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Abstract: This research aimed to assess the anti-inflammatory and antioxidant potential of methanol
extract of Wilckia maritima, a plant belonging to the family Brassicaceae, which is enriched with natu-
ral antioxidants. Qualitative phytochemical studies showed the presence of numerous compounds
including glycosides, phenols, triterpenoids, and GC-MS studies revealed the presence of 35 bioactive
components, including n-hexadecanoic acid (26.96%), 9,12,15 octadecatrienoic acid (cis) (25.52%),
3,5 di-hydroxy-6-methyl 2,3-di-hydro-4-pyran 4-one (14.35%), and 3-tertiary butyl-4-hydroxy-anisol
(11.68%) as major components, which are thought to be responsible for anti-inflammatory and an-
tioxidant potentials of methanol extract of W. maritima., flavonoids, steroids, tannins, and saponins.
The antioxidant potential of the extract was determined by performing various assays, including
DPPH free radical scavenging, ferrous reducing, and hydrogen peroxide assays, which showed
significant percentage inhibition (83.55 ± 0.89, 79.40 ± 1.17, and 81.26 ± 0.36%, respectively) as
compared to ascorbic acid (standard). The extract also exhibited significant anti-inflammatory ac-
tivity with percentage inhibition 65.66 ± 0.42% compared to standard ibuprofen, which showed
73.20 ± 0.21% inhibition. In vivo analysis further confirmed this anti-inflammatory potential of the
extract, showing a 75.55 ± 0.11% reduction in edema at 300 mg/kg as compared with standard
diclofenac sodium 70.27 ± 0.012%. Moreover, in silico investigations revealed that the phytocom-
pounds in W. maritima exhibited excellent antioxidant and anti-inflammatory characteristics, which
could provide novel biological molecules for target receptors. Overall, our findings suggest that
W. maritima can be utilized as a potential resource of natural compounds with antioxidants and
anti-inflammatory potential, with promising therapeutic effect in relieving various ailments related
to inflammatory response.

Keywords: phenols; Wilckia maritima; GC-MS; antioxidant; radicals; anti-inflammatory;
hexadecanoic acid

1. Introduction

Human diseases arise due to the invasion of pathogens and toxins into the body and
the disturbance of immune regulations, which initiate a series of different inflammatory
responses in a living system. The release of proteases from mast cell starts a chain of
redox reactions by producing reactive oxygen species (ROS), which play a useful role
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against cellular signal transduction. It can be dangerous when cells become unregulated
and uncontrolled progression of these pro-inflammatory responses are associated with
complications such as inflammation, diabetes, arthritis, arteriosclerosis, hypertension and
Alzheimer’s disease [1]. Synthetic antioxidants used for monitoring unwanted redox
action are expensive and produce undesirable side effects. NSAIDs including coxibs and
aspirin are associated with high risk of cardiovascular and gastro-intestinal complications
upon prolonged use [2,3]. Plant-based medicines are thought to be a potent solution
to these challenges. To overcome these challenges, natural antioxidants have attracted
attention over time as they are economical, have fewer side effects compared with their
synthetic counterparts and are available in a wide range of plants [4]. The characterized
phytochemical constituents responsible for anti-oxidant and anti-inflammatory effects are
flavonoids (anthocyanidins and flavones), polyphenols and terpenes [5,6].

Free radicals such as hydroxyl, lipid peroxide and superoxide free radicals are unstable
and very reactive molecules that immediately combine with other chemical species to
obtain stability and start a cascade of chain reactions that are harmful to living cells [7,8].
Oxidative stress arises due to an imbalance between the antioxidant agents and the free
radicals in living cells and causes cell death by damaging vital cellular components such
as membrane lipids, proteins and DNA [9]. Medicinal plants are potential sources of new
drug development. The WHO reported that approximately 80% of developing areas still
use medicinal plants as a primary source of antioxidant agents [10,11].

GC-MS is an extensively used analytical technique for the assessment of components
in test samples due to its great sensitivity, specificity, resolution and high-throughput
potential. It has gained more consideration due to its high degree of reproducibility and
accuracy [12]. It is used for the separation of thermally stable and volatile substitutes
in test sample and fragments of GC-MS analyte identified on the base of mass. In the
GC-MS evaluation, chemical ionization and electron impact techniques are used for the
characterization of components according to ratio of mass of particle to electrostatic charge
on particle represented as m/z (mass to charge ratio) [13].

