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Ab s t r ac t
�Coronavirus disease-19 (COVID-19) are deadly and infectious disease that impacts individuals in a variety of ways. Scientists have stepped up 
their attempts to find an antiviral drug that targets the spike protein (S) of Angiotensin converting enzyme 2 (ACE2) (receptor protein) as a 
viable therapeutic target for coronavirus. The most recent study examines the potential antagonistic effects of 17 phytochemicals present in 
the plant extraction of Euphorbia neriifolia on the anti-SARS-CoV-2 ACE2 protein. Computational techniques like molecular docking, absorption, 
distribution, metabolism, excretion, and toxicity (ADMET) investigations, and molecular dynamics (MD) simulation analysis were used to 
investigate the actions of these phytochemicals. The results of molecular docking studies showed that the control ligand (2-acetamido-2-
deoxy-β-D-glucopyranose) had a binding potential of –6.2 kcal/mol, but the binding potentials of delphin, β-amyrin, and tulipanin are greater 
at –10.4, 10.0, and –9.6 kcal/mol. To verify their drug-likeness, the discovered hits were put via Lipinski filters and ADMET analysis. According 
to MD simulations of the complex run for 100 numbers, delphin binds to the SARS-CoV-2 ACE2 receptor’s active region with good stability. In 
root-mean-square deviation (RMSD) and root mean square fluctuation (RMSF) calculations, delphinan, β-amyrin, and tulipanin showed reduced 
variance with the receptor binding domain subunit 1(RBD S1) ACE2 protein complex. The solvent accessible surface area (SASA), radius of gyration 
(Rg), molecular surface area (MolSA), and polar surface area (PSA) validation results for these three compounds were likewise encouraging. 
The convenient binding energies across the 100 numbers binding period were discovered by using molecular mechanics of generalized born 
and surface (MM/GBSA) to estimate the ligand-binding free energies to the protein receptor. All things considered, the information points to a 
greater likelihood of chemicals found in Euphorbia neriifolia binding to the SARS-CoV-2 ACE2 active site. To determine these lead compounds’ 
anti-SARS-CoV-2 potential, in vitro and in vivo studies should be conducted.
Keywords: Absorption, distribution, metabolism, excretion, and toxicity (ADMET), Angiotensin converting enzyme 2, Coronavirus disease-19, 
Euphorbia neriifolia and phytochemicals, Molecular docking, Molecular dynamics simulation, Molecular mechanics of generalized born and surface.
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In t r o d u c t i o n
Early in December 2019, Wuhan, China, reported that the respiratory 
disease known as “coronavirus disease-19 (COVID-19)” was caused 
by the Severe acute respiratory syndrome–related coronavirus 2 
(SARS-CoV-2) that has since spread around the globe.1 This dreadful 
virus has evolved as one of the most fatal human illnesses on 
earth since its first outbreak in China.2 The 30 kb single-stranded 
positive-sense coronaviruses have a diameter of 65–125 nm.3 The 
β-coronaviruses of the Coronaviridae family are enveloped RNA 
viruses that fall into five classes: α, β, γ, δ, and ο coronavirus.4,5 
Because of the disease’s widespread distribution and severeness 
around the world, the World Health Organization (WHO) has 
designated it as a public health issue of worldwide concern (Fig. 1).6,7  
There is a correlation between age, smoking status, ethnicity, 
and male sex with SARS-CoV-2 infection.8,9 It’s interesting to note 
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that patient age and underlying health issues affect COVID-19 
persistence and prognosis.10 The etiology of this sickness is SARS-
CoV-2 infection, which induces hyperinflammation that increases 
alveolar permeability. This hyperinflammation leads to a quickly 
fatal hypercytokinemia with multiorgan failure, and angiotensin 
converting enzyme 2 (ACE2) enzyme activity is suppressed.11,12 

Little is known about the human immune response to SARS-
CoV-2 infection, despite mounting fears about the potentially 
catastrophic worldwide spread of COVID-19.13,14 Severe acute 
respiratory syndrome–related coronavirus infections may spread 
to other people via the nasal epithelium. Recently, the use of 
Euphorbia neriifolia leaf juice in human trials has shown a significant 
improvement in COVID-19 illness recovery in Bangladesh.15 The 
rate of viral replication and severity of the sickness are significantly 
impacted when the protein of SARS-S CoV-2 attaches to ACE2 as 
a receptor for cellular entrance).14,16,17 A number of methods have 
been proposed to interfere with the SARS-CoV-2 protein S-ACE2 
binding. The N501Y mutation shown in the RBD-S1 complex 
enhances the interaction in all strains of variants that have been 
found, including B117, P1351, and P1 in the UK, South Africa, and 
Brazil, respectively. In this instance, addressing the ACE2 receptor 
could be an alternative to focusing on RBD. The SARS-CoV-2 
spike (S) protein plays a crucial role in the fusion of the host cell 
membrane with the viral membrane during infection.18,19 When the 
receptor-binding domain (RBD) of ACE2 is linked to the peptidase 
domain (PD), host proteases that split the S1 and S2 subunits at 
their N and C terminals activate the S protein.20,21 Scientists have 
previously raised concerns about the use of drugs that target the 
renin-angiotensin signaling (RAS) system.22–24 Nonetheless, Jia 
et al. detailed the present efforts to target the ACE2 receptor for 
SARS-CoV-2 therapy (Fig. 1).25

