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1. INTRODUCTION 
The pandemic that emerged in Wuhan, China, in 2020 has 

been a devastating event that has caused global chaos, leading 
to the loss of numerous lives and bringing people together in 
grief and solidarity. The Ministry of Health Malaysia recently 
provided an update on the status of SARS-CoV-2, and 
unfortunately, it appears that the virus is still around. 
Throughout the years, various methods and medicines have 
been studied to find the most effective SARS-CoV-2 cure. 
Among the efforts carried out is to find or develop antivirals 
that are available from natural or synthetic ingredients. 
Antiviral agents are specifically designed to combat viral 
infections, which can range from mild, self-resolving illnesses 
to severe and potentially deadly diseases. Many vaccines were 
developed during the year when the virus was widespread. 

However, the search for complementary antiviral agents 
remains important due to the emergence of viral variants and 
potential limitations of existing therapies. Natural products 
have gained attention as potential sources of antiviral 
compounds with fewer side effects. Several plant species, such  

 

as green tea and garlic, have been investigated using in silico 
docking approaches.  

Phaleria macrocarpa, locally known as Mahkota Dewa, is 
a species of the Thymelaeaceae family, which is a densely 
packed evergreen tree that possesses significant botanical and 
pharmacological potential (Figure 1) [1]. This fruit is abundant 
in both Malaysia and Indonesia [2] and has been traditionally 
used for medicinal purposes to treat various health conditions. 
It exhibits diverse pharmacological activities, including 
antitumor, anti-hyperglycemic, anti-hyperlipidemic, anti-
inflammatory, anti-diarrheal, antioxidant, anti-viral, 
antibacterial, and anti-fungal and contains compounds such as 
saponin, tannin, alkaloids, flavanoids, mangiferin, and gallic 
acid [3]. Radita and Widyarman [4] have shown that the 
flavonoid component in P. macrocarpa extract can inhibit both 
Gram-positive and Gram-negative bacteria, demonstrating the 
bioactive potential of this species. In addition, P. macrocarpa 
has shown antiviral activity against various viruses.  

While, flavonoids with antiviral properties include 
quercetin (1), kaempferol (2), myricetin (3), naringenin (4), 
gallic acid (5), sesamin (6), mangiferin (7), 24-methyl-9,19-
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their potential side effects highlight the need for safer natural alternatives. Phaleria 
macrocarpa contains antiviral flavonoids but remains underexplored against SARS-CoV-2. 
This study aimed to identify phytochemicals in P. macrocarpa fruit using GC-MS and 
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alternatives to existing antiviral treatments, warranting further experimental validation. 
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cyclolanost-25-en-3-ol (8), mahkoside A (9), mahkoside B 
(10), fevidordin A (11) and fevicordin A glucoside (12) as 
shown in Figure 2. However, P. macrocarpa has not yet been 
analysed for its antiviral potential against SARS-CoV-2. 
Therefore, this study aims to analyse the in silico docking of P. 
macrocarpa phytochemical against SARS-CoV-2 virus.  

Fig. 1. a) Whole plant, b) leaves, c) unripe green fruit, d) ripe 

red fruit and e) flowers of Phaleria macrocarpa (Ahmad et al., 
2023) 

2. METHODOLOGY  

2.1 Materials, chemicals, apparatus and instrument 

a) Materials: Phaleria macrocarpa fruit from Sungai 
Petani, Kedah. 

b) Chemicals: Distilled water, 95% Ethanol (C2H5OH), 
NaOH solution, FeCl3 powder, HCl solution, 
Concentrated sulphuric acid, Acetic anhydride, 
Chloroform 

c) Apparatus: Oven, electric blender, Whatman No. 1 
filter paper, rotary evaporator, 250 mL distillation 
flask, test-tube, test-tube racks, test tube cover, 
volumetric flask, syringe filter. 

2.2 Sample collection and preparation 

Phaleria macrocarpa was collected in Kedah. 
Subsequently, the fruits were washed with water to remove all 
dirt and unwanted particles. Then, the fruits were dried at 60°C 
in a hot air oven to remove moisture [5]. The sample was cut 
into small pieces and ground into coarse powder using an 
electric blender. The sample was soaked in 95% ethanol for 24 
hours at room temperature [4]. After that, it was filtered using 
Whatman No. 1 filter paper. The extract was diluted by taking 
3 mL from the original solution and diluting it with ethanol. 
This step was repeated twice until the sample became 
colourless. Lastly, the sample was kept in a closed container. 

2.3 Phytochemical screening 

The qualitative phytochemical screening of the P. 
macrocarpa fruit extract was conducted for flavonoid, 
terpenoid, phenolic, sterol and glycoside. These tests were 
carried out using methods conducted by previous studies [6, 7, 
8, 9, 10] with slight modification. 

Test for Flavonoid (alkaline reagent test): 50µL of the 
fruit extract was added with 100µL of sodium hydroxide. Then, 
a few drops of diluted HCl were added. Intense yellow-
brownish colour that turned colourless indicated the presence 
of flavonoid. 

Test for Phenolic (Ferric (III) chloride test): 0.16 g of 
Ferric (III) chloride was dissolved in 1 ml of distilled water and 
diluted in 10 ml volumetric flask (0.1 M of FeCl3). Then, 25µL 
of fruit extract was mixed with 50µL of distilled water in a test 
tube. Then, a few drops of the Ferric (III) chloride solution were 
added. Formation of dark green or bluish black colour represent 
the phenolics. 

