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Abstract: This study analyzed the effect of the Radix Bupleuri-Radix Paeoniae Alba herb pair on endogenous
metabolites in rats with chronic unpredictable mild stress (CUMS)-induced depression by using LC-MS liver
metabolomics. Rats were randomly divided into 5 groups: a normal control group, a CUMS model group, a venla-
faxine-positive group, and a high-low dose group for the Radix Bupleuri-Radix Paeoniae Alba herb pair, with
continuous modeling and administration over 28 days. The efficacy of Radix Bupleuri-Radix Paeoniae Alba herb
pair was evaluated by measuring traditional pharmacodynamic indicators of depression (body weight, open field
test, sucrose preference test and forced swimming test). Animal experimentation was approved by the Committee
on the Ethics of Animal Experiments of Shanxi University (SXULL2016036). Liver metabolic profiles were
obtained by the UHPLC-Q Exactive Orbitrap-MS metabolomics technique. The results show that the Radix
Bupleuri-Radix Paeoniae Alba herb pair can significantly decrease depression-like behavior of rats in the CUMS
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model group. Increases in 25 depression-related metabolites were identified by LC-MS metabonomics, and the
Radix Bupleuri-Radix Paeoniae Alba herb pair could significantly decrease 16 of them. Metabolic pathway analysis
showed that D-glutamine and D-glutamate metabolism, arginine and proline metabolism, alanine, aspartate and
glutamate metabolism, and glutathione metabolism were the main metabolic pathways altered by this herb pair in

CUMS model rats.

Key words: Radix Bupleuri-Radix Paeoniae Alba herb pair; chronic unpredictable mild stress; liver; metabo-

lomics; pathway analysis
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Figure 1 Effects of H-BP, L-BP, VLF on body weight; Trend of
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Bupleuri-Radix Paeoniae Alba herb pair group; VLF: Venlafaxine-
treated group
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Figure 3  Effects of H-BP, L-BP and VLF in the sucrose prefer-
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#P<0.01 vs Control; ""P<0.01 vs CUMS
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Figure 4 UPLC-MS/MS base peak chromatograms of liver tis-
sue samples. Differential metabolites between CUMS group and
Control group were labeled by numbers. The differential metabo-
lites represented by the numbers in the figure are consistent with
the differential metabolites represented by the numbers in Table 2
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Table 1 The stability of UHPLC-MS method using QC sample.
n=38

ts RSD Relative RSD

No. miz /min 1% peak area 1% fon
1 137.0459 1.05 0.554 1.535x102?  6.456 M+H
2 123.0555 182 0.463 5.237x10°  8.927 M+H
3 1231021 2.90 0.033 7.749x10°  2.143 M+H
4 229.1555 3.76  0.529 6.323x10* 5.771 M+H
5 464.3017 5.72  0.103 3.263x10* 4.235 M-H
6 204.1386 9.54  0.342 8.835x10° 9.167 M+H
7 256.2637 11.73  0.052 4.893x10*  3.645 M+H
8 3432637 1405 0.294 1.172x102  6.628 M-H
9 308.2953 12.85 0.093 4.612x10° 1939 M+H

10 287.2375 1477 0.122 5.631x10° 4.062 M+H
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Figure 5 Multivariate data analysis from UPLC-MS/MS. A: PCA
score plots from control group, CUMS group and QC samples; B:
PCA score plots from control group and CUMS group; C: PLS-DA
model validation diagram; D: OPLS-DA score plots from control
group and CUMS group; E: S-plot of OPLS-DA; F: OPLS-DA
score plots from control group, CUMS group, CUMS + H-BP group,
CUMS + L-BP group and CUMS + VLF group
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Figure 6 Comparison of relative peak areas of the potential biomarkers in UPLC-MS/MS associated with BP treatment. n = 8, X % s. *P<
0.05, #P<0.01, #*P<0.001 vs Control; "P<0.05, "P<0.01, ""P<0.001 vs CUMS
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Figure 7 Summary diagram of pathway analysis with Met-PA. A:
The metabolic pathways associated with depression; B: Regulation
of metabolic pathway of BP. a: D-Glutamine and D-glutamate
metabolism; b: Arginine and proline metabolism; c: Alanine, aspar-
tate and glutamate metabolism; d: Glutathione metabolism; e: Phe-
nylalanine, tyrosine and tryptophan biosynthesis; f: Citrate cycle
(TCAcycle)
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Table 2  Differential metabolites associated with depression were detected by UPLC-MS/MS. CUMS/Control: CUMS group compared
with Control group; “P<0.05, “P<0.01 vs Control; " | " or " T " means the metabolite significantly decreased or increased in CUMS group
compared with control group; VIP: Variable importance value

