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Effect of Jingyin mixture on coronavirus disease 2019: a molecular mechanism study based on network
pharmacology and molecular docking

CAI Meng-cheng', YU Chao-qin®"

1. The First Student Team, College of Basic Medical Sciences, Naval Medical University (Second Military Medical University),
Shanghai 200433, China

2. Department of Traditional Chinese Medicine (Gynaecology), School of Traditional Chinese Medicine, Naval Medical University
(Second Military Medical University), Shanghai 200433, China

[ Abstract ] Objective To explore the molecular targets and mechanism of Jingyin mixture for the treatment of
coronavirus disease 2019 (COVID-19) by using network pharmacology and molecular docking. Methods The potential
active components in the plasma and targets of Jingyin mixture were retrieved using Traditional Chinese Medicine Systems
Pharmacology Database and Analysis Platform (TCMSP). COVID-19-related gene targets were retrieved from GeneCard
database. The protein-protein interaction (PPI) network between Jingyin mixture component-targets and COVID-19 targets
was constructed by STRING 10.5. Gene ontology (GO) and Kyoto encyclopedia of genes and genomes (KEGG) pathway
enrichment analyses were conducted by R 3.6 software. AutoDock Tools 1.5.6 and AutoDock Vina 1.1.2 were used for
molecular docking. Results A total of 120 active components were identified according to the pharmacokinetic parameters
(oral bioavailability and drug likeness), and 232 targets related to these constituents were obtained. Altogether 350 target genes
directly related to COVID-19 were obtained from GeneCard database, and 47 genes were obtained from the intersection of
component-target and disease-target. These genes were mainly involved in the responses to intracellular lipopolysaccharide,

oxidative stress, mechanical stimulation, and other biological processes. Molecular functions were mainly related to cytokine
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receptor binding, cytokine activity, receptor ligand activity, etc, with their mechanisms related to hypoxia-inducible factor 1

signaling pathway, nuclear factor kB (NF-xB) signaling pathway, apoptosis, etc. The results of molecular docking showed

that quercetin and luteolin in Jingyin mixture had certain affinity with 6LU7 and 6M3M protein. Conclusion The

active components of Jingyin mixture may have potential intervention effect on the inflammation and lung injury caused

by COVID-19 through antiviral, anti-inflammatory effects and regulation of cell cycle. The results of this study provide

theoretical and scientific evidence for the intervention of COVID-19 by traditional Chinese medicine.

[ Key words | coronavirus disease 2019; Jingyin mixture; network pharmacology; molecular docking
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Tab 1 Several active components in Jingyin mixture

MOLID Name OB DL
MOL000006 Luteolin 36.16 0.25
MOLO000098  Quercetin 46.43 0.28
MOLO000173  Wogonin 30.68 0.23
MOL000211  Mairin 55.38 0.78
MOL000239  Jaranol 50.83 0.29
MOLO000354  Isorhamnetin 49.60 0.31
MOLO000358  B-sitosterol 36.91 0.75
MOLO000359  Sitosterol 36.91 0.75
MOL000392 Formononetin 69.67 0.21
MOLO000417  Calycosin 47.75 0.24
MOL000422 Kaempferol 41.88 0.24
MOL000449  Stigmasterol 43.83 0.76
MOLO000497 Licochalcone A 40.79 0.29
MOLO000500  Vestitol 74.66 0.21
MOLO000522  Arctiin 34.45 0.84
MOLO001484  Inermine 75.18 0.54
MOLO001494  Mandenol 42.00 0.19
MOLO001495  Ethyl linolenate 46.10 0.20
MOLO001781  Indigo 38.20 0.26
MOLO001941  Ammidin 34.55 0.22
MOLO001942  Isoimperatorin 45.46 0.23
MOLO002045  Stigmasterol 43.41 0.76
MOLO002309 Indirubin 48.59 0.26
MOL002311  Glycyrol 90.78 0.67
MOL002320  y-sitosterol 3691 0.75
MOL002322  Isovitexin 31.29 0.72
MOL002565 Medicarpin 49.22 0.34
MOL002644  Phellopterin 40.19 0.28
MOLO002680  Flavoxanthin 60.41 0.56
MOL002773  B-carotene 37.18 0.58
MOL002881 Diosmetin 31.14 0.27
MOLO003128 Dinethylsecologanoside  48.46 0.48
MOLO003578  Cycloartenol 38.69 0.78
MOLO003588 Prangenidin 36.31 0.22
MOLO003656 Lupiwighteone 51.64 0.37
MOLO003851 Isoramanone 39.97 0.51
MOLO004328 Naringenin 59.29 0.21
MOLO004355  Spinasterol 42.98 0.76
MOLO004814  Tsotrifoliol 31.94 0.42
MOLO004855 Licoricone 63.58 0.47
MOL004903  Liquiritin 65.69 0.74