The persisting SARS-CoV2 pandemic, as well as a lack of thorough 
understanding of the course of COVID-19, has limited our capacity 
to create effective therapies for afflicted individuals. However, 
blocking the SARS-CoV-2 protein S-ACE2 connection by targeting 
the ACE2 receptor might be a potential technique. In a recent 
study, the COVID-19 ο variation has prompted worldwide worry 
about altering vaccination programs and also slow vaccine rollout.5 
Furthermore, this critical situation makes patients psychologically 
discomfort; the resulting public health continues to be threatened by 
COVID-19.26,27 Coronavirus disease-19 patients are solely eligible for 
curative and supportive care; also as infections continue to increase 
on a regular schedule, there is an immediate want for effective 
treatment medications. For this pure, several scientific organizations 
globally are now focused to identify new effective antiviral drugs 
utilizing bioinformatics approaches of different organic plants 
like tea, Vernonia amygdalina, neem (Azadirachta indica) and some 
phytochemicals including, kolaviron, apigenin, and fisetin.28–31 
During the 2003 SARS outbreak, the efficacy of a therapy based on 
traditional medicinal herbs was documented.32

Several potential phytochemicals found in Euphorbia neriifolia 
were tested for their ability to inhibit COVID-19 ACE2 protein 
complex (6VW1), investigated in our study. Native to India, 
Euphorbia neriifolia was scientifically proven to treat bronchitis, 
tumors, inflammation, and other diseases as well as to be hazardous 
to human beings.33 It has been studied for several decades from 
a phytochemical perspective. Euphorbias have traditionally been 
used as a folk medicine to treat cough and asthma due to its anti-
inflammatory, antibacterial, and antiparasitic characteristics.34,35 
Scientists think that natural chemicals originating from plants 
can protect against viral infection by functioning as therapeutic 
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Figs 1A to C: SARS-CoV-2 genomic epidemiology with a recent six-month global subsample (A) Phylogeny; (B) Geography; (C) Diversity and 
frequency of COVID-19 variants based on mutations on their spike protein
Source: https://nextstrain.org/ncov/gisaid/global/6m; accessed on 28 June 2022
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secondary metabolites in medicinal plants and as novel scaffolds 
for the creation of new drugs. Several types of secondary 
metabolites including triterpenes, anthocyanins, and diterpenes 
were isolated from Euphorbia neriifolia plants by different methods. 
Principal components have been identified including abietane, 
isopimarane, kaurane, and lathyrane as diterpenoids showed 
anti-HIV activity.36–41 Currently, several phytochemicals from the 
terpenoids, alkaloids, and flavonoids families are being used to 
treat medical disorders such as medications, cycloartenol, euphol, 
neriifoliol, euphorbol, delphin, tulipanin, antiquorin and ingenol 
triacetate were isolated from latex, bark, root, whole plant and 
leaf.36,42–46 All of these compounds are reclaimed for the aim 
of reducing SARS-CoV-2 pathogenesis, therefore reducing the 
alarming death rate. 

In light of this, the current study will combine molecular 
docking, ADMET profiling, and molecular dynamics simulation 
(MDS) studies to assess the effectiveness of 17 bioactive compounds 
from Euphorbia neriifolia against the SARS-CoV-2 protein target 
ACE2 (PDB ID: 6VW1). This study aims to serve as a starting point 
for future research into specific COVID-19 treatment regimens.

Re s u lts

Structural Analysis of COVID-19-ACE2 Interaction 
According to structural research, an ACE2 ligand-binding site has 
been discovered inside the structure of the SARS-CoV-2 spike 
protein (S), which acts as one of the most important drug binding 
sites (Fig. 2 and Table 1). Because the receptor atoms are visible in the 
structure, RBDS1 may be utilized to mimic stiff molecular docking.

Molecular Docking Analysis 
A control drug, β-amyrin, delphin, epi-friedelanol, euphol, 
pelargonin, taraxterol, and tulipanin interacting with 6VW1 in a 
docking simulation were shown in Figure 3. As determined by the 
scoring function, which considers the drug binding probability 
to the receptor site. The CASTp online server validated that all 
compounds bind to the active site of the ACE2 protein receptor. 
Of all phytochemicals tested in Figures 4 and 5 Delphin showed 
the best docking score (–10.4 kcal/mol) with the SARS-COV-2 ACE2 
host protein. Delphin presented six hydrogen bonds including 
ARG273, ASP367, SER409, HIS505 (conventional), PRO346, HIS374 
(carbon) and four hydrophobic bonds interactions with LEU370 
respectively. Epi-friedelanol exhibited only hydrophobic bond 
interaction with TRP271, PHE274 (Pi-Alkyl) and LEU144, ARG273 
(Alkyl). Tulipanin showed six hydrophobic bonds interaction 
including TRP271, PHE274, HIS374, and ARG273 with ACE2 protein 
(binding affinity –9.6 kcal/mol). However, only six hydrogen bonds 
including GLN 102, TYR 196, GLU 208, GLY 205, and ALA 99 amino 
acids directly bind to the ACE2-RBDS1 receptor site. Beta-amyrin 
and taraxterol display hydrophobic bonds interactions with 
PHE274, HIS374, HIS505, TYR515, LEU370, ILE446 and TRP271, 
PHE274, ARG273, LEU370, respectively. and respectively, and 
a docking score (–10.0 and –9.4 kcal/mol). Euphol showed 
one hydrogen bond interaction with HIS 378 and binding 
affinity (–8.7 kcal/mol). Lastly, the control ligand (2-acetamido) 
showed three conventional hydrogen bonds including LEU370, 
THR371, and SER409; one hydrophobic bond HIS374. Selected 
10 compounds and control ligand (2-acetamido) docking 
interactions were visualized and calculated in Figure 4 and Table 2,  
respectively. 

