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Comprehensive Screening of Multi-components in Huangqi Injection by Ultra-performance Liquid
Chromatography Coupled with Quadrupole-time-of-flight Mass Spectrometry
Yu Hong,Hu Qing,Sun Jian, Feng Rui,Zhang Su,Zhang Jingxian,Mao Xiuhong,Ji Shen
(Shanghai Institute for Food and Drug Conirol ,Shanghai 201203 , China )

Abstract Objective: To study comprehensive screening multi-components in Radix Astragali and Huangqi injection, based on
high-resolution quadrupole-time-of-flight mass spectrometry. Methods: The analysis was performed by Agilent Eclipse Plus C 4 col-
umn(3 mm X 100 mm,1. 8 pwm) with the mixture of 0. 1% formic acid aqueous solution-acetonitrile as mobile phase by gradient e-
lution , and the flow rate was 0. 4 mL/min. Q-TOF-MS equipped with ESI ion source was performed in both positive and negative i-
onization. Samples were diluted with methanol. Qualitative analyze was based on retention time,the accurate mass of the precursor
ion and product ions. Results: A total of 46 components including amino acids,flavonoids, saponins , nucleosides and nicotinic acid
were successfully identified or tentatively characterized. Conclusion ; This study is expected to provide an effective pattern for sys-
tematic characterization of the complex Huangqi injection systems,and establish a reliable strategy for its quality evaluation, also of-
fers a reference for quality control as well as technological improvement.
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Agilent 6550 Q-TOF JFiji{X ( 35 [E Agilent /] ) , Sarto-
rius MSU225P-1CE-DU /3 #1 K 5 (% [E Sartorius 2%
Al AL BRI PR AT o Il SR
RN LR LR R o W aliialn) (b i e Ak 2 1 A R
o)) s B HIK R M LC-MS 0] (7 Merck
An]) WA EGE R (7R Merck 24 +]) 3 Bk fr
S O, WS 32 [ Agilent 23 w42 it
120 R BRvExs B : 95 28R (Threonine, A2) ,
AR ( Glutamic acid, A3) |, JlHZZ ( Proline , A4) , %5
F R (Valine ,A5) ,L-R 2= ik ( L-isoleucine , A6 ) , fi%
A Z (Tyrosine, A7) , L-25 & % ( L-Leucine , A8 ) , ZK [
22 ( Phenylalanine , A8 ) , Ji) Jlit 1 & it 48 4% ¥ ( Thy-
midine, A9) , {8, ik ( Tryptophan, A10) , 4 /& ( Nico-
tinic acid,O1) , JR ¥ ( Uridine, O, ) , I ( Adenosine ,
03), & 5 ¥ FH-7-45 B 15 ( Calycosin-7-glucoside,,
F4) , 4Bl KR F ( Genistin, F6 ) , 2244 7€ 1 ( Ononin,,
F9) , & 7 8 ( Calycosin, F12) , T2 4 4 & ( Form-
ononetin, F14) | & & B 15 ( Astragaloside IV, S6) 241y
P 6 25 A 40 06 5 5 B, Methylnissolin 3-0-
glucosid( F10) , #% [ 524 1( Astragaloside I,S14) , 7%
BT 10 (astragaloside 1T, S8) , ¥4 7 FE i ( Cycloas-
tragenol , S17 ) A1 85 15 i&. 111 ( astragaloside IIT,S7) Ity
T bR A AR A BRA ] o

