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Abstract: Objective To evaluate the quality of semi-cultivated Astragalus membranaceus var. mongholicus through comparing the
contents of flavonoids and saponins between the semi-cultivated and wild 4. membranaceus var. mongholicus in Hunyuan County,
Shanxi Province. Methods Twelve wild samples and 19 semi-cultivated samples of 4. membranaceus var. mongholicus were
collected. The contents of calycosin glucoside, ononin, calycosin, and formononetin were analyzed by HPLC-DAD, and astragalosides
I, II, 111, and IV by UPLC-ELSD. Results The average contents of calycosin glucoside, ononin, astragalosides I, II, and III in five- or
six-year semi-cultivated plants were higher than those in wild plants, so were the total flavonoids and total saponins. However, other
two formononetin, and astragaloside IV were less than those in the wild; Based on the comparison of eight ingredients in the one- to
six-year semi-cultivated plants, the contents of flavonoids continuously increased with the growth years increasing, while those of
saponins were lower along with the growth period. Conclusion The semi-cultivated method to solve the resources shortage of high
quality wild A. membranaceus var. mongholicus in Hunyuan is effective and reliable.
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(Bge.) Hsiao, HAREEINE 1. 2.
F1 MEFEREELTERERER
Table 1 Sample information of semi-cultivated

A. membranaceus var. mongholicus

G5 KGR CRENT] g5 EIKER RENTE
FY1 14 2009-10 | FY11 64 2009-11
FY2 24 2009-10 | FY12 14 2010-10
FY3 34 2009-10 | FYI13 24 2010-10
FY4 44 2009-10 | FY14 34 2010-10
FY5 54 2009-10 | FYI15 44 2010-10
FY6 64 2009-10 | FY16 54 2010-10
FY7 34 2009-10 | FY17 64 2010-10
FY8 34 2009-11 | FYI18 54 2010-10
FY9 44 2009-10 | FY19 64 2010-10
FY10 44 2009-11

R2 FEFHERERER
Table 2 Sample information of wild A. membranaceus

var. mongholicus

G5 SKAEIN 7] i SRAEI 7]
WDI1 2009-10 WD 7 2009-10
WD2 2010-10 WD 8 2009-11
WD3 2010-10 WD 9 2009-11
WD4 2010-10 WDI10 2010-10
WD5 2010-10 WDI11 2009-11
WD6 2010-10 WD12 2010-10
2 HE

2.1 EEREHK SR E"

2.1.1  (RE4fF Venusil ASB (A4 (250 mm X
4.6 mm, 5 um); FBIAHA LM (A) -0.3% T RH
W(B), AFE 1.0 mL/min; K%K 260 nm;
KR 25 °C BEFEVEME, 0 min, 18% A; 0~10 min,
20% A; 10~35 min, 24% A; 35~52 min, 27% A;
52~60 min, 34%A; 60~65min, 40% A, 65~70
min, 50% A

2.1.2 NG g R PR S S
TR TR B S  EA AN T AN AE E JEL
e, HEEREME, A, 5 H 2224, 130.0,
69.76+ 50.0 ug/mL (175X HE AR -

2.1.3  BEASEHBITHI BUEAAE 50 CTR R 3
h, FpfE G 2 S, KPR 1.0 g, JIA 100 mL
HIE, [PIAEEE 1.5 h, B8, WRR4YE, w258 10 mL
i, H 0.45 pm JEREIERE, RIFAFAEASEE
2.1.4  ArAEMZRZEh]  ORGEE RO SN 1 mL,
JEZEA 10 mL, HlC& | Ay K3 BI04 ) A
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1 mL, &% S5 mL, HlSIa8 Be RO
PR 5. 10 UL, WA A S 104 20 uL, AR B
5+ 105 20 pL, JENBAHEIES, WoE. AR OO
JREAAR, WETHRRVME (V) PR, HlARAE
ek, 1R R R Z a5 R WAE 3.
x3 AMHEIIER S HZIERTLER

Table 3 Linear regression of four kinds of flavonoids

9y [ SyspEs LR gy
TERHAHT  y=953X10°X+128X10"  0.0089~22244 09995
TREEL Y=925X10°X+1.57X10°  0.0052~1.3000 0.9996
TEFHI Y=123X10°X+48X10°  0.0028~0.6976 09999
TR Y=187X10°X+125X10°  0.0020~0.5000 09999

