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Analysis of Index Components in Medicinal Crops of Andong Area Cultivated at
Different Altitude
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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 %l AEWAE (Au e al., 2004), HIZ7} (Choi et al., 2003),
ksl a s}t (Farombi et al, 1999; Choi and Hwang, 2002)

2FeF  (Dioscorea  batatas Decne), 37| (Astragalus et %S T Aok e T2 AdE A
membranaceus), X% (Rehmannia glutinosa Liboschitz), & AAEE T, FEEE A FolA A=A vk
37 (Angelica acutiloba Kitagawa)e} 3|2 74 Hol (Kim and Kim, 1997; Min and Lee, 2008; Yin et al.,
A= ZE (Glycyrrhiza uralensis Fischy= HeA9 2009). Z3EA|, olxzA|, R|FHA| F2o] "I7keko g ALgEH, g
o] 715} Edol] At oFgrEolt). e FHUEd WolXe BEol7|), 7|05, AN EY, FRIE", A
7152 kAol A7t Al Aol oW (Korea AR § FES Al @717F E=3ES (Kim e dl,
Meteorological Administration, 2012), SFs# 3 dsly AA 1996). A|&=2 ghdol|A] ZARPH wE} Adrjel E50] =
T Azt Astar bl 7le gol BWrh g EYEAS 7] wjZol] EsA o] &b, AR FEAX, FEA
Ot PAME GRS AFEYER FHo] th (Kim, 2010). o] msol U AT HEL, A=A, A2 &
Cho (2011)= FEAGS FQAFF APAQ] A| 2@go= + SRy, JYHLe g5o] Utk (Takagi et al, 1982; Tang
B3I, Ak EHRA] X oA & zlgte FRAER and Eisenbrand, 1992; Zhang et al, 2008). AA|3+e] A
AEER A9ge] o oAy At 7Hest T8 AL AdREeE UTX catalpok Jiang 5 (2008)2] Aol X|w
Bolrh AFkS thadl 2B Ya2ER 494 ggate] 119 A Re] Zart okl st 3= dhielA Wdx st &
Fehe =R YeEr|E e, 8ol ok # Heet o2 Qg ofdFH AT, wHlET Tl AW
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= $93% AAZE AFEEI Aok (Kano, 1981; Yamada,

1992). tigtekxe] ot 7z AFEAE-2 liquiritin,
liquiritigenin, glycyrrhizin®|\}, 725 €] 3P liquiritin,

glycyrrhizin®] & 744301 3FAth (Choi er al., 2005;
Lim e al, 2010). Liquiritigenin® &2F3}2H8- (Zou et al,
1996), &X]u] (Hatano et al., 1991; Pan et al, 2000), &
(Hwang et al., 1998), &3 #21A (Kobayashi et al, 1995),
&yl 5F-QF (Konoshima ef al, 1989), 71=& FAEAA1A
(Kim et al, 2004)52] 43S 7H slstEeld, x| ofa
i glycyrrhizin &vlo]2 2 (Pompei et al., 1979), 3
7 (Kiso et al., 1984), &< (Mirsalis et al., 1993)5<]
7L JE Ao dHA QT

ghoke] 71542 B S Aol o8 vehbe 2o
2 A g B4 2 AREAS B RIT F de

Zolt} (Kim and Ryu, 2002). §Fe] | JARe] aake 2]

2
B F, 78 2 AR, AR, A Sl o8 Wd
A3 (Kim and Ryu, 2002), gHePd= =4k 9l F=titel o}

2} 22 e ] E27 WA vehve Zle® U
ok (Lee, 2006).
weh E AE LC-MS/MSE o3 HgAlolM A5
G771, A, L] Ao wE A
S AR, R 2h=e] dAelE Aot

[s]=}]
oy

Pl

=

b=

1. B2 MBT

B Ao AREE A (Dioscorea batatas Decne), 371
(Astragalus  membranaceus), A% (Rehmannia glutinosa
Liboschitz), Y9 (4dngelica acutiloba Kitagawa), 7FZ

