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Abstract: It has been confirmed in clinic that Qingxin Zishen Prescription (QZP) is effective and safe
in relieving vasomotor symptoms. However, its active components have not been elucidated. In this
study, a method based on ultra-performance liquid chromatography quadrupole-time of flight mass
spectrometry (UPLC-Q-TOF MS) was developed to identify the plasma absorbed components of
QZP. After continuous intragastric administration of 48.5 g/kg QZP for 3 days to female SD rats,
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plasma samples were collected and then pre-treated by solid phase extraction (SPE) to remove
proteins in plasma. Then, chromatographic separation of the plasma samples was performed on an
Agilent ZORBAX SB C18 column (4.6 mmx100 mm, 1.8 um) using a gradient elution with a mobile
phase composed of 0.1% formic acid aqueous solution (A) and methanol-acetonitrile (1:1, V/V, B)
prior to MS analysis. The column temperature was kept at 40 °C. The MS and MS® analysis were
performed with the electrospray ionization (ESI) source under both positive and negative ion modes
from m/z 100 to 1 300. Intelligent dynamic background deduction, information dependent acquisition
and highly sensitive mode were used to collect the data. According to the accurate m/z values of MS
and MS’ information, data from reference substance and related literature, the absorbed components
in plasma were identified. In total, forty prototypes from QZP are identified and inferred in the plasma
samples, including 27 alkaloids, 9 iridoid glycosides, 2 flavonoid carbon glycosides, 1 phenolic acid
and 1 fatty acid. Among them, alkaloids are mainly from Nelumbo nucifera Gaertn, Coptis chinensis
Franch, Ziziphus jujuba Mill. var. spinosa (Bunge) Hu ex H. F. Chou, and Uncaria rhynchophylla
(Miq.) Miq. ex Havil. Iridoid glycosides are mainly from Reimannia glutinosa Libosch. and Cornus
officinalis Sieb. et Zucc. Furthermore, the fragmentation pathways and characteristic fragment ions of
iridoid glycosides and dibenzylisoquinoline alkaloids were summarized. This study provides not only
a rapid and comprehensive analysis method for the plasma absorbed components of QZP, but also a
scientific fundamental for elucidating the material basis of action of QZP.
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glycosides; fragmention pathway

1803 5 5 (Qingxin Zishen Prescription, QZP)
ST B RO AR R 0 () - -
7 2E R B, TEVE O B 0 B T A AR L
i —5K 5T, BB E T R IR R
HHE IS VRNE RS AR, 2O EA
HLH IR, BT E R4 LR AR,
AE 6 22 fif 26 22 BT HE PR T | TLO Bk | R IR SE
REIR o e PRATESEAIE 52, 3207 28 M 1L A8 T 4 R IR
(vasomotor symptom, VMS ) &5 5 1 V1) (1lfe IR 4 il
HA[IK 86.15%), AL,

T 80T AH 0T - DY A AT AT I (R) BT
(UPLC-Q-TOF MS)H A HA7 R U v . Ay
Bl o0 . e RETE A, HBE R A Z i . X S [R] 43
SR RS L, TEDF R KRG A BURLSY | 2538
A Eh 1 A O A A T Y AR
2 PR FH UPLC-Q-TOF MS AR 43 #r QZP 7k 3l
W, ICHEE I 83 A AL By, X H A 15
SYHEAT A REE S, SR, QZP IR YT VMS 12544
Yy L mti v AN A . DT M 2 Ly B Ak, oy
AT AL SE 3 AT DL e i ) 3 v 245 24 20080 Jon Bk Al
AE FIBILR, -t mT Sk v 2 Jo it 25 00 ) s 4 4

