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Analysis of Index Components in Medicinal Crops of Andong Area Cultivated at
Different Altitude

Hui Jeong An*" and Koo Min Chung**

*Department of Medicinal Crops, Andong Agrotechnology Center, Pungsan 997-1, Korea.
**Department of Food Science and Biotechnology, Andong University, Andong 760-749, Korea.

ABSTRACT : The contents of index components in 5 medicinal crops cultivated at different heights in Andong area. The
contents of allantoin in Dioscorea batatas Decne and catalpol in Rehmannia glutinosa Liboschitz were not different
by cultivation heights (100 ~ 200 m). But the contents of index components in Astragalus membranaceus and Angelica acutiloba
Kitagawa were higher in samples cultivated at elevated heights. At 700 m of heights, the contents of formononetin and
astragaloside I in Astragalus membranaceus were 1.20 and 201.2 ug/g, respectively. The contents of decursin and nodakenin
in Angelica acutiloba Kitagawa were 68.3 and 4.20 mg/g, respectively. Thus Astragalus membranaceus and Angelica acutiloba
Kitagawa are recommended to be cultivated in higher altitude.
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M oA AEWAE (Au e al., 2004), HAZ7} (Choi er al., 2003),
&2ksl gy} (Farombi er al, 1999; Choi and Hwang, 2002)

2¥eF  (Dioscorea batatas Decne), 7| (Astragalus T O 252 /KR Adh e F2 R A
membranaceus), X% (Rehmannia glutinosa Liboschitz), gl AR E 9F, SHEE A SolA Aui=E ok

37 (Angelica acutiloba Kitagawa)$} 32 74 Hol (Kim and Kim, 1997; Min and Lee, 2008; Yin et al.,
A= E (Glycyrrhiza uralensis Fischy= HeA9 2009). ZFA|, oA, R A T2] RI7keke g ALS-EH, S
o] 715} Edol] At okgtEoltt. e FH S WollMe BE7e, 71059, AAUEY, 2HIEY, &
7152 Aol A7t Aletal Aol A ow (Korea A7 & FES A 717 2g8EY Kim e dl.,
Meteorological Administration, 2012), SFe} 3P A 1996). A& ghdollA] ZARPHe whet Aujel 5] =
T Awxpt Alekal S 7le deol Bt Egt EYSAES 7] wjol] EsA o] &b, AR FIAX, FEA
Q55 nAE GRS} AHFYEZ FHol dth (Kim, 2010). o] msol U AL HEL, A, A2 &
Cho 2011)= FEAGS FAFF AuiR|Q] A| 289e= +  FHE, AR §5°] U} (Takagi ef al, 1982; Tang
B3I, Ak EHA] X oA & 2t FRAER and Eisenbrand, 1992; Zhang et al, 2008). AA|&e] A
AEEF A9 o= JrollAy A7t 7Hse e AL AEoZ 4HF catalpol Jiang 5 (2008)2] AFol|A X]uf
Eolt} 4keke thaAl & YA EE 490 35ate] 1149 g 37t AL 3. GH= SHEelA vigxse}t ¥
off Fel= ZEE BElET|E WalH, EH-gard] o & WArd o2 g AEFTH T, TRIEST ol 2

Ir e
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= 593 AAZE AFEEI Aok (Kano, 1981; Yamada,
1992). tfgtekxe] ostw 7z AFEAE-2 liquiritin,
liquiritigenin, glycyrrhizin®|\}, 725 g32] 3P liquiritin,

glycyrrhizin®] & 743t} 3IATE (Choi er al., 2005;
Lim et al., 2010). Liquiritigenine &¥81218- (Zou et al.,
1996), &X]u] (Hatano et al., 1991; Pan et al, 2000), &
(Hwang et al., 1998), &d#2IA (Kobayashi e al, 1995),
3] B9t (Konoshima et al., 1989), 7t1=F -FarEAd#1A
(Kim et al, 2004)52] 38 7H sljtEelH, x| ofa
AEl glycyrrhizin® &Hlo]2]2> (Pompei et al., 1979), &
749 (Kiso e al, 1984), &<t (Mirsalis er al, 1993y5¢]
g3t e Aoz dEA Qo

ghoke] 71542 A5 S Al o8 Yehves e
2 A3 g B 2 AREAS B RIE F de
Zolth (Kim and Ryu, 2002). HefFe] x| HAJH9] ghake 2
5, g B AR, Apis, A Sl ofs) e ¢
(Kim and Ryu, 2002), $FPEE =4k 9 F=Ate) o}
T = ] ¥7F WAl vYehvhs A0E e

