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Mechanism of Tanreqing Injection on treatment of coronavirus disease 2019
based on network pharmacology and molecular docking

KONG Yi, WU Hong-wei, CHEN Yong, LAI Sha, YANG Ze-min, CHEN Ji-sheng
Department of Pharmacy, The First Affiliated Hospital of Guangdong Pharmaceutical University, Guangzhou 510080, China

Abstract: Objective To study the mechanism of Tanreqing Injection (TRQI) on treatment of coronavirus disease 2019 (COVID-19)
through network pharmacology and molecular docking, so as to provide theoretical basis for clinical treatment. Methods The active
compounds of TRQI were searched by literature, BATMAN-TCM, and TCMSP database. The potential targets of TRQI active
compounds were searched by TCMSP. In Genecards database, “coronavirus” was used as the key word to search for coronavirus targets
and the common targets were selected by mapping with TRQI. The network between the active compounds and common targets was
established by Cytoscape 3.2.1. The common targets were imported into a STRING database for protein-protein interaction analysis,
and the target protein interaction network diagram (PPI) was constructed. The key antiviral targets of TRQI were screened by
combining two networks. “GlueGO 2.5.5” plug-in unit in Cytoscape 3.2.1 was used to perform GO biological process and KEGG
pathway enrichment analysis. Results A total of 54 components of TRQI were obtained and corresponding to 287 targets. Among
them, there were 54 common targets and 34 key targets. GO analysis obtained 29 biological processes related to the treatment effect of
TRQI, and KEGG analysis obtained 70 pathways. The results of molecular docking showed that kaempferol, quercetin, baicalein
luteolin, and wogonin had good affinity with SARS-CoV-2 3CL hydrolase. Conclusion The active compounds in TRQI may act as an
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antiviral agent by binding SARS-CoV-2 3CL hydrolase and regulating multiple signaling pathways. The molecular mechanism of

TRQI in the treatment of COVID-19 indicated the synergistic features of multi-component, multi-target, and multi-pathway of

traditional Chinese medicine, which provided an important scientific basis for further elucidating the mechanism of TRQI in the

treatment of COVID-19.

Key words: Tanreqing Injection; coronavirus disease 2019; network pharmacology; molecular docking; mechanism; kaempferol;

quercetin; baicalein; luteolin; wogonin; SARS-CoV-2 3CL hydrolase; anti-virus; signaling pathway
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w5, EEREEMRS, B DLENT 0.18,
EAEREER AR s SR ED 14 1 &
FLED 10 4. BB RERIEILH 2 M e, &
SRERILE | MUAY, SARIEANERILE 3 A

L6 HFxfEE &Y, wE. SHRAMERLE 1 MEEY. 54
£ Pubchem #4fs FE1% R 25/ N7k CAS 5, Mgtk arh, f 48 Mgk &Y AT /E TCMSP
x1 RREIFHEPEILS
Table 1 Effective chemical constituents of TRQI
51§ 1D o2 4K MW DL HL KIEH 2
M228 (2R)-7-hydroxy-5-methoxy-2-phenylchroman-4-one 270.30 0.20 17.02 %
M359 sitosterol 414.79 0.75 5.37 s
M525 norwogonin 270.25 0.21 16.93 W
M552 5,2'-dihydroxy-6,7,8-trimethoxyflavone 344.34 0.35 16.47 Egcs
M1458 coptisine 32034 0.86 9.33 Gy
M1689 acacetin 284.28 0.24 17.25 HE
M2714 baicalein 27025  0.21 16.25 W
M2897 epiberberine 336.39 0.78 6.10 W
M2908 5,8,2'-trihydroxy-7-methoxyflavone 300.28 0.27 16.17 Egcs
M2909 5,7,2,5-tetrahydroxy-8,6-dimethoxyflavone 376.34 0.45 15.94 WA
M2910 carthamidin 288.27 0.24 15.81 HE
M2911 2,6,2" 4'-tetrahydroxy-6'-methoxychaleone 302.30 0.22 21.89 A
M2913 dihydrobaicalin_qt 272.27 0.21 16.13 HE
M2915 salvigenin 328.34 0.33 15.87 Eigcs
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7+ 1D AR MW DL HL K 24
M2917  5,2',6'-trihydroxy-7,8-dimethoxyflavone 33031 033 1637 #WH