In this study, we investigated the ornamental plant Wilckia maritima from the Brassi-
caceae family for its phytochemical composition and potential therapeutic benefits. There
are six species of genus Wilckia native to Africa, Europe and the Mediterranean region;
however, only two species including Wilckia maritima are cultivated in Asia, in Pakistan.
Traditionally, the species of this genus were used as mineral sources and possess antioxi-
dant and antibacterial effects [14]. Wilckia maritima, commonly known as Virginia stock,
and is characterized by its beautiful heart-shaped petalled flowers. The height of the
plant is in the 6–12 inches range. Specifically, we analyzed the methanol extract of the
plant for its anti-oxidant and anti-inflammatory properties, and characterized its phyto-
chemical composition using GC-MS analysis. The methanol extract of Wilckia maritima
contains a diverse array of phytochemicals with potential therapeutic benefits, including
anti-inflammatory compounds. Additionally, the extract demonstrated strong anti-oxidant
and anti-inflammatory activities, indicating its potential use in the treatment of diseases in-
volving inflammation. The GC-MS analysis allowed for the quantitative analysis of specific
phytochemicals present in the extract, providing important insights into the composition of
the plant and its potential therapeutic properties. The molecular docking was also used for
the anti-oxidant and anti-inflammatory activities with the target proteins and interactions.

2. Experimental
2.1. Plant Collection and Preparation of Extract

The Wilckia maritima was collected in April 2021 from Fazal Nursery Multan, Pakistan,
and identified as such. Prof. Dr. Altaf Dasti of the Botany Department at Bahauddin
Zakariya University in Multan, Pakistan, identified the specimen with the voucher number
WM-964-2021. The Wilckia maritima (whole plant) was shade-dried for 27 days, grinded to
a fine powder and accurately weighed. A total of 700 g of powder was macerated in 2.5 L
methanol for three successive days [15]. Using a rotary evaporator Buchi R-400 Switzerland,
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the excess solvent was evaporated in order to obtain the W. maritima whole plant methanol
extract, which was then placed in an airtight container for future use.

2.2. Phytochemical Investigation

Preliminary phytochemicals tests for qualitative analysis were performed to determine
phytoconstituents such as flavonoids, glycosides, triterpenoids, steroids, phenols, tannins,
alkaloids and saponins in W. maritima by adopting standard procedures [16].

2.3. GC-MS Technique

The study conducted an analysis of the bioactive compounds present in the methanolic
extract of W. maritima using Agilent 7000 A triple quad technologies with GC-model 7890-A,
which had an HP-5 MS-column (0.25 µm thickness of film ×250 µ diameter ×30 m length).
The characterization of the compounds was carried out using high-energy electrons (70 eV)
in an electron ionization system. The carrier gas used was 99.995% pure helium gas, with a
flow rate of 1 mL/min.

The analysis was performed by starting at a temperature of 50 ◦C, which was gradually
increased up to 200 ◦C for 30 min, and then finally raised up to 300 ◦C for 10 min at a rate
of 10 ◦C.

Temperatures of the transfer line and injection port were set at 260 ◦C and 250 ◦C,
respectively. A 2.5 µL sample solution (diluted with 1% methanol) was introduced into split
mode at a ratio of 10:1. The retention indices of bioactive components in the methanolic
extract of W. maritima were recalculated using n-alkanes.

2.4. Methodology for Molecular Docking
2.4.1. Protein Targets’ Identification and Selection

Crystal structures of urate oxidase and lipoxygenase protein were obtained from
the RCSB protein data bank using the PDB IDs 1R4U for urate oxidase and 3O8Y for
lipoxygenase, respectively, to carry out the virtual screening procedure [17,18].

2.4.2. Software Required

For the purpose of molecular docking, we made use of MGLtools, the binary files for
Autodock4 and Autogrid4 [19], and the Discovery Studio Visualizer that was provided
by the BIOVIA [20] for 2D structures chemdraw ultra [21], and for 3D structure and
minimization chemdraw 3D pro [22].

2.4.3. Target Protein Preparation

To enable the use of the autodock suite, the target protein was downloaded from RCSB
and processed. We removed all heteroatoms from the protein molecule in the discovery
studio visualizer of BIOVIA, along with co-crystal ligand and solvent molecules. A clean
protein structure was obtained; then, using autodock tools, it was made to be optimized for
docking by providing each atom with the proper polar hydrogen and Kollman charges and
storing the file as a pdbqt [23].