Test for Sterol: 50µL fruit extract was mixed with 100µL 
of acetic anhydride. Then, 10µL of concentrated sulfuric acid 
were added slowly along the test tube. Green or bluish-green 
colour changes indicated the presence of sterol. 

Test for Terpenoid: 50µL of fruit extract was dissolved 
with 1mL of chloroform. Then, 2-3 drops of acetic anhydride 
were added into the mixture. Lastly, 2-3 drops of concentrated 
sulfuric acid were added. Dark green colour changes indicated 
the presence of terpenoid. 

Test for Glycoside: 50µL of fruit extract was dissolved 
with 500µL of water. Then, a few drops of NaOH were added 
into the mixture. A yellow colour indicated the presence of 
glycoside. 

2.4 GCMS analysis 

The volatile components of the extract were analysed using 
gas chromatography-mass spectrometry (GC-MS). The injector 
had an injection volume of 1 μL, a split ratio of 1:40, and a 
target temperature of 250°C. The GC oven temperature started 
at 50°C for 20 minutes, increased to 250°C at a rate of 3°C/min, 
and then rise to 300°C at a rate of 1°C/min. Helium was used 
as the carrier gas at a constant flow rate of 0.8 mL/min [1]. The 
MS detector operated in full scan mode, identifying unique 
peak fragmentation patterns of various metabolites. Metabolite 
identification was performed by comparing peak spectrum data 
with standard mass spectra from the spectrometer databases, 
further validating their identification. 

2.5 In silico docking analysis 

In silico docking analysis of P. macrocarpa was conducted 
on all the phytochemical compositions to explore its potential 
as a therapeutic agent against the SARS-CoV-2 virus.  

ADME and other pharmacokinetic properties: The 
optimal phytochemical compounds in P. macrocarpa were 
chosen based on Lipinski rules of five and antiviral 
probabilities. According to the Lipinski rule the compound 
should abide the following criteria (Jr, 2023): 

1) Molecular weight (MW) less than 500 daltons. 
2) Hydrogen bond acceptor (HBA) less than five. 
3) Hydrogen bond donor (HBD) less than ten 
4) High lipolysis (LogP) less than 5 
5) Molar refractory (MR) 40-130.  
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Fig. 2. Structure of flavonoids with antiviral properties 

 

Preparation of ligands and target proteins: The list of 
phytochemicals present in P. macrocarpa was obtained from 
previously published scientific literature and GCMS analysis. 
Nirmatrelvir a main ingredient of paxlovid was chosen as 
positive control. The three-dimensional (3D) conformers of the 
selected ligands were retrieved from PubChem 
(http://www.pubchem.ncbi.nlm.nih.gov) database in SDF 
formats. Ligand’s energy-minimization was carried out using 
PyRx and converted to PDBQT format. 

Similarly, the 3D structures of proteins determined using a 
biophysical technique such as X-ray crystallography or NMR 
spectroscopy are openly available in protein data bank were 
retrieved (www.rcsb.org). 3-chymotrypsin-like protease 
(3CLpro) or known as Mpro viral target was considered for 
docking studies 

The downloaded 3D structures were checked for the 
presence of water molecules, complex molecules, ions and 
ligands of the protein and were removed using Biovia 
Discovery Studio 2021. Each protein was added a polar 
hydrogen bond and sterile protein was utilized for docking 
using PyRx. 

Antiviral probability prediction: Bioactive prediction of 
antiviral potential was analysed using the PASS Online web: 
(https://www.way2drug.com/passonline/predict.php). The 
category of predictions sought was antiviral. The parameter in 
this analysis is the probability to be active (Pa) and the 
probability to be inactive (Pi) value. The potential activity 
standard used are Pa score >0.3 and Pa>Pi. 

Active site prediction and molecular docking: Sterile 
protein 3D structure was uploaded to DoGSiteScorer online 
tool in PDB format to assess predicted mostly likely suitable 
binding pockets based on durability by considering drug score 
values [11]. DoGSiteScorer is a grid- based method that applies 
a difference of Gaussian filter to detect potential binding 
pockets solely based on protein structure [12]. The pocket 
structure with the highest drug score pocket was downloaded 
and visualized in PyMoL to identify the exact residue. The 
optimized ligand and protein were subjected to molecular 
docking with the aid of the Auto Dock Vina function based on 
the predicted binding pocket, the grid box was set with centre 
values of -10.7106, 12.4187, 68.8194 (XYZ coordinates) for 
(6LU7) 3CLpro [13]. The output file of docking was obtained 
with an exhaustiveness value of 8 and 9 models respective to 
binding affinity. The best-ranked pose with the lowest binding 
energy was selected for further analysis. Prior to docking, 
ligand structures were energy-minimized using the Universal 
Force Field (UFF) to relieve steric clashes.  

 

3. RESULTS AND DISCUSSIONS 

3.1 Confirmation Species and GC-MS Analysis  

The species has been confirmed, and it has been verified 
that the species used is Phaleria macrocarpa or Mahkota Dewa. 
The confirmation was completed by sending the plant to UKM, 
and the voucher number ID137/2024 was obtained.  

