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TRE: 2y 2522 A0 TIHERARVID IR R “IshhiHiRi 7”7 o
RN % (coronavirus disease 2019, COVID-19) fEHHMLHI . 454 [ 24
(2015hR) AR H 24 RG24 B 2 5008 e ) AP & (Traditional Chinese Medicine
Systems Pharmacology, TCMSP). OMIM (Online Mendelian Inheritance in Man).
GeneCard. STRINGZFAEL K, BEAT— RANMEAEE . #2048 s i s A K AF
T E T, a0 A S YIREAT o T . SRR, TE R
1B - ik 98 B R X 28 40,5 292K B AR R R 2144, B0 O L AKTL
(AKT serine/threonine kinase 1). IL6 (interleukin 6). MAPKS8 (mitogen-activated
protein kinase 8). MAPK1 (mitogen-activated protein kinase 1) A1JUN (jun
proto-oncogene) %5 . GO (Gene Ontology) %#i 2 Th e E ££ 5 BT 15 21858 1NGO
% H, B HKEGG (Kyoto Encyclopedia of Genes and Genomes) #(# F & £E i i 15
1225 F g, HP e SFH -1 (hypoxia inducible factor-1, HIF-1)
. TollFEsZ4k (Toll-like receptors, TLRs) i 45 OV 4R IE 5 i 48 AH ¢ 1@ B,
WAFETH 24K (T-cell receptor, TCR) 3 #% 55 5 454 R G AH O HIE %« 70

XHREE R, I IHEREZ T 250 0 0L S P45 2019-nCoV AY3C LI 11 i
(3C-like protease, 3CLpro) ML &Kk 242 (angiotensin-converting enzyme
2, ACE2) HEHEA —ERIRM . AXHIDHR T IEMHRZH1COVID-19(1E
FIALE,  BLIGI 7 H2G Re m AEa, BIAEAS A R e v HE— D B IE TS I HE R A 4
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Preliminary exploration of the mechanism of Qingfei Paidu decoction against
novel coronavirus pneumonia based on network pharmacology and molecular
docking technology
WU Hao%, WANG Jia-gi**, YANG Yu-wei?, LI Tian-yi', CAO Yi-jial, QU Yu-xial,
JIN Yu-jie?, ZHANG Chen-ning*?*, SUN Yi-kun!"

(1. School of Chinese Materia Medica, Beijing University of Chinese Medicine,
Beijing 102488, China; 2. Taihe Hospital, Hubei University of Medicine, Shiyan

442000, China)

Abstract: Applying traditional Chinese medicine (TCM) network pharmacology
and molecular docking technology to explore the mechanism of anti-coronavirus
pneumonia (coronavirus disease 2019, COVID-19) of Qingfei Paidu decoction. The
Chinese Pharmacopoeia (2015 edition) and Traditional Chinese Medicine Systems
Pharmacology (TCMSP), OMIM (Online Mendelian Inheritance in Man), GeneCard,
STRING, and others online databases are used for building a series of network, and
selecting the core target and analyzing the signal pathway. Finally, we make
molecular docking predictions for the important compounds. The results showed that
the Qingfei Paidu decoction compound-pneumonia target network contained 292
compounds and 214 corresponding targets, and the core targets involved AKT1 (AKT
serine/threonine kinase 1), IL6 (interleukin 6), MAPKS8 (mitogen-activated protein
kinase 8), MAPK1 (mitogen-activated protein kinase 1), and JUN (jun
proto-oncogene). GO (Gene Ontology) function enrichment analysis yielded 858 GO
entries, and KEGG (Kyoto Encyclopedia of Genes and Genomes) enrichment
screening yielded 122 related pathways, including hypoxia inducible factor-1 (HIF-1)

