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Determination of isoflavonoids and glycosides in Astragali Radix by QAMS method
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Abstract: Objective To establish a quantitative determination analysis for six isoflavonoid components in Huangqgi (Astragali
Radix) based on multi-component by a single-marker (QAMS) method. The feasibility and technical adaptability of this approach
were investigated in quality evaluation of Astragali Radix. Methods Five isoflavonoids, calycosin-7-O-glycoside-6"-O-malonate
(CYM), formononetin-7-O-glycoside (FMG), formononetin-7-O-glycoside-6"-O-malonate (FMM), calycosin  (CY) and
formononetin (FM) were used as index components to establish the relative correction factor (RCFs) between each component and
internal reference substance calycosin-7-O-B-D-glycoside (CYG). The robustness and durability of the measured RCFs of the five
components were evaluated on different analytical columns and HPLC instruments. And the measurement result deviation was
compared between QAMS method and the external standard method (ESM). Results Under the established chromatographic
conditions, the RCFs of f cymicye, frmar cve, fovr cve, frmmr cve, frwr cve were determined as  0.96, 0.84, 0.68 0.86 and 0.53,
respectively. The relative standard deviations (RSD) of their RCFs on three brands of column and HPLC instruments were 0.88%—
1.63%, 0.23%—0.73% and 0.15%—0.46%, respectively at different flow rates (0.9 mL/min, 1.0 mL/min, 1.1 mL/min) and different
column temperatures (25, 30, 35 “C), indicating the good durability of the RCFs. The present QAMS method and the ESM method
were both used to determine the contents of six isoflavonoids from Astragali Radix in 16 batches of crude materials and three batches
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of decoction pieces. The RSD of content results between two methods were less than 5.0%. It demonstrated that there was no
significant difference from content results between these two methods, exhibiting good accuracy of the present QAMS method.
Conclusion The present QAMS analytical method for simultaneous determination of six isoflavonoids in Astragali Radix provides

a more efficient method to evaluate the comprehensive quality of Astragali Radix.

Key words: Astragali Radix; isoflavonoids; QAMS method; calycosin-7-O-B-D-glycoside; calycosin-7-O-glycoside-6"-O-malonate;
formononetin-7-O-glycoside; formononetin-7-O-glycoside-6"-O-malonate; calycosin; formononetin
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Table 1 Specific information of collected Astragali Radix and decoction pieces

W KE UEF) Hii R Btk KA 7]
SX-1. SX-2 Ll 7 K R U FlEE (A 2 2018-10
SX-3. SX-4 Ly 7 K RV R FHHE (M 2 2019-10
NM-1. NM-2 PR T A Sk [ FE B FlEE (A 2 2019-10
NM-3. NM-4 WE LR FlEE (A 2 2019-10
SHX-1. SHX-2. SHX-3 e L A AR U FHHE (i 3 2018-10
GS-1. GS-2. GS-3 R E TR E FlEE (D 3 2018-03
MJ-1 RE-F=pibis 5= PESETREE (256 1 2018-10
MJ-2 Ll 7 K RV R PESETREE (2560 1 2019-10
AH-1. AH-2 RN T — kA 2 2019-09
YD-1 LSt — iRAD 1 2019-09

2 FHEEHER
21 BIEEH

Agilent 1100 & R ¥ AH 3% 4 s Waters
Symmetry Cig (250 mm>X4.6 mm, 5 pm) ok,
MENHNZIE (A) F1 0.2%H R (B); HEEESE/:
0~25 min, 15%~32% A; 25~50 min, 32%~
62% A; Kl K 260 nm; AR E 1.0 mL/min;
KR 30 °C, HEFEE 10 pL. fE4ATEIELMT, &
s B >15, #ERFT=1.00, WA 1.

