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ABSTRACT

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the causative agent of COVID-19,
continues to pose a global health challenge, prompting the search for novel antiviral agents. The present
study investigated the phytochemical composition and antiviral potential of Wrightia tinctoria against
SARS-CoV-2. Extracts of leaf, bark, and root obtained using methanol, aqueous, and petroleum ether
solvents were subjected to proximate, phytochemical, and quantitative analyses. Methanol extracts
showed the highest yields, while aqueous extracts were rich in flavonoids, phenols, and tannins. GC—
MS/MS profiling identified key bioactive compounds including y-sitosterol, stigmasterol, campesterol,
lupeol, and phytol, along with triterpenoids and fatty acid esters, known for their immunomodulatory
and antiviral properties. Molecular docking revealed strong binding affinities of these compounds with
SARS-CoV-2 target proteins ACE2, TMPRSS2, 3CLpro, PLpro, and RdRp, indicating their potential to
inhibit viral entry and replication. Stigmasterol exhibited the most potent multi-target interactions, high-
lighting its role as a promising lead compound. Overall, W. tinctoria demonstrates significant potential
as a natural source of antiviral agents against COVID-19.

Keywords: SARS-CoV-2, GC-MS/MS, Molecular docking, Antiviral activity

1. Introduction

The exploration of natural sources for new safe and effective pharmaceutical broad spectrum antiviral candi-
dates against widespread Severe Acute Respiratory Syndrome Coronavirus - SARS-CoV-2 is desirable.
Currently, viral infection is the most serious health issue especially SARS-CoV-2 a B-Coronavirus, caused
severe and life-threatening respiratory infections in humans which caused unexpected higher rate of death
across the globe [1]. SARS-CoV-2, a zoonotic positive-sense single-stranded RNA (+ssRNA) enveloped
virus invade the pulmonary epithelial cells of the Upper respiratory system (Shah ez al., 2020) [2].

Its spike (S) protein is cleaved into S1 and S2 subunits, which attach to the receptors and facilitate mem-
brane fusion. Viral genetic materials are then delivered to the host's cytoplasm through the membrane fusion
pore so that they can multiply (Jackson ef al., 2022) [3]. These viral proteins can be the primary targets of ef-
fective drugs to suppress viral entry and replication. Only a few antiviral therapeutic drugs may be helpful in
controlling the spread of SARS-CoV-2 infection. Unfortunately, the toxicities, countless adverse effects, ex-
penses and ineffective responses of emerging viral resistant strains to synthetic antiviral drugs have rein-
forced the search of effective and affordable alternative treatment options, such as plant-derived antiviral
drug molecules (Kurokawa et al., 2010) [4].

The quest for novel antiviral phyto-compounds depends on the comprehensive screening of plant derived
metabolites that comprises several functional bioactive compounds that can impede viral reproduction
through modulating the immune responses of host against viral infections without affecting the host physiol-
ogy with minimal side effect (Kurokawa et al., 2010; Hussain ez al., 2017; Newton et al., 2016) [4:5: 6],
Various literatures stated that W. tinctoria, an important medicinal plant with rich source of phytochemical
constituents used for the treatment of variety of diseases and found effective against severe viral diseases
(Devi et al., 2014; Vignesh et al., 2022) [7- 81, Considering the broad biological activity of W. tinctoria, the
present study intended to explore the bioactive compounds of the W. tinctoria leaf, bark, and root extracts
against SARS CoV-2, causative for pandemic COVID-19 through molecular docking via protein-ligand in-
teractions analysis.

SARS-CoV-2 and Middle East respiratory syndrome coronavirus (MERS-CoV) are zoonotic -corona
viruses that continue to have a significant impact on public health. Timely development and introduction of
vaccines and antivirals against SARS-CoV-2 into the clinic have substantially mitigated the burden of
COVID-19. However, rapidly arising SARS-CoV-2 variants calls for an expanded and diversified portfolio
of antivirals, such as direct-acting antivirals (DAAs) against SARS-CoV-2 variants, the unprecedented pub
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lic health and economic impact of the COVID-19 pandemic caused
by infection of SARS-CoV-2 has been met with an equally unprece-
dented scientific response.

2. Materials and Method

2.1. Collection and preparation of plant materials

The leaf, stem bark and root of W. tinctoria were collected from
Periya Thadagam, Coimbatore district, Western Zone of Tamil Nadu
situated between 11°03°32.2” N latitude and 76°50°59.8” E longitude.
The collected plant samples were shade dried at room temperature,
ground into fine powder and stored for further experimental analysis.

Figure 1. Collection of W. tinctoria leaves, stem and root

2.2. Preparation of the extracts

The powdered plant samples of W. tinctoria leaf, stem and root (20 g
each) were subjected to hot extraction with 350 ml of solvents i.e.
aqueous, methanol and petroleum ether using Soxhlet apparatus at 65-
80 °C for 8-10 h. The solvents were evaporated in rotary vacuum
evaporator until complete removal of solvents and stored at 4 °C for
further use. The extracts were dissolved in respective solvents while
experimentation to get the solution with a concentration of
10 mg/10 ml.

