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Abstract

Background: Metastasis of breast cancer cells to distant sites including lungs, liver, lymph node, brain and many more
have substantially affected the overall survival outcome and distant metastasis free survival rate amongst the diseased
individuals. Several pre-clinical and clinical studies were carried out to determine the potency of vigorous inhibitors but
they extensively deteriorated the patient's quality of life. Hence, there exists an urgent need to explore potent natural
remedy to fight against metastatic breast cancer.

Methods: Ayurvedic medicinal plants documented in literature for their ability to fight against breast cancer was
screened and their respective active moieties were evaluated to exert inhibitory effect against MMP9. Drug like efficacy
of phytochemicals were determined using Molecular docking, MD Simulation, ADMET and MM-PBSA and were
further compared with synthetic analogs i.e. Doxycycline.

Results: Out of 1000 phytochemicals, 12 exerted highest binding affinity (BA) even more than —9.0 kcal/mol that was
significantly higher in comparison to Doxycycline which exhibited BA of —7.3 kcal/mol. In comparison to
37 x 30 x 37 A, 53 x 45 X 66 A offered best binding site and the highest BA was exhibited by Viscosalactone at LYS104,
ASP185, MET338, LEU39, ASN38. During MD Simulation, Viscosalactone-MMP9 complex remained stable for 20 ns and
the kinetic, electrostatic and potential energies were observed to be better than Doxycycline. Furthermore, Viscosa-
lactone obtained from Withania somnifera justified the Lipinski's Rule of 5.

Conclusion: Viscosalactone obtained from W. somnifera may act as promising drug candidate to fight against metastatic
breast cancer.

Keywords: MMP9, Phytochemicals, Doxycycline, Molecualr docking, MD-Simulation

can remain localized and to some extent it can

M etastatic breast cancer (MBC), commonly
referred to as “secondary breast cancer”
(SBC), describes the spread of breast cancer cells to
other areas of the body through the lymphatic or
blood systems [1]. The disease can spread to visceral
organs like the liver, lung, and brain, causing
widespread and potentially fatal metastases, or it

metastasize to the bone as well. Since MBC is
incurable, the main objectives of treatment are to
maintain quality of life while prolonging life and
managing symptoms. A family of proteases known
as matrix metalloproteinases (MMPs) is highly
upregulated in breast cancer (BC) and has a variety

Abbreviations: MMP9, Matrix Metalloproteinase-9; MBC, Metastatic Breast Cancer; ECM, Extracellular Matrix; HER2, Human
Epidermal Growth Factor Receptor 2; PDB, Protein Data Bank; LGA, Lamarckian Genetic Algorithm; MD Simulation, Molecular Dy-
namic Simulation; VMD, Visual Molecular Dynamic; RMSD, Root Mean Square Deviation; ADMET, Absorption, Dissolution, Meta-

bolism, Excretion, Toxicity.
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of biological roles in the initiation and spread of
cancer [2]. Gelatinase B, or MMP9, is a protein
cleaver and important player in the remodelling of
the extracellular matrix (ECM). It is also linked to
tumor invasion, metastasis, and the alteration of the
tumor microenvironment. Type IV collagen is one of
the collagens that MMP9 can break down. This type
of collagen contributes to the breakdown of the
basement membrane, which facilitates migration,
invasion, and metastases [3]. MMP9 is secreted as a
pro-enzyme that is not active, and the crucial step in
controlling it is activating latent MMP9. The
increased expression of MMP9 in human and
experimental cancer models, both in vitro and in
vivo, is associated with the progression of the tumor
[4—6]. In Breast cancer, MMP9 is linked to poor
prognostic factors and short-term survival outcomes
at both the proteomic and transcriptomic levels.
MMP9 may be crucial for the advancement of BC in
both stromal and tumor cells [7].

Ayurveda, an ancient Indian medical system that
dates back to the ancient ages is a method of iden-
tifying disease and applying a variety of therapies
and methods to combat it [8]. Complex cancer cases
can be significantly treated with Ayurvedic medi-
cine without experiencing negative side effects.
The Ayurvedic practitioner performs specific
examinations to diagnose cancer, following which
appropriate treatment is recommended. Cancer
patients' bodies can be cleansed of toxins and free
radicals with the aid of Ayurvedic treatment [9,10]. It
alters the environment of cancer cells and
strengthens and restores the function of various
organs. Ayurvedic medications boost immunity,
which further kills cancer cells.