LC-MS/MSE o83l QFaAloA HF
7], A3, dgHe] ARl wE X
2HE0] stegRjolE Golr A}

=

e

1. B2 MBZ

of
)

Aol AMgE AkeF (Dioscorea batatas Decne), 371
(Astragalus  membranaceus), A% (Rehmannia glutinosa
Liboschitz), 937 (dngelica acutiloba Kitagawa), 7+=

(Glycyrrhiza uralensis Fischy= FsA] F&2HEAE oA 35
o Rgslion, A5 ks Aol 2012 4L AuiE
okg-zZolt}, AbkS EI 100, 150, 200 mollA )=,
71 FEIL 150, 250, 700m, AT EI 100, 150,
200m, LYAE FL 100, 300, 700 m, ZEE ¥ 200m
oA A=A, Abeke whal (1) 13) FoARE o] 11€9)
TSI, 7= oM (7Y 5%) FEoE 2~3 WA X
71614 AFste] 490 sgste] 119 1948S FEEisiTh
A8 F5e dHAFo R HAE AF FAES BV )
S2ollx] 60d SR T, Fsi] 1190 Tt 9
A AY (74 73) FEOE 197 S F A5 19
o FIelon, xE R (FIR)E 19 AR
= A2std 119l ek A% E3L 200m 2A|9] B
EjRgol o, T AEe] R

= =
AIE AFEER)RIE. AMF 2 A 2084

=
Ao
T
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EZAIH (RDA, 2010)°] =3tk 4beke] AAbgS
1033 Kg/10a (100 m), 969 Kg/10a (150 m), 970 Kg/10a
(200 m)°IA L, 7] A4kFS 280 Kg/10a (150 m), 287 Kg/
10a (250m), 293 Kg/10a (700 m), A& A2tk 752 Kg/
10a (100 m), 682 Kg/10a (150 m), 756 Kg/10a (200 m),
T S 330Kg/10a (100m), 330Kg/10a (300 m),
352Kg/10a (700 m)°Iich 2+ A5 FHEFAEANF (Cluster
Sampling) R 300 @A 2GS o] FHgem
Ural 2 HoflA] 2 JE AE (Random)S 2 A 3= WY
= ARSI, 33] RbE AjF S AP 8 AlEe B
o} 2715 B2 AT T 05mE AEslaL 60T Ax
(OF-22GW, Jeio Tech Co. Daejeon, Korea)stxl w}aj
(FM909T, Hanil, Wonju, Korea)d}d 100 meshA| = &23}sh
Ty Aol AREsIlaL, A BAIEE AP ARgst
Gt RS AFEE 24 7] (MB45, Ohaus, Swizerland)
2 105CellA Z7g33d
2. USA=O| NESH HES

AFAERD AFF 5 550 AFE=E EEES
AL (Irvine, CA, USA) A|FS AME-SIAAL, catapol
99.7%, decursin 59.4%, nodakenin 90.0%, allantoin 98.0%,
liquritigenin  91.6%, glycyrrhizic acid 75.1%, formononetin
90.8%, astragaloside I 98.6%°] At} EFEE 9 0.1-
100 pg/mL7}F E|=5 ZAsle] T8N0 3L, 717]91A
24 F Jde F=20 SHIAE et 5 e Ay
SH] (SN)YE 32 7E3 (Limit of Detection), 102 7%
SHAl (Limit of Quantification)® 39S W] F=Z T
St e A9 33] wHRsle] Hapht ¥5d9AE el

Att.
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3. ASHZO| LC-MS/MS ZMTAH

B2 F=o] A3 acetonitrile?} methanol> HPLCHE 3L
%= SulE Merck KGaA (Darmstadt, Germany)ollX %
ate] ARgatATh A4S 913 LC-MS/MSE RSLC
(Ultimate 3000 Rapid Seperation LC, Dionex, Thermo Fisher
Scientific, Sunnyvale, CA, USA)9} Z&-297] (API-3200, AB
SCIEX, Frammgham, MA, USA)Z 4% A& ARSIt
LC-MS/MS2] Xz Tables 1-37} 7}

