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Graphical Abstract
The mechanisms analysis of Xuanfei Baidu Granules (XFBD) in the treatment of COVID-19.





Introduction

Coronavirus disease 2019 (COVID-19) is a highly infectious disease caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (Lai et al., 2020). Since the outbreak of COVID-19, it has been characterized by strong infectivity, long treatment time after infection, and high mortality of patients with severe illness (Fogarty H, et al., 2020; Rowan NJ, et al., 2020; Goldman DT, et al., 2021). The latest clinical research findings that the main physiological and pathological feature of severe COVID-19 is “cytokine storm”, also known as inflammatory storm (Ouédraogo et al., 2020). It is an immune response produced by a positive feedback loop between cytokines and immune cells, and it is also the state which the body’s immune system has evolved from “self-protection” to “over-protection” (Bellanti and Settipane, 2020). Therefore, the outbreak of inflammation is an important pathological factor leading to the aggravation and even death of patients with respiratory damage caused by COVID-19 (Liu et al., 2021), however, there is no clear antiviral therapy for COVID-19 in the clinic (Panyod et al., 2020). The latest clinical trials show that traditional Chinese medicine has a significant effect on viral pneumonia. Clinical studies have shown that XFBD combined with conventional drugs can significantly improve clinical symptoms such as fever, cough, fatigue, loss of appetite, etc. XFBD treatment can increase the number of white blood cells and lymphocytes to improve immunity, while significantly reducing C-reactive protein and erythrocyte sedimentation rate to play an anti-inflammatory effect (Xiong et al., 2020; Zhao et al., 2021a). Meta-analysis demonstrated that XFBD alleviated clinical symptoms in most patients with mild or moderate COVID-19, and reduced the transition of mild patients to severe disease (Runfeng et al., 2020; Wang et al., 2022).At present, the symptomatic treatment of COVID-19 with integrated traditional Chinese and Western medicine has been clinically applied in China, and good therapeutic effects have been achieved.

Currently, the National Health Commission of China recommends the traditional Chinese medicine compound Xuanfei Baidu Granule (XFBD) for the clinical treatment of COVID-19 (Xie, 2020).

Xuanfei Baidu granule (XFBD) consists of 13 Chinese materia herbs: bitter almond, atractylodes, artemisia annua, patchouli, polygonum cuspidatum, verbena, reed root, ephedra, coix seed, exocarpium, licorice, semen lepidii, and gypsum (Zhao et al., 2021a). XFBD is a traditional Chinese medicine compound for the treatment of anti-epidemic, which is designed for the pathological characteristics of wet toxin (Xie, 2020). XFBD has the effects of inhibiting viral infections, promoting the absorption of lung inflammation, and reducing inflammatory factors.

A large number of clinical studies have shown that Xuanfei Baidu granule (XFBD) can effectively relieve the clinical symptoms of COVID-19 patients (Li et al., 2021a). The latest clinical study found that XFBD combined with conventional drugs significantly improved the clinical symptoms of COVID-19 patients, increased the number of white blood cells and lymphocytes, and decreased C-reactive protein and erythrocyte sedimentation rate. This result suggested that XFBD had a potential immunomodulatory role in the treatment of COVID-19 (Xiong et al., 2020).

However, there is currently a lack of more in-depth and systematic research on Xuanfei Baidu granule (XFBD) in the treatment of COVID-19. And XFBD is a traditional Chinese medicine compound, its complex components also hinder the related research in the treatment of COVID-19. Molecular dynamics can comprehensively and systematically simulate the interaction and binding stability between small molecule monomers and protein targets with the help of powerful computing power.

Molecular dynamics (MD) is an interdisciplinary subject based on the knowledge of physics, chemistry, life science, materials and other disciplines. It uses large computer clusters (or even supercomputers) as the carrier, it aims to obtain data such as microstructure, physical and chemical properties, and performance characterization parameters of materials by calculation (Santos et al., 2019). It is a supplement and in-depth excavation of the traditional materials discipline mainly based on experiments. Through the data obtained by calculation, the mechanism behind the experiment is researched and analyzed at multiple levels from the microscopic, mesoscopic and macroscopic scales. So that it is not only limited to “qualitative”, but can rise to the theoretical height of “quantitative” (Anuar et al., 2021). It analyzes the behavioral law of molecular motion by solving the potential function of intermolecular interaction and the equation of motion, simulates the dynamic evolution process of the system, and provides microscopic quantities (such as: the coordinates and velocity of molecules, etc.) and macroscopic observable quantities (such as: the relationship between the temperature, pressure, heat capacity of the system, etc.) (Sivakumar et al., 2020), so as to study the equilibrium properties and mechanical properties of the composite system, it is an effective research method to study the properties of drugs and protein stability. Firstly, molecular dynamics solves the equation of motion for a many body system composed of atomic nuclei and electrons. Secondly, molecular dynamics can not only directly simulate the macroscopic evolution characteristics of matter, but also obtain calculation results that are consistent with or similar to the experimental results. Finally, molecular dynamics can give the microscopic evolution process of the system from the atomic level, and intuitively show the mechanism and law of the experimental phenomenon. Therefore, molecular dynamics can provide a clear picture of the microstructure, particle motion and their relationship with macroscopic properties. Molecular dynamics can also make our research more efficient, more economical, and more predictable.

This study used bioinformatics to screen out potential effective monomers from Xuanfei Baidu granule (XFBD). The core intersection targets of XFBD and COVID-19 were screened by GeneCards database. PPI, GO and KEGG were used to analyze the potential associations between gene targets to explore the mechanisms of action and potential pathways. Molecular system movement was used to their simulate the result of calculating interrelationships from the cellular level to the chemical group level. Molecular docking was used to determine the affinity of monomeric compounds and protein targets, molecular dynamics was used to simulate the stability of bound complexes. The research on the mechanism of XFBD in the treatment of COVID-19 will promote its clinical application, lay a solid foundation for related research and promote further research.



Material and methods


Identification and screening of active compounds

Traditional Chinese Medicine Systems Pharmacology Database (TCMSP, http://tcmspw.com/) was used to screen and analyse all compounds of the thirteen Chinese medicinal herbs in Xuanfei Baidu granule (XFBD) (Daina et al., 2019). Compounds of XFBD are screened according to two key parameters, namely oral bioavailability (OB) and drug similarity (DL), in the assessment categories of absorption, distribution, metabolism and excretion. OB was defined as the degree to which active ingredients are used by the body (Ru et al., 2014). OB largely determines the effect of the compound on the disease, DL is used to screen and refine candidate compounds early in drug development. In this study, the active compounds in XFBD were selected according to the criterion of OB≥30% and DL≥0.18 (Xu et al., 2012).



The intersection of disease and drug gene targets

We used the GeneCards (https://genecards.weizmann.ac.il/v3/), “COVID-19” and “SAR-Cov-2” were uesd to be the key words to obtain the disease gene targets, and COVID-19-related genes were screened from genecard with relevance score≥5 as the threshold, relevance score is a comprehensive evaluation of the association between genes and research diseases. We also imported the 13 Chinese materia herbs of Xuanfei Baidu granule (XFBD) into genecards to obtain drug gene targets. The drug gene targets and the disease gene targets were combined through the venny website to obtain intersection gene targets.



Xuanfei Baidu granule treatment of COVID-19 interaction protein targets (Protein-Protein Interaction) network building

The STRING database was used to analyze the protein-protein interaction (PPI) of Xuanfei Baidu granule (XFBD) in the treatment of COVID-19. STRING database covers the majority of known human protein–protein interaction information (Szklarczyk et al., 2019). In order to further clarify the interaction between potential protein targets, all potential therapeutic protein targets of XFBD on COVID-19 were imported into Cytoscape 3.7.1 to analyze (Shannon et al., 2003), we defined the protein type as “Homo sapiens”, and obtained relevant information on protein interactions by STRING database. Finally, the network topology parameters were analyzed by Cytoscape 3.7.1, and the hub protein targets were screened out according to the criterion that the node degree value and the betweenness center value were greater than the average value.



The gene target enrichment analysis

The interaction gene targets were used in DAVID database for gene ontology (GO) functional annotation and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis. We obtained the molecular function (MF), cellular component (CC) and related biological process (BP) of the gene targets through GO enrichment. The disease-related targets obtained from screening were input into the DAVID database by entering the list of target gene names and selecting the species as “homo sapiens” (Huang Da et al., 2009). In this study, KEGG pathway enrichment analysis was performed on the relevant signaling pathways involved in the target, and gene target screening was performed under the condition of p<0.05. The main biological processes and signaling pathways of Xuanfei Baidu Granules (XFBD) on COVID-19 were analyzed. This study visualized the results of GO enrichment and KEGG enrichment by the Omicshare Tools platform (Cao et al., 2022).



Network diagram of “ Disease-core target gene-drug “

Cytoscape 3. 7. 1 network map software was used to construct a disease-core target gene-drug network and conduct topological analysis. The core gene targets can be screened based on the node degree value greater than two times the median (Cao et al., 2022).



Component target molecular docking and validation of the docking protocol

Molecular docking was used to study the molecular affinity of Xuanfei Baidu granule (XFBD) small-molecule potent antiviral compounds with COVID-19 protein targets. The protein crystal structure used for docking was downloaded from the PDB database, and the 3D structure of the small molecule was downloaded from the PUBCHEM database, and energy minimization was performed under the MMFF94 force field. In this study, AutoDock Vina 1.1.2 software was used for molecular docking work. Before docking, PyMol 2.5 was used to process all receptor proteins, including removal of water molecules, salt ions and small molecules (Kim et al., 2016). Then set up the docking box, use the PyMol plugin center of mass.py to define the center of the docking box based on the position of the crystal ligand, and set the box side length to 22.5 angstroms. In addition, ADFRsuite 1.0 was used to convert all processed small molecules and receptor proteins into the PDBQT format necessary for docking with AutoDock Vina 1.1.2. When docking, the exhaustiveness of the global search is set to 32, and the rest of the parameters remain the default settings. The output highest scoring docked conformation was considered to be the binding conformation for subsequent molecular dynamics simulations (Kim et al., 2016). The study used the original crystal ligand of the protein target as a positive reference, and we analyzed and compared the binding posture of the original crystal ligand and protein, the chemical bond length and the chemical bond angle by re-docking the original crystal ligand and protein. Finally, the consistency of the binding mode can indicate the correctness of the molecular docking protocol (Cao et al., 2022).



