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Abstract 

Context: COVID-19 was caused by the spread and transmission of SARS-CoV-2 at the end of 2019 until now. The problem comes when antiviral drugs have not 

yet been found and patients infected with SARS-CoV-2 can trigger a cytokine storm condition due to the effects of viral replication. Indonesia has various 

kinds of medicinal plants, such as Sonchus arvensis L., which are used as medicinal plants. 

Aims: To analyze the activity of the inhibitor as SARS-CoV-2 antiviral agents from n-hexane fractions of S. arvensis leaves. 

Methods: The sample was collected from GC-MS analysis, PubChem, and Protein Databank database, then drug-likeness identification using Lipinski Rule of 

Five server and bioactive prediction of bioactive compounds as inhibitor activity was conducted by Molinspiration server. Furthermore, the docking 

simulation was performed using PyRx 0.9.9 software to determine the binding activity, molecular interaction by Discovery Studio software to identify position 

and interaction type, 3D molecular visualization by PyMol 2.5. software, and dynamic by CABS-flex 2.0 server to predict interaction stability. 

Results: α-Amyrin and β-amyrin from n-hexane fractions of S. arvensis leaves had activity as SARS-CoV-2 inhibitors through interactions on helicase, RdRp, 

Mpro, and RBD-Spike, both compounds had more negative binding affinity than control drug and can produce stable chemical bond interactions in the 

ligand-protein complexes. However, the results were merely computational, so they must be validated through an in vivo and in vitro research approach.  

Conclusions: Sonchus arvensis L. leaves were predicted to have SARS-CoV-2 antiviral through inhibitor activity by α-amyrin and β-amyrin.  
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Resumen 

Contexto: La propagación y la transmisión del SARS-CoV-2 han sido causadas por el COVID-19 desde finales de 2019 hasta ahora. El problema surge cuando 

aún no se han encontrado medicamentos antivirales y los pacientes infectados por el SARS-CoV-2 pueden desencadenar una condición de tormenta de 
citocinas debido a los efectos de la replicación viral. Indonesia tiene varios tipos de plantas medicinales, como Sonchus arvensis L., que se utilizan como 

plantas medicinales.  

Objetivos: Analizar la actividad inhibidora de SARS-CoV-2 de fracciones de n-hexano de las hojas de S. arvensis. 

Métodos: La muestra se recogió del análisis GC-MS, PubChem y la base de datos Protein Databank, luego se identificó la similitud de los fármacos utilizando el 

servidor Lipinski Rule of Five y se realizó la predicción de los compuestos bioactivos como actividad inhibidora mediante el servidor Molinspiration. Además, 
se realizó la simulación de acoplamiento mediante el software PyRx 0.9.9 para determinar la actividad de unión, la interacción molecular mediante el 

software Discovery Studio para identificar la posición y el tipo de interacción, la visualización molecular 3D mediante el software PyMol 2.5. y la dinámica 

mediante el servidor CABS-flex 2.0 para predecir la estabilidad de la interacción. 

Resultados: La α-amirina y la β-amirina de las fracciones de n-hexano de las hojas de S. arvensis tuvieron actividad como inhibidores del SARS-CoV-2 a través 

de las interacciones en la helicasa, RdRp, Mpro y RBD-Spike, ambos compuestos tuvieron más afinidad de unión negativa que el fármaco de control y pueden 

producir interacciones de enlace químico estables en los complejos ligando-proteína. Sin embargo, los resultados fueron meramente computacionales, por 

lo que deben ser validados mediante un enfoque de investigación in vivo e in vitro. 

Conclusiones: Se predijo que las hojas de S. arvensis tienen actividad antiviral contra el SARS-CoV-2 a través de la actividad inhibidora de la α-amirina y la β-

amirina. 

Palabras Clave: antiviral; bioinformática; SARS-CoV-2; Sonchus arvensis L. 
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INTRODUCTION 

SARS-CoV-2 is the main cause of the COVID-19 
pandemic, which began at the end of 2019. This has 
caused several countries to go into lockdown to pre-
vent the spread of the virus. The SARS-CoV-2 virus is 
transmitted through airborne particles, and each 
country's government requires everyone to wear a 
mask (Dhama et al., 2020). Since the end of 2019 until 
now, there has been no effective antiviral in treating 
SARS-CoV-2 infection in patients. Several control 
drugs, such as EIDD-2801 and PF-07321332, are used 
for the treatment of SARS-CoV-2, although they do 
not have definite scientific evidence. The drug EIDD-
2801 or Molnupiravir is predicted to inhibit the repli-
cation process of SARS-CoV-2 during the budding 
phase, PF-07321332 or nirmatrelvir/ritonavir can 
interfere with the activity of viral protease enzymes 
(Ahmad et al., 2021; Singh et al., 2021). However, sev-
eral studies revealed that the activity of EIDD-2801 
and PF-07321332 decreased in efficacy due to several 
factors such as viral mutations that trigger unstrategic 
interaction positions and unstable bonds (Kabinger et 
al., 2021). 

