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Discovery of the Major Bioactive Compounds and Action Mechanisms Responsible for the Protective
Effects of Xiaochaihu Decoction on COVID-19 Based on Molecular Docking and Network Pharmacology
Methods

CHEN Pan, RAO Hongyu, WU Hao, WANG Yonggang, SU Weiwei, LI Peibo (Guangdong Engineering and
Technology Research Center for Quality and Efficacy Re-evaluation of Post-marketed TCM, Guangdong Key Laboratory of Plant
Resources, School of Life Sciences, Sun Yat-sen University, Guangzhou 510275, China)

ABSTRACT: OBJECTIVE To explore the active constituents and mechanism of action in Xiaochaihu decoction(XCHD) for
treatment of COVID-19, and provide a reference for its clinical application. METHODS The chemical constituents in XCHD
were collected by using Traditional Chinese Medicine Systems Pharmacology Database(TCMSP). Further molecular docking
study was performed to evaluate the interactions between these constituents and the ACE2, MPro, and PLP target proteins. The
targets of constituents were collected by using TCMSP and Comparative Toxicogenomics Database(CTD). Protein-protein
interaction(PPI) data was constructed by using String website to screen key targets. The “herb-active constituent-key target”
network was constructed by using Cytoscape software, followed by topology analysis. Moreover, KEGG pathway analysis was
performed on screened key targets with the DAVID database to predict the protective mechanism of XCHD on COVID-19.
RESULTS Molecular docking results showed that the number of active ingredients in XCHD binding with ACE2, MPro, and
PLP with Libdockscore>120 were 86, 114, and 105, respectively. For example, licorice glycoside E was nicely bound to ACE2,
MPro and PLP. Saikosaponin C and ginsenoside Rh2 were nicely bound to ACE2. Troxerutin and protoporphyrin were nicely
bound to Mpro. a-Spinasterol and supraene were nicely bound to PLP. Network topology analysis screened 118 core targets, the
key targets involved PTGS2, AR, MAPK 14, PPARG and GSK3B, etc. A total of 118 key targets were screened, such as PTGS2,
AR, MAPK14, PPARG, and GSK3B. There were 124 key target-related active components, such as quercetin, wogonin,
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kaempferol, isorhamnetin, and (—)-catechin. Further KEGG pathway analysis revealed several key pathways which were
probably involved in the treatment of COVID-19, including Influenza A pathway, Small cell lung cancer pathway, TNF signaling
pathway, Toll-like receptor signaling pathway, PI3K-Akt signaling pathway, and HIF-1 signaling pathway. CONCLUSION

The mechanisms of XCHD in the treatment of COVID-19 are summarized as following: (D the active constituents can act on
ACE2, MPro and PLP to inhibit the infection and reproduction of SARS-CoV-2. (2 act on the targets such as PTGS2, TNF-q,

and IL-6 to inhibit the cytokine release syndrome. 3 regulate the HIF-1 signaling pathway to alleviate hypoxemia.
KEYWORDS: Xiaochaihu decoction; COVID-19; network pharmacology; molecular docking
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Tab.1 Chemical constituents in Xiaochaihu decoction

F5 A % PubChem CID OB/% DL
I L& Linoleyl acetate 21159087 42.10 0.20
2" Seli e E Baicalin 64982 40.12 0.75
3" SN E NS R Stigmasterol 5280794 43.83 0.76
4 SEHH R Isorhamnetin 5281654 49.60 0.31
5" SN S Kaempferol 5280863 41.88 0.24
6 LR 3°,4°,5°,3,5,6,7-Heptamethoxyflavone 389001 31.97 0.59
7 e Areapillin 158311 48.96 0.41
8" P Cubebin 117443 57.13 0.64
9" P Longikaurin A 433636 47.72 0.53

10 S5 Octalupine 73404 47.82 0.28
11 JEiH Sainfuran 185034 79.91 0.23
12 Lt Troxerutin 5486699 31.60 0.28
13* seit] (+)-Anomalin 6450453 46.06 0.66
14 LA Saikosaponin ¢_qt 254770436 30.50 0.63
15 LA a-Spinasterol 12960498 42.98 0.76
16" Sei] Petunidin 441774 30.05 0.31
17" SR B RO Quercetin 5280343 46.43 0.28
18" A Acacetin 5280442 34.97 0.24
19* HE Wogonin 5281703 30.68 0.23