Several phytochemicals found in Ayurvedic herbs
demonstrated a range of anti-cancer activity, pri-
marily in the form of anti-oxidant, anti-inflammatory,
anti-mutagenic, and apoptosis inducing properties
that may stop cancer from developing in its early
stages [11,12]. The aim of the present study is to
evaluate the potency of Ayurvedic herbs to target
metastasis in breast cancer through in-silico studies.
Computational drug analysis has proved to be highly
efficacious in screening of potential drug candidates
against both the acute and chronic disorders. Doce-
taxel, a dietary phytochemical is currently under
Phase-II clinical trial vide NCT00852332 as mentioned
on clinicaltrials.gov against HER2-breast cancer.
Before proceeding with the clinical trial, the phyto-
chemical was evaluated using in-silico approaches as
evident from the study conducted by Rajagopal et al.
in 2020 and several others, and based on its inhibitory
potential the results were further validated using in
vitro and in-vivo studies [13]. Henceforth, it can be
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depicted that in-silico studies plays a vital role in
initial screening of drug candidates to fight against BC
and several others. In present study, the efficacy of
Ayurvedic herbs was also compared with the syn-
thetic analog named as Doxycycline. Although
Doxycycline is well-known for exerting antitumor
activities and the study conducted by Huijun et al. in
2023 also unleashed its potency to retard breast can-
cer bone metastasis [14]. Wherein the administration
of Doxycycline significantly affected the circulating
levels of MMPs and TIMP2 in bone micro-environ-
ment and therefore inhibited the metastasis of BC
cells to bones. Despite of its anti-breast cancer activ-
ities, side effects induced by the drug cannot be
ignored. Henceforth, there exists an urgent need to
look forward for natural therapeutic regimes to fight
against the disease.

1. Materials and methods

1.1. Preparation of phytochemicals library and
receptors

The phytochemicals of 100 Ayurvedic plants that
have been shown to be effective in the literature in
the fight against breast cancer were obtained from
the PubChem and ChEMBL databases. From these
100 plants, a total of 1000 phytochemicals were
screened. 3D structure of phytochemicals was
fetched using Chimera in .pdb format. Compounds
without a .mol/.sdf were drawn and transformed
using the Structure File Generator and Online
SMILES Translator. Crystal structure of Matrix
Metalloproteinase 9 was retrieved from www.rcsb.
org with PDB ID of 1L6J [12,15].

1.2. Molecular docking study

On a 64-bit platform, the AutoDock Vina PyRx
software was used for molecular docking. The pre-
pared phytochemical file was uploaded once the
prepared protein had been loaded with the specified
parameters. The original ligand, which refers to all
atoms within a 5 A radius, was set as the binding
site. The phytochemicals were converted from
.mol2/.mol/.sdf to .pdbqt format, while the target
receptor was converted from .pdb to .pdbqt format.
PyRx software, which is used for virtual screening
and docking in AutoDock Vina, was then used for
multidrug docking [16—19].

1.3. ADMET analysis

Using the ADMETlab Web Server, the drug li-
brary was divided into clusters for Absorption
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Distribution Metabolism Excretion (ADME) analysis
in order to identify the best drug compounds that
were soluble, druggable, lead-like, and non-
violating. For every phytochemical, an input file
containing the SMILES (Simplified Molecular-Input
LineEntry System) was obtained from PubChem
and ChEMBL [20].

1.4. Determination of active site involved in
interaction

The position of the binding between the ligand
and receptor was ascertained using the UCSF
Chimera. Through docked structure analysis of li-
gands with MMPY, researchers were able to obtain a
better understanding of the significance of partic-
ular amino acids in ligand-receptor interaction.
Using the command line, amino acid residues
involved in interactions within 5 A were shown.
Additional analyses were conducted using the
commercially available synthetic analog, Doxycy-
cline. Each naturally occurring moiety and synthetic
analogue's targeted MMP9 active site was studied.

1.5. Molecular dynamic simulation and calculation
of MM-PBSA

The best-docked complexes were subjected to 20
ns of molecular dynamics simulations using NAMD-
VMD software installed on Windows 11. To compute
forces and energies, the CHARMM 22 parameter
force-field was utilized. A fixed temperature of 310 K
and a simulated time of 20 ns were employed for the
best run. In order to detect any potential modifica-
tions in the protein-ligand dynamics complexes, the
simulated complexes were further assessed and
visualized using VMD after the experiment was
completed. To ascertain the stability of simulated
complexes, electrostatic, potential, and kinetic en-
ergy have been computed and projected onto their
trajectories using the VMD and NAMD software.

