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Abstract  

The COVID-19 pandemic, caused by the SARS-CoV-2 virus, has been a defining global health crisis, marked by 

severe respiratory distress and high mortality rates. The search for effective treatments against this highly mutable 

virus has been a significant challenge. Here, we explored the therapeutic potential of Naringenin-7-O-glucoside 

(N7G), a bioactive flavone glycoside, in the context of COVID-19. Known for its wide-ranging pharmacological 

effects, including antiviral, antibacterial, antimalarial, and anticancer properties, Utilizing gene expression data from 

the EBI Expression Atlas, we analyzed lung samples from deceased COVID-19 patients and healthy individuals to 

understand N7G’s molecular mechanisms and potential therapeutic targets. Our enrichment analysis revealed a 

significant association of N7G targets with biological functions and pathways crucial in immune responses and 

cellular signaling. We highlighted the importance of pathways such as HIF-1, AGE-RAGE, and IL-17 in the 

pathogenesis of diseases like COVID-19. Suppressing the HIF-1 pathway could mitigate lung inflammation, while 

targeting the AGE-RAGE pathway, a key player in oxidative stress and inflammation, emerges as a promising 

strategy. Modulating the IL-17 pathway, implicated in cytokine storms during infection, could also be effective. 

Furthermore, the relaxin signaling pathway, known for its anti-inflammatory and anti-fibrotic properties, was 

identified as a potential target for post-COVID-19 syndrome or long-haul COVID. We prioritized SERPINE1, 

MMP7, and MMP1 as key therapeutic targets. Elevated SERPINE1 levels in COVID-19 patients have been linked 

to early mortality risk and are involved in processes like platelet degranulation and fibrinolysis impairment, 

contributing to thrombocytopenia. MMP1 and MMP7, part of the matrix metalloproteinases family, play crucial 

roles in tissue homeostasis and have been identified as biomarkers and potential therapeutic targets in COVID-19, 

linked to pulmonary edema and severe inflammatory responses. Our molecular docking and MD simulation studies, 

conducted over 200 ns in triplicates, demonstrated stable complex formation of N7G with MMP7 and SERPINE1. 

N7G consistently occupied the zinc binding catalytic site of MMP7, similar to other MMP7 inhibitors, and tightly 

bound to the inhibitor site of SERPINE1, indicating strong interactions. The MMGBSA analysis confirmed the 

stability of these complexes, suggesting the effective inhibitory potential of N7G against these targets. Although 

N7G showed transient complex formation with MMP1, its role in COVID-19 pathogenesis, particularly in 

inflammation, cannot be ignored. Elevated MMP1 levels have been associated with increased inflammatory 

responses in COVID-19 patients, underscoring its importance as a therapeutic target. In conclusion, our study 

identifies MMP7, MMP1, and SERPINE1 as critical immune-related targets of N7G in combating COVID-19. The 

results position N7G as a potential novel inhibitor for treating COVID-19-induced lung inflammation and long-haul 

COVID. However, these initial findings require further validation. This study contributes to the understanding of 

natural compounds in viral infection treatment, opening pathways for exploring flavonoids like N7G against SARS-

CoV-2 and other viruses. It underscores the importance of diverse therapeutic strategies, including natural 

substances, in combating the global challenge of COVID-19. 
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Serpin family E member 1 (SERPINE1), Network Pharmacology, Molecular Docking, Molecular Dynamics 
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Introduction 

The COVID-19 pandemic, caused by the severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2), has significantly impacted global health. Characterized by symptoms such as 

acute respiratory distress syndrome, it is often linked with host immunological dysfunction and 

lymphopenia [1-4]. This association leads to increased mortality and adverse outcomes in 

multiple organ systems among hospitalized patients. The risk of death and hospital readmission 

remains high for COVID-19 patients, even up to six months post-infection. The burden of 

COVID-19 extends beyond the acute phase of illness, with considerable health loss observed in 

the post-acute phase[5, 6]. This underscores the need for effective strategies to reduce infection 

risk and hospital admissions, as well as the development of post-acute care approaches to 

mitigate long-term health impacts. Developing therapeutic drugs for COVID-19 poses a 

challenge due to the virus's high mutagenic and resistance potential [7-10], highlighting the need 

for pharmacological interventions that are effective in modulating the host's immune response. 

Naringenin-7-O-glucoside (N7G), colloquially termed Prunin, is a glycosylated flavonoid 

prevalent in various citrus fruits, including grapefruits and oranges, as well as tomatoes [11] . 

