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Abstract: Objective Aiming at the major index components and characteristic acetyl components of Huangqi (4stragali Radix, AR)
processed by honey, an analytical method by HPLC-PDA-ELSD for the determination of six isoflavones and two triterpenoid saponins
as well as a quantitative determination analysis multi-component by a single-marker (QAMS) method for six isoflavones in honey-
processed Astragali Radix were established. Methods Calycosin-7-O-B-D-glucoside (CYG) and astragaloside I (AGI) were selected
separately as internal reference substances of isoflavones including calycosin-7-O-glucoside-6"-O-acetyl (CYA), formononetin-7-O-
glucoside (FMG), calycosin (CY), formononetin-7-O-glucoside-6"-O-acetyl (FMA), formononetin (FM) and triterponid saponins
including acetylastragaloside I (ATI), and relative correction factors (RCFs) between each component and internal reference were
calculated. The stability and durability of the measured RCFs were investigated on different instruments, chromatographic columns, column
temperatures and flow rates. The deviation of results of QAMS method and the external standard method (ESM) were compared. Results A
total of 18 batches of honey-processed Astragali Radix from eight manufacturers were detected of which the QAMS method and ESM

results of six isoflavones detected by PDA were similar and the absolute values of relative error were within 5%, indicating that the accuracy
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of the established QAMS method was good, thus the QAMS method and ESM could be used for quality control about isoflavones.
There were larger differences between the QAMS method and ESM results of two triterponid saponins detected by ELSD, of which
the absolute values of relative error ranged from 0.40% to 22.69%, indicating that the QAMS method established for triterpenoid
saponins was not applicable, thus ESM should be selected for quality control about triterpenoid saponins. Conclusion The established
analytical method for the determination of six isoflavones and two triterpenoid saponins and the QAMS method for the determination
of six isoflavones in honey-processed Astragali Radix were accurate, reliable and easy to operate, which can reflect the degree of
honey-processed Astragali Radix and provide a reference for the quality control of honey-processed Astragali Radix more
comprehensively, in order to improve the quality of honey-processed Astragali Radix decoction pieces.

Key words: honey-processed Astragali Radix; characteristic components; HPLC-PDA-ELSD; QAMS; calycosin-7-O-B-D-glucoside;
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Table1 Source information of honey-processed Astragali Radix
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Fig.1 Chromatograms of mixed references (A) and sample
(B) of honey-processed Astragali Radix (B)
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Table 2 Regression equations, linear ranges, LOD and LOQ of eight components

[ 475 2 r

22 VU /(ug-mL ™) LOD/(ug'mL™))  LOQ/(ug-mL™")

CYG Y=27121 X—2825.9 0.999 9
CYA Y=26 674 X—3457.2 0.999 9
FMG Y=47 886 X—2 67.26 0.999 9
CYy Y=38717 X—2182.7 0.999 9
FMA Y=35774 X—3 2194 0.999 9
FM Y=69 700 X—2 012.5 0.999 8
AGI InY=1.510 7 InX+6.554 1 0.999 1
ATI InY=1.590 9 InX+6.451 6 0.999 2

3.780~242.000 0.059 0.177
5.810~372.000 0.091 0.273
0.684~43.800 0.021 0.063
0.810~52.000 0.051 0.153
2.275~145.600 0.071 0.213
0.153~9.820 0.038 0.090
2.970~190.000 0.742 2.226
3.695~236.500 0.924 2.772

1.11%. 1.07%- 2.53%5% 2.29%. 2B 5 A e
12 h N e R AT,
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Table 3 Relative correction factors calculated by multi-point method

s Jfevacya JPMGICYG fevieva JEMA/ICYG JSemieye JATyAGH
1 0.984 1.767 1.430 1.320 2.572 1.001

