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Abstract 

The spreading of COVID-19 has posed a risk to global health, especially for lung cancer patients. An investiga-
tion is needed to overcome the challenges of COVID-19 pathophysiology and lung cancer disease. This study 
was designed to evaluate the phytoconstituents in Punica granatum peel (PGP), its anti-lung cancer activity, and in sil-
ico evaluation for antiviral potential. GC–MS technique was used to detect the phytoconstituents. Cytotoxicity 
was analyzed using MTT dye, followed by apoptosis, ROS generation, and cell cycle phase detection in human lung 
cancer cells (A549). The glide module of Maestro software was used to investigate the molecular-docking interaction 
of the constituents against main protease (Mpro) and papain-like protease (PLpro) of SARS-CoV-2. GROMACS 2023.2 
was utilized to evaluate the complex stability. A total of nineteen phytocomponents were detected in the PGP extract 
through GC–MS analysis. PGP has shown a potential to reduce lung cancer cell proliferation while evading normal cell 
death. PGP induced apoptosis by arresting cells in the G0/G1 phase and generating ROS. A total of six and eight phy-
tocomponents had a high affinity for PLpro and Mpro proteins, respectively. The top docked complex, ethyl 5-oxo-
2-pyrrolidinecarboxylate, with PLpro and Mpro proteins, showed likely stable interaction throughout 100 ns simula-
tion. This finding raises the possibility of top-eight hits (docking score ≥ -1.0 kcal/mol) preventing SARS-CoV-2 severity. 
The phytoconstituents exhibited orally active drugs with no more than one violation and drug-likeness activity. The 
PGP phytoconstituents are suggested to be dual agents for lung cancer and SARS-CoV-2 pathogenesis.
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Graphical Abstract

Introduction
Currently, efforts are being made around the globe to 
protect people from a coronavirus disease (COVID-
19) caused by SARS-CoV-2 which was found at the end 
of 2019 in the Chinese province of Wuhan [1]. Can-
cer patients are extremely susceptible due to frequent 

interactions with the health system, weakened immune 
systems or treatments using drugs like steroids, and most 
crucially, advanced age and comorbidities [2]. Compar-
ing SARS-CoV-2 infection to other cancers, patients with 
lung cancer and those who have hematological malig-
nancies seem to be at the highest risk of dying from the 
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infection [3]. There were 23 patients with a history of 
lung cancer in the largest report from China, a multi-
center retrospective cohort study with 13,077 patients 
with COVID-19, albeit only five had metastatic lung 
cancer. In this category, 39% of patients died, and 78% 
of patients had a serious clinical outcome [4]. In general, 
this series demonstrated that cancer patients were more 
expected to experience grievous sickness. A combina-
tion therapy of herbal supplements with standard drugs 
is an alternative approach that could be used to improve 
patient outcomes. A strong strategy is also needed to 
prevent SARS-CoV-2 from emerging shortly due to sea-
sonal variation and various mutations of SARS-CoV-2, 
which has been a major worldwide problem in treating 
the virus [5]. Similar to earlier pandemics, it has been 
demonstrated that the development of potent medica-
tions could offer a long-term remedy for COVID-19 [6]. 
Therefore, herbal compounds could be investigated in the 
development of potent medicines since they may offer 
advantages in terms of accessibility, affordability, and 
convenience of use.

Herbal products have advantages in terms of scaffold 
diversity and structural complexity, which may be useful 
in drug-disease interactions. Besides, numerous natu-
ral products have been proven to exert antiviral effects, 
including HIV, dengue viruses, coronaviruses, and hep-
atitis viruses [7, 8]. Selection of potential herbs is very 
important in the development of effective drugs to com-
bat SARS-CoV-2 illness, and thus far several studies have 
reported the effectiveness of a few herbs in inhibiting 
SARS-CoV-2 propagation [9]. Among the herbal plant 
species, Punica granatum, also known as Pomegranate, 
has shown promising pharmacological and medicinal 
values. Several classes of bioactive compounds, such as 
alkaloids, tannins, anthocyanins, phenolics, proantho-
cyanidins, flavonoids, steroids, terpenes and terpenoids, 
fatty acids and organic acids, xanthonoids, lignans, and 
vitamin C, are abundant in Punica fruits [10]. The seeds, 
juice, and peel parts of the fruit are used for beverages 
and jams and have provided health and nutritional bene-
fits as well as therapeutic benefits [9, 10]. Previous studies 
have shown various medicinal values such as antimicro-
bial, antioxidant, anti-inflammatory and anticarcinogenic 
activities in addition to cardiac, lung and liver protec-
tion [11–13]. In a previous study, Punica peel extract, 
its fraction, and the active compound punicalagin have 
shown virucidal activities against the mosquito-borne 
Mayaro virus [14]. In addition, Punica juice has provided 
an HIV-1 entry inhibition and topical microbicide [15]. 
In a previous study, Punica peel extract effectively inhib-
ited the growth of fungi A. niger, P. italicum, R. mucilagi-
nosa and also showed antimicrobial activity against both 
Gram + ve and Gram -ve bacteria strains [16, 17].

Based upon the above report, the present study has 
focused on analyzing the phytocomponents in pome-
granate peel extract and their cytotoxic activity in human 
lung carcinoma A549 cells as well as exploring the antivi-
ral effects through computational molecular docking and 
molecular dynamics (MD) simulation analysis. The peel 
part of Punica (var. Jalore seedless), procured from Jodh-
pur, India, was studied by Gas chromatography-mass 
spectrometry (GC–MS) to determine the phytochemis-
try in the extract due to the distinct geography and soil 
profile. In the current study, two protein targets namely 
papain-like protease (PLpro) and main protease (Mpro) 
were selected because these are essential for viral replica-
tion. The coronavirus Mpro plays a key role in enzymatic 
activity in its post-translational processing of replicase 
polyproteins [18]. PLpro is involved in converting viral 
polyproteins into functional proteins and plays a crucial 
part in the host’s defense mechanism [19]. Thus, focusing 
on these particular targets of SARS-CoV-2 and inducing 
lung cancer cell death may establish a reasonable strategy 
for developing and discovering antiviral and anti-lung 
cancer therapeutics.