ADMET Properties Analysis
Phytochemicals’ Molecular Characteristics
The molecular properties of the phytochemicals utilized in this 
investigation are presented in Table 3. It was observed that 

Table 1: List of RBDS1-ACE2 receptor interaction site

Chain E–Chain A 
interaction  Distance

Chain F–Chain B 
interaction Distance

 GLN498-TYR41 2.6 THR500-TYR41 2.6

THR500-GLN42 3.1 ASN501-TYR41 3.2

GLN493-LYS31 2.9 TYR449-LYS353 3.1

GLN493-GLU35 2.9 TYR505-GLU37 3.6

TYR489-TYR83 3 GLY502-LYS353 3

TYR505-ARG393 3.5 TYR489-TYR83 3.2

TYR505-GLU37 3.2 ASN487-TYR83 3.1

TYR449-ASP38 3.3 GLN474-GLN24 3.3

TYR449-ASP38 3 ALA475-SER19 2.9

GLY502-LYS353 2.8 GLN493-LYS31 3.4

ASN501-LYS353 3 TYR453-HIS34 2.7

ASN501-TYR41 1.4 GLN493-GLU35 3.2

ASN487-TYR83 2.9 TYR449-ASP38 2.8

GLN474-GLN24 3  ------ -----

ALA475-SER19 2.6  ------ -----

Fig. 2: SARS-CoV-2 virus and host protein interaction site
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delphin had a higher molecular weight at 627.528, followed by 
tulipanin at 611.529, epi-friedelanol at 428.745, and the rest of the 
compounds at 426.729. The highest and lowest surface area of the 
phytochemicals of delphin and epi-friedelanol were 246.328 and 
193.088, respectively. Only delphin and tulipanin have a higher 
number of hydrogen bond acceptors and donors.

Phytochemical Absorption Properties Predicted
Delphin has the highest water solubility (–2.886), whereas euphol 
has the lowest (–7.498). However, the lowest Caco-2 permeability 
value was found in delphin with a value of –1.632. While delphin 
may not be absorbed by the intestinal cells, epi-friedelanol 
provides higher absorption in intestinal cells. Only delphin 
showed P-glycoprotein substrate activities and did not show 
P-glycoprotein I or II inhibitors compared to other phytochemicals 
(Table 4).

The Compounds’ Cytochrome P450 (CYP) Promiscuity and 
Probable In Vivo Distribution
The estimated compound bioavailability and distribution are 
shown in Table 5. Tulipanin showed a higher steady-state volume of 
distribution than other phytochemicals that have been examined. 
Our study also indicates that tulipanin and delphin showed the 
highest unbound fraction in the blood of humans than expected 
results. They all have blood-brain barrier and central nervous system 
permeability values that are quite low. The phytochemicals that 
were tested for CYP promiscuity are shown in Table 6. Furthermore, 
none of the compounds were discovered to be CYP1A2 substrates, 
whereas only tulipanin and delphin were revealed to be CYP3A4 
substrates. All phytochemicals are not inhibitors of the enzymes 
CYP1A2, CYP2C19, CYP2C9, CYP2D6, CYP3A4.

The Phytochemicals’ Predicted In Vivo Clearance
The estimated clearance of each of the phytochemicals is shown 
in Table 7. The total clearance rate for euphol showed the highest 
value of 0.403 whereas delphin showed the lowest value of –0.181. 
For the renal organic cation transport, all phytochemicals are not 
substrates.

Probable Toxicological Profile of the Phytochemicals
Each of the substances examined had an expected toxicological 
profile, as shown in Table 8. Bacteria are not susceptible to 
mutagenicity of all phytochemicals (AMES toxicity). Hepatic and 
skin cells are not adversely affected by any of the phytochemicals. 
As a rule, the phytochemicals do not interfere with the hERG I 
(human ether-a-go-go related gene I) gene, on the other hand, 
all compounds may inhibit the hERG II gene. As a result, all 
phytochemicals have relatively low maximum tolerated dosage 
values except tulipanin and delphin.

Molecular Dynamic Simulation
The robustness and interactions between molecules of a protein-
ligand complex are examined using real-time MD simulations. This 
method may be used to identify modifications in conformation 
that have occurred when a complex system is exposed to an 
artificial environment. Researchers were able to get a better 
understanding of the structural modifications of the molecule in 
the complex by using a 100 numbers Monte Carlo MD simulation 
of the molecule reacting to the specific receptor. The first step 
was analyzing the intermolecular communication behavior 
using the terminal samples of 100 numbers MD simulation  
trajectories.

Fig. 3: Comparing binding score between our selected (A) phytochemicals and control ligand (2-acetamido)
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Figs 4A to K: Molecular interaction analysis of our selected 10 phytocompounds against RBDS1-ACE2 receptor protein (PDB ID: 6VW1) (A) 
Abietane; (B) Beta-amyrin; (C) Cycloartenol; (D) Delphin; (E) Epi-friedenalol; (F) Euphol; (G) Euphorbol; (H) Nerifoliol; (I) Taraxerol; (J) Tulipanin; (K) 
2-acetamido-2-deoxy-beta-D-glucopyranose (control)
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RMSD Analysis
When determining whether or not a close-match docked position 
was predicted by the docking simulation, root-mean-square 
deviation (RMSD) values between a crystal and anticipated 
structures are often employed. A reasonably excellent RMSD value 
is one that is ≤2 Å.47

Target protein conformational change during interaction with 
three ligand molecules (β-amyrin, delphinidin, and tutupanin; 
CID-5492231) has to be investigated; the likelihood was calculated 
using MD simulations running for 100 numbers. The ligand 
molecule Delphin has an average RMSD of 1.5–2.5. The two ligand 
molecules that follow, β-amyrin and tulipanin, exhibit moderate 

Fig. 5: Delphin showed the best docked molecule and visualized it in three structural formats. Chimera and PyMol show the 3D view, whereas 
discovery studio visualizer represents the 2D view

Table 2: Molecular interaction analysis of 10 selected phytocompounds and control ligand

