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Abstract

Purpose The enzyme Cyclooxygenases (COX-1 and COX-2) catalyze the formation of prostaglandin, a mediator of the
inflammatory pathway. Inflammation related pathological conditions may be alleviated by targeting the Cox enzymes.COX-2
inhibitors that are currently available in the market causes undesirable side effects. Our present study focuses on the in-silico
inhibition of COX -2 enzyme by the phytocompounds from Albizia amara and Phyla nodiflora.

Methods The phytochemicals present in Albizia amara and Phyla nodiflora were analyzed for their COX-2 inhibition poten-
tial. Eight compounds from Albizia amara and eleven compounds from Phyla nodiflora obtained from GC-MS analysis was
used for the current study. Molecular docking was performed using AutoDock vina. The crystal structure of COX-2 (PDB
ID: 5IKR) was obtained from Protein data bank. PyMol was used to remove any solvent, organic and inorganic molecules.
Energy minimization of the protein was carried out using SPDBYV software. Geometrical optimizations of the ligands were
performed using Avogadro software. Celecoxib was used as the positive control. ADMET properties of the compounds were
analyzed using SwissADME and ProtoxII online servers. Molecular mechanics/generalized born surface area (MM/GBSA)
calculations were performed to evaluate the binding efficiency. Molecular dynamics of the protein and protein-ligand com-
plex was studied for about 100 ns using Desmond package of Schrodinger suite.

Results Among the eighteen compounds, Squalene present in both the plants showed a better binding energy of -7.7 kcal/
mol, when compare to other phytocompounds present in the extract. The control celecoxib showed a binding energy of about
— 9.4 kcal/mol. The toxicity and ADMET properties of squalene indicated that it is non-toxic and followed Lipinski’s rule.
Molecular Dynamics (MD) analysis showed that the binding of squalene to the enzyme was stable.

Conclusion Squalene could potentially inhibit COX2 and o wing to its properties, squalene can be formulated in gels/creams
and could be possibly used for external edema and inflammation
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Introduction

Inflammation is the defense mechanism of our body. Inflam-
mation is a process by which the body reacts to infections,
auto immune diseases or trauma of the body tissues. Inflam-
mation is a necessary process for the body to recover from
infections and the damages caused in the tissues [1]. Inflam-
mation involves a complex array of enzyme activation, medi-
ator release, and extravasation of fluid, cell migration, tissue
breakdown, repair responsible for injury in living tissue [2].
The clinical manifestations of inflammation includes swell-
ing, heat, redness and pain [3].Inflammation is caused by the
over production of prostaglandins mediated by the action of
cyclooxygenase enzymes [4].

Cyclooxygenase enzyme exists as two isoforms i.e.
Cyclooxygenase-1 (COX-1) and Cyclooxygenase -2 (COX-
2) [5]. During homeostasis, COX-1 is constitutively pro-
duced maintaining the basal production of required pros-
taglandins. At normal conditions, COX-2 is produced at
very low levels. But during pathogenic stimuli, prognosis
of cancer and inflammatory response, COX-2 produces
very high levels of prostaglandins, [6].COX-2 is an induc-
ible enzyme which is triggered by mediators such as growth
factors, cytokines, bacterial lipopolysaccharide, phorbol
esters and mitogens during high stress circumstances. i.e.
inflammation[2, 7]. Both COX-1 and COX-2 have a very
high structural and functional similarity. Cox enzymes are
heme containing homodimeric proteins [4]. The active site
of COX-2 is slightly larger than that of COX-1 enzmye and
hydrophobic in nature [2, 8].This is due to the change in the
aminoacid residue at position 523. In COX-1, it is Isoleucine
whereas in COX-2 it is occupied by valine. This change is
generally exploited for the design of COX-2 specific inhib-
itors [8]. Both the COX proteins carry out the same two
separate catalytic functions—oxidation of arachidonate to
Prostaglandin G2 (PGG2) and reduction of peroxide [9].