2.3. Proximate analysis
The analysis of the proximate composition of W. tinctoria leaf, stem
bark and root was carried out using the standard method.

2.4. GC/MS/MS analysis

The GC-MS/MS analysis was performed using a Varian 3800 coupled
with a Mass spectrum 4000 GC-MS/MS system equipped with a
fused silica capillary column (15m x 0.2 mm ID x 1pm) linked to an
EI detector. Helium gas (99.99% purity) was used as a carrier gas at a
constant flow rate of 1 ml/min and the sample injected was 1ul; the
instrument was set to an initial temperature of 110 °C, and maintained
at this temperature for 2 min. Then the oven temperature was rose up
to 280 °C, at the rate of an increase of 5 °C/min, and maintained for 9
min. Injection port temperature was ensured as 250 °C. The ionization
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voltage was 70eV. The samples were injected in split mode as 10:1.
Mass spectral scan range was set at 45-450 (m/z). Using computer
searches on a NIST Ver.2.1 MS data library and comparing the spec-
trum obtained through GC-MS/MS, the bioactive compounds present
in the plants sample were identified. The name, molecular weight and
structure of the components were ascertained from these comparisons.

2.5. In silico docking for binding efficacy of SARS CoV-2
proteins

The three-dimensional (3D) structures of receptor proteins were re-
trieved from the RCSB Protein Data Bank (https://www.rcsb.org/) in
pdb format. The molecular docking analysis was performed as previ-
ously described by Ganesan er al., 2020. The Schrodinger virtual
screening tool software was used to predict the conformation of the
target ligands within the appropriate target binding site of SARS-
CoV-2 protein (3CLpro, ACE2, RdRp, TMPRSS2 and PLpro). The
structures retrieved from the RCSB protein data bank was a monomer
with co-crystallized ligand. The proteins were prepared by using the
protein preparation wizard by refining bond orders, addition of hydro-
gens, and deleting water molecules beyond SA, and missing chains
are included by using the prime module of Schrédinger suite 2019-4
(Kumar et al., 2022) ], Protein minimization was performed using
optimized potentials for liquid simulations (OPLS3) molecular force
field with RMSD of crystallographic heavy atoms kept at 0.30 A. A
grid box was generated to define the centroid of the active site. All the
compounds were docked into the catalytic pocket of 3CLpro, ACE2,
RdRp and PLpro by using the Glide module of Schrédinger suite
2019 in extra precision (XP) mode. The ligands with significant Glide
scores ( < — 4.0) were considered to have more binding affinity to-
wards SARS-CoV-2 protein involved in the coronavirus disease -
COVID 19 pathway (Vellanki ez al., 2018) [10],

3. Results and Discussion

3.1. Extract yield

The extraction yield of W. tinctoria was influenced by both the type
of solvent and the plant part used. Methanol extracts showed the high-
est yields in all parts tested, followed by aqueous, while petroleum
ether consistently produced the lowest values. In leaves, the yield was
0.76% in methanol, 0.32% in aqueous, and 0.11% in petroleum ether.
Bark extracts recorded the maximum yield in methanol (0.82%), with
comparatively lower values in aqueous (0.21%) and petroleum ether
(0.10%). Similarly, root extracts gave 0.68% in methanol, 0.31% in
aqueous, and 0.08% in petroleum ether. The consistently higher yield
obtained with methanol can be attributed to its ability to solubilize a
wide range of phytochemicals due to its polarity, whereas aqueous ex-
traction recovered mainly hydrophilic constituents and petroleum
ether extracted fewer non-polar compounds (Nagarajan et al., 2016)
111 Among the plant parts, bark gave a slightly higher methanol yield
compared to leaves and roots, which may reflect its richer composi-
tion of bioactive metabolites such as alkaloids and tannins. These
findings suggest that methanol is the most effective solvent for recov-
ering phytoconstituents from W. tinctoria and can be considered the
preferred choice for further phytochemical and biological evaluations.
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Table 1. Plant extract preparation and determination of yield

Parts used
Leaf

Solvent System (mL)
Aqueous

Methanol

Petroleum ether
Bark Aqueous
Methanol
Petroleum ether
Root Aqueous
Methanol

Petroleum ether

Yield (%)*
0.32+0.01

0.76 £ 0.02
0.11 +£0.02
0.21 +0.01
0.82 £ 0.01
0.10 £0.02
0.31+0.02
0.68 +0.01
0.08 £0.02

3.2. Proximate analysis

The phytochemical profiling of W. tinctoria extracts revealed the
presence of key secondary metabolites such as flavonoids, phenols,
sterols, saponins, tannins, and terpenoids, which are known for their
broad-spectrum bioactivities and potential antiviral effects. Among
the plant parts tested, root aqueous extract exhibited the highest diver-
sity of compounds (seven classes), while bark methanolic extract was
also rich in metabolites, highlighting the influence of solvent polarity
on compound recovery. Flavonoids and phenolic compounds, consis-
tently detected across different extracts, are of particular interest due
to their reported ability to interfere with viral entry, replication, and

protease activity in SARS-CoV-2. Terpenoids and sterols, detected
mainly in methanolic and petroleum ether extracts, have also been
linked to membrane stabilization and inhibition of viral enzymes. The
presence of alkaloids and saponins further strengthens the antiviral
potential, as these compounds are known to modulate immune re-
sponses and disrupt viral envelopes. The phytochemical diversity ob-
served in W. tinctoria suggests its potential as a source of natural
compounds that could be further explored for inhibitory effects
against SARS-CoV-2 through in vitro and in silico approaches, em-
phasizing its relevance in the search for plant-based therapeutics dur-
ing the COVID-19 pandemic.