and Toll-like receptor (TLRs) signaling pathway related to pneumonia, as well as



T-cell receptor (TCR) signaling pathway—related to lung injury protection. The
molecular docking results showed that some core compounds of the Chinese herbal
medicine of Qingfei Paidu decoction have a certain degree of affinity for 2019-nCoV
main protease (3C-like protease, 3CLpro) and angiotensin-converting enzyme 2
(ACE2). In this paper, we preliminarily explored the potential therapeutic mechanism
for Qingfei Paidu decoction to against coronavirus pneumonia (COVID-19) and
predicted the active ingredients. We hope that the results will help to the further study
on the active ingredients and mechanism of Qingfei Paidu decoction to COVID-19.
Key words: COVID-19; Qingfei Paidu decoction; network pharmacology;

molecular docking technology; preliminary exploration
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BHAEZEHAE MRS HE NHP ARG E L E
( Traditional Chinese Medicine Systems Pharmacology , TCMSP ) # & J&E
Chttp://temspw.com/index.php) , LUEIHEREZHEI 20 BRZiA (BRAAE) A
RERIBATAI R, & B RER 258 LI IR FIH - Coral bioavailability, OB)
L2251 (drug-like, DL) NfEAriEAT Mk, HH OB=30%, DL=0.18, ifik/s
(SESIRSIY 2TY ¥ =R S 95/ % b i g bt WNGTDE- R 50 Y DR 0 a4 ipvivk e Bl
AP E 25 (2015 O 5 CNKI HRISCSCHER, 75 2 I8 I 5 2 TCMSP
Bl L4 R . N TCMSP %8l 2 T #X et S P HIHE RfE B
MEZGEM L £ OMIM 5% (https://omim.org/) 5 GeneCard %¥E %
Chttps://www.genecards.org/) 435I LL “pneumonia” {FASCHIABTIE R, 13
Bl RAH L R, ST AU SR R BCE S, DA RS IR 2 16 ST W AR 1)
TBEEHRE AL M R B F AR B - AL SY-FE - R 12
PR 28 SCA, W SCA N F Cytoscape 3 A AT i ARAKAR R, DT A4 2 77 i HE
BRI 24 B 285 o Sof ) T B (1) 2 BB DX 28 3R AT #0041 23 B A 30 &5 s oL FE A
(betweenness centrality) . £ E{E (closeness centrality) F1%5:ZK {E (degree) -
EHBRMESER (protein—protein interaction, PP1) PIHIME 14531
MR e 9T MR R W A AE RS S sk A STRING K
Chttps://string-db.org/cgi/input.pl) , 152 E/E FHEE S PPI 2%, 4 H AR =
A Cytoscape #4744, F#-48 A Cytoscape 1) MCODE Zjggxt PPI X
IRREAT IR, W K-core fH TR KT 4.
GO E&H 45 KEGG i B 4 # W i DAVID W
Chttps://david.ncifcrf.gov/) %15 2 (3% £ F#E 24T GO (Gene Ontology) &
73 H7 fl KEGG (Kyoto Encyclopedia of Genes and Genomes) 15 5 il % & #7047,
B NTELEAE RS FOFIRGIR YN, BRIE 2 Hr&s R L P B/ T 0.05 JyEHRit
17k . [ RE S XA R EAT AL
SFXEE NTE R B AT RO v ik BORE R 2 6 AR B LAY 5
2019-nCoV 1] 3C ZMBAEE (A (3CLpro) FARIR N M R 7K 22 4 He B AH DG IH 2
JkEE (ACE2) #EAT4rF5F#%, M RCSB #dli/%E Chttps://www.rcsb.org/) F#AH
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Figure 1 The compound-target network diagram of Qingfei Paidu decoction
(QFPDD). The pink labels represent herbs; the blue labels represent targets; the green

labels represent compounds. ATR: Atractylodis macrocephalae; BUP: Bupleuri radix;