2.4.4. Preparation of Ligand and Molecular Docking

The structures were created in chemdraw ultra using the IUPAC names of the com-
pounds, and the energy minimization was finished in chem 3D pro. The compound
structures were saved in SDF files. These structures were then converted into a pdbqt file
using the openbabel GUI software, which autodock can read. After that, the structure-based
virtual screening was carried out using Autodock4. The box dimensions used to create
the grid parameter file were the same as those used to create the co-crystal ligand. Using
a bespoke force field dubbed Autodock4Zn and a Lamarckian genetic process, docking
parameter files were created (LGA). We employed a population size of 300 and a total of
50 postures to ensure the best level of accuracy [24]. After preparation, the ligand library
was separately docked into each protein’s active site [19].
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2.4.5. Visualization

For this, we employed the ligand–protein interaction analyzer BIOVIA discovery
studio visualizer. The pdbqt and autodock output files were fed into BIOVIA’s Discovery
Studio in order to generate all 2D and 3D conformations. The bonding and non-bonding
interactions between the ligand and active pocket were found.

2.4.6. Validation

The docking method was validated using the RMSD value and by re-docking the
co-crystal ligand into the protein’s active pocket. Pose acceptance requires docking and
experimental ligand RMSD values of less than 2.0 [25].

2.5. Antioxidant Activity
2.5.1. DPPH Free Radical Scavenging Potential

Antioxidant potential was investigated using diphenyl-1-picrylhydrazyl (DPPH) rad-
ical scavenging potential as explained by Awah et al., 2010 [26] with some modifica-
tion. Briefly, different concentrations of extract solution 200–1000 ppm were prepared.
A 1 mL sample solution of different concentrations and a 2 mL DPPH solution (0.004% w/v)
were mixed together. The mixture was vortexed and sited in a dark place for 30 min, and
absorbance was measured at 517 nm considering ascorbic acid (standard). All experiments
were performed in triplicate and the results are reported as mean ± SD (n = 3) using the
following equation:

% Inhibition =
A0 − A

A0
× 100 (1)

A0 = absorbance of DPPH (0.004% w/v), whereas A = absorbance of control with
extract solution.

2.5.2. H2O2 Assay

The hydrogen peroxide assay was investigated according to the method presented by
Ruch et al., 1989 [27] with some modifications. Briefly, the H2O2 solution was prepared
in phosphate buffer maintained at pH 7.4. Extract solutions of different concentrations
200–1000 ppm were prepared and mixed with 1 mL of H2O2 solution. Absorbance was
measured at 230 nm and compared with ascorbic acid. The experiment was performed in
triplicate and the result is expressed as mean ± SD (n = 3) using the following equation.

% Inhibition =
A0 − A

A0
× 100 (2)

A0 = absorbance of H2O2 solution, whereas A = absorbance of control having
extract solution.

2.5.3. Ferrous Reducing Activity

The ferrous reducing power of extract was investigated according to the method
presented by Mariga et al., 2012 [28]. Different extract concentrations 200–1000 ppm were
mixed with 2.5 mL 0.2 mM buffer of 6.6 pH and 2.5 mL of 1% [K3Fe(CN)6]. The mixture
was vortexed and placed for incubation at 50 ◦C for 25 min. After incubation, 2.5 mL
trichloroactetic acid was added to mixture and centrifuged at 1000 RPM for 15 min. Then,
2.5 mL of deionized water was added to supernatant (2.5 mL), followed by the addition of
0.5 mL of ferric chloride solution; the absorbance was measured at 700 nm using ascorbic
acid as the standard.

2.6. Anti-Inflammatory Activity

To determine the anti-inflammatory potential of the methanolic extract of W. maritima,
the luminol-enhanced chemiluminescence assay was used as presented by Jabeen et al.,
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2015 [29] with some modifications. The standard drug used in the study was Ibuprofen
(50 µg/mL).

In the assay, 25 µL of blood was diluted with HBSS++ (Hanks Balanced Salt Solution,
which includes magnesium chloride and calcium chloride), and 25 µL of three different
concentrations of the methanolic extract (10, 25, and 50 µg/mL) were mixed together and
incubated. A control well was also included with only the HBSS++ solution. The test was
carried out in 96-well plates that were previously incubated for 20 min at 37 ◦C in the
thermostat chamber of a luminometer. To each well, 25 µL of serum opsonized zymosan
(SOZ), 25 µL of an intracellular reactive oxygen species detecting probe, and luminol were
added. The level of reactive oxygen species (ROS) was recorded using a luminometer and
expressed in relative light units (RLU).

2.7. Anti-Inflammatory Activity (In Vivo)

The in vivo anti-inflammatory effect of the hydro-methanol extract of W. maritima was
determined using carrageenan-induced paw edema in Wister albino rats. A plethysmome-
ter was used to calculate the reduction in inflammation. To initiate the inflammation, a
solution of carrageenan (0.11 mL in physiological saline) was injected into the hind paw of
Wister albino rats (either gender) weighing between 105 and 160 g. After 30 min of the car-
rageenan injection, the hydro-methanolic extract was orally administered at concentrations
of 200 mg/kg and 300 mg/kg. The paw volume was monitored using a plethysmograph at
0 min and then at intervals of 30, 60, 120, 180, and 240 min, respectively. Diclofenac sodium
(5 mg/kg) was used as a standard for comparison [30].

