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ABSTRACT

especially lung cancer.

INTRODUCTION

Phymatosorus scolopendria (Burm. f.) Pic. Serm. belongs
to the family Polypodiaceae, which is commonly known
as musk fern or wart fern, and it is an epiphytic fern.
Traditionally, in New Guinea, the plant is heated over a
fire, and the smoke given off is inhaled to relieve catarrh.
The roots with parts of other plants may be used to relieve
nasal congestion.! In Madagascar, the plant is used for
anti-inflammatory, antitussive, and asthma treatment.[?3!

In Polynesia, the plant is traditionally used to clean
the bath for newborns, dysmenorrhea, gonorrhoea,
leukorrhea, sore throat, asthma, purgative, wound healing,
antiemetic, sprain, and healing of fractured bones.2** The
young fronds are used to treat chronic diarrhea and used
as a repellent for bed bugs.[®!
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Phymatosorus scolopendria (Burm. f.) Pic. Serm. is a medicinally important fern that is used traditionally by
various people all over the world. This research focuses on the docking against lung cancer protein (21TO)
with bioactive compounds of P. scolopendria (Burm. f.) Pic. Serm., which is obtained by using gas
chromatography-mass spectroscopy (GC-MS). The same compounds were analyzed using Lipinski's rule
of five for its pharmacological prediction. The bioactive compounds were further referred for absorption,
distribution, metabolism, excretion and toxicity (ADMET) property to find its pharmacokinetic potency
and prediction towards its potential as a future drug. Among the four compounds docked with the lung
cancer protein (2ITO), 4-nitrophenyl laurate shows a high docking score, followed by hexadecanoic acid,
4-nitrophenyl ester, and myristic acid vinyl ester. Out of four compounds studied, three compounds satisfied
the drug-likeliness based on Lipinski's rule of five. The present work suggests the bioactive compounds
of P. scolopendria (Burm. f.) Pic. Serm. for further in vitro and in vivo studies for its anti-cancer benefits,

Phytochemically, the plant contains a phenolic compound,
especially coumar, which is having bronchodilator
activity.>”! It is also reported that the plant has beneficial
phytochemicals for the treatment of asthma, cough,
and inflammatory disease.?8! Docking is a procedure
to find out the molecular interaction between the
phytocompounds obtained from plant extract analyzed
through spectroscopic analysis. Based on the earlier
phytochemical analysis, the GC-MS was attempted
to find out the chemical compounds in the present
experimental plants. The molecular interaction patterns
between the receptor and the ligand molecules were
studied using in silico molecular docking analysis. It is
followed by complex data analysis through computational
algorithms (i.e., dockingalgorithms) to predict the complex
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structure. Concretely based on references and analysis, no
docking studies have been carried out in phytocompounds
traced in P. scolopendria so far, especially related to lung
cancer, have not been reported. Thus, the present work
was planned to perform in silico work on the experimental
plant P. scolopendria.

MATERIALS AND METHODS

Preparation of Plant Extract

The plant materials were washed, shade dried and then
powdered with the help of a blender. The powder was
kept in tight air bottles. Five grams of the powder was
extracted through the cold percolation method with 50 mL
of methanol. The extracts were filtered by using Whatman
No. 1 filter paper, and the solvents were evaporated to
make the crude extract.

GC-MS Analysis

The crude methanol extracts were subjected to GC-MS
analysis for its phytoconstituents. The GC-MS analysis
of methanol extract was investigated by Perkin Elmer
GC-MS (Model Perkin Elmer Clarus 600, USA) equipped with
a VF-5 MS fused silica capillary column (30 m x 0.25 mm
i.d., film thickness 0.25 um). Pure helium gas was used
as a carrier gas at a constant flow rate of 1 mL/minute.
Mass transfer line and injector temperatures were set at
250°C. The oven temperature was programmed at 60°C
for 2 minutes, then increased to 300°C for 6 minutes at
the rate of 10°C/minute. The samples were injected in split
mode as 10:1 structural determination by comparing mass
spectral patterns to the National Institute of Standards and
Technology (NIST) library. The GC-MS studies were carried
out at I[ITM SAIF and sophisticated instrumentation
facility (SIF), VIT University, Vellore.