AR,

2R SCHE T A AE 9T A9 3R 1, SR A UPLC-Q-
TOF MS $5AR53HT QZP A4y, LA A B QZP
IR IT VMS 1) 2 5% 4 Jo 35 il K H A ML A 4t
&

1 ZWEs
L1 FENFERE

Agilent 1290 = 250 AH 235 4% 3¢ [ Agilent
I\ 72 s Triple TOF™ 5600 &5 4 98 B 354 . 26
[ SCIEX 7\ w7 fih; CPA225D HL 1 K- f [6 3%
Z F|Hr /3 7] 77 i ; Advantage A10 B 4l KHL. 722 [
Millipore 2 7 7 it ; Centrifuge-5417R ¥ ¥ 55 .
#Ll . 7% E Eppendorf 23 & J= it ; Vortex-Genie 2
HER IR G #%: 35 F Scientific Industries 2 5 7= i ;
Waters Oasis HLB 3cc 60 mg [ FH A B/ . 56 F
Waters 23 5 )™ i
1.2 EFEHMRSIEEF

BT I EFO . RO AR TN
W P HRNE /N AR A W E LR B B 24
b5, 89k AR R EAT 250 (VLR R B ) S8 28 43



50

TN A6 R Y BE Uncaria rhynchophylla( Miq.)
Miq. ex Havil. i T 7 54 2500 . B R BHE ) 5 3%
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Fig.1 Total ion chromatograms of plasma samples from control and QZP-administered rats under positive and

negative ion modes
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Fig.2 Chemical structures of absorbed components of QZP in rat plasma
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Table 1 Results of absorbed components of QZP by UPLC-Q-TOF MS
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Retention Molecular Theoretical ~Adduct Measured Error/ . Compound .
. . . 6 Fragment ion (m/z) Origin
time/min  formula mass/u ion mass/u %10 name
P1* 2.56 CsH,,0,0  362.1213 [M+HCOO] 407.1180 —1.0 407.1208,361.1129, 199.0601, TR SDH
181.0494, 169.0499, 163.0411,
151.0420, 137.0309, 127.0395,
97.0318
P2 4.06 C;sH,, 00 348.1420 [M+HCOO] 393.1392 0.1 393.1396, 347.1338, 329.0250, 5 F} " SDH

