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Identification of cultured and natural Astragali Radix based on fingerprint of
monosaccharides
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Abstract: Objective To establish monosaccharide fingerprint of carbohydrates in Astragali Radix, and find the specificities of
saccharides between natural and cultured Astragali Radix to provide the basis for evaluating the quality of Astragali Radix in different
cultivation patterns. Methods Monosaccharide fingerprint from 24 kinds of different cultivations of Astragali Radix based on
carbohydrates hydrolysis followed by chromatographic analysis was founded. The data of monosaccharide fingerprint were statistically
analyzed based on principal component analysis (PCA) and cluster analysis (CA). Results The carbohydrates content of natural
Astragali Radix was apparently higher than the cultured, one and the natural and cultured Astragali Radix could be distinguished by molar
ratios of mannose, glucose, and arabinose (the molar ratio of mannose and arabinose was more than 3.5:1 and the ratio of glucose and
arabinose was more than 4:1 in cultured Astragali Radix, while the ratio of mannose and arabinose was less than 3.5:1 and the ratio of
glucose and arabinose was less than 4:1 in natural Astragali Radix). Conclusion The results not only supply the foundation for
screening the quality indicators for Astragali Radix, but also provide the new ways of quality evaluation for medicinal materials in
which carbohydrates are major bioactive components.
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Table 1 Information of Astragali Radix
Tl g AR5 7 ' SR I 1) A RAR IR/

MK A ik H B 1~2 2010-12 2
membranaceus Hikm & 3 2010-12 2
T AVSY 4 2011-01 2
LY B 5 2011-09 2
Ll P BH v 6 2011-01 2
Liges (S E7N 7~9 2011-09 5
L1 VG V5 10 2011-01 =5
11~12 2011-01 5
JEESETE B A. R HRTIE 2% 13~15 2011-01 1
membranaceus WZR 3% 16~18 2011-01 1
L2a5 ST NS 1 Ay 19~20 2011-01 5
Oy AN 21 2011-10 5
eI 22~24 2011-09 5

FRIE S AORHRE . Bl R AR . o e . SR
UL A HEREARAE S 206 B Sigma 2 ]
1.3 GC-MS &4

GC %ff: DB-5 B4+ (30 mX 0.5 mm, 0.25
um); A mAE; AR E 1.0 mL/min; 43
Eb 10 0 1; BEFENEE 220 °C: FEFETHE: AT
J 100 C,5 ‘C/min F} % 180 C, {##F 1 min, 1 C
/min J}+ 42 190 ‘C, fR#F 2 min, 30 ‘C/min J}% 220
C, f£¥F 2 min, 1 ‘C/min JF % 230 C, f#£F 2 min,
20 ‘C/min JI % 280 C, {#FF 10 min.

MS 4f: Xcalibur 2.0.7 TAFEuE, HTEGE
T, SRR 220 °C, ARSI 250 T, #1
Fi#55C Full Scan; i s 1450 [ m/z 45~550.

1.4 EEHRFEE. ZHENESSYN S RIRED
TFA 7K fi#

SRR, IR T 100 H I,
HECAR Y 50 mg, KT G E T S mL B L
B, I 70%I0 g CERELE 121000, 100 °C
R 1 h, BFREEREES, BEEEnA 2
mol/L ff) TFA % 1 mL, BT 10 mL ¥R
G5 BEET 110 C/KME 1 h, AHEKRFESE
o 2mL PEEEREH N, BE 3 RERE
BRI TFA. St K@Er=#wT 1 mL 1) 0.1
mg/mL KN PR RS, %o

EO TR PN CRREEE 12 80), 100 C
RV 3 h, BLOHCRIEW, EEERI, AIF 2

KW, AR TR EEAR K IE T 4, T 1 mL
1) 0.1 mg/mL Rz BERE W, & H .
1.5 BiER BRI ER B R & 5
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monosaccharide standards