N7G has garnered attention due to its broad pharmacological spectrum, offering cardioprotective 

[12, 13], antioxidant [12, 14-16], anti-diabetic [17-19], anti-hyperlipidemic  [17, 20], hepato-

protective [21], anti-bacterial [14], anti-inflammatory [15], anti-apoptotic, and anti-viral benefits 

[22, 23]. Additionally, N7G's implications for neurological health suggest benefits in managing 

neurodegenerative diseases and maintaining endothelial cell function. These properties highlight 

Prunin's potential for integration into pharmacological and nutritional interventions. Its place 

within the flavonoid O-glycosides class underscores its importance in both natural medicine and 

various industries. The substance's biomedical relevance is accentuated by its ability to modulate 

multiple signaling pathways, including Erk1/2 and PI3/Akt, and directly activate PPARγ, 

influencing vital cellular processes [17]. Prunin's therapeutic efficacy is evidenced through its 

interaction with molecular targets such as protein tyrosine phosphatase 1B (PTP1B) and α-

glucosidase [18], and its specific binding with viral proteins, suggesting a role in combating viral 

pathogens like the Marburg virus and SARS-CoV-2 [24, 25]. Given its versatile bioactivity, N7G 

is recognized as a potent candidate in the management of metabolic and disease processes. Its 
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demonstrated efficacy through scientific research supports its standing as a promising bioactive 

therapeutic agent.  

In this study, we aim to investigate the potential of Naringenin-7-O-glucoside (N7G) as a 

therapeutic agent against SARS-CoV-2, focusing on its effects on lung tissue. Utilizing lung 

samples from both deceased and healthy patients, we explore the interaction of N7G with key 

gene targets.  Our approach combines gene expression data, biological functions and pathway 

enrichment, network pharmacology, molecular docking and molecular dynamics simulation to 

elucidate the mechanisms underlying N7G's therapeutic potential. The findings of this study are 

expected to provide valuable insights into the role of N7G in modulating immune responses and 

gene expressions in lung diseases, potentially offering a new avenue for treatment strategies 

against SARS-CoV-2 and similar pathologies. 

Materials and Methods 

Identification of  N7G Targets  

First, we predicted the gene targets of N7G using  SwissTargetPrediction and SEA [26, 27].  We 

then analyzed RNA-seq data from the lungs of deceased SARS-CoV-2 patients versus healthy 

controls, utilizing the Expression Atlas database [28, 29] and identified the differentially 

expressed gene targets of N7G. We compared and visualized the overlapping genes using the 

Venny 2.0 online tool (http://bioinfogp. cnb. csic. es/tools/venny/). 

Protein-Protein Interaction Network and Module Identification  

The Protein-Protein Interaction Network for N7G targets was established by integrating data 

from STRING into Cytoscape, including 100 related proteins based on a minimum confidence 

score of 0.4. Functionally relevant clusters within this network were detected using the MCODE 

algorithm, with specific criteria for the degree of association within these modules [30]. 

Enrichment Analysis for Biological Functions and Pathways 

Subsequent enrichment analyses were conducted to discern the biological functions and 

pathways associated with the network modules [31, 32]. This was achieved through the Enrichr 

and KEGG databases, identifying the most statistically significant biological processes, 
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molecular functions, cellular components, and pathways, visualized with the ggplot2 package 

[33]. 

Identification of Respiratory Tract Related Disease Terms 

The disease enrichment analysis was performed using the Enrichr database [31], followed by 

identification of respiratory tract related pathologies/ disorders associated to SERPINE1, MMP7 

and MMP1 using DisGeNET  (https://www.disgenet.org/). The cut-off criteria to identify the 

statistically significant results were set to adjusted p-value < 0.05.  

Molecular Docking of N7G with Host Targets 

To explore the binding interactions of N7G (Chemical ID: 24211954) with relevant host 

proteins, we utilized AutoDock Vina 1.2.0 [34], setting an exhaustiveness level of 200 for 

precision. The three-dimensional protein structures of  matrix metallopeptidase MMP7 (PDB: 

2Y6D), MMP1 (PDB: 1SU3), and  SERPINE1 (PDB: 1A7C) were downaloaded from protein 

data bank [35], and  prepared for docking using AutoDock tools [36]. The docking grid 

parameters were defined with 1Å spacing, based on the binding sites of co-crystallized reference 

compounds to ensure accurate positioning. Post-docking, we employed UCSF Chimera for 3D 

interaction analysis [37] and Maestro-12.4 4 (Schrödinger Release 2020–2: Maestro, 

Schrödinger, LLC, New York, NY, USA) for detailed 2D interaction profiles, comparing N7G's 

binding affinities to those of reference ligands. 

Validation of N7G Binding Affinity 

The stability of the N7G molecule in complex with SERPINE1, MMP7, and MMP1 was 

confirmed through 200 ns molecular dynamics (MD) simulations conducted using GROMACS 

software version 2021.1, and guided by the CHARMM 36m force field [38, 39]. To ensure 

reliability, these simulations were performed in triplicates. SwissParam provided the necessary 

parameters for the ligand, including topology and atomic charges [40]. Our simulation 

environment was a triclinic water box using TIP3P water, supplemented with sodium and 

chloride ions to achieve charge neutrality. Following the initial energy minimization and system 

equilibration, the MD simulations were performed, maintaining a constant 300 K temperature 

and 1 bar pressure, controlled by the V-rescale thermostat and Parrinello-Rahman barostat [41, 
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42]. To calculate electrostatic forces and maintain bond lengths, we employed the Particle Mesh 

Ewald method [43] and LINCS algorithm [44], respectively.  

