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Abstract: Objective To establish the UPLC fingerprint and content determination method of the stems and leaves of Astragalus
membranaceus var. mongholicus (Bge.) Hsiao (SLAM), and to compare and analyze multiple batches of SLAM from different
origins, so as to provide reference for the utilization and quality control of SLAM resources. Methods ACQUITY™ UPLC BEH
Cis column (100 mmX2.1 mm, 1.7 pm) was used. Mobile phase was 0.1% formic acid water and acetonitrile, gradient elution,
detection wavelength was 350 nm; The common peaks were identified by electrospray ion source-quadrupole-time-of-flight mass
spectrometry (ESI-Q-TOF/MS); At the same time, the content determination method was established. Cluster analysis and principal
component analysis were used to evaluate the quality of SLAM of different batches. Results The UPLC fingerprint of SLAM was
established, 25 common peaks were calibrated, and 13 chromatographic peaks were identified, all of which were flavonoids; The
content determination method of isoquercitrin, astragalin and isorhamnetin-3-O-glucopyranoside was established; The similarities of
17 batches of SLAM were in the range of 0.933—0.987. The samples were divided into two categories by cluster analysis. The
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results of principal component analysis and cluster analysis are consistent. Conclusion A rapid and effective method for quality
evaluation of SLAM was established by UPLC fingerprint and chemical pattern recognition method, which can provide objective

basis for the resource utilization of SLAM.

Key words: Radix Astragali; stems and leaves of Astragalus membranaceus var. mongholicus; quality evaluation; resource utilization;

isoquercitrin; astragalin; isorhamnetin-3-O-glucopyranoside
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x1 FEHARHARREMERER

Table 1 Information of samples from different batches of
the stems and leaves of A. membranaceus var. mongholicus

P FEH REEN ] EKFERIE
S1 HikE TR E 2021-07-21 2
S2  HikE TR E 2021-09-28 1
S3 HilEr ke 2021-09-28 2
S4  HilErmiRE 2021-10-30 2
S5 HiltErmEs 2021-10-02 2
S6  HiliErmEE 2021-10-03 2
S7  HilBerETE B 2021-10-02 2
S8 HiliBer TR & 2021-10-02 3
SO HiliBerTE & 2021-10-02  3~10
S10 WZEd R st egiE  2021-10-02 2
S11 WZ AT A e 2021-10-02  3~5
S12 P58 iR I T R WL 2021-10-10 1
S13 P 5 R T R WL 2021-10-10 2
S14 T EE T EEE 2021-10-18 2
S15 B[] JE T A L 2021-09-25 2
S16 T &[] JH T Al 2021-10-30 2
S17 TR JFE T R 2021-10-18 1
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2 R T 21 T 1 57 R 2R R -3-O-Hi
BIFEE . MR R LR FENRAER,
FH R 53 G R T B R B2 0,192 0.106. 0.149,
0.218 mg/mL 155 HE S A -

22 HikmiEEnH&

25 R IR A [ IR 5 ot 3 B 2R ok R
209, BT 100 mL HZEHEIEH A, K2 MA 40 mL
75% B, #E 30 min 5= RAES (40 kHz) HEHL
1 h, JREZEREHEEETE, 13 000 r/min &L
10 min, B EEW, £ 0.22 um fFLIEERES, B
SEUEAE A B A
23 BIEEH

itk ACQUITY™ UPLC BEH Cig it t:
(100 mmX2.1 mm, 1.7 pm), shHAN 0.1%F &
K (A -ZfiE (B, BEEEBEML: 0~1 min, 95%~
90% A; 1~31 min, 90%~75% A; 31~36 min,
75%~55% A; 36~37 min, 55%~20% A; 37~38
min, 20%~5% A; 38~39 min, 5%~—~95% A; f{&
LR 0.4 mU/min, F:E 30 C, AR 2 WL, &
KR 350 nm.
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AWK 6-HuWY T-RRER-3-O-MEME 25-LER
3-isoquercitrin 6-astragalin 7-isorhamnetin-3-O-glucoside
25-artemisinin
1 17 #RHERREMEROEMBLEE (A). WHRE
& (B) MEAXERM (C) B9 UPLC
Fig. 1 Superimposed fingerprint (A), control (B) and mixed
reference (C) UPLC from 17 batches of the stems and leaves
of A. membranaceus var. mongholicus
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1) UPLC E1E 77, F8IN T 25 LA (K 1-B),
LA U (1) G TR AR 2 R T 90% . 3 06 1 A 6 R
B INF E) RSD fE 7E 0~0.903%, #HZ2%5 /N, XTI
A ) RSD fHAHZE K, fE£ 0~80.578%, K

AR E G R ZEM PR Ry & R E R

BK.
2.6.3 LHIERLEE

i#Eid UPLC-Q-TOF/MS
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£2 EHEEZMHS UPLC s Bt £ GIEMLE

