- 374 - 2424 4R Acta Pharmaceutica Sinica 2020, 55(3): 374 -383

ETMEZAEF MO FIERARNSREERHHEZ AR
mE A AE R LS

£ RV, EHH* AWK, FRE, B4 $EE, IR
R, E

(1. AERUPES R AP 25 RE, b et 102488; 2. HIETTORMIEERE, W16 B 252~ Be bR B B, 11k 112 442000)

HEEE: ) FH 24 10 2% 24 B 52 43~ 0 Fe 45 R A0 20 PR 2R 05 il HE 259 7 0k L e R 09 B2 %8 (coronavirus disease
2019, COVID-19) fE AL . 45 & [F 25 8t (2015 i) AL vh 24 2 5t 24 B 22 30 i % 73 #r~F & (Traditional Chinese
Medicine Systems Pharmacology, TCMSP).OMIM (Online Mendelian Inheritance in Man).GeneCard.STRING £ /£ 2%
AR, AT — RN A% G B R R Ik UL S 5 d R E AR A, S 0 B S AT O T R T . 25 R
KB, 7 Wl HE R 7 A A - il T N 2 292 MK S WD RIRH AL 5 214 4, A% 0 AT R0 S AKTL (AKT serine/
threonine kinase 1). IL6 (interleukin 6) . MAPK8 (mitogen-activated protein kinase 8). MAPK1 (mitogen-activated
protein kinase 1) A1 JUN (jun proto-oncogene) 5. & ff] GO (Gene Ontology) 4k & Th ¢ & 42 43 #7175 %) 858 > GO %%
H, 5 H KEGG (Kyoto Encyclopedia of Genes and Genomes) 3 & & 42 1 6 15 1] 122 467 Sl 1%, o ob S04 5
FH -1 (hypoxia inducible factor-1, HIF-1) i& #% . Toll #£ 32 {& (Toll-like receptors, TLRs) 1 % 5 L4 1 5 /i 28 AH9C 1)
TR, WELHE T 40244 (T-cell receptor, TCRY) i % 55 5 il 3 CR 4P AH QIR B o 43 0445 B R, TSI HER
2 B A3 A% oAb B Pl B T R 25 (2019-nCoV) H 3C 2E4LL B il (3C-like protease, 3CLpro) Al ML & &5k 3 # #t
fitf 2 (angiotensin-converting enzyme 2, ACE2) # [ B A — @ MEFI JJ . ACWILERER 1 ik liHEE % 1 COVID-19 1)
PERIBLE, BTN T H 252800 BT i, SRS A 25 SR B DRt — A2 B IR T I 1 2312 5t COVID-19 A 2803 3 FHATE FH L] 4

HEA
SKHEIR): WAL TRIR I B 28 TE IR I, W R Gy AR WL AR
FE 525 R285 RRFRIRTE: A Y E S 0513-4870(2020)03-0374-10

Preliminary exploration of the mechanism of Qingfei Paidu
decoction against novel coronavirus pneumonia based on
network pharmacology and molecular docking technology

WU Hao", WANG lJia-gi**, YANG Yu-wei', LI Tian-yi*, CAO Yi-jia', QU Yu-xia',
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: Traditional Chinese medicine (TCM) network pharmacology and molecular docking technology

AR H i 2020-02-18; &[] H 1A: 2020-02-22.

FETH: THEH R R SIUE (19Y30).

AL — R .

*3E I fE# Tel: 15010706091, E-mail: sunyk@bucm.edu.cn;
Tel: 15972596857, E-mail: zhangcn1118@163.com

DOI: 10.16438/j.0513-4870.2020-0136



S SRAR T P2 2 H R A TN BRI R R U RERE R Y SRR R 58 A LA - 375

were applied 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), MAPK8 (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 pathways 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-novel coronavirus (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 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.
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Figurel Thecompound-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: Cinnamomiramulus; SCU: Scutellariae radix; POG: Pogostemonisherba; PIN: Pinelliae rhizomapraeparatumcum
zingibere et alumine; EPH: Ephedrae herba; BEL: Belamcandae rhizoma; ZIN: Zingiberis rhizoma recens; RHI: Rhizoma gypsum fibrosum;
DI10O: 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
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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
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Figure 3 Module analysis results of PPI 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 repre-
sents 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)
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Table 1  Cluster analysis of KEGG analysis results. FDR: False
discovery rate