Table 2. Phytochemical screening of the W. tinctoria extracts

S. Plant Solvent Phytochemicals
No. parts system . . . . . . )
used Alkaloids Flavonoids Tannins Saponins Sterols Phenols Glycosides Proteins Carbohydrates Terpenoids Tot
1 Leaf Methanol - + - - + + . T _ +
Pet. ether - + - - + + - - - +
Aqueous - + - - + + - + - +
2 Bark Methanol + + - + + - - + - +
Pet. ether - + - - - + - - + +
Aqueous - + - + - - - + + +
3 Root Methanol - + + + + + - - - +
Pet. ether - + + - - + - - - T
Aqueous + + + + + + - - - +

=N B B BN B D

The quantitative phytochemical evaluation of W. tinctoria revealed
solvent- and tissue-specific variations that are relevant to antiviral ap-
plications, particularly against SARS-CoV-2. Leaf aqueous extracts
showed the highest flavonoid (0.680 = 0.002 mg/g) and phenolic
(4.274 + 0.002 mg/g) contents, while petroleum ether extracts con-
tained notable levels of steroids (1.008 £ 0.01 mg/g), compounds re-
ported to modulate viral replication. Bark extracts were especially
rich in phenols when extracted with petroleum ether (6.952
+ 0.004 mg/g), whereas methanol favored flavonoid recovery (0.820
+ 0.002 mg/g). Root extracts exhibited remarkable levels of tannins
(2.284 £ 0.002 mg/g) and phenols (5.129 + 0.03 mg/g) under aqueous
solvents, alongside moderate flavonoid recovery. The high content of
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flavonoids and phenols across leaf, bark, and root is of particular in-
terest, as these metabolites have been widely associated with inhibi-
tion of SARS-CoV-2 main protease (Mpro) and spike—~ACE2 interac-
tions, thereby suppressing viral entry and replication. Similarly, tan-
nins and terpenoids, especially abundant in roots and leaves, are
known to disrupt viral proteins and enhance host immune defense.
These findings suggest that W. tinctoria is a promising source of di-
verse phytoconstituents with potential inhibitory roles against SARS-
CoV-2, and the observed solvent-dependent variation provides a sci-
entific basis for selecting appropriate extraction systems for antiviral
drug development.
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Table 3. Quantitative analysis of extracts of W. tinctoria plant samples

S. Plant solvents Phytochemicals
No parts
Flavonoids Tannins Steroids
(mg/g) (mg/g) (mg/g)
1 Leaf ME 0.400 + 0.02 0.000 £ 0.000 0.564 +0.001
PE 0.500+0.01 0.000 £ 0.000 1.008 + 0.01
AE 0.680 + 0.002 0.000 £ 0.000 0.001 +0.001
2 Bark ME 0.820 = 0.002 0.000 £ 0.000 0.345+0.001
PE 0.740 + 0.001 0.000 £ 0.000 0.000 £ 0.000
AE 0.260 = 0.002 0.000 £ 0.000 0.000 £ 0.000
3 Root ME 0.070 = 0.02 1.572 £ 0.04 0.574 +£0.001
PE 0.930 + 0.001 0.541 +0.002 0.000 £ 0.000
AE 0.870 = 0.002 2.284 +0.002 0.001 +0.001

Phenols
(mg/g)

2.685 +0.003
0.310+0.01
4.274 £ 0.002
0.000 £+ 0.000
6.952 +0.004
0.000 + 0.000
3.744 £ 0.02
0.375+0.001
5.129 + 0.03

Terpenoids
(mg/g)

0.225 £ 0.001
0.007 £ 0.001
0.036 £ 0.002
0.013 £0.002
0.013+£0.02
0.028 £0.03
0.000 + 0.000
0.006 + 0.002
0.104 +£0.02

3.3. GC-MS/MS analysis

The GC-MS/MS analysis of W. tinctoria methanolic extracts of leaf,
bark, and root revealed a wide spectrum of bioactive compounds with
potential antiviral implications against SARS-CoV-2 (Figure 2 &
Table 4-6). Leaf extracts were dominated by phytosterols such as y-
sitosterol (46.05%), campesterol (10.49%), and stigmasterol (7.49%),
along with triterpenoid 12-oleanen-3-yl acetate (17.38%), all of which
have been reported to exhibit immunomodulatory and viral enzyme
inhibitory activities, particularly against SARS-CoV-2 main protease
(Mpro) and RNA-dependent RNA polymerase. Bark extracts showed
an even higher abundance of oleanane-type triterpenoids including
12-oleanen-3-yl acetate (32.23% and 13.93%) and lupeol acetate
(28.24%), compounds known to disrupt viral protein assembly and

