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Abstract: The previous outbreaks of syndrome coronavirus 2 (SARS-CoV-2) are indications of the 
need for effective antiviral agents to mitigate disease severity and future outbreaks. In this context, 
natural products such as propolis have gained attention for their antiviral properties, particularly due 
to the rich composition of bioactive compounds. Propolis derived from Tetragonula sapiens, a 
stingless bee species, has shown promising pharmacological properties, including antimicrobial, 
antioxidant, and anti-inflammatory effects. Therefore, this study aimed to investigate the antiviral 
potential of T. sapiens propolis from Indonesia against SARS-CoV-2 using both in vitro and in silico 
methods. In silico analysis was conducted by molecular docking to evaluate the binding interactions 
of 30 bioactive compounds from T. sapiens propolis against RNA-dependent RNA polymerase 
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(RdRp), a key enzyme in viral replication. The phytochemical substances found were 1,5-Dimethyl-
4-[[(2-methyl-6 phenylthieno[2,3-d] pyrimidin-4yl) hydrazinylidene] methyl]pyrrole-2carbonitrile, 
Isocalopolyanic acid, Glyasperin A, Yucalexin B7, and Sulabiroin A. Additionally, in vitro 
experiments assessed the efficacy of T. sapiens propolis in inhibiting viral activity in Vero E6 cells. 
The results showed that propolis extract had virucidal properties, directly inactivating the virus. This 
study identified T. sapiens propolis as a promising natural source for antiviral drug development and 
future therapeutic applications.  

Keywords: Antiviral; In silico; In vitro; Propolis; RdRp; SARS-CoV-2; Vero E6 cells 

1. Introduction 

The outbreaks of syndrome coronavirus (SARS-CoV-2), the virus responsible for COVID-19, are 
associated with global health crisis underscoring the need for innovative antiviral therapies 
(Hoenigl et al., 2022). Although COVID-19 is no longer classified as a pandemic, the virus remains 
a significant public health concern, particularly in vulnerable populations and regions with limited 
access to healthcare(Alifia et al., 2022; Borovkov et al., 2022). The continued prevalence of SARS-
CoV-2 shows the importance of identifying broad-spectrum antiviral agents that can inhibit viral 
replication, reduce disease severity, and mitigate future outbreaks of related pathogens (Robinson 
et al., 2022; Tunjung et al., 2020).  

 In this context, natural products such as propolis, have gained attention for their potential as 
antiviral agents due to rich composition of bioactive compounds with diverse pharmacological 
activities (Berretta et al., 2020; Kumar et al., 2020; Scorza et al., 2020). This type of bee product has 
shown activity against viral replication and immune modulation (Pratami et al., 2020a; 2020b). 
Previous studies have provided evidence of the antiviral activity of propolis from Apis mellifera 
and Tetragonula laeviceps against viruses such as herpes simplex and influenza. Propolis from A. 
mellifera has been applied in formulations to treat SARS-Cov2 infections (Berretta et al., 2020).  

Tetragonula sapiens is a stingless bee within the genus Tetragonula, which comprises 
approximately 31 species found across Oceania, including countries such as Australia, Indonesia, 
and Malaysia. Propolis from T. sapiens is known for its rich composition of bioactive compounds, 
including flavonoids, phenolic acids, and terpenoids (Asih et al., 2022a). Propolis is a natural resin 
resembling wax, generated by honeybees (A. mellifera L.), comprising salivary secretions, pollen, 
and several plant materials. Honeybees use propolis as a form of adhesive, often referred to as bee 
glue, to seal gaps and openings within their hives (Pavlovic et al., 2020). This practice deters 
parasitic intrusions and aids in regulating the internal temperature as well as humidity of the hive. 
The compounds produced contribute to its remarkable pharmacological properties, such as 
antimicrobial, antioxidant, and anti-inflammatory effects (Asih et al., 2022a; Sahlan et al., 2021; 
2019). Specifically, T. sapiens propolis has shown potential antiviral activity, attributed to the ability 
to inhibit viral replication and modulate immune responses. Previous studies reported the efficacy 
of T. sapiens propolis against a range of viruses by targeting critical viral proteins and disrupting 
replication mechanisms. Propolis and its various components have shown significant preclinical 
effectiveness as antiviral agents including adenoviruses, influenza, respiratory tract, herpes simplex 
virus types 1 and 2 (HSV-1 and HSV-2), human immunodeficiency virus (HIV), and severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) (Yosri et al., 2021). For example, molecular 
docking studies reported that T. sapiens propolis compounds could bind effectively to viral 
enzymes, including RNA-dependent RNA polymerase (RdRp), a key enzyme in viral replication 
(Sahlan et al., 2021), SARS-CoV-2 spike protein (Sahlan et al., 2023), and PAK-1 enzyme (Asih et al., 
2022b). However, limited data exist on the specific antiviral properties of T. sapiens propolis, 
particularly in the context of SARS-CoV-2.  