2.8. Statistical Analysis

The data was evaluated using graph prism 8.0.1 software and the final results were
reported as mean with standard deviation (mean ± S.D.). Analysis of variance (ANOVA)
with t-test was applied, in which p < 0.05 at 95% confidence interval was considered
significant.

3. Results and Discussion

The extractive value was found to be 8.9% from 700 g powder drug macerated with
methanol. Preliminary phytochemical analysis exhibited the presence of important phyto-
chemicals such as tannins, phenolics, saponins, flavonoids, fatty acids, glycosides, triter-
penoids, and steroids that exert significant effects in curing various illness [31]. The extract
is a rich source of polyphenols and saponins followed by flavonoids, triterpenoids and
tannins. The results are presented in Table 1.

Table 1. Phytochemical investigation of W. maritima.

Sr. No. Phytochemical Tests Observations Reference Results

1. Flavonoids; NaOH test Yellow color [32] ++

2. Glycosides; Keller
Killiani test Brown color at interface [32,33] +

3. Triterpenoids;
Salkowski test

At interface, reddish brown
appeared [32] ++

4.
Steroids 1.
Libermann test
2. Salkowski test

Red color [33] +

5. Phenols; Bromine
water test Discoloration of bromine water [32] +++
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Table 1. Cont.

Sr. No. Phytochemical Tests Observations Reference Results

6.

Tannins; Ferric
chloride test
Hydrolysable tannins
Condensed tannins

Greenish brown precipitate
Bluish green precipitates [32,33] ++

++

7.
Alkaloids

1. Wagner test
2. Mayer test

1. No precipitates
2. No precipitates

[32] −
−

8. Saponins; Foam test Foam persistence for 15 min
indicates presence of saponins [32] +++

9.

Anthraquinones

1. Borntrager test
2. Modified Borntrager

test

No cherry red color appearing
indicates the absence of
free and bound
anthraquinones.

[32] −
−

‘+’ low presence, ‘++’ medium presence, ‘+++’ high presence, ‘−’ absent.

3.1. GC-MS Technique

The composition of methanol extract of W. maritima was determined using the GC-MS
technique electron ionization positive mode (+EI Scan). GC–MS is an analytical technique
for identification of broad range molecules. A major strength of GC–MS with its standard
electron ionization (EI) ion sources is its ability to provide easy sample identification with
names and structures at the isomer level through the use of 70 eV EI libraries. However,
GC–MS suffers from a limitation, in that only a relatively small range of volatile, thermally
stable compounds are amenable for analysis. Methanol extract of W. maritima revealed
the presence of 35 compounds belonging to phenols, carboxylic acids, esters, alcohols,
flavonoids and steroids. The chromatogram is shown in Figure 1 and details of compounds,
including retention time and percentage area, are presented in Table 2.
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Table 2. List of compounds characterized using gas chromatography mass spectrometry.

Compound Name Mol.
Formula Mol. Wt. Retention

Time %Area Area Sum NIST NO MF %

Butyrolactone C4H6O2 86 6.38 0.85 0.23 288,341 79.4

Dimethyl sulfone C2H6O2S 94 6.62 1 0.27 19,624 70.5

N-methylene-N-vinylamine C3H5N 55 7.75 5.39 1.44 60,636 81.2

Dimethyl trisulfide C2H6S3 126 7.94 0.82 0.22 105,196 72.9

2,4-dihydroxy-2,5-dimethyl-3(2H)-
furan-3-one C6H8O4 144 8.28 2.39 0.64 281,424 77.8

4-(methylsulfanyl) butanenitrile C5H9NS 115 11.49 0.88 0.23 51,994 75.0

3,5-dihydroxy-6-methyl-2,3-
dihydro-4H-pyran-4-one, C6H8O4 144 13.39 14.35 3.83 156,511 80.7

3-benzoyl-2—tert-butyl-4-
(1hydroxyethyl)-4-[2-

(methylsulfanyl)ethyl]-1,3-
oxazolidin-5-one,

C19H27NO4S 365 14.61 6.75 1.8 189,268 70.2

9-Oxabicyclo [3,3,1]nonane-2,6-diol C8H14O3 158 15.28 0.85 0.23 186,945 68.6

Pyrimidin-2,4-dione,
1,2,3,4-tetrahydro-5-methyl-1-[[2-

hydroxymethyl-3-
dimethylamino]tetrahydrofur-5-yl

C12H19N3O4 269 15.58 0.42 0.11 301,670 70.5

2-methoxy-4-vinylphenol C9H10O2 150 18.12 7.81 2.08 135,956 88.8

2,4-dimethoxyphenol C8H10O3 154 19.12 1.98 0.53 191,767 75.5

Iberin nitrile C5H9NOS 131 20.22 100 26.7 281,680 79.6

Methyl
4-(4-nitrophenoxy)butanoate C11H13NO5 239 21.31 2.9 0.77 135,410 69.5

Sulfamic acid, 1,7-heptanediyl ester C7H18N2O6S2 290 22.26 57.35 15.31 131,682 70.0