                                                               

 

                                                         

 

                                                                     

 

      

Quercetin (1) Kaempferol (2) Myricetin (3) 

Gallic acid (5) 

Naringenin (4) 

Sesamin (6) Mangiferin (7) 24-methyl-9,19- cyclolanost-25- en-3-ol (8) 

Mahkoside A (9) 
Mahkoside B (10) Fevicordin A (11) 

Fevicordin A glucoside (12) 
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After subjecting P. macrocarpa fruit extract to GC-MS 
analysis a total of 7 peaks with more than 80% of quality were 
identified. As shown in Table 1, the GC-MS spectrum 
confirmed the presence of various components with varying 
retention times. Individual compounds were identified by 
comparing their mass-spectral database with NIST/EPA/NIH 
version 2.0. The compounds identified are phenol, n-
hexadecanoic acid, squalene, phenol, 2,4-bis(1,1-
dimethylethyl)-, 5-hydroxymethylfurfural, 1,4,7,10,13,16-
hexaoxacyclooctadecane and oleic acid.  

Based on the GC-MS analysis, the compounds with 
antiviral properties were not detected. This outcome could be 
attributed to several potential factors, such as incomplete 
reaction, degradation of the compound during analysis, 
insufficient sensitivity of the instrument, or improper sample 
preparation. However, one compound was found to potentially 
exhibit antiviral properties which is squalene [14]. Research 
findings, including a clinical trial involving COVID-19 
patients, suggest that squalene may have the potential but, the 
study does not provide conclusive evidence regarding its 
efficacy as a treatment, and it state that further studies are 
required to confirm the results. In a study, squalene functions 
primarily as a vaccine adjuvant. It is used to enhance the 
immune response to vaccines, improving their efficacy [15]. 
Squalene belongs to the triterpenes class, which means it is 
under terpenoids [15]. The results from the phytochemical tests 
further support this classification, as the terpenoid test also 
yielded a positive outcome, confirming the presence of 
squalene. 

 

 

3.2 Phytochemical Screening Test   

The phytochemical screening tests were conducted to 
detect the presence of flavonoids, terpenoids, phenolics, sterols 
and glycoside in the sample. Specific qualitative methods were 
employed for each class, such as the alkaline reagent test for 
flavonoids, the Liebermann-Burchard test for terpenoids, the 
ferric chloride test for phenolics, the acetic anhydride test for 
sterol and the NaOH test for glycoside. The phytochemical test 
shown in Table 2 includes visual observations of colour 
changes that indicate the presence of these compounds. While 
the visual nature of these tests offers quick and accessible 
results, certain limitations, such as subjective interpretation of 
colour changes, were noted. Overall, the findings align with the 
research objectives by providing a preliminary assessment of 
the bioactive potential of the sample.  

The initial colour of the sample was caramel brown. Upon 
performing the flavonoid test, the brown colour of the extract 
faded to a light yellow. According to previous studies, the 
expected outcome of this test is a colourless solution, which 
indicates a significant flavonoid content [6]. However, in this 
case, the result did not turn colourless, likely due to the low 
flavonoid content in the sample. During the test, NaOH was 
added first, causing the appearance of a light-yellow colour. 
Interestingly, as a drop of NaOH fell into the sample, a transient 
pink colour briefly appeared before disappearing, resembling 
the behaviour seen during titration when a drop of reagent 
momentarily reacted in the solution. This may be due to the 
stability of the compound in an alkaline environment or an 
unstable pH reaction in solution [16]. Afterward, upon the 
addition of HCl, the yellow colour became paler but did not fade 
to a colourless state, further suggesting a negative result or 
assumed to be a lower concentration of flavonoids in the 
sample. 

 
 

Table 1. Phytochemical profile of Phaleria macrocarpa fruits extract obtained via GC-MS analysis 
 

Name of compound Formula 
MW 

(g/mol) 
Mass fragments 

m/z 
Peak area 

(%) 
RT 

(min) 
Quality Activity Reference 

Phenol C6H6O 94.11 g/mol 
69.10, 81.10, 
45.10, 41.10, 

89.10 
0.7651 8.2631 90 Antioxidant 

Ferreira et 
al., (2018) 

Phenol, 2,4-bis(1,1- 
dimethylethyl)- 

C14H22O 
206.32 
g/mol 

41.10, 45.10, 
57.10, 43.10, 

191.20 
3.0494 9.6336 96 

Antioxidant and 
cytotoxic 

Mostofa et 
al., (2023) 

5-
Hydroxymethylfurfura

l 
C6H6O3 

126.11 
g/mol 

45.10, 41.10, 
97.00, 43.00, 

39.10 
0.9814 10.5277 80 

Antioxidant and 
antiproliferative 

Zhao et al., 
(2013) 

1,4,7,10,13,16- 
Hexaoxacyclooctadeca

ne 
C12H24O6 

264.31 
g/mol 

45.10, 43.10, 
44.00, 89.10, 

73.10 
0.1152 10.6042 86 Unknown Pubchem 

n-Hexadecanoic acid C16H32O2 
256.42 
g/mol 

73.10, 43.10, 
60.10, 41.10, 

45.10 
17.7844 12.0629 99 

Antibacterial and 
Antioxidant 

Purushotham
an et al., 
(2024) 

