
ol A3t} Ha ef al., 2009). Y32 o]Aate] ApelAe
Folo] JAE Boshe s vy 22 depde] ¥
e G A, ), e R} 2L 9 ksl do
T} (Wang, 2006). o]eit Hepde] A Ao 2eahke
Q FA49E tyrosinaseS % 4= A& tyrosinase= polyphenol
oxidase®] UFoltt 2 M FEWA  tyrosineS L-34-
dihydroxyphenylalanine (DOPA)_E Wekelar §4% Ats) gk
Sof oJ3t ©AIE A dopaquinone, dopachrome® 2 33}
o] melaning A3} (Lemer and Fitzpatrick, 1950).
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gele @, 3, Que] AAgelA 9e opske o
W 2RO dZRE ohg, HFOE HHH] el o
ZHglom, ARgolet slel Qo] METke Bl Y 2

o2 B39 (Kim ef al, 2010). W3, A% 5ol Fsel
;H_quo] =07 °H2'%X4 lou:] g;‘d;qz]o] 7L/\ (Han ef
al, 1998), WA 27]— (Ryu, 2008), &<+ (Cho et al.,
2011), FA¥st 5 AL s oXint, o]H gk tiye &
AL ST SIE ““?3—&* 2, S5, 98 Bl &
A o}t (Park et al, 2010; Jung et al., 2012). T <]
FE7HAE sk HYe ZelE FEH ol AAE7EI7T |
7)o okgo g 2ro|x] Fatm #H71xz]7t Hrt

38 S71E o8 EAEE st Ao 8w
E9 HslE o] AFIAY AR S-S ol 2=
o] AL I, F83%] &5 SUist AlFlth =25 H
el S-S A83t] G-Re3, G-Rh2 2 A= At
o] S ER1sHe™ phenolic acid®] S7H 578

431
o} (Nam, 2005; Kang ef al., 2006). /S92 214k2] ginsenoside
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1. 5% 0ol ME 9 Z=u
AlgEe A= FAAAAA 2012 8Ll AF g 2
2319t} 7)3zo) Aﬂx%é‘r} T wlsl2=€l7] (Daechang
Korea)2 AFE3l 50, 60, 90CE 2A7H ©HAH Z48 2]
AlBlaL, F7F2 100CoAA 3417 S5t 558 A3 ¢
g oAl 12817 2N &

9o} e FHEAS S W
B AN 2% tEe] §E717ke 5207 918 20~ 30T

8§_

A2 At

stainless,

o|A] 2477t B S5l A5 Z ARESIAITH
29 3L 54?— oE 100g & B9 ol 70% ol

200ml o} Al gol F7|7h Eo7A] ¥EE & Ued
2319t 273 (shin Autoclave, Korea)s ©1-8-31 3,000 bar
gEoE 25T 3087 20 FES Ay

iy -
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MM - OB - Of8i=
2. FE2 N Y 28

7] gzt B2k FE flaskES ARESRe] 29 B
A E F5HEE 100 g8 10815 (viw)el 70% ollehe &
& AMgSte] 80Tl 24717 FE3IAT HIRT o2 £
e ‘iﬂ_g_ 3R] o ==& 131:—]_0_ 100g1y\1 e Hohggg
70% olleke %—UHE AME3He] 80TCoAlA 24A17F &3 TFS
o3ek ofolls 314 ZFE=7] (EYELA N-1000, Tokyo

Rikakikai Co., Japan)E o83}
(PVTFA 10AT, ILSIN, Korea)S ARE-3le] £ AJej= 4]
ato] Aol AR

527 ¥ EAAZ)

3. MIEZ 2 Aok

Human dermal fibroblasts CCD-986sk©-2 $H=A| X2
3 (KCLB)ZHH &4 AHZ FYsIAt. B8 melanocyte
¢l B16 F10 (KCLB No. 80008)= 3l=tA|EF230 2R
AR FdEtE CCD-986sket B16F10S
RPMI1640 BiX]2} DMEM HjX]ol 10% fetal bovine serum
(Hyclone, USA), 1% gentamycing 375t 37C, 5% CO,
2SN HjsIel ALESIT, 1 9 AHEE BE A
2 Sigma ChemicalAfollA] T35t ARE-3FS

7_]1—7_}

4. SMIE

M3 E4L 3-4,5-dimethythiazol-2-y1)-2,5-diphenyl-tetrazolium
bromide (MTT; Sigma Co., USA) A|2FS o] &35lo] AlxX AY
F85 =%3= Mosmann W'H (Mosmann, 1983)S M3 s}
o] AAEIILE A EE CCD-986skE AME3ITE Z2F XS
2 x 10%cells/well FEZ 96-well plates] HE3 T ZF well
of AlEE Fostd CO, viF7IeA 24x7F wliFstaiet.