SARS-CoV-2 infection in humans can produce a 
cytokine storm condition due to the release of proin-
flammatory cytokines by immune cells, which can 
lead to death. Cells infected by SARS-CoV-2 consist of 
macrophages, epithelium, and dendrites (Murgolo et 
al., 2021). The virus infects cells by binding to the 
spike glycoprotein with the angiotensin-converting 
enzyme 2 (ACE-2) receptor (Bourgonje et al., 2020). 
Viruses have a specific enzyme called RNA-
dependent RNA polymerase (RdRp), whose role is to 
trigger the catalysis of RNA replication reactions from 
the template. Other enzymes, such as helicase or 
NS13, also contribute to initiating the replication of 
viral genetic material (Maio et al., 2021). The polypep-
tides formed from protein synthesis will be cut by the 
Mpro enzyme into peptides to enter the assembly and 
budding stages of new viruses. SARS-CoV-2 antiviral 
drugs are designed to inhibit the activity of specific 
proteins that play a role in the viral replication pro-
cess, such as glycoprotein, RdRp, Helicase, and Mpro 
(Shamsi et al., 2021). 

In Indonesia, Sonchus arvensis L., a highly invasive 
species of the family Asteraceae, is used as a traditional 
medicinal plant for malaria treatment (Wahyuni et al., 
2019; 2020a; 2021). This plant contains various active 
compounds, including flavonoids, saponins, and pol-
yphenols (Delyan, 2016, Wahyuni et al., 2020b), which 
have been reported for moderate to high antioxidant 
(Khan, 2012), hepatoprotective (Hendriani et al., 
2015), nephroprotective (Imelda et al., 2017), anti-

inflammatory (Hendriani et al., 2015), and antibacte-
rial activities (Rumondang et al., 2013). The aim of the 
present study was to analyze the inhibitory activity of 
SARS-CoV-2 antiviral agents from n-hexane fractions 
of Sonchus arvensis leaves.  

MATERIAL AND METHODS 

Plant material 

S. arvensis was collected from Taman Husada Gra-
ha Famili (medicinal Plant Garden), Surabaya, Jawa 
Timur, Indonesia (7º18’12.2’’S 112º41’12.7’’7E). The 
plants were 2–3 months old (pre-generative stage). 
The leaves were green and apparently healthy, with 
no signs of destruction by insects or microbes. The 
plant material was confirmed as S. arvensis by the staff 
of the Purwodadi Botanical Garden (Pasuruan, East 
Java, Indonesia) operated by the Indonesian Institute 
of Sciences (Jakarta, Indonesia). A voucher specimen 
was deposited in the Plant Systematics Laboratory, 
Department of Biology, Faculty of Science and Tech-
nology, Universitas Airlangga, Surabaya City, East 
Java, Indonesia (No. SA.0110292021). 

Extraction 

The leaves of S. arvensis were air-dried, ground in-
to powder at room temperature, and macerated three 
times with n-hexane for 24 h each at room tempera-
ture. The liquid extract was filtered through What-
man no. 1 filter paper (pore diameter, 11 μm; Cytiva, 
Marlborough, MA, USA), then evaporated in a rotary 
evaporator at 60°C to acquire crude extracts, which 
were stored at 4°C for later use.  

Thin Layer Chromatography (TLC) 

n-Hexane-extracted S. arvensis leaves (5 mg) were 
dissolved in n-hexane (100 µL), and 5 µL aliquots 
were spotted on a TLC plate (silica gel GF254; Sigma-
Aldrich Corporation, St. Louis, MO, USA). Once 
dried, the TLC plate was developed with n-hexane 
and ethyl acetate (4:1), dried, sprayed with ρ-
anisaldehyde sulfuric acid, and heated. Terpenoids on 
the TLC plate appeared as a purplish-blue node 
(Wahyuni et al., 2021). 

