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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
L, IL, III, 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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Table 1 Sample information of semi-cultivated

A. membranaceus var. mongholicus

Giy  ERKERR RERE| 45 AEKER SRERH
FY1 14 2009-10 | FY1l 64 2009-11
FY2 24 2009-10 | FY12 14 2010-10
FY3 34 2009-10 | FY13 24E 2010-10
FY4 44E  2009-10 | FY14 34 2010-10
FY5 54 2009-10 | FY15 44E  2010-10
FY6 64 2009-10 | FY16 54 2010-10
FY7 34 2009-10 | FY17 64 2010-10
FY8 34 2009-11 | FYI8 54 2010-10
FY9 44E 2009-10 | FY19 64 2010-10
FY10 44  2009-11

®2 HEFHAERHMESR
Table 2 Sample information of wild A. membranaceus

var. mongholicus

Y KAL) Y5 KA ]
WDI1 2009-10 WD 7 2009-10
WD2 2010-10 WD 8 2009-11
WD3 2010-10 WD 9 2009-11
WD4 2010-10 WD10 2010-10
WD5 2010-10 WDI11 2009-11
WD6 2010-10 WD12 2010-10
2 FHE

21 EEEM S HED

2.1.1 (a4 Venusil ASB Ak (250 mm X
4.6 mm, 5 um); AN LK (A) -0.3% T RHE
W (B), ABE 1.0 mL/min; A% K 260 nm;
R 25 °C; BRREEVEME, O min, 18% A; 0~10 min,
20% A; 10~35min, 24% A; 35~52min, 27% A;
52~60 min, 34%A; 60~65min, 40% A, 65~70
min, 50% A.

2.1.2 RIS 0 RS AR B A
TR TERATETE . B S WA T 2 L
WEhL, HWERSARE, B85, 0l 2224, 130.0,
69.76+ 50.0 ug/mL [PJ7E 5 X HE A

2.1.3  EASEREIS B TE 50 CTR T 3
h, i G 2 595, M%FOE 1.0 g, 1A 100 mL
HE, [ dE 1.5 h, 8%, ks, 2752 10 mL
s, 045 pm SEMEERE, BRI
2.1.4 ARMEMZRIIZH] RS SO0 A 1 mL,
FEZRA 10 mL, O & A K% S HUN R A
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1 mL, EASS mL, HIBIEAE B REIRIPUN
WAV 5. 10 uL, WA A S, 10, 20 pL, 459 B
5+ 10+ 20 uL, JENBAHERE, M. LAEEE (O
OREAANR, WETTRRVME (YD) PR, Hiles At
ek, IR IR MEVa ], S5 R NE 3.
F3 AMEIER S HZKMERTER

Table 3 Linear regression of four kinds of flavonoids

1% 53 ElEyapE SR gy
BETHWHT  y=953X10°X+128X 10" 0.0089~22244 09995

TR Y=925X10°X+157X10°  0.0052~1.3000 09996
BRI Y=123X10°X+48X10°  0.0028~0.6976 09999
TR Y=187X10°X+125X10°  0.0020~0.5000 0.9999
2.1.5  RESRERRIS RS ] — VR A R TR

HELLHERE 6 IR, 4% 4 FhBa i 2 1 o3 iy e i AR R 23
S RSD . 458, B EEIT . A
. BEFT. P00 RSD 43008 0.21%.
0.59%- 0.36%- 0.19%, HI{CAKEE RLUT,
2.1.6 EEMERE RERIOLS B AR 1.0 g, 3t
6 1, i “2.1.37 TR J5 ki & gl i i
i €207 WEGELEI TG . 450, BERE
BEF . oRRAR T BER B TEWIEZE 1) RSD 4
WA 0.52%. 0.67%- 0.80%-. 0.93%.

2.1.7  FEEREe U RS, T 0.
2. 4. 8. 10, 12 h FE%WLHL 20 uL HEFEASI, 4% 4
Tl i I 24 s 73 (1 W T R 43 ) o1 L RSD . 4528,
BT EEIA . T BE R, TOWER
) RSD 4354 0.13%-. 0.86%-+ 0.43%. 0.24%, 3*
W W IRVRAE 12 h W FRRE T R

2.1.8 JFFECRIAES MR AR AN 0.5 g, 4k
6 17, THREDFEA A RSB INIE BP0 s, 3%
“2.1.37 TR 7l A R L, IR TR E .
BEREET. W, BRI, TWEEN
BIRE DAY 50k 100.27% - 99.87%. 100.48%
100.53%, H: RSD 1H 4 0.41%- 0.60%- 1.08%- 0.32%.
2.1.9  FESIE ECHEORE S A% AR
W % “2.1.17 WUEAEAATERE 20 pLo X
FE S LA 1

22 2HErME

221 k&M A Waters Acquity UPLC
(150 mmX2.2 mm, 1.7 um), BEELEH: 2N (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; ZHfk. 14

t/ min

I-BEFEM 2-00WAETT 3-BEF AN 4R
1-calycosin glucoside 2-ononin 3-calycosin 4-formononetin
1 REMES (A) MREEREMER (B) AL
L &8 HPLC f&ig[E
Fig.1 HPLC chromatograms of mixed reference substances

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

PR 0.2 mL/min, ARG 30 C; ZERGHUAI 2%
(ELSD) Z4{(: IEHEWE 70 C, WiZasiE 42 C,
FAMAHUA & 2.07 L/min.,