20" gss (2R)-7-Hydroxy-5-methoxy-2-phenylchroman-4-one 821279 55.23 0.20

21 pies Baicalein 5281605 33.52 0.21

22 FES 5,8,2’-Trihydroxy-7-methoxyflavone 156992 37.01 0.27

23 A 5,7,2,5-Tetrahydroxy-8,6-dimethoxyflavone 44258628 33.82 0.45

24" A Carthamidin 188308 41.15 0.24

25 A Dihydrobaicalin_qt 14135325 40.04 0.21

26" A Eriodyctiol (flavanone) 373261 4135 0.24

27" WA Salvigenin 161271 49.07 0.33

28 A 5,2’,6’-Trihydroxy-7,8-dimethoxyflavone 44258546 45.05 0.33

29" A 5,7,2°,6’-Tetrahydroxyflavone 5321865 37.01 0.24

30 g Dihydrooroxylin A 5316733 38.72 0.23

31" #HH Oroxylin A 5320315 4137 0.23

32" W Panicolin 5320399 76.26 0.29

33" FES 5,7,4’-Trihydroxy-8-methoxyflavone 5322078 36.56 0.27

34 WA Neobaicalein 124211 104.34 0.44

35" Gigos Dihydrooroxylin 177032 66.06 0.23

36 s 5,2’-Dihydroxy-6,7,8-trimethoxyflavone 159029 31.71 0.35

37" WA Ent-Epicatechin 182232 48.96 0.24

38° HAE Coptisine 72322 30.67 0.86

39 FES Bis[(2S)-2-ethylhexyl] benzene-1,2-dicarboxylate 7057920 43.59 0.35

40 WA Supraene 638072 33.55 0.42

41 S Diisooctyl phthalate 33934 43.59 0.39

42 HE Epiberberine 160876 43.09 0.78

43* WA Moslosooflavone 188316 44.09 0.25

44 A 11,13-Eicosadienoic acid, methyl ester 5365674 39.28 0.23

45" FES 5,7,4’-Trihydroxy-6-methoxyflavanone 46893290 36.63 0.27

46" A 5,7,4’-Trihydroxy-8-methoxyflavanone 42608119 74.24 0.26

47 S Rivularin 13889022 37.94 0.37

48" BRPEEINS I EZE R Beta-Sitosterol 222284 36.91 0.75
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s R % PubChem CID  OB/% DL
49 ESy=) 24-Ethylcholest-4-en-3-one 15596633 36.08 0.76
50" S5°1 Cavidine 193148 35.64 0.81
51" FH Coniferin 5280372 31.11 0.32
52 A 10,13-eicosadienoic 5365687 39.99 0.20
53 EEy=) (35,65)-3-(Benzyl)-6-(4-hydroxybenzyl)piperazine-2,5-qui 11438306 46.89 0.27

none
54 PE Cycloartenol 92110 38.69 0.78
55 e Beta-D-Ribofuranoside, xanthine-9 64959 44.72 0.21
56" A& Ginsenoside Rh4_qt 21599928 31.11 0.78
57 A% Gomisin B 6438572 31.99 0.83
58" A& Panaxadiol 73498 33.09 0.79
59" Az Ginsenoside Rh2 119307 36.32 0.56
60" A& Alexandrin_qt 5742590 36.91 0.75
61 NS Chrysanthemaxanthin 21160900 38.72 0.58
62" A& Deoxyharringtonine 285342 39.27 0.81
63" A& Ginsenoside Rg5_qt 11550001 39.56 0.79
64" AZ Dianthramine 441562 40.45 0.20
65" A& Arachidonate 444899 45.57 0.20
66" A& Suchilactone 132350840 57.52 0.56
67" A% Girinimbin 96943 61.22 0.31
68" NS Frutinone A 441965 65.90 0.34
69 A= Aposiopolamine 52143306 66.65 0.22
70 A& Celabenzine 442847 101.88 0.49
71" ANS/H Inermine 91510 75.18 0.54
72 ANS/IRHE Malkangunin 90473155 57.71 0.63
73" ANB/RHE Fumarine 4970 59.26 0.83
74" HH Liquiritigenin 114829 32.76 0.18
75° e Glycyrol 5320083 90.78 0.67
76" HH Jaranol 5318869 50.83 0.29
77" HE Medicarpin 336327 49.22 0.34
78" o Lupiwighteone 5317480 51.64 0.37
79" HHE 7-Methoxy-2-methyl isoflavone 911486 42.56 0.20
80" HE Formononetin 5280378 69.67 0.21
81" HE Calycosin 5280448 47.75 0.24
82° HE Naringenin 439246 59.29 0.21
83 HE Shinflavanone 197678 31.79 0.72
84" HE Glyasperin B 480784 65.22 0.44
85" HE Glyasperin F 392442 75.84 0.54
86" HH Glyasperin C 480859 45.56 0.40
87" R Isotrifoliol 5318679 31.94 0.42
88 e Kanzonol B 10881804 39.62 0.35
89" T Kanzonols W 15380912 50.48 0.52
90 HEr (25)-6-(2,4-Dihydroxyphenyl)-2-(2-hydroxypropan-2-yl)-4- 637112 60.25 0.63
methoxy-2,3-dihydrofuro[3,2-g]chromen-7-One
91" HHE Semilicoisoflavone B 5481948 48.78 0.55
92" HE Glepidotin A 5281619 44.72 0.35
93* H Glepidotin B 442411 64.46 0.34
94" HE Phaseolinisoflavan 4484952 32.01 0.45
95" HE Glypallichalcone 5317768 61.60 0.19
96 HHE Glabrocoumarone A 10542808 58.44 0.38
97" HH Licochalcone B 5318999 76.76 0.19
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B et i%) PubChem CID  OB/% DL
98" HE Licochalcone G 49856081 49.25 0.32
99 HHE Licoarylcoumarin 10090416 59.62 0.43

