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Abstract: Thrombosis is a key factor that increases the mortality rate of COVID-19 patients and causes long
COVID sequelae. Guanxinning Tablet (GXNT), which is composed of Salvia miltiorrhiza and Ligusticum
Chuanxiong, has significant antithrombotic activity, but the similarities and differences between its anti-
conventional thrombus and microthrombus induced by COVID-19 remain unclear. In this paper, the main active
components, potential targets and mechanisms of GXNT in the treatment of thrombus and microthrombus caused

by COVID-19 were preliminarily revealed by using anti-platelet experiments in vitro, network pharmacology
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analysis, molecular docking technology and molecular biology experiments. The results of platelet aggregation and
adhesion experiments in vitro showed that GXNT had significant anti-platelet aggregation and adhesion activities
in a dose-dependent manner. Using network pharmacology analysis, it was revealed that salvianolic acid B,
tanshinone IIA, caffeic acid and ligustrazine in GXNT could resist thrombus and microthrombus caused by
COVID-19 through key targets as the high mobility group box 1 protein (HMGB1), tumor necrosis factor (TNF),
interleukin 6 (IL6) and AKT serine/threonine kinase 1 (AKT1). HMGBI1 signaling pathway is one of its key
common mechanisms. Western blot also indicated that GXNT significantly inhibited the expression of HMGBI
protein in platelets. In summary, this paper explores the similarities and differences between the mechanism of
GXNT against conventional thrombus and microthrombus caused by COVID-19 and provides drug reference and
theoretical basis for clinical prevention and treatment of long COVID sequelae. The animal experiment has been
approved by the Experimental Animal Ethics Committee of Tianjin University of Traditional Chinese Medicine
(No. TCM-LAEC2023187g1549).
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Network pharmacology analysis-core targets of GXNT against thrombosis

. P-value of

No. Symbol Entrez gene name Location Type overlap
1 TNF Tumor necrosis factor Extracellular space  Cytokine 1.53E-56
2 APOE Apolipoprotein E Extracellular space  Transporter 2.15E-50
3 NR3Cl1 Nuclear receptor subfamily 3 group C member 1 Nucleus Ligand-dependent nuclear receptor 2.15E-46
4 LEP Leptin Extracellular space ~ Growth factor 3.84E-46
5 ILIB Interleukin 1 beta Extracellular space  Cytokine 5.36E-46
6 1L6 Interleukin 6 Extracellular space  Cytokine 7.29E-44
7 IL17A Interleukin 17A Extracellular space  Cytokine 3.52E-39
8 IL10 Interleukin 10 Extracellular space  Cytokine 1.28E-38
9 STAT3 Signal transducer and activator of transcription 3 Nucleus Transcription regulator 6.67E-38
10 TLR4 Toll like receptor 4 Plasma membrane ~ Transmembrane receptor 4.81E-37
11 TNFRSF1A  TNF receptor superfamily member 1A Plasma membrane  Transmembrane receptor 2.73E-36
12 PPARG Peroxisome proliferator activated receptor gamma  Nucleus Ligand-dependent nuclear receptor 3.48E-35
13 TLR2 Toll like receptor 2 Plasma membrane  Transmembrane receptor 1.8E-34
14 HMOX1 Heme oxygenase 1 Cytoplasm Enzyme 3.71E-32
15 1L2 Interleukin 2 Extracellular space  Cytokine 3.45E-30
16 MYD88 MYD88 innate immune signal transduction adaptor ~ Plasma membrane  Other 3.48E-30
17 F2 Coagulation factor II, thrombin Extracellular space  Peptidase 3.44E-23
18 JAK2 Janus kinase 2 Cytoplasm Kinase 4.76E-20
19 HMGBI High mobility group box 1 Nucleus Transcription regulator 9.48E-17
20 AKTI AKT serine/threonine kinase 1 Cytoplasm Kinase 8.22E-13
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Figure 1 Guanxinning Tablet (GXNT) significantly inhibits thrombin induced platelet aggregation and adhesion. A: The change curves of