185.0821, 167.0707, 149.0603,
127.0401
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No. 'etentlc')n Molecular Theoretical AQduct Measured Erroz Fragment ion (m/z) Compound Origin
time/min  formula mass/u ion mass/u %10 name
P3 465 C,H,NO, 2851365 [M+H]' 286.1438 0.3 286.1437,255.1008,243.1024, N-HI%LF:H L
237.0912, 161.0599, 107.0499 L2l
P4* 508  C,H,NO, 314.1756 MI"  314.1750 -2.1 314.1749,269.1167,237.0896, ELZ=8km L
175.0760, 107.0497
P5 519  CHuO, 3761370  [M-H]  375.1297 —2.0 375.1284,169.0876, 151.0746, 8- A%  SDH
119.0333 i3
P6 569  CpH,O, 404.1319 [M+HCOO] 449.1288 —0.4 449.1299,403.1236,359.1358, & SZY
241.0721, 223.0642, 197.0819,
179.0565, 101.0258
P7* 6.13 C;Hy,0,,  406.1475 [M+HCOO] 451.1438 —1.9 451.1437,405.1385,243.0868,  Z&ifif SZY
179.0557, 155.0347, 141.0558,
101.0249
P8 6.15  CuHy0, 390.1526 [M+HCOO] 435.1487 —2.4 435.1491,389.1435,227.0912, —SUILIZEE  SZY
127.0413, 101.0264 1
P9 6.87  C,H,NO; 2851365 [M+H]" 286.1437 —0.2 286.1435,269.1169,254.0937, fjH 52456 L, SZR
237.0906, 175.0748, 143.0492,
107.0500
P10* 7.01 C,H O, 138.0317 [M-H] 137.0240 2.6 137.0242,109.0302,91.0189 FILZERE  D.H
P11* 731 CyHLN,Of 6103043  [M+H]"™  611.3119 0.5 611.3113,580.2691, 568.2684, /LM L
503.2503, 489.2383, 356.0695,
355.0695, 299.0610, 221.0828,
206.1182
P12 737 CHyNO; 3111521  [M+H]"  312.1590 —1.2 312.1594,283.1321,269.1170, [5G L
254.0925, 238.0980
P13* 753 CyH,NO, 342.1705 MI"  342.1700 -1.5 342.1700,297.1121,282.0885, AKZ4£0 H.SZR
265.0856, 237.0905, 209.0951
P14* 8.75 CH, Oy 390.1526 [M+HCOO]™ 435.1490 —1.7 435.1493,389.1441,227.0915,  H4kiF SZY
127.0401, 101.0253
P15* 8.76 CH,, 0,0  388.1370 [M+HCOO] 433.1326 —3.3 433.1360, 387.1295,225.0765, L#fii#  SZY
101.0246
Pl6* 879  CyHuN,0, 6103043 [M+H]" 6113115 —0.1 611.3095,580.2682, 568.2679,  SEIELMH L
489.2380, 475.2222, 192.1017
P17 8.96 CieH,0,  358.1264 [M+HCOO] 403.1230 —1.3 403.1237,357.1191,237.0772, FEF3AF  Szy
195.0654, 151.0755, 125.0243
P18 940  C,H,NO, 313.1756  [M+H]" 314.1752 —1.4 314.1746,283.1326,269.1094, WHEHBIER, L
237.0912, 107.0499
P19 1020  CyHyO,, 564.1479  [M-H] 563.1387 -3.5 563.1393,503.1162,473.1072, SEMEH L
443.0961, 383.0758, 353.0647,
297.0778
P20* 1072 CyuHuN,0, 6243199  [M+H]" 6253264 —1.3 625.3270,594.2825, 582.2854, MWL) L
503.2544, 489.2377, 433.2823,
348.2263, 206.1167
P21*  11.65 CyHpO,s 608.1741  [M-H] 607.1661 -—1.3 607.1665,487.1210,445.1120, Hpzi#%  SZR
427.1009, 325.0744, 307.0614,
292.0383, 281.0479
P22 1220  C,HyN,O, 354.1943  [M+H]" 3552016 -1.0 355.2012,337.1852,251.1541, HFE G
224.1279, 212.1281, 144.0812
P23*  13.12  C,HNO, 336.1236 M]" 336.1227 -2.5 336.1230,321.0984, 320.0928,  F/INEETH; H
308.0757, 292.0971
P24*  13.13  C,H,NO, 320.0923 M]" 320.0915 -2.3 320.0913,318.0751,292.0966,  HiZHH H
262.0861
P25*  13.17  CyH,NO, 338.1392 [M]" 3381390 —0.8 338.1385,323.1145,322.1064, FEVIRCHH  H
308.0920, 307.0837, 306.1117,
294.1113, 280.0970, 279.0875
P26* 1332  C,H,NO, 338.1392 [M]" 3381392 -2.8 338.1382,323.1140,322.1071,  Z§RHH H

308.0909, 307.0858, 306.1134,
294.1117,280.0961, 279.0903
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No. Retenthn Molecular Theoretical AQduct Measured Erroz Fragment ion (m/z) Compound Origin

time/min  formula mass/u ion mass/u %10 name

P27* 1340 CpH,N,O, 382.1893 [M+H]" 383.1962 -0.9 383.1957,351.1680,319.1441, EZ&HEW G
267.1498, 224.1249, 215.1168,
201.1135, 160.0763

P28* 1344 CpH,N,O, 3842049 [M+H]" 3852110 —-3.1 385.2124,353.1853,269.1650, SH4HERH G
241.1332, 226.1458, 187.0858,
160.0759