=M =X
7O o

MTT &9 (5 pg/mbye H7FslaL 4n7F - dRefste] 4%
ANe AASIL 100 acid-isopropanol (0.04 N HCl in
isopropanol)& 7}t & FE249] formazan®] §&FFH =S 3}

__»]—Ee sz 3k ];].

o1-=

o] microplate reader= 565 nm 4]
5. Tyrosinase M| St EHM

Tyrosinases 7122 ©]-8-3t tyrosinase }?_5\_% go] A=
Ishihara (Ishihara e al., 1993) 52 WHS HIAA ALE3}
STl Test tubed 0.1 M sodium phosphate buffer (pH
6.0) 04mf, 1.5mM tysosine solution 0.4mf, A]Z-E
02m 2] Egtolle] a4 (100 units/ml) 0.1 b S 71351
30CollA microplate reader® 475 nmollA FF=E =43 &
th2- 2ol 23 tyrosinase EATA A S-S F3IAUTH

Inhibition of tyrosinase activity (%)= [1-(S-B)/C] x 100

S: g4 gl

ARG B7 FHE Wk
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B: 49 th2l 0.1 M sodium phosphate buffer (pH 6.0)
A7 ¢ S35 sk
C: AE8 til NEE

0
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S AH7F Al 3= kg

6. B16F10 malanoma cellS 0IESt melanogenesis Aoll Z&
Melanin 234 A|Z<Q1

B16F102 10% FBS, 1% antibiotics
£ 7713 DMEM HiAIoIA 37C, 5%, CO, 27004 vl %gat
Act FEE0] 9% melanin A HIE Folshr] 98
BI6F10 cell2 1.5x 10°cells/well®] =2 10% FBSS ¥3F
3= DMEM Hjx]ol AEA AT, HAEAME (Smb)E tissue
culture flaskel] 2& & 1U7F F2A)70c) kst Fof 14
AEE 7K &, 5% CO, 2702 37ColA 5U7F vfjgst
St} HlYS vlxl B16F10 cell2 phosphate buffered saline
(PBS)E AL trypsinization SIATE M| EZE coming tubed] &
S % 1x10°cel/ml T IN NaOH &9 1ml & o] HES
9] t}2, microplate reader® 490 nmol|A SFEE S 5lo]

o1-=
melanogenesis A8l &S T8It (Komiyama er al., 1993).
Inhibition of melanogenesis (%) = [1 - (Abgumpie/Abeontror)] x 100

7. DPPH ApzeiCiZ ~HEd

DPPH (a,0-diphenyl-B-picrylhydrazyl) radicaloll tigh 4#
242 Dietzs (Dietz ef al., 2005)2] WHHS °F7F W3 &l
AgslAtt. 96 well plated] &1E ethanolZ ko] A=k
0.1 mM DPPHE-<] 200 £ 2} 0.156, 0313, 0.625, 1.250 mg/md
o] vEE AE MES 80 s EFate] 25CelA 208
S ol WA F 525 el M FEE S 34
= #ug 27
T 50%2] F3=
ez YeRHAH

#2 DPPH radical scavengmg activity (%),
I F A2l FEEE 100%E Bk
E Uehll= AE9 ookE =45t EDso?