Our simulations tracked the system's evolution by recording the coordinates at 10 ps intervals, 

totaling 20,000 frames. Analysis of these MD trajectories was conducted through  root mean 

square deviation (RMSD) of the protein backbone, indicating the conformational stability over 

time; radius of gyration (Rg), which measures the compactness of the complex; details the 

minimum distance metrics between N7G and MMP7, the hydrogen bonds formed during the 

simulation; the Solvent Accessible Surface Area (SASA), relating to the exposure of the complex 

to solvent; and the Root Mean Square Fluctuations (RMSF) of residues close to the ligand 

(within 5 Angstroms). Plot generation was performed with XMGRACE software (https://plasma-

gate.weizmann.ac.il/Grace/).  

For detailed interaction assessment, we focused on the most representative cluster snapshot, 

visualized with UCSF Chimera  [37], and performed two-dimensional interaction analysis using 

Maestro Maestro-12.4 4 (Schrödinger Release 2020–2: Maestro, Schrödinger, LLC, New York, 

NY, USA). 

Free energy calculations 

From the dataset of the 200 ns molecular dynamics (MD) simulation, we selected a subset of 400 

snapshots, ranging from frame 18000 to 20000 and spaced by every 5
th

 snapshot, to calculate the 

free energy using the Molecular Mechanics Generalized Born Surface Area (MMGBSA) 

method. These calculations were executed using the MMPBSA.py [45-47]. Additionally, we 

performed a residue energy decomposition analysis to ascertain the contribution of each amino 

acid residue to the overall energy of the system. Residues energy decomposition analysis was 

also performed to evaluate the energy contribution of each amino acid residue to the total energy. 

For free energy calculation, the following equation was used:    

ΔG (bind) = ΔG (complex) – [ΔG (receptor) + ΔG (ligand)]  

The binding free energy (ΔTotal) was estimated using van der Waals energy (ΔEVDW); 

electrostatic energy (ΔEEEL); polar solvation energy (ΔEGB); non-polar solvation energy (ΔESurf); 

total solvation free energy (ΔGSol); total gas-phase free energy (ΔGgas).  
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Results 

Identification of Naringenin-7-O-glucoside gene targets  

We predicted 128 targets of Naringenin-7-O-glucoside (N7G) and compared them against the 

significantly upregulated genes obtained from the RNAseq data analysis of lung samples 

obtained from nine patients who died of COVID-19 [28, 29]. We found 17 significantly 

upregulated gene targets of N7G. These targets include AKR1B10, ALDH1B1, AMPD3, CA1, 

CA12, CASP7, CYP19A1, CYP1B1, LDHA, MMP1, MMP7, MMP8, MMP12, PIM2, 

PLA2G2A, SERPINE1 and YARS1 genes (Figure 1). Further, by mapping the transcript counts 

of the genes, we validated the upregulation of these gene targets. Out of all the 17 N7G targets, 

the expression of the SERPINE1 gene was highest followed by LDHA, CYP1B1, PLA2G2A, 

MMP12, and others (Figure 1). 

 

   
 

 

Figure 1: N7G Targets in Lung Cells. (A) Venn diagram indicating overlap of predicted N7G targets and 

differentially expressed neighboring genes.  
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Biological significance of the N7G targets  

PPI network was constructed for the 17 N7G targets along with 19 upregulated and eight 

downregulated neighbors. The network consisted of 44 nodes and 307 edges (Figure 2). Next, we 

identified a module network in the PPI network consisting of 19 nodes and 156 edges and an 

MCODE score = 17.333. The upregulated N7G targets including MMP1, MMP7 and SERPINE1 

formed the part of the module network (Figure 2).  

The enrichment analysis of the module revealed biological process such as extracellular matrix 

organization, external encapsulating structure organization, extracellular structure organization, 

cellular response to cytokine stimulus, regulation of angiogenesis and platelet degranulation. The 

enriched molecular functions containing N7G targets include metalloendopeptidase activity, 

endopeptidase inhibitor activity and protease binding as some of the most significant functions. 

Similarly, the cellular component analysis revealed the association of N7G targets with terms 

i.e., platelet alpha granule lumen, platelet alpha granule and collagen-containing extracellular 

matrix (Figure 3).  

