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[ Abstract] Objective In this study, we aimed to use network pharmacology techniques to predict the key targets
of a prescription of Ziziphi spinosae semen formula (ZSSF) compound for depression, and to verify its mechanism of action
using a zebrafish model of rifampicin-induced depression. Methods The drug targets of ZSSF were retrieved from the
TCMSP database, and the target names were corrected using the UniProt database. Depression-related targets were
identified using the GeneCards, OMIM, and NCBI databases. Protein-protein interaction information for the shared targets
was predicted using the STRING database. The collected data were then analyzed using the Metascape database to
determine GO and KEGG pathway enrichment, and the result were visualized using microbiotics. Behavioral experiments
and reverse-transcription quantitative PCR experiments were conducted to verify the therapeutic effects of ZSSF on a
zebrafish depression model induced by risperdal. Results 188 targets were screened to find the interactions between
depression and ZSSF. The protein-protein interaction result showed that ZSSF primarily targeted TNF-a, IL-2, IL-6, IL-
1B, and IL-10 to produce its antidepressant effect. KEGG pathway enrichment analysis revealed that ZSSE exerted its
effects on depression through various signaling pathways, including the TNF, PI3K-Akt, and ¢GMP-PKG signaling
pathways. The result of the animal experiments showed that the treatment groups given high, medium, and low doses of
ZSSF exhibited significant improvements in movement distance under acoustic and light stimulation compared with the model
group(P < 0.05). The speed of movement of the treatment groups was also significantly faster(P < 0.01). Additionally,
the mRNA expression levels of TNF-a, IL-2, IL-6, IL-1B, and IL-10 were up-regulated in the brain tissues of zebrafish in
the high-, medium-, and low-dosage groups of ZSSF compared those in the model group (P < 0.001). Conclusions
ZSSF exerts its antidepressant effect through multiple components and targets, and its antidepressant effects may be
associated with its inhibition of inflammatory factors.

[ Keywords] network pharmacology; Ziziphi spinosae semen formula; depression; inflammatory factor
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Table 2 Basic information of the active ingredients of ZSSF

Mol-ID Compound Source
MOL002039 X
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N N

Lilium brownie var, Poria cocos
s
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PGR (Schw. ), Rosa rugosa Thunb.
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sinensis ( Oliv. ) Diels
2 . S .
MOLO000358 Lilium brownie var, Angelica
PTGS2 . PPN .
sinensis ( Oliv. ) Diels
MOL009449 NR3C2 Lilium brownie var
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HSPOOAAT sinensis ( Oliv. ) Diels
1
MOLO000358 Angelica sinensis
PONT (Oliv. ) Diels
MOLO000358 Angelica sinensis
MAP2 (Oliv. ) Diels
1
MOL001522 PTGS1 Semen Ziziphi spinosae
1 o
MOL001522 CHRM1 Semen Ziziphi %[‘)mnsae,
Rosa rugosa Thunb
MOLO001546 3 S Zizi \h spinos:
CHRM3 emen Ziziphi spinosae,
Rosa rugosa Thunb
a2A
MOL001522 ADRa2A Semen Ziziphi spinosae
MOL000273 NR3C2 Poria cocos( Schw. )
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Table 3 Potential targets of ZSSF and depression
ID Target name ID Target name ID Target name ID Target name
1 PTGS1 48 BAX 95 FOS 142 SERPINE1
2 CHRM1 49 CASP9 96 CDKNIA 143 COLIAL1
3 SCNSA 50 JUN 97 EIF6 144 IFNG
4 PTGS2 51 CASP3 98 MMP9 145 ALOXS
5 RXRA 52 CASP8 99 MAPKI1 146 IL1A
6 PDE3A 53 PRKCA 100 IL10 147 MPO
7 ADRAITA 54 TGFB1 101 EGF 148 NCF1
8 ADRAI1B 55 PONI1 102 RBI 149 ABCG2
9 SLC6A3 56 MAP2 103 TNF 150 HAS2
10 ADRB2 57 AKR1B1 104 IL6 151 GSTP1
11 SLC6A4 58 PLAU 105 AHSA1 152 NFE212
12 HSP90AAI 59 LTA4H 106 TP53 153 NQO1
13 MAOB 60 MAOA 107 ELK1 154 PARP1
14 CALM3 61 ADRBI 108 NFKBIA 155 AHR
15 DRD1 62 NOS2 109 POR 156 PSMD3
16 CHRM3 63 ESR1 110 ODC1 157 SLC2A4
17 ADRA2A 64 CHEK1 111 XDH 158 COL3Al1
18 CA2 65 PPARG 112 TOP1 159 CXCLI11
19 ADRA2C 66 PTPN1 113 RAF1 160 CXCL2
20 ADRA1D 67 DPP4 114 SOD1 161 DCAFS
21 OPRM1 68 MAPK14 115 HIF1A 162 NR113
22 NCOA2 69 GSK3B 116 STAT1 163 CHEK2
23 PGR 70 CDK2 117 RUNXI1T1 164 INSR
24 AR 71 AKT1 118 CDK1 165 CLDN4
25 TOP2B 72 VEGFC 119 HSPAS 166 PPARA
26 ACHE 73 MMP2 120 ERBB2 167 PPARD
27 NCOALl 74 MMP1 121 ACACA 168 HSF1
28 KCNMA1 75 HMOX1 122 CYPIA1 169 CRP
29 NR3C2 76 CYP3A4 123 ICAM1 170 CXCL10
30 GABRA2 77 CYP1A2 124 IL1B 171 CHUK
31 GABRA3 78 ALB 125 CCL2 172 SPP1
32 CHRM2 79 CAV1 126 SELE 173 RUNX2
33 GABRA1 80 CTNNBL1 127 VCAM1 174 E2F1
34 GRIA2 81 MYC 128 PTGER3 175 E2F2
35 GABRA6 82 CASP7 129 CXCL8 176 CTSD
36 GABRAS 83 F3 130 PRKCB 177 IGFBP3
37 ADHI1B 84 GJA1 131 BIRCS 178 IGF2
38 ADH1C 85 MMP10 132 DUOX2 179 CD40LG
39 LYZ 86 PRSSI 133 HSPBI 180 IRF1
40 SLC6A2 87 SERPIND1 134 SULT1E1 181 ERBB3
41 PIK3CG 88 MMP3 135 MGAM 182 DIO1
42 KCNH2 89 F7 136 12 183 PCOLCE
43 CHRM4 90 NOS3 137 NRI1I2 184 NPEPPS
44 HTR2A 91 RELA 138 CYPIBI 185 HK2
45 CHRNA2 92 EGFR 139 CCNBL1 186 RASAL1
46 CHRNA7 93 CCND1 140 PLAT 187 GSTM1
47 BCL2 94 BCL2L1 141 THBD 188 GSTM2
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Note. A. Component target-disease target of Venn diagram. B. Component target network diagram of ZSSF.

Figure 2 Potential targets of action of compound prescription of ZSSF in the treatment of depression
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Figure 3 PPI analyses of potential targets for the action of the ZSSF in depression
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Figure 4 GO enrichment analysis results and KEGG pathway analysis results
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Table 4 Core targets of action in the protein-protein
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Target name Degree CC BC
TP53 40 0. 425 655 97 0.213 346 76
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