BRCTESTOT 3 6 A7) ZAE k., 1 mL
FESHA ARG T 2 g i, HohAERy AL FI A2 T
2P IR s B BL, B2, B3 Fl B4 AT AT
B
L3 Jpbrkedlh B ECUE SRR A DL A B 10 A
FI1100 /5 (v/v) o £E 14 000 r/min &[> 10 min J5¥F
EIEREE R R B SRR R FEAT 00 o AR
W LA I 45, -4 CHAr.
1.4 UPLC 414 Agilent ZORBAX RRHD Eclipse
Plus C {04 £ (3 mm x 100 mm, 1.8 pm) ; # i :
30 C A2 Wl sl Al : A 2 0. 1% HER-K
VB, B 0. 1% HIR- CHETEW BE I DRI AR < 0 ~
2 min:3% B;3 ~17 min:3% ~70% B;18 ~22 min;
95% B;23 ~25 min:3% B, ii#:0.4 mL/min,
1.5 Q-TOF-MS Z&fF  Fuilk & SRR IEH
A HAME R m/2 70 ~ 1 300. & FHESE 50
(N2):35 psi; T4 (N2): Jii#k 15 L/min, Jii J&
200 °C ; #5S(N2)  Jii# 12 L/min, 3@ )% 350 °C ; E41
BHLE 3.5 kV; BEZLHL JE 250 V; CID .5 ~
40 eV;%‘Hﬁ%?: E*%Z—Et m/z121 %ﬂ 922; /D'z\'*%:—ﬁt
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1.6 Fdiirtr Gl SO 2R, 435 T REAFAE
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K, TE . R AR B SR T Agilent” s
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( <10 eV) T Brig X B AL E A/ — DT BT, m/
2z 4 269. 0801, 5U4AE F14 I (& 1b) . il
JESEINE] 60V B, FO (1) 2 ik R 5 F14 HEH A
L, BEH F9 nIfEfELS Ay |5 F14 A0l F9 [L F14 4y
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1 Al” 1.07 C4HgN, 0, 133. 060 8 [M+H]* Asparagine Al A2 Bl B2 B3 B4
2 A2~ 1.07 C4HgNO4 120. 065 5 [M+H]* Threonine Al A2 Bl B2 B3 B4
3 A3* 1.11  CsHgNO, 148. 060 4 [M+H]* Glutamic acid Al A2 Bl B3 B4
4 A4* 1.17 CsHyNO, 116.070 6 [M+H]* Proline Al A2 Bl B2 B3 B4
5 A5 1.20 CsH;;NO, 118.086 3 [M+H]* Valine Al A2 Bl B3 B4
6 o1~ 1.64 CgHsNO, 124.039 3 [M+H]* Nicotinic acid Al A2 Bl B2 B3 B4
7 02 2.18 CoH;;N,06  245.076 8 [M+H]* Uridine Al A2 Bl B4
8 A6 2.20 CgH;3NO, 132.101 9 [M+H]* L-Isoleucine Al A2 Bl B2 B3 B4
9 AT 2.27 CyH; NO; 182.081 2 [M+H]* Tyrosine Al A2 Bl B2 B3 B4
10 A8* 2.49 CgH;3NO, 132.101 9 [M+H]* L-Leucine Al A2 Bl B2 B3 B4
11 03~ 2.64 CjoH;3N;0, 268.1040 [M+H]* Adenosine Al A2 Bl B2 B3 B4
12 A9* 4.44 CyoH, NO, 166. 086 3 [M+H]* Phenylalanine Al A2 Bl B2 B3 B4
13 04 4.67 CioH N,O5 243,097 5 [M+H]* unkown Al A2 Bl B2 B3 B4
14  A10* 5.82 C;;H;;N,0, 205.097 2 [M+H]* Tryptophan Al A2 Bl B2 B3 B4
15 F1 5.91 CyH3 0 625.176 3 [M+H]* Complanatuside Al A2 Bl B2 B3 B4
16 k2 7.43 C,H,0p, 463.123 5 [M+H]* Rhamnocitin-3-O-glucoside Al A2 Bl B2 B3 B4