Compounds
Docking 

score

Amino acids

Number of 
total bonds

Hydrogen bond Hydrophobic bond

Conventional Carbon Pi-Alkyl Alkyl

Abietane (6857485)   –8.5 – – ALA99, PHE40, and 
PHE390

LEU391, LEU100, and 
LEU73

10

β-amyrin (73145) –10 – – PHE274, HIS374, 
HIS505, and TYR515

LEU370 and ILE446   8 

Cycloartenol (92110)   –8.5 – – TRP271, PHE274, and 
PHE504

–   3

Delphin (10100906) –10.4 TYR515, ASP367, 
ARG273, SER409,  
and HIS505

GLU406, 
and SER409

PRO346, and HIS374 LEU370 10 

Epi-friedelanol (119242)   –9.4 – – TRP271 and PHE274 LEU144 and ARG273   6

Euphol (441678)   –8.7 HIS378 – PHE40, HIS378, and 
PHE390

ALA99, LEU391, 
LEU73, and LEU100

13 

Euphorbol (10863111)   –8.8 – TYR515 PHE274, HIS345, 
PHE504, and HIS505

LEU370   6 

Nerifoliol (40567592)   –8.5 – – TRP271, PHE274, and 
HIS374

–   5

Taraxerol (92097)   –9.4 – – TRP271 and PHE274 ARG273 and LEU370   8 

Tulipanin (5492231)   –9.6 – – TRP271, PHE274, and 
HIS374

ARG273   6 

2-acetamido-2-deoxy- 
beta-D-glucopyranose 
(control) (24139) 

  –6.2 LEU370, THR371, and 
SER409

HIS374 and THR445 –   5
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variability in the middle of their 100 numbers simulation 
course, with average RMSD of 2–4 and 1.4–4, respectively. 
The protein- ligand complex structure seen in Figure 6  
seems to be conformationally stable since the compound’s 
fluctuation is extremely small and within allowable bounds  
(Table 8).

RMSF Analysis
When distinct ligand molecules link to specific residues, the root-
mean-square-fluctuation (RMSF) allows us to understand and 
quantify the regional alterations that occur in the sequence of 
amino acids. As depicted in Figure 7, RMSF values were calculated 
for β-amyrin, delphin, and tulipanin with SARS-Cov-2 receptor 

Table 3: Molecular properties and drug-likeness analysis of the phytochemicals

Descriptor Molecular weight Log P Rotatable bonds Acceptors Donors Surface area Lipinski rule 

Abietane 276.508 6.3013 1 0 0 126.656 Yes; 1 violation

β-amyrin 426.729 8.1689 0 1 1 192.398 Yes; 1 violation

Cycloartenol 426.729 8.1689 4 1 1 192.398 Yes; 1 violation

Euphol 426.729 8.4791 4 1 1 192.714 Yes; 1 violation

Euphorbol 440.756 8.7251 5 1 1 199.079 Yes; 1 violation

Nerifoliol 426.729 8.4791 4 1 1       8.4791 Yes; 1 violation

Taraxerol 426.729 8.1689 0 1 1 192.398 Yes; 1 violation

Tulipanin 611.529 –1.0606 6 15 11 241.533 No; 3 violation

Epi-friedelanol 428.745 8.2488 0 1 1 193.088 Yes; 1 violation

Delphin 627.528 –2.4393 7 16 12 246.328 No; 3 violation

Table 4: Predicted absorption properties of the phytochemicals

Model name Abietane
Beta- 

amyrin Cycloartenol Euphol Euphorbol Nerifoliol Taraxerol Tulipanin
Epi- 

friedelanol Delphin 

Water solubility  
(log mol/L)

–6.735 –6.31 –5.762 –7.498 –7.576 –7.498 –6.31 –2.892 –5.572 –2.886

Caco-2 permeability 
(log Papp in  
10–6 cm/s)

  1.419   1.226   1.194   1.203   1.229 1.203   1.212 –1.274 1.22 –1.632

Intestinal absorption 
(human)  
(% Absorbed)

96.187 93.733 95.248 93.119 93.469 93.119 94.036 10.763 95.938 0

Skin permeability  
(log Kp)

–2.615 –2.811 –2.826 –2.926 –2.919 –2.926 –2.788 –2.735 –2.732 –2.735

P-glycoprotein  
substrate 

No No No No No No No Yes No Yes

P-glycoprotein I 
inhibitor

No Yes Yes Yes Yes Yes Yes No Yes No

P-glycoprotein II 
inhibitor

Yes Yes Yes Yes Yes Yes Yes Yes Yes No

Table 5: Predicted in vivo distribution of the phytochemicals

Model name VDss (human) (log L/kg) Fraction unbound (human) (Fu) BBB permeability (log BB) CNS permeability (log PS)

Abietane 0.358 0 0.868 –0.939

β-amyrin 0.268 0 0.667 –1.773

Cycloartenol –0.075 0 0.794 –1.714

Euphol 0.66 0 0.683 –2.254

Euphorbol 0.642 0 0.734 –2.026

Nerifoliol 0.66 0 0.683 –2.254

Taraxerol 0.206 0 0.678 –1.891

Tulipanin 1.623 0.219 –2.495 –5.162

Epi-friedelanol –0.082 0 0.7 –1.674

Delphin 0.888 0.323 –2.725 –5.508
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binding domain subunit 1 to analyze the change in protein 
architectural versatility caused by the attaching of several ligand 
molecules to a particular receptor site. Alpha helices and beta 
strands, two of the most rigid secondary structural components, 
were shown to have an observation rate ranging from 5 to 290 
amino acid residues. There is a large amount of variation in the 
protein’s domains at the N and C-terminal, which account for the 
majority of the variance. The above resulted in low fluctuation 
probabilities for individual atom displacement in the three ligand 
compounds examined.

Ligand Properties Analysis
The gyration radius (Rg), of a protein-ligand interaction system may 
be calculated by looking at how their individual atoms are arranged 
around their central axis. Calculating Rg is vital for predicting a 
macromolecule’s structural function since it represents changes 
in complicated compactness over time. The effects of simulating 
β-amyrin delphin, and tulipanin for 100 numbers are depicted in 
Figure 8 along with the Rg stability of each compound in contact 
with the target protein. We found that the β-amyrin, delphin, 
and tulipanin ligand molecules had Rg values of 4.4, 5.3, and 
5, respectively, indicating that binding to the protein does not 
significantly alter the protein’s structural binding site. 

