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Abstract 

Coronavirus disease (COVID-19) has presented unprecedented challenges to healthcare systems worldwide. There 

are no proven effective therapeutic agents or vaccines. Some antiviral agents and micronutrients have been re-

purposed for the management. There are claims of herbal preparations with therapeutic effects. Vangag herbal 

formulation for the management of COVID-19 is a combination of six plants. Molecular docking and virtual screening 

were used for the study. Ligands and protein target for molecular docking were prepared in Autodock Tools using 

PyRx 0.8 package. 3D structures of 24 phytochemicals in Vangag were downloaded from PubChem and optimized in 

Discovery Studio 4.5 visualizer. Nine agents currently used for management of COVID-19 were also downloaded and 

included in the ligand library to serve as control. Results of the binding affinities of phytochemicals in constituent 

plants of Vangag to SARS-CoV-2 molecular target (7BV2.pdb) were ranked from 1 to 21. Kolaviron (binding affinity 

-8.1 Kcal/mol) ranked 1, Ritonavir 5, Remdesivir 6, Quinine 7, Hydroxychloroquine 9, Chloroquine 18 and the least 

Allicin 21 (binding affinity -3.7 Kcal/mol). Phytochemicals in Vangag have good binding affinity to COVID-19 viral 

target proteins. Vangag also contains high concentration of zinc and other micronutrients, making it a promising 

formula for management of COVID-19. 
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INTRODUCTION 

The use of herbs as medicines dates far 

back to the origin of civilization with the 

earliest known records in China and India 

[1,2]. The use and popularity of herbal 

medicinal preparations as well as supplements 

from same has tremendously increased in 

today’s world.  It is estimated that close to 80% 

of peoples across the world rely on these 
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preparations at least for some part of primary 

healthcare [3]. This extensive use and the 

search for even more herbal remedies has 

somewhat accelerated exponentially in the era 

of the global coronavirus pandemic.  

Presently, Severe Acute Respiratory 

Syndrome Coronavirus 2 (SARS-CoV-2 

which causes Coronavirus Disease 2019 

(COVID-19) has rapidly spread across the 
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world. There are no specific treatments 

(whether antiviral drugs or vaccines), the 

management consist of only supportive care 

and non-specific treatment. Current clinical 

management includes infection prevention, 

control measures, supportive care and the use 

of re-purposed drug therapy based on their 

chemistry, pharmacology, molecular biology 

and pathophysiology of the COVID-19 

disease. These therapeutic agents include (but 

not limited to) antiviral agents (remdesivir, 

hydroxychloroquine, chloroquine, lopinavir, 

umifenovir, favipiravir, and oseltamivir), 

antioxidants (vitamin C) and micronutrients 

(zinc and selenium) [4]. It is estimated that 

more than 85% patients with SARS-CoV-2 

have received some form of herbal treatments 

in china [5]. Thus, herbal medicinal 

preparations have been proposed as a resource 

that is very important for drug discovery 

against SARS-CoV-2 [6]. In this regard, there 

are literature reports on the utility of in silico 

techniques in the identification of herbs that 

may be useful in the management of viral 

respiratory infections and also contain 

compounds that might directly inhibit SARS-

CoV-2 [7].  

In silico techniques use computational 

approaches to capture, analyse and integrate 

biological and medical data from many diverse 

sources. It creates computational models or 

simulations which may be useful in making 

predictions, suggestion of hypotheses and 

provision of discoveries and/or advances in 

medicine and therapeutics [8]. The herbal 

preparation Vangag consists of Aframomum 

melegueta, Gongronema latifolium, Allium 

sativum, Viscum album, Garcinia kola and 

Nigella sativa. There is no report in the 

literature, to the effect that this combination of 

plants and in the proportions employed, has 

ever been documented for use in the 

management of COVID-19.  The study used in 

silico techniques to evaluate the phytochemical 

constituents present in five Nigerian medicinal 

plants used in the preparation of Vangag as 

potential inhibitors    of SARS-CoV-2 

Protease.  

