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Abstract: Indonesia’s rich tropical biodiversity offers many possible options for fighting the 

unprecedented outbreak of coronavirus disease 2019 (COVID-19). In this paper, we evaluate the in 

silico (molecular docking) performance of some popular herbal supplements and natural remedies, 

which are usually consumed by Indonesian people and compare them to the docking performance of 

the control ligand (N3 inhibitor) and some protease-inhibitor drugs. The tested active compounds were 

grouped based on their popularity in the market, i.e., honey, black seed (Nigella sativa), Javanese 

turmeric (Curcuma xanthorriza roxb), and mangosteen, which usually served in the form of 

encapsulated oil or powder. The results show that most of the tested active compounds perform better 

than N3 inhibitor and protease inhibitor drugs (lopinavir and darunavir) in inhibiting the main protease 

of SARS-CoV-2 virus of COVID-19 (C19MP). Based on the combined scores of binding affinity, the 

similarity of active sites (SAS), and the drug-likeness properties of the ligand, gamma mangostin turns 

out to be the best possible C19MP inhibitor as compared to other ligands. The active site analysis also 

reveals that His41, Met49, Leu141, and Asn142 are among the most important amino acids that play a 

significant role in the protein-ligand binding due to their frequent occurrence in the docking simulation.  
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1. Introduction 

The COVID-19 disease, which started at Wuhan, China, has suddenly disrupted all 

human activities all over the world and becomes a global pandemic problem with a staggering 

number of infected people and casualties [1, 2]. According to worldometer, one of the respected 

websites that live reporting the development of worldwide cases of this pandemic  

(https://www.worldometers.info/coronavirus/#countries), as of September 11, 2020, about 

28,361,811 people have been infected with almost 914,464 death in 213 countries. Intensive 

research has been globally conducted to respond to this unprecedented event and find the cure 

to halt the progression of this deadly pandemic. Some signs of progress have been achieved by 

repurposing the malaria drug (chloroquine phosphate) [3–6] and the antiretroviral protease-

inhibitors [7–10] to block the virus replication process. Since minimal information is available 

up to now, the actual mechanism of COVID-19 infection to the body is still unknown, and 

more research and ideas are needed in this stage.  

The newly deposited structure of COVID-19 main protease protein by [11] has boosted 

the in-silico research to find the drug for COVID-19 therapy. This protease structure can be 

accessed in the protein data bank (www.rcsb.org) with the PDB ID 6LU7 (chain A). The main 
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protease responsible for the final stage of virus replication inside the cell, so inhibiting this 

protein will halt the creation of new viruses inside the hijacked cell.  Some research groups 

have already reported their preliminary results on the action of some protease-inhibitor drugs 

(for example, lopinavir, ritonavir, darunavir, indinavir) on this target [8–10]. In general, those 

drugs have shown promising potential for COVID-19 treatment, but a further clinical trial must 

be assessed to confirm their efficacy.  

Indonesia has been known as a big country with a mega-biodiversity potential due to 

its unique location, which lies in the equatorial line and positions between two vast oceans 

(pacific and Indian ocean). This biodiversity richness has been beneficial to its inhabitant as 

reflected by various traditional medicines (Jamu) and health treatment based on local wisdom. 

Some popular herbs and natural remedies, i.e., ginger, Javanese turmeric (temulawak), 

cinnamon, Andrographis paniculata (sambiloto), propolis, honey, etc. Those herbal sometimes 

must be prepared and served by following a particular, even tedious procedure. The 

Indonesian’s middle class nowadays prefers a more practical way of consuming the herbal via 

a tablet or capsule form, and this fact has boosted the Indonesian herbal supplement industry. 

Some of the popular herbal supplements and natural remedies in the Indonesian market right 

now are Javanese turmeric, honey, garlic oil, and black seed oil (habbatussauda). Even though 

the black seed is not a native Indonesian plant, but due to a religious matter, this herbal had 

become one of the most popular herbal supplement in the Indonesian market.  