T -
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1) Allantoin &AM

AboF A8 58 #3l] Hwang (2003)2] Aol
&t MeOH 500 mLE sk F, 80CollA 24747k
%29} (Powersonic 410, Hwasin, Korea) &3} t}.
AL filter paper No4 Z o33+ & ofzjells 40Colx

t&= (BUCHI V-805, Buchi, Germany)3s}x &=
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Table 1. Experimented conditions of LC and LC-MS/MS.
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Table 2. Optimized parameters of LC-MS/MS.

LC condition Compound Flow rate GraoLient B Dps Eps CE+ CXPx
HPLC Ultimate 3000 Rapid Seperation LC (mL/min) %)
Column YMC-Triart C18/5-3 fm/12 nm (100 x 2.0 mm |.D.) Allantoin 0.2 80 -30 -70 -16 -2
Column R Catalpol 0.2 70 -4 =20 -10 -2
oven 25¢ Formononetin 0.4 80 76 40 45 20
Flow Rate 0.2 mL/min or 0.4 mL/min Astragaloside I~ 0.2 50 -95 -10.0 -130 O
Injection 5 uL Decursin 0.4 50 71 80 25 4
Mobile A: water, B: acetonitrile Nodakenin 0.4 60 -40 -5.5 -20 -2
phase Gradient: B(40 ~ 80%), refer to Table 2 Liquritigenin 0.2 80 56 35 33 4
Glycyrrhizin 0.2 40 -105 -8.0 -52 -4
MS/MS condition *DP; Declustering Potential, EP; Entrance Potential, CE; Collision
Energy, CXP; Collision Cell Exit Potential.
MS/MS /3\2P(I)O Curtain gas (psi) 20
lon source S| Collision gas (psi 5 Table 3. MS/MS parameters for detection of medicinal crops.

. Positive 5500%* lon Parentions Fragment Retention
Detectionmode e [lon spray voltage (V) Z355,  Compound  gooene iz fons (mf2) _time (min)
Source temperature ) Declustering potential (V) Allantoin [M-H]  156.848 96°/113/58  1.13
© Catalpol [M-H*] 360925 198/169/96  0.12
:?n"z)e" time 200 |Entrance potential (V) | refer Formononetin ~ [M+H*]  269.000 196/115/88  0.76
lon source gas y to Astragalosidel T [M-H*] 867.092 59/825/807  3.43
(GST) (psi) 50 Collision energy (V) Table 2 Decursin [IM+H'] 329.007 229/213/55  6.40
lon source gas Collision cell exit Nodakenin IM-H*]  406.889 226/59/210  0.67
(GS2) (pSi) 50 potential ) Liquritigenin IM+H']  256.997 136/147/81 1.30

Glycyrrhizin M-H*]  821.024 350/70/85 1.53

*Positive ion is 1500 to 5500V, Negative ion is =1500 to —3500V.

250 mL SHFo &Rl T,
ethyl acetatez©. =
acetateol| 4] Ez]E

j=4
A FEZ2Q allantoin TS A7) API-320002 S5}
o3
AA
2) Catalpol S22

ARG A= 102 FsIed Zhu 5 (2003)2] A-Hel
w2} 30% MeOH 500 mLE YWl E33E & 2717 &9 %
=3 FEIAL. FEAS
14000 rpmol| A1 1027F A28 3 HS syringe filter
(0.45 )2 oJ3}3slo] Aol ARE3IITE YA 3]
catalpol =2 ZFEA7] API-32002.2 43S

ko3

filter paper No. 22 oj=Z}gk &

Tz
X229

3) Formononetin, Astragaloside I &2kZAd

7] AEE 3¢S 335l Hong (2010)2] ¥Pgel Z3}e]
70% EtOH 30 mLE Y3l A7} 59t 259 5331, 244]
b 2o A FE3HU Y. F=AE filter paper No. 42 33}
51 3 ozl S 40T FALEEsw EENL 250 mL =
Fgoll 8382171 th2, n-hexane, ethyl acetate, butanolsSZ
dAZ o 3314 §uf 25Tt Ethyl acetate =255 7+

rT=o=
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%lon fragmentation monitored using electro-spray ionization mode
and optimized by multiple raction monitoring (MRM) by fluid
infusion analysis.

bBold number corresponds to the most intense and most stable
fragmented ion and used for quantification of residual concentration.