modulate host inflammatory pathways, which are critical in COVID-
19 pathology. Additionally, bark extracts contained germanicol and
cycloartane derivatives, triterpenes previously linked with antiviral
and anti-inflammatory properties. Root extracts were enriched in fatty
acid esters such as ethyl oleate (11.63%) and hexadecanoic acid ethyl
ester (8.56%), alongside sterols like cholest-5-en-3-ol (7.10%) and
stigmasterol, suggesting roles in maintaining membrane integrity and
interfering with viral entry. The consistent detection of phytosterols,
triterpenoids, and fatty acid derivatives across different plant parts
highlights W. tinctoria as a promising reservoir of phytoconstituents
capable of modulating viral replication, protease activity, and host im-
mune response. These findings provide a biochemical rationale for
further in vitro and in silico validation of W. tinctoria compounds as
potential therapeutic candidates against SARS-CoV-2.
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Figure 2. GC-MS Chromatogram of W. tinctoria; A- Leaf, B-Bark, C-Root
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Table 4. GC/MS/MS analysis of methanol extract of leaf sample of W. tinctoria

S. No

1

10

12

13

Retention time Name of compound

(min)
12.949

14.283

16.540

16.761

16.966

22.713

30.091

31.415

33.630

34.200

35.798

36.088

36.930

Aspidospermidine-3-carboxylic
acid, 2,3-didehydro-1-methyl-,
methyl ester,
(5.alpha.,12.beta.,19.alpha.)-

Hexadecanoic acid, methyl ester

9,12-Octadecadienoic acid (Z,Z)-,
methyl ester

Phytol

Octadecanoic acid, methyl ester

Docosanoic acid, methyl ester

Beryllium, .mu.4-oxohexakis[.mu.-
(propanoato-O:0')]tetra-

Silanamine, N-[(17.beta.)-3,17-
bis[(trimethylsilyl)oxy]estra-
1,3,5(10)-

Campesterol

Stigmasterol

y.-Sitosterol

12-Oleanen-3-yl acetate, (3.alpha.)-

Stigmasterol

% of
total

1.082

1.723

1.050

1.286

1.191

2.126

3.039

2.661

10.490

7.490

46.056

17.389

3.915

Molecular
Weight
352

270

294

296

298

354

490

503

400

412

414

468

412

Molecular Structure
Formula
CoHygN202
[
_d
)
C17H340, -
VW\N\
[+]
C19H340;
[+]
C0H400

C19H3530;

C23Hy602

CigH3pBe4O13

Cr7H49NO,Si3

CpgHag0

Co9HygO

Ca9H500

C32H520,

Cr9Hag0

HO
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Table 5.GC/MS/MS analysis of methanol extract of bark sample of W. tinctoria

S.No Retention time Name of compound % of total Molecular Molecular Structure
(min) Weight Formula
1 14.881 Phthalic acid, butyl 2-pentyl 0.767 292 C17H404

ester

2 15.212 Hexadecanoic acid, ethyl 2.625 284 C1gH3607 VW
ester

amm//sdpy woly papeoumo( (6)8 ‘9707 £667997

o

3 17.533 9,12-Octadecadienoic acid,  0.862 308 CyoH3607 W
ethyl ester [ 3
4 17.614 Ethyl Oleate 3.068 310 CyoH350, ‘ar/w\)jr( z
5 17.704 Ethyl Oleate 0.909 310 CaoH330 \WJ/H, §
o
6 17.978 Heptadecanoic acid, 15- 1.842 312 CyoH4007 g %
methyl-, ethyl ester W 2
o g
7 24.446 Germanicol 1.748 410 C30H500 é
g
8 24.724 12-Oleanen-3-yl acetate, 3.959 468 C3,H5,0, %
(3.alpha.)- &
9 24.802 12-Oleanen-3-yl acetate, 7.034 468 C3pH57,0, 2
(3.alpha.)- ;i
o é
10 25.360 9,19-Cyclolanostan-3-ol, 24- 1.265 482 C33H540, é_
methylene-, acetate, )
(3.beta.)- ;
11 27.203 12-Oleanen-3-yl acetate, 32.231 468 C3,H57,0, E
(3.alpha.)- g
o
12 27.289 12-Oleanen-3-yl acetate, 13.933 468 C3,H57,0, g
(3.alpha.)- g

(continued on next page)
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13 27.366 Lup-20(29)-en-3-ol, acetate, 28.247 468 C3pH57,0,
(3.beta.)-/ Lupeol
O
14 27.845 1-Bromodocosane 0.318 388 CopHysBr NSNS
Table 6. GC/MS/MS analysis of methanol extract of Root sample of W. tinctoria
S. No Retention time Name of compound % of Molecular Molecular Structure
(min) total Weight Formula
1 11.602 2,3-Di-O-methyl-p- 44.688 178 C7H 405
xylopyranose
2 12.702 Oleic Acid 0.633 282 CigH340;
3 14.860 Phthalic acid, butyl tridec-  9.690 400 Cy5H3604
2-yn-1-yl ester
4 15.204 Hexadecanoic acid, ethyl ~ 8.564 284 C1gH360,
ester
5 17.532 9,12-Octadecadienoic acid 2.838 354 Cy1H3504
(Z,2)-, 2,3-dihydrox-
ypropyl ester
6 17.604 Ethyl Oleate 11.630 310 CyoH330,
7 17.695 Ethyl Oleate 3.862 310 CyoH330,
8 17.964 Heptadecanoic acid, 15- 6.693 312 CyoH4002
methyl-, ethyl ester
9 22.342 Tritetracontane 1.654 604 Cy3Hgg
10 22.909 1,2-Benzenedicarboxylic ~ 2.534 330 CyoHp604
acid, dicyclohexyl ester
11 33.876 5-Cholestene-3-ol, 24- 7.109 400 CogHygO
methyl-
12 34.446 Stigmasterol 0.105 412 Cy9Hyg0