MOLID: Molecule identity document; OB: Oral bioavailability;

DL: Drug likeness.
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Fig1 Network of main compound-targets of Jingyin mixture
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Fig2 Protein-protein interaction network of the targets of Jingyin mixture
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Fig3 GO enrichment analysis of COVID-19 treated with Jingyin mixture
COVID-19: Coronavirus disease 2019; GO: Gene ontology.
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Fig4 KEGG enrichment analysis of COVID-19 treated with Jingyin mixture in top 20 signal pathways

COVID-19: Coronavirus disease 2019; KEGG: Kyoto encyclopedia of genes and genomes.
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Fig5 Molecular docking model of luteolin or quercetin in Jingyin mixture with 6LU7 or 6M3M
A: 6LU7 and luteolin; B: 6M3M and luteolin; C: 6LU7 and quercetin; D: 6M3M and quercetin.

CEEHE LN GO A=t = v A M g
ZHERN . BRSO . KU ) B v S5 A=

Yrreid e, T IiREER S M T 2RSS L
IR 571 i SERIRTEERRATOG, ERS 540
RS A AR RS Y 2 A R4S KEGG & 4 i,

ik ey HIJEE;ELQL EGFR [l 2 i S 1o ol 77 i 24
i [ EGFR- 85 i C-ERK-Bax 4% ] 45 41 ifg
JE 4, 38 5 NF-xB {5 5 38 % 7 IL-1B-p65-COX2 .
TNF-o f§ 42 K AEHURAE R, 8L HIF-1 {5 538 #g
IFNy—NF—KB-NOS HMOX1 ¥ % 481 L ‘{%J( iR
I ARTEHIER A5 T 5 COVID-19 Hift 5] 7 &4

YER . WF5E 2 B AT NF-xB 3 i o] #1461 F 250 37 Ja%
FRREA M Y o HIF-1 2 —Fp R 7, VR RS R
O EEIHH . WA, HIF-1 @M S5kt
i 498 B S IR TR 55 EGFRL%J@EK
SERR . RO e T — IR R
L.,.IJEPT ET 1 COVID-19 E’J‘{*kf‘( PERL T, B
RAFI P SCHIE A Wit 2 . RHREER 5 SARS-
CoV-2 3CL /K fi#t it . SARS-CoV-2 #% A< 7t 4K 1 & Jk
Uity RNA Z5 5 b7 0 4, 4558 Won AR A 7 i iE
PR AR B T 2 2 5 SARS-CoV-2 AHOCEE 1
6LU7. 6M3M HA—EMEM T, nlfekiE—Em



© 268 BRBERFR 202143 AL %428
YU EEER . C1T] XU £t i e 28 X LA B A S AT 7 1Y
45 LR, SSAFITH COVID-19 FAr AR BRI SRR S, 2020,39:314319.
OER R AR R, e, g 0 MR R IR AR B R
AR AR I [T ] PR 2 2 5 0 AR %, 2020,

FEE . H AR A S, 3K LR 20 39.320-325.

RIEAT AR 52 5 HIF-1 {5 538 % . NF«B {55 [13]  FACHT, PRI, SR8, BUSLES VR L, i TR Pk

SRR AR, MM AP TE . DL, IESEYHEAE i AR LR R sl i 3R S S AR G CyH V-2 B 2R

TRVERT. B RV A A P R T e 2ok FORAS MRz (] . VP A= R ,2019( 3 ). 8-12.

e S ook N onans

,fﬂfm[gjl\gﬁﬁg‘{%/ﬁ]xﬁﬁﬁzl‘(%\ @%E&ﬁ*ﬂ%ﬂ H/‘Jﬁ\ VALLEJO_RUIZ V, SANCHEZ_BURGOS G G’ et al.