The amount of solvent-accessible surface area (SASA) that 
biological macromolecules have impacted their organization and 

activity. The majority of amino acid sequences on the protein 
molecule can behave as binding sites or interface with other 
biomolecules, which helps researchers better understand the 
solvent-like properties of chemical compounds and their interactions 
with proteins. 

This led to the determination of the SASA) score for the 
polypeptide covalently coupled to β-amyrin, delphin, and tulipanin, 
which is shown in Figure 8. If an amino acid residue in a complex 
system had a SASA value between 50 and 360 A2, it was exposed 
to considerable amounts of the specified ligand molecules. When 
using a probe radius of 1.4, the molecular surface area (MolSA) is 
equal to the van der Waals surface area. In silico investigation shows 
that the ligands β-amyrin, delphin, and tulipanin all exhibit the 
typical van der Waals surface area (Fig. 8). The polar surface area 
(PSA) of the protein-ligand interaction complexes was evaluated 
using the 100 numbers simulated interaction diagram. The selected 
three ligand compounds β-amyrin, delphin, and tulipanin were 
depicted in Figure 8 to show how they interacted with the chosen 
protein.

Analysis of Intramolecular Bonds
For a 100 numbers simulation time, the intermolecular interactions 
of a protein’s complex structure with the provided ligands were 
examined using a simulation interaction diagram (SID). Hydrogen 
bonds, ionic bonds, noncovalent (hydrophobic), and water bridge 
bonds all affect protein-ligand interactions. Figure 9 depicts these 
interactions for (A) β-amyrin, (B) delphin, and (C) tulipanin. For 
all compounds, the 100 numbers simulation period resulted in 
multiple hydrogen, hydrophobic, ionic, and water-bridge binding 
connections, which were then sustained until the simulation was 
finished, leading to the formation of a permanent binding with the 
specified protein.

Binding Free Energy Calculation through MM/GBSA Analysis
Molecular Mechanics of Generalized Born and Surface (MM/GBSA) 
analysis was used to estimate the ligand-binding free energies 
to the protein receptor. The binding energies snapshots were 
taken from every 20 of 100 numbers simulation trajectory. The 
average binding energies of the complex structures are higher 
negative binding free energies for β-amyrin, delphin, and tulipanin  
are –38.5275 kcal/mol, –60.4645 kcal/mol, and –66.9365 kcal/mol 
respectively (Fig. 10). During the calculation, β-amyrin and delphin 

Table 6: Predicted human cytochrome P450 promiscuity of the phytochemicals

Model name
CYP2D6  
substrate

CYP3A4  
substrate

CYP1A2 
inhibitor

CYP2C19 
inhibitor

CYP2C9  
inhibitor

CYP2D6 
inhibitor

CYP3A4 
inhibitor

Abietane No Yes Yes No No No No

β-amyrin No Yes No No No No No

Cycloartenol No Yes No No No No No

Euphol No Yes No No No No No

Euphorbol No Yes No No No No No

Nerifoliol No Yes No No No No No

Taraxerol No Yes No No No No No

Tulipanin No No No No No No No

Epi-friedelanol No Yes No No No No No

Delphin No No No No No No No

Table 7: Predicted in vivo clearance of the phytochemicals

Model name
Total clearance  

(log mL/min/kg)
Renal OCT2 
substrate

Abietane 0.625 No

β-amyrin –0.044 No

Cycloartenol 0.262 No

Euphol 0.403 No

Euphorbol 0.396 No

Nerifoliol 0.403 No

Taraxerol –0.081 No

Tulipanin –0.41 No

Epi-friedelanol 0.015 No

Delphin –0.181 No
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Table 8: Predicted toxicological profile of the phytochemicals

Model name Abietane β-amyrin Cycloartenol Euphol Euphorbol Nerifoliol Taraxerol Tulipanin
Epi- 

friedelanol Delphin 

AMES toxicity No No No No No No No No No No

Maximum tolerated 
dose (human) (log 
mg/kg/day)

–0.754 –0.56 –0.46 –0.568 –0.275 –0.568 –0.623 0.441 –0.518 0.462

hERG I inhibitor No No No No No No No No No No

hERG II inhibitor Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Oral rat acute  
toxicity (LD50)  
(mol/kg)

2.064 2.478 2.627 1.906 1.837 1.906 2.386 2.487 2.675 2.487

Oral rat chronic toxic-
ity (LOAEL)  
(log mg/kg_bw/day)

1.394 0.873 0.806 0.788 0.786 0.788 0.808 3.465 0.883 5.069

Hepatotoxicity No No No No No No No No No No

Skin sensitization No No No No No No No No No No

T. Pyriformis toxicity 
(log μg/L)

0.723 0.383 0.305 0.736 0.671 0.736 0.359 0.285 0.303 0.285

Minnow toxicity  
(log mM)

–1.216 –1.345 –1.928 –1.757 –2.234 –1.757 –1.511 6.841 –1.78 11.071

Figs 6A to C: The figure summarizes the RMSD values for the SARS-Cov-2 ACE2 protein complex with the three ligand molecules extracted from 
the complex system’s C atoms. The selected three ligands compound (A) β-amyrin; (B) Delphin; (C) Tulipanin in interaction with the chosen protein
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give the exact 51 structures but tulipanin returns 6 structures over 
the 100 numbers trajectory, that indicates that the amyrin and 
delphin are maintained the convenient binding energies through 
the 100 numbers binding time. As a result, it is fair to suggest 
that the studied amyrin and delphin compounds will be capable 
of maintaining a long-term interaction with the targeted ACE2 
receptor of the SARS-CoV-2 protein.

