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Study on multi-index components of Ziziphi Spinosae Semen and Ziziphi
mauritianae Semen according to UPLC-MS/MS coupled with chemometrics
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Abstract: Objective To establish a method for simultaneous quantification of multiple components of Ziziphi Spinosae Semen
(ZSS), in order to provide an applicable strategy to screen out the different marker components between ZSS and Ziziphi Mauritianae
Semen (ZMS). Methods A UPLC-MS/MS method was developed and validated for simultaneous quantification of coclaurine,
magnoflorine, vicenin Il, spinosin, swertisin, kaempferol-3-O-rutinoside, 6"'-feruylspinosin, jujuboside A, and jujuboside B using
multiple reaction monitoring (MRM). Chromatographic separation was achieved with a reversed-phase Acquity UPLC HSS T3
column (150 mm x<2.1 mm, 1.8 pm). Gradient elution was performed with a mobile phase consisting of 0.1% formic acid in Milli-Q
ultrapure water (A) and acetonitrile (B). In addition, chemometrics methods, including principal component analysis (PCA), and
partial least squares discriminant analysis (PLS-DA), were used to evaluate the differences between ZSS and ZMS. Results  All the
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compounds showed good linearity (r>0.9991) with a relatively wide concentration range, acceptable recovery at 95.41% — 106.25%,
and RSD% less than 3.75%. The contents of coclaurine, magnoflorine, swertisin, kaempferol-3-O-rutinoside, jujuboside A, and
jujuboside B were significantly higher in ZSS than that in ZMS, while the contents of vicenin Il, spinosin, and 6"’-feruylspinosin in
ZSS were significantly lower than that in ZMS. The results from PCA and PLS-DA suggested that ZSS and ZMS could be clearly
separated. The sample components in the two groups had strong similarity, but the difference between the two groups was large.
Conclusion A stable and reliable quality evaluation method of ZSS and ZMS was established, which provided a reference for
quality marker components and the scientific basis for the feasibility of ZMS to substitute ZSS.
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Table 1 Mass spectrum parameters of nine components

ELA D% BT MRM & -F%f BHFEIE QUV  fiEAERE CE/V AL Q3/IV
13,2588 [M+H]* 286.0—194.1 42 46 42
NV [M]* 342.1—222.3 35 30 35
gexT 1 [M+H]* 595.3—~325.3 115 48 115
W e R [M+H]* 609.5—~327.3 98 35 08
MU R [M+H]* 447.2—267.2 38 35 38
125 -3-O- &/ Wi [M+H]* 595.2—287.3 35 30 35
6"~ B BRI 17 Rz v 2 [M+H]* 785.4—~327.3 76 46 76
BB A [M-H]- 1205.3—1073.8 32 46 30
BB B [M-H]- 1043.3—911.1 50 37 34
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Fig. 1 MRM mass spectra of nine components in mixed standard solutions (A), ZSS (B), and ZMS (C)
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Table 2 Liner regression, correlation coefficient, range, LOD, and LOQ of nine components

LD %a DY EgE ro ZRMEVEE/(umLY) LOD/(ng mL™Y) LOQ/(ng mL™Y)
L 250, Y=3.31X108 X+1.44X10° 0.9995  0.30~5.06 0.90 1.10
AR2ZELETH Y=9.27X10°X+2.08X10° 0.9999  0.90~30.24 1.00 3.40
4EKT Y=5.85X104X+3.18 X103  0.9992  0.09~10.50 5.00 15.00
7V 2 Y=152X10°5X+1.08X105 0.9995  0.55~36.94 12.30 60.00
MUEER Y=3.51X108 X+6.81X10° 0.9999  0.01~0.50 1.40 5.00
1L 25Ty -3-0- 2 & i Y=1.06X108 X—2.14X10* 09997  0.03~2.55 0.85 3.40
6' " -BERNE R Y=227X10°X—219X10° 09991  1.05~31.41 3.60 11.00
RA R A Y=1.22X10* X+767 0.9995  0.93~25.70 7.30 70.00
RA- R B Y=356X10% X+3.88X10° 0.9995  0.12~5.06 0.18 0.42
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Fig. 2 Contents histogram of nine components from ZSS and ZMS (n=4)
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R3 BRECMEFRCIMEISHNEE (n=4)

Table 3 Contents of nine components from ZSS and ZMS (n=4)

