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Abstract: On the basis of the qualitative preparation quality markers of Zhibao Sanbian Wan (ZBSBW), we
screened out the quantitative markers and evaluated the content consistency of ZBSBW. A method capable of
simultaneously determining 34 compounds in ZBSBW was established based on HPLC-MS/MS, and 16 batches of
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ZBSBW were simultaneously analyzed by this method. Furthermore, we explored a general strategy for analyzing
the component migration in preparation, plasma, brain tissue and cerebrospinal fluid. The methodological investiga-
tion was confirmed by linear range, recovery (85.10%-105.07%), precision (RSD: 1.37%-4.58%), stability, and
repeatability (3.00%-12.45%), the established method was suitable for the detection and quantification of the
compounds in ZBSBW. The contents of compounds in ZBSBW were all lower than 1 mg-g”, and the contents and
daily dose of nystose were the highest, followed by echinacoside, paconiflorin, osthole and paeonol. The results of
systematic clustering showed that the contents were consistent for ordinary preparations of ZBSBW. The principal
component analysis showed that the components of berberine, ginsenoside Re, ginsenoside Rgl, pinoresinol diglu-
coside and tenuifolin had large variation, which contributed significantly to the grouping. The contents of echinaco-
side, verbascoside, polygalaxanthone III, f-ecdysterone, osthole, alisol B 23-acetate, liquiritin and glycyrrhizic acid
were stable from batch to batch. The animal experiment results showed that osthole, paeonol and liquiritin in
ZBSBW could be absorbed into the blood and enter the brain tissue by passing through the blood-brain barrier. All
animal studies were reviewed and approved by the Institutional Animal Care and Use Committee at Institute of
Chinese Materia Medica, China Academy of Chinese Medical Sciences (No. 2020B071). The above compounds
contributed the quantitative preparation quality markers of ZBSBW. In conclusion, the HPLC-MS/MS method
established in this study was sensitive, accurate and rapid, and could be used for simultaneous quantification of 34
compounds and content consistency evaluation of multiple batches of preparations in ZBSBW. The result provided
a methodological basis for the screening of quantitative preparation quality markers and material basis research of
ZBSBW.
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1 HPLC-MS/MS 3%
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Ions and fragmentations information used in multiple reaction monitoring mode for each compound in Zhibao Sanbian Wan

Compound Tonization . Dwell Declustering Collision Rention
Compound name Formula Transition . . . .