4-(2,4,4-trimethyl-cyclohexa-1,5-
dienyl)-but-3-en-2-one C13H18O 190 22.40 0.81 0.22 187,519 75.4

3-tert-butyl-4-hydroxyanisole C11H16O2 180 24.45 11.18 2.98 250,106 76.4

4-hydroxy-3-methoxy-benzoic acid, C8H8O4 168 24.88 5.38 1.44 135,427 80.0

(d)-(+)-(2R,3R)-2,3-
Dibenzoyltartaric acid C18H14O8 358 26.61 57.64 15.39 233,173 81.6

E-2-Hexenyl benzoate C13H16O2 204 27.28 0.89 0.24 131,718 71.2

Hexanoic acid, tridec-2-ynyl ester C19H34O2 294 27.50 0.73 0.19 299,360 76.3

4-((1E)3-Hyrdoxy-1-propenyl)-2-
methoxyphenol C10H12O3 180 28.41 5.33 1.42 297,955 79.9

Hexadecanoic acid, methyl ester C17H34O2 270 31.99 3.72 0.99 79,124 85.3

[1,1′-Bicyclopropyl]-2-octanoic acid,
2′-hexyl-, methyl ester C21H38O2 322 32.39 2.12 0.57 35,865 81.1

E-2-hexenyl benzoate C13H16O2 204 32.68 3.63 0.97 131,718 71.2

n-Hexadecanoic acid C16H32O2 256 32.89 26.96 7.2 335,494 92.8

7,10-octadecadienoic acid,
methyl ester C19H34O2 294 35.59 5.53 1.48 35,764 73.6

9,12-octadecadienoyl
chloride, (Z,Z)- C18H31ClO 298 35.74 5.22 1.39 76,312 83.0
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Table 2. Cont.

Compound Name Mol.
Formula Mol. Wt. Retention

Time %Area Area Sum NIST NO MF %

9,12,15-Octadecatrienoic
acid,(Z,Z,Z)- C18H30O2 278 37.19 25.52 6.81 333,201 83.5

Octadecanoic acid C18H36O2 284 37.76 2.35 0.63 334,866 80.3

Methyl 13-eicosenoate C21H40O2 324 43.06 2.01 0.54 336,484 84.1

9,12-Octadecadienoic acid (Z,Z)-,
2-hydroxy-1-

(hydroxymethyl)ethyl ester
C21H38O4 354 68.13 1.76 0.47 16,013 84.6

9,12,15-Octadecatrienoic of acid,
2,3-dihydroxypropyl ester, (Z,Z,Z)- C21H36O4 352 68.28 2.48 0.66 15,957 83.4