Based on the description, this study aimed to investigate the antiviral activities of T. sapiens 
propolis from Indonesia using in vitro and in silico methods. The investigation was carried out on 
the anti-SARS-CoV-2 activity in vitro of standardized herbal preparations. The results showed that 
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propolis extract was a virucidal agent that could directly inactivate the viral particle. Furthermore, 
molecular docking study was carried out as a computational method that could simulate the most 
optimal position of the ligand-receptor complex, using the minimum scoring function or the free 
energy of the entire system (Husnawati et al., 2023; Mohanty and Mohanty, 2023). Since its 
introduction in the 1970s, the method served as reliable strategy for understanding chemical 
interactions and facilitating the identification of novel drugs (Pinzi and Rastelli, 2019). In a previous 
investigation conducted by Miyata et al. (2020; 2019), a total of 13 resident compounds of T. sapiens 
propolis were discovered (Miyata et al., 2020; 2019). These compounds along with an additional 17 
identified through the liquid chromatography-mass spectrometry (LC-MS) method, were evaluated 
using molecular docking to specifically target the RdRp protein (PDB ID: 7BV2). RdRp was 
identified as an enzyme playing a significant role in the replication of the viral genome and the 
transcription of genetic material (Hillen et al., 2020). The molecular docking evaluation included 
analyzing the docking score, inhibition constant, and interaction profile. An in vitro experiment 
was also conducted to focus on evaluating the efficacy of T. sapiens propolis against SARS-CoV-2 
in Vero E6 cells. By combining the methods, this study provided insights into the potential 
mechanisms of action and showed the significance of T. sapiens propolis as a natural source for 
antiviral drug development. The results were also expected to serve as the basis for further 
exploration of propolis-based therapies to address current and future viral threats. 

2. Methods 

2.1. Samples 
Propolis extract from T. sapiens (North Luwu district, South Sulawesi, Indonesia) was macerated 

by ethanol and dried with an industrial spray dryer at Phytochemindo Reksa Co (Bogor, West Java, 
Indonesia). Spray-dried propolis (SDP) was evaluated to fulfill standardized herbal preparations 
with CoA No 20221011-1S.1-1P024SDP-001. This sample was applied for in vitro evaluation using 
Vero E6 cells.  

2.2.  Cell Lines and Viruses 
Vero E6 cells were cultured in Dulbecco's modified Eagle's medium (DMEM, Gibco, BRL, 

Gaithersburg, MD, USA) supplemented with 10% (w/v) fetal bovine serum (FBS). The cell lines 
were acquired from the Chang Gung Memorial Hospital, with passages less than 25. The SARS-
CoV-2 strain CDC-4 (CGMH-CGU-01; GISAID accession number EPI_ISL_411915 and NCBI 
accession number MT192759) was obtained from the Taiwan Center for Disease Control and 
replicated in Vero E6 cells. Subsequently, SARS-CoV-2 was managed in a biosafety level three 
(BSL3) facility at the Institute of Preventive Medicine, National Defense Medical Center, Taiwan. 

2.3. Anti-SARS-CoV-2 In Vitro 
A total of two tests were performed, namely the cytotoxicity test of propolis and propolis activity 

against SARS-CoV-2. For the cytotoxicity test, the method by (Tang et al., 2021) was used. Initially, 
a 96-well tissue culture plate was seeded with Vero E6 cells (2 × 104/well) and incubated at 37oC for 
16–20 h under 5% CO2. Cell viability was measured following incubation with SDP for five days, 
fixed by 4%PFA, and stained with 0.5% (w/v) crystal violet for 30 min. Moreover, CC50 represented 
the cytotoxicity concentration at which 50% of cell death occurred.  

Vero E6 cells were seeded at density 2 × 104 per well in 96-well plates. These cells were infected 
with SARS-CoV-2 at a multiplicity of infections (MOI) of 2.5 × 10−4 plaque forming unit (PFU) per 
cell, equivalent to the TCID 50 (median tissue culture infective dose). Subsequently, cells were 
cultured in E2 medium comprising DMEM supplemented with 2% (v/v) FBS, alongside varying 
concentrations of SDP. Cells viability was evaluated after incubating at 37°C with 5% CO2 for 72 
hours. The anti-SARS-CoV-2 of SDP was managed in a BSL3 laboratory at the Institute of Preventive 
Medicine, National Defense Medical Center, Taiwan. The overall method of in vitro evaluation is 
shown in Figure 1.  
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Figure 1 Illustration scheme of the Anti-SARS-Cov-2 In Vitro Study 
 

2.4. Phytochemical Compounds of T. sapiens Propolis 
The initial phase of the in silico study or molecular docking included the preparation of the 

ligand candidate. A total of 17 compounds obtained from the LC-MS and 13 T. sapiens propolis 
compounds from South Sulawesi published by Miyata (Miyata et al., 2020; 2019) were used as 
ligands. The details of these 30 compounds are presented in Table 1 (Supplementary File). All the 
compounds were drawn using Marvin Sketch 20.8 software (Laxmi, 2022) and the overall method 
of in silico study was shown in Figure 2. 

 

Figure 2 Illustration scheme of molecular docking process 
 

2.5.  Main Protein Preparation 
The protein file comprising an RdRp complex with its natural ligand, remdesivir, was 

downloaded in .pdb format from https://www.rcsb.org/ using PDB ID:7BV2. This complex was 
separated using visual molecular dynamics, VMD software (Spivak et al., 2023; Humphrey et al., 
1996) and saved in .pdb format. Furthermore, the file was edited using Notepad++ software 
(https://notepad-plus-plus.org/). The polar hydrogen was added to the main protein using 
AutoDock 1.5.6 software (Forli et al., 2016). 

2.6.  Ligands Evaluation Through Lipinski Rule of Five & SwissADME and Ligand Preparation 
The 2D and 3D structures of test compounds in Figures 3 and 4, were created using 

MarvinSketch. The compounds were also saved in SMILES format for Lipinski Rules of Five 
(Lipinski RO5) evaluation. This analysis was performed by entering the SMILES format file into 
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webtool at https://scfbio-iitd.res.in/(Jayaram et al., 2012; Lipinski, 2004) or SwissADME webtool 
at http://www.swissadme.ch/ (Daina et al. , 2017) to determine their drug-like properties and 
bioavailability.  