Purification and isolation 

n-Hexane-extracted S. arvensis leaves were subject-
ed to chromatography using a column (length, 80 cm 
length; cross-section, 2.5 cm) containing silica gel 60 
(particle size, 0.063–0.200 mm; Merck KGaA, Darm-
stadt, Germany). The silica gel was weighed using a 
ratio of the adsorbent to extract of 80:10. A slurry of 
silica gel (80 g) was prepared with 100% n-hexane and 
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poured into the column. The crude extract (10 g) was 
dissolved in dichloromethane (10 mL) in a beaker and 
adsorbed in the silica gel (10 g). The mixture was 
stirred at room temperature until all the dichloro-
methane had evaporated and placed on top of a pre-
viously packed column. Initially, elution was con-
ducted with 80% n-hexane and 20% ethyl acetate (Ta-
ble 1). Fractions were collected in 10-mL Falcon™ 
bottles (Corning Inc., Corning, NY, USA) until the 
compounds were eluted entirely from the column. 
TLC fractions with the same Rf values were combined 
(Table 1).  

GC-MS analysis 

GC-MS analysis was used to determine the phyto-
chemical profiles of S. arvensis n-hexane fractions 5–12 
and 15–28. Each fraction (15 mL) was dissolved in 
chloroform (1 mL), then passed through a 45-µm fil-
ter. Triple quadrupole GC-MS/MS was performed 
with an Agilent 7890B GC system and Agilent 7633 
ALS detector (Agilent Technologies, Inc., Santa Clara, 
CA, USA) with an Agilent J&W HP-5ms column (5% 
phenyl-methylpolysiloxane; inner diameter, 0.25 mm; 
length, 30 m; film thickness, 0.25 µm). The following 
settings were used for GC-MS analysis: flow rate of 
the mobile phase, 1 mL/min; average velocity, 36.445 
cm/min; oven temperature, 40–320°C at 15°C/min 
and held for 3–20 min; post-run temperature, 320°C (2 
mL/min) for 5 min; carrier gas, helium; flow rate of 
carrier gas, 29.75 mL/min; carrier flow rate, 1 
mL/min (constant mode); sample volume, 10 μL; total 
running time, 24 min; injector temperature, 50°C; 
injection volume, 0.3 μL (fractions 15–28) or 1.8 μL 
(fractions, 5–12); split ratio, 20:1 (fractions 15–28) or 
10:1 (fractions, 2–12); and inlet temperature, 280°C. 
The interface and mass spectra ion source was main-
tained at 320°C and 250°C, respectively. The mass 
spectra were collected at 70 eV with a mass scan 
range of 30–5550 amu, solvent delay of 3 min, and 
transfer line temperature of 320°C. The identification 
of compounds was based on comparing the mass 
spectra with those of the Standard Reference Data-
base (National Institute of Standards and Technolo-
gy/NIST version 02.L), Gaithersburg, MD, USA). The 
relative percentage of each component was calculated 
as the relative percentage of the total peak area of the 
chromatograph. 

Sample preparation of in silico anti-SARS-CoV-2 
activity 

The GC-MS analysis of n-hexane fractions no. 15-
28 of S. arvensis leave revealed α-amyrin (CID 73170), 
β-amyrin (CID 73145), betulin (CID 72326), lupeol 
(CID 259846), and taraxasterol (CID 441686). The 
COVID-19 drugs, EIDD-2801 or molnupiravir (CID 

145996610 or Control 1) and PF-07321332 or paxlovid 
(CID 155903259 or Control 2), were as positive con-
trol. They were used as ligands in this study. The 
PubChem database 
(https://pubchem.ncbi.nlm.nih.gov/) was used to 
prepare samples of the selected chemical compounds 
in this study. The information obtained from this da-
tabase consisted of ID, 3D structure, and canonical 
SMILES. The target proteins in this study consisted of 
helicase (PDB ID 6ZSL), RdRp (PDB ID 6M71), Mpro 
(PDB ID), and RBD-spike (PDB ID 6LZG) in SARS-
CoV-2, then the 3D structure of the protein was ob-
tained from RCSB PDB (https://www.rcsb.org/), 
then sterilized native ligands and water through 
PyMol 2.5 version software with an academic license 
(Putra et al., 2020). 

Druglikeness identification 

Prediction of drug-like molecules of n-hexane frac-
tions compounds of S. arvensis leaves was carried out 
according to Lipinski's Rule of Five 
(http://www.scfbio-
iitd.res.in/software/drugdesign/lipinski.jsp). Predic-
tion aimed to determine the ability of a chemical 
compound as a drug candidate by fulfilling parame-
ters such as molecular weight, high lipophilicity 
(LogP), hydrogen donor bonds, acceptors, and molar 
refractivity. Natural drug-based candidates with 
drug-like molecule properties were predicted to show 
a high success rate in triggering target protein activity 
(Kharisma et al., 2022). 

