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Abstract: Flavonoids, widely distributed in fruits, vegetables, and medicinal herbs, are compounds 
with multiple biological benefits to human health from anti-inflammatory, antioxidant, anticancer, 
antibacterial to antiviral activity. Coronavirus disease 2019 (COVID-19), a serious concern in the 
world today, is a respiratory tract disease involving moderate to severe symptoms of pneumonia, 
with a major incidence in older people and patients having chronic diseases. This emergency health 
situation led us to evaluate the possible use of natural products to prevent respiratory diseases. The 
present study aims to report the potential of four natural flavonoids, known to have an-
ti-inflammatory and antiviral activity, as anti-SARS-CoV-2 through their binding on the 6YNQ 
protein receptor. Molecular docking study with the FRED program was chosen as an appropriate 
tool to analyze the interaction of natural flavonoids, quercetin, luteolin, galangin, and naringenin, 
with the SARS-CoV-2 main protease and to rank the conformations through a scoring function to 
predict their binding affinity. Overall, our preliminary results indicate the potential of the titled 
natural flavonoids to fight the new coronavirus, COVID-19. 
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1. Introduction 
Coronavirus disease 2019 (COVID-19) is the most serious health concern of 2020, 

spreading rapidly across the continent [1]. To date, remdesivir is the only FDA-approved 
drug to treat COVID-19 [2,3]. Nevertheless, scientists are working hard to design new 
effective vaccine and “savior” protocols based on marketed anti-inflammatory and anti-
viral drugs or using natural resources. 

SARS-CoV-2, the seventh coronavirus known to infect humans, is considered the 
principal causative of coronavirus disease. This virus can cause mild to severe problems 
at the respiratory and digestive levels. In this context, the structural inhibition of 
SARS-CoV-2 main protease (Mpro) at the active site can be a promising alternative for 
the design of selective treatment with fewer secondary effects on human health [4,5]. 
Some studies suggested that flavonoids can inhibit the activity of this protease [6–9]. 
Their inhibitory capabilities are due to the presence of numerous acceptors, donors, hy-
drophobic and aromatic functional units that contribute to their therapeutic action. 
Moreover, flavonoids are usually found in oilseeds, fruits, flowers, nuts, and vegetables, 
representing a vital part of the human diet, which increases the ease of treatment [10,11]. 

The present work aimed to assess flavonoid type compounds existing in natural 
resources as potential COVID-19 inhibitors, employing molecular docking and phar-
macokinetic analysis. For such purpose, we have compared hydroxychloroquine [12], a 
drug under observational study with SARS-CoV-2 and four natural flavonoids, querce-
tin, luteolin, naringenin, and galangin, by analyzing their binding modes in the 
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SARS-CoV-2 active site and pharmacokinetic profile. Galangin showed an excellent in-
hibitory profile against SARS-CoV-2 compared with control, hydroxychloroquine. 

2. Methods 
2.1. Workflow 

The workflow diagram (Figure 1) involves the following steps: (a) the natural fla-
vonoids, hydroxychloroquine, and SARS-CoV-2 protein preparation, (b) molecular 
docking approach, and (c) the pharmacokinetic predictions 

 
Figure 1. Computational workflow scheme. 

2.2. Ligands Preparation 
The 3D-structure of the four natural flavonoids (quercetin, luteolin, naringenin, and 

galangin) and hydroxychloroquine were prepared using the Omega tool, OpenEye 
(OMEGA v.2.5.1.4, OpenEye Scientific Software, Santa Fe, NM, USA. 
www.eyesopen.com, accessed on 15 July 2020) [13,14]. The ionization states and the ma-
jor microspecies of each molecule were verified at pH 7.4. These natural flavonoids were 
chosen to be used based on good profiles obtained from the density functional theory 
quantum chemical calculations (DFT) and pharmacokinetic investigations presented by 
Bora et al. [15]. Hydroxychloroquine was used as a standard for comparison. The gener-
ated conformations were used in docking simulations. 