 
Figure 3 Seventeen (17) compounds from Tetragonula sapiens resulted from Liquid 
chromatography-mass spectrometry (LC-MS) 

 
The Lipinski RO5 consists of four specific criteria, namely a molecular weight (MW) of less than 

500 g/mol, a LogP value below five, fewer than five hydrogen bond donors, and a maximum of 10 
hydrogen bond acceptors (Karami et al., 2022). For molecules to be considered adequate drug-like 
properties and bioavailability, two out of these four defined criteria must be fulfilled. After passing 

http://www.swissadme.ch/
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the Lipinski RO5, the preparation was performed in AutoDock 1.5.6 software. In the process of 
preparing protein input files, all water molecules, ligands, and ions were eliminated. This was 
followed by the addition of polar hydrogens from the PDB file using the prepare_receptor4.py 
command of the AutoDock 1.5.6 software. 

 

Figure 4 13 compounds from Tetragonula sapiens published by (Miyata et al., 2020; 2019) 
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2.7.  Validation of Molecular Docking Method 
The AutoDock Vina program needs docking parameter in order to run. The docking parameters 

consist of grid box dimensions and center coordinates (Eberhardt et al., 2021). In this validation 
process, conformation of the natural ligand to the receptor in the experimental crystallographic 
structure was compared with redocked samples using AutoDock software. This would be 
accomplished by configuring the Grid box dimensions (x, y, z), center coordinates (x, y, z), and 
default spacing. The outcomes of the assessment were quantified using the root mean square 
deviation (RMSD) value. Moreover, the docking method was considered valid when the RMSD 
value was less than or equal to 2 Å (Maden et al., 2023). When the RMSD value obtained was greater 
than 2 Å, the procedure used was considered invalid. This showed the need for manual adjustments 
to the Grid box dimensions and center coordinates until an RMSD of 2 Å or less was achieved 
(Husnawati et al., 2023; Amrulloh et al., 2023). 

 
Table 1 The Assessment of Drug likeness of a Compound Utilizing Lipinski Rule of Five (RO5) and 
Swiss-Absorption, Distribution, Metabolism, and Excretion (SwissADME) Web Application 

Compound 
Code1 

Lipinski RO5 Parameter Meet Lipinski 
RO5  

Criteria 

Meet 
SwissADME2 

MW<500 
g/mol 

LogP<5 H Donor<5 H Acceptor≤10 

PS01 ✓ ✓ ✓ ✓ Yes Yes 
PS02 ✓ ✓ ✓ ✓ Yes Yes 
PS03 ✓ ✓ ✓ ✓ Yes Yes 
PS04 ✓ ✓ ✓ ✓ Yes Yes 
PS05 ✓ ✓  ✓ Yes Yes 
PS06 ✓ ✓ ✓ ✓ Yes Yes 
PS07 ✓ ✓ ✓ ✓ Yes Yes 
PS08 ✓ ✓ ✓ ✓ Yes Yes 
PS09 ✓   ✓ ✓ Yes Yes 
PS10 ✓   ✓ ✓ Yes Yes 
PS11 ✓ ✓ ✓ ✓ Yes Yes 
PS12 ✓ ✓ ✓ ✓ Yes Yes 
PS13 ✓  ✓ ✓ Yes Yes 
PS14 ✓  ✓ ✓ Yes Yes 
PS15 ✓  ✓ ✓ Yes Yes 
PS16 ✓  ✓ ✓ Yes Yes 
PS17 ✓ ✓ ✓ ✓ Yes Yes 
PK01 ✓ ✓ ✓ ✓ Yes Yes 
PK02 ✓ ✓ ✓ ✓ Yes Yes 
PK03 ✓  ✓ ✓ Yes Yes 
PK04 ✓  ✓ ✓ Yes Yes 
PK05 ✓  ✓ ✓ Yes Yes 
PK06 ✓  ✓ ✓ Yes Yes 
PK07 ✓  ✓ ✓ Yes Yes 
PK08 ✓  ✓ ✓ Yes Yes 
PK09 ✓  ✓ ✓ Yes Yes 
PK10 ✓ ✓ ✓ ✓ Yes Yes 
PK11 ✓ ✓ ✓ ✓ Yes Yes 
PK12 ✓ ✓ ✓ ✓ Yes Yes 
PK13 ✓ ✓ ✓ ✓ Yes Yes 

Information: Yes = Meets the requirements of Lipinski RO5 and/or SwissADME, No = Does not meet the 
requirements, ✓ = complies with Lipinski’s rule,  = does not comply with Lipinski's rule 
 

In this experiment, the docking coordinates in the grid box menu were formatted in a 'centered 

on ligand' manner, with an A1 spacing. The grid box dimensions were given as 25Å𝑥25Å𝑥25Å. 
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Additionally, the redocking operation yielded 10 docking poses together with their corresponding 
binding affinity values. The pose with the lowest binding affinity value was selected, and its 
coordinate was assessed for similarity to the empirically derived model by calculating the RMSD 
using PyMOLL (Schrödinger, inc., USA)(Yuan et al., 2017). Therefore, the simulated form accurately 
represented the docking position between RdRp and remdesivir, which was initially generated 
from https://www.rcsb.org/ (PDB ID: 7BV2). 