(Glycyrrhiza uralensis Fischy= FsA] F&2HEAE oA 35
o7 Bofslglom, 7L s YoM 2012 499l AujE
kg2t olt}h, AFES E 3 100, 150, 200 molA A EIAAL,
871 ¥ 150, 250, 700m, A FIL 100, 150,
200m, YFAE FIL 100, 300, 700 m, 2= FI 200m
oA A=At ARk Tul (v} 135) FRtE Aol 110
FEHAL, Bl oM (P 5%) FFOR 2-3 9N X
714 AEste] 49 gt 1€ 18 skt
2Age] F5e A Fgor Adx YF3 FAE v7H &
F2oA 60Y SHS &, ggate] 1194 FELleith A9
Ae 1Y G 73) FEo U7 SE T ZAs] 1Y€
o FEelNon, xE Ex (FAAR)E 194 AR
A2t 1140l ettt A% 3L 200
Ao, e 2 g EFe

AHFE)INT. ARF 2 AL FEEH 9
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FE=AEE (RDA, 2010)0 Eakdth Abeke] bk
1033 Kg/10a (100 m), 969 Kg/10a (150 m), 970 Kg/10a
(200 m)°|3L, B7] AAHEFS 280 Kg/10a (150 m), 287 Kg/
10a (250m), 293 Kg/10a (700 m), A& AJabzke 752 Kg/
10a (100 m), 682 Kg/10a (150 m), 756 Kg/10a (200 m),
FA S 330Kg/10a (100m), 330Kg/10a (300 m),
352Kg/10a (700 m)°Iich 2+ A5+ FHFAEANF (Cluster
Sampling) 2= 300 THloA RS ol FHge=
Ural 2 HoflA] 2 E AHE (Random)S 2 A 3= WY
= ARSI, 33] REE AjFHSA AEE AlEe B
o} 2712 B2 AT F 05mE AL 60CAN Ax
(OF-22GW, Jeio Tech Co. Daejeon, Korea)stxl w}aj
(FM909T, Hanil, Wonju, Korea)d}d 100 meshA| = FZ3}sh
T Aol AREsIlaL, WA BAIEE AP ARgst
Gt FEgERS AFEE 247 (MB45, Ohaus, Swizerland)
2 105ClA Z7g3iich.
2. UBHEO| NHEEE HES

ANEAFS] 2 5 550 AEEH EFEES ChromaDex™
Ab (Irvine, CA, USA) A|FS AME-SIAU AL, 5+ 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%°] %1t} 0.1-
100 pg/mL7}F B =5 ZAsle] T8N 0= S3aL, 7]7]001A
248 Jde F39 SIS Tt & e s
28] (SIN)= 3% #E3M) (Limit of Detection), 102 33
34 (Limit of Quantification)® 3} W] T=2
sttt BE A2 33 wHgsle] Huitat ¥=dAE ok

ST EZI o

JJ.’\L‘TT"] TEE

o -1

3. UBF29| LC-MS/MS AT

B2 F=o A3 acetonitrile?} methanol> HPLCH 3L
% 872 Merck KGaA (Darmstadt, Germany)llX T
sto] ALgStATH A EEAS 918 LC-MSMSE RSLC
(Ultimate 3000 Rapid Seperation LC, Dionex, Thermo Fisher
Scientific, Sunnyvale, CA, USA)9} Z&-297] (API-3200, AB
SCIEX, Frammgham, MA, USA)Z 7A4% 7S AR
LC-MS/MSe] #4%271& Tables 1-33F 7t}

LR B g T T
1) Allantoin &M
ARE A|HE 58 FEle] Hwang (2003)8] AP0l
&1 MeOH 500 mLE ¥ E§3 5, 80TCollA 244171
%223} (Powersonic 410, Hwasin, Korea) =3It}
A& filter paper No4 2 o373+ & ofzjollS 40TCollA

