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Quality evaluation of different areas of Astragali Radix based on
carbohydrate specific chromatograms and immune cell activities
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Abstract: To establish a quality evaluation method for Astragali Radix using polysaccharide as quality control
index, we established the Astragalus polysaccharide and monosaccharide sugar spectra, and combined with
immunological activity test. High performance liquid chromatography (HPLC) was used to establish the specific
chromatograms of Astragalus polysaccharides and monosaccharides. The data were analyzed by multivariate
statistical analysis and cluster analysis using SIMCA software and SPSS software to distinguish Astragalus
membranaceus var. mongholicus from different habitats or planting methods. The activity was evaluated by testing
mouse peritoneal macrophage phagocytosis using neutral red. The results showed that the content of polysaccha-
rides and the ability of enhancing phagocytic activity of macrophages from imitation wild Astragali Radix in
Shanxi Hunyuan was higher than cultured Astragali Radix. The polysaccharides of Astragali Radix from Shanxi
Hunyuan, Shanxi Wuzhai and Gansu Longxi have similar molecular weight distribution, but the peak area of each
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part has a significant difference in the percentage of the total peak area. The part of the polysaccharide of Shanxi

Astragalus membranaceus with a molecular weight of about 10 kDa is higher than that of Gansu. Principal component

analysis (PCA) shows that Astragali Radix from Shanxi and Gansu can be separated. All three are composed of five

monosaccharides such as rhamnose, glucose, galactose, arabinose and galacturonic acid. However, the Astragalus

polysaccharides (APS) in the three regions have different ratios of monosaccharide substances. The PCA display

can distinguish three different Astragalus membranaceus var. mongholicus. This study used a combination of

fingerprint of carbohydrates and the effects of APS on cellular immune function to provide a basis for quality

evaluation and quality control of different habitats or planting methods.

Key words: Astragalus polysaccharide; specific chromatogram; cellular immune activity; imitation wild;

cultured; quality evaluation
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Table 1 Yield and content of Astragalus polysaccharides (APS)
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7 10.9 69.8 19 10.6 70.3 31 9.2 68.9
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10 9 70.5 2 9.6 70.3 34 93 70.5
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Figure 1 Chromatogram of crude polysaccharides from SXHY
(A), SXWZ(B), GSLX(C) by HPGFC

B . W29 AT LLE H, TEH R IR BURAF T, R
H SXHY.SXWZ Il GSLX K & 1 % Hi #0 H A AL 1)
TR, VI N ANy, 12 T
KT 2 MDa (1 H R HEVE D, 28330 o T REAH
10 kDa, 55 4 4 73+ 2= 219 300 Da. {HEEAN 55 1)
VETHIAR 5 S AR o L R B B2

M 2t E] LA, SXHY 47 B 4F 8 s M SXWZ #
RRITTE R ZHER 10 kDa 72 4 104> T 220 15 B AR 1K 50%,

SXHY

<300 Da
10.63%

~ 10 kDa
48.28%

<300 Da
13.41%

SXWZ

>2 000 kDa

41.05%
~ 10 kDa
46.58%

Table 2 Relative molecular mass distribution of polysaccharides
from different Astragali Radix. Fraction 1-2: > 2 MDa; fraction
3: =10 kDa; fraction 4: < 300 Da (No.1-12: SXHY APS; 13-24:
SXWZ APS; 25-36: GSLX APS)

No. Fraction/%
Fraction 1-2 Fraction 3 Fraction 4
1 41.9 479 9.7
2 38 50.6 11.4
3 42.1 48.2 9.7
4 41.6 47.8 10.6
5 38.6 49.2 12.2
6 41.4 47.2 11.4
7 41.3 47.6 11.1
8 41.5 48.3 10.2
9 419 48.8 9.3
10 41.2 459 12.9
11 41.8 49.1 9.1
12 41.3 48.7 10
13 40.2 45.1 14.5
14 40.2 46.3 13.5
15 40.1 47.1 12.7
16 41.3 455 13.2
17 39.7 47.1 13.2
18 38.5 47.3 14.1
19 39.7 46.6 13.7
20 39.5 47.2 133
21 39.6 46.8 13.6
22 40.1 46.5 13.4
23 39.8 47.3 12.9
24 41.2 45.6 13.2
25 45.1 35 19.9
26 454 34.6 20
27 48.3 333 18.4
28 46.9 335 19.5
29 47.2 31.3 21.5
30 46.5 32.7 20.8
31 46 33.7 20.3
32 459 343 19.8
33 46.1 34.4 19.5
34 46.6 332 20.2
35 46.8 33.6 19.6
36 47.2 34.1 18.7

KT 2 MDa 5> F &2 fi B AR 40%, 75T 300 Da ]
7T B BT 10%, T GSLX I B A4 i i e £
B 10 kDa 76 47 1) 73 T840 d 8k 1 30%, K T2 MDa
()75 T8 20 15 SR 50%, /T 300 Da 17 T840 15
BRI 20%.  H AT C E T 0 S B 2 0 20 i

GSLX

>2 000 kDa
46.50%

<300 Da
19.85%
>2 000 kDa
39.99%
~ 10 kDa
33.64%

Figure 2 The molecular weight peak area of each part of different Astragalus polysaccharides accounts for the percentage of total peak area
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Figure 3 HPLC-ELSD diagram of 4stragalus polysaccharide for

injection
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Figure 4 PLS-derived score plot of the training set (A), PLS-derived score plot of overall APS samples (B), PLS-derived relationship

between true value and estimate value of training set (C) and validation set (D), PCA (E) and OPLS-DA (F) scores plots, permutations (G)

and VIP-plots (H) of Astragali Radix samples based on polysaccharide specific chromatogram
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Figure 5 HPLC chromatograms of monosaccharide reference

substances (A), SXHY (B), SXWZ(C), and GSLX(D). 1: Mannose;
2: Rhamnose; 3: Galacturonic acid; 4: N-Acetylglucosamine; 5:

Glucose; 6: Galactose; 7: Arabinose; 8: Fucos

ERERTECAE > 200 1o 1L D7 B A2 0 4 AL 1 1 — o]
FAABE M EEAE > 0,180 1, B 2% B — B 5 A B 119 LE A <
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Hb S B 7 K

3.3 BRSNS rP I BB R AR S B0 b
5 3 N SPSS 16.0 BEAT B0 #r, &5 R & 7 o .
EH T RT 0, R 0 B 1 B AR 1 1 T DUAR b X
P R S HIN R, 5PCALG R —5L.