platelet aggregation at different time points in each group after thrombin activation of platelets; B: Quantification of thrombin activation of

platelets for 45 min; C: Representative images of thrombin induced platelet adhesion to fibrinogen; D: Quantification of thrombin induced

platelet adhesion to fibrinogen; E: Representative images of thrombin induced platelet adhesion to endothelial cells; F: Quantification of

thrombin induced platelet adhesion to endothelial cells. n =4, X 5. P < 0.01, " P < 0.001 vs model group
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Table 2 Network pharmacology analysis-core targets of GXNT against microthrombosis induced by COVID-19

No. Symbol Entrez gene name Location Type P-value of
overlap

1 IL1B Interleukin 1 beta Extracellular space Cytokine 4.66E-36
2 IL17A Interleukin 17A Extracellular space Cytokine 8.54E-33
3 TNF Tumor necrosis factor Extracellular space Cytokine 1.58E-32
4 IL10 Interleukin 10 Extracellular space Cytokine 2.82E-28
5 NR3C1 Nuclear receptor subfamily 3 group C member 1~ Nucleus Ligand-dependent nuclear receptor ~ 8.48E-28
6 HIF1A Hypoxia inducible factor 1 subunit alpha Nucleus Transcription regulator 2.08E-27
7 HMOX1 Heme oxygenase 1 Cytoplasm Enzyme 5.16E-27
8 1L6 Interleukin 6 Extracellular space Cytokine 1.16E-25
9 STAT3 Signal transducer and activator of transcription 3~ Nucleus Transcription regulator 1.46E-25
10 EGFR Epidermal growth factor receptor Plasma membrane Kinase 7.86E-22
11 MAPKI14  Mitogen-activated protein kinase 14 Cytoplasm Kinase 1.68E-19
12 PTGS2 Prostaglandin-endoperoxide synthase 2 Cytoplasm Enzyme 1.1E-17

13 TLR2 Toll like receptor 2 Plasma membrane Transmembrane receptor 2.54E-17
14 LDLR Low density lipoprotein receptor Plasma membrane Transporter 1.2E-16

15 MTOR Mechanistic target of rapamycin kinase Nucleus Kinase 3.83E-16
16 VEGFA Vascular endothelial growth factor A Extracellular space Growth factor 1.3E-15

17 HMGBI1 High mobility group box 1 Nucleus Transcription regulator 1.67E-15
18 AKTI AKT serine/threonine kinase 1 Cytoplasm Kinase 1.49E-09
19 HSPAS Heat shock protein family A (Hsp70) member 5 Cytoplasm Enzyme 9.14E-05
20 MAPK1 Mitogen-activated protein kinase 1 Cytoplasm Kinase 3.72E-03

Table 3 Comparison of core targets of GXNT against thrombosis and microthrombosis induced by COVID-19

Category

Target

Common targets of GXNT against thrombosis and microthrombosis
induced by COVID-19

Specific targets of GXNT against thrombosis

Specific targets of GXNT against microthrombosis induced by
COVID-19

HMGBI, IL17A, AKT1, IL1B, STAT3, HMOX1, IL6, TNF, IL10, TLR2

TLR4, MYD88, JAK2, TNFRSF1A, PPARG, F2, APOE, IL2, LEP,

NR3C1

VEGFA, MTOR, EGFR, HSPAS, MAPK1, LDLR, MAPK14, HIF1A,

NR3C1, PTGS2
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Figure 2
microthrombosis induced by COVID-19
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Figure 3 The analysis of potential mechanisms. A: GO functional enrichment of GXNT against thrombosis; B: GO functional enrichment
of GXNT against microthrombosis induced by COVID-19; C: KEGG pathway analysis of GXNT against thrombosis; D: KEGG pathway
analysis of GXNT against microthrombosis induced by COVID-19; E: The HMGBI signaling pathway
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