M2925  5,7,2',6'-tetrahydroxyflavone 286.25 0.24 18.00 FE%

M2926  dihydrooroxylin A 28630 0.23 17.58 X

M2927 skullcapflavone 11 37437 044 16.14 3%

M2928  oroxylin A 28428 023 17.15 WH

M2932  panicolin 31431 029 16.78 %

M2933 5,7,4'-trihydroxy-8-methoxyflavone 30028 027 1693

M2934  neobaicalein 37437 044 1650 X

M2937  dihydrooroxylin 28630 0.23 17.17 #HX

M8206  moslosooflavone 29831 0.25 17.02 X

M10415  11,13-eicosadienoic acid, methyl ester 32259 023 544 HEE

M12245  5,7,4'-trihydroxy-6-methoxyflavanone 30230 027 16.12  3EH

M12246  5,7,4'-trihydroxy-8-methoxyflavanone 30230 026 16.85

M12266 rivularin 34434 037 1625 X

M8845  deoxycholic acid 392.64 0.68  7.01 HEFER)
M3969  L-serin 10511 0.01 11.52 L4
M3971  threonin 119.14  0.01 1142 1A
M2321  pyroglutamic acid 129.13  0.02 1135 LIFAMA
M5448  leucinum 13120 0.01 1141 L¥A

M41 phenylalanine 16521 0.04 462 1WIFfM

M1494  mandenol 30856 0.19 539 @ARfE
M1495  ethyl linolenate 306.54 020 620 &fR{E
M3006  (-)-(3R,8S,9R,9aS,10aS)-9-cthenyl-8-(beta-D-glucopyranosyloxy)- 28129 0.23 550 &iR1t

2,3,9,9a,10,10a-hexahydro-5-oxo0-5H,8 H-pyrano[4,3-d]oxazolo
[3,2-a]pyridine-3-carboxylic acid_qt

M3036  ZINC03978781 41277 076 579 &R
M3044  chryseriol 300.28 0.27 1631 &R
M3095  5-hydroxy-7-methoxy-2-(3,4,5-trimethoxyphenyl) chromone 358.37 0.41 1598 &

M3111  centauroside qt 43448 0.50 518 &M
M3124  xylostosidine 41551 0.64 915 &1

M211 mairin 456.78 0.78  8.87 ]

M791 bicuculline 367.38 0.88 1583 &M

M3281 20(S)-dammar-24-ene-3[3,20-diol-3-acetate 486.86 0.82 9.14 EH

M3365  lactucasterol 42675 0.85 553 &

M3370  onjixanthone I 302.30  0.30 14.86 &M

M449 stigmasterol 41277 076 557 WE. &RHE
M2914  eriodyctiol (flavanone) 288.27 024 1588 L. &AL
M173 wogonin 28428 023 1775 HE. &
M6 luteolin 28625 025 1594 <&iRfe. 14
M98 quercetin 30225 028 14.40 £AR{E. &
M422 kaempferol 286.25 024 14.74 &WAc. &
M358 beta-sitosterol 41479 0.75 536 BE, &AL, &
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A 16 Ao HEAATT 10 AL G PR 5570 531 i e
# (quercetin, M98). 11 Z5M} (kaempferol, M422).
ABEZE (luteolin, M6). WEEZE (wogonin,
M173). PTGS2. B-#5HEE (B-sitosterol, M358,
228 18 (L-serin, M3969). %% (baicalein,
M2714). PTGS1 A1 HSP90AAI.
2.3 RWFIFRESERREHELEE LK PPI L%
PL “coronavirus” JNICEE 1], E Genecards ¥
P2 0 H IR FEAE SGHE AL 347 A BIRRGETE
SR 287 NZIWNHE RS 347 N bR ERAH DGR AT

T NBINTEESTN S, IR A (B AT
The rhomboid represents the components of TRQI, and the ellipse represents the protein targets
1 FRRGB ISR -HE R L%
Fig.1 Component-target network of TRQI
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Table 2 Key nodes of TRQI component-target network and their topological characteristics