Squalene C30H50 410.7 g/mol 
69.10, 81.10, 
45.10, 41.10, 

89.10 
17.6263 13.057 91 Antiviral 

Ebrahimi et 
al., (2022) 

Oleic Acid C18H34O2 282.5 g/mol 
45.10, 55.10, 
43.10, 41.10, 

69.10 
11.5271 13.3158 92 Anti-Inflammatory 

María et al., 
(2022) 
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Table 2. Qualitative phytochemical analysis of Phaleria macocarpa fruit extract 

Phytochemical Constituents Phytochemical test Result 

Flavonoid Alkaline reagent test + 

Terpenoid Liebermann-Burchard + 

Phenolic Ferric chloride + 

Sterol Acetic anhydride + concentrated sulfuric acid + 

Glycoside NaOH + 

The Liebermann-Burchard test was conducted to determine 
the presence of terpenoids in the sample. The results showed 
the formation of two layers, which consisted of a top layer with 
a slight greenish tinge and a bottom layer is colourless. 
According to previous studies, the expected outcome for a 
strong positive result is a dark green solution [7]. However, the 
observed result indicates a positive but weak reaction, 
suggesting the presence of terpenoids in lower concentrations 
or partial reactivity. During the test, the colour changes and 
layer forms when sulfuric acid is added. Layers may form at 
this step due to density differences between these solvents.  

Next is the phenolic test, which was conducted using a 
ferric chloride reagent. The test showed a positive result. 
Previous studies have shown that dark green colour is typically 
observed to indicate the presence of phenolic compounds [8]. 
Similarly, the test resulted in the formation of a dark green 
colour. This indicates the presence of phenolic compounds in 
the sample, which reacted strongly with ferric chloride, 
confirming a significant concentration of phenolic substances. 

Then, a test to indicate the presence of sterol. From the 
observation, the brown colour of the extract transformed into a 
moss-green colour, which is consistent with the expected result. 
This positive outcome further confirms the presence of sterols 
in the sample [9]. Initially, when acetic anhydride was added, 
the colour remained unchanged, but once concentrated sulfuric 
acid was added, a colour change occurred, as shown in the table. 
Finally, NaOH was added to test the presence of glycosides. 
The observations showed a yellow coloration, confirming the 
presence of glycosides in the sample [10]. This result aligns 
with the expected outcome.   

3.3 Physicochemical and drug-likeness properties   

Table 3 presents the drug-likeness and physicochemical 
properties of the compounds, as predicted by SwissADME 
software. For a compound to be considered as a potential drug, 
several criteria under Lipinski’s rule must be met. The first is 
that molecular weight must be <500. This is because lower 
molecular weight tends to pass through the cell membrane 
easily since it is light and have optimal binding interaction with 
biological targets in molecular docking studies [17]. The second 
is that the log of skin permeability (log P) value should be <5, 
which serves as a benchmark for how well the drug is soluble 
and permeable [18]. The third criterion is that the hydrogen 
bond donor value must be <5. Hydrogen bond donors are 
essential for target-ligand interactions, enhancing binding 
affinity [19]. The fourth criterion is hydrogen bond acceptors, 
which should be <10. If the value is higher, absorption and 
distribution in the body will be difficult [20]. 

Lastly, the molar refraction value must be between 40-130 
for optimal absorption and oral bioavailability. A compound 
that adheres to Lipinski’s rule must comply with at least 4 out 
of the 5 rules [21]. These conditions include having <5 H-bond 
donors, <10 H-bond acceptors, a molecular weight <500 g/mol, 
and a Log p value less than 5. If a compound violates two or 
more of Lipinski’s rules, it is classified as orally inactive [22]. 

Based on the properties obtained, only kaempferol, 
naringenin, sesamin and paxlovid fully meet the criteria of 
Lipinski’s rule and are considered orally active [20]. 
Compounds that can still be considered include quercetin, 
myricetin, gallic acid, and squalene, as they comply with 4 out 
of 5 criteria. Compounds other than these are considered orally 
inactive. Nevertheless, squalene does not have a log P value 
available, likely due to a lack of data in the SwissADME 
database. 

All compounds are referenced based on Paxlovid as a 
benchmark for their potential to act as inhibitors. If the positive 
predictions exceed the reference compound, the higher the 
potential and the better the compound as inhibitor. As shown in 
the Table 4, paxlovid have a high GI absorption, have Pgp 
substrate, and have a CYP3A4 inhibitor. P-glycoprotein (Pgp) 
substrate is a measure of a compound’s ability to penetrate 
cellular organelles which mean the compound can move freely 
within the circulatory system [23]. While all the CYP code is 
refer to the Cytochrome P450 enzymes. This is to know the 
bioavailability or how far and how quickly a drug can be 
absorbed into the bloodstream when taken orally or though 
other method and the clearance, the body’s ability to remove 
the drug from the system, either through the liver or the kidneys 
[24, 23]. Each CYP inhibitor has its specific function, but the 
foundation remains as explained before. 