Materials and methods
Source of plant material and identification
Jalore seedless variety of pomegranate fruits was pur-
chased in February from a reputed supplier in Jodhpur, 
India. Fruit samples were identified and submitted in the 
Pharmacognosy Section, Integral University, Lucknow 
(F.No. IU-PHAR-HRB-14–08).

Ethanolic extract preparation
The ethanolic extract was prepared as per the previous 
method [20]. In brief, peeled parts of pomegranate fruits 
were separated, rinsed in  ddH2O, air-dried in shadow 
and then the powder was made with the help of a Bajaj 
grinder (GX15, India). The grinded powder was soaked in 
95% ethanol for 3 days at room temperature and soluble 
components were extracted using the maceration pro-
cess. Supernatants were placed on the filter membrane 
(Whatman No. 1) to separate the filtrate and ethanol was 
evaporated with the help of a Rotatory evaporator. The 
obtained semi-solid paste was evaporated further in a 
water bath to get a semi-dried form of PGP extract. This 
extract was used for phytochemical study, in vitro toxic-
ity tests, and in silico investigation.

GC–MS analytical technique
The chemical characterization of 95% PGP extract was 
performed by GC–MS-QP2010 Plus system (Shimadzu, 
Japan) and capillary column RTX-5 MS (Restek, United 
States) from Central Research Facility, JNU, New Delhi 
as per a previous study [21]. Plant extract with many 
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constituents were separated into their components at 
their retention times through GC and the mass spectro-
photometer provided a mass spectrum to characterize 
the components. A chromatogram indicating the rela-
tive abundance or quantity of each component as a func-
tion of retention time was created by the software of a 
mass spectrophotometer. Mass spectra of unidentified 
components were compared to the spectra of identified 
components kept in the chemistry libraries NIST08s and 
WILEY8.LIB.

Cytotoxicity assay through MTT dye
Human lung carcinoma A549 cells and normal Vero cell 
line of kidney origin were procured from NCCS, Pune, 
India. Both cell lines were cultured in DMEM-F12 media 
and maintained at 37  °C with 5%  CO2 in an incubator 
(Eppendorf, USA). Both cell lines at density 1 ×  104 cells 
per well in 200 µL DMEM-F12 media were seeded in a 
96-well culture plate for overnight incubation at cul-
tured condition. To find the proper doses of 25, 50, 100, 
and 250  µg/mL, a stock solution of pomegranate peel 
was prepared and diluted in complete growth media and 
treated in triplicate for 24 h. After incubation, media was 
removed and 100 µL (stock solution 5 mg/mL) of MTT 
reagent was added and further incubated for 3–4  h for 
the development of blue crystals. Now, the MTT solution 
was replaced with 100 µL DMSO solution. A microplate 
reader (BIORAD-PW41, USA) was operated to measure 
the absorbance of the solubilized color product at 540 nm 
and the percentage of cell viability was determined [20].

Apoptosis and ROS generation assay
DAPI is a fluorescent nuclear marker used to analyze the 
apoptotic effect of PGP extract. Cells were treated at two 
effective doses 50 and 100 µg/mL for 24 h and were fixed 
then in paraformaldehyde solution. Images were cap-
tured following DAPI staining under an inverted fluores-
cent microscope (Nikon ECLIPSE Ti-S, Japan). Further, 
to check whether ROS is the potential causative agent 
for cell death, ROS generation was also evaluated as per 
the established method using DCFHDA dye [22]. In brief, 
for imaging analysis, cells were exposed to PGP extract 
at 50 and 100 µg/mL in 96-well plate for 12 h following 
10  µM DCFH-DA dye staining. Images were captured 
using a fluorescent microscope. For quantitative analy-
sis, approx. 1 ×  104 cells/well were cultured overnight in 
96-well black bottom culture plate. Following treatment, 
cells were incubated in DCFH-DA dye for 30  min and 
it was replaced with 200 µl PBS. Reading was measured 
at 485/528  nm of excitation/emission wavelength using 
a multiwell plate reader (BioTek’s Synergy H1 Hybrid 
Multi-Mode Microplate Reader).

Cell cycle analysis
DNA content analysis at different phases was carried out 
through a flow cytometer using a previously established 
protocol [22]. A549 cells were plated and treated for 24 h 
into a 6-well plate. Cultured cells were then processed 
as per the established protocol and four distinct phases 
were measured through BD FACS Calibur flow cytom-
eter. Data were analyzed with the help of Cell Quest Pro 
V 3.2.1 software.

Computational study
Preparation of phytoconstituents for molecular docking
The two-dimensional configuration of nineteen phyto-
chemicals from PGP and standard compound hydroxy-
chloroquine (HCQ) were retrieved from the PubChem 
database into SDF format. These are converted into a 
three-dimensional configuration through the LigPrep 
module of Schrodinger Maestro v2020-2. OPLS 2005 was 
utilized to add hydrogen atoms, tautomer generation, 
charged groups neutralization, ionization states, struc-
ture filtration and geometry optimization. Epik module 
was utilized to ionize ligands at pH 7.0 ± 2.0, which gen-
erated tautomers, desalt them, and one low energy ring 
confirmation was carried out for each ligand [23].

Protein preparation
Mpro (PDB ID: 6LU7) is a homo 2-mer—A2 protein and 
PLpro (PDB ID: 6W9C) is a homo 3-mer—A3 protein. A 
protein data bank was used to retrieve the crystal struc-
ture of both proteins in.pdb format. The X-ray diffraction 
resolution value of Mpro and PLpro was 2.16 and 2.70 Å 
without any mutation. The side-chain OH group, Asn, 
Gln, and His states were optimized through OPLS 2005 
force field by assigning bond order, substituting absent 
disulfide bonds and H-atoms, and clearing water mol-
ecules that were within five of the heteroatoms [24].