TRar A B MEPOE | RS KRB EE AMEOE | AR R EE AMEaOE

M98 &Y 154 04890 |MI1689  {h&W
M422 k& 63 01284 |M2928  {LEW
M6 k& 57 01242 | M3095  HLEW
M173 tk&¥ 45 0.1058 | DPP4 gy
PTGS2 gy 39 00957 |M3971  {kA&W
M358 k& 38 00714 | M4l &Y
M3969 k& 38 00829 |[M8206  {LEM
M2714 tk&¥ 37 00687 |AR gy
PTGS1 EYs 37 0.070 8 | PRKACA #&/
HSP90AAL HE5 32 00601 |MI2266 &Y
M449 &t 31 0.0541 | M228 &Y
M791 k& 27 00495 | M2934  (LEWM
NCOA2 EYs 27 0.0498 | PRSS1 EYa

26 0.0449 | M2927 A& 21 0.0140
26 0.0402 | M552 &Y 21 0.0150
26 0.0345 | SCNSA  #E% 20 0.010 7
25 0.0294 | PIK3CG  #E4 18 0.0102
25 0.0238 [|M2932 &MY 14 0.008 0
25 0.0223 | Thrombin #{ 4 13 0.008 0
25 0.0248 | GABRAI #[% 12 0.006 4
24 0.0222 | ADRB2  #[4 12 0.006 9
23 0.0198 [|M2897 k&M 11 0.005 6
22 00158 |KCNH2 #E% 10 0.004 9

22 0.0174 | CASP3 5 8 0.003 6
22 0.0169 | M2321 wew 7 0.002 8
22 0.0173 | PGR EiLp= 7 0.003 1

fE Venny 2.1.0 HHB 15 H 54 ANILEEE S, T HE
T PRI 8 PSR SR IV I, KR A T
T 54 AR EEAH DG B B N STRING £idfs
JE, MR AMEER PPI M (B 2). iM%
A 46 N AL 116 FMEAERKR, FREERN
5.04, 4{E STRING V& 9% 1) PPI 45504 5
A Cytoscape 3.2.1 1, FIH Cytohubba fi {1 H1 (¥ £

HMOX1

H B P HED I X TP E MO S 19 A

(E 3.

2.4 GO £ iESHh
ZRE“2.27AI“2.37 531 34 /S (FHiH CASP3

HE) RGEEFBOCEE ST GO A s

M, TRkl P<<0.05 HIZEMRE 29 4. R

Cytoscape fiff “ClueGo” 73t GO AVt E & 77

CCL2
IL1A

@ » S
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PARP1 MAPK14 “

e
g
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— \ A

«

/ / “'\\ cxcLz
O %5 \‘g&

.;‘\
%\ CXCL11

CRP

B2 BETHRIEXEEE PPI LK

Fig. 2 Protein-protein interaction network of TRQI
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I FC PRI A S B 5 e . Th17 40H A6 Bl R
R KAE AGE-RAGE 15 586 F/)NH it e A
LR 75 S IE S
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————— protein insertion into membrane 2.94 % **

7 -7-;\\ cellular response to interleukin-6 2.94 % ™"

\\ granulocyte chemotaxis 2.94 % ™"
cellular response to biotic stimulus

. 588%™
A epithelial cell apoptotic process 8.82 % ™"

positive regulation of reactive oxygen
species metabolic process 14.71 % ™

*P<0.01
E4 GO LIRS

Fig. 4 Enrichment analysis on GO biological processes of key targets from active ingredients of TRQI
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IL-17 signaling pathway 41.46 % "

Kaposi sarcoma-associated herpesvirus
infection 5.49 % ** ‘\

Th17 cell differentiation 5.49 % ** 775..,_

terms per group/%

a

~~chemokine signaling pathway 0.61 % **
_;\ progesterone-mediated oocyte
\ maturation 2.44 % **
“\ 'prion diseases 2.44 %
\\ retrograde endocannabinoid signaling
AN\ - 3.05% "
\\ hepatitis B 3.05 % ™
. \non-small cell lung cancer 3.05 % **
. 'African trypanosomiasis 3.66 % *

