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Abstract: We predicted the anti-hepatitis B virus (HBV) active components and mechanism of Salvia
miltiorrhiza based on network pharmacology. The active components of S. miltiorrhiza were obtained through
TCMSP, PubChem database and literature research. The potential targets of the active components and HBV
infection were predicted by SwissTargetPrediction and GeneCards databases, respectively. The protein-protein
interaction (PPI) network was constructed by String database. Cytoscape software was adopted to construct a
visual network of active component-disease target and perform topological analysis. Gene Ontology (GO) and
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses were performed using DAVID
platform. The molecular docking of key components and core targets was carried out by AutoDock Vina software.
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We screened out a total of 38 active components and 178 disease-component overlapping targets. Enrichment
analyses obtained 405 related GO items and 68 signaling pathways, such as T/B cell receptor signaling pathways,
PI3K/AKT signaling pathway, and mTOR signaling pathway. According to the results of molecular docking, most
characteristic components of S. miltiorrhiza (miltionone I, miltirone, protocatechuic acid, lithospermic acid,
protocatechualdehyde) showed good affinity with the key targets (PIK3CA, APP, STAT3, AKT1 and mTOR).
Furthermore, the anti-HBV activity of lithospermic acid, the representative active component of S. miltiorrhiza,
and its regulation on PI3BK/AKT and mTOR signaling pathways were investigated in an HBV replicating mouse
model. Animal welfare and experimental procedures follow the regulations of the Animal Ethics and Welfare
Committee of Hubei University. The results showed that lithospermic acid significantly inhibited HBV DNA
replication, reduced serum HBsAg and HBeAg levels, and decreased the phosphorylation protein expression levels
of AKT and mTOR in liver, indicating that lithospermic acid might exert the anti-HBV activity by regulating PI13K/
AKT and mTOR signaling pathways.
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Table 1 Information of active compounds of Salvia miltiorrhiza (S. miltiorrhiza). OB: Oral bioavailability; DL: Drug-likeness

NO. MOI ID Compound OB/% DL
D1 MOLO001659  Poriferasterol 43.83 0.76
D2 MOLO001771  Poriferast-5-en-3beta-ol 36.91 0.75
D3 MOL001942  Isoimperatorin 45.46 0.23
D4 MOL002651  Dehydrotanshinone Il A 43.76 0.40
D5 MOL002776  Baicalin 40.12 0.75
D6 MOLO000569  Digallate 61.85 0.26
D7 MOL006824  a-Amyrin 39.51 0.76
D8 MOLO007036  5,6-Dihydroxy-7-isopropyl-1,1-dimethyl-2,3-dihydrophenanthren-4-one 33.77 0.29
D9 MOLO007041  2-lsopropyl-8-methylphenanthrene-3,4-dione 40.86 0.23
D10 MOLO007048  (E)-3-[2-(3,4-Dihydroxyphenyl)-7-hydroxy-benzofuran-4-yllacrylic acid 48.24 0.31
D11 MOLO007049  4-Methylenemiltirone 34.35 0.23
D12 MOLO007050  2-(4-Hydroxy-3-methoxyphenyl)-5-(3-hydroxypropyl)-7-methoxy-3-benzofurancarboxaldehyde  62.78 0.40
D13 MOLO007058  Formyltanshinone 73.44 0.42
D14 MOL007061  Methylenetanshinquinone 37.07 0.36
D15 MOLO007077  Sclareol 43.67 0.21
D16 MOLO007081  Danshenol B 57.95 0.56
D17 MOLO007082  Danshenol A 56.97 0.52
D18 MOLO007088  Cryptotanshinone 52.34 0.40
D19 MOLO007098  Deoxyneocryptotanshinone 49.40 0.29
D20 MOL007101  Dihydrotanshinone I 45.04 0.36
D21 MOLO007107  C09092 36.07 0.25
D22 MOLO007108 Isocryptotanshinone 54.98 0.39
D23 MOLO007111  Isotanshinone Il 49.92 0.40
D24 MOLO007119  Miltionone I 49.68 0.32
D25 MOL007120  Miltionone I 71.03 0.44
D26 MOLO007122  Miltirone 38.76 0.25
D27 MOLO007124  Neocryptotanshinone 11 39.46 0.23
D28 MOLO007125  Neocryptotanshinone 52.49 0.32
D29 MOLO007127  1-Methyl-8,9-dihydro-7H-naphtho[5,6-g]benzofuran-6,10,11-trione 34.72 0.37
D30 MOLO007132  (2R)-3-(3,4-Dihydroxyphenyl)-2-[(2)-3-(3,4-dihydroxyphenyl)acryloyl]oxy-propionic acid 109.38 0.35
D31 MOLO007140  (2)-3-[2-[(E)-2-(3,4-Dihydroxyphenyl)vinyl]-3,4-dihydroxy-phenyl]acrylic acid 88.54 0.26
D32 MOLO007145  Salviolone 31.72 0.24
D33 MOLO007149  NSC 122421 34.49 0.28
D34 MOLO007154  Tanshinone lla 49.89 0.40
D35 MOLO007155  (6S)-6-(Hydroxymethyl)-1,6-dimethyl-8,9-dihydro-7H-naphtho[8,7-g]benzofuran-10,11-dione 65.26 0.45
D36 MOLO000105  Protocatechuic acid 25.37 0.04
D37 MOLO007113  Lithospermic acid 2.67 0.76
D38 MOL001452  Protocatechualdehyde 38.35 0.03
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Figure 1 Compound-target network of S. miltiorrhiza against hepatitis B virus (HBV)
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Figure 2 Protein-protein interaction network of antiviral targets in S. miltiorrhiza
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Table 2 Topological parameter values of compound-target network of S. miltiorrhiza against HBV

