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Flavonoids from Carica papaya Linn. against
SARS-CoV-2 protease: Molecular Docking and ADME 

analysis

AbStRACt  

Objective: The objective of the study is to investigate the inhibitory activity of selected flavonoids from the plant Carica Papaya Linn. using molecu-
lar docking against SARS-CoV-2 or Covid-19.
Methodology: In silico bioinformatics tools was used to investigate the capabilities of flavonoids as an acclamatory inhibitor of Covid-19. The 3D 
structure of the receptor was retrieved from PDB and of the ligands from PubChem databases. Docking analysis of the selected compounds was per-
formed employing Autodock and PyRx. Further investigation of the Phytoligands were predicted using Lipinski filter and SwissADME online server.
Results: All the compounds are non-violated according to the Lipinski’s parameters and making them capable for biological activities. As a result, 
Quercetin has highest binding affinity and score followed by apigenin and luteolin and expected to be effective in Covid-19 treatment.

Introduction
Coronavirus disease, caused by the Severe acute respiratory syndrome -2 (SARS-CoV-2), is in the center of worldwide 
concern since December 2019 [1]. Coronavirus belongs to the family Coronaviridae[2] and are single stranded RNA 
virussurrounded by an envelope protein. SARS-CoV is zoonotic in origin because they cause severe respiratory syn-
drome [3]. Patients infected with SARS-CoV-2 have a wide range of symptoms such as fever, cough and shortness of 
breathing [4]. It has also reported that about 2-10% of the infected persons with covid-19 had gastrointestinal symp-
toms like vomiting, diarrhea and abdominal pain [4,5]. SARS-CoV and MERS-CoV outcome from severe public health 
issues which ultimately lead to epidemics resulting in important loss of life [6-8]. There are currently no vaccines 
available for the prevention & treatment of Coronavirus disease [9,6].
Plant derived compounds always remain a momentous source for the expansion of novel anti-viral agents. Currently, 
there are still no effective cure that target the coronavirus backbone and the development of these medicines or 
treatments requires months and years, so we should be oriented towards treatments of natural origin based on aro-
matic and medicinal plants to have the compounds having the ability to inhibit COVID19 [10].Carica papaya, com-
monly known as papaya is an herbaceous plant. Carica papaya is normally used in fever, pyrexia, diabetes, gonorrhea, 
synphilis [11-13]. The main group of phytochemicals in Carica papaya is flavonoids, which includes the Luteolin, 
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Apigenin, Quercetin, Kaempferol, and Benzylglucosinolate. From the listed flavonoids, 5 were selected based on PASS 
(Prediction of Active Spectra for Substances) online server prediction [14] which are used to find the biological activi-
ties of the particular compounds.In our study, we made a selection of the plants studied based on two principles: the 
first is oral efficacy, this means that the majority of papaya plants should be absorbable by the oral route, the second 
principle is the compatibility of traditional use, then we used molecular docking to have the compounds having an anti-
coronavirus effect by fighting on several criteria.

Methodology
Receptor selection

The 3D crystal structure of covid-19 main protease was retrieved from PDB (Protein Data Bank). PDB ID: 6M03www.
rcsb.org [15].

Phytoligands preparation

All the selected ligand files were retrieved from PubChem database in SDF (Structured Data format). All selected com-
pounds i.e. Luteolin, Apigenin, Quercetin, Kaempferol, Benzylglucosinolate [16-20] and analyzed using Marvin view 
[21]. And then all SDF files converted into PDB file using PyMol version 1.3 [22].

Fig 1: Crystal structure of covid-19 main protease 
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Drug likeness analysis

The likeness prediction of drug was carried out through Lipinski filter. According to Lipinski filter, some criteria must 
fulfill like molecular mass, hydrogen donor and acceptor, cLogP and molar refractive index [23]. Lazar an online server 
was used to assume or predict the best selected compounds using virtual docking (http://lazar.in-silico.de/predict).

ADMET analysis

The physiological properties were investigated by SWISS ADME, which is noted as a best tool in drug discovery [24]. 
And this analyzes refers to adsorption, distribution, metabolism and excretion. GI absorption and brain barrier access 
are two main pharmacological access in drug discovery processes.

BOILED-Egg

BOILED-Egg is used to predict depend on gastrointestinal absorption and brain barrier for the development of drugs. 
According to BOILED-Egg plot, if any compounds are rightfully placed in white region of eggs, the probability of GI ab-
sorption is higher and brain barrier is higher in case of compound correctly placed in yellow region. In this study, the 
analysis of the selected compounds for BOILED-Egg was done using SwissADME server [25].

Fig 2: 3D-structure of selected ligands from Carica papaya Linn 
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Molecular Docking simulation

The aim of the docking simulation is to assume or predict the binding modes of the respective ligands. In molecular 
docking, the docking score or binding affinity, ranking all the binding poses of the molecule, accordingly. Further, all 
the ligands were docked with the target receptors PDB ID: 6M03 using PyRX[26] and Autodock. Once the docking was 
performed, all the hydrophobic interaction was investigated using PyMol version 1.3 [22].

Results
Drug likeness analysis

Results of drug likeness investigation using Lipinski filter explains the rigidity of all selected compounds which can be 
considered for drug design.

