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Abstract 

 

Blumea balsamifera from the Ie-Jue geothermal area in Aceh Province, Indonesia, has been 

reported to have a variety of secondary metabolites. However, there is limited 

information about the activity of these chemical metabolites from B. balsamifera. The aim 

of this study is to evaluate the therapeutic potential of these compounds using molecular 

docking and molecular dynamics simulations. Six selective compounds were thoroughly 

evaluated using molecular docking techniques for their inhibitory effects on both 

Coronavirus protease and human interleukin receptors. Additionally, druglikeness 

assessments based on the Lipinski rule of five were performed to evaluate these six 

ligands. Our results show that stigmasterol, a key component of B. balsamifera, has 

demonstrated low binding free energy values across four receptors. Furthermore, 

molecular dynamics simulations confirmed the stability of the top ligand-receptor 

complex, particularly stigmasterol-1IRA, based on five parameters, indicating its stability 

as an inhibitor. This research highlights the potential of stigmasterol as a therapeutic 

agent derived from medicinal plants of B. balsamifera and underscores the value of our 

molecular approach in identifying opportunities for pharmaceutical development. 
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1. Introduction 

Nature provides an abundance of plants from which to 

conduct research on the type of active compound. The 

biosynthesis processes of secondary metabolites are 

heavily influenced by their geographic location and 

habitat [1, 2]. One of the areas that has characteristic 

environmental conditions is the earth's hot area or 

geothermal manifestation [3, 4]. In response to earth 

heat, some plants in this earth heat region produce 

secondary metabolites in higher and more varied 

amounts.  

Previous research has shown that there is a difference in 

secondary metabolite content between geothermal and 

non-geothermal plants, with the extract of the leaf (Vitex 

pinnata L) from the positive geothermal area containing a 

flavonoid compound, whereas the extracts of the leaf 
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from the non-geothermal region do not [5]. One of the 

areas in Sumatra Island, Indonesia, that has the potential 

for earth's heat energy is Aceh Province, where one of the 

geothermal areas is the Jue geothermal area in 

Seulimeum district, Aceh Besar [6, 7].  

One application for secondary metabolite compounds in 

drug development is the management and treatment of 

virally induced illnesses [8]. A class of viruses known as 

coronaviruses typically targets the respiratory system, 

resulting in acute respiratory tract infections that have 

been linked to a pandemic of severe acute respiratory 

syndrome-coronavirus 2 (SARS-CoV-2) for several years 

[9].  

Currently, the discovery and development of drugs 

against the SARS-CoV-2 protein using the computational 

approach known as in silico is constantly evolving, 

particularly in the treatment of SARS-CoV-2 infections. 

One approach that could be used is molecular docking, 

which allows researchers to use three-dimensional 

structure information for biological targets to see binding 

energies, molecule interactions, and changes in 

conformation structure for examining metabolite 

compounds or ligands [10].  

Previous in silico research on the development of drugs 

to treat COVID-19 patients found that secondary 

metabolite compounds such as amentoflavone, 7-O-

galloylquercetin, kaempferitrin, and gallagic acid, a 

secondary flavonoid metabolite, can inhibit some 

proteins involved in the SARS-CoV-2 life cycle such as 

protease (Mpro and PLpro), RNA-dependent RNA 

polymerase (RdRp), and Spike protein with stable binding 

conformation [11]. According to other research, 

compounds classified as secondary metabolites, like 

andrographolide, have been shown to be effective in 

inhibiting interleukin [12]. Based on the findings of these 

studies, secondary metabolite compounds can inhibit the 

proteins involved in the SARS-CoV-2 life cycle as well as 

the protein that causes cytokine storm syndrome.  

Our previous study revealed that Blumea balsamifera, a 

medicinal plant in the Ie-Jue geothermal area, contains a 

wide range of secondary metabolites [13]. However, 

limited research has been conducted on this plant, 

particularly using molecular docking. As a result, the 

purpose of this study is to determine the therapeutic 

potential of active plant compounds from the Ie-Jue 

areas, namely B. balsamifera, against SARS-CoV-2 

protease (Mpro and PLpro) and pro-inflammatory cytokines 

(IL-1 and IL-6) using molecular docking and molecular 

dynamics simulations. This study not only identified the 

active compound in B. balsamifera but also demonstrated 

the plant's potential for drug discovery. 