NO. Compound Degree Betweenness Closeness Neighborhoodconnectivity
D25 Miltionone 11 15 0.059 0.317 7.867
D26 Miltirone 15 0.035 0.311 9.200
D3 Isoimperatorin 15 0.025 0.265 4.267
D4 Dehydrotanshinone Il A 15 0.055 0.302 4.733
D8 5,6-Dihydroxy-7-isopropyl-1,1-dimethyl-2,3-dihydrophenanthren-4-one 15 0.066 0.319 5.200
D10 (E)-3-[2-(3,4-Dihydroxyphenyl)-7-hydroxy-benzofuran-4-yl]acrylic acid 15 0.039 0.335 10.533
D12 2-(4-Hydroxy-3-methoxyphenyl)-5-(3-hydroxypropyl)-7-methoxy-3-benzofuran- 15 0.065 0.321 7.600
carboxaldehyde
D13 Formyltanshinone 14 0.089 0.314 3.714
D16 Danshenol B 14 0.071 0.293 3.286
D19 Deoxyneocryptotanshinone 14 0.027 0.310 9.643
D20 Dihydrotanshinone I 14 0.031 0.310 10.286
D27 Neocryptotanshinone 11 14 0.036 0.296 9.286
D28 Neocryptotanshinone 14 0.049 0.326 9.643
D7 a-Amyrin 13 0.077 0.314 4.462
D9  2-1sopropyl-8-methylphenanthrene-3,4-dione 13 0.078 0.300 3.769
D11 4-Methylenemiltirone 13 0.060 0.230 1.692
D14 Methylenetanshinquinone 13 0.023 0.295 10.231
D15 Sclareol 13 0.043 0.345 10.538
D17 Danshenol A 13 0.057 0.338 8.923
D18 Cryptotanshinone 13 0.034 0.332 10.154
D21 C09092 13 0.023 0.309 10.769
D22 Isocryptotanshinone 13 0.051 0.266 3.923
D23 Isotanshinone 11 13 0.073 0.310 3.462
D24 Miltionone I 13 0.027 0.314 10.923
D30 (2R)-3-(3,4-Dihydroxyphenyl)-2-[(Z)-3-(3,4-dihydroxyphenyl)acryloyl]loxy-propi- 13 0.076 0.313 4.231
onic acid
D33 NSC 122421 13 0.056 0.262 3.846
D34 Tanshinone lla 13 0.021 0.283 10.308
D1 Poriferasterol 12 0.064 0.307 4.167
D6 Digallate 12 0.045 0.331 8.917
D29 1-Methyl-8,9-dihydro-7H-naphtho[5,6-g]benzofuran-6,10,11-trione 12 0.016 0.278 10.833
D31 (2)-3-[2-[(E)-2-(3,4-dihydroxyphenyl)vinyl]-3,4-dihydroxy-phenyl]acrylic acid 12 0.099 0.317 5.250
D35 (6S)-6-(Hydroxymethyl)-1,6-dimethyl-8,9-dihydro-7H-naphtho[8,7-g]benzofuran- 11 0.015 0.277 11.364
10,11-dione
D2 Poriferast-5-en-3beta-ol 10 0.061 0.267 3.500
D32 Salviolone 10 0.062 0.240 2.200
D37 Lithospermic acid 10 0.047 0.294 4.300
D38 Protocatechualdehyde 10 0.033 0.231 3.100
D5 Baicalin 9 0.047 0.262 3.000
D36 Protocatechuic acid 9 0.024 0.231 3.333
Banre T EE RIEAT GO W 4 70 M1 (P < 0.05), 3L45. 21 4051
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Figure 4 GO enrichment analysis of related protein targets
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Figure 6 Heat map for binding energy of key compounds and
targets of S. miltiorrhiza against HBV
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Figure 8 Lithospermic acid significantly inhibited the replication of HBV DNA in an HBV replicating mouse model. A: Serum HBV DNA
(n =7); B: Intrahepatic HBV DNA (n = 5). X +s. "P < 0.05, "P < 0.01 vs model; LA: Lithospermic acid; ADV: Adefovir dipivoxil
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Table 3

levels in an HBV replicating mouse model. n =7, x +s. P < 0.05,
“P < 0.01 vs model

Inhibitory effects of LA on serum HBsAg and HBeAg

Dose/ Serum level/IU-L*
Group mg-kg™* 0 week 3 week
HBsAg Model - 61.39 +2.22 63.94 +8.53
ADV 10 54.45 + 8.31 4752 + 255"
LA 20 57.89 £ 6.10 55.34 + 3.87"
40 62.02 +2.92 57.72 +2.32"
HBeAg Model - 23.68 +1.82 31.22+225
ADV 10 25.58 £3.18 24.48 + 253"
LA 20 25.87 £ 1.59 25.97 +1.70"
40 24.08 £ 1.79 25.47 £2.20™

it
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Figure9 Influence of LA on the protein expression of p-AKT, AKT (A) and p-mTOR, mTOR (B) in liver tissues of mice. n =4, x+s. "P <0.05

vs pAAV-HBV1.2
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