In silico Docking Analysis

Preparation of Ligands (Small Chemical Molecules)

The phytocompounds obtained from GC-MSwere developed
asa 2D structure and generated into a 3D molecule for the
compounds: 1) dodecanoic acid, 1,2,3-propanetriyl ester,
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Fig. 1: GC-MS chromatogram obtained from methanolic extract of
P, scolopendria (Burm. f.) Pic. Serm.
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2) myristic acid vinyl ester, 3) 4-nitrophenyl laurate, and
4) hexadecanoic acid, 4-nitrophenyl ester, using ACD/
ChemSketch software.

Drug-Likeliness Properties according to Lipinski's Rule of Five

The SWISS ADME, a free web tool, was used to generate
these two compounds' physicochemical, medicinal, and
drug-likeness properties. Lipinski's rule,!”! also called
the rule of five (RO5), evaluates the drug-likeness or
determines if a chemical compound with a certain
pharmacological or biological activity has properties that
may be active per oral.

Preparation of Receptors (Targets Protein)

The X-ray crystallographic structure of receptor (2ITO-
lung cancer protein) was retrieved from Protein Data
Bank (PDB) data archives and opened in the software
window, then water molecules, heteroatom, and unwanted
amino acid chains were removed, missing hydrogen
atoms were added, corrections were made for unfilled
valence atoms using alternate conformations from 3D
downloaded structures of the receptor. Following the
above steps of preparation, the protein was subjected to
energy minimization using the CHARMm force field.

Active Site Prediction

The binding pockets or active sites in the receptor were
explored using grid/sphere generation based on the cavity
detection algorithm combined with the Monte Carlo
conformational search for evaluating candidate poses and
protein-ligand interaction energies.

Docking Analysis

The receptor and ligand interaction and its analysis were
done with the LibDock module in the Discovery Studio 2.1
version software. The hits were displayed on the output
page with total poses of interaction, LibDock score,
absolute energy values, hydrogen bond interactions, bond
length, and interacting amino acid residues/atoms.

RESULT AND DISCUSSION

GC-MS Analysis

The GC-MS results showed the presence of four bioactive
compounds in whole plant methanolic extract of
P. scolopendria. The identification of the compounds was
confirmed based on the peak area, retention time (RT),
molecular formula, molecular weight, and peak area
in percentage is presented in Table 1 and Fig. 1. The
following are the compounds obtained from GC-MS
analysis, viz., 1) dodecanoicacid, 1,2,3-propanetriyl ester,
2) myristic acid vinyl ester, 3) 4-nitrophenyl laurate, and
4) hexadecanoic acid, 4-nitrophenyl ester.

The compound identified in our experimental plant
was also identified in Allium sativum through GC-MS;
nearly 35 compounds were identified, and among those
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Table 1: Components detected in methanolic extract of P. scolopendria (Burm. f.) Pic. Serm.

Molecular  Nature of Molecular Peak
S.No. Compounds RT formula compound weight area (%) Activity
1. Dodecanoic acid, 26.708  C39H,,0,  Fattyacid ester 638 8.984 Antioxidant, antibacterial, antiviral,
1,2,3-propanetriyl ester candidicide, hypocholesterolemic,
antiarthritic, hepatoprotective,
mosquito repellent, cosmetics
2. Myristic acid vinyl ester  27.053  Cy4H3,0,  Fatty acid ester 254 53.287  Antimicrobial, anti-cancer, cosmetics
4-nitrophenyl laurate 31435 CygH,,0,N Fatty acid ester 321 26909  Antibacterial
4. Hexadecanoic acid, 31.665 C,,H;0,N Ester 377 10.821  Cosmetics
4-nitrophenyl ester
Table 2: Drug-likeliness analysis using lipinski's rule
Molecular weight Hydrogen bond Hydrogen bond
S. No. Ligand name <500 (g/mol) donor <5 acceptor <10 Log pvalue <5 Rule of five
1. Myristic acid vinyl ester 254.41 0 2 4.37 4
2. 4-nitrophenyl laurate 321.41 0 4 3.66 4
3. Hexadecanoic acid, 377.52 0 4 4.54 4
4-nitrophenyl ester
4. Dodecanoic acid, 638 0 6 8.76 2

1,2,3-propanetriyl ester

compounds, the studies showed that the presence of
the derivative of dodecanoic acid, viz., dodecanoic acid,
methyl ester, and dodecanoic acid, 1,2,3-propanetriyl
ester in acetone extract and this may be responsible for
antibacterial activity.[lo] In Cnidoscolus aconitifolius, the
phytocompound dodecanoic acid, 1,2,3-propanetriyl
ester showed antiarthritic, nematocide, and
hepatoprotective activities.''] The ethanol bark extract
of Loranthus longiflorus infested on Casuarina equisetifolia
contains mainly a fatty acid ester, viz., myristic acid
and vinyl ester (82.81%), which has antimicrobial and
anti-cancer activity.l'?! Works of Sirangala show that
GC-MS analysis shows the presence of myristic acid, vinyl
ester, vinyl decanoate, and tridecanoic acid, which act as
chemopreventive agents against prostate cancer.'®!