Di s c u s s i o n

Euphorbia neriifolia is a medicinal plant from the Euphorbiaceae 
family that has been used for millennia to control and cure a variety 
of infections. It is bitter, pungent, laxative, carminative, enhances 
appetite, beneficial in gastrointestinal problems, and causes loss 
of consciousness, and scientifically proven to the treatment of 
enlargement of the spleen, delirium, leucoderma, piles, tumors, 
bronchitis, anemia, ulcers, fever, cough, and asthma for being anti-
inflammatory, antimicrobial and anti-parasitic properties.33–35,48,49 
The current work investigates the potential inhibitory action of 
specific phytochemical ingredients (β-amyrin, taraxterol, delphin, 
tulipanin, antiquorin, euphorbol, cycloartenol, euphol, and 
nerifoliol) from the Euphorbia neriifolia leaf extract, against the 
SARS-COV2 receptor protein (6VW1).

Delphin had the highest affinity for 6VW1 as revealed 
in the results. Our result suggests that delphin might be a 
potential SARS-CoV-2 inhibitor. Delphin and tulipanin are 
anthocyanin phytochemicals, in particular, anthocyanins, a group 
of photosynthetic pigments that are hydrophilic in nature. In several 
investigations, such as anti-Influenza virus activity, anthocyanins 
have been demonstrated to have antiviral properties, virus 
adsorption and release from infected cells were both suppressed, 
through generating IL-2, reducing cytokine production in the lungs 
and boosting T cell function.50–52 Delphin inhibits the attachment 
stage, virus particles are directly affected by the entry phase.53,54 
Delphinidin-3-rutinoside, a chemical produced from the Solanum 
monga plant, inhibits HSV-1 multiplication, viral proteins, and NOX4 
transcription.55 Tulipanin, derived from the rind of Punica granatum 
Var. nana can be used as an antidiabetic agent.56 β-amyrin, on the 
other hand, is a phytochemical triterpene that has been proven 
in vitro and in vivo to have anti-inflammatory, anti-microbial, anti-
fungal, and antiviral activities.57 According to Vitor and colleagues, 
suppression of NF-kB and cAMP response element binding protein 
(CREB) activity is most likely the principal mechanism through which 
triterpenes exercise their anti-inflammatory effects.58 Holanda 
Pinto et al. found that β-amyrin from Protium heptaphyllum reduces 
neutrophil infiltration, oxidative stress, and TNF-α expression in rats 

Figs 7A to C: Docked protein-ligand complexes had their RMSF values for protein C atoms measured. The selected three ligands compound (A) 
β-amyrin; (B) Delphin; (C) Tulipanin in interaction with the selected protein
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Fig. 8A: The 100 ns simulation computed the gyration radius (Rg), solvent accessible surface area (SASA), the molecular surface area (MolSA), and 
the polar surface area (PSA) of the beta-amyrin-protein interaction

Fig. 8B: The 100 ns simulation computed the gyration radius (Rg), solvent accessible surface area (SASA), the molecular surface area (MolSA), and 
the polar surface area (PSA) of the delphin-protein interaction
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in another investigation.59 According to Jabeen et al. research, beta-
amyrin has the most potent antifungal action and antimicrobial 
activity against the growth of some oral microbial pathogens 
identified by Zheng et al. studies.60,61 The IC (50) values for beta-
amyrin in the A549 and HL-60 cancer cell lines were found to be 
46.2 and 38.6 M, respectively.62 Ching et al. discovered that β-amyrin 
from leaf extract inhibits collagen-induced platelet aggregation 
more effectively than aspirin.63 However, there exists a shortage of 
computational as well as clinical study information based on such 
medications for the treatment of SARS-CoV-2.

The ADMET profiles were evaluated as part of a systematic virtual 
drug and prospective drug screening can be an alternative to in vivo 
examination. The Lipinski rule is a critical criterion for identifying a 
molecule’s pharmacological and biological activity in humans (log 
P).64 Only delphin and tulipanin showed 3 violations of the Lipinski 
rule. The Rule of 5 states that when there are more than 5 H-bond 
donors, 10 H-bond acceptors, and a molecular weight of more than 
500, poor absorption or penetration is more likely to occur. In general, 
high MW is associated with low solubility, high lipophilicity, and high 
metabolism rate of drug absorption that slightly affect drug-likeness 
properties.11,65 Only Tulipanin and delphin were able to maintain 
good lipophilicity properties at appropriate concentrations in our 
study, which was confirmed by Hughes et al., who demonstrated 
that the phytochemicals have comparatively good lipophilicity as 
the logP values were less than five.66 A compound is regarded to be 
poorly absorbed if its absorbance is lower than 30%. Only delphin 
showed an intestinal absorption value of zero which indicates a 
lower absorption rate. This is not a good sign for selecting lead 
compounds only in silico analysis.67 The final bioavailability of drug 
candidates is calculated by digestibility and Caco-2 penetrability. For 

predicting the absorption of drugs taken orally, Caco-2 monolayer 
cells are frequently utilized as an in vitro model of the human intestinal 
mucosa. If a substance has a Papp >8 × 10–6, it is thought to have a 
high Caco-2 permeability. The tested phytochemicals (Tulipanin and 
Delphin) have a low Caco-2 permeability potential (<8 × 10–6 cm/s) 
and could be assimilated through the human intestine. Except for 
tulipanin and delphin, all phytochemicals examined were anticipated 
to be P-glycoprotein inhibitors, which demonstrate that they do 
not disrupt the typical physiological actions of P-glycoprotein (an 
ATP-binding cassette transporter and efflux membrane transporter 
found primarily in epithelial cells) which reducing active uptake and 
drug distribution.68 Cytochrome P450 is a group of enzymes that 
play an important role in drug activation as well as drug toxicity.68,69 
Only Tulipanin and Delphin are not CYP3A4 and CYP2D6 substrates, 
whereas all other phytochemicals tested were either CYP2D6 or 
CYP3A4 substrates. The drug’s lipophilicity appears to be adversely 
connected with metabolism-related toxicity. In addition, neither 
phytochemical tested was a substrate of the renal organic cation 
transporter, indicating they are eliminated by sweat, bile, or other 
mechanisms. The toxicological evaluation of the phytochemicals 
found that none of them are skin-toxic or hepatotoxic. Consequently, 
no one utilizes the AMES toxicity test to determine bacterial 
mutagenic potential medications. When compared to tulipanin 
and delphin, all compounds demonstrated a high level of toxicity 
in Tetrahymena pyriformis toxicity tests. However, hERG I am not 
inhibited by any of the phytochemicals, while all substances may 
inhibit hERG II. Several studies demonstrated that suppression of 
the hERG potassium channel might cause a delay in ventricular 
repolarization, disrupting the normal cardiac rhythm and causing 
hepatic dysfunction.70,71 