[¢

25

=
5= (BUCHI V-805, Buchi, Germany)3dlal &3
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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 tm/12 nm (100 x 2.0 mm I.D.) Allantoin 0.2 80 -30 -70 -16 -2
Column N 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 IQZP(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 iy [lon spray voltage V) Z355,  Compound  pooene (miz) 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
([r)n"Zf" 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 [M+H']T 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 SFoll 3A1Z1 th2, n-hexane, dichloromethane,
ethyl acetate>C. 2 THAFH o2 334 & EI3IT}. Ethyl
acetateol|A] E2]E 55 AWESHIIL MeOHell 8-3l5he]

A= o
AEEAS allantoin S DHEA7] API-320002 =48}
o3
AN
2) Catalpol &ehzA

A A 5T 10gS F3te] Zhu T (2003)9] A4l
ukl 30% MeOH 500 mLE Wil e & 2417k &<t =
<3 FE39Th. FEAS filter paper No. 22 o333 &
14000 rpmol| A1 1027F AR e 3 HS syringe filter
(0.45 ymyz. oJ}ate] Aol ARE-sISATE. ARG
catalpol TS A3EA7] API-32002.2 S4 313t

hya =4
FEEEe

3) Formononetin, Astragaloside I &2hZAd

7] AEE 3¢ Z3le] Hong (2010)2] ¥Pgel F3fe]
70% EtOH 30 mLE 3L 1A} 59 253 353157, 244]
7b Zg2ollM FE3ATE FEAS filter paper No. 4% o3}
b5 oA 40CHAH AFsFstL s5AE 250mL 5
Fgroll 832171 th2, n-hexane, ethyl acetate, butanolsS 2
dAFCc® 3314 gl £85It} Ethyl acetate 352 7

= =

¢

=
[
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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 3t MeOHell -g3lste] &3 E49] AFEAS
formononetin S F A7) API-32002-2 =453
Astragaloside 1 =82 Hong (2010)2] ®Hidl o5t AlR
3¢l 100% MeOH 30 mLE 7}t 247 2S95%3}
3 Ailter paper No. 42 of3sk & o3-S syringe filter
(0.45 ym)=. Aoiale] ATEA7] API-32000-2 ZA AT

3

gl

4) Decursin, Nodakenin &l2k2AM
I ANEE 5g2 F8kd 50% EtOH 500 mLE

o o
e F 60 B 2

5]
o
FZ3IAUTE (Lee et al, 2000).
EFFY] W (KFDA, 2009)

filter paper No. 42 &35t T o
250 mL ol 832

aE

o
(@]
=
3
=]
3
8
£
E:

¢ T53te] AEEZHR! decursin
n-butanol2 33| &nj E3 sl
g A7) API-32000.2 28
o gallate] Adol A&ttt
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5) Liquiritigenin, Glycyrrhizin Si2F2 500 mL 7¥ate] 40Col|A 1A1ZF SHR5-&3tar 33] WHE g
HE ANEE S FsH Lee 5 (2009)2] WHel £t E3SIIh EElSS A eSSl MeOHdl| 835t &

2M HCI 500 mLE 75k 90TCollAl A7 Bt 37 (MS- 3 E29] EEZS liquiritigenin 3Hg-S FH4]7] API-
DM 604, Dongseo Science, Korea)dle] liquiritin, liquiritin 320002 =AsIth
apiosideE liquiritigenin® 2 723l 33t} o] 7Rl d-S Glycyrrhizin 3> AAE oJokFe] “7IER AFHH”
filter paper No. 42 oJ3}gt F oA dichloromethane (KFDA, 2008)l wz} ZZAIE 1

)
lr_&

Allantoin (1.13 min) Catalpol (0.12 min)
Formononetin (0.76 min) Astragaloside [ (3.43 min)
Decursin (6.40 min) I:\Iodakenin (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} 33 filter paper No. 42 <73 & o3}l

KN

S syringe filter (0.45 mE Aoj}ste] FA#FRA7] API-
320002 =43t}

SAEA

TAEA S Statistical Analysis System (ver. 9.1, SAS
Inc., Cary, NC, USAYE ©|-£3}] one-way ANOVA HAAS
gatnom, B#7ke] fo/d BlEe Duncan®| THR W

(p<0.05)°02 F25 AT

4.