LR, SXHY .SXWZ 1 GSLX ] APS & T .
PR SRR EAEEMER, H7EWHE /R T L
VO EE A R R 2 R . MR ZE A S T
SEATRKAR, SR 5 AT AE AT AT A= 4h, BRAE i TAb B 52
A, SR, BRERRAE BV 23 B 7 58 2 6 21, I HL 2
TE APS [ BB 2H AN i H R RO T
4 AEZRERZIFMENE

WS —MeZiiTi. EME M) 2
WK G R B LA M %oy, BAA s R 2
PO 73 WA HE VS T 5 YRS LA G2 DA B 4100 fe g
L P INARUI, K Mo FRNERE T, 16 T FRHLAA G

Table 3 Determination results of monosaccharide components in
APS.No.1-12: SXHY APS; 13-24: SXWZ APS; 25-36: GSLX APS

Ratio of mol/%

No
Rha GalA Glu Gal Ara
1 0.41 0.22 19.95 0.71 1
2 0.52 0.26 18.93 0.84 1
3 0.47 0.27 19.04 0.67 1
4 0.38 0.31 20.05 0.73 1
5 0.43 0.25 18.94 0.76 1
6 0.36 0.28 19.87 0.77 1
7 0.45 0.20 20.13 0.68 1
8 0.39 0.27 19.83 0.70 1
9 0.40 0.24 20.02 0.66 1
10 0.42 0.21 19.65 0.82 1
11 0.49 0.25 19.43 0.69 1
12 0.47 0.23 19.62 0.74 1
13 0.56 0.12 19.83 0.78 1
14 0.62 0.09 19.92 0.77 1
15 0.59 0.11 19.85 0.83 1
16 0.67 0.08 19.65 0.76 1
17 0.59 0.12 19.78 0.69 1
18 0.64 0.08 19.83 0.74 1
19 0.58 0.12 20.03 0.80 1
20 0.71 0.07 19.43 0.72 1
21 0.66 0.10 19.45 0.78 1
22 0.64 0.10 19.93 0.71 1
23 0.67 0.09 19.85 0.73 1
24 0.69 0.08 19.96 0.76 1
25 0.22 0.14 23.36 0.92 1
26 0.18 0.16 24.12 0.87 1
27 0.26 0.13 23.43 1.03 1
28 0.27 0.13 22.98 1.07 1
29 0.31 0.09 21.99 0.98 1
30 0.20 0.16 24.24 0.90 1
31 0.17 0.17 25.03 0.85 1
32 0.24 0.10 23.76 0.94 1
33 0.32 0.15 22.84 0.9 1
34 0.24 0.12 23.64 1.05 1
35 0.19 0.18 25.11 0.76 1
36 0.26 0.09 24.73 0.89 1

TH ARG AN % Mo 77 W6 T BE TR 0 55 TAE R 2 N H .
ACAE FH RAW264.7 KA 5T APS Wb 75 W 3% P (1) 520 o

8 ¥ 7 APS 7£ 0.025~0.1 mg - mL" f 7 &
Y16 15 35 18 5 RAW264.7 20 Jif 1) & Wit ¥ 1, 3 59 4K K
N SXHY > SXWZ > GSLX.  H 75 A% < i sf il 94¢ &£ 34
T S 58, — R R 2 I 1Y SR A Ik B B ik, 2 ) Bl A R
JEE B 3k — 35 38 3% 5 A FH O T PR A, 22 2 B b
ERAYUS, i BE 2 WE U T S T e SO T T, FEAR
JE R P RO Th R ER B, T AR — B, 005,
0.06 F1 0.075 mg - mL"' {1 ¥k & ~, 3 A [F] APS {i
RAW264.7 2 B 1 75 Wit 7% 14 43 31 384 0 66.6% + 65.9% FHI
63.1%; 60.6%-61.3% 1 61.5%; 57.8%-60.8% £ 59.8%,
B E TR E X 4L (LPS). LPS & — R 5 Kk ) E I
YA IE AT, 7E 1 pg - mL (57 & T, B0 i 7 v
PESE N 22 99.31%010) 1K Folt 39 5 1) 7 W A FH AT DA b
PO D5 170 A e 2 A4 PR P 326 36 9 5 R S IR, AR TG Z
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Figure 6 PLS-derived score plot of the training set (A), PLS-derived score plot of overall APS samples (B), PLS-derived relationship

between true value and estimate value of training set (C) and validation set (D), PCA (E) and OPLS-DA (F) scores plots, permutations (G)

and VIP-plots (H) of Astragali Radix samples based on monosaccharides specific chromatogram
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Figure 7 Hierarchical cluster analysis on carbohydrates in Astragali Radix samples from different habitats and different planting methods

based on monosaccharides fingerprint
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Figure 8 Effect of different concentrations of SXHY(A), SXWZ(B) and GSLX(C) Astragalus polysaccharides on phagocytic activity of

RAW264.7 cells. "P<0.05, "P<0.01, ™"
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