&S BL MeOHOl| afiste] 2|3k =49 AEE=HQ
formononetin &S A #EA7] API-32000.2 S 3T
Astragaloside 1 33 Hong (2010)2] ¥el 2Jsle] A&
3 g9l 100% MeOH 30 mLE 718t 2417+ Z2g95%3)
3 filter paper No. 42 oJ33t & oJ3}NS syringe filter
(0.45 )= Ajojsfate] AHEA 7] API-320022 S48t

4) Decursin, Nodakenin &l2k2AM

I AFEE S¢S FHdt 50% EtOH 500 mLE 2
Gk 5 6AZF B9 229 FEEATE (Lee e al, 2000).
Aore] FHAE fg e (KFDA, 2009)
o] =3k FZ4S filter paper No. 42 73t & o
HAE FEFIL F5AE 250mL FF0 SaiA O,
dichloromethane® & 33| & £32l3le] Ao
St w53t AZEZQ! decursin TS
n-butanolZ 33] &uf IS} 79} F=3 nodakenin
S A7) API-32000.2 =3It 7
o gafiste] A AT

aE

SLZIE O

=
= AT

o

£
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5) Liquiritigenin, Glycyrrhizin S2ha4d

Az NEE 5g2 FHsl] Lee 5 (2009)2] WPl w31
2M HCI 500 mLE 7}3te] 90TColA 14]7F &<t g7 (MS-
DM 604, Dongseo Science, Korea)dle] liquiritin, liquiritin
apiosideZ- liquiritigenin® 2 7IE3)|5t53c}. o] 7S
filter paper No. 42 o33t ¥ oo dichloromethane

500 mL 7¥ated 40TelA A7 SHF5F-E3al 33] ukE 8o
233519 Fa=S 72952310 MeOHdl| £33k &
3 E4o A B EZH liquiritigenin TS A A7) API-
320002 43T

Glycyrrhizin 3> AAE o|okFe] “7IER AFH”
(KFDA, 2008)°] w} 7+2A18 1go 70% EtOH 71ske] 1

Allantoin (1.13 min)

Catalpol (0.12 min)

Formononetin (0.76 min)

Astragaloside | (3.43 min)

Decursin (6.40 min)

Nodakenin (0.67 min)

Liquiritigenin (1.30 min)

Glycyrrhizin (1.53 min)

Fig. 1. LC-MS/MS Wchromatogram of medicinal crops. Xaxis is time (min) and Yaxis is intensity (cps).
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Table 4. LOD and LOQ for component detection of medicinal crops.
LOD LOQ

2
Compound (g/ml) (ug/ml) R
Allantoin 0.014 0.05 0.9988
Catalpol 0.042 0.14 0.9995
Formononetin 0.004 0.01 0.9950
Astragaloside 1 0.025 0.08 0.9984
Decursin 0.012 0.04 0.9985
Nodakenin 0.001 0.003 0.9998
Liquiritigenin 0.013 0.04 0.9950
Glycyrrhizin 0.04 0.13 0.9965
AZd 253} FZ3]3 filter paper No. 42 &3k & o}l
S J