The methanolic extract of the Ipomoea pescaprae
was identified by GC-MS analysis. Nineteen bioactive
compounds were found out; among these compounds,
4-nitrophenyl laurate was found to be the highest peak
area of 35.33% and possessed potential antibacterial
effect. The phytochemicals have several activities, such as,
antioxidant, analgesic, anti-inflammatory, antispasmodic,
anti-cancer, antinociceptive, antihistaminic, insulinogenic,
and hypoglycemic.'* Fourteen components were recorded
in ethanol extract of Parthenium hysterophorus stem
through GC-MS/MS and its antimicrobial activity.[*”]
Among those, 4-nitrophenyl laurate showed a high peak
area of 9.35%; a similar compound was found in our
experimental plant P. scolopendria methanolic extract.

Hexadecanoicacid, 4-nitrophenyl ester has a molecular
formula of C,,H;50,N; activity has not been identified. A
list of acetone compounds of acetone extracts humic acids
of peat, among them, hexadecanoic acid, 4-nitrophenyl
ester, was also found similar to our compound.[m] GC-MS
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technology was used to analyze the possible top value-
added components of benzene/ethanol extractives of
Cinnamomum camphora leaves. The main constituents
were hexadecanoic acid, 4-nitrophenyl ester (17.336%).
The results of function analyses showed that the 350°C
pyrolyzate from benzene/ethanol extractives of waste
leaves of C. camphora is abundant in materials of noble
natural medicines and cosmetics.!!”]

Drug-likeliness Analysis using Lipinski's Rule

The drug-likeliness analysis using Lipinski's rule of five
shows that three compounds show the best result among
the four compounds. The results include 1) Myristic acid
vinyl ester having molecular weight 254.41, hydrogen
donor-0, hydrogen acceptor-2, and the log p value of
4.37, 2) 4-nitrophenyl laurate having molecular weight
321.41, hydrogen donor-0, hydrogen acceptor-4, and
log p value of 3.66, 3) Hexadecanoic acid, 4-nitrophenyl
ester having molecular weight 377.52, hydrogen donor-0,
hydrogen acceptor-4, and the log p value of 4.54 (Table 2).
Since these compounds satisfy Lipinski's rules of five, they
were further selected for docking analysis.

Docking Analysis

The goal of ligand-protein docking is to predict the
predominant binding model(s) of a ligand with a protein
of known three-dimensional structure. Docking studies
yield crucial information concerning the orientation of
the inhibitors in the binding pocket of the target protein.
Several potential inhibitors have been identified through
the docking simulation. The majority of the ligands had
a greater binding affinity with the target cancer proteins.
Inhibition was measured by the binding affinity of the best
ligand pose measured in kcal/mol.
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Four GC-MS chemical compounds from P. scolopendria
(Burm. f)) Pic. Serm. were subjected to docking. Docking of
modified structures is done with the Discovery Studio 2.1
version software tool considering target protein as a
receptor to identify their energy values. Docking helps
us to virtually screen the number of compounds and
predict the strongest binders based on scoring functions.
It calculates how the receptor and ligand fit together and
dock to each other well.

It has been observed that three ligands docked
successfully responded by docking tool. In this study,
compounds, like myristic acid vinyl ester, 4-nitrophenyl
laurates have antimicrobial and anti-cancer activities.
These compounds are docked with 2ITO protein (Table 3).
The binding nodes of myristic acid vinyl ester (ligand)
docked with lung cancer protein (2ITO) show that the
ligand has interacted with one basic polar amino acid LYS
745. Green lines showing hydrogen bond interacting with
2ITO protein with the bond length of 2.3487 A with the
LibDock score of 90.118 (Fig. 2).