Preparation of receptor grid
The interaction grid formation between phytomole-
cules and targeted proteins was made through receptor 
grid generation. The position of the docked ligand  was 
restricted to the enclosing box, a smaller size than the 
workspace ligand and the centroid of the docked pose. 
The initial bounded ligand was omitted from the genera-
tion of the grid. The resolution of the receptor grid box 
was centered  at coordinates 27.83, 27.83, and 27.83  Å, 
which correspond to the x, y, and z-axis, respectively [24].

Glide docking analysis through standard precision (SP) mode
The glide SP flexible ligand mode was utilized to dock 
between ligand and protein with 10 poses per ligand 
using Schrödinger Maestro Release 2020–2 (SERVER 
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PDDL 2cf05d399450 27,008) [25]. In glide SP flex-
ible docking analysis, the OPLS3e force field was docu-
mented. Energy-minimizing poses were executed, and 
the docking score was used for final scoring. For each 
ligand, the best-docked orientation and the lowest dock-
ing score were noted. The ranking of phytocomponents 
was then determined by their docking scores, which 
reflect the binding energies. Best docking results with 
binding patterns were further investigated through Lig-
Plot + v.2.2 software.

Analysing and visualization of docking results
After glide docking analysis using SP mode, data were 
obtained in the form of docking score and glide energy. 
Based on the docking score, top-ranking components 
were sorted to find the best binding interacting complex. 
Further, the SP visualizer was used as a ligand interac-
tion tool to display and analyze the 2D interaction with 
best poses namely hydrogen bond interaction, hydropho-
bic interactions, and wander Waal interactions. The best 
binding pattern was further examined using the program 
LigPlot + v.2.2.

MD simulation for complex stability
The best-docked complex was analyzed using MD simu-
lation [26]. The SwissParam (http:// www. swiss param. 
ch/) programs were used to create equivalent topology 
and coordinate files in.gro format, which are compat-
ible with the CHARMM36 all atoms force field used for 
GROMACS running. Topology and coordinate data for 
the protein were generated using the pdb2gmx proce-
dure of GROMACS 2023.2. A triclinic box was filled 
using TIP3P water molecules and a 1 nm gap was main-
tained between the solute and the walls of the box. Energy 
reduction was performed using the descent technique, 
with a maximum of 50,000 steps for each system and a 
convergence threshold of 100.0 kJ per mole per nm. The 
physiological conditions were then adjusted to 310 K and 
1 bar of pressure, and two equilibration steps were carried 
out, each comprising 1000 ps. The constant temperature-
volume (NVT) ensemble was used for the first step, and 
the constant temperature–pressure (NPT) ensemble was 
used for the second. The MD simulation run’s integration 
duration was 2 fs, and the particle velocities were rescaled 
using the Berendsen thermostat algorithm. Plotting was 
done for many metrics, including solvent-accessible sur-
face area (SASA), root mean square fluctuation (RMSF), 
radius of gyration (Rg), root mean square deviation 
(RMSD), H-bonds, and total interaction energy. Xmgrace 
5.1.25 was used to create the graphs and figures [27].

Drug‑likeness characteristics
The drug-likeness of the top eight phytoconstituents 
of PGP was investigated using Lipinski’s rule of 5 [28]. 
Various significant molecular properties of drug-likeness 
including the number of hydrogen bond donors, topo-
logical polar surface area (TPSA), hydrogen bond accep-
tor sites, number of rotatable bonds, MW, and logP were 
calculated. Molinspiration cheminformatics software 
was utilized to evaluate the drug-likeness of eight active 
molecules.

Analysis of toxicity potential of phytochemicals
The basic knowledge of the physicochemical and toxico-
logical properties of biomolecules is required to be opti-
mized. At an early stage, predicting differing qualities of 
phytocomponents in lead identification and development 
is very crucial. OSIRIS Data Warrior V5.2.1 (https:// 
openm olecu les. org/ dataw arrior/ downl oad. html) software 
was used to predict physicochemical and toxicological 
molecular properties namely drug-likeness, reproductive, 
tumorigenic, mutagenic, and irritating properties [20].

Statistical analysis
All biological data  is shown as the mean ± SD of three 
distinct  experiments. Using Graph Pad Prism software 
(Version 5.01), the one-way analysis of variance and Den-
nett’s multiple comparison tests were used to assess the 
statistical differences between the various groups. P val-
ues less than 0.05 were regarded as statistically significant 
differences.

Results and discussion
GC–MS characterization of PGP
Due to their capacity to treat various acute and chronic 
illnesses, traditional medicinal herbs are generally con-
sidered  safe in the medical community. In medicinal 
chemistry, it is important to determine the nature of 
chemical constituents and their phytomedicinal charac-
teristics. With this approach, the traditional applications 
and medical benefits of various plant components might 
be established and scientifically validated. Mass spectra 
of single metabolites in crude extract can be very useful 
in molecular mass identification and clues about molecu-
lar structure, as demonstrated by an earlier study in the 
case of Mediterranean propolis [29]. While MS is used 
to detect the elemental profile and is a plot of the ion 
signal as a function of ratio and chemical structure. The 
volatile and thermally stable components are separated 
using GC. GC–MS analysis is utilized for investigating 
naturally occurring volatile components, and it can also 

