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1. INTRODUCTION
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2. MATERIALS & METHODS
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2.5. & ZgH ol 3R
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Alstgiet.

2.7. 99 Al¥d UPLC 4

robw 7] 954 UPLCE ol §3f 2t A1

il

Hes s

mO

224 lancemaside?] Y WS

r

O Y
E'._l_'—_-]l

jo

ot
a2

[t A=S BH8 Methanolo] 0] 0.22um AUALE|R ofH}ste] 252

il

Img/mlL % injection volume 2ul=Z &Astgct. UPLC 7]7]= Waters ACQUITY H-
Class UPLC (Waters Corp, Milford, MA, USA)E A}835}¥ 00, MS instrumentzZ=
Waters Xevo G2-S QTOF MS (Waters Corp.), column& ACQUITY BEH C18

column(2.1mmx100mm, 1.7m)E ©]-§stAtt. 0|54 2+= HPLC grade Watero] 0.1%

uju
i

formic acid L o]=Ar At HPLC grade acetonitriled] 0.1% formic acidE 2 0]

4 BE AREsith. &&x272 B Gradient 0-32(B:10%), 3-11+(B:20%), 11-20+

(B:23%), 20-21%5-(B:95%), 21-25%(B:10%), &-4-& 500ul/min, £%E+ 280nmO 2 EA

2.8. A vLdEFA A3 A3 AF

ne

4]

fs

B

34 AEetmAE 14:10 A7) Gt who] £7]2 28.5C0 228 4]
oju} AAENS 7R SR O|A AFS-5HE AL (Kimmel et al.,1995; Westerfield, 1993), 20 L

=

220 3~5 o0pg] @i Aro}l9l= brine shrimp (San Francisco BayBrand, Inc., Newark,



olalol 4 AFS3l9THSeung et al, 2013). o5 A%d xluatms] o

rrg o ANE

>
B
2
i

A tag G571 A7) 182 ARE o2 &2 AiF|ste] A|B2tm|p ot HiA| o]

g A2 %, 7 S-S BEER A S9ich A4S A2 Al Aue) A
=3 Yrg & 4

o 4 Q7lo] ol 1YL Yol Astdn, AE A2l F 24 AR of
WE] S4o] Uehd Lo AAStL, Uulx] 2o Aure oA AA T 2 WA AEL

AfstRnt. e A2 48 AIF ofgof x4k, AE Ao AP EES AA

W splt. ol ¥ triglyceride S AP F AA BEE AR SIATH

= o v O O



3. Results

3.1.DPPH A&z &2A8A 54
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Table 1. DPPH scavenging activity of the SCE" (ECs) (mg/mL)

0} 17} 27+ 33} 47} 5x} 63 77k 83} 97}

3.10£0.73 | 2.80+0.10 | 1.74+0.06 | 1.77+£0.06 | 1.43+0.02 | 1.48+0.04 | 1.38+0.00 | 1.47+0.04 | 1.37+0.03 | 1.42+0.03

%47] (GEO)| 3.80+0.10 | 1.40+0.10 0.99+0.10 0.90£0.10 0.70£0.10 0.70£0.10

1) SCE; Steamed Codonopsis lanceolata Extract
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33. & ZgRyo|t 3R

4% anmoz Astel AL, FY B AW e BYIISS JE o ¥

uju

214 QItH(Williams et al.,2004; Jeong, 1991). 345459 & Z2etdwolt T2 5 2
He g3 fABH 7t 218 & 271 ot (Table 3). 2B H7](LAB) S 28

g ESUEY 4% & Sl LS 6RIe 8AtOIA 0.749F 0.79mg/gC2 M

gol

J&fol

ol

7 Uehgon), 3471GE0)Y 49 54 847} 71845 5 Feuolc
setol 951 F4CI0lA 1.16me/g02 FEAX(OK) cigol uls) 2ujoly & Sejuie

o= gyol FleE A & 4 rk ol AYZ B @ 40y 2589 F 2

He T & Z2EolE IF2 $57I(GEO)E &Eet AEA 21U Bw7|(LAB)

Bo} 2 UEE e ¢ 27} 9ot

Table 3. Total Flavonoid content of the SCE (mg GAE"/g)

R} 171 23 3%} 43} 5} 63} 73t 8a} 9}

0.45+0.006 | 0.42+0.007 | 0.54+0.008 | 0.53+0.009 | 0.64£0.011 | 0.65+0.012 | 0.74+0.012 | 0.68+0.015 | 0.79+0.012| 0.73+0.01