The crystal structure of Viral protein 

SARS-CoV-2 protease (7BV2. pdb) used in 

this study was expressed in Spodoptera 

frugiperda and the experimental data snapshot 

taken at a resolution of 2.50 Angstrom. This 

complex is suitable for our study seeing as 

RNA-dependent RNA polymerase (RdRp) 

replication of the virus is a good potential 

target for ligands.  

 

EXPERIMENTAL 

Protein and ligand library preparation. Three 

dimensional structures of twenty-four (24) 

phytochemical constituents (Table 1) [9-15], 

contained in Vangag were downloaded from 

PubChem [16] and optimized in Discovery 

Studio 4.5 visualizer [17]. Nine therapeutic 

compounds currently in use for the treatment 

of COVID-19 [4] were also downloaded and 

included in the ligand library to serve as 

control. The downloaded therapeutic 

compounds included Lopinavir, Remdesivir, 

Ritonavir, Umifenovir, Favipiravir, 

Oseltamivir, Quinine, Chloroquine and 

Hydroxychloroquine. The crystal structure of 

the SARS- CoV-2 target (7BV2.pdb) was 

downloaded from the Protein data bank 

(https://www.rcsb.org/). Its original ligands 

(remdesivir) and water were eliminated using 

discovery studio 4.5 visualizer [17]. 

Virtual screening. Ligands and Protein target 

for molecular docking were prepared in 

Autodock Tools using PyRx 0.8 package [18]. 

A grid box (x: 89.4261, y: 86.5813, z: 

98.8772), dimensions (Angstrom) (x: 44.1528 

y: 48.0231 z: 25.0000) was employed and 

docking simulations of bioactive 

conformations was done using Autodock Vina 

[19]. The ligands were inputted as Standard 

Database Files (.sdf files) while the target 

protein was inputted as a Protein Database File 

(.pdb file) then converted to the acceptable 

Protein Data Bank, Partial Charge (Q), & 

Atom Type (T) format (.pdbqt file format) for 
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Autodock Vina. A total of nine exhaustive 

conformation searches were done and the one 

with the lowest binding energy retained for 

analysis. Results obtained were analysed using 

PyMol [20] and Discovery Studio 4.5 

visualizer [17]. 

 

RESULTS 

Virtual screening. Analysed virtual screening 

results of the binding affinities (Kcal/mol) of 

phytochemical compounds contained in the 

plant constituents of Vangag to SARS-CoV-2 

molecular target (7BV2.pdb) were ranked and 

are presented in Table 2. 

Binding interactions. All the small molecules 

used in this study were observed to have 

docked properly in the active site of the target. 

Upon binding of small molecules to 

7BV2.pdb, no global changes were observed. 

Figure 1 shows the binding interactions of 

remdesivir and key phytochemical compounds 

in the herbal preparation with to the active site 

residues of SARSCoV-2. Figure 2 shows the 

three-dimensional view of binding 

conformations of compounds to the active site 

of the enzyme. Lys 545 and Arg 555 are of 

interest in the finger subdomain of the 

nonstructural protein 12 (nsp12) RdRp domain 

(Residues 366- 920) of 7BV2.pdb of which 

most of the bioactive compounds were 

observed to have interacted with. Of 

importance is the interaction of Kolaviron with 

Asp 760 and Asp 761 residues which are in the 

catalytic center of the protein target.  

Predicting binding affinity from docking 

scores. The energy released through formation 

of bond between the ligand and protein is 

termed the binding energy which is usually 

negative. A lower binding energy most times 

translates to a higher affinity for the target. 

Binding pattern analysis (Figure 1), of the 

compounds showed numerous hydrogen- bond 

and van der Waals interactions.   