Bioactivity prediction 

Prediction of inhibitory activity on the n-hexane 
fractions compounds of S. arvensis leaves was carried 
out via the Molinspiration v.2018.03 server 
(https://www.molinspiration.com/cgi-
bin/properties). The prediction was made by refer-
ring to the bioactivity score, which is important in 
targeting drug binding, the bioactivity consisted of 
GPCR ligands, ion channel modulators, inhibitors, 
modulators, and nuclear receptors. Predictive scores 
with positive values indicated specific activities, such 
as inhibitors on query compounds (Shaheen et al., 
2015). 

Molecular docking simulation 

This study used a molecular docking simulation 
method to determine the inhibitory ability of the lig-
and to the target protein (Prahasanti et al., 2021). The 
method used was a blind docking type. In this meth-
od, the functional side of the target protein was ig-
nored, and only pays attention to the binding energy 
was formed because this method plays a role in 
screening ligand activity against the target protein 
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(Hassan et al., 2017; Kharisma et al., 2020). This study 
identified and predicted the mechanism of action of 
the S. arvensis compounds by binding to the inhibito-
ry activity of the helicase protein, RdRp, Mpro, RBD-
Spike in SARS-CoV-2. The docking simulation in this 
study was carried out using PyRx 0.9.9 version soft-
ware with an academic license. 

Ligand-protein interaction and 3D visualization 

The molecular complex resulting from the molecu-
lar docking simulation in this study was analyzed for 
the position and type of chemical bond interaction 
formed by the BIOVIA Discovery Studio 2017 version 
software. The software identified the types of weak 
bond interactions, such as hydrophobic, Van der 
Waals, hydrogen, electrostatic, and -alkyl, and dis-
played them in 2D (Ramos et al., 2022). The 3D struc-
ture of the molecular complex as the result of the mo-
lecular docking simulation in this study was dis-
played using PyMol 2.5 version software. The struc-
ture of the protein-ligand molecular complex consist-
ed of cartoons, surfaces, and sticks and underwent a 
selection of staining. 

Molecular dynamic analysis 

The stability of the binding interactions formed be-
tween ligands and specific domains in proteins was 
identified through molecular dynamics simulation 
with CABS-flex 2.0 version 
(http://biocomp.chem.uw.edu.pl/CABSflex2/index). 
The parameters used in this simulation consist of 
protein rigidity (1.0), protein restraints (ss2 3 3.8 8.0), 
global c-alpha restraints weight (1.0), global side-
chain restraints weight (1.0), number of cycles (50), 
cycles between trajectory (50), temperature range 
(1.40), and RNG seed (227). The final result of the 
simulation is shown as a fluctuating graph, or root 
mean square fluctuation (RMSF), with a maximum 
distance of 1-3 Å (Wijaya et al., 2021). 

Data analysis 

Data of this study were analyzed descriptively by 
comparing the result with the standard. The TLC data 
was analyzed by comparing the color of spot with 
standard (purple color: terpenoids) after sparyed by 
ρ-anisaldehyde sulfuric acid (Wahyuni et al., 2021). 
The spectra of GC-MS were verified by the data base 
spectra in the NIST version 02.L library. Furthermore, 
the in silico SARS-Cov-2 data was analyzed by soft-
ware. The prediction of drug-like molecules was con-
ducted with drugdesign software from scfbio 
(http://www.scfbio-
iitd.res.in/software/drugdesign/lipinski.jsp). The 
PyRx 0.9.9 version software was used for molecular 

docking (Prahasanti et al., 2021). The BIOVIA Discov-
ery Studio 2017 version software was used to analyze 
the position and type of chemical bond interaction 
(Kharisma et al., 2022). The CABS-flex 2.0 version 
(http://biocomp.chem.uw.edu.pl/CABSflex2/index) 
was performed using the molecular dynamic (Ramos 
et al., 2022). 

RESULTS  

Terpenoid screening of the n-hexane extract of 
Sonchus arvensis by TLC 

The n-hexane extract of S. arvensis L. was analyzed 
by TLC using silica gel GF 254 as the stationary phase 
and n-hexane:ethyl acetate (4:1) as the mobile phase. 
There were two visible spots in daylight and under 
ultraviolet (UV) light at 254 nm (Rf value = 0.12 and 
0.18). Under UV light at 366 nm, there were seven 
separate spots with Rf values of 0.14, 0.24, 0.29, 0.35, 
and 0.53. After staining with ρ-anisaldehyde sulfuric 
acid, three separate purple spots appeared, with Rf 
values of 0.31, 0.59, and 0.71 (Fig. 1). 