Molecular docking is a fast and practical computational approach to evaluate the 

potential of ligands in inhibiting the protein/enzyme. The interactions between protein and 

ligand are calculated based on the biophysical concept (electrostatic and thermodynamic 

approach) to produce the score function (in terms of binding affinity) and the best binding pose 

that reflects the likeliness of a particular ligand to be developed into a new drug. It is not strange 

that in the wake of a global pandemic event, molecular docking becomes the favorite and first 

approach taken by scientists to find the cure of COVID-19. In this paper, we evaluate the 

molecular docking performance of the active compounds of some popular Indonesian herbal 

supplements. The tested ligands in this research are grouped into five different assumed 

sources, i.e., (i) black seed (dithymoquinone, artesin, nigellidine) [12], (ii) Javanese turmeric 

(curcumin, demethoxy curcumin, bisdemethoxycurcumin) [13], (iii) mangosteen (alpha 

mangostin, beta mangostin, gamma mangostin, xanthone), (iv) honey (galangin, luteolin, 

quercetin, kaempferol) [14] and (v) protease-inhibitor drugs (lopinavir, darunavir) [9]. The 

docking performance of those ligands was then compared to the N3 inhibitor (the control 

ligand), which was found in the COVID-19 main protease crystal structure. Note that this study 

is limited by the use of the molecular docking method only to give us a glimpse of the efficacy 

and potential of some popular herbals and natural remedies in combating the COVID-19 

pandemic. Further advancement of this study by using a molecular dynamics simulation (to 

capture more snapshots and binding poses) is our ongoing project. 

2. Materials and Methods 

 2.1. Preparation of ligands and COVID-19 main protease target.  

The target for the docking simulation is chain A of COVID-19 main protease (C19MP). 

The structure of C19MP was deposited by Ref [11] and can be downloaded from www.rcsb.org 

with the PDB ID 6LU7 (see Figure 1). This protease structure must be cleaned first from water 

molecules and its inhibitor (N3 peptide) using Chimera software [15], then saved in *.pdb 
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format. This file was then prepared for docking by adding the polar hydrogen atoms and 

Gasteiger charges using Autodock Tools ADT 1.5.6 and minimized and saved in the *.pdbqt 

extension [16]. The 3D structure of ligands in the *.sdf format were downloaded from 

https://pubchem.ncbi.nlm.nih.gov. There are 16 tested ligands, which consist of 14 active 

compounds of herbal (natural remedy) and two protease-inhibitor drugs. The control ligand in 

this research is the N3 inhibitor. The 3D structure of ligands in *.sdf format then converted into 

*.pdb format using Chimera software. The polar hydrogen bonds and the Gasteiger charges 

also added to the ligand before it was minimized and saved in *.pdbqt format using Autodock 

Tools ADT 1.5.6.  

2.2. Molecular docking setup. 

The targeted docking simulations were performed by using a grid box which size was 

determined from the interaction pocket of N3 on C19MP protein. The grid box size was set to 

x=46 Å, y=46 Å, z=52 Å, and the center point was set to x= -13.691, y= 13.718, and z= 62.719. 

The number of exhaustiveness and the number of modes was set to 20 to obtain a more accurate 

result. All simulations were performed by using the Autodock Vina program [17] and run in a 

desktop computer with Intel Core i7-4790, 3.60 GHz processor, and 8 GB of RAM, under 

Windows 8.1 and 64-bit platform. 

 
Figure 1. Surface representation of COVID-19 main protease and its zoomed pocket of interaction with N3 

inhibitor. Figure retrieved from protein data bank website at http://www.rcsb.org/3d-view/6LU7/1. 

3. Results and Discussion 

3.1. Binding affinity analysis. 

The redocking of the N3 inhibitor produced the binding affinity of ΔG=-6.0 kcal/mol; 

this value, along with the region of the binding site, was used as a standard (comparator) for 

determining the docking performance of other ligands. The binding affinity performance of 

each ligand is shown in Figure 2. The binding affinity of the evaluated compounds of black 

seed (artesin dithymoquinone, nigellidine) is better as compared to N3, with nigellidine score 

the highest ΔG=-7.8 kcal/mol. The binding affinity of nigellidine is also better than the protease 

drug inhibitors, darunavir and lopinavir (ΔG=-7.0 and -7.40 kcal/mol respectively). The 

binding affinity of lopinavir is the best among other protease drugs and in agreement with the 
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molecular docking study performed by Ref [18]. The binding affinity of the active compounds 

of Javanese turmeric is better than N3 but still below the protease drug inhibitor (lopinavir). 