17  F3 7.79 CyuHpuO0Y, 447.128 6 [M+H]* 3’-hydroxy-5'-methoxyisoflavone-7-O-glucoside =~ Al A2 Bl B2 B3 B4
18  F4* 8.10 CyHy, 0y 447.128 6 [M+H]* Calycosin-7-O-glucoside Al A2 Bl B2 B3 B4
19 F5 8.26 Cy,3H,, 0y, 477.139 1 [M+H]* Odoratin-7-O-glucoside Al A2 Bl B2 B3 B4
20 F6* 8.59 Cy HyOy 433.112 9 [M+H]* Genistin Al B2 B3 B4
21 F7 8.65 CyH3O5 627.228 3 [M+H]* Isomucronulatol-7,2’-di-O-glucosiole Al A2 Bl B2 B3 B4
22 F8 9.11 CyH,uO, 463.123 5 [M+H]* Pratensein-7-O-glucoside Al A2 B2 B3 B4
23 F9* 9.80 C,Hy,0, 431.133 7 [M+H]* Ononin Al A2 Bl B2 B3 B4
24 F10* 10.30 CyHyOy 463.159 9 [M+H]* Methylnissolin-3-O-glucoside Al A2 Bl B2 B3 B4
25  F11 10.48 Cy3Hy Oy 465.175°5 [M+H]* Astraisoflavanin Al A2 Bl B2 B3 B4
26 Sl 10.69 CyHiO0p 947.521 0 [M+H]* Astragaloside V,VI or VII Al A2 Bl B2 B3 B4
27 FI12* 10.92 CH,05 2850757 [M+H]*® Calycosin Al A2 Bl B2 B3 B4
28 82 11.05 C4Hy00y4 787.483 8 [M+H]* Astramembranoside B Al A2 Bl B2 B3 B4
29  F13 11.10 C;;H;4,0¢ 315.086 3 [M+H]* Kumatakenin Al A2 B2 B3 B4
30 S3 11.20 CyHgOyy 785. 468 2 [M+H]"* Isoastragaloside IV Al A2 Bl B2 B3 B4
31 4 11.35 C4,H 00 815.478 7 [M+H]* Astramembranoside A Al A2 Bl B2 B3 B4
32 S5 11.57 C4Hi0p 947.521 0 [M+H]* Astragaloside V,VI or VII Al A2 Bl B2 B3 B4
33 S6* 12.08 CyHgOyy 785.468 2 [M+H]* Astragaloside IV Al A2 Bl B2 B3 B4
34 s7*  12.24 C,HgOyy 785. 468 2 [M+H]* Astragaloside Il Al A2 Bl B2 B3 B4
35 S8*  12.90 Cyu;3H;0 827.478 7 [M+H]* Astragaloside 1I Al A2 BI B3 B4
36 89 13.05 CuHyiO0p 943.526 1 [M+H]* Soyasaponin I Al A2 Bl B2 B3 B4
37  S10 13.20 C3Hg Oy 653.424 8 [M+H]* Brachyoside B Al A2 Bl B2 B3 B4
38 Fl14* 13.40 C,H,0, 269. 080 8 [M+H]* Formononetin Al A2 Bl B2 B3 B4
39  Sl1 13.26  C35Hsg 09 623.415 4 [M+H]* Astramembrannin II Al A2 B2 B3 B4
40  SI12 13.50 Cy;Hyp0p5 827.478 7 [M+H]* Isoastragaloside II Al A2 Bl B3 B4
41 F15 13.63  C;H405 301. 107 1 [M+H]* Methylnissolin Al A2 Bl B2 B3 B4
42  SI3 13.80 C,3HO45 827.478 7 [M+H]* Isoastragaloside 1I Al A2 BI B3 B4
43 S14* 14.60 CusH,, 0 869. 489 3 [M+H]* Astragaloside 1 Al A2 B3 B4
44 SI5 15.10 C4sH;, 0 891.471 3 [M+H]* Isoastragaloside 1 Al A2 B3 B4
45  Sl6 15.80 Cy4sH5,044 869. 489 3 [M+H]* Isoastragaloside I Al A2 B3 B4
46  S17* 15.80 CsyHs,05 513.3550 [M+Na]* Cycloastragenol Al A2 Bl B2 B3 B4