Molecule dynamics

The highest scoring conformations determined by molecular docking analysis were further validated by running 50ns molecular dynamics simulations. Molecular dynamics (MD) simulation is a comprehensive set of molecular simulation methods combining physics, mathematics and chemistry. This method mainly relies on Newtonian mechanics to simulate the motion of molecular systems, we calculate macroscopic properties such as thermodynamic quantities of a system by taking samples from an ensemble of different states of a molecular system.

In this study, all-atom molecular dynamics simulations were performed based on the small molecule and protein complexes obtained from the molecular docking results as the initial structure, and the simulations were performed using AMBER 18 software (Maier et al., 2015). The charge of the small molecule was calculated in advance by the antechamber module and the Hartree–Fock (HF) SCF/6-31G* of the gaussian 09 software before the simulation. Afterwards, small molecules and proteins were described using the GAFF2 small molecule force field and the ff14SB protein force field, respectively. Each system used the LEaP module to add hydrogen atoms to the system, added a truncated octahedral TIP3P solvent box at a distance of 10 Å, and added Na+/Cl- to the system to balance the system charge (Harrach and Drossel, 2014). Finally, the simulated topology and parameter files were exported.

Ligands were parameterized using a generic amber force field (GAFF) using a combination of AmberTools18 and ACPYPE 51 protocols (Wang et al., 2006). After the initial addition of hydrogen atoms to each system, the system uses the steepest descent algorithm for vacuum minimization. Solvent was then added and the system ions were equilibrated using counter ions (Na+/Cl-). The proteins were all energy minimized using the steepest descent method and the conjugate gradient method. This was followed by an NVT and NPT ensemble (1000 ps, dt of 2 fs) and an MD run (100 ns, dt of 2 fs) at 298 K temperature and 1 bar pressure using the skip integrator algorithm. The coordinates and energy of the system are saved every 10 ps. Finally, 50ns production simulations were carried out for each system under periodic boundary conditions. For all simulations, the van der Waals force (vdw) cutoff and short-range electrostatic interactions were set to 10 Å. The Particle-Mesh-Ewald (PME) method is used to evaluate long-range electrostatic interactions. Molecular dynamics simulation trajectories include protein-ligand complex root mean square deviation (RMSD), root mean square fluctuation (RMSF), radius of gyration and solvent accessible surface area (SASA).



MMGBSA binding free energy calculation

The binding free energy was investigated using the MM-PBSA method, and the conformational stability was studied in detail. The binding free energies between proteins and ligands for all systems were calculated by the MM/GBSA method (Hou et al., 2011). The molecule dynamics trajectory of 50 ns was used for calculation, and the specific formula is as follows:

	

In the formula, Einternal represents internal energy, EVDW represents van der Waals interaction and Eelec represents electrostatic interaction. The internal energy includes bond energy (Ebond), angular energy (Eangle) and torsional energy (Etorsion); GGB and GGA are collectively referred to as solvation free energy, where GGB is the polar solvation free energy and GGA is the non-polar solvation free energy. For this paper, the GB model developed by Nguyen was used for calculation (igb = 2). The non-polar solvation free energy (GSA) was calculated based on the product of surface tension (γ) and solvent accessible surface area (SA), GSA = 0.0072 × SASA15. The entropy change is ignored in this study due to high computational resource consumption and low precision (Cao et al., 2022).




Results


Identification of potentially active compounds in Xuanfei Baidu granule

In total, 178 potential compounds in Xuanfei Baidu granule (XFBD) were retrieved from the TCMSP database with the criteria of DL≥0.18 and OB≥30%, by further improving the OB score (OB≥74%), five core active compounds in XFBD were screened out, shown in Table 1.


Table 1 | The core active compounds in Xuanfei Baidu Granules (XFBD) Binding free energies and energy components.





Obtained common gene targets by intersection

We obtained 1308 Xuanfei Baidu granule (XFBD) gene targets and 4600 COVID-19 gene targets. A total of 548 intersection gene targets were processed by Venny, shown in Figure 1.




Figure 1 | Intersection targets-active ingredient networks. Targets of the intersection of Xuanfei Baidu granule (XFBD) and COVID-19.





Core intersection target screening and PPI network diagram

We obtained intersection genes targets of relevance score through GeneCards, relevance score≥5 which were considered as a core intersection gene target, through STRING database analysis of 33 mapping of the core intersection gene targets of COVID-19 and XFBD, the study constructed the PPI network interaction map of the target protein of XFBD in the treatment of COVID-19, shown in Figure 2A. 11 core genes (such as CSF2, IFNG, NLRP3, etc.) were obtained by setting the interaction score (confidence degree>0.95), and the study used the 11 core gene targets to reconstruct the core PPI network, shown in Figure 2B.




Figure 2 | Protein-protein interaction (PPI) network. (A) PPI network of protein target, (B) PPI network of core protein target (confidence>0.95).





GO and KEGG enrichment analysis

The 33 intersection gene targets were imported into the DAVID database for enrichment analysis. Under the condition of p<0.05, the GO enrichment analysis yielded a total of 277 GO entries, including 239 BP entries, 23 CC entries, and 15 MF entries. According to the number of targets contained, the top 10 BP, CC and MF compressions were screened. The results showed that in biological processes, biological processes were highly correlated with inflammation and viral replication, mainly involving the cytokine-mediated signaling pathway, inflammatory response, and immune response. Among cell components, extracellular space, extracellular region and cell surface account for a relatively large amount. In molecular functions, cytokine activity, protein binding and receptor binding are relatively high, shown in Figures 3A–F. KEGG pathway analysis yielded 72 pathways with p<0.05. According to the number of targets contained, the first 15 pathways were screened. The results showed that the enriched pathways involved multiple pathways related to inflammation and immune response, mainly coronavirus disease COVID-19, influenza A, cytokine-cytokine receptor interaction and other signaling pathways, shown in Figures 3G, H.




Figure 3 | Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis of related genes. (A) The top 10 terms in biological processes (BP) were greatly enriched. (B) The subnetwork displayed the first 10 BP terms and related genes. (C) The top 10 terms in cellular components (CC) were greatly enriched. (D) The subnetwork displayed the first 10 CC terms and related genes. (E) The top 10 terms in molecular function (MF) were greatly enriched. (F) The subnetwork displayed the first 10 MF terms and related genes. (G) The first 15 KEGG pathways were showed. (H) the subnetworks displayed the first 15 KEGG pathways and related.





Disease-core gene target-drug network

The disease-core gene target-drug network was constructed to show the main signal pathway and biological process of Xuanfei Baidu granule (XFBD) in the treatment of COVID-19, shown in Figure 4.




Figure 4 | Disease-core gene target-drug network. Square nodes represent gene targets, triangular nodes represent signaling pathways (KEGG), and octagonal nodes represent gene ontology (GO) of related genes.





Molecular docking

The 11 core intersection gene targets were selected for molecular docking. The stability of receptor-ligand binding depends on the binding energy. The lower the binding energy of the complex, the more stable the receptor-ligand binding conformation. The results show that the binding of CSF2/I-SPD complex is mainly maintained by hydrogen bonding and hydrophobic interaction. For example, I-SPD can form hydrogen bonding with GLN-43 on CSF2 protein, and also with TYR-71, LEU-42, ILE-104, PRO-105 forms a hydrophobic interaction, shown in Figure 5A. The binding of CSF2/Vestitol complex is mainly through hydrophobic interaction, for example, the small molecule Vestitol and PRO-76, LEU-42, TYR-71, ILE-104, PRO-105 on the protein form hydrophobic interaction, shown in Figure 5B. In the NLRP3/I-SPD binding complex, the small molecule I-SPD forms hydrogen bonds with GLN-468, SER-470, ALA-72, and also with VAL-197, GLU-473, LEU-472, TYR-476, PHE -419 forms a hydrophobic interaction. In addition, we also observed that I-SPD and ARG-422 form cationic pi conjugation, shown in Figure 5C. The binding of NLRP3/Pachypodol suggested that the small molecule Pachypodol forms hydrogen bonds with VAL-197, GLU-200 and GLU-213, and also forms hydrophobic interactions with LEU-199 and PRO-196 on the protein, shown in Figure 5D, molecular docking result scores are shown in Figure 6.




Figure 5 | Molecular docking of active ingredients and core targets. (A) CSF2/I-SPD, (B) CSF2/Vestitol, (C) NLRP3/I-SPD, (D) NLRP3/Pachypodol.






Figure 6 | Screening docking results between ligands and receptors.





Molecular dynamics results

The root mean square partiality of molecular dynamics simulation is used to reflect the movement process of the complex. The larger the RMSD value of the complex, the more severe the fluctuation and the more intense the movement. On the contrary, the movement is stable. The RMSD of the four systems gradually converged in the first 5 ns of the simulation, and kept stable fluctuations in the subsequent simulations. It is suggested that the motion of the four complexes is stabilized after the combination of the kinetics. In comparison, CSF2/Vestitol (red line) has the lowest RMSD, followed by NLRP3/I-SPD, then CSF2/I-SPD, and finally NLRP3_Pachypodol, indicating that the stability of these complexes is CSF2/I-SPD, CSF2/Vestitol, NLRP3/I-SPD, NLRP3/Pachypodol. However, it is worth emphasizing that the RMSD results of all complexes suggest that small molecules can bind to proteins and maintain a relatively stable state. The results are shown in Figure 7.