2. Materials and Methods 

2.1. Druglikeness Assessment 

Six molecules that were identified as metabolites of B. 

balsamifera in our earlier research were used as ligands 

based on relative area, namely proximadiol (41.76%), 

phytol (6.84%), endo-borneol (0.77%), β-acorenol (0.65%), 

stigmasterol (4.46%), and hexadecenoic acid, methyl 

ester (8.54%) [13]. The druglikeness was examined using 

the Lipinski rule of five (Ro5) in SwissADME based on their 

SMILES structure (Table 1) [14]. Lipinski rules consist of 

four parameters, namely molecular weight less than 500 

g/mol, donor hydrogen (<5), acceptor hydrogen (<10), 

and Moriguchi Log P (MLogP) rule ≤ 4.15 [15].  

2.2. Ligand Preparations of Molecular Docking 

Molecular docking consists of two preparations: ligand 

preparations and receptor preparations. In ligand 

preparations, the 3D chemical structure of six 

compounds was retrieved from the PubChem database 

to download the SDF file [16]. Next, minimization of 

energy was conducted using PyRx [17]. The list of ligands 

is displayed in Table 1.  

2.3. Receptors Preparations of Molecular Docking 

Four receptors used in this study were obtained from the 

protein data bank [18]. There are the main protease 

(Mpro) and papain-like protease (PLpro) of SARS-CoV-2, and 

interleukin-1 (IL-1) and interleukin-6 (IL-6) of Homo 

sapiens (Figure 1). The selection of receptors based on the 

activity of these receptors is part of the cytokine storm 

syndrome in clinical studies [19]. As shown in Figure 1, 

receptor preparations include the removal of native 

ligands and water molecules using BIOVIA Discovery 

Visualizer Software [20]. The molecular docking process 

has been examined using Autodock Vina [21] with 

selective grid box and specific docking. Molecular docking 

results are visualized using PoseView (Universität 

Hamburg, Germany) and BIOVIA Discovery Visualizer 

Software [20, 22]. The visualization includes hydrogen 

bonds and hydrophobic interactions between complex 

ligands and receptors.  

2.4. Molecular Dynamics simulations 

Molecular dynamics simulation was conducted using 

Visual Molecular Dynamics (VMD) - Nanoscale Molecular 

Dynamics (NAMD) [23, 24]. The Charmm-gui website was 

used to build the receptor molecular topology and 

configuration files [25]. The simulated system was 

neutralized by the addition of 0.15 M KCl. Next, the water 

molecules box TIP3PBOX was immersed in the 

neutralized system. Before the production phase, each 

system was equilibrated with NVT (constant number of 
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Table 1. Metabolite compounds of B. balsamifera. 

No Compounds name SMILES PubChem CID 

1 Proximadiol CC12CCCC(C1CC(CC2)C(C)(C)O)(C)O 165258 

2 Phytol CC(C)CCCC(C)CCCC(C)CCCC(=CCO)C 5280435 

3 Endo-borneol CC1(C2CCC1(C(C2)O)C)C 6552009 

4 β-Acorenol CC1CCC(C12CCC(=C)CC2)C(C)(C)O 6430766 

5 Stigmasterol CCC(C=CC(C)C1CCC2C1(CCC3C2CC=C4C3(CCC(C4)O)C)C)C(C)C 5280794 

6 Hexadecanoic acid, methyl ester CCCCCCCCCCCCCCCC(=O)OC 8181 

 

 

(a) Main protease (PDB ID: 6LU7) 

 

(b) Papain-like protease (PDB ID: 6WX4) 

 

(c) Interleukin-1 (PDB ID: 1IRA) 

 

(d) Interleukin-6 (PDB ID: 1ALU) 

Figure 1. The four receptors. 

 

particles, volume, and temperature) and NPT (constant 

number of particles, pressure, and temperature) to 

ensure a uniform distribution of ions and solvent around 

the protein–ligand complex. 

3. Results and Discussion 

The similarity of a chemical compound to a drug 

(druglikeness) can be evaluated using a variety of 

parameters. One of the most widely used parameters is 

Lipinski's Rule of Five (Ro5) [26]. According to Lipinski's 

rule, an orally active drug should not have more than one 

violation of the established criteria. Therefore, it is 

examined whether the six docking compounds meet Ro5. 

Based on Table 2, it can be observed that all docking 

compounds have a molecular weight of less than 500 

g/mol, donor-binding-H (<5), binding-H-acceptor (<10), 

but there are some compounds that violate the MLogP 

rule ≤ 4.15 but the violation still meet to Ro5 [15]. 