TE: " D hnE i Or B I ], e b A5 BN s a: BB (E m/z; b SEIIMH m/z

TERFFE A B, B HARAT JLZH [R) 23 S A 4K, 2n 12
I F8(CpH,0,,,m/2463. 123 5) . FEXHE I, 132
3 A AL G W - 21 4l B R 7-0-4 4 B (prat-
ensein 7-O-glucoside ) , fl Z= ¥ 1 3-0-%5 ¥ ( tham-
nocitin 3-O-glucoside ) I 1] 245 & 3-0-% % B 1F

(kaempferide 3-O-glucoside) , [M +H] ™ &7 2%
Bk R A I#EA 431 301,070 6 (C o H,;04) 1)
TOTHE R 81, W% 18 75 RDA HLIE PN m/z 153
134 W R EAE A B B IR A 2 MRk
HREH], BT LA R R T-O- R T M — 045 R
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A" 1.07 CuHgN,0,  133.0608 [M+H]~ 6 116.0342 C,H,NO, * 0.2  [M+HNH ]~
87.0550 C;H;N,0° 3.3 [M-COOH] *

A2*  1.07 C4HgNO; 120.0655 [M+H]* 6 74.0595 C3HgNO™* 7.3 [M-COOH] *

A3*  1.11 CsHgNO, 148.0604 [M+H]* 6 130.050 1 CsHgNO; * 1.8 [M+H-NHy ] *
102.0550  C,H,NO, * 0.4  [M-COOH]*
84.0442 C,H,NO* 2.3 [M-COOH-H,0] *

Ad4*  1.17 CsHgNO, 116.0706 [M+H]* 6 70.0651 CyHgN* 0.4 [M-COOH] *

A5*  1.20 CsH;; NO, 118.0863 [M+H]* 6 72.0808 C,H(N* 0.3 [M-COOH] *

01" 1.64 CoH;NO,  124.0393 [M+H]* 25 80.0493 CgH,* 2.2 [M+H-CO,]"
78.0335 CsH,N* 4.2 [M-COOH] *

02* 2.18 CoH;3N, 04  245.076 8 [M+H]* 15 113.0343  C,4HsN,0, + 2.3 [M+H-rib]*

A6° 2.20 CoHNO, 1321019 [M+H]* 6 86.0963 CsHN* 1.5 [M-COOH] *

A7 2.27 GoH,NO,  182.0812 [M+H]* 8 165.0545 CoHy0,* 0.7  [M+H-NHy]*
136.0755 CgH,()NO ™ 1.4 [M-COOH] *

AS* 2,49 CeHENO, 1321019 [M+H]* 6 86.0963 CsH,N* 1.5  [M-COOH] *

03* 264 CioHNsO, 268.1040 [M+H]* 10 136.061 5 C5HgN; * 2.0 [M+Hoxib] *

A9*  4.44 CoH, NO,  166.0863 [M+H]* 8 120.080 7 CgHN* 0.6  [M-COOH]*
103.0540 CgH, * 2.2 [M-COOH-NH,]*

04 4.67 CoHN,05 2430975 [M+H]* 10 225.0871 CoHuN,0, * 0.1
164.070 6 CoHpNO, * 0.0
124.039 4 C4HgNO, * 0.8
108.044 5 CoH,NO* 1.0

AI0* 5.82 C, H,N,0, 205.0972 [M+H]* 9 188.070 6  C; HoNO, * 0.0  [M+HNH]*

F1 5.91 CyHj3 044 625.176 3 [M+H]* 60 301.070 1 C;gH ;304 * 1.9 [M+H-2gle] *
269.0442  C,5H,05 * 0.9 [M+H-gle-CH;-H,0] *
241.0492  C,H,0,* 1.4 [M+Hegle-CH;-H,0-CO] *
1370232 C,H,0,* 0.9

F2  7.43 CpHuO0,  463.1235 [M+H]* 35 301.070 4 CyoHy; 0, * 0.9  [M+Hegle]*
269.0442  C,5H,05 * 0.9  [M+H-gle-CH;-H,0] *
241.0492 €, H,00,* 1.4 [M+H-gle-CH;-H,0-CO] *
1370230 C,H,0,* 2.3

F3  7.79 CpHpO0,  447.1286 [M+H]* 45 285.0750 CyoHy; 05 * 2.6 [M+Hegle]*
270.0519  C,sH,00, * 1.4 [M+Hegle-CHy]*
253.0493  C5H,0, " 0.9  [M-gle-CH,0]*
137027 C,H,0,* 4.5  A-ring

F4* 8.10 CupHx,O0 447.1286 [M+H]* 45 285.0748 CjgH;305 3.3 [M+H-gle] *
270.0515  C,5H,,05 " 2.9 [M+Hegle-CH, | *
253.048 6  C,5H,0, * 3.7 [M+H-gle-CH,0] *
213.0540 C,3H,0;* 3.1 [M+H-gle-CH,-CO-CHO] *
137.0228  C,H,0,* 3.8 A-ring

FS 826 CyHyOy  477.1391 [M+H]* 35 315.086 5 CjyHys0 " 0.6 [M+Hegle]*
300.062 4 CyoHp,0, " 1.5 [M4+H-gle-CHy]*
167.0333  CgH,0, * 3.5 A-ring