100" HH Licoricone 5319013 63.58 0.47

101” HE Gancaonin A 5317478 51.08 0.40

102" o Gancaonin B 5317479 48.79 0.45

103 HE Licorice glycoside E 42607811 32.89 0.27

104 HH Gancaonin L 14604077 66.37 0.41

105" HH Gancaonin M 14604078 30.49 0.41

106 HH Gancaonin O 14604081 44.15 0.41

107" T Glyeyrin 480787 52.61 0.47

108" HH Licocoumarone 503731 33.21 0.36

109 HE Licoisoflavone A 5281789 41.61 0.42

110" HE Licoisoflavone B 5481234 38.93 0.55

11" HHE Licoisoflavanone 392443 52.47 0.54

112" HH Shinpterocarpin 10336244 80.30 0.73

113 HE 5-Prenylbutein 11267805 46.27 0.31

114 i Liquiritin 503737 65.69 0.74

115" HE Licopyranocoumarin 122851 80.36 0.65

116 HHE Glyuranolide 195396 34.32 0.55

17 i Glyzaglabrin 5317777 61.07 0.35

118" HH Glabridin 124052 53.25 0.47

119" HE Glabranin 124049 52.90 0.31

120" e Glabrene 480774 46.27 0.44

121" HE Glabrone 5317652 52.51 0.50

122 H# Hedysarimcoumestan B 11558452 48.14 0.43

123 HH 1,3-Dihydroxy-8,9-dimethoxy-6-benzofurano[3,2-cJchromenone 11602329 62.90 0.53

124" i Eurycarpin A 5317300 4328 037

125 3 Glyeyroside 101939210 37.25 0.79

126" i (9)-Medicocarpin 23724664 40.99 0.95

127 HE Sigmoidin B 73205 34.88 0.41

128" o (2R)-7-hydroxy-2-(4-hydroxyphenyl)chroman-4-one 928837 71.12 0.18

129 S Isobavachin 193679 36.57 0.32

130" i Isoglycyrol 124050 44.70 0.84

131° HE Isolicoflavonol 5318585 45.17 0.42

132° HH Isoformononetin 3764 38.37 0.21

133" HE 1-Methoxyphaseollidin 480873 69.98 0.64

134" HE 3’-Hydroxy-4’-O-Methylglabridin 15228662 43.71 0.57

135" HHE Licochalcone A 5318998 40.79 0.29

136" i 3°-Methoxyglabridin 5319439 46.16 0.57

137 T 4° Methoxyglabridin 9927807 36.21 0.52

138" HH Inflacoumarin A 50218733 39.71 0.33

139 HE Icos-5-enoic acid 3349565 30.70 0.20

140" HE Kanzonol F 101666840 32.47 0.89

141" HHE 7,2, 4 -Trihydroxy-5-methoxy-3-arylcoumarin 25015742 83.71 0.27

142* HHE 7-Acetoxy-2-methylisoflavone 268208 38.92 0.26

143 HE Gadelaidic acid 5460988 30.70 0.20

144" HE Vestitol 92503 74.66 0.21

145" HE Gancaonin G 480780 60.44 0.39

146" HE Gancaonin H 5481949 50.10 0.78
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75 E 3 % PubChem CID  OB/% DL
147" HE Licoagrocarpin 15840593 58.81 0.58
148" HE Glycyrrhiza flavonol A 5317765 41.28 0.60
149" HE Licoagroisoflavone 636883 57.28 0.49
150 H#E 18a-hydroxyglycyrrhetic acid 14189465 41.16 0.71

