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Simultaneous quantitative analyses of six components in Astragalus
membranaceus based on HPLC-CAD and quantitative analysis of
multi-components with a single-marker
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Abstract: A quantitative analytical method based on HPLC coupled with the charged aerosol detector (CAD)
for quantitative analysis of multi-components with a single marker (QAMS) was established for simultaneous deter-
minations of astragaloside I, astragaloside II, astragaloside TV, calycosin-7-O- S -D-glucoside, formononetin and
7, 2'-dihydroxy-3', 4'-dimethoxyisoflavan in Astragalus membranaceus. The separation was performed on an
Agilent SB-C18 (150 mmx4.6 mm, 3.5 um), with gradient elution using the mobile phase consisting of 0.05%
formic acid solution and 0.05% formic acid acetonitrile at the flow rate of 1.0 mL-min™. The column temperature
was 35 °C, and the injection volume was 20 pL. For CAD, the drift tube temperature was at 50 °C. The contents of
six components in A. membranaceus were determined by both external standard method (ESM) and QAMS, and then
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were compared. The results showed that chromatographic peaks were separated well and the linear ranges of
astragaloside I, astragaloside II, astragaloside IV, calycosin-7-glucoside, formononetin and 7,2'-dihydroxy-3',4'-
dimethoxyisoflavan were 0.113-2.250 mg-mL™, 0.012-0.240 mg-mL™*, 0.004-0.080 mg-mL*, 0.065-1.300 mg-mL™*,
0.005-0.100 mg-mL* and 0.007-0.150 mg-mL™, respectively. The content ranges of astragaloside I, astragaloside
11, astragaloside TV, calycosin-7-glucoside, formononetin and 7,2'-dihydroxy-3',4'-dimethoxyisoflavan were 0.306—
0.922 mg-g*, 0.053-0.183 mg-g?, 0.015-0.092 mg-g?, 0.069-0.823 mg-g*, 0-0.098 mg-g* and 0.020-0.107 mg-g*
in 20 batches of A. membranaceus, respectively. Using astragaloside II as an internal reference, the relative correla-
tion factors of astragaloside I, astragaloside TV, calycosin-7-O-f-D-glucoside, formononetin, and 7,2'-dihydroxy-
3',4'-dimethoxyisoflavan were calculated as 0.561, 0.835, 0.299, 0.796, and 0.799, respectively. The results were
compared with those obtained by the external standard method to verify the feasibility, rationality and repeatability
of QAMS method, and there was no significant difference in assay results between the two methods. In conclusion,
the QAMS method is accurate and feasible, and could be used to determine the contents such as astragaloside I,
astragaloside II, astragaloside IV, calycosin-7-glucoside, formononetin and 7,2'-dihydroxy-3',4'-dimethoxyisoflavan,
and it can be used for quality control of A. membranaceus.

Key words: HPLC-CAD; quantitative analysis of multi-components with a single marker; relative correlation

factor; Astragalus membranaceus; content determination; principle components analysis
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Table 1 The source of samples

Sample -

No. Origin Age

S1 Qingshui, Min County, Gansu Province 3-year-old
S2 Qinxu, Min County, Gansu Province 3-year-old
S3  Mazi Chuan, Min County, Gansu Province 3-year-old
S4 Yuntian, Longxi, Gansu Province 3-year-old
S5 Luyuan, Weiyuan, Gansu Province 3-year-old
S6 Xijiang, Min County, Gansu Province 4-year-old
S7 Lianfeng, Longxi, Gansu Province 3-year-old
S8 Huichuan, Weiyuan, Gansu Province 3-year-old
S9 Fuxing Longxi, Gansu Province 4-year-old
S10  Hunyuan, Shanxi Province 5-year-old
S11  Hunyuan, Shanxi Province 5-year-old
S12  Hunyuan, Shanxi Province 5-year-old
S13  Hunyuan, Shanxi Province 5-year-old
S14  Hunyuan, Shanxi Province 5-year-old
S15  Hunyuan, Shanxi Province 5-year-old
S16  Hunyuan, Shanxi Province 5-year-old
S17  Hunyuan, Shanxi Province 5-year-old
S18  Inner Mongolia 4-year-old
S19 Inner Mongolia 4-year-old
S20 Inner Mongolia 4-year-old