. _ J&E 3 H(mg 47) _
GRW AZER BT WkEZ  44EE  WERSO-ZARBO-MRMNLEE MACEFA RELEFB
fiz%4~ 1 0.180040.000 71.267 940.003 30.114 9£0.003 70.673 7£0.006 60.006 1+£0.0000 0.0768+0.0001  0.560 9£0.000 7 0.934 740.010 50.136 9£0.001 1
fig %4~ 2 0.102 340,000 71.464 940.000 70.156 3+0.005 20.633 4£0.016 10.0028+0.000 1  0.0591£0.0000  0.566 1+£0.0008 1.653 040.01520.196 9£0.000 2
R4~ 3 0.144 640,000 71.307 94:0.014 80.086 4£0.000 40.579 2£0.001 60.004 50,0000 0.054 8+£0.0007  0.446 1£0.001 3 0.858 740.007 70.136 7£0.000 1
R~ 4 0.149440.00051.267 540.007 70.082 240.001 30.568 4£0.001 80.004 740.0000 0.0894£0.0017  0.4321£0.0038 0.861840.000 00.144 6£0.000 5
R4 5 0.147940.000 41.241 4£0.040 40.158 440003 90.725 740.017 90.007 8£0.000 1  0.0792£0.0032  0.4682%0.0046 1.819840.008 80.170 2£0.000 0
fiZ% 1~ 6 0.195440.000 31.674 740.002 40.072 1£0.000 90.613 9£0.008 20.0038+0.0000 0.0834£0.0002  0.537 9£0.0002 0.757 0£0.000 60.106 3+0.000 3
g%~ 7 0.152.04:0.000 81,652 74:0.022 20.110 4£0.000 30.645 3£0.003 50.004 0+£0.0000 0.0881£0.0004  0.504 3£0.004 9 0.821 740.004 40.101 5£0.000 0
R4~ 8 0.152940.010 41.678 0£0.094 40.075 00000 50.564 410.017 70.002 2£0.000 1  0.0812£0.0042  0.4310£0.0288 0.840840.114 50.094 4£0.008 6
R~ 9 0.170840.00501.448 840.004 30.070 540.000 10.553 7£0.001 60.008 2£0.0000 0.0699+0.0012  0.360 7£0.0052 1.131040.01610.1111£0.0011
R4~ 100.148 840.000 61.262 9+0.025 50.186 3+0.002 30.765 9£0.001 90.014 1£0.0001  0.0769+£0.0004  0.5790£0.0155 1.609 640.006 50.218 2£0.002 6
R~ 110.144 240.000 01.606 7£0.020 40.168 740007 40.767 3+0.001 20.0124£0.0000  0.0641+£0.0002  05791£0.0132 1.466 84+0.034 50.222 0£0.007 1
R~ 120.119 9£0.000 21.475 4£0.005 20.121 040000 10.562 4£:0.003 00.004 0£0.0001  0.0602£0.0003  0.4707£0.0024 1.134540.004 30.160 9£0.000 9
iR %1~ 130.135 840,000 21.304 24:0.006 80.089 040.000 00.514 4£0.017 50.009 6+£0.0001  0.066 3+0.0002  0.3634£0.0006 2.034 740.002 40.112 3+0.000 3
R4~ 140.103 940.000 41.164 1£0.001 50.146 50.000 00.772 9£0.007 90.003 1£0.0000 0.0620+£0.0001 0553 740.0074 1.591340.010 80.174 3£0.000 2
R4~ 150.172 240.000 51.299 1£0.002 90.134 040,000 00.782 64:0.000 00.008 0£0.0001  0.0685+0.0002  0.6108%0.0073 1.517 340.005 50.164 5£0.000 5
fiz %1~ 160.164 540,000 61.226 740.003 20.163 6 +0.001 60.840 8+0.006 30.006 8+£0.0000 0.0711£0.0001  0.6555+0.0028 1592 240.021 10.167 5+0.000 4
HR4 1 0.143440.004 10.755 6£0.002 00.314 440042 21,023 440.066 80.002 6£0.0004  0.004 2£0.0003  0.730340.0217 - 0.0395+0.001 6
FR{~ 2 0.141040.000 10.759 8+0.001 00.344 540002 30.965 6+:0.001 10.0020£0.0000 0.0035+£0.0000  0.714740.0078 - 0.028 60.000 5
FR{ 3 0.119420.002 20.684 6£0.040 70.322 740044 80,959 510.067 10.001 1£0.0003  0.0040£0.0002  0.677 740.0508 - 0.031940.002 2
#R4~ 4 0,097 640.000 01.313 5+0.003 20.260 340.001 00.831 3+0.007 10.001 0£0.0000 0.0030£0.0000  0.661 1£0.004 2 - 0.044 4+0.000 4
FR{ 5 0.112540.000 51.632 9£0.002 30.236 3+:0.001 00.875 1+0.006 40.0030£0.0001  0.0039£0.0000  0.537840.0051 - 0.0236+0.000 6
FR{ 6 0.104 040.000 30.748 9£0.001 50.292 940,007 70,982 440.015 20.001 9£0.0000 0.0036£0.0000  0.713240.004 6 - 0.043740.000 4
FRL 7 0,091 640,000 20.700 740.018 80.080 140.000 21.220 5£0.003 20.001 8£0.0000 0.0036+0.0000  0.607 3£0.003 4 - 0.039440.000 4
#R4 8 0.114 840.000 40.709 5£0.015 70.087 8:0.000 51.370 740.004 10.001 0£0.0000 0.0041£0.0000  0.681840.0026 - 0.0396+0.0005
FR{ 9 0.095520.000 50.759 1£0.002 40.318 440005 41.105 340.005 00.000 8£0.0000 0.0039£0.0000  0.767 6+0.0018 - 0.0434+0.0005
FL~ 100,120 540.000 10.679 240.017 20.318 040.002 41.124 1£0.004 90.000 6£0.0000 0.0033£0.0000  0.6912£0.002 8 - 0.036 3+0.000 5
#R4~ 110,095 340.000 31.493 9£0.030 10.183 60.000 00.737 04:0.000 00.000 7£0.0000  0.0034£0.0000  0.477640.000 0 - 0.0236+0.0005
FR{~ 120.119 540.000 40.631 2£0.003 10.196 840.000 20.921 740.003 20.003 6£0.0000 0.0032£0.0000  0.573040.006 6 - 0.0302+0.000 1
FR{~ 130.119 9£0.000 60.731 7£0.000 40.184 10,000 50.788 640.026 20.000 6£0.0000 0.0033£0.0000  0.479840.004 1 - 0.027540.0003
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