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Potential molecular mechanism for Chaiyin Granules against coronavirus infection
based on network pharmacology and molecular docking
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Abstract: Objective To reveal the molecular mechanism of Chaiyin Granules in treatment of coronavirus infection based on network
pharmacology and molecular docking. Methods The chemical constituents of Chaiyin Granules were collected by TCMSP database.
SwissTargetPrediction database and GeneCards database were used to predict the potential targets of active ingredients and coronavirus.
The potential active ingredients and its targets of Chaiyin Granules in the treatment of coronavirus infection were found through Venn
diagram. The potential active compounds-targets network and the PPI network were visualized by Cytoscape 3.7.0. GO-enriched
analysis and KEGG pathways analysis were constructed on STRING database. The molecular docking of potential active compounds
and key targets was achieved by autodock vina 1.1.2. Results Fifty-one potential active ingredients and 14 potential targets for Chaiyin
Granules on treatment of coronavirus infection were obtained. KEGG pathways analysis showed that 44 metabolic pathways were
involved to Chaiyin Granules effect on coronavirus infection, including MAPK signaling pathway, PI3K-Akt signaling pathway, mTOR
signaling pathway, Fc epsilon RI signaling pathway and IL-17 signaling pathway. The results of molecular docking showed that baicalin,
cubebin, coptisine, daidzein-4,7-diglucoside, linarin, liquiritin, luteolin and wogonin in Chaiyin Granules had strong affinity with
NTRK2, PRKCa, TNF, VEGFA, GSK3p. Conclusion This study elaborated that baicalin, cubebin and coptisine in Chaiyin Granules
interacted with NTRK2, PRKCa, TNF, VEGFA, GSK3p and regulated PI3K-Akt/mTOR, ErbB/Ras and IL-17 signaling pathways to

inhibit the invasion and replication of coronavirus and enhance immunity to battle against coronavirus infection. This study provides a
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research basis and theoretical basis for the application of Chaiyin Granules in the treatment of anti-coronavirus infection.

Key words: Chaiyin Granules; coronavirus; network pharmacology; molecular docking; molecular mechanism; baicalin; cubebin; coptisine
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Table 1 Detailed information of medicinal ingredients of Chaiyin Granules

H5 [3¢] (D& CASE  RE | &% (3¢ D€ CASS KR
CH-01  linoleyl acetate (9F,12E)-9,12-+ )\t 5999-95-1  4EH] | HQ-10 572 6-tetrahydroxyflavone 5,726~ T HEHTH 82475-00-1 %

1R R HQ-1l  rivularin HEHR 70028-59-0  #%
CH-02  baicalin fRise] 21967419 4E# | HQ-12  dihydrooroxylin A TERBIEE A 18956-18-8 %
CH-03  stigmasterol G 83487 AEH [ HQ-13  11,13-eicosadienoic acid, ILB-ZHBRCMRETRE 56599576 3%
CH-04  isorhamnetin FREE 430-19-3 44 methyl ester
CH-05  kaempferol & 520183 SEH | HQ-14  norwogonin 5,78 = FRAEH 4443098 HE
CH-06  3'45'3,5,6,7-heptamethoxyflavone  3'4'5' 3,56, BMAARM 17245306 4641 | HQ-15  (28)-dihydrobaicalein (28)-“HESE 35683-17-1 %
CH07  arcapillin HilrE & @1 83162-82-7 SEH | HQ-16  carthamidin Uik 49549 HE
CH-08  cubebin o S 18423-69-3 %41 | HQ-17 oroxylinA TE4AZ 80-115  HE
CH-09  sainfuran 90664-32-7  4EH] | HQ-18  epiberberine FONEH 6873-09-0  #X
CH-10  troxerutin s T 7085-55-4 46 | HQ-19  bis [(25)-2-cthylhexyl] benzene-  M[(25)-2-ZAECHKE- 117817 EE
CH-11  (+)-anomalin (+)- N E A 73069-28-0 444 1,2-dicarboxylate 1,0-~ R
CH-12  a-spinasterol o- i B 481185 S5 |HQ-20 diisooetyl phthalate PRZFR-RFR 4925962 #E
CH-13  petunidin BESEE 1429307 4451 | HQ-21  moslosooflavone SRS HEREN 3570625 EE
CH-14  quercetin WEE 117395 %6 |HQ-22 viscidulinIl WEASI 92519932 #%
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TYH-01  all-trans-thodoxanthin ERAAER 116-30-3  &HE |HQ-23  salvigenin SRERER 19103-54-9  #%
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JYH-05  eriodyctiol (flavanone) il 404938-1  £HYE |HQ-26  skullcapflavone [ WAL 41060-16-6  #%
JYH-06 mandenol T g 544354 &HYE | GG-01  formononetin HERTEE 85723 B
TYH-07  xylostosidine KRR 74518-573 4 | GG-02  3-methoxydaidzein TA-ZRE-PEARET 21913984 HR
TYH-08  ethyl linolenate Wi 1191419 &7 [GG-03  daidzein-d,T-dighicoside  FHHF jt-4,7- b 53681677 Bt
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LQ-10  bicuculline ok ivat | 485494 M | QH-03  patuletin Ti%%iE 519960 EH
LQ-11  onjixanthone TR0 ZHEAERR 136083-92-6 M | QH-04  artemetin YEX 4m9903  FE
LQ-12  pinoresinol monomethyl ether AR A IRk 29395-87-7 M | QH-05  cirsimaritin L 6601-62-3  HE
LQ-13  sylvatesmin AR 487398 &R | QH-06  artemisitene GL:L 101020-89-7 EE
YXC-01  1-methyl-2-nonacosylqui nolin-  1-FAE-2- T REALIEI-4-FH 25 | QH07  cirsiliol FHEIE 4334695 HH
4-one KXR-01 estrone MR 53-16-7 BB
HQ-01  coptisine FER 3486666 #% | KXR-02 diisooctyl succinate TR 28880-242 AL
HQ02  tenaxin| MHEE1 86926-52-5  #% | KXR-03 11,14-cicosadienoicacid  JIf-11,14- Bt I 2001-39-6  EHL
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HQ08 5,7 4trihydroxy-6- 5T4-= R0 FE 81524-08-5  #% | KXR-10 machiline B2 486-39-5  EHL
methoxyflavanone HRfE KXR-11 - I-stepholidine FheT &R 16562-13-3 &L
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different colors of nodes indicate different targets, and the filling
content in the nodes is the 3D structure of the target; the thickness of
the line indicates the interaction score, the thicker the line indicates
the higher the representative interaction score, the more evidence that