COX-2 pathway is generally inhibited by selective COX-2
inhibitors, antagonists, antibodies to mitogens, cytokines
and glucocorticoids. As COX-1 and COX-2 are pharmaco-
logically different, development of selective inhibitors of
COX-2 and non-selective inhibitors of COX-1 was essen-
tial [2]. Non—steroidal anti-inflammatory drugs (NSAIDs)
are drugs that are often employed in the pain management
and inflammation. NSAIDs work by inhibitinh the COX
enzymes. NSAIDs are extremely effective in managing the
pain but causes undesirable side effects [3].This has kindled
the need for new anti-inflammatory drugs and compounds
from natural sources and as a result phytochemicals were
explored [10]. NSAIDs such as ibuprofen, indomethacin
and aspirin inhibit both the COX enzymes [11]. Significant
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analgesic and anti-inflammatory effects of the NSAIDs were
managed by the selective inhibition of COX-2. This is due
to the fact that prostaglandins are the products of enzymatic
catalysis of arachidonic acid by COX-2 enzyme. Therefore,
selective inhibition of COX-2 may represent a significant
therapeutic advance in the management of pain and inflam-
mation [11].The quest in need for selective COX-2 inhibitors
has risen over the past, as non-selective inhibition of COX-1
leads to complications such as gastritis, ulceration, gastroin-
testinal upset, hemorrhage and sometimes even death [12].

Albizia amara or oil cake tree is locally known as Arappu.
It usually grows in the dry areas of Tamilnadu, Andhra and
Karnataka in India [13]. The barks are used for mouth
inflammation and jaundice. The flowers and leaves are used
for swellings, boils, eruptions and used to treat dandruff
[14, 15]. Albizia amara has been used as an important folk
medicine for the treatment of several diseases like diarrhea,
gonorrhea, skin diseases, poisonous bites and leprosy. It con-
tains a wide variety of bioactive compounds such as macro-
cyclic spermine alkaloids, triterpene saponins, phenols, fla-
vonyl glycosides, tannins and sterols. Additionally, the plant
possesses some pharmacological properties like anticancer,
anti-hyperlipidimic, anti-inflammatory, anti-microbial, anal-
gesic and anti-oxidant activities [16].

Phyla nodiflora is the fast growing perennial plants
located in India, Ceylon, Central America, Srilanka and
Tropical Africa [17]. These leaves are used to treat dan-
druff and the plant is known to possess antifungal, anti-
inflammatory, antioxidant and anticancer activities [18]. The
aerial parts of the plant are used as anodyne, parasiticide,
antibacterial, emmenogogue, and febrifuge. It is also used
in the treatment of wounds, piles, asthma, thirst and loss
of consciousness. Poultice made from the plant are used as
maturant for boils. The infusion of leaves and tender stalks
are given to children for indigestion and to women postpar-
tum. In Unani and Ayurveda, the plant is used as aphrodis-
iac, diuretic, and for the treatment of heart diseases, ulcers,
bronchitis, fevers, cold, knee joint pain and in lithiasis [19].

The current study focuses on the in-silico docking and
dynamics of the phytocompounds present in the ethanolic
extracts of the leaves of Albizia amaraand Phyla nodiflora
against COX-2 enzyme.

Materials and methods
GC-MS analysis of the extract

The GC-MS analysis and the phytocompounds present in
the ethanolic extract of the leaves of Albizia amara and
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Phyla nodiflora were previously reported [20]. Briefly,
the leaves of the plant were collected and authenticated
(Authentication number: BSI/SRC/5/23/2018/Tech/3453).
The leaves were then washed, dried and were pulverized to
a fine powder. The phytocompunds were extracted from the
powder using ethanol. The ethanol extract was then sub-
jected to GC-MS Analysis. GC-MS analysis was performed
using Perkin—Elmer GC Clarus 500 system equipped with
Elite-5MS fused silica column (5% biphenyl 95% dimethyl-
polysiloxane, 30 mx 0.25 mm ID X250 pm df). Helium was
used as the carrier gas with a constant flow rate of 1 mL/min.
1pL of sample was injected into the system with an injection
temperature of 260 °C. Initially, the oven temperature was
kept at 60 °C for 2 min and increased to 300 °C at the rate of
10 °C/min. It was held at the temperature of about 300 °C for
6 min. For mass detector, the transfer line temperature and
ion source temperature were 240 °C and 240 °C respectively.
The ionization mode electron impact was set as 70 eV with
0.2 s of scan time and 0.1 s of scan interval and from 40 to
600 Da of fragments. The spectrums of the unknown com-
ponents from the samples were compared with the spectrum
database of known components stored in the GC-MS NIST
(2008) library. These phytocompounds were used as ligands
against cox-2 enzyme (Supplementary table 1).