2.2.2 ORI o DR SRR R
LML L IV S, RS, #55,
SR 96.04 20.24. 7.64. 8.8 pg/mL TR A

AV o
2.2.3 LSBT KSR RBOTRR R 2.0

g BRI, N 60 mL HIEE, o5 2T, BB
MR KB EAREEE 3 h, FERGR ORIk =T
FRHSINK 5 mL, SR, 1 A A BOREST, 5 mL
MZEKVERE, ARG 20% VAW 5 mL UEd, 3%
FVRBM . T 100% F % 20 mL pEME, WA BEROR
WA, HRE I PRSI E RS 5 mL &2
M, $BA7, vEd, EEEW, i 0.22 pm TALIE
JEE,  BPAR R A

2.2.4  AedEMZ ] R S EUR GO IR A
1 mL, &A% S mL &1, S SR A R
W F VA o MR 24 34 5 L, AR A 2.
3. 5. 6 ul, FENBAHEIERAG WE. DR (O
IREAA R, WETAREUME (YD) AP ARKR, &R
ek, IR R L EYa T, 453 3% 4.
225 REEREREE R IR — A T A
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Table4 Linear regression of four saponins
B 4y [l H 2 M Jug
HF T Y=3.10X10"X —1.01X10° 0.038 4~0.5762 0.999 9
T Y=3.27X10"X —2.95X10° 0.009 7~0.1450 0.999 8
L IIT Y=2.29X10"X —2.83X 10° 0.003 1~0.0451 0.999 9
L IV 7=1.99X10"X —2.97X 10° 0.003 6~0.053 4 0.999 8

AEE I RSD fH. 45, BT 1L 1L L 1V
(f) RSD 735124 0.20%- 1.14%. 0.77%. 0.60%, #
P AN G 2 R
22,6 HEEMERAE AEERBOLS B K 2.0 g, t
54, g3l “2.2.37 IR ikl A, 4%
“2.2.17 WU AR SAFIATINE o S50, HERAT 1L
II. I, IV [¥] RSD %3l 4 0.12%- 0.32%-+ 1.17%-
0.56%
2.2.7 kRS U NS, T 0.
2. 4. 8. 10, 12 h KEEWHC 2 pL FEAERTIN, 4% 4
Pl 2 TSR (W T AR 43 ) v S5 RSD . 45 5R
BT LIV (K RSD 23514 0.56%+0.25%-
1.22%- 1.15%.
2.2.8 JOFEMRISCRERE: B O E B RS 1.0 g,
L6 11, TRERFE S 23 RS I CAIE IR,
# “2.2.37 TN AR R, 4% FIR T
o HERTF I I L. IV HINEEBIBCEE 504
100.32%- 99.51%- 100.57%- 100.21%, H: RSD 1

>N

B OB OEF OB
FEORE W O

of o ol of

0.44%-+ 0.39%-. 1.19%-+ 0.65%
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3 FEEKFRAFERIBZEREHDENH
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Fig.2 UPLC chromatograms of mixed reference substances

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

TS5 MHEHBRHERNENNE 0=3)

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

Y SR /(mg-gfl)
EETEE W BEREE SR BEN RRE BRI EIE I BBV BE
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  0.7102 0.082 7 0.022 6 00192 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  0.3252 0.0452 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  0.0078 1.8764 02459 0.044 0 0.009 9 0.0122 03120
FY7 1.044 9 0.452 0 00277 00121 15367 03132 0.059 8 0.0136 0.0195  0.406 1
FY8 0.798 4 0.3622 0.0107  0.0034 11747 04905 0.066 8 0.0143 0.0257  0.5973
FY9 0.940 1 0.520 7 0.0169  0.0056 14833 03892 0.049 6 0.0106 0.0183 04677
FY10 0.976 5 0.497 1 00131  0.0052 14919 04310 0.073 4 0.0150 0.0280 0.5474
FY1l 14229 0.540 9 0.0199  0.0044 19881 04834 0.083 2 0.0122 00221 0.6009
FY12 0.3875 0.244 4 0.0064  0.0048 0.6431  0.8004 02516 0.054 6 0.0356 1.1422
FY13 0.598 3 0.3979 0.0084 00046 1.0092  0.794 1 0.1613 0.045 8 0.0707 1.0719
FY14 0.684 0 0.509 0 0.0056 00041 12027 05560 0.1216 0.0353 0.0966  0.8095
FY15 0.9572 03295 00121  0.0038 13026  0.7044 0.102 6 0.0255 00716  0.904 1
FY16 1.094 1 0.344 0 0.0227 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  0.0044 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
P 1.169 1 0.467 7 00177 0.0058 1.6604 04261 0.077 5 0.0184 0.0184 05711
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Table 6 Contents of each ingredient in wild A. membranaceus var. mongholicus (n=3)
o JRE L /(mg-gfl)

BEREWE W BEREE EWER BEE mREH] NERTI HERE I NERTIV REH
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 0.267 7 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  0.4335 0.100 2 0.0143 0.1127 0.660 7
WD5 1.2147 0.364 6 0.0178  0.0049 1.6020  0.3376 0.095 2 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 0.025 3 04917
WD7 0.5929 0.301 6 0.0175 00102 09222  0.2812 0.050 1 0.0090 0.016 6 0.356 9
WD8 0.8857 0.3140 00291 00154 12442 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
WDI12 0.447 1 0.226 5 0.0284  0.0130 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
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Fig. 3 Changes of flvonoids and saponins along with
growth period in semi-cultivated A.
membranaceus var. mongholicus
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