3.4. Molecular docking of W. tinctoria plant samples

GC-MS/MS analysis of various parts of the medicinal plant W. tincto-
ria revealed the presence of various compounds having biological ac-
tivities such as antimicrobial, anti-inflammatory, anticancer, antibac-
terial, anthelmintic, hepatoprotective, immune potential, antipyretic,
antioxidant, antifungal, anticancer, anti-HIV  activity etc.
Phytocompounds  viz., Phytol, = Gamma-sitosterol,  Lupeol,
Campesterol and Stigmasterol were reported to have antiviral activity.
To confirm the viral inhibitory activity of these compounds, molecu-
lar docking study was conducted to evaluate their Binding affinity
against the targeted proteins which somehow or other play’s crucial
role in reducing or blocking the activity of SARS-CoV-2. Molecular
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docking of the four targeted proteins viz., Angiotensin-converting en-
zyme 2 (ACE2), 3-chymotrypsin like protease (3CLpro), papain-like
protease (PLpro) and RNA-dependent RNA polymerase (RdRp)
which play crucial role in viral entry into the host cell and indispens-
able for the replication revealed that Stigmasterol exhibited a remark-
able binding affinity towards all the four targeted protein selected for
the study, followed by Lupeol. From the study it was found that the
candidate drug compounds campesterol, y-sitosterol, lupeol, phytol
and stigmasterol were exhibited significant binding affinity and se-
cured great gliding score energy against the protein target such as
ACE2, 3CLpro, RdRp, TMPRSS2 and PLpro as antiviral agents and
suppressed by inhibiting the viral functions such as facilitates the
virus spike protein especially receptor binding unit of Spike protein to
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bind on the nasal epithelial cell wall which may be a foundation for
discovering natural products-based drugs against COVID-19. They
also significantly bounded with active sites of viral proteins and in
turn which shall suppresses the viral metabolic pathways. All the an-

https://www.biologyjournal.net

tiviral compounds identified have rmsd/ub and rmsd/pb value < 2 A.
W. tinctoria with five promising antiviral compounds can be consid-
ered as an effective source for healthcare products.

Bonding profile of Gamma-sitosterol with 3CLpro
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Figure 3. 3D and 2D interaction of Gamma-sitosterol with 3CLpro and TMPRSS?2 protein

The ligand y-sitosterol was reported in methanol extract of W. tincto-
ria leaf (46.056 %). y-sitosterol was reported to be effective against
3CLpro Protein. The ligand gamma-sitosterol showed binding affinity
of -7.4 kcal/mol with 3CLpro protein, -8.3 kcal/mol with ACE2 re-
ceptors and -6.5 kcal/mol with TMPRSS2 receptors. y-sitosterol
formed two conventional hydrogen bond with the amino acid residues
Glu 152 and Lys 103 with the single hydroxyl group attached with the
cyclo hexane ring of the ligand. Three amino acid residues Val 150,
Arg 294 and Met 6 formed alkyl bods and Gln 295, Glu 291, Gln 8,

Thr 290 and Ser 110 formed van der Waals bond with the receptor
3CLpro. y-sitosterol formed one hydrogen bond with Arg 253, three
alkyl/Pi-alkyl bond with His 325, Phe 484 and Val 323 and eight van
der Waals force with Leu 483, His 485, Trp 251, Tyr 108, Tyr 31, Ser
109, Ser 105 and Asn 488 amino acid residues of ACE2 receptor. y-
sitosterol formed two conventional hydrogen bond with Asn 84, four
alkyl and Pi-alkyl bond with Val 138, Ala 135, Lys 253 and Phe 248
and five van der Waals force with Tyr 87, Ile 134, Phe 86, Asn 85 and
pro 254 amino acid residues of TMPRSS2 receptor (Table 7).