Figure 7 | Complex root mean square deviation (RMSD) difference over time. ns, nanosecond.





Combined free energy calculation results

Based on the trajectory of the molecular dynamics simulation, we calculated the binding energy using the MMGBSA method, which can more accurately reflect the binding mode of small molecules and target proteins. The binding energies of CSF2/I-SPD, CSF2/Vestitol, NLRP3/I-SPD, and NLRP3_Pachypodol complexes were -20.89 ± 1.32 kcal/mol, 27.57 ± 2.78 kcal/mol, -30.52 ± 1.17 kcal/mol, and -21.65 ± 3.36 kcal/mol. The negative values indicate that both molecules have binding affinity for the target protein, and lower value indicate stronger binding. Obviously, our calculations show that these molecules and the corresponding proteins have a certain binding affinity and are very strong. Among them, NLRP3/I-SPD and CSF2/Vestitol have higher binding energies. For the binding energy of the NLRP3/I-SPD complex, the energy decomposition shows that the van der Waals energy is the main contribution energy. For the binding energy of the CSF2/Vestitol complex, the energy decomposition shows that the electrostatic energy is the main contribution energy. The experimental results are shown in Table 2.


Table 2 | Binding free energies and energy components predicted by MM/GBSA (kcal/mol).





Hydrogen bond analysis

Hydrogen bonds are one of the strongest non-covalent binding interactions. The more the number, the better the binding. The results suggest that the number of hydrogen bonds between small molecules and NLRP3 is significantly more than the number of hydrogen bonds with CSF2. Combining the above binding modes, we can see that the number of hydrogen bonds is small. The interaction of molecules and NLRP3 may be dominated by hydrogen bonding, especially the NLRP3/I-SPD complex with the strongest binding energy. The interaction of small molecules with CSF2 may not mainly occur through hydrogen bonding, but through hydrophobic interaction. The results are shown in Figure 8.




Figure 8 | Changes in the number of hydrogen bonds between small molecule ligands and protein receptors in complex system simulations (A) CSF2/I-SPD, (B) CSF2/Vestitol, (C) NLRP3/I-SPD, (D) NLRP3/Pachypodol.





The stability of the target protein at the residue level

To explore the local fluctuations of macromolecular proteins at the residue level, the vibrations of each residue after compound binding were explored as root mean square fluctuations (RMSF). RMSF can reflect the flexibility of proteins during molecular dynamics simulations. Usually, after the drug binds to the protein, the flexibility of the protein decreases, thereby achieving the effect of stabilizing the protein and exerting the effect of enzymatic activity. The RMSF of the CSF2 and NLRP3 proteins after binding different small molecules is generally low, indicating that the protein as a whole has good rigidity, shown in Figure 9. It is worth noting that for CSF2, the decrease in RMSF after the binding of Vestitol small molecule indicates a significant decrease in protein rigidity; however, for NLRP3, the effect of I-SPD and Pachypodol on protein RMSF was not different.




Figure 9 | Changes in the stability of protein targets at the residue level (A) CSF2/I-SPD and CSF2/Vestitol. (B) NLRP3/I-SPD and NLRP3/Pachypodol.





Analysis of the radius of gyration

The radius of gyration (Rg) reflects the compactness of the embodiment and can reflect the degree of binding of the system. For the CSF2 protein, the Rg after combining two small molecules acts at 13.7 angstroms; for the NLRP3 protein, the compactness after combining the small molecules is about 23.8 angstroms. The overall values are low, implying that the system is denser and more closely combined. It is worth mentioning that the CSF2 protein is smaller, and the Rg of CSF2 is smaller than that of NLRP3, the results are shown in Figure 10.




Figure 10 | Analysis of protein folding state and overall conformation (A) CSF2/I-SPD and CSF2/Vestitol. (B) NLRP3/I-SPD and NLRP3/Pachypodol. ns, nanosecond.





Analysis of solvent accessible surface area

Solvent accessible surface area is calculated as the interface surrounded by solvent. This solvent behaves differently under different conditions and is therefore a useful parameter for studying protein conformational dynamics in a solvent environment. The contact area between the four complexes and water is similar, and the small molecule has little effect on the effect of protein and water, the results are shown in Figure 11.




Figure 11 | Analysis of Solvent Accessible Surface Area (SASA) (A) CSF2/I-SPD and CSF2/Vestitol. (B) NLRP3/I-SPD and NLRP3/Pachypodol. ns, nanosecond.






Discussion

This study explored the pharmacological mechanism of Xuanfei Baidu granule (XFBD) in the treatment of COVID-19 by molecular docking and molecular dynamics simulation based on molecular system movement. For the first time, it was found that the important active chemical components I-SPD and Pachypodol in XFBD could reduce the inflammatory response and apoptosis by inhibiting the activation of NLRP3, and reduce the production of inflammatory response. And I-SPD and Vestitol could inhibit the activation and chemotaxis of inflammatory cells through CSF2, prevent the generation of inflammatory storm. Therefore, Vestitol, Pachypodol and I-SPD in XFBD could effectively treat COVID-19 through NLRP3 and CSF2 and reduce the clinical symptoms of patients.


Bioinformatics analysis of XFBD

Pachypodol, I-SPD and Vestitol in XFBD play a role in treating COVID-19 by acting on NLRP3, CSF2, and relieve the clinical symptoms of SAR-Cov-2 infection.

Pachypodol and I-SPD reduce inflammation and apoptosis by inhibiting the activation of NLRP3, thereby exerting protective effects on the respiratory and nervous systems of patients. Analysis of protein interaction network PPI suggested that NLRP3 was closely related to viral infections and inflammatory responses targets, GO analysis results suggest that NLRP3 is mainly located in extracellular space, KEGG pathway analysis found that NLRP played a role in coronavirus disease COVID-19, influenza A and other pathways. The analysis results suggest that the SARS-CoV 3a protein, as a transmembrane pore-forming viral protein, can activate the NLRP3 inflammasome by forming ion channels in macrophages. At the same time, NLRP3 is found to play a role in pathways such as influenza A, and the inflammasome NLRPS can induce the production of the inflammatory cytokine IL-10 in host cells, resulting in an inflammatory cytokine storm. Inflammatory cytokine storms can cause acute respiratory distress syndrome (ARDS) and acute lung injury (ALI).

Vestitol and I-SPD mainly act on CSF2 to suppress cytokine storm and infiltration of immune cells. CSF2 was closely related to inflammatory targets in PPI. GO analysis results suggest that CSF2 is mainly located in extracellular region. KEGG pathway analysis found that CSF2 played a role in cytokine-cytokine receptor interaction and other pathways. CSF2 can be seen as an attractive mediator. CSF2 is produced as a pro-inflammatory cytokine by many cells, including macrophages, T cells, endothelial cells, and epithelial cells. CSF2 can control the production and differentiation of granulocytes and macrophages, and CSF2 has the effect of promoting tissue inflammation

However, the current bioinformatic analysis results can only predict potential relationships between drugs and gene targets and proteins. Therefore, the use of molecular docking and molecular dynamics in this study can verify the potential relationship of XFBD in the treatment of COVID-19.



Analysis of molecular docking and molecular dynamics

There is a strong affinity between active ingredient of medicine (such as Pachypodol, I-SPD and Vestitol) and the protein targets (such as NLRP3 and CSF2) through molecular docking tests. Molecular dynamics suggest that they can maintain a very stable binding state, and then play a pharmacological role in the treatment of COVID-19.

I-SPD could stably act on NLRP3 and CSF2, especially NLRP3/I-SPD showed strong stability. Molecular docking showed that the binding energies of small molecules to NLRP3 and CSF2 reached -7.9 and -8.0. Based on the trajectory of the molecular dynamics simulation, we calculated the binding energy using the MMGBSA method, which could more accurately reflect the binding mode of small molecules and target proteins. The binding free energy results showed NLRP3/I-SPD and CSF2/I-SPD were -39.13 ± 4.72 kcal/mol and -31.85 ± 0.83 kcal/mol, for the binding energy of the NLRP3/I-SPD complex, the energy decomposition showed that the van der Waals energy was the main contributing energy. In the molecular dynamics simulation, the RMSDs of NLRP3/I-SPD and CSF2/I-SPD both converged gradually in the first 5 ns of the simulation and preserved stable fluctuations in subsequent simulations, implying that the kinetics of the four complexes are stabilized after binding, and CSF2/I-SPD binding was more stable than NLRP3/I-SPD. NLRP3/I-SPD binding results suggested that small molecule I-SPD forms hydrogen bonds with GLN-468, SER-470, ALA-72, and also formed with VAL-197, GLU-473, LEU-472, TYR-476, PHE-419 Hydrophobic interaction.

The binding of Pachypodol to NLRP3 is relatively stable, molecular docking showed that the binding energies of small molecules to NLRP3 reached -8.2. The binding free energy results show NLRP3/Pachypodol was -26.90 ± 1.87kcal/mol. The number of hydrogen bonds of NLRP3/Pachypodol is relatively stable. The high fluctuation of residues in NLRP3/Pachypodol may be due to the influence of its own multiple peptide chains. NLRP3/Pachypodol binding results suggested that small molecule Pachypodol formed hydrogen bonds with VAL-197, GLU-200, GLU-213, and also formed with LEU-199 and PRO-196 Hydrophobic interaction.

Vestitol combined with CSF2 can form stable complexe, but there were some abnormal fluctuations, which may be due to the influence of the number and angle of binding bonds. molecular docking showed that the binding energies of small molecules to CSF2 reached -7.9. The binding free energy results showed CSF2/Vestitol was -35.21 ± 1.70 kcal/mol, for the binding energy of the CSF2/Vestitol complex, the energy decomposition showed that electrostatic energy was the main contributing energy. We found that RMSF decreased after CSF2 bound to the small molecule Vestitol, suggesting that protein rigidity was significantly decreased. CSF2/Vestitol binding results suggested that PRO-76, LEU-42, TYR-71, ILE-104, PRO-105 on small molecules and proteins form hydrophobic interactions.