http://www.swissparam.ch/
http://www.swissparam.ch/
https://openmolecules.org/datawarrior/download.html
https://openmolecules.org/datawarrior/download.html
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be used to investigate semi- or non-volatile components 
that can be converted into volatile via derivatization. 
Many semi- and non-volatile metabolites, namely flavo-
noids, sugars, sugar phosphates, sugar alcohols, lipids, 
organic acids, alkaloids, long-chain alcohols, amino 
acids, peptides, amides, and amines can also be studied 
by employing efficient derivatization methods involv-
ing acylation, silylation, or alkylation reactions [30, 31]. 
Silylation techniques were to identify and classify the 
semi-volatile and non-volatile PGP extract components. 
The GC–MS chromatogram showed nineteen peaks i.e. 
nineteen components in native PGP alcoholic extract. 
The PGP extract’s total ion current (TIC) chromato-
gram is shown in Fig.  1. Table  1 lists the detected phy-
tochemicals from the native PGP alcoholic extract along 
with their percent peak area, retention time and molec-
ular weight. The major phytoconstituents were found 
to be 4H- pyran-4- one,3-hydroxy-2- methyl (9.79%), 
4H-Pyran- 4- one,2,3- dihydro-3,5-dihydroxy-6- methyl 
(6.85%), 2- furancarboxaldehyde, 5- (hydroxymethyl) 
(49.81%), Tetradecanoic acid (3.35%), n-Hexadecanoic 
acid (4.19%), Oleic Acid (6.05%), Ethyl Oleate (4.79%) 
and Stigmast- 5-en-3- ol, (3. beta.) (2.98%). Other com-
pounds were found as minor phytoconstituents. The 
plant metabolites namely phytosterols, polyphenols, and 

terpenoids have shown antiviral effects against several 
viruses [8, 32]. Based on these data, Glide Docking of SP 
mode was used to further examine the discovered active 
components in PGP extract for their virtual antiviral 
screening.

Cytotoxic analysis of pomegranate peel extract in lung 
cancer cell line
Lung cancer cells A549 were utilized to study the toxic-
ity analysis of PGP extract at different doses through 
MTT assay. MTT assay is a colorimetric-based assay that 
involves the cleavage of the tetrazolium ring of MTT by 
Mt dehydrogenase enzymes of living cells [33]. Under 
inverted phase contrast microscopy, the unexposed cells 
remained flat, smooth, and even cell surface showing 
normal and healthy cells (Fig. 2A). However, pomegran-
ate extract-exposed cells developed typical apoptotic 
characteristics namely  nuclear condensation, substan-
tial cytoplasmic vacuolization, and an acquired spheri-
cal shape that indicated cellular shrinkage [34]. The cell 
viability data showed that PGP extract resulted in a con-
siderable decline in cell viability depending upon dose 
(Fig.  2B). This data suggested that PGP considerably 
reduced the cell viability of lung cancer cells depending 
upon dose. On the other hand, pomegranate extract was 

Fig. 1 Total ion chromatogram, showing the intensities of all mass spectral peaks belonging to the same scan of the identified compounds 
from PGP extract (95% ethanolic)
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tested for its intrinsic toxicity in normal kidney epithelial 
Vero cells. PGP extract displayed the least or no toxicity 
with normal cellular morphology as observed from the 
photomicrograph (Fig.  2C and D). Therefore, based on 
this result, it can be postulated that PGP extract can be 
used as an anticancer agent without any toxicity to nor-
mal cells.

Apoptosis, ROS generation and cell cycle arrest in A549 
cells
Blabbing of cells, chromatic condensation, and cell 
shrinkage are the crucial marks of both cellular and 

nuclear apoptosis. Apoptosis causes the organism’s cel-
lular balance and therefore does not cause any harm 
to other healthy cells [35]. Interestingly, PGP-exposed 
cells showed nuclear condensation, ubiquitous cyto-
plasmic vacuolization, and a rounded morphology 
indicating cellular shrinkage in comparison to the 
unexposed cells, the entirety of which are hallmark 
apoptotic characteristics. Induction of apoptosis 
through PGP extract depended upon dose (Fig.  3A). 
Further, to check whether ROS is the root cause of 
cell death, cells are tested for ROS generation through 
a fluorescence microscope and quantitatively using 

Table 1  The chemical constituents and their molecular formula (MF), molecular weight (MW), %Area, retention time (RT), and 
compound’s nature from 95% ethanolic extract of PGP through GC-MS technique
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a multi-plate reader. As shown in Fig.  3B and C, PGP 
extract induces ROS liberation by 131.13 and 196.33% 
respectively, when compared to control data. Addi-
tionally, ROS dynamically modifies the tumor micro-
environment and is crucial in determining whether 
apoptosis or metastasis occurs [36]. Another factor that 
limits cellular growth is cell cycle arrest, and if cell divi-
sion is prevented, cells die through apoptosis [37]. Fig-
ure 3D and E demonstrate that PGP extract arrested the 
A549 cells approx. 51.6 and 58.54% at 50 and 100 μg/ml 
dose, respectively as compared to control (45.5%). The 
present study showed that PGP extract arrested the cell 
cycle in  G0/G1 phase of the cell cycle.

Docking analysis of PGP phytocomponents
All phytocomponents from the PGP extract were tested 
for their ability to bind to M-pro and PL-pro proteins 
of COVID-19 virus using glide docking of Schrödinger 
maestro v2020-2. Tables  2 and 3 enlisted the details of 
docking score, glide score, and glide energy, Gibbs bind-
ing free energy of each component of PGP with their 
corresponding Mpro and PLpro proteins, respectively. 