POEA S, BEFEARAOEA R, ot Antiviral and immunomodulatory effects of polyphenols

EeE T e 5 IR A — B E S AT on macrophages infected with dengue virus serotypes 2

ST gt EE 25T COVID-19 3 UEmA LR il and 3 enhanced or not with antibodies [J]. Infect Drug

S Resist, 2019, 12: 1833-1852.

L FIZE R AR (151 RS, VEIRRE. B AT AFAMG-63 AT
Bl RMEFFERF (R=FEXF) 6% T MR A [T] .M BE 2 K242 4], 2019, 36

EANMFHINE R AR RBHRE T G T 885-888.
WP IR BRI LT 0 TS 3L [16] BRUNO R P L, MIRIAN F C, AMANDA G R, TIAGO
F S, CAROLINE S L, ICARO P C, et al. Quercetin
[& % 3¢ k] pentaacetate inhibits in vifro human respiratory syncytial
virus adhesion[J/OL]. Virus Res, 2020, 276: 197805.

(1] Ve, AR, SR I4, BEERTRR , BE/INHE  PRAS S, 45 0T DOI: 10.1016/j.virusres.2019.197805.
CHrBGEL RN RE 52129 707 58 RATH-LAR)) Hoffred i [17]  WANG S, CAO M, XU S, SHI J, MAO X, YAO X, et al.
RIS [T fmE R 24 ,2020,51:10-11, 14, Luteolin alters macrophage polarization to inhibit

(2]  Pherst, 2 EI7 . R A FIGIT NS & G AT 500 inflammation [ J]. Inflammation, 2020, 43: 95-108.

2 (7] E BRG], 2015, 17 1225-1226. (18] ZRitgl, T, FARrb R of e AT T IR ON

(3] P EEZG R MR BEOL IR B sl ) A 0 & A FEPEIETE (D] H5i2y,2014,45:1682-1688.
22y [J] . BB 25 R4, 2009, 23 76. [19]  ABZRPe, WSZ N, XG55 R, BRI, 56 R

(4] XUJp oA s sy, 2t 05 . RAR UKL BT i A JRFEZARII AT HINT YL AS549 15 ST 1 T H/EH
ST [T] . PSR A4 R, 1999,5:12-15. LU (3] e BR 225, 2017,32:1524-1527.

(5] WeHAT. g R AT R 75 L il 48 Th R 1297 [20]  XBARPL, WSEW, XIGEGE , T 555 3, BRI, 55 R
T4 IN/OL] . i EE 2454 ,2020-02-14( 001 ). DOL: PR RSMTHINT BRYL AS49 1E a5 (1] . h
10.28772/n.cnki.nshzy.2020.000027. 25 59401,2017,23:11-14.

l6]  big “War 2y AL Bt 6 47 0 4 (21]  JARRLEE e ea g, s , X A5 %, T3 HAE, X8, 45 1
KB IZHEATZE % T 300 A K WEEE [EB/OL]. B4 ZON LPS- ATP 5 14 5 s 40 e S P R 38 7t 40 7
(2020-03-03 )[2020-03-27 |. https://www.sohu.com/ PERILI] . v B Sy 2k, 2020, 36 : 257-260 , 266.
a/377316836_753101. [22] CHOIJ,LEEH,KIMY S, HWANG Y, OH Y, LEE B,

[7]  LIW,LEEC,KIMY H, MAJY, SHIM S H. Chemical et al. Aloe vera and its components inhibit influenza A
constituents of the aerial part of Taraxacum mongolicum virus-induced autophagy and replication[J]. Am J Chin
and their chemotaxonomic significance [J]. Nat Prod Med, 2019, 47: 1307-1324.

Res, 2017, 31: 2303-2307. [23] LANI R, HASSANDARVISH P, CHIAM C W,

(8] Hilizm thad WARE A S [T] . L2 R MOGHADDAM E, CHU J J H, RAUSALU K, et al.
K2 E i, 1997, 14:137-143. Antiviral activity of silymarin against chikungunya

(9] XURRSC, g M i R 2534 B o8 e [1/CD . virus [JJOL]. Sci Rep, 2015, 5: 11421. DOI: 10.1038/
FrARSR 24 (AR ), 2020, 13:104-106. srep11421.