2.8.  Docking Process 
Semi-flexible docking was performed in this study, where the receptor was used as a rigid object, 

and ligand as a flexible object (Li et al., 2022; Zhang et al., 2022). The AutoDock Vina software was 
used to conduct molecular docking. The dimensions and coordinates of the grid box were acquired 
from the preceding step. The genetic algorithm parameters were set to their default values, with a 
population size of 150, a medium maximum evaluation, a maximal number of generations of 27,000, 
and the top automatically survived individual set to 1. Furthermore, the precise values for gene 
mutation and crossover rates were indicated as 0.02 and 0.8, respectively. The remaining docking 
parameters were changed back to their normal settings.  

In this procedure, the 30 ligand compounds including RdRp-positive control, were docked 
individually with the RdRp protein. The docking process generated different binding poses and 
scores were generated, showing the strength of affinity between a ligand and its receptor or target 
protein. Docking scores were expressed in binding free energy (∆G), and the empirical equation 
model prepared by Morries et al was presented in Equation 2 (Eberhardt et al., 2021; Du et al., 2016; 
Quiroga and Villarreal, 2016) 

∆𝐺 = ∆𝐺𝑣𝑑𝑤 + ∆𝐺ℎ𝑏𝑜𝑛𝑑 + ∆𝐺𝑒𝑙𝑒𝑐 + ∆𝐺𝑐𝑜𝑛𝑓𝑜𝑟𝑚 + ∆𝐺𝑡𝑜𝑟 + ∆𝐺𝑠𝑜𝑙  (2) 

The first four terms of equation 2 represent molecular mechanics such as dispersion/repulsion, 
hydrogen bonding, electrostatics, and deviation from covalent geometry. ∆𝐺𝑡𝑜𝑟 is modeling rotor 
internals and global rotation and translation. Meanwhile, ∆𝐺𝑠𝑜𝑙 is modeling desolvation on bonds 
and hydrophobic effects (Eberhardt et al., 2021; Quiroga and Villarreal, 2016). 

2.9.  Inhibitory Constant Calculation 
The ∆𝐺𝑏𝑖𝑛𝑑𝑖𝑛𝑔value derived from the molecular docking results can be modified to determine the 

inhibitory constant (𝐾𝑖) (Srinivasan, 2023; Ortiz et al., 2019; Bearne, 2012). This coefficient is defined 
as the dissociation constant (Kd) of the enzyme-inhibitor complex, as opposed to the binding 
constant (Kb). The unit of 𝐾𝑖 is 𝑀 or 𝜇𝑀 and derivation of 𝐾𝑖 value is shown in equations 3 to 6. 
Where R = universal gas constant (1.987 cal/mol K), and T = absolute temperature in Kelvin, with 
T=298.15 K (El-Hadi et al., 2020; Hawwa et al., 2009). 

Equilibrium : 𝐸 + 𝐼 ⇔  𝐸𝐼     (3) 

∆𝐺𝑏𝑖𝑛𝑑𝑖𝑛𝑔 = −𝑅𝑇 ln 𝐾𝑏     (4) 

∆𝐺𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 = 𝑅𝑇 ln 𝐾𝑖     (5) 

𝐾𝑖 = 𝑒𝑥𝑝 (
∆𝐺𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛

𝑅𝑇
)     (6) 

2.10.  Analysis and Visualization 
The best accurate anticipated poses were acquired from the docking simulation and examined 

using PyMol (Schrödinger, Inc., New York, NY, USA) (Yuan et al., 2017). Furthermore, the LigPlot+ 
software (The European Bioinformatics Institute, United Kingdom) was used to create 2D schematic 
representations of the ligand and the residues that interacted with it in the binding site of the 
receptor (Laskowski and Swindells, 2011).  

 
 
 

https://www.rcsb.org/
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3. Results and Discussion 

3.1. SDP Shows Anti-SARS-CoV-2 Activity In Vero E6 Cells 
The cells viability observed in this study is shown in Figure 5. The series concentration of SDP 

was 0, 1.17, 2.34, 4.69, 9.38, 18.75, 37.50, and 75.00 µg/ml, with viability cells of 90-100 %. The crystal 
violet (CV) cells cytotoxicity assay used the color of crystal violet to evaluate cells viability or drug 
cytotoxicity, serving as a widely used method. Moreover, a simple method for assessing the 
continued adhesion of Vero E6 cells is by staining the attached cells with crystal violet dye, which 
has an affinity for proteins and DNA. Vero E6 cells that experience death show a loss of adhesion 
and are eliminated from the cell population, causing a decrease in the quantity of crystal violet 
staining in a culture.  

 

 
Figure 5 Cytotoxicity of SDP in Vero E6 cells 

 

The potential activity of SDP against SARS-CoV-2 is shown in Figure 6. The purple color is 
attributed to highly diluted virus stock, indicating a small or absence of virus present. This is 
common in antiviral screening assays when working with very dilute virus solutions. The Vero E6 
cells were seeded at density 2 × 104 per well and the cells were infected with SARS-CoV-2 at a 
multiplicity of infection (MOI) of 2.5 × 10−4 PFU per cell. This showed there were five infectious 
viral particles per well resulting in purple color. In the top five wells of column A, the cells were 
completely killed by the amount of virus. However, 37.5 µg/ml propolis protected four out of five 
wells (column B), and 18.8 µg/ml propolis showed dose-dependent protection in two (column C). 