Table  2 shows that only ten phytocomponents and the 
standard HCQ had high binding interaction (docking 
score > -1.0  kcal/mol) targeting the SARS-major CoV-
2’s protease (Mpro) protein. Comparatively, only three 
molecules hexadecanoic acid, ethyl ester and n-hexa-
decanoic acid have a weak binding interaction (dock-
ing score < -1.00  kcal/mol). While other compounds 
did not demonstrate negative binding affinity which 
showed that they have no or little affinity against the 
targeted protein (Table S1). Stronger binding interac-
tion between biomolecules and their proteins is indi-
cated by the docking score’s more negative values, which 
mimic binding free energy [38]. Following was shown to 
be the decreasing order of docking score of PGP phyto-
constituents with Mpro protein of SARS-CoV-2: vitamin 
E > stigmasta-5,22-dien-3-ol > cholesta-4,6- dien-3-ol, (3. 
beta.) > 1-Amino- 4-methylpiperazine > 5- amino-5H-im-
idazole-4- carboxylic acid, ethyl ester > ethyl oleate > oleic 
Acid. Only eight phytocomponents had a negative dock-
ing score greater than -1.0  kcal/mol. Molecule ethyl 
5- oxo-2-pyrrolidinecarboxylate showed the best dock-
ing score (-5.58  kcal/mol) in all tested compounds. The 

Fig. 2 In vitro cytotoxicity test of PGP extract (25 to 250 μg/ml) in human lung cancer and normal cells (A) Photomicrograph of untreated 
and treated A549 cell line. B Dose–response effects of PGP extract at different concentrations on cytotoxicity in A549 cells for 24 h (C) 
Photomicrograph of untreated and treated normal Vero cell line. D Dose–response effects of PGP extract at different concentrations on cytotoxicity 
in Vero cells for 24 h. Photomicrographs were taken with an inverted phase contrast microscope. Values are expressed as means ± SD of at least 
three independent experiments, *p < 0.05, **p < 0.01 and ***p < 0.001 as compared to the control
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non-covalent interactions i.e. van der Waals forces, 
hydrophobic and electrostatic interaction, are typically 
involved to bind the two molecules together in ligand–
protein complexes [39]. As compounds become more 
lipophilic, the impact of protein binding is increased due 
to the hydrophobic interactions. However, as is shown 
in Tables 2 and 3, a variety of polar and nonpolar phyto-
components’ interactions with certain proteins show that 
a vast array of hydrophilic substances are also electro-
statically bonded to protein molecules through hydrogen 
bonds or ionic interactions. Table 3 shows that only six 
PGP constituents have good binding affinities with PLpro 
protein in a variety of binding configurations (docking 
score > -1.0 kcal/mol). Other compounds of PGP extract 
did not show binding affinity (Table S1), indicating that 
these substances had little to no affinity for the PLpro tar-
get protein. The standard drug HCQ had a higher binding 
affinity (docking score = -3.831  kcal/mol) to the SARS-
CoV-2 Mpro and PLpro proteins, making it an effective 
inhibitor. Table  3 shows that the docking score of PGP 

phytochemicals with SARS-CoV-2 PLpro decreased 
in the following order: Cholesta- 4,6-dien-3- ol, 
(3.beta.) > Ethyl Oleate > Stigmasta- 5,22-dien- 3-ol > Ethyl 
5-oxo-2-pyrrolidinecarboxylate > 1-Amino-4-methyl-
piperazine > 5H- imidazole- 4-carboxylic acid, 5-amino-
,ethyl ester. Due to electrostatic and hydrogen 
interactions formed between the hydroxyl groups of the 
molecules and various amino acid residues, only six hits 
(shown in Table 3) had a good docking score > -1.0 kcal/
mol. The top ten hits with Mpro protein and the top 
six hits with PLpro protein of the SARS-CoV-2 might 
potentially be employed to produce antiviral medicines, 
according to the results of Tables  2 and 3. Figure  4A 
depicts the 2-D LigPlot interaction between the amino 
acid residues Met165, His164, His41, Arg188, Tyr54, 
Met149, Pro52, Asp187, Gln189 of the best ligand–pro-
tein docked complex between SARS-CoV-2 Mpro and 
ethyl 5- oxo-2- pyrrolidinecarboxylate. The N-group of 
ligand molecule is linked through one H-bond with a 
bond length 3.18 Å with O- group of Gln189 amino acid 

Fig. 3 In vitro anticancer activity of PGP extract in human lung cancer A549 cells (A) Treated and untreated cells stained with DAPI dye were 
photographed under a fluorescence phase contrast microscope (B) Photomicrographs showed intracellular ROS production induced by PGP 
treatment under a fluorescence phase-contrast microscope (C) The percentage of fluorescence intensity relative to the control expressed 
by the numerical data (D) The Pictorial graphs show the phase distribution of cell population in A549 cells (E) Quantification of cell cycle phase 
distribution data. Cells were treated at two effective doses of PGP for 24 h, stained with propidium iodide, and measured by flow cytometry. Values 
are expressed as means ± SD of at least three independent experiments, *p < 0.05 and **p < 0.01 as compared to control
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Table 2  Various enlisted properties and 2-D interaction of the docked complex of nineteen PGP phytocomponents as well as 
reference drug with SARS-CoV-2 main protease (Mpro; PDB ID: 6LU7) through glide SP module (Schrödinger Maestro 2020-2)
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Table 3  Various enlisted properties and 2-D interaction of the docked complex of nineteen PGP phytocomponents as well as 
reference drug with SARS-CoV-2 papain-like protease (PLpro; PDB ID: 6W9C) through glide SP module (Schrödinger Maestro 2020-2)
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residue of the protein. While other amino acid residues 
are linked with hydrophobic interaction with ligand. Fig-
ure  4B represents the 2-D LigPlot interaction between 
the amino acid residues Gly163, Lys157, Leu162, Asp108, 
Glu161, and Trp106 of the best ligand–protein docked 
complex between PLpro and ethyl 5- oxo-2- pyrrolidi-
necarboxylate. The O-group of ligand molecule is linked 
through three H-bonds with three different amino acid 
residues of proteins e.g. 1) O-group of ligand molecule 

is linked through one H-bond with Lys157 residues of 
proteins with a bond length 2.82 Å, 2) N-group of ligand 
molecule is linked through one H-bond with O-group of 
Asp108 residues of proteins with a bond length 2.72  Å, 
and 3) O- group of ligand molecule is linked through one 
H-bond with N-group of Asp108 amino acid residue of 
the protein. Gly163, Leu162, Glu161, and Trp106 amino 
acid residues are interacted with hydrophobic bonds. 
Figure 4C and D show the 3-D interaction of amino acid 