*2 BEREREAOERENE
Table 2 Determination of standard monosaccharides and alditols
Gity K B I [1)/min IR/ % RSD/% Hr tH B/ (mol- L") f
1 k¥ 20.86 94.24 1.34 2.5%X10° 0.52
2 TR 21.02 95.49 1.78 7.6X107° 0.74
3 B2 21.08 91.11 3.45 9.1X10°° 0.68
4 BrhAEHE 21.20 97.78 0.97 1.1x1077 0.84
5 B A 24.82 94.11 1.28 46107 0.34
6 ZHEmE 24.93 99.04 3.22 3.4x10° 1.00
T EERER 25.34 96.83 3.41 92x107% 0.37
8 Bk b 25.53 94.77 2.25 58%x107% 0.71
9 KHEEE 26.21 92.16 1.66 42%10°° 1.09
10 o 30.60 95.96 2.69 1.7X107 0.55
11 P 31.14 96.21 223 6.3X107" 1.01
12 HEew 31.25 98.35 3.71 6.6X10° 0.85
13 HiZwE 31.58 94.18 3.67 6.9%10° 0.95
14 IR 31.88 96.16 428 5.6X107° 0.82
15 Higm 33.23 96.60 1.43 5.5X107° 0.84
16 LAY 33.32 95.51 2.19 12x107° 0.70
17 P 33.73 96.89 1.45 1.9%10°® 0.72
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1—11-fructose, glucose, inositol, sorbitol, galactitol, xylose, fucose, rhamnose, arabinose, galactose, mannose

El2 HAXHAPHEERE (A) FREEY (B) RIELEE
Fig. 2 Monosaccharides fingerprint of free (A) and conjugate (B) carbohydrates in Astragali Radix samples
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#x3 HEPHEE. SEMESRSWRINE
Table 3 Determination of free, polysaccharides, and conjugate carbohydrates from Astragali Radix
el G
WY HEW e il 1A . 1 AHl bt T v 1T ) T A
(mgg')  (mgg)  (wg) (ee)  Gez)  (mgg)  (mgg)  (mgr)  (mgg)  (mge!)  (mgg)  (mgg))
1 055320090 046920002 266810230  2346%0.071  2261£0.170 0.169£0.001 0.1210.001 ND 115820004 171320001 11294£1.010 11.233£0.990
2 002220017 0076£0020  0338£0250  0.085+0031  0.184+0.021 18780.038 ND ND 234020016 332720314 10446£1330 1224742001
3021020020 0.026£0006  3.444£0390 078910104  3305+0900 024420244 0.021£0.021 ND 140620081 230120301 117861786  11.813£0.363
4 15950074 0308£0090 157395800  1856+0.134  8999+0.180 0.065%0.008 ND ND 108220031 0.032£0.008 10443£0.014  13.195£2.800
5 0994£0080 010220018  10.096£0.180  241420.142 351220800 0.169£0.015 01210002 ND 115820001 271320502 11.294£0.071 11.233£1.010
6 051720033 ND DIAE0550 425620075 149100012 172140009  0.395£0.001 ND 192740038 ND 11368£0.018  19.592£0.015
T 723620350 1855£0500 86.481£9.700  8.004+0.102 52532+0400 0.549£0.003 ND 038620001 754420039 2.604£0.044 24.807£0.735 28.758+0.159
§ 193310710 132320130 33567£1300 279760144 424290800 0.690£0.034 ND 059740039 1113720069 3328£0285 19358+0358 315160055
9 217720920 L161£0060 46315£1100 393310146 34564+0.140 1.011£0.033 ND 092810074 5495£0.052 1.054£0.034 40576£0741  43.108£0.115
10 1509£0.194 0752+0060  28492£5.100 74210116 10.553£0.230 ND 031720013 ND 420520107 3285£0.139  19.920£0.099 17.751£0.110
11 3708£0310 113120050 748424800 295510102  5346£0370  2.209£0.052 ND ND 768620036 2.005£0038  7514£0113 101640021
12 2792£0.040 ND 3702844200 2.954£0.100 659910500 1476£0.034 ND 112520078 707120041 677720.117 1002620458 22.995£0.159
13 0.051£0006 008310000  0.842£0.034 026010043  1.035£0.120  0.139£0.009 ND ND ND 0.29840.024  10.158£1.900 10.157£0.590
14 0.181£0023 014320010 411740010 025040102 2456£0350  0.135£0.010 ND ND 121320035 020220010 10228£1.093 10.375£0.101
15 0804£0.110 045410000  1529£0.140 130910470  1.800£0.110  0.303£0.016 ND ND 150920001 0.850£0.030 102021180  10.609£0.140
16 024840057 010220012 3363£0.130  1433£0.033  4.092£0.160  0.040£0.012 ND ND 1.694£0.142 ND 10.683£0340  10.537+0332
17 0097£0.112  0056£0030  1160£0280 046710101 044720210  0.35120.040 0.067£0.004 ND 149920007 0.51620.044  10.185£1.010  10.767£2.001
18 0558£0.131 024810070 10331£0790  046510.122 854140020 0.074£0.008 ND 0.012£0.005 ND ND 10358+0490 102621057
19 4705£0253 020310085  45472£0200 49300094 6771910600 0.17620.004 ND 015720005 520620010 122740053 13.623£0.133  13.747£0077
20 4690£0340 ND 205120420 3.937£0.102  286160.110 0.738£0.010 ND 067920001 10.384£0.000 4352£0.002 30232+0071 29.785+0.001
20 376720220 251420000 9007313200 9.077£0.104  58.830£0.300 0550£0.023 0.738£0.018 ND 6.775£0.003  2324£0.121 1488120012 16.723£0.037
22 308110034 166810200 4624910300  5.354£0.056 35.124£6.130  0.127£0.002 ND 005420054 2932£0.186  0.198£0.198 547145471 5736£1.147
B 503910187 175820470 8708512400  21.162+0950 36.454£3.130 ND ND 016520027 251720004  2.193£0011  8863£0052  9.274+0.024
U 132510030 0.698£0.055 3599714300 2621720720 185621110 0.108£0.005 055310026 0.191£0.020  1.724£0.024 ND 5.045£0.035  5.273£0.062
ND-RAGME], FIFH