 

 

Figure 6 The activity of SDP against SARS-Cov-2. A: Mock; B: Propolis 37.5 µg/ml; C: Propolis 18.8 
µg/ml 
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The SDP has anti-ARS-CoV-2 activity at 37.5 µmg/ml, which protected the Vero E6 cells from 
SARS-CoV-2 infection compared to mock control (column A). However, the SDP 18.88 µg/ml had 
lower activity compared to SARS-CoV-2. As shown in column C, there were 2 wells consisting of 
dead adherent cells and 2 wells comprised normal Vero E6 cells. The optimum dose of SDP 75 
µg/ml also showed good viability cells, not toxic for Vero E6 cells. Therefore, this concentration 
was recommended as a therapeutic dose for the next study (pre-clinical or clinical trial). This is the 
first report of potential SDP against SARS-CoV-2 in vitro study.  

3.2. Evaluation of Lipinski Rule of Five & SwissADME 
Before conducting molecular docking, the test compounds were initially selected based on the 

Lipinski RO5 (Karami et al., 2022; Chagas et al., 2018). This process was carried out to evaluate 
certain specific parameters, such as absorption, distribution, metabolism, and excretion, affecting 
the pharmacokinetic properties in the human body (Karami et al., 2022; Chagas et al., 2018; Veber 
et al., 2002). Lipinski RO5 comprises four criteria, namely MW<500g/mol, LogP<5, H Donor<5, and 
H Acceptor≤10. For molecules to be regarded as having sufficient drug-like and bioavailability, 
two out of the four established requirements must be fulfilled (Karami et al., 2022; Quimque et al., 
2021).  

Another webtool to evaluate drug-like is SwissADME which can be accessed at 
http://www.swissadme.ch/. This webtool offers a web-based option for assessing the drug-like 
properties and bioavailability of test substances (Bakchi et al., 2022; Daina et al., 2017). Furthermore, 
SwissADME enables the computation of key physicochemical, pharmacokinetic, drug-like, and 
related parameters for one or multiple molecules(Daina et al., 2017). The evaluation entails 
inputting SMILES data for each phytochemical molecule into the http://www.swissadme.ch/ 
website to generate absorption, distribution, metabolism, and excretion results, confirming the 
compliance of compounds to all the requirements as drug. 

All 30 propolis compounds comprise both Lipinski RO5 and SwissADME indicating the drug-
like, as shown in Table 1. The detailed value of Lipinski parameters in each compound is shown in 
Supplementary File Table 2. The concept of drug-like is primarily focused on oral medications, as 
the route of administration is among the most prevalent in clinical settings. Oral drugs offer ease of 
use for patients, without specialized medical intervention, and typically present a higher level of 
convenience compared to alternative methods (Lou et al., 2023). 

3.3. Root Mean Square Deviation (RMSD) Value of RedockingDocking Parameters 
Following the preparation of ligand and protein structures, the docking parameter becomes a 

crucial input for AutoDock program. This parameter entails identifying the coordinates of the 
ligand-binding site on the target protein. In cases where the binding site is unknown, blind docking 
may be conducted by enclosing the entire protein within the grid box. As an alternative, a smaller 
grid box can be positioned over a specific known or predicted ligand-binding area on the protein 
(Maden et al., 2023; Fan et al., 2021; Quiroga and Villarreal, 2016; Feinstein and Brylinski, 2015). In 
this study, Gridbox dimension of 25Å𝑥25Å𝑥25Å was selected because it covered the main protein 
area.  

After determining the ligand-binding region using the Gridbox in AutoDockTools, the protein 
coordinates were specified in the input configuration file. To obtain the data corresponding to the 
specified center coordinates for Gridbox, a redocking procedure was conducted between the 
primary protein and its native ligand. This procedure was used to confirm the docking 
methodology and evaluate the precision (Hevener et al., 2009). In the context of molecular docking, 
redocking takes place when the ligand is reinserted into the active site of the target protein 
following the computation of its initial energy and positioning. When the redocked ligand closely 
correlated with the position of the crystallographic ligand, a strong relationship was identified 
(Venkatesh, 2022; Hevener et al., 2009). 

In this study, RdRp was redocked with remdesivir, yielding several poses. The optimal pose, 
characterized by the lowest docking score between RdRp and remdesivir, was analyzed using 
PyMol to calculate the RMSD value presented in Table 4. Furthermore, RMSD is as distance 

http://www.swissadme.ch/
http://www.swissadme.ch/
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between the corresponding atoms of the ligand's docked pose and its experimental binding 
conformation (Ramírez and Caballero, 2018). This metric is commonly used for evaluating the 
accuracy of docking calculations (Shamsian et al., 2024). A high RMSD value indicates dissimilarity, 
while zero value shows an identical conformation structure.  

The results are anticipated to meet the standards by achieving a value of ≤ 2 (Maden et al., 2023; 
Trott and Olson, 2010). An RMSD value of less than or equal to 2 Å indicates a successful docking 
result (Shamsian et al., 2024; Maden et al., 2023; Abdalla et al., 2022). Since the RMSD value obtained 
in this redocking process was 2 Å, this suggested that the procedure was valid. Therefore, the data 
in Table 2 could be applied as the foundation for the docking procedure between RdRp and the 30 
test compounds using AutoDock Tools. 

 
Table 2 GridBox Area, Docking Coordinates, and Root Mean Square Deviation Value. 