Isolation and purification 

Sixty fractions were collected (Table 1). The TLC 
results of fractions 5–12 were notable and yellow crys-
tals formed at the bottom of the falcon tubes of these 
samples. Further crystallization was induced using n-
hexane at 4°C for 24 h. White crystals of the mother 
liquor had also formed at the bottom of the flasks. The 
light-yellow crystals were further purified by crystal-
lization with n-hexane (white crystal, 198 mg). The 
yield of the final product was 1.98% (w/w). 

Furthermore, the TLC results of fractions 15–28 
were also significant. Brown crystals had formed at 
the bottom of the falcon tubes of these samples. Fur-
ther crystallization was induced using n-hexane at 
4°C for 24 h. Finally, 379 mg of white crystal was pro-
duced at a yield of 3.79%. The purity of each isolated 
compound was determined by TLC before spectral 
analysis. 

GC-MS analysis 

GC-MS was used to determine the metabolite pro-
file of two groups of n-hexane fractions of S. arvensis 
leaves: 5–12 and 15–28. Fractions 5–12 contained two 
compounds (stearyl palmitate and cetyl myristate) 
(Table 2, Fig. 2), while fractions 15–28 contained six 
(hexacosanol, β-amyrin, Lupeol, α-amyrin, betulin, 
and taraxasterol) (Table 3, Fig. 3). Octadecyl ester 
stearyl palmitate (fractions 5–12) and taraxasterol 
(fractions 15–28) were the major compounds among 
the eight detected. 
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Figure 1. Chromatogram of Sonchus arvensis L. extract.  

(A) Solvent only (n-hexane:ethyl acetate at 4:1 ). (B) UV light at 254 nm. (C) UV light at 366 nm. (D) Anisal-

dehyde sulfuric acid. The purple spot at 0.35 is a terpenoid. 

 
 

Table 1. Column chromatographic separation of Sonchus arvensis n-hexane extract. 

Fractions Solvent 

Volume 
collected 

(mL) 

Combined 

fractions 

Rf values of 

major spots 

Number of 

spots 

TLC solvent 

(n-hexane:ethyl ace-

tate) 

1–4 n-Hexane 40 1–4 0 0 4:1 

5–12 n-Hexane 80 5–12 0.71 1 4:1 

13–14 n-Hexane 20 13–14 0.71, 0.59, 0.31 3 4:1 

15–28 n-Hexane 140 15–28 0.59, 0.31 2 4:1 

29–35 n-Hexane 70 29–35 0.31, 0.24 2 4:1 

36–60 n-Hexane 250 36–60 0.24, 1.8 1 4:1 

Conditions for GC-MS are indicated in italics. 

 
 

Table 2. Phytochemical components from GC-MS analysis of fractions 2-12 of S. arvensis n-hexane extract 

No Compound Retention Time 

(minutes) 

Percentage of Area 

(%) 

Bioactivity 

1 Stearyl palmitate 15.234 100 Antimicrobial activities (Duke, 1992; Saito 

et al., 2006) 

2 Cetyl myristate 23.944 17 Antimicrobial and antifeedant activities 

(Borg et al., 1987) 
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Figure 2. Representative chromatogram of fractions 5–12 of Sonchus arvensis L. n-hexane extract.  

Red arrow, octadecyl ester hexadecanoic acid; green arrow, hexadecyl ester tetradecanoic acid. 

 
 

 

Figure 3. Representative chromatogram of fractions 15–28 of Sonchus arvensis L. n-hexane extract.  

Red arrow, hexacosanol; blue arrow, β-amyrin; green arrow, lupeol; yellow arrow, α-amyrin; brown arrow, betulin; black arrow, taraxasterol. 

 

Table 3. Phytochemical components from GC-MS analysis of fractions 15–28 of S. arvensis n-hexane extract. 

