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[ Abstract] Objective To determine the content of 8 components in 25 batches of
Astragalus membranaceus medicinal materials from Shaanxi Province with different growth
years, and to analyze the correlations between these component contents and six factors including
medicinal material grading, growth years, and morphological characteristics. Methods The content
of 3 saponin components was determined using an evaporative light scattering detector HPLC
method. The chromatographic column was SHISEIDO SPOLAR C,; column (250 mmx4.6 mm,
5 um), the mobile phase was acetonitrile-water (40 : 60), the flow rate was 1.0 mL/min, the

column temperature was 35 °C, and the injection volume was 10 uL. The content of 5 flavonoid
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components was determined using diode array detector HPLC method. The chromatographic column was
SHISEIDO SPOLAR C,4 column (250 mmx4.6 mm, 5 pm), the mobile phase was acetonitrile-0.1% phosphoric
acid aqueous solution with the gradient elution, the flow rate was 1.0 mL/min, the detection wavelength was
205 nm (9,10-dimethoxyptercarpan-3-O-p-D-glucoside) and 250 nm (calycosin-7-O-B-D-glucopyranoside,
ononin, calycosin, and formononetin), the column temperature was 35 °C, and the injection volume was
10 pL. The measurement results were analyzed through Spearman analysis and correlation factor analysis.
Results In Astragalus membranaceus medicinal herbs, the content of astragaloside IV and calycosin-7-O--
D-glucopyranoside were 0.080 0%-0.396 8% and 0.049 7%-0.098 7%, respectively; the content of astragaloside I
and astragaloside IT were 0.034 9%-0.549 9% and 0.006 2%-0.041 2%, respectively; the content of formononetin,
ononin, calycosin, and 9,10-dimethoxyptercarpan-3-O-B-D-glucoside were 0.000 6%-0.003 0%, 0.015 0%-
0.037 4%, 0.000 9%-0.010 5%, and 0.009 0%-0.056 1%, respectively. Significant correlations were observed
between saponin and flavonoid contents and growth years. Moreover, inter-component associations were
identified. Conclusion The established content determination method is simple and accurate, and the research
results can provide a reference for the classification and standard formulation of Astragalus membranaceus

specifications and grades.

[Keywords ) Astragalus membranaceus; Growth years; Multi-index components; Content determination;

Grade classification; Saponins; Flavonoids; High-performance liquid chromatography
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Table 1. Information of 25 batches of Astragalus membranaceus

G5 Vi 375 HRAERR (4F) BE (em) NKEAE (mm) Kk EAE (mm) AR
HI1 G4 3 55 3 13 B
H2 G4 10 70 3 15 B
H3 445 10 60 5 15 HE
H4 4% 7 60 5 14 Rk
H5 Gisk 7 60 3 19 B
H6 345 5 40 10 20 M
H7 2% 7 30 10 20 B
H8 34 10 30 10 19 Ly
H9 14 7 40 10 20 L2y
H10 S 3 40 6 9 B
H1l Gk 5 60 2 19 M
HI2 545 7 50 5 10 = faN
H13 5% 5 50 3 10 B
H14 14 5 45 5 15 p R
H15 1% 10 30 10 24 0
H16 RE 10 70 2 10 W5,
H17 pE: 10 60 5 15 Ly iy
HI18 345 3 30 7 18 BH
H19 AR 7 35 10 29 A
H20 54 3 35 3 8 B
H21 34 7 50 5 20 G =RGA
H22 b 10 50 5 25 L3y
H23 2% 5 55 5 20 A
H24 S 5 55 3 15 A
H25 FRRE 5 55 3 20 B

R ARPERASENEER (%, n=2)

Table 2. Determination results of the content of each component in Astragalus membranaceus (%, n=2)