CIT: Citri reticulatae pericarpium; FAR: Farfarae flos; POR: Poria; CIN: Cinnamomi
ramulus; SCU: Scutellariae radix; POG: Pogostemonis herba; PIN: Pinelliae rhizoma
Praeparatumcum zingibere et alumine; EPH: Ephedrae herba; BEL: Belamcandae
rhizoma; ZIN: Zingiberis rhizoma recens; RHI: Rhizoma gypsum fibrosum; DIO:
Dioscoreae rhizoma; ARM: Armeniacae semen amarum; ASA: Asari radix et rhizoma;
GLY: Glycyrrhizae radix et rhizoma praeparata cum melle; POL: Polyporus; AUR:

Aurantii fructus immaturus; AST: Asteris radix et rhizoma; ALI: Alismatis rhizoma

Horpoy 65 mURER M, ST SRERAE A, 6T RURRIBER AL
TEIX TR B PR E T 292 AN AW BT 214 ANV SE A 55 o 78 WX 25 B o b g 24
Yo, BARFIZIM 3 FhEEER I USRI AW ERE SN 2 1, AR IT
BAMEEWERE T 6.32 NMEA, RN AL RIER: T 9.24 MULEY), X2
WE P EAE T [F — AN O BB S U T 2 AN I R AR B 1
252 B E R T 2 AN RS G TR . ML EATERE, A 3.83%MLEY
WA R 20 AMEFRSE R, BEBATEIX AN T N AE A e s 1R F T il SRk
A3 A D BB A . B TR A 2 BRI, RO G AL
RO REE . SPUE 3 MERAT 0T, 53T B ML i 3] TARAE 1
), HpHE BT 5 MU ST B R IR KRE R, p-AE
B RIA R o T L% 2 B BRI, RN E VI8 R 25 1 A 25 18,
X 5 MEE AT BRI AN T KBS 7397 2%, BT e s il HREE i 1) 297 2%
V. MEE R RER G, BME AUZ B 1 & sem, W i HER R 0 X
ANEE SR AT Re i, A 13.55% HIEE A AN T 10 MIHEY T HAZ B,
Horbfg 8 MR SBEEE T 100 MU ERIED.

3 PPI %
i STRING 3t xif 15 21 98 A2 58 fUHAT 20, 1551 7 PPI 2% 1] (K] 2) .



Figure 2 The protein—protein interaction (PPI) network of potential targets in Qingfei

Paidu decoction. The size of each label represents its degree, the color from cold to

warm represents the value of betweenness centrality, and the thickness and color of
the lines represent Edge betweenness and combine-score.

HAREANT SRR T HERE (degree) , Bith R BIIAER 1O
FE{E (betweenness centrality) , IEZEHPHHANFIENE 7354 3K T Edge betweenness
A1 combine-score. X PPI 48 BEAT ¥4 0 AT RERS S 2R M2t P KA 2 1, H
s EHEZ AT 5 A2 N AKTL (AKT serine/threonine kinase 1). IL6
(interleukin 6) - MAPKS8 (mitogen-activated protein kinase 8) . MAPK1
(mitogen-activated protein kinase 1)1 JUN (jun proto-oncogene) . [r] B {ii F
Cytoscape ) MCODE Ljgexf PPI 2% 4T | Ao #r, Horr K-core KT 4 1)
BRI 54, RUIEPHEAFE T NEHE R R, AR EPITER
ANAEYIIERE, Qi 5 54 WIS O R 4 55 S5 R AR R R.
FEXTESL 108 thOR IR & KR F A ZOM SRS RO TR AR G HE A, RES 1



% 5 RAE N, oA S V2 0% B A4 R B AR AE M /7 5] CREBL
(CAMP responsive element binding protein 1)1 545 455 25 v P A 8 2 G s 115 1
AEI) IFNG (interferon gamma) (& 3) .