Likewise, the binding nodes of 4-nitrophenyl laurate
docked with lung cancer protein 2ITO show that the ligand
has interacted with one basic polar amino acid Lys 728.
Interacting with two hydrogen bonds with the bond length
0f 2.38011 and 2.14353 A, respectively, as green line shows
the interaction with the LibDock score of 121.43 (Fig. 3).

Hexadecanoic acid, 4-nitropheyl ester docked with
2ITO protein, shows that the ligand has interacted with
two amino acids (threonine and lysine). Polar amino acid
Theronine Thr 790 interacted with two hydrogen bonds
with a bond length of 2.48432 and 2.26158 A. Basic polar
amino acid Lysine Lys 745 interacted with one hydrogen
bond with a bond length of 2.07509 with the LibDock score
of 114.54 (Fig. 4).

The report showed that plants having phenolic
compounds, such as, coumar, have bronchodilator
activity.’] Hence, the compounds were docking against
lung cancer protein to know the interaction and drug-
likeliness properties.

Pharmacokinetic Analysis

Table 4 illustrates the pharmacokinetic properties of
the bioactive compounds. According to the results, the

oral bioavailability was high for two compounds, viz.,
myristic acid vinyl ester and 4-nitrophenyl laurates, and
low for the other two compounds, viz., hexadecanoic acid,
4-nitrophenyl ester and dodecanoicacid, 1,2,3-propanetriyl
ester. The compound myristic acid vinyl ester alone cross
the blood-brain barrier; penetration through the skin was
better for three compounds.

Fig. 2: Docking of myristic acid vinyl ester with 2ITO
interactions between myristic acid and receptor (2ITO) with
hydrogen bond(s) (indicated as a green line)

Fig. 3: Docking of 4-nitrophenyl laurate with 2ITO
interactions between 4-nitrophenyl laurate and receptor (2ITO)
with hydrogen bond(s) (indicated as a green line)

Table 3: Docking result of lung cancer protein with various compounds obtained from P. scolopendria (Burm. f.) Pic. Serm.

No. of Absolute No.ofH  Bond Interacting Interacting
Compounds PDB-ID  posses energy LibDock scores bonds length (4) amino acids atoms
Dodecanoic acid, 2ITO 0] - - - - - -
1,2,3-propanetriyl ester
Myristic acid vinyl ester ~ 2ITO 100 21.481 90.118 1 2.34837 LYS745 016
2.14353 023
4-nitrophenyl laurate 2ITO 98 33.213 121.432 2 LYS728
2.38011 022
2.07509 LYS745 017
Hexadecanoic acid, 2IT0 99 35.638 114.54 3 248432 026
4-nitrophenyl ester THR790
2.26158
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Table 4: Pharmacokinetics properties of bioactive compounds of P. scolopendria (Burm. f.) Pic. Serm.

Gl BBB P-gp
Name of ligand absorption permeability substrate
Dodecanoic acid, Low No Yes
1,2,3-propanetriyl ester
Myristic acid vinyl ester High Yes No
4-nitrophenyl laurate High No No
Hexadecanoic acid, Low No Yes

4-nitrophenyl ester

Gl absorption: Gastrointestinal absorption; BBB: Blood-brain barrier; CYP: Cytochrome P

Fig. 4: Docking of hexadecanoic acid, 4-nitrophenyl ester with 2ITO
interactions between hexadecanoic acid, 4-nitrophenyl ester, and
receptor (2ITO) with hydrogen bond(s) (indicated as a green line)

CONCLUSION

The present study showed that plant derivative obtained
from the GC-MS analysis of P. scolopendria (Burm. f.) Pic.
Serm. could be a potent inhibitor against lung cancer
protein on the basis of docking scores. We anticipate
that further exploration of the compound's functions
and molecular mechanisms will facilitate a better
understanding for the control of lung cancer and the
development of anti-cancer drugs. This dry lab study helps
us move on for wet lab or in vitro procedure to confirm
the same and find out the exact compound responsible
for its bioactivity. However, based on the results of these
in silico studies, further studies are desirable to prove the
anti-cancer property, especially lung cancer.
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Log K, (skin
CYP1A2 CYP2C19 CYP2C9 CYP2D6 (CYP3A4  permeation)
inhibitor inhibitor inhibitor inhibitor inhibitor (cm/s)
No No No No No 0.76
Yes No Yes No No -2.95
Yes No No No No -3.53
No No No No Yes -2.33
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