Table 1: Lipinski filter analysis

Ligands Molecular 
weight

Hydrogen bond 
donor

Hydrogen bond ac-
ceptor

cLogP Molar refractivity

Luteolin 286.24 g/
mol

4 6 1.73 76.01

Apigenin 270.24 g/
mol

3 5 2.11 73.99

Quercetin 302.23 g/
mol

5 7 1.23 78.04

Kaempferol 286.24 g/
mol

4 6 1.58 76.01

Benzylglucosinolate 409.4 g/mol 5 11 -0.61 91.57

According to Drug design criteria, the above table shows that the selected ligands were noted to be in acceptable 
criteria.

AdmetSAR analysis

table 2: ADME prediction

Ligands GI absorption blood brain barrier p-GP substrate Subcellular localiza-
tion

Luteolin High No No Mitochondria
Apigenin High No No Mitochondria
Quercetin High No No Mitochondria

Kaempferol High No No Mitochondria
Benzylglucosinolate Low No No Mitochondria

Interestingly, the selected ligands don’t show any toxicity which justify to considered or screen the natural compounds.
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BOILED-Egg Plot

The prediction reveals that the except Benzylglucosinolate, all the compounds has high GI absorption such as luteolin, 
apigenin, quercetin and kaempferol.

According to BOILED-Egg model, the white region is defined as the physicochemical space of molecules with highest 
probability of being absorbed by GI tract and yellow region defined as the space of molecules with highest probability 
to interact with brain barrier.

Molecular Docking Simulation

Results observed from molecular docking process of all selected ligands with receptor (covid-19) showing better dock-
ing score and binding affinity. This prediction of compounds isbetter than already existing known drugs and it leads us 
to believe that, the compounds will possibly be suitable for treatment.

Fig 3: BOILED-Egg Plot 
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a)
b)

c) d)

e)

Fig 4: Molecular docking simulation of selected ligands with protease covid-19                                          
a) luteolin b) Apigenin c) Quercetin d) kaempferol e) Benzylglucosinolate.
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Fig 5: 2-D structures and interaction of compounds  a) luteolin b) Apigenin c) Quercetin d) kaempferol 
e) Benzylglucosinolate.

a) b)

c) d)

e)
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table 3: Docking results

Ligands Docking score/ binding affinity Hydrogen bond no. and residues
Luteolin -8.223 2 & Gln 256 &Thr 257
Apigenin -10.324 2& Ser1 &Phe 3
Quercetin -7.241 2& Gln 299 &Arg 298

kaempferol -12.435 2& Mol 307 &Gly 2
Benzylglucosinolate -15.325 4 & Mol 307 &Gly 2 & Ser 1 & Gln 299

The molecular docking result mentioned in the above tabular column exposed that the selected compounds for mo-
lecular docking showed excellent binding affinity when compared to already existing known drugs. Quercetin (-7.241) 
showed the best binding energy or docking score followed by luteolin (-8.223) and apigenin (-10.324).

Discussion
Currently, there is no particular vaccine available for the Novel Coronavirus or Covid-19, so we should be acclima-
tized towards the cure of natural compounds based on aromatic and medicinal plants to having the ability to inhibit 
COVID19 [10]. By comparing all the compounds studied with the Covid-19 protease basis on the binding energy crite-
ria, knowing that the binding affinity of compound, Quercetin (-7.241) followed by the Luteolin (-8.223) have a good 
interaction between the receptors and ligands. 

From a pharmacological point of view, these two molecules which are proposed as an inhibitor of the coronavirus are 
molecules having a significant anti-viral efficacy. Previous studies reveal that the presence of flavonoids in the leaves 
of Carica papaya exhibits potentially anti-dengue activity as noted by the raised platelet numbers. Quercetin is an im-
portant compound in Carica papaya Linn., it has the capability to inhibit the replication of viral cells before and after 
the entry of virions in Vero cells. Luteolin also represents the antiviral and anti-cancer efficacy [27].

According to Lipinski filter parameters and Admet analysis, the compounds (Quercetin and luteolin) are active com-
pounds for different types of models like BBB penetration, P-glycogenic substrate, human intestinal absorption. We 
suggest that the flavonoid Quercetin and Luteolin of carica papaya might exerts its anti-viral power by blocking the 
viral assembly mechanism and our results strongly reveals that quercetin and luteolin is a good candidate for the 
development for effective anti-covid19 compounds. On the whole, we concluded that the flavonoids Quercetin and 
Luteolin could be investigated in future to be developed as an effective anti-covid19 compound.

Conclusion and Recommendation
The docking result showed that the Phytoligands present in the leaf of carica papaya Linn against Covid-19 protease 
(receptor), outcome was vigorously acclamatory. In this study, Phytoligands luteolin and Quercetin and apigenin 
showed highest docking score and binding affinity. It is concluded that some compounds are perfect or suitable for 
inhibitory activity on covid-19 through insilico study with special regarding to molecular docking simulation. The pre-
sent results revealed that two flavonoids compounds i.e. Quercetin and Luteolin have acclamatory binding score and 
hydrogen bonding and also suitable ADMET analysis. Hence, it has been predicted that the selected compounds except 
Benzylglucosinolate can possibly refer as a new lead for the treatment of Covid-19 and will be used in future for invivo 
experiments.
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