%%7] (GEO)|0.5140.016 | 0.61+0.032 0.75+0.019 0.76+0.02 1.02+0.026 1.16+0.016

1) Total flavonoid content was expressed as mg/g gallic acid equivalent(GAE)
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3.4. 99 AI¥Y lancemaside $HFEA]

ol

£0Y £&522 7M1 lancemaside ¥ A B#H3IE LC-MS/MSQ HPLCE E35lo] 24

i

op
ogt

< AAlsHH. Lancemaside w412 AAISH A1t 54 A8 tfH9 lancemaside A9
Fo] A& lancemaside 2tgiE Fol AlY =2 FFS Holi Qled o3t Aute 2

of wxs o 1S & 47b QCHKIm et al., 2014). £A5F Zit, LABO

i)
ret

A7 5T} 5

Atoll vlsll LAB 2AM7HA]= lancemaside 3tgi&E0] 3afo] Z7ksts GAtS EOX|TH LAB

gol

3X}EE] LAB 9%}, Z72]1 GEO9 & MZE=2o XA Oo =R lancemaside &}gH=0] st

o] 4 A C=o] wls) YAHE AS & 4 Ak olelet Aue 2 ), lancemaside A
of Z7bg %t ANl F4 £US AnYTILABSIA 28 F471A AWt 2Y e
oF

2 4 ok Edt S5 Ee AQoIM 9] 452 lancemaside SFFE9] TAE &

A7) lancemaside 2E2 = Wol Zdsti Qlo] g A= WHald Jhs/do]

62
UOI‘

Aok ARZ QMoA  FZ45S  Eoto], fructose, glucose, maltose?] Tt

ginsenodise-Rh2 , -RG3 &=Fo] S7HKwak et al., 2008)5t= Z1-& HRIstF o, o]l& &

sl oh2 2A2 Sio] Watd Zlolztn

Aph

g 4 A (Fig 1).
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(A) The result of analysis saponin of LAB

10000.0
8000.0

6000.0

7
4000.0
2000.0 I I
0.0 u __l .___. .___. - e Hlm . _ml. _ mE_ __=B_ —m

LAB 0 LAB 1 LAB 2 LAB 3 LAB 4 LAB 5 LAB 6 LAB 7 LAB 8 LAB 9

Intensity

M lancemaside A M lancemaside Bor E M lancemaside C  MLlancemaside D M lancemaside Bor E M Lancemaside G

(B) The result of analysis saponin of GEO
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2
£'5000.0

c
2 4000.0
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3000.0
2000.0
1000.0
0.0 H_ = - _ 1 - — m___ 1 -_— __ __ _m=m —_ _ __mm

Geol Geol Geo3 Geo5 Geo7 Geo9

M Lancemaside A M Lancemaside B or E M Lancemaside C M Lancemaside D M Lancemaside B or E ® Lancemaside G

Figure 1. The lancemaside compounds analysis result of steamed codonopsis

lanceolata. (A) Analysis result of Lab process products (B) Analysis result of Geo process products
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Auehs QAzte] 9AAL el 7] A SAR HEEERN A 7% 4 9u
w27 wAstel 39 ojuoll: £WE L lsh WA xrlupge dujyor Wik v}

Sei0), @RS AAL B W] Bojsts SHAlY Aol Jissile] AxEEe

DS AFste AR 72T SRR E3]1L A (Seung et al., 2013). ST

d
A
i
5
(=)
)
[6[0]
N
8
C
O
A,
II
15
=)
b
[ns)
=
@)
<
=2
2
ic)
o

4A1ZE 7HA] Aol o)agol gl 7
o2 et (Fig 2. Table 4). ol2igt At 3409 2520 AZU 4S HoiE
b @ 4 ork Aluehmae] YRS o3t AT X a5 BHE 54 HAE Ay

= vlgto g 35t9 bug/mLa}t 10pg/mLo =2 XS5ttt (Fig 3, Table 5).

Table 4. Effect of SCE treatment on zebrafish embryo development rate for 24H.

Concentration 1%
(ng/ml) DMSO 1 100 100 100 100

Death

Normal development 1010 10110 1010 1010 10110 10/10 1010 10110 10/10 1010 10/10 10110 10/10 1010 10110 10/10 10/10

General retardation
(delay)

Coagulated egg
Necrotic tissue

Eye development
alteration

No somite formation

14



(B)

ol
(A) T Control
g 1@ e e

Codonopsis lanceolata extract (CE)
b — U

2@ 1@ 1030

6™ Steamed codonopsis lanceolata extract (LAB 6® SCE)

Lr Ll el v
-l

5t Steamed codonopsis lanceolata extract (GEO 5% SCE)

Figure 2. Effect of SCE treatment on zebrafish embryo development for 24H

(A) Control , (B) CE (Codonopsis lanceolata extract) (C) LAB6 (D) LABS8 (E) GEOS

Table 5 Effect of SCE treatment on zebrafish embryo development rate for 48H.