Table 7. Binding profile of y-sitosterol with the receptors

S. No. Receptor Binding affinity = Hydrogen bond
Kcal/mol
1. 3CLpro -7.14 2
Glu 152, Lys 103
2. ACE2 -8.3 1
Arg 253
3. TMPRSS2 -6.5 2
Asn 84

Alkyl/ Pi-alkyl  Van der Waals force/bond

bond

3 5

Val 150, Arg 294  GIn 295, Glu 291, GIn 8, Thr 290, Ser110

and Met 6

3 8

His 325, Phe 484. Leu 483, His 485, Trp 251, Tyr 108, Tyr 31, Ser
Val 323 109, Ser 105, Asn 488

4 5

Val 138, Ala 135, Tyr 87, Ile 134, Phe 86, Asn 85, pro 254

Lys 253, Phe 248
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Bonding profile of Lupeol with 3CLpro
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Figure 4. 3D and 2D interaction of Lupeol with 3CLpro and ACE2 receptors

Lupeola naturally occurring pentacyclic triterpenoid and potential en-
try inhibitor against spike protein of SARS-CoV-2. It is also consid-
ered as potential ligands for SARS-CoV-2 spike antagonists and re-
duces pro-inflammatory cytokines. Lupeol was identified and quanti-
fied in W. tinctoria leaf (17.389 %). Lupeol showed Binding affinity
of -8.8 Kcal/mol with 3CLpro, -8.0 Kcal/mol with ACE2 and -7.2
Kcal/mol with TMPRSS2 receptors (Table 40). Lupeol formed hydro-
gen bond between the hydroxyl group attached with the cyclo pentane
ring of the ligand and Val 26, three alkyl/pi-alkyl bond with His 41,
Leu 164 and Pro 188 and van der Waals bond with 11 amino acid
residues Asn 25, Gly 142, Cys 144, Thr 47, Ile 51, Asp 186, His 163,
Gln 187, Ala 141, Thr 48 and Glu 165 of 3CLpro receptor. Lupeol
formed one conventional hydrogen bond and one pi-sigma bond with
His 354 and 15 van der Waals bond with Glu 382, Arg 498, His 325,
Leu 483, Arg 253, Glu 129, Trp 251, Tyr 495, Glu 355, Glu 386, Pro
326, Thr 351, Phe 254, Glu 133 and Asp 249 of ACE2. Lupeol
formed conventional hydrogen bond with Asn 85, alkyl bond with Ala
135, nine van der Waals bonds Tyr 87, Asn 84, Phe 86, Pro 179, lle

134, Pro 254, Phe 248, Lys 253 and Asn 249 of TMPRSS2 (Table 8).
The study was compared with the studies conducted by several re-
search about the antiviral and biological properties of lupeol provides
significant activities against some harmful virus was reported to de-
crease the ROS level and restore the antioxidant enzyme activities in
mouse liver against chemical-induced oxidative stress [12]. Also, lu-
peol treatment is shown to induce growth inhibition and apoptosis in
HCC cell line, SMMC7721 (Maurya et al., 2020) 131, Though lupeol
has shown weak antiviral activities in several studies, it has served as
a lead drug for the generation of more effective compounds against
Influenza A and HSV [14]. On the contrary, lupeol isolated from
Strobilanthes cusia root has demonstrated a robust anti-HSV activity,
in vitro (Flekhter et al., 2004) [15], Notably, to the best of our knowl-
edge, the antiviral activity of lupeol against hepatitis viruses has not
been reported, so far. Nevertheless, lupeol (6.72 ug/mg) identified in
the antioxidant GSLE, could have a direct or indirect role in the
plant’s anti-HBV activity.

Table 8. Binding profile of Lupeol with the receptors

S. No. Receptor Binding affinity Hydrogen bond
Kcal/mol
1. 3CLpro -8.8 1
Val 26
2. ACE2 -8.0 I
His 354
3. TMPRSS2 -7.2 1
Asn 85

Alkyl / Pi- Van der Waals force/bond

alkyl bond

3 11

His 41, Leu Asn 25, Gly 142, Cys 144, Thr 47, 1le 51, Asp 186,

164, Pro 188 His 163, Gln 187, Ala 141, Thr 48, Glu 165

I 15

His 354 Glu 382, Arg 498, His 325, Leu 483, Arg 253, Glu
129, Trp 251, Tyr 495, Glu 355, Glu 386, Pro 326,
Thr 351, Phe 254, Glu 133, Asp 249

1 9

Ala 135 Tyr 87, Asn 84, Phe 86, Pro 179, Ile 134, Pro 254,

Phe 248, Lys 253 and Asn 249

The viral inhibitor phytol was reported in methanol extract W. tincto-
ria leaf (1.286 %) which work for corona virus and in the manage-
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ment of painful inflammatory diseases. Phytol formed conventional
hydrogen bond with three amino acid residues between hydroxyl
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group and Phe 111, Lys 5 and val 127, two carbon hydrogen bond
with Ser 110 and Met 6, alkyl bond with Met 6 and ten van der Waals
bond with Ala 7, Val 150, Asn 112, Gly 126, Gln 8, Glu 291, Arg 4,
Gln 295, Arg 294, Thr 290 of 3CLpro. Phytol formed conventional
covalent bond with Pro 326, two pi-alkyl bonds with Trp 329 and His
381, 8 van der Waals bonds with Asp 330, His 358, Ala 328, Thr 327,

https://www.biologyjournal.net

Asp 362, Tyr 365, Glu 355 and His 358 of ACE2. Phytol formed con-
ventional hydrogen bond with Phe 86 and seven van der Waals bonds
with pro179, Cys 136, Asn 249, Asn 85, Asn 84, Pro 254 and Asp 250
of TMPRSS2. The amino acid residue Ala 135 formed 4 alkyl/pi-
alkyl bonds, Lys 253 two bonds, Van 138, Phe 248 and Ile 134 each
one alkyl/pi-alkyl bond with TMPRSS2 (Table 9).