GridBox Area Coordinates RMSD 

x=25 Å x= 92.013 2.0 
y=25 Å y= 91.366  
z=25 Å z= 104.836  

 
3.4. Docking Score 

In this study, 30 compounds identified from T. sapiens propolis were docked to the RdRp protein 
through the molecular docking method, specifically using AutodockTools. The purpose of 
molecular docking is to predict the binding configuration and strength of a small molecule at the 
active site of a designated target protein (Zhang et al., 2022). The outcome is represented by a value 
that indicates the free-binding energy. This shows the energy needed for the ligand to establish a 
connection with the receptor. The free binding energy (∆𝐺𝑏𝑖𝑛𝑑𝑖𝑛𝑔), often referred to as the docking 
score, is used to assess the strength of the interaction between a ligand (test substance) and its 
receptor (target protein), which is calculated using Equation 7 (Srinivasan, 2023; Du et al., 2016): 

∆𝐺𝑏𝑖𝑛𝑑𝑖𝑛𝑔 = ∆𝐻 − 𝑇∆𝑆        (7)   

The symbols ∆H and T∆S indicate the enthalpy and entropy, respectively. In molecular docking, 
the objective is to achieve a negative ∆G value. The occurrence of this situation is initiated by the 
process of binding, where the enthalpy decreases due to intermolecular contacts and bond 
formation. However, the entropy increases because of the reduction in degrees of freedom(Bearne, 
2012), leading to negative value of ∆G. A more negative value indicates a stronger affinity between 
the ligand and the receptor (Srinivasan, 2023; Berenger et al., 2021; Fukunishi et al., 2018; Trott and 
Olson, 2010).  

Table 3 presents the docking scores for 30 compounds in relation to RdRp, with remdesivir, the 
natural ligand of RdRp, serving as the positive control. Remdesivir, a recently FDA-approved 
SARS-CoV-2 drug (Chera and Tanca, 2022) has been shown to target RdRp with a low binding 
energy of -6.6 kcal/mol. Based on the analysis, only 10 out of the 30 test compounds achieved a 
docking score that was lower than remdesivir. This suggested that the 10 compounds had a greater 
affinity for RdRp compared to remdesivir. Specifically, the 10 were 1,5-Dimethyl-4-[[(2-methyl-6-
phenylthieno[2,3-d]pyrimidin-4-yl)hydrazinylidene]methyl]pyrrole-2-carbonitrile, 
isocalopolyanic acid, glyasperin A, Yucalexin B7, Sulabiroin A, Oleandrigenin, broussoflavonol F, 
Glyurallin B, Mollicellin H, and Dulxanthone. This phenomenon showed the potential application 
of propolis compounds as RdRp inhibitors.  

By comparing the docking scores or binding energy with other substances against RdRp, the 
propolis compounds showed significant affinity. A previous study conducted by Hosseini used 
AutoDock Vina to evaluate 12 FDA-approved drugs against RdRp. The results identified five 
compounds with the lowest docking scores or binding energy. These included Leucal (Leucovorin) 
at -8.2 kcal/mol, Natamycin -7.8 kcal/mol, Isavuconazonium -7.2 kcal/mol, and Folinic acid also -
7.2 kcal/mol (Hosseini et al., 2021). Additionally, another molecular docking study using 
AutoDockTools 1.5.6 and AutoDock Vina assessed mangosteen compounds against RdRp. The 
results showed a lowest binding energy of -7.8 kcal/mol (Afladhanti et al., 2022), which was slightly 
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lower than the PS06 compound (1,5-Dimethyl-4-[[(2-methyl-6-phenylthieno[2,3-d]pyrimidin-4-
yl)hydrazinylidene]methyl]pyrrole-2-carbonitrile), with a docking score of -7.9 kcal/mol. Despite 
the use of the same software, the binding energy values obtained in this study cannot be directly 
compared with other reports due to the differing docking parameters, such as Gridbox dimensions 
and center coordinates. However, this analysis indicates that the compounds found in T. sapiens 
propolis show potential as inhibitors of RdRp. 

The ∆G value from the molecular docking results can be altered to generate an inhibition constant 
(Ki) for ligand and receptor interaction using equation 5. This coefficient serves as a measure of 
potency of an inhibitor. Table 3 shows the Ki values for each pair of primary proteins and the test 
compounds. The inhibition constant, also known as the half-maximal inhibitory concentration, is a 
measure of potency. It represents the concentration needed to achieve 50% inhibition of the 
maximum effect (Ortiz et al., 2019). However, with an increasing negative docking score, the 
inhibition constant becomes minimal. This shows a stronger inhibition of the test compounds 
against the target protein. 

 
Table 3 Docking Score & Ki between RdRp and the Test Compounds 

Compound Docking Score (∆𝐺) 
[𝑘𝑐𝑎𝑙/𝑚𝑜𝑙] 

Ki1 

[𝜇𝑀] 

Remdesivir -6.6 14.51 
PS06 -7.9 1.62 
PK07 -7.4 3.76 
PK08 -7.2 5.27 
PS04 -7.2 5.27 
PK01 -7.0 7.39 
PS17 -7.0 7.39 
PK09 -6.9 8.74 
PS13 -6.9 8.74 
PS12 -6.8 10.35 
PS09 -6.7 12.26 
PK02 -6.5 17.18 
PK10 -6.5 17.18 
PS02 -6.5 17.18 
PS15 -6.5 17.18 
PS10 -6.4 20.34 
PK04 -6.3 24.08 
PK11 -6.3 24.08 
PS05 -6.2 28.50 
PS07 -6.2 28.50 
PK13 -6.0 39.95 
PS08 -6.0 39.95 
PK03 -5.9 47.30 
PS11 -5.8 55.99 