Bisdemethoxycurcumin scores the best binding affinity in this herbal group (ΔG=-7.0 

kcal/mol) and similar to one of the protease drug inhibitors, darunavir.     

 
Figure 2. Binding affinity of some active compounds of herbal (natural) remedies as compared to protease-

inhibitor drugs and N3 inhibitor. 

Honey contains many flavonoids and phenolics compounds, which has been widely 

known to have potential as anti-bacterial, anti-inflammation, and antiviral activity [14]. The 

flavonoid content such as apigenin, kaempferol, galangin, quercetin, and luteolin are not just 

found in honey but also other sources like ginger, bitter melon, aloe vera [19], chamomile [20], 

and galangal [21]. From four active compounds of honey evaluated, all of them perform better 

than N3 inhibitor, with kaempferol scoring the highest binding affinity of ΔG=-7.8 kcal/mol. 

In addition to kaempferol, quercetin (ΔG =-7.5 kcal/mol) also performs better than the 

protease-inhibitor drug (lopinavir and darunavir). Similar results that support the potential of 

kaempferol and quercetin in inhibiting the main protease of SARS-CoV-2 were discussed by 

Ref [22]. 

3.2. Molecular interaction and binding pose analysis. 

The docking performance of a ligand can also be evaluated from the similarity of the 

active sites (SAS), which shows the percentage of overlapping between ligand and control 

ligand in occupying the binding pocket. The SAS of the five best ligands is shown in Table 1. 

The number of residues involved in the binding interaction with the N3 inhibitor is 24 residues. 

As we compare the similarity of the active sites (SAS) of the leading ligands with the N3 

inhibitor, some interesting facts emerged here. The strong binding affinity is not always 

followed by a high percentage of SAS, as seen in Table 1. Three ligands with the best binding 

affinity (ΔG=-7.8 kcal/mol), Kaempferol, Gamma mangostin, and Nigellidine have the SAS 

percentage of 71%, 63%, and 54%, respectively. The bisdemethoxycurcumin, even though 

only having ΔG=-7.0 kcal/mol, turns out to have the best SAS with a score of 79% similarity. 

This compound is geometrically more fit to enter the binding pocket of N3 as compared to 
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other herbal compounds. This similarity can be seen visually in the ligand’s binding pose in 

Figure 3, where bisdemethoxycurcumin resides in an almost similar pocket to an N3 inhibitor. 

Three ligands with the best binding affinity (ΔG=-7.8 kcal/mol), Gamma mangostin, 

Kaempferol, and Nigellidine have the SAS percentage below bisdemethoxycurcumin but still 

better than lopinavir. Those three ligands reside in the pocket, which is slightly off from the 

N3’s interaction pocket. The detailed list of residues involved in the molecular interactions of 

each ligand as compared to N3’s residues is shown in Figure 4. Bisdemethoxycurcumin has a 

similar list of residues as an N3 inhibitor except for Cys44, Thr45, Ser46, and His172. It was 

also found that none of the tested ligands here has interaction with His172. The detailed 

molecular interaction of each ligand in their pocket as compared to N3’s pocket is shown in 

Figure 5. 

Table 1. Binding performance of a leading ligand with a binding affinity better than N3 inhibitor. 

Ligand Source Binding affinity 

(kcal/mol) 

SAS, Similarity 

of active sites 

(%) 

Gamma mangostin Mangosteen -7.8 63 

Kaempferol Honey -7.8 71 

Nigellidine Black seed -7.8 54 

Lopinavir Protease-inhibitor drug -7.4 50 

Bisdemethoxycurcumin Javanese turmeric -7.0 79 

  

 
Figure 3. Binding pose of the leading active compound of each herbal group as compared to N3  and lopinavir 

in the surface representations. 

 
Figure 4. Residues involved in the molecular interaction with the leading active compounds of each herbal 

group as compared to N3 inhibitor. Note: the blue color denotes the residue involved in the interaction with a 

particular ligand. 
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Figure 5. Detailed molecular interactions of the leading active compound of each herbal group as compared to 

N3 inhibitor and protease-inhibitor drugs (lopinavir). 