151 o Odoratin 13965473 49.95 0.30
152" E Phaseol 44257530 78.77 0.58
153" HE Xambioona 14769500 54.85 0.87
154* R Mairin 64971 55.38 0.78
155" H 2 Poriferast-5-en-3beta-ol 457801 36.91 0.75
156 £ 6-Methylgingediacetate 53145002 48.73 0.32
157" % Dihydrocapsaicin 107982 47.07 0.19
158" K& Stepharine 98455 31.55 0.33
159 KE Spiradine A 441756 113.52 0.61

160 KA Jujuboside A_qt 51346169 36.67 0.62
161 PN Coumestrol 5281707 32.49 0.34
162" P Jujubasaponin V_qt 101635353 36.99 0.63
163* P Jujuboside C_qt 71448946 40.26 0.62
164" P Mauritine D 6443026 89.13 0.45
165 P Berberine 2353 36.86 0.78
166 PSS (8)-Coclaurine 160487 4235 0.24
167" P Ziziphin_qt 441957 66.95 0.62
168 N Ruvoside_qt 101650325 36.12 0.76
169* K& (+)-Catechin 9064 54.83 0.24
170* K& Stepholidine 6917970 33.11 0.54
171" P Nuciferin 10146 34.43 0.40
172 Ko Protoporphyrin 4971 30.86 0.56
173 PN Ceanothic acid 161352 73.52 0.77
174* N Moupinamide 5280537 86.71 0.26
175" P Beta-Carotene 5280489 37.18 0.58
176 KE (-)-Catechin 73160 49.68 0.24
177 KH Stigmast-4-ene-3,6-diol 10550610 3437 0.78

e “qt” FoRIZMAIITFEIC, W Ginsenoside-Rh4_qt /1% Ginsenoside (7 I0; *Fm 5800 S A TGy, 3t 124 4~
Note: “qt” represented the aglycone of constituent, such as Ginsenoside-Rh4 _qt represents the aglycone of Ginsenoside; *represented the 124 active
constituents associated with key targets.

&2 ACE2. MPro # PLP % = i i 3 13 0y R Mt R -
Tab. 2 Representative chemical constituents obtained by screening for ACE2, MPro, and PLP binding

s ACE2 MPro PLP
R AR F MR Libdockscore RFTERSY Libdockscore RFERS Libdockscore
/ JRBLHAR(XXS) 140.1 JEBLIAR(N3) 207.0 JE P4 (P8S) 175.1
SEH Saikosaponin C_qt 170.0 Troxerutin 195.3 a-Spinasterol 165.9
A Supraene 146.5 2’-Elucuronide 166.8 Supraene 157.0
=1 Baicalin 153.6 Coniferin 136.5 Cyclo(L-Tyr-L-Phe) 141.0
NS Ginsenoside Rh2 161.6 Ginsenoside Rh2 148.0 Deoxyharringtonine 150.8
HAE Licorice glycoside E 173.0 Licorice glycoside E 208.2 Licorice glycoside E 188.1
% 6-Methylgingediacetat 139.5 6-Methylgingediacetate 143.9 6-Methylgingediacetate 150.9
KA Mauritine D 148.0 Protoporphyrin 180.4 Stigmast-4-ene-3,6-diol 143.0
2.3 M-I - DR R 2 AT ML 2, mE 2 Al L, Mg 249

FIH Cytoscape #5711 “ZHAF-TEVERA- 420 AT WREGH, 124 DIGPERSY, 118 L
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Fig. 1 Molecular docking patterns of representative
components with ACE2, MPro and PLP molecules
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Fig. 2 Network diagram of medicinal materials-active

components-core targets
Hexagons, squares, and circles represent the herbs, the active constituents,
and the key targets, respectively. The size represents nodes Degree value.
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Fig. 3 KEGG pathway enrichment analysis results of the
core target of Xiaochaihu decoction
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