TN \ Chagas disease (American
\ trypanosomiasis) 3.66 % **
. pancreatic cancer 3.66 % "
* toll-like receptor signaling pathway
3.66 % "

pertussis 3.66 %
— malaria 4.27 % **
__~inflammatory bowel disease (IBD)

488%™

__——AGE-RAGE signaling pathway in diabetic
complications 5.49 % **

“P<0.01
El5 KEGG FSRBEEESHh
Fig. 5 Enrichment analysis on KEGG pathways of key targets from main active ingredients of TRQI

FRAG, damREMK. Pt RER, B-&
BEE. IZRmy. MR, EER. KRER. MK
KR E RS SARS-CoV-2 3CL /K fRBFI 7315
PEAE A eI /N T-5.0 ki/mol, HIL#R IR G
TEFHBAZ TR AL A5 SARS-CoV-2 3CL /K fift i
AR GiE T, SRR 2. LW, M=,
WER. KBREFMPOES R4 A i85 G 45/
VL% A FAHUE, BAi15 SARS-CoV-2 3CL /K il

Iy AR L 6.
3 it

2020 42 H 20 H, EERPEHEEECHS
1t Bl R KRR R, BEFHEZIRTT COVID-19
HAS 35 sl . B30 S5 — Tt m] i P 4t 5 3R B
HH P 4559897 COVID-19 fig 5 25 )% B 1 IR
SR, R, $EEIERIG &R, EAHE A,

oo o B 2 B0 5 R RRTE VR S

NI % 24 B 2 i 25 SR AT i, HE BT 10 B2k
BYIREE Sy BN R R ARy, RBREER. W
K PTGS2. B-4+ M % . 2% R . ¥ 5% . PTGSI
A1 HSPOOAAL. Mtz . IIZsWy. KBEFEER. WHK
R B-O NI LR EBRAFES TR IEE R
KA M E B &2 . BAMEATS SARS-CoV-
2 3CL /KA B 45 aidtk . IR ERT Cell
Research WA PYEIIHAETEF (Remdesivir)
M (Chloroquine) 7EA&SMAT i 2 41 SARS-CoV-2
Y, A3 IR, TP AL 2. M
. EEZR, ABREEMPIGEE RS SARS-CoV-2
3CL /K fift Bl 45 & Rt -5 STk i e DO ity 428 74 =5 i
VCHBFAHIT . B R ANA R B R AE AR N A B 2
TR ERIE RS, At, B FLPOZR B B R AT LARE

R2 RREIFHROCUEEYURIGRRER NS SARS-CoV-2 3CL K iREEE & RE
Table 2 Binding energy values of core compounds in TRQI and effective drugs reported clinically with SARS-CoV-2 3CL

hydrolase
& (=5 AR5 R CAS & SARS-CoV-2 £ 4BE/(kJ-mol ™)
- i F C29H500 414.79 83-46-5 3CL /K fif -37.94
IES C15H1006 286.25 520-18-3 -33.78
Wi e R CisH1007 302.25 117-39-5 -32.07
WHER Ci1sH100s 270.25 491-67-8 -32.16
REBEZR Ci1sH100s6 286.25 491-70-3 -31.37
WHER Ci6H120s 284.28 632-85-9 -28.95
225 R C3H/NO3 105.11 6898-95-9 -12.02
i Ve 5 C27H35NsOsP 602.58 1809249-37-3 —32.64116]
IR C37H4sN4Os 628.80 192725-17-0 —32.22016)
S C1sH26CIN3 319.87 54-05-7 —24.69116]
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452 -SARS-CoV-2 3CL 7K fift i

AR B Z-SARS-CoV-2 3CL /K fift i

I H % -SARS-CoV-2 3CL /K fift il

& 6 HRAETH RO EYS SARS-CoV-2 3CL KRERS FXHEER
Fig. 6 Molecular docking diagram of SARS-CoV-2 3CL hydrolase with core compounds of TRQI
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IL7. IL10. GSCF. IP10 (CXCL10). MCP1 (CCL2).
MIP1A (CCL3) Al TNF-o &35 TAEEEHRE .
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