A 1 9
6
W
. 58 .|l ﬁ‘. J
2
B 1
|
| ‘ A
4 6
_Irld'-..uu\,.,v,,.l‘w,\_,.w"-‘lv_,_JL,'._ . JI_,,N.,.JKA,., I S
0 10 20 30 40 50
t/min

1-CYG 2-CYM 3-FMG 4-CY 5-FMM 6-FM

1 HEREGWR&E (A) S (B) HPLC E
Fig. 1 HPLC chromatograms of mixed references (A) and
Astragali Radix samples (B)
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Fig 2 Effects of methanol reflux extraction (A) and ultrasonic extraction (B) on peak area of six isoflavones and glycosides in

Astragali Radix sample solution
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Table 2 Regression equations, linear range, limit of detection and limit of quantitation of six isoflavoniod components

D% ey r VGl (ug-mL™) KPR/ (ug-mL™) EER/(ug-mL™T)
CYG Y=31.46 X—2.512 0.999 9 2.09~209 0.026 0.105
CYM Y=31.87 X+5.052 0.9999 1.76~176 0.022 0.088
FMG Y=36.93 X+13.62 0.999 8 0.96~96 0.024 0.096
CY Y=46.33 X+5.579 0.999 8 0.87~87 0.022 0.087
FMM Y=35.58 X+3.043 0.998 9 0.76~76 0.019 0.076
FM Y=58.04 X+1.492 0.998 9 0.95~95 0.024 0.095
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Table 3 Relative correction factors (RCFs) calculated by multi-point method

Y5 fcymicye frmarcye fevicye frmmricye femicys

1 0.921 0.811 0.652 0.837 0.511

2 0.948 0.829 0.656 0.840 0.526

3 0.951 0.833 0.674 0.842 0.523

4 0.970 0.852 0.686 0.852 0.530

5 0.977 0.861 0.683 0.877 0.532

6 0.998 0.869 0.698 0.906 0.558

WE 0.961 0.843 0.675 0.859 0.530

RSD/% 2.78 2.61 2.65 3.15 2.96

F 4 PEREMNER fsi (n=6)
Table 4 Relative correction factors (RCFs) calculated by slope method (n==6)

Ei=Lun CYG (YD CYM FMG CcY FMM EM

B 31.46 31.47 36.93 46.33 35.58 58.04
r 0.9999 0.999 9 0.999 8 0.999 8 0.999 9 0.9999

f - 0.987 0.852 0.679 0.884 0.542

SREIRN, KHZ mFETEFET formeves
femecye ~  fovieve ~ femmicye ~ femicve 2 il A
0.961. 0.843. 0.675. 0.859 % 0.530, Sf}=ikit
HREREAEEEZESR, PE AR ZE
N-2.73%. —1.11%. —0.65%. —2.93%. —2.24%,
BI/NT 3.0%, FRIAPE foi ¥R KH
2.5.2 /[ 1o RICVBAH € T A3 % £ vl AR U A5 1R A T
KIER 78 KA Agilent 1100, Waters 2695,
Thermo U3000 3 A [A] i %M AH € 1% A, DA
Thermo hypersil Cis. Waters symmetry Cis. Agela
Vensil XBP Cig 3 A [ it R (iAWl g
HIHE &S CYG I fyi, Z5RER 3 Pl
WEAEAEANE HPLC ¢ ERrill 1) fai 19 RSD<
3.0%, RUFEH 6 A5 B 1E A 5] & R0

FHETEA K (B R FE b i M, LR 5.

253 ANEFEEX fo B2 SR Aglient 1100
A AN Thermo hypersil Cag taitikt, 235 E 3
HHEARFRERAME T (25, 300 35 C) &
CYG 1 fyi,» TH5 RSD. &R EIR, foymcves

femoicves fovicves femmicyes femicve TEAS R BE 2%
£ R RSD 43514 0.15%. 0.34% . 0.46% .

0.32%. 0.43%, FBHMXKIER FERE 25~
35 CIim 2t R4F.