B 5iXF  Thermo U3000 R4l AH o i 4% (38

BRI R BHE A R A W], 58 [H), A4 LPG-3400SD % .
WPS-3000TRS H #h it £ 4% . TCC-3200 #E & 44 . Corona
Veo RS L% 30k 28 (CAD); Mettler Toledo XSE205DU
L 70 Hr K (Mettler Toledo, it -f); #d% i A i U
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TBHAH: 0.05% H R 2.5 (A)-0.05% HR/K (B), 1 ¥k
i, e B 2% 1: 0~3 min, 20% A; 3~8 min, 20%—25%
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A; BEFEE: 20 pL, CAD R 4 5 & 50 °C, S AR id
50 psi-min,
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Figure 1 The HPLC-CAD chromatograms of blank solvent (A),
mixed standard solution (B) and sample solution (C). 1: Calycosin-

350 380

7-glucoside; 2: Astragaloside 1V ; 3: Formononetin; 4: 7,2'-Dihy-
droxy-3',4'-dimethoxyisoflavan; 5: Astragaloside II; 6: Astragalo-
side I

1.24%-1.33%.2.12% F1 1.17%, F BB HE % % KUt o
1.3 ZMxFHR 6D ML RNE 5 T2 KA Ok R 4L
W2 20 32 4y A 3P B 2 A 43 7E CAD £
MZAFT S R R
1.4 KMRMEZPR 61 E BRI NHER
110.04 pug. 36 1 211 0.02 pg ¥ 1€ H 7 0.02 pg BAS
S B ] 2 B 0.04 pg U IE %R 0.03 pg 1 7,2- 5%
He-3' 4 HE L R 5% 0.03 pg; KPR 2 B O BT R
H10.02 pg- # B 211 0.01 pg. 3% 1 1 H 0.01 png &
5 5 R 2 B 0.02 ng s TR AE K 0.01 pg A1 7,2
Fokk-3'4'- T H A R R £ 0.02 pg.
15 EEM HEREHWL.HBEETIEEHT.ES
S T AP AL R 7,2 R -3 A4 S
SRS R 7 0.068%-.0.015%.0.002%-0.028%
0.002% #1 0.004%, RSD 43 7] /y 2.38%+2.29% 1.70%-
1.51%.2.91% £ 2.81%, % B # 5 1 B 17
16 BEM HEEHLAREHILHEFRH . BRR
HEERA AR AL RN 7,2 R I3 4 AR R
BEREIE TR RSD 43 514 1.45%.3.30%-1.72%-.3.24% .
2.28% H11.91%, 45 AL WAL S I T AE 48 h WARE
1.7 MOREEINEER 6 Fl o I B 2 7 99.65% ~
101.81%, 6 Ff i 7> RSD 43 7 24 2.28%- 1.34%. 3.21%.
2.23%.2.41% F111.98%, JLAk 45 5 3% 3.
2 HEXRIERF

3 ) R 2 W BT 5 % B AR 1.0.2.5.5.0,. 0.0,
20.0 #1130 L, MR e RO %4, 1 5% i K .
SRR R BTN S FL e T BEER
Fi 4 A R VTR AE R M 7,2 R -3 4 R
B 1 A 6 AR TE TR T, 45 SR RSD 1 33 < 2.0%, R AN
[ FR) 3 R AR UGS A X A% TE R T B 3 s ), Rk &
R4,