We presented the microscopic evolution process of the complex system from the level of small molecules and protein residues through molecular docking and molecular dynamics. Computer simulations visualized the binding states of NLRP3/I-SPD, CSF2/I-SPD, NLRP3/Pachypodol and CSF2/Vestitol. The simulation results showed that the combination of the four complexes can remain relatively stable in the kinetic simulation, thus providing theoretical support for the role of small molecule drugs.

There are certain differences between Xuanfei Baidu granule (XFBD) and traditional single small molecule drugs in the treatment of COVID-19 (Choudhury et al., 2021; Yan et al., 2021). Because Xuanfei Baidu granule (XFBD) as a traditional Chinese medicine compound contains thousands of active small molecules, XFBD can treat diseases through multiple small molecular components acting on multiple disease-related target proteins, while reducing the adverse drug reactions. Therefore, molecular docking and molecular dynamics can be used to more deeply and objectively study the mechanism of action of small molecules in XFBD that coordinate and interact with each other to treat COVID-19. Some studies have used network pharmacology methods to enrich the targets and pathways of traditional Chinese medicines (such as: Lung Cleansing and Detoxifying Decoction (LCDD)) and explore their therapeutic effects on COVID-19 (Xu et al., 2021). This study not only analyzed and drawed on relevant network pharmacology research results, but also used the supercomputer platform to simulate the relationship between small molecule drugs and protein targets through molecular dynamics. For example, molecular dynamics can show the moverment stable between small molecule drugs and protein targets. The root mean square deviation partiality (RMSD)of molecular dynamics simulation can reflect the movement process of the complex.

Therefore, the results of this study could further explain the mechanism of action and related signaling pathways of XFBD in the treatment of COVID-19.



Pachypodol and I-SPD can reduce inflammation and apoptosis through NLRP3

As an essential component of the innate immune system, the NLRP3 inflammasome is important for antiviral host defense, and its abnormal activation can lead to pathological tissue damage during infection.

The NLRP3 inflammasome is a high molecular weight protein complex composed of the upstream sensor protein NLRP3 and the downstream effector protein caspase-1 (Lamkanfi and Dixit, 2012). When caspase-1 is activated, it promotes the activation of cytokines IL-1β and IL-18 (Mangan et al., 2018), which eventually leads to cell rupture and apoptosis (Liu et al., 2016; Orning et al., 2019; Liu et al., 2020). During COVID-19, the NLRP3 inflammasome is overactivated (Ratajczak et al., 2021), leading to the production of IL-1β/18 and promoting cytokine storm (Lin et al., 2019). Viruses are stimulators of cytokine release syndrome development (Tisoncik et al., 2012). Cytokine storm usually causes patients to express clinical symptoms such as fever, hypotension, and hypoxemia (Shimabukuro-Vornhagen et al., 2018). Elevated levels of IL-1β produced by the NLRP3 inflammasome further activate neutrophils, resulting in increased levels of the neutrophil extracellular traps (NETs) production. High levels of NETs lead to increased clot formation associated with COVID-19 and damage to endothelial and alveolar cells (Zhao et al., 2021b). Activation of NLRP3 requires at least two steps: initiation and activation (Xue et al., 2019). The first step of initiation is activation of the nuclear factor kappa B (NF-κB) signaling pathway (Gritsenko et al., 2020). NF-κB can enhance the transcription of pro-IL-1β, pro-IL-18 and NLRP3 (Afonina et al., 2017). Moreover, the oligomerization of NLRP3 and the assembly of NLRP3 and pro-caspase-1 into the NLRP3 inflammasome (Strowig et al., 2012), which is mainly composed of adenosine triphosphate (ATP) (Karmakar et al., 2016), oxidized mitochondrial DNA (ox-mtDNA)) (Jia et al., 2020), and mitochondrial reactive oxygen species (mtROS) (Zhong et al., 2016) participated in the completion. SARS-CoV-2 can cross the BBB into the central nervous system, directly infect brain tissue, and affect human neural progenitor cells and brain organoids (Zhang et al., 2020).

I-SPD and Pachypodol have the ability to penetrate the blood-brain barrier and inhibit NLRPS3-mediated inflammatory responses in the central nervous system. SARS-CoV-2 invades brain tissue in two ways: the hematogenous pathway and the neuronal retrograde pathway. BBB permeability is increased in patients with neurodegenerative diseases, promoting SARS-CoV-2 neuroinvasion (Zubair et al., 2020). NLRP3 is activated by SARS-CoV-2 in the central nervous system, and high levels of peripheral cytokines (such as IL-1β and IL-6) can directly pass through the BBB or reduce BBB integrity (Mohammadi et al., 2020), inducing peripheral leukocytes and monocytes penetration, impairs immune homeostasis in the brain (Heneka et al., 2013; Yan et al., 2020). At the same time, NLRP3 promotes the aggregation of peptides into pathogenic fibrils and the production of inflammatory cytokines, promotes mitochondrial dysfunction and apoptosis (Freeman and Swartz, 2020), and evolves into neurological lesions.

Therefore, we believe that I-SPD and Pachypodol can reduce the inflammatory response and apoptosis caused by the new coronavirus by acting on NLRP3, thereby exerting a protective effect on the respiratory and nervous systems of patients.



Vestitol and I-SPD prevent the generation of inflammatory storm and the infiltration of immune cells by inhibiting the overexpression of CSF2

Colony-stimulating factor 2 (CSF2), also known as granulocyte-macrophage colony-stimulating factor (GM-CSF) (Damiani et al., 2020). CSF2 is produced and secreted by many different types of cells, mainly monocytes, macrophages and eosinophils (Hamilton and Anderson, 2004), and normally regulates inflammatory responses and immune activation (Shi et al., 2006).

CSF2 can induce the survival and activation of macrophages and neutrophils, promote the maturation of alveolar macrophages, and play the functions of phagocytosis and killing of viruses (Mehta et al., 2015). The transcription factor PU.1 potentiates the promoting effect of CSF2 on the maturation of alveolar macrophages (Berclaz et al., 2007). Elevated levels of CSF2 in alveolar macrophages stimulate the production of reactive oxygen species (ROS). CSF2 affects the activation and proliferation of immune cells (Hamilton, 2008), and plays an important role in maintaining immune homeostasis in lung tissue (Rösler and Herold, 2016).

CSF2 regulates the Th1 immune response by inducing the production of dendritic cells (Wang et al., 2000; Miller et al., 2002). Interestingly, CSF2 can exert protective effects in humans. CSF2 can regulate the metabolism of vascular collagen (Ponomarev et al., 2007; Li et al., 2015; Shiomi and Usui, 2015), promote the proliferation and migration of vascular endothelial cells, thereby contributing to the process of angiogenesis (Tisato et al., 2013), and induce keratinocyte proliferation and migration, which in turn stimulates wound healing (Szabowski et al., 2000; Barrientos et al., 2008). CSF2 has been shown to protect the lung by restoring barrier function and stimulating epithelial cell proliferation (Huang et al., 2011), and the alveolar epithelium exerts a protective effect against oxidative stress-induced mitochondrial damage (Sturrock et al., 2012). However, when SARS-CoV-2 infected lung tissue, CSF2 was one of the most up-regulated genes in the cells. A cohort study demonstrated a positive correlation between CSF2 and disease severity in COVID-19 patients (Zhao et al., 2021c). High levels of CSF2 are found in the blood of severe COVID-19 patients (Wu and Yang, 2020), so CSF2 is a proxy for excessive inflammation in severe COVID-19 patients (Kluge et al., 2020). When CSF2 is overexpressed in the body, activated monocytes induce T cell death, resulting in lymphopenia, pathological hyperinflammatory immune response, pulmonary fibrosis and severe immune cell infiltration (Xing et al., 1996).

The crucial downstream signaling of CSF2R has been shown to involve JAK2/STAT5 (Lehtonen et al., 2002), ERK (Hansen et al., 2008; Achuthan et al., 2018), NF-κB and the phosphoinositide 3-kinase-AKT pathway (Perugini et al., 2010; Van De Laar et al., 2012). CSF2 is regulated by JAK2, and when activated by phosphorylation, regulates the proper differentiation and maturation of macrophages (Notarangelo and Pessach, 2008), and participates in various intracellular signaling pathways such as STAT5 and MAPK (Hansen et al., 2008). Janus kinase (JAK) activates tyrosine kinase, which then phosphorylates STAT3. Phosphorylated STAT3 activates NF-κB and upregulates the expression of inflammatory cytokines, thereby enhancing inflammation, cell damage and fibrosis (Cao et al., 2022). Macrophages repolarize through the CSF2/CSF2R axis to acquire the M1 phenotype (Ao et al., 2017). Mouse experiments confirmed that CSF2-IRF4 signaling can upregulate MHC class II expression (Van Der Borght et al., 2018). CSF2 enhances the antigen-presenting capacity of macrophages by increasing the expression of MHC-II (Ushach and Zlotnik, 2016). CSF2 upregulates IRF4 expression by enhancing JMJD3 demethylase activity (Yashiro et al., 2018), and activated IRF4 can upregulate CCL17 expression in monocytes/macrophages, mediating the production of inflammation (Achuthan et al., 2016). CSF2 produces airway inflammation by activating airway eosinophils after segmental allergen challenge (Liu et al., 2002). CSF2 induces infiltration and activation of eosinophils in the Th2 network (Nakagome and Nagata, 2011), producing and releasing specific granule proteins in vitro (Nagata et al., 1998), ultimately leading to airway pathology. The use of anti-CSF2 receptor monoclonal antibodies to target patients with severe pulmonary disease in COVID-19 can significantly improve clinical symptoms (De Luca et al., 2020; Temesgen et al., 2020).