P29* 1394 C,HxN,0, 3842049 [M+H]" 3852119 -0.6 385.2117,353.1847,269.1638,  4HHEHH, G
226.1439, 215.1192, 160.0757

P30 13.99  C,H,N,0, 352.1787 [M+H]" 353.1858 —0.4 353.1855,324.1615,251.1553,  ZE}fH G
222.1159, 210.1135, 144.0802

P31 1412 CgHNO, 281.1416  [M+H]" 282.1490 0.6 282.0499,265.1208,250.0987, N-EH M L
235.0751 Bl

P32* 1431  C,H,NO, 352.1549 M"  352.1542 -2.0 352.1541,337.1306,336.1230,  [LEL7T H
322.1071, 308.1273, 294.1119,
292.0959, 278.0786

P33* 1437  C,H,NO, 336.1236 M]"  336.1232 —12 336.1230,321.0991,320.0913,  /NEERH H
318.0754, 306.0758, 292.0967,
278.0803

P34 14.65 C,H,N,0, 352.1787  [M+H]" 353.1859 —0.1 353.1865,321.1601,222.1114, MUEMWHA G
210.1111, 199.1251, 144.0807 i

P35 15.14  CpH,N,0, 3682100  [M+H]™ 3692166 —1.7 369.2169,337.1922,251.1544, —SAHEHA G
238.1435, 226.1436, 170.0970, Bl
144.0813

P36 1546  CpH,N,0; 366.1943  [M+H]" 3672009 -2.0 367.2006,355.2005,251.1516,  fffii[A G
236.1256, 224.1271, 144.0808

P37* 1574 CuH,N,0; 366.1943  [M+H]" 367.2017 02 367.2018,335.1747,251.1544, 58FFEHEE G
236.1280, 225.1384, 224.1283,
170.0964, 144.0807

P38 16.09  C,H,N,0; 366.1943  [M+H]" 3672017 02 367.2006,335.1751,236.1279, ATk G
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T * R SR IR LU X s G, 44HE; H. B3%; L. 370 SDH. AR Hb#; SZY. N8, SZR. FRA 5 D. F335 F. iF/h&

(44 u). Gle(162 w) &5 4 2 Je — SNtk i 34 5
TER BT o X T Cy LA LT AL Y BRI Tk i
277 A2 [CH05] FRAE 4 A B 11

&9 P1. P7. P14 I P15 43 BI7E 2.56. 6.13,
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BIFETE m/z 101 BORAAERE 85 o 82 5 00 1R 5
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IR 1T e B 2R iR 42 R T8 3. 4. vl L, 16
WA AR INA W BR S, W T80 C, i AN 7
e UL 1 PRI TR 1T 2y, TR 7 AU
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MO 3 LA b 224 i B R R AE 8 B T,

P2, P5. P6, P8 fll P17 J& T 34 M ik i 1 2K 1L &
Yy, ATRE S0 K 5 BE R | 8-SR AR . &
T RIS MRS . L P il
B R % i . P6 AE 5.69 min Kb 7T R m/z 449 B
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197, 179 A1 101 & . ., m/z 403 tb m/z 449 /b
46 u, #£71% m/z 449 W] BEA m/z 403 B [M+HCOO]
TNA B T 65 miz 241 b m/z 403 98/ T 162 u, #E
W AT B85 76 5 A0 R 5 miz 223 b m/z 241 JE /D
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BIpsi /b 44 u, M L H AT RE X K CO, FE AT FRAE
PEWE R B+ m/z 10148 /R Z5 4 th & C, i & Tt
F o a5 SCER U e, AT Pe Ry 4 T A,
ORI Re ) AR s T8 5.
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Fig. 6 Possible fragmentation pathways of lotusine
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Fig. 8 Possible fragmentation pathways of coclaurine
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Fig. 9 Possible fragmentation pathways of nornuciferine
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Fig. 10 Possible fragmentation pathways of isorhynchophylline
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Fig. 12 Possible fragmentation pathways of hirsutine
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Fig. 13 Possible fragmentation pathways of tetrahydroalstonine
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Fig. 14 Possible fragmentation pathways of spinosin
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