2.1.5  KEHRREG RS RIR]— VR AR S
TEGIHERE 6 IR, i 4 Pire F S pd Iy 1R 0 [ AR AR 7B
S RSD {H. 458, BEREET . AL
T BEFT. P2RAEZR 1) RSD 73008 0.21%.
0.59%- 0.36%- 0.19%, FHIURHRES L R UT,
2.1.6 HEMERAE KPR SRR 1.0 g, 36
6 1%, i “2.1.37 T J vkl & gk i
% “2.1.17 WEIEAAFREA T E . G5, B
B oRAE T BAS I . TIWIEZ 1 RSD 4
A4 0.52% 0.67%-+ 0.80%- 0.93%.

2.1.7 LS BRI, T 0.
2. 4. 8. 10+ 12 h AFEWLHL 20 pL BEFERSIN, 4% 4
b 2 W S e o3 (R WS TR AR 3 0] o1 52 3L RSD fH. 4521,
BT EWIA . T BERTEE. TR
(K] RSD 43514 0.13%. 0.86%- 0.43%. 0.24%, #*
W AR 12 h I RRE T R

2.1.8  JIFEEICRIAES  FRECC AR AL 0.5 g, S
6 11, T HREGIFE A 23 A B NG S R R, 3%
“2.1.37 TN TR T, e EIRTTVENNE .
BT TR BEREI. WEEN
IOFEEBCR 43590 4 100.27% - 99.87%+  100.48%
100.53%, H: RSD {4 0.41%- 0.60%- 1.08%- 0.32%.
2.1.9  FESIIE RS AL OORE B A% A
W 4% “2.1.17 TUOGESATHERE 20 pLo X HGE A&
FF i (3% P LI 1

22 2FEHNEY

221 (mikgMF (iEHN Waters Acquity UPLC
(150 mmX2.2mm, 1.7 um), BEEMENE: LB (A) -
0.3%HR/K (B) ¥, 0min, 20%A; 0~7 min,
33% A; 7~8 min, 41% A; 8~11 min, 44% A; 11~
14 min, 45%A; 14~18min, 65%A; ZltA8Mk. 4

0 2 4 6 8 10 12 14 16 18

t/ min

I-BER W 2- P54l 3-BERIE 4R
1-calycosin glucoside 2-ononin 3-calycosin 4-formononetin
1 RBEXMEM A) MFHEREAMER B) &%
&R HPLC &iE
Fig.1 HPLC chromatograms of mixed reference substances

(A) and A. membranaceus var. mongholicus (B)

UM 0.2 mL/min, AR 30 C; ZERGHURG IS
(ELSD) Z4{: IR 70 C, WiZsdmii 42 C,
RAMBUAL R 2.07 L/min.,

2.2.2 NHRREBEI o RS A PR R
HE T O | (N0 00 I AV 68 B = O R 8723 P R
I3 WK 96.0 20.24. 7.64. 8.8 ug/mL [KIEA XS I
F o

2.2.3 PRI HIE RS ARBCE R R 2.0
g BT HIMA, A 60 mL HEE, #% F#ET, AR
R, KRR 3 h, $EEHGR RSOk 2T
SRS INIK 5 mL, Sl A, 1 [ A ASIOREES, 5 mL
WZEIKYEEE, ARG 20% A 5 mL 2B, 37
FVREI . ] 100% 1 EE 20 mL VG, WeAEVEML I,
WA T, FRIE I TR AP ER S S mL &=
M, RRAY, uEd, EXEREME, i 0.22 pm TALIE
JEE,  EPAR R A

224 FRUEMIZERZ il RS ORI
1 mL, AL S mL B, HURI &R A; %
W ER IR A X IR 24 34 S L, AT A 2.
3. 5. 6 uL, FENBAHEATEA Wi . DL (O
AR KR, WETARRME (YD WHRAAR, &R
HEMhg, A7 R LR MEYa T, 45 Rk 4.
225 REEREAES KR IR — R A R A
HESEUERE 6 UK, 1% 4 PR Loy IV TR 2
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F4 AMEFERSLZERITER
Table4 Linear regression of four saponins
EIEyips: Lty fpg
[ 7=3.10X10"X —1.01X10° 0.038 4~0.5762 0.999 9
I Y=327X10"X —2.95X10° 0.009 7~0.145 0 0.999 8
Il Y=229X10"X —2.83X 10 0.003 1~0.045 1 0.999 9
IV Y=1.99X10"X —2.97X10* 0.003 6~0.053 4 0.999 8