DPPH radical scavenging activity (%)
control O.D— sample O.D

- control O.D x 100
8. & Edu=s ¥ EZ2R0|c o

% Z9¥=9] %S Folin-Denis ol 2lsle] v A
Z3sle] =439tk (Gutfinger, 1981). —%%% el
10 mgml 2 8383k 89 1 ml 3} Folin AJ9FS 1md & &35+
g 387 AR5t @A A7 = 1m£«] 10% sodium

carbonate -85 43| 78It ©] 90:27+ A5k
& spectrophotometer (UV 1600 PC, Shimadzu, Japan)E A}
&35t 760 m oA FFE ST TFEFOZ gallic acid
(0~100 )] ZA ol83le] 5 o= FFe Stk

Z Zgryole e 7 A& 0.5ml ol 10% aluminum

LRED
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nitrate 0.1 md 2 1 M potassium acetate 0.1 m¢, ethanol
43ml & 7tete] Egek & A2oA 4027 FAg v
spectrophotometer (UV 1600 PC, Shimadzu, Japan)E A&
sto] 415 nmell A SEEE 2S4S (Moreno et al., 2000).
ETEFOZ quercetin (0~ 100 1g)e] HEFAS o]83ld £ &
gy ol ks gt

9. HPLC A2 S8t phenolic acid &2F H|w

Phenolic acid®] &g W|W3}7] $I8] HPLC (Aglient
1260 series, Aglient technologies., USA), ZORBAX Eclipse
XDB-C18 column (Agilent, USA, 5/m, 4.6 x 250 mm)S A}
gsteo] AL sIoH, o] 0.1% EEAte] FHrE
10% acetonitrile (27 A)#} 0.1% EE24+o] Sh+¥ acetonitrile,
methanol %8 (methanol : acetonitrile : D.W (4:4:2 (V/v))
&Vl By AMEsITE 8532702 gradient modeZ ZZ 1]
< oe ﬂE} %271 0~158 A (A:95%, B:5%),
15~23% M3 (A:60%, B:40%), 23~33% 4 (A:60%,
B:40%), 33 ~42% W3 (A:0%, B:100%), 42~45% H
3k (A:95%, B:5%), 45 505 28 (A:95%, B:5%),
£& 1L.0ml/min, FYFS 204 2 AU, AE7IE UV
detector (280 nm)& /\}%-Oh;\\:]—. AlE= 025 im syringe filter=
olste] Ao A3} 0 M, standard2+= gallic acid, p-
hydroxybenzoic acid, caffeic acid, vanillic acid, #ferulic
acid (Sigma Chemical Co., USAYS ARE-3}ST).

0. SAHle]

tlolEls 2% Hi + SEMO 2 Jehlith xS 238
g 7t A3 25 B e dAEAEA] (one-way
ANOVA)S B3l 2 3ks 73lSith. gH o5 #41S AAs
7] f18l BAIE AZESS] #7122 SPSS 10.0 (spss
institute, Chicago, 1Ly AFE-3IS T} o|gA| 3tz Ht

o] Foli= P<0.059] 2NN FolF ROz 7589
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Fig. 1. Cytotoxicity of Codonopsis lanceolata extracts in CCD-
986sk. FC; Fresh Codonopsis lanceolata extract, SC; steamed
C. lanceolata extract, HSC; High pressure extracted & steamed
C. lanceolata extract. Mean with difference letter (A-C)
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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Tyrosinase inhibition ratio (%)
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Fig. 2. Tyrosinase inhibitory activity of codonopsis lanceolata
extracts. FC; Fresh Codonopsis lanceolata extract, SC;
steamed C. lanceolata extract, HSC; High pressure extracted
& steamed C. lanceolata extract. Mean with difference letter
(A-C) 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.

T oEH o AE FAo] TS FRlsin. Eet
IFEE 1.000 mymle] FEolA 10% W)Y AlEZAHS B
T FEE BT AE5A0] w4 &2 Flo=z Yepth v
o] Bagl 229 749 e T HEoA 10~20%
o] NEZAL 7K (Jeong ef al., 2010), ©]8k 7ro] A
2o tigh EAdo] muEhs SIS 21 niReE wigAde

=4se] g4 Aoz TP B

2 9 g

34 sk

2. Tyrosinase Aol &b

gy 328 vy B4 FAs) AF Agow
tyrosinase A3l 42 He1se] Fig. 201 Felshsich.

ik oE F2E 49

Al e Ve

= 0=
FZ2E0] AL e 5 WA 320~ 15.70%,

0.13~1.00mg/ml ¢] =T o)A
1.41 ~7.18%°] 22 tyrosinase
=)=

K 4
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Fig. 3. Melanin contents inhibitory activity of codonopsis
lanceolata extracts. FC; Fresh Codonopsis lanceolata
extract, SC; steamed C. lanceolata extract, HSC; High
pressure extracted & steamed C. lanceolata extract.
Mean with difference letter (A-C) within same
concentration are significantly different at p<0.05 and
mean with difference letter (a-c) within same sample are
significantly different at p<0.05.

