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Abstract: The purpose of this study was to systematically analyze the antidepressant mechanism of Chaigui
granules from the perspective of biological metabolic network by using integrated metabolomics and biological
network analysis tools. The model of chronic unpredictable mild stress (CUMS) depression rat was established,
and LC-MS-based plasma metabolomics was used to identify the key metabolites and analyze metabolic pathways
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underlying the antidepressant effects of Chaigui Granules. The key metabolites regulated by Chaigui granules was
integrated with biological network analysis tools to further focus on the key metabolic pathways and explore the
potential targets of the antidepressant effect of Chaigui granules. The results showed that there were significant
differences in the plasma levels of 20 metabolites in the model group compared with the control group (P < 0.05),
Chaigui granules significantly regulated 12 metabolites including docosatrienoic acid, 3-hydroxybutyric acid,
4-hydroxybenzaldehyde, chenodeoxycholic acid, cholic acid, L-glutamine, glycocholic acid, linoleyl carnitine,
L-tyrosine, N-acetylvaline, palmitoylcarnitine, arachidonic acid. Further network analysis of the key metabolites
regulated by Chaigui granules indicated that plasma arachidonic acid metabolism might be the core pathway for
the antidepressant effect of Chaigui granules, with 10 proteins were potential targets for the antidepressant effect
of Chaigui granules, including CYP2B6, CYP2E1, CYP2C9, CYP2C8, PLA2G6, PTGS2, ALOX15B, PTGS1,
ALOX12 and ALOXS5. The animal experimental operations involved in this paper was followed the regulations of
the Animal Ethics Committee of Shanxi University and passed the animal experimental ethical review (Approval
No. SXULL2020028).

Key words: Chaigui granule; chronic unpredictable mild stress depression; plasma metabolomics; biological
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Figure 1 Metabolomics profiling analysis of plasma. A: PCA score plots of QC samples; B: PLS-DA score plot; C: PLS-DA validation

plot; D: OPLS-DA score plots. CGGM: Medium dose group of Chaigui granules, CGGH: High dose group of Chaigui granules
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Figure 2 Relative peak areas of the potential biomarkers in plasma regulated by Chaigui granules. n = 6, X + s. *P < 0.05, *P < 0.01, P <
0.001 vs control group; "P < 0.05, P < 0.01, “"P < 0.001 vs model group

Table 1 Differential metabolites in plasma which were associated with depression detected by UPLC-MS/MS. " | " or " T " means the
changes of metabolites in model group compared with control group; ‘P < 0.05, “P < 0.01, model group vs control group; VIP: Variable

importance value

No. Metabolite t./min m/z Formula VIP P Trend  Scan mode
1 Docosatrienoic acid 24.38 335.29 C,,H,0, 2.25 0.04" ! +
2 LysoPC(18:1(92)) 17.98 522.36 C,;H,NO.P 3.23 0.011" ! +
3 3-Hydroxybutyric acid 2.96 103.04 C,H;0, 5.3 0.00” 1 -
4 4-Hydroxybenzaldehyde 2.78 123.04 C,H0, 124 0.03" l +
5 Chenodeoxycholic acid 15.32 437.29 C,.H.0, 1.99 0.00" 1 -
6 Cholic acid 11.77 407.28 C,.H,,0, 5.48 0.02" 1 -
7 Deoxycholic acid 15.83 391.29 C,.H.,.0, 1.87 0.00” i -
8 L-Glutamine 1.48 130.05 C.H,N,0, 1.55 0.046" ! +
9 Glycocholic acid 9.61 464.30 C,.H,.NO, 3.47 0.03" 1 -

10 Linoleyl carnitine 16.13 424.34 CyH,sNO, 1.22 0.03" 1 +

1 L-Tyrosine 142 165.05 C,H,NO, 1.28 0.00" l +

12 N-Acetylvaline 6.37 158.08 C,H,NO, 1.26 0.00" 1 -

13 Palmitoylcarnitine 17.02 400.34 C,,H,sNO, 2.68 0.00” 1 +

14 Stearoylcarnitine 19.53 428.37 CyH,o NO, 1.27 0.011" 1 +

15 Trifluoroacetic acid 1.11 112.98 C,HF,0, 1.72 0.04" 1 -

16 LysoPC(18:3(9Z,12Z,152)) 15.00 518.32 C,eH,NO,P 1.07 0.03" ! +

17 N-Lauroylglycine 15.61 256.19 C,H,NO, 115 0.03" l -

18 Valine 1.49 118.09 C.H,NO, 1.74 0.00” t +

19 L-Methionine 1.97 133.03 C.H,NO,S 1.46 0.04" 1 +

20 Avrachidonic acid 26.53 305.25 C,oHy,0 131 0.00” 1 +

200 3272
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Figure 3 Metabolic pathways related to depression. a: Phenylala-
nine, tyrosine and tryptophan biosynthesis; b: Arachidonic acid
metabolism; c: Tyrosine metabolism; d: Alanine, aspartate and
glutamate metabolism; e: Cysteine and methionine metabolism
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Figure 4 The compound-gene networks of the key metabolites and targets for the antidepressant effect of Chaigui granules. The red hexa-

gons represent the potential biomarkers regulated by Chaigui granules. The pink hexagons represent compounds associated with the poten-

tial biomarkers. The purple circles represent genes associated with the potential biomarkers
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Figure 5 The network of analysis of KEGG for the antidepressant effect of Chaigui granules. The top five pathways are arachidonic acid

metabolism, fatty acid degradation, drug metabolism, alanine, aspartate and glutamatemetabolism, and tyrosine metabolism
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Figure 6 Protein-protein interaction network of the shared targets.
CYP2B6: Cytochrome P450 family 2 subfamily B member 6; CYP2E1:
Cytochrome P450 family 2 subfamily E member 1; CYP2C9:
Cytochrome P450 family 2 subfamily C member 9; CYP2C8:
Cytochrome P450 family 2 subfamily C member 8; PLA2G6:
Phospholipase A2 group VI; PTGS2: Prostaglandin-endoperoxide
synthase 2; ALOX15B: Arachidonate 15-lipoxygenase type B; PTGS1:
Prostaglandin-endoperoxide synthase 1; ALOX12: Arachidonate 12-
lipoxygenase, 12S type; ALOX5: Arachidonate 5-lipoxygenase
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