Fig. 4 A Interaction between a best-docked complex of ethyl 5-oxo-2-pyrrolidinecarboxylate and SARS-CoV-2 main protease (Mpro; PDB ID: 
6LU7) using Ligplot. Only one residue (Gln189, H-bond = 3.18 Å) of protein was involved in the hydrogen bond between the O-group of protein 
and the N-group of ligand (B) Interaction between the best-docked complex of ethyl 5-oxo-2-pyrrolidinecarboxylate and SARS-CoV-2 papain-like 
protease (PLpro; PDB ID: 6W9C) using Ligplot. Three H-bonds are involved in the docked complex: i) between N-group of amino acid residue 
and O-group of ligand with bond length 2.82 Å, ii) between O-group of amino acid residue and N-group of ligand with bond length 2.72 Å, and iii) 
between N-group of amino acid residue and O-group of ligand with bond length 3.12 Å. The red-brown color in the half-circle indicates the residue 
of proteins that are involved in hydrophobic interaction with ligands. Green dotted lines show the hydrogen bond and the value indicates their 
bond length. C and D represents 3-D interaction by Ball and Stick model of interacting amino acids residues of SARS-CoV-2 Mpro and PLpro 
with ethyl 5-oxo-2-pyrrolidinecarboxylate, respectively using BIOVIA Discovery Studio 2021
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residues of SARS-CoV-2 Mpro and PLpro with ethyl 
5-oxo-2-pyrrolidinecarboxylate, respectively using BIO-
VIA Discovery Studio 2021.

Phytochemicals of different classes including pyri-
dine, imidazole, alpha amino acid esters, fatty acid ester, 
tocopherol, and phytosterol and their derivatives were 
detected as chief components in PGP extract and, these 
compounds showed strong affinity towards Mpro and 
PLpro proteins (Tables 1, 2 and 3). Pyridine is a preferred 
heterocycle nucleus, and its compounds have been stud-
ied for their medicinal effects, including those against 
pathogens, viruses, tumors, analgesics, convulsants, 
inflammation, antioxidants, Alzheimer’s, ulcers, and dia-
betes [40]. Imidazole, an aromatic heterocycle, classified 
as a diazole, has been effectively used in the treatment 
of several life-threatening and infectious diseases. It dis-
plays a wide range of biological activities, including anti-
viral, anticancer, anti-diabetic, antibacterial, antifungal, 
and anti-inflammatory [41]. Amino acid esters are exten-
sible chiral auxiliary groups that are used in the asym-
metric synthesis of pharmaceutically important nitrogen 
heterocycles. Amino acid esters are helpful in the devel-
opment of prodrugs as anticancer and antiviral drugs 
because they have a higher bioavailability and lower tox-
icity, deliver the medication precisely to the target tissues 
or organs, and slow down the metabolism [42]. In a pre-
vious study, fatty acids profile and heterocyclic deriva-
tives of green seaweeds have shown greater anticancer 
potentials rather than green seaweed-based food [43]. A 
previous report has described the anticancer potential of 
saturated/unsaturated fatty acids and heterocyclic com-
pounds against various tumor cells namely colorectal 
cancer (Caco-2, HT-29), breast cancer (MCF-7, MDA-
MB-231), skin epidermoid (A431), prostate cancer (PC-
3), human cervical carcinoma cell lines (KB-3–1), human 
neuroblastoma cells (GOTO, NCG), etc. [44]. Tocophe-
rols, which are phenolic antioxidants, work with singlet 
oxygen to scavenge free radicals and stop lipid oxidation 
[45]. A previous study showed that viral and retroviral 
reproduction were suppressed  by providing the formu-
lation containing vitamin E, tocopherol, or tocopherol 
derivative [46]. Alpha-tocopherol can interact with RNA-
dependent RNA polymerase of SARS-CoV-2 through 
solubilizing modifications, making it a potent antiviral 
drug alone and even more so in combination with rem-
desivir [47]. Similar to cholesterol, phytosterols are phy-
tosteroids that plants employ as building blocks for their 
biological membranes. The phytosterol present in the 
bark of Picea abies has been shown to have antioxidant, 
antibacterial, and antifungal qualities [48]. Monoterpenes 
and their derivatives namely emodin, carvacrol, thymol 
and artemisinin exhibited strong binding affinity with 

spike glycoproteins of SARS-CoV-2 and ACE2 receptor 
predicting the prevention of SARS-CoV-2 interaction 
with ACE-2 receptor in COVID 19 pathogenesis [49]. 
Moreover, the anthraquinones and their derivatives viz. 
anthrarufin, alizarine, emodin, aloe-emodin, and dantron 
have shown good binding affinity with the RNA binding 
domain of nucleocapsid phosphoprotein of COVID-19, 
preventing virus assembly for propagation [50]. These 
earlier studies and the most recent in silico analysis sug-
gest that natural compounds found in PGP may be used 
as therapeutic candidates.