No Compound 
Retention time 

(minutes) 
Percentage of area (%) Bioactivities  

1 Hexacosanol 11.234 27.37 Neurotrophic activities (Gade et al., 2017) 

2 β-Amyrin 13.911 43.41 Antimicrobial (Ogwuche et al., 2014), antioxi-

dant (Sunil et al., 2014) , and anti-inflamantory 

(Okoye et al., 2014) activities 

3 Lupeol 14.207 31.26 Antimicrobial (Sunil et al., 2014), anti-

inflammatory, and anti-arthritic (Okoye et al., 

2014) activities 

4 α-Amyrin 14.255 25.91 Antimicrobial activities (Biskup et al., 2019), 

stimulation of human keratinocytes (Niewolik 

et al., 2021) 

5 Betulin 14.965 59.51 Anticancer activities (Tolstikov et al 2005) , 
drug delivery system (Tolstikov et al 2005), 

antiviral and antitumor agents (Sharma and 

Zafar, 2015) 

6 Taraxasterol 15.052 100 Anticancer (Elnakady et al., 2017) and anti-

edematous activities, lowers serum cholesterol 

levels (Widyananda et al., 2021)  

 
S. arvensis compounds as drug-like molecule and 
inhibitor candidate 

The five compounds were identified as drug-like 
by referring to the Lipinski Rule of Five parameters. 
Five compounds queried the leaf content of S. arvensis 

n-hexane fractions and acted as drug-like molecules 
or candidate drug molecules because they filled more 
than two of The Lipinski Rules of Five (Table 4). Five 
compounds containing S. arvensis leaves n-hexane 
fractions were categorized as drug-like molecules and 
probable to trigger specific activity when forming 
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complexes with target proteins. Prediction of inhibitor 
activity was carried out on five compounds of n-
hexane fractions of S. arvensis leaves, which acted as 
drug-like molecules. The results showed that five 
compounds containing S. arvensis were probable 
inhibitors (Table 5). 

Revealing of S. arvensis compounds as an inhibitor  

The molecular docking simulation from PyRx 0.9.9 
version software showed that the bioactive com-
pounds from n-hexane fractions of S. arvensis leaves 
had the most negative binding affinity for each SARS-
CoV-2 protein compared to drug control. The α-
amyrin compound, when bound to the target protein 
helicase and RBD-spike, produced the lowest binding 
affinity, namely -9.8 kcal/mol and -8.3 kcal/mol, re-
spectively. Then, the β-amyrin compound bound to 
RdRp and Mpro produced the lowest binding affinity 
values, namely -9.0 kcal/mol and -8.3 kcal/mol, re-
spectively (Table 6). The activity level of a candidate 
compound against the target protein was influenced 
by the binding affinity value formed on the molecular 
complex. The more negative meant the greater poten-
tial affected the target activity. The two compounds of 
n-hexane fractions of S. arvensis leave were predicted 
to affect the inhibitory response activity against the 
four target proteins because they have more negative 
binding affinity than other compounds and drug con-
trol. The two compounds could also act as dual inhib-
itors because each compound had the potential to 

inhibit each of two of the total four target proteins of 
SARS-CoV-2 (Table 6). The visualization of the dock-
ing simulation results was carried out in PyMol 2.5 
version software with transparent surfaces, cartoon, 
and stick structures. Then the coloring selection was 
carried out based on the structure (Fig. 4). 

The weak bond interactions formed in the docking 
complex consist of alkyl, hydrogen, hydrophobic, Van 
der Waals, and electrostatic interactions. The exist-
ence of weak binding interactions supported the ex-
istence of biological activity of proteins when there 
was ligand binding to specific domains. All bioactive 
compounds of n-hexane fractions of S. arvensis leaves 
bound to the target protein domain with weak bind-
ing interactions, consisting of alkyl, hydrogen, pi sig-
ma, and Van der Waals (Table 7). These supported 
that each bioactive compound produced an inhibitory 
response to the target protein. 

The stability of the binding to the molecular com-
plex could be analyzed with molecular dynamic 
simulation by observing the fluctuating level based 
on the root mean square fluctuation (RMSF) value of 
each complex formed. The results showed that a sta-
ble complex was formed with the most negative low-
est energy value having the highest RMSF value 4Å. 
The results of this study indicated that the RMSF of α-
amyrin and β-amyrin at the pocket binding domain 
position of each target protein were stable and had a 
value of 4Å (Fig. 5). 

 
 

Table 4. Druglikeness analysis of probability compounds from n-hexane fractions of S. arvensis leaves. 

Compound MW (Dalton) LOGP HBD HBA MR Probability 

α-Amyrin 426.000 8.024 1 1 130.649 Drug-like molecule 

β-Amyrin 426.000 8.168 1 1 130.719 Drug-like molecule 

Lupeol 426.000 8.025 1 1 130.670 Drug-like molecule 

Taraxasterol 426.000 8.024 1 1 130.649 Drug-like molecule 

Betulin 442.000 6.997 2 2 132.061 Drug-like molecule 

 
 

Table 5. The prediction of inhibitor activity of n-hexane fractions of S. arvensis compounds. 