Figure 3 Module analysis results of PPl network. The quadrilateral label is a seed
node, and MCODE expands from this node to find nodes that meet the requirements
in its neighbor nodes. Eligible nodes are represented by round labels. The shade of
each node's color represents its MCODE-score. (1. Scorel7.8, Nodes26, Edges222; 2.
Score8.4, Nodes21, Edges84; 3. Score6, Nodes6, Edgesl5; 4. Score5.4, Nodes18,
Edges46; 5. Score5.2, Nodes6, Edges13)

4 GO BESTS KEGG EHAITER

817 DAVID W3l ¥ 7E S ST GO & 4404, 13517 P <0.05 1] GO %
H3tit 858 4, Hh &2 (biological process, BP) 2% H 681 />, 4z
% Ccell composition, CC) 6 H 72 4>, 4rFIifE (molecular function, MF) 2% H
105 />, #2RHIHT 20 @ AIE] 3 Fron. i KEGG E# 2 #rf§ %) 1 P < 0.05
FIE g3t 122 %%, 4% non-small cell lung cancer. small cell lung cancer. HIF-1
signaling pathway. Toll-like receptor signaling pathway. T cell receptor signaling
pathway %5 CLRiE " SR M S M@K, FIFEEFE TNF signaling pathway .
PI3K-Akt signaling pathway. MAPK signaling pathway. B cell receptor signaling
pathway. apoptosis %5 5 fififii s (R4 AH S s . ForpHE4 FT 30 i@ B4 an &l 4 By

7N o
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Figure 4 GO enrichment analysis and KEGG pathway analysis of potential targets in
Qingfei Paidu decoction. The size of the bubbles in each bubble chart represents the
gene counts of this entry, and the colors from cold to warm represent the P values
from large to small. Each bubble chart is sorted by P value. GO: Gene Ontology;
KEGG: Kyoto Encyclopedia of Genes and Genomes

Xf KEGG 7 #r i 45 RAE DAVID W ufi g 47 23870 4, A Function
Annotation Clustering Zhf&, Classification Stringency ¥ & N Medium, #]5%] 13

K, BT 5 RAWEEL 1R,

Table 1 Cluster analysis of KEGG analysis results. FDR: False discovery rate

Cluster KEGG signaling pathway Count P-value FDR/%

1 Chagas disease 25 5.24E-16 7.11E-13
(American trypanosomiasis)

Osteoclast differentiation 25 1.42E-13 1.82E-10

Leishmaniasis 17 7.66E-11 9.85E-08

T cell receptor signaling pathway 19 2.55E-10 3.28E-07

B cell receptor signaling pathway 13 4.11E-07 5.28E-04

2 Pancreatic cancer 21 3.71E-16 4.33E-13

Hepatitis C 25 2.01E-13 2.59E-10
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FoxO signaling pathway 22 1.16E-10 1.49E-07

Ras signaling pathway 21 5.33E-06 6.86E-03
3 Bladder cancer 19 7.04E-18 9.06E-15
Pancreatic cancer 21 3.71E-16 4.33E-13
Prostate cancer 23 1.63E-15 2.14E-12
Non-small cell lung cancer 17 1.45E-12 1.86E-09
Chronic myeloid leukemia 16 1.00E-09 1.29E-06
Glioma 15 2.33E-09 2.99E-06
Thyroid hormone signaling pathway 17 1.20E-07 1.54E-04
Melanoma 13 5.67E-07 7.30E-04
Endometrial cancer 11 1.49E-06 1.92E-03
4 TNF signaling pathway 27 7.32E-18 9.41E-15
Chagas disease (American 25 5.24E-16 7.11E-13
trypanosomiasis)
Toxoplasmosis 25 2.27E-15 2.85E-12
Influenza A 30 4.45E-15 5.72E-12
Toll-like receptor signaling pathway 23 1.07E-13 1.38E-10
Pertussis 19 1.48E-12 1.90E-09
Tuberculosis 26 1.84E-11 2.36E-08
Leishmaniasis 17 7.66E-11 9.85E-08
NOD-like receptor signaling pathway 15 2.77E-10 3.56E-07
Salmonella infection 16 8.01E-09 1.03E-05
Epithelial cell signaling in Helicobacter 12 2.30E-06 2.96E-03
pylori infection
RIG-I-like receptor signaling pathway 12 3.59E-06 4.62E-03
Herpes simplex infection 19 3.67E-06 4.72E-03
Shigellosis 10 7.02E-05 9.03E-02
Cytosolic DNA-sensing pathway 9 4.10E-04 5.26E-01
5 Chronic myeloid leukemia 16 1.00E-09 1.29E-06
Acute myeloid leukemia 13 3.59E-08 4.62E-05
B cell receptor signaling pathway 13 4.11E-07 5.28E-04