Molecular docking aims to determine how the test ligand 

and receptor interact in a biological process [27]. This 

docking study provides important information about the 

binding mechanisms and bond affinity between the 

ligand and the target protein. The first step in the docking 

process involves predicting the orientation, shape, and 

location of the ligand within the protein binding site. The 

bonding quality is then evaluated using the assessment 

scoring function. The Gibbs affinity or binding free energy 

value (∆G) is used as the scoring function; the stronger 

the complex bond between the ligands and the 

receptors, the smaller or more negative the Gibbs 

affinities/free energies (ΔG) that are generated during the 

ligand and receptor interaction [28]. In this work, four 
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Table 2. Druglikeness evaluation using Ro5. 

No  Compounds name  

Lipinski Rule of Five 

Meet Ro5  
MW 

(<500) 

(g/mol) 

(LogP) 

≤ 4,15 

Donor H-

bond (<5) 

Acceptor 

H-bond 

(<10) 

Violations 

1 Proximadiol 240.38 2.88 2 2 0 Yes 

2 Phytol 296.53 5.25 1 1 1 Yes 

3 Endo-borneol 154.25 2.45 1 1 0 Yes 

4 β-Acorenol 222.37 3.67 1 1 0 Yes 

5 Stigmasterol 412.69 6.62 1 1 1 Yes 

6 Hexadecanoic acid, methyl ester 270.45 4.44 0 2 1 Yes 

Descriptions: MW= Molecular weight 

Table 3. Molecular docking results. 

No Compounds name 
6LU7 6WX4 1IRA 1ALU 

Binding free energy (kcal/mol) 

- Positive control -8.4 -7 -7.1 -6.9 

1 Stigmasterol -7.8 -7.5 -8.5 -7.3 

2 β-acorenol -6 -5.8 -6.7 -6.6 

3 Proximadiol -6.2 -5.9 -6.7 -6.2 

4 Endo-borneol -5.7 -4.9 -6.8 -5.6 

5 Phytol -5.3 -5.3 -6.5 -4.6 

6 Hexadecanoic acid, methyl ester -4.3 -4.6 -4.9 -4.3 

 

receptors were targeted by molecular docking: two of the 

receptors for the SARS-CoV-2 virus proteins are papain-

like proteases (PLpro) and main protease (Mpro), while two 

of the receptors for inflammatory cytokines are 

Interleukin-1 (IL-1) and Interleukine-6 (IL-6). Nefinavir, a 

protease inhibitor, is the positive control used for Mpro 

and PLpro [10]. The results are shown in Table 3. 

Based on Table 3, the binding free energy of several 

compounds from the ethanolic extract B. balsamifera 

from Ie-Jue has varying values. Stigmasterol 

demonstrated the lowest values, indicating a higher 

affinity for its interactions. Stigmasterol, a phytosterol 

that is a member of the tetracyclic triterpene class of 

steroids—also referred to as stigmasterin—has a 

structure resembling that of cholesterol. The bioactivities 

of stigmasterol, including its anti-inflammatory, 

immunomodulatory, neuroprotective, antibacterial, 

antifungal, antioxidant, antidiabetic, and antiviral 

properties, have been demonstrated in a number of 

studies [29]. The results of Kamaz et al. [30] also showed 

that the molecular docking of stigmasterol showed a 

strong ability to interact with the spike protein of SARS-

CoV-2. 

Molecular docking of stigmasterol with Mpro and PLpro 

showed two hydrogen bonds between Glu: 228 and Ala: 

230. Hydrophobic interactions were also found around 

the ligands, namely Val: 164, Phe: 161, Lys: 179, Thr: 291, 

Met: 281, Leu: 181 and Gly: 159 in Mpro (Figure 2a) with a 

binding affinity of -7.8 kcal/mol approaching its positive 

control affinities, and Met: 281 in PLpro (Figure 2b) with 

binding affinity values of -7.5 kcal/mol lower than the 

positive binding value of the control. Molecular docking 

between stigmasterol and IL-1 has a bonding affinity of -

8.5 kcal/mol lower than the positive control bonding. The 

interactions that occurred were hydrogen bond Gln: 125 

and hydrophobic interactions: Tyr: 119, Leu: 120, Tyr: 119, 

and Leu: 55 (Figure 2c). Molecular docking of stigmasterol 

with IL-6 showed the existence of hydrogen bond in Asn: 

257 and hydrophobic interactions: Glu: 324, and Ala: 250 

(Figure 2d) with binding affinity values of -7.3 kcal/mol 

lower than their positive control affinities. The binding 

affinity of Mpro with the positive control, nelfinavir, is -8.4 

kcal/mol. Interactions include hydrogen bonding, π-σ 

interactions, alkyl interactions, amide-π stacking, π-alkyl 

interactions, and Van der Waals interactions (Figure 3a). 