Compound GPCR ligand 
Inhibitors activity 

Probabillity 
Kinase Protease Enzyme 

α-Amyrin 0.22 0.19 -0.41 0.60 Probable inhibitor 

β-Amyrin 0.22 0.11 -0.31 0.56 Probable inhibitor 

Lupeol 0.27 0.15 -0.42 0.52 Probable inhibitor 

Taraxasterol 0.17 0.08 -0.23 0.50 Probable inhibitor 

Betulin 0.21 0.09 -0.41 0.51 Probable inhibitor 
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Table 6. Results of docking of S. arvensis n-hexane fraction compounds with SARS-CoV-2 protein. 

Target Ligand 
Grid positions (Å) Binding affinity 

(kcal/mol) Center Dimensions 

Helicase α-Amyrin X:-17,182 

Y:30,909 

Z:-74,684 

X:76,703 

Y:96,531 

Z:76,610 

-9.8 

β-Amyrin -9.4 

Lupeol -8.9 

Taraxasterol -9.3 

Betulin 

EIDD-2801 (Control 1) 

-8.8 

-6.8 

PF-07321332 (Control 2) -7.7 

RdRp α-Amyrin X:119,717 

Y:123,605 

Z:115,595 

X:79,274 

Y:84,541 

Z:95,129 

-8.6 

β-Amyrin -9.0 

Lupeol -7.9 

Taraxasterol -8.6 

Betulin -7.7 

EIDD-2801 (Control 1) -6.8 

PF-07321332 (Control 2) -7.0 

Mpro α-Amyrin X:-26,256 

Y:11,525 

Z:58,967 

X:57,450 

Y:69,117 

Z:59,607 

-8.0 

β-Amyrin -8.3 

Lupeol -7.3 

Taraxasterol -8.0 

Betulin -7.3 

EIDD-2801 (Control 1) -6.7 

PF-07321332 (Control 2) -6.9 

RBD-Spike α-Amyrin X:212,130 

Y:184,834 

Z:203,765 

X:102,969 

Y:99,563 

Z:190,569 

-8.3 

β-Amyrin -8.2 

Lupeol -8.0 

Taraxasterol -8.1 

Betulin -7.0 

EIDD-2801 (Control 1) -6.2 

PF-07321332 (Control 2) -6.6 

 

DISCUSSION 

Terpenoid screening of n-hexane extract revealed 
many spots. TLC is an established method for the 
separation of extracts of secondary metabolites of 
plant materials (Ali et al., 2017). The Rf value is an 
indicator of the diversity of terpenoid compounds 
separated from various extracts (Ahamed et al., 2017). 
Then GC-MS analysis showed several compounds 
that are known as bioactive compounds after compar-
ing the spectra to the library. The fraction number 5-
12 was identified as stearyl palmitate and cetyl 
myristate, which have antimicrobial activities (Al-
dakheel et al., 2020). Six compounds have existed in 
fraction number 15-28. Hexacosanol has a beneficial 
effect against detrusor overactivity in diabetic pa-

tients by ameliorating overexpression of muscarinic 
M2 and M3 receptor mRNAs (Borg et al., 1987), neu-
rotrophic activity (Gade et al., 2017), and acetylcho-
linesterase inhibition activity in insects (Ogwuche et 
al., 2014). β-amyrin has antimicrobial (Sunil et al., 
2014), antioxidant (Okoye et al., 2014), and anti-
inflammatory activities. Lupeol has antimicrobial, 
anti-inflammatory, and anti-arthritic (Ekalu et al., 
2019) activities. α-Amyrin has antimicrobial activities 
(Biskup et al., 2012) and stimulates human keratino-
cytes (So et al., 2018). Betulin has anticancer activities 
(Niewolik et al., 2021) and has been used as a drug 
delivery system (Tolstikov et al., 2005) and as antivi-
ral and antitumor agent (Sharma et al., 2015). Taraxas-
terol has anticancer (Elnakady et al., 2017) and anti-
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Figure 4. The 3D visualization of molecular docking results. 

(A) α-Amyrin-Helicase; (B) α-Amyrin-Spike-RBD; (C) β-Amyrin-RdRp; and (D) β-Amyrin-Mpro. 

 
 
 

Table 7. Results of docking of S. arvensis n-hexane fraction compounds with SARS-CoV-2 protein. 