As depicted in the Table 4, compound that is most 
prominent is sesamin. It has a high GI absorption, have Blood-
brain barrier (BBB) permeant, CYP2C19 inhibitor, CYP2D6 
inhibitor and CYP3A4 inhibitor. The second-best compound 
after sesamin is naringenin. Naringenin have almost the same 
pharmacokinetic prediction as paxlovid which is a high GI 
absorption, Pgp substrate and CYP3A4 inhibitor but with the 
addition of CYP1A2 inhibitor. Then, quercetin and kaempferol 
also a good compound since both have the same prediction, 
which is high GI absorption, have CYP1A2 inhibitor, CYP2D6 
inhibitor and CYP3A4 inhibitor. Fevicordin A, a compound 
rarely discussed and uniquely specific to the species P. 
macrocarpa, demonstrate a slight potential to act as an inhibitor. 
Based on the pharmacokinetic prediction obtained, it has a low 
GI absorption, however, it has a Pgp substrate, and CYP3A4.
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Table 3. Physicochemical and drug-likeness properties based on Lipinski’s rule for phytoconstituents of Phaleria macrocarpa 

and Paxlovid 

 
Compound MW <500 D Log P < 5 HBD < 5 HBA < 10 Molar refractory 40-130 Lipinski’s Rule 

Mahkoside A 422.38 g/mol 0.06 6 10 101.00 Yes, 2 Violation 

Mahkoside B 464.42 g/mol 0.38 5 11 110.74 Yes, 2 Violation 

Fevicordin A 528.63 g/mol 3.31 4 8 143.22 Yes, 2 Violation 

Fevicordin A 
glucoside 

676.75 g/mol 1.33 7 13 170.66 Yes, 4 Violation 

Quercetin 302.24 g/mol 1.23 5 7 78.03 Yes, 1 Violation 

Kaempferol 286.24 g/mol 1.58 4 6 76.01 No, 0 Violation 

Myricetin 318.24 g/mol 0.79 6 8 80.06 Yes, 1 Violation 

Naringenin 272.25 g/mol 1.84 3 5 71.57 No, 0 Violation 

Gallic acid 170.12 g/mol 0.21 4 5 39.47 Yes, 1 Violation 

Sesamin 354.35 g/mol 2.79 0 6 90.00 No, 0 Violation 

Mangiferin 422.34 g/mol 0.77 8 11 100.70 Yes, 2 Violation 

24-methyl-9,19- 
cyclolanost-25- en-

3-ol 
440.74 g/mol 7.82 1 1 139.95 Yes, 2 Violation 

Squalene 410.72 g/mol - 0 0 143.48 Yes, 1 Violation 

Paxlovid 499.53 g/mol 1.89 3 8 125.68 No, 0 Violation 

 

Table 4. Pharmacokinetics prediction results for phytoconstituent of Phaleria macrocarpa and Paxlovid 

Compound 
GI 

Absorption 
BBB 

Permeant 
Pgp 

Substrate 
CYP1A2 
Inhibitor 

CYP2C19 
Inhibitor 

CYP2C9 
Inhibitor 

CYP2D6 
Inhibitor 

CYP3A4 
Inhibitor 

Mahkoside A Low No Yes No No No No No 

Mahkoside B Low No Yes No No No No No 

Fevicordin A Low No Yes No No No No Yes 

Fevicordin A 
glucoside 

Low No Yes No No No No No 

Quercetin High No No Yes No No Yes Yes 

Kaempferol High No No Yes No No Yes Yes 

Myricetin Low No No Yes No No No Yes 

Naringenin High No Yes Yes No No No Yes 

Gallic acid High No No No No No No Yes 

Sesamin High Yes No No Yes No Yes Yes 

Mangiferin Low No No No No No No No 

24-methyl-9,19- 
cyclolanost-25- 

en-3-ol 
Low No No No No No No No 

Squalene Low No No No No No No No 

Paxlovid High No Yes No No No No Yes 
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Fig. 3. BOILED-Egg model for the test compound 

 

Figure 3 shows BOILED-Egg generated by the 
SwissADME to predict a molecule's ability to penetrate the 
Blood-Brain Barrier (BBB) and its absorption through the 
gastrointestinal (GI) tract. This is just the same from the table 4 
but being visualized to interpret the potential of a compound 
quickly. The points within the white ellipse indicate compounds 
that are likely to be passively absorbed through the 
gastrointestinal tract. Quercetin, kaempferol, naringenin, gallic 
acid and paxlovid, are found in the white part. Molecules 
outside the egg or in the grey zone are molecules not predicted 
to be well absorbed nor BBB permeant. There are 4 molecules 
in this part which are molecule Mahkoside A, Mahkoside B, 
Fevicordin A and myricetin. The points in the yellow ellipse or 
the yolk are for compounds with a high probability to permeate 
through the BBB to reach the central nervous system (CNS). 
Only one compound is included in this part which is sesamin.  

Points shown in blue represent molecules expected to be 
substrates of P- glycoprotein (PGP+) and are therefore actively 
transported out of the brain or into the gastrointestinal tract. The 
compound with this indicator gives a good property because it 
gives a protection against toxicity and prevents unwanted 
accumulation into the central nervous system [25, 26]. If 
predicted to be non-substrates of P-glycoprotein (PGP-), the 
corresponding points are shown in red. There are four 
molecules (fevicordin A glucoside, mangiferin, 24-methyl-
9,19- cyclolanost-25-en-3-ol and squalene) out of the range of 
the BOILED-Egg model. Overall prediction on SwissADME, 
sesamin is the best compound that can act as an inhibitor.  