Ligand preparation

Pubchem database (https://pubchem.ncbi.nlm.nih.gov/) was
used to retrieve the structures of the compounds. Avogadro,
a free cross-platform molecular editor was used for geo-
metrical optimization of the compounds. Geometrical opti-
mization was carried out using GAFF force field employing
steepest descent algorithm with 4 steps per update. Energy
optimized phytochemicals were used as ligands for docking
[21].

Target protein and preparation

The Structure of Mefenamic Acid Bound to Human
Cyclooxygenase-2 (PDB ID: 5IKR) was downloaded from
RSCB PDB (https://www.rcsb.org/). The protein struc-
ture was solved using X-ray diffraction method and had a
resolution of 2.34 A. The solvent and other bound organic
and inorganic moieties were removed using PyMol before
docking. Energy minimization of the protein was carried out
using SPDBV 4.1. Energy minimization computations were
done in-vacuo employing GROMOSS96 43B1 parameter
set [22].

Docking analysis

AutoDock Vina was used to perform docking of the phyto-
compounds against COX-2 enzyme [23]. Computed Atlas of

Surface Topography of proteins (CASTp) (http://sts.bioe.uic.
edu/castp/calculation.html) was used to predict the probable
active site of the protein [24].A grid was constructed with
the spacing of 0.375 A. The grid size was set at 70x70x 70
(x, y, and z) points, and the grid centre was designated at x,
y, and z dimensions of 37.532, 3.836, and 56.489, respec-
tively. Estimated free energy of binding was used to evaluate
the docking of compounds against the enzyme.

Post-dock analysis were visualized using Protein—Ligand
interaction profiler (https://projects.biotec.tu-dresden.de/
plip-web/plip) and LigPlot plus which showed the location
of binding sites, hydrogen-bond and hydrophobic interac-
tions from an interaction radii of <5 A from the position of
the docked drug [25, 26].

MM/GBSA calculations

To estimate relative binding affinities of protein ligand com-
plexes, Molecular mechanics with generalized born surface
area (MM/GBSA) is employed. Prime MM/GMSA modules
were used for calculating the relative binding free energy
for each molecule. The protein ligand complexes obtained
from AutoDock Vina docking were subjected to MM/GBSA
calculations [27, 28].

ADMET analysis

Molecular descriptors and drug-likeliness properties i.e.
ADME (Absorption, Distribution, Metabolism and Excre-
tion) properties of the ligands were analyzed using Swis-
SADME online tool (http://www.swissadme.ch/). Toxici-
ties of the compounds were predicted using Protox II online
server [29]. Various ADMET associated properties like
blood-brain barrier penetration, gastrointestinal absorp-
tion, phosphoglycoprotein substrate, Logk,,, LogP,,, LogS,
cytochrome 450 substrate or inhibitor, carcinogenicity,
cytotoxicity, hepatotoxicity, immunotoxicity and mutagen-
icity were estimated. ADMET testing helps to characterize
promising pharmacological compounds in order to identify
both the compounds with potential and those with major
disqualifying drawbacks.

Molecular dynamics

MD simulations were carried out using the Desmond soft-
ware by Schrodinger [30]. The optimized potentials for
the liquid simulations (OPLS)-2005 force field were used
in this system to determine the protein interactions with
ligand molecules, which was solvated with the simple point
charged (TIP4P) water model [31]. The orthorhombic water
box was used to create a 10 A buffer region between the
protein atoms and box sides. Overlapping water molecules
were deleted and the systems were neutralized with Na+ and
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CI™ ions. The OPLS-2005 force field was used for energy
calculation. The NPT ensemble was used and the tempera-
ture was maintained constant at 310 K, and a 2.0 fs value
was obtained in the integration step. MD simulations for
the complex structure of the protein as well as the target
with position restraints were executed for 100 ns to allow
the water molecules to remain in the system. The root mean
square deviation (RMSD) and root mean square fluctuation
(RMSF) were computed to monitor the stability [32].

Results and discussion

Molecular docking & MM/GBSA calculations

The ethanolic extracts of the leaves of Albizia amara and
Phyla nodiflora were analysed using GC-MS. Gas Chroma-
tography was run for approximately 32 min. The fractions
separated from the GC were analyzed in mass spectrometer.
The compounds having a molecular weight between 40 and
600 Da were screened and is tabulated in Table 1. These
compounds were used as ligands for the docking analysis.
A total of eight compounds were identified in the extracts
of Albizia amara and eleven compounds were identified in
the extracts of Phyla nodiflora. Squalene was present in both
the extracts. Celecoxib, a standard NSAID was used as the
control (Table 1).