Cluster ~ KEGG signaling pathway Count P-value ~ FDR/%
1 Chagas disease (American 25 5.24E-16 7.11E-13
trypanosomiasis)
Osteoclast differentiation 25 1.42E-13 1.82E-10
Leishmaniasis 17 7.66E-11 9.85E-08
T cell receptor signaling 19  2.55E-10 3.28E-07
pathway
B cell receptor signaling 13 4.11E-07 5.28E-04
pathway
2 Pancreatic cancer 21 3.71E-16 4.33E-13
Hepatitis C 25 2.01E-13 2.59E-10
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 17 1.20E-07 1.54E-04
pathway
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 23 1.07E-13 1.38E-10
pathway
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 15  2.77E-10 3.56E-07
pathway
Salmonella infection 16  8.01E-09 1.03E-05
Epithelial cell signaling in 12 2.30E-06 2.96E-03

Helicobacter pylori infection

RIG-I-like receptor signaling 12 3.59E-06 4.62E-03

pathway
Herpes simplex infection 19 3.67E-06 4.72E-03
Shigellosis 10  7.02E-05 9.03E-02
Cytosolic DNA-sensing 9 4.10E-04 5.26E-01
pathway

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 13 4.11E-07 5.28E-04
pathway

W ) P82 TR AN D B T A AE A B At i R
BHSAMPIE TR OIS OB 5 DLE, 44
B 2GR BV B TR AR R AR, 0 188 S MR ar
SRS PE . DU R ORISR, g S AT L 1 245
2%, I AR 2 2 B S SRS I R B LA
Voot B3R L2 Iy AR R B4 [ WE A A B2 Y, %
2k L5000 S RRUOVRE Y ) 4% 245 T 2 0 g FL A g 7

_PDB:1R42

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 num-
ber of ACE2 is 1R42. The structure of the compound is represent-
ed 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

R 50 4 % 43 A% OB WS — B Bk
X IX Ak A P REAT 4 T VR oy, FOR R 4 A R S
Il PR B00 B 40 2 2 245 4 Re i L 00, (HR AN R 1
2575 700 9 i H SR F AR B FFE A LA A, B 1L
A BT REAT A M, RTREBRZ AL AR R . A
WA b, AR SRR S v g Y I HE R R T 2
(B AEAE L 2) (15 5 428 i i b BT R T 1) o 2L
R4y AT Ja S 1 o 1 S B2 A0 AT

N T 0 A B IR T Bl HE 2% 91 COVID-19 1)
R IR R AL, AR SCR FH 43 TR e B AR K I It HE 2
75 2 (3 5 o A 1) R B ST R AR ) A A
HEAT X BZI0AE o EREAT 9> F 5 ), — R AR S
ARG IR SRR e B R BRI, R 2R BV F AT RE
K. LLEE A RE<-5.0 kI-mol ™ A ifdk b, 5 2019-
nCoV [1) 3C 2&{Bl & A (3CLpro) 45 & fik /N F-5.0 I
BRKZEEE (B A) e 21 b (BEHH) M B (%)
LGN (4R50).23- CBERTE IE B (F75), RIZBU G
A Ae B4R F T8 AL e IR 95 28 3CLpro, AT BH W7 2
WHE;, 5 ACE245 & e/ T-5.0 A HRKE I ().
TR (AAE) 2 B (B2 AE R R (A )+
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Table 2 Docking results of quality control compounds in Qingfei Paidu decoction