254 AFEMEFBIREX fa MM SRA Aglient
1100 fAif i Al Waters symmetry Cig toiEA4E, 439
WE 7 A FEAAEBREFM4FT (09, 10, 11
mL/min) & %75 CYG W fui, 4R BN,

feymicves femeieves fovicves femmicves femicve 1E
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#5 AFRBEEEFRSHERHEEIENEGTNEE fu
Table 5 RCFs measured by three Cis columns on different HPLC instruments

& (R feymcve femeicye fevicve femmicye frmicye
Agilent 1100 Thermo hypersil Cis 0.987 0.841 0.672 0.885 0.538
Waters symmetry Cis 0.994 0.846 0.675 0.880 0.540

Agela Vensil XBP Cis 0.983 0.839 0.672 0.893 0.535

Waters 2695 Thermo hypersil C1s 0.985 0.838 0.675 0.884 0.541
Waters symmetry Cis 0.987 0.838 0.679 0.888 0.541

Agela Vensil XBP Cis 0.981 0.837 0.670 0.881 0.539

Thermo U3000 Thermo hypersil C1s 0.969 0.807 0.660 0.856 0.532
Waters symmetry Cis 0.970 0.823 0.667 0.858 0.532

Agela Vensil XBP Cis 0.972 0.819 0.665 0.858 0.532

BN 0.981 0.832 0.671 0.876 0.537

RSD/% 0.88 1.54 0.90 1.63 0.72

ANEMEFRE R RSD 43514 0.23%. 0.64%.
0.29%. 0.58%. 0.73%, K fy FEAFIRE 0.9~
1.1 mL/min [ 5214 B4

255  Fplll ooy kg e R AN B
e, ol B R R T AR DN R A Ve AN AR AE H
U, DRI Rl 73 €8 B 06 PR M AA 7 6 2 SE B QAMIS
MIRTHE. SR TCREMR 6 AMERINZE S (1) {5 B i ] 2k
ITT%%, RAS5ZRBYE “OREEE 2L F

CREXT R B TANE” AT T e ERER, AR
AN [R] € T A 0 A5 I 8 7 5 2 7 O B o [ 28 5%
ZEAERIFIEOR, RSD Mk 10%; AHXITIE, frll
B4 55 2 R AR AR B B TR 1 22 s/ (3R 6D,
CYM. FMG. FMM. CY & FM #%fF CYG HIHH
XFOR BRI (RT) 33948 73 7l v 1497 . 1823
2.200. 2.311. 3.202, RSD<{3.85%, M=% 4l
L1535 PN SDAF G B I TR (R e o A m AT

*6 ARSMEE/AFREEIEET &40 5N S8 8RBT

Table 6 Relative retention time measured in different instruments and columns

& JeN7 e RTcymicye RTema/cYG RTcvicys RTemmicYG RTemicye
Agilent 1100 Thermo hypersil Cis 1.496 1.756 2.119 2.266 3.133
Waters symmetry Cis 1.505 1.895 2.274 2.391 3.303
Agela Vensil XBP Cis 1.423 1.751 2.154 2.184 3.008
Waters 2695 Thermo hypersil Cis 1.510 1.771 2.148 2.291 3.169
Wiaters symmetry Cis 1.519 1.890 2.285 2.403 3.291
Agela Vensil XBP Cis 1.519 1.765 2.193 2.195 3.056
Thermo U3000 Thermo hypersil Cis 1.520 1.789 2.167 2.331 3.232
Waters symmetry Cis 1.519 1.920 2.313 2.438 3.380
Agela Vensil XBP Cis 1.465 1.866 2.146 2.304 3.244
¥IE 1.497 1.823 2.200 2.311 3.202
RSD/% 2.20 3.76 3.25 3.85 3.78
256 FEREENE & QAMS JEMIIUE % 3 iR

“2.37 WUNTE, ol & RN 16 A1
TREAM UL S 3 T ER A R VA, Ak
5, Ht— 5 R H A bR % Cexternal standard
method, ESM) A1 QAMS X} BT il 75 Hicdis 43 5]
AT EEWE, LU IR Z Crelative error,

RE) #EATVFMY, LAIGAE QAMS iAsE Lik 6 Fi
TS R IERYE, SSRILE 7. SRR
N, AE 16 #HUASFE = HISRIE 25464 K2 3 e B 1)
RS 6 /NS Bali sy, HAFES ESM LS =lE
455 QAMS VR 4E AR L 2 78N, RE<
5.0%, KU QAMS VLA & FE&h RN HERT .

