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Abstract: Objective To collect main ingredients and targets of Qing-Fei-Pai-Du-Tang (QFPDT), and to investigate the relationship
between the targets and coronavirus disease 2019 (COVID-19) and the multi-component, multi-target mechanism of QFPDT for the
treatment of COVID-19. Methods The meridian tropisms, compounds and targets of each herb in QFPDT were collected from
ETCM, TCMID and NPASS databases. Cytoscape software was used to construct and analyze networks. DAVID and STRING were
applied for functional enrichment analysis of targets. Results The top meridian tropism of herbs in QFPDT was lung meridian.
Among QFPDT’s 790 putative targets, 232 targets were co-expressed with ACE2, the receptor of novel coronavirus (SARS-CoV-2).
The targets included seven densely interacting ribosomal proteins. Important targets were enriched on two classes of disease
pathways, i.e., virus infection and lung injury. In addition, many targets interacted with six proteins of HIV virus. Important targets
regulated a series of pathways belong to translation, endocrine system, immune system, nervous system and signal transduction.
Conclusion The main targeting organ of QFPDT is the lung and the second is the spleen. By regulating a series of proteins
co-expressed with ACE2 and a series of signaling pathways closely related to the occurrence and development of diseases, it plays a
role in balancing immunity and eliminating inflammation. It may act as an antiviral agent by targeting ribosomal proteins that
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are necessary for viral replication to inhibit viral mMRNA translation and inhibiting a group of proteins that interact with viral proteins.
Key words: SARS-CoV-2; COVID-19; Qing-Fei-Pai-Du-Tang; network pharmacology; antiviral; angiotensin-converting enzyme |1
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Table 1 Number of compounds contained in herbs of QFPDT and corresponding putative targets
QFPDT 5% B 2 R 2 A R Bal P A AR AR
JRBE BRI MA HUANG 32 114
RHE EE GAN CAO 140 241
A= AT KU XING REN 79 237
EHE HE SHI GAO 1 19
FERL i3 GUI ZHI 15 155
e e ZE XIE 31 161
R % ZHU LING 18 96
HAR AR BAI ZHU 28 140
R% TR% FU LING 35 250
SEHH SEHA CHAI HU 81 282
B W HUANG QIN 60 267
=] B BAN XIA 58 385
AEE) EEE SHENG JIANG 157 104
£ Aster tataricus ZI YUAN 45 187
A4k KA KUAN DONG HUA 27 156
$T Wt SHE GAN 26 93
43 9 X1 XIN 48 45
1hz§ iz SHAN YAO 58 471
RS I ZHI SHI 63 116
79574 953 CHEN PI 73 124
B JREAY GUANG HUO XIANG 75 272
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The green and blue nodes represent the herbs and meridians,
respectively; the node size is proportional to the node degree
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Fig. 1 Herb-meridian network of QFPDT
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The size of the node is proportional to the node degree. The color depth of the node is proportional to the regulated score of the target
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Fig.2 Target network of QFPDT
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Fig. 3 Densely linked modules included in target network of QFPDT
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Table 2 KEGG signaling pathways regulated by important targets of QFPDT

K i B 44 PR B T A RS A WU A R RS AR FDR
Cellular community-eukaryotes Adherens junction 71 8 6.88x10°°
Focal adhesion 197 9 5.58 107"
Development Osteoclast differentiation 124 10 1.99%x107°
Endocrine system Estrogen signaling pathway 133 18 6.52X10°%
Thyroid hormone signaling pathway 115 14 5.03x10°%®
Relaxin signaling pathway 130 11 2.11x107%°
Prolactin signaling pathway 69 8 5.85X107°
Oxytocin signaling pathway 149 8 8.68<10°7
Glucagon signaling pathway 100 7 9.21x1077
Immune system Tha7 cell differentiation 102 11 2.55x 1074
T cell receptor signaling pathway 99 9 487%x10°°
B cell receptor signaling pathway 71 8 6.88<10°°
Nervous system Neurotrophin signaling pathway 116 9 1.10X10°®
Dopaminergic synapse 128 8 3.26%x10°7
Signal transduction ErbB signaling pathway 83 9 1.71%x10°
MAPK signaling pathway 293 13 2.70x107°
PI3K-Akt signaling pathway 348 13 1.10%x10°®
TNF signaling pathway 108 8 1.06X10°7
Wnt signaling pathway 143 8 6.59 X107
VEGF signaling pathway 59 6 9.21x1077
Translation Ribosome 130 8 3.55%x10°7