Table 2 Linearity, LOD and LOQ data of the 6 analytes in Astragali Radix

Analytes Calibration curve R? Linear range/mg-mL* LOQ/ug LOD/ug
Astragaloside I y=35.111x +2.412 7 0.9981 0.113-2.250 0.04 0.02
Astragaloside 1T y =58.091x + 0.451 1 0.998 3 0.012-0.240 0.02 0.01
Astragaloside IV y =80.561x + 0.059 3 0.999 6 0.004-0.080 0.02 0.01
Calycosin-7-glucoside y=23.712x+1.164 5 0.996 1 0.065-1.130 0.04 0.02
Formononetin y =78.478x + 0.057 1 0.999 9 0.005-0.100 0.03 0.01
7,2'-Dihydroxy-3',4'-dimethoxyisoflavan y =74.92x + 0.185 3 0.999 3 0.007-0.150 0.03 0.02
Table 3 Results of recovery (n = 6)
Analytes Content/mg Added/mg Measured/mg Recovery/% RSD/%
Astragalosidel 0.711 0.735 1.458 101.59 2.28
Astragalosidell 0.122 0.155 0.279 100.98 1.34
Astragaloside IV 0.029 0.015 0.044 99.65 3.21
Calycosin-7-glucoside 0.287 0.265 0.557 101.81 2.23
Formononetin 0.023 0.020 0.043 101.30 2.41
7,2'-Dihydroxy-3',4'-dimethoxyisoflavan 0.043 0.035 0.078 100.47 1.98
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Table 4
side Il/astragaloside I; F2: Astragaloside Il/astragaloside IV ; F3:

Investigation on relative correction factor. F1: Astragalo-

Astragaloside 1I/calycosin-7-glucoside; F4: Astragaloside Il/for-
mononetin; F5: Astragaloside 11/7,2'-dihydroxy-3',4'-dimethoxyiso-

flavan
Volume Relative correction factor (RCF)

/uL F1 F2 F3 F4 F5
1.0 0.568 0.834 0.305 0.800 0.795
25 0.553 0.871 0.301 0.819 0.792
5.0 0.564 0.835 0.300 0.810 0.789
10.0 0.553 0.810 0.293 0.790 0.794
20.0 0.564 0.838 0.300 0.763 0.799
30.0 0.562 0.824 0.292 0.793 0.812
Average 0.561 0.835 0.299 0.796 0.799
RSD/% 1.11 1.16 1.68 1.89 1.02

3 QAMS E5/MREMEL RLER

20 AN [ 7= 1 1) B B 2508, 4% A3 v o 4%
5 V2 ) 4 AR VA, FE 4% HPLC-CAD i 26 1 it 47
W, RS2 AE 1 TE R i R i A M P R R
L3 P8 T B 8 e ol T A S O E R 7,2
TR CHARRERN S R, P 5 ESM I
13 BN 45 B AT LA, 45 R L3R 5, R SPSS #1 A4 Xt
PR ol R DU s I P 4 SR AT R . AR EOR
PR B VAL R E 2R (P> 05).
4 TEF=HAMERD T

BT 6 Pl AL 22 B 1 &, A [ R M 20 LB
ZiF R FH PCA 73 #t, PCA SR 7R 20 LA & i] B3 N
3MANFZEH . PCATE S EIILIE 2A, i3t — 20 20 fibF
s BEAT PLS-DA 4341, LK 2B, &5 B B R AN [A] 7= b 3

B M A B A AE 2 5, HLARS0 W 5E 1Y) 6 Pk 2
53 WY AR A [ 7= b B 6 24 0 1 43 5 br E4, (H el
THRAEANE Z, K, BARR R =N IE T4k RA
Wt
5 FRFAMMASSELBERREN

AN P2 B TS 3N SN 3 N B S B S
A 3 AR, g5 WoR, A 7= H B 2 M o &
TFAE 22 5, RUET [A] — 7= Hb ¥ 35 88 26 64 o AN R L sk
NEBRMAATEER . ALRHTE T 6 b2y
20 L it ksn W 25 SR R, TR 3 R 2 1 0.306~
0.922 mg-g. ¥ & 2 #11 0.053~0.183 mg-gL. ¥ 1 H
£ 0.015~0.092 mg-g*. B &5 5 v i 4 % bE 1F 0.069~
0.823 mg-g*. T #i £ 2 0~0.098 mg-g Ll 7,2'- - $5 k-
34" F AR JE 7 5 4% 0.020~0.107 mg-g?, 6 R A
& B 0.704~1.534 mg-g?, 34 il 2 A B T
0.376~1.108 mg-g*, 3 ™ & 2 & % & V6 il 0.241~
0.847 mg-g?, HA L PE = K K B KA1
I, 35 B H | 6 6 S 0 I ) B DL Je 7,2 R k-
FA-ZHEERER S ES T HINMAZ . =3
R PR E T (HRKETIV) SRR
WP > R > RS, 1B S 0 % B S =
> WE> Hilb.