5 EMHFED S LM BRI ERMEO RS TRESR

W T IE I HEREZ 19 Al ZiAd b 24 R L2 RS> 55 3CLpro A1 ACE2 FRIX 42
S5 RN 2 Fios o F R BN SR OB IR U (T 2 R A S R s R an 18] 5 P,
Hrh 22 KBS (ergosterol) A% 5 2019-nCoV (] 3C KLl Al I i A b, Hifth 3
Tofustof 2 1) B A 5 SR R T B

Table 2 Docking results of quality control compounds in Qingfei Paidu decoction

Qingfei Paidu Compound Molecular CAS Binding Bindin
decoction formula energy g
values energy
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(3CLpro values
) (ACE2)
Pogostemonis Patchouli alcohol C1sH260 5986-55-0 -5.68 -5.09
herba
Bupleuri radix Saikosaponin A Ca2Hes013 20736-09-8  —2.69 -1.62
Saikosaponin B Ca2HesO13 58558-08-0  —6.19 -4.57
Citri reticulatae  Hesperidin C28H34015 520-26-3 -16 —-0.55
pericarpium
Belamcandae Irisflorentin C20H1808 41743-73-1  -4.83 —4.09
rhizoma
Poria Pachymic acid CasHs20s 29070-92-6  —4.67 -35
Glycyrrhizae Glycyrrhizic acid Ca2H62016 1405-86-3 —4.82 -3.2
radix et rhizoma
praeparata cum
melle
Cinnamomi trans-Cinnamaldehyde CoHsO 14371-10-9  -4.04 -3.71
ramulus
Pinelliae Succinic acid C4H6O4 110-15-6 -2.57 -1.26
rhizoma
praeparatumcu
m  zingibere et
alumine
Scutellariae Baicalin C21H18011 21967-41-9  -2.97 -1.58
radix
Zingiberis 6-Gingerol C17H2604 23513-14-6  —-2.67 -2.38
rhizomarecens  8-Gingerol Ca3H32020 30462-35-2  —1.07 -0.95
10-Gingerol C21H3404 23513-15-7  —-1.58 -1.04
Farfarae flos Tussilagone C23H3405 104012-37-  —-3.29 —5.54
5
Armeniacae Amygdalin C20H27NO11  29883-15-6  —2.13 -0.77
semen amarum
Polyporus Ergosterol CasH440 57-87-4 —6.46 -6.1
Aurantii fructus  Synephrine CoH13NO2 94-07-5 —4.14 —4.31
immaturus
Asari radix et Asarinin C20H1806 133-05-1 -5 —5.46
rhizoma
Ephedrae herba  Ephedrine hydrochloride C10H16CIN 50-98-6 —-3.57 -5.09
o
(1S,2S)-(+)-Pseudoephedrin -~ C10H16CIN 345-78-8 -3.54 -3.93
e hydrochloride @]
Asteris radix et Shionone CsoHs00 10376-48-4  —6.85 —6.76
rhizoma
Alismatis 23-0-Acetylalisol B C32H500s 19865-76-0  —5.78 -4.57
rhizoma

13



Atractylodis Atractylon C1sH200 6989-21-5
macrocephalae  Atractylenolide-1 C15H1802 73069-13-3