< syringe filter (045 mZE Ao 3}sle] HRFEA 7] API-
320002 =43t}

4. SHEAM
TAEA S Statistical Analysis System (ver. 9.1, SAS

Inc., Cary, NC, USAYE ©|-£3}] one-way ANOVA HAAS

gatom, B#7ke] fo/d BlEe Duncan®| THR W

(p<0.05)°02 oI5 AT

2
u
3
=

=

2

1. 2NN, HESH &

8Fo] #F AREHI ion chromatograms= Fig.19]l
Uepfilth. £ Aol 74E3 (LOD)= 0.001 ~0.042 g/
mLe] 2, A3 (LOQ)E 0.003 ~0.14 ug/mL FF=O 2 1}
Ebth Allantoin®] 7} F= (0.0184, 0.9, 8.9, 19.1 1),
Catalpol®] Z} 5% (0.9, 9.3, 18.3, 28.3 1g), Formononetin
o] 7z} FE (0.09, 0413, 12.7, 22.9 g), Astragaloside I 2]
7k F= (1.0, 32.8, 58.6, 100 /), Decursin®] Zt &%= (0.1,
0.633, 10.9, 20.6, 30.0 1g), Nodakenin®] 7z} &= (0.1, 1.0,
9.8, 19.7, 30.2/g), Liquritigenin® 2} ¥% (0.076, 1.0,
109, 19.2 1g), Glycyrrhizin®] 7} &% (0.89, 11.1, 193,
30.1 12)E &3t EFATANA 12 IS 4 R*Y
£ 09988, 0.9995, 0.9950, 0.9984, 0.9985, 0.9998,
0.9950, 0.9965% ¥t 244S YR (Table 4).
2. Mokt X|sto] X|Ede afet

2beke] 2 FAEQ allantoin®] $HEF (Table 5 F 3L
100 molA 10.63 mg/g, 150 mellA 6.37 mg/g, 200 mollA]
9.02 mg/g® UEh} ¥ao] e AEsHole UA3 7o)
ATk, AR Ee] T catalpol & (Table 5y 100 mollA
23.57mg/g, 150 mollA 23.20 mg/g, 200 mollA] 20.18 mg/gO =
Faro W A Aol= fle A= wEn

BATT

IXE X[
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Table 5. The comparison of index compounds contents on dried
medicinal crop of different altitude.

Cultivation Compound  Height
name (m)
Dioscorea Allantoin 100 10.63 + 0.04"a?
batatas Decne (ne/g) 150 6.37 + 0.06C
200 9.02 £ 0.01b
Rehmannia 100 23.57 £ 0.44a
glutinosa Cata"/oo' 150  23.20£0.20
Liboschitz (me/g) 200 20.18 +0.24a
. 150 0.80 £ 0.01b
Fomzzg/‘;)”et'” 250 1.00 + 0.01a
Astragalous 700 1.20 £ 0.01a
membranaceus ] 150 179.1 £ 0.41b
AStraEga'(/’S'de L' 950 197.0+041a
/g 700 201.2 + 0.48a
. 100 12.5+0.18¢c
Py Df;‘;/r;” 300 50.6 + 0.14b
agfgk’)‘fa 700 68.3 +0.12a
Kitagawa Nodakenin 100 3.60 £ 0.01b
(ng/e) 300 3.90 + 0.02a
700 420+ 0.01a
Liquiritigenin
Glycyrhiza 4 e /g) 200 16.4 £ 0.01
uralensis Fisch Glycyrrhizin 200 9704013
(mg/g)

YMean + standard deviation (n = 3).
?Mean separation within column by Duncan’s multiple range test at
p <0.05.

3. 2|9 K|z oft

Table 59141 &719] isoflavonoids’d+2] formononetin®]
e 3 150 molA 0.80, 250 mellA 1.00, 700 mel]
A 120 /g7 YERER, 3719 triterpenoids A E<1
astragaloside I 9] gH-2 150 mol|A] 179.1, 250 mol|A] 197.0,
700 molA 201.2 ug/ge =2 ERSTE 3719] formononetina}
astragaloside | &] 3 X7} HSFE AFoE o}l
& & AUk Im 5 (2010)2] HPLCel 2J3h &7]9f 4t
A gk o A formononetin®] RS A|H 0.049%, A
0.048%, BT 0.02%, B9 0.021%, T4t 0.05%°2 &
AR} formononetin®] o] HJH o= E=A VERstTh

=

o

4. Ao X|FELEZ afgd

¥ AdFAL decursin TF (Table 5)2 100 moiA]
12.5mgle (125%), 300mel A 50.6mg/g (5.06%), 700 mol
A 683 mg/g (6.83%)°]3L, nodakenin THS 100 molA]
3.60 mg/g (0.36%), 300 molA] 3.90 mg/g (0.39%), 700 molA]
420 mg/g (0.42%)0= YER} F37F 8575 folFo= &
7Yele A4S YeRdth Lim % (2010)2] HPLCO €13k =



eisly

W 5 3 A 2009L4 AARE (2o AL, ARk
ZAH, A ) 378S B4 A3, decursin T2

4.07 ~ 8.98%, nodakenin fg}%k% 0.25~0.68%% YER}, &
A¥o] ¥ 100 me] decursin o] Atjgoz HAA,
¥ 300met 700 me] decursin 3 100 m, 300 m,