Vitamin E C29H50O2 430 73.55 1.71 0.46 151,382 73.3

β-Sitosterol C29H50O 414 75.40 5.86 1.57 287,034 83.7

GC-MS studies characterized 35 phytochemicals in the crude methanol extract. Out of
these, nine compounds are responsible for remarkable antioxidant and anti-inflammatory
activities. n-Hexadecanoic acid (26.96%) possesses antiandrogenic, antioxidant, hemolytic,
5-alpha- reductase inhibitory, hypocholesterolemic, nematicides, pesticide activities and
is also utilized as a flavoring agent [34]. 9,12,15-Octadecatrienoic acid,(Z,Z,Z) exhibits an-
tiarthritic, antiandrogenic, hepatoprotective, anti-inflammatory, antieczemic, 5-alpha reduc-
tase, hypocholesterolemic, antiacne, and antihistaminic effects [34,35]. The compound 3,5-
diihydroxy-6-methyl-2,3-dihydro-4H-pyran-4-one (14.35%) belongs to flavonoids, possess-
ing anticancer, anti-inflammatory and antioxidant activities [36]. 3-ter-butyl-4-hydroxyanisol
is phenolic and possesses anti-cancer, anti-inflammatory, and antioxidant potentials. 2-
methoxy-4-vinylphenol, also known as vinyl guaiacol (7.81%), and 4-((1E)3-Hyrdoxy-1-
propenyl)-2-methoxyphenol (5.33%) are also phenolic in nature and exhibit analgesic,
anti-inflammatory, anti-microbial and antioxidant potentials [37,38]. β-sitosterol (5.86%)
is an important phytochemical responsible for various activities including, anti-cancer,
antioxidant, anti-inflammatory, anti-microbial, anti-nociceptive, anti-fertility, anti-diabetic
and immunomodulatory effects. Vitamin E (1.71%) is used for its anti-inflammatory,
anti-spasmodic, anti-leukemic, anti-microbial, analgesic anti-tumor, hepatoprotective and
antioxidant characteristics. In addition to these, vitamin E is also used in various skin prob-
lems and issues related to the growth and development of hairs [39]. Hexadecanoic acid
methyl ester possesses antioxidant, anti-microbial, nematicides, pesticide and insecticide
hypocholesterolemic and anti-androgenic effects. Not only are 9,12-Octadecadienoic acid
(Z,Z)-, 2-hydroxy-1-(hydroxymethyl)ethyl ester and 4-hydroxy-3-methoxy benzoic acid,
also known as vanillic acid, used as flavoring agents, but these are also responsible for
important pharmacological actions such as antioxidant, anti-bacterial, anti-fungal, anti-
hypertensive, anti-depressant, anti-cancer, anti-nociceptive, hepatoprotective and wound-
healing activities [40]. Butyrolactone possesses anti-cancer, antioxidants, anti-inflammatory,
neuroprotective, hypoglycemic, and immunosuppressive effects. The fragmentation pat-
terns of bioactive compounds responsible for antioxidant and anti-inflammatory effects are
listed in Figure 2.
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Figure 2. Fragmentation patterns of compounds with anti-inflammatory and antioxidant effects.
(A) Fragmentation pattern of n-hexadecanoic acid. (B) Fragmentation pattern of 9,12,15 octadeca-
trienoic acid (Z,Z,Z)-. (C) Fragmentation pattern of 3,5-dihydroxy-6-methyl-2,3-dihydro-4H-pyran-
4-one. (D), Fragmentation pattern of 3-tert-butyl-4-hydroxyanisole. (E) Fragmentation pattern of
2-methoxy-4-vinylphenol. (F) Fragmentation pattern of β-sitosterol. (G) Fragmentation pattern of
benzoic acid, 4-hydroxy-3-methoxy. (H) Fragmentation pattern of 4-((1E)-3-hydroxy-1-propenyl-2-
methoxyphenol.

3.2. Molecular Docking

Molecular docking of compounds 3-benzoyl-2—tert-butyl-4-(1hydroxyethyl)-4-[2-
(methylsulfanyl)ethyl]-1,3-oxazolidin-5-one (A), Pyrimidin-2,4-dione, 1,2,3,4-tetrahydro-
5-methyl-1-[[2-hydroxymethyl-3-dimethylamino]tetrahydrofur-5-yl (B) Iberin nitrile (C),
Sulfamic acid, 1,7-heptanediyl ester (D), (d)-(+)-(2R,3R)-2,3-Dibenzoyltartaric acid (E), [1,1′-
Bicyclopropyl]-2-octanoic acid, 2′-hexyl-, methyl ester (F) and methyl 13-eicosenoate (G)
was carried out, and Table 3, as well as Figures 3 and 4, describes the outcomes.

Table 3. Predicted binding energies via molecular docking.

Ligand Docking Score with
Antioxidant Protein (1R4U)

Docking Score with
Lipoxygenase Protein (3O8Y)

A −6.88 −6.21

B −6.18 −6.41

C −3.82 −3.56

D −6.52 −1.19

E −3.49 −5.93

F −4.39 −4.96

G −4.04 −4.98
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Figure for all investigated ligands is shown in Figure S1.