2.3. Protein Preparation 
The X-ray structure of SARS-CoV-2 main protease (Mpro) bound to 

2-methyl-1-tetralone (P6N) (PDB ID: 6YNQ) downloaded from Protein Data Bank 
(https://www.rcsb.org/, accessed on 15 July 2020) was prepared for docking by generat-
ing the active site box of 2400 Å3, and outer/inner contours of 1088 Å3/113 Å3 centered on 
the P6N ligand, using Make Receptor, OpenEye (Make Receptor, OpenEye Scientific 
Software, Santa Fe, NM, USA, http://www.eyesopen.com, accessed on 15 July 2020). The 
SARS-CoV-2 structure was selected based on the high similarity between the basic fla-
vonoid skeleton and the co-crystallized ligands. The default parameters without impos-
ing any constraints were applied. Water molecules of the active site that exceeded 5 Å 
from co-crystallized ligand were deleted. The receptor file was used further for docking 
experiments. 
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2.4. Molecular Docking 
Molecular docking simulations between the titled molecules and the biological tar-

get Mpro (PDB 6YNQ) were performed with the aid of the FRED tool, OpenEye (FRED, 
OpenEye Scientific Software, Santa Fe, NM, USA [16–18]. The ligands and target proteins 
were treated as rigid structures during the docking simulation. Ten docking poses were 
retained for each ligand. To score ligand pose placement inside the active site, the 
Chemgauss 4 (CG4) function [16–18] was employed. The most likely binding confor-
mations were retained based on the significant interactions with key residues of the ac-
tive site and the highest values of the affinity score. The docking results were compared 
to that of the hydroxychloroquine, a repositioned drug, with satisfactory results in the 
COVID-19 treatment. 

2.5. Prediction of Pharmacokinetic Profile 
For calculation of the pharmacokinetic properties of the compounds under study 

with SARS-CoV-2 (quercetin, luteolin, naringenin, galangin, and hydroxychloroquine), 
we applied the QikProp tool, Schrodinger [19], and selecting the following special fea-
tures: cell permeability (QPPCaco and QPPMDCK), binding to serum albumin (QPlog-
Khsa), permeability to the CNS (QPlogBB, CNS and PSA), and oral absorption (% HOA). 
The drug that is considered an effective candidate for COVID-9 treatment must fulfill the 
requirements (i) of not crossing the CNS barriers, (ii) high cellular distribution and oral 
absorption, and (iii) low binding to plasma protein. 

The acceptable limits of the selected properties are the following: 
• QPPCaco—predicted apparent Caco-2 cell permeability in nm/s: >500 (great) and 

<25 (poor); 
• QPPMDCK—predicted apparent MDCK cell permeability in nm/s: >500 (great) and 

<25 (poor); 
• QPlogKhsa—prediction of binding to human serum albumin: −1.5 (low) to 1.5 

(high); 
• QlogBB—predicted brain/blood partition coefficient: −3.0 (low) to 1.2 (easy permea-

bility); 
• CNS—predicted central nervous system activity:–2 (low permeability) to +2 (high 

permeability; 
• PSA—van der Waals surface area of polar nitrogen and oxygen atoms: >60 does not 

cross the blood–brain barrier and <60 to cross the blood–brain barrier; 
• % HOA—predicted human oral absorption on 0 to 100% scale: >80% (high), 25–80% 

(medium) and <25% (poor). 
Additionally, the possible toxic action of the investigated compounds was computed 

using a freely accessible pkCSM platform 
(http://biosig.unimelb.edu.au/pkcsm/prediction, accessed on 20 September 2020). The 
pkCSM uses machine-learning methods to predict the pharmacokinetics and toxicity 
properties of small-molecules [20]. 

3. Results and Discussions 
3.1. Molecular Docking Analysis 

The natural flavonoid antioxidants quercetin, luteolin, naringenin and, galangin, 
which are usually found in various medicinal and dietary sources, comprise numerous 
pharmacophoric characteristics that are relevant for their application as drug-like can-
didates. Alignment of these antioxidant compounds over the native P6N ligand 
(2-Methyl-1-tetralone) and hydroxychloroquine showed significant overlaps and simi-
larities in binding orientations and interactions (Figure 2). Therefore, such similarities 
have made it clear that these four natural antioxidants can act as potential inhibitors of 
Mpro. 
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Figure 2. Different perspectives of the docked protein–ligand complex. (a) The hydroxychloroquine, flavonoids, and 
co-crystallized ligand structures superposition (b) the binding orientation of the structures of the ligands in the 6YNQ 
active site (c) the significant hydrogen-bond and hydrophobic interactions established by the ligands with the key resi-
dues of the 6NYQ active site (d) the donor and acceptor surfaces around ligands. 