MD simulation study
To evaluate the accuracy of a simulation and the stabil-
ity of a ligand–protein complex structure over time, the 
RMSD is determined [51]. The ligand–protein complex’s 
stable interaction was shown by the RMSD analysis of the 
ethyl 5-oxo-2-pyrrolidinecarboxylate-PLpro and Mpro 
complexes, which were performed using a protein and 
ligand fit on protein backbone (Fig. 5A and B). Table 4 and 
Fig.  5A demonstrate that the RMSD of the Mpro back-
bone ranged from 0.0004952–0.3934001 nm, whereas the 
RMSD of the ethyl 5-oxo-2-pyrrolidinecarboxylate lig-
fit on protein was between 0.0005589 and 8.093586 nm. 
The ethyl 5-oxo-2-pyrrolidinecarboxylate lig-fit on pro-
tein RMSD ranged between 0.000557–11.5442219  nm, 
whereas the protein backbone RMSD ranged between 
0.0005053–5.6615124  nm (Table  4, Fig.  5B). The RMSD 
value of PLpro was found to be much more stable. The 
protein’s backbone trajectory’s secondary structural vari-
ation is determined using the RMSF analysis [52]. The 
backbones of the Mpro-ligand and PLpro-ligand com-
plexes had RMSF values ranging from 0.0433–1.0568 and 
1.4328–6.1267 nm, respectively (Table 4, Fig. 5A and B). 
The range of the ligand’s Rg with both proteins was found 
to be 0.23114–0.27668  nm and 0.229083–0.272896  nm, 
respectively. The number of H-bonds between ligand and 
protein was counted throughout each simulation frame 
[53]. A maximum of four H-bonds were present in the 
ethyl 5-oxo-2-pyrrolidinecarboxylate-Mpro complex 
throughout 100  ns MD simulation (Fig.  2A). Whereas 
ethyl 5-oxo-2-pyrrolidinecarboxylate-PLpro complex 
maximum displayed 6 H-bonds and for the majority 
of the time frame it maintained 4 H-bond throughout 
100 ns MD simulation (Fig. 3D). This allowed for a notice-
ably more stable configuration. SASA provides a crucial 
explanation of ligand binding. The amount of the ligand 
SASA value reduction indicates whether the ligand is 
thoroughly buried after binding to the pocket. The SASA 
value for both complexes ranged between 3.056–4.08 
and 3.106–4.155  nm2, respectively (Table 4, Fig. 2A and 
B). The change in free energy is a very important physical 
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Fig. 5 MD simulation trajectory of (A) ethyl 5-oxo-2-pyrrolidinecarboxylate- Mpro and (B) ethyl 5-oxo-2-pyrrolidinecarboxylate- PLpro complex 
at 100 ns. (i, vii) RMSD value of Mpro and PLpro unbound (black) with ligand (Red), respectively. (ii, viii) RMSF value of Mpro and PLpro backbone 
residue, respectively (iii, ix) Plot of hydrogen bond of the ligand–protein complex. (iv, x) Rg of ligand (v, xi) SASA of both complex (vi, xii) Interaction 
energy of both complex
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component that affects many biological processes [54]. 
The short-range Lennard–Jones energy (LJ-SR) and Cou-
lombic energy (Coul-SR) were used to extract the interac-
tion energy between ligands and proteins. For the ethyl 
5-oxo-2-pyrrolidinecarboxylate-Mpro complex, the aver-
age Coul-SR interaction energy was -15.46 ± 20.11 kJ/mol; 
the LJ-SR energy was determined to be -44.13 ± 34.09 kJ/
mol and the total interaction energy was measured to be 
-59.59 ± 27.07. The average Coul-SR interaction energy 
and LJ-SR energy of the ethyl 5-oxo-2-pyrrolidinecar-
boxylate-PLpro complex were -29.50 ± 33.25  kJ/mol 
and -55.96 ± 22.79  kJ/mol, respectively. The total inter-
action energy of this complex was determined to be 
-85.46 ± 28.02 kJ/mol (Table 4, Fig. 4A and B).

Toxicity profile and physicochemical properties
Table  4 displays the physicochemical characteristics of 
PGP phytoconstituents. For an orally active drug, Lipin-
ski should have no or only one violation [55]. Four phy-
toconstituents showed no violations while the remaining 
four components of PGP showed only one violation of 
Lipinski’s rule of five. HCQ, on the other hand, showed 
showed no violation. The oral absorption rate, or the per-
centage of pharmaceuticals that pass through the portal 
vein and into the bloodstream from the gastrointestinal 
lumen, is represented by the percentage of medications 
that are absorbed [56]. The results of activity spec-
tra for drugs show that more than > 50% of the medi-
cine is available in the gastrointestinal lumen (Table  1; 
Column 3). TPSA can be used as a useful molecular 
descriptor in the research of drug transport qualities 
including blood–brain barrier (BBB) penetration and 
intestinal absorption. Additionally, it is a good indica-
tor of how well-absorbed pharmaceuticals will be by 

cells. TPSA  contributes to a molecule’s surface area—
typically van der Waals—namely oxygen, nitrogen, and 
their accompanying hydrogen atoms [57]. Molecules 
with polar surface areas over 160 Å are frequently hard 
to get through cell membranes. Interestingly, Table  4 
shows that all phytoconstituents had TPSA values less 
than 160 Å, indicating sufficient absorption through the 
intestinal wall. The toxicity potential and drug-likeness 
of PGP phytocomponents are shown in Tables  5 and 6. 
The findings showed that, except for a few values, all phy-
tocomponents are found to be safe without any known 
mutagenic, tumorigenic, harmful effects on reproduc-
tion, or irritant properties. The current computational 
analysis of PGP constituents revealed many benefits and 
drawbacks for distinct parts; nonetheless, the majority of 
the phytocomponents exhibited potent antiviral activity 
and drug-like characteristics.