Table 2 Identification of common peaks of UPLC fingerprint of the stems and leaves of A. membranaceus var. mongholicus
% wmin  AFA MEH (miD) BRET (miz) M—H]"(m)  BRET (n2) Afnm KA
1 6.695 CosHasOrs 597.1518 303.051 8 [M+H—162—-132]" 505.128 7 255,352 quercetin-O-hexoside-pentosidel™®
1139640
2 7730 CosHasO16  597.1612 303.051 8 [M+H—162—-132]" 505.1322 255,352 quercetin-O-hexoside-pentosidel™®
3 8944 CuHxOp 4651111 3030492 [M+H—glc] 463.0862  301.0336 [M—H—glc]” 255,354 SE A
4 9810 CxHaOn 6831627  317.0737,3030515 6611282 6371407 254,350 KA
5 10867 CuHzOis 5511095  303.049 3 [M+H—glc—86] 5490894 505.0992[M—H—COZ~ 255,353 ff{}} %-3-0-(6"O-F — Rt J)-p-D-
HET
6 11929 CuMxOu 449.1405  287.056 0 [M+H—glc]" 47,0940 265,346 Knpt
7 12918  CpMxOn 4790301  317.0651[M+H—glc]" 4771033 315.056 0 [M—H—glc]” 254,350 FREE-3-O-HE R
8 14764  CauHzOu 5351061  287.0542 [M+H—glc—86]" 533.1088 4801011 [M—H—COJ~ 265345 1LZ&M-3-0-(6"0-15 ~BH)-H %
285.044 3 [M—H—glc—86] HH
9 16037  CxHaOs 5651259  317.0656 [M+H—glc—86] 563.0991 519.1136[M—H—-COZ~ 254,353 REZ%-3-0-(6"0-F_Rt&)H
315,050 3[M—H— HREH
glc—86]~
10 16484  CxHzOw 6251282 4631123[M+H—glc] 623.1588 4611103 [M—H—glc]” 264,340 WA
301,045 3 [M+H—gle—glc]” 299,055 0 [M—H—
gle—gle]™
1 1763  CygHuOn 7731996 3030%20[M-+H—162—162—146] 7711764 252,334 KA
12 1839 889.2439  285.0492 887.1940 519.1126,283.0606 250,336 KA
13 19071 CaMaeOw 7111851 4631264 [M+H—glc—86] 709.1664 4611062 [M—H—glc—86] 266,340 6"/ MW FH K
301072 4 M+H—gle—gle— 299,055 8 [M—H—
86] gle—glc—86]”
14 19876 CyHwOn 7872192 317064 1 [M+H—162—162— 785.1918 253,332 isorhamnetin-3-O-robinobioside-7-
Rha]’ O-glucoside (8
15 21.068 807.3822 265,327 KA
16 2419 CoHzOn 4791202 317.0674M+H—glc]’ 4771038 3150485[M—H—glc]” 254,340 isorhamnetin-O-hexoside!t®
17 23533 CpHxOm 6091931 3010730 [M+H—glc—rha]’ 607.165 4 265,340 thamnocitrin-3-O-p-
neohesperidosidgl®
18 24529 CpHuOis 5651183  317.0627 [M+H—162—86]' 5631158  519.1218[M—H—C0z~ 255,350 isorhamnetin-O-malonyl hexoside
315.056 7 [M—H—162—
86]”
19 26316  CaHxOn 4631330 3010690 [M+H—glc] 4611061 2990559 [M—H—glc]” 265,347  kaempferol-4"methylether-3-p-D-
glucoside 2
2 26790 CwHaOws 6951977 5491234 [M+H—146] 693.1655 6491746 [M—H—COz)~ 266,346 rhamnocitrin-O-malonyl-
301.046 9 [M-+H—146— neohesperidoside
162-86] ©
pal 29248 CosHzOs 5491314 3000730 [M+H—glc—86]" 5471129 503.1191[M—H—CO02~ 265,346  kaempferol-4methylether-3-p-D-
299.055 0 [M—H—glc—86]" malonylglucoside
2 31.059 7974753 327217 8 [M—H—162—-162 265,346 #
—146]"
2 32.168 887.679  269.0539 885.2086 8412226[M—H—COz~ 266,320 FI
267.0637
% 33246 857.251 4 855.2015 8112098 [M—H—CO~ 267,330 &4
25 36.076  CisHiOs 3000485 299,052 6 266,365 WAZ
R IR A