Therefore, we believe that I-SPD and Vestitol inhibit the overexpression of CSF2 and prevent the generation of inflammatory storm and infiltration of immune cells, preventing mild and common COVID-19 patients from turning into severe ones.



The mechanisms analysis of Xuanfei Baidu in the treatment of COVID-19

The summary of the mechanisms analysis of Xuanfei Baidu granule (XFBD) in the treatment of COVID-19 is shown in Graphical Abstract.




Conclusion

This study revealed the pharmacological mechanism of Xuanfei Baidu Granule (XFBD) in the treatment of COVID-19 through molecular docking and molecular dynamics simulation. The results showed that the important active chemical components I-SPD and Pachypodol in Xuanfei Baidu Granules (XFBD) can reduce the inflammatory response and apoptosis by inhibiting the activation of NLRP3, and reduce the production of inflammatory response. I-SPD and Vestitol can inhibit the activation and chemotaxis of inflammatory cells through CSF2, preventing the generation of inflammatory storm.

Therefore, Vestitol, Pachypodol and I-SPD in Xuanfei Baidu Granules (XFBD) can effectively alleviate the clinical symptoms of COVID-19 patients through NLRP3 and CSF2.

Current molecular docking and molecular dynamics analyses are difficult to quantify. Since the research based on molecular dynamics is still in the stage of simulation analysis, the body function is a continuous and dynamic process. The process of disease occurrence, drug development and efficacy are also dynamic. This study will verify the pharmacological mechanism of Xuanfei Baidu Granules (XFBD) in the treatment of COVID-19, as well as the target and related signaling pathways of active ingredients through cell experiments in the future.



Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found in the article/Supplementary Material.



Author contributions

LX, JC, XZ, GX, ZY contributed to the conception of the study; JC, XY, SC, MW, CW, HX, YC, DL contributed significantly to analysis and manuscript preparation; JC, HX, YC, RZ, XH, TC, JT, QD performed the data analyses and wrote the manuscript; XZ, GX, JC, ZY helped perform the analysis with constructive discussions. All authors contributed to the article and approved the submitted version.



Funding

This study was supported by “Sichuan College Students’ innovation and entrepreneurship training program (S202113705049)”.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcimb.2022.965273/full#supplementary-material



References

 Achuthan, A., Aslam, A. S. M., Nguyen, Q., Lam, P. Y., Fleetwood, A. J., Frye, A. T., et al. (2018). Glucocorticoids promote apoptosis of proinflammatory monocytes by inhibiting ERK activity. Cell Death Dis. 9 (3), 267. doi: 10.1038/s41419-018-0332-4

 Achuthan, A., Cook, A. D., Lee, M. C., Saleh, R., Khiew, H. W., Chang, M. W., et al. (2016). Granulocyte macrophage colony-stimulating factor induces CCL17 production via IRF4 to mediate inflammation. J. Clin. Invest. 126 (9), 3453–3466. doi: 10.1172/JCI87828

 Afonina, I. S., Zhong, Z., Karin, M., and Beyaert, R. (2017). Limiting inflammation-the negative regulation of NF-κB and the NLRP3 inflammasome. Nat. Immunol. 18 (8), 861–869. doi: 10.1038/ni.3772

 Anuar, N., Wahab, R. A., Huyop, F., Amran, S. I., Hamid, A. A. A., Halim, K. B. A., et al. (2021). Molecular docking and molecular dynamics simulations of a mutant acinetobacter haemolyticus alkaline-stable lipase against tributyrin. J. Biomol. Struct. Dyn. 39 (6), 2079–2091. doi: 10.1080/07391102.2020.1743364

 Ao, J. Y., Zhu, X. D., Chai, Z. T., Cai, H., Zhang, Y. Y., Zhang, K. Z., et al. (2017). Colony-stimulating factor 1 receptor blockade inhibits tumor growth by altering the polarization of tumor-associated macrophages in hepatocellular carcinoma. Mol. Cancer Ther. 16 (8), 1544–1554. doi: 10.1158/1535-7163.MCT-16-0866

 Barrientos, S., Stojadinovic, O., Golinko, M. S., Brem, H., and Tomic-Canic, M. (2008). Growth factors and cytokines in wound healing. Wound Repair Regener. 16 (5), 585–601. doi: 10.1111/j.1524-475X.2008.00410.x

 Bellanti, J. A., and Settipane, R. A. (2020). The allergist/immunologist, the janus gatekeeper of inflammation, COVID-19 and beyond. Allergy Asthma Proc. 41 (6), 395–396. doi: 10.2500/aap.2020.41.200084

 Berclaz, P. Y., Carey, B., Fillipi, M. D., Wernke-Dollries, K., Geraci, N., Cush, S., et al. (2007). GM-CSF regulates a PU.1-dependent transcriptional program determining the pulmonary response to LPS. Am. J. Respir. Cell Mol. Biol. 36 (1), 114–121. doi: 10.1165/rcmb.2006-0174OC

 Cao, J., Li, L., Xiong, L., Wang, C., Chen, Y., and Zhang, X. (2022). Research on the mechanism of berberine in the treatment of COVID-19 pneumonia pulmonary fibrosis using network pharmacology and molecular docking. Phytomed. Plus. 2 (2), 100252. doi: 10.1016/j.phyplu.2022.100252

 Choudhury, A., Das, N. C., Patra, R., Bhattacharya, M., Ghosh, P., Patra, B. C., et al. (2021). Exploring the binding efficacy of ivermectin against the key proteins of SARS-CoV-2 pathogenesis: An in silico approach. Future Virol 16 (4). doi: 10.2217/fvl-2020-0342

 Daina, A., Michielin, O., and Zoete, V. (2019). SwissTargetPrediction: Updated data and new features for efficient prediction of protein targets of small molecules. Nucleic Acids Res. 47 (W1), W357–w364. doi: 10.1093/nar/gkz382

 Damiani, G., Mccormick, T. S., Leal, L. O., and Ghannoum, M. A. (2020). Recombinant human granulocyte macrophage-colony stimulating factor expressed in yeast (sargramostim): A potential ally to combat serious infections. Clin. Immunol. 210, 108292. doi: 10.1016/j.clim.2019.108292

 De Luca, G., Cavalli, G., Campochiaro, C., Della-Torre, E., Angelillo, P., Tomelleri, A., et al. (2020). GM-CSF blockade with mavrilimumab in severe COVID-19 pneumonia and systemic hyperinflammation: A single-centre, prospective cohort study. Lancet Rheumatol. 2 (8), e465–e473. doi: 10.1016/S2665-9913(20)30170-3

 Fogarty, H., Townsend, L., Ni Cheallaigh, C., Bergin, C., Martin-Loeches, I., Browne, P., et al (2020). COVID19 coagulopathy in Caucasian patients. Br J Haematol. 189 (6), 1044–49. doi: 10.1111/bjh.16749

 Freeman, T. L., and Swartz, T. H. (2020). Targeting the NLRP3 inflammasome in severe COVID-19. Front. Immunol. 11, 1518. doi: 10.3389/fimmu.2020.01518

 Goldman, D. T., Sharma, H., Finkelstein, M., Carlon, T., Marinelli, B., Doshi, A. H., et al. (2021). The Role of Telemedicine in the Maintenance of IR Outpatient Evaluation and Management Volume During the COVID-19 Global Pandemic. J Vasc Interv Radiol 32 (3), 479–81. doi: 10.1016/j.jvir.2020.12.009

 Gritsenko, A., Yu, S., Martin-Sanchez, F., Diaz-Del-Olmo, I., Nichols, E. M., Davis, D. M., et al. (2020). Priming is dispensable for NLRP3 inflammasome activation in human monocytes In vitro. Front. Immunol. 11, 565924. doi: 10.3389/fimmu.2020.565924

 Hamilton, J. A. (2008). Colony-stimulating factors in inflammation and autoimmunity. Nat. Rev. Immunol. 8 (7), 533–544. doi: 10.1038/nri2356

 Hamilton, J. A., and Anderson, G. P. (2004). GM-CSF biology. Growth Fact. 22 (4), 225–231. doi: 10.1080/08977190412331279881

 Hansen, G., Hercus, T. R., Mcclure, B. J., Stomski, F. C., Dottore, M., Powell, J., et al. (2008). The structure of the GM-CSF receptor complex reveals a distinct mode of cytokine receptor activation. Cell 134 (3), 496–507. doi: 10.1016/j.cell.2008.05.053

 Harrach, M. F., and Drossel, B. (2014). Structure and dynamics of TIP3P, TIP4P, and TIP5P water near smooth and atomistic walls of different hydroaffinity. J. Chem. Phys. 140 (17), 174501. doi: 10.1063/1.4872239

 Heneka, M. T., Kummer, M. P., Stutz, A., Delekate, A., Schwartz, S., Vieira-Saecker, A., et al. (2013). NLRP3 is activated in alzheimer's disease and contributes to pathology in APP/PS1 mice. Nature 493 (7434), 674–678. doi: 10.1038/nature11729

 Hou, T., Wang, J., Li, Y., and Wang, W. (2011). Assessing the performance of the MM/PBSA and MM/GBSA methods. 1. the accuracy of binding free energy calculations based on molecular dynamics simulations. J. Chem. Inf. Model. 51 (1), 69–82. doi: 10.1021/ci100275a

 Huang, F. F., Barnes, P. F., Feng, Y., Donis, R., Chroneos, Z. C., Idell, S., et al. (2011). GM-CSF in the lung protects against lethal influenza infection. Am. J. Respir. Crit. Care Med. 184 (2), 259–268. doi: 10.1164/rccm.201012-2036OC