1D mode time/ms  potential/V energy/eV  time/min
1 Nystose C,H,0,, [M-H] 665.1/179.1 20 -180 —-40 1.31
2 Catalpol C,H,0, [M-H] 361.0/199.0 20 -65 -12 1.41
3 Rehmannioside D C,,H,,0,, [M-H] 685.6/263.1 20 -180 27 1.65
4 Protocatechuate CHO, [M-H] 153.1/109.1 20 -100 -20 3.24
5 Morroniside C,,H, 0, [M-H] 405.3/243.3 20 -38 -16 4.39
6 Pinoresinol diglucoside C,,H,,0,¢ [M-H] 681.5/519.4 20 -135 20 5.37
7 Echinacoside C,H,0,, [M-H] 785.2/161.2 20 -220 -50 5.45
8 Loganin C,H,0, [M-H] 389.3/227.3 20 -30 -15 5.66
9 Paconiflorin C,,H,.0, [M-H] 479.2/327.2 20 -20 -20 5.76
10 Liquiritin C,H,,0, [M-H] 417.3/255.1 20 -110 -28 6.33
1 Verbascoside C,,H, O, [M-H] 623.2/161.2 20 -160 -43 6.35
12 Ferulic acid C,H,,0, [M-H] 193.1/133.9 20 -30 -23 6.37
13 Polygalanone III C,sH,;0 [M-H] 567.2/345.1 20 -38 45 6.40
14 3,6'-Disinapoylsucrose C,H,,0, [M-H] 753.3/205.0 20 -180 —48 6.68
15 Ellagic acid C,H.O, [M-H] 301.2/283.9 20 -80 —-40 6.93
16 Glycyrrhizic acid C,H,0 [M-H] 821.9/351.1 20 -210 -60 10.42
17 Emodin C,H,,0, [M-H] 269.2/225.2 20 -80 -36 11.80
18 Physcion C,H,,0, [M-H] 283.1/240.1 20 -80 -34 12.81
IS1 Diclofenac C,H, CLNO, [M-H] 294.1/250.1 20 -78 -18 10.76
19 Phellodendrine C,,H,,NO, [M+H]" 342.1/192.2 20 64 33 4.09
20 Calycosin-7-glucoside C,,H,,0,, [M+H] 447.1/285.1 20 100 26 6.13
21 Berberine C,,H,,NO, [M+H]" 336.3/320.3 20 56 42 6.87
22 S-Ecdysterone C,,H,0, [M+H]" 481.3/371.3 20 130 20 7.24
23 Kaempferol-3-O-rutinoside ~ C,,H, O, [M+H]" 595.2/287.2 20 180 30 7.32
24 Ginsenoside Re C,H,,0 ¢ [M+H]’ 969.7/789.7 20 270 61 8.53
25 Ginsenoside Rgl C,H,,0, [M+H] 823.2/643.2 20 129 56 8.61
26 Paconol CH, 0, [M+H]" 167.1/121.1 20 60 29 8.64
27 Icariin C,,H, 0, [M+H] 677.5/369.2 20 240 44 8.94
28 Nardosinone C,H,,0, [M+H]" 251.1/135.1 20 120 15 9.69
29 Tenuifolin C,H, 0, [M+H] 703.4/673.4 20 290 56 9.96
30 Ginsenoside Rb1 C,H,,0,, [M+H] 1131.7/789.3 20 260 75 10.45
31 Alisol C 23-acetate C,,H,.O, [M+H]’ 529.4/451.4 20 160 32 10.60
32 Osthole C,H,0, [M+H 245.2/189.2 20 115 20 10.66
33 Astragaloside IV C,H;O, [M+Na] 807.3/807.3 20 160 31 11.18
[M+H]" 785.5/143.1 20 180 22 11.18
34 Alisol B 23-acetate C,,H,, 0 [M+H]" 515.7/437.3 20 152 22 12.36
1S2 Indomethacin C_H, CINO, [M+H] 358.1/139.1 20 120 26 10.72
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Figure 1 Multiple reaction monitoring chromatograms of 34
compounds of Zhibao Sanbian Wan in negative (A) and positive

(B) ion mode. See Table 1 for the name of each compound
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Table 2 Calibration curve parameters of 34 compounds in Zhibao Sanbian Wan. ‘ng':mL"; LOQ: Lim it of quantitation; LOD: Limit of

determination
Compound Regression equation Linearity range/ug'mL"  Correlation coefficient LOQ/ug-mL" LOD/ug-mL"