Molecular complex Molecular interaction 

α-Amyrin_Helicase Alkyl: Pro175, Tyr180, His554, Pro408, Pro406, Leu412 

Hydrogen: Leu117, Asn557 

α-Amyrin_RBD-Spike Alkyl: Tyr789, Pro792 

Van der Waals: Ile794, Asp796, Lys790, Gln895, Thr883, Phe797 

β-Amyrin_RdRp Alkyl: Met380, His381, Leu371, Ala375, His381 

Pi Sigma: Trp509 

Van der Waals: Phe340, Tyr374, Leu514, Tyr515 

β-Amyrin_Mpro Van der Waals: Leu271, Gly275, Met276, Asn238, Thr199, Asp197, Arg131, Thr198 

Alkyl: Tyr239, Tyr237, Leu272, Leu287 

Hydrogen: Lys137 
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Figure 5. The root mean square fluctuation (RMSF) on protein-ligand complex.  

(A) α-Amyrin-Helicase; (B) α-Amyrin-Spike-RBD; (C) β-Amyrin-RdRp; and (D) β-Amyrin-Mpro. 

 
edematous activities and is reported to lower serum 
cholesterol levels (Widyananda et al., 2021). 

A total of five compounds from fraction no 18-25 
of the leaf of S. arvensis n-hexane extract acted as 
drug-like molecules and have probable inhibitor ac-
tivity. Lipinski Rule of Five consists of molecular 
mass >500 Dalton, high lipophilicity <5, hydrogen 
bond donor <5, hydrogen bond acceptor <10. The 
Lipinski Rule of Five also plaid a role in predicting 
the ability of mobility to penetrate cell membranes 
and an early description of the effectiveness of the 
performance of query compounds (Benet et al., 2016; 
Ansori et al., 2021a). Prediction of inhibitor activity is 
obtained from the probability value of the query 
compound being an inhibitor when acting on the 
body of Homo sapiens (Ansori et al., 2021b). The types 
of inhibitor activity in this study were kinase, prote-
ase, and enzyme inhibitors. The positive prediction 
result of inhibitors for query compounds were shown 
by more positive probability values (Ansori et al., 
2021c; Proboningrat et al., 2022). 

This study uses docking to predict the mechanism 
of compounds from S. arvensis leaves when acting as 
SARS-CoV-2 antiviral. The blind docking method was 
used in this study to screen the activity of query com-
pounds based on the level of binding affinity (Dibha 
et al., 2022). The activity of chemical compounds with 
inhibitory properties has a more negative binding 

affinity because it refers to Gibbs law, which shows 
the ability of ligand activity to trigger the target pro-
tein inhibition response (Du et al., 2016; Listiyani et 
al., 2022). The molecular docking results showed two 
compounds with the most potential as dual inhibitors, 
such as α-amyrin and β-amyrin. Furthermore, it has 
the ability to bind to the target with lower binding 
affinity. Moreover, the molecular complex could form 
weak bond interactions, which consist of hydrogen, 
hydrophobic, and π. 

The docking results were then validated through 
molecular dynamic simulations, which aimed to de-
termine the stability of the chemical bond interactions 
produced by the ligands in the target domain 
(Shivanika et al., 2022). Stability is indicated by the 
RMSF value, which refers to the fluctuating distance 
between the atoms making up the ligand and the 
amino acid residues of the protein domain where they 
interact with each other. The ideal RMSF value for the 
ligand-protein complex should be 1-3 Å to achieve 
stable bonding conditions (Wijaya et al., 2021). The 
molecular dynamic result showed α-amyrin and β-
amyrin have RMSF value is >3 Å α-amyrin and β-
amyrin from n-hexane fractions of S. arvensis leaves 
have activity as SARS-CoV-2 inhibitors through inter-
actions on helicase, RdRp, Mpro, and RBD-Spike, both 
compounds have more negative binding affinity than 
control drug and can produce stable chemical bond 
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interactions in the ligand-protein complexes. Howev-
er, the results are merely computational, so it must be 
validated through an in vivo and in vitro research ap-
proach. 

CONCLUSION 

Sonchus arvensis L. leaves were predicted to have 
SARS-CoV-2 antiviral activity by α-amyrin and β-
amyrin. Those two compounds strongly bound to 
helicase, RdRp, Mpro, and RBD-Spike, with a negative 
binding affinity more than the control drug and could 
produce stable chemical bond interactions in the lig-
and-protein complexes to trigger an inhibitory re-
sponse. However, further studies or approaches are 
necessary to support the evidence-based results of 
this study. 
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