2 0.982 1.761 1.412 1.312 2.517 1.000

3 0.987 1.775 1.424 1.322 2.549 0.994

4 0.985 1.773 1.422 1.323 2.534 0.983

5 0.982 1.770 1.429 1.314 2.494 0.953

6 0.987 1.786 1.446 1.319 2.609 0.924
P51 0.984 1.772 1.427 1.318 2.546 0.976
RSD/% 0.20 0.47 0.78 0.33 1.60 3.19
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Table 4 RCFs measured by different instruments and Cis chromatographic columns

e Ry foyacye  fimcicy  fovieyG femacyG fimicyG fATIAGE
Waters €2695-PDA-ELSD1 Hedera ODS-2 Cis 0.979 1.757 1.406 1.312 2.496 0.982
Agela Vensuil XBP Cis 0.970 1.688 1.374 1.308 2.459 0.990
Thermo hypersil Cis 0.978 1.752 1.390 1.298 2.421 0.977
Waters €2695-PDA-ELSD2 Hedera ODS-2 Cis 0.977 1.767 1.422 1.308 2.420 0.986
Agela Vensuil XBP Cis 0.981 1.765 1.422 1.320 2.487 0.977
Thermo hypersil Cis 0.981 1.771 1.420 1.316 2.397 0.983
Rl 0.977 1.750 1.405 1.310 2447 0983
RSD/% 0.41 1.78 1.42 0.56 1.64 0.53
253 AFFEE. EBWEX fis W KA ERHERE AR LI 2 AT I, AWFITR

Waters ¢2695-PDA-ELSD1 1% 28 1 Hedera ODS-2

AR REAETR " (5 A S DR B

Cis BaiBAE, 20 0l E I oh B A AR 2% 10 1
(25, 30, 35°C) EARMEBGE (0.9, 1.0, 1.1
mL/min) CYG 5 R # K7 & AGL 5 =il 2
TR fis, H5 RSD. &R ER, WBW5
R fus 1 RSD<3.0%, B fiss FETRLEE 25~
35 C AR & 0.9~1.1 mL/min A1 52 1 R

I ECAE fis) XTHCFEE 8 ANARINLH 43 1) £ B s 1]
BT T %% S5 R B RFr R 5 N S PAE X R
BAAH ) 2 38 /N CYA. FMG. CY. FMA. FM #f
X CYA A XS AR BEAE ME 2 5 8 1.759
1.840. 2.313. 2.677. 3.414, ATIMXIT AGIH)
FERHE BB 241 9 1.250, RSD<X2.64%, #&HIX

af, WS, RIS DN 2H 73 5 N 2 D) AR R O B B R € A B T
2.5.4  FRRRy il E AL RR IR Bl AT, R 6

®5 TEHER. ARRE TN fus

Table 5 RCFs measured by different column temperatures and flow rates

i H S fevacye fEMGICYG fevieya fEMACYG femicYG JATIAG

FE#R/C 25 0.982 1.759 1.414 1.314 2.517 0.998
30 0.987 1.775 1.424 1.322 2.549 0.994

35 0.982 1.767 1.389 1.311 2.536 0.997

AR /(mL min ') 0.9 0.982 1.762 1.415 1.313 2.510 0.988
1.0 0.987 1.775 1.424 1.322 2.549 0.994

1.1 0.985 1.771 1.428 1.318 2.571 1.012

M 0.984 1.768 1.416 1.317 2.539 0.997

RSD/% 0.23 0.38 0.99 0.34 0.90 0.80

Fz6 AREMLEE. EISHEEGTNEMNEXRERE L E
Table 6 Relative retention time ratios measured under different instruments and column conditions

& e ICYAICYG IFMG/CYG 1CY/ICYG IFMA/CYG IFM/CYG IATI/AGI

Waters €2695-PDA-ELSD1  Hedera ODS-2 Cis 1.798 1.895 2.370 2.783 3.553 1.246
Agela Vensuil XBP Cis 1.746 1.814 2.275 2.635 3.339 1.244