the two nodes interacted
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Fig. 1 Interaction diagram of potential role of Chaiyin Granules
against coronavirus infection
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component derived from Forsythia suspensa, HQ represents the
component derived from Scutellaria baicalensis, GG represents the
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Fig. 2 Diagram of key pharmacodynamic components -targets

network of Chaiyin Granules against coronavirus infection
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Fig.3 Results of GO functional analysis of potential targets

of Chaiyin Granules against coronavirus infection
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the first column shows the target, different targets are shown in different colors; The second column shows the secondary metabolic pathway; The third

column shows the first-level metabolic pathways, different colors indicate different metabolic pathways; The line between the columns represents its

belonging relationship, and the more enriched pathways, the higher the rectangle is
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Fig. 4 Results of KEGG pathway enrichment analysis of potential targets of Chaiyin Granules against coronavirus infection
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BH-02 == -36.0 -25.5 -38.9 423 -43.1 —20
BH-03 == -31.0 —23.4 —31.8 -38.9 —37.2
BH-04 == -32.8 -23.4 —33.1 -39.3 —38.1
BH-05 == -33.6 —24.3 =3B -38.9 —-39.3
CH-01 w= 213 ~163 -21.8 -30.1 -259 -0
CH-02 == -38.1 -25.5 —41.0 —-42.3 —41.0
CH-03 == -34.9 -25.1 -34.7 —40.6 -36.8
CH-08 == -35.1 —26.8 —34.7 423 —40.2 —40
CH-12 == -33.1 —24.4 —34.7 —40.6 -37.2
CH-14 = -31.0 -23.4 -33.1 -37.2 —40.6
GG-01 = -32.8 222 —-29.7 -38.1 —34.3
GG-02 = -31.0 226 -31.0 -36.8 ~36.4 —30
GG-03 == —36.4 -28.5 —-37.2 —-42.7 —44.4
HQ-01 == -38.1 -27.6 -39.7 -50.2 —45.2
HQ-03 == -32.6 -24.3 -32.6 —40.2 -37.2
HQ-06 == -31.0 -23.4 -31.8 -39.7 —34.7
HQ-08 == -30.5 -23.4 -31.4 -36.8 -36.8
HQ-12 = -31.4 -23.4 =305 -36.8 =36.0
HQ-13 == -32.8 -18.8 -22.6 -29.3 —25.9
HQ-14 == -32.2 247 -33.1 —41.8 -36.8
HQ-15 == -322 -25.1 -32.6 -38.9 —372
HQ-16 == -32.2 243 —32.6 -38.9 -38.1
HQ-18 = —-34.7 —243 —343 -38.5 -38.1
HQ-19 == —-25.9 -18.8 -25.5 -30.5 259
HQ-20 == —24.7 -17.2 -24.7 -31.0 —26.8
HQ-24 == -30.1 -23.0 -30.1 -38.5 -36.0
JJ-01 == -31.0 -21.3 -33.1 -36.0 -31.8
JJ-02 = —-32.6 —24.3 -33.1 —40.6 —37.2
1J-03 = -30.5 243 -32.2 -38.5 -37.2
JYH-02 wm -31.4 -23.0 -322 -38.1 —-36.4
JYH-03 wa -33.1 —24.3 =313 -38.9 —-39.7
JYH-04 = -30.5 -23.8 -32.6 —40.2 -36.8
JYH-05 = -33.1 -23.4 -33.9 -38.9 -39.7
JYH-06 = -25.1 -17.2 -21.8 -30.1 —25.5