 Huang Da, W., Sherman, B. T., and Lempicki, R. A. (2009). Systematic and integrative analysis of large gene lists using DAVID bioinformatics resources. Nat. Protoc. 4 (1), 44–57. doi: 10.1038/nprot.2008.211

 Jia, X., Qiu, T., Yao, X., Jiang, L., Wang, N., Wei, S., et al. (2020). Arsenic induces hepatic insulin resistance via mtROS-NLRP3 inflammasome pathway. J. Haz. Mat. 399, 123034. doi: 10.1016/j.jhazmat.2020.123034

 Karmakar, M., Katsnelson, M. A., Dubyak, G. R., and Pearlman, E. (2016). Neutrophil P2X7 receptors mediate NLRP3 inflammasome-dependent IL-1β secretion in response to ATP. Nat. Commun. 7, 10555. doi: 10.1038/ncomms10555

 Kim, S., Thiessen, P. A., Bolton, E. E., Chen, J., Fu, G., Gindulyte, A., et al. (2016). PubChem substance and compound databases. Nucleic Acids Res. 44 (D1), D1202–D1213. doi: 10.1093/nar/gkv951

 Kluge, S., Janssens, U., Welte, T., Weber-Carstens, S., Marx, G., and Karagiannidis, C. (2020). German Recommendations for critically ill patients with COVID−19. Med. Klin. Intensivmed. Notfmed. 115 (Suppl 3), 111–114. doi: 10.1007/s00063-020-00689-w

 Lai, C. C., Shih, T. P., Ko, W. C., Tang, H. J., and Hsueh, P. R. (2020). Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and coronavirus disease-2019 (COVID-19): The epidemic and the challenges. Int. J. Antimicrob. Agents 55 (3), 105924. doi: 10.1016/j.ijantimicag.2020.105924

 Lamkanfi, M., and Dixit, V. M. (2012). Inflammasomes and their roles in health and disease. Annu. Rev. Cell Dev. Biol. 28, 137–161. doi: 10.1146/annurev-cellbio-101011-155745

 Lehtonen, A., Matikainen, S., Miettinen, M., and Julkunen, I. (2002). Granulocyte-macrophage colony-stimulating factor (GM-CSF)-induced STAT5 activation and target-gene expression during human monocyte/macrophage differentiation. J. Leukoc. Biol. 71 (3), 511–519. doi: 10.1189/jlb.71.3.511

 Li, F., Li, Y., Zhang, J., Li, S., Mao, A., Zhao, C., et al. (2021a). The therapeutic efficacy of xuanfei baidu formula combined with conventional drug in the treatment of coronavirus disease 2019: A protocol for systematic review and meta-analysis. Med. (Baltimore). 100 (3), e24129. doi: 10.1097/MD.0000000000024129

 Lin, L., Xu, L., Lv, W., Han, L., Xiang, Y., Fu, L., et al. (2019). An NLRP3 inflammasome-triggered cytokine storm contributes to streptococcal toxic shock-like syndrome (STSLS). PloS Pathog. 15 (6), e1007795. doi: 10.1371/journal.ppat.1007795

 Li, R., Rezk, A., Miyazaki, Y., Hilgenberg, E., Touil, H., Shen, P., et al. (2015). Proinflammatory GM-CSF-producing b cells in multiple sclerosis and b cell depletion therapy. Sci. Transl. Med. 7 (310), 310ra166. doi: 10.1126/scitranslmed.aab4176

 Liu, B. M., Martins, T. B., Peterson, L. K., and Hill, H. R. (2021). Clinical significance of measuring serum cytokine levels as inflammatory biomarkers in adult and pediatric COVID-19 cases: A review. Cytokine 142, 155478. doi: 10.1016/j.cyto.2021.155478

 Liu, L. Y., Sedgwick, J. B., Bates, M. E., Vrtis, R. F., Gern, J. E., Kita, H., et al. (2002). Decreased expression of membrane IL-5 receptor alpha on human eosinophils: I. loss of membrane IL-5 receptor alpha on airway eosinophils and increased soluble IL-5 receptor alpha in the airway after allergen challenge. J. Immunol. 169 (11), 6452–6458. doi: 10.4049/jimmunol.169.11.6452

 Liu, Z., Wang, C., Yang, J., Chen, Y., Zhou, B., Abbott, D. W., et al. (2020). Caspase-1 engages full-length gasdermin d through two distinct interfaces that mediate caspase recruitment and substrate cleavage. Immunity 53 (1), 106–114.e105. doi: 10.1016/j.immuni.2020.06.007

 Liu, X., Zhang, Z., Ruan, J., Pan, Y., Magupalli, V. G., Wu, H., et al. (2016). Inflammasome-activated gasdermin d causes pyroptosis by forming membrane pores. Nature 535 (7610), 153–158. doi: 10.1038/nature18629

 Maier, J. A., Martinez, C., Kasavajhala, K., Wickstrom, L., Hauser, K. E., and Simmerling, C. (2015). ff14SB: Improving the accuracy of protein side chain and backbone parameters from ff99SB. J. Chem. Theory Comput. 11 (8), 3696–3713. doi: 10.1021/acs.jctc.5b00255

 Mangan, M. S. J., Olhava, E. J., Roush, W. R., Seidel, H. M., Glick, G. D., and Latz, E. (2018). Targeting the NLRP3 inflammasome in inflammatory diseases. Nat. Rev. Drug Discovery 17 (8), 588–606. doi: 10.1038/nrd.2018.97

 Mehta, H. M., Malandra, M., and Corey, S. J. (2015). G-CSF and GM-CSF in neutropenia. J. Immunol. 195 (4), 1341–1349. doi: 10.4049/jimmunol.1500861

 Miller, G., Pillarisetty, V. G., Shah, A. B., Lahrs, S., Xing, Z., and Dematteo, R. P. (2002). Endogenous granulocyte-macrophage colony-stimulating factor overexpression in vivo results in the long-term recruitment of a distinct dendritic cell population with enhanced immunostimulatory function. J. Immunol. 169 (6), 2875–2885. doi: 10.4049/jimmunol.169.6.2875

 Mohammadi, S., Moosaie, F., and Aarabi, M. H. (2020). Understanding the immunologic characteristics of neurologic manifestations of SARS-CoV-2 and potential immunological mechanisms. Mol. Neurobiol. 57 (12), 5263–5275. doi: 10.1007/s12035-020-02094-y

 Nagata, M., Sedgwick, J. B., Kita, H., and Busse, W. W. (1998). Granulocyte macrophage colony-stimulating factor augments ICAM-1 and VCAM-1 activation of eosinophil function. Am. J. Respir. Cell Mol. Biol. 19 (1), 158–166. doi: 10.1165/ajrcmb.19.1.3001

 Nakagome, K., and Nagata, M. (2011). Pathogenesis of airway inflammation in bronchial asthma. Auris. Nasus. Larynx. 38 (5), 555–563. doi: 10.1016/j.anl.2011.01.011

 Notarangelo, L. D., and Pessach, I. (2008). Out of breath: GM-CSFRalpha mutations disrupt surfactant homeostasis. J. Exp. Med. 205 (12), 2693–2697. doi: 10.1084/jem.20082378

 Orning, P., Lien, E., and Fitzgerald, K. A. (2019). Gasdermins and their role in immunity and inflammation. J. Exp. Med. 216 (11), 2453–2465. doi: 10.1084/jem.20190545

 Ouédraogo, D. D., Tiendrébéogo, W. J. S., Kaboré, F., and Ntsiba, H. (2020). COVID-19, chronic inflammatory rheumatic disease and anti-rheumatic treatments. Clin. Rheumatol. 39 (7), 2069–2075. doi: 10.1007/s10067-020-05189-y

 Panyod, S., Ho, C. T., and Sheen, L. Y. (2020). Dietary therapy and herbal medicine for COVID-19 prevention: A review and perspective. J. Tradit. Complement. Med. 10 (4), 420–427. doi: 10.1016/j.jtcme.2020.05.004

 Perugini, M., Brown, A. L., Salerno, D. G., Booker, G. W., Stojkoski, C., Hercus, T. R., et al. (2010). Alternative modes of GM-CSF receptor activation revealed using activated mutants of the common beta-subunit. Blood 115 (16), 3346–3353. doi: 10.1182/blood-2009-08-235846

 Ponomarev, E. D., Shriver, L. P., Maresz, K., Pedras-Vasconcelos, J., Verthelyi, D., and Dittel, B. N. (2007). GM-CSF production by autoreactive T cells is required for the activation of microglial cells and the onset of experimental autoimmune encephalomyelitis. J. Immunol. 178 (1), 39–48. doi: 10.4049/jimmunol.178.1.39

 Ratajczak, M. Z., Bujko, K., Ciechanowicz, A., Sielatycka, K., Cymer, M., Marlicz, W., et al. (2021). SARS-CoV-2 entry receptor ACE2 is expressed on very small CD45(-) precursors of hematopoietic and endothelial cells and in response to virus spike protein activates the Nlrp3 inflammasome. Stem Cell Rev. Rep. 17 (1), 266–277. doi: 10.1007/s12015-020-10010-z

 Rowan, N. J., and Laffey, J. G. (2020). Challenges and solutions for addressing critical shortage of supply chain for personal and protective equipment (PPE) arising from Coronavirus disease (COVID19) pandemic - Case study from the Republic of Ireland. Sci Total Environ. 725, 138532. doi: 10.1016/j.scitotenv.2020.138532

 Rösler, B., and Herold, S. (2016). Lung epithelial GM-CSF improves host defense function and epithelial repair in influenza virus pneumonia-a new therapeutic strategy? Mol. Cell Pediatr. 3 (1), 29. doi: 10.1186/s40348-016-0055-5

 Ru, J., Li, P., Wang, J., Zhou, W., Li, B., Huang, C., et al. (2014). TCMSP: A database of systems pharmacology for drug discovery from herbal medicines. J. Cheminform. 6, 13. doi: 10.1186/1758-2946-6-13