TE 1T HAB 78 S SCR RS B mly b, B IR L
TEL CYG ANZY, [FZE CYM. FMG.
FMM. CY K& FM % 6 Fi 732t QAMS
ik, DT VERI R . W L. MR
FRASAG, o] DA 38 B 296 AR o = b 1 1 £
T HEBER AR .

31 SIEEMEM S

KA FESIRT A, X 6 A5 BB
y3E4T T 200~400 nm A K, g5 R ER
CYG. CYM. FMG. FMM. CY #l FM 6 4MH%>
AT o0 AL, 37E 248~258 nm KK
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&7 ESMES QAMS ZMEREKS 6 MFRIKIHEZE (n=2)
Table 7 Content of six isoflavonoids in samples of Astragali Radix by QAMS and ESM (n=2)
CYM/(mg-g™Y) FMG/(mg-g ™) CY/(mg-g™?) FMM/(mg-g %) FM/(mg-g )

%S CYG/(mg g™

ESM QAMS RE/% ESM QAMS RE/% ESM QAMS RE/% ESM QAMS RE/% ESM QAMS RE/%
SX-1 0.453 0.192 0.194 1.1 0.454 0457 05 0.482 0484 05 0.345 0.347 05 0.115 0.116 0.5
SX-2 0.673 0.424 0.426 0.7 0.164 0.166 0.9 0.138 0.140 1.2 0.110 0.111 1.0 0.047 0.048 1.2
SX-3 0.474 0.671 0.673 0.3 0.163 0.164 0.6 0.124 0.125 0.8 0.263 0.268 1.9 0.059 0.060 1.7
SX-4 0.526 0.731 0.735 0.5 0.210 0.211 0.8 0.074 0.075 19 0.275 0.277 0.6 0.031 0.032 21
NM-1 0.723 0.457 0.460 0.6 0.253 0.255 0.7 0.141 0.142 1.1 0.121 0.122 1.0 0.061 0.062 1.3
NM-2 0.489 0.293 0.295 0.8 0.102 0.103 1.3 0.148 0.150 1.1 0.054 0.065 19 0.049 0.050 14
NM-3 0.280 0.227 0.229 1.0 0.072 0.073 1.7 0.203 0.205 0.9 0.065 0.066 1.6 0.093 0.094 0.6
NM-4 0.784 0.787 0.791 05 0.127 0.128 1.1 0.056 0.058 2.4 0.134 0.135 0.9 0.162 0.167 3.1
SHX-1 0.351 0.588 0.592 0.6 0.162 0.163 0.9 0.058 0.060 2.4 0.216 0.217 0.7 0.020 0.021 4.1
SHX-2 0.176 0.431 0.433 0.7 0.137 0.139 10 0.085 0.087 1.7 0.276 0.278 0.6 0.059 0.059 0.7
SHX-3 0.221 0.530 0.533 0.6 0.151 0.153 1.0 0.065 0.066 2.1 0.292 0.293 0.6 0.038 0.039 2.7
GS-1 0.306 0.419 0.422 0.7 0.087 0.089 14 0.319 0.321 0.7 0.147 0.148 0.9 0.179 0.180 0.4
GS-2 0.356 0.409 0411 0.7 0.105 0.107 1.2 0.345 0.348 0.6 0.151 0.153 0.8 0.179 0.180 0.4
GS-3 0.314 0.264 0.266 0.9 0.163 0.164 09 0.124 0.126 1.3 0.127 0.128 0.9 0.086 0.087 1.2
MJ-1 0.231 0.170 0.172 12 0.117 0.118 1.1 0.219 0.221 0.8 0.087 0.088 1.3 0.109 0.110 0.5
MJ-2 0.563 0.646 0.650 0.5 0.204 0.205 0.8 0.131 0.132 1.2 0.252 0.254 0.6 0.057 0.058 1.5
AH-1 0.174 0.156 0.158 1.3 0.067 0.069 1.8 0.217 0.219 0.8 0.051 0.052 1.9 0.100 0.101 0.5
AH-2 0.151 0.130 0.132 15 0.052 0.053 2.2 0.102 0.104 15 0.054 0.055 1.9 0.044 0.045 0.9
YD-1 0.269 0.254 0.257 0.9 0.085 0.087 15 0.232 0.234 0.8 0.101 0.103 1.1 0.137 0.138 1.0
WA KR, TR, TE 254 nm KA ik
6 FhfFdll o ) RGBSy, HenEpRRLgr 3.2 SRYIeNEE
fo, BAREMIEELZLSE, nlLUH L E &S ITH Z QAMS LRI AT, NS
BR, FUk, SRR 254 nm (E MR K . HIEFAMA S S EEE, RIS A R