JYH-08 == —23.4 -17.6 -23.0 —-31.4 —28.0
JYH-09 wa -29.3 -23.8 -31.0 -36.4 —-31.4
JYH-10 == -28.9 -20.5 -30.1 -33.5 -32.2
KXR-01 == -35.1 -23.8 —36.0 —43.5 —-42.3
KXR-02 = -23.8 -16.7 —22.6 —-28.0 —-25.5
KXR-03 = -23.8 -17.6 —-23.4 -30.5 -28.9
KXR-04 = 243 -17.6 -21.3 -30.5 —-27.6
KXR-05 == -32.6 -24.3 =331 —40.6 -36.0
KXR-07 == -29.3 -23.4 -31.0 -36.0 -33.9
KXR-08 == -35.6 —26.8 -38.1 —44 .4 —40.6
LQ-01 = -31.0 -21.8 -31.4 -39.7 —-36.4
LQ-04 = -32.6 -21.3 =351 -29.7 -31.0
LQ-07 = -28.9 —-20.1 -29.3 —34.7 -31.4
LQ-09 = -30.5 -21.8 -30.1 —-28.9 -35.6
QH-01 == —27.2 -21.3 -30.1 -33.9 -35.1
QH-04 = -28.0 —20.1 -29.3 -32.6 -31.0
QH-06 = -33.1 -22.2 —33.1 -38.5 —36.4
positive mm —36.8 —-18.4 -35.6 —42.7 —40.6
[ | | [ | [ | [
TNF VEGFA GSK3p NTRK2 PRKCa

PABFRNZG RSy, CHy JYH. LQ. HQ. GG. BH. JJ. QH. KXR 7 HIRAKIFET L. &ME. &, 5. BMR. Ear. #7F. 58,
TRy, positive RN MR A E A AT N IEIERCE; GHEERIREE A BE 20 ki/mol, K KIREE A BEJ—50 kl/mol, /NI
FRIBCHE B D A0 5 L R R 45 A R AU

the ordinate is the active ingredient, CH, JYH, LQ, HQ, GG, BH, JJ, QH, KXR respectively represent the ingredients derived from Bupleurum chinense,
honeysuckle, Forsythia suspensa, Scutellaria, Pueraria lobata, Mint, Nepeta, Artemisia annua, bitter almond. Positive represents the endogenous ligand
in the corresponding protein composite crystal; Green represents the binding energy is -20 kJ/mol, pink means the binding energy is -50 kJ/mol, the data

in the small square in the Fig. is the binding energy value of the component and the target

5 SRIRIALH IR SRR KR T S1EAE SR 75 F 3R R-AE

Fig. 5 Heat map of molecular docking results of key targets and key targets Chaiyin Granules against coronavirus infection
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TNF-baicalin

|

JEIR T 5 MNEEABERARIIZE RN - # S A AR, A N VEGFA 5 517 75-4,7- R x4 &, B v GSK3p 585 H iR A,
C A TNF H5EEH A K, D NTRK2 5HEFH 8K, E N PRKCA 5305 0K

showing five pharmacodynamic components with the lowest binding energy-target action mode, A is VEGFA and daidzein-4,7-diglucoside docking

mode diagram; B is the docking mode diagram of GSK3p and baicalin; C is the docking mode diagram of TNF and baicalin; D is the docking mode

diagram of NTRK2 and liquiritin; E is the docking mode diagram of PRKCA and coptisine

El6 SRFAHERFERENXBANES SIERL SN FRHEEXE

Fig. 6 Molecular docking mode diagram of key pharmacodynamic components and target of Chaiyin Granules against

coronavirus infection
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Fig.7 Schematic diagram of molecular mechanism of Chaiyin Granules against coronavirus infection
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