“means that confirmed by reference substance
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Wit H (g 3D, #if Bz % -3-0-(6"-0-1A it E)-p-D-
HEPET (g5, R (E6). FREPEH-3-0-
B (. 11 25M)-3-0-(6"-0- 18 Ik %) -1 £ 4
H (g 8). SR -3-0-(6"-O- 14 k) # &
(g9, Wi (1§ 10). 6" ZFRVD3ETH Hlg
( g 13 ) . isorhamnetin-3-O-robinobioside-7-
O-glucoside ( g 14 > .  rhamnocitrin-3-O-B-
neohesperidoside (I 17). kaempferol-4'-methylether-
3-B-D-glucoside ( g 19 ) kaempferol-4’'-
methylether-3-B-D-malonylglucoside (1% 21). 112
% (Ig 25), ik 3, 6. 7. 25 LR RA (K
1-C), HRILAH I B (5 B 455225 SOk
o IS S AR ISR AT HED 25 N ILH Y Y B
AR S CRORWSCBACAE 250 nm A1 350 nm B
). MBS Bt — D RIZ B EMAE miz
162. 146. 308 SEWHALRE & T ¥%, AR HED 2
N RAEE, Ak, it ER,. C FE
FEAN T 22445 2 (O RFE PR v B 1] DLt — 20 35
IFA b A EUAREE LS To R 25 A 14, LA 10 yf3il,
HAE 7B AN miz 623.158 8 FHESS T2 1 IE,
AIVEBAHENZA S YA 7T BE Ny 624, 4y 1N

CosH3:016, WEF BSF miz 461.110 3 & H AL 1)
INBHERE T, PR 1 DNIBERAS R miz
299.055 0, HHE SCHIRARIE N H Vb 3671

CA WAL s S IR vh o3 AT o KB T — 1t
FERR R A, DU 8 s, HEKAMR IR
FHES R0 (g 6) BA—8, 7E7E 7B
N m/z 533.108 8 FIHES ¥ B TR, TR HEN %
AN 73T BN 534, 771N CaaH22014,
BER B miz 489.101 1 AHBR=AHEM—H—
COz]> W BT miz 285.044 3 NZHES> 15512k
2 1T oNRBERE LULRE T miz 86 (HEDNH 9 —
e ) BT e, DRI 40 & 4 9 1L 25 19 -3-0-(6"-O-
P I ) B

Ak, A 5 MIAEAERE Y T R
ERANR, BTN IO E B B B R
2. 254 quercetin-O-hexoside-pentoside (1
1) . quercetin-O-hexoside-pentoside (1§ 2) .
isorhamnetin-O-hexoside ( 1§ 16 ) . isorhamnetin-
O-malonyl-hexoside ( U 18 ) . rhamnocitrin-O-
malonyl-neohesperidoside (U 200, EL{A%E B K ik
BRENER 2 K 2,

A
19
! 21
? 7T 8 910 14 17 |t |ll| ]
2 6 91 1 20
l‘ A 1w 4 s A AJWIE213 415 _,ﬁ W18 % " 2233:;_%@ L2 b,
B
19
f| 21
5 7 g.l 11 || |r| ‘ TZS &.
5 6 | 110 14 1749 | | 22,2241 J
[ — 2 /\ 4 )\ Gﬂ A - & U218 s P18 A ki o ~‘2.~.2-'~?c?’¢2vieJ'-_il 'u.'t_.f’w.h W
0 10 20 30 40

t/min

2 FHEREMESRT (A) MABETF B) BEXTREFRE
Fig. 2 Total ion chromatograms of stems and leaves of A. membranaceus var. mongholicus in positive (A) and negative (B)
mode

2.6.4 MPUEHHE VXREENSE (KERN
D, THESHOREESAABUE, ESRIE 3. 17 it

27 3NEERNEENE
E R A SO0 A P o R S et HY 52 B s 2R

50 o R A A ORI LLREAE 0.933~0.987, §iE
ANIX 17 S TR R R A S R A AR
AAREL

TREUEIES A W 1 4 N0, 0 iR (g
3 Bl (K 6). RFER-3-O-HaH (1%
7) ANLZRE (0§ 25), HAT 3 AN & AN
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3 17 MEFHEREZEMERBIUE S IER
Table 3 Similarity of 17 batches of stems and leaves of A.
membranaceus var. mongholicus
FER S UL | FEfhdn S AU | eGSR S ARMLEE
S1 0.969 S7 0.978 S13 0.962
S2 0.956 S8 0.965 S14 0.958
S3 0.944 S9 0.933 S15 0.986
S4 0.987 S10 0.960 S16 0.980
S5 0.966 S11 0.963 S17 0.987
S6 0.974 S12 0.950

i, PIIERRIX 3 AR g S H B il e v
E AT MEFES A .