1. A HESH

8Fo| BF X ion chromatograms= Fig.19]|
e AT 2 =3 (LOD)= 0.001 ~0.042 g/
mLe]3, A& (LOQ)y= 0.003 ~0.14 g/mL 5202 1}
Elytth Allantoin®] ZF F% (0.0184, 0.9, 89, 19.1 1g),
Catalpol®] 7z} % (0.9, 9.3, 18.3, 283 1g), Formononetin
o] Z+ F% (0.09, 0.413, 12.7, 22.9 /1g), Astragaloside I <]
7} 5% (1.0, 32.8, 58.6, 100 18), Decursin®] 2z} &% (0.1,
0.633, 10.9, 20.6, 30.0 1), Nodakenin®] Zz} 5% (0.1, 1.0,
9.8, 19.7, 30.2 1), Liquritigenin®] Z+ =X (0.076, 1.0,
10.9, 19.2 1), Glycyrrhizin®] z+ &% (0.89, 11.1, 193,
30.1 g)S S93k] FEHFAANAN 12} I A S A& R*%Y
S 0.9988, 09995, 0.9950, 0.9984, 0.9985, 0.9998,
0.9950, 0.9965% F=.3t ZHd4-S JERUTT (Table 4).
2. 2ok} X|ate] X|FME et

2beke] 2 FAE<Q allantoin®] 3 (Table 5)2 E 3L
100 mel A 10.63 mg/g, 150 molA 6.37 mg/g, 200 mollA]
9.02 mg/g® UEh} ¥ao] e AEsHole UA3 Agko)
P}t AR Ee] F 7 catalpol & (Table 5y 100 moilA
23.57 mg/g, 150 mollA] 23.20 mg/g, 200 mol|A] 20.18 mg/g O &
x| W FAA ol ge Ao

IXE K=
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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 (ng/g) 150 6.37 + 0.06¢
200 9.02 + 0.01b
Rehmannia 100 23.57 £ 0.44a
glutinosa C‘?[tna'/po' 150  23.20£0.20
Liboschitz o8 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
AS"a?a"/”'de ' 950 197.0+041a
"e/g) 700 201.2 + 0.48a
. 100 12.5 +0.18¢c
e Di;‘;/r;“ 300 50.6 + 0.14b
agfgk’)fa 700 68.3 +0.12a
Kitagawa Nodakenin 100 3.60 £ 0.01b
(/e 300 3.90 + 0.02a
700 4.20 £ 0.01a
Liquiritigenin
Glycyrhiza 4 e /g) 200 16.4 £ 0.01
uralensis Fisch Glycyrrhizin 200 970 4013
(mg/g)

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

3. 29| K|z ot

Table 59141 #719] isoflavonoids’d+#2] formononetin®]
e B 150 molA 0.80, 250 mellA 1.00, 700 mel]
A 120 /g7 YERER, 8719 triterpenoids A E<1
astragaloside I 2] & 150 mellA 179.1, 250 mellA 197.0,
700 molA 201.2 ug/ge =2 ERTE 3719] formononetin}t
astragaloside [ ¢] &&& F 77} =25E AhEog =olf
S & S AU Im 5 (2010)2] HPLCO| 23l 8H7]¢] A
A SFHEAolA] formononetin®] TS A 0.049%, A
0.048%, ¥ 0.02%, B9 0.021%, T4t 0.05%°02 &
AR} formononetin®] FHFo] A O E E=A VER

ol

[e] =

o

4. A X3 o

F3E AdFAL decursin TF (Table 5)2 100 moi|A]
12.5mgle (125%), 300mel A 50.6 mgg (5.06%), 700 mol
A 683 mg/g (6.83%)°]3L, nodakenin TH2 100 mol|A]
3.60 mg/g (0.36%), 300 molA] 3.90 mg/g (0.39%), 700 molA]
420 mg/g (0.42%)0= JER} F7F 2855 FolFoR &
7¥ehe 7S YeRiLE Lim 5 (2010)2] HPLCO |3+ =
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& B A 20099 AYEE (MEFFAE, A F
EA3% A3} decursin
4.07 ~ 8.98%, nodakenin e 0.25~0.68%% ERL,
Aol ¥ 100 me] decursin o] Atigoz HU,
¥ 300met 700 me] decursin $FEFF 32 100 m, 300 m,