Bonding profile of Phytol with 3CLpro

Figure 5. 3D and 2D interaction of Phytol with 3CLPro and ACE2 receptors

Table 9. Binding profile of Phytol with the receptors

S. No. Receptor Binding affinity Hydrogen Carbon hy-  Alkyl/ Pi-alkyl bond Van der Waals force/bond
(Kcal/mol) bond drogen bond
1 3CLpro -5.2 3 2 1 10
Phe 111, Lys 5 Ser 110 Met 6 Met 6 Ala 7, Val 150, Asn 112, Gly 126,
and val 127 Gln 8, Glu 291, Arg 4, Gln 295, Arg
294, Thr 290
2 ACE2 -4.8 1 - 2 8
Pro 326 Trp 329, His 381- Asp 330, His 358, Ala 328, Thr 327,
Asp 362, Tyr 365, Glu 355, His 358
3 TMPRSS2 -53 1 - 5 7
Phe 86 Ala 135, Lys 253, Van  Pro 179, Cys 136, Asn 249, Asn 85,

138, Phe 248, Ile 134 Asn 84, Pro 254 Asp 250

Bonding profile of Stigmasterol with 3CLpro

Bonding profile of Stigmasterol with ACE2

......

Figure 7. 3D and 2D interaction of Stigmasterol with 3CLpro and ACE2 receptors

The ligand Stigmasterol, a phytosterol has been shown to exhibit in
vitro and in vitro anti-HIV activity by immunomodulatory mechanism
though stabilization of CD4" T-lymphocyte counts, and a significant
decrease in interleukin-6 level (Tanaka er al., 2004) [16]. Very re-
cently, antiviral effect of B-sitosterol isolated from cottonseed oil
against tobacco mosaic virus (TMV) is reported (Donald et al., 1997)

127

(171, Interestingly, B-sitosterol has been also shown to attenuate in
vitro chemical-induced hepatotoxicity [18] and cardiotoxicity by en-
hancing mitochondrial glutathione redox mechanism (Zhao et al.,
2018) [191. In line with this, our identification of stigmasterol
(16.72 pg/mg) as the abundant compound strongly supports its in vitro
antioxidative, hepatoprotective and anti-HBV activities, indepen
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dently or interdependently. It formed conventional hydrogen bond
with Val 26, two alkyl bond with Leu 164 and Ala 141, 17 van der
Waals bonds with Gln 187, Leu 164, Glu 165, Gln 191, Pro 188, Ser
189, Met 190, Leu 166, Gly 167, Thr 47, His 163, Cys 144, His 41,
Leu 27, Asn 25, Glu 118, Asn 24 of 3CLpro (Table 45). Stigmasterol
formed three alkyl/pi-alkyl bonds with val 323, Trp 251 and Phe 484
and 12 van der Waals bonds with Tyr 31, His 325, Glu 129, Met 250,
Asp 249, Phe 254, Arg 253, His 485, Ser 109, Tyr 108, Leu 125 and
Leu 483 of ACE2. Stigmasterol formed 11 van der Waals bonds with

https://www.biologyjournal.net

the amino acid residues Leu 263, Phe 262, lys 310, Tyr 217, Lys 221,
Asp 218, Lys 283, Ala 282, Gly 360, Thr 261 and Asp 218 of Plpro.
Stigmasterol one conventional hydrogen bond with Arg 184, alkyl/pi-
alkyl Phe 153, Ile 172 and pi-sigma bond Phe 153 of RdRp receptor.
Stigmasterol formed two conventional hydrogen bonds with Asn 84,
two each alkyl bonds with Ala 135 and Lys 253 and one alkyl bond
each with Val 138 and Pro 254 and eight van der Waals bonds with
the amino acid residues of Gly 137, Cys 136, Tyr 87, Phe 86, Phe
248, Asn 85, Ile 134 and Pro 179 of TMPRSS2 (Table 10).

Table 10. Binding profile of Stigmasterol with the protein receptors

S. No. Receptor Binding affinity Hydrogen Alkyl / Pi- Van der Waals force/bond
(Kcal/mol) bond alkyl bond
1. 3CLpro -7.4 1 2 17
Val 26, Leu 164 Ala Gln 187, Leu 164, Glu 165, Gln 191, Pro 188, Ser 189,
141 Met 190, Leu 166, Gly 167, Thr 47, His 163, Cys 144, His
41, Leu 27, Asn 25, Glu 118, Asn 24
2. ACE2 -9.1 - 3 12
Val 323, Trp Tyr 31, His 325, Glu 129, Met 250, Asp 249, Phe 254, Arg
251 Phe 484 253, His 485, Ser 109, Tyr 108, Leu 125, Leu 483
3. TMPRSS2 -7.4 Asn 84 Ala 135 Lys 8
253 Val 138 Gly 137, Cys 136, Tyr 87, Phe 86, Phe 248, Asn 85, Ile
Pro 254 134 and Pro 179
4 PLpro -7.5 - - 11
Leu 263, Phe 262, lys 310, Tyr 217, Lys 221, Asp 218, Lys
283, Ala 282, Gly 360, Thr 261 and Asp 218
5 RdRp -8.0 Arg 184 Phe 153, Ile -
172