2. Results & discussion

2.1. Preparation of 3D structure of ligands and
receptors

The canonical SMILES that were obtained from
PubChem were used to obtain the 3D structure of
ligands via the RBPS Web Portal. As a result, the
corresponding 3D structures could be retrieved and
converted into monomeric units in the .pdf and
.mol2 formats. All the 3D structure of phytochemi-
cals and the synthetic inhibitor Doxycycline was
saved in .pdb format. The 3D structure of MMP9
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with PDB ID 1L6]J, which was downloaded from the
RCSB Web Portal and saved in .pdb format, was
analyzed using UCSF Chimera. The AutoDock Tool
was utilized to conduct molecular docking at mul-
tiple receptor sites in order to ascertain the binding
affinities and active site. In PDBQT form, the energy
of both the ligands and receptors was reduced and
preserved.

2.2. Molecular docking study

The AutoDock tool was used to dock ligands with
MMP9. The molecules that were docked with the
highest binding pocket occupancy and the lowest
Gibbs free energy were ranked based on their bond
angle. The binding affinities (BA) of the ligands
docked with MMP9 at the two distinct grid sites
53 x 45 x 66 A and 37 x 30 x 37 A are displayed in
Kcal/mol. Docked postures with negligible binding
affinity (less than 5 kcal/mol) were not considered
for further investigation. Only ten phytochemicals
out of a thousand were found to exhibit discernible
inhibitory activity. In comparison to both the grid
points, at 53 x 45 x 66 A highest BA was observed.
Acacetin, Apigenin, Chrysin, Cyanidin, Galangin,
Kaempferol, Luteolin, Physagulin, Quercetin, Vis-
cosalactone, Withanolide, and Withoxyloactone
were found to present highest binding with MMP9
of —9.1, —9.6, —9.5, —9.7, —9.2, —9.1, —9.5, —9.7, —9.7,
—9.8, —9.0, —9.5 kcal/mol respectively whereas
Doxycycline, a synthetic inhibitor of MMP9 show-
cased BA of —7.3 kcal/mol. Highest BA was
observed by Viscosalactone of —9.8 kcal/mol at
53 x 45 x 66 A of MMP9. If any efficient drug
candidate wants to target MMP9 in order to combat
breast cancer, they can view the active site as an
effective target (Table 1) [21].

Table 1. Table representing binding affinities of phytochemicals and
synthetic analogs at 53 x 45 x 66 A & 37 x 30 x 37 A with MMP9.

Interaction Binding Affinity =~ Binding Affinity

(Kcal/mol) (Kcal/mol)

(53 x 45 x 66 A) (37 x 30 x 37 A)
MMP9-Acacetin -9.1 —6.5
MMP9-Apigenin -9.6 —6.8
MMP9-Chrysin -95 —6.5
MMP9-Cynadine -9.7 —6.8
MMP9-Galangin -9.2 —6.5
MMP9-Kaempferol -9.1 —6.9
MMP9-Luteolin -95 —6.9
MMP9-Physagulin -9.7 -7.4
MMP9-Quercetin -9.7 —6.8
MMP9-Viscosalactone -9.8 -84
MMP9-Withanolide -9.0 -85
MMP9-Withaoxylactone ~ —9.5 -7.6
MMP9-Doxycycline -73 —6.4




BioMedicine
2024;14(2):74—79

Table 2. Table representing binding energies computed by MM-PBSA
during MD Simulation.

Target  Ligand Energy Components (Kcal/mol)
Electrostatic = Potential  Kinetic
MMP9  Viscosalactone —116107 —100992 1972.43
Doxycycline —12187.13 —4896.33  —4470.68

PRO 421.A

ARG 424A
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2.3. Molecular dynamics simulation and
calculation of free energy

Using NAMD software, an MD simulation of
MMP9 was performed. As a synthetic inhibitor,
Doxycycline was employed. The MD simulation

GLU 3024
R BA vaus

Fig. 1. Figure representing interaction of phytochemicals and doxycycline with MMP9 at various active sites; (A): MMP9-Quercetin; (B) MMP9-
Physagulin; (C) MMP9-Luteolin; (D) MMP9-Cynadine; (E) MMP9-Chrysin; (F) MMP9-Apigenin; (G) MMP9-Acaetin; (H) MMP9-Viscosalactone.
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Table 3. ADMET prediction of phytochemicals and doxycycline.
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Compound Absorption Dissolution =~ Metabolism Excretion  Toxicity