Further, the pathway enrichment revealed that the module network was mainly involved in 

immune related and signaling pathways. On analysing the significant KEGG terms we obtained 

nine pathways wherein N7G targets are included (Figure 3A). These KEGG terms include HIF-1 

signaling pathway, AGE-RAGE signaling pathway in diabetic complications, pathways in 

cancer, rheumatoid arthritis, IL-17 signaling pathway, bladder cancer, p53 signaling pathway, 

lipid and atherosclerosis, and relaxin signaling pathway (Figure 3B).  
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Figure 2: Interaction Network of N7G Targets in Lung Cells. Protein-Protein Interaction (PPI) and network 

modules showing interactions of dysregulated N7G targets (peach circles) with upregulated (blue circles) and 

downregulated (blue squares) neighboring genes.  
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Figure 3: Enrichment Analysis of Module network. Enrichment analysis highlighting the top significant 

biological processes (BP), cellular components (CC), and molecular functions (MF) related to N7G targets, marked 

with red stars.  (D) Bar plot of significantly enriched pathways within the module network linked to N7G targets. 
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Identification of Key Respiratory Disorders Linked to N7G Targets 

Our disease enrichment analysis, has identified statistically significant associations between N7G 

targets (SERPINE1, MMP7, and MMP1) and various respiratory tract diseases. The analysis 

yielded low adjusted p-values, denoting these associations are statistically robust. Idiopathic 

Pulmonary Fibrosis and Lung diseases shared the most significant association with our gene 

targets (adjusted P-value: 3.05E-04), while conditions like Asthma also showed significant 

associations (adjusted P-value: 0.002013276). These findings suggest a potential link between 

N7G gene targets and the pathogenesis of diverse pulmonary conditions (Figure 4 & Table 1). 

 

 

 

Figure 4: Respiratory Disorders Linked to N7G Targets SERPINE1, MMP7, and MMP1.  
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Table 1. Respiratory Disorders Linked to N7G Targets  

 

Respiratory Tract Disease Terms DisGeNet 

Disease Id 

P-value Adjusted  

P-value 

Secondary malignant neoplasm of lung C0153676 3.97E-05 7.04E-04 

Pulmonary Fibrosis C0034069 1.00E-05 3.82E-04 

Idiopathic Pulmonary Fibrosis C1800706 6.75E-06 3.05E-04 

Lung diseases C0024115 7.53E-06 3.05E-04 

Carcinoma of lung C0684249 0.001895364 0.006514246 

Malignant neoplasm of lung C0242379 0.001834007 0.006360671 

Primary malignant neoplasm of lung C1306460 0.001456535 0.00571981 

Non-Small Cell Lung Carcinoma C0007131 0.001408877 0.005657752 

Asthma C0004096 2.82E-04 0.002013276 

 

Molecular Docking of N7G with MMP7, SERPINE1, and MMP1 

 

The molecular docking analysis provided insight into the binding affinities of N7G with target 

proteins, revealing the formation of stable complexes with MMP7, SERPINE1, and MMP1. 

Binding energies were determined to be -9.5 kcal/mol for MMP7, -9.1 kcal/mol for SERPINE1, 

and -8.4 kcal/mol for MMP1, indicating strong interactions, particularly with MMP7 and MMP1 

which showed higher binding energies than those of their respective reference compounds. 

SERPINE1's binding energy was found to be comparable to that of its reference compound, as 

listed in Table 2. 

 

Protein-ligand interaction profiles showed that N7G occupied the active sites of these proteins in 

a manner similar to their respective reference ligands, as demonstrated in Figure 5. Detailed 2D 

interaction analysis for the MMP7-N7G complex revealed several non-polar interactions with 

key amino acid residues. Additionally, the formation of hydrogen bonds with Pro233, Asn234, 

and Ala235 played a significant role in stabilizing the complex (Figure 5). 
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In the SERPINE1-N7G complex, the binding was predominantly due to non-polar interactions 

with hydrophobic residues, complemented by polar interactions and hydrogen bonding with 

Asn167, among others. The positively charged interactions with residues such as Lys323 and 

Lys325 further contributed to the stability of the complex. 

 

Analysis of the MMP1-N7G complex highlighted a combination of non-polar and polar 

interactions, with additional contributions from charged residues, leading to robust binding 

within the active pocket of MMP1. N7G was also observed to form hydrogen bonds with Arg208 

and Phe242. 

 

 

Table 2:  Molecular Docking of N7G with MMP7, SERPINE1, and MMP1 

 

N7G 

Target  

(PDB ID) 

Reference Ligand 

 

Binding 

Affinity  

(Kcal/mol) 

Reference 

ligand 

Grid box 

Center 

Grid 

box Size 

Binding 

Affinity 

(Kcal/mol) 

N7G  

 

MMP7 

(2Y6D) 