Docking studies were performed to find the ligand effi-
ciency (binding energy) of the phytocompounds towards
the COX2 protein. Molecular dynamics were performed to
identify the interactions and dynamics of the protein—ligand
complex. Docking studies of the eighteen compounds were
carried out using AutoDock vina. The active site of the
COX-2 enzyme was predicted using Castp and further con-
firmation was made by reviewing existing literature. As per
literature, the COX-2 active site extends from the membrane
binding domain to the catalytic domain core. The upper half
of this site extending from Arg120 till Tyr385 is where the
binding site of arachidonate is located. This is then followed
by middle of the channel where Ser530 is located. The active
site of COX-2 is comparatively larger than that of COX-1.
This is because of the presence of Valine instead of isoleu-
cine at the 523" position, thereby creating a larger and more
accessible channel. This channel is important for COX-2
drug selectivity. Another major difference is the presence
of Arginine in COX-2 instead of histidine in COX-1 at the
513" position. Even though it doesn’t impact drug bind-
ing site, a change in the chemical environment is seen as
Arg513 in COX-2 can interact with polar molecules which
also determine the drug selectivity [33]. It can be seen from
the docking studies that squalene present in both the leaf
extracts gave the least binding energy when compared to
the other phytocompounds present. The binding energies
of the phytocompounds docked with COX2 are tabulated
in Table 1.

Table 1 The table represents

. ok Source Compound Binding
the binding energies in kcal/ Energy (kcal/
mol of phy.tocompounds mol)
from Albiziaamara and
Phyla nodifloraupon docking Albizia amara Methyl-2-O- Methyl.Beta. L- Arabinopyranoside -5.2
with COX—; enzyme using Phytol 6
Autodockvina

1-Octen-3-Y1-N- Propionate -5.1
Propane-1,1-Diol Diacetate -5.5
Methyl 2- Hydroxy- Octadeca-9,12,15- Trienoate -6
Methyl 8,11,14- Heptadecatrienoate -5.5
Squalene -1.7
(3. Alpha.)- 12- Oleanen-3-Y1 Acetate -7.2

Phyla nodiflora Trans, Trans-Muconic Acid -5.3
Cyclohexanone, 2-(1-Methyl-2-Oxopropyl)- -5.2
1H-Imidazole, 2-(Diethoxymethyl)- -4.7
Trans,Cis-1,7-Dimethylspiro[4.5]Decane -6.1
1,6-Anhydro-.Alpha.-D-Galactofuranose -5.6
Emylcamate -4.6
Benzene, 1,1'-[1,4-Butanediylbis(Oxymethylene)]|Bis- -6.8
Oxalic Acid, CyclobutylPentadecyl Ester -5.8
Ethyl 9,12,15-Octadecatrienoate -6.5
1,2-Dioxin-3-Acetic Acid, 6-(8,10-Dodecadienyl)-3,6-Dihydro- -5.9

6-Methoxy-, Methyl
Standard Celecoxib—COX2 94
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Post dock analysis of the protein-ligand complex was
performed using Ligplot plus. Post dock analysis was per-
formed to understand the various non-covalent interactions
like hydrogen bond, hydrophobic, and charge interactions
between the ligand and the protein. Hydrogen bonds are an
important factor that influences protein stability in docking
complexes.

Celecoxib was bound with the COX-2 enzyme with
a binding energy of -9.4 kcal/mol. Celecoxib interacted
with Asp125, GIn372, Lys532 via hydrogen bonds whose
bond lengths were 3.08 A, 2.79 A and 2.88 /OX, respectively.
Hydrogen bond network plays an integral role in strength-
ening the interaction between ligand and the protein. This
may be due to the bond length distance between amino acid
residue [34, 35]. Hydrophobic interaction were observed

Fig.1 (a) & (b) Interaction

of celecoxib with the amino
acid residues present in COX-2
enzyme

between the aminoacid residues and the ligand at Ser121,
Ser126, GIn370 and Phe371 (Fig. 1).

