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Abstract: Tonkinensis is commonly used in the treatment of hepatitis B infection in China with its effect-
tiveness in reducing clinical symptoms and improving liver function. However, the mechanism of the anti-HBV
(hepatitis B virus) effect of Tonkinensisis still not clear.  In this study, an integrative analysis using the network
pharmacology and metabolomics was employed in identification of the main targets and mechanisms of
Tonkinensis in treatment of HBV infections. First, the “drug-target” network was established by predicting
the targets of the main chemical components of Tonkinensis, Secondly, the differential metabolites associated
with the anti-HBV effect of Tonkinensis were analyzed with the LC-MS based metabolomics in HepG2.2.15 cells;
Finally, the “drug ingredients-targets-metabolites” network was constructed to screen the main anti-HBV targets
of Tonkinensis. The results suggest that Tonkinensis may act on 16 target proteins in the network of retinol
metabolism, peroxisome proliferator activate-receptors (PPAR) signaling pathway and transcriptional regulation
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of cancer and so on, which contributed to the control of HBV replication and the regulation of immune function

and metabolic disorders.
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Figure1l Effect of Tonkinensis extractions (Ton, 500 pg-mL ™) on the cytotoxicity (A) and hepatitis B virus (HBV) DNA secretion (B)

inthe HepG2.2.15cells.  “"P<0.01 vs control
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Figure2 LC-MS-based cellular metabolomic analysis of the anti-HBV effect of Tonkinensis extractionsin HepG2.2.15 cells. A and B
shows the PCA score plot of the samples with and without Tonkinensis treatment in positive (A) and negative (B) ion mode. C—F shows

the score plot (C and E) and Splot (D and F) of OPLS-DA in positive (C and D) and negative (E and F) ion mode.

The red spots

represent for the metabolites of VIP>1 and |P(corr)| = 0.5in OPLS-DA model

Table 1 Summary of the differential metabolites related to the

anti-HBV effect of Tonkinensis based on HepG2.2.15 cells.  PG:

Phosphatidylglycerol; PA: Phosphatidate; TG: Glycerin trilaurate

Compound m'z Amvz KEOGG
Pseudotropine 141.1158 -3.09 C02066
Lupanine 2481896 —2.97 C10772
PG (6 : 0/6 : 0) [U] 4421975 -1.62 (C00344
2-Phenyl-1,3-propanediol monocarbamate  195.0898 -1.32 C16586
13-Hydroxylupanine 2641841 122 (C02621
Formononetin 268.0738 —0.90 (C00858
3a,7a-Dihydroxy-5p4-cholestanate 4343400 -0.90 C04554
PA (20 : 4(52,82,117,142)/0 : 0) 4582437 -0.79 C00681
Apigenin 270.0530 -0.66 C01477
2',7-Dihydroxy-4',5'-methylenedi oxy- 298.047 5 0.80 C16226

isoflavone
Calcitriol 416.328 6 1.07 C01673
L-Palmitoylcarnitine 400.341 8 2.15 C02990
6-Thioinosine-5'-monophosphate 364.023 4 2.35 C04646
Pseudobaptigenin 282.052 1 256 C10522
Calcidiol 400.333 1 2,57 CO01561
6a-Hydroxy-castasterone 466.364 4 3.06 (C15803
Etoposide 588.182 4 321 CO01576
Pinacidil 245,163 2 3.45 C13729
Kaempferol 286.046 7 3.63 C05903
TG (18 1 2(92,127)/18 : 2(9Z,12Z)/ 878.733 1 3.69 C00422

18 : 2(92,127))
Afzelin 432.103 9 4.04 C16911
2'-Hydroxybiochanin A 300.062 1 429 C12135
5-L-Glutamyl-taurine 254.056 1 455 (C05844
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Figure3 Thebiological target network related to the anti-HBV effect of Tonkinensis (A) and it’s sub network related to the differential
metabolites (B). The red triangles represent the active chemical constituents of Tonkinensis, the blue dots represent the indirect targets
for drugs, the yellow dots represent the targets of hepatitis B, the yellow squares represent the common targets of herb and disease, green
diamonds are the differential metabolites and the purple dots represent the interactional proteins with targets or metabolites
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Table 2 Pathway enrichment analysis of the screened targets of Tonkinensis by the integration of network pharmacology and me-

tabolomics
Pathway Count P Gene
Retinol metabolism 3 0.004 P10632, P11766, 075907
PPAR signaling pathway 3 0.004 P19793, P37231, Q07869
Transcriptional misregulation in cancer 3 0.023 P19793, P10276, P37231
Thyroid cancer 2 0.041 P19793, P37231
Drug metabolism - cytochrome P450 2 0.094 P10632, P11766
Adipocytokine signaling pathway 2 0.097 P19793, Q07869
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