Thermo hypersil Cis 1.755 1.834 2.322 2.665 3414 1.257

Waters €2695-PDA-ELSD2  Hedera ODS-2 Cis 1.783 1.876 2.338 2.744 3.490 1.244
Agela Vensuil XBP Cis 1.734 1.810 2.287 2.618 3.352 1.257

Thermo hypersil Cis 1.737 1.812 2.286 2.617 3.336 1.255

M 1.759 1.840 2313 2.677 3.414 1.250

RSD/% 1.48 1.99 1.60 2.63 2.64 0.53
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255 MG ENE A QAMS EMKIE %
“237 WUNAE, 3l & RER 8 AN KL 18
LR RS, WIEM 2, 3F—5 K FH 4MriE (external

BAE o m#t AT & &b A, LAY R ZE (relative
error, RE) #ATVFAY, DAIGIE QAMS vAl € ik
8 M S EmatE, SR NEEK 7. 8. 4R E

standard method, ESM) F1 QAMS %%} At il 45 ¥ N, 1R 18 LK B A AR 45 % 8 M4y, ESM
®7 ESM 5 QAMS MEREKS 6 fFRIHEE (n=2)
Table 7 Content of six isoflavones in samples of honey-processed Astragali Radix by ESM and QAMS (n = 2)

. ~ CYA/(mg-g™) FMG/(mg-g™") CY/(mg-g™) FMA/(mg-g™") FM/(mg-g™")
gn's  CYG/(mggh)

ESM QAMS RE% ESM QAMS RE% ESM QAMS RE% ESM QAMS RE% ESM QAMS RE%
KH-1 0.490 0.711 0.711 0.07 0.104 0.104 0.17 0.110 0.109 0.28 0.208 0.208 0.17 0.023 0.023 0.12
KH-2 0.580 0.785 0.784 0.09 0.116 0.116 0.22 0.119 0.119 0.27 0.229 0.229 0.16 0.025 0.025 0.03
HQT-1 0.579 0.091 0.090 1.34 0.180 0.180 0.21 0.175 0.174 0.12 0.044 0.045 1.82 0.067 0.066 0.68
HQT-2 0.594 0.094 0.092 1.31 0.185 0.184 0.24 0.178 0.178 0.11 0.045 0.045 1.79 0.068 0.067 0.68
ZQ-1 0.503 0.035 0.034 3.58 0.134 0.134 0.19 0.213 0.213 0.02 0.014 0.014 3.78 0.071 0.071 0.73
ZQ-2 0.504 0.034 0.033 3.69 0.133 0.133 0.10 0.214 0.212 0.03 0.012 0.013 3.07 0.070 0.069 0.73
KM-1 0.347 0.097 0.096 1.13 0.117 0.117 0.06 0.083 0.083 0.35 0.048 0.049 1.50 0.021 0.021 0.17
KM-2 0.348 0.096 0.095 1.14 0.118 0.117 0.11 0.082 0.081 0.36 0.048 0.048 1.53 0.020 0.020 0.18
KM-3 0.363 0.095 0.094 1.17 0.122 0.121 0.11 0.083 0.083 0.32 0.050 0.051 1.44 0.021 0.022 0.12
DYT-1 0.493 0.713 0.713 0.07 0.102 0.101 0.23 0.115 0.115 0.25 0.207 0.207 0.17 0.024 0.024 0.03
DYT-2 0.471 0.677 0.676 0.03 0.098 0.098 0.14 0.105 0.105 0.29 0.197 0.197 0.18 0.023 0.023 0.12
YQ-1 0.493 0.727 0.726 0.09 0.101 0.101 0.22 0.115 0.115 0.25 0.210 0.210 0.16 0.025 0.025 0
YQ-2 0.487 0.708 0.707 0.06 0.104 0.104 0.24 0.107 0.107 0.29 0.207 0.207 0.17 0.022 0.022 0.19
QA-1 0.372 0.757 0.750 0.85 0.080 0.080 0.41 0.118 0.117 0.78 0.225 0.222 1.41 0.026 0.025 0.64
QA-2 0.358 0.719 0.729 1.43 0.077 0.077 0.14 0.112 0.112 0.19 0.214 0.214 0.08 0.024 0.024 0.83
HX-1 0.366 0.729 0.738 1.17 0.077 0.078 1.01 0.114 0.115 0.97 0.217 0219 1.08 0.024 0.024 1.19
HX-2 0.547 0.055 0.053 2.28 0.139 0.139 0.20 0.201 0.201 0.06 0.018 0.019 4.73 0.066 0.066 0.69
HX-3 0.896 0.103 0.102 1.24 0.273 0.272 0.26 0.202 0.201 0.14 0.048 0.049 1.72 0.074 0.073 0.66

