¢ # % Chinese Traditional and Herbal Drugs 35 51 % % 7] 2020 £ 4 B <1713 -

BT MEHIBZM D FIHE AR RS E 8T A R FmE L
(COVID-19) HETEEMER S

) &L RMME, B & 9 4 Rk #L ox AT
1. AR DU BTE R TR A, D)1 B# 610106
2. IR G AN TR, W B 610106

7 E: BW  UNSKGHE RS IR R R MR R B R R & (COVID-19) WM&, sk FIHTZE
RGHH SN 6 (TCMSP) SRR IMEEE PRI, A &35 3 bR 25 A 51 S 4 RE FIHE 5, J@8IT UniProt $4 2 &
TR SO0 RS ERL s SR A STRING “F & FE2HE 18 PPI M 455 @it DAVID 1T GO (gene ontology) A¥)id#2 & KEGG (Kyoto
encyclopedia of genes and genomes) i % & 4 /04T, X A% BE 5 34T NS #h 20HT, 12 H Cytoscape 3.7.0 A4 %82 7y -$E i P 4%,
SIAT I AR ML . A REE TP DAL S S B O 3 (SARS-CoV-2) 3CL /KfBEE#AT 2 708, RN 45 & AE A
RT3 A4 5 M Kk REGEE T (ACE2) HHMT/ TR, R RAr-HE A4S E] 269 N1, 4 204 %14, H
R R - B, LA 50 Ny, REERE A JUN. AKT1. TP53. PTGS2. FOS. ESRI %. GO IMifitE %4
Hri5%) GO %6 H 2 187 4> (P<<0.05), HA4AWEHRE (biological process, BP) 25 H 1877 4, A4 (cellular component,
CC) %H 1054, 4FIhEE (molecular function, MF) %k H 205 1~ KEGG % 4EMikG 3] 25 45 5@ (P<0.05), £
AR A BURER . HORIRIERN 5 Mg . IR . R miEmseE; KREER (-26.78 kl/moD). il 1 & (-26.36
kI/mol) £ H Ji/KIEFEEH K (—25.94 kI/mol) 1EHT SARS-CoV-2 3CL /KfEBFI 7> T AHES S b ik, 458 MspiEmE
AL & piEE/E T JUN. AKT1. TP53. PTGS2. FOS. ESRI Z#E 45, 5 ACE2 454, W2 4ESHEEE, X COVID-19
HIBERITIER.

R ERE, WSZGENE, RRRDIORERMI A T E SR S SRR 2, T M SRR EALEE 1, K
REE: MR KHBKEREERR

FEDHEES: R285 NHIFRER: A MEHS: 0253 - 2670(2020)07 - 1713 - 10

DOIL: 10.7501/j.issn.0253-2670.2020.07.005

Exploration on active compounds of Feiduqing for treatment of COVID-19 based
on network pharmacology and molecular docking
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Abstract: Objective To explore the active compounds of Feiduqing in the treatment of coronavirus disease 2019 (COVID-19)
pneumonia. Methods The Chinese medicine system pharmacology analysis platform (TCMSP) was used to obtain the three Chinese
medicine-related components and targets of Oroxylum indicum, Gardenia jasminoides and Sophora flavescens of Feiduqing, and the
genes corresponding to the targets were queried through the UniProt database. The STRING platform was used to build the target PPI
network. DAVID was used to perform GO biological processes and KEGG pathway enrichment analysis was used to perform network
topology analysis on core targets. Cytoscape 3.7.0 was used to construct a component-target network analysis to predict the mechanism
of Feiduqing. The core active compound of Feiduqing was molecularly docked with the severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) 3CL hydrolase, and the first three compounds with the lowest binding energy were docked with angiotensin
converting enzyme IT (ACE2). Results The component-target network included 269 nodes and 4 204 edges, including 50 components
such as quercetin, beta-sitosterol, kaempferol, etc, and key targets included JUN, AKT1, TP53, PTGS2, FOS, ESR1, etc. The function
enrichment analysis of GO yielded 2 187 (P < 0.05), including 1 877 biological process (BP) entries, 105 cellular components (CC)
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entries, and 205 molecular functions (MF) entries. Twenty-five signal pathways were screened by KEGG enrichment analysis

(P < 0.05), mainly including hepatitis B, pathways in cancer, TNF signaling pathway, pancreatic cancer, toxoplasmosis pathway, etc.