N-[(2S)-1-[4-(5-

Bromopyridin-2-

yl)piperazin-1-

yl]sulfonyl-5-

pyrimidin-2-yl-pentan-

2-yl]-n-hydroxy-

methanamide 

-7.9 

 x= -18.187 

y= 10.426 

z= 04.244 

x= 24 

y= 32 

z= 22 

-9.5 

SERPINE1 

(1A7C) 
Pentapeptide -10.0 

x= 17.565 

y= 20.457 

z= 17.224 

x= 34 

y= 28 

z= 60 

-9.1 

MMP1 

(1SU3) 
Q27451041  -6.7 

x= 49.048 

y= -29.726 

z= 61.038 

x= 30 

y= 36 

z= 26 

-8.4 
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Figure 5: N7G binds to host MMP7, SERPINE1, and MMP1. Surface and 2D interaction views of N7G in 

complex with cellular targets, compared with reference molecules.  
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Molecular Dynamics Insight into the MMP7-N7G Binding Mechanism 

The binding of N7G to MMP7 was corroborated through extensive molecular dynamics (MD) 

simulations, performed over 200 nanoseconds in triplicate. The occupation of N7G at MMP7’s 

zinc binding catalytic site was consistent with that of its established inhibitors [48, 49].  N7G 

displayed numerous non-polar interactions with the hydrophobic residues within MMP7's 

pocket, namely Tyr215, Ala216, Ala235, Val236, Tyr238, Pro239, and Phe249, maintaining 

consistency across all trajectory analyses. Hydrophilic interactions were noted with His219, 

Asn234, and Thr240, alongside charged interactions with Lys250, Glu220, and Asp245. The 

formation of one to four hydrogen bonds between N7G and MMP7 was observed, contributing to 

the stability of the complex, as evidenced in Figure 6.  

The MMP7-N7G complex exhibited stable backbone conformations, with an average root-mean-

square deviation (RMSD) of 0.4 ± 0.01 nm in the first and second runs. A slight fluctuation was 

noted in the third run, as shown in Figure 7A. N7G maintained a stable RMSD of 0.5 ± 0.1 nm 

throughout all simulations (Figure 7B). The proximity of N7G within MMP7's active site was 

indicated by an average minimum distance of 0.18 nm (Figure 7C).  Additionally, the radius of 

gyration (Rg) values remained stable at 1.6 ± 0.03 nm in the first two runs, with minimal 

fluctuation observed in the third, suggesting a compact and stable complex (Figure 7D). The 

complex stability was further supported by an average of five hydrogen bonds throughout the 

triplicate simulations (Figure 7E). The solvent accessible surface area (SASA) demonstrated 

consistency in the triplicate runs (Figure7F), and the root-mean-square fluctuation (RMSF) 

analysis showed minimal fluctuations of catalytic residues, which were effectively shielded by 

N7G (Figure 7G). 

The MMGBSA calculations supported these findings, yielding binding free energies of -41.5428 

± 4.7443 kcal/mol, -46.1620 ± 4.0393 kcal/mol, and -34.2582 ± 3.7192 kcal/mol across the three 

runs (Table 3). The residue decomposition analysis identified key contributors to the stabilization 

of the MMP7-N7G complex, with significant energy contributions from Tyr215, Tyr241, 

Ala235, Tyr238, Val236, Pro239, Ala216, Thr240, Leu181, Ile211, Phe249, Met237, His219, 

Asn234, and Gly242 as highlighted in Figure 7H. Additional residues with smaller energy 

contributions are detailed in Figure 7H. 
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Figure 6: Structural Dynamics in the MMP7-N7G Interaction. (A) Surface depiction of MMP7 bound to N7G 

(in cyan stick model). (B) Three-dimensional conformation of the MMP7-N7G complex, highlighting the ligand's 

orientation. (C) Two-dimensional diagram of binding site interactions in the MMP7-N7G complex, illustrating 

detailed molecular contacts. 
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Figure 7: Stability Analysis of the MMP7-N7G Complex via Molecular Dynamics Simulations. (A) the root 

mean square deviation (RMSD) of the protein backbone, indicating the conformational stability over time; (B) 

RMSD of N7G within the binding site, reflecting the steadiness of ligand positioning; (C) presents the radius of 

gyration, which measures the compactness of the complex; (D) details the minimum distance metrics between N7G 

and MMP7, a direct indicator of binding proximity; (E) enumerates the hydrogen bonds formed during the 

simulation, a key factor in complex stability; (F) depicts the Solvent Accessible Surface Area (SASA), relating to 

the exposure of the complex to solvent; and (G) provides the Root Mean Square Fluctuations (RMSF) of residues 

close to the ligand (within 5 Angstroms), highlighted in black, to assess their dynamic behavior within the binding 

pocket;   (H) individual residue energy contributions from MMGBSA, pinpointing crucial stabilizers. 
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Elucidating the Stability of N7G within the SERPINE1 Active Site 

Our analysis revealed that N7G is stably accommodated within the SERPINE1 active pocket, 

predominantly through non-polar interactions with hydrophobic residues. Across all triplicate 

(200 ns) trajectories, a consistent pattern of 17 non-polar interactions was observed involving 

residues Val39, Val42, Val140, Ile148, Leu151, Leu152, Ala156, Val164, Leu165, Val166, 

Ala168, Leu169, Leu286, Ala318, Ala320, Leu321, and Val324.  Polar interactions also played a 

crucial role in stabilization, with Ser35, Thr144, Thr161, Asn167, Gln319, Gln322, and the 

positively charged Lys323 and Lys325 contributing to the stable occupancy of N7G. The 

formation of three to five hydrogen bonds with Ala156, Asn167, Leu321, Gln322, and Lys323 

was instrumental in the stability of the N7G-SERPINE1 complex, as depicted in Figure 8A-C.  