No Metabolites tR. Experimental Theoretical Error Formula vIP CUMS/  Scan
/min m/z m/z /ppm Control mode
1 Ornithine 0.835 133.097 85 133.097 15 5.303 C;H,,N,0, 1.699 b ** +
2 Lysine 0.838 147.113 17 147.112 80 2.534 C.H.N,0O, 1.742 b ** +
3 2-Hexenoylcarnitine 0.953 258.169 36 258.169 98 -2.412 C,;H,;,NO, 1.724 L** +
4 Creatine 1.004 132.077 03 132.076 75 2.137 C,H;N;0, 1.736 Tk +
5 Ascorbic acid 1.018 175.024 25 175.024 81 -3.182 CeH, 05 1.102 T -
6 Fumaric acid 1.024 115.003 23 115.00368  -3.879 C,H,0, 1.740 il -
7 Carbamoy! phosphate 1.034 141.989 70 141.98998  -2.002 CH,NO.P 3.535 | x* +
8 alpha-Ketoglutaric acid 1.038 145.014 49 145.014 25 1.644 C;H:O; 2.031 L ** -
9 Citric acid 1.042 191.019 21 191.01973  -2.708 C,H;0, 1.963 THx
10 4-Coumaric acid 1.102 165.055 01 165.054 62 2.378 C,Hz0, 1.032 THx +
11 Nicotinamide 1.126 123.055 50 123.055 29 1.721 CgHN,O 2.014 }** +
12 Glutamate 1.176 148.060 71 148.060 43 1.905 C;H,NO, 2.866 el +
13 Uracil 1.377 111.019 04 111.02000 8571 C,H,N,0, 1.131 T
14 Arginine 1.613 173.103 23 173.10440  -6.724 C.H.N,O, 2.234 | x* -
15 L-Glutathione 1.746 308.091 09 308.091 08 0.032 C,oHisN;OsS  2.052 b ** +
16 4-Oxoproline 2.085 128.034 42 128.03532  -6.977 C;H,NO, 1.925 THx -
17 L-Norleucine 2.426 132.102 31 132.101 91 3053  C4H,,NO, 2.223 T oxk +
18 Tyrosine 2.686 180.066 02 180.066 62  -3.315 C,H,;NO, 2.345 T ek -
19 3'-Adenosine 3.181 348.071 20 348.070 36 2421 C,oH,N;O,P 1.531 el +
20 Pantothenic acid 3.589 220.117 11 220.11795  -3.836 CyH,;NO; 1.602 | x* +
21 Tryptophan 3.776 205.097 60 205.097 15 2.206 C,,H,N,0, 2.604 il +
22 Glycocholic acid 5.717 464.301 73 46430176  —0.065 C,6H,sNOg 1.986 L **
23 Taurochenodeoxycholic acid 6.334 498.289 37 498.28948  -0.220 C,sH,sNOS 1.206 T
24 Glycoursodeoxycholic acid 6.828 448.306 80 448.306 85 -0.111 C,H,sNO, 2.170 L** -
25 Arachidonic acid 11.948 305.247 50 305.24751  -0.033 C,,H3,0, 2.095 1wk +

XERABZRICU, BIH RS FIHKEGGHL B MY MR A

I 28 X 5 4IRIE AR DR 1K) 6 2% AU B S B il e i 2E )

PREMEAT KRBT (F8), AR AEbs &z i g

MRk AT WA A B 5 A VbR S 2 T8 A 5% S AT P AT A P 4 8T DA SR A S 1) (5 5
R, UEH T AWAIAE AR LA B R IR S SR -E AT R, AR BRI AR AL T b B R AR R BC AT 24 0

Figure 8 The metabolic network involved in 6 metabolic pathways associated with depression; red fonts represent up-regulated metabo-
lites, and blue fonts represent down-regulated metabolites in CUMS group vs control group; " | " or " T " means the metabolite significantly
decreased or increased in BP group vs CUMS group
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