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Abstract: Bupleuri Radix is commonly used in the traditional Chinese medicine, and saikosaponins are the
important active ingredients. In this study, we first established a relative quantitative method for 25 saikosaponins
using ultra high performance liquid chromatography-triple quadrupole mass spectrometry (UHPLC-QTrap-MS) in
the scheduled multiple reaction monitoring (SMRM) mode. The established method showed good intra-day and
intra-day precision, linearity, repeatability and stability. Then the method was applied to compare 37 batches of
Bupleuri Radix from different planting areas. The results showed that there was no significant difference in the
saikosaponins composition of Bupleuri Radix from different planting areas in Shanxi Province, which indicating
that Bupleuri Radix is well adapted to the environment, so it is suitable for widely planting. However, Bupleuri
Radix harvested at spring and autumn were differed from those harvested at summer, which indicated that the
traditional harvesting experience was reasonable. Correlation analysis showed that saikosaponins a and d were
positively correlated with some saponins, and 4 saponins (such as clinoposaponin XII) showed bigger content

variation were identified by coefficient of variation analysis. The LC-MS based pseudotargeted metabonomic
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method established in this study can be applied to the comprehensive detection of saikosaponins, which providing

new method for the quality evaluation of Bupleuri Radix.

Key words: Bupleuri Radix; saikosaponin; UHPLC QTrap-MS; pseudotargeted metabonomics; quality

evaluation
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Table 1 The sample information of Radix Bupleurum

Time of  Area of Time of  Area of

Serial No. . Serial No. .
harvest  collection harvest collection
CH-19-02 2019.11 Yuncheng | CH-20-28 2020.01  Shaanxi
CH-20-01 2020.03 Jinzhong | CH-20-29 2020.01 Gansu
CH-20-02 2020.09 Jinzhong | CH-20-30 2020.09 Gansu
CH-20-03 2020.08 Yuncheng | CH-20-32 2020.01 Gansu
CH-20-04 2020.03 Yuncheng | CH-20-33 2020.01 Gansu
CH-20-05 2020.01 Yuncheng | CH-20-34 2021.11  Hebei
CH-20-06 2020.07 Yuncheng | CH-21-01 2021.06 Linfen
CH-20-07 2020.07 Yuncheng | CH-21-02 2021.06 Linfen
CH-20-08 2020.09 Linfen CH-21-03 2021.06 Linfen
CH-20-09 2020.09 Linfen CH-21-04 2021.06 Linfen
CH-20-11 2020.11 Datong CH-21-05 2021.06 Linfen
CH-20-12  2020.11 Datong CH-21-06 2021.06 Linfen
CH-20-13 2020.11 Datong CH-21-08 2021.06 Linfen
CH-20-15 2020.11 Xinzhou | CH-21-09 2021.06 Linfen
CH-20-23 2020.09 Yuncheng | CH-21-11 2021.06 Linfen
CH-20-24 2020.09 Yuncheng | CH-21-12 2021.06 Linfen
CH-20-25 2020.01 Yuncheng | CH-21-13 2021.06
CH-20-26  2020.01 Linfen CH-21-14 2021.06
CH-20-27 2020.09 Datong

Datong
Datong

ik A s &
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Figure 1

Table 2 Optimal ion pairs and optimal CE and DP (CE: Collision
energy; HOSSa: Hydroxyl saikosaponin a; HOSSd: Hydroxyl
saikosaponin d; HOSSc: Hydroxyl saikosaponin ¢; SSc: Saikosapo-
nin c; SSf: Saikosaponin f; SSb3: Saikosaponin b3; SSb4: Saikosa-
ponin b4; SSn: Saikosaponin n; SSa: Saikosaponin a; SSe: Saikosa-
ponin e; SSm: Saikosaponin m; SSbl: Saikosaponin bl; SSd:

Saikosaponin d)