ND-Not detected, same as below
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Lo I3-FTHAARE 24 64 144 20-30%7HE 3. 16-AHE 4. 15-HBE 5. 20-826 7. 19-490F 8. 24-1LAYEE 9. 22-°F3LFF 10, 23-LEZ
1 18- FFLHERE 124 17800
1, 13- arabinose 2, 6, 14, 20-glucose 3, 16-xylose 4, 15-mannose 5, 21-thamnose 7, 19-fructose 8, 24-sorbitol 9, 22-galactose

12, 17-fucose

B3 HEHASEELEILA PCA (A). PLS-DA (B). 5l (C) #AVIP & (D)
Fig.3 PCA (A) and PLS-DA (B) scores plots, permutations (C) and VIP-plots (D) of Astragali Radix samples

10, 23-inositol
11, 18-galactitol

F4 FLHEERMEEEXPERMEEIASOMRMELL

Table 4 Molar ratio of compositional sugar of different metabolites in natural and cultured Astragali Radix

e R o BRI

AW BB s AW BIRRE sl
1 0.15 1 8.13 8.08 13 — — — —
2 0.80 1 3.72 4.36 14 0.11 1 7.03 7.13
3 0.17 1 6.99 7.00 15 0.20 1 5.63 5.86
4 0.06 1 8.04 10.16 16 0.02 1 5.26 5.18
5 0.15 1 8.13 8.08 17 0.23 1 5.66 5.99
6 0.89 1 4.92 8.47 18 — — — —
7 0.07 1 2.74 3.18 19 0.03 1 2.18 2.20
8 0.06 1 1.45 2.36 20 0.07 1 2.43 2.39
9 0.18 1 3.15 4.54 21 0.08 1 1.83 2.06
10 ND 1 2.94 3.51 22 0.04 1 1.55 1.63
11 0.29 1 0.81 1.10 23 ND 1 2.93 3.07
12 0.21 1 1.18 2.71 24 0.06 1 2.44 2.55

=7 BRI RS R AR, BT CLZ LR E AL, R IE

“—_arabinose is undetected and ratio does not exist in this samples, same as below
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Fig. 4 Hierarchical cluster analysis on carbohydrates in
Astragali Radix samples from different cultivations and

species based on monosaccharides fingerprint
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