From five leading ligands evaluated here, the residues that play an important role 

(always present) during the ligand-protease binding have been identified and shown in Figure 

6. Some residues, His41, Met49, Leu141, and Asn142 always present in all ligand-protease 

binding. The next important residues involved in the ligands-C19MP interactions are Gly143, 

Cys145, His163, His164, Met165, Glu166, Asp187, Arg188, Gln189. The importance of His 

41, Cys145, and Leu141 residues for ligand-protease binding, as found in this research, is also 

discussed in Ref [10, 23].   

 
Figure 6. Frequency of occurrence of the residues involved in the binding interaction of the leading active 

compound of each herbal group as compared to the N3 active sites. 

3.3. The physicochemical and pharmacochemical analysis of the tested ligands. 

Using the online molecular modeling tools SwissADME [24], we can compute the 

physicochemical descriptor and the ADME (absorption, distribution, metabolism, and 

elimination) parameters of each tested ligand. The drug-likeness of a particular ligand is shown 

in a radar-like representation, as shown in Figure 7. The ideal drug candidate must have 

physicochemical and pharmacochemical values (as depicted by solid red lines) inside the pink-
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colored hexagonal boundary. Nigellidine has all the drug-likeness parameters, stay inside the 

pink-colored hexagonal shape, and based on those molecular properties. It is the potential to 

be developed as a drug candidate. However, there is one drawback of nigellidine, the number 

of the rotatable bond, which only one causes the ligand to become very stiff and makes it 

difficult for the ligand to fit into the interaction pocket as shown by Figure 3, and its low 

percentage of SAS of 54%. Bisdemethoxycurcumin has most of the ’parameter’s values inside 

the hexagonal boundary, except for the insaturation property, which is above the ideal limit. 

The insaturation property shows the fraction of carbon in the sp3 hybridization to the regular 

carbon. The higher number of rotatable bonds makes this ligand flexible and better fit into the 

interaction pocket. Kaempferol has most of its drug-likeness properties below the maximum 

limit, except for the insaturation property that exceeds the ideal limit. The physicochemical and 

pharmacochemical values of gamma mangostin, as shown by the area under the solid red lines, 

almost perfectly superimpose the hexagonal boundary of the ideal drug properties. Even though 

the flexibility of gamma mangostin is not optimum (four rotatable bonds), but overall, the drug-

likeness of gamma mangostin is the best among other ligands. The efficacy of gamma 

mangostin in combating the viral-based disease is also suggested by some References [25, 26]. 

Lopinavir is a standard protease drug in this research that shows the best physicochemical and 

pharmacochemical properties, as shown by its overlapping area on the hexagonal-shape. The 

bigger number of the molecular weight (628.80 g/mol) and rotatable bonds (17 rotatable bonds) 

makes lopinavir too big and too flexible in inhibiting the interaction pocket of C19MP and has 

a less score in binding affinity as compared to other ligands (nigellidine, gamma mangostin, 

kaempferol, and quercetin). 

 
Figure 7. Radar-like representation of the drug-likeness of the leading active compounds of each herbal group 

calculated by SwissADME, the online server database. 

4. Conclusions 

 The molecular docking evaluation of some popular Indonesian herbal and natural 

remedies on COVID-19 main protease target has been performed. All of the tested ligands 

scores a binding affinity better than the N3 inhibitor (lower than -6.0 kcal/mol). Three active 

compounds from honey, one from mangosteen, and one from black seed score binding affinity, 
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which is better than lopinavir, the protease drug (lower than -7.4 kcal/mol). Further docking 

pose analysis by looking at the similarity of active sites (SAS) uncovers the useful pieces of 

information regarding the fitness of ligands in inhibiting the binding pocket of C19MP as 

compared to N3 inhibitor. Based on SAS, bisdemethoxycurcumin has shown the best pocket 

fitting of 79%. However, based on the combined scores of binding affinity, SAS, and the drug-

likeness property of the ligand, gamma mangostin turns out to be the best possible inhibitor of 

the chain A of the main protease of SARS-CoV-2 (C19MP) as compared to other ligands. The 

active site analysis also reveals that His41, Met49, Leu141, and Asn142 among the most 

important amino acids due to their frequent occurrence in the ligand-protein binding. 
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