Conclusions
In conclusion, phytochemical analyzed by GC–MS 
technique showed nineteen phytoconstituents of dif-
ferent groups namely pyridine, imidazole, alpha amino 
acid esters, polyphenols, fatty acid ester, aliphatic 
hydrocarbons, tocopherol and phytosterol, and their 
derivatives. The top ten hits of PGP phyto-active com-
ponents showed a potent binding affinity with Mpro 
and the top six hits with PLpro protein of SARS-CoV-2. 
Throughout a 100 ns simulation, the best-docked com-
plex, ethyl 5-oxo-2-pyrrolidinecarboxylate, with PLpro 
and Mpro proteins, exhibited almost stable interac-
tion. Interestingly, most of the phytoconstituents dis-
played orally active drug with and drug-likeness with 
no non-tumorigenic activity. In addition, PGP inhib-
its the human lung cancer A549 cells without any 

Table 4 MD simulation properties of Ethyl 5-oxo-2-pyrrolidinecarboxylate- Mpro complex and Ethyl 5-oxo-2-pyrrolidinecarboxylate- 
PLpro complex

S. No MD simulation properties Ethyl 5‑oxo‑2‑pyrrolidinecarboxylate‑ 
Mpro complex

Ethyl 5‑oxo‑2‑
pyrrolidinecarboxylate‑ 
PLpro complex

1 RMSD protein Backbone (nm) 0.0004952–0.3934001 0.0005053–5.6615124

2 RMSD lig-fit on protein (nm) 0.0005589–8.093586 0.000557–11.5442219

3 RMSF protein Backbone (nm) 0.0433–1.0568 1.4328–6.1267

4 Radius of gyration (nm) 0.229083–0.272896 0.23114–0.27668

5 Solvent Accessible Surface  (nm2) 3.056–4.08 3.106–4.155

6 Coul-SR: Protein-LIG (kJ/mol) -15.46 ± 20.11 -29.50 ± 33.25

7 LJ-SR:Protein-LIG (kJ/mol) -44.13 ± 34.09 -55.96 ± 22.79

8 Total interaction energy (kJ/mol) -59.59 ± 27.07 -85.46 ± 28.02



Page 16 of 19Barkat et al. BMC Complementary Medicine and Therapies           (2025) 25:32 

Ta
bl

e 
5 

PA
SS

 a
na

ly
si

s 
of

 le
ad

 m
ol

ec
ul

es
 o

f P
G

P 
ex

tr
ac

t

a  P
er

ce
nt

ag
e 

ab
so

rp
tio

n 
w

as
 c

al
cu

la
te

d 
as

: %
 A

bs
or

pt
io

n 
=

 1
09

- [
0.

34
5x

To
po

lo
gi

ca
l P

ol
ar

 S
ur

fa
ce

 A
re

a]
b  To

po
lo

gi
ca

l p
ol

ar
 s

ur
fa

ce
 a

re
a 

(d
efi

ne
d 

as
 a

 s
um

 o
f s

ur
fa

ce
s 

of
 p

ol
ar

 a
to

m
s 

in
 a

 m
ol

ec
ul

e)
c  L

og
ar

ith
m

 o
f c

om
po

un
d 

pa
rt

iti
on

 c
oe

ffi
ci

en
t b

et
w

ee
n 

n-
oc

ta
no

l a
nd

 w
at

er

Li
pi

ns
ki

’s 
ru

le
 o

f 5
 (P

hy
si

co
ch

em
ic

al
 P

ro
pe

rt
ie

s)

S.
 N

o
Ph

yt
oc

on
st

itu
en

ts
%

 A
bs

or
pt

io
na

(>
 5

0%
)

To
po

lo
gi

ca
l P

ol
ar

 
Su

rf
ac

e 
A

re
a 

(Å
)2  

(T
PS

A
)b

(<
 1

60
 Å

)

M
W

 (<
 5

00
)

c 
lo

gP
c  (<

 5
)

H
ea

vy
 

at
om

 
co

un
t

(n
 a

to
m

)

H
yd

ro
ge

n 
Bo

nd
 

D
on

or
s

(n
O

H
N

H
) 

(≤
 5

)

H
yd

ro
ge

n 
Bo

nd
 

A
cc

ep
to

rs
 (n

O
N

)
(≤

 1
0)

N
um

be
r o

f 
Ro

ta
ta

bl
e 

bo
nd

s
(≤

 1
0)

Li
pi

ns
ki

’s 
vi

ol
at

io
n

1
1-

A
m

in
o-

4-
m

et
hy

lp
ip

er
az

in
e

97
.7

8
32

.5
0

11
5.

18
-0

.3
8

8
2

3
0

0

2
5H

-im
id

az
ol

e-
4-

ca
rb

ox
yl

ic
 a

ci
d,

 
5-

am
in

o-
, e

th
yl

 e
st

er
82

.4
1

77
.0

6
15

5.
16

11
2

5
3

0

3
Et

hy
l 5

-o
xo

-2
-p

yr
ro

lid
in

ec
ar

bo
xy

la
te

89
.8

8
55

.4
0

15
7.

17
0.

05
11

1
4

3
0

4
O

le
ic

 A
ci

d
96

.1
3

37
.3

0
28

2.
47

7.
58

15
1

2
15

1

5
Et

hy
l O

le
at

e
99

.9
2

26
.3

0
31

0.
52

8.
24

22
0

2
17

1

6
C

ho
le

st
a-

4,
6-

di
en

-3
-o

l, 
(3

.b
et

a.
)

10
2.

02
20

.2
3

38
4.

65
7.

11
28

1
1

5
1

7
Vi

ta
m

in
 E

98
.8

3
29

.4
6

43
0.

72
9.

04
31

1
2

12
1

8
St

ig
m

as
ta

-5
,2

2-
di

en
-3

-o
l

10
2.

02
20

.2
3

41
2.

70
7.

87
30

1
1

5
0

9
H

yd
ro

xy
ch

lo
ro

qu
in

e
92

.3
02

48
.4

33
5.

9
3.

08
23

2
4

9
0



Page 17 of 19Barkat et al. BMC Complementary Medicine and Therapies           (2025) 25:32  

known toxicity to normal cells. The leading cause of 
cell death was the stimulation of ROS by PGP extract, 
which caused  cell cycle arrest and ultimately apopto-
sis. The finding of the study suggests that pomegran-
ate peel could act as a dual agent targeting lung cancer 
cell death as well as COVID-19 pathogenesis, however, 
additional research is required to confirm their effects.
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