 

Table 1: The medicinal plants and their Bioactive compounds used in Docking Studies 

MEDICINAL PLANT Bioactive Compounds References 

Aframomum melegueta (Alligator Pepper) 

Oleanolic acid [9]  

Gingerdione 

6- gingerol 

6- paradol 

Allum sativum (Garlic) Allicin [10, 11] 

Viscum album (Mistletoe) 

Syringin [12] 

Myricetin 

Kaempferol 

Chlorogenic acid 

Protocatechuic acid 

Quercetin 

Rosmarinic acid 

Ferulic acid 

Sinapic acid 

Garcinia kola (Bitter kola) Kolaviron [13] 

Nigella sativa (Black seed) 

Thymoquinone [14, 15]  

Thymohydroquinone 

Dithymoquinone 

Thymol 

α- pinene 

β-pinene 

d-limonene 

p- cymene 

Citronellal 

 



91 

K.D. Falang et al. / J. Pharmacy & Bioresources 17(2), 88-95 (2020) 

Table 2: Binding Affinities of Bioactive Compounds to SARS-CoV-2 Molecular Target (7BV2.pdb) 

Phytochemical constituents Binding Affinity (Kcal/mol) Rank Type of interactions 

Kolaviron - 8.1 1 Van der Waals, hydrogen bonds  

Quercetin -7.9 2 Van der Waals, hydrogen bonds, Unfavourable 

donor-donor, carbon hydrogen bond interactions 

Kaempferol - 7.9 2 Van der Waals, hydrogen bonds 

Myricetin - 7.9 2 Van der Waals, hydrogen bonds 

Chlorogenic acid - 7.4 3 Van der Waals, hydrogen bonds, carbon 

hydrogen bonds, Unfavourable Acceptor- 

Acceptor, Pi-Anion and Pi-alkyl interactions 

Rosmarinic acid - 7.2 4 Van der Waals, hydrogen bonds 

Dithymoquinone - 7.2 4 Van der Waals, hydrogen bonds,  

Ritonavir - 6.4 5 Van der Waals, hydrogen bonds 

Remdesivir - 6.3 6 Van der Waals, hydrogen bonds 

Quinine - 6.2 7 Van der Waals, hydrogen bonds 

Ferulic acid - 6.1 8 Van der Waals, hydrogen bonds 

Syringin - 6.1 8 Van der Waals, hydrogen bonds 

6- gingerol - 6.1 8 Van der Waals, hydrogen bonds, carbon 

hydrogen bond, alkyl and pi-alkyl interactions 

6- paradol - 6.1 8 Van der Waals, hydrogen bonds 

Hydroxychloroquine - 6.0 9 Van der Waals, hydrogen bonds, amide pi-

stacked and alkyl interactions 

Thymoquinone - 5.9 10 Van der Waals, hydrogen bonds  

Thymohydroquinone - 5.8 11 Van der Waals, hydrogen bonds 

Oleanolic acid - 5.8 11 Van der Waals, hydrogen bonds 

Oseltamivir - 5.7 12 Van der Waals, hydrogen bonds  

Lopinavir - 5.7 12 Van der Waals, hydrogen bonds, alkyl and pi- 

alkyl interactions 

Gingerdione - 5.6 13 Van der Waals, hydrogen bonds 

Thymol - 5.6 13 Van der Waals, hydrogen bonds 

Protocatechuic acid - 5.5 14 Van der Waals, hydrogen bonds  

Sinapic acid - 5.4 15 Van der Waals, hydrogen bonds 

Umifenovir - 5.3 16 Van der Waals, hydrogen bonds  

p- cymene - 5.3 16 Van der Waals, hydrogen bonds  

Favipiravir - 5.2 17 Van der Waals, hydrogen bonds  

Limonene - 5.2 17 Van der Waals, hydrogen bonds 

Chloroquine - 4.6 18 Van der Waals, hydrogen bonds  

α- pinene - 4.5  19 Van der Waals, hydrogen bonds 

Citronellal - 4.5 19 Van der Waals, hydrogen bonds 

β- pinene - 4.2 20 Van der Waals, hydrogen bonds 

Allicin - 3.7 21 Van der Waals, hydrogen bonds 

Molecules in bold are currently used in the therapeutic management of Covid-19 

 

Table 3: Plants with Bioactive Compounds Showing Better Binding Affinity than Current Therapies to the SARS- 

CoV-2 Molecular Target (7BV2.pdb) 

Current Treatment Plants having molecules with better binding affinity 

Remdesivir, Ritonavir and Quinine Garcinia kola (Bitter kola); Viscum album (Mistletoe); 