The molecular docking of natural flavonoids in the active site of SARS-CoV-2 main 
protease gave negative binding scores of −8.007, −8.106, −7.68, and −8.066 for quercetin, 
luteolin, naringenin and, galangin, respectively, which were significantly higher than the 
binding score of hydroxychloroquine, −6.96. The binding of these compounds into the 
6NYQ active site displayed effective interactions and formation of hydrogen bonds with 
HIS163, HIS164, CYS145, PHE140, HIS41, and GLU166, residues (Figure 3). Moreover, 
interactions, such as van der Waals, п-п stacked, п-alkyl, п-sulfur, п-anion, car-
bon-hydrogen bonds, and water hydrogen bonds, in turn, fortified the biding orientation 
and contact of these ligands with the residues active site and supported our analysis to a 
much greater extent. The carbonyl units of all-natural flavonoids, as well as aromatic ni-
trogen atom of hydroxychloroquine, interact with residue HIS163. However, with the 
amino acid residue CYS145, only galangin and quercetin showed hydrogen bond inter-
actions. These two flavonoids exhibited the highest number of hydrogen bond interac-
tions involving those realized with PHE140, HIS164, and HIS41 residues. All molecules, 
including hydroxychloroquine, formed п-п stacked interactions between the conjugated 
rings and LEU141. This interaction is also observed for the native ligand, P6N. Galangin 
and naringenin realized additional п-п stacked interactions with HIS41. Supplementary 
п-sulfur and п-anion contacts with MET165, MET49, and GLU166, respectively, were 
observed for the natural ligands. Out of four flavonoids, galangin displayed the highest 
number of interactions with the largest number of amino acid residues, including (i) hy-
drogen bonds—4, (ii) п-п stacked—3, (iii) п-alkyl—1, (iv) п-sulfur—2 and (v) п-anion—1. 
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Figure 3. Docking analysis. 2D representation of key interactions between hydroxychloroquine, natural flavonoids, 
co-crystallized P6N ligand, and the 6YNQ-binding site and the corresponding CG4 docking score. 

Therefore, the HIS163, HIS164, MET165, and MET49 residues demonstrated their 
importance in multiple interactions of different chemical natures between the ligands 
and the target, in addition to the HIS41 and CYS145 residues that contribute significantly 
to the catalytic activity of the SARS-CoV-2 main protease; we can indicate galangin as the 
most promising drug candidate for the treatment of COVID-19. 

3.2. Pharmacokinetic and Toxicological Properties Analysis 
All the investigated molecules showed results with medium to high values for hu-

man oral absorption, as well as less to median aggregation to human plasma proteins. 
Most of the evaluated flavonoids and hydroxychloroquine showed good cellular per-
meability prediction values, for both intestinal and kidney cells (QPPCaco and QPP-
MDCK), with the exception only of quercetin and luteolin. Excluding hydroxychloro-
quine, which crosses the CNS barriers, the investigated flavonoids tend not to permeate 
the CNS. The pkCSM predictions indicated hydroxychloroquine as exhibiting possible 
hepatotoxicity likely due to quinoline unit, inhibition of HERG II channels, and muta-
genicity risks, demonstrating the high degree of toxicity compared with the investigated 
flavonoids. Excepting quercetin with possible mutagenic and tumorigenic toxicity risks, 
galangin, luteolin and naringenin did not show any human toxicity alerts. All the ana-
lyzed properties’ values are detailed in Figure 4. 

Shortly, analyzing by comparison with the predicted pharmacokinetic profile of the 
hydroxychloroquine, it can be concluded that the profile obtained for galangin (Figure 4) 
is the most satisfactory and appropriate to be further evaluated as a clinical alternative 
against this pandemic disease. 

Our hypothesis of SARS-CoV-2 potential inhibition with natural compounds of 
flavonoid type seems to be possible and requires extensive further research to design an 
effective natural treatment against COVID-19. 
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Figure 4. Numerical values and graphical representation of the QikProp properties computed for hydroxychloroquine 
and the four natural flavonoids. 

4. Conclusions 
We have carried out molecular docking and pharmacokinetic studies of four natural 

flavonoids and hydroxychloroquine with SARS-CoV-2 main protease receptor. The 
docking results (binding energy and key interactions) and pharmacokinetic profiles were 
compared with hydroxychloroquine, a repurposed drug with potential benefits against 
COVID-19 [12,21,22]. Our results revealed that all flavonoids exhibited higher docking 
scores than hydroxychloroquine against the SARS-CoV-2 protease. One out of four fla-
vonoids, galangin, showed pharmacological properties similar to hydroxychloroquine, 
with particular improvement in its potential of not permeates the CNS. Therefore, based 
on the promising docking and pharmacokinetic outcomes and the medicinal relevance of 
galangin, we suggest being further evaluated as a possible repurposed drug to combat 
COVID-19. 
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