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Abstract: The antidepressant effect of Xiaoyaosan has been demonstrated. It is of value to explore the biological
mechanism of Xiaoyaosan in the treatment of depression from the perspective of functional modules by using the
method of functional module division of the metabolic network. The differential metabolites and related enzymes
and proteins regulated by Xiaoyaosan were identified in the database. Pathway enrichment analysis and crosstalk
pathway analysis of Xiaoyaosan regulated metabolites was carried out. A network of differentially regulated
metabolites and their enzymes and proteins was constructed by using the STRING tool. The CNM decomposition
algorithm was used to extract the functional modules of the network and enrichment analysis of functional modules
was carried out. The results show that Xiaoyaosan regulates 97 differential metabolites, 234 related enzymes and
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258 depression-related proteins. The pathways crosstalk analysis was divided into two sub-networks, one of which
is related to the neural system and cell signal transduction, the other is related to the endocrine system and metabolic
pathways. KEGG pathway enrichment analysis of the network and 9 functional modules extracted by the CNM
algorithm shows that module 1 and module 3 belong to the pathways that can be enriched into more pathways with
fewer proteins. The corresponding functions of these pathways include the endocrine system, amino acid metabolism,
the nervous system and signal transduction. In this study, pathway crosstalk analysis and metabolic network
module division strategies were used to explain the biological mechanism of Xiaoyaosan in the treatment of depres-
sion, providing ideas and methods for in-depth study of the pharmacological mechanism of this traditional Chinese

medicine from the perspective of metabolic regulation.
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Figure 1 The top 30 KEGG pathways of enriched differential metabolites. The size of the bubble shows the enrichment score, while colors
indicate enrichment significance

Figure 2 Pathway crosstalk among differential metabolites-enriched pathways. Nodes represent pathways, and edges represent crosstalk
between pathways. Edge-width corresponds to the score of specific pathway pair. Larger edge-width indicates higher score
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Figure 3 Nine modules of protein network divided by CNM algorithm. The size of the node is related to the betweenness centrality

Table 1 Basic characteristics and topological properties of the 9 modules

Cluster Number of node Number of edge Degree Clustering coefficient Diameter Average path length
Module 1 168 1508 8.976 2 0.448 3 5 2.836 9
Module 2 147 1162 7.904 8 0.576 4 5 2.428 6
Module 3 125 1497 11.976 0 0.555 3 4 2.0153
Module 4 19 85 44737 0.6136 4 1.7134
Module 5 8 15 1.875 0.5875 3 1.607 1
Module 6 3 3 1 1 1 1
Module 7 2 1 0.5 0 1 1
Module 8 2 1 0.5 0 1 1
Module 9 2 1 0.5 0 1 1
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Table 2 Hub proteins of 9 modules. “Indicates that the gene has been reported to be associated with depression in the literature, while -

indicates that there is no core gene

Hub protein number

Cluster Node . .
(validation protein number)

Hub protein

Modulel 168 11 (2)

CAT", H6PD, GLUL, GGT1, MGAM, LDHA", AKR1B1, GLB1, ALDH7A1, GOT2, MOGS

Module 2 147 16 (11) PTGS2", NT5E, EGFR’, IL6", ALB", TNF", INS", PARP1, HSP90AA1", NAMPT, CD38,
HIF1A", EGF", CCND1", PLA2G1B, PSMB4"

Module3 125 11 (11) BDNF", DRD2", DLG4", HTR1A", GRM5", CNR1", DRD3", NTRK2", CREB1", DRD4",
SLC6A4"

Module 4 19 11 (1) ZC3HAV1, QKI", PARPS, PARP16, PARP6, PARP2, PARP3, PARPY, PARP14, PARP4, PARP12

Module 5 8 4(0) TYWS5, KDM2A, C140rf169, PHF8

Module 6 3 0(0) -

Module 7 2 0 (0) -

Module 8 2 0 -

Module 9 2 0 -
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Table 3 Comparison of pathway levels and gene levels between
9 modules and proteins network

Cluster Pathway number Intersection Union
Module 1 53 40 101
Module 2 94 36 146
Module 3 52 32 108
Module 4 2 0 90
Module 5 0 0 88
Module 6 2 1 89
Module 7 0 0 88
Module 8 2 1 89
Module 9 1 0 89
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Figure 4 Comparison of the number and function of proteins
between PPI and its modules. Blue bar chart represents Jaccard
similarity coefficient, orange bar graph represents proportion of
module protein to total
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Table 4 The relationship between pathways and functions in different modules

Function
classification

Pathway

(Module 1)
Carbohydrate metabolism

(Module 1)
Amino acid metabolism

(Module 2)
Signal transduction
(Module 2)

Immune system

(Module 3)
Endocrine system

(Module 3)
Nervous system

Galactose metabolism, glycolysis/gluconeogenesis, pyruvate metabolism, starch and sucrose metabolism, propanoate
metabolism, glyoxylate and dicarboxylate metabolism, fructose and mannose metabolism, ascorbate and aldarate
metabolism, amino sugar and nucleotide sugar metabolism, inositol phosphate metabolism, citrate cycle (TCA cycle)
Alanine, aspartate and glutamate metabolism, cysteine and methionine metabolism, arginine biosynthesis, arginine
and proline metabolism, glycine, serine, and threonine metabolism, lysine degradation, tryptophan metabolism, valine,
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Ras signaling pathway, MAPK signaling pathway, VEGF signaling pathway, JAK-STAT signaling pathway,
phospholipase D signaling pathway, PI3K-Akt signaling pathway, HIF-1 signaling pathway, ErbB signaling pathway,
TNF signaling pathway, Rap1 signaling pathway, FoxO signaling pathway, apelin signaling pathway
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Serotonergic synapse, dopaminergic synapse, glutamatergic synapse, retrograde endocannabinoid signaling,
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nodes represent pathways. Each pathway is connected to two modules
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