6 > BT A% 23 2 B A AT L 3 AN BT N R R 2 A
A J% 3/ BTl 2 B A AN B, 38R v > H R >
W5 (E4). WRAE I 2 80) 3 s 250 1 Tl 5 1R
43 A, 2B 28 7 T A 48 L RN B RS R 4 vl
s T HA A S, Hk, a7 DA K E 2164

Table 5 Determination results of 6 analytes by ESM and QAMS /mg-g™

7,2'-Dihydroxy-3',4'-

Sample Astragaloside II Astragaloside 1 Astragaloside TV Calycosin-7-glucoside Formononetin dimethoxyisoflavan
No. ESM ESM QAMS ESM QAMS ESM QAMS ESM QAMS ESM QAMS
S1 0.112 0.585 0.568 0.036 0.035 0.241 0.256 0.058 0.06 0.047 0.049
S2 0.147 0.607 0.601 0.038 0.039 0.290 0.275 0.033 0.038 0.037 0.042
S3 0.135 0.642 0.626 0.033 0.034 0.257 0.279 0.027 0.031 0.031 0.036
S4 0.111 0.557 0.545 0.022 0.023 0.283 0.285 0.027 0.030 0.031 0.035
S5 0.139 0.650 0.635 0.051 0.049 0.135 0.125 0.092 0.101 0.056 0.058
S6 0.108 0.531 0.522 0.049 0.046 0.177 0.177 0.053 0.057 0.049 0.051
S7 0.126 0.573 0.566 0.044 0.042 0.201 0.203 0.074 0.080 0.054 0.056
S8 0.105 0.531 0.520 0.048 0.045 0.136 0.156 0.057 0.060 0.048 0.049
S9 0.170 0.604 0.607 0.057 0.055 0.185 0.188 0.067 0.076 0.059 0.063
S10 0.131 0.689 0.663 0.043 0.046 0.781 0.811 0.000 0.000 0.066 0.066
S11 0.146 0.723 0.698 0.054 0.052 0.548 0.601 0.000 0.000 0.062 0.064
S12 0.118 0.626 0.604 0.042 0.041 0.619 0.648 0.000 0.000 0.056 0.057
S13 0.116 0.686 0.651 0.041 0.039 0.642 0.668 0.000 0.000 0.050 0.052
S14 0.134 0.659 0.638 0.050 0.048 0.585 0.628 0.000 0.000 0.076 0.074
S15 0.162 0.645 0.639 0.085 0.077 0.223 0.253 0.061 0.069 0.102 0.097
S16 0.181 0.686 0.678 0.092 0.084 0.258 0.263 0.059 0.069 0.101 0.098
S17 0.183 0.848 0.815 0.077 0.072 0.291 0.306 0.000 0.000 0.129 0.119
S18 0.053 0.308 0.305 0.015 0.015 0.198 0.226 0.053 0.051 0.087 0.072
S19 0.093 0.420 0.425 0.025 0.025 0.375 0.404 0.0477 0.050 0.097 0.085
S20 0.076 0.308 0.327 0.022 0.022 0.285 0.279 0.032 0.033 0.020 0.023

P - 0.709 0.769 0.726 0.629 0.979
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Figure 2 The scores plot of PCA and PLS-DA. A: PCA score plot of 20 samples from different regions; B: PLS-DA score plot of 20 samples
from different regions. GS: Gansu Province; SX: Shanxi Province; NM: Inner Mongolia Province
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Figure 3 Determination assay of 6 analytes in different regions of Astragalus membranaceus. GS: Gansu Province; SX: Shanxi Province;
NM: Inner Mongolia Province. n = 9 (GS), 8 (SX), 3 (NM), x 5. P < 0.05, “P < 0.01
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Figure4 Total assay of 6 analytes, three saponins and three flavonoids in different regions of Astragalus membranaceus. GS: Gansu Province;
SX: Shanxi Province; NM: Inner Mongolia Province. n = 9 (GS), 8 (SX), 3 (NM), x +s. P < 0.05, “P < 0.01
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