. - . Molecular Binding energy  Binding energy
Qingfei Paidu decoction Compound formula CAS values (3CLpro) values (ACE2)
Pogostemonis herba Patchouli alcohol C,sH,0 5986-55-0 -5.68 -5.09
Bupleuri radix Saikosaponin A C,,HgsO13 20736-09-8 -2.69 -1.62
Saikosaponin B C,,HeO13 58558-08-0 -6.19 -4.57
Citri reticulatae pericarpium Hesperidin C,eH3,045 520-26-3 -1.6 -0.55
Belamcandae rhizoma Irisflorentin CoH1504 41743-73-1 -4.83 -4.09
Poria Pachymic acid Cy3Hs,05 29070-92-6 -4.67 -35
Glycyrrhizae radix et rhizoma Glycyrrhizic acid C,,He:046 1405-86-3 -4.82 -3.2
Praeparata cum melle
Cinnamomi ramulus trans-Cinnamaldehyde C,H O 14371-10-9 -4.04 -3.71
Pinelliae rhizoma praeparatumcum  Succinic acid C,H:O, 110-15-6 -2.57 -1.26
zingibere et alumine
Scutellariae radix Baicalin C,HiOy 21967-41-9 -2.97 -1.58
Zingiberis rhizoma recens 6-Gingerol C;H,0, 23513-14-6 -2.67 -2.38
8-Gingerol C,3H3,0, 30462-35-2 -1.07 -0.95
10-Gingerol C,,H,,0, 23513-15-7 -1.58 -1.04
Farfarae flos Tussilagone C,H;,0; 104012-37-5 -3.29 -5.54
Armeniacae semen amarum Amygdalin C,H,;NO,,  29883-15-6 -2.13 -0.77
Polyporus Ergosterol C,H,,0 57-87-4 -6.46 -6.1
Aurantii fructus immaturus Synephrine C,H;3NO, 94-07-5 -4.14 -4.31
Asari radix et rhizoma Asarinin C,oH 15056 133-05-1 -5 -5.46
Ephedrae herba Ephedrine hydrochloride C,,H,;CINO 50-98-6 -3.57 -5.09
(1S,2S)-(+)-Pseudoephedrine hydrochloride C,,H,;CINO  345-78-8 -3.54 -3.93
Asteris radix et rhizoma Shionone CyoHs0 10376-48-4 -6.85 -6.76
Alismatis rhizoma 23-O-Acetylalisol B C,,H,Os 19865-76-0 -5.78 -4.57
Atractylodis macrocephalae Atractylon CsH,0 6989-21-5 - -
Atractylenolide-1 CsHy 0,

Rhizoma gypsum fibrosum -
Dioscoreae rhizoma -

73069-13-3 - -

PR PR SR (R 30) SR % I (5290), RWIZR SV E#%
TER T18 = NARA R, 52 LA % 7, BE W 2 12
Z&; [A] I 5 3CLpro Al ACE2 45 4 fE/NT-5.0 45 1 #K
AT A S S R B, B 7R B R B S AT RE R
BB U9 2019-nCoV K& H % S COVID-19, A
SCHE T PR AT AL T 38 It 2R i v R A S ) R R R
bR S FEAT R — 7K T BB 7] 456 RE LU A, PP IX 2
B W0 B e IR 9 5 I 28 1K DT R K /N, 0T S SR
PRAAL 75 55 IR FF R AT e AR — o B L, BhRE T
B VAN AR R T AR F bR 1A S, FAb A &Y
A e EL A R D, AR A AT 45 2 R AR 253K
A gL e e i) FEE R, oAl A B AR T AT e
TR, (R R EE T YR I AAE S R &R, BT TR HE
BN DTRR R AT RE ST oAl MR LR AT 45183 M
BT o RN A RIS R, KA %A M MA Rt
— B G RIS -

25 ERTIR, AR SR HAE B F B AT IS I HE
B9 91 2019-nCoV 2 COVID-19 {4145 i, B T
A 2R Z R AE A A, AR 1 19 Fh 2 A4 ik
W 2% 24 B2 0 R ROR, WP IR R T itk 8

P11 2019-nCoV 7 T [ fili 48 W AE W 2238 1%, WA IR R
T % RIEL R BT, R e B R R i
T T AR T — e s, (AL R
(1 A AT 75 R PR Bk — B 3R IE

References

[1] Nguyen TM, Zhang Y, Pandolfi PP. Virus against virus: a poten-
tial treatment for 2019-nCoV (SARS-CoV-2) and other RNA
viruses [J]. Cell Res, 2020. DOI: 10.1038/s41422-020-0290-0.

[2] Liu QY, Wang XL. Strategies for the development of drugs
targeting novel coronavirus 2019-nCoV [J]. Acta Pharm Sin (%
22224%), 2020. DOI: 10.16438/j.0513-4870.2020-0106.

[3] Song G, Cheng MQ, Wei XW. Research progress on novel
coronavirus (2019-nCoV) related drugs in vitro/vivo [J]. Chin J
Virol (9% # %% 4R), 2020. DOI: 10.13242/j. cnki. bingduxuebao.
003646.

[4] Liu CX, Wang YL, Yan FY. Understanding novel coronavirus
pneumonia, paying attention to research and development of
epidemic prevention and control drugs [J]. Chin J Antibio (1
ik & 44:5), 2020. DOI: 10.13461/j.cnki.cja.006858.

[5] Guo ZR. Redisiver from sympathetic medication to phase Il
clinical study [J]. Acta Pharm Sin (%j %% %% ), 2020. DOI:



S SRAR T P2 2 H R A TN BRI R R U RERE R Y SRR R 58 A LA 383

6]

[71

(8]

[9]

[10]

[11]

10.16438/j.0513-4870.2020-0103.

Xu X, Zhang Y, Li X, et al. Analysis on prevention plan of corona
virus disease-19 (COVID-19) by traditional Chinese medicine in
various regions [J]. Chin Tradit Herbal Drugs (7 ¥ 24), 2020.
http://kns. cnki. net/kems/detail/12.1108. R. 20200214.1506.002.
html.

Zheng WK, Zhang JH, Yang FW, et al. A compenhensive analysis
on the diagnosis and treatment of coronavirus disease-19 (COVID-
19) by traditional Chinese medicine [J]. J Tradit Chin Med (9 =
4% ), 2020. http://kns.cnki.net/kcms/detail/11.2166.r.20200206.
1113.002.html.

Wang YG, Qi WS, Ma JJ, et al. A preliminary study on the clinical
characteristics and dialectical treatment of coronavirus disease-
19 (COVID-19) by traditional Chinese medicine [J]. J Tradit
Chin Med ( #1 & 4% &), 2020. http://kns. cnki. net/kems/detail/
11.2166.R.20200129.1258.002.html.

Niu M, Wang RL, Wang ZX, et al. Rapid establishment of tradi-
tional Chinese medicine prevention and treatment for the novel
coronavirus pneumonia based on clinical experience and molecu-
lar docking [J]. Chin J Chin Mater Med (= [ 1 24 4 &), 2020.
DOI: 10.19540/j.cnki.cjcmm.20200206.501.

Zong Y, Ding ML, Jia KK, et al. Exploring the active compounds
of Da-Yuan-Yin in treatment of novel coronavirus (2019-nCoV)
pneumoniabased on network pharmacology and molecular docking
method [J]. Chin Tradit Herbal Drugs (71 % 24), 2020. http://kns.
cnki.net/kems/detail/12.1108.r.20200209.1038.002.html.

Xue BS, Yao KW, Xue Y X. Traditional Chinese medicine theory

analysis on the rapid and effective treatment of novel coronavirus

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

(2019-nCoV) pneumonia by "Qingfei Paidu decoction” [J]. J
Tradit Chin Med (' [ 7% &), 2020. http://kns.cnki.net/kcms/
detail/11.2166.R.20200216.2004.002.html.

Hopkins AL. Network pharmacology: the next paradigm in drug
discovery [J]. Nat Chem Biol, 2008, 4: 682-690.

Ren J, Wei J. Application of molecular docking technology in the
study of traditional Chinese medicine [J]. Chin J Inf Tradit Chin
Med (FF B 1 E 25 B2 &), 2014, 21: 123-125.

Xu X, Chen P, Wang J, et al. Evolution of the novel coronavirus
from the ongoing Wuhan outbreak and modeling of its spike
protein forrisk of human transmission [J]. Sci China Life Sci,
2020. DOI: 10.1007/s11427-020-1637-5.

Li F, Li W, Farzan M, et al. Structure of SARS coronavirus spike
receptor-binding domain complexed with receptor [J]. Science,
2005, 309: 1864-1868.

Qian JQ, Zhu HM, Fang ZZ, et al. Simultaneous determination
of ten constituents in Yifei Qinghua Granules by HPLC-DAD
[3]. Chin Tradit Herb Drugs (% 24), 2018, 49: 94-99.

Hou AR, Xing YZ, Wu XS. Simultaneous determination of seven
active ingredients in Erchen pills by HPLC-CAD [J]. Chin J
Pharm Anal (Zj#) 43 #1 44 i), 2019, 39: 662-668.

Meng YH, Meng XY, Zhang ZP, et al. Determination of
atractylone and other four effective components in Atractylodes
macrocephala and its processed products by HPLC [J]. Chemical
Engineer (fb %% L)), 2019, 33: 24-26.

Tang L, Li Q, Bai J, et al. Severe pneumonia mortality in elderly
patients is associated with downregulation of Toll-like receptors
2 and 4 on monocytes [J]. Am J Med Sci, 2014, 347: 34-41.