 

3.4 In silico docking analysis  

An automated docking program, specifically the AutoDock 
Vina package within PyRx 8.0, was utilized to explore the 
intricate intermolecular interactions between the ligand and the 
target protein (SARS-CoV-2 Mpro). It conducts grid-based 
ligand docking that incorporates energetics and investigates the 
advantageous interactions between one or more smaller ligand 
molecules and a larger receptor molecule, which is usually a 
protein. The three-dimensional structure of the target was 
sourced from the Protein Data Bank (PDB) entry 6LU7. The 
receptor preparation involved removing water molecules that 
were not linked to the active sites, as well as restoring the native 
conformation and adding hydrogen atoms. The compounds 
derived from P. macrocarpa were then docked into the active 
site of the SARS-CoV- 2 main protease (Mpro). The most 
reliable way to assess the precision of a docking process is to  

Table 5. Docking score of thirteen phytochemicals from P. 
macrocarpa and Paxlovid with SARS CoV-2 main protease 

Ligand Binding Affinity 

Mahkoside A -7.4 
Mahkoside B -7.5 

Fevicordin A -7 

Fevicordin A glucoside -7.3 
Quercetin -7.3 

Kaempferol -7.7 

Myricetin -7.4 
Naringenin -7.7 

Gallic acid -5.5 

Sesamin -7.8 
Mangiferin -8.6 

24-methyl-9,19- cyclolanost-25- en-3-ol -6 

Squalene -6 
Paxlovid -7.4 

 

examine how well the object scoring function predicts the 
lowest energy conformation (binding pose). The more negative 
the binding affinity between the ligand and receptor, the 
stronger the interaction, which generally indicates a better 
compound [11]. Paxlovid is an oral antiviral medication that has 
been shown to inhibit SARS- CoV-2 and various other RNA 
viruses [27]. Therefore, it was used in this study as a reference 
molecule for docking against SARS-CoV-2 main protease. 

The binding energies of thirteen phytochemicals from P. 
macrocarpa and Paxlovid against SARS CoV-2 main protease 
(Mpro) are summarized in Table 5. It is revealed that 
phytochemicals in P. macrocarpa exhibited lower binding 
energy compared to the reference molecule, Paxlovid. Lower 
binding energy indicates the higher binding affinity of the 
molecules to target receptors [28]. The range of binding energy 
with SARS- CoV-2 main protease towards phytochemicals of 
Phaleria macrocarpa were from -8.6 to -5.5 kcal mol-1, which 
was better and significant than the binding energy of paxlovid 
(-7.4 kcal mol-1). Based on the docking analysis, mangiferin 
produce the highest binding affinity. According to previous 
studies, mangiferin indeed possesses antiviral properties [29]. 
Thus, the compounds (Mahkoside A and Mahkoside B) specific 
to this species have received special attention as they have not 
yet been docked, and their binding energies are comparable to 
that of Paxlovid. 