AFE I RSD fH. 258, WA 1L 1L 1L 1V
(K] RSD 435124 0.20% 1.14%. 0.77%-. 0.60%, #*
WA S K 2 B R A

22,6 HEMEAE RSSO K 2.0 g, 3
54, g3l “2.2.37 TR 5kl AER TR, 1%
“2.2.17 WU IS TINE . A5, R 1L
II. 1. IV ) RSD 439120 0.12% 0.32%-. 1.17%.
0.56%.

227 FREMERES BRI, T 0,
2. 4. 8. 10, 12 h REBWI 2 pL JFEAERLIN, 4% 4
R o AR 43 o5 RSD H .. 455,
TR LIV (£ RSD 20514 0.56%+0.25%-
1.22%. 1.15%.

2.2.8 PRSI PR CIIE B E B 1.0 g,
L 6.4y, TREHE S H 20 RGN S R
2 “2.2.37 WUR Ikl s, 4% Bk 7
o HERE I I L. IV BIIEERICE 504
100.32%- 99.51%. 100.57%- 100.21%, HH: RSD f&

0.44%-+ 0.39%-. 1.19%-. 0.65%.

229 FEERIGE I HCSHEDCRE A, A

AV A% “2.2.17 T, HERE 20 pLo XA

LrEah (il 1 W 2,

3 FREKERGEFERIBFEREHNSESH
VEIRE )L S OB AR R S SRR AR A5

WA 5, VR N A MBI AR SR TR R R %

WA 60 PITHE 1~6 SFEERES A T R 2. 1

SRR RS TT. BESR N SR

¢t/ min

SEECIEAF IV 6B IIEY I
S-astragaloside IV~ 6-astragaloside I1I

TR 8- IERTF I

7-astragaloside I1

8-astragaloside |
2 WRm A) IRHERGMER B) B2HX
L&Y UPLC &itE
Fig.2 UPLC chromatograms of mixed reference substances

(A) and A. membranaceus var. mongholicus (B)

#5 THERBEZFLEENSHSE (1=3)

Table 5 Contents of each ingredient in semi-cultivated A. membranaceus var. mongholicus (n=3)

TR B/ (mgg )