 Runfeng, L., Yunlong, H., Jicheng, H., Weiqi, P., Qinhai, M., Yongxia, S., et al. (2020). Lianhuaqingwen exerts anti-viral and anti-inflammatory activity against novel coronavirus (SARS-CoV-2). Pharmacol. Res. 156, 104761. doi: 10.1016/j.phrs.2020.104761

 Santos, L. H. S., Ferreira, R. S., and Caffarena, E. R. (2019). Integrating molecular docking and molecular dynamics simulations. Methods Mol. Biol. 2053, 13–34. doi: 10.1007/978-1-4939-9752-7_2

 Shannon, P., Markiel, A., Ozier, O., Baliga, N. S., Wang, J. T., Ramage, D., et al. (2003). Cytoscape: A software environment for integrated models of biomolecular interaction networks. Genome Res. 13 (11), 2498–2504. doi: 10.1101/gr.1239303

 Shi, Y., Liu, C. H., Roberts, A. I., Das, J., Xu, G., Ren, G., et al. (2006). Granulocyte-macrophage colony-stimulating factor (GM-CSF) and T-cell responses: what we do and don't know. Cell Res. 16 (2), 126–133. doi: 10.1038/sj.cr.7310017

 Shimabukuro-Vornhagen, A., Gödel, P., Subklewe, M., Stemmler, H. J., Schlößer, H. A., Schlaak, M., et al. (2018). Cytokine release syndrome. J. Immunother. Cancer 6 (1), 56. doi: 10.1186/s40425-018-0343-9

 Shiomi, A., and Usui, T. (2015). Pivotal roles of GM-CSF in autoimmunity and inflammation. Mediators Inflammation 2015, 568543. doi: 10.1155/2015/568543

 Sivakumar, K. C., Haixiao, J., Naman, C. B., and Sajeevan, T. P. (2020). Prospects of multitarget drug designing strategies by linking molecular docking and molecular dynamics to explore the protein-ligand recognition process. Drug Dev. Res. 81 (6), 685–699. doi: 10.1002/ddr.21673

 Strowig, T., Henao-Mejia, J., Elinav, E., and Flavell, R. (2012). Inflammasomes in health and disease. Nature 481 (7381), 278–286. doi: 10.1038/nature10759

 Sturrock, A., Seedahmed, E., Mir-Kasimov, M., Boltax, J., Mcmanus, M. L., and Paine, R. 3rd (2012). GM-CSF provides autocrine protection for murine alveolar epithelial cells from oxidant-induced mitochondrial injury. Am. J. Physiol. Lung Cell Mol. Physiol. 302 (3), L343–L351. doi: 10.1152/ajplung.00276.2011

 Szabowski, A., Maas-Szabowski, N., Andrecht, S., Kolbus, A., Schorpp-Kistner, M., Fusenig, N. E., et al. (2000). C-jun and JunB antagonistically control cytokine-regulated mesenchymal-epidermal interaction in skin. Cell 103 (5), 745–755. doi: 10.1016/S0092-8674(00)00178-1

 Szklarczyk, D., Gable, A. L., Lyon, D., Junge, A., Wyder, S., Huerta-Cepas, J., et al. (2019). STRING v11: Protein-protein association networks with increased coverage, supporting functional discovery in genome-wide experimental datasets. Nucleic Acids Res. 47 (D1), D607–d613. doi: 10.1093/nar/gky1131

 Temesgen, Z., Assi, M., Shweta, F. N. U., Vergidis, P., Rizza, S. A., Bauer, P. R., et al. (2020). GM-CSF neutralization with lenzilumab in severe COVID-19 pneumonia: A case-cohort study. Mayo. Clin. Proc. 95 (11), 2382–2394. doi: 10.1016/j.mayocp.2020.08.038

 Tisato, V., Secchiero, P., Rimondi, E., Gianesini, S., Menegatti, E., Casciano, F., et al. (2013). GM-CSF exhibits anti-inflammatory activity on endothelial cells derived from chronic venous disease patients. Mediators Inflammation 2013, 561689. doi: 10.1155/2013/561689

 Tisoncik, J. R., Korth, M. J., Simmons, C. P., Farrar, J., Martin, T. R., and Katze, M. G. (2012). Into the eye of the cytokine storm. Microbiol. Mol. Biol. Rev. 76 (1), 16–32. doi: 10.1128/MMBR.05015-11

 Ushach, I., and Zlotnik, A. (2016). Biological role of granulocyte macrophage colony-stimulating factor (GM-CSF) and macrophage colony-stimulating factor (M-CSF) on cells of the myeloid lineage. J. Leukoc. Biol. 100 (3), 481–489. doi: 10.1189/jlb.3RU0316-144R

 Van De Laar, L., Coffer, P. J., and Woltman, A. M. (2012). Regulation of dendritic cell development by GM-CSF: Molecular control and implications for immune homeostasis and therapy. Blood 119 (15), 3383–3393. doi: 10.1182/blood-2011-11-370130

 Van Der Borght, K., Scott, C. L., Martens, L., Sichien, D., Van Isterdael, G., Nindl, V., et al. (2018). Myocarditis elicits dendritic cell and monocyte infiltration in the heart and self-antigen presentation by conventional type 2 dendritic cells. Front. Immunol. 9, 2714. doi: 10.3389/fimmu.2018.02714

 Wang, Y., Greenhalgh, T., and Wardle, J. (2022). Chinese Herbal medicine ("3 medicines and 3 formulations") for COVID-19: Rapid systematic review and meta-analysis. J. Eval. Clin. Pract. 28 (1), 13–32. doi: 10.1111/jep.13614

 Wang, J., Snider, D. P., Hewlett, B. R., Lukacs, N. W., Gauldie, J., Liang, H., et al. (2000). Transgenic expression of granulocyte-macrophage colony-stimulating factor induces the differentiation and activation of a novel dendritic cell population in the lung. Blood 95 (7), 2337–2345. doi: 10.1182/blood.V95.7.2337

 Wang, J., Wang, W., Kollman, P. A., and Case, D. A. (2006). Automatic atom type and bond type perception in molecular mechanical calculations. J. Mol. Graphics Model. 25 (2), 247–260. doi: 10.1016/j.jmgm.2005.12.005

 Wu, D., and Yang, X. O. (2020). TH17 responses in cytokine storm of COVID-19: An emerging target of JAK2 inhibitor fedratinib. J. Microbiol. Immunol. Infect. 53 (3), 368–370. doi: 10.1016/j.jmii.2020.03.005

 Xie, L. X. (2020). Interpretation of the 7th edition of the "diagnosis and treatment guidelines of coronavirus disease 2019 in china": Progress and challenges. Chronic. Dis. Transl. Med. 6 (2), 75–78. doi: 10.1016/j.cdtm.2020.04.001

 Xing, Z., Ohkawara, Y., Jordana, M., Graham, F., and Gauldie, J. (1996). Transfer of granulocyte-macrophage colony-stimulating factor gene to rat lung induces eosinophilia, monocytosis, and fibrotic reactions. J. Clin. Invest. 97 (4), 1102–1110. doi: 10.1172/JCI118503

 Xiong, W. Z., Wang, G., Du, J., and Ai, W. (2020). Efficacy of herbal medicine (Xuanfei baidu decoction) combined with conventional drug in treating COVID-19: A pilot randomized clinical trial. Integr. Med. Res. 9 (3), 100489. doi: 10.1016/j.imr.2020.100489

 Xue, Y., Enosi Tuipulotu, D., Tan, W. H., Kay, C., and Man, S. M. (2019). Emerging activators and regulators of inflammasomes and pyroptosis. Trends Immunol. 40 (11), 1035–1052. doi: 10.1016/j.it.2019.09.005

 Xu, F., Hou, T., Shen, A., Jin, H., Xiao, Y., Yu, W., et al. (2021). Mechanism deconvolution of Qing fei pai Du decoction for treatment of coronavirus disease 2019 (COVID-19) by label-free integrative pharmacology assays. J. Ethnopharmacol. 280, 114488. doi: 10.1016/j.jep.2021.114488

 Xu, X., Zhang, W., Huang, C., Li, Y., Yu, H., Wang, Y., et al. (2012). A novel chemometric method for the prediction of human oral bioavailability. Int. J. Mol. Sci. 13 (6), 6964–6982. doi: 10.3390/ijms13066964

 Yan, Y. Q., Fang, Y., Zheng, R., Pu, J. L., and Zhang, B. R. (2020). NLRP3 inflammasomes in parkinson's disease and their regulation by parkin. Neuroscience 446, 323–334. doi: 10.1016/j.neuroscience.2020.08.004

 Yan, H., Lu, J., Wang, J., Chen, L., Wang, Y., Li, L., et al. (2021). Prevention of cyclophosphamide-induced immunosuppression in mice with traditional Chinese medicine xuanfei baidu decoction. Front. Pharmacol. 12, 730567. doi: 10.3389/fphar.2021.730567

 Yashiro, T., Yamaguchi, M., Watanuki, Y., Kasakura, K., and Nishiyama, C. (2018). The transcription factors PU.1 and IRF4 determine dendritic cell-specific expression of RALDH2. J. Immunol. 201 (12), 3677–3682. doi: 10.4049/jimmunol.1800492

 Zhang, B. Z., Chu, H., Han, S., Shuai, H., Deng, J., Hu, Y. F., et al. (2020). SARS-CoV-2 infects human neural progenitor cells and brain organoids. Cell Res. 30 (10), 928–931. doi: 10.1038/s41422-020-0390-x

 Zhao, N., Di, B., and Xu, L. L. (2021b). The NLRP3 inflammasome and COVID-19: Activation, pathogenesis and therapeutic strategies. Cytokine Growth Fact. Rev. 61, 2–15. doi: 10.1016/j.cytogfr.2021.06.002