Campesterol is a plant sterol separated from the methanol extract of
W. tinctoria leaf (10.49 percent) at 33.630 min. Molecular docking of
Campesterol against targeted proteins revealed that it showed a
Binding affinity of -7.6 Kcal/mol against 3CLpro and -8.6 Kcal/mol
against ACE2 and -6.9 Kcal/mol against TMPRSS2 receptors (Table
11). Campesterol formed conventional hydrogen bond between the
hydroxyl group and the amino acid residue Val 26, alkyl bond with
three ACE2 amino acid residues Leu 164, Pro 188 and Ala 141 and
van der Waals bond with 13 amino acid residues Glu 165, Gln 187,

128

Ser 189, Met 190, Leu 166, Thr 47, His 41, Cys 144, His 163. Leu 27,
Asn 25, Glu 118 and Gly 142 of the 3CLpro receptor. The ligand
Campesterol formed alkyl and pi-alkyl bonds with Ala 215, Arg 207,
Leu 206 and Phe 210 and van der Waals force with Phe 212, Ile 205
and Gyl 204 of the TMPRSS2 receptor. The ligand Campesterol
formed conventional hydrogen bond with the amino acid residue Arg
253 and alkyl and pi-alkyl bond with Trp 251, His 325, Phe 484 and
Val 323 of the ACE2 receptor (Table 11).
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Bonding profile of Campesterol with 3CLpro
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Figure 6. 3D and 2D interaction Campesterol with 3CLpro and TMPRSS2 receptors

Table 11. Binding profile of Campesterol with the receptors

S. No. Receptor Binding affin-
ity Kcal/mol
1. 3CLpro -7.6 1
Val 26
2. ACE2 -8.6 1
Arg 253
3. TMPRSS2 -6.9 Nil

Hydrogen bond Alkyl/Pi-alkyl bond

Ala 215, Arg 207, Leu
206, Phe 210

Van der Waals force/bond

3 13

Leu 164, Pro 188 Ala 141  Glu 165, Gln 187, Ser 189, Met 190, Leu

13 166, Thr 47, His 41, Cys 144, His 163.Leu
27, Asn 25, Glu 118 and Gly 142

Trp251, His 325, Phe 484, Nil

Val 323

4 3

Phe 212, Tle 205 and Gyl 204

Molecular docking studies of the identified antiviral compounds
Phytol, Gamma-sitosterol, Lupeol, Campesterol and Stigmasterol
against the target protein viz., ACE2, TMPRSS2, 3CLpro, PLpro,
RdRp revealed that among the 5 antiviral compounds, stigmasterol
has significant docking score against 4 target proteins viz., ACE2,
3CLpro, PLpro, RdRp and TMPRSS2 (Table 12). All the 5 antiviral
compounds have rmsd/ub and rmsd/pb value < 2 A. The antiviral
compounds selected for molecular docking study showed significant

binding affinity with ACE2 and TMPRSS2 proved that the ligands
strongly inhibit the entry of SARS-CoV 2 entry into the host and
strong binding affinity with 3Clpro proved the inhibition of further
replication the virus in the host cell. The amino acid residues Cys
145, His 41 and Glu 166 are essential for the enzymatic activity of
3CLpro. Stigmasterol with significant Binding affinity towards 4 tar-
get proteins may be considered as a promising lead compound with
antiviral activity.

Table 12. Antiviral compounds and its binding affinity with target protein in the CoV-19 host

Anti-viral compounds Target Protein in CoV-19 viral host

Gliding energy/Binding affinity (Kcal/mol)

Binding distance/ rmsd/ub and rmsd/pb (A°)

3CLpro ACE2 Plpro
Campesterol -7.6 -8.6 0
y-sitosterol -7.4 -8.3 0
Lupeol -8.8 -8.0 0
Phytol -5.2 -4.8 0
Stigmasterol -7.4 9.1 -1.5

RdRp 3CLpro ACE2 Plpro RdRp
0 <2 <2 <2 <2
0 <2 <2 <2 <2
0 <2 <2 <2 <2
0 <2 <2 <2 <2
-8.0 <2 <2 <2 <2
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4. Conclusion

The findings provide biochemical evidence of the presence of five
major antiviral compounds such as y-sitosterol, stigmasterol, campes-
terol, lupeol, and phytol in W. tinctoria. Molecular docking analysis
as computational evidence, confirmed the strong binding affinities of
these antiviral compounds with key SARS-CoV-2 targets including
ACE2, TMPRSS2, 3CLpro, PLpro, and RdRp receptors, thereby indi-
cating their potential to inhibit viral entry, replication, and pathogene-
sis. Notably, stigmasterol displayed the most promising multi-target
activity, suggesting its role as a lead molecule for further develop-
ment. These data recognizes the potential of W. tinctoria and its an-
tiviral compounds against SARS-CoV-2. Future validation through in
vivo efficacy studies, and formulation development will be essential
to translate these insights into therapeutic applications.
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