Caco-2 Pgp-inhibitor =~ PPB CYP2C19 CYP1A2 T1/2 Skin Carcinogenicity

Permeability inhibitor  inhibitor Sensitization
Acacetin —4.834 — 97.23% +++ 0.696 ++ -
Apigenin —4.847 — 97.26% + +++ 0.856 +++ -
Chrysin —4.874 — 98.03% ++ +++ 0.787 +++ -
Cyanidin —5.344 — 95.43% — ++ 0.928 +++ —
Luteolin —5.028 — 95.44% - +++ 0.898 +++ —
Physagulin —5.241 — 87.53% — — 0.088 — -
Quercetin —5.204 — 95.50% — +4++ 0.929 +++ —
Somniferine —5.305 +++ 72.93% — — 0.054 ++ ++
Viscosalactone ~ —5.415 - 52.32% — — 0.112 — —
Withoxylactone  —5.095 - 43.23% — — 0.148 — -
Doxycycline —4.694 ++ 88.42% +++ +++ 0.884 +++ +

was performed at 310 K for 20 ns. MMP9 complex
with Acacetin, Apigenin, Chrysin, Cynadine, Gal-
angin, Kaempferol, Luteolin, Physagulin, Quercetin,
Viscosalactone, Withanolide and Withoxylactone
respectively was evaluated for the stability of
complex using the MD simulation for 20 ns. The
outcomes demonstrated that for 20 ns, MMP-Vis-
cosalactone complex remained to be highly stable
even in comparison to the above mentioned other
phytochemicals. Trajectory analysis makes clear
that Viscosalactone showed behaviours resembling
those of the synthetic analog Doxycycline and
remained stable throughout the simulation process.
Calculations of kinetic, potential, and electrostatic
energy were also carried out to evaluate the mole-
cules' binding affinities. It was found that the re-
sults of the molecular docking study and the
simulation study were concordant. Compared to
their synthetic counterparts, every naturally occur-
ring metabolite used in the study produced better
outcomes (Table 2).

2.4. Determination of MMP9 active site involved in
interaction

With the aid of UCSF Chimera, the likely MMP9
ligand binding site was identified. To determine
which of the many amino acids was responsible for
the interaction with the receptor, a region within 5 A
of where each ligand had chosen to bind to the
receptor domain and the amino acid residues
composing that area have been anticipated. MMP9
at 53 x 45 x 66 A grid points created the binding
site using Acacetin, Apigenin, Chrysin, Cyanidin,
Galangin, Luteolin, Physagulin, Quercetin, Viscosa-
lactone, and others comprising TYR423, ALA417,
VAL398, LEU397, GLU 416; LEU418, ARG424,
HIS401, TYR423, GLU402; TYR423, LEU397, ALA417,
TYR420, GLU416; ARG424, HIS401, LEU418, TYR423,

GLU402; TYR423, TYR420, PRO415, PRO421, LEU397;
ASP185, LEU39, GLY186, ARG370, ASN38; THR426,
LEU418, TYR423, HIS401, PRO421; LYS104, ASP185,
MET338, LEU39, ASN38 respectively. Whereas with
doxycycline it forms the binding site at ARG36,
ASP34, ASR368, GLY367, PHE31. All the above
mentioned phytochemicals exhibited better binding
affinity with MMP9 in comparison to doxycycline.
From these results it is evident that these phyto-
chemicals can target MMP9 in an effective manner in
comparison to doxycycline (Fig. 1).

2.5. ADMET

Based on the ADMET (Absorption, Dissolution,
Metabolism, Excretion, Toxicity) model, the biolog-
ical and physiochemical properties of the selected
probable MMP9 inhibitors was screened using
ADMETlab Web Server. Viscosalactone was further
examined for its drug like biological activities after
demonstrating the greatest inhibitory potential. Log
Papp Caco2 absorption value, human intestinal ab-
sorption, plasma protein binding distribution value,
blood protein barrier, CYPIA2 and CYP 3A4 inhibitor
metabolism value, hepatotoxicity value, and muta-
genicity values were determined. The ADMETIab
drug capability test was passed by both the synthetic
analog and the natural moiety (Table 3) [22].

3. Conclusion

Ayurvedic medicinal plants exhibited significant
potency to fight against acute and chronic diseases.
Their active constituents may emerge as a profound
mono-therapeutic or combinational therapeutic
approach to fight against MBC. The results of the
present study indicated that active constituents of
Withania somnifera may emerge as vital drug
candidate to inhibit MMP9 to fight against MBC.
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The findings of the present study need to be further
validated by in vitro and in vivo studies to introduce
a potential drug to target MMP9.
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