ot B3 AE 5 "y AH$ 5.28~25.08%2] tyrosinase
A S SRlsiict. v gdo = A duixl TRV
22 (300 ugml % H] 60%) (Lee ef al, 2010)5ch 1]
ng GAolA Nt Fa Bl 2y EFIFHLR I
tyrosinase A3l E/d¢] 2~2.58 53] mw EAdo)| gist
7Fs/3S E1E 4 AT} tyrosinases 7121 L-tyrosineS
3,4-dihydroxyphenylalanine (L-DOPA)Z  #Ad3tal o=
phenylanine-3,4-quinone S = AkslE]o] HF Hepd oz A

2 AS Ao oRE W
g st A4 ool FAY A5 A 17 o
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2 Gghkaoln G4 AAE tyrosinased] S
1A Wehd S ATt (Kim et al, 2011). 2 2
Aget 239 2 S50 Qal oY W alst 229
Ql §Fo] dojyton o]= <lgt il &9 IR
} 7481 =o] o= tyrosinase?] A3l Aol 4
nzl o2 AlsHEL. o R A FEE AUt
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3. B16F10 melanoma cell?] melanin 44 Aoll &M

Aahd S Asf A4S dolRr] 918 melanoma cell$!
BIGF10 cells o]&sto] Y FE=2] v S4S dolust
o™ Fig 3& &3 =23 3Tt positive controll
melasolve] Hahd A Asl] 42 69.23%S UER o H
HEE 1.00 mg/me A Axk gy FEEC] 39 15.01%,
Z4 Y 28 49 2246%, 238 B3 5% ty9

31y S H o n °
A9 31.52%E JERNY tyrosinase A8 A3 7S F7b
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Antioxidation (% of control)

0.313

0.625 1.25
Concentration (mg/ml)

FC W SE

DPPH radical scavenging ability of Codonopsis lanceolata
from several cultivation. FC; Fresh Codonopsis lanceolata
extract, SC; steamed C. lanceolata extract, HSC; High
pressure extracted & steamed C. lanceolata extract. Mean
with difference letter (A-C) within same concentration are
significantly different at p<0.05 and mean with difference
letter (a-d) within same sample are significantly different at

WHSE

p<0.05.
FFS YERITE positive control?] melasolvel] H]& e &
e UERIIAIT St 239 34S T8l HEe my
o] A SHES I F AU

4. DPPH Xp7eiC|Z Hs

Z3GH B3 AUE B 3% vge] s DAL B
371 Slsle] DPPH Al 27452 Selskgion], 1 2

7= Fig. 49 UeRth. DPPHE oHY® Apaaic)zas] A
A& sl 98 dofrr] fJEl Wol 203 =
Agoltt. 517mmollA FHo F4=5 el s
A 517 oA FFEr)F 74 "ok

dyY FFEE°] DPPH A Z &A% S ERls) 2 2
I H F= 125 mgmlollAd Ak HES 9.156%, 54 HY
40.61%, =3 H9AT S5 OY 4521%%] A2z &
AsS YT 4it Y3 S5 dYe] A &
Ag HABIE 30% o] AMEEE AT SREHA
on, 23 BIAE 3 S5 ¢y Hoh oF 5% F=9]
A d AT TS FARIT 5 Atk =3 (64.3%), 2
oF (57.1%), M7 (48.3%) (Jung et al, 2004)Ec} 2-& 7k
oA F& F 2t ® Qg Sl Tk B2 e
2 IR ol S5 Tl T FFOo= AEH
o] xAo] A} F5S wHEslaL 1 Ad} =l Al
o2 §8 Edo] Bol] £E2HH vEe] FAl Y Wl &
oRIE ZHF F-8A48e] 29t B3 348 Bl FHEo=
£&0] HAL Fo=z AlFH. ol e AFETZ ATl
ojet Is] S8l F vE ¥ ZEfHol=E 24
sted ksl E4d-8 SR sharat s

49

Eigl

dd=

¢

L

i
o:

5. % iz 2 BP0l B
9 U9 $329 F o ¥ oot ¥ &

58

Table 1. Comparison of total phenol contents in Codonopsis
lanceolata extracts.