RT DP CE miz
No. Name i Parent Daughter
/min N eV . .
ion ion
1 HOSSa 13.14 -40 -30  843.4664 797.4923
2 Bupleuroside IV 13.18 -20 -50  797.4626 6354406
3 HOSSd 13.69 -60 -30  843.4672 797.4973
4 Magnoside B 1400 -20 -40 1135.5919 1089.5870
5 Malonyl-acetyl- 1410 -60 -50  883.4615 6354334
hydroxy-SSa
6 HOSSc 1479 -60 -40  989.5228 943.5479
7 Clinoposaponin XII 15.46 -60 -30  841.4597 7954565
8 SSc 16.03 -40 -50  971.5229 925.5183
9 SSf 1634 -40 -40  973.5372 927.533 8
10 Acetyl-SSf 16.76 =20 -40  969.543 1 909.528 6
11 Malonyl-SSf 1720 -60 -50 1013.5237 909.5412
12 SSb3/SSb4 17.62 -60 -40  857.4918 811.4889
13 SSn 17.83 -40 -50  987.5081 779.4779
14 Rotundioside N 18.06 -40 -50  987.5179 779.460 9
15 Chinoposaponin 18.12 -80 -50 941.5111  779.458 6
XVIII

16 SSa 18.63 -20 =50 7794595 617.4084
17 Bupleuroside X 19.00 -80 =50  941.5110 7954770
18 2"-O-Acetyl-SSa 1920 -20 -30 8214706 779.463 1
19 Malonyl-SSa 1934 -60 -40  865.4508 779.4762
20 Dimalonyl-SSa 19.73 -40 -20 9514701 907.4747
21 3"-O-Acetyl-SSa 19.87 -20 -40  821.4698 779.4623
22 SSe/SSm 1995 -20 -30 7634641 601.4119
23 Prosaikegenin A 20.11 -60 -30  663.4117 617.4059
24 Acetyl-SSm 20.74 -60 -30  851.4804 805.4774
25 Malonyl-SSe 2097 -40 -20  849.4648 805.4778
26 Malonyl-SSn 21.21 -80 -40 1027.5132 983.5261
27 SSbl 2142 =20 =50  779.4592 617.406 4
28 Malonyl-SSd 22.11 -40 -30  865.4605 821.4726
29 SSd 2237 =20 =50  779.4594 617.407 6
30 4"-O-Acetyl-SSa 2254 -80 -40  821.4618 779.4856
31 Diacetyl-SSd 23.12 -20 -30 863.4808 821.4718
32 Prosaikegenin D 23.17 -80 -20 6634110 617.4090
33 6"-O-Acetyl-SSa 23.60 -80 -40 8214701 779.4697
34 Astragaloside IV 17.05 -80 -30  783.5000 179.200 0
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The selection of MRM ion-pair (A) and the optimization of DP (B) of hydroxyl saikosaponin a (DP: Declustering potential)
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(r>0.99).
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B RIRRGE B o T SN 37 URE AR, Ha I Hb 43 2H
AT F B4 43 A7 (principal component analysis, PCA) 7
Bt (B 3A), 45 F 7R AN 8] 77 i AL 5450 2 TA) 3 A W S 1
Moy B . B3t — 5t 537 HEALSE 5 25 Fh g
H R & (B 4), B S E AR A R S e A 22
F AR . RIS A & N T i, 32 M A B A
R/, AR