Seven different compounds were screened to determine their ability to bind to the
antioxidant protein 1R4U. Among them, compounds A and B showed promising results
in terms of their hydrophobic, hydrophilic, and hydrogen bond interactions with the
protein. Compound A had the strongest hydrophobic and hydrophilic interactions with
the protein’s active site residues. Specifically, Asp175, Thr173, His256, Asn254, Glu259,
Ile177, and Arg176 were found to be important amino acid residues involved in these
interactions. Additionally, three hydrogen bonds contributed to the stability of the protein–
ligand complex, with bond lengths of 2.97 Å between Arg176, 2.99 Å between His256,
and 3.14 Å between Thr173. The docking score for compound A was determined to be
−6.88 kcal/mol. Similarly, compound B showed stronger molecular interactions with the
protein’s active site residues, including Arg176, His256, Asp175, Thr173, Ile177, Glu259,
Phe258, Phe278, and Asn254. In particular, Phe258 and Glu259 were connected through
hydrophobic interactions. Furthermore, five significant hydrogen bonds contributed to
the conformational stability of the protein–ligand complex, with bond lengths of 2.2 Å
involving His256, 2.29 Å involving Thr173 and Asp175, 2.79 Å involving Asp175, and
3.34 Å involving Ile177. Van der Waals interactions played a crucial role in stabilizing the
complex as well. The docking score for compound B was −6.18 kcal/mol. Compound
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D was another hit in the virtual screening, displaying robust molecular interactions with
amino acid residues in the active site of the antioxidant protein 1R4U. It was the second-
best candidate medication identified from the screening process. Amino acid residues
including His256, Asn254, Tyr257, Ile177, Arg176, Asp175, Glu259, Phe278, Thr173, Lys255,
Phe258, and Ser179 were found to participate in bonding and nonbonding interactions with
compound D. Four significant hydrogen bonds with short bond lengths were identified
as contributing to the complex’s stability. The oxygen atom of compound D formed an
electronegative hydrogen bond with the His256 residue of the target protein. Additionally,
Asn254 was involved in a second hydrogen bond with a bond length of 3.16 Å, while the
third and fourth hydrogen bonds were with Ile177 and Tyr257, with bond lengths of 2.99 Å
and 3.21 Å, respectively.
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Figure 3 illustrates the potential 2D and 3D binding mechanisms of compounds A,
B, and D. The entire docking data, including docking scores and binding interactions for
the antioxidant protein with all the ligands, can be found in Figure S1 and Table S1 of the
supplementary material. Overall, the results suggest that compounds A, B and D have
the potential to bind effectively to the antioxidant protein 1R4U through a combination of
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hydrophobic, hydrophilic, and hydrogen bond interactions. These findings provide useful
insights for the development of new antioxidant drugs that can target this protein. However,
further experimental studies are needed to validate the efficacy of these compounds as
potential drug candidates.

This study utilized molecular virtual screening to identify potential drug candidates
for anti-inflammatory therapy targeting protein 3O8Y. Seven compounds were initially
screened, and the results indicated that compounds A, B, and E had the strongest binding
interactions with the target protein. Compound A displayed the most promising hydropho-
bic and hydrophilic interactions, with important chemical interactions involving several
amino acid residues, including Leu305, Lys296, and Asp293. Two hydrogen bonds were
identified, contributing to the stability of the protein–ligand combination. Similarly, com-
pound B showed strong molecular interactions with several amino acid residues, such as
Asp442, Arg438, and Leu288. It also had two significant hydrogen bonds, contributing to
the conformational stability of the complex. Compound E also exhibited strong interactions
with amino acid residues in the active site, with two significant hydrogen bonds contribut-
ing to the complex’s stability. The docking scores of compounds A, B, and E were −6.21
kcal/mol, −6.41 kcal/mol, and −5.93 kcal/mol, respectively. The entire docking data,
including docking scores and binding interactions for the antioxidant protein with all the
ligands, are provided in Figures 4 and S2 and Table S1 of the Supplementary Materials. The
study’s findings indicate that compounds A, B, and E have potential as anti-inflammatory
drugs, with strong molecular interactions with the target protein. These compounds can be
further investigated for their efficacy and safety in preclinical and clinical studies.

3.3. Antioxidant Activity

Table 4 shows the antioxidant potential of methanol extract of W. maritima at differ-
ent concentrations (200 µg/mL to 1000 µg/mL) using three different assays: DPPH free
radical scavenging effect, hydrogen peroxide assay, and ferrous reducing power. As the
concentration of the extract increased, the antioxidant activity also increased. Ascorbic acid
was used as a standard for comparison. The percentage inhibitions for each assay are pre-
sented in the table. At a concentration of 1000 µg/mL, the methanol extract of W. maritima
showed a significant antioxidant potential with a percentage inhibition of 83.55 ± 0.89% for
DPPH assay, 79.40 ± 1.17% for H2O2 assay, and 81.26 ± 0.36% for reducing power assay.
IC 50 values for DPPH, H2O2 and ferrous reducing assay were calculated as 0.36 ± 0.05,
0.37 ± 1.3 and 0.38 ± 0.56 mg/mL, respectively. The results suggest that W. maritima is a
rich source of phenolic and flavonoid compounds, which are natural antioxidants found
in plants and offer resistance against oxidative stress by inhibiting free radicals and lipid
peroxidations [41]. The results of the study are presented in Figure 5. Overall, the table
provides important information about the antioxidant potential of W. maritima and the
potential health benefits associated with the consumption of this plant.

Table 4. Antioxidant potential of methanol extract of W. maritima.