é =
s EEFEN W BRSO UWER BEN ARKEE RREED WMKEFI AREH REH
FY1 0.899 0 0.316 8 0.0261 00130 12549  0.700 1 0.093 7 0.020 2 0.0240 0.8380
FY2 0.9619 0.407 1 0.0189  0.0078 13957 07102 0.082 7 0.0226 0.0192 08347
FY3 0.9819 0.3393 0.0244 00056 13512 06336 0.098 8 0.019 1 0.0221 07736
FY4 1.043 4 05225 0.0150  0.0049 15858 03252 0.045 2 0.008 7 0.0178 03969
FY5 11211 0.607 4 0.0172  0.0055 17512 03775 0.052 1 0.0105 0.0123 04524
FY6 1.444 3 0.405 7 0.0186 00078 18764 02459 0.044 0 0.009 9 0.0122 03120
FY7 1.044 9 0.4520 0.0277 00121 15367 03132 0.059 8 0.013 6 0.0195  0.406 1
FY$ 0.798 4 0.3622 0.0107  0.0034 1.1747 04905 0.066 8 0.014 3 0.0257 0.5973
FY9 0.940 1 0.5207 0.0169  0.0056 14833  0.3892 0.049 6 0.010 6 0.0183 04677
FY10 0.976 5 0.497 1 00131  0.0052 14919 04310 0.073 4 0.0150 0.0280 05474
FY1l 14229 0.540 9 0.0199 00044 19881 04834 0.083 2 0.0122 0.0221 0.6009
FY12 0.3875 0.244 4 0.0064 00048 06431  0.8004 02516 0.054 6 0.0356 1.1422
FY13 0.598 3 03979 0.0084  0.0046 1.0092  0.7941 0.1613 0.045 8 00707 10719
FY14 0.684 0 0.509 0 0.0056 00041 12027  0.5560 0.1216 0.0353 0.0966  0.8095
FY15 0.9572 0.329 5 00121 00038 13026  0.704 4 0.102 6 0.0255 0.0716  0.904 1
FY16 1.094 1 0.344 0 00227 00101 14709 04373 0.088 4 0.020 3 0.0896 0.6356
FY17 1.1715 0.477 8 0.0188  0.0048 16729 03163 0.065 6 0.024 4 0.0301 04364
FY18 1.0375 0.5152 0.0130 00044 15701  0.6243 0.1222 0.038 1 0.0449 09295
FY19 0.892 6 0.3832 00136  0.0035 12929 04983 0.087 3 0.0136 0.0320 0.6312
FIE 1.169 1 0.467 7 00177  0.0058 1.6604 04261 0.077 5 0.0184 0.0184 05711
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*6 HEFHARZHOHE (n=3)
Table 6 Contents of each ingredient in wild A. membranaceus var. mongholicus (n=3)
.. T 4 /(mg~g71)
TERENH Wl BERAE AR BEE RETT HKERD HKEFI HKEFIV AR
WD1 0.698 1 0.243 1 0.0100  0.0109 09622  0.1814 0.040 6 0.008 9 0.0120 0.2429
WD2 1.2073 0.2677 0.0133  0.0033 14916 04104 0.067 3 0.0123 0.0526 0.542 6
WD3 0.7155 0.241 6 0.0081  0.0139 09791 02609 0.056 8 0.0122 0.0379 0.367 8
WD4 1.1252 0.2417 0.0140  0.0051 13860 04335 0.100 2 0.0143 0.1127 0.660 7
WD5 1.2147 0.364 6 0.0178  0.0049 1.6020  0.3376 0.0952 0.0199 0.086 8 0.5395
WD6 0.865 4 0.389 1 0.0429 0.0184 1.3158  0.3868 0.0679 0.0117 0.0253 0.4917
WD7 0.5929 0.301 6 0.0175 0.0102 09222  0.2812 0.050 1 0.0090 0.016 6 0.356 9
WD8 0.8857 0.3140 00291 0.0154 1.2442 04229 0.056 0 0.008 8 0.026 1 0.5138
WD9 0.426 1 0.208 9 0.0108 00113 0.6571  0.1877 0.0279 0.008 3 0.0102 0.234 1
WD10 0.5529 0.2191 0.0072  0.0033 0.7825  0.263 1 0.0396 0.0143 0.028 9 0.3459
WDI11 0.442 8 0.202 4 0.0145 00148 06745 03928 0.050 9 0.009 4 0.0143 0.467 4
WD12 0.447 1 0.226 5 0.0284 00130 07150  0.7885 0.0337 0.0302 0.058 5 0.9109
FHIE 0.764 5 0.268 4 0.0178 0.0104 1.0610  0.3622 0.0572 0.0133 0.040 2 04729
AL MR L L BB RERA: 6 4 . MERIF L 1L I 1 i o Bom T 554 4
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Cluster analysis and principal component analysis of inorganic elements in ginseng
cultivated in forest and garden

ZHANG Jian-kui, KANG Ting-guo, DOU De-qiang
College of Pharmacy, Liaoning University of Traditional Chinese Medicine, Dalian 116600, China

Abstract: Objective To explore the characteristics of inorganic elements in commercial ginseng cultivated in forest and garden.
Methods The contents of inorganic elements in commercial ginseng cultivated in forest and garden were determined by ICP-MS. The
reference diagram for inorganic elements in commercial ginseng cultivated in forest and garden was established. The statistic analysis
was completed by SPSS 15.0 software. Results Cluster analysis showed that 17 samples could be clustered reasonably into two
groups. Three principal components were extracted. The results showed that Ca, Na, Fe, Zn, Cu, Mo, V, Sn, Sr, Al, Ba, and Ge were the
characteristic elements in commercial ginseng cultivated in forest and garden. The element distribution characteristics were related to
the ecological environment, cultivation methods, and growth years. Conclusion The cluster analysis and principal component
analysis are effective methods for inorganic elements analysis.

Key words: ginseng cultivated in forest; ginseng cultivated in garden; principal component analysis; cluster analysis; inorganic
elements; ICP-MS
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