Nigella sativa (Black seed) 

Hydroxychloroquine, Lopinavir, Umifenovir, 

Favipiravir, Oseltamivir, and Chloroquine 

Garcinia kola (Bitter kola); Viscum album (Mistletoe); 

Nigella sativa (Black seed); Aframomum melegueta 

(Alligator pepper) 
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Figure 1: 2D binding interactions of Remdesivir (a), Kolaviron (b), kaempferol (c), Dithymoquinone (d) and 6- 

gingerol (e) to the active site residues of SARS-CoV-2 (7BV2.pdb). Ligands are shown in stick forms while amino 

acid residues are shown in disc forms. Hydrogen bond interactions with amino acid main chain are indicated by green 

discontinuous lines, green coloured discs show van der Waal’s interaction while purple discs show pi- sigma 

interactions. Discs and lines shown in red colour represent unfavourable bumps and interactions. 
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Figure 2: 3D view of binding conformation of Remdesivir (a), Kolaviron (b), kaempferol (c), Dithymoquinone (d) 

and 6- gingerol (e) to the active site residues of SARS-CoV-2 (7BV2.pdb) showing hydrogen bond length of between 

2.11 to 2.63 A. 

 

A few unfavourable interactions were noticed 

(depicted in Figure 1a and Figure 1c) among 

some of the compounds with the target 

(7BV2.pdb) active residues. Three-

dimensional view of the binding in Figure 2b 

is similar to that of Figure 2a as they are both 

seen to occupy similar active site pockets. This 

could be possibly be attributed to bulkiness of 

the compounds. Figure 2c-e shows a 

conformation that suggests being buried in a 

much deeper pocket in the protein target.  

Studies [21] have shown the interactions of 

remdesivir with side chains of Lys 545 and Arg 

555 which can also be observed in the 

interactions of kolaviron (Figure 1b). This is 

important as the residues Lys 545 and Arg 555 

side chains are involved in stabilizing 

incoming nucleotide for correct positioning for 

catalysis. Phytochemicals of interest would be 

those that could inhibit the interaction of the 

primer strand RNA, which could in turn inhibit 

process of catalysis. In addition, kolaviron was 

also noted to have interacted with residues Asp 

760 and Asp 761 which are responsible for 

coordination of magnesium ions at the 

catalytic centre of the protein. 

As seen in Table 3, phytochemical 

compounds found in Garcinia kola, Viscum 

album and Nigella sativa had a better binding 

affinity for the target compared to remdesivir, 
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ritonavir and quinine. Kolaviron showed the 

best binding energy of all the compounds 

docked (Table 1), and most of its hydrogen 

bond lengths are shorter in comparison with 

the other compounds (Figure 3). The shorter 

bond lengths observed could indicate a higher 

bond order which means the atoms are held 

more tightly together and therefore have a 

greater stability. Five bioactive compounds 

present in Viscum album (Mistletoe) were seen 

to have a better binding affinity than three 

current coronavirus therapy (Table 2). These 

results are in line with earlier reports affirming 

the antiviral activity of Viscum album 

(Mistletoe) [22]. When compared with the 

other therapeutic agents currently in use and 

included in this computational evaluation, all 

the medicinal plants in Vangag had some 

bioactive compound with a better binding 

affinity (Table 3). For example, 6- gingerol has 

been shown in a previous study to have high 

binding affinity to several COVID-19 viral 

target proteins [23]. Vangag also contains 

Gongronema latifolium which has been shown 

to have an appreciable amount of zinc and 

other vitamins [24] which is important in the 

management of COVID-19 [25]. 

In silico techniques have been shown to 

be capable of saving time on the often 

expensive exploratory animal and in vitro 

laboratory assays, and can quickly point out 

candidate formulations, plants or moieties, that 

might warrant further evaluation [26]. The 

computational simulations in this study have 

shown that Vangag herbal preparation contain 

phytochemical compounds that have 

favourable binding and inhibitory activities at 

the active site of SARS-CoV-2 protease. 

Vangag herbal preparation is therefore a 

promising formula and could be beneficial in 

the management of COVID-19. 
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