700 m¢] nodakenin THE = =R VETEH

A, AA F) 378

5. Zx0| X|EMF st
2 AyoA 200m A FHEE liquiritigenin o]
16.4 mg/g (1.64%), glycyrrhizin ¥&-2 27.0 mg/g (2.70%)°
2 Ueht FE97L 7)ol At Ao= Az (Table 5).
HPLC #4Jo)|A Lee 5 (2009)> 7F=-3]3% liquiritigenin®]
0.58 ~ 1.73%E12L 3F3L, Ryu 5 2011y 7H22] glycyrrhizin
ko] 200 mol A 0.40 ~0.87%, 400 mol| A 1.26 ~ 1.65%,
750 mollA 1.30 ~ 1.76%= ¥ gFFe] zlo|7) Je 2o
LFERSAT
6. EASHI J|T
2kek, 3], A3, G AR o] BE FeAlA HFE
U= S oF&AE] &t QFEAldA FEoER
Ao FH ARE FYsie] Aol AREsISiT &
Toll ARl oFgEHE] AM|EF B Aol FEXEH
FFAR (RDA, 2010000 F3kiz, A8 AH= =
AF WHo 7 FUSIY) Ak allantoin 3 X
2 gEsharelle dA s Aol qilar, 28] catalpol
Eol W EA1F ol gle Aoz yepdt o
o} FF9] AMELS AlFE|=], F2 Y] A
HiRIQl 5 A, A A, AR GFA9e] 4719 EAE
EEoM AUE 683%, FEAUE 13.2%, AFEYE 53%
2 Y= FE AEAN AuiEE AeE YERTE (An er
al., 2010). 71’ (KMA)2] =713 HAgAE 303d)l
ofshd ARt Hetrlo] Mg 125, A 102, ¥ 113,
oty 119C, FuHF7| & e 170, A 166, 5
17.7, b5 18.0C, HAHH72 A& 86, AR 6.6, B+
5.7, s 44C, Het 7T A€ 14505, AH 13878,
93 12909, o5 10664 mz YERY, oHso] HWAdwx}
(13.6Cyt A3 7 A& Z1o=2 Yepgtt 7= A
gk AR Aeskes Zlo] ¥ele] Aol £i #4
Foatn, dYHE YAt A5 GAREFe] B ARt
2ol A Aui7E G2k (RDA, 2010). 2 AFoA 33719
formononetin?} astragaloside I 2] ¥&r& X7 £&4F
HHoz EolHS & 4 AN, dIFAY decursinF}
nodakenin F% HF BETE FolHo=R FUtsle A
< Yeldth. 327 700 mollAl 3719 formononetin®] 1.20
ug/g, astragaloside I7} 201.2 pg/go 2 AY =A YEl
W32, 700 mollA A2l decursin®] 68.3 mg/g, nodakenin®]

ol
bl

0% ox
%
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)
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2 > 2t
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N
=
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420 mg/go 2 AU =A UERsTh o] AR Kol 9]¢t o
FE vy Xi7F =32 (250, 300m o) dwxprt &
A9 (16T oPhelA Auishs Zlo] £ Zlol, niel A&
< 92 Aol Aujster Flsiota ddtEnh ®5
200 m2] liquiritigenin H#Fe] 16.4 mg/g, glycyrrhizin
SRS 27.0 mg/gS 2 e

> -
PAES

ZAe =2
2 A7 A FH7E ReAEAE Y] Ao o8l
e A7AAZ olol A=Y AW S, AdE
Fd, AdE A, At Ad, A=s A9 AL
o] w2 Ay
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