The active ingredients with the lowest molecular docking binding energy acting on SARS-CoV-2 3CL hydrolase were luteolin (—26.78

kJ/mol), quercetin (—26.36 kJ/mol), 8-prenyl-kaempferol (—25.94 kJ/mol). Conclusion The active compound of Feiduqing may have
a therapeutic effect on COVID-19 through the action on targets such as JUN, AKT1, TP53, PTGS2, FOS, ESR1, binding with

angiotensin converting enzyme Il (ACE2) and regulating many signaling pathways.

Key words: Feiduqing; network pharmacology; coronavirus disease 2019; severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2); molecular docking; angiotensin converting enzyme II; luteolin; quercetin; 8-isopentenyl-kaempfero
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Fig. 1 3D Structure of SARS-CoV-2 3CL hydrolase
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Table 1 Basic information of some active components in Feiduqing

i) G ARy OB/% DL AR TR
ABE MOL001002 ellagic acid 43.06 0.43 302.20
MOLO012101 mosloflavone 34.04 0.26 298.31
MOLO012108 negletein 41.16 0.23 284.28
MOLO013058 2,5-dihydroxy-6,7-dimethoxyflavone 41.52 0.28 316.33
MOLO013059 3,7,3',5'-tetramethoxy-2-hydrochroxyflavone 53.26 0.42 376.39
MOLO013061 baicalein-6-glucuronide 38.72 0.76 446.39
MOLO000173 wogonin 30.68 0.23 284.28
MOLO001735 dinatin 30.97 0.27 300.28
MOL002714 baicalein 33.52 0.21 270.25
MOL002776 baicalin 40.12 0.75 446.39
MOL002928 oroxylin A 41.37 0.23 284.28
MOL003044 chryseriol 35.85 0.27 300.28
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A MOLO000358  beta-sitosterol 36.91 0.75 414.79
MOL004004  6-OH-luteolin 46.93 0.28 302.25
MOL000449  stigmasterol 43.83 0.76 412.77
MOLO000471  aloe-emodin 83.38 0.24 270.25
MOLO005030  gondoic acid 30.70 0.20 310.58
MOLO000098  quercetin 46.43 0.28 302.25

#EF  MOLO001406  crocetin 3530 0.26 328.44
MOL001941  ammidin 34.55 0.22 270.30
MOLO004561  sudan III 84.07 0.59 352.42
MOLO000422  kaempferol 41.88 0.24 286.25
MOLO001494  mandenol 42.00 0.19 308.56
MOLO001942  isoimperatorin 45.46 0.23 270.30
MOLO002883  ethyl oleate (NF) 32.40 0.19 310.58
MOLO003095  5-hydroxy-7-methoxy-2-(3,4,5-trimethoxyphenyl)chromone 51.96 0.41 358.37
MOLO007245  3-methylkempferol 60.16 0.26 300.28

S MOLO001040  (2R)-5,7-dihydroxy-2-(4-hydroxyphenyl) chroman-4-one 42.36 0.21 272.27
MOLO001484  inermine 75.18 0.54 284.28
MOLO003542  8-isopentenyl-kaempferol 38.04 0.39 354.38
MOLO003627  sophocarpine 64.26 0.25 246.39
MOLO003648  inermin 65.83 0.54 284.28
MOLO003673  wighteone 42.80 0.36 338.38
MOLO003680  sophoridine 60.07 0.25 248.41
MOL000392  formononetin 69.67 0.21 268.28
MOLO004580  cis-dihydroquercetin 66.44 0.27 304.27
MOL004941  (2R)-7-hydroxy-2-(4-hydroxyphenyl) chroman-4-one 71.12 0.18 256.27
MOLO005100  5,7-dihydroxy-2-(3-hydroxy-4-methoxyphenyl) chroman-4-one 47.74 0.27 302.30
MOL005944  matrine 63.77 0.25 248.41
MOLO000006  luteolin 36.16 0.25 286.25
MOLO006596  glyceollin 97.27 0.76 338.38
MOLO003347  hyperforin 44.03 0.60 536.87
MOLO006604  (2S)-7-hydroxy-2-(4-hydroxyphenyl)-5-methoxy-8-(3-methylbut- 48.09 0.39 354.43

2-enyl) chroman-4-one

MOLO006613  kushenin 47.62 0.38 286.30
MOL006620  kushenol J 50.86 0.24 286.30
MOLO006623  norkurarinol 51.28 0.64 442.55
MOLO006626  leachianone G 60.97 0.40 356.40
MOLO006630  norartocarpetin 54.93 0.24 286.25
MOL000456  phaseolin 78.20 0.73 322.38
MOLO006650  (—)-maackiain-3-O-glucosyl-6"-O-malonate 48.69 0.52 532.49
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Fig. 2 Compound-target network of Feiduqing
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Fig. 3 GO enrichment analysis of targets of Feiduqing
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Fig. 4 Top 25 pathways of targets of Feiduqing by KEGG enrichment analysis