Conc.
µg/mL

DPPH Free Radical
Scavenging Effect H2O2 Assay Ferrous Reducing Power

Sample
Solution

Standard
(Ascorbic

Acid)

Sample
Solution

Standard
(Ascorbic

Acid)

Sample
Solution

Standard
(Ascorbic

Acid)

200 42.61 ± 0.82 51.31 ± 0.83 39.01 ± 0.30 55.07 ± 0.28 38.29 ± 0.95 49.15 ± 0.62

400 55.30 ± 0.32 64.71 ± 0.59 53.85 ± 1.87 64.92 ± 0.40 51.42 ± 0.32 57.64 ± 0.35

600 66.17 ± 0.56 76.32 ± 0.98 62.34 ± 0.83 76.80 ± 1.1 64.06 ± 0.47 69.29 ± 0.36

800 75.34 ± 0.46 86.57 ± 0.57 72.55 ± 1.0 87.11 ± 0.78 73.94 ± 0.25 82.17 ± 0.35

1000 83.55 ± 0.89 91.18 ± 0.94 79.40 ± 1.17 91.96 ± 1.03 81.26 ± 0.36 92.04 ± 0.65
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Figure 5. Antioxidant potential of methanol extract of W. maritima. (a) Percentage inhibition using
DPPH assay, results were significant with p =< 0.0001 at CI 95% n = 3. (b) Percentage inhibition using
H2O2 assay, p =< 0.0001 at 95% CI. n = 3. (c) Percentage inhibition using ferrous reducing assay,
p =< 0.002 at 95% CI n = 3. “**” indicating p =< 0.002, “***” indicating p =< 0.001 and “****” indicating
p =< 0.0001.

3.4. Anti-Inflammatory Effect

Table 5 presents the results of the impact of W. maritima hydro-methanol extract
on the reduction in paw edema produced by carrageenan. The paw volume of rats was
measured at different time intervals (0, 30, 60, 120, 180, and 240 min) after the administration
of carrageenan. The rats were then treated with either 200 mg/kg or 300 mg/kg of
the extract or diclofenac (5 mg/kg) as a standard for comparison. The control group
received no treatment. The results showed that the paw volume of rats in the control
group increased significantly over time, while the rats treated with the extract or diclofenac
exhibited a decrease in paw volume. The percentage inhibition of edema in paw volume
was calculated and found to be 71.47% and 75.55% for the extracts at 200 mg/kg and
300 mg/kg, respectively. IC50 value was calculated as 0.19± 0.01 at a dose of 300 mg/kg.
Diclofenac showed a percentage inhibition of 70.27% with IC50 value 3.5 ± 0.08 mg/kg.
These results suggest that W. maritima extract has a significant anti-inflammatory effect and
could potentially be used as a natural treatment for inflammation-related conditions. The
results are shown in Figures 6 and 7.
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Table 5. Impact of W. maritima hydro-methanol extract on the reduction in paw edema produced by
carrageenan.

Paw Volume
(mL)

Time 200 mg/Kg 300 mg/Kg Diclofenac Control

0 min
30 min
60 min

120 min
180 min
240 min

0.038 ± 0.008
0.140 ± 0.010
0.156 ± 0.011
0.110 ± 0.010
0.082 ± 0.008
0.062 ± 0.008

0.056 ± 0.008
0.148 ± 0.008
0.138 ± 0.008
0.100 ± 0.010
0.078 ± 0.008
0.050 ± 0.007

0.052 ± 0.008
0.092 ± 0.008
0.116 ± 0.011
0.108 ± 0.013
0.094 ± 0.011
0.064 ± 0.008

0.048 ± 0.008
0.154 ± 0.010
0.164 ± 0.011
0.154 ± 0.018
0.144 ± 0.015
0.134 ± 0.015

% Inhibition of edema in
paw volume 71.47 ± 0.012 75.55 ± 0.011 70.27 ± 0.012
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Figure 7. Graphical representation of in vivo anti-inflammatory effect of hydro-methanol extract of
W. maritima.

4. Conclusions

In conclusion, the methanol extract of W. maritima contains 35 phytochemicals, 8 of
which have potent antioxidant properties that can prevent the entrapment of free radicals
associated with various diseases, including inflammation. The in vitro and in vivo anti-
inflammatory studies confirm that W. maritima can serve as a valuable source of effective
anti-inflammatory agents. Furthermore, the in silico analyses indicate that W. maritima’s
phytocompounds possess significant antioxidant and anti-inflammatory potential and
can serve as a source of novel bioactive molecules for related target receptors. These
findings can save researchers both time and money by providing fresh leads. Additional
experimental research is suggested for future prospects.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/pr11051497/s1.
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