Rhizoma - - - - -
gypsum

fibrosum

Dioscoreae - - - - -

rhizoma

Figure 5 Four best docking results. a: Ergosterol and 3CLpro (3C-like protease); b:
Shionone and 3CLpro; c: Shionone and ACE2 (angiotensin-converting enzyme 2); d:
Tussilagone and ACE2. The PDB number of 3CLpro is 6LU7, and the PDB number
of ACE2 is 1R42. The structure of the compound is represented by a stick, and
different branches of the protein are represented by different colors. Because only the
hydrogen bond is formed in figure a, the green dotted line is used to represent its
hydrogen bond, and the position of the hydrogen bond with the compound in the
protein is marked
Wi

AR 2 W 28 2B EE TV AE 780075 FEA G WD R 24 TR R I 1) Rl A4
PERGIERS b, BB & M e TR 2k &9 OB 5 DL {H, 454
BRI R E AR hs, TR RS o LA SRR B . AR N
PRI, Ky R AL P 24 B R 2% o o R 4% 24 B S SRR R E R L&)
MR IRy KRB B [ RE AN R, 1245 R 55075 SCRMOER F M
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28 2 B 5 ok FARURT BT 55 01 44 9 714 HE A% A S s o — B8 HOSTR
KX LA A AT 531 5T 4y, FOAH R 45 A e S I PR PU B340 4 25 45 A e
P ILBT, B R AN R (¥ 7 25 75 75 ikt SR B0 45 B RFE I AZ O &4, B E3HA
PP REA AR M, AT REER Z A0 T7 R etk DRIGAE IR R b, AR SRR B
EIHEREZ T it (BRAEA B 2D BT s bl Fe bR s S kA 3 1 2 2
Gr AT IR BRI o TR T

N T DG BRI I HE 2 2 BB R R0 B 48 (COVID-19) I 25 380)
JRHER, A SR 23T BRI It HE R 7 240 75 6 (#0725 58 B R AR F R AR BT
RRAR T 1) B B B AT RHEIOAIE o TEHEAT 70 F X, — ROl NI S 244 A
(I R A e I Re AR, A MME I AT REMEER . DL4E & RE<<-5.0 kI mol ™ 1E A
bR, 5 2019-nCoV JiiE; 3C KA Al (3CLpro) 4G RE/NT-5.0 WA H
AERE (GGEF) . SR b CEND . EANEE OFX) « %5 (&) |
23- LR PEIERE B (AV5) , BNZA AP0 B B3R F T8 AL IR Wi 5% 3CLpro,
M BRI #4848 5 ACE2 45 &R/ T-5.0 A HRACERE (ER)  3RATH (%
) EMEEE OFZ) ¥R (@E) | BB ORI | K50 (%
36, RINZBUEYEEIER TE LA, k%R, B &
28; [R5 3CLpro 1 ACE2 4i&fit/NT-5.0 A B AKZERE . 22 S L 48 i il
BB 7 5850 % 25 W] e [ IR A BT (11T 2019-nCoV i 75 A FL 175 3 ¥ COVID-19
il 9 o AR SCHE T R A 280 77 38 Pt HE 4 v ) A e v P T A 5 A AT TR —
IKP IR R 45 A RRLLBL, VPR IX SeAl S OB R b IR B AT 46 IR STk R/, 0 T
JE SRR AL T5 55 — RIF R AT REEE — 58 (M7 30, B 7E T-3508 PR AR A R R
ARG Y, HA & T ARG R Th R, (HRAEE AT A 24 Rk %
2T REIC R P R YR, HoAh S = AR Y0 R ARV MRS, (R T
R AT AT R 2R, BT TR HE AR (0 DUk T R A T . 498 IR T 4518
BPRFET 5 TR AR RN, HREE EEArE— PIR RS E.

gi BRTIR, RSCR ARG B T BOIAT IS I HE 25 2 (0 08 B e IR0 75
(2019-nCoV) L fiifi % (COVID-19) I T, B 1A A E « Il 2ok Z RFAEAL &4,
HARM 19 P2 b s It W2 23 2Ry TR, WP IRR TisH#m b
2019-nCoV 75 T [l 4 I AE #1815, WHIBIRER T1%07 RIF L E B84
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