Fig. 8C: The 100 ns simulation computed the gyration radius (Rg), solvent accessible surface area (SASA), the molecular surface area (MolSA), and 
the polar surface area (PSA) of the tulipanin-protein interaction
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Molecular dynamics simulations can be used to demonstrate 
the consistency of a protein in a compound containing 
ligands.72,73 It is also possible to measure the stiffness of protein 
molecules in a specific circumstance, like the human body.72 
However, the RSMF values of the protein-ligand complex are 
used to define the complex’s mean fluctuations rather than the 
maximal stability of individual molecules.74 The system RMSD 

was determined utilizing activities of the protein-ligand complex, 
which confirmed the minimum protein fluctuation. The decrease 
in RMSF fluctuation indicates that the molecule was stable 
with the target molecule. Through our research project, the 
compounds β-amyrin, delphin, and tulipanin had a high RMSD 
and RMSF value when combined with SARS-CoV-2 ACE2 protein. 
Baildya et al. were able to determine the molecule’s rotational 

Figs 9A to C: The stacked bar chart depicts the protein-ligand interactions discovered during the 100 ns simulation. This section depicts the 
interactions of three different compounds. The three ligands (A) β-amyrin; (B) Delphin; (C) Tulipanin in interaction with the selected protein are shown
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inertia from its C and N termini while also investigating its overall 
structural stability using the Rg platform.75 Specifically, Elebeedy 
et  al. reported that a lower Rg value implies a more compact 
structure, whereas a larger Rg value indicates a more dissociative 
structure.76 Higher SASA values indicate that water droplets and 
amino acid substances have less stable structures, whereas lower 
SASA values indicate that water particles and amino acid residues 
are more compacted.77,78 In the study, the Rg, SASA, MolSA, 
and PSA values of the three ligand compounds were identified 
to have them at their optimal levels. Furthermore, MM/GBSA 
values of the studied compounds will be capable of maintaining 
a long-term interaction with the targeted ACE2 receptor of the 
SARS-CoV-2 protein.

β-amyrin, delphin, and tulipanin are three ligand molecules 
that were chosen for the present in silico investigation, which 
has shown high durability against the SARS-CoV-2 ACE2 protein 
complex in molecular docking, ADMET profiling, and molecular 
dynamic simulation studies at 100 numbers time intervals. These 
three phytochemicals had less variation with the protein complex 
when RMSD and RMSF were calculated. Furthermore, these three 
compounds demonstrated potential outcomes in MM/GBSA, 
SASA, Rg, MolSA, and PSA validation. However, there is completely 
inadequate drug trial evidence based on these compounds for the 
treatment of SARS-CoV-2. Following in vitro and in vivo confirmation 
of anti-SARS-CoV-2 interaction, these putative pharmacologically 
active polyphenols could be a potential treatment strategic 
approach for SARS-CoV-2 therapy. 

Mat e r ia  l s a n d Me t h o d s

Target Preparation
The SARS-CoV-2 RBDS1 was chosen for this research based 
on its docking with the ACE2 protein using an X-ray structure 
determination (PDB ID: 6VW1). The 3D structure of the protein 
was downloaded from the RCSB protein data bank (http://rcsb.
org). The only global repository for experimentally determined, 
atomically detailed three-dimensional structures of biological 
macromolecules, etc., was provided in  the Protein Data Bank 
(PDB).79 The Discovery Studio and PyMol software tools were used 
to remove existing ligands, oligosaccharides, chains (B, E, and F), 
and water molecules from the crystal structure before the docking 

experiments.80,81 Then the PyMol application was also used to 
add hydrogen atoms that had been absent and minimized the 
total energy with GROMOS96 43B1 force field through SWISS PDB 
Viewer.82 Active sites were predicted from raw protein through 
CASTp online server analysis.83

Ligand Preparation
We collected data on phytochemicals including β-amyrin, delphin, 
epi-friedenol, euphol, taraxterol, and tulipanin from the Euphorbia 
neriifolia Linn. Plant source. The phytochemical extraction 
processes are hydro-ethanolic, petroleum ether, benzene, 
chloroform, ethyl acetate, and ethanol. Ligands obtained from 
plant parts such as leaves, latex, stem bark, root, and fresh root 
were collected from the literature review.36,84 Using the PyMol 
program, all substances were converted from SDF to PDB format 
after the molecules containing ligands were retrieved in SDF 
format from the PubChem database.85–87 Next, we optimized and 
prepared ligands using PyRx embedded Merck Molecular Force 
Field (MMFF94).88,89 The control ligand was obtained from 6VW1 
PDB ID as a co-crystalized ligand.

Molecular Docking
The procedure of molecular docking has been carried out using 
PyRx to elucidate the connection between the medicinal molecules 
and the ligand.88 The target protein’s structure was considered stiff 
during docking, and the ligand was adaptable. The target and ligand 
compounds were then transformed to PDBQT format before being 
run. The grid settings tool has been developed using the PyRx (vina) 
tool grid box containing the grid box’s center points (X = 102.37, 
Y = 0.13, Z = 159.53) and sizes (X = 69.47, Y = 72.12, Z = 61.12). We 
have also considered the exhaustiveness of the docking stage and 
it used default value 8 of PyRx software. 

The ligands with the lowest RMSD values and the greatest 
negative docking scores were taken into consideration for ADMET 
evaluation. Ultimately, PyMol provided a 3D image while Discovery 
Studio provided a 2D representation of the docked position for 
molecular interactions between ligands and receptors.