15



Concentration 1%

(ug/mi) DMSO 1 100 100 100

Death
Normal development 10/10 10/10 10/10 310 10/10 1010 4/10 10/10 5/10 3110 10/10 1010 210

General retardation

10/10 10/10 710 10/10 10/10
(delay)

Coagulated egg
Necrotic tissue

Eye development
alteration

Edema 710 1010 6/10 10/10 5/10 710 10/10 8/10 10/10
Pigmentation
Tall formation
Scoliosis

Head formation

48 hpf Con

Control

(A)

1% DMSO
Codonopsis lanceolata extract (CE)

48 hpf e O
S— = == ,-" T T AR
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Supplementary Fig 1. LC-MS/MS analysis of saponin in Codonopsis lanceolate extract.
A; Lancemaside A, B; Lancemaside B, C; Lancemaside C, D; Lancemaside D,

E; Lancemaside E, G; Lancemaside G
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Supplementary Fig 2. LC-MS/MS analysis of saponin in LAB1 extract.
A; Lancemaside A, B; Lancemaside B, C; Lancemaside C, D; Lancemaside D,

E; Lancemaside E, G; Lancemaside G
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Supplementary Fig 3. LC-MS/MS analysis of saponin in LAB2 extract.
A; Lancemaside A, B; Lancemaside B, C; Lancemaside C, D; Lancemaside D,
E; Lancemaside E, G; Lancemaside G
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Supplementary Fig 4. LC-MS/MS analysis of saponin in LAB3 extract.

A; Lancemaside A, B; Lancemaside B, C; Lancemaside C, D; Lancemaside D,

E; Lancemaside E, G; Lancemaside G
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Supplementary Fig 5. LC-MS/MS analysis of saponin in LAB4 extract.
A; Lancemaside A, B; Lancemaside B, C; Lancemaside C, D; Lancemaside D,

E; Lancemaside E, G; Lancemaside G

Supplementary Fig 6 LC-MS/MS analysis of saponin in LABS extract.
A; Lancemaside A, B; Lancemaside B, C; Lancemaside C, D; Lancemaside D,

E; Lancemaside E, G; Lancemaside G
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Supplementary Fig 7. LC-MS/MS analysis of saponin in LAB6 extract.

A; Lancemaside A, B; Lancemaside B, C; Lancemaside C, D; Lancemaside D,

E; Lancemaside E, G; Lancemaside G
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Supplementary Fig 8. LC-MS/MS analysis of saponin in LAB7 extract.
A; Lancemaside A, B; Lancemaside B, C; Lancemaside C, D; Lancemaside D,

E; Lancemaside E, G; Lancemaside G
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Supplementary Fig 9. LC-MS/MS analysis of saponin in LABS extract.
A; Lancemaside A, B; Lancemaside B, D; Lancemaside D,

E; Lancemaside E, G; Lancemaside G
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Supplementary Fig 10. LC-MS/MS analysis of saponin in LAB9 extract.
A; Lancemaside A, B; Lancemaside B, D; Lancemaside D,

E; Lancemaside E, G; Lancemaside G
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Supplementary Fig 11. LC-MS/MS analysis of saponin in Geol extract.
A; Lancemaside A, B; Lancemaside B, D; Lancemaside D,

E; Lancemaside E, G; Lancemaside G
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Supplementary Fig 12. LC-MS/MS analysis of saponin in Geo3 extract.
A; Lancemaside A, B; Lancemaside B, C; Lancemaside C,

E; Lancemaside E, G; Lancemaside G
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Supplementary Fig 13. LC-MS/MS analysis of saponin in Geo5 extract.
A; Lancemaside A, B; Lancemaside B, D; Lancemaside D,
E; Lancemaside E, G; Lancemaside G
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Supplementary Fig 14. LC-MS/MS analysis of saponin in Geo7 extract.
A; Lancemaside A, B; Lancemaside B, D; Lancemaside D,

E; Lancemaside E, G; Lancemaside G

38



A
i
- B
i
I,
- D !‘: 1 s
. I ’
£ T I B
Ir P e
- S
-

Supplementary Fig 15. LC-MS/MS analysis of saponin in Geo9 extract.

A; Lancemaside A, B; Lancemaside B, D; Lancemaside D,

E; Lancemaside E, G; Lancemaside G
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Abstract

In this study, we investigated the characteristics of functional materials from
Codonopsis lanceolata through steamed process. We performed two types steaming
process and secured ethanol extract of C. lanceolata, and analyzed antioxidation
activity, polyphenol and flavonoid contents. Steamed Codonopsis lanceolata extracts
(SCE) were shown to have 5 times increased antioxidation activity, 4 times of
phenolic content and 2 times of flavonoid content, compared to raw Codonopsis
lanceolata extract. LC-MS/MS analysis determined that lancemaside A was the most
abundant saponin in the SCE. The lancemaside A content was increased or
decreased according to the condition of steaming, suggesting steaming condition is
important to get lancemaside A with high efficiency.

Furthermore, SCE (LAB6, GEO5 b5ug/ml) treatments decrease tamoxifen-induced
triglyceride in blood and fat in liver. We performed HPLC and LC-MS/MS using GEO
sample. We identified two compounds, pyrogallol and delta-tridecalactone, in SCE
for the first time, which were increased according to the number of steaming
processes. Delta-tridecalactone is known to be effective in inhibiting the invasion of
cancer cells, and pyrogallol has been reported to have excellent antioxidation
activity. In conclusion, we could increase the contents of functional compounds
through the steaming process of C. lanceolate and identified those compounds,

resulting enhanced physiological activity of the Codonopsis lanceolata extract.
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