700 me] nodakenin 3L E=A T2 LFERST)

5. 7I-7‘<9_| };'EA-IU 3FE.t

E AgoA 200m LA 9]
16.4 mg/g (1.64%), glycyrrhizin 27.0 mg/g (2.70%)°-
2 Ueht F4%71 710l A 2e= 7MY (Table 5).
HPLC 49X Lee T (2009)2 71313 liquiritigenin®]
0.58 ~ 1.73%2F2L 3193, Ryu & (2011 7H322] glycyrrhizin
kol 200 mol A 0.40 ~0.87%, 400 moll A 1.26 ~ 1.65%,
750 moll A 1.30 ~ 1.76%= ¥ shake] xjol7) Qe Aog
bt
6. EUSHI J|T

Lok, g7, A&, e AR o]
U= S oF&AEo| éﬂﬁl

o7 Fd AEE st A

o ARSH oFEAEC] AM)E B
FAMIE (RDA, 2010l %8}91
WHo R FU T Akeke
ARl 94 4
o W& A4 i}OI
3]
HiRIQ1 S5 A, A XW 73? JTA
EEoM AUFE 683%, FEAUE 13.2%, HAFEYE 53%
2 e FE ARSFEANA AplEe AR YERRTE (An er
al., 2010). 71’84 (KMA)2] =715 HAZAE (30:)

#2+= liquiritigenin  $HEFo]
S [e]

ek

3oa

o

=

ro AlollA
NN FEoE
Aol ARE-sISiT). &
ZHHH°=174 & FEXEH
, AIEe] AFHE F
allantoin ¥ ¥
Z|8}2] catalpol
© 2 et qF
F8 7] A
§1—7] o] E-Y

h=d,
w5
O

blacy
al o

ol
b

>i\‘

-

¢

- 0% ox

f oy
_N,
L)

_EJ::‘,
rlm j&

.
=]
H

off mt & > 1o 2 Mz fo
ﬁoﬁ
l

o

of

ofshd AAgt Fa7l2e] A& 125 AA 102, 9F 113,
Qs 119C, HuHw#7]22 A€ 170, AA 166, 5

17.7, b5 18.0C, HAHH722 A& 86, Al 6.6, B+
5.7, % 44C, BF AFFTS A 14505, AR 13878,
BF 12909, SHE 10664 m= YERY, ¢Hge] HdUwa}

(13.6Cy} 23 J5ae Ae Aoz vehteh B71e A

! mlr

& AAYA Aske Aol pelel Aol T2 FD
Fwsie], APAE LA} =23 Wifgo] we A7 1

Lo o

oA AEi7E S8ttt (RDA, 2010). £ A 37]
formononetin?} astragaloside I ] ¥k Fi7 =&45 4
fHoz =olde & 4 UL, dFAL decursin}
nodakenin &= EN7F FETE FoHE Tk AE
< Yeidth 32 700 mol|4] 871¢] formononetin®] 1.20
ug/g, astragaloside I7} 201.2 yg/go 2 AY =A YEl
W32, 700 mollA e decursin®] 68.3 mg/g, nodakenin®]

- 70l

96

420mg/go 2 AU FA rebsth.
A= ¥l A7 =32 (250, 300m
A (16T oPdhellA Auishs 3lo]
< 92 Aol Aujstde ik
200me] ZEE liquiritigenin  $Hgo]
e 27.0 mggo 2 eI

o] A%tz Ho} 719} o
A7t 2

=0

o) dux

=5 ZolH, wiet A&
Jetrhar weEch 3
16.4 mg/g, glycyrrhizin

LAl 2
B ATE 5 BU71E SHEARAE ] AL ofa) %
07 AFAAR ol PAEPYS 40 A, 4
S, AE) A, Al AR, ARE A 3
o mhg-e AT
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