The 200 ns MD simulations confirmed that the SERPINE1-N7G complex maintained a stable 

backbone conformation with a root-mean-square deviation (RMSD) of 0.22 ± 0.02 nm (Figure 9 

A). The ligand itself showed a stable RMSD ranging from 0.18 ± 0.03 to 0.3 ± 0.01 nm (Figure 9 

B). The average minimum distance of 0.18 nm between N7G and SERPINE1 indicated the tight 

binding within the active site (Figure 9 C). A consistent radius of gyration (Rg) value between 

2.15 ± 0.02 nm to 2.2 ± 0.03 nm across the simulations indicated a compact and stable complex 

formation (Figure 9 D). The complex was further characterized by an average of six to seven 

hydrogen bonds throughout the 200 ns simulations in runs 1, 2, and 3 (Figure 9 E), and a stable 

solvent accessible surface area between 170-185 nm² (Figure 9F).  Analysis of the root-mean-

square fluctuation (RMSF) of the active pocket residues revealed minimal fluctuations, 

signifying a stable interaction with N7G (Figure 9 G).  

The MMGBSA analysis supported these observations with reliable binding free energies of -

57.7694 ± 3.8023 kcal/mol, -61.0155 ± 4.3545 kcal/mol, and -61.2195 ± 3.7082 kcal/mol for 

runs 1, 2, and 3, respectively (Table 3). Residue decomposition analysis pinpointed Asn167 as 

the primary contributor to the stability of the SERPINE1-N7G complex (Figure 9 H). Other 

residues such as Leu151, Val166, Val164, Val42, Leu169, Val140, and Val148 also played 

significant roles in N7G binding, as shown in Figure 9 H. 

The 200ns trajectory analysis revealed transient complex formation of N7G with MMP1 (Figure 

10 A and B,). N7G was initially bound to the pocket of the MMP1 protein but after a simulation 

time ~80 ns the complex was destabilized and the ligand was ejected out of the protein. The high 

fluctuations in the RMSD of the ligand with respect to the protein’s backbone and the minimum 

distance between N7G and active site of MMP1, confirmed the destabilization of the complex 

(Figure 10 C and D).   
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Figure 8: Stability Illustration of SERPINE1-N7G Complex. The figure illustrates (A) the surface perspective of 

SERPINE1 bound with N7G, depicted as a cyan stick model; (B) the three-dimensional binding conformation of the 

complex; and (C) a two-dimensional interaction map of the binding site, demonstrating the ligand-protein interface. 
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Figure 9:  Molecular Dynamics Insights of SERPINE1-N7G Interaction. Illustrated are (A) protein backbone 

RMSD, indicating structural steadiness; (B) ligand N7G RMSD, showing binding stability; (C) ligand-protein 

proximity; (D) complex compactness via radius of gyration; (E) hydrogen bond frequency, affirming interaction 

strength; (F) solvent exposure through Solvent Accessible Surface Area; (G) binding site residue stability via 

RMSF, with key residues marked in black; and (H) individual residue energy contributions from MMGBSA. 
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Figure 10: Trajectory Analysis of N7G with MMP1. (A) Shows the initial stable binding of N7G within MMP1's 

active pocket, while (B) illustrates the complex destabilization and ejection of N7G . 

 
 

 

 

Table 3: Free energy calculations of N7G binding with host target proteins  

 

 

Target-N7G  

complex 

Energy Components 

∆EVDW ∆EEEL ∆EGB ∆ESURF ∆Ggas ∆Gsolv ∆GTOTAL 

MMP7 

(PDB ID: 

2Y6D) 

Run 1 
-50.4860 

± 5.6145 

-23.7502 ± 

8.9262 

38.8374 ± 

7.7013 

-6.1440 ± 

0.4817 

-74.2362 ± 

10.3413 

32.6934 

± 7.4466 

-41.5428 ± 

4.7443 

Run 2 
-52.9088 

± 3.1746 

-25.6410 ± 

6.7643 

38.7198 ± 

5.0561 

-6.3321 ± 

0.3248 

-78.5497 ± 

7.3532 

32.3877 

± 4.9223 

-46.1620 ± 

4.0393 

Run 3 
-47.2523 

± 2.6910 

-19.1631 ± 

7.5603 

37.6186 ± 

6.2523 

-5.4614 ± 

0.2442 

-66.4154 ± 

8.0981 

32.1572 

± 6.1835 

-34.2582 ± 

3.7192 

SERPINE1 

(PDB ID: 