[10] MKHIZE N V P, QULU L, MABANDLA M V. The [24]  XBARVE. AR FZ X EREEHINT B AS49 41
effect of quercetin on pro- and anti-inflammatory Ve M S e ML A BF5E [D] . b st AL s P EE 2,
cytokines in a prenatally stressed rat model of Kez,2017.
febrile seizures [J/OL]. J Exp Neurosci, 2017, 11: [25] WANG Q, OU Y, HU G, WEN C, YUE S, CHEN C,

1179069517704668. DOI: 10.1177/1179069517704668.

et al. Naringenin attenuates non-alcoholic fatty liver



5 3 . B, A ST A 2 I 5 TR RO IFRN B 0 T BIORT LSRRI B 5 (A LA 5

° 269 -

[26]

[27]

(28]

[29]

[30]

(31]

[32]

[33]

disease by down-regulating the NLRP3/NF-«xB pathway
in mice[J]. Br J Pharmacol, 2020, 177: 1806-1821.
LT LR A S T A0 8 DR/ FH R
PLIIEIRTFE (D] AA MO, 2019.

FHM 080T R IR, R, 2o, X R, A R A
IR A XSNLRP3 ST/ A TR BALRI0 45 (1],
22440, 2018, 53 :2050-2056.

USMAN A M, KHURRAM M, KHAN T A, FAIDAH
H S, ULLAH S Z, UR R S, et al. Effects of luteolin
and quercetin in combination with some conventional
antibiotics against methicillin-resistant Staphylococcus
aureus[J/OL]. Int J Mol Sci, 2016, 17: 1947. DOI:
10.3390/ijms17111947.

SRREE B BH . S HKAR Y] o HAE T
W R R AR/ N BB A VR T L] WiV R 4
(BE2ERR ),2013,42: 632-637,665.

XISCF5, 95, R OF S5 B3 b et o i
e g i Bax \Bel-2 /KF LS. IRER AR (] 0 T
AR 2% ,2019,42:485-489.

SARMISTHA S, JAYANTA K, RAMTEJ J V, PRAMIT
K C. Albumin coated polymer nanoparticles loaded
with plant extract derived quercetin for modulation of
inflammation[J/OL]. Materialia, 2020, 9: 100605. DOI:
10.1016/j.mtla.2020.100605.

FU J, HUANG J, LIN M, XIE T, YOU T. Quercetin
promotes diabetic wound healing via switching
macrophages from M1 to M2 polarization[J]. J Surg
Res, 2020, 246: 213-223.

AMMARA S, MOHAMMAD S, MUHAMMAD F A.

Antioxidant, anti-inflammatory and antiarthritic potential

[34]

[35]

[36]

[37]

[38]

of Moringa oleifera Lam: an ethnomedicinal plant of
Moringaceae family[J]. S Afr J Bot, 2020, 128: 246-256.
DAIJP, WANG Q W, SUY, GU L, ZHAO Y, CHEN X,
et al. Emodin inhibition of influenza A virus replication
and influenza viral pneumonia via the Nrf2, TLR4, p38/
JNK and NF-kappaB pathways [J/OL]. Molecules,
2017, 22: 1754. DOL: 10.3390/molecules22101754.
GUO X, ZHU Z, ZHANG W, MENG X, ZHU Y, HAN
P, et al. Nuclear translocation of HIF-1a induced by
influenza A (HIN1) infection is critical to the production
of proinflammatory cytokines [J/OL]. Emerg Microbes
Infect, 2017, 6: €39. DOI: 10.1038/emi.2017.21.
TAKAYUKI U, TOMOKO F, HIROKI J N, TOSHIRO
H, NORITADA K, YOSHINORI M, et al. Mint3/
Apba3 depletion ameliorates severe murine influenza
pneumonia and macrophage cytokine production in
response to the influenza virus[JJOL]. Sci Rep, 2016, 6:
37815. DOI: 10.1038/srep37815.
ZHANG L, BARUN P, GUO L, MENG F, ZHONG D.
EGFR exon 19-deletion aberrantly regulate ERCC1 expression
that may partly impaired DNA damage repair ability in
non-small cell lung cancer[J]. Thorac Cancer, 2020, 11:
277-285.
SAFAA S H, PERIHAN A K. Anti-hepatocellular
carcinoma, antioxidant, anti-inflammation and
antimicrobial investigation of some novel first and
second transition metal complexes[J/OL]. Appl
Organomet Chem, 2020, 34: ¢5432. DOI: 10.1002/
aoc.5432.

[Ax#miE] b %