Squalene was bound with the COX-2 enzyme with a bind-
ing energy of -7.7 kcal/mol. It interacted with 13 aminoacid
residues via hydrophobic interactions. Squalene showed
interactions with the following aminoacid residues Trp139,
Phel42, Ser143, Leul45, Leu 224, Gly225,GIn227, GIn374,
Asn375, Arg376, Gly533, Gly536 and Asn537 (Fig. 2).
The hydrophobic effect also plays a dominant role in pro-
tein—ligand binding. It has been understtod that the pock-
ets with more hydrophobic substituents led to an increase
in the binding energy. The number of hydrophobic atoms
in the active core of the drug-target interface increases the
binding affinity of the target-receptor and biological activity
of the lead compound [34, 35]. Squalene is an isoprenoid
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Fig.2 (a) & (b) Interaction of
squalene with the amino acid
residues present in COX-2
enzyme
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Gly227'§

Phe142
Ser14lil’a"§ %rn\@e

iiﬁeums

%Leu224

§\\W#
Asn537 g&ly533

compound that possesses antioxidant, antibacterial,
antitumor,pesticide, immuno stimulant, diuretic, anti-cancer
and Lipoxygenase inhibitor activities [20].

Inorder to understand the binding strength, the non-cova-
lent interaction residues and their interaction fraction (IF)
during MD simulations were also studied (Supplementary
Fig. 1 and 2). Molecular mechanics/generalized born sur-
face area (MM/GBSA) calculations were performed for best
ranking molecules. Estimation of relative binding affinity
of ligands to the receptor is performed using MM/GBSA
calculations. In principle, MM/GBSA:is used for free energy
based ranking of ligands belonging to a congeneric series.
MM/GBSA and docking protocols employed in the present
work for assessing ligand affinities to COX2 allow protein
flexibility and therefore, give more reliable results [27, 28].
Results of MM/GBSA are tabulated in Table 2. Based on

@ Springer

(b)

the calculations, Ag bind of squalene was lower than that
of celecoxib.The predominant forces that were observed for
squalene binding with COX2 were covalent, Generalized
Born electrostatic solvation energy and vanderwaal’s forces.
Incase of celecoxib, the predominant forces were coulombic
forces and hydrogen bonds.

ADMET properties

ADME properties of squalene were analyzed using Swis-
sADME server. Squalene has a molecular weight of about
410.72 g/mol. It has about 15 rotatable bonds and does not
have any hydrogen bond donor or acceptor groups. The
molar refractivity is about 143.48 and the topological polar
surface area (TPSA) is around 0A%. The Log P, (MLOGP)
is about 7.93 indicating that the molecule is highly lipophilic
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Table 2 The table represents
the binding energies in kcal/mol

Compounds AgBind Ag Bind Coulomb AgBind Ag Bind Hbond Ag Bind Solv GB A Bind vdW

Covalent
calculated based on MM/GBSA
studies Celecoxib  -39.99  -12.82 1.77 -1.91 33.84 -33.25
Squalene -45.06  -1.18 14.79 0 34.2 -50.26

Coulomb represents Coulomb energy; Covalent represents Covalent binding energy; Hbond represents
Hydrogen bond; Solv GB represents Generalized Born electrostatic solvation energy; vdW represents Van

der Waals energy

and it is insoluble in water. On observing the pharmacoki-
netic properties of squalene, it is observed that the absorp-
tion of the molecule in the gastrointestinal tract is low.
Squalene does not permeate the blood brain barrier. It is
not a substrate for P-glycoprotein and does not show any
inhibition towards cytochrome P450 (1A2, 2C19, 2C9,
2D6, 3A4) enzymes. The skin permeation Log K, value is
about -0.58 cm/s indicating it is a very good skin permeant.
Bioavailability score for the molecule is 0.55 and it follows
Lipinski’s rule.

Upon predicting the toxicity of the compound, it was
observed that squalene was not hepatotoxic, Carcinogenic,
Immunotoxic, Cytotoxic and Mutagenic indicating that it is
safe for human consumption. The LD50 of the compound
was predicted to be 5000 mg/Kg. Previous literature on ani-
mal studies indicates that squalene is absorbed through the
skin and is poorly absorbed from the gastrointestinal tract.
The acute animal toxicity of squalene by all routes was low
which corroborates with the predicted results. Even at 100%
concentration, squalene was non-irritant to rabbit’s skin and
eyes indicating squalene is not a significant human skin irri-
tant or sensitizer. Also, Squalene was observed to be non-
allergen [36, 37].