 Zhao, J., Guo, D., Fan, M., and Liu, Y. (2021a). Efficacy and safety of xuanfei baidu granules for treating COVID-19: A protocol for systematic review and meta-analysis. Med. (Baltimore). 100 (20), e25653. doi: 10.1097/MD.0000000000025653

 Zhao, Y., Kilian, C., Turner, J. E., Bosurgi, L., Roedl, K., Bartsch, P., et al. (2021c). Clonal expansion and activation of tissue-resident memory-like Th17 cells expressing GM-CSF in the lungs of severe COVID-19 patients. Sci. Immunol. 6 (56). doi: 10.1126/sciimmunol.abf6692

 Zhong, Z., Umemura, A., Sanchez-Lopez, E., Liang, S., Shalapour, S., Wong, J., et al. (2016). NF-κB restricts inflammasome activation via elimination of damaged mitochondria. Cell 164 (5), 896–910. doi: 10.1016/j.cell.2015.12.057

 Zubair, A. S., Mcalpine, L. S., Gardin, T., Farhadian, S., Kuruvilla, D. E., and Spudich, S. (2020). Neuropathogenesis and neurologic manifestations of the coronaviruses in the age of coronavirus disease 2019: A review. JAMA Neurol. 77 (8), 1018–1027. doi: 10.1001/jamaneurol.2020.2065



Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Xiong, Cao, Yang, Chen, Wu, Wang, Xu, Chen, Zhang, Hu, Chen, Tang, Deng, Li, Yang, Xiao and Zhang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fcimb.2022.965273_cover.jpg
, frontiers ‘ Frontiers in Cellular and Infection Microbiology

Exploring the mechanism of
action of Xuanfei Baidu granule
(XFBD) in the treatment
of COVID-19 based on
molecular docking and
molecular dynamics





OEBPS/Images/fcimb-12-965273-g005.jpg
AL
®
ono
5

154

@

P
78
.
%
e
S





OEBPS/Images/fcimb-12-965273-g002.jpg
PPI=0 .95





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Exploring the mechanism of action of Xuanfei Baidu granule (XFBD) in the treatment of COVID-19 based on molecular docking and molecular dynamics

      

        		

          Introduction

        



        		

          Material and methods

        

          		

            Identification and screening of active compounds

          



          		

            The intersection of disease and drug gene targets

          



          		

            Xuanfei Baidu granule treatment of COVID-19 interaction protein targets (Protein-Protein Interaction) network building

          



          		

            The gene target enrichment analysis

          



          		

            Network diagram of “ Disease-core target gene-drug “

          



          		

            Component target molecular docking and validation of the docking protocol

          



          		

            Molecule dynamics

          



          		

            MMGBSA binding free energy calculation

          



        



        



        		

          Results

        

          		

            Identification of potentially active compounds in Xuanfei Baidu granule

          



          		

            Obtained common gene targets by intersection

          



          		

            Core intersection target screening and PPI network diagram

          



          		

            GO and KEGG enrichment analysis

          



          		

            Disease-core gene target-drug network

          



          		

            Molecular docking

          



          		

            Molecular dynamics results

          



          		

            Combined free energy calculation results

          



          		

            Hydrogen bond analysis

          



          		

            The stability of the target protein at the residue level

          



          		

            Analysis of the radius of gyration

          



          		

            Analysis of solvent accessible surface area

          



        



        



        		

          Discussion

        

          		

            Bioinformatics analysis of XFBD

          



          		

            Analysis of molecular docking and molecular dynamics

          



          		

            Pachypodol and I-SPD can reduce inflammation and apoptosis through NLRP3

          



          		

            Vestitol and I-SPD prevent the generation of inflammatory storm and the infiltration of immune cells by inhibiting the overexpression of CSF2

          



          		

            The mechanisms analysis of Xuanfei Baidu in the treatment of COVID-19

          



        



        



        		

          Conclusion

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fcimb-12-965273-g003.jpg
cytokine- mediated signaling pathway

inflammatory response

immune response

positive regulation of gene expression

cellular response to lipopolysaccharide

positive regulation of inflammatory response|

positive regulation of interleukin- 8 production
positive regulation of chemokine production!
positive regulation of interleukin- 6 production!

positive regulation of membrane protein ectodomain proteolysis|

extracellular space,
extracellular region

cell surface|

extemal side of plasma mermbrane|

plasma mermbrane

Term

integral component of plasma membrane|
endosome membrane

Golgi membrane

integral component of membrane

receptor complex|

cytokine activity
protein binding|
receptor binding
growth factor activty

transmembrane signaling receptor activity

type | interferon receptor binding

protease binding
identical protein binding
heparin binding

virus receptor actvity

Malaria

Inflammatory bowel disease

Toll- like receptor signaling pathway
Pertussis

Leishmaniasis

Chagas disease

Amoebiasis

Influenza A

Coronavirus disease - COVID- 19
JAK- STAT signaling pathway
Necroptosis

Tuberculosis

NOD- like receptor signaling pathway
Cytokine- cytokine receptor interaction

Human cytomegalovirus infection

20 30 40
Count

3

8
8
8

40
Count

FCGRS,

- log10(pvalue)

"
2
0
s

count

.
®
o~
o
@ 1

30

HLA-

TIR?
i F18
oll-lk
IW;
F
EGFR
LRP3
{
IF
4 CsF2
6
SERS IFNB1






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fcimb-12-965273-g011.jpg
—— CSF2_|-SPD —— CSF2_Vestitol

10 20 30 40
Time (ns)

——NLRP3_-SPD —— NLRP3_Pachypodol

50

10 20 30 40
Time (ns)

50





OEBPS/Images/fcimb-12-965273-g007.jpg
hr‘ NH‘ | ﬂ"

’ »‘h“l# J 4 ﬁM‘ nl"‘ W‘ h wh‘ ". 1l

—~~ ”y“
< | Ll
o)
)
=
nd
1
— CSF2 _|-SPD
—— CSF2 Vestitol
0{——NLRP3 |-SPD

— NLRP3_Pachypodol
0 10 20 30 40 50
Time (ns)





OEBPS/Images/table2.jpg
System name CSF2/1-SPD

AE,q\ -31.85 + 0.83
AEacc 7407 + 6.98
AGgp 88.70 + 7.47
AGsa 367 +0.11
AGhing 2089 + 1.32

AE,gy: van der Waals energy.
AEg.:: electrostatic energy.

electrostatic contribution to solvation.
AGg: non-polar contribution to solvation.

AGpind:

el

inding free energy.

CSF2/Vestitol

-35.21 £ 1.70
1.43 + 2.49
10.83 + 2.40
-4.63 = 0.15
27.57 £ 2.78

NLRP3/I-SPD

-39.13 £4.72
-77.18 + 10.66
90.77 + 6.69
-4.97 +0.18
-30.52 + 1.17

NLRP3/Pachypodol

-26.90 + 1.87
-15.70 £ 5.59
2461 +4.35
-3.65 £ 0.23
-21.65 £ 3.36





OEBPS/Images/fcimb-12-965273-g009.jpg
4{——CSF2_|-SPD —— CSF2_Vestitol






OEBPS/Images/fcimb-12-965273-g006.jpg
CCRS -

CSF2 -

CXCLS -

IFNG -

IL10 -

IL1B -

IL4 -

IL6 -

NLRP3 -

- |oISaA

- suluanosAyd

- |opodAyoed

- sUIIyOB

- Ads-

TNF -





OEBPS/Images/fcimb-12-965273-g012.jpg
A3

W

et
. Q 1 Vestitol

Monocytes

.E

000q,
0000,
%000
©00000000000000 eosessessssessghosseceesc®






OEBPS/Images/logo.jpg
’ frontiers ’ Frontiers in Cellular and Infection Microbiology





OEBPS/Images/fcimb-12-965273-g001.jpg
3839

Size of each list

XFBD COVID-19

Number of elements: specific (1) or shared by 2,3, . lists

2 1





OEBPS/Images/M1.jpg
AGuint = AGsmpicx = (AGicctor *AGsgunt)
= BBy + Abyouy + ABge + AGag tAGey






OEBPS/Images/fcimb-12-965273-g004.jpg
R
7

Wi
2D

(] N/}

I ’

i ] " i
\‘\ ‘3}0, " "/ “&"’.""\Q,'
“\'l/"‘f:"«"'ﬂ:@'f s I
N AT !
UL ol
V/A/e ’

W

/ /% (/) A
NN
‘\‘/ l‘/f \Q\‘\ v
-

t’\\






OEBPS/Images/fcimb-12-965273-g010.jpg
——CSF2_I-SPD —— CSF2_Vestitol

Time (ns)





OEBPS/Images/table1.jpg
MOL_ID

MOL013287
MOL012922
MOL007207
MOL005890
MOL000500

OB, oral bioavailability.
MW, molecular weight.
BBB, blood brain barrier.
DL, drug similarity.

Molecule Name

Physovenine
1-SPD
Machiline
pachypodol

Vestitol

106.219
87.34
79.64
75.06
74.65

26234
32741
28537
356.40
27232

2.08
3.09
2.82
299
3.14

Caco2

0.50
0.75
0.78
0.83
0.85

BBB

0.20
0.20
0.08
0.11
0.29

0.18
0.54
0.23
0.39
0.20





OEBPS/Images/fcimb-12-965273-g008.jpg
Numbers of Hbond

Numbers of Hbond
S

8
——CSF2_I-SPD Y CSF2_Vestitol
i
6 4
5]
3

w
N

2

Numbers of Hbond

-

0 10 20 30 40 50 0 10 20

30 40 50
Time (ns) D Time (ns)
10

——NLRP3_I-SPD

—— NLRP3_Pachypodol

o

IS

w

2

Numbers of Hbond

i

10 20 30 40 ‘ ] 10

20 30 40 50
Time (ns)

Time (ns)