ADMET Profiling
Higher binding affinity compounds like β-amyrin, delphin, 
epi-friedelanol, euphol, taraxterol, and tulipanin have been 

Fig. 10: The calculated average binding free energies (kcal/mol) and standard deviation values of the RBDS1 of SARS-CoV-2 protein in complex 
with selected compounds

http://rcsb.org
http://rcsb.org
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chosen for the ADMET analysis. Pires et  al. assessed the ADMET 
properties (Absorption, Distribution, Metabolism, Elimination, 
and Toxicological profiles) of potent drug candidates through 
the pkCSM tool.90 The PubChem database provided the standard 
SMILE chemical structures of the compounds utilized in the 
investigations.87

Molecular Dynamic Simulation
Using 100 numbers MD simulation, the binding consistency 
of three potential ligand molecules—β-amyrin, delphin, and 
tulipanin—to the targeted SARS-Cov-2 RBDS1 with the ACE2 
protein was examined (PDB ID: 6VW1).91 The thermodynamic 
stability of three compounds was assessed using the “Desmond 
v3.6 program” from Schrodinger’s (https://www.schrodinger.
com/) (premium version) on an operating system based on 
Linux. In order to maintain a certain volume of the orthorhombic 
periodic boundary box shape with a mere e radius of 10 A0, the 
TIP3P water model was used. An appropriate ion was selected 
and introduced at random into the chemical solution in order 
to neutralize the framework.72 The Nosé-Hoover temperature 
mixture and isotropic method were maintained at 300 K, one 
atmospheric pressure (1,01325 bar), and 50 PS capture sessions 
with 1.2 kcal/mol of accessible power.

Simulation Trajectory Analysis
Schrödinger Maestro, version 9.5, was used to produce all 
screenshots of the molecular dynamic simulation. The simulation 
event was analyzed and the validity of the MD simulation 
was established using the SID of the Desmond module in the 
Schrödinger suite. Utilizing trajectory performance, RMSD, RMSF, 
intramolecular hydrogen bonds, SASA value, Rg value, MolSA, and 
PSA, the sustainability of the protein-ligand complex structure was 
assessed.

RMSD Analysis
In molecular dynamics (MD) simulation, the RMSD represents 
the difference between the movement of a single atom during a 
specified time interval and a reference time.72 To find the relative 
motion standard deviation (RMSD) of protein structural atoms like C, 
the side chain, the backbone, and heavier particles (in our research, 
100 numbers), all time frames are aligned and compared to the 
reference time. The following formula can be used to evaluate the 
RMSD of an MD simulation with a period of x (Eq. i).

RMSD r i t r tx x i ref= ′ ( )− ( )( )
=∑
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1

2

N i

N
                

Here, N indicates the number of atoms; tref denotes the reference 
time; and r is the system x bit chosen after superimposing the 
reference system’s point.

RMSF Analysis
Local variations in protein complex structure can be tracked using 
the RMSF.48 The RMSF of an MD simulation of a protein with residue 
I may be calculated using the continuity equation (Eq. ii).
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Here, T signifies the trajectory time in general; tref represents the 
reference or provided time; r refers to the position of the selected 
atom in framework I after transposition from the reference frame; 

and (< >) denotes the average square distance traversed covered 
over residue b.

Binding Free Energies Analysis from Post Molecular Dynamic 
Simulation Trajectory
The widely used molecular dynamics of generalized born and 
surface area (MM/GBSA) solvation technique was used to compute 
the liberated binding energies of ligands to the protein. The MM/
GBSA binding free energy was estimated as follows: ΔGbind =  
Gcomplex − Greceptor − Gligand, where ΔGbind is the binding free 
energy and Gcomplex, Greceptor, and Gligand are the free energies of 
complex, receptor, and ligand, respectively. The thermal MM/GBSA 
script provided by Schrödinger was used to calculate the ΔGbind 
for the studied complexes.47 The script splits the MD trajectory 
into individual frame snapshots and runs each one through MM/
GBSA analysis. The predicted free energies (ΔGbind) of binding are 
presented as average values.

Toxicological Research
Toxicological research is required to guarantee the safety of the use 
of Euphorbia neriifolia. OECD recommendations 420–425 guidelines 
were followed while determining the cytotoxicity of the saponin 
component of Euphorbia neriifolia.92

Co n c lu s i o n s

Natural products include a variety of bioactive compounds, 
and making them better candidates for multiple drug targets. 
The current work used a virtual screening strategy to identify 
natural phytochemicals as possible inhibitors of the SARS-CoV-2 
ACE2 receptor, which is involved in viral attachment. Molecular 
docking to evaluate binding affinities and 100 numbers molecular 
dynamics analysis have been used to examine the ability of lead 
phytochemicals to form energetically and structurally stable 
complexes with the SARS-CoV-2 ACE2 protein. Because of its ability 
to effectively inhibit ACE2 protein, delphin (estimated binding 
affinity –10.4 kcal/mol) was recognized as a lead compound among 
the selected compounds and control drug (binding affinity –6.2 
kcal/mol). Moreover, β-amyrin and tulipanin showed the ability 
to inhibit the ACE2 receptor with a binding affinity (–10.0 and 
–9.6 kcal/mol, respectively), and acceptable pharmacokinetics 
and physicochemical properties. Delphin is an attractive 
pharmaceutical option to treat COVID-19 because of its safety and 
minimal toxicity to normal cells, as well as its affinity and stability 
when forming complexes with the SARS-CoV-2 receptor protein. 
In-vitro investigations with delphin, β-amyrin, and tulipanin can 
be encouraged to identify a noble remedy for COVID-19 and to 
suggest a specific mechanism.

Data Avai  l a b i l i t y 
The data reported in this study can be found in the article. Moreover, 
the corresponding author may provide the reader with the data 
that were utilized to support the study’s findings upon request.
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