Nystose Y=1.71x10°X - 4.01x10° 1.17-18.75 0.999 8 0.029 0.010
Catalpol Y =8.59x10°X - 0.96x10* 0.019-0.60 0.999 0 0.019 0.006
Rehmannioside D Y=5.09x10°X + 1.28x10’ 0.024-0.76 0.999 3 0.024 0.008
Protocatechuate Y=2.82x10"X - 8.71x10* 0.058-0.93 1.000 0 0.019 0.006
Morroniside Y=6.14x10°X - 2.97x10* 0.16-5.00 0.999 4 0.078 0.026
Pinoresinol diglucoside Y =8.48x10°X - 5.76x10° 0.013-0.63 0.999 8 0.013 0.004
Echinacoside Y=6.37x10°X — 3.20x10° 0.61-9.71 0.999 3 0.090 0.030
Loganin Y =8.37x10'X + 0.34x10’ 0.31-5.00 0.999 1 0.078 0.026
Paeoniflorin Y=291x10°X+ 1.01x10° 0.78-12.51 0.9992 0.087 0.029
Liquiritin Y =6.89x107X — 2.38x10° 0.079-2.52 0.9999 0.002 0.001
Verbascoside Y=2.11x10°X - 1.59x10° 0.39-3.11 0.999 9 0.014 0.005
Ferulic acid Y=2.13x10"X + 1.34x10° 0.020-0.32 0.998 8 0.002 0.001
Polygalanone III Y=1.18x10"X - 8.26x10* 0.022-0.70 0.999 7 0.005 0.002
3,6'-Disinapoylsucrose Y =9.43x10°X - 3.18x10° 0.20-3.11 0.999 6 0.065 0.022
Ellagic acid Y=5.11x10°X - 2.70x10* 0.077-1.24 0.999 6 0.077 0.026
Glycyrrhizic acid Y=2.10x10°X - 1.28x10° 0.26-4.05 0.999 8 0.056 0.019
Emodin Y=9.25x10"X +9.03x10° 0.23-1.86 0.9992 0.009 0.003
Physcion Y=131x10°X + 1.01x10* 0.12-3.79 0.999 9 0.013 0.005
Phellodendrine’ Y=2.52x10°X - 3.62x10° 0.93-14.84 1.000 0 0.412 0.137
Calycosin-7-glucoside Y =28.69x10"X + 6.89x10° 0.021-0.68 0.999 4 0.002 0.001
Berberine’ Y=1.48x10°X + 1.37x10° 1.30-83.00 0.999 9 1.297 0.432
p-Ecdysterone Y=5.06x10°X — 2.10x10* 0.078-1.25 0.999 7 0.017 0.006
Kaempferol-3-O-rutinoside Y=6.39x10"X - 5.83x10° 0.020-0.64 0.999 3 0.020 0.007
Ginsenoside Re Y=7.22x10"X + 1.42x10° 0.019-0.31 0.999 8 0.019 0.006
Ginsenoside Rgl Y=9.80x10"X +2.56x10° 0.78-1.24 0.999 6 0.009 0.003
Paconol Y=2.55x10"X - 2.82x10° 0.30-4.74 0.999 9 0.022 0.007
Icariin Y =3.40x10°X - 2.64x10* 0.29-4.71 0.999 0 0.065 0.022
Nardosinone” Y=0.83x10°X + 0.61x10* 1.02-32.60 0.999 4 1.019 0.340
Tenuifolin Y=2.61x10"X+ 4.00x10* 0.020-0.32 0.999 5 0.014 0.005
Ginsenoside Rbl Y=1.90x10"X - 3.07x10° 0.060-0.94 0.9998 0.059 0.020
Alisol C 23-acetate Y=3.33x10"X - 9.63x10* 0.006 3-0.11 0.999 5 0.006 0.002
Osthole Y=2.13x10°X + 1.53x10’ 0.47-3.74 0.997 0 0.017 0.006
Astragaloside IV Y =8.69x10°X +2.03x10° 0.011-0.17 0.999 4 0.011 0.004
Alisol B 23-acetate Y=1.33x10°X + 0.56x10* 0.081-1.30 0.999 9 0.081 0.027
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Figure 2 Mean contents of 34 compounds from 16 batches of Zhibao Sanbian Wan. See Table 1 for the name of each compound
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Figure 3  Systematic cluster analysis (A), principal component analysis score scatter plot (B) and loading scatter plot (C) results for 16

batches of Zhibao Sanbian Wan. See Table 1 for the name of each compound
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Figure 4 Mean doses of 34 compounds from 16 batches (A), migration component in rat plasma (B)-brain tissue (C)-cerebrospinal fluid

(D) after oral administration of Zhibao Sanbian Wan at 6.25 g-d”'. See Table 1 for the name of each compound
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