1 Ki=Inhibition constant 

3.5. Interaction Profiles 
Ligplot+ was used to visually profile the 2D bonds and examine the interactions occurring in the 

docking area below 5 Å, specifically focusing on hydrogen bonds and hydrophobic processes. 
Figure 7 shows the interactions between RdRp and the five ligands with the lowest docking scores, 
as well as RdRP and its original ligand, remdesivir, correspondingly. The bonds that formed the 
atoms in ligand were purple, while brown was obtained in the receptor. Subsequently, the ligand 
and receptor were connected by a green dotted line, which symbolized a hydrogen bond. The 
numerical value denoted the length of this link, while hydrophobic interaction was represented by 
a brown fan-shaped structure. Furthermore, the ligand atoms were identified by the presence of 
reddish-brown luminescent lines. Another advantage of the Ligplot+ program is that the atoms are 
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distinguished by color for easy identification (Laskowski and Swindells, 2011; Wallace et al., 1995). 
The colors blue, black, yellow, red, and purple corresponded to the element’s nitrogen, carbon, 
sulfur, oxygen, and phosphorus, respectively.  

Based on Ligplot+ 2D visualization results, the RdRp complex with remdesivir obtained seven 
hydrogen bonds from six separate amino acids and eight hydrophobic interactions. These abundant 
hydrogen bonds show a strong and stable connection, thereby contributing the most negative 
weight to the docking score, with a high binding energy. 

Several key amino acid residues, including Asp760, Thr687, Ala688, Lys545 and Val557, were 
observed in RdRp active site (Kumar et al., 2020). This site was where the substrate experienced a 
catalyzed chemical reaction. In this study, the RdRp enzyme accelerated the replication process of 
SARS-CoV-2. The active site also acts as an important target zone for binding with inhibitors to 
indirectly prevent virus replication. Furthermore, the active site between SARS-CoV-2 and SARS-
CoV that instigated SARS appears identical in terms of amino acid residues but certain 
conformational differences occurred that contributed to binding specificity. The docking activities 
in this study are conducted on RdRp active sites. 

Various key residues, including Ser759, Asp760, Asp761, Lys545, and Arg555 occurred in RdRp 
catalytic site (Kumar et al., 2020). This site refers to a specific area on an enzyme molecule where 
the actual reaction takes place. Catalytic residues of the site interact with the substrate to lower the 
activation energy of a reaction, thereby accelerating the process. Additionally, the catalytic site is 
where the amino acid residues intend to catalyze the substrate. 

The evaluation process considered the bond or interaction distance. This interval particularly in 
hydrogen bonds, serves as an analytical indicator to represent the interaction strength (Trott and 
Olson, 2010). In general, hydrogen bonds in proteins exist in the moderate category. The bond 
distance is classified into three groups, depending on the intensity level (Buckingham et al., 2008). 

These ranges include 2.2–2.5 Å (strong/covalent), 2.5–3.2 Å (medium/ionic or electrostatic as well 

as 3.2–4.0 Å (weak and also electrostatic). Therefore, closer distances tend to generate stronger 
bonds. 

Based on the results, 1,5-Dimethyl-4-[[(2-methyl-6-phenylthieno[2,3-d] pyrimidine-4-yl) 
hydrazinylidene] methyl] pyrrole-2-carbonitrile (PS06) showed similar interaction profiles. 
Consequently, RdRp interaction profiles of approximately 86.7% showed sufficient similarity. A 
total of 13 out of the 15 residues appeared similar to the counterparts in the positive control, namely 
the remdesivir inhibitor against RdRp. The PS06 compound only formed a single hydrogen bond 

with Thr680 at a distance of 3.22 Å, indicating a weak category. This suggested that out of 14 amino 
acid residues that reacted hydrophobically with PS06, only Thr687 and Ala688, interacted from 
RdRp active site, while Arg555 was observed from the catalytic site. The results show that several 
interactions with important amino acid residues are possible, with the maximum percentage 
similarity of the interaction profile against the positive control at 86.7%. Moreover, this study 
recommends further development of the compound (PS06) as a promising RdRp inhibitor. 

Isocalopolyanic acid (PK07) did not show any similarity in the interaction profile with the RdRp 
complex and remdesivir. The acid compound formed two hydrogen bonds with Asn497 and 

Arg569 residues at a distance of 2.69 Å and 2.99 Å, respectively, indicating a moderate bond 
strength. Subsequently, out of the eight amino acid residues that reacted hydrophobically with the 
isocalopolyanic acids, only Val557 interacted from RdRp active site. This result is due to the lack of 
similarity in the interaction profile with the positive control. Therefore, isocalopolyanic acid 
compounds are not recommended for further development as RdRp inhibitors. 

Glyasperin A (PK08) showed a similar interaction profile with RdRp complex and remdesivir. 
However, only one out of 11 interacting amino acid residues was identical to the positive control. 
This PK08 compound formed one single and two hydrogen bonds with Asp760 (key residue) and 

Ser814 at a distance of 2.82, 2.87, and 3.15 Å, respectively, indicating a moderate bond strength. The 
results showed that glyasperin A was strongly bonded to RdRp, due to the influence on bond 
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stability. Glyasperin A obtained the most negative weight in the scoring function using 
AutodockVina software. This condition generated significant binding energy. Subsequently, out of 
the 8 amino acid residues that reacted hydrophobically with glyasperin A, only Asp761 and Ser75 
interacted from the RdRp catalytic site. Despite showing a minimal percentage similarity of 6.7%, 
glyasperin A compounds are possibly considered for further studies as a potential RdRp inhibitor, 
due to the interactions with key residues. 