%8 ESM 5 QAMS NEXRHEH 2 H=isEEHNEE

honey-processed Astragali Radix by QAMS and ESM (n=2)

(n=12)

Table 8 Content of two triterponid saponins in samples of

- _ ATl/(mg-g ")

BT AGUmMEE™) TN OAMS  RE%
KH-1 0.716 0875 0850  2.82
KH-2 0.786 0912 0931 2.10
HQT-1 0351 0306 0239 2182
HQT-2 0.388 0333 0258 2243
7Q-1 0.736 0315 0312 1.05
7Q-2 0.747 0294 0293 0.40
KM-1 0.509 0460 0383  16.83
KM-2 0.513 0459 0385 1637
KM-3 0.539 0463 0396 1432
DYT-1 0.852 0929 099 699
DYT-2 0.738 0.883  0.872 121
YQ-1 0.859 0904 0969 723
YQ-2 0.712 0.845 0820  2.94
QA-1 0.659 0583 0715  22.69
QA-2 0.591 0535 0627 1721
HX-1 0.619 0559 0679  21.52
HX-2 1.166 0475 0572 2046
HX-3 0.782 0306 0310 1.34

5 QAMS WIS 6 Fi sl & & 45 R 2 R U,
RE<<5.0%, 8] QAMS 246 Wl ) 55 & 45 B UETf
REAS I 2 & B R 6 M B 1 2 B oK.
M2 A =5 2 ESM 5 QAMS iEME 4 R %= R
BR, ROAEFXTIZ A E L QAMS EFRE A
U, Mk ESM HEAT &2 5E .
3 it
31 SFEEMEM S

K ARSI S, X 6 Fhi S 5
HEAT T 200~400 nm $34, R EIR, % 6 Bk
[N T, CYGL CYA. CY. FM ¥J7E 247~
291 nm 3 KA H R FMGLFMA 2 5I7E 251,
258 nm A R, BFFERIL, 7E 260 nm K
FAET 6 FRAREI R ) R B S, H i ]
grie, BARGMEE, e EEsriE
Ko K, HA&ERE 260 nm 7RI K.

AR TR R EIAT 4 IR S CYG 1)
FH 2 B PR DR ot 1) 2% 795, AR PRGN 3 18 Y
I 4% 80% H I [FI SR HL 7 1A, 32 B2 B A
D =105 B2 (1) HARA—8, AR5 IE AT RAF R

=
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KJG AR QR R T BRI LAY B
B o 110 24 Y92 o Bk AR AN 3 1 R A
BRFBAER TP LB &R, RS2
PRI (S s e , M AR AL 58 4200, ANRe i AT
FLCH S B B R SRR A B BB, TR
RS EERHE RSy, SRR, ] R
IO ERR R B 5y, H 8 Flpl s 7E 47
FE & kR RaE, MoER T E.