BX >
Rk

Table 3

Linear regression equation. The numbers hereby are

consistent with those in Table 2

No. Name Equation of regression
1 HOSSa y=49.570 21 x + 0.459 18 (r=0.996 34)
2 Bupleuroside IV y =1.029 37 x + 0.009 79 (r = 0.999 07)
3 HOSSd y=19.724 48 x + 0.017 45 (r = 0.999 02)
5 Malonyl-acetyl- y=1.173 21 x + 7.181 66x10” (= 0.994 78)
hydroxy-SSa
7 Clinoposaponin  y =9.544 07 x + 0.259 61 (r=0.999 73)
XII
9 SSf »=0.705 38 x + 0.060 18 (r=0.998 74)
10 Acetyl-SSf »=0.152 16 x + 0.006 52 (r=0.992 22)
11 Malonyl-SSf »=0.37502x+0.031 62 (r=0.998 43)
12 SSb3/SSb4 y=1.970 07 x +0.073 31 (r=0.992 78)
15 Chinoposaponin y=0.904 87 x — 0.029 07 (= 0.992 87)
XVII
16 SSa y=T71.11951 x + 0.515 52 (r=0.999 41)
17 Bupleuroside X  y=0.431 50 x + 2.82675x10™* (r = 0.992 73)
18 2"-O-Acetyl-SSa y=2.363 23 x+0.072 38 (r=0.998 17)
19 Malonyl-SSa »=10.899 58 x = 0.008 90 (»=0.999 18)
21 3"-O-Acetyl-SSa y=1.670 58 x + 0.087 61 (= 0.997 35)
23 Prosaikegenin Ay =120.071 13 x + 6.444 78 (r = 0.999 35)
24 Acetyl-SSm »=0.928 55 x+7.91241x10™ (r = 0.995 99)
25 Malonyl-SSe y=225751x+0.126 70 (r=0.996 92)
27 SSbl y=17.147 99 x + 0.536 27 (r=0.999 92)
28 Malonyl-SSd y=50.90033 x + 1.136 04 (r=10.999 61)
29 Ssd y=12.677 61 x +0.334 23 (r=10.999 33)
30 4"-O-Acetyl-SSa y=4.06247 x +0.163 83 (r=0.994 03)
31 Diacetyl-SSd y=2.470 65 x - 0.002 52 (r=0.993 66)
32 Prosaikegenin D y=7.491 24 x + 0.348 36 (» = 0.999 85)
33 6"-O-Acetyl-SSa y=2.034 60 x + 0.033 12 (»=0.999 07)
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Figure 2 UHPLC-sMRM pseudo-targeted analysis of ion flow pattern in the negative ion mode. The peak numbers hereby are consistent

with those in Table 2
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Figure 3 PCA (A) score plot of Bupleuri Radix from different planting areas; PLS-DA (B) score plot of Bupleuri Radix collected at

different harvesting seasons (X: Summer; CQ: Spring and autumn)
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Figure 4 Total saponins content of Bupleuri Radix from different planting areas
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Figure 5 Heat map of different metabolites at different harvesting seasons (CQ: Spring and autumn; X: Summer)

Table 4 Differential metabolites between different harvesting

seasons (FC: Fold change)

Name FC P
Malonyl-acetyl-hydroxy-SSa 1.4717 0.0153
Acetyl-SSt 1.307 7 0.004 6
Malonyl-SSa 1.808 8 0.009 4
3"-0-Acetyl-SSa 13136 0.029 1
Acetyl-SSm 1.449 4 0.044 8
Malonyl-SSd 1.648 0 0.0200
6"-O-Acetyl-SSa 1.380 4 0.006 8
Clinoposaponin XII 0.342 1 0.0325
Prosaikegenin D 0.383 4 0.009 9
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Figure 6 Correlation map of 25 saponins (‘P < 0.05, P < 0.01,

""P <0.001 between the two components being compared)
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Table 5 Compounds with large variation (¥, V, and V; are the coefficient of variation calculated by three different calculation methods)

Name v Name |4 Name V.
Clinoposaponin XII 3.63 Clinoposaponin XII 20.51 Clinoposaponin XII 1.47
Prosaikegenin D 1.99 Prosaikegenin D 9.85 Prosaikegenin D 1.12
Prosaikegenin A 1.50 SSb3/SSb4 7.30 SSb3/SSb4 1.10
Malonyl-SSa 1.18 Prosaikegenin A 6.30 Prosaikegenin A 0.99
Bupleuroside IV 0.99 Malonyl-SSa 3.31 Malonyl-SSa 0.65
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