A S BG5BT VR R R BT AT T B
RAMFEE, WO (ERFEE ). FERE
7 CHEE 20%. 40%. 60%-. 80%. 100%), ¥&5F
AR (25, 50, 75. 100 mL). FZHUK[E (15,
30. 45. 60 min) #EAT [ HEHL, [FIE RN
B R R P R B AR e M, TE SR A K it
RABEBRFEE I T 0.1%0M FHER, AN a] LIRS
R TPA Tk 2 S v L ) PR A A A, BRI
WA E Y, T B 59 ER M 2% ARk T DAAE A3 R i
S VR o) SR A BRI A, RUEIE SR U

ARG A RS R R R B, AR
Cag T TEAT XS S B P S B 2 1) 3 B KR B Vi 5,
EERENCH 8 FillS Akt F, (U Waters
Symmetry Cig, Thermo Hypersil ODS, Agela
Vensil XBP Cig 3 Fft o i 44 AT LS IS 6 /> 5 5 i
WA RSB (R>15), HAMOIERH 5%
RAE, REEAREE CY 5 FMM ifigs)
IE, Rem i g . AR E AR EE, X3
PRSP AR S I B SE i 1) Cos 3ERE, H
FoE e SOk B, THE R R E ST A

By, ASLIRIEE CYG AWSY), FEHEIZY)
JRTE (PEZ M) BEAMRETCHEME, %
FikeE B T3, WukHAE A QAMS RN S
Y. LA CYG NSRBI, %5 fui ) RSD ¥/
T 3.5%, AR AREEFRGRE. ARG
X foi U2 (RSD<3%), FHHIEFE CYG 1E
NSV QAMS LA AT
33 EEPFHREREIEM T QAMS REFREFIE ST
AL RER, WETEHERS (CYG,
CYM. FMG. FMM) & & &, MmH T (CY.
FMD & EMMRAK. [EREFEERE, REEHT
HRSIING 2018 4ERAEM 7 25 & & SRR
EIE RS EMEE, CYG. CYM. FMG. FMM
TERETHETH, M CY k FM SEE# L
Tty KRR FRAEESH IO PR RS E
ML 3 0 1, BHREMRT 2019 F-RAEM 9 IR
Zittp s 10 11 L. AFETRRBIRY, 1E
IEE 37 CRAHRAM N, A ai )y i kA
S A % S I R0 2 R A T A T A A A
S R T R E 5 % il N (TR E T 5 Wi
BETE. AW 2018 FRELM AU A1
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K, HrfEi X 2 F=EEEE, 5 TE@E, xnf
AE A 3 B0 AT FE A A v S B I B PRI S 2
i o AR T e R R A

BRI AE IR PR S il 57 T2 oKk 2 UK R
PEHON T, HKIEEU) K BC 7 Bk E2N CYG
AR Y, T 0 PR R N J AR AN Bl K
DR A O PR AR T 2 R e 1) B B O A I
PRIT R o X 37N B S A B AR I Tt B 7 2 e i
FEFNR BE 250 TR IIAEI, FFE B M Ky
RE RS EF, &K CYG. CYM.
FMG. FMM4 A5 38 i 1 pl o B L iR fIR & &
TR, IS CY K FM2 M T& B ERRE.
[FI, 3 Rk — 20 0 B A M R T T fif
. I TSRS A OSBRI AT R, A
A, RIEIT 56 E R ATM BN B E BE A
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