*2 MEEPROCEEYRERTIRRREBNUF S SARS-CoV-2 3CL KFEEILE S &E
Table 2 Binding energy values of core compounds in Feiduqing and effective drugs reported clinically and SARS-CoV-2 3CL

hydrolase

PaA=1A

L Y BB 4T prst WER S ge gpmy W

ThiE (kJ-mol ™)

Mz 2% quercetin Ci5H,00; 302.25 117-39-5 SARS-CoV-2  —26.36
B-23 S 1 beta-sitosterol CyoHs00 414.79 83-46-5 3CL /K fit i —22.59
1L 25y kaempferol CisH 1406 286.25 520-18-3 -23.01
B stigmasterol CyoHys0 412.77 83-48-7 —25.10
WHHER wogonin C16H120s 284.28 10-29-7 -25.10
RBEER luteolin C1sH00s 28625  491-70-3 -26.78
R baicalein C,5H,(Os5 270.25 491-67-8 2427
FITEARAE R formononetin Ci6H,,0,4 268.28 485-72-3 -23.01
EHKEEFERZER  8-isopentenyl-kaempferol CyoH 504 354.38 28610-31-3 —25.94
PFIEH R 5-hydroxy-7-methoxy-2- CoH 50, 358.37 18103-41-8 -23.43

(3,4,5-trimethoxyphenyl)
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gk 2
&Y SCARR A MHEC AR R wjﬁ CAS 5 ZHhEA %%Ha
TR (kJ-mol ™)

FEHRKEA oroxylin A C16H;,05 28428  480-11-5 SARS-CoV-2  —24.69
PEREER aloe-emodin C;5H 005 27025  481-72-1 3CL /K fit i —-23.43
EEHR phaseolin CyoH2004 32238  13401-40-6 -25.10
Bt = remdesivir C,7H3sNGOgP 602.58  1809249-37-3 -25.94
FIEFHH ribavirin CgH},N,O5 24421  36791-04-5 —25.52
FIFCAR ritonavir C37H4sNOsS, 72096  155213-67-5 -24.69
T JE nitazoxanide C1,HoN;05S 307.28  55981-09-4 -23.85
KL+ lopinavir C37H4sN,O5 628.80  192725-17-0 -22.59
VEILR favipiravir CsH,FN;0, 157.10  259793-96-9 -20.92
g chloroquine C1sH,6CIN; 319.87  54-05-7 -18.41

*3 MEFPROCUAYRBERIRKRRETYUFLS SARS-CoV-2 3CL KFEEN ACE2 KIS HE
Table 3 Binding energy values of core compounds in Feiduqing and effective drugs reported clinically with SARS-CoV-2 3CL
hydrolase and ACE2

N e e FHXF 43 CAS B 5 SARS-CoV-2 3CL_7J<ﬁ£ 5 ACE2 é%.f_é.\

FRE fifg 45 4 B8/ (kJ-mol 1) f/(kJ-mol ")
Wl E & quercetin Cy5H,00; 30225 117-39-5 -26.36 —32.64
KRIRHEER luteolin Cy5H,004 286.25  491-70-3 -26.78 -33.47
FHIBKEE  8-isopentenyl-  ChoH 304 35438  28610-31-3 -25.90 -33.47

FEER kaempferol

AP 5 remdesivir Cy7H35N4OgP 602.58  1809249-37-3 -25.94 -32.22
IR YN ribavirin CgH1,N,Os5 24421  36791-04-5 -25.52 -27.20
ML ritonavir CyHyNgOsS, 72096 155213-67-5 —24.69 -34.73

#it Kz & -ACE2 KB H 2 -ACE2 % FRIBLK R 2 8 P K -ACE2

El5 WERE. KBERRERRKZFERES SARS-CoV-2 3CL 7K EEEF ACE2 HI 5 FXHEER
Fig. 5 Molecular docking diagram of COVID-19 coronavirus 3CL hydrolase and ACE2 with quercetin, luteolin, and
8-prenyl-kaempferol
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MM S BOR BR AN UATTEBOR. Bt & KR
R ERBKEFEERR S ACE2 #1770 1
X, R BR3P 5 ACE2 S5 ARt it (K T-5.0
kJ/mol, 435 N-32.64. —33.47. —33.47 kJ/mol. #il
B 2T d sk B AR SR T 44t i e 35 R 394 B 1) R 7k B
R IS4 (dendritic cell, DC) KRR,
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T U IS [ B A2 AR LGS ) (SRCH /8% A B AL -3-
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(NF-kB) 3 #6400 81 48 i e i 21,
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