The molecular interactions of phytochemicals from P. 
macrocarpa and Paxlovid against main protease target site were 
analysed using BIOVIA and superimposition images. The 
visualization of molecular interactions between mahkoside A 
with Mpro through BIOVIA showed that mahkoside A 
interacted with MET49A and CYS145A through Pi-alkyl and 
alkyl contacts (Figure 15) Mahkoside A formed carbon-
hydrogen bonds with residues GLN189A and ASP187A that 
maintains a strong affinity with the target protein. There’s also 
conventional hydrogen bond interaction with GLU166A, 
THR190A and LEU141A. Among 7 residues, interactions with 
2 of the residues matches with the reference molecule (Figure 
15). Mahkoside B interacted with MET49A, HIS41A and 
CYS145A through Pi-alkyl and alkyl contacts (Figure 16). It 
formed carbon-hydrogen bonds with residues GLN189A and 
ASP187A. The conventional hydrogen bond is observed with 
SER144A and ARG188A and there is a Pi-sulfur interaction 
with MET165A. Out of the interactions with 8 of the residues, 
2 matches of the drug Paxlovid. Fevicordin A interacted with 
ALA191A through Pi-alkyl contacts (Figure 13). The 
conventional hydrogen bond interacts with SER144A, 
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GLN189A and CYS145A. Among interactions with 4 of the 
residues, 1 of it matches with that to the drug Paxlovid (Figure 
13). Fevicordin A glucoside interacted with PRO168A through 
Pi-alkyl and alkyl contacts (Figure 14). The conventional 
hydrogen bond interacts with ASN142A and GLN189A. 
Among interactions with 3 of the residues, 2 of it matches with 
that to the drug Paxlovid. Quercetin interacted with CYS145A 
through Pi-alkyl (Figure 9). It formed unfavourable donor-
donor and unfavourable acceptor-acceptor with residues 
HIS163A. The conventional hydrogen bond interacts with 
SER144A, LEU141A andARG188A and the Pi-sulfur interact 
with MET165A. Among interactions with 6 of the residues, 2 
of it matches with that to the drug paxlovid. Kaempferol 
interacted with MET49A through Pi-alkyl contacts (Figure 10). 
It formed Pi-donor hydrogen bonds with residues GLU166A. 
The conventional hydrogen bond interacts with GLN189A and 
ASP187A and the Pi-sulfur interact with MET165A and 
CYS145A. Kaempferol have Pi-pi stacked interaction with 
HIS41A. Among interactions with 7 of the residues, 2 of it 
matches with that to the drug paxlovid. Myricetin interacted 
with MET165A, LEU141A, GLY143A and CYS145A through 
conventional hydrogen bond (Figure 5). At the same time 
CYS145A interact with Pi-alkyl and MET165A with Pi-sulfur. 
It formed carbon hydrogen bonds with residues GLN189A. 
Myricetin formed unfavourable donor-donor with residues 
SER144A. Among interactions with 6 of the residues, 2 of it 
matches with that to the drug paxlovid. Naringenin interacted 
with ASP187A, GLU166A and SER144A through 
conventional hydrogen bond (Figure 8). It formed carbon 
hydrogen bonds with residues ARG188A. Naringenin formed 
Pi-alkyl with residues MET49A and CYS145A. The interaction 
Pi-sulfur and Pi-pi stacked formed at MET165A and HIS41A 
respectively. Among interactions with 8 of the residues, 2 of it 
matches with that to the drug Paxlovid. Gallic acid interacted 
with and CYS145A through Pi-alkyl contacts (Figure 4). The 
conventional hydrogen bond interacts with SER144A, 
HIS163A, GLU166A and GLN189A. There’s unfavourable 
donor-donor interaction with GLY143A. Among interactions 
with 6 of the residues, 4 of it matches with that to the drug 
Paxlovid. Sesamin formed carbon hydrogen bonds with 
residues THR190A and GLU166A (Figure 6). It interacted with 
PRO168A through Pi-sigma. The interaction Pi-alkyl formed at 
MET165A. Sesamin have amide-Pi stacked interaction with 
LEU167A. Among interactions with 5 of the residues, 1 of it 
matches with that to the drug Paxlovid. Mangiferin interacted 
with MET165A through Pi-alkyl (Figure 11). It formed 
unfavourable acceptor-acceptor with residues LEU141A. The 
conventional hydrogen bond interacts with THR190A, 
HIS164A, SER144A and ASN142A. Among interactions with 
6 of the residues, 1 of it matches with that to the drug Paxlovid. 
24- Methyl-9,19-cyclolanost-25-en-3-ol only have one alkyl 
interaction with PRO168A. This interaction does not match 
with the drug paxlovid (Figure 7). Squalene interacted with 
PRO168A, CYS145A, MET165A, MET49A and HIS41A 
through Pi-alkyl and alkyl contact. Among interactions with 5 
of the residues, none of them matches with that to the drug 
Paxlovid. 

3.5 Structure activity relationship 

Structure activity relationship refers to the study of how 
changes in the chemical structure of a molecule influence its 
biological activity. Aromatic ring and hydrogen bond are often 
study in ligand-binding affinity since the presence derivatives 
correlates with the antiviral activity [30]. Aromatic ring is 

crucial because it can form π-π interactions that beneficial for 
binding to viral target [31]. Based on the Table 5, mangiferin 
has the highest binding affinity value which is -8.6. The 
structure of mangiferin contains an aromatic ring with many 
hydroxyl (-OH) groups attached which may contribute to its 
predicted binding affinity. This suggests a favourable binding 
interaction in the in silico docking analysis. The second highest 
binding affinity value is -7.8 for sesamin. The structure show 
that it does not have -OH group, however the high value of 
binding affinity may contribute by the aromatic rings. The 
lowest affinity binding value is -5.5 for gallic acid. The gallic 
acid has both aromatic ring and -OH group, however it produces 
a low affinity binding value. This might be due to the structural 
consideration and interaction forces [32]. The presence of 
multiple hydroxyl groups leads to intramolecular hydrogen 
bonding that hinder its ability to interact effectively with 
binding sites on target molecules. Then, the binding interactions 
are primarily driven by weak forces such as van der Waals 
forces and hydrogen bonds, which may not be sufficient for 
strong binding affinity [32]. 

In this study, the special compounds that stand out from P. 
macrocarpa are Mahkoside A, Mahkoside B, sesamin and 
squalene. Squalene is studied due to its presence in the GC-MS 
analysis. [14] reported the potential of squalene against SARS-
CoV-2 via clinical study. However, in silico docking shows 
that, this compound does not meet the Lipinski’s rule and the 
pharmacokinetics prediction. In addition, it has a low binding 
affinity of -6 kcal/mol. The structure of the compound also 
lacks -OH group and aromatic rings, which limits interaction 
with main protease. Therefore, squalene did not show strong 
predicted inhibitory potential in the present in silico docking 
analysis. Mahkoside A and Mahkoside B showed strong 
predicted binding affinities; however, their SwissADME 
profiles suggest unfavourable pharmacokinetic properties. This 
can be seen in the result that it does not obey the lipinski’s rule 
with 2 violation which is on the hydrogen bond acceptor (HBA) 
and hydrogen bond donor (HBD) for both compounds. Plus, it 
also has low GI absorption. For a compound to be a potential 
drug, these factors must be considered, as unfavourable 
pharmacokinetic properties may limit their drug-likeness. 
Hence, sesamin emerged as the most promising candidate based 
on the in silico analyses. Its SwissADME showing no violations 
of Lipinski’s rule, and its aromatic structure may contribute to 
favourable molecular interactions. The pharmacokinetics 
prediction results also shows that sesamin has high GI 
absorption and is predicted to have blood–brain barrier 
permeability. Nevertheless, these findings remain predictive, 
and further validation through in vitro and in vivo studies is 
required.  
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Fig. 4. 2D and 3D visualization of molecular interactions between SARS-CoV- 2 main protease and gallic acid 
 