1A7C) 

Run 1 
-60.1787 

±  2.7485 

-28.3364 ± 

6.3675 

38.5826 ± 

4.0496 

-7.8368 ± 

0.1241 

-88.5151 ± 

5.9449 

30.7457 

± 4.0580 

-57.7694 ± 

3.8023 

Run 2 
-55.6126 

± 3.162 

-40.8565 ± 

7.2501 

43.5042 ± 

4.3910 

-8.0506 ± 

0.1481 

-96.4691 ± 

6.7109 

35.4536 

± 4.3645 

-61.0155 ± 

4.3545 

Run 3 
-58.0844 

± 3.1798 

-32.4775 ± 

4.7790 

37.3655 ± 

2.8157 

-8.0230 ± 

0.1522 

-90.5620 ± 

4.4782 

29.3425 

± 2.7952 

-61.2195 ± 

3.7082 

 

All energies are in Kcal/mol along with their standard deviation in parenthesis. ∆EVDW: van der Waals contribution 

from MM; ∆EEEL: electrostatic energy as calculated by the MM force field; ∆EGB: the electrostatic contribution to 

the solvation free energy calculated by GB; ∆ESURF: solvent-accessible surface area; ∆Ggas: gas-phase interaction 

energy; ∆Gsolv: solvation free energy; ∆GTOTAL: total binding free energy. 
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Discussion 

In this study, we explored the therapeutic potential of Naringenin-7-O-glucoside (N7G), also 

known as Prunin, a bioactive flavone glycoside. N7G is recognized for its antiviral, antibacterial, 

antimalarial, and anticancer properties [50]. We focused on N7G's application in treating 

COVID-19, analyzing lung samples from both deceased and healthy SARS-CoV-2 infected 

patients [28, 29] to understand the molecular mechanisms and identify potential targets for 

therapeutic intervention. 

Our enrichment analysis, focusing on the biological functions and pathways associated with 

Naringenin-7-O-glucoside (N7G) targets, has revealed their connection to metalloendopeptidase 

activity and protease binding. These pathways play critical roles  immune responses, and cellular 

signaling. Notably, our analysis highlights the importance of the HIF-1, AGE-RAGE, and IL-17 

signaling pathways, all of which are known to contribute to the pathogenesis of diseases, 

including COVID-19, suggesting their potential as targets for therapeutic intervention.  Our 

analysis indicate that suppressing the HIF-1 signaling pathway could mitigate lung inflammation 

associated with SARS-CoV-2 infection [51, 52]. The AGE-RAGE signaling pathway, known for 

its role in oxidative stress response, leads to cytokine production and subsequent trigger in 

inflammation.  Targeting and blocking the AGE-RAGE pathway emerges as a promising 

strategy in treating COVID-19 [53-55]. Additionally, IL-17, a cytokine implicated in the 

cytokine storm observed during SARS-CoV-2 infection, presents itself as another potential 

therapeutic target. Several studies have suggested that modulating the IL-17 signaling pathway 

could be effective in developing treatments for COVID-19[56-58]. Moreover, our research 

suggests targeting the relaxin signaling pathway, known for its ability to suppress inflammation 

and fibrosis, could be beneficial. This pathway has been identified as a potential therapeutic 

target in cardiovascular diseases and other inflammation-related conditions, adding another 

dimension to the potential applications of N7G in treating post-COVID-19 syndrome’ or ‘long-

haul COVIDand other diseases [59, 60].  

We concentrated on identifying influential and druggable host genes to address SARS-CoV-2 

infection, leading to the prioritization of three N7G drug targets: SERPINE1, MMP7, and 

MMP1. Both our study's results and corroborating evidence from the literature emphasize the 

crucial role of these genes in SARS-CoV-2 infection, highlighting the urgency to develop 
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therapies targeting them. Elevated levels of SERPINE1 in plasma and pulmonary edema fluid 

have been previously identified as indicators of early mortality risk in COVID-19 patients [61].  

Additionally, our enrichment analysis revealed a role for SERPINE1 in the process of platelet 

degranulation. This aligns with previous findings in severe COVID-19 cases, where patients 

exhibited increased fibrin deposition in lung tissues due to impaired fibrinolysis [62]. The 

upregulation of SERPINE1 is reported to inhibit fibrinolysis, leading to platelet exhaustion and 

subsequent imbalances in clotting, which can result in thrombocytopenia [61, 63, 64]. 