271 XTHRSEMEIS AR PR 2
ISt . Rt R ZER-3-O-Hi A M H s
S IE R, H RGOS R 2 B 0.212,
0.298. 0.192 mg/mL [FJEA X B S IR & -
2.7.2 RS S MBS AR TR
HITIEE €227 T, nEAERE “2.37 T,

273 HMERRFELHR UL EIR AN E R
W25 W, FH PR I B SR 1A FEE (1) VR 0 TR i
W, % “2.37 UGG &R e, DU E K B i
AR (XD, WETHRUN AL KR (YD, 5L [H 1E
HREMMKAE (. SGRILFE 4, Frabsd il
LA R AN E RIFMEHRR (r =
0.9995).

R4 FHAREM I IMTRILMEFIEREXRYK
Table 4
coefficient of three components of the stems and leaves of A.

Linear regression equations and correlation

membranaceus var. mongholicus

waY Bt ro AP (g mLY
RRZR-3-0-WEM Y=7660X—12663 09995 0.600~192.000
S Y=10316 X—18676 0.9995  0.663~212.000
ESN Y=11792X—29077 0.9996 0.931~298.000

274 FEEEARLE BURGXIRSEE, 1% “2.37
T T SR AL 6 IR, DS B T AR,

FF1T5 RSD {8 . RSD {HI/N T 0.74%, KA
=R T

275 EEMRK B S1 SEEN 6 4, 1% “2.27
TR J783 Al & AR A, 1% “2.37 a4
PRESLFEFE T, Il AR, JEiE
RSD 1. RSD 11/ 2.62%, FWi%7ikEE M

R4t

276 FaEtEiRIG B S1 SR, IR 227 T
NOTER ARSI, 2 E 0L 20 4. 8. 12,
24 h 3, 4% “2.37 DUtk SRR RET b, 10
i AR, ik RSD fH. RSD {EHIH/MN T
2.42%, FHIHRERAE 24 h NEOE.

2.7.7 e ECERRE o alPREC ST SRR 6
Uy, By 1.0g, EEXTRSEHFESRPETENL:
1 BB BN 3 xR AR, 4R “2.27
T 7 i) 2 gl s, 1% “2.37 T &
AT AT, Il B R IE I A, FFTE A R
F A RSD {H o 57 Bl 2= 5 -3-O- 781 2 i H « i 2 1
B S 00 RE B Y 4 5 v 100.97% .
102.34%. 102.59%, RSD {E¥J/NT 1.99%, K
AR TTIERER E Rt .

278 FEMEENE L7 MU AR,
M8 “2.27 TUR 7 i AR a1 “2.37 I
BTN E, CSRIE AN, AR R [F
TR E SR 3 MRS R, ARNEKS,
17 ke S P R A K -3-O- M A b . M.
R TOH ) & 4> #05r B 0.121 5~1.068 6.
®5 UTHEHHEEZHERS I RO NSENELR
Table 5 Content results of three components in 17 batches

of stems and leaves of A. membranaceus var. mongholicus

Ji 5 ¥i/(mg g7Y)

s
e P F a0 MEME WAE EARE
S1 0.8101 09852 0.2600
S2 1.006 3 1.6037 0.2108
S3 0.516 5 0.6857 0.1477
S4 0.246 0 0.2538 0.104 4
S5 0.585 4 1.3993 0.204 8
S6 0.7856 0.7859 0.1483
S7 1.068 6 1576 8 0.2106
S8 0.548 5 0.8775 0.160 4
S9 0.242 6 0.3644 0.0961
S10 0.356 2 0.3687 0.1426
S11 0.1215 0.2032 0.0683
S12 0.9230 1.1997 0.2191
S13 0.565 5 0.444 4 0.1709
S14 0.3451 0.5068 0.1083
S15 0.2478 14937 0.1648
S16 0.356 7 0.2943 0.0976
S17 0.748 6 0.8366 0.2108
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Table 6 Principal component score and comprehensive
score of 17 batches of stems and leaves of A. membranaceus
var. mongholicus

FE4S  PCl PC2 PC3

ZeRy e

S1 8.740 0.375 4.170 6.807 1
S2 6.577 0.605 —2.494 4.742 2
S3 5.213 1312 -1.600 3.866 3
S6 4.658 2017  —-0.940 3.570 4
S7 3.524 -3.028 —0.496 2.284 5
S5 1.128 0.545 0.697 0.937 6
S4 —0.636 0.839 -0.004 -0.391 7
S8 -0.817 -2.014 0303 —0.774 8
S9 —-0.613 3542 -0.116 —0.798 9
S17 -1955 -0.062 —-0.383 —1.480 10
S15 -2.081 -0.401 -0.346 -1.603 11
S14 -2.101 -0.230 -0.400 —1.606 12
S16 -2.39% —-0.225 -0.294 -1.816 13
S12 —3.756 0.906 0.485  —2.658 14
S13 —4.893 0.193 0.353  —3.577 15
S10 —5.247 1.431 0.462 —-3.713 16
S11 —5.347 1.281 0.602 —-3.791 17
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