Molecular dynamics simulations

MD simulations were conducted to understand the confor-
mational behavior, structural specificities, and ligand—target
complexes stability [38, 39]. Molecular docking simulations
empowered us to uncover the atomic characteristics of the
bio molecular processes along with the stability analysis
of protein—ligands complexes [40]. To analyze and under-
stand the molecular interactions at atomic level of the COX-
2domain complexed, we performed the molecular docking
simulation studies with the compound which shown best
binding efficacy (squalene), among the 18 compounds along
with celecoxib for 100 ns.

Root mean square deviation (RMSD), Root mean square
fluctuations (RMSF), intra molecular hydrogen bonds and
the time dependent total energy function of molecular
dynamic simulations at each frame of the molecular dynamic
trajectories were analyzed. This was performed to under-
stand the stability of the complex and the changes that occur
in conformations of the COX-2 domain complexed with

the compounds, squalene and celecoxib. RMSD is used to
measure the variation that takes place in the backbone of the
protein from its initial structural conformation. The protein’s
stability relative to its conformation can be calculated by the
deviations generated during its simulation. Smaller varia-
tions suggest more stable structure of the protein. In order to
evaluate the stability of all the systems, RMSD value for the
protein backbone was calculated for 100 ns simulations. The
average RMSD of the protein (COX-2) for 100 ns simula-
tion was 2.25 A and fluctuated between 1.17 A and 2.86 A.
RMSD values for the squalene — COX-2 complex averaged
at2.56 A and the values ranged between 1.42 A and 3.386 A.
For the celecoxib-COX-2 complex, two noticeable changes
in the RMSD were observed at 39.8 ns and 58.6 ns. RMSD
(average) for Celecoxib-COX-2 complex was 2.28 A and
fluctuated between 1.22 A and 3.016 A (Fig. 3).

RMSF plots analysis for the protein-ligand complexes
provides details about the versatile regions of the com-
plexes. In proteins, the rings, twists and coils display
higher RMS fluctuations as compared to helical and sheet
structures. To identify the higher flexible region of the
protein, we calculated the fluctuations of each residue and
noted its average for entire100 ns simulation time period.
In the RMSF graph of the COX-2 —squalene complex, we
found that there were high peaks of fluctuations in the

14 — Protein (COX-2)
—— COX-2 - Squalene
COX-2- Celecoxib

0 T T T T T
0 20 40 60 80 100

Nanoseconds (ns)

Fig.3 RMSD plot of COX-2 enzyme, COX-2-Squalene complex and
COX-2-Celecoxib complex for 100 ns
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range of 150 to 200 positioned residues. Apart from that,
residues at 340 and 360 positions showed high peaks of
fluctuations. This indicates that the above residues maybe
probably involved in the conformational changes in the
protein when bound with squalene. For celecoxib, peak
fluctuations were found between 45 and 65 residues and
minor fluctuations were observed throughout the protein
structure (Fig. 4a, b).

Protein secondary structure elements (SSE) like alpha-
helices and beta-strands were monitored throughout the
simulation. From this study, we found that the COX-2
protein complexed with squalene and celecoxib had main-
tained 40% of SSE composition of a-helices and B-strands
throughout the simulation time period. Also, helices
played an important role in maintaining the stability and
followed by strands and loops.

Conclusion

Compared to synthetic products, natural products of herbal
origin are well-known to exhibit diverse biological activi-
ties. Here, in this study 18 phytocompounds from Albizia
amara and Phyla nodiflora were tested against COX-2 in
order to find potent anti-inflammatory drug molecule. The
activities of the phytocompounds were compared with the
standard drug celecoxib. Squalene showed potent inhibitory
activity against COX-2 protein receptor. The preliminary
computational studies like docking, ADMET and molecular
simulation studies proved that, squalene has a higher binding
affinity towards the targeted COX-2 protein receptor. Fur-
ther molecular dynamic simulations for 100 ns revealed the
protein and ligand stability. MD simulations gave the scope
to understand the molecular interactions in atomic level.
Overall, the present study suggests that squalene present in
both the plants has the capacity to inhibit the COX-2 protein.
Being lipophilic, the compound can be formulated in gels/

Fig.4 (a) RMSF plot of COX-
2-Squalene complex. (b)RMSF 4.8 A
plot of COX-2-Celecoxib
complex
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creams and could be possible used for external edema and
inflammation. Further in-vitro and in-vivo studies have to be
performed in order to further validate the anti-inflammatory
and COX-2 inhibition potential of the plant extracts.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40199-021-00408-6.
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