Intriguingly, increased SERPINE1 expression in SARS-CoV-2 infected samples was associated 

with altered immune and inflammatory profiles compared to normal samples [65, 66]. This 

observation suggests a significant impact of SERPINE1 on the immune response in severe 

COVID-19 cases [67]. Given these findings, we propose that SERPINE1 could be a viable 

therapeutic target for N7G, particularly in addressing the excessive inflammation observed in 

severe cases of COVID-19. This potential for therapeutic intervention underscores the 

importance of further research into the role of SERPINE1 in COVID-19 pathology and treatment 

strategies. 

Our study also highlights the significance of MMP1 and MMP7 as critical targets of Naringenin-

7-O-glucoside (N7G). Matrix metalloproteinases (MMPs) are key enzymes that regulate tissue 

and organ homeostasis, and are used as potential biomarkers of COVID-19 severity [68-72]. 

Existing literature indicates that overexpression of MMPs can disturb the balance of the 

extracellular matrix, leading to tissue damage when their expression becomes pathologically 

elevated [73-76]. Specifically, the MMP1 gene has been linked to the severity of COVID-19, 

identified as a significantly elevated inflammatory factor in hospitalized patients compared to 

those with milder symptoms or healthy controls [70, 73, 77]. It is evident from the literature that 

viral load triggers an exaggerated immune response, including the expression and proteolytic 

activation of MMPs [73, 78, 79]. Matrix Metalloproteinases, including MMP1, MMP2, MMP7, 

MMP8, and MMP14, have been implicated in causing pulmonary edema by releasing 

chemokines and pro-inflammatory markers, making them potential biomarkers for assessing the 

severity of COVID-19 [75, 80, 81].  These results highlight the significance of MMP1 and 

MMP7 as potential therapeutic targets in treating COVID-19, especially considering their 

influence on immune response and tissue integrity. This is particularly relevant in the context of 

N7G targeting these enzymes. A deeper understanding of how N7G influences the regulation and 
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activity of these matrix metalloproteinases could offer valuable insights into managing and 

mitigating the severe impacts associated with COVID-19 infection. 

The notable correlations between the targets of N7G and various respiratory ailments highlight 

the possible impact of genes such as SERPINE1, MMP7, and MMP1 on lung disease 

mechanisms. Specifically, their strong association with Idiopathic Pulmonary Fibrosis suggests 

their involvement in fibrotic processes, and their link to asthma indicates a role in inflammation 

and airway remodeling. Additionally, the presence of these genes in various lung cancers points 

to their potential contribution to cancer development. These insights offer a promising direction 

for future research aimed at unraveling the molecular pathways at play, thereby facilitating the 

development of new treatment approaches and early detection methods for respiratory 

conditions. 

To assess and validate the inhibitory capabilities of N7G against SERPINE1, MMP1 and MMP7 

these targets, we employed molecular docking techniques followed by extensive molecular 

dynamics (MD) simulations, each lasting 200 nanoseconds (ns) and conducted in triplicates. Our 

findings revealed that MMP7 and SERPINE1 formed stable complexes with N7G. Notably, N7G 

consistently occupied the zinc binding catalytic site of MMP7 across all MD simulations, 

showing interaction patterns similar to other known MMP7 inhibitors  [48, 49]. For SERPINE1 

[82, 83], N7G tightly bound to the inhibitor site, indicating a strong interaction.  

The MMGBSA analysis of the MMP7-N7G and SERPINE1-N7G complexes confirmed their 

stability, with average binding affinities of -40.6543 ± 4.1676 kcal/mol and -60.0014 ± 3.955 

kcal/mol, respectively. These results suggest that N7G could effectively inhibit both MMP7 and 

SERPINE1.  

Although Naringenin-7-O-glucoside (N7G) showed transient complex formation with MMP1 in 

our molecular simulation studies, the role of MMP1 in the pathogenesis of COVID-19 cannot be 

overlooked. Elevated levels of MMP1 have been associated with increased inflammatory 

response in COVID-19 patients, indicating its potential as a biomarker and a target for 

therapeutic intervention [70, 73, 77]. Further research into the interaction between N7G and 

MMP1 could provide deeper insights into developing effective treatments for COVID-19, 

particularly in cases with severe lung involvement. 
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In conclusion, our study reveals MMP7, MMP1, and SERPINE1 as critical immune-related 

targets of N7G in combating SARS-CoV-2, positioning N7G as a potential novel inhibitor for 

treating COVID-19-induced lung inflammation and post-COVID-19 syndrome’ or ‘long-haul 

COVID. While these findings are promising, they mark only the initial steps in understanding 

N7G's therapeutic potential. Further in-vivo studies and comprehensive clinical trials are 

essential to establish N7G's safety and effectiveness in COVID-19 treatment. This study 

contributes to the growing body of knowledge on using natural compounds in antiviral 

treatments, opening new avenues for exploring the potential of N7G against various viral 

infections. Amid the global fight against COVID-19, our study emphasizes the need for 

exploring a range of therapeutic solutions, including natural products, in the quest for effective 

treatments. 
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