Content (mg/g) FC SC HSC
Phenol 415+0.50" 10.45+1.10° 13.48=0.70%
Flavoid 6.57+0.20" 12.11+0.40° 14.12=+0.80°

FC; Fresh Codonopsis lanceolata extract, SC; steamed C. lanceolata

extract, HSC; High pressure extracted & steamed C. lanceolata extract.
*Mean with difference letter (A-C) within same sample are
significantly different at p<0.05.

Table 2. Compare of phenolic acid in the extracts of Codonopsis
lanceolata from HPLC analysis.

Phenolic acids

content (4g/2) FC SC HSC
Gallic acid - 402.0+7.8"  453.0+13.4%
p'hydrz’g’:enzo'c 469.0+9.4" 290.0=11.6° 267.0+10.9
Caffeicacid  141.0=11.1%  21.0+7.48 45.0+8.5¢
Vanillic acid 37.0+10.7% 51.0+4.78 70.0+3.9€
trans-ferulic acid ~ 79.0+5.6"  260.0+10.2% 299.0+7.8¢

Total 726.0+36.871024.0+41.7° 1134.0+44.5¢

FC; Fresh Codonopsis lanceolata extract, SC; steamed C. lanceolata

extract, HSC; High pressure extracted & steamed C. lanceolata extract.
*Mean with difference letter (A-C) within same standard are
significantly different at p<0.05.

A3l Table 19 AElaitt & wE g3 Uuk gy,
e Fa Uy 7h7F 415, 1045,
13.48 mg/g®] e e 239k E3A-EE Fsl
9.33 mg/g®] F=F FX& ERIsIGTt. F FetEolE
o] A% drk ¢y, S5 44 A E S5 vyl
A Z¥zt 6.57, 12.11, 14.12mg/g®] 3o BRIEglom
o 5o H2lE S8l 7.55 mg/gd] EEtRole S S0
oS gelslgitt. o] DPPH A-gaitzt 27%9 A
w fAkeE AES JepliYlen, s 9 ZEiRo|= §EF
3l ksl o) Fxlo] el #AE U
= 5o olyd rlel BHL v w3l ¢ gl
Yo7 SLAE FIATI] B T AA7IE Akshd
, HeEid AL PAAAe aAH IS ERIEHITE (Cha er
al., 1999; Bernadette et al., 1998). ool A =31t
A2l gy FE2E0] SRS gl wE uEAdSs
epd Aoz AlgEn). SN gAkst drdo] Hojd
o= Betal Al 5do] o™ HAE o877t
A At} ool wEl & A7 7 IR Afopxe
9 CCD-986sks ]88l A2 45 AT

of\

By

H
foi =] XoN
=]

6. HPLC 244= S8t phenolic acid 2 Hlw
DPPH AHr2ttlZ 2753 & dle B SdhRieol= o
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=
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eI}, HPLCE ©]€3F phenolic acid TS H|wgho
22 F7re etslEs gRlstaxt ST 4 A=
Table 22 A3t} Gallic acid®] =S W23 HSE

HA At gyeilX gallic acid®] -2 —@EW dorom,
FTES AAEIE o oF 400 ug/gﬁﬂ S BHom vyt
< 5 Ast vy FE2E9 A9 oF 450 pg/gs] TS B
%Ath. p-hydroxybenzoic acid<} caffelc acid9]
2 2 TS AP W Fgol A @kl
Ao, vanillic acide % 234 53 A& 39S
o F ool o] XL HATE #ferulic acide] AR
acid —7}9} 22 S Helom Ay FEE o
SIS 7‘%’4“ U°ﬂ"1 3u oo g FXe
L A

[e]
RS

O

=

MEHES E3}o] _g_g zz]o] 01011;}\1,7%]/]_ ] ]
phenolic acid Hgko] Lot Ao g AlFHT}
S oled T4 B sk 3L B Puse] 1

O

o Tl njugle] AuaAE SIS ST 2T
9 %ol B3e)s 6 gee| ARtz A%
o] 30% o F7lo] How i W FehricolEi 2-3
W) Z7hele AnE SRlsidt). vjuEegel Joie 2uet
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