AW FEARE T 25 3 b 5 B S IR AR, 30
T 5 MRHEEIZEN S : CYA. CY. FMA. FMG.
FM DL K 2 =i B HRsr: AGL. ATL fREEZ
i CYG. FEBRHERE SN, H4 CYG.
CY. FMG. FM. AGI AF:EFEbrmsr, Z9EAEH
WA, AHCHE A, R R0F A SO E EE R b
5y . CYA. FMA. ATI A& RAHEMN Ry, S8
B, BERRHERR IR E B Sy, WIS
FFRIAIRX L 2 B B R AP AEEPER24, i
Ab, MR AR AR A WM R FE R, AT T
PR IR, XA 2 BB, 3)
AL, BN mFRE AR, PRI B R
SEFREEE . H BETSAEE . TN B R E T 1L
HEEJLTEZER, MMNP CYA. CYG. FMA,
FMG. ATI & mSRAG: JAHIFEEE 4, Nk
B JUT R AR, AHRE CYA. CYG. FMA,
FMG. ATI )& &E2F 5, Ll EfabrfaFlTIX
IYBEEE MRS, T BE AT bt 5 B R B AT
il

KA FEAE S SF A R R, AN
Cg TG A S 2 I 2 R 23 19 23 B R G A 2 3 7E
EREOHH 6 M-S aiEiEh, /¢ Hedera ODS-2
Cig~ Agela Vensil XBP Cis. Thermo hypersil Cis, 3
P 3 b v LS 8 R4l A 3 B (R>
1.5) , HAREE S BACRAE, Aaek CYA 5
FMG & REIE 557, s tras .
32 HNEYIRNERE

FH 0 R T R AR B BB B 3R A, DAY
YN R EIEFE LD S ER S 508 BIRE
i8] 3E A RO . AR, 6 R EEER, %
¥ CYG RAZY), FEHEEZYFAEIRE AT
R R ET CA A, HiieE B T3k
2 P =WERT, UL AGIANSY, EEEEZYIR
NEEERA MR, SRR ES R E. Mk
L EREA QAMS VLIS . % /At

RIEFF fus ) RSD ¥/ T 3%, ANEMCHS. il
FE AR AR BREXT fis B2/ (RSD<3%),
T QAMS EIEFRZ 2 P E NN S A
B AT
33 REEF 8 MHHER S QAMS HIZER 71T

AWEFEd, %FF HPLC-PDA #illf) 6 Fh s ig
fil, QAMS 745 ESM #5345 RAHXT R ZIILE 5%
DA, BE T QAMS LTS 45 Stk . £ 2 35hn
58 LA SOO BRSRTBR ()1 DL 15 RS B X ESM 8K
B2 1 W B AT

XF HPLC-ELSD A&l iy 2 Fh =% 21, QAMS
%5 ESM FrR g BAxhRZEOR, HARARE AT
RIS B RAN R, AHECT PDA, ELSD iR
568 I AR K 3 B2 B R 550 )5 TH U U T
BRI/ KA 73 AT LA R BIAR 28 K IR RE 152
Wi AR S FE ST 2HR R, i FERZ
TEGFREH S5 BUE FTBOK . 200 HE SRR )ik
FEfE—EJuEIN, ELSD JEZettthZefs —Beny DAL
NI R X 35K, LLZ XIS EOR 7. QAMS ¥4
Hg b T, AWtTed, BRI ELSD N5k
WAL HANERE R, AR RIER, I
SR K SRR R BRIl (R, 7E ELSD
S QAMS VT B IR FEIIZH 2 T A
AT, TRANBEF 0 3E VG S R

HAf &k meF EEITHUSRE L ‘=
AKGF” IR I 2 A8 E e An kAT R i,
AN RE AT R LR B R N AR . B TR AT G
R B AL, ZENIE /Y 8 N K 3% 18
LA, AR RKE CFER F E FROK,
TR T 3 E R FEEA—, MR e
BEA—, ShZ i G — N TS5, XFEREE
SXROIA B BB KR IRTT 2. R HBR T2
BLHE ) 2 B g ENDERRRR, & F LT
FAERIE WL R 7 (CYA. FMA. ATD . F#
(CYA. CYG. FMA. FMG. CY. EM) . =i &%
(AGIL. ATD , UKL BRSO E AR RS

KT T I 8 P oW 77, [
ST 6 PR A T QAMS A% 7V, R B EE
1) ot 42 i R A AR A
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