 

    

Fig. 5. 2D and 3D visualization of molecular interactions between SARS-CoV- 2 main protease and myricetin 

 

  

Fig. 6. 2D and 3D visualization of molecular interactions between SARS-CoV- 2 main protease and sesamin 

 
Gallic acid (a) 

 

Super imposition of paxlovid and gallic acid (a) 

 

 

  

Myricetin (b) 

Sesamin (c) 

 

  

Super imposition of paxlovid and myricetin (b) 

 
Super imposition of paxlovid and sesamin (c) 
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Fig. 7. 2D and 3D visualization of molecular interactions between SARS-CoV- 2 main protease and 24-Methyl-9,19-

cyclolanost-25-en-3-ol 

 

  
Fig. 8. 2D and 3D visualization of molecular interactions between SARS-CoV- 2 main protease and naringenin 

 

  
Fig. 9. 2D and 3D visualization of molecular interactions between SARS-CoV- 2 main protease and quercetin 

 
 
 

24-Methyl-9,19-cyclolanost-25-en-3-ol 

 

Naringenin (e) 

 
Quercetin (f) 

  
Super imposition of paxlovid and 24-Methyl-

9,19-cyclolanost-25-en- 3-ol (d) 

  
Super imposition of paxlovid and naringenin (e) 

 
Super imposition of paxlovid and quercetin (f) 
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Fig. 10.  2D and 3D visualization of molecular interactions between SARS-CoV- 2 main protease and kaempferol 

 

  

Fig. 11. 2D and 3D visualization of molecular interactions between SARS-CoV- 2 main protease and mangiferin 

 

  

Fig. 12. 2D and 3D visualization of molecular interactions between SARS- CoV-2 main protease and squalene 
 

Kaempferol (g) 

 

Mangiferin (h) 

 
Squalene (i) 

 
Super imposition of paxlovid and kaempferol (g) 

 
Super imposition of paxlovid and mangiferin (h) 

 
Super imposition of paxlovid and squalene (i) 
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Fig. 13. 2D and 3D visualization of molecular interactions between SARS- CoV-2 main protease and Fevicordin A 

 

 

 
Fig. 14. 2D and 3D visualization of molecular interactions between SARS- CoV-2 main protease and Fevicordin A glucoside 

 

 
 

Fig. 15.  2D and 3D visualization of molecular interactions between SARS- CoV-2 main protease and Mahkoside A 

 

Fevicordin A (j) 

 
Fevicordin A glucoside (k) 

 
Mahkoside A (l) 

 

Super imposition of paxlovid and fevicordin A (j) 

 
Super imposition of paxlovid and fevicordin A 

glucoside (k) 

 
Super imposition of paxlovid and mahkoside A (l) 
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Fig. 16. 2D and 3D visualization of molecular interactions between SARS- CoV-2 main protease and Mahkoside B 

 

  
Fig. 17. 2D and 3D visualization of molecular interactions between SARS- CoV-2 main protease 

4. CONCLUSION 
In summary, molecular docking studies of thirteen 

phytochemicals from P.macrocarpa, also known as mahkota 
dewa, with the SARS-CoV-2 main protease indicated that some 
compounds exhibit favourable binding affinity to the protease 
than the reference molecule, Paxlovid. The molecular 
interactions of Mahkoside A and Mahkoside B with the main 
protease of SARS-CoV-2 revealed both compounds interacted 
with GLN189A, while sesamin interacted with GLU166A. The 
binding score for each compound is -7.4, - 7.5 and -7.8 kcal/mol 
respectively. Although these interactions suggest potential 
relevance to protease binding, the findings should be interpreted 
as preliminary, as molecular docking alone does not confirm 
inhibitory activity. Rather than being considered confirmed 
inhibitors, compounds such as sesamin and mangiferin may be 
regarded as promising lead compounds or molecular scaffolds 
for further optimization in antiviral drug development targeting 
the SARS-CoV-2 main protease. 

Due to limitations in GC–MS analysis, several targeted 
phytochemicals, including quercetin, kaempferol, myricetin, 
naringenin, gallic acid, sesamin, mangiferin, and others, were 
not detected. Instead, squalene was identified for its antiviral 
properties based on the previous study. Thus, squalene was 
added for in silico docking analysis, but the result shows it is 
not comparable to sesamin. Besides that, phytochemical 
screening test that was performed on five compound groups 
which are flavonoids, terpenoids, phenolics, sterols, and 
glycosides yielded positive results. 

Overall, sesamin was identified as a promising candidate 
based on the in silico docking analysis. SwissADME 
predictions further suggested favorable pharmacokinetic 
properties, including high gastrointestinal absorption, blood–
brain barrier permeability, compliance with Lipinski’s rule, and 
other drug-likeness criteria. However, this study is limited by 
its reliance on in silico docking analyses and the lack of 
experimental validation through in vitro or in vivo studies. 
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