 

 
Figure 7 Two-Dimensional (2D) Interaction Profile of RdRp against: (a) 1,5-Dimethyl-4-[[(2-methyl-
6 phenylthieno[ 2,3-d] pyrimidin-4 yl) hydrazinylidene] methyl]pyrrole-2 carbonitrile; (b) 
Isocalopolyanic acid; (c) Glyasperin A; (d) Yucalexin B7; (e) Sulabiroin A; (f) Remdesivir 

 
Yucalexin B7 (PS04) did not show any similarity in the interaction profile with the RdRp complex 

and remdesivir. This compound formed a single hydrogen bond with Arg569 at a distance of 3.12, 
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indicating a moderate bond strength. Among the seven amino acid residues that reacted 
hydrophobically with the Yucalexin B7, only Val557 interacted from the RdRp active site. Therefore, 
due to the lack of similarity in the interaction profile with the positive control, isocalopolyanic acid 
compounds were not recommended for further development as RdRp inhibitors. 

Sulabiroin A (PK01) did not show any similar interaction profile with the RdRp complex and 
remdesivir. This compound formed three hydrogen bonds with Lys545 (key residue), Ser501, and 

Val560 at 3.01, 3.23 and 3.16 Å, respectively, indicating a moderate bond strength. Based on the 
interaction with the key residue, a strong bond between the sulabiroin compound A and the RdRp 
active site was found. Among the eight amino acid residues that combined hydrophobically with 
Sulabiroin A, only Val557 interacted from RdRp active site. The presence of two interactions with 
amino acids also showed significant potential for sulabiroin A compounds as RdRp inhibitors. 
Consequently, sulabiroin A could be considered for advanced studies due to the 0% similarity of 
the interaction profile in the compounds. 

Based on the results, 1,5-Dimethyl-4-[[(2-methyl-6-phenylthieno[2,3-d] pyrimidin4yl) 
hydrazinylidene] methyl] pyrrole-2-carbonitrile (PK06) showed the most potential as RdRp 
inhibitors among the 30 propolis compounds. These results were obtained after the assessments of 
docking score (∆G), inhibition constant (Ki), and interaction profile. Figure 8 represents the 3D 
visualization results using PyMol from PK06 and a positive control inhibitor (remdesivir) in a 
similar binding pocket of RdRp. 

Further analysis was conducted to determine the relevance of the information obtained in terms 
of developing COVID-19 therapeutics. This included applying five propolis compounds with the 
most potential after purification or the complete samples because the information was used as a 
claim. However, in providing solutions to these questions, a literature study should be conducted. 
The objective is to analyze the comparison of including the entire propolis to the samples showing 
certain biological characteristics. Therefore, there is a need to validate the occurrence of possible 
synergistic effects on the propolis compounds. 

 

Figure 8 Three-dimensional (3D) visualization using the PyMol from PK06 (red) and remdesivir 
(yellow) in the similar binding pocket in the RdRp enzyme 

 

Synergy refers to the significant effect of combining several compounds, compared to the 
contribution of individual components. This condition implies that in synergistic cases, additional 
effectiveness is obtained by using a combination of compounds rather than independent 
application. A previous study evaluated the impact on antioxidant activity with five main flavonoid 
compounds in propolis, compared to the complete samples (Osés et al., 2020). The results showed 
that the use of the entire mass was able to suppress the formation of oxidants or free radicals, 
compared to individual or combined applications. Another study showed that using propolis in its 
entirety had significant antiviral activity against HSV-1 than flavone compounds separately or in 
combination (Amoros et al., 1992).  
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Several studies have focused on the synergistic effects of many propolis components, as opposed 
to their single application. For example, the use of three flavonoid compounds derived from 
propolis caused greater antimicrobial efficacy compared to the individual components (Kharsany 
et al., 2019). Additionally, investigations examined the synergism of propolis in combination with 
other components. The combined impact of propolis-honey has also been evaluated on the 
antimicrobial activity against C. albicans, S. aureus, and E. coli. The results showed that the 
combined sample generated extensive antimicrobial characteristics, compared to the individual 
elements (Noori et al., 2012). The combination of propolis and bee venom demonstrated higher anti-
proliferative behavior on breast cancer cells than with separate usage (Drigla et al., 2016). 
Regardless of previous studies that obtained the five most potential propolis compounds for 
COVID-19 treatment, propolis is currently applied as a therapeutic agent in its entirety rather than 
for individual application. However, for validation purposes, further studies should be conducted, 
including molecular dynamic analysis and in vivo testing appear necessary. 

4. Conclusions 

In conclusion, the evaluation results of in vitro study showed that SDP at 37.5 µg/ml had anti-
SARS-CoV-2 activity using Vero E6 cell-infected viruses. The molecular docking obtained the five 
best propolis compounds from each target protein. The results showed that based on docking score 
and inhibition constants, T. sapiens propolis could block the RdRp enzyme, thereby reducing viral 
loads. According to literature studies, the samples showed substantial synergistic effects that were 
collectively applied to generate extensive biological activities, compared to individual engagement. 
Furthermore, the observation confirmed that the potential for propolis compounds in developing 
antiviral COVID-19 therapeutics greatly depended on the absolute utilization of the samples. 
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