F6*  8.59 CyHyuO,  433.1129 [M+H]* 45 271.0599  C,gH; 05 * 0.7  [M+Hegle]*
243.064 6 C,H,, 0,7 2.4 [M+H-gle-CO] *

F7  8.65 CoHyOps  644.2548 [M+NH,]* 30 465.1742  Cy3HyOy0 " 2.85  [M+Hegle] *
3031222 CpHpO5 * 1.7 [M+H2ge]*
167.0699 CyoH,, 05" 2.2 B-ring
123.0438  C;H,0,* 2.1 A-ring

671.2193 [M+COOH] - 25 463.1592  CyHy 04 ™ 1.5 [M-H-gle] -

301.1063  Cp Hp 05" 2.5 [M-H2gle] "

F8  9.11 CpHpOy,  463.1235 [M+H]* 45 301,070 2 CHyy 04" 1.5  [M+Hegle] *
286.046 5 CysHy 0, * 2.4 [M+H-gle-CH, "
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269.0436 C;sHyO5* 3.2 [M + H-gle-CH;-H, 0] *
153.0176 C,H50,* 4.2 B-ring
134.036 1  CgHg0, * 1.0 A-ting
Fo* 9.80 CyHyO, 431.1337 [M+H]* 60 269.0801 C¢H;0,° 2.7 [M+H-gl]*
254.0556 C;sH,(0, " 3.0 [M+H-gle-CH; ] *
226.061 6 C;sH, 05" 3.7 [M + H-gle-CH;-CO ] *
213.0900 C;3Hy05 " 4.7 [M + H-gle-COCH;-CHO | *
137.0227 C;Hs05° 4.9 A-ring
118.040 7 CgH,0* 5.2 B-ring
F10 10.30 CyHyOyg 463.1599 [M+H]* 15 301.1078 C;H;;05* 2.5 [M+H-glc]*
167.0699  COHI10;* 1.0
F11 10.48 Cy3Hy Oy 465.1755 [M+H]* 6 303.1203  C;;H, 405" 7.9 [M+H-gl]*
167.069 7  CoH,; 057 3.4 B-ring
123.0436 C;H,0,* 3.7 A-ting
S1 10.69 CyHiOg 947.5210 [M+H]* 20 AS
Cy7Hg 09 945.506 5 [M-H] - 60 783.4529 C4Hg Oy " 0.5 [ M-gle-OH] -
489.359 3  C3yH, 05~ 3.8 [ Astragenol-H ] ~
F12* 10.92 C4H,,05 285.0757 [M+H]" 30 270.051 4 C;sH, 05" 3.2 [M+H-CH; ] *
253.048 7 C;5H,0, " 3.3 [M+H-CH,0]*
225.0540 C,Hy05" 2.8 [M +H-CH;-CO-H,0] *
213.054 1 C;3Hy05 " 2.4 [M +H-CH;-CO-CHO ] *
137.0227 C;H;05 " 4.5 A-ring
S2 11.05 Cy4 Hy0yy 787.4838 [M+H]* 10 AS
831.4748 [M +COOH] - 40 785.468 0 C4 HgOpy ™ 0.2 [M-H] -~
623.416 5  C35Hs04 ~ 1.8 [M-H-gle] -
491.374 0  CsyHs, 05~ 1.8 [ M-H-gle-xyl ] ~
F13 11.10 C\;H,4,04 315.08603 [M+H]* 40 300.061 7 C¢H,06 " 3.8 [M+H-CH;] ¥
243.0649 C,H,0,7 1.2 [M+H-CH,0-CO] *
167.0337 CgH,0, " 1.1 A-ting
S3  11.20 Cy4HgOyy 785.4682 [M+H]* 25 AS
829.459 1 [M +COOH] - 40 783.4528 C4Hg O™ 0. [M-H] -
621.398 2 C35Hs; 04 - 2. [M-H-gle] *
489.3592  C3yHypOs5~ 3. [ Astragenol-H | ~
S4  11.35 CyHy045 815.478 7 [M+H]* 20 AS
859.468 6 [M +COOH] - 50 813.4633 Cy,HgO5~ 0.3 [M-H] -
615.409 1 C3;3Hs0 "~ 1.9
489.3532  C3yHyOs5 8.7 [ Astragenol-H | =
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