Molecular docking against PLpro with nelfinavir showed 

the occurrence of hydrogen bonding, alkyl interaction, π-

alkyl, and van der Waals interaction (Figure 3b) with a 

binding affinity of -7 kcal/mol.  

The most abundant compound, proximadiol, has a value 

of -6.2 kcal/mol in Mpro and -5.9 kcal/mol in PLpro as well 

as -6.7 kcal/mol to IL-1 and -6.2 kcal/mol to IL-6. 

Proximadiol has the potential to have anti-inflammatory 

activity based on the PASS prediction, with a Pa prediction 

of 0.776 [13]. It is known that this substance has valuable 

potential for anti-inflammatory action when combined 

with interleukin inhibitory activity. Proximadiol also 

found in Cymbopogon proximus [31]. Other compounds, 

such as β-acorenol, that were also identified in V. pinnata 

from the Ie-Seu’um geothermal area [32], demonstrated 

a greater chance of interaction with -6 kcal/mol to Mpro 

and -5.8 to PLpro. 

In this work, we conducted molecular dynamics 

simulations using stigmasterol-1IRA, one of the top 
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Figure 2. Two-dimensional interactions of stigmasterol with four receptors. (a) Mpro, (b) PLpro, (c) IL-1, and (d) IL-6. 

 

  

Figure 3. Two-dimensional interactions of nelvinafir in Mpro and PLpro. 

 

compound-target dockings. The molecular dynamics 

studies on stigmasterol have revealed interesting 

findings. Five parameters were assessed in MDs: root 

mean square deviation (RMSD), root mean square 

fluctuation (RMSF), the radius of gyration (RG), solvent 

accessible surface area (SASA), and hydrogen bond 

(Figure 4). The RMSD curve illustrates protein positional 

deviations. Figure 4a shows that RMSD curves stabilized 

after 0.2 to 1 ns. This means that the ligand is completely 

bonded to the receptor. The protein's fluctuations in 

amino acid residues are depicted by the RMSF curve. The 

variation in 50 was displayed in Figure 4b by the RMSF 

values of residue numbers 50–150 in the 1IRA. Next, the 

tightness of the protein's overall structure is indicated by 

the rotation curve's radius (radius of gyration in nm). The 

rotation radii of the stigmasterol–1IRA complexes were 

stable, as shown in Figure 4c. As a complement to the 

parameters, SASA displayed a similar curve with radius of 

gyration. As seen in Figure 4d. the elevation of surface 

area varies with time, just like radii. This means that radii 

and surface area influence the rotation of complex ligand 

receptors. The last hydrogen bond in Figure 4e 

demonstrated an increase in the number of hydrogen 

bonds over time. This is related to the stability of the 

(a) (b) 

(c) (d) 

(a) (b) 
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(a) RMSD (b) RMSF 

  
(c) radius of gyration (d) SASA 

 
(e) hydrogen bond 

 
Figure 4. Parameters of molecular dynamics simulations. 
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complex as long as the MDs are running. Overall, the 

parameter demonstrated the stability of complex ligand-

receptor interactions.  

4. Conclusions 

In conclusion, our study highlights the medicinal 

potential of B. balsamifera, particularly through the 

promising compound stigmasterol, as revealed by 

molecular docking and dynamics analyses. The 

consistently low binding free energy values across 

multiple receptors suggest stigmasterol's efficacy as a 

therapeutic agent against both Coronavirus protease and 

human interleukin receptors. Additionally, the stability of 

the stigmasterol-1IRA ligand-receptor complex 

underscores its potential for further pharmaceutical 

development. These findings underscore the significance 

of natural products like those found in B. balsamifera in 

drug discovery and development efforts. Further 

research and clinical studies are warranted to fully 

elucidate the therapeutic benefits of these compounds 

and their potential contribution to combating viral 

infections and inflammatory disorders. 
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