4 R EEHT BKEHT SHER ST BERREE BRI SR
HI 0.256 7 03739 0.0277 - 0.028 7 0.0013 0.0770 0.029 1
H2 02713 02748 0.017 4 0.000 6 0.0212 0.0015 0.0822 0.038 2
H3 0.166 6 0.168 6 0.014 4 0.000 6 0.023 1 0.001 4 0.085 4 0.0323
H4 0.1862 0.2202 0.0200 - 0.0219 0.001 6 0.0755 0.036 6
H5 0.1495 0.1403 0.0129 - 0.0239 0.001 7 0.086 2 0.046 0
H6 0.1570 0.1883 0.0173 0.002 1 0.0179 0.004 5 0.0819 0.037 6
H7 0.0928 0.097 9 0.0136 0.002 4 0.016 6 0.005 5 0.0793 0.0550
H8 0.126 6 0.149 0 0.014 1 0.0019 0.022 4 0.004 9 0.0809 0.0378
H9 0.0800 0.0779 0.0108 0.003 0 0.0150 0.008 5 0.0708 0.048 3
H10 0.193 1 0.341 6 0.028 8 0.000 6 0.036 6 0.001 0 0.065 6 0.013 1
HIl 0.1885 0.2543 0.0182 - 0.027 1 0.0013 0.0919 0.035 4
HI2 0.2239 0.2409 0.0209 - 0.023 6 0.0018 0.0890 0.0420
HI3 0.396 8 0.549°9 0.0412 0.000 8 0.0273 0.0019 0.092 7 0.046 2
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G WM MERE]  MERFI SWREE W ORAM SETTAIRT ST
H14 0.123 1 0.1396 0.0135 0.001 1 0.020 1 0.002 9 0.072 8 0.0256
H15 0.080 4 0.040 7 0.008 5 0.002 4 0.0156 0.0105 0.086 3 0.044 3
H16 0.261 9 0.269 9 0.026 5 — 0.0218 0.001 9 0.078 2 0.044 3
H17 0.143 1 0.1453 0.013 8 0.002 3 0.016 1 0.005 8 0.072 4 0.037 4
H18 0.117 1 0.1373 0.020 5 0.000 6 0.037 4 0.000 9 0.074 4 0.016 9
H19 0.081 2 0.0349 0.006 2 0.001 8 0.0179 0.005 2 0.095 7 0.054 5
H20 0.198 0 0.2800 0.0229 0.000 7 0.0250 0.000 9 0.049 7 0.009 0
H21 0.1422 0.104 1 0.014 8 0.000 7 0.0196 0.002 4 0.080 9 0.056 1
H22 0.081 1 0.0718 0.008 6 0.0024 0.020 2 0.007 1 0.098 7 0.054 1
H23 0.1247 0.107 2 0.0115 — 0.0195 0.001 8 0.082 9 0.044 2
H24 0.1523 0.166 1 0.020 8 0.000 7 0.023 2 0.001 8 0.086 9 0.0413
H25 0.083 1 0.091 2 0.007 8 — 0.0230 0.001 2 0.074 6 0.030 8
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Figure 1. HPLC chromatograms of saponin components
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Table 3. Linear relationship investigation of saponin components

Gy Atk MEEE (ng)  KIBR (mghkg) EREFR (mg/kg)
R Y=1.156 471X+5.425 355 0.999 9 1.443~14.430 0.05 0.15
AR Y=5.425 355X+6.259 011 0.999 9 0.663~6.630 0.02 0.06
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Figure 2. HPLC chromatograms of flavonoid compounds
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Table 4. Linear relationship investigation of flavonoid compounds

% el r LMEER (ng) KRR (o/kg) B (g/kg)
B A5 S R A Y=—1.343 295 x 10*X+3.488 528 x 10° 0.999 9 52.31~1046.16 0.002 0.006
TEARAETT Y=-1.721 067 x 10*X+3.585 137 x 10° 0.999 9 43.26~432.60 0.002 0.006
PRI Y=-6.275 965 x 10°X+9.357 667 x 10 0.999 9 42.78~855.60 0.002 0.006
BT R Y=-2.233 817 x 10*X+5.291 976 x 10° 0.999 9 39.92~798.40 0.001 0.003
TERNAEZ Y=-1.578 165 x 10*X+6.257 183 x 10° 0.999 9 25.91~518.20 0.002 0.006
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Figure 3. Heatmap of Spearman's correlation coefficient
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Table 5. Spearman correlation significance level

5%y HRKAERR SRR 4 MK (em) NEEAE (mm)  KSkEAZ (mm) MARBIE
HE R 0.418 0.000 0.026 0.003 0.000 0.007
HEEETT 0.118 0.000 0.064 0.004 0.000 0.006
R ATIL 0.041 0.000 0.390 0.032 0.000 0.000
R 0.158 0.001 0.001 0.000 0.065 0.021
TERRAETY 0.004 0.000 0.495 0.008 0.007 0.005
B H U 0.001 0.002 0.184 0.006 0.007 0.000

B S T A R 0.130 0.733 0.507 0.622 0.062 0.056
RS BT 0.008 0.231 0.805 0315 0.013 0.001

*6 EREEFHEREE
Table 6. Factor load coefficient after rotation
Wy VERORIA TR SERE (AT )
A1 K2 N3

HEEHT 0.936 0.947
P ATT 0.941 0.976
AT 0.926 0.953
TARIER 0.928 0.916
TERRAETT -0.678 0.715
B F U 0.892 0.915
B A AT 0.932 0.870
RSB TT 0.856 0.906
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