7E DAVID i 50 (disease) J7 T (1 D) g 5%
25 #H71 (functional annotation clustering), titnife
(classification stringency) ¥ A= Chigh), 73215
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1079, Horr 2 AN P -
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sarcoma-associated herpesvirus infection). JE/N4H il
fiti 9% C( non-small cell lung cancer ) . fii 45 #
(tuberculosis). AJ-REE i (cocaine addiction) .
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The circle node is the target, the quadrilateral node is the disease pathway (in which the red node is the lung injury disease, the pink node is the virus
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Fig. 4 Association networks of targets and diseases of QFPDT

3 g

AWM G2 TR G i T
QFPDT X+ COVID-19 [ fEva T AL B e 2 i)
B R E D i R — R TR A A By R
FE, SREHEIF AT -AE ML R4,
TR B LR T T R 5 3 I AN B A A ) 2
M7~ QFPDT %t COVID-19 11 FH ) v B #IE
HIRIERIZ Ry 2 AR L.

W FIFHIE 25 3R 0%, RS IR Z51E R )
ZE NAR I EIR 22 26 0058 o, il A R S ik
ST R G S EE R . BRI, AR
COVID-19 J& YL (1 AL 7T , 95 R @ P 9 “ I #3587,
RN B EAS, AESHLAFRR Rl . QFPDT ) 21 BRkHh
257 16 BRIFMNEZ, U BHIX N R 5 1 24 72 5o il e
SRR 1ZE T 2R ZE RN A RS . B4
O, BESE, BT RBRIEM, IR
O BN R R E

B FERE R, $R%0 QFPDT [ 21 R AR 243k
7 948 PRI AEDYS, XTI 790 ANMETESERR,
Horbr 232 MEFR L 5 SARS-CoV-2 %24k ACE2 3Lt
IS, BEEHIEE X T SARS-CoV-2 BG4 AH 1
ACE2 A ZK L1 S B PERA VRSB 1B

AWFFERIEE T QFPDT [IHEFRM %%, Fl MCODE
3BT B 2 R A 7 AR SR R T 6-4%
XU % VA BAE R T2 5 20 R 1) B 4%

o AR B A A T, K mRNA
BV R E LR LR L AT . T B b
A, B TR R P A0 R I AZ AR AR A RO I AR
i A 7E, MIMTERE S . RN R Gt -
AT B S E R SRR, AR KRS EA%NE
HEASHEEARMMEEER, WE 4 8oR
QFPDT 1] 48 M¥EHr 5 HIV Y5535 2 18] A BAE T,
HrpdE 6 MEFE RS AR, PRI, ) St seAx
PR 2 1 RSORS00 B 2P R SR, gt
K EACAZ PR 1 RPL1S [ 1A At R
293T 4w Gtk s 204, WA ETCM % 1%
QFPDT H Lz &AM, FESAYE, X 2
Pk S ERNS 7 AL R A EIHIER, B
B QFPDT wn] Reid it 1f FH T~ 2 AN b Ad a1 i 41 )
SARS-CoV-2 [t & i,

BN QFPDT HEARMI IR NS F 34T, IR
T 77T ANEERAR . SHXESERR T RE E T R
W, EATEEERE. RERG. NIRRT, 5
SHSEAYELEN KRG SEE .
SARS-CoV-2 J&& 4L 53 S50 21 1) 5 9% IS A 58 A
e, SRR KRR TS . REAIH, Thl7
Y1 9 ZE ) RE AR AR R MBI I BN 51 . SEEE AN
W, SR RAE RN, — RV T4 TGFB.
IL6. IL-9. IL-1. IL-23. IL-21. IRF4. STAT3 £
57 Th17 4043 e 2. QFPDT HYZ #llbs n] REIE



¢ %% Chinese Traditional and Herbal Drugs

H|513% BEAH 202002 H + 835

T A G A S Th17 4 AL s . T-40.
B-2Hf e %, LA 20 A R4 FH A DG I8 % 1 TNF A5
FiEM. MAPK {5518, VEGF {55 1HEk, &3
FNHNE A R . 2RI ) e SR T R
RIEMIEH -

TR R QFPDT 5 B bR F B & 4L 100
BRI A0 2 K289 b, UL QFPDT Xf
COVID-19 547 1EH W] BeARILAE S8 2 A2 0
P b o A OB ST 20 UL R T AR R 35 0T
COVID-19 rn—EMaIT AR, EEK BHET
R CHr BRI BRIl 2297 R GRATE
=L URROY R B ERR AT DL AT U R TR T
Tt B SARS-CoV-2 & Al HIV 3 8% BAR 2 AS A 19
2, (HRAMFZP P R EE T B . AHFA
KU QFPDT 1ty 48 NEEHFRE HIV JHEHN 6
MNEARFMEER, R T HEBERIUE RN
EH .

gr LR, AW IR W 4 25 B 2 T VA
QFPDT HZjfIa% . L2y ER AT T &
GERETL, MW FIKFIR TZE N2 2
BRI LA AR %, NZE BT COVID-19
PO T HEIR T F

SE R

[ HEXRTDAEMEZR G KT EAH BRI 5 % 2
J7 07 % CelAT 58 I ARB IE O B9 3E &1 [EB/OL].
[2020-02-08]. http:/Avww.nhc.gov.cn/xcs/zhengewj/202002/
d4b895337e19445f8d728fcafle3el3a.shtml.

[2] X DERERZAZDIAT, BETELGEEZIA
. R T HERAE 04 2 25 B foih B e IR 7 TR
Jili 2% o A P i HE R % 7 /938 K0 [EB/OL.
[2020-02-07]. https://mp.weixin.qg.com/s/_PceHDFnRf8_T
5g0JnPFBA.

81 HEZPEHERR. B2 5 77 i G i 78 AT
Bt R [EB/OL]. [2020-02-06]. https://mp.weixin.qq.
com/s/GLStx8XiB78tKv OcLDeRuw.

[4] Hopkins A L. Network pharmacology: The next paradigm

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

in drug discovery [J]. Nat Chem Biol, 2008, 4(11):
682-690.

Zhao J, Lv C, Wu Q, et al. Computational systems
pharmacology reveals an antiplatelet and neuroprotective
mechanism of Deng-Zhan-Xi-Xin in the
treatment of ischemic stroke [J]. Pharmacol Res, 2019,
2019(147): 104365.

Xu HY, Zhang Y Q, Liu Z M, et al. ETCM: An
encyclopaedia of traditional Chinese medicine [J]. Nucl
Acids Res, 2018, 47(D1): D976-D982.

Xue R, Fang Z, Zhang M, et al. TCMID: Traditional
Chinese medicine integrative database for herb molecular
mechanism analysis [J]. Nucl Acids Res, 2013, 41(D1):
D1089-D1095.

Zeng X, Zhang P, He W, et al. NPASS: Natural product
activity and species source database for natural product

injection

research, discovery and tool development [J]. Nucl Acids
Res, 2017, 46(D1): D1217-D1222.

Shannon P, Markiel A, Ozier O, et al. Cytoscape: A
integrated models  of
biomolecular interaction networks [J]. Genome Res, 2003,
13(11): 2498-2504.

Das J, Yu H Y. HINT: High-quality protein interactomes
and their applications in understanding human disease [J].
BMC Systems Biol, 2012, doi: 10.1186/1752-0509-6-92
Huang D W, Sherman B T, Lempicki R A. Systematic and
integrative analysis of large gene lists using DAVID

software environment for

bioinformatics resources [J]. Nat Protocol, 2008, 4(1):
44-57.

von Mering C, Jensen L J, Snel B, et al. STRING: Known
and predicted protein-protein associations, integrated and
transferred across organisms [J]. Nucl Acids Res, 2005,
33: D433-D437.

Wang J, Zhao S, Liu M, et al. ACE2 expression by
colonic epithelial cells is associated with viral infection,
immunity and energy metabolism [J]. Med Rxiv, 2020,
doi: 10.1101/2020.02.05.20020545.

Li S. Regulation